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can be generated from pliable photo­
cells by reshaping their contour. They 
open the door to new design pos­
sibilities in photoelectric devices.
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All primaries 105/115/ 125 v , 60 c.p.s.
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A special report on electrical con­
nections will be featured in the Feb. 
18 issue of ELECTRONIC DESIGN. 
The report is an up-to-date evalua­
tion of the latest trends in what types 
of connections are being used, and 
what types of connections are being 
made. Some of the outstanding con­
nection developments made in tl e 
last 15 months are included. The re­
port is divided into three sectio S: 
1. Connections Made Between Equ o-

Voltage • variable 50 1000 volts

Accurate plus or minus 5 on a I > r.q.--

Simple - for use by unskilled epefotors 
Safe — high voltage relay controlled 

Self contained — AC operated

OTHER MEGOHMMETERS AVAILABLE

Equipment and 3. RF Connections, 
tegrated into the report is inforr 
tion garnered at the recent Third f 
Conference on Reliable Electri 
Connections.

Conductance: 1 Micromho to 
"Q”: 0.5 to 100
Superimposed D.C.: Up to 1
Direct Reading: For use by

The Freed Type 1620 Megohmmeter is o 
versatile insulation resistance measurement in 
strument with a continuously variable DC test 
potential from 50 to 1000 volts.

The hidden properties in semi­
conductor diodes can often wreck 
the performance of an apparently 
well designed circuit. Fred Dickey 
shows three circuits to measure the 
most important diode parameters

additional circuitry for testing capacitors
Type 1020B Megohmmeter a 500 volt fixed test 
potential Range 1 megohm to 2 m Ilion megohms 
Type 2030 Portable Megohmmeter battery oper 
ated, 500 vplt test potential. Ronge I megohm to 
10 million megohms
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Watts
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Out.

V. AC

AC or DC signal 
voltage req’d for 

full output.

MAF-1 60 13 110 1.0 —
MAF-6 400 5 57.5 1.2 0.4

400 10 57.5 1.6 0.6

MAF-7 400 15 57.5 2.5 1.0
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at
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outp. MA-OC

Total res. 
Contr. wdg. 

Kt?
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ohms

MAO-1 *0 4 5 3.0 1.2 3800

MAO-2 60 20 1.0 1.3 700

MAO-4 60 400 9.0 10.0 25

MAO-5 60 575 ___ ÌÌ— 10.0 25

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

Cat. 
No.

Secondary Test 
VRMS

MIL 
CaseVolt Amp

MGF1 2.5 3.0 2,500 EB
MGF2 2.5 10.0 2,500 GB
MGF3 5.0 3.0 2,500 FB
MGF4 5.0 10.0 2,500 HB
MGF5 6.3 áü 2,500 FB
MGF6 6.3 5.0 2,500 GB
MGF7 6.3 10.0 2,500 JB
MGF8 6.3 20.0 2,500 KB
MGF9 2.5 10.0 10,000 JB
MGF10 5.0 10.0 10,000 KB

Cat. 
Na.

Supply 
Freq. 
C.P.S.

Pawer 
Out. 

Watts
Veit. 
Out.

Sig. req’d 
for full 

outp. MA-DC
Total res. 

contr. wdg.
KU

MAP-1 60 n 1.2 1.2

MAP-2 60 « 1.6 2.4

MAP-3 60 « 1.5 2.0 0.5
MAP-3-A 60 50 7.0 2.9
MAP-4 60 175 its 10 6.0
MAP-7 400 15 115 0.6 2.8
MAP-B 400 50 _____110 1.75 0.6

Cat. 
Na

Supply 
m.

Power 
Out. 

Watt«
Volt. 
Out.

V. AC
Sig. rap’d 

for full 
outp. MA-OC

Total rat. 
cantr. wdg. 

Kt?
MAS-1 60 15 115 6.0 27

MAS-2 400 6 115 4.0 10
MAS-5 400 2 7 26 ____° 3.2
MAS-6 400 30 115 4 0 B.O
MAS-7 400 40 115 5.5 1.0
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MPT1 \ V 0 25 ITS 0 25 0 2-10 004 3 07 250
MPT2 V' V 0.25/0 25 0 2-10 UI 2 0.7 250
MPT3 V V' 0 5 0.5 0 5 0 2 15 UI 3 1.0 «°
MPT4 V V 0.5/0.5 02Ï4 UIÌ 10 250
MPT5 \ V 0 5 0 5 0 5 0.5-2.0 UI 

UI
3 10 500

MPT6 V V 0 5,0.5 0 5-2.0 2 10 500
MPT7 V \ 0.7 0.7/0 7 0 5-1.5 ui1 '4 200
MPTI V' V 0 7 ÍÍ.7 0.5-1.5 UI2 1.5 200
MPT) V V V 1.0 l3 1 Ó 0 7-3.5 UI3 2.0 200
MPT10 V V Í V 1.0 1.0 0.7-3.5 UI2 2.0 200
MPT 11 V V V 1.0 1.0. 1.0 1.0-5.0 HI3 2.0 500
MPT12 V \ V 0.15 0.15 0.) 0 3 0.2-1.0 4 0.7 700
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MGA1
Single nr PP Pinte« 
— to Single nr PP Grids 10R V

TOK
Split V 10 to tis

MGA2 Line ta Voice Coil
4Ö0 
Split 4. 0. 1« 0 0 -33

MG A 3 Line to Single or P P Grids 400
Split I3SK V 0 0 t 15

MGA4 Line to Line
400
Spilt

400 
Split 0 0 t IS

MGA5 Single Plate to Line 7.4K 
4 IT

400 
Split 40 40 - 33

MGA4 Single Plate te Voice Coil 7.OK
4.IT 4. 0. 14 40 40 - 33

MGA7 Single or P P Plates Ie line 1SK
400 
Split 10 10 * 33

MGAI P P. Plates to Line 24K 400 
Split 10 1 + 30

MGA» P P. Plates to Line 40K V
400
Split 10 1 -27
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REDLINE
low-cost thermal

timing relays

The sound design, sturdy construction and reliable operation long
associated with G-V Hermetically Sealed Thermal Relays is available 
in a low-cost form, fully qualified for industrial control . . light 
and inexpensive enough for electronic and communications circuits.

Delays of 2 seconds to 3 minutes Energizing voltages - 6.3 to 230

Relay mechanism is of stainless steel, differential expansion type.
used in all G-V Thermal Relays. All parts are welded into a single
integral structure.

No glass is used in mechanism, encasing shell, or base. This
avoids the danger of cracking or breakage m handling and use

Heating elements are conservatively designed, wound with Ni-
chrome wire on mica and encased in stainless steel, insuring long
heater life even when energized continuously.

A dust tight metal shell completely enclosing the relay mechanism
and contacts, crimped tightly to the base, provides complete
protection for the structure.

Time delay intervals are preset at the factory. Thus changes of
delay interval in the field which might damage associated equip

Directly interchangeable with all other octal-size relays.

timing

U S PAT 2,700.084 OTHER U S & FOREIGN PATENTS PENDING
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ELECTRONIC DESIGN
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xUF)

demonstrated dependability of performance 
throughout the industry

. Ahrensdorf 
Quillman 
. Ehrenclou

flat junctions for uniform control of 
characteristics

ready availability in production quantities 
minus 65°C to plus 165°C operating 
temperature

Asst. Prod
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440'■Fl ì 1■0

1N253 through 1N256 available

Peak Operating Ave Rectified Reverse Current Peak Operating Ave Rectified Reverse Current
TYPE Voltage Current (Max.) at TYPE Voltage Current (Max ) at

— 65°C to + 165°C 25 C 15O°C Specified PIV. 25°C i —65°C to +165°C 25°C 150°C Specified PIV, 150°C

Volts Amps. Amps Volts mA mA mA

1N253 95* 3.0 1.0* 10 1N536 50 750 250 0.40

iiri 1N254 190* 1.5 0.4* 10 1N537 100 750 250 0.40
lid 1N255 380* 1.5 0.4* 10 1N538 200 750 250 0.30

/ Vi 1N256 570* 0.95 0.2* 20 1N539 300 750 250 0.30
CK846 100 3.5 1.0 2 1N54O 400 750 250 0.30
CK847 200 3.5 1.0 2 1N1095 500 750 250 0.30
CK848 300 3.5 1.0 2 1N547 600 750 250 0.35
CK849 400 3.5 1.0 2 —

CK850 500 3.5 1.0 2
CK851 600 3.5 1.0 2

1N538, IN540. 1N547 available to MIL specifications fSame as 1 N1096
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Safer, More Efficient Air Traffic Control

With Automatic Data Processing

traffic
propos.

reception, correlation, ( 
routing of information

is antici- 
ur traffic 
take oils

was ac- 
( Another 
*m could

again
some <

re, man 
liabilitycun immt 

feature is 
the chief

Evolutionary, Not Revolutionary, Change
An outstanding design feature, aside from th< 

maze of circuitry, is the ability of introducing tin 
automatic features into the existing setup grad

case of 
step in

•red by

Engineers busy on mockup models 
of Enroute and Radar Sector Con­
soles for function and human engi­
neering studies (left).

Typical example of radar display 
showing airport surface details for 
aircraft routing on runways (right).

ELECTRONIC DESIGN • February 4, 1959

naker on <।u< s 
enroute or ter

control. The traffic controller, relieved of the 
heavy burden of clerical duties, is then free to 
concentrate on his most important job—making 
decisions on air safety from data supplied by the 
system.
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15, TYPE R* sealed adjustable (15), sealed non- 
adjustable. Positive acting for operation tc 
600°F. Rated at 1 5 amps at 1 15 VAC, 4 amp« 
at 230 VAC. Screw terminals. Bulletin 7000

16, TYPE W* adjustable (16), or non-adjustable 
Snap action bimetal strip type for operation 
to 300°F. Rated at 5 amps at 115 VAC, 3 
amps at 230 VAC. Screw or nozzle mountings; 
spade, solder or screw terminals. Bulletin 4000.

17, TYPE Ht adjustable. Positive acting for fry 
pans, skillets, sauce pans, etc. Fail-safe, open 
in low to 500°F in high. Rated at 1650 watts 
at 1 15 VAC. Bulletin 10,000.

18, TYPE D* automatic (18), or manual reset. 
For laundry dryers or other surface and warm 
air applications. Snap acting disc type U.L 
approved for operation to 350°F. Open or 
enclosed styles Rated at 25 and 40 amps at 
120-240 VAC. Screw or spade terminals. Bul­
letin 8000.

Illustrations, for general information only, 
do not necessarily show size comparisons. Fully 
dimensioned and certified prints on request. 
Manufacturer reserves right to alter specifica­
tions without notice. aa-7230

THERMOSTATS

Basic System Operation
'I'hc system hinges on the fact 

that flights and military missions 
are pre-arranged and detailed Hight 
plans are filed at Air Koute I raffic 
Control centers. A computer, the 
heart of the Data Processing (an­
tral. stores all proposed flight plans 
in its “memory.’

Shortly before a plane is set to 
depart, the compute1) automatically 
prepares and distributes flight 
progress strips to various controller 
consoles. Operating personnel in 
sort these strips in holders on their 
consoles within easy viewing dis 
tance. hi the* event ol failure, key 
data is available for their immedi­

ate inspection.
Tlie plane’s departure time, set 

bv the tower operator, is led to the 
computer which probe's for possible 
conflicts with other plans stored in 
its memory. If a conflict exists, the 
controller is so advised by the com­
puter and several suitable alterna­
tives are presented for his selection. 
If no conflict exists, takeofl ap­
proval is granted.

The computer is next informed 
by the tower operator of exact take 
off time. It then calculates arrival 
time over various fix points along 
the route, puts this data on flight 
progress strips, and distributes 
them to enroute control consoles.

As the pilot passes over the first 
fix point, he radios his exact time 
to the center. If the actual and 
estimated times differ, the computer 
calculates new estimates for arrival 
at following fix points and again 
probes for conflicts. \s the aircraft 
flight continues, its control is 
passed from one enroute controller 
to the next.

When the aircraft approaches 
within 100 miles of its destination, 
it enters the transition area which

< CIRCLE 4 ON READER-SERVICE CARD

12, 13, 14, TYPE A* semi-enclosed (12, 13), 
hermetically sealed (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snap action control for appliance, 
electronic and apparatus applications from 
-20° to 300°F, or higher on special order. 
Rating: 3 to 4 amps, depending on duty cycle, 
at 115 VAC, 2 amps at 230 VAC and 28 VDC. 
Various enclosures and mountings, including 
brackets. Bulletin 3000.

STEVE IV S manufacturing company, ine.

P. O. Box 1007, Mansfield, Ohio

It

10, TYPE SM * manual reset (10). Electrically 
same as Type SA (above) except for manual 
reset feature, bulletin 2000.

11, TYPE B adjustable (11) or non-adjustable. 
For uses where heat generated by passage 
of current through bimetal strip is desirable. 
Various terminals, single stud or nozzle mount­
ing. Operation to 400°F. Nominal rating: 5'/j 
amps at 115 VAC of 40 cycles and higher. 
Bulletin 9000.

1, X TYPE C semi-enclosed (1), hermetically 
sealed(2). Small, positive acting with electrically 
independent bimetal strip for operation from 
-10° to 300°F. Rated at approximately 3 
amps, depending on application. Hermetically 
sealed type can be furnished as double ther­
mostat "alarm" type. Various terminals and 
mountings. Bulletin 5000.

3, 4, TYPE M semi - enclosed (3), hermetically 
sealed (4). Electrically independent bimetal disc 
types for appliance and electronic applica­
tions from -20° to 300°F. Rating: 8 amps at 
115 VAC, 4 amps at 230 VAC and 28 VDC. 
Semi-enclosed with virtually any type terminal; 
hermetically sealed with pin or solder termi­
nals, wire leads, various mounting brackets. 
Bulletin 6000.

5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec­
tronic and similar uses. 2° to 6° differentials 
available. Rated at 3 amps to 1 amp, depend­
ing on duty cycle, at 115 VAC and 28 VDC 
for 250,000 cycles. Semi-enclosed types with 
metal or ceramic bases; hermetically sealed 
in circular or CR7 cans. Various terminals, 
mountings, brackets, etc. Bulletin 6100.

7, 8, TYPE 5* adjustable (7), non-adjustable (8). 
Positive acting with single stud or nozzle mount­
ing. Operation to 600°F. Rated at 15 amps 
at 1 1 5 VAC, 7 amps at 230 VAC. Spade, screw 
or elevated terminals, various adjusting stems, 
etc. Bulletin 1 000.

9, TYPE SA* adjustable (9) or non-adjustable. 
Snap acting with electrically independent bi­
metal. Also single-pole, double-throw. Single 
stud or nozzle mounting. Non-inductive-load 
rating: 1 5 amps at 1 1 5 VAC, 1 0 amps at 230 
VAC. Spade or screw terminals. Bulletin 2000. 

terruption ol air traffic service and 
safetv is not jeopardized during 
personnel training period.

If equipment in the system fails 
temporarily, the traffic controllers 
can immediately revert to their con 
volitional methods.
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1 Whats Newmanv

IN VARIABLE TOROIDS

and

NEW

NEW

NEW

NEW

Max I 
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lated 
tion.
our i

Lorac Tells Where That 
Missile Came From

aluated or 
unless the

PACIFIC DIVISION
DEPT. ft
720 MISSION ST.
SOUTH PASADENA. CALIF
RYAN 1-2841
TELETYPE PASACAl 7578

ruvide accuracies on the order of 10 to 200 feet 
t distances of 10 to 200 miles.

roids
emme

lotted controls an

Burnell Adjustoroids and sub-miniature Adjusto

^Traile Name Pat. 1/2.762.(120

PIONEERS IN TOROIDS. FILTERS AND RELATED NETWORKS
CIRCLE 5

EASTERN DIVISION
DEPT ’5 „

10 PELHAM PARKWAY I 
PELHAM, N. Y \ 
PELHAM 8-5000 

TELETYPE PELHAM 3633

ON READER-SERVICE CARD

and knob adjustment where 
difficult to reach.

cover 120 mile

I large minila 

usions arc be 

military loads.

s of the airport, the computer pro­
placing the aircraft in proper time 
the Instrument Landing System.

lor him. It will display its "thinking1 ti 
human manager lor his inspection, review 
final judgment. Mau. not machine, has th 
word.

mpience controller to assign proper time slots 
or touchdown time to aircraft beading towards 
he same terminal. If conflicts exist, the com- 
mter calculates path-stretching maneuvers to be 
elaved to pilots involved. Long range search 
adar monitors all aircraft in the transition area.

As the plant1 approaches the terminal area,

Burnell Adjustoroids1 are always new because they 
are always being designed for newer and broader 
electronic and mechanical applications.
Burnell's complete line of encapsulated Adjustoroids 
are particular!} adaptable to printed circuit use.
A screw mount PC type Adjustoroid for greater 
durability in high acceleration, shock and vibration 
environments.
kPot mounting Adjustoroids for panel mounting

Special "put * tvpe sub-miniature Adjustoroids are 
nut available with .4T-II, AT-12, .4F-87, AF-88.

< xact point of launch is known —and that infor­
mation not always is easy to obtain when the 
launching pad is a ship bobbing in the Atlantic 
Ocean. But soon (.’ape Canaveral test engineers 
will have the aid of Lorac (Long Range Accu- 
lacy) to« pinpoint the locations of downrange 
racking ships and offshore launching vessels at

•he moment missiles arc fired.
Seismograph Service Corp, will install a four- 

tation Lorac network at the Missile Test Center, 
he transmitters will broadcast continuous sig­
ils. which will establish two hyperbolic patterns 
inning a grid. The Lorac receivers, by phase 
omparison. will convert these signals into accu- 
ite position information.
The network—three transmitting stations and

Human Makes Decision
I he sy stem relieves the controller of tedious 

tasks such as handwritten entries on flight strips, 
calculations, numerous phone calls, and handling 
aid conveying of strips. Automation will do this

Special screw mountings are available with the ITE- 
II and ITE-12 tn printed circuit applications for 
"plug in types. B here vibration and shock are sig­
nificant considerations, mounting screws serve as 
terminal connections.

Continuous internal improvements including adjust 
ment range. Q. size. etc. Burnell Adjustoroid engi 
neers are constantly seeking solutions to space, 
accessibility and performance problems.

Handling Capabilities
I'hc svstem, to be installed at Idlewild Intc

are supplied hermetically sealed to meet go\ - 
mt specifications MIL E 15305A or encapsu- 
in many sizes and shapes to meet the applica­
li your Adjustoroid needs can't be met from

to your specifications. For additional information 
write for Adjustoroid bulletin.

AdjiAloroiD
WE AT«4

Dia. Width Hgt. Wt. Useful Freq. Range Max Q
Length/

AT-0 |'/i* 1" 2 oz 1 kc to 20 kc 10 kc 3 hys
ATI 1% 1% VA" 7.25 oz 2 kc to 10 kc 4 kc 15 hys
AT-2 2% 2% VA" 24 oz Below 2.5 kc 2.5 kc 125 hys
AT-4 |'%4 VA" 4 oz 1 kc to 16 kc 6 kc 15 hys
AT-6 1 '/l* 1" 2 oz 10 kc to 100 kc 30 kc .75 hys
AT-10 P%4 I %" 4 oz 3 kc to 50 kc 20 kc .75 hys

•AT-11 4%4 4%4 3A" .83 oz 2 kc to 25 kc 15 kc 5 hys

•AT 12 4%4 4 % 4 3A" .83 oz 15 kc to 150 kc 60 kc .5 hys
AT-15 P’/n P/a" 14 oz Below 5 kc 4 kc 125 hys
AF-51 l'%4 2" 5 oz 30 cps to 500 cps 120 cps 1000 hys
AF-52 P%4 2" 5 oz 50 cps to 1 kc 250 cps 1000 hys

•AF-87 4%4 4%4 1 'A" 1.7 oz 90 cps to 2 kc 400 cps 80 hys

•AF-88 *%4 4%4 1 'A" 1.7 oz . 16 kc to 4 kc 800 cps 42 hys

fATE-11 % 3A" .83 oz 2 kc to 25 kc 15 kc 5 hys

fATE-12 % %" .83 oz 15 kc to 150 kc 60 kc .5 hys



• Check these new standards 
of reliability and performance

Potter 921 transistorized Record-Playback Am-

line of Perforated Tape Readers, High SpeedPotter also manufactures a complete
Printers and Record-Playback Heads

Contact your Potter representative or call 
or write direct for further information.

Manual, relay, or 
electronic function switching

Dual read-write operation

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

Pulse or level outputs

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

The mark of

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

OVerbrook 1-3200

CIRCLE 6 ON READER-SERVICE CARD

■ Completely transistorized for maximum 
reliability

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

signal degradation
Linear servo system
Life expectancy of pinchroll mechan­
ism: over 100,000,000 operations 
Skew zt3 fisec ya" tape, center clock 
at 100 i.p.s.
Vacuum loop buffer
Continuous flutter free cycling 0 to 
200 cps

Normal speed up to 100 i.p.s.
Rewind or search speed constant at 
300 i.p.s.
Six speed forward or reverse up to 
150 I.p.s.
Better than 3 milliseconds start, 1.5 
millisec stop
Front panel accessibility

In line threading
End of tape and tape break sensing
All functions remotely controllable

• Tape widths to I1/«"

TRANSISTORIZED DIGITAL 
MAGNETIC TAPE HANDLER 

MODEL 906

AX ACTION 
MCMBCK

CAAADYNI 
CHAAGKO

CAPADTNS 
MACHAAGSD

Electrostrictive ceramics contract in 
electrical field, squeezing oil reservoir 
to give meter indication.

New Mullenbach ceramic waf r 
makes possible design of lightweic f 
radio loudspeaker.

New

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

BEHIND THE NEWS

Electrostrictive Ceramics- 
Substitutes for Electromagnets

NEW discoveries in the field of 
electrostrictive ceramics have 

come out of several years of re­
search conducted by the Mullen­
bach Div. ol Electric Machinery 
Mfg. Co., Los Angeles. \ meter in­
dicator is one such device; a ce­
ramic audio driver for a loud­
speaker another.

Low Cost Meter Indicator

Because electrostrictive ceramics 
respond mechanically to an electric 
field, a low cost reliable indicator 
can be produced.

Such a meter, according to Mul­
lenbach’s Robert Cline, can be 
used economically “wherever you 
need an electrostatic-type meter 
and can tolerate a short term charg­
ing current.' To measure the 
charge of a capacitor, the meter is 
charged right along with it. Insu­

lation resistance is on the order ol 
IO12 ohms.

Cline, who headed the ceramics 
research group, said, “its a great 
high voltage de meter, which has 
been wanting in the field. While 
Mullenbach made it lor test pm 
poses and has no plans for manu­
facturing it, the firm indicated it 
would supply technical assistance 
to an engineer designing an appli­
cation of its ceramics.

Compressed Oil Reservoir

In the lab models ol the meter 
indicator, two sensitive discs en­
close a reservoir of oil or other 
fluid. Each disc is composed of .1 
sil\er-coated ceramic bonded to ¡1 
reaction member ol metal or glass.

When an electrical potential is 
applied across the ceramic, it con 
tracts radially. The result is a cup

ELECTRONIC DESIGN • February 4, 19: 9



reservoir com

RATED AT 1OO°C

2N5OIA

Thin Ceramic Sheets

100 C Storag.

400 600 800 IK200

lOu C Storage

400 6c 1 800 IK

AND STORAGE TEMPERATURES UP TO 100° Ctime

outstanding uniformity andknow-how pays off for you

material

Trademark Philco Corporation for Micro Alloy Diff used-base Transistor

CIRCLE 7 ON READER-SERVICE CARD ►

Modern advances in electronics necessitate highest possible tem­
perature performance from germanium transistors. Philco 2N501A 
transistors are designed for switching speeds of less than 18 milli­
microseconds rise time, 12 mjusec. storage time and 10 m^sec. fall

DERATING CURVE 
TYPE 2N5O1A

O 30. 
a I 

20.
® 10

reliability of all transistors produced at Transistor Center, U.S.A. 
Make Philco your prime source for all Transistor information.

Write to Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. ED 259

(see curve at right for derating factor). In extensive life tests (see 
graphs at right) these transistors exhibit excellent parameter 
stability at 7500 hours.

Philco’s long and successful experience with electrochemical 
techniques and automatic transistor production, assures precise 
control of micro alloy diffused-base transistor performance. Philco

COLLECTOR CUTOFF CURRENT 
TYPE 7N50IA
Hour»

PHILCO
MADT* Transistors

GAIN BANDWIDTH PRODUCT
TYPE 2N5O1A
Hour»

als to work 
ons.

High frequency, high gain Transistor offers 
excellent stability and operating efficiency 
in extensive environmental testing

mpliher.
Stacked in 

rramics can

an electro 
ar in con

‘fleet on 
The oil

ibstantially free of temperature 
mitations.
Mullenbach now is supplying the 

■ramies in experimental quantities 
> government agencies and indus- 

■ ial firms interested in putting the 
nique characteristics of its mate-

COLLECTOR TO BASE BREAKDOWN VOLTAGE 
10C C Storage TTpf 2N501A

are cast 
few thou- 
with silver 
to provide 
ceramic is

trits fused to each side 
capacitor structure. The 
I tended to metal or gk 
epoxy adhesive to form

Hour»
200 4 00 600 800 )K

Mullenbach ceramics 
I nd fired in sheets a 
sundths of an inch thick.

ressed, changing the oil level in a 
ansparent capillary tube.
Up to 10 such indicators could 

e compressed into a six-inch-long 
ox. While extremely sensitive to 
iinute changes in signal voltages. 
ie visual indicators arc highly re­
stant to shock and vibration.
The electromechanical response 
instantaneous (within microsec- 

nds), but tlie effective meter indi-

cept to bimetallic reaction mem­
bers used in thermostats.

The ceramic’s principal ingredi- 
' nt is barium titanate. Additives 
nd processing techniques inhibited 
the piezoelectric effect and empha- 
ized an. electrostrictive response 

inherent in the material. The effect 
I Curie-Point crystal changes was

Low cost featherweight loud- 
peakers are another possibility. 

Ceramic audio devices eliminate 
the need for heavy magnets or 
oils. Discs, which produce the vi­

; nation, can be connected directly 
to the plate current of a push-pull

Q 200 
- 400-----------  ; -
£ 300 -------------r-
â 200L ; „
i lOOL^^nT

LANSDALE, PENNSYLVANIA

PH I LCO CORPORATION 
LANSDALE TUBE COMPANY DIVISION



Improved Metal-To-Glass

Against Hydrogen
at 250 Pounds Pressure

trollers h
fficientb

minimize

lem and extraordinary specifications

COMPANY
ovr

ithout 
condi

destinations and 
safely completed

\ the prob 
network ol 
iprons, and

more el 
weather

hides
maze

i m pea-soup 
is lost waitiim
communication

Chicago, Detroit, Cleveland, Louisville

B. GREENING WIRE COMPANY, Ltd., Hamdton, Ontario

by various el 
minais. ( )nc< round, howev 

The web-lik(

be in use 
country.

Under

Development of Clare1 Mercury-Wetted Contact Relays 
aided by special gas-free Driver-Harris -152 Alloy

metically sealed in 
capsule, and a coil

bulletin on Sealing Alloys if you care to have one. Your 
inquiry is awaited. 1C. P. < lare & Co.. Chicago, III.

*T.M. Reg. U.S. Pat. Off.

5 amperes and 500 volts maximum are truly remarkable.
These features of its construction make this possible. In 

the switch segment, the platinum contact surfaces are 
wetted and protected from electrical and mechanical 
erosion vvith mercury by means of a capillary connection 
to a mercury reservoir below the contacts. In addition, the 
high hydrogen pressure enables the contact gap to with­
stand a high voltage gradient without breakdown.

Keeping the gas from leaking posed a production prob­
lem. The specifications for the lead wires al the top of the 
switch and the tubular vacuum stem at the bottom were 
stiff. I. Gas-tight seal against hydrogen at 250 PSI. This 
was difficult. 2. Perfect match to thermal expansion char­
acteristics of the glass. 3. Good ferromagnetic properties. 
4. Exceptional surface bonding properties since the per­
missible maximum 5 ampere 500 volt limits are dictated 
rather by factors relating to heating of the metal-to-glass 
seal than the current handling capacities of the contacts.

Driver-Harris was called upon to produce such an alloy 
and succeeded in developing a special gas-free nickel-iron 
alloy No. 152 which meets all these requirements to the 
complete satisfaction of Clare Engineers.

Do your engineering and product development plans 
hinge upon a special alloy — why not discuss it with Driver­
Harris. We have, since 1899, produced 132 special purpose 
alloys in just this fashion — in answer to a particular prob-

type envelope. The switch forms the core of the coil which 
provides the magnetomotive force for operating it.

The glass enclosed switch is very compact and small fions posed a serious problem at Idlewild Airport 
until the ASDE installation in June, 1958. Fron 
its extremely high-definition presentation of sur 
face details, including all traffic, CAA tower con

For all kinds of high-speed sw itching machines and devices 
which demand accuracy and dependability of the highest 
order, this new Clare Type HG Relay offers a combination 
of high speed, high current-and-voltage capacity with re­
markably uniform long-life performance. It has a con­
servative life expectancy of more than a billion operations 
when operated within its ratings and can be driven at speeds 
up to 100 operations per second.

In this cutaway view (234 x) a magnetic switch, her-

:OR THf ft ECTRlCAl . El ECT RON IC. AND HEAT-TREAT IN
CIRCLE 8 ON READER-SERVICE CARD

DRIVER-HARRIS
HARRISON, NEW JERSEY • branches:

Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco • In Canada: The

Pint-Sized "Space Memory"

This ruggedized, miniaturized tape recorder, capabl- 
of storing 3,000,000 items of scientific data while trave 
ing through outer space, was developed by Lockheec 
for manned or unmanned spacecraft. Designed to with 
stand 50 gs, the Airborne Magnetic Recorder-101 
weighs eight lbs., is 1 /3 smaller than existing recorder 
with the same capacity. It can store data while th 
ship is beyond radio contact, then unload the informc 
tian at 1 /6 the time it took to record it when the vehief 
returns to within range of earth's listening posts.

Detection Equipments ( ASDE) installed at Idk 
wild Airport (ED, Aug. 6. ’58, p 10). the GAA ha 
announced the purchase of ten complete system 
from Airborne Instruments Laboratorv, Mineol; 
\A. Within the next IS months, “taxi-radar wil

Driver-Harris Alloys at work in Product Advancement
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Thanks to new system of insulating with inorganic 
laterials, this experimental Westinghouse electric motor 

does an efficient grinding job even when bathed in 
searing heat from jets of burning gas. The “red-hot 
motor showed no insulation deterioration after oper 
atmg continuously for more than 100 hours at 950 de­
grees F.

Red Hot Motor" Operates 
At 950 Degrees Fahrenheit

Westinghouse’s development of a new system 
ol inorganic insulation means that motors, trans­
formers. relays and other electrical equipment 
can operate efficiently in space-age temperatures 
in the 1000-degrec F range.

That is the claim made* by a team of dev (dopers 
leaded by Dr. E. J. Croop, manager of insula­
tion and chemical development in the W esting- 
liouse materials engineering departments—a 
claim substantiated by the results of severe tests.

\n electric motor was operated at tempera­
tures up to 1200 degrees F for short periods of

insulation in moving, vibrating motors. Now the 
'A estinghonse team has found materials with 
insulating properties “well above the stability of 
ny known organic system and at the? same time 
xible enough to be placed around an electrical 

( inductor. The insulation has been prepared in 
number of forms, including insulated wire, 

t xible sheet insulation, and laminated materials.
In the so-called “red hot motor” used in the 

1 sts. there were1 four basic components: (1) phase 
solution; (2) slot insulation; (3) win* insulation; 
id (4) the potting and impregnating compound.
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m PULSE
TRANSFORMERS

THE LIABIL TY of Sprague

Pulse Transformers is no "extra”.

cations, such as MIL-T-27, these 
hermetically sealed transformers 
serve the demands of high-speed 
computer circuits, pulse inversion 
circuits, impedance matching cir­
cuits, blocking oscillator circuits, 
memory core current drivers, cur­
rent transformers, and many others.

Special designs for high accele­
ration, high ambient temperatures 
(above 8 5° C), or minified circuits 
can be furnished to suit specific 
requirements. For typical commer­
cial applications, units are available 
in lower cost housings. Special kits 
to aid prototype work and selection 
are also available.

For complete engineering data and 
application information on pulse trans­
formers, switching transformers, and 
magnetic shift registers, write the 
Technical Literature Section, Sprague 
Electric Company, 347 Marshall St., 
North Adams, Massachusetts.

SPRAGUE
the mark of reliability

SPRAGUE COMPONENTS:

MAGNETIC COMPONENTS « TRANSISTORS • RESISTORS • CAPACITORS • INTERFERENCE

FILTERS , PULSE NETWORKS « HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
CIRCLE 9 ON READER-SERVICE CARD
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National Planning. According t<

SEMICONDUCTOR CORPORATION
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matters. Here 
cent efforts.
Computers in

TRANSISTOR EXPERTS 
are betting that 
this is the
winning combination:

844 CHARLESTON RD. • PALO ALTO, CALIF. • DA 6-6695

Republics, thence 
Center. Here the i 
planning and for < 
national economy. 
Power Network Ct 
be used to organize

than radio receivers, use a i
optical system to scan the lines of a book fixe 1 
under glass. Magnified images on the glass ai 
picked up by photocells which are linked ele

chines, no

More Soviet Progress in Electronics

Recent reports from the Soviet Union indicati 
that the Russians are not only up in the air, bu' 
they re making solid progress in down to eartl

ontrol. Computers are also to 
■ and automatically control the

to the All-Union Computing 
information is to be used for 
operational leadership of the

single power grid of the USSR. The European 
part of this network is to be completed by next 
year, at which time work will begin on the power 
grid for Central Siberia. Both systems are to be 
combined in the future.

A high-speed central computer will make all 
the calculations necessary for planning, produc­
ing, and distributing the electrical energy.
Automatic Telegram Reader. \ team of scientists 
at the Odessa Electro-Technical Communications 
Institute has designed a machine to read the' text 
of telegrams and transmit them. A pencil of light 
scans the telegram; computers identify the letters 
by the spatial distribution of white and black 
zones; then banks of relays translate the signals 
into telegraph code pulses.

These pulses are sent over communication 
lines, then punched onto the tape of the receivin 
telegraph apparatus.
Reading for the Blind. The Technical Labor; 
tory of the Institue of Defectology of the Aca< 
emy of Sciences has machines to help blin I 
people read ordinary printed matter. The m -

FAIRCHILD SILICON 
TRANSISTORS come through, fulfilling the 
extraordinary promises you've heard rumored about the new 
solid -state diffusion devices.
A4 SPEED — 80 milli-micro-second rise time affords the fastest 
switching yet available with silicon.

A V POWER — 2 watts dissipation at 25' C. leaves plenty of power handling 
capability at higher temperatures too.
A 4 RELIABILITY — Storage at 300° C. for 350 hours caused no serious 
changes, assuring a large safety factor at operating temperatures. 
Mesa construction provides extraordinary ruggedness too.
A ♦ AVAILABILITY—Thousands of the 2N696 and 2N697 transistors 
have been delivered in the first months after announcement.
Stock is available for immediate shipment.
24 LOWER PRICES — Fairchild is gearing for quantity sales 
and bringing prices down within reach of more users. A second 
large plant expansion is being made in response to demand.
Look to the future
Existence of Fairchild's multiple-diffused transistors is already having 
a profound effect on the breadboard designs of today. It means 
competitive improvements in the quantity production of tomorrow — 
both in the race for military superiority and in various commercial 
bids for sales leadership. May we send you specifications?

the Laboratory of Control Equipment of th< 
USSR Academy ol Sciences, high-speed com 
puters will be used in statistical planning of th< 
national economy. Computing methods have al 
ready been worked out and experimental tables 
of relationships between various branches of the 
economy have been prepared.

With such tables, the Russians hope to work 
out the most efficient schemes for transporting 
goods. They also hope the computing techniques 
will help them determine the effects of new indi 
vidual factors on the economy of the country’ as a 
whole.

In time, each economic area is to base its own 
computing center. Information from each center 
is to be sent to the centers of the various Russian
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cally to a sound generator. This generates 
unds corresponding to each letter or punctua- 
>n sign.
In about <50 hours, a blind person can learn 
ese sounds and read ordinary books. For blind 
•oplc with impaired hearing, a different machine 
oduces Braille letters (a code of bulging dots 
i the surface of a special tablet). The blind per- 
n can thus read a book with his fingers.
lectronic Seeing-Eye Dog. The same Institute 

Defectology has designed portable instru- 
lents to generate sound signals corresponding to 
isible objects. These sound signals can warn a 
find user of an obstacle in his path. Mon* than 
iX) such instruments are now undergoing prac-

What This Planet Needs
Is A Good...“
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NEWS ITEM: Five persons in the Kajana dis­
trict of Finland observed a “flying cigar” in the 
sky at 10:30 p.m. Nov. IS. The object, which 
< mitted a loud noise and lit up a large area, was 
visible for two or three minutes.

ED. NOTE: ('lever, these Martian advertising 
urn. But who wants spurious noise in a cigar?
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Ready for Shake-up

This walk-in environmental test chamber was designed 
f permit Testing of military equipment, including missile 
components, with a vibration machine weighing 6,000 

Constructed by Tenney Engineering, Union, N.J., the 
c amber measures eight feet high and across and 12 
f et deep in the inside. It has a temp range of -120 

350 F, humidity range of 20 to 95 per cent, and an 
titude ceiling of 100,000 ft. Proper isolation of vibra 
n equipment has been achieved by pouring a con- 
*te block weighing over 20 tons beneath the chamber. 
The unit, installed in the Electronics Center facility of 
e Stromberg-Carlson Division of General Dynamics 
rp. in Rochester, N.Y., can dissipate 16 kw of elec-

‘ cal energy, roughly 56,000 BTU, at minus 100 deg.

February 4, 1959

When a jet screams down the runway fully 
loaded with fuel and ammo...reliability is the 
key to safety and “mission accomplished”.

Look to Leach for
packaged reliability!

SEE FOR YOURSELF how Leach relays surpass all 
others in electrical and environmental specifications. 
Write today for catalog and complete information.

Here’s where warning of system failures is 
vital...where Leach reliability proves 
itself again and again.

A major airframe manufacturer relies on three 
types of Leach Relay assemblies in a single 
dimmer package to solve the problems of pilot 
safety, visual distraction and eye discomfort 
for pilots of two of its advanced jet trainers.

The assemblies switch on master caution 
lights, fire warning lights and other emergency 
warning lights... each requiring significant 
differences in intensity to catch the pilot’s 
attention. Each of these assemblies has its own 
series of resistors and diodes; altogether they 
serve 27 different circuits.

Clear lamps of fixed light intensity are used 
behind green, amber and red colored elements. 
The resistors in the Leach Relay package 
permit varying degrees of light intensity for 
instrumentation illumination. They assure 
control of instrument panel lighting during 
ground taxiing, under extreme opaque 
conditions at high altitudes, during night 
missions and in the strong brightness of 
daytime flights.

Most important of all, they do not fail. 
For dependable relays...for packaged 
reliability, look to Leach!

5915 Avalon Blvd., Los Angeles 3

CIRCLE 11 ON READER-SERVICE CARD
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HIGH CAPACITY 
HIGH VACUUM
KLYSTRONS. TRAVELING WAVE TUBES. BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS. LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 
R F. SPECTROMETERS. MAGNETS. MAGNETOMETERS. STALOS. POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 

- •pade mark

NEW TOOL FOR HIGH VACUUM SPECIALISTS

Introducing a whole new series of ion pumps 
that will develop absolutely clean vacuum, 
better than IO 9 mm Hg. They are available 
in pumping capacities of 1OO and 250 liters 
second. Larger sizes can be supplied on special 
order. They offer tremendous advantages in 
such applications as particle accelerators, space 
research chambers, fusion processes, mass 
spectrometers, electron microscopes, vacuum 
tube processing — whenever uncontaminated 
ultra high vacuums are required
HIGH CAPACITY — The Vaclon High Vacuum Pump 
illustrated has a uniform pumping speed of over 250 
liters second for room air over the range of IO 4 to IO 9 mm 
Hg Pumping speed for hydrogen is over 850 liters sec 
RUGGED — No damage to the pump will occur if the 
system is accidently opened to atmospheric pressure 
ULTRA-HIGH VACUUMS — In ordinary applications, 
Vaclon Pumps will produce vacuums of up to IO 1 ’ mm Hg 
Equal to space at approximately 120 miles above the earth 
NO MOVING PARTS — Vaclon Pumps operate elec 
tronically
RUNS UNATTENDED — Does not require continuous 
personal attention A distinct advantage in radiation or 
other hazardous test areas.

P A I O A l T O 21, CALIFORNIA

Representatives thruout the world

VARIAN

COMPLETELY CLEAN — Operates in a closed system 
— no vapors, no cold traps. If the power fails no damage 
occurs. The vacuum in the system will be retained 
MEASURES ITS OWN VACUUM — The current indi 
cation of the power supply meter provides a practical 
measurement of pressure Accuracy is comparable with 
that of the best ion gauges.
SIMPLE INSTALLATION — Complete units consist of 
a Vaclon Pump, permanent magnet and power supply A 
mechanical roughing pump is necessary only to bring the 
vacuum in the system down to about IO 2 mm Hg at which 
point the Vaclon Pump starts operating It will perform in 
any position
LOW MAINTENANCE COSTS — If the pump becomes 
contaminated or at the end of its life, the internal elements 
can be easily removed and reconditioned or replaced 
LONG LIFE — Operating life of 20,000 hours at IO 6 mm 
Hg can be expected Life expectancy is almost limitless 
at IO 9 mm Hg
ONLY FROM VARIAN — Vaclon High Vacuum Pumps 
have no equal for simplicity, cleanliness and compactness 
Write for complete information today

Westinghouse lab model of ultrasonic seam welder 
completes a weld between two 10-mil thick aluminum 
straps.

Ultrasonic Seam Welder Joins
Dissimilar Metals Continuously

An experimental ultrasonic seam welder now 
is welding sheets of dissimilar metals continu­
ously without prior surface preparation. When 
perfected, say its \\ estinghonse developers, the 
device w ill bring to scam welding the advantages 
ol ultrasonic welding, eliminating the deforma­
tion of materials that results from cold welding 
of dissimilar metals.

In tests, light silver foil was welded to quarter­
inch-thick copper strap at a 20-in.-per-min rate, 
and two sheets of 0.010-in. aluminum were 
joined at a 15-in.-per-min rate.

Sheets to be welded are passed between two 
wheels vibrating at 20 kc per sec, with the 
periphery of each w heel pressing against oppo­
site* side's of the* shee ts. Breaking up the metals 
oxide* surface coating, the wheels by kneading 
action weld the metal lattices on the surfaces 
of the metals.

No electrical current is passed through the 
spot being welded, though in appearance the 
weld is similar to an electric weld.

The* center of each vibrating wheel is attached 
to a transducer assembly—a magnetostrictive 
transducer, coupling bar and water-cooling en 
closure—to convert electrical energy to high 
frequency mechanical vibrations. The* wheel sur 
face's in contact w ith the sheets move in opposite 
directions, as the two transducers work in op 
position.
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For more details on Anaconda Epoxy's unique combination of useful characteristics, please turn the page

sur
►sib

VITROTEX ¡ • I AIO Clos Bl 
¡O ir - laled, hi jh heat rehilante

ANATHERM “ Al i . fl 
high temperature resistance

FORMVAR ai j 
proven dependability

ANALAC 5° A)
solderable magnet wire

Anaconda Epoxy Magnet Wire is particularly well suited to use in oil- 
tilled transformers. Epoxy’s excellent behavior in transformer oils is 
but one of its many outstanding chemical characteristics.

ASK THE MAN FROM Anaconda* about EPOXY MAGNET WIRE

EPOXY-Anaconda Magnet Wire for 
outstanding compatibility at high temperature

The compatibility, chemical stability, and thermal stability, 
of Anaconda Epoxy have been proved bv some three years of 
actual field experience, plus seven years of research and develop­
ment. in both military and civilian applications.

Anaconda Epoxy (I3O°C AIEE Class B) magnet wire is com­
patible with most well known insulations. It offers excellent 
resistance to moisture, transformer oils, acids, and alkalies. Tests 
of Anaconda Epoxy magnet wire with all impregnating varnishes 
tried to date have resulted in chemically compatible systems— 
with no thermal deterioration of the Epoxy film.

Epoxy's unique combination of dependable characteristics 
makes it suited to a wide variety of difficult applications. Its 
outstanding dielectric strength, its heat-shock, adherence, and 
flexibility properties make it an “all around" magnet wire for use 
up to I3O°C in either open or closed systems.
round, square and rectangular Anaconda Epoxy magnet 
wire is available in the full range of round, square and rectangular 
sizes It can also be furnished in combination with glass servings.

If you have a difficult Cass B application or a troublesome job 
at lower temperature that might benefit from some other char­
acteristic of Epoxy, see the Man from Anaconda. Or write: 
Anaconda Wire&( ableCompany,25 Broadway, New York4,N.Y.

NYFORM ■ • j ■. A)
superior windopiliry

I poxy’s unique combination of dependable characteristics makes it 
suited to use in such equipment as totally enclosed motors, above; 
hermetically scaled relays, encapsulated dry-type transformers, below.



I poxy is outstanding in its 
will also withstand the action

frequency 
Cycles per Second 

60
1.000

10.000
IOO.O<M»

ANACONDA WIRE &

NAME 4 TITLE

COMPANY

ADDRESS

MAGNET WIRE 
DATA SHEET

Anaconda Wire & Cable Co.

IMPORTANT FACTS FOR YOUR WORK...
. . about Anaconda Epoxy 13O°C (AIEE Class B) Magnet Wire

Anaconda Epoxy tilm-coated magnet wire is suitable for use in 
I3O°C ((.lass B) hottest spot operation. It meets MIL-W-I9583 
requirements. Epoxy is compatible with other insulations and 
performs excellently in oils. It offers unusual resistance to mei-.- 
ture and has a higher resistance to heat shock than other ( lass B 
wires. This unique combination of properties makes it applicable 
to a wide variety of difficult applications.

Oil tilled transformers . Air conditioning systems where moisture 
is a problem • Refrigeration machines lor operation with 
fluorinated hydrocarbon refrigerants . Totally enclosed motors, 
transformers, alternators . Encapsulated windings of virtually 
any type.

Epoxy offers outstanding adherence and flexibility It meets the 
exacting demands of abrasion resistance called lor in high-speed 
winding machines.

Epoxy magnet wires exhibit high dielectric strength a minimum 
of 2000 volts per mil under dry test conditions. The following
are dielectric constant and dissipation factor 
25°C and 50'; RH:

measurements at

peratcre. In fact, such oils sealed in glass tubes with Epoxv 
wire and heated to I5d°( do not damage the insulation, even 
when the oils have been contaminated by long use.

I poxv is a I 30°C (Class B) magnet wire. This rating is based on 
AIEE test procedures. 1 he wire is also intended lor use at lower 
temperatures where the choice t----- 
may be made to take advantage 
of some other characteristic
It also can be used at higher 
temperatures for shorter life or 
in some special applications /y
Please refer to the thermal 
stability chart. ’ '

Dissipation 
factor % 

0.37 
0.4« 
0.96 
I 95

Dielectric
Constant

4 Ol
4.55
4 45

THERMOPLASTIC FLOW Epoxy 
magnet wire meets the 200°( 
minimum requirement of 
Specification MIE-W-19583 for 
130°C systems.
RETENTION OF FLEX:BILITY I pOXV 
magnet wire can be heated 
for 168 hours at I 25°C and 
then wound on its ow n diameter 
without cracking.
heat SHOCK. Epoxy magnet 
wire offers outstanding heat 
shock characteristics, as indi­
cated by the following table

Epoxy offers outstanding chemical characteristics. The Epoxv 
resins are characterized by their resistance to attack bv com­
pounds they may come into contact with when used in electrical 
apparatus. Epoxv shows exceptional resistance to 5rf potassium 
hydroxide, 5% sulphuric acid. VM&P naphtha, ethyl alcohol, 
xvlol. toluol. Epoxy wire has given excellent results in test pro­
grams designed to determine the effects of fluorinated hydro­
carbon refrigerants. Scrape abrasion resistance is high under 
Freon. Freon 22 does not blister and attack the coating. Epoxy 
does not hvdroli/e in closed systems.

(Wires are stretched or not stretched, then wound on mandrels 
having \ times the diameter of the wire and placed in an oven 
at I55°C for one hour):
Prestretch %

behavior in transformer oils. It 
of lubricating oils at high tem-

CABLE COMPANY

Please send me a copy ot sour Epoxy Magnet Wire Booklet.

CITY ZONE.......... STATE

Epoxy magnet wire can be used when sealed in electrical appa­
ratus where water is contained in other materials. Smail coils in 
water at room temperature for I8.O9O hours (2.1 years) main­
tained a very high insulation resistance between the copper and 
water. Epoxv wires sealed in glass tubes with a small amount ot 
water can be heated for a month at I5O°C without destruction 
of the enamel coating.

All-Epoxy insulation systems. Materials are now available to 
make possible complete Epoxv systems that oiler superior thermal 
and chemical stability and maximum environmental protection^ 
Detailed information available on request.

SEE THE MAN FROM

FOR MAGNET WIRE
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Portability is a feature.ÜJ

RECTIFIERSSILICON
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OUTSTANDING DESIGN CONTEST again

aviation.
engineering structures ‘m tus.

M

MOTOROLA INC., 5005 E. MeDOWELL, PHOENIX, ARIZONA
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TYPICAL
FORWARD
CHARACTERISTICS
ALL
TYPES

< tch ji't will probe the atmosphere from near sea 
\ el fo 150.(MIO feet.

HOLLYWOOD a«. CALIFORNIA
6555 Sunset Boulevard 
HOHywood 5 3250

. . PHOTOTYPE OE I LYING weather sta
>us should be readv in 12 mouths, says Bendix 

\\iatiou. Beudiv is contractor for a multi-million 
dollar \ir Force program to develop an airborne

high-quality

DfPf^OABif -juAurr n juANTirr

ather reconnaissance

TYPICAL
REVERSE 
CHARACTERISTICS
INI566A

■ tildes, the three-man weather recon

are invited in 
aies, building.

. NEW RADIOISOTOPE SOURCE, Samar 
mm-153, w ill be made available by General Mo­
tors Research Labs to licensed users of industrial 
.u,d medical isotopes, (idled “a breakthrough in 
(Ie field of low energy photon sources, promis- 
ii g applications inc lude radiography, liquid level 
; uging, thickness gauging, specific gravity 

•asmements under unique conditions, diagnos 

œ 
o

built around four-engine jets equipped with ra- 
; ir and elaborate* sensing equipment. As they 

llv six to nine-hour missions, making contincnt- 
ide sweeps at almost the speed of sound, the 

ills will continuously communicate atmospheric 
ta to a ground network. Bv launching radio-

hi ichines, business equipment—almost any field. 
Winning designers get $100. retain all future 
lights. Projects will be selected lor appeal to 
¡sign-minded readers, broad interest, attractive 

1'H‘sentations. Designs will be reproduced in a 
number of technical publications. Entries to: 
I S. Staedtler. Inc., Hackensack. N.|.

RCA ALREADY IS KILLING orders from 
it urance. banking, manufacturing and military 

stomers for the newly announced RCA 501. the 
Ip 4 completely transistorized general purpose 

c Ironic data processing equipment. The basic 
tern, which bridges the gap between electro- 

■c‘hanical accounting machines and giant com- 
| tors, fits into a 15 x 20 ft room. Compared with 

ctron tube equipment requirements, RC A s 
< of transistors throughout auxiliary input and 
tput equipment. as well as in the control corn- 
ter. cuts floor space by one half and air condi- 
•ning and power requirements by two-thirds, 
xlular construction permits later addition of 

her units as required, thus bringing full-scale 
ta processing within reach of the average-size 
mpany as well as the large* corporation.
CIRCLE 13 ON READER-SERVICE CARD
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from MOTOROLA

3 0 150

1503.0

1503.0

1503 0

25’C 150 C 
ua

MAXIMUM RATINGS
REVERSE CURRENT

FORWARD vOlTAGÍ (VOL’S

STATIC RFvfRSE vOyTAGE DC (VOL’S

REGIONAL OFFICES: CHICAGO 44. ILLINOIS
4900 West Flournoy Street 
ESterbrook 9 5200

RIDGEFIELD NEW JERSEY
540 Bergen Boulevard 
WH.tney 5 7500

FOR COMPLETE TECHNICAL INFORMATION and IMMEDIATE DELIVERY 

contact the following distributors BOSTON Cramer Electronics, Inc 

CAMDEN General Radio Supply; CHICAGO Allied Radio, Inc , Newark Elec­
tric Co.; JAMAICA, N. Y. Radio-Wire-Television (Lafayette Radio); 
LOS ANGELES Kierulff Electronics, Inc NEW YORK Milgray Electronics, 
Inc., Radio-Wire-Television (Lafayette Radio) WASHINGTON, D. C. Elec­

tronic Industrial Sales

low back current limits... 
high surge handling capacity

JEDEC 
NUMBER

PIV
VOLTS

1N1563A 100

INI 544 A 200

1N1565A 300

INI 566A 400

RECTIFIED
FORWARD CURRENT

25°C 150°C
amps amps

1.5 .250

1.5 .250

1.5 .250

1.5 250

Peak Inverse Voltages of 100, 200, 300, and 400 
are available.
Low back current at high temperature...
150/*a maximum at 150 C.
High surge current capacity.. 70 amps at 25 C.
Low forward voltage drop.
Operating temperature range -65 C to 175 C.
Intended for applications, such as magnetic amplifiers, 
requiring high rectification ratios at high temperatures.
Hermetically sealed and constructed to meet 
Military environmental conditions.
Single-ended package for efficient printed circuit 
or socket mounting.
No heat sink required.
Controlled processes assure high reliability... 
long life.

MOTOROLA 
SEMICONDUCTORS



Metallurgical Memo from General Electric WASHINGTON 
REPORT

How a tiny thermistor 
takes temperatures in outer space

Magnetic Materials Section reports on thermistors . . . 
and on new production facilities that permit 
them to be tailor made for any application

One critical piece of information relayed from space 
by Explorer I was its external skin temperature as 
it orbited. This exacting job was assigned to a G-E 
high temperature thermistor RF-111.
Thermistors are thermal-sensitive semi-conductors 
with large negative coefficients of resistance. In 
electrical circuits G-E thermistors measure and con­
trol temperatures, suppress initial current surges.

trip time delay devices, and regulate voltages.
Now, G-E, through new production facilities, can 
tailor-make thermistors to your specifications with 
resistance values from 1 to 10,000,000 ohms and 
temperature coefficients of resistance from -1% to 
— 5% at 25 C. For more information—or the assist­
ance of a G-E engineer—write: Magnetic Materials 
Section, 7820 N. Neff Avenue, Edmore, Michigan.

MAGNETIC MATERIALS SECTION

GENERALÄ ELECTRIC
CARBOLOY CEMENTED CARBIDES MAN MADE DIAMONDS MAGNETIC MATERIALS THERMISTORS THYRITE VACUUM MELTED ALIOYS

Better Statistical Reporting

Forecast of $7.9 billion by the Business anc 
Delense Services Administration as the lacton 
value ol electronic equipment and component 
lor 1959, may bo one ol the most reliable yearly 
predictions yet made, bi past years, oracles hav< 
missed the mark widclv lor the simple reason 
that there is no wav to get accurate figures ol 
past performance let aloue market data lor lh< 
future.

The technicpies ol assembly ing statistics still 
leaves too much to “educated guessing but mu 

veys being made by BDSA in the area of compo 
nent manufacturing are apparently producinu 
excellent results. Thus when the Department ol 
Commerce agency says the 1959 estimate lor tin 
value ol electronic tubes is $0.850 billion; semi 
conductor devices $0.250 billion, and other elei 
tronic components $1.5 billion, they can be relied 
upon with a great deal ol confidence. Culortn 
nately, BDSA won t release lor publication a d< 
tailed breakdown of predicted factory sales ol 
components. The dollar figure for component' 
includes the replacement market lor mainte 
nance, which birther obscures the value goinc 
into new original equipment.

The reliability of figures tor original equipmt C 
is much poorer. There is no survey underway 
similar to that made in the area of components 
BDSA s figure ol $3.8 billion lor equipment ex 
cept tubes and components -and exclusive ol r< 
search and development sounds low especial)' 
since the figure includes commercial and indir 
trial electronics, but it is believed to be as ;u 
thentic as any in the field. Because a govermnen 
agency does not want to be accused ol spelliu 
out the dollars going into defense electronics. th 
subtraction of nondefense equipment will hav 
to be made by others (Electronic Industries As 
sociation put commercial industrial sales at $1 
billion).

Actually. there is little diHerence between th 
Electronic Industries Association prediction an< 
the BDSA outlook when research and develoj 
ment expenditures arc subtracted ($8.3 billioi 
versus $7.9 billion). This is not to imply separat 
sources corroborate each other but that the tw
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¿anizations collaborated in exchanging infor- 

ition.
Xlthough predictions for 1959 arc as good as 

v before (incidental!), the figures for 1958 
ide last year wen* high). they max be better 
t for 1960.
B\ that time the Bureau ol the Census will no 
mbt have processed information gathered in 

it* 1958 survey of manufacturers. With the in­
cased cooperation of industry to share their 
luc figure (for the last three years the industr) 

is been market-analysis conscious and realizes 
। terchange of information is essential), realistic 
^ures max emerge some year soon.

Extension of Renegotiation Act
Ihe tentative 1959 Department of Defense 

relative program will include 71 proposals.

trv is the* extension ol the Kenegotiation Xct of 
1951, In considering a recommended extension to 
December of 1960 last year, the 85th Congress 
enacted only a 6-months extension—expiring 
|imc30. 1959. The House Ways and Means Com­
mittee then promised to undertake a broad re­
view of renegotiation early in the next Congress. 
It is doubtful whether major procedures of rene­
gotiation will Im' changed before the act expires.

Reason lor extending the act was given by 
I aibert Dechert, General Counsel, Dept, of De- 
Ifiise, before the National Security Industrial As­
sociation. Dechert said: “. . . we are today en- 
¿aged in large-scale procurement programs in- 

<living the purchase of many different types of 
specialized items, many of unprecedented nature. 
Past production and cost experience arc not al- 
ways available for accurate!) forecasting the 

ists of such items. Today, particularly, we are 
itnessing rapid developments in the aircraft, 
lissile and space fields. Pricing policies and con-

fi icting techniques of the procuring 
mnot guarantee in all cases against

agencies 
excessive

Xlthough the military departments are fully
vare of the criticisms which some branches of 
ahistry have made of the effects of renegotia- 

f >u on them, they have been unable to see any 
her feasible approach for now.
Incentixe contracts and the question of pos- 
•le appeal from decisions of the Tax Court are 
ider special study. The* industry should see 
me new possibilities dexeloping to alleviate 
< ir problems.

F I

Smooth Close Control

RHEOSTATS
NOW 11 Sizes! 1272 to 1000 Watts

Ohmite offers you industry's most complete line of 
rheostats. All sizes are available from stock in a 
wide range of resistance values, including the 
NEW Model “E.” Ten sizes are available to meet 
MIL-R-22A requirements in each of the 26 type 
designations.

1. Vitreous enamel bonds the core and 
base together into one integral unit.

2. The wire is wound over a solid porce­
lain core, and each turn is locked 
against shifting by vitreous enamel. Uni­
form or tapered winding

3. Close graduation of control. Each turn 
of wire is a separate resistance step.

4. Large, flat surface upon which the con­
tact brush rides.

5. Metal-graphite contact brush (varied to 
fit current and resistance) insures good 
contact, with negligible wear on the 
resistance wire.

6. Shunt pigtail of ample size carries the 
current directly to the slip-ring.

7. Large slip-ring of high-current carrying

ability minimizes mechanical wear and 
provides connection from the moving 
contact to the terminal.

8. Potentiometer use. The rheostats are 
provided with three terminals so they 
can be used as potentiometers or volt­
age dividers.

9. High strength ceramic hub insulates the 
shaft and bushings from ail live parts. 
All sizes will stand a 3000 volt a-c 
breakdown test to ground.

10. The contact arm is a long tempered 
steel spring which assures uniform con­
tact pressure at all times. Cadmium- 
plated for corrosion resistance.

11. Rounded pivot holds contact brush in 
flush-floating contact with wire.

12. Stops which are keyed to the shaft and

BE RIGHT WITH

©BOMBTE* OHMITE MANUFACTURING COMPANY
QUALITY 

CtM«HStS
3643 Howard Street Skokie, Illinois

CIRCLE 16 ON READER-SERVICE CARD

LARGE RHEOSTAT 
DESIGN MODELS P. 
N. R, T, AND U: 225 
WATTS TO 1000 
WATTS, INCLU­
SIVE. OTHER MOD­
ELS ARE SIMILAR.

base limit the rotation—thus no tor­
sional strain is imposed on the contact 
arm on stopping.

13. Compression spring maintains uniform 
pressure and electrical contact between 
slip-ring and center lead at all times.

14. Models H, J, G, K, and L: Phosphor- 
bronze retaining ring takes end-thrust. 
Models P, N, R, T, and U: Stop washer 
takes end-thrust. Steel shaft in brass 
bushing provides a wear-resistant, wob­
ble-free bearing.

15. Ohmite rheostats meet requirements of 
NEMA and EIA (formerly RETMA).

16. There are only ceramic and metal in the 
construction of Ohmite rheostats— 
there is nothing to char, bum, shrink, 
or deteriorate.

RHEOSTATS RESISTORS RELAYS

TAP SWITCHES TANTALUM CAPACITORS

R.F. CHOKES VARIABLE TRANSFORMERS

LECTRONIC DESIGN • February 4, 1959



feed-thru, 
multiple 
insert

HYFEN®
connector
with crimp-type, 
snap-locked 
contacts

Makes possible 
the design of 
lighter and more 
compact equip­
ment. Each insert 
holds 35 contacts. 
Frames available 
for 5 or 8 inserts.

crimp-type

MODULAR
ELECTRICAL 
CONNECTORS
IN 3 NEW BASIC TYPES

Modular units by Burndy pro* 
vide versatile, rapid and reli­
able answers to the problem 
of connecting a multiplicity of 
wires in relatively limited 
spaces. Crimped contacts — 
installed with any of several 
hand, pneumatic, semi-auto­
matic or automatic tools—can 
be removed, re-inserted or 
replaced, providing the most 
complete flexibility in the 
connector field. Computers, 
ground-based radar, missile 
ground controls, and instru­
mentation are typical applica­
tions for Burndy modular 
connectors.

Norwalk, Connect.

' \</fcrtAcmt ,

NEW PRODUCTS

Versatile High Speed Crimping Tod

True versatility in a 
terminal block. 30 
modules (2 or 4 tier) 
per foot. Twist of a 
screwdriver transforms 
quick-disconnect con­
tacts to permanent 
connections.

terminal block 
with snap-in, 
spring-loaded 
contacts

0

units to pro. 
vide custom' 
fitted enc 
products.

t I A n o t h e i 
Burndy contri 
bution to the

I modular con
I ceptofassem

quick-disconnect 
or permanently 
connected

MODULOK*

crimp-type, 
solid-shank

STAPIN 
। taper pin 
I contacts

For complete information, write: 0MAT0N DIVISION

I I ic ( hnaton Division of the Bnmdy ( orpoi 
tion lias available for immediate delivery its new 
extremely versatile, semi-automatic magazim 
fed portable, pneumatic crimping tool, tv pe 'll) 
w liich prov ides for controlled crimping in \ oluim 
production work.

Iliis magazine-led tool automaticullx pre-posi 
Hons. feeds, and crimps contacts, such as 
BIBXDY’S STAPIN" HYFEX." and CBAB 
LOK" lines of connectors. Iliis makes loi 
greatlv simplified operation permitting highly u 
liable connections to be achieved at a high rati 
of speed.

Ilie 'll) IHPBESS” is automatic in the re 
sped that beyond the operation of loading tin 
tool and cocking the feed dev ice after each font 
teen connections—a five second operation .ill 
other operations, such .is advancing and position 
ing of the contacts, are accomplished autornati 
tally bv the tool.

Contacts to be installed with the 'll) are Im 
nished pre-loaded in color coded plastic expend 
able carry strips carry ing fourteen contacts pci 
strip and packaged five strips to a magazine load 
The plastic strips are automatically ejected fro i 
the tool after the contacts have been used.

The power unit of the YD IIYPBESS is an a i 
cy linder which is controlled pneumatically (i 
mechanical ratchets) to prov ide full c ycling co 
trol which assures that each contact is proper 
crimped. The tool is factory set to operate • 
80-l(X) psi line pressure1 and develops 2500 II 
force when operated at 90 psi.

Burndv Corporation, Xorwalk. Connect.
CIRCLE 299 ON READER-SERVICE CARD
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EDITORIAL UTER FIRST IN FILM POTS
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The Pause That Refurbishes

One of the greatest challenges facing the design engineer in 
1959 will be to find time to think.

As we talked to engineers in gathering material for our Design 
59—A Challenge report, the universal state of affairs of too little 
time to do the things that should be done became very apparent. 
\lthough busy engineers and bustling activity seem to be healthy 
signs, we may be kidding ourselves.

Decisions are made every minute but are they made with due 
deliberation? Too often it appears the busy engineers energetic 
pace is set by the crises that keep developing and need attention, 
rhe engineer, important because of his thinking ability , is called 
upon to lick the problems, but w hat kind of thinking does he do? 
There are usually only a few alternatives possible* because of the 
many constraints such as delivery on time, cost, etc. I he “think­
ing is simply to arrive at the best compromise.

Doing just a bit of “thinking, several factors of the mid- 
twentieth century come to mind that seem to portend even more 
shallow thinking in the future.

Vs computers become more available to do "thinking, albeit 
routine or repetitive, and as man is put in the role of merely mak­
ing a choice of alternative's given to him by the computer, he may 
not know how to make a decision. Newer having been called upon 
to think for himself earlier, his judgment powers may be poor.

W e* sec evidence of erroneous judgment of this kind being made 
by those who rely too heavily on results of surveys. For example, 
advertisers making decisions on motivational research occasion­
ally err because they didn t study in depth a conflicting motiva­
tion that applied to their product. Surveys too often replace* thor­
ough original thinking.

I he team approach poses dangers too; an individual is often 
absolved from thinking at all in some area—(Jeorge* was supposes! 
to study that. Nd one* person is ever responsible.

But to worry about 1959 first, how is the engineer who is ewer- 
loaded with commitments to schedule his time* to think? The* un- 
ejersigned hasu t had time* to think about it enough—one solution 
might be* to shorten the* work week so there is more after-hour 
working time*. Those* of us who are railroad commuters can move 
furtheT into the* suburbs. That will give us time* to finish such things 
as reports and editorials e*aeh morning bedore* the hubbub of the* 
plant or office* starts.

It is a wise* man who is not stampeded into making too many 
commitments. He alone* can pause occasionally’ and refurbish his 
de*cision-makmg apparatus.

WITH CARBON FILM P
Servo 100% Faster

SERVO ACCURACY-SINE INPUT

±100

±80

+ 60

±20 • 4

i.o
FREQUENCY CPS

SIX-GANG POT MODEL 205

DYNAMIC SERVO RESPONSE 
10 V P-P INPUT

I Illi+ 10 • • •

OLD NEW
WIRE-WOUND CARBON FILM 

1400 volts/sec 4000 volts/sec
56000 volts/sec2 150000 volts/sec2
± .24% ds .2%

WIRE '
WOUND '

92 Madison Avenu« • Hempstead, N. Y.

Poor resolution and loss of output signal due to wiper bounce of its 
wire-wound pots limited the speed of servo multipliers m an Analog 
Computer. This poor dynamic performance, due to the use of wire­
wound pots, threatened to obsolete the entire Analog Computer.

SOLUTION
The substitution of the C.I.C. Carbon Film Pot, with its infinite resolu­
tion, low torque, and zero wiper bounce at high speeds, permitted 
a great increase in amplifier gain with a 100% improvement in 
dynamic response of the servo multipliers.

Maximum Velocity 
Maximum Acceleration 
Multiplication Accuracy

use C.I.C. Carbon Film Pots. Send us your specifications today.

MORE THAN 3 MILLION 
C.I.C. CARBON 
FILM POTS HAVE 
BEEN MANUFACTURED 
FOR MILITARY AND 
INDUSTRIAL USE.

CIRCLE 18 ON READER-SERVICE CARD
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in ime measure

New Circuits for Better Diode Measurements

that of

some

Diode Recovery

ithode follow

half uuf

ithode

the current-time 
edicteel from the

hacks, 
output

Research Laboratory 
General Electric Co. 
Schenectady, N. Y.

zontally 
nections

are biased 
apacitanct 
those with

mounted 
md heat< i

designer has as 
malfunctions be

some 
anodt

across I 

therefor

currents. Short-time diodes had capacitances of 
three to four ppf, while the long-time diode’s

diode test clip is a tiny spring 
a small Incite sheet. 1 he 2 K 
is soldered from the test clip

so the glass will 
and the trimmer 
2 K resistor. The 
type mounted on 
load rt'sistor

It appears that reverse current through the 
diode is made up of at least two components:

vith extreme cari 
The other resistor 
e soldered to this

some flowing because 
.'miconductor medium

the diodes pass reverse 
•-cathode capacitance a*

i nee.
The diode’s coin

types with fast recovery. Theoretically , the lat­
ter should have done the better job. Testing re­
vealed that the short-time diode had more capa 
citanee.

Current through this capacitance caused the 
peak current to be high. Though this current

The total reverse current can be considered 
here, with no attempt to separate it into its 
components. From a practical standpoint, the

Anode connection.is made with a standard clip. 
To keep input capacitance down, one end ol 

he 2 K resistor is soldered directly to the grid

In the past it has been customary to measure 
recoven with the svstem shown simplified in

I more rapidly than in the* slower re 
diode, its initial high value* made* the

curve worse 
difference in

a 150 kc sine* wav 
to hold oil a sine

t he work described here was done while the author 
» ts with the Light Military Electronic Equipment Dept. 
4 the General Electric Co.

ments. How to make these measurements is shown.
Author Fred Dickey, with GE almost 15 years, has worked exten 

sively with diodes in general test equipment, fire control equipment 
and special electronic test equipment for laboratory experiment.

a diode takes from the instant a negative pulse 
is applied to the instant when it has recovered 
in resistance up to some certain value. This value 
of resistance is not standardized throughout the 
industry so any discussion of recovery time must 
mention the basis of measurement. In this case 
it is 50 kilohms.

Figs. 1 and 2 show recovery times of three 
typical diodes under various conditions. Their 
capacitances are listed in Table 1.

The capacitance effect can be seen in Fig. 1. 
where the three diodes recovery can be com­
pared with zero forward current. The high ca­
pacitance diode 1X643. has almost as much 
reverse current with no forward current as with 
10 ma. The other two show almost no reverse 
current at zero forward current.

U with better test equipment. The three pieces 
of eepiipment described here measure three 
paramters—recovery time, static characteristics, 
and capacitance. These* measurements art* among 
the most important to diode in-circuit perform

Table 1. Capacitance of Three Diodes

HD2162 germanium (Hughes) 0.3 gpf

1N251 silicon (Transitron) 0.8 ppf

1N643 silicon (Pacific) 3.0 ppf



(A) 1N251

(B) 1N643

(C) HD 2162

Fig. 1. Diode current characteristics with 25 v in 
verse voltage, 0.1 iisec per division on time axis, 150 
kc rate, and 2 K load The bright horizontal bar in 
dicates the 50 K level.

(A) 1 N251 with forward currents of 0, 5, 10, and 
I 5 ma.

(B) 1 N643 with forward currents of 0, 5, and 10 
ma.

(C) HD2162 with forward currents of 0, 2’/?, 5. 
and 10 mo Gain is holf that in (A) and |B)

Fig. 2. Diode voltage char­
acteristics with 10 ma forward 
current, inverse voltages of 5, 
10, 15, and 25 v, and other 
parameters the same as in Fig.
1.

I he 2 K value is commonlx used, but for certain 
circuits other values might be desired.

This part of the circuit and the components 
going to the grid an* laid out for least possible 
capacitance. Measurements on a Q-meter show 
a capacitance of l-l 2 to 2 upf from the sensi­
tive test clip to ground for the complete layout. 
The potentiometer adjust the output voltage 
to zero de. The output cable* must Im* as short 
as possible.

The rest of the circuit is quite straight-for­
ward. The 111)2162 and its associated circuit 
comprise a peak reading voltmeter to indicate 
the negative voltage ol the pulse* with respect 
to ground. Meter A/t and its circuit read the 
forward current in the test diode. If the* nega­
tive pulse is a square wave then the forward 
current is twice* the* average* which the meter 
reads, so is calibrated accordingly.

Fig. 2a shows the fall time* ol the ¡miser, tester 
and cro system with a short circuit in the test 
clips. The 1.5-7 uuf capacitor is adjusted to give* 
the* best fall time without overshoot.

Since* this system has the most complex ad­
justment of the equipment discussed here*, com 
plete operating instructions follow :

Recovery Time Measurement I

I. \ Tektronix 105 pulse generator and a cro I
with the fastest rise time* preamplifier arc re*- I
quired. A de power supply of 250 v and 100 ma I
capacity is used. I

2. Let warm up 10 minutes. I
3. With de power supply of! and cro on de I

setting, put base* line* on top line of screen. I
Turn de power on and make sure diode test I
clips an* emptv. Adjust the* balance pot P2 to set I

250V

3«
50W

no: 6 3V

PULSE 
GEN

FORWARD
CURRENT 
ADJUST

TEST
DIODE

TO C R0

ZK
50 W

II0V. 
60—

500 A

27K 1/2W 2C40 0022

REFER­
ENCE 
DIODE

Fig. 3. Customary diode tester simplified.

PG # 105 --------

NOTE: THIS FLOATS 
OFF GND TO de

+S5ion 

S 2W

H02I62

IO«a

3K
50W

T+ 0-20 
’ IBA

P, 25*

0.01

DIODE 
UNDER 
TEST

9^

20K

©TOCHO.

0 022

Fig. 4. Diode recovery test equipment.
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Ik, 25W
VOLTS

Fig. 5. Diode characteristic plotter

110 V

2 TOO

210 n

665 n

■Î875n

0-20 mo

162

FORWARD CURRENT (ua

1N643
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HD2162
GERMANIUM

1N64
SILICON

1N251
SILICON

,0-50 
VOLTS

TEST
.MOOE

TO RECORDER 
DRUM ON 
50«» SCALE 
(lOKn. IMP)

TO RECORDER 
PEN ON I 0 
VOLT SCALE 
(200NAIMR)

A OIK 
that

CURRENT 
FULL SCALE 
ADUST

2 m«|
”1 VOLTAGE
* full scale
-J ADJUST

sensitivities:
SET TO (»MU; VX5

SET TO (b»= I X50; VXI

SET TO (c)sIXI; VX|

it as the time 
» value of re­
standard. Tc 
the test clips

only in operation 
ton is pushed.

There are two
The first is 
rent ranges 
in position 
are on their

the sy stem 
may be s

lips and set pulse 
output. Set Pi to 
pulse from pulse

I00K 
•—wvwv- 
100 K

-200 -100

REVERSE CURRENT (ud)

note the s 
diode has 
that many'

C’ the voltage and current scales 
normal ranges wherein the recorder

:ig. 7. (uciov/) D¡ock- 

apacitance tester

Static Characteristic Plotter
show s the static characteristic plotter

pulse generator s< 
times are tapial.

5. Recoven tim<

diodes discussed befor 
a 1 K potentiometer 
— 40 and —(-40 are 
Moseley \utograf X-Y 
the permanent record.

course, if other 
calibration Step 
desired voltage, 
be determined 

md the cro set­

line, then it has recovered to 50 K.
6. Put the test diode in the clips and adjust 

the forward current to the desired value and

s between 
diode. A 

(I to make

■ features to this circuit 
hereby voltage and cur 
itched at will. With S

base line back on the top line of screen. This 
adjusts output of circuit to 0 vdc.

e inverse voltage to 25 v. () 
an 25 v are desired, then the 
must be done again with the 
7. Recovery time can now

4. Put short circuit in test < 
generator to 150 kc and 25 v 
zero. Adjust gain of cro so 
generator can be seen. There :
shoot on the pulse and the fall time should be 
less than 0.1 usee. If this is not the case adjust 
the 7 uuf trimmer capacitor to make the pulse 
correct. Also, adjust the symmetry control on the

Two meters are used to indicate voltage .md 
current so ranges can be set on the recorder. 
The voltage drop in the 20 ma meter is not 
enough to be significant but the voltmeter does 
draw’ enough current to be noticeable, so it is

2m«9 <
>470 X

the diode takes to return to some 
sistance. \ value of .50 K is one 
calibrate, put the 50 K resistor in

*<c) X-J 
>100*

250K

0.0001

904-A

I50KC

I 0 mh0 001

TAPPED

0.02

SCALE40 TURNS 
# 36 WIRE

#4000

VTVM

• Zi DIODE

Fig. 6. (Above left) Static characteristics of the 
1N251, and HD 2162.
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Mechanical Interlocking for master 

resetting or mutual cancellation.

Sub panel mounting shown 
Flush-panel and matrix 
mounting available.

Switch 
Element —j 
Alternate 
Action or 
positive-feel 
Momentary 
Action

AH four bulbs and color filters easily 

removed from front of panel.

Drastically reduces panel space 

requirements.

Designed to meet human factor 

specifications.

Target Screen
Diffusing button 
insures even color 
distribution over 
entire surface, 
••aftles available 
for lighting halves 
of screen.

rev erse 
started 

v oltagi
to the

ELECTROSNAP CORPORATION
SWITCH DIVISION
4216 West Lake Street, Chicago 24, III.
Telephone VAn Buren 6-3100 .TWX No. CG 1400

Especially designed for matrix 
applications, this new Electrosnap 
FoLir Color Lighted Pushbutton 
Switch is available with a variety of 
mounting methods and terminations 
to fit your specific application.
Switching element utilizes two Single 
Pole, Double Throw subminiature 
switches, non-simultaneous, with 
Alternate Action (push-on, push-off) 
or positive-feel Momentary Action. 
Switches and lamps may be interwired 
or terminated independently. Color 
filters available in combinations of 
any of six standard colors, plus white. 
For indicating duty only, unit is 
supplied without switches.
We would like to send you a specification 
drawing which meets your requirements. 
What are they?

Actuator Yoko
Easily slides out fur quick 
front panel removal of 
lamp module.

so this system provides 
between various diodes

monitoring
new lighted pushbutton switch
only 7/s-inch square

February 4, 1959

i X IS 
current 
nt. thi

and on the 
The motor is 
n. just as the

one mv per mi 
?lip and capaci

Switches mount in matrix on %-inch 

centers, both directions.

is determined by the reactance of 
s long as its capacitance is small 
, 5 upf at 150 kc gives about 200 K 
hich determines the load current 
The 2 K Ri has no effect when com-

oltage part of the 
nd the curve plot! 
oes through zero,

ale the diode current is 
miot be seen on a 20 

> is added. It multiplies 
i vet leaves the v oltagi m 

i ans. the rev ca se current 
1 so that leakage current

means ot comparison 
3 volts bias. ■ ■

illator and bias to the diode. The output ol tin 
liode goes to a 2 k load resistor and is read 
'v a Hewlett-Packard #400 I) vtvm.

To make a measurement, a 10 unf capacitor 
s put in the test clips. The vtvm is set on the

volts.
oltage side ol the 
Iv microamps and 
scale, so position 

c current scale bv 
• as it was. Bv this

\nother unique 
• ipplied whereby 
^orders voltage

idicatcd. With no diode in the clips. P; is ad 
isted to give a zero current reading.

I hc attenuators switched Lv S , are calculah d

I drawn bv tin 
racted from lh( 
that il the diodi 
axis w ill indicati

use with the diode
Here the current 

ale but the voltagi
This enables the 

xnanded and read

Lamp Module
Four bulbs and color filters project mumtonng signal on 
target screen. Complete assembly removable as a unit from 
front of panel. Module shaft keyed for proper positioning.

( ill uit of Fig. 
It is a 150 kc 
one-half volt ti 
\ 3 v batterv



The FIRST and ONLY standard 
line of tunable Microwave Filters

S BAND FILTERS

Characteristics
Two(2) Section 

Resonator
Three(3) Section 

Resonator
Four(4) Section 

Resonator
Model No. 27-BW 27-CW 27-DW
Type of Resonator TEioi mode rectangular TEioi mode rectangular TEioi mode rectangular
Tuning Range 2700-3150 MCS 2700-2950 MCS 2700-2900 MCS
3 db Bandwidth 4.5-6.5 MCS 4.5-5.5 MCS 4.5-5.5 MCS
Max 30 db Bandwidth 36 MCS 18 MCS 13 MCS
Max Insertion Loss .9 db 1.3 db 1.8 db
Price $400.00 $535.00 $670.00

Model No. 27-BC 27-CC 27-DC
Type of Resonant Cavity X/4 coax X/4 coax X/4 coax
Tuning Range 2700-3200 MCS 2700-3100 MCS 2700-2950 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32MCS 21 MCS
Max Insertion Loss 1.6 db 2.4 db 3.2 db
Price $350.00 $475.00 $600.00

C BAND FILTERS
Two(2) Section Three(3) Section Four(4) Section

Characteristics Resonator Resonator Resonator
Model No. 54-BC 54-CC 54-DC
Type of Resonator X/4 coax X/4 coax X/4 coax
Tuning Range 5400-5950 MCS 5400-5950 MCS 5400-5750 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion Loss 2 db 3 db 4 db
Price $360.00 $485.00 $610.00

L BAND FILTERS
Two(2) Section Three(3) Section Four(41 Section

Characteristics Resonator Resonator Resonator

Model No. 96-BC 96-CC 96-DC
Type of Resonant Cavity X/4 coax X/4 coax X/4 coax
Tuning Range 960-1150 MCS 960-1100MCS 960-1050 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion Loss 1.2 db 1.8 db 2.5 db
Price $370.00 $495.00 $620.00

X BAND FILTERS
Two(2) Section Three(3) Section Four(4) Section

Characteristics Resonator Resonator Resonator

Model No. 75-BW 75-CW 75-DW

Type of Resonant Cavity TEi 11 mode cylindrical TEm mode cylindrical TEm mode cylindrical
Tuning Range 7500-8500 MCS 7500-8250 MCS 7500-8000 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion Loss 1.5 db 2.5 db 3.5 db
Price $475.00 $625.00 $775.00

Model No. 85-BW 85-CW 85-DW

Type of Resonant Cavity TEm mode cylindrical TEm mode cylindrical TEn i mode cylindrical
Tuning Range 8500-9600 MCS 8500-9300 MCS 8500-9000 MCS
3 db Bondwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion loss 1.5 db 2.5 db 3.5 db
Price $475.00 $625.00 $775.00

All of the above filters have Max VSWR of 1.5, and either a single shaft or counter dial for Tuning Control. Depending 
uoon mode of operation, units are supplied with either Type N Connectors or Waveguide flanges.

DELIVERY IN 90 DAYS

Frequency Standards
A DIVISION OF

NATIONAL ELECTRIC PRODUCTS CORR

P. O. BOX 504, ASBURY PARK, N. J. Telephone: PRospect 4-0500 TWX A PK 588
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Contour
Photocells

ALM OS I anv voltage waveform can he g< it 
crated from pliable photocells simple by i< 

shaping their contour. Produced in pliable strips 
w ith as little as one inch radius of curvature. Ih< 
cells can be formed into a photosensitive cam n 
a variety of shapes. These contour photocell 
open the door to new design possibilities in pin 
toelectric devices. Control applications, produ» 
tion flow’ processes, automatic inspection ami 
sorting are just a few list's visualized.

Contour photocells—manufactured by Intern 
tional Beclifier Corp.. El Segundo, Calif.— are a 
specially-processed example ol selenium phot’ 
voltaic cells. These cells consist of a metal bast 
on which layers ol selenium, cadmium and goM 
are deposited. The aggregate is treated in such 
w av as to be light-sensitiv e.

I pon exposure to light, the* cells gencrah 
about 0.5 v of power. Output is the* order ol Hhi 
It-candles under load resistances of 100 ohms 
(450 uamps) and 1000 ohms (200 uamps). I In 
photocells have in all other respects the san - 
properties of the more typical photocells. In t 
past photocells had one large application — lie tl 
exposure meters. \ow. in addition to novel indi 
trial uses, contour photocells can be used for . 
tomatic setting of light control for motion-p 
tore cameras and built-in light meters for st I 
cameras.

Producing Different Waveforms

Since these* pliable photocells an* able to 
shaped into almost any foim, they can » 
mounted on a rotating shaft in a position cont
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he photocells, produced in pliable strips, are able to 
shaped into almost any form.
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1 r\oiuechauism. They may bo used as a form on 
iidinear function generator, when formed into 
photosensitive cam. Different configurations 

iroduce different waveforms. For example, if a 
\ Imdrical-shaped photocell is properly masked 
md then rotated in a beam of light, a square 
eave will be produced. The variety of wave­

forms produced in such a manner is limited only 
>\ the ingenuity of the design engineer.

Some of the other applications visualized are: 
■ Measuring mean horizontal candle power of 

imps. This is accomplished by curving the light 
ensitive surface inside around the lamp.

■ Measuring illumination over an uneven sur­
face.

■ Increasing the field of acceptance. The outer 
dges of a flat-surfaced photocell do not re­
ive the same intensity of light as the center por­

tion. But by curving the light-sensitive surface 
Oh* intensity will be equal at all angles.

■ Mounting the photocell on a shaft to defor­
me position.
■ Producing photosensitive models such as 
issiles and aircraft. V arious tests could be made 

1 the se miniaturized models which respond to
1 ts from a light-ray' gun. These models will be 

nsitive to a home-on light source.
These applications arise from the ability of 
table selenium photocells to be produced 
any requirement (curved, cylindrical or other 
nfigurations). (’ell sizes range from a minimum 
0.25 x 0.25 in. to a maximum of 10 x 10 in. For 
>re information on these pliable photocells, turn 
the Readers-Service card and circle 103.
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IIEADdUARTEltS
For over three and a half decades, CLAROSTAT has done just 

one job but that job thoroughly - turning out controls and resistors 

for electronic and electrical requirements. Millions upon millions 

of such CLAROSTAT components in daily use attest to the 

engineering and production skills of CLAROSTAT.

And now, with ever-growing and ever-more-critical demands for 

precision potentiometers, CLAROSTAT again is the specialist. A 
separate, super-specialized production entity - the Precision Control 
Division - now operates in the Dover plant. CLAROSTAT remains 

the world's leading winder of fine wire, with an output greater than 
all other winders combined. The resulting precision potentiometers 

are worthy products of “The House of Resistors.”*

Therefore, specify CLAROSTAT. It always pays to deal 

with the specialist.

Consult HEADQUARTERS...

Whatever your precision potentiometer requirements - standard or special, 
simple or intricate, single- or multi-section units, potted or encapsulated, 
large or small quantities - come to CLAROSTAT. Literature on request.

CLAROSTAT
AAAA

•Reg U S. Pat. Off.

Padohm fine-roMlution 
potentiometer for 
precise trimming

potentiometer

MuMI-sectien

potentiometer 
ISeries 42)

CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE
In Conada: CANADIAN MARCONI CO., LTD., TORONTO 17, ONT.
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Microwave Test InstrumentsNEWCEA
AND DCWIDE

AMPLIFIER
POWER and FREQUENCY

mon

✓ FLOATS
iZ HAS LOW DRIFT

Z STABLEtZ RUNS COOL
iZ LOW NOISE

CONTINUOUS GAIN
fZ REALLY RELIABLE

Write for Bulletin Al 132.1

David Fidelman
Roslyn Heights, N.Y
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For relatively large* powers, the* signal 
made to heat a constant How of water, 
power determined from the temperature*

Power and frequency measuring instruments are now taken up. Basic princi 
pies of operation of such units as water calorimeter type of power meter, bo 
lometers, and tuned cavity ty pe of frequency meters are described.

COMPUTER ENGINEERING ASSOCIATES. INC 
350 NORTH HALSTEAD

PASADENA, CALIFORNIA ELGIN 5-7121
CIRCI E 22 ON READER-SERVICE CARD

Bolometers
The bolometer type of power meter is used for 

measurement of low powers from microwatts to

Different types of microwave instruments were described in the first part 
(ED, Dec. 10, 1958). Signal generators were taken up in part 2 (ED, Dec. 24. 
1958). They were classified into different types and described both as a source

nigged, have a greater temperature-resistant । 
change lor a given power increment, and hux 
better overload characteristics. The bolomeh i

Power Meters
hi the water calorimeter ty pe ol power metei. 

the wav ('guide or coaxial line is terminated in a 
water load which absorbs the microwave power, 
raising the temperature of the water accordingly. 
Other liquids than water may also be used in this 
type ol instrument, but the principle of opera­
tion is the same. To measure tin* amount ol powei 
absorbed by the load, the w ater is made to How 
through it at a steady rate, then the How rate and 
the temperatures ol the water flowing into and 
out ol the load an* measured. From this data the 
amount of power being absorbed by the load can 
readily be computed. Water calorimeters are 
most useful for measuring fairly large powers, 
w here they are widely used as power standards.

rise of the water. For low powers, the signal can 
be made to heat a small resistive element (a bo­
lometer) whose resistance is a function ol tem­
perature. Therefore, the amount of power ab­
sorbed is indicated bv the element s resistance.

MICKOWAVE power is measured by con 
verting it into heat and measuring the 

amount generated by the signal under test. Then 
are two general methods of performing this op-
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Table 2. Power Meters

T ype Of 
Power Meter Manufacturer Model No. Frequency Range Power Range

1

Accuracy Price General Comments

Low-power 
(under 1 watt)

Airborne Instru­
ments Lab.

50 (see note 1) 0.1 mw-lOmw 
full scale

±5% $ 199 Self - balancing direct - reading bolometer 
bridge.

Federal Telephone
& Radio Corp.

NRD 0-3200 me 1-200 mw ±2.5% 
f.s.d.

$1180 Measures temperature rise in Terminating 
resistor; high powers can be measured by 
using suitable attenuators.

F-R Machine 
Works Inc.

B830A (see note 1) 0.1 mw-100mw 
full scale

±5% f.s.d. $ 325 Bolometer bridge using substitution method; 
self-balancing direct reading bridge.

General Radio Co. 1651-A 5-4000 me 0-500 mw ±10% $ 340 Bolometer bridge using substitution method.

Hewlett-Packard 
Co.

430C (see note 1) 0.1 mw-10mw 
full scale

±5% f.s.d. $ 250 Self - balancing direct - reading bolometer 
bridge.

Nardo Microwave 
Corp.

107 500-1500 me 
(coaxial)

0.5 mw-2w ±1.5 db $1150 Includes attenuator and power measuring 
thermistor mount and bridge; unit also in­
cludes wavemeter.

Polarad Elec­
tronics Corp.

P-3 (see note 1) 0.1 mw-10mw 
full scale

±5% f.s.d. $ 295 Self - balancing direct - reading thermistor 
bridge.

Polytechnic Res.
& Dev. Co., Inc.

650-B (see note 1) 0.1 mw-100 mw 
full scale

± 5% f.s.d. $ 360 Self - balancing direct - reading bolometer 
bridge.

Sperry Gyroscope 
Co.

123B (see note 1) 0.1 mw-10mw 
full scale

± 3% f. s.d. - Self - balancing direct - reading bolometer

High-power 
(over 1 watt)

Chemalloy 
Electronics

L to V band; 
also Coax

10 mw-20,000 
w

2% Calori­
meter 
$1125 
Loads 
$ 100- 
$ 750

Uses meter loads with calorimeter; different 
load for each band.

Cubic Corp. MC-1B 2.6-26.5 kmc 0-600w ±0.2 db $1845 Calorimetric type; adopters required for each 
band above 3.95 kmc.

MCX-1A 100-3000 me
(coaxial)

0-600w ±0.5 db $1850 Calorimetric type.

MCL-1A 1.12-1.70 kmc
(basic unit)
1.12-2.60 kmc 
(with adapter)

0-600w ±0.2 db $1850 Calorimetric type.

Hewlett-Packard 
Co.

434A DC-10 kmc 
(coaxial)

0.01 w-lOw 
full scale

±5% f.s.d. $1115 Calorimetric type using comparison method 
with self balancing bridge to give direct read­
ing of power.

M.C. Jones Co., 
Inc.

(see com­
ments)

20-2000 me 0-1.2w to
0-40,000w

— — Consists of directional coupler units and in­
dicating meters (do not absorb power); also 
used as VSWR meters; nine different units to 
cover the power range listed.



Sperry’s new SRU-216 broad band klystron
has 2,000-mc tuning range combined with frequency stability under severe shock and vibration

■ Requires less than 15 watts 
total power

■ Non-axial motion of tuning shaft
■ Low tuning torque

This new Sperry Klystron features supe­
rior electronic characteristics yet is so 
rugged it can withstand the severe envi­
ronments encountered in missile and jet 
radar applications.

The SRU-216 not only has an ex­
tremely wide mechanical tuning range 
of 2,000 me but also offers a very wide 
electronic tuning range from 60 to 100 
me. Frequency remains stable even under 
severe pressure, vibration and shock 
environments.

PERFORMANCE

Frequency Range......... 15.0 to 17.0 kmc

Power Output. .......... 15 mw (mln.) 
from 15.0-15.7 kmc

20 mw (min.) from 15.7-17.0 kmc

Frequency Stability Unden

Low Pressure.

Shock

............ 2.0 me (max.) 
at 10 g's, 40-500 cps

at 70 mm Hg 

il.O me (max.) 
at 70 g’s for 6.5 ms, 3 axes

Temperature Coefficient •J mc/‘C 
(mex.)

This new tube makes for easier system 
design. Low power consumption means 
smaller associated equipment ... air 
cooling is not required. Potted base 
eliminates need for pressurization. 
Design provides more linear frequency- 
to-turns ratio over tuning range. The 
optional four locations of the shaft with 
respect to waveguide flange gives design­
ers extra flexibility. Write for more infor­
mation on this new Sperry Klystron.

SPERRY
BPERKY ILtCTROHIC TUBE DIVISION, SPERRY RAND CORPORATION, GAINESVILLE, FLORIDA 
Address all Meiriee: Gainesville, Florida, or Sperry Gyroscope Offices in Brooklyn • Cleveland • Seattle • Sen Francisco • Los Angeles • New Orleans • Boston • Baltimore • Philadelphia 
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element is contained in a cartridge which mi t 
be mounted in, and well matched to, the mici 
wave transmission system. A proper bolomet 
mount must be used lor this purpose. The b 
lometer is connected to a power meter whit । 
measures its resistance, and indicates the amou 
of rf power which the bolometer is absorbir; 
and dissipating as heat.

Any mismatch between the measuring elemi t I 
and the transmission line will result in errors i 
the* measurement. Therefore great care must 1 
taken to insure a low vswr. I he water loads f< i 
high-power measurements, and the bolomet i 
mounts for low-power measurements, are very I 
carefully designed for low vswr over a broad I 
band w ithout recourse to tuning. \ list of maim- I 
facturers of bolometer mounts for the various I 
frequence bands is given in Table 1. Bolometer | 
mounts are primarily measurement accessori« s I 
rather than instruments. Therefore their charai I
teristics are not listed in the same detail as tin |
major types of microwave test instruments. Tin I 
listing has arbitrarily been restricted to mamilai I 
turers of test instruments listed in other table s I 
in this series. I

There are several different wavs of measuring I 
the power being absorbed by a bolometer. Tin I 
most common is to use the* bolometer as one arm I 
of a Wheatstone bridge. The bridge is first bal I 

anced vv ith the microwave current in the bolomc | 
ter. Then the microwave power is removed and I 
the* bridge rebalanced by increasing the de bo I 
lometer current. Because the de \\ heatstom I 
bridge is not direct reading and is slow in ust I 
the self-balancing bolometer bridge has been d< I 
veloped. In this circuit the bolometer is used •' I 
one arm of the bridge. A high-gain amplifier is I 

connected across the bridge as a detector, and I 
the output of the same amplifier is connected as I 
the driving source for the bridge, This circuit b< - I 
comes an audio oscillator whose* output voltagt I 
automatically adjusts itself to maintain the bridg< I 
at a near balanced condition. W hen the rf power I 
is applied to the bolometer, the amplitude of 1 
oscillation decreases by the amount necessary I” I 
keep the bolometer resistance constant and mam- I 

tain the balance of the bridge. The voltmet* r ■
H

which measures the audio voltage is ealibrat- I I 
in terms of microwave power. I

There are a number of other types of pow r I 
meters besides the two which have been d - I 
scribed. These include a calorimetric ty pe usi £ 
a comparison method with a self-balanci £ | 
bridge, and a double-vane torque-operated wa t- 
meter. The basic principle of operation of ea h l 
instrument is included in the list of microwa t* | 
power meters in Table 2.

The power meters which have been describ d

ELECTRONIC DESIGN • February 4, 19.9 I
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Table 2. Power Meters (continued)

1 ype of 
Power Meter Manufacturer Model No. Frequency Range Power Range Accuracy Price General Comments

Marconi Instru- U-182 8.69-9.84 kmc 10w-200w + 2% Double-wave torque-operated feed-through
ments (Wayne watt-meter; does not absorb power insertion
Kerr Labs, Ltd) 0.5w- 10w ± 10% at

0.5w
loss 0.1 db or 2.4%.

Microwave MA-101A B 26.5-40.0 kmc From 5w to the ±4% Î 790 Water load calorimeters; MA-563A (7.05
Associates, Inc. max rating of 10 kmc) and MA-689 (8.2-12.4 kmc)are high- 1

MA-102 50.0-75.0 kmc the respective 
waveguide

$ 820 power water loads. 1

MA-564 7.05-10.0 kmc $ 790

MA-697 8.2-12.4 kmc $ 790

MA-103 — — — $ 350 Water load calibrator unit. 1

Radio Corp of MI-31074 1700-2000 me 0-6w _ Consists of directional coupler, crystal and 1
America meter; power indicated by calibration chart; 1

also used as VSWR meter. 1

Sierra Electronic XB187A 7-10 kmc 300w-3000w + 2% $ 145 Calorimetric type. 1
Corp. Water load full scale

(in four $ 495
190A
Calorimeter

ranges)

Pulse peak Cubic Corp. 100X 8.5-9.6 kmc 0.01 mw-3mw + 0.2 db $1150 Generates cw signals adjustable to the same 1
power meters peak power peak amplitude as the unknown; requires an 

external synchroscope for comparison be­
tween reference and unknown signals; listed 
also as miscellaneous.

General Com- PCX-1 925-1225 me -10 dbm to +63 + 0.5 dbm Compares ampl itude of signal to be measured 1
munication Co dbm peak with that of an internally-generated 1 mw r-f 1

PCX-3 3000 me band power signal on a cathode-ray tube; measures at- 1
tenuation of signal necessary to match 1 mw. 1

PCX-5 5000 me band

PCX-9 9000 me band

Frequency range depends upon bolometer mount.Note
rv
nai '
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Table 3. Frequency Meters Composed of Passive Circuit Elements

Manufacturer Model No. Tn« .. Frequency Range Accuracy Price General Comments

Admittance-Namco 
Corp.

WX-600 Absorption 8.2-12.4 kmc 0.1% $ 100 Output reduced 20% at resonance.

Amerac, Inc. 131 Transmission or 
absorption

2400-3400 me ±h me $ 325 Includes diode detector and microammeter indi­
cator.

228 1 ransmission or 
absorption

900-2400 me 40.02% $ 525 Direct reading frequency control diol.

9. ? ELECTRONIC DESIGN • February 4, 1959 27



NEW PHOTOTRANSISTOR
FOR

MILITARY AND

INDUSTRIAL

APPLICATIONS

G. T. EXCLUSIVE FEATURES

• Miniature Size

• End Viewing

• High Transistor Gain

• Low Leakage Current

• Improved Light Sensitivity

incasino average power. Peak ¡lower ol pulse 
can be measured by comparison methods. Thi 
is done by comparing tin* ¡leak amplitude ol th< 
unknow n signal w ith that of a known cw signal 01 
an oscilloscope screen, and measuring the povvei 
of the cw signal.

can broaden photoelectric

equipment designs with this new advance in phototransistors. |

Many applications in military and industrial electronic

equipment, using light rays for activation, will utilize the 

General Transistor PNP type 2N469 fl A r A ^z.

This miniature, optically sensitive unit is

extremely reliable and resistant to shock and vibration ... hermetically

sealed in a metal case with glass headers light is applied through

the glass top of the case. Tinned flexible J leads may be soldered

directly into circuit or used with standard sockets.

Write today for illustrated folder, I Bulletin 2N469,

containing complete information, diagrams and engineering

specification । —please mention your application.

GENERAL TRANSISTOR 
CORPORATION
9 1-27 35 • NEW

•‘THE FASTEST GROWING NAME IN TRANSISTORS"

Frequency Meters

Microwave frequencies may be determined in 
either of two wavs. The first is to make use of th< 
absorption or transmission properties of tuned 
resonators. The second compares the unknown 
frequency w ith the harmonic of a low-frequem \ 
standard signal.

T he tuned cavity ty pe of frequency meter is 
inserted in the microwave transmission system 
between the signal source and the detector-indi 
cator, and the frequency indication may be oh 
tained in different way s. Reaction and absorption 
types cause a decrease in level of the detector al 
resonance, and are particularly useful as search 
frequency meters. The transmission type passes 
only those frequencies within the pass band ol 
the resonant cavity, and is most convenient for 
monitoring or filtering purposes.

Drive screws are used to adjust the plunger 
length and the frequency to which the cavity is 
tuned. The resonant frequency is not a linear 
function of plunger position. Therefore when a 
micrometer is usi’d to indicate the position of tin 
plunger, a frequency calibration chart must be 
referred to. When wavemeters are made direct 
reading, either a linear drive mechanism with .1 
nonlinear frequency scale on the dial is used, or 
some form of linkage or cam is used to linearize 
the scale.

The heterodyne method is used for more pre 
cise measurements of frequency . A low frequency 
crystal oscillator serves as the basic frequency 
standard. Multiplying and heterodyning methods 
arc used to compare the frequency of the un 
known signal with that of the cry stal. A tunabh 
oscillator is calibrated against the crystal stand 
ard frequency or a harmonic of it, then turn’d to 
zero-beat with the unknown frequency. Tia 
matching of the two frequencies may be don< 
aurally with earphones or a loudspeaker, or vis 
ually with an oscilloscope.

Another type of frequency meter includes 
wavemeter with an amplifier following the de 
tector. designed for measuring the frequency 0 
low-level signals.

Reaction, absorption, and transmission ty pes c 
wavemeters are listed in Table 3. Heterodyn 
frequency meters and those types which includ 
additional circuitry besides the basic resonan 
cavity' are listed in Table 4. ■ ■

ELECTRONIC DESIGN • February 4, 195S
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Table 3. Frequency Meters Composed of Passive Circuit Elements (continued)

Model No. Type Frequency Range Accuracy Price General Comments

al oi
owei 229 Transmission or 

absorption
2300-4500 me ±0.05% $ 490 Frequency calibration chart.

230 Transmission or 
absorption

3500-6500 me ±0.02% $ 490 Frequency calibration chart.

•d in 
f the

232 Transmission or 
absorption

1800-3800 me ±}^ me $ 270 Micrometer setting; frequency cal ibration chart.

Hied 
own 
ency

?r is 
item

1 De Mornay-Bonardi
Corp.

DBA-715-1 to
DBL-715-1

DBA-715-2 to
DBL-715-2

Reaction type

Absorption type

All bands
Sto E

0.005% 
(S band) 
to 0.1% 
(E band)

$ 457 
to

$ 864

Gas-filled cavity wavemeters; micrometer set- 1
ting with frequency calibration chart; each unit 1
covers one microwave band. 1

indi- 
ob- 

ition

DBA-715-3 to
DBL-715-3

Transmission 
type

>r at i 
ircli 
sses

.1 ol 
for

Diamond Antenna & 
Microwave Corp.

590-1
590-2 to
990-1
990-2

Absorption and 
T ermination

CXN, XB, X,KU ±0.1% $ 248 
to

$ 178

Each unit covers 1/2 of its microwave band (-1 for 1
lower half of band and -2 for upper half of band) 1

iger 
y is 
lear 
n a

591-1
591-2 to
991-1
991-2

Absorption CXN, XB, X, KU ±0.1% $ 248 
to

$ 178

tin 1
be I

eut I
b a |

' °1 1

592-1
592-2 to
992-1
992-2

I ransmission CXN, XB, X, KU ±0.01% $ 248 
to

$ 178

rize 1

Tre 1
ney 1

2090 to
2093

Absorption 
termination

0.9 to 6.5 kmc — $ 290 
to

$ 162

A coaxile frequency meter; four units cover the fre- 1
quency range listed. I

ncy 1
ods 1 
mi- I

Douglas Microwave 
Co., Inc.

430L; 430S; 430C T ransmi ssion 1.1-L4; 2.7-3.3;
4-5.5 kmc

— - Micrometer setting; uses crystal (not supplied). 1

bit 1
nd 1

to I
440L;440S; 440C Transmission or 

absorption
1.1-1.4; 2.4-3.4;
4-5.85 kmc

— — Micrometer tuning; includes diode and meter. ■

lx I
)m I
is I

450A;450B;450X;
450G;450K

Absorption XN to K bands ±0.03% — Micrometer tuning; dip exceeds 20% of CW sig- I
nal. I

le 1
451A;451B;451X;
451G;451K

T ransmi ssion XN to K bands ±0.03% — Micrometer tuning. H

o 1

e H
460B;460X Absorption 8-5-9.6 kmc ±3 me — Direct reading; type B for RG-51/U waveguide; ■

type X for RG-52/U waveguide. ■

n 1
d I
in ■

Federal Telephone
& Radio Co.

WAL T ransmission 500-2500 me ±0.15% $ 495 Direct reading; includes diode and meter. H

)< 1
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STATIC
or

DYNAMIC
pressure 

measurements
to

600° F.

STATHAM P277 
Pressure Transducer 

(shown full size)

Your best choice for a 
wide range of high 

temperature applications 
is the new Statham 

P277 Pressure Transducer. 
All of its variations 

operate within 
specifications from 
—65 to f 600 F., 
with the accuracy 
and dependability 
characteristic of

Statham unbonded 
strain gage 
instruments. 

For further information 
write for 

Data File ED-599-1.

STATHAM INSTRUMENTS, INC 
12401 West Olympic Boulevard 

Los Angeles 64, California

Table 3. Frequency Meters Composed of Passive Circuit Elements (continued)

Manufacturer Model No. T ype Frequency Range Accurac y Price

F R Machine Works, C402A,X402A Reaction XN, X bands * 0.03° $1275 ea.
Inc

N410A Reaction 1000-4000 me •o. i% $ 495

H41ÙA io U4I0A. Reaction All bonds C to E • 0.08" S 150
G410X to E410X (C bond) tc

io to.3% $ 500
(V bond)

X411A T ransmission 8.2-1 1-5 kmc ♦ 0.1% 5 175

Hewlett-Packard Co. J53A B to P53OA Absorpl ion XN to KU bonds ’0. 1% $ 120

S 150

X532A Absorption 8.2-12.4 kmc ♦0.08% $ 150

Wayne Kerr 
Laboratories, Ltd.

W-28I Absorption 1 9 5.1 kmc ’0-04%

W-381 Absorpt ion 3.0-8.0 kmc ♦0-04%

W-481 Absorption 7.0-14.0 kmc *0.03%

Marconi Instruments TF 1059 Absorption 4.0-10 0 kmc • 0-05% $ 750

TF 1034 T ransmission 
ond absorption

32 0-35.5 kmc • 003% $1075

TF 1026 3, Absorption 10-2.0 kmc, • 0 1% $ 335
TF 1026 4 2 0-40 kmc

TF 1026 5 to
TF 1026 9 400 me ranges 1 8

-2-675 kmc
•2 me

Mico Instrument Co. 402 B Reaction 2.5 15 kmc 5 140

433, 501.402A Antenno-coupled 0.4-1.5, 1.5-5; 5 209,
coaxiol line 2.5-15 kmc S 172.

S 132 50

Microwave 692, 547, 696. 548, Reaction L to M bands >0.1% $ 110 to
Associates 582A, 588, 518. 506, 

671, 1152
$ 350

Norda Microwave 802B T ransmission 2 35 10 5 kmc ♦0.2% $ 785
Corp. ond reaction

805, 806 Transmission 0-5-15, 15-2 4 • 1 me. 5 375 eo.
or absorption kmc ♦ 2 me

809 to 812 Reaction XN to KU bonds * 0 08°; S 110 to 
$ 150

Q807, M807, E 807 Reaction Q, M, E bonds * 0.15% to S 300 to
*0.25% 5 500

Polytechnic Re- 555-A to 559 A, Reaction 5-4-39 0 kmc ♦0.03°; $ 1200 to
search & Develop- 565-A to 571 A (each unit covers (XN bond) $1500 ea
ment Co., Inc. approx, half of its to 10 15%

555-B to 559 B,
565-B to 571-B

T ronsmi ssion frequency bond) (V bond)

578-A, 579-A Reaction 0.925-1 65, 1.60 
2-60 kmc

♦ 0 05% $1500 eo

578-B, 579 8 Tronsmi ssion

532 to 538 Reaction C to V band* ♦ 0.08% to $ 175 to
♦0.3% $ 380

583-D Reaction 2.4-3.7 kmc 10.8% S 650

585-A, 585-B, 586-A, A - Reaction 8.2 10.0 kmc ♦ 0-08% S 125 eo.
586-B B Transmission

588-A, 590-A Reaction 5.3 6.7 krnc. t .08% $ 250,
515-9 krnc $ 350

Radar Design Corp RDW-5, Row e Reaction 1.0-2.0 kmc;
2.0-4.0 kmc

- $ 180 ea.

RDW-9, RDW-11, Reaction C, XB, X bands t0.1% $ 135.
RDW-12 $ 110, 

$ 105

Micrometer tuning, includes diode and meter

Direct reading, includes diode and meter

Calibrated in wavelength, contains crystal, dip

Micrometer tuning with calibration chart

Counter tuning indicator with calibration 
includes meter, sensitivity control for 
signals, ond external output for signals

Micrometer 
eludes diode but no meter. 2 self-contained 
indicator unit V-121 *s available for use with 
these wavemeters.

General Comments

Direct reading, 35 nominal dip.

D.rect reading, coaxial

Micrometei tuning with calibration chart

Calibrated in wavelength, in ude crystal detc 
tors but no indicator.

Direct reading

Direct reading

Frequency calibration chart.

Direct reading

Micrometer tuning with calibration chart

Micrometer tuning with calibration chart

Direct reoding, 585 for RG-52 U 
586 for RG-51/U woveguide

Direct reading C to V bands, micrometer tuning 
Q, M, E bands.

strong



Table 3. Frequency Meters Composed of Passive Circuit Elements (continued)

Manufacturer Model No. Type Frequency Range Accuracy Price General Comments

Radiation, Inc. 103 Absorption 2.4-3.2 kmc (dial 11 me — Direct reading over any 300 me portion of band.

calibrated over any
300 me portion of
bond)

Sivers Lab 5815,5212,5590. T ransmis sion 1.55-18.0 kmc in ♦0.1% Direct reading on □ counter.

5174, 5585, 5205, 7 units each hov-

7095 ing 1-6/1 OS
greater frequency
range

5650 3, 5650 5 T ransmi ssion 2.5-4.0 kmc, 3.8- • 0.1% — Direct reading, includes diode and meter.
5.9 kmc

Sperry Gyroscope S 22 Transmission or 2 4-3.4 kmc •0 1% — Micrometer tuning, includes diode and meter

Co absorption

I24C Absorption 660-3000 me 10.1% - Calibration chart, includes diode and meter.

126 Reaction 8.1-10.2 kmc ±0.1% - Micrometer tuning with calibration chart.

27B;207A Transmission or 3.5-6.5 kmc;
absorption 5.3-8.1 kmc

291A.291B Transm i s s ion or 2575-3780 me 10.01% ■ Micrometer tuning with calibration chart.
absorption

28C, 2O8B, 273A 4.01-6.0 kmc; 5.49
-8.1 kmc, 8.1-11 9
kmc

348, 349A, 35OA T ron smi s sion o* 13-18 kmc; 18 26 ■I 0 1% — Micrometer tuning with calibration chart.
absorption kmc; 26 5 39 kmc

537 Transmission or 3.5-6.5 kmc or ’0.1% — Micrometer tuning with calibration chart, in-
absorption 5 3-81 kmc eludes diode and meter; uses model 278 for low

range or 207A for high range

Waveline, Inc. 398-R; 498-R, 698 Reaction C, XN, X, KU, K, V — $ 125 to Micrometer tuning with calibration chart.
R; 798-R; 898-R; bands $ 195
1098-R

498-RT, 698-RT, Reaction and XN, X, KU, K » $ 145 to Micrometer tuning with calibration chart
798-RT, 898-RT transmission bands $ 200

698-S Reaction, 8.20-12 40 kmc — $ 125 Micrometer tuning with calibration chart.
termination

Table 4 . Frequency Meters which Contain Active Circuits

Manufacturer Model No. Type Frequency Range Accuracy Price General Comments

Federal Telephone 
& Radio Corp.

WID Heterodyne 30-3000 me 10.003% $2290 Direct measurement up to 300 me, harmonic mea­
surement above. Beat-note indication by magic eye 
and earphones. Includes 100 kc standard crystal 
oscillator far calibration.

General Radio Co. 720-A Heterodyne 10-3000 me ±0.1% $ 440 Measures 100 to 200 me on fundamentals, rest of 
frequency range on harmonics. Beat-note indicated 
visually by meter, aurally by loudspeaker or ear­
phones.

Lavcrie Laboratories, 
Inc.

LA-61 Heterodyne 500-2000 me ± 0.001% $1975 Beat-note indication by earphones. Includes 2.5 me 
standard crystal oscillator for calibration.

LA-1355

LA_ 1365

Wavemeter 
with amplifier

750-1500 me

1000-2000 me

±0.1% $ 395ea. Output indicated by meter; phones may be used as 
aural aid in identifying modulation or in centering of 
frequencies.

Northeastern 
Engineering, Inc.

7-18
(Mil type TS-186D/U)

Heterodyne 100-10,000 me ±0.01% Oscillator fundamental frequency 500 to 1250 me. 
Beat-note indication by meter orearphones. Includes 
20 me crystal-controlled oscillator for calibration.

Polytechnic 
Research & 
Development 
Co., Inc.

504 Heterodyne 100-10,000 me ± 0.03% $ 695 Oscillator fundamental frequency 500 to 900 me. 
Beat-note indicated visually on 2 inch cathode­
ray tube, aurally by earphones. Includes 5 me and 
50 me crystal controlled oscillators far calibration.

560, 560-SI Wavemeter 
with amplifier

2.4-3.4 kmc; 2.7-3-7 kmc ±0.8 me $1300 Line-terminating frequency meter designed for mea­
surement of low-power pulsed signals. Output indi­
cated by meter.

Telerad Mfg. Corp. TFM-186
(Mil type TS-186O/UP)

Heterodyne 100-10,000 me ±0.01% Oscillator fundamental frequency 500 to 1250 me. 
Beat-note indication by meter orearphones. Includes 
20 me crystal-controlled oscillator for calibration.

-------------------------- f

fast response 
servo amplifier

transistor-magnetic 
small size • light weight

“built in” stabilization

Suitable for use where specifications 
for low-power instrument servos call 
for small size, high gain, and high 
performance.

SPECIFICATIONS —

Rated Power Output: 3.5 watts, 
57 volts Mark XIV motor or 
equivalent . . . . . . . . . . . . . . . . . . . . . . .
Input Impedance: 30K ohm. . . . .  

500K ohm ....
Voltage Gain: 2000 max. . . . . . . . . . .  

900 max. . . . . . . . . . . . .
adjustable by external resis­
tor over 50:1 range

Response Time: 1 cycle of sup­
ply frequency . . . . . . . . . . . . . . . . . .

Zero drift over ambient Tem­
perature Range (—55°C 
+100°Ch Less than ±5% 
of rated output voltage. . .

Inherent servo stabilization at 
velocity constant of 100-200

Power Supply: 115 Volts ± 
10%, 400 cps ± 5% . . . .

Send for Literature

MODEL

AVIDU -A@n °1""
. Q C f I-PVYTWIH»

MILITA Ri • I \ DI TRIAL - o .....
f Qutpmmf and ( ompontnt* 11 Park Plate Pwiut \ f

<l€f NS ADUNCID PROCuC’S AVfe as 

4» AND I YD»’ A, .N SjClfAB PBOOl 'i-fRC

CARTfB CAR8U»(T » ,h B$ 4« L M A • M
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MINIATURE SERIES 600-MO.T MABIE IN ITS CLASS

STANDARD MOUNTING AND

DÍA

1.5-1.625

e

LI
32

PACKAGED CIRCUITRY

«V AGNI lit
SHIELD

Side contact
snubbers

VIBRATORS
TUNERS

Leaf spring damp*
ina members

other than Teflon are
used «n switch unit

WITH BRACKET FOR PARALLEL-
TQ-SURFACE MOUNTING

MJ
*

All contact insulation and

glass construction

both sides of the cards.

conto.»»

and at low temperatures

FOR 7-PIN MIN.
ELECTRON TUBE SOCKET

FOR 7-PIN MIN.
ELECTRON TUBE SOCKET

ACTUAL SIZE
OF TYPICAL

UNIT

FOR 7-PIN MIN. WITH COLLAR FOR PERPENDICULAR-
TO SURFACE MOUNTING

I rami* construction allow s for verv efficient cool
mg.

OR H1GH-DEXSI H

CIRCLE 27 ON READER-SERVICE CARD

MINIATURE SERIES M

CHOPPERSSWITCHES

ROTARY solenoids

ELECTRONIC DESIGN

Save this
Guide to Oak Choppers

Lightweight side

Lightweight armature and pat
ented amplitude limiter give re«
markable phase angle stability
and adjustment in any mounting

METICULOUS ENGINEERING combined with exhaustive test-
ing provides a line of SPDT choppers which exhibit unusual
stability and low noise. While the specifications shown here
are necessarily abbreviated, they will help you make a pre-
liminary appraisal. For complete details on any unit, send us
the type number and a description of your application with
its circuitry.

!
T 
.670
DÍA.

_L

No organic materials

supports ore metal-to*

magnet (patented de«
sign) eliminates parts,
gives remarkable sim«
plicity and ruggedness

SMALLEST, MOST RUGGED IN ITS CLASS

SERIES 600—MIL C4856, Class B, Type 1. Capacity between
switch terminals and ground, 15 uuf average. Contact sym­
metry, within 10°. Weight, less than 1 oz.
SERIES M—MIL C4856, Class B, Type 1, Grade 2. Capacity
between switch terminals and ground, 3-5 uuf. Contact sym­
metry: 0-500 cps, within 10°; at 1000 cps, within 20°.
Weight, less than % oz.

TERMINAL STYLES—Modifications Available on Special Order

ELECTRON TUBE SOCKET

SERIES 600
SERIES M

For Shock and 
Vibration Conditions

(607
- ) NC-600TyPe‘]602

( 603
Type 610 Type 604 Type 612 Type 605

(608

Types< 609
( NC-600A

(M5-1

Types <M5-2 
(M5-3

Nominal Drive 
Freq, and Voltage 400 ± 20 cps 

at 6.3 v
400 ±20 cps 

at 6.3 v

380-500 
cps at 
6.3 v

400 ± 20 cps 
at 6.3 v

400 ±20 cps 
at 6.3 v

60 ±5 cps 
at 6.3 v 

Aperiodic from 
10-100 cps

4-8 Volts, 10-1000 
cps. Aperiodic. Coil 
Current 60 ma at 

400 cps 
Coil Res. 85 Ohms

Phase Lag at 
Nominal Drive 

Freq, and Voltage

65° ±5° 
at 400 cps 

(25° C)

65° ±5° 
at 400 cps 

(25° C)

75° ±10° 
at 400 cps 

(25° C)

90° ±10° 
at 400 cps 

(25° C)

180° +10°
-0° 

at 400 cps 
(25° C)

20° ±5° 
at 60 cps 
(25° C)

10 cps: 10° ±5°
60 cps: 15’ ±5°

400 cps: 55 l±10u
1000 cps: 1 lOJ- O’ 

(25° C)

Contact Dwell 
Timo at Nominal 

Drive Freq 
and Voltage

150° min 
(25° C)

140° max 
(25° C)

150° min 
(25° C)

150° min 
(25° C)

160° ±10° 
(25° C)

165° to 170° 
at 60 cps

160° to 170° 
(25 °C)

Contact Rating 
Into Resistive 

load (Maximum)

CONTINUOUS: 
10 v at 2 ma 

INTERMITTENT: 
15 v at 2 ma

CONTINUOUS: 
50 v at 2 ma 
INTERMITTENT: 
100 v at 2 ma

CONTINUOUS: 
10 v at 2 ma 

INTERMITTENT: 
15 v at 2 ma

CONTINUOUS: 
10 v at 2 ma 

INTERMITTENT:
15 v at 2 ma

CONTINUOUS: 
50 v at 2 ma 
INTERMITTENT: 
100 v ut 2 ma

CONTINUOUS: 
15 v at 2 ma 
INTERMITTENT: 
50 v at 2 ma

CONTINUOUS: 
10 v at 1 ma 

INTERMITTENT:
12 v at 2 ma

Life Expectancy 
(Optimum 

Conditions)

Up to 
5000 hours

Up to 
1000 hours

Up to 
5000 hours

Up to 
5000 hours

Up to 
5000 hours

Up to 
10,000 hours

Up to 
10,000 hours

Switching Speed 
With DC in Coil

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than 
1 Millisecond

Less than
1 Millisecond

Less than 
800 Microseconds

Less than 
200 Microseconds

1260 Clybourn Ave., Dept. D, Chicago 10, Illinois
Phone: MOhawk 4-2222

Sections
Computer

Module Mounts
For Cool,

cool, modular packaging sectional computer
mounts max be ideal solution.

Air can now between the printed circuit
cards and along their outer surfaces.

losing this packaging technique in a series of
special purpose digital computers, the mamma -
turer, Epsco. Inc. of 588 Commonwealth A\<
Boston, Mass., has realized a component density
of 45,(MX) per cubic foot.

The sectional package with printed
modules can take KM) g of impact shock. With all
seams Heliarc-welded and dip-brazed, the pack

Module composed of two cards
side by side with printed circuitry on

February 4, 19 ?
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HERE IS SOLID TANTALUM
Open frame housing for modules 
provides efficient cooling.

Rugged Packaging

age is lai more rugged than its simple appear­
ance would suggest.

Modules, with two cards side by side, and 
printed circuitrv on both sides ol the cards, arc 
available in a variety ol off-the-shelf custom- 
made circuit configurations. A module might 
h ive, lor example, all the circuitry for an input- 
mitput buffer, several gates, drivers, or Hip-Hops, 
a sequencer, or a shift register.

For special-purpose, fixed-program computers, 
this modular arrangement provides the flexibility 
of analog approaches with the accuracy ol digi­
tal techniques.

Each card, with gold-plated, rhodium-Hashed 
wiring, has 32 terminals, one of which is given 
up to a keying arrangement. The key , a small 
block between two adjacent cards, prevents a 
card from being placed in the wrong module 
compartment.

Modules arc retained in their compartments by 
two methods.
■ Two beryllium copper springs on each cast 

uminum module frame press against the sides 
”1 the compartment to provide vertical alignment, 
■ Two long, internally threaded rods mate with 
threaded pins above and below the floating con- 
i ‘ctors at the rear of the compartment. This 
' rves to position the module accurately and to 
I isten it down securely.

This rugged package, though designed for a 
i ilitary application, also lends itself to use in 
‘ »ugh industrial environments. It can be used 

ght on the production floor.
For more information on this package, turn to 

ie Reader-Service card and circle 102.
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TYPICAL CAPACITY AND DISSIPATION FACTOR VS TEMPERATURE

r.

TEMPERATURE IN DEGREES CENTIGRADE

smaller size
capacitance stability 
low dissipation factor 
low de leakage 

indefinite shelf life
rugged construction

B Mt h 
• 0 
M § 

s

Astron Solid Electrolyte Tantalum Capacitors are 
•mall in size, rugged and designed to resist severe 
environmental changes (meets MIL-C-3965). They 
have a wide range of applications in transistorised 
equipment, computers, aircraft and missiles, 
networks, power supplies, portable equipment and 
hearing aids.

Astron Solid Electrolyte Tantalum Capacitors, type 
TES, can be operated over a temperature range of 
-80° C to +85° C ... and at 125° C at 75% of the 
rated voltage. The maximum capacity variation 
averages less than - 5% over the entire operating 
temperature range. The smallest capacitor is only 
1/8* in diameter and 1/4* long—the largest is only 
11/64* in diameter and 7/16* long.

Those rugged subminiature tantalum capacitors are 
contained in a hermetically sealed metal case. The 
solid manganese dioxide electrolyte cannot leak or 
corrode even if the seals are destroyed.

For complete technical information on Astron Solid 
Electrolyte Tantalum Capacitors, write for 
Engineering Bulletin E-675.

255 CRANI AVENUE, EAST NEWARK, NEW JERSEY

IN CANADA: CHARLII W. POINTON. • ALCINA AVENUE. TORONTO. ONTARIO

EXPORT DIVISION ROCKE INTERNATIONAL CORP IS EAST 4OTM STREET. NEW YORK. N Y
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INCHES

Interconnecting Microminiature

Fig. 2. (right) Ten tran­
sistorized circuits mount­
ed (right) to make up a 
complete counter.

Fig. 1. (left) Module us­
ing standard miniature 
tube and standard com­
ponent (left) compared
to transistorized version 
of the same circuit (sec­
ond from left). Second 
from right is a "hearing- 
aid size" module, and 
right is DOFL’s 2-D bi­
nary divider.

Norman J. Doctor and Emma L. Hebb
Diamond Ordnance Fuze Labs 

Washington 25, D C.

This is one of a series of papers presented at the 
Symposium on Microminiaturization of Electronic 
Assemblies sponsored by Diamond Ordnance Fuze 
Laboratories late last year. Because symposium at­
tendance was limited to government personnel 
only, ELECTRONIC DESIGN is publishing these papers 
as a special service to our readers. In addition, all 
of the symposium papers will be published in 
their entirety in bound form available only from 
ELECTRONIC DESIGN. For further information on 
these Proceedings, turn to Reader-Service Card and 
circle 100.
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It is possible that connections made between microminiature modules could result in 
final assembly much larger than the group of modules themselves. The problem is to be

able to make these connections and yet keep the advantage of the small size subassem­
blies. In this article, the authors discuss various methods of interconnecting modules 
without adding substantially to the total volume.

>t.«la

METHODS for interconnecting extremely 
small modules, such as printed wafers hav­

ing volumes of about 0.005 cu in., are under in­
vestigation. The basic technique involves stack­
ing wafers so that all leads protrude from one 
side of the assembly, encapsulating the assembly 
in resin, facing off the side containing the leads 
in order to expose the interconnection points as 
cross sections of the wires, and then intercon­
necting these points. Feasibility of interconnect­
ing these points either by chemically deposited 
copper or by printed silver wiring was demon­
strated with modules larger than 0.005 cu in. 
These techniques will be extended to the small 
printed-wafer modules as soon as sufficient num­
bers become available.

Fig. 1 (left) shows a module using a miniature 
vacuum tube. Other component parts are 

mounted in the baseof the socket by conventional 
techniques and interconnection to the larger as­
sembly is made by the octal plug upon which 
the entire circuit is constructed. This binary 
divider occupies a volume of about 2 cu in.

Fig. 1 (second from left) shows a transistorized 
version of the same circuit. Interconnection of 
modules of this size is accomplished by etched 
wiring connectors into which the individual sub­
assemblies can be plugged. Many varieties of 
modularization at this size-level have appeared 
in the literature. In most cases, the printed or 
etched wiring that fits into the connector is plated 
with a hard, corrosion-resistant metal. In other 
cases, an auxiliary set of terminals is attached to 
the wiring board and these terminals plug into 
the connector.

Fig. 2 (left) shows again the transistorized

(
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Fig. 3. How hearing-aid size modules (fore­
ground) are mounted and interconnected using 
an etched board (left).

Modules
rtched-board module and a 10-stage binary 
counter made from ten of these modules, ten 
etched w iring connectors, and hook-up w ire. I he 

tinier packaged by these technic pies occupies 
ihout 22 cu in.

I- ig. 3 show s the hearmg-aid-sizecl module, an 
etc lied interconnection board, and the final 10- 
't ige counter. I his counter occupies about 1.6 
hi in. When this degree of miniaturization is 
i- ached. the question arises as to w hat should be 
considered a module. This 10-stage binary 
"iinter occupies less volume than the 1-stage 

binary div ider based on a miniature vacuum tube. 
H it wore desired to make the* 10-stage counter 
i module in itself, the entire subassembly might 
br encapsulated as is.

On the other hand, if repairability at the 1- 
9 ige level were desired, the individual stages 
cmtId be separately encapsulated before inserting 
tin iu into the interconnection board. Commcr- 
Ci; lly, the use of header mountings for modules 
ii this level of miniaturization is popular al­
ii >ugh they detract from the high component 
<1* isities.

ig. 4 shows the DOEL-2D binary divider.' 
I s wafer circuit, when unencapsulated, ocell­
i’ s a volume of approximately 0.005 cu in. and 
V is electronically equivalent to the preceding 
" dnles. Its tremendous volume efficiency is due 
1 limination of cases for individual parts, and 

use of many printed-circuit techniques.2 If
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what’s behind the clouds?

Bi hixo rm clouds hides a cunning enemy 
with ever-improving weapons to threaten 
our security. To deter these airborne 
aggressors is the job of the all-weather 
interceptor, our first line of defense.

Partaking in a giant chess game, a Hughes 
Airborne Systems Engineer is constantly 
fed intelligence information regarding the 
most recent enemy advances. He asks the 
question, “How effective are present in- 
teneptors against the new enemy capa­
bilities, and how can we counter this 
challenge?”

I he Hughes Airborne Systems Engineer

is concerned with the design of hardware, 
but he does not design hardware. He is 
more interested in the broader systems 
aspects. Taking an analytical approach, 
he must solve the interacting problems of 
performance, reliability, maintainability, 
and operability.

If this type of systems engineering 
interests you, investigate the assignments 
now open in:
SYSTEMS ANALYSIS • SYSTI MS EVALUATION

SYSTEMS DESIGN • SYS! EMS FLIGHT I ES I

SYSTEMS DESIGN CO-ORDINATION

CIRCLE 877 ON READER-SERVICE CARD

Ihe salary structure for these positions 
reflects the advanced nature of the assign­
ments. Please inquire by writing directly 
to Dr. Allen Puckett, Associate Director. 
Hughes Systems Development Labora­
tories.
HUGHES AIRCRAFT COMPANY
CULVER CITY 10, CALIF.
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Fig. 4. Stacking arrangemcni of th2 
2-D module.

such modules were mounted in headers, they 
could undoubtedly be interconnected using the 
secondary etched-w iring-board technique al- 
ready described.

Mounting of each binary divider in a header, 
however, would greatly reduce the volume 
efficiency at this level of microminiaturization. 
On the other hand, tin* mounting of several 
interconnected stages within a single header 
would not only provide encasement for the un­
cased component parts but also allow high com­
ponent densities.

Fig. 4 also shows a stack of ten of these mod­
ules required to produce a counter equivalent 
to those shown in Figs. 2 and 3. The volume of 
this counter is only 0.2 cu in. Note the 50 pro­
truding lead wires which must be interconnected.

If connectors comprising etched wiring boards 
are ruled out because* their interconnecting wires 
would be spaced no more than 10 mils apart, two 
other possible techniques exist. The first would 
require welding the tiny wires, using procedures 
developed in the subminiature vacuum tube field. 
The only demand w hich would be made on the 
DOFL-2D wafer is that the material chosen for 
the lead wires be weldable. At least one organi­
zation’ is presently fabricating self-supporting 
modules at the hearing-aid level of miniaturiza­
tion using welding techniques.

The second technique is one now under inves­
tigation at DOFL because it appears to Im* es­
pecially suited to the 2D-level of microminiatur­
ization.

It involves (1) stacking wafer Stages, (2) en­
capsulating the assembly in resin, (3) facing off 
the side containing the wires on a lathe or mill­
ing machine so that the interconnection points 
appear as cross-sections of the lead wires, and 
(4) interconnecting these points.

Deposited-Metal Interconnections

One procedure for making interconnections 
between these cross sections of wire involves

Table 1.—Types of wires successfully connected 
by deposited copper films.

Type B & S Gage
Columbium 20
Copper, bare 20
Copper, tinned 22
Gold 28
Nichrome 30
Silver 21
Tantalum 20

first depositing a metal over the entire faced-ofi 
surface. To date, copper deposited by chemical 
reduction4 has been employed for this purpose. 
I sing photolithographic technicpies5, a resist 
would then be laid down on the* copper surface, 
exposed through a mask of the desired intercon­
nection pattern, developed and w ashed. The ex­
traneous copper could then be etched away. 
Finally, the deposited interconnection wires 
would be protected by a layer of plastic. This 
technique should yield a completely' intercon­
nected stack of wafers. Fig. 5 shows such a stack: 
the bottom plate is not a module but serves only 
to hold the lead-out wires.

In a variation of this procedure, interconnec­
tion paths have been milled in the faced-oll side 
of the encapsulated stack, metal deposited over 
the entire side, and the metal not in the grooves 
then removed either with an abrasive or by a 
second facing-operation.

Fig. 5. Stack of 2 D wafers completely interconnected. 
Assembly is encapsulated:

Before using either of these procedures o 
build a counter, the feasibility of deposited-co 
per interconnections was determined by t< t 
specimens consisting of two wires encapsulati 
faced off. and joined at their cross sections by d - 
posited copper.

After preparing the pieces electrical continu­
ity between wires of each set was checked usii 4 
an ohmmeter. The types of wires tested are list» 1 
in Table 1 and all made adequate connection. 
I lie test specimens were next temperature cych 1 

fixe times from 55 C to -|-35 C and retested. 
No connections failed.

Next, it w as decided to interconnect an oper­
ating circuit by deposited-copper techniques. 
Due to the lack of a sufficient number of waler 
modules (these modules an* still in themselves 
research models) it was decided to substitute 
“hearing-aid -sized modules. Five NOB6 circuits 
were chosen lor interconnection because together 
they would constitute a half adder, rhe half­
adder prepared with deposited-metal intercon­
nections showed operation comparal>le to that of 
hand-wired units.

Screened-Silver Interconnections
Other procedures lor making interconnections 

between the cross sections ol the wires will read­
ily occur to those familiar with the techniques of 
printed-circuitry. \n obvious one. and one which 
has been employed in these laboratories, is tin 
application of a silver pattern by “silk”-screening. 
Thu applicability of this method was demon­
strated 011 a free-running multivibrator. All the 
component parts were encapsulated with their 
leads protruding from a single side of the block. 
The block was faced-off and the component parts 
were interconnected with screened-silver paint 
applied at toss exposed cross-sections of the lead 
wires by well-known screening techniques. The 
multivibrator operated in all respects as well as 
a solder-assembled unit.

The first method proposed here for making de­
posited copper interconnections involves the use 
of a photolithographic procedure. In quantity 
production, a photolithographic procedure should 
prove inexpensive and yield extremely fine lines. 
However, this procedure has not yet been 
adapted to the application at hand.

First, the technique itself has been proven to 
be feasible and the details of its application to 
the present problem were of secondary inter st 
compared to the achievement of reliable elect i- 
cal contact between lead wires and deposit d 
copper. Secondly, the details of making an alii 1- 
ing pattern negatives for masking the interc< 1- 
nection patterns between the cross-sections of t e 
wires in the encapsulated assembly have to e 
worked out but are needed only after feasibil y 
has been demonstrated.
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| Other Methods Also Possible
I easibility of deposited and screened-metal in- 
■ t< onections has also been demonstrated. This 
| |t mique promises minimum-volume intercon- 

ih tion for minimum-volume wafer subassem- 
b s. and places phenomenal component densi­
ty within reach.

iner interconnections can probably be pro- 
,1 cd via the depositcd-metal methods than with 
st cened-silver methods because ink forced 
ll nigh a stencil will flow to some extent before 
it lardens. Patterns having lines and spaces as 

I ii. । row as 2.5 mils have been produced 
w h resist-masked and chemically-etched chemi- 
, ly’-deposited-copper.' Ten-mil-wide screened 
In os would be considered excellent at the pres­
ent state of the screening art. |

It should be noted that fine-line interconnec­
ts ns have a finite resistance that must be taken 
into account in circuit design. This resistance is 
nt the order of 1 ohm which, for the circuits 
b scribed in this work, is negligible. The thick- 

in ss ol deposited copper is estimated between 0.3
I tin! 0.6 mil.7
| Future w ork must include (1) dev elopment of 
I n . thuds for aligning photographic negatives on 
I encapsulated assemblies, (2) an evaluation of 
I long-term storage effects on deposited and 

screened interconnection w ires, and (3) the con­
struction of interconnected stacks of wafer-type 
IX)FL-21) modules.

More detailed information on the processes 
di scribed in this article will be found in the com- 
plcte paper to be published in our Proceedings of 
tin- Symposium on Microminiaturization of Elec­
tronic \ssemblies. For further information on 
flu Proceedings, turn to Reader-Service card and 
circle 100.
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Patchcord Systems by

In data processing and 
telemetering equipment, analog 
computers and other loir signal 

level circuits, A-MP Patchcord 
Programming Systems and 

Panels offer the precise features 
you need, many of them 

exclusive. Here are a few:

• full range of sizes in either universal or shielded types

• shielded systems feature patchcords constructed of coaxial cable 
and boards of unique cellular design which provide complete 
isolation for all signal circuits and positive grounding for all shields

• patented wiping action pre-cleans all contact surfaces whenever 
pre-programmed removable boards are placed in service

• frame mechanism assures positive contact when closed yet opens 
easily for quick board changes
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Another article on the exclusive series on microminiaturization. See note accompanying article p. 34 in this 
issue regarding the entire series.

Studies were conducted at Diamond Ordnance Fuze Laboratories 
to determine the limitations of present techniques for making fine 
etched lines. This article discusses several processes and the results 
of the study.

Fine Line Etched Wiring
Edith Davies Olson
Diamond Ordnance Fuze Laboratories 
Washington 25, D. C.

CAREFUL control of certain of the variables 
present in the normal photo resist and etch­

ing process successfully reproduced a pattern 
consisting of 2.5-mil-w ide lines with a 2.5-mil- 
wide spacing between the lines on copper-clad 
laminates. Undercutting reduced the line width 
to about 1 mil.

Copper films, 0.3 to 0.6 mil in thickness, were 
chemicalk deposited on plastic. Lines as narrow 
as 2.5 mils w ith a 2.5-mil-w ide spacing between 
them were etched in these films with negligible

under-cutting. without breaks or bridges.
Conductors 10 mils wide but having 4-mil­

wide spacing had been produced by electroetch­
ing precious metals deposited on glass. An elec-
troetching technique necessary lx »cause
chemical etching of precious metals would 
(pure the use of strong acids which would 
grade the photo resist.

Preparation of Test Patterns

The original layout for the t<st pattern

re-

lor

Process Variation Average Resistance—ohms

Table 1—Effects of Varying Process Controls on Average Resistance of Conductors

Line Widths 1 10 mil1 1 10 mil2 5 mil1 5 mil2 2.5 mil1 2.5 mil2

Whirler Coating—rpm 
50 1.7 1.7 1.9 1.9 __ 3

100 1.6 1.6 1.9 1.9 3.1
200 1.6 1.7 2.0 2.0 __ 3 _ 3

Dip Coating—Oven Type 
Gravity-convection 1.7 1.7 2.0 2.0 3.04 3.4
Mechanical-convection 1.7 1.7 2.1 2.1 3.14 3.14

Pressure During Exposure 
Weights 1.6 1.6 1.94 1.94 __ 3 _3
Vacuum 1.9 1.9 2.2 2.2 2.94 2.94

Developer Type and Time-Min.
Trichloroethylene 1 1.9 1.8 2.0 2.0 2.8 2.9

vapor
Trichloroethylene 1 1.84 1.84 2.34 2.4 __ 3 3.44

liquid
Trichloroethylene 2 1.9 1.9 2.3 2.3 3.4 3.2

vapor
Trichloroethylene 2 1.9 1.9 2.34 2.4“ __ 3

liquid
Commercial 2 2.1 2.0 2.6 2.6 4.34 4.24

developer

Outside line of pattern, length-to-width ratio of 2657:1.1.
2.
3.

Inside line of pattern, length-to-width ratio of 2647:1. 
Infinite resistance due to breaks in conductors.

4. Only one of the two specimens was satisfactory.

making fine lines 
large sheet of still

in copper was made on a 
white Bristol board. Thirtv-

six strips of black adhesive tape 0.25 inch 
in width were laid down on this board in parallel 
strips 0.25 inch apart, and selected ends were 
connected so as to form two adjacent continuous 
lines which zig-zagged back and forth across the 
length of the board.

Ihe final layout was then photographed and 
reduced 25, 50, and 100 times to give negatives 
having equal line-and-space widths of, respec­
tively, 10 mils, 5 mils and 2.5 mils. These* three 
patterns an* shown in Fig. 1.

Since the length-to-vv idth ratios for each of the 
two lines remained constant, regardless of the 
size of the pattern, the resistance of the two lines 
also remained constant and it vv as possible to 
compare etching results directly bv use of the 
following formula:

where li resistance.

pL
WT

p resistivity, and L,
and T are the size parameters of the conductor.

For example, for patterns etched in “1-oz” 
copper-clad laminates, the follow ing values were
substituted in the above equation: 1.724
microohm-cm (for copper), T 1.35 mils (for “1- 
oz copperclad laminates), and the appropriate 
length and width of th<* lines of one of the pat­
terns. Then the theoretical resistance, R. was cal­
culated to be 1.336 ohms for th(* outside line of 
the pattern and 1.331 ohms for the shorter inside 
line. For deposited copper films only 0.45 mil in 
thickness, the respective values were calculated 
to be 4.008 and 3.993 ohms.

Another pattern having lines and spaces of 10 
and 4 mil widths had previously lx»en prepared
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your job

Some

spacing

Cu-Clad Laminates

Centralab/

Sensitized bo; 
< for 1 minuti

component 
density . .

for military, commercial, 
transistor, and 
communication applications

mil lines 
with 2.5

Chemical Etching of

Here is a graphic illustration of how Centralab 
has met your needs for greater and greater 
miniaturization. Pictured (actual size) are 
three ultra-miniature Centralab Radiohms. "> 
When introduced, each was the smallest vari­
able resistor on the market—and was super­
seded in that position only by the introduction 
of the next smaller Centralab unit.

These variable resistors are available in a 
variety of mounting styles, to meet the most 
stringent space requirements—further testi­
mony of Centralab leadership in the develop­
ment of ultra-miniature components. 
Increasing component density is your job . . . 
and Centralab’s.

>per vapors or immers- 
(Table 1). Etching was

suspending the 
nig them in the 
accomplished i

with 10 mil spacing; lower right, 5

method 
rfsist. fl 
\nother

MODEL 8
Component Density 158 per cu in.* 
Diameter 0.286"; Depth 0.110 ±5%
Rating 1 10 watt

MODEL 6
Component Density 18 per cu. in.* 
Diameter 0.502"; Depth 0.155" ±10'
Rating 1 10 watt

Ine to the vertical draining position 
Whirling produced a more uniform

test patterns for fine line etching. Top

resist itself w as 
filtered prior to 

other foreign

1 'it solution of ammonium persulfate at 70 C.
The dipping process of applying resist t< 

c oper-clad laminates produced a coating wh id 
" s slightly thicker at one edge of the plate that

free of dust as possible, parti­
laminates were coated with wet 
■ dried resist was being exposed

VARIABLE RESISTORS • ELECTRONIC SWITCHES • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS 
CIRCLE 31 ON READER-SERVICE CARD

SPECIFICATIONS:
Modal 8 Radiohm1: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles.
Model 6 Radiohm : 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles Also avail­
able with SPST switch.
Model 1 Radiohm V 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 260° rotation, 
minimum rotational life 25,000 cycles. Also avail­
able with SPST switch.
Detailed specifications are available in Centralab 
Technical Bulletins. Write for your free copies. 
Model 1 and Model 6 Radiohms® are stocked 
by your Centralab distributor, available as the 
B16 and SM control series respectively.

A DIVISION OF GLOBE-UNION INC.
960B EAST KEEFE AVE. • MILWAUKEE 1, WIS

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

■.very (‘Hort 
I negatives 
arb w hen tl

two methods, 
the* laminates 

t 50, 1(M) or 2(X) 
ipping in resist

MODEL 1
Component Density 9 per cu. i 
Diameter 0.625"; Depth 0.371 
Rating 1/10 watt

spacings; lower

aids were exposed to 
‘ while held in contact 

in a vacuum frame

speed of the turntable.
Vs the line width was reduced, differences due 
the method of application of the resist began 
appear. The 2.5-mil-wide lines and spaces 
re more consistently etched without breaks in 

lines, or bridges between conductors, when 
st was applied by dipping and draining than

icsist or w hen 
to light throng 
.t commercial

ultra-miniature 
high reliability



NOW, a special division for 
this high precision work:

0

0

0 
0

0

Separate management and operating team 
specializing in reliable production of pre­
cision printed circuits

Special facilities for accurate and uni­
form short run punching and fabrica­
tion of printed circuits

Complete precious metal electroplat­
ing department to handle all finishes

The newest in equipment with the 
industry's largest manufacturing 
capacity devoted to printed cir­
cuitry

A number of important projects 
for missiles, radar ond air­
borne ordnance continuously 
in production

pattern definition to be obtained with very thin 
coats of resist, actually the best definition was 
obtained with the thicker dip-and-drain coatings 
probably because these coatings had better phys­
ical strength and adherence to the copper.

Use of contact pressure during exposure of the 
sensitized plates did not yield as satisfactory re­
sults as the use of a vacuum frame. (Table 1). 
Although all the* patterns applied under contact 
pressure appeared to develop satisfactorily, and 
the l()-mil-\vide lines also etched satisfactorily, 
the 2.5-mil-wide lines were badly undercut after 
etching and no continuous conductors of this size 
were obtained. Poor contact between the nega­
tive and the laminate probably led to light scat­
tering under the negative and, hence, to varia­
tions in the width of the lines being printed.

Table 1 also shows the results obtained by 
varying the developer. The most acceptable re­
sults were obtained with trichloroethylene vapors 
as indicated by the fact that conductors etched 
with them gave the lowest values, i.e. values 
which most nearly* approached the theoretical 
value ol about 1.3 ohms. W ith these vapors, a 
developing-time of one minute was superior to 
one of two minutes.

The small bubble etcher containing hot am­
monium persulfate provided very* even etching 
of the copper. However, on some of the test 
pieces, the 5-and l()-mil wide lines were com­
pletely etched through in a matter of 10 to 15 
seconds before the same condition was reached 
with the 2.5-mil-wide lines, probably due to the 
freer flow of etchant in the wider spaces. There­
fore, the comparatively slower method employ­
ing warm ferric chloride and mild agitation 
of the piece was preferred for fineline work 
in cases where close control of the temperature 
and time in the bath were necessarv, as in etch-

150 ohms and that of the 2.5-mil-wide lines as 
195 ohms. Because of these unexpectedly 1 gh 
resistance values, one of the patterned disks as 
sliced to reveal its cross section. Although -be 
thickness of the film was variable due to h< 
matte finish of the disk, its thickness was m is 
ured under a microscope and found to be al mt 
0.3 to 0.6 mil.

An effort was made to improve the continuity 
of the deposited copper films with a thin coppt-r 
plating. The thickness of the plated film was not 
appreciably greater than that of the tinplated 
film but the plated film appeared to be h s' 
porous. Average resistance of the 2.5 mil lines 
was 25-35 ohms; resistance of the 5 mil lines was 
35-45 ohms.

from the electroplated films had an aver.igi 
width of 4.9 and 2.4 mils, respectively. For tin 
same patterns, the lines etched from the chemi 
calk’ deposited unplated films averaged 1.8 and 
2.3 mils, respectively. Thus, the amount of un 
dercutting was about the same for the two type'

■s. However, the electroplated films 
pinholes and lower resistance.

had

ni' r

min
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< rit i
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METHODE also offers 
film insulated wiring 
harness and connec­
tors for printed cir­
cuit applications. 
Write for bulletin.

For further information address

MILITARY CONTRACTS

ETÑODEV -
Manufacturing Corporation

In depositing such thin films of copper, 
disks of cured epoxy resin 2 inches in diameter 
and 1 4 inch in thickness were sanded on one 
surface to produce a uniform matte finish and 
cleaned. Two solutions prepared the surface of 
the plastic for the reception of the copper. A 
third solution deposited the copper film which, 
after washing and drying, was a dull dark color.

Because of the relatively porous nature of the 
deposited film, all resist was applied by dipcoat­
ing.

The procedures of exposure and development 
were the same as those described for the lami­
nate samples. For etching, the pieces were im- 
mersed in warm 40 per cent ferric chloride be­
cause the time of etching of thin copper films 
could be more easily controlled with this simpler 
apparatus.

Average resistance of the 5-mil-wide lines was

Electroetching Precious Metals

The substrate in this case consists of a glax' 
slide on w Inch a thin film of palladium has bin 
deposited by vacuum evaporation techniques.

Although palladium is soluble in both aqua 
regia and hot nitric acid, prev ions experience in 
etching had shown that the resist tended to break 
down in these acids, so neither of them was 
tested. Methods of electroetching rather than 
chemical methods were indicated.

In the electroetching process, the etchants 
used on the film of palladium were based on 
those recommended1 for stripping rhodium from 
nickel-plated brass because ol the similarities be­
tween rhodium and palladium. The hydrochloric 
acid etching bath, however, had to be rejected 
due to the vigorous gassing. W hen large bubble' 
bumped repeatedly against the narrow bars of 
resist between adjacent sections of the line to b« 
etched, the adherence of the resist to the palla­
dium weakened and the pattern broke dow n be­
fore it was etched. Although the sulfuric a id 
bath also produced gas, the bubbles were g n 
(‘rally smaller, and fewer in number and, hei ce 
less active against the surface of the slide.

Microscopic examination of the finished ( ‘c- 
trodes showed that the average line width of he 
individual lines of palladium that formed hr 
pattern was 10 mils. Microscopic measurem< nb 
on the negative of the pattern y ielded a sin a 
line-width value, thus indicating that undei it

applicable to the preparation of chromium < <
CIRCLE 32 ON READER-SERVICE CARD

m.iL 
w«»i

Eki 

timi 

ice 1

t \l 
lions
2. II

\BS

isseii 
'ente

loin-

Max)

Talc

Mnte

mite 
8 ’1 
mil it 
¡m f 
So, u 
7. II

Pai? 
tur 4 
Fil r

ELECTRONIC DESIGN • February 4, 19 59



incs
fly I 
isks

tr

vas 
the

les on glass. Such electrodes, suitably treated 
i a moisture-sensitive material2, are now un­
going tests as humidity sensing elements in 
iosondes.

3 to the 
is in us- 
>e al mt

mtin iit\ 
i copper 
was not 
mphted

in

Future Needs

although etched lines finer than those de­
bed here may not be required, methods of 
king fine lines by other processes arc needed.

example, screened lines finer, and having
nr re accurate edge-definition, than those now

Pr

nés w.is

alucible are desired w hen working w ith small 
ited ceramic wafers such as those used in 
work reported by Doctor and Hebb . One 

h wafer measures 0.5 x 0.5 x 0.020 inch and 
irs screened resistors, screened conductors, 
mature capacitors’, caseless transistors , and

avira^i

cheini

4.8 and

..('dess diodes1, a total of 14 components exclu­
sive of the conductors. Because the conductors 
.nd resistors occupy the major portion of the 
tins wafer, their reduction in size now' becomes

u

INPUT

’o types
m.ide by vacuum evaporation techniques7 than

। iking fine-line patterns by vacuum déposition

as been b ribed in this article w ill be found in tla* com­

enee* in 
o break

•in was
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XBS, May 1958.

Interconnection of Microminiature Electronic Sub­
irs« IIIblies, N. J. Ditetor and E. L. Hebb, a paper pre- 
iitrd before the Symposium on Microminiaturization of 

i b i tronic Assemblies, Diamond Ordnance Fuze Labora- 
ih s, September 30, 1958.

I I ayerized High-Dielectric-Constant Capacitors, L. H. 
M.ixwell, D. M. Freifelder, and P. J. Franklin, a paper 
pr- M uted before the Symposium on Microminiaturization 

I ! lectronio Assemblies, Diamond Ordnance Fuze Lab- 
i itories, October 1, 1958.

i Iwo-Dimensional Transistor Packaging, J. W.
I lirop, J. R. Nall, and R. J. Anstead, a paper pre- 

।’rd before the Symposium on Microminiaturization 
I lectronic Assemblies, Diamond Ordnance Fuze Lab- 
i. tries, September 30, 1958.

*’ hotolithographic Techniques as Applied to Micro- 
ii iaturization, J. R. Nall and J. VW Lathrop, a paper 

ented at the 113th Meeting of the Electrochemical 
ety, New York. N.Y., April 30. 1958.
lie Application of Vacuum Evaporation Techniques 
licrominiaturization, L. H. Bullis and W. E. Isler, a 

|n, r presented before the Symposium on Microminia- 
ation of Electronic Assemblies, Diamond Ordnance 

I Laboratories, September 30, 1958.

Automatic range and polarity selection. 
Just apply the probe

and read voltage directly!
$ 405AR DC DIGITAL VOLTMETER is a completely new in­
strument providing, literally, “touch-and-read” voltage measure­
ments between 1 and 1,000 volts. Range, even polarity, are auto­
matically selected. Readout is in-line, in bright, steady numerals. 
New, novel circuitry provides a stability of readings virtually 
eliminating jitter in the last digit. This reduces operator fatigue 
and avoids uncertainty.
Special features include a floating input, electronic analog-to- 
digital conversion, digital recorder output and front-panel “hold” 
control permitting manual positioning of decimal. Voltage sam­
pling rate is variable from 1 reading every 5 seconds to 5 per 
second; or can be controlled externally by a 20 v positive pulse.

BRIEF SPECIFICATIONS
Range: 0.001 to 999 v de; 4 ranges.
Presentation: 3 significant figures, polarity indicator
Accuracy: ±0.2% full scale ± 1 count
Ranging time: Vs sec to 2 sec
Input impedance: 11 megohms to de, all ranges
Response time: Less than 1 sec
AC rejection: 3 db at 0.7 cps; min. 50 db at 60 cps
Price: $825.00

Dato tubject to chang. without notice. Price f.o.b. factory.

HEWLETT-PACKARD COMPANY
5100K PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A.

CABLE HEWPACK" • DAVENPORT 5-4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

CIRCLE 33 ON READER-SERVICE CARD
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Another article of the exclusive series on microminia 
turization. See note accompanying article p. 34 in this 
issue regarding the entire series.

Two-dimensional thin films applied to 
extremely thin wafers are the most logical 
means lor getting minimum circuit vol­
ume. In this article, the authors discuss 
problems in apply ing thin films and some 
of their important characteristics.

Applying Vacuum Evaporation Techniques 
for Microminiaturization

L. Harold Bullis and William E. Isler
Diamond Ordnance Fuze Laboratories 

Washington 25, D. C.

ONE OF the most eficctive methods of pro­
ducing thin films of a large variety of mate­

rials is that of high vacuum evaporation. It is not 
difficult to visualize the use of this technique for 
the production of complete electronic circuits, 
and the formation of such circuits is one of the* 
objectives of the vacuum evaporation program 
of the Diamond Ordnance Fuze Laboratories.

Vacuum evaporation involves heating a mate­
rial in vacuum to such a temperature that a vapor 
pressure of at least IO-2 mm Hg is obtained. 
This value ol vapor pressure was found to give a 
practical rate of vaporization for aluminum’; it 
is generally taken as a minimum value for the 
vaporization of most materials, whether metallic 
or dielectric.

Problems in Vacuum Evaporation

There are at least three different ways in 
which the use of vacuum-deposited thin films 
can assist in reducing circuit volume. First, it is 
possible to deposit a thin-film component in an 
area of a conventional printed circuit which 
might otherwise be wasted. Second, the geom­
etry of the thin film can be used to advantage. 
For example, the capacitance of a capacitor of 
given area can be increased by making the di­
electric extremely thin. Third, use can be made 
of the inherent properties of thin films. For ex­
ample. the resistivity of many thin metal films 
increases as the film thickness decreases. The 
second and third items are likely to be of more 
value in microminiaturization than the first item.

Considerable work has already been done in 
producing components by vacuum evaporation.

Thus far. primary emphasis has been placed 
upon the development of thin-film resistors. 
Progress has been sufficient to enable the com­
mercial production of several ty pes of pure-metal 
thin-film resistors. Although these commercial re­
sistors are too large for use in microminiature 
circuits, their desirable properties can be ex­
pected in thin-film resistors deposited directlv 
into such circuits.

Experimental, thin-film capacitors have been 
produced by several laboratories in the United 
States using vacuum evaporation techniques. 
Thus far the most promising results have been 
achieved using dielectrics of silicon oxide- and 
aluminum oxide. The best values2 (¡noted, not 
necessarily values for a single capacitor, show a 
capacitance per unit area of approximately 0.005 
id cm2, an insulation resistance of 100 kilomeg- 
ohms, and a loss factor of less than one percent.

In addition to resistors and capacitors, selenium 
rectifiers are now being made by vacuum evap­
oration techniques. Thin-film inductors and

Table 1. Electrical Properties of Thin-Film Vacuum-Deposited Silicon-Monoxide-Dielectric

Electrode 
metal

Capacitance 
per unit 

area, 
pf/cm2

Capacitors

Dielectric 
constant

Breakdown 
strength, 
kv/mil

Dissipation 
factor, 

%

Resistance, 
megohms

Dielectric 
thickness, 

microns

0.0019 0.9 10,000 2.23 5 1.1
0.0031 1.9 10,000 1.62 6 1.9
0.0060 5.1 — 1.07 7 —
0.0069 2.5 4,100 0.92 7 3.3
0.0098 4.3 230 0.47 5 3.5
0.0099 3.9 40 0.46 5 —

other components appear cutirelv feasible. Since 
contacts and wiring for interconnecting compo­
nents cun also be deposited, it thus appears en­
tirely possible to deposit complete electronic 
circuits in which the wiring, contacts, and com­
ponents consist of thin films.

I hc formation of complete circuits by vacuum 
evaporation at present involves several formid­
able difficulties. One such difficulty lies in the 
fact that once circuit values have been deter­
mined, components must be deposited in the 
c ircuit within the tolerances specified, in general, 
no sorting, selecting, or trimming processes are 
possible. Such deposition requires great precision 
of the evaporation process and hence precise 
control throughout the ( ntirc deposition period 
of such variables as pressure, temperature, and 
rate of charge-evaporation. It appears most feas­
ible to assign a calculated area within a circuit 
to a component and then to obtain the exact 
value desired by varying the thickness of the 
component.
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ich a procedure requires the use ol a preci- 
mouitoriug sy stem to enable deposition to 
topped when the desired value has been 

it, lied.

Problems with Varied Materials

Hither difficulty involves the successive dep- 
s on. in a single evacuation, of all the varied 

ii rials required for a given circuit. Several 
¡H ilcms are likely to be encountered.

rst, at least one filament must be included 
n ne vacuum chamber for each material to be 

porated. If contact ol the completed circuit 
\i i .til must be avoided, an additional filament 

be required for deposition ol a protective 
\ rcoating on the circuit prior to admission of 

.hi Io the chamber. Ideally , each filament must 
l>r centered below the substrate* and, failing 
■in use of a multiple chamber, such arrangement 
s «1 course, impossible.

Second, some of the various materials to Im* 

\ porated will have to be heated to extremely 
.Ji temperatures and. in the course ol deposit- 
l successive layers of different materials, the 
¿h source-temperatures might damage pre- 

H'Hsh deposited elements ol the circuit, all ol 
dadi are exposed to heat radiated Irom the

'Oiirce.
I bird, multiple ev aporations make necessary 

i< interchanging and moving ol masks within 
evacuated chamber. The mechanical manipu- 

itmn ol such masks may be very complicated 
dien small areas and intricate configurations 
11 involved.

Must be Clean

Iwo other problems are worthy ol mention. 
I nst. extreme cleanliness is necessarv in vacuum 
y.iporation work to assure adequate adherence 
I the deposited layers to tin* substrate and to 
u h other. Cross quantities ol contaminants are 
moved Irom a substrate by standard cleaning 

fl i laii( pies involving various types ol washes 
ml degreasing solutions. However, the miavoid- 
hli- exposure* of a substrate to air between the 
nil cleaning step and the evacuation of the 
i' num chamber, is sufficient to rccontaminate 

' It is thus'necessary to subject substrates to the 
l< tiling (‘fleet ol a low-pressure glow-discharge 
ivt prior to Him deposition.

cond. not even the glow-discharge treatment 
s * illicient to remove Irom a substrate all dust 
ii’ick's. some of which may produce pinholes 

'i ’ ie v acuum-deposited films. Such pinholes, de­
ling upon their location, might ruin a partic- 
component and force rejection of an entire 

i* lit. Factors other than the presence ol dust
i substrate may also Im* responsible for pin- 
s. No explanation as yet advanced has ade- 

" ely accounted for the formation ol pinholes
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The Human Eye, Nature’s inspiration 
for the camera, can convert wavelengths 
of blue-green light measuring as little as 
400 microns into visual perceptions that 
are truly life-size. Yet this entire human 
mechanism occupies space less than lw in 
diameter.

Tiny New Potentiometer, shown 
actual size, is designed to add space­
saving precision to missile and aircraft 
servo mechanisms. Two MPB bearings in 
it assure accurate, low-torque shaft rota­
tion — a vitally important benefit in sub­
miniature components.

Man With Miracles. This is Maurice 
Hebert, one of MPB s Sales Engineers. 
He’ll personally help you choose the cor­
rect MPB bearing to reduce friction and 
increase the precision of your instruments 
— while keeping your operating costs low 
with trouble-free service.

Miracles in Miniaturization O

The Smaller The Better is often com­
pletely true. Engineers now know that minia­
turization is the surest method of developing 
new or improved components for many of the 
latest developments in modern industry. But, 
as components become smaller, the problems 
of maintaining high precision and long service 
life become larger — and the call for MPB 
bearings constantly increases. MPB answers

with the most experienced engineers in the 
miniature bearing industry, and advanced re­
search facilities . . . producing over 500 types 
and sizes of bearings from O.D. down, 
with specials as required. We welcome your 
request for engineering advice, our catalog, 
or both.
Write Miniature Precision Bearings, 
Inc., 902 Precision Park, Keene, N.H.

CIRCLE 34 ON READER-SERVICE CARD

MINIATURE PRECISION

BEARINO3 INC

Helps you perform miracles 
in miniaturization



Fig. 1. Dielectric strength of silicon monoxide films c 
a function of film thickness.

nor has a means been de\ ised for their complete 
elimination.

15,000 WATTS P. E. P.
New Ceramic Tetrode for SSB
Eimac's new, high-power 4CW10,000A is ideal for use 
in Class AB] single sideband service. This new tetrode 
is a water-cooled version of the widely-used Eimac 
4CX5000A, with plate dissipation capability increased 
to 10,000 watts and a peak envelope power of 15,000 
watts. Water-cooling makes the 4CW10,000A excel­
lent for heavy duty applications where reserve plate 
dissipation is required.

Eimac offers the most complete line of tetrodes with 
the high-power gain, low distortion and excellent

Write our Application Engineering Department for 
a copy of the technical bulletin "Single Sideband." 

EITEL-McCULLOUGH, INC.
SAN CARLOS, CALIFORNIA 

with ceramic tubes that can take it

CLASS AB, SSB OPERATION
4CX250B 4CX300A 4CX1000A 4CX5000A 4CW10.000A

Plate Voltage................... . 2000v 2500 V 3000 V 7500 V 7500 V
Driving Power .... . 0 w 0 w 0 w 0 w 0 w
Peak Envelope Power 325 w 400 w 1680w 10,000 w 15,000 w

stability required in Class AB] operation. Each has 
proved reserve ability to handle the high peak powers 
encountered in single sideband service. Efficient in­
tegral-finned anode coolers on the air-cooled types 
keep blower requirements to a minimum, allowing 
compact equipment design.

Ceramic-metal design means compactness, rugged­
ness, high performance, and reliability. These proved 
advantages of Eimac ceramic tetrodes make possible 
more compact, efficient single sideband equipment.

Cable address
EIMAC

San Carlos

0 0.05 01
DIELECTRIC THICKNESS, MILS

Vacuum-Deposited Capacitors

Initial work at DOLL invoked the formation 
and study of thin-film capacitors having vacuum 
deposited silicon monoxide as the dielectric. I In 
comparatively y\ide attention this material h;n 
received is largely due to the ease yvith which 
in can be ey aporated and the availability of con­
siderable information concerning it.31 '

Silicon Monoxide Dielectric

Initially, 4several groups ol capacitors wen 
made by depositing three* successive film layers 
the central layer was silicon monoxide, and tin 
outer layers consisted of a variety of metals It 
w as possible to obtain values of capacitance per 
unit area, dissipation factor, direct-current in 
sulation resistance, dielectric thickness, dielet r 
constant, and breakdown strength for main ol 
the capacitors; average values are given in T !>l 
1. In addition to the six electrode metals sh< vr 
copper was also used but in all cases films < ' it 
peeled away from the dielectric.

It is evident from the data for dissipation fa tor 
and direct-current resistance that the best caj lci 

tors xvere those formed yvith electrode film ol 
noble metals, (»old is to be particularly ret in- 
mended for thin-film electrodes because o ib 
high conductivity, inertness to oxidation, mi 

ease of deposition.
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oltage breakdown strength (Fig. 1) requires 
j। her explanation since the capacitors pro- 
(Ji rd did not consist of perfect films but rather 
< films containing minute pinholes. The pin- 
1, s in the dielectric film sometimes became 
I: d with metal w hen tin* counter electrode w as 

died, thereby shorting the capacitors. Such 
si its are analogous to those found in metallized 
p kt capacitors. They were removed, and hence 
tl capacitors cleared, by sending energy pulses 
tl mgh the capacitors. This process required 
< eful control to prevent damage to a capacitor 
l> a pulse of excessive energv,

Silicon Dioxide Dielectric

I he dielectric breakdown strength of fused 
silica, given as 15.000 volts per mil in 1 S in. 
sli ets is among the highest known. The use of 
lli s material as a capacitor dielectric at normal 
h uperatures should, therefore, permit excellent 
voltage ratings for thin-film capacitors. The1 sta­
bility of fused silica under normal conditions 
should result in additional desirable capacitor 
characteristics.

Ihe vacuum evaporation of fused silica, how- 
ver. is difficult for several reasons. First, silica 

is extremely difficult to heat in vacuum because' 
I absorbs little radiant energv. Second, it must 

be heated to a temperature in excess of 1700 C. 
I bird, it decomposes readily under the condi­
tions usually encountered in vacuum evap­
oration. It seemed best however, to employ a 
lirect evaporation technique despite1 difficul­

ties. Such a technique represents a compromise 
between the1 desired high percentage ol SiO2 in 
tin film and the speed of formation.

In recent work, concentrations of silica up to 
lb percent have been obtained bv the1 method. 
It is possible that with further development of 
let Imiques, f used silica may be even mon* suc­
cessfully evaporated in this manner.

More detailed information on the processes 
described in this article will be found in the 
complete paper to be published in our Proceed­
ings of the Sy mposium on Microminiaturization 
>f Idectrouic \ssemblies. For further informa- 
fi1 n on the Proceedings, turn to Beader-Service 
card and circ le 100.
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BOOST PRODUCT EFFICIENCY 
SALES APPEAL...

Sturdy little Stackpole Slide Switches provide almost any desired 
switching arrangement at rock-bottom cost. Features include Vi. 1 and 
3 ampere 125 volt ratings in U.L. Inspected types; 1 to 4 pole types 
with up to 4 positions; momentary or maintained contact designs; lug, 
printed wiring or wire wrapping terminals; and many special types 
such as plunger operated spring return, 4-gang SP-DT, and many more.

WRITE FOR SLIDE SWITCH BULLETIN RC-11D to: 
Electronic Components Division, STACKPOLE CARBON CO., St. Marys, Pa.

. ..WITH 13 
Standard 

LOW COST 
TYPES

... the most complete line

SLIDE 
SWITCHES

DP-DT, 3 ampere
Typ« SS-33

SP-DT, 3 ampere 
Type SS-26 1

SP-DT, 3 amp, 
Spring-return Type 5S-27

DP-DT, 0.5 amp, 
Spring-return Type SS-5

SP-DT, 3 amp, 
Spring-return Type SS-9

4-Position 
Type SS-18

SP-DT, 4-gang 
Type SS-21

3-Position, 3 ampere 
Type SS-31

DP-DT, 0.5 ampere 
Type SS 50

SP-ST, Pushbutton 
Type SS-15

SP-DT, 1 ampere 
Type SS-32

3 Pole-Double Throw 
Type SS-8

3-Po»ition, 0 5 ampere 
Type SS-16

Coldite 70+?' fixed composition resistor • Snap and SCd<? Switches • Ceramaq* fe<romjqretic cores • composition
resistors • Ceramagnet* ceramic magnets • Fi»ed ■ capacitors • I' n - ■ I • Brushes for oil rotating electrical

equipment • Electrical contacts • Hundreds of related carbon, graphae and metal powder products.
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NEW PRODUCTS Covcring all ucu prodnets that niight 'jncr- 
(dii/ be specified by an (’lectronics cuginrci 
engaged in thè design nf originai cquipmrnt.

is n 
wlii 

driv
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UNIVERSAL 
AUTOMATIC TESTER

This automatic tester i> 
capable of rapidly evalu­
ating within assigned lim 
its dynamic functional ca­
pabilities of a weapon 
sv stem, sub-sy stem, or com­
ponents. Called the Space 
System, it provides for 
automatic IBM card pro­
gramming and will accept 
1000 inputs. It can be used 
to measure de v, true rms 
of ac v. peak to peak ac v, 
ohms, freq., time interval, 
or periods from test unit.

Systron Corp., Dept. ED. 
950 Galindo St., Concord. 
Calif.

POWER TRANSISTORS

Designated 2N1073, A, B. this diffused-alloy-power 
(DAP) transistor series has collector voltage ratings 
up to 120 v. 1 hey have a 2 ohm ty pical input resist­
ance. and collector currents up to 10 amp can be 
handled. Switching times are less than a usee. 
Power gain of the DAP transistor is 5 to 10 times 
greater than that of a standard alloy ty pe.

Bendix Aviation Corp.. Semiconductor Products. 
Dept. ED. Long Branch. N. J.

CinCL3 38 ON READER-SERVICE CARD

NUCLEAR BATTERIES

These krypton batteries produce a 5 kv. open 
circuit, output and have a volume of less than 
1 4 cu in. Minimum current output of the Model 
KIA-50 is 100 uua at no load and 50 uua at 3 kv. 
Its weight is 1 oz and its useful life is approxi­
mately 10 yr. Operating temperature range is 

175 to -f-165 F.
Radiation Research Corp., Dept. ED. 1114

Mi?c 
this
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DIFFERENTIAL SWITCH

Th s differential switch is used to sense the dis­
placement of two shafts. It can be used as an 

urate time interval generator w hen used with 
a synchronous motor or as a driving source for 
tin follow shaft. Operation: a desired shaft posi­
tion is set into the 0.25 in. shaft, and this position 
s related to the 0.125 shaft by a set of contacts 
which are spdt. center-off. The 0.125 shaft can be 
driven to the same position as the 0.25 shaft and 
in contacts w ill Ix'come center off.

Dept. ED, 55 Elm St., Man-

CIRCLE 40 ON READER-SERVICE CARD

MERCURY BATTERY

Measuring 0.3 in. in diam and 0.125 in. high, 
li s mercury battery is designed to meet the 
i <■ requirements ol the military micro-module 

1 igram. Its uses also include other miniaturized 
etronic devices. Designated KM-312, its energy 

is approximately 36 ma hr at a discharge of 
na, at 1.22 avg v.
Midlory Batten Co., Dept. ED, 13000 Athens 
e.. Cleveland, Ohio.
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V.R.P.S.
VOLTAGE 

REGULATED 
POWER 

SUPPLIES

Model SC 32 2.5

MODEL

DC 
OUTPUT 

VOLTS

DC 
OUTPUT 

AMPS.

SC-18-0.5 0-18 0-0.5

SC-18-1 048 0-1

SC-18-2 0-18 0-2

SC-18-4 0-18 0-4

SC-36-0.5 0-36 0-0.5

SC-36-1 0-36 0-1

SC-36-2 036 0-2

SC-3672-0.5 36-72 0-0.5

SC-3672-1 36 72 0-1

Model
PSC-10 2

offers more than 
120 standard voltage 

regulated power supplies 
covering a wide range 

of transistor, tube 
and magnetic types.

For complete specifications, 
write for Brochure B-591

0.01% RswLATION 
31L1T Y

MODEL

DC 
OUTPUT 
VOLTS

DC 
OUTPUT 
AMPS.

SC-32-0.5 0-32 0-0.5

SC-32-1 0-32 0-1

SC-32-1.5 0-32 0-1.5

2SC-32-1.5 0-32 0-1.5

DUAL OUTPUT 0-32 0-1.5

SC-32-2.5 0-32 0-2.5

SC-32-5 0-32 0-5

SC-32-10 0-32 0-10

SC-32-15 0-32 0-15

SC-60-2 0-60 0-2

SC-60-5 0-60 0-5

2SC-100-0.2 0100
0-0.2

DUAL OUTPUT 0-100 0-0.2

SC-150-1 0 150 0-1

SC-300-1 0-300 0-1

U.UZ STABILITY

COMPACT PACKAGE TYPE

MODEL

DC 
OUTPUT 
VOLTS

DC 
OUTPUT 

AMPS.

PSC- 5-2 0- 7.5 2

PSC-10-2 7.5-12.5 2

PSC-15-2 12.5 17.5 2

PSC-20-2 17.5-22.5 2

PSC-28-1 22.5 32.5 1
PSC-38-1 32.5 42.5 1

fati*

13138 SANFORD AVENUE • FLUSHING 55, N.Y.
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NEW PRODUCTS
NPN Junction Transistor

class A
audio amplifier circuits. Used to

the output stage of

NEW FLUIDS FOR THE MISSILE AGE

CIRCLE 470 ON READER-SERVICE CARD

Norden

“ COOLING ELECTRONIC 
SYSTEMS FOR MISSILES^

complementary

Semiconductor
Somerville. NJ

Designed for 60 and 400 cps op­
eration, these synchro receivers, 
transmitters, and differentials have 
frame sizes from 8 to 23. They meet 
MIL-S-20708 specifications and are 
available for both torque and con­
trol systems.

symmetry circuit and driven by a 
2N217 class A driver, a 2N647 and 
a 2N217 can provide 100 mw power 
output at a power gain of 54 db. 
Used in the output stage of a typi­
cal push pull circuit and driven 
by another 2N647 class A driver, 
two 2N647’s can provide a power 
output of 100 mw at a power gain 
of 66 db. The 2N647 has a large 
signal de current transfer ratio es­
sentially constant over the operat­
ing current range to insure circuit 
linearity. It has a collector cutoff 
current of 14 pa and operates in 
ambient temperatures to 71 C.

Radio Corporation of America,

For large signal of applications

An alloy junction transistor, 
germanium npn type 2N647 is espe­
cially designed for use with the 
company’s pnp type 2N217 in port­
able radio receivers, phonographs, 
and audio amplifiers. It may also 
be used in conventional class B

Synchros

Meet MIL-S-20708 specifications

Div., Dept. ED. Commack, N.Y.
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Monsanto



MISSILE
PERFORMANC

Matinecock Port
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Potentiomete

HIGHER
Avionic Cooling with Coolanol 45: This Monsanto-produced fluid is the answer to

extends operations toheat problems associated with miniaturized electronics

smaller units for any given jobrpm) mean more efficiency, result and
prolonged pump life is the result of the fluid’s excellent lubricity.

CIRCLE 46 ON READER-SERVICE CARDFor deep forays into the thermal thicket
imaginative solutions

Coolanol: Monsanto Trademark

HOTTER
highelectronic components

maximum

Allen-Bradley (à)., Dept. ED. 136

COOLER informa

CIRCLE 47 ON READER-SERVICE CARD
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SMALLER 
speeds of

frequency 
Standard

Eastern Industries’ missile components and systems are miniaturized to meet the 
most rigorous requirements in space and weight. Through the use of Monsanto 
Coolanol* 45 and miniaturization concepts, Eastern now makes it possible to design 
more power, more performance into less and less volume and weight.

MONSANTO CHEMICAL COMPANY
Aviation Fluids Dept. AV-8 
Lindbergh and Olive Street Road, 
St. Louis 24, Mo.

v de at 
md low

EASTERN INDUSTRIES, INC 
100 Skiff Street
Hamden 14, Conn.

Low pass

. . . high operating 
this Eastern hydraulic

altitudes where air cooling is impractical. Having a high boiling point, Coolanol 45 
permits “hotter,” smaller systems than with water cooling; low foaming tendency 
guards against circulation troubles. Heat transfer characteristics and dielectric 
properties of Coolanol 45 are excellent over its —65° to 400°F. temperature range.

tion on these and other acces­
sories and systems is contained 
in this new complete brochure. 
It contains latest developments 
in hydraulic power, cooling and 
pressurization. Send for your 
free copy of Bulletin 360 today.

Receptacles 
Gyro Spin Motor Supply 

Provides 2 or 3 phase power

for problems in system redesign 
— turn to Eastern Industries.

This 10 turn potentiometer has 
• 0.05% linearity and comes in any 

resistance from 50 ohms to 200 K. 
It is supplied with a standard bush­
ing or servo mount, with or without 
ball bearings. Diameter is 7/8 in.; 
length, 1-12 in.

Voak Engineering Co., Dept. ED, 
129 E. A St., Upland, Calif.

A panel-mounted, self-contained 
modular unit, model T869 gyro 
power supply provides either 2 or 
3 phase power to spin motors. It 
maintains the motor at synchronous 
speed regardless of phase unbal­
ance.

Sterling Precision Corp., Dept.

maximum
currents

MORE . . . much

FASTER. . . sustained supersonic 
speeds will call for advanced 
refrigeration-type cooling units 
for temperature control within 
close limits. This system, which 
relies on Coolanol 45, protects 
entire electronic systems.

W. Greenfield 
Wis.

Smaller components pay off in higher performance . . . savings in inches and ounces 
add up to hundreds of additional miles per hour — or miles in range.

FARTHER . . . miniaturized pump 
space and weight—extends mis­
sile range. This unit, an integral 
part of an APU system, helps 
provide hydraulic power to a 
cruise missile.

Hydraulic Pumps and Coolanol 45: Eastern puts Coolanol 45 to double use—as a 
hydraulic fluid as well as a coolant. The higher pump speeds possible (up to 24,000

tube cooling units and systems 
permit avionic operation at alti­
tudes which rule out air cool­
ing. The cooling pack shown 
easily handles 1000 watts at 
altitudes to 60,000 ft.

LONGER . . . long life and re­
liability is typified in this East­
ern high pressure hydraulic 
pump. Reliable performance un­
der extreme environmental con­
ditions is an Eastern tradition.

performance aircraft from heat 
— delivers Monsanto Coolanol 45 
coolant at 1.3 gpm flow rate 
and 60 psi pressure.

power unit (to 24,000 rpm) re­
sults in modest dimensions and 
weight: 7%" x 2'/2" x 7W, 4 
pounds, 12 ounces.

tronic equipment, and new per­
formance concepts — this is the 
promise of Coolanol 45. For the 
characteristics and applications 
of this new Monsanto product, 
write for Monsanto Technical 
Bulletin Number AV-3.

Monsanto
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gyro 
all-attitude

S'

master 
reference A

Transistorized Servo 
Amplifier

Operates from 115 v, 60 cps

Model A3300-01 transistorize I 
servo amplifier operates from 115 \ 
60 cps and is equipped with an in 
ternal de power supply. It provides 
90 deg phase shift and outputs ol 
40 or 6.3 v at 60 cps. Effective gam 
is easily adjusted from 80 to 1600 
and input impedance is 5 to 100 K

Kearfott Co., Inc.. Dept. ED, 
15(H) Main Ave., Clifton, N.J.
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In-flight werticality with G PC 
(Geocentric Pendulum Control) I deg

The LEAR 2171 all-attitude*

two-gyro master platform is now in production —assuring 

early delivery' schedule for all applications requiring highly’ 

accurate vertical and directional gyro signals.

ALL-ATTITUDE
Indicators 
Compasses 
Dopplers 
Radars

REFERENCE FOR:
AFC
Fire Control
Toss Bombing 
LABS

in 3.0(H) hours of bench time —over 2,(XX) hours 

of flight time — in eight types of fighter and bomber jet aircraft.

for operational use in high-performance 
fighter aircraft— (USAF) Republic F-105 and Convair F-106; 
(Navy) Douglas A4D-2 and McDonnell F4H.

N D

Temperature Recorders

Multirange

Electrolytic Erection
GVR (Geocentric Vertical Reference)

Capability
Oscillating D.G. Gimbal Bearings
All-attitude (4 Gimbal) 
Photo Electric Pick-Off 
Dual Synchro Output on Each Axis 
High Response. Roll Rate of

360 deg./sec.. and pitch rate of
200 deg./sec.

Production Proven Components

temperature recorders with many 
ranges. Ty pical spans are 150 to 
^250 F and 0 to 22(H) F. Limit ol 
error is IV of span, and no external 
temperature reference is needed 
For each range. 5-in. F or C cali­
brated chart paper is available. \ 
wide choice of chart speeds are ol- 
fered in 1. 2. and 4 speed units.

Varian Associates. Instrument 
Div., Dept. ED, 611 Hansen Way. 
Palo Alto, Calif.
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Analog Computer

Has 2% accuracy

A completely solid state devi« 
the CM-2 analog computer ce t- 
tains up to 12 operational ami’ i- 
fiers, 6 logarithmic networks, a d 
8 scaling potentiometers. It also 1 s 
an integral programming board i-

DIVISION
IA AVE.. N.W., GRAND RAPIDS 2, MICHIGAN

GYROSCOPES • AC/DC MOTORS • ACTUATORS • SERVOS • MAGNETIC CLUTCHES ♦ POSITIONING CONTROLS

side the cabinet to facili. 
programming of functions. It 
hermetically sealed and mount

e 
is 
d
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Requiring 28
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KA SERIES: GENERAL PURPOSE
Compact light duty relay, U/L approved 
Meeh 1500 volts rms breakdown requirement

gam 
1600.
10 k

KT SERIES: ANTENNA RELAY
Insulated to minimize RF losses. Designed to 
switch 500 watts RF input to 300 ohm line

Wirewound 
Potentiometers

KR SERIES: SMALL, 5 AMP RELAY
Ruggedly constructed for tong life and depend 
ability Available up to 3 pdt.

li CM 
iam 
0 to

rizt »I 
15 v. 
n in­

te wirew 
ibtained

KCP SERIES: SENSITIVE 3 PDT RELAY
For plate circuit »applications requiring low 
cost, sensitive relay Polyethylene dust cover.

md oper- 
cps ±20 
1-7/16 x 

a maxi-

Innctions.
Spectrol Electronics Corp., Dept 

ED, San Gabriel, Calif.

ating from a carrier of 400 
(p the unit measures 
1-7 8 x 3 in. and weighs

ECO N O M Yand versatility distinguish our KL 
series relays. Contact arrangements are available 
up to 4 pdt in either AC or DC versions. Sensitivity 
of 100 milliwatts per movable arm is available.

Stationary contacts and terminals are mounted 
on a phenolic front of high dielectric strength, thus 
adding to the utility of the relay. Conveniently 
located terminals and easy-to-mount base greatly 
simplify installation on long production runs.

KL relays may be hermetically sealed or fur­
nished in metal dust covers.

This is one of a "family” of fine P&B relays. 
Others, with similar configurations but various 
electrical and switching capacities, are shown below. 
Write or call for more information or see the com­
plete P&B catalog in Sweet’s Product Design File.

¡ni m of 9 oz. It is designed to meet 
MlL-E-5400 and MIL-E-5272A 
sp< cifications.

hilova Watch Go., Electronics 
bi Dept. ED, Woodside 77, N.Y.
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with • 0.14 lin- 
ound units may 
with nonlinear

© a 1 KL ENGINEERING DATA
i—1-* 5

I T < /ko GENERAL: Breakdown Voltage: 500 volt rms, 60 cycle between
B ~ all elements standard 4 pole relay; 1500 volts rms, 60 cycle
* W on special 3 pdt relay.

« ■ —— —A IT Temperature Range: — 45‘C. to -f-B5*C.
£ I q Pull-In: Approx. 75% of nominal de voltage.

. y___________ I । Approx. 78% of nominal uc voltage.
g i • |1 ....... i f: i I Terminal«: Pierced solder lugs for two #20 AWG wires.
w I. i.?>(>10 I - ¿MAY Enclo»ure«: Metal can 2^U” high x 2%’ long x 2"/^’ wide
a I Tb । 'I 8W with octal plug or multiple solder header.

- - - - - - - - - - - - - 2^ MAX.-------
_____CONTACTS: Arrangement«: up to 4 pdt.

Material: ’/«” dia. gold-flashed silver. (Others available.) 
Load: 5 amps @115 volts, 60 cycle resistive loads.

5 » 7 °*
> ZiK- fO) 2 COILS: Resistance: 60,500 ohms max.

c'Xn , 5« Power: 100 milliwatts per movable arm.
I ~ * Duty: Continuous, coils will withstand 6 watts @ 25*C.
1 J. ——1_Voltages: up to 110 volts de.

“*— vp to 230 volts ac.

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

Servo Amplifier

Operates from —55 to 125 C

Fully potted and transistorized, 
the AMP-298 servo amplifier can 
deliver 40 v rms into a 160 ohm 

• liter-tapped load. Built for con­
tinuous operation between —55 
and 4-125 C, it provides a voltage 
gai n of 1000 at a constant input 
impedance of 50 K. This gain can 
he adjusted by an external resistor.

>D swing-out frames for quick ac­
,, ability and replacement. The 
.11 t meets Glass 2, Section 1 con­

dit ous with an air purge and has 
in overall accuracy of better than 
\ It is housed in a steel cabinet 
wi h a door. Several units can be 
us< d in banks with their program - 
ini ig boards interconnected.

southwestern Industrial Elec- 
» lies Ca, Dept. ED, 10201 West­
he iner Rd., Houston 19, Tex.

In ranges from 10 ohms to 75 K 
iodel 550 3 turn potentiometer; 

ii.ne ' 0.34 standard linearity ant

4
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B5O3Î

B4O32

ACTUAL SIZE
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the most dramatic CIRC

in indicator

Burroughs Corporation

to develop 
indicating

the most 
tube ever hi i t 

krai a

4095
moda

udì

pares 

tracts 
Kigna I

ground gating 
flexible master 
externally in-
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available.
ell Regula 
Dept. El) 

Denver 22

NIXIE Tube Exclusive Features:
• All Electronic
• Lowest Cost
• Lowest Power
• Lightest Weight
• Most Readable for Number Size
• Smallest Volume any Number Size
• Maximum Temperature, Shock 

and Vibration Specs
• And Now, Longest Life

Direct Recording 
Oscillographs

8 and 14 channel

The Nixie tubes are gas-filled, cold­
cathode, ten-digit (“0" thru “9") numer­
ical indicator tubes having a common 
anode. They are all electronic, in-line 
readout devices which provide an ideal 
means of converting electro-mechanical 
or electronic signals directly into read­
able characters.

by a radio-noise 
erned de motor y 
brushes at 10 rp;abled Burroughs 

“perfect" in-line 
mass produced.

pulse yyhich can 
terconnected to
pulse of 2 Ii\ e an

sealed cast*, t 
stands 20 g u 
shock. It has

Instrument
Inc., Dept. ED. 67 Mechanic 
Attleboro. Mass.

make contacts. ()m* pole h.i 
duty cycle lor timing pm 
I he other tyyo have 705-30

to 2000 cps and 5< 
life of 500 hours 

Development La

Another electronic achievement by 
Burroughs Corporation provides ex­
tended tube life, by thousands of hours, 
for the new ultra long life Nixie indi­
cating tube. This latest technical ad­
vance is the result of a new manufac­
turing process and a special combina­
tion of inert gases in the tube bulb.
There are three distinct ultra long life 
Nixie tube sizes available — miniature, 
standard and super. These complement 
the regular line of Nixie tubes where 
extraordinary life is required.

Continued pioneering in the develop­
ment of indicating tubes coupled with 
extensive production facilities has en-

Thesc direct recording oscilL 
graphs are designed to monitor and 
record a variety of electrical and 
mechanical phenomena during high 
speed testing operations. Modi] 
906A-1 has miniature plug-in gal­
vanometers yyhich provide for If 
channel recording from de to 5 k< 
The 906A-2 has solid-frame gal­
vanometers that provide for S

Eor use* in pulse amplitude mod­
ulation systems, this 3 pole telem­
etering commutator is adaptable* (<•

TUBE

be of hours... extra
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Servo Amplifier

8 w output

7-pin, plug-in transistorized 
amplifier, model 1800-0300-2 

ves signals from a low imped- 
bridge circuit and operates a 
ps motor at 8 w maximum. In-

g high
Mode]

■ ¡1 npedance is 200 ohms; voltage 
gdi 30,000 at 2 w. The unit meets 
Mil E-5400A specifications.

M Ten Bosch, Inc., Dept. ED. 80 
Uli cler Ave., Pleasantville, N.Y.
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Digital Subtractor 
Converter

Accurate to 12 bits

Model DS-12-A digital subtrac­
* I converter automatically com-

tracls them, and presents an analog 
signal output representing the 
iilhieucc between the two. Each 
t the input channels accepts 0 to

\ positive pulses at bit rates to 
250 kc. Repetition rates of 0 to 
0)5 pulses per block are accom­
modated, with 30 blocks per sec 
nulled bv the system. The analog 
itpnt voltage is accurate to 12 bits 

■I input information, and may be 
"id to operate servo controlled 
nttern followers and positioning 
"stems or perform digital null de- 
twtion and program comparison.

Computer Equipment Corp., 
Dept. ED. 1931 Pontius Ave.. Los 
higeles 25, Calif.
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Correction

The above blocks and plugs are 
111 i tegral part of a patchcord pro­
- o truing system which is avail- 

T only from AMP, Inc. In the 

12 issue of ED, we incor- 
indicated that the blocks and
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r

The

3

ever made!
Daren’s New Series G Sub-Miniature Switch...1/2" Diameter!

A new sub miniature rotary selector switch, developed by 
DAVEN, is specifically suited for application in missiles, 
aircraft, handy talkies, field pack sets, frog man communi­
cation equipment, and all types of mobile apparatus This 
explosion-proof, waterproof switch has the same reliability 
as its bigger brothers... but in a fraction of the space. 
It meets applicable military specifications on tempera­
ture, humidity, corrosion, vibration, acceleration, shock 
and immersion.

This unit is available as a single pole, 10 position switch 
and can be obtained with up to four poles on a single deck.

28 THREAD

♦ 005

t 005 

r— 093

9
64

Contact Resistance: Less than 008 ohm.

Contact Rating: 1 ampere, 250V D C. into resistive load.
350 MA, 100V D. C. into inductive load.

Insulation Resistance: 200,000 megohms between any two 
terminals or between any terminal and shell.
Measured at 25° C., 50% RH, at sea level

Life Expectancy: 50,000 cycles minimum 
Shaft and case: Stainless steel 
Panel and hub: Glass filled epoxy 
Contacts and terminals: Silver alloy 
Rotors: Rhodium plated beryllium copper

™e 0/^Mco
Write today for comprehensive technical report 
on the new St ries G Sub-Miniature Rotary Switch.

LIVINGSTON, NEW JERSEY

T 0 OA r, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY!
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Potentiometer

Dept. ' 0
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P.O. Box 2112. Riverside, Calif.
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41. p 
The 
<mk 
boar

the 10 day humidity 
106 and the vibration 
201.

Bourns Labs, Inc.,

Helical Products ( o.. Dept. El) I 
1402 l in Strand. Hermosa Beach. I

Calif.

For panel mounting

.Actuated by a lead screw, rum-

this Cable Systematics

Advanced cabling techniques developed 
by Robertshaw provide the reliability 
demanded by today’s complex missile 
site requirements. Whether your needs 
involve short lengths of custom multi­
conductor cable or elaborate electronic 
cable assemblies, Robertshaw’s progres­
sive approach to cable design and fab­
rication mean faster delivery and less 
cost. Success of these concepts is being 
evidenced daily on the launching pads 
at Canaveral and Vandenberg. They 
can be adapted to help solve your cable 
assignment. Write for Cable Facility 
Brochure . . . Aeronautical & Instru­
ment Division, Robertshaw-Fulton 
Controls Company, Santa Ana Free­
way at Euclid Ave., Anaheim, Calif.

Miniature Shaft Coupling

Have zero backlash

\11 in one piece, these miniature 
shaft couplings eliminate the need I 
for solder joints, pins, screws, andl 
rivets. Units lor a 1 S in. shaft ;ltl I 
I 1 iu. in length and diameter and I 
weigh I 30 oz. ( )l helical design 
tliev afford smooth bearing loads 
constant \ elocity . and absolute zen 
backlash.

fun
lIICC

1 (Ih 
tion 
four 
rejet

, mounting. Weighing about 0.3 oz 
and measuring 0.23 x 1.32 x 0.24 in . 
it can be mounted through a siimh 
0.2 in. hole. The threaded adapter 
extends through the panel hole and 
is secured by a hex nut. Operating 
reliably from 65 to T75 C, the 
unit has a power rating of 1 u at 
70 (. and can be supplied in resist 
ances ranging from 100 ohms t< 50 
K. It meets all applicable requ re* 
ments ol MIL-STD-202A inclining

■MM

El
Cb c



A NEW PRODUCT

REF-AMPlilabl

FOR ULTRA-STABLE
POWER SUPPLIESBand Pass Filters

Narrowband, tunable

This single device, only twolow 002f

CARD

frinì

Datent pending

CAP
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□r panel 
t 0.3 oz 

0.24 in., 
a single 

adapter 

tole and 

Deratin':

ws, and 
haft arc 

■ter and 

desigli

g loads 

nte zen

Grinnell-Harris Electronics. Inc 
Di pt. ED. 4130 Temple City Bhd 
(isemead, Calif.
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le for circuit 
thick.

The REF-AMP gives you these advantages: • Provides temperature coeffi­
cient as low as ,002%/°C • Affords better tracking over entire temperature 
range • Produces higher output for given error signal • Reduces number of 
components and possibility of anomalous drift • Lowers cost

Transitron’s REF-AMP

inches long, may be used to replace both the refer­
ence and the first stage transistor amplifier in regu­
lated power supplies. Thus it actually eliminate.' 
four components (resulting in lower cost), and re­
duces the temperature coefficient.

requ re­
chid ng 
Met od 

Met od

Maury & Associates, Dept. ED 
(T73 Mills Ave., Pomona, Calif.
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zener diode and a silicon amplifying transistor 
temperature compensated and thermally tied to­
gether to provide a total temperature coefficient as

DC Power Supply

Dual purpose

irges; () to 20 v at 75 ma for tran- 
M >r radios, and 0 to 16 v at 5 amp 

> into radios.
I lectro Products Labs, Dept. 

’ I 4500 N. Ravenswood Ave., 
1 • ago 40, 111,
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servicing all transistor and 
circuits and 12 or 6 v auto 
receivers, model PS-2 de 

supply has two output

•in units can be cascaded to vary 
rqcction slope from 20 to 45 db at

)csigned to tost printed circuit 
iponent parts without solder in- 

•!. lation, duel entry Vari-Grip 
i Lets are easily crimped in place 

A automatic, bench, or hand tools. 
\ beryllium copper spring band 
•n. p locks the wire after insertion.

Regulator input stage using the REF-AMP

Conventional regulator input stage

Type

Total 
Temp. 
Coe if. 
(%/‘C)

Input
Voltage 
(volts)

Operating 
Temp.

Range CO) |Min. Max.

3N39 .005 8.3 9.8 -20 to+71

3N40 .003 8.3 9.8 -20 to+71

3N41 .002 8.3 9.8 -20 to + 71

3N42 .005 8.3 9.8 — 55 to + 100

3N43 .003 8.3 9.8 — 55 to + 100

3N44 .002 8.3 9.8 — 55 to + 100
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Panel Meter
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Inertia Switches

1 msec response time
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nini
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Sensitiv il 
md 0 to

Magnetic 
Amplifiers

Have tapewound 
gapless core

Held in 
model 361

2233 FEDERAL AVENUE • LES ANGELES 64, CALN'ORNiA
CARD

m a translucent rear 
I are 0 to 5 ua to 0 t< 
0 to 500 \

ACCESSORIES ADD TO 
ACCURACY AND CONVENIENCE 

OF THE C181
Braking System — Generates a step 
impulse of angular deceleration 
Particularly useful in evaluating 
damping characteristics of rate 
gyros and angular accelerometers
Precision Strobe —For use in moni­
toring rates where line frequency is 
questionable or where gyro accu 
racy is better than line frequency.
Slip Clutch— Allows table to be 
stopped by hand for minor adjust 
ments to test package while drive 
system continues to operate.
Low Rate Readout —For accurate 
rate indication below 10°/sec.
Mounting Stands—Available in port­
able, fixed and the new tilt models.

12x2 in. of panel span 
Flic dial and window an 
ng arid mav be illuminât» •

Detailed information on both the ver­
tical drive accessory and tilt stand n 
available and vv ill be sent upon request

More than 400 Genisco Rate of Tarn Taffies are non in use

Fred Davenport, Lockheed radio-radar technician, tests 
pitch-yaw gyros used in the Electra, Lockheed’s fast, 
new prop-jet, on the first tiltable Genisco C181 Rate ol 
Turn Table.
A new, vertical-drive accessory permits the C181 to oper­
ate in any position. Now, gy ros or complete gyro packages 
can be tested at any angle up to 90° from horizontal, 
either side of center, without changing the test set-up.
With the accessory installed, overall performance -of the 
turntable is unaffected by its position. Rotation is infinitely 
variable from 0.01° to 1200° per second. Constancy of 
angular velocity is within O.IG, including wow and 
drift errors.
The new vertical drive accessory can be installed at the 
factory, and is also available in kit form for modification 
by users of machines already in the field. The new tilt 
stand (shown above) provides a convenient method of 
tilting and accurately positioning the 
machine at any angle.

Normalk closed, these spdt or sptt miniatun 
inertia sw itches operate Irom 65 to -*250 F am! 
respond in undci I msec. Xeceleration sensitivity 
can be adjusted Irom I to 100 g with lb accuracy

In IS sizes from 500 va to 32 kva, scries 1 
power magnetic amplifiers have a tapewoi 
gapless core which permits a minimum »>1 cor 
ampere turns and eliminates the irregular 
formance caused by air gaps.

Vickers Inc., Electric Products Div.. Dept. 
LSI5 Locust St.. St. Louis 3, Mo.
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NOW TEST 
GYRO 
PACKAGES 
IN ANY 
PLANE



Inside ESC: Number Tivo

Direct reading
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Squib actuated

each is painstakingly built under close engineering
rigorously custom-checked againsteach
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CO 11

)ukir ceramic

34 Bergen Boulevard. Pal

ual specs... 
supervision

At ESC, America’s leading producer of custom-built delay 
lines, the challenge of perfection is renewed with every proto 
type assignment Each delay line must meet precise, individ-

grams (which indicate input and output pulse shape and out 
put rise-time), the test equipment used and an evaluation of 
the electrical characteristics are submitted with all prototypes.

This is the way ESC custom-builds and custom-checks 
every unit. Backed by exciting new developments at ESC's 
research laboratories, these facilities insure a steady flow of 
custom-built delay lines for the most stringent requirements 
of military and commercial applications

specially devised test standards.
In addition, complete and definitive laboratory reports- 

which include submitted electrical requirements, photo oscillo

minate!
□sitiy it\ 
lot. -

iniatnn 
0 F and 
isitiy it\

und-iPUed constant delay Ln« • Lumped-constant delay Hiej • Variable delay networks • Ccr-’ren, , v.r • b •• d- a, ■-, . i’./hbu" 
decade delay lines • Shift registers . Pulse transformers • Medium and loA-pcAer transformers • I J'ers ot al: . P iv. •••
networks • Miniature plug in encapsulated circuit assemblies
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e storv “Ceramic Capacitors Made 
which appeared in the Dec. 24 issue of 

caption for Fig. 1 labels the upper ca-

I 18 to 26 
lei 2200 oi 
rpoiates

ESC DELAY LINES are 
CUSTOM-BUILT, CUSTOM-CHECKED!

systems operating 
yy ith the company ’s 
units, the assembly 

librated attenuator

WRITE TODAY FOR COMPLETE TECHNICAL DATA.
exceptional e m pt otj m e nt opport n n it tex for e Hfft nee rx t jperteneet 
in computer component*., .excellent profit ~*harinff plan.

< itor. Also, during their life test, the capaci 
av subjected to 85 ( instead of 200 C. In 

< s for these products should be sent to Aero 
orp., Hi-Q Div.. Olean, N.Y.



NEW PRODUCTS
Portable Tube Tester

Has seven micromho ranges

120 CFM 
FAN WEIGHT 
ONLY 6/2 oz.l

NEW
from

400 CPS

Model 1575 portable tube tester accurately 
evaluates receiving, low power transmitting, volt­
age regulator, rectifier, and other tube ty pes. For 
mutual conductance tests, it has seven full scale 
micromho ranges: 60.000, 30,000; 15,000; 6000; 
3000; 1200; and 600. It prov ides lour signal volt­
ages: 0.25; 0.5; 1; and 5 v. A sensitive gas test 
immediately indicates any gas current.

The Hickok Electrical Instrument (io.. Dept. 
ED. 10525 Dupont Ave.. Cleveland S, Ohio.
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The product advertisement facing 
Tins’flag?rms-bptm'rofm piled 
from new information on 
PSI’s semiconductor line.
All specifications are current 
as of the publishing date 
of this magazine.

TEAROUT 
ANO^,

0 25 50 75 IOO I25

AIR VOLUME CFM

PROPIMAX 2s Wirewound 
Resistors

Pat. Pend

Air delivery of 120 cfm is obtained from a fan only 
3" in diameter by 1.4” in depth and weighing only 6V2 
ounces. The Propimax 2 is the perfect answer for 400-cps 
airborne or missile applications where maximum cooling 
with a minimum of space and weight loss is mandatory.

Variation in driving motors includes constant speed 
r 21,000-rpm, 11,500-rpm and Altivar" versions. The latter 

IT automatically vary their speeds directly with altitude 
and thereby approach constant cooling with a minimum 
of power drain and noise.

Hex-Ohm ceramic

Have 10% tolerance

Because of the rapid evolution of 
PSI products, similar 
advertisements containing latest 
product information will appear 
regularly in this and other leading 
electronic publications. Look to 
these comprehensive PSI 
advertisements for up-to-date 
specifications on the most 
advanced family of semiconductor 
devices available today.

Simplicity of mounting is achieved by provision of “servo” 
type rims at either end of venturi. Airflow is reversible 
by turning fan end-for-end. Electrical connections made 
to compact terminal block. Power requirement is 400 cps, 
1 or 3 phase, sinusoidal or square wave.

made in 4. 5, 7 
tolerance. The

. 10. and 12 w sizes within 104
resistance wire uuiforinlx

wound ou a fiber glass core and sealed into the

Write for complete technical information...

ROTRON'
WOODSTOCK NEW YORK
In Canada: The Hoover Co., Ltd., Hamilton, Ont.
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resistant silicone cement. A good insulator, the 
case can withstand 1250 \ break-down tests, and

tion. Resistances are 0.5 ohm to 2.5 K lor the I w

k for the 7 w; 2 ohms to 10 K for the 10 w; and 
2.5 ohms to 12 k lor the!2 w. All 3 S in. w ide.

Bradlord ( Components,

CIRCLE 77 ON READER-SERVICE CARD

If this important section has been 
removed from the magazine, 
obtain your own copy directly 
from PSI. Address Dept. A-ll, 
10151 West Jefferson Boulevard. 
Culver City, California.
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been
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Zener Diodes
ACTUAL SIZE

LOW VOLTAGE ('.ROUP

MEDIUM VOLTAGE GROUP

MAXIMUM Power Dissipation 500 mW io ?5 C

I Measured al IC«’-A DC current with I" A RM , gnu .upeipo •• 1

PSI 
Type 

Number
Bût 
Equtv.

Zener Voltage Maximum 
Dynamic 

Resistance 
ohms

1

Maximum Inverse 
Current At 

Inverse 
Voltage

m 5 mA IB 25 C

E Mm 
t Vi

E Mat 1» M 25 C 
HA

)’ (.1 100 c

PS6465 1N465 2 0 32 60 75 100 1
PS6466 IN466 30 39 55 50 100 1
PS6467 1N467 3 7 4 5 45 5 II» 1
PS6468 1 N4hM 4 3 5 4 5 I0O 15
PS6469 IN4W 52 6 4 5 100 1 i 1
PS6470 1N470 6 2 8 0 10 50 3 5

hng 
to

r’("

ID > 
1$ 59

Operating Range 65 C to 200 C

Zener VMfige Maximum Invars#
PSI (. 200 mA (.> 25 C Current At

Equiv E Mm E Mat Hu 25 C 1 In 100 C Voltage
• V V mA mA *

PS6313 1 N1 313 75 10 5 6 8 |
PS6314 INI 114 9 1? 5 8 2 1
P56315 1 N1 315 11 14 5 $ 100 I
PS63I6 1 N1 life 135 18 5 5 12 0 |
P56317 1 N1317 17 21 5 5 150 |
PS63I8 INB18 20 27 1 10 18 0

HIGH VOLTAGE GROUP

Zener Voltage Maximum Inverse
PSI <» 200 mA (u 25 C Current At
Type 

Number Equi* E Min E Mai Um 25 C h K» C Voltage
V VI mA mA

PS6319 1 Nl 319 25 32 1 10 22
PS6320 INI 320 30 19 1 10 21

PS6321 1N1321 37 45 1 10 33
PS6322 IN1322 43 54 I 10 39
PS6323 INI323 52 h4 1 10 47
PS6324 1 Nl 324 62 80 I 0 50 56
PS6325 INI 326 75 100 1 0 50 b«
PS6326 1 Nl 326 90 120 1 0 50 82
PS6327 IN1327 110 145 1 0 50 100



Silicon
General Purpose Diodes

Very High Frequency w 25 C G IM C • IM C

5 G 25 20

20Silicon Power Transistors
100 20

100 20

20

20100

Triple-diffused 100 20

100 70npn mesa structure IV! Silicon'IAN rypes

Subminiature Rectifiers
ACTUAL SIZE

MEDIUM POWER TYPES

Silicon
High Conductance Diodes

Typical amplifier gain of 10 db at 70 me.
400 MILLIAMPERE PSI TYPESReJified Current

25 C25 C
40

Rec urr
RmMiA'1

100 C
WT»t

I ISO c

250 MILLIAMPERE PSI TYPES
2541

1

14"
300»

100 G 300»
400

PS 'A0 14

inducili
i r 6 *. pul rfcud *1’6'«C'lrer t rralmf

Please Note

1959. Tins

A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC

•16458
IM58A

ÜHA57
1 6457A

16456
16456 A

125
200
200
200

40
40
40

20
20

250 1. 300»
100 G 300»

5 G 60 
5 la 60

200

200

Minimum 
Saturation 

Voltige

30
30

20«

125
200
200
200

50
20

100
100

420 
:
42'1
>.

15
100

50
20

100 
100

025 w 6Ó 
025 (a 60

EIA 
TYPE 

NUMBER

150
150

250 M 
100 G 
250 in 
100 ...

380» 
180»
380» 
180»

025 ni 25
025 G 25

200
200

Voilage 
Specified

Current 
(u 25 C

ISO C 
500 
50ÕPS 41?

fs <r

Maximum Inverse Current 
at Maiimum DC Operating 

Voilage ^a O voits

Muimum 
RMS 
Input 

Voltage

25 C
.. 500

I g JOO

Maximum Inverse Current 
at Maximum DC Operating 

Voltage

Rectified Current 
mA

PSI or 
UA 

TYPE 
NUMBER

SOB

50»

PSI 
TYPE 

NUMBER

90
200

OTHER ABSOLUTE MAXIMUM RATINGS
Mnr"u" P. «et OiCMpit ri 0 5 Watt. .1 ' Ma«. u" Pl«.., ¡'""i.a" ' ISO C
Mea,mu - I Set nJ Surge Current 1 ■ Arpete ■ .’S C r rig. e« 1 । ..-.»r g '.op.iaiure
»•nfe 80 In 200 C

OTHER ABSOLUTE MAXIMUM RATINGS
Power Diisipflti ■■ 5 War 1 P Mi D . xt ■ Wan ■ । u gt u
reni 1 S Amperes 25 C Storage and Operating temperature 8*’ e» 8* C 1 08 c

G 125
M 125
G. 125

MAXIMUM RATINGS 
Ai 100 C

C ISO mA IMC 
ELECTRICAL 

CHARACTERISTICS 
gurnard T Manmum

40
100
20 

too

G 25

tn 60
la 60

1A 100 c

100

I >w J

75
200

200
■ 

200
60 

200

200

C1- h l.‘, 
025 g 125 
025 G 175 
025 G 175

voti» 
ar

30

ACTUAL SIZE

Minimum 
Forward

Curren! m
* I 0 VOC

25 C 
mA

’16459 
16459A 
16461
16461 A 
IN462 
16462A
16463 
1646JA
16464 
16464A

’’
'1 

ñó 
200
i so 
iso

5 g 125
5 g 1/5
5 g 175

30 g 25
30 g 25
30 g 60
30 «r 60
30 g 175
30 g 175
30 G 125
10 g 125

Six new types, three oscillator transistors and three 
amplifier transistors, are currently available in limited 
quantities for evaluation orders.

Power capabilities at 70 megacycles of %, %, and 
% watts output.

High voltage capability permitting operation at col­
lector voltages up to 100 volts DC.

Collector power dissipation rating of 2Vi watts at 
50°C case temperature.

Specification sheets, curves, and additional informa­
tion arc available on written request. Address your 
inquiries to Department T-10.

issile ol Elei Ironie Design lo speed thè communi 
eation ol PSI produci informatimi lo thè speeih- 
mg ingimii. Siimi.ir produci ad\ crtiscincnts.
cimipded troni Litest PSI spécifié.liions. w dl .ip 
pear n gularh in this and uther k ading < k » Home 
pnl dirai ions.

ACTUAL SIZE

Minimum 
Saturation 

Vintage 
il 100 
|.i 25 C 

•OlH

ELECTRICAL CHARACTERISTICS
Minimum iEIA Motm JH'

NUMBER
PtV -A

Voltage 
100 C

IN645 
IRMI 
INO? 
iNsa« 
INÕ49

MAXIMUM RATINGS
Mumuer

16482
I 64«.’A 
164828 
PS6O3 
PS604 
PS605
I648Î 
I648 IA 
164818 
PS6O9 
PS610
PS6I1
16484 
I64.4 A 
164848 
PS6I5 
PS6I6
PS617
16485 
Í6485A 
164R5B 
PS62I
PS622 
PS62J
16486 
16186A 
164868 
PS627 
PS628 
PS629
I 6487 
I6487A 
PS632 
PS633
16488 
164H8A 
PS636 
PS637

80
80
80
80
80
80

150
150
150
150
150
ISO
200
200
200
200
200

250 
.'50 
250
250
250

J 50 
no
J 30
330 
no

200 mA

Maximum F.xward 
Voltage 

DC . 25 C

025 i < 
025 In 
.’50 I.i 
025 Pi 
025 G

' 250 G 
025 w 
025 (a 
250 (u 
025 G

250 G 
025 (a 
025 i t 
250 w 
025 w 
025 G
250 tu 
025 w 
025 G 
250 m 
025 et

250 «i 
050 G 
050 g
250 G 
050 g 
050 G

3Õ» 
10» 
30» 
30» 
30» 
10,
60, 
60»

- 60» 
60»
60« 
60»

125, 
125, 
125, 
125, 
125» 
in* 
175» 
175» 
175» 
175» 
175» 
175»
225. 
225» 
225» 
225»
225. 
225.

ISO C

125 
200 
200 
200 
200 
200
125 
200 
200 
200 
200

125 
201' 
24X7 
200 
200 
200
125 
200 
200 
200 
200 
200

150 C

70 
100 
100 
>00
50 
70

100
100

70 
100 
100 
100

20 
100 
100
100
50 
70
70

100 
100
10O



Unusual OpportunitiesSilicon

Semiconductor ElectronicsVoltage-VariableCapacitor

150 C
Caoacnane«

4VDC

IVDC

NUM8E R MODULATION AFC AND OTHER APPLICATIONSVoltayn

ELECTRICAL ENGINEERS diode and transistor
applications and test equipment development

PHYSICISTS product research including develop

Silicon

High Voltage Rectifiers

IVDC

Silicon Very High Voltage Standard Encapsulations

S” Package

opportunity for growth

R” Package

namic.

T” Package
bIlOO

72UU

DIMENSIONS

R Package 'S Package F Package

I NI III 
|N|', 
I Ni : i, 
I Nl/14

lOoc
15011

Input 
Vnlfage'

Approx 
Range

Working
Voltage 
MWV

Volts D C

Length 
Width 
Height 
Diameter

DC Volt Oro® 
it Rated DC

DC Forward 
Voltage 

i Specified 
Current

ELECTRICAL 
CHARACTERISTICS

Absolute Ma* Rig* 
H W Rm Load al 

75 C Ambient

Some of the 
responsibilit

ment of transistors, diodes, and other semiconduc 
tor components.

OC Output 
Current

Leads .020" diameter.
1' minimum length.
Spaced on .1" grid centers

growing company 
. Inc., you should

MAXIMUM RATINGS 
tu 150 C

her of except ion.tl technical staff opportunities at 
Pa< ifie Semiconductors, lue.

and individual recognition that is unique 
semiconductor field.

PHYSICAL SCIENTISTS ... challenging research pro 
grams in crystal growth and perfection studies em­
ploying the latest infrared and etch pit techniques 
. . . solid state diffusion techniques and the study 
of surface phenomena.

silicon transistors, 
hie capacitors and 
e created a num-

HIGH VOLTAGE TYPES TUNING AND OTHER APPLICATIONS

MaunUth DC Wevec.r Lun ent i. Kited
Mittmum ‘lUlg* Cun*nf Im tre 0» 75 4 1 

length INI/li |N| / 
DuuiHvr 175* |N|7M 5

quency and Very 
silicon microdiodes

investigate these opportunities at once.
For specific information in your particular field, 

write to Technical Stall Placement, Pacific Semi­
conductors, Inc., 10451 W. Jefferson Blvd., Culver 
City, California.

A variety of assemblies can be 
furnished for matched pairs and 
quads, ring modulators, full 
wave and bridge rectifiers and 
many other applications.

Numerous lead arrangements

configurations. Lip to four di­
odes or rectifiers can be encap­
sulated in the “S' or "T 
packages. I p to 12 units can be 
contained in the “R* package. 
The number of units contained 
determines its maximum length.

NIU 
iNmi 
IN114.’ 
INII41 
i NI 141A

I .’000 
141W0

INI 145
INU40
INl14/
INI 148



If FAST SWITCHING is your need and 
available germanium types won’t 
meet temperature and reliability requirements . . .

Switch to Silicon
Choose from the widest line of Fast Recovery 
Silicon Diffusion Computer Diodes in the industry!

Fast Recovery Silicon
Diffusion Computer Diodes

ACTUAL SIZE

MILITAR» TYPES

INM I

VoUAge 
M 100 «I

.’0

Kit 
I'M.
10» 
5".
75«

15 
.’0 

ino
s I

10»
1'91»
10»
50»

2Û0h

M.i i i;?bi3 I in ■ XT

PS700
PS701
PS7O2
PS70J
IV ZO4
FS70S

PS72O
PS771

PS 7.1
PS72I

I Nt. * 
I Nt. b

1 Nb.'x
INb. 9

.’00 50
75»

50
50

20

75»

75»

MEDIUM CONDUCTANCE TyPfS

175. 103
100

75»

LOW CONDUCTANCE TYPES

'DOM

10
hmm

I (KIM
LI IM

100 
IM 
200

.’0» 
15» 
”:»

175»

30

30
30

.’0« 
35.
75»
175» 
175» WH

Many additional Fast
Recovery Silicon Diffusion

Computer Diodes to be
announced next month

Standard Packaging... 
Immediate Delivery
“Off-the-shelf” delivery is available from the 
leading distributor in all major electronic 
centers.
Call your nearest PSI sales office for delivery 
and price quotations on production quantities.

Normally supplied in the Mil Specification 
dimensions shown above. On special request 
dimensions shown below can be supplied

CATHODE

024
073

Physical Characteristics
HERMETICALLY SEALED ( Hass to-im t.d fused .md 
mctal-to-metal welded srak.

TERMINALS Tinned cupper leads .020 inches 
diameter. Lead length 1*4 inch minimum.

MARKING Wide color band indicates cathode 
end. ( W ide band indicates positive bias on \ ari- 
caps.) Type number designated by color bands 
reading from cathode.

ALL DIMENSIONS SHOWN IN INCHES Patented un­
der one or more ol the following I nited States 
Patents: \o. 2815474, No 2827403.
()th< r patents pending.

10451 West Jefferson Boulevard, Culver City, California
TExas 0-4881, TExas 0-6113 TWX: CULVER CITY CAL 7135

NEW YORK 2079 Wantagh Ave., Wantagh. Long Island, N Y • SU 1 7470 • TWX: WANTAGH NY 2320
ILLINOIS 6957 W. North Ave., Oak Park, Ill • Village 8 9750 • TWX: OKP 1547
CALIFORNIA 8271 Melrose Ave., Los Angeles 46, Calif • OLive 3-7850
EXPORT Pacific Semiconductors, Inc., 431 Fifth Ave., New York 16, N Y , USA

CABLE: TELTECHNAL, NY
DISTRIBUTORS: AKRON—Akron Electronic Supply, Inc. • ALAMOGORDO—Radio Specialties Co • BALTIMORE— 
Wholesale Radio Parts Company • BOSTON—Cramer Electronics, Inc. • BUFFALO—Genesee Radio & Parts Co
CHICAGO—Allied Radio 
DAYTON—Srepco, Inc.

CLEVELAND—Pioneer Electronic Supply Co. • DALLAS—Wholesale Electronic Supply 
DENVER—Denver Electronic Supply Co. • DETROIT—Ferguson Electronic Supply Co.

HOUSTON—Sterling Radio Products, Inc. • JAMAICA, N.Y.—Peerless Radio Distributors, Inc. • LOS ANGELES— 
Kierulff Electronics, Inc. • MELBORNE, FLA.—Electronic Supply • MINNEAPOLIS—Lew Bonn Co. • NEW YORK 
—Terminal Radio Corporation • OAKLAND—Elmar Electronics Supply, Inc. • PASADENA—Electronic Supply Corp. 
PHILADELPHIA—Almo Radio Company • PHOENIX—Radio Specialties Corp. • SALT LAKE CITY—Standard Supply 
Company • SEATTLE—C & H Supply Co. • SYRACUSE—Syracuse Radio Supply Co. • TORONTO—Electro Sonic 
Supply Co., Ltd. • WASHINGTON, D.C.—Electronic Industrial Sales •



For remote control circuits

REGOHM 
voltage regulation 

down to =^0.05% 

EXTENDS 
TUBE LIFE

i lie sensitive yet rugged R1(X)HM controls 
Tu voltage to eliminate the power-source 
mations which cause premature cube tail

Automatic and precise, this plug in 
n< assures constant voltage input.

' re and more designers are including 
imiHM in circuits, because of its:

• SIEPLESS CONFINI OI S CONTROL
• W IDE FREQUENCY RANGE
• PERMANENI ADII SEMENT
• fREEDOM FROM MAINTENANCE
• RI GGED DESIGN
• L1GHT WEIGHT
- LONG LIFE • LOW (OSI

sign data, performance specs and case 
'ones of those applications you wish to 
riore will be sent on request.

REGOHM

ECTRIC REGULATOR CORPORATION
ORWALK CONNECTICUT

Moisture proof and noise free, these* low 
power step down transformers arc designed for 
remote control and signal circuits. Standard units 
come in two power ratings, 10 or 25 va. and in 
five outputs from 6 to 24 v. Small in size, the 
units have high temperature’ plastic and metal 
shells with molded in screw terminals. They 
feature low heat rise and arc approved by Under­
writer s Labs. The w indings are insulated from 
the core with nylon plastic.

Anderson Controls, Inc.. Dept. ED. 9959 
Pacific Ave.. Franklin Park, III.
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Ferromagnetic Materials

For high temperature use

Ferrotron" nonmemory inductive ferromag­
netic core materials are characterized by a posi­
tive O coefficient and constant magnetic per- 
meabiiitv. T hey have a volume resistivity ol over 
10’" ohm-cm, high dielectric strength, and low 
dielectric losses across the frequency spectrum. 
They also have’ high impact strength, with prop­
erties unallcctcd by moisture and aging. The 
cores have been tested successfully an antenna 
couplers at intermittent service’ tempe’ratures up 
to 350 ( .. anel after 100 hours at 275 ( in atmos­
pheric conditions, the’v changed less than 104 in 
O anel permcabilitv. Productiem epiantitics arc 
normally supplier! as molded parts.

The Polymer Corporation ol Pennsy Ivania. 
Dept. ED, 2140 Fairmont Ave., Heading, Pa.
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60

YOU CAN’T HEAR
A‘SPEC’ SHEET!

Sonotone s stereo cartridge has 
more than just good specs ...it 
gives brilliant perfarmance! More 
phono makers specify Sonotone 
for the top of their line—here's why:

Only Sonotone gives true sound without distortion... high 
frequency response without record cutting! Sonotone stereo 
gives a performance so superior you can truly hear the differ­
ence. The secret? Sonotone’s four exclusive operating features:

1. Extremely high compliance.
2. Amazingly clean wide range frequency response.
3. Wide channel separation, due to Sonotone's pan­

tograph yoke.
4. Rumble filter to screen out vertical turntable noise.

SPECIFY... STOCK. ..SELL...

Sonotone»: p-
ELMSFORD, NEW YORK
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NEW PRODUCTS

Synchro and Resolver Bridge

Automatic

For testing synchros ami resolvers. these 
bridges are mechanized by a rotary solenoid. 
I hey step to a new test point in response to an 
external pulse. I he units meet M1L-S-2O7OS and 
SAE, \KP-4G1 specifications and have a maxi 
mum error of 10 sec of arc.

Theta Instrument ('orp.. Dept. ED. IS Pine St., 
East Paterson. X.J.
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Mode) EE function fitter is a self-contained 
analog computing component for simulating 
arbitrary functions of an input voltage. It has 10 
straight line segments with adjustable tangent 
parabolic rounding, and adjustable slopes. break 
points, and offset. Mounted on a 10.5 in. rack 
panel, the instrument uses 100 ma at 300 v. 
.md about SO w at 115 v ac.

George A. Philbrick Researches. Inc.. Dept. 
ED. 285 Columbus Axe.. Boston 16. Mass.
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Miniature Connectors

Have locating center pin

I hose Belling dc Lee miniature Domino con 
nectors have a center guide pin to polarize the 
plug, Mailable are a 12 wax type .md two 8 way 
types one with all small pins and one with I small 
and 4 large. Surface and Hush mounting metal 
shrouds accommodate one. two. or three con­
nectors. proxiding a wide choice of arrange­
ments.

Ercona Corp.. Dept, ED, 16 W. 16th St.. Xew 
York 36. X.Y.
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TRIPLE

TRIPLE

L&N’s Stabilized 9835-B 
Microvolt Amplifier

Designed for low level d-c measur« - 
ments of thermocouples, strain gages, 
etc., in iesearch ami product inn testing, 
this ampl i tier com hi in-. the t nnet mils " I 
I hree inst i uments in one:
1. A Direct Reading Indicator that ha* 
a sensitivity of O.g.i uv;
2. A Recorder Pi ea mpl itier that extend' 
the rang« of any Speedomax (type •< 
or II) ii-tu-H* M\ Recorder :
3. A Null I letector t hat pro\ ides a shm t 
period of only two to three seconds. 
Ranges ?.» to 2'>. ‘>o to jo, Io
tl, -±IOO, — 2oO to ~L-~>O. of>0 tl> -\-~>0H 
and _fooo to + iooo microrolts.

4-0.5 prA
Source Resistance I0,ooo ohm, max.
Response Time-11 it h i n I', of ha hunt 
(1)2 mr. lor 2,000 max. source i> 
sistance; (2) / sir. fur son re» resist 
unce from 2OOO to 10,000 1!.
Switches ( 1 ) Six position rtuifft twite! 
(2) Thrt t -position si lector switch : non­
linear miter response, linear no ter 
spouse, rccordc r-oii t pat to recordi i 
connector ; (1) ()n-olf line power switch
Amplifier Output at Recorder Connection 

with extremes of meter scale: (1) ± 
in r across >oo ‘ ? for null recorder ; (2 
^o..» roll lor exle ma I i nd irai o r harin' 
r< sislanrt s of 20,000 or hiplo r.
Case -Io,’' (h) .r 10 L" (w) x x \ 
(d). Weight is a pproxt ma t e I p J lbs.
Power Input 117, roll.- , no or io cprh 
Price $000.00 b'.O.IL Phila. or Norll 
Bh/ìs, Pa. (subject to clangi wifhwO 
notici). Specifg List No. !i\ ;.~>l! wloi 
orderinp from LX'N, 'Jios Strnton 1 rr.
Phila. 4L Pa. or nearest LS’N Office.

LEEDS
Instruments

NORTHRUP
Automatic Controls • Furnace»
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Solenoid Valves

Compression

Adjustable Panel Latch
mu

Cabinet Latch

© 1956

CIRCLE 264 ON READER-SERVICE CARD
CIRCLE 265 ON READER-SERVICE CARD

usu«« 
«»M00»

Spring 
Loading 
Holds 
Ponéis

Free 
Fastener 
Handbook

i place by 
fastener’s 
off by a

range r 
raiigi 

nd SO F

some <m 
operatili 
• range<

copy of Fastener

Available with 
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wing, knurled

Relays

Open or hermetically sealed

Quick-Opening Fasteners
Selecting Small Fastenings for Metal Closures

( ECTRONIC DESIGN • February 4, 1959

+ Quotation from 'Designing Electronic Equip 
ment for Maintainability" ; Machine De­
sign, July 12, 1956.

de circuits down to 50 mw
I he (.ardinal (Control ( <». Dept. ED, Meadow 
New Britain, ( onn

plated washer. Also furnished with 
screwdriver operated flush head.

It operates with a quarter turn, requires 
no striker plate. An extra twist after 
the nylon pawl is engaged pulls up the 
door to form a seal and eliminate 
vibration.

Small doors and panels can be fastened 
with greatest speed and lowest cost 
with the Southco Adjustable Latch.

The entire fastener is quickly installed 
through two holes punched in the 
door; no bolts or rivets are needed

Pawd stop is eliminated—arrowhead 
shows at a glance exact position of

Lion Fasteners open and close with a 
% turn, hold sheets tightly under the 
compression of a rugged spring. 
Quickly operated and fully retained 
in the outer panel, they are approved 
under U. S. Government military speci­
fications. Stud and receptacle float for 
easy alignment and simplified hole 
preparation. Flush, oval, wing, knurled, 
ring, and key head styles available. 
Sizes—No. 2, No. 5, and High Strength 
for extra heavy duty.

Handbook No. 8, just released. Gives 
complete engineering data on these 
and many other special fasteners. 
Forty-eight pages, in two colors.

Write on your letterhead to Southco 
Division, South Chester Corporation. 
235 Industrial Highway, Lester, Pa.

clip into place No welds, screws, bolts 
or rivets the fastener is permanently 
installed in seconds '

Spring Tension Latch
For fastening slide-out drawers and 
hinged panels the Southco Arrowhead 
Latch is recommended. It locks or 
opens with a quarter turn yet occupies 
less than 1/' inside space.

Doors are held under spring tension — 
a push against the arrowhead knob 
relaxes this tension, allows operation 
with fingertip ease. Drill a single hole 
for installation—no fastening to the 
door is necessary. No striker plate 
is needed.

SB F. 3 he unit weighs 1.4 lb.
W alter Ridde & Co.. Im .. Dept. ED. 675 Main 
. Belleville 9, N,J.
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Improve Your 

Memory

with a standard multiple 
purpose off-the-shelf drum
The 512-A Bryant general purpose magnetic storage drum meets 

the exacting requirements of a production component, yet has the 
versatility necessary for laboratory work. This standard 5" dia. x 12” 
long drum is stocked for immediate shipment, complete with stand­
ard components such as general storage brackets, recirculating 
register brackets and magnetic read record heads. Its low price 
reflects the benefits of Bryant’s 25 years' experience in the efficient 
design and production of high speed precision spindles.

Features:
• Guaranteed accuracy of drum run out, .00010" T I. R. or less
• Integral drive - Bryant precision motor (1200 to 12,000 R. P. M.)
• Capacities to 625,000 bits
• Accommodates up to 240 magnetic read record heads
• High density ground magnetic oxide coating
• Super-precision ball bearing suspension
• Vertical mounting for trouble free operation

Special Models: If your storage requirements cannot be 
handled by standard units, Bryant will assist you in the 
design and manufacture of custom-made drums. Speeds 
from 60 to 120,000 R. P. M. can be attained, with frequencies 
from 20 C. P. S. to 5 M. C. Sizes can range from 2" to 20” 
diameter, with storage up to 6,000,000 bits. Units include 
Bryant-built integral motors with ball or air bearings. 
Write for Model 512-A booklet, or for special information.

►
 Remember . . you can't beat a Bryant drum!

BRYANT COMPUTER PRODUCTS DIVISION
► BRYANT CHUCKING GRINDER CO.

P. O. Box 62O-M, Springfield, Vermont, U.S.A.
CIRCLE 90 ON READER-SERVICE CARD
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NEW PRODUCTS
Impedance Comparator

Has four sensitivity ranges

Impedance comparator model 
506 max be used to track potenti­
ometers. to measure temperature 
coefficients, and to match and sort 
components. It compares resistors, 
capacitors, or inductors dircctlx 
.md without adjustment. Four sen 
sitivitx ranges enable it to measure 
impedance differences from a frac 
tion of l*r to 207. and a phase sen­
sitive detector indicates the polaritx 
as well as the magnitude of imped­
ance differences. Because measure­
ments are taken xx ithout adjustment 
of controls, the unit is suited lor 
production line use. Standard mod 
els are available lor indicating 1 to 
I and 2 to 1 impedance ratios.

Dy ironies Co.. Dept. ED. 7S 
Sunnyside Lam*. Columbus 1 4. 
Ohio.
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Gyroscope

Spring driven

Eor use in short range missiles 
.md target drones, this gyroscope 
supplies a potentiometer signal to 
control roll with ±50 deg of free­
dom. It is energized by a spring 
w hich brings the rotor up to peak 
speed in a fraction of a second.

Waltham Precision Instrument 
( o., Dept. ED. W altham, Mass.
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Silicon Power Rectifier

35 amp

Silicon power rectifier type 4A 
carries a full 35 amp load in half 
wave service and up to 100 amp in 
bridge circuits. With ratings from 
50 to 400 pix in 50 v multiples, the 
units operate to 165 C.

Eanstecl Metallurgical Corp., 
Dept. ED, 2200 Sheridan Rd., 
North Chicago. 111.
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...new insulator plastics 
hold strength at 500°F
High heat resistance and high insulation resistance are now added to the 
superior electrical and structural properties of Diallyl Phthalate materials.

Diale FS-4 and FS-5 behave like Silicones at 500°F, showing excellent 
compressive, tensile and flexural strength. Diall can be molded like con­
ventional general-purpose materials.

Two types of compounds are available: FS-4, long-fiber, glass-filled; 
and FS-5, short-fiber, glass-filled. Both are meeting applicable Mil. Specs 
Proof of military approval furnished on request.

Write for complete data in bulletin FS.

MESA PLASTICS COMPANY
11751 Mississippi Ave., Los Angeles 25, Calif.

CIRCLE 94 ON READER-SERVICE CARD
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Printed Circuit Dual Pentode

Have snap-in contacts Flexible design

Series UPGR printed circuit rc 
cptacles are made with resilient 
h i \ llimn-copper snap-in contacts 
nd polarizing snap-in inserts that 

position the board precisely,
U.S. Components, Inc., Dept. 

ID 154 E. 148th St.. New York 55
N.Y.
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Tubeaxial Flow Fan

Delivers up to 430 cfm

Suitable for cooling electronic 
i ubicles and flushing racks and 
। abinets, model Y1241-3 tubeaxial 
How fan delivers 430 cfm at 1550 
iprn. It has a 1 150 hp motor and 
operates Irom a 115 v. single phase, 
DO cps source.

\ir-Marinc Motors. Inc., Dept. 
I D, 369 Bayview \xe \mityville.

W ith two identical pentodes in 
one envelope, tube' type 6DY7 can 
take the place ol two audio output 
tubes. Designed lor use in stereo 
phonic and monaural systems, it 
can serve as one tube with each 
section operating class A; as two 
tubes with each operating in push 
pull between its sections; or as one 
tube in push pull, or two tubes 
push pull in parallel. W hen oper- 
ated class \B push pull between 
its own pentode section at 250 v 
conditions, it can deliver 1 1 W' of 
output <d 2.57 total harmonic dis­
tortion. \t 400 v conditions, it will 
deliver 20 w of output at 27 distor­
tion. Operated class V one section 
can deliver 5 w output at 97 dis­
tortion.

Sylvania Electric Products Inc., 
Dept. ED. 1740 Broadway, New 
York 19, N.Y.
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MODEL 2S

* with TIME BASE

11" x 17"
Recording Table 
»Vacuum Grip»

THE MOSELEY

X 7.5 mv to 500 volts for) 7.5 to 750 seconds

A DIRECT WRITING, LOW FREQUENCY OSCILLOGRAPH for:

X-Y RECORDING Automatically draws curves directly from a
variety of electrical data.

CURVE FOLLOWING With adaptor, regenerates functions from original 
curves traced with conducting ink.

POINT PLOTTING Plots points directly from Keyboard; with trans­
lator, plots from Card Punch or Tape Reader.

FUNCTION VS TIME Automatically plots dependent variable against 
TIME. (5 Sweep Ranges)

Send for detailed specifications:

F . L . MOSELEY CO. 
409 N FAIR OAKS AVENUE. PASADENA CALIFORNIA 
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L

simply relate the results:

you have to meetThe next time

rule andOur slide

63

Service :
Power :
Input : 
Output : 
Harmonic

military or 
we’ll be

MEET MIL SPEC E4970

NPUT

R£F£RtMCf

OUTPUT

Simpuf/ed Magnet/c Ampl/f/£P Remawp

Meeting military specifications is prac­
tically an everyday occurrence at Raytheon. 
But each one has a special interest.

We thought you might be interested in how 
a magnetic-amplifier regulator met MIL 
SPEC E4970. The details are available to 
the more academically inclined. We will

400 cycles
900 watts
95 to 125 volts
115 volts

distortion: ±35

your own rigid specifications, 
happy to go along.

tuxedo are ready at a 
moment’s notice.
Simply contact:

VOLTAGE REGULATOR MAN
Raytheon Manufacturing Company 
Magnetic Components Department 
Section 6120 
Waltham 54, Massachusetts

Excellence in Electronics

RAYTHEON
CIRCLE 99 ON READER-SERVICE CARD



ENGINEERING 
UNLIMITED
AT ONE OF THE WORLD'S MOST

SUCCESSFUL CORPORATIONS

Select Openings at G^a&oncil4.

NEW Engineering-Research Center 
at Dayton, Ohio
Long-range non-military projects 
with exceptional stability

COMPUTER ENGINEERS

Senior Systems Analysts—Require Senior Systems Analysts 
with strong theoretical and design knowledge in the electronic 
engineering field including familiarity with electronic and 
electro-mechanical digital machines. Should possess minimum of 
3 years’ experience with commercial application digital data 
processing equipment, however, would consider experience with 
scientific or defense application systems. Operational experience 
with a large data processing system is a distinct asset.
Will be required to analyse and direct product improvement 
on large general purpose computer or small special purpose
desk computer series. .Advanced degree desired.
Senior Circuit Designers Experienced in the design, 
development and analysis of transistorized computer circuits. 
Familiar with the application of magnetic cores to computer high­
speed memory design. Growth opportunities involving 
decision making, concerning reliability, cost and component 
selection are offered. Advanced degree desired.
Senior Circuit and Logical Designers Similar 
experience and duties as noted for Senior Circuit Designer, 
plus evaluation and de-hugging arithmatic and control 
areas of computer systems. Advanced degree desired.

DATA PROCESSING ENGINEERS

Senior Electronic Design Engineers—Experienced 
in development of logical design using standard computer 
elements, must also evaluate and design transistorized circuits 
including voltage regulated power supplies and circuitry 
related to decimal to binary coding. This data processing 
system is concerned with bank automation.

• TN AOK MARK RTR U • RAT Of#

SEND RESUME TO:
Mr. K. N. Ross
Professional Personnel Section C, 
The National Cash Register Co.
Dayton 9, Ohio

MCOVMHWG 
AMMO . CAM
Ml Mm (No Camon tf onrttd)
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NEW PRODUCTS

Solenoid

6 msec response

Model R.S. 5178 solenoid will operate with a 
10 lb load. The stroke is 0.015 in., starting at a 
maximum of 6 msec and finishing at under 13 
msec from circuit closing. The unit requires 
20 v de at 78 F and is designed to operate over 
an ambient range of 65 to -f-250 F. Case di- 
ameter is 1.063 in.; height, 1.41 in.

Telecomputing Corp., Dept. El). 915 \ Citrus 
\ve.. Los Angeles 38, Calif.
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Power Oscillators

0.05% regulation

Operating from 28 \ de, model P-300 tran­
sistorized power oscillator can deliver 40 va, 2 
phase with an output frequency of 400 cps and 
a regulation of :♦ 0.057. The output remains con­
stant with a line variation of up to 25%. Her­
metically sealed, the unit has a temperature 
range of —55 to -|-75 C. With a weight of 3-1/4 
lb and dimensions of 3 x 5 x 3-1 2 in., it is suited 
for use as a power supply in missile, aircraft, and 
radar computers.

Westamp, Inc., Dept. ED, 11277 Massachusetts 
Ave., Los Angeles 25, Calif.
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When we state that our sine-cosine 
potentiometer is 2" in diameter, deliv­
ers .5% or .25% peak-to-peak accu­
racy and has a range of up to 70K 
ohms per quadrant, we’re stating pre­
cise facts. However, when we describe 
this unit as "modular,” we’re using a 
term that doesn’t tell a factual story. 
For example, it’s an important fact 
that the KEL-F coupling which we use 
is so light in weight that each unit 
stops shorter, starts faster and has less 
inertia than other types of "modular” 
potentiometers. Equally important is 
the fact that this "modular” or "uni­
tized” construction is a real time- and 
cost-saver in (1) Operation: You can 
use units individually or can rapidly 
assemble as many as 15 on one shaft. 
Cups can be added or removed as 
required...(2) Maintenance: No time 
wasted on factory repairs or modifi­
cations, for you yourself can easily 
replace or change any unit(s) in any 
stack at any time... (3) Inventory: 
Since units are replaced individually, 
you save on spares and simplify inven­
tory control as well.

One fact that many people do not 
know is that our unitized pots can be 
used for Servo applications through 
the use of a simple universal mount­
ing plate. And...one last fact that all 
of our customers do know...our uni­
tized pots are ideal for breadboard 
work and multi-gang assemblies for 
experimental circuits.

We’d be happy to send you the data 
sheet facts on our 2” double wiper 
pot or on our many other precision 
products which we design and manu­
facture for electronic equipment use.

MICRO-LECTRIC DIVISION 
OF MICRO MACHINE WORKS

19 DEBEVOISE AVENUE 
ROOSEVELT, L. I., N.Y. 
FReeport 8-3222
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INDUSTRIAL

3N35

emi 82016 K

silicon transistors: 1-249

Actual Size

Bandwidth: 20 me at 3-db down

Center Frequency: 60 me

No neutralization required

105 db I-F STRIP 
CHARACTERISTICS

Write on your company letterhead for 105 db gam 
eight stage. 60 me i-f amplifier applications brochure

SALES, INC

IRCLE 300 ON READER-SERVICE CARD 
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eZOypf 0 2 yf

The high gain of TI 3N35 transistors at high 
frequencies permits mismatch in the interstage 
coupling networks to eliminate complicated neu­
tralizing circuitry. You save extra component 
costs, design with ease and gain added reliability 
. . . because the mismatch in this application sacri­
fices only 2.55 db gain per stage!

Designed for your high frequency oscillators, i-f, 
r-f, and video amplifier circuits, the TI 3N35 
features . . . 20-db power gain at 70 me . . . typical 
150-mc alpha cutoff . . . operation to 150 C. These 
characteristics make transistorization feasible for 
radar, communications, missile, and other high 
reliability military applications.
In commercial production at TI for tiro years, the 
3N35 has a product-proved record of high per­
formance and high reliability. These units are in 
stock now! For immediate delivery, contact your 
nearby TI distributor for 1-249 quantities at fac­
tory prices ... or call on your nearest TI sales 
office for production quantities.

2345 Sherman Ave., N.W. 
Washington 1, D.C.

•It HU 3-5200 • TWX: - WA-663

germanium transistors: 1-99

silicon diodes and rectifiers: 1-99

INCORPORATED
SEMICONDUCTORCOMPONENTS DIVISION 

POST OFFICE BOX 312 • 13500 N. CENTRAL EXPRESSWAY
DALLAS. TEXAS

distributor 
of electronics 
to industry 
offers you 
all these

the industry's 
widest line 
off-the-shelf 
at factory prices 
for same day 
or overniqht

“ A “20V
One stage of 105 db gain, eight stage, 60-mc i-f strip

Texas instruments

I1*!

INDUSTRIAL 
SALES, INC.

Six-stage, 90 db gain, silicon i-f amplifier designed 
and built by TI s Apparatus division.



NEW PRODUCTS
Electrostatic Voltmeter

Range of ±=1000 v

Model 107A feedback electrostatic voltmeter 
permits the measurement of the free space 
?lectrostatic potential of a small area without 
rouching it. Range of the unit is 7 KMX) v and its 
bandwidth is from de to 50 cps. Inherent error 
n the instrument is under 0.27 if the probe does 
lot exceed 1 8 in. separation from surface. Drift 
s less than 5 v per day after a 2 hr w armup. A 
±10% line voltage change produces a ±2.5 v 
irift.

Monroe Electronic Labs. Inc.. Dept. ED. 5 
Cernon St., Middleport, N.Y.
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Silicon Transistors

Low noise

FAIRCHILD TYPE 909
MULTI-TURN HAS
ALL- METAL

• STOPS • SLIDER
• ROTOR • HOUSING

There are no phenolic, plastic or 
other non-metallic materials in the 
type 909’s mechanical components. 
This rugged, precision 7s diameter 
10-turn potentiometer offers the ut­
most in reliability and performance.

The design can be built with linear 
as well as non-linear functions. It has 
low noise, good shock and vibration 
characteristics and excellent linearity 
(± 0.5% to ± .05%). Temperature 
range is —55 C to 4- 90 C standard 
and to + 150 C in high temp version. 
Several units can be ganged on a com­
mon shaft in from 3 to 20 turn con­
figurations.

Type ST1050 and ST1051 npn silicon transis- 
ors feature low noise levels. Specified at fre- 
juencies from audio down to 1 cps, the ST1050 
las equivalent input noise voltage of about 1 pv 
ms when used with low7 source impedances. It 
an be used with thermocouples, strain gages, 
iccelerometers. and other devices in the 100 to 
iOO ua range. The ST1051 offers a low noise 
•urrent of 0.05 mpa rms and is designed for use 
vith high source impedances. It is suited for 20 
o 50 pa operation.

Transitron Electronic Corp., Dept. ED, Wake- 
ield. Mass.
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FAIRCHILD PRECISION
WELDED TERMINALS

DUAL SLIP RING CONTACTS

STAINLESS STEEL HOUSING

STAINLESS STEEL 
BALL BEARINGS

HELICAL PRECIOUS METAL 
SLIP RING

A u|



3-TURN High Reliability 
POTENTIOMETERS

This dia. type 906 is one of 
three sizes offered by Fairchild. 
All feature exclusive long-life 
wiper guide mechanism.

POTENTIOMETERS
SINGLE-TURN LINEAR 

AND NON-LINEARS
Type 751 W' dia. is one of 28 
different types available in 
sizes up to 5". Functional ac­
curacy over life is guaranteed 
— Fairchild’s "Safety Factor” 
for reliability.

Having missiles fire as predicted is becoming more and 
more vital to the defense program. The reflection of this is 
the increased importance of the Reliability factor, or in a 
phrase the "Predictable Excellence". ot components

In the future less business will go to the unproven though 
low priced producer. Management has learned that the low­
est initial cost does not always result in the lowest end cost.

Fairchild's precision potentiometers are proven perform­
ers. They are flying with predicted excellence in the nation's 
most important missiles and aircraft, some of which are 
illustrated above. They have a reputation for sustained high 
accuracy, lowest noise level and long life. As a result, Fair­
child Reliability is fast becoming an industry standard.

For example, Fairchild High Reliability pots contain only 
high temp stabilized materials, welded terminations, and 
precious metal contacts. They are built to close dimensional 
and design control. And they are subjected to a continuing 
inspection and quality control program which includes tor­
ture testing 1 out of every 100 production units.

For more information write Dept. 26ED

LINEAR MOTION 
POTENTIOMETERS

The flexibility of the type 910 
design permits 1 or 2 resist­
ance elements, and various 
stroke lengths. MIL-E-5272A 
environments are exceeded 
for the Fairchild Reliability 
"Safety Factor’’.

SINGLE-TURN 
METAL FILMPOTS

Precious NOBL-OHM metal 
film resistance element offers 
infinite resolution, tempera­
ture operation to + 225° C 
and low quadrature voltage.

RELIABILITY 
INSIDE

CONTROLS CORPORATION

• GYROS

• PRESSURE
• TRANSDUCERS

* COMPONENTS DIVISION
225 Park Avenue ; 6111 E. Washington Blvd. 

Hicksville, L. I., N. Y. ; Los Angeles, Cal.
Jbsidiary of Fairchild Camera and Instrument Corporation e

POTENTIOMETERS 

ACCELEROMETERS

CIRCLE 112 ON READER-SERVICE CARD
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10-TURN High Reliability 
POTENTIOMETERS

Trimming Potentiometer

Operates at 1 w to 125 C

Available in W to I1 Yu" dia. 
and in 3 different designs to 
suit your needs. The 1* dia. 
type 920 shown above takes 
30 G’s at 2000 cps.

SINECOSINE 
POTENTIOMETERS

Sizes IV»" to 5" dia. Built 
with Fairchild High Reliability 
resistance elements featuring 
top-wiped, shaped card wind­
ings which provide higher res­
olution and conformity regard­
less of position.

Comp-U-Trim model E trimming potentiom- 
eter is a wirewound linear unit with an internally 
positioned wiper contact and zero per cent end 
resistance. Fully encapsulated in a one piece 
aluminum housing 5/16 x 1/4 x 1-1/4 in., it can 
In* mounted singly or stacked. Designed to oper­
ate at 1 w at temperatures up to 125 C, the unit 
is available in standard resistance values from 
10 ohms to 30 K. It has a temperature coefficient 
of 20 ppm.

Eastern Precision Resistor Corp., Dept. ED, 
675 Barbey St., Brooklyn 7, N.Y.
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MINIATURE TRIMMING 
POTENTIOMETERS

W dia. type 926 and V2" dia. 
type 927 exceeds MIL Std. 
202A, rated 150 C. Metal case 
and precious metal contacts 
are Fairchild’s reliability 
’'Safety Factor’’.

FILMPOT 28-TURN 
TRIMMERS

For rugged environments and 
temperatures when infinite 
resolution and unsurpassed 
reliability is required. Avail­
able from stock.

Precision 
Power 

Oscillator

For airborne use

Designed for shock-mounted installation in 
aircraft and missiles, model DK1-102A precision 
power oscillator has a 2 w output. It can serve 
as a power supply for control equipment, gyro­
scopes, synchros, and servos. With an input 
source of 50 to 8(X) cps, 115 v ac. it is also adapt­
able to ground support systems. Built to meet or 
exceed MIL-E-4158A specifications, the unit has 
a maximum total harmonic distortion of 0.17, a 
frequency stability of 0.1%, and an amplitude 
regulation of 0.27 under all conditions of line 
and load. Dimensions an* for standard 1 2 ATR 
rack installation.

Electronics International Co.. Dept. EI). 145 
W. Magnolia Blvd.. Burbank, Calif.
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MINIATURIZATION!
HIGH 

RELIABILITY!

Aerovox CERAFH Capacitors
Remarkable new design concepts and modern construction features 
of Cerafil Capacitors make it possible to obtain extremely high 
capacities per unit volume. These ultra-miniature ceramic capacitors 
offer a logical solution to circuit designers concerned with 
extremely miniaturized assemblies and equipments.
Cerafil Capacitors are the smallest ceramic units manufactured in the 
electronic industry. They are designed specifically for airborne and 
space-borne equipments, computer circuits, hearing aids and other critical 
applications where space and weight requirements are at an absolute premium. 
Cerafil capacitors are available in working voltages of 30 and 100 VDC, 
and in capacities from 10 mmf to 10,000 mmf. Type C80 (100 VDC) of this 
rugged ceramic unit of high reliability is designed for operation at 
temperatures from —55 deg to 4-125 deg C when derated to 50 volts.
Type C80 will meet or surpass all the applicable 
requirements of MIL-C-11015A.

•Actual size of a 1OOO mmf 
unit @ 100 vdc.

Available at local
Aerovox Parts Distributors nationally!

Hi-QC
Division

Write today for complete technical 
information of these ultra-miniature
CERAFIL CAPACITORS...

REROUOK
CORPORATION

OLEAN, NEW YORK
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NEW PRODUCTS

Digital Readout

In-line in-plane

IB3H6S1B30

Using selective group switching. model SGS- 
101 in-line in-plane digital readout consists ol a 
resistor matrix and neon bulbs with printed cir­
cuit plug-in connectors. Other terminations max 
be ordered. The characters, 12x78 in., can be 
easily read in bright ambient light and from 
angles of 150 deg. I he units can accommodate 
an input range of 150 to 350 v and consume a 
maximum of 1 w per digit at 150 v. Each digit 
occupies 1 \ 1-3 4 in. of panel space.

I.D.E.A., Inc., Electronic Equipment Div., 
Dept. ED, 7900 Pendleton Pike. Indianapolis 26, 
Ind.
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Transistorized Scaler

0.5 usee resolving time

Transistorized scaler model 49-21 has a 0.5 
usee resolving time, excluding register. Its maxi­
mum count capacity is 10s. and its amplifier sensi­
tivity is 1 mv with a gain of 1000. The unit has a 
fixed amplitude discriminator, a fully transistor­
ized digital readout system, and a nonoverloading 
amplifier. The decades and register reset elec­
trically and have provision for local or remote 
operation, \ccessory transistorized preamplifiers 
are available to match the low input impedance 
of the amplifier to any’ ty pe of detector. Plug-in 
power supplies can bo obtained to operate the 
unit from any type of input power. The scaler 
has printed circuitry throughout.

Radiation Instrument Development Eab., Inc., 
Dept. ED, 5737 S. Halsted St., Chicago 21, III.
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direct-current

TACHOMETER 
GENERATOR 
permanent - magnet

APPLICATIONS

O SERVOS The highly linear output 
and wide speed range are ideal 
for velocity or integrating servos 
Low driving torque permits its use 
as a damping or rate signal in all 
types of servos.

O INDICATING TACHOMETER Match 
ing indicating meters available 
from stock in various speed ranges

O SPEED TRANSDUCER Ideal for use 
as a speed transducer in connec 
tion with fast-response direct-writ 
ing oscillographs.

FEATURES

O SIZE Miniature Approx. Dia. 1 Va "

O OUTPUT Various models with out 
puts as high >s 24 v/1000 rpm.

O LINEARITY Linearity from 0 to 
12,000 rpm is better than 1/10 of 
1 % of voltage output at 3600 rpm.

O BRUSH LIFE Better than 100,000 
hours (10 years) of continuous 
operation at 3600 rpm

O BIDIRECTIONAL OPERATION Out 
put in either direction is held to 
a % of 1 % tolerance

O RIPPLE The rms value will not ex 
ceed 3% of the d-c value at any 
speed in excess of 100 rpm.

O CONSTRUCTION Aluminum hous­
ings with protective treatment; 
stainless steel shafts; fully shielded 
ball bearings; Mylar insulation.

SEND FOR COMPLETE DATA

SINGLE UNITS FROM $22 5° 
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Nickel Cadmium Button Cells

For minimum power use

R

Button cells for minimum power requirements, 
models VO. 180 and VO. 100 are 7 8 in. in diam­

Hput 
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The Keithley 502 Milliohmmeter oilers 
>pccd. case, and accuracy in the measurc- 
। cut of low resistances. Typical uses are 
c> rosion tests, checking resistivity ol 
ne als, semi-conductors, printed circuits 
a itch and relax contacts.

H :crv operation, a ruggedized meter and 
i1 »lective cover make the 502 ideal for 
Ic'd tests of squibs, carbon bridges and 

ici explosive devices, features include:

• 13 overlapping ranges from ü I ohm to 
i i ohms full scale

9 accuracy within 3% of full scale, a four 
G' mal measuring system eliminates errors 
i e to clip and lead resistance

• 2 microwatts maximum dissipation across 
sample.

• no calibration or zero adjustments.

• instantaneous indication of resistance 
a 'bout zero drift or errors due to thermal 
EMF's.

• lightweight and portable. Furnished with 
tective cover and set of four test leads

D tails about the Model 502 Milliohmmeter 
available in Keithley Engineering Notes.

• 6 No. 3. Write for your copy today

eter and weigh 1 4 oz. Rechargeable and hermet­
ically sealed, these sintered-plate nickel cadmium 
units have a long, maintenance free life and are 
nongassing upon recharge. They require no filling 
or electrolyte and operate at normal temperature 
ranges. Of rugged construction, they have a low 
internal resistance which allows discharge cur­
rents up to 10 times capacity, Combined into 
compact cylindrical stacks, the cells can form bat­
teries of any desired voltage. They arc recharged 
by a constant current equal to 1 10 of their nor­
mal capacity. With proper charging rates, they 
can be charged indefinitely w ithout damage.

Gulton Industries. Inc .. Dept. ED. 212 Durham 
We.. Metuchen, N.J.
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.50

KEITHLEY
INSTRUMENTS. INC.
27/5 Euclid Ave., Cleveland 6, Ohio

Miniature Thermostat

Hermetically sealed

Measuring 1.3 x 0.594 x 0.375 in., this hermet­
ically scaled thermostat was designed to meet 
stringent aircraft and missile requirements. It 
will control non-inductive loads up to 5 amp at 
115 v ac. For de application, a suitable capacitor 
must be placed across its terminals. Terminal and 
mounting arrangements are flexible* to meet any 
particular requirements.

George Ulanet Co., Dept. ED, 413 Market St., 
Newark 5, N.J.
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MINIATURE TRANSISTOR
TRANSFORMERS 3B<

from stock!
MICROTRAN transistorized transformers are ruggedized, 
military-type components developed to meet the growing 
demand for miniaturization. Design and performance meets or 
exceeds all applicable commercial and government specifications 
including MIL T 27A, MIL-T-9219, AN E-19, CAA R-9786, MIL E- 
5400, MIL E 16400, MIL-E-4158, MIL-E-8189A, MCREE-553, MIL-
T945A. Available for immediate delivery from Franchise Stocking Distributors.

DC-DC CONVERTER
All Items Designed for 13 6V Except 8034 which is for 

k 28V Input
TYPICAL DC DC CONVERTER

CIRCUIT
ZZZ -i •

TRANSISTOR DRIVER
. Designed specifically for

transistor, servo 
and audio

» 'espons? 

Size AT mill ttuoug” Ah Hermetic < 
sealed to MIL T 27A

EPOXY MOLDED See catalog for exact sizes and weights
ON SPECIAL ___________ ,________  , . .
ORDER ONLY Pri D C.

Part Total V.A. 
Number output

D C Output
f W Bridge I C.T. Full Wave 

Volts Ma I Volts_ _ _ _ _ Ma.

Part I
Number | Application

Sec
Imp Imp

PrtDC 
Unbai 
Ma.

Level 
Wetts

M8034
M8035
M8036
M8037

125
125
40
22.5

M8002* Coll, to P.P Emit 560 400 C.T.
M8003* Coll to P P. Emit 625 100 C T.
M8004 Coll to P P Emit 5,400 600 C.T
M8005 Coll to P.P. Emit 7,000 320 C.T.
M8006 Coll to P.P Emit 10,000 6.500 C.T.

'Bi-Filar wound fo minimize switching transients

18
20
15

7 
.75

.15
1.5

075 

.040 

.005

Part 
Number

TRANSISTOR 
OUTPUT
Frequency Response 

200-15,000 ~
See catalog for case size

Level 
Watts

M8008 P.P Output to Spkr 25 34 3
M8007- P P Auto Ttansf 30 CT 4 2
M8009 P P Output to Spkr 48 C T 32 8 5
M8010 P P Coll to StNO 120 CT 1,000 6
M8011 P P Output to Spkr 125 C.T. 34 1 5
M8012* P P Coll to Servo 140 CT 500 6
M8013* P P Output to Spkr 250 CT 34 4
M8014 P P Output to Spkr 400 CT 11 25
M8015 P 0 Coll to Servo 1,600 CT 800 25
M8016 P 0 Output to Spkr 2,550 C.T. 12 .10
' Bi Fdar wound to minimize switching transients

SILICON RECTIFIER
■ L Power Supply

Circuitry Primary 105 115 125 Volts**
Hermetic sealed to MIL T 27A
See Catalog for additional information

used if RMS AMPS is not exceeded

Part
Number

Secondary 
AC.

Volts

Rectifier Circuit
RMS 

Amperes
C.T.’*

Full Wave
F.W

Bridge
M8018* 18 5 C.T 1 7 V. 14V.
M8019* 18 5 CT 3 7 14
M8020* 35 C.T 3 14 5 29
M8021* 70 C.T 1 30 60
M8022- 18 5 CT. 3 7 14
M8023’ 35 CT. 3 14 5 29
M8024* 70 CT 1 30 60
*380 1600 Cy 'DC output volts stateo are for resistive or
’50-60 Cy inductive Inads Capacitor imput may be

LOW LEVEL CHOPPER

ID
Efficiently transfers 30 to 500 cps. Trans 
ducer or Thermocouple signals to instru 
ment amplifiers Signal level range from 
5;.V to 5 volts. Resin impregnated to 

minimize mechanical vibration noise sig 
nal Low hum pick up assured by 3 mu 
metal and 2 copper shields

M8025 155 1 fb 4 17 5 6.600

Turns Ratio
Ind of 

Full Pri
Imped o* 

Full Pri.
Part Full Pri. Vi Pri. ® ,5V @.5V

Number T« Full Sec To Full Sec 60 Cycles 60 Cycles

M8026 1:3.2 L 6.4 60 Hy 22,500

Part
Number

D C Resistance
Full
Pri. Sec

Mag 
Shield Hebt Dia.

Wt.
0z.

M8025
M8026

365 4140
455 3500

90 DB
90 Db

I25/« 45
45

ULTRA MINIATURE
TRANSISTOR

wt 08 oz size V x x H/„- 
W-,/ Nylon Bobbin Nickel Alloy Core 4 color 

f r f coded leads, resin impregnated.
// Encapsulated on special order

Part 
Number Application

Primary 
Impedance (0 C )

UM 21 F
UM 22 F
UM 23 F
UM 24 F
UM 25 F
UM 26 F
UM 27 F
UM 28 F

Input 
Driver 
Driver 
Output 
Output 
Output 
Output 
Choke

100.000
20.000
20,000

1.000
400
400
400 C.T.

10 Hy (0 dc)

Secondary 
Impedance

1,000
1.000
1,200 C.T.

50
so
11
11

8 Hy ( 5 ma) 650

n an A mb Will* TODAY for catalog and prno hu ol fh* completa MICKOTKAN Imo

M Ilin RniRRn—¡nc■Mk I I HUI I U I I I I I I I 148 E M,NE°LA AVE., VALLEY STREAM. N. V.
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NEW PRODUCTS

Operate at 125 C
Miniature ST A solid tantalum capacitors u, 

now be supplied in ranges of 0.0047 to 330 id 
from 6 to 60 wvde. Their operating temperatun 
range is —55 to 4 125 C. The units come in four 
case sizes and a wide range of ratings with _'(r 
decade, 20'/ tolerance systems and 10% decade 
10% tolerance systems. Snit(‘d 
cuitry, they may be used in 

r

to transistor (ir 
computers, data

processing systems, guidance sy stems, airborne 
electronic equipment, and telemetering devices 
They consist of a porous tantalum anode with a 
formed tantalum oxide dielectric, scaled in a 
silver-plated metal case. \ glass-to-mctal seal af­
fords protection against moisture or low pres 
sures. Ihe units contain no volatile materials and 
no liquid or paste electrolvte. Electrical Icakagt 
is held to a minimum, and mechanical leakagt 
and corrosion are eliminated.

('bicago. III.
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Motor Generator
Size 11

Cambion terminal boards are available in standard all-set, miniature all-set, standard ceramic and custom-made types. 
Materials include paper, cloth, nylon or glass laminates, bonded with phenolic, epoxy, melamine or silicone resins. 
Boards are moisture-proofed and fungus-proofed. Standard or special components are assembled as required.

Our “private eyes” protect you from delinquents

You won’t find a single weak spot in 
any Cambion" terminal board. We’ve 
already made sure t here are no cracks 
in board or terminals; no strain, chips 
or sunbursts; no insecurely mounted 
terminals. In fact, such defects are the 
rarest discoveries, even in our own 
thorough inspections. ’That’s because 
the slock used in (’amBION boards is 
certified top grade . . . ('ambion tooling 
is specially engineered to prevent prod­
uct damage . . . and ('ambion work­
manship is true craftsmanship.

Quality control like this is standard 
in every step of Cambion production 
in any quantity. 'That’s why you can 
count on the complete ('ambion line 
terminal boards, solder terminals, in­
sulated terminals, coils, coil forms, 
capacitors, swagers, hardware for 
the trouble-free |>erformance you ex­
pect and need. And every ('ambion 
component is guaranteed.

Available locally through authorized 
(’ambion distributors. Or write to 
Cambridge 'Thermionic Corporation, 
-152 Concord Avenue, (’ambridge 38, 
Massachusetts. On the West Coast: E. 
V. Roberts and Associates, Inc., 50(58 
West Washington Blvd.. Los Angeles, 
California. In Canada: (’ambridge 
Thermionic of Canada. Limited, Mon­
treal. p. q.

( \MHIOS solder termm.ds are made of ad ver 
plated brass, eoateil with water dip lacquer There 
are »' • different t y pes available in bulk in un­
limited quantity or in individual packages of l()<i 
Mounting information and (ambion tools re 
quired are listed on the package

^7 CAMBRIDGE THERMIONIC CORPORATION „ „

The guaranteed electronic components
CIRCLE 123 ON READER-SERVICE CARD

Motor generator model 11GM152 is a size I 
1(X) cps unit designed to operate hi‘tween 6 j i 
200 v. It has an effective resistance of 3780 oh 
and a no load speed of GIMM) rpm w ith a pov i 
input of 3.5 w at 0.053 amp. Linearity is 0.5% a id 
ambient operating range is 65 to ^200 C. T 
generator gradient is 0.5 v per 1060 rpm and 
a total mill ol 0.012 v. T he unit is 1.875 in. h < 
and meets MIL-T-5422C and MIL-E-5272A 
vironmental tests. It also conforms to Bu( >1 
specification MIL-S-15087. Output shafts 
designed to customer requirements.

Servo Dynamics Corp., Dept. ED, Som< 
worth. X.IL
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quality control series no. 2
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°/l TELEMETER 
MAGNETICS, Inc.

MEMORY CORE

ze 11. 
6 ami 
oh fin
)OV i f 
t> il H !

3 he 
d I o 
. h m 
A 
u( ó

HAS IMPORTANT AND 
IMMEDIATE OPENINGS 
FOR ENGINEERS.
IF YOU QUALIFY AND ARE 
INTERESTED IN A 
REWARDING ASSOCIATION 
WITH A DYNAMIC, GROWING 
COMPANY, WE INVITE 
YOUR INQUIRY.

Electronic Packaging Specialists -B. S E E. 
or B.S. M E. with experience in modularized 
solid state electronic equipment.
Magnetic Circuit Designers-To investigate 
and develop new memory systems. Experi­
ence in magnetic amplifiers, shift registers, 
magnetic logic, or non-linear pulse networks. 
Research Physicists-To assist physical 
research director in specific investigation of 
millimicrosecond ferrite, metal, and super­
conductive storage elements.
Application Engineers—Technical consultant 
to sales manager for core applications 
in digital computer field. Also customer 
contacts.
Senior Engineers-Project responsibility in 
data systems development for magnetic 
tape, paper tape, punched cards, A/D con­
version, and data transmission.
Test Supervisor-To supervise group test­
ing small data handling systems. B.S.E.E. 
degree and 3 years or equivalent experience 
with digital test equipment. Ferrite core 
memory experience desirable.
Telemeter Magnetics is the acknowledged 
leader in the field of magnetic cores and 
core storage products. You can help main­
tain this leadership and enjoy an exciting 
future by participating in one of the many 
projects now under way and planned.

WAS TOWED FROM HERE

TO CATALINA BY

OCEAN LINER

(and it definitely got wet!)

SILLY TEST

but we hope it attracts your 

attention to the thorough 

three-stage inspection and testing 

given every TMI product 
from ferrite cores to core arrays 

to buffers and memory systems

in<

Call collect or write to Mr. John Link

I TELEMETER MAGNETICS, tn<.

Ferrite Cores • Core Arrays •
Buffers • Memories

2245 Pontius Ave., Los Angeles 64, Calif. 
CIRCLE 878 ON READER-SERVICE CARD
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TMI Type IO92-BQ8A
Core Storage Buffer

IMPORTANT JOB OPPORTUNITIES

DATA SYSTEMS COMPATIBILITY—with the New TMI Core Storage Buffer

This fully transistorized unit stores up to 1092 eight-bit characters at 100-kc rate. 
The buffer is compactly designed for relay rack mounting and is complete with integral 
power supply. Ideally suited to synchronizing data systems operating at different speeds.

Features include: interlaced load and unload * capacity expansion • convenient clear 
control • internal checking circuits • ease of installation * economy • unit is priced 
22% below previously available buffers of similar characteristics.
In addition to the Type 1092-BQ8A, TMI produces a full line of core storage buffers 
for an almost infinite variety of applications. Units are available in capacities from 
80 to 2184 characters. Components, assemblies, and completed buffers each undergo 
rigorous tests. Request copy of specification #191 containing complete data.

Expansion to handle our increasing business activity Q/, JEMETER MAC^NETTOS l„t
plus research and development in new areas have ' I
created openings for qualified computer engineers Manufacturers uf Ferrite Cores • Core Arrays • Buffers • Memories

Investigate the wonderful opportunities offered by
TMI in Southern California 2245 pontius avenue, los angeles 64, california • 306 “h” st., n.w. Washington 13. d.c.



Guidance and Control NEW PRODUCTS

Instruments by Humphrey Precision Resistors

In matched sets

FREE AND
VERTICAL GYROS

New interchangeable motors 
make it possible to power these 
instruments with d-c, 400-cyclc 
a-c or 1500-cycle invertci. 
Offered with a variety of pick­
offs. including potentiometer, 
synchro or switch Electrical or 
manual caging.

RATE GYROS

The Humphrey design provides 
a wide dynamic range with pre­
cision potenuometei or variable 
transformer output Three basic 
units available, all in hermeti­
cally scaled cases w ith choice of 
a-c or d-c motors.

In a wide range of values, these precision h 
sistor sets and networks have ratios mate 
w ithin 0.0017 and absolute values matched vv th 
in 0.01%,

Vltroniv, Inc., Dept. ED. 116 S. Bavshon 
Blvd.. San Mateo, (Jalil.
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MIMA IT RE \DJLSTME\T POTEVUOMETI I!
Model 207 Hi-R Trimpot has a fused clement t 

terinin.il bond which is \ irtualh indestructible nn«l« 
thermal or mechanical stress Resistance is 100 k

ing, 2 w at 50 (. \ rheostat version. model 208. Ii.e 
resistances Io 200 K

2112

RATE SWITCHES

* W
CIRCLE 129 ON READER-SERVICE CARD

ELECTRICAL POWER TESTER. Poitible III« hit

the calibration of ti ansmission equipment. In

These specialized gyros operate switches when a pre­
determined rate of turn is reached Extremely7 light 
weight Dry gas filled and employing div gas dampcis 
(hat remain constant over full temperatuie range. Wide 
selectem »( rates available.

ACCELEROMETERS

These precision inertial sensing devices olici practically 
zero cross-talk, extra wide temperature range and 
precision potentiometer or magnetic pickoffs Models 
available lor angular or lineai measurement Dry gas 
damped, hermetically scaled.

queney range is H> cps to 1 me;
700 ohms, output impedance. 1 
ohms. Input power range is 0 to 
power range. 0 to 70 dbm.

input imped.mo 
5, 150, and 00< 
♦ 30 dbin. output

• 10 to 60 dim

and 20 to 50 dbm.
Ilie Davon (Jo.. Dept ED. Livingston, 

CIRCLE 130 ON READER-SERVICE CARD
(.M

POTENTIOMETERS

Precision rectilinear and rotary7 instruments. Wire 
wound Toi direct mounting in aircraft or missiles. 
Operational to 400°F Able to take tough environ­
mental conditions, such as vibration 25G, 10 « 2,000 
cps and -hock of I00G while operating.

NEW INTEGRATING RATE GVRO 
WITH POTENTIOMETER OUTPUT

For many applications, a Humphrey integrating 
rate gyro can replace a costly free gyro. Iliis new 
instrument can be furnished to cover the ranges 
Irom zero to 10 rotation up to zero to 100 
rotation for full output. AC or DC motor.

VERNIER MAGNIFIER. Iun more accurate rrai! 
ing of all vernier scales, unit has clear plastic both 
Io admit available room light. Two perm.merit \hm

attach to natiembedded

. Dept. El ). Röchest«

CIRCLE 131 ON READER-SERVICE CARD

R \I)IO
.imp at

INTERFERENCE KILTER. Rated
28 v de and 105 C. model 5833 w ill filter

\|( )’

unit'

most de motors to MIL-I-6J8IB requirements. ( s 
is 9 16 in. in diameter, 1-5 8 in. long.

Double E Produits Dept. ED. 208 Standard St 
El Segundo, Calif.

CIRCLE 285 ON READER-SERVICE CARD

AA Humphreq Inc.
DEPT. ED 29. 2805 CANON
SAN DIEGO 6, CALIFORNIA

STREET

WRITE FOR MORE O N

DIGITAL TACHOMETER. The Dynacom 
covers engine speeds from 1 5 to 50.000 rpm 
reads speed to 1 revolution in 0.1 sec, within 
rpm in 0.01 sec. Direct digital readout, provided 
Nixie in-line neon tubes, is visible 75 ft away.

Dynapar Corp., Dept. El), 5150 Church 
Skokie, 111.
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M> I) PIN HEADERS. Foi vacuum tube use, 
units have tantalum pins with nickel braze 
hermetically sealed to an AlSiMag alumina 

nic base and envelope, 
n< rican Lava Corp., Dept. LI). Manufacturers 
(.hattanooga o, T emi.
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I ACEABLE LAMP INDICATORS. E Lite 
s 11)11 units arc available with or without cur- 
liiuitiug resistors. Lamps .ire neon or incaii- 

<nt; cases are 3 8 in. in diameter.
Idema Corp.. Dept. Ll). 1805 Bckroft Ave., El 

\ nic, Calif.
CIRCLE 134 ON READER-SERVICE CARD

I LSE GENERATOR. Redesigned model 2120 A 
I minlemi/ed panel layout and controls, printed 

। nit construction.
I Icelio-Pulsr. Inc.. Dept. El). IIS6I Teale St. 

( ilvei City, Calif.
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2<> IX. VARIABLE SCALE. Model I POO72OOB 
time in loading oscillograms and telemeter 

' Oi II also saves lime in plotting graphs and 
iivi s. especially in the diiect multiplication and 

division ol graphical hmetions and (he reading 
thereof.

Ilie Gcrbei Scientific Instrument Co Dept. ED, 
s / Spruce St.. Hartford I, Conn.
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(.1 \SS TO ME I AL SEAI.S. 1'or multiplc In adi 1 s. 
If.trisistor closures, crystal bases, single terminals, and 
11H id< ts.

I'.dmci Associates Di pt. 121). 55 Hall St.. Brock- 
tun Mass.
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MOMENTARY CONTACT SWITCH. Series 1901 
its. rated al 30 amp, are available in spdt. spst 

ii finally open, spst normally closed, and spst two 
1 1 nil models.

McGill’Mfg. Co.. Inc., Electrical Div,. Dept. ED, 
I paraiso, Ind.
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I I I ERENTI AL PRESSl RE TRANSMITTER.
Id <0-2900 has 0.27 accuracy, infinite resolution, 
zero output preset at any range point. Pressure 

1 ges are between 0 to 100 and 0 to 3000 psi with
• rentials up to 1007 of range. Inputs are 6.3 v or
1 v ac, outputs are 50 mv de or 5 v ac or de. 
nternational Resistance ( o.. Computer Compo- 
ts Div,, Dept. ED, 401 X. Broad St., Philadel- 
• 8, Pa.
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BISHOP

AND

PLATINUM

PRODUCTS

Build Quality 
in Your Line

"Metals for Precision \ 

\ and Performance" /

Quality begets quality it’s an established axiom that premium products 
must begin with quality components. Bishop has been producing platinum 
and precious metal products since 1842 . . . precision stainless steel tubing 
since 1931. The Bishop family of metal products includes a broad variety 
of components for the designer, engineer . . . just to mention a few:

Capillary Tubing—stainless grades, standard sizes up to .130” ()I)
Platinum & Platinum Alloy Wire—*;>0 to ¿3 B&S Gauge
Clad Metals—base and precious metals in various combinations 
Glass-To-Metal Sealing Alloys—low expansion alloys 
Thermocouple Wire—noble metal and noble metal alloys
Tubing—nickel, stainless, platinum, special alloys up to 1" OD
Tubular Fabricated Parts—all varieties conventional forming operations 
Composite Wires—base and precious metals in various combinations 
Platinum Contacts, Discs, Laboratory Apparatus

CATALOGS, DATA SHEETS SENT PROMPTLY ON REQUEST

Begin your next design with unexcelled quality Bishop component 
materials. Write, wire or phone Malvern 3100.

J.
MAL

BISHOP & CO.
platinum works

VERN, PENNSYLVANIA

CIRCLE 140 ON READER-SERVICE CARD
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IT’S ALWAYS ’’WINTER” SOMEWHERE

MM 
■■M 
S9UE
mar

Heating Blankets
and other Woven Heating Elements by SAFEWAY 
can make your COLD problems OLD problems!

To keep sensitive equipment, fuels, propellants and lubricants at correct operational 
temperatures in any cold environment, controlled heat must be delivered with utmost 
dependability. SAFEWAY delivers it — everywhere.

Among the wide variety of heating blankets and woven-wire heating elements suc­
cessfully engineered by SAFEWAY to meet tailor-made specifications are:

heating blankets for honeycomb and metal-to-metal bonding
£ de-icing units for airfoil surfaces

£ heating elements for launching equipment and for airborne gyros, cameras, 
computers, servos and batteries — for missiles or aircraft

0 radiant heating panels for industry
0 defrosting units for industrial and commercial refrigeration

FOR YOUR COPY OF A FACT-FILLED FOLDER, PLEASE WRITE:

if it has to he heated (and the “it” can lx* just 
about anything), you can rely on SAFEWAY 
engineers to study your problems and with­
out any obligation — submit an appropriate 
recommendation.

CIRCI

74

Safeway-^-
680 Newfield Street • Middletown, Connecticut 
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NEW PRODUCTS

MINIMI BE Pl LSE TRANSFORMER KIT. ( 
sists ol ten three-winding transformers that prov |( 
0.1 to 10 iisec pulse* widths. Permits 20 diffei it 
ratios from I: 1:0.1 to 1:1.5. t nits plug into stand id 
miniature' 9-pin tube' sockets

New York Iransformer (io.. Dept. I'J). \li ,i

CIRCLE 142 ON READER-SERVICE CARD

TELEPHONE BELAY. Modified type IS lias 
to 20 bifurcated contact arms and can operate 
100 mu per movable arm It is supplied for ope

Bi 11111 lit I« I. I )ep(. I'J ). Prim d(»i

CIRCLE 143 ON READER-SERVICE CARD

POINT JACK. 8 in. in diameli i
and I I in long. Press I it tvpr Sk 
inodahs a 0.04 in. cliametci orobc. \ 
750 \ rms m >000 actual flashover at 
v rms flashover at 50.000 ft.

CIRCLE 144 ON READER SERVICE

BE I \ININ(. KINGS.

pci alines to I 000 I' 
W al<les Koninooi. I )cpt l‘J )

UCCI mi

CARD

CIRCLE 145 ON READER-SERVICE CARD

Pl BE SILICON. 11 < >in

IP k

( n >

hie..
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7 PIN POWEB PI N IODES.

CBS-Hy trim, Dept. El). Danvers, Mass.

CIRCLE 147 ON READER-SERVICE CARD

HOOK-l T WIBE. Extruded polyvinyl chloi 
wire1 type's B. C. and 1) are1 rated at 600. 1000. a 
3000 v. respectively. All conform to M1L-W-I6S7S 
and operate from 55 to —|—105 C.

American Super-Temperature W ires, Inc.. De 
I'J), 2 W. Canal St., W inooski, M.

I

Imi K

MOL

m

ELE
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ELECTRONIC DESIGN



KEEP UP-TO-DATE ON MAGNETICS
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XL STRIP. IjOW cost I lienno-Lax can bv 
nd. drawn, formed, soldered, brazed. or 
d, is suitable for contact wiping arms, switches, 

t points and springs. flexible ware guides, 
a.ds. and timers. In I 16 to 10 in. widths; 0.001 

125 in. thicknesses.
riic.m Silver Co., Dept. ED, 36-0" Prince St., 

i iing 54. NA .
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I I OSIOX PROOF FOOT SW ITCHES. I I ip 
d single and double pedal units foi operating 

runic equipment m the presence ol explosive 
>. I or 123 v ac operation. thev are rated at 15 

h per sw itch.
iio Birteher Corp., Industrial Div.. Dept. El), 

| ' Valley Bhd., Los Angeles 32. ('alii.
CIRCLE 150 ON READER-SERVICE CARD

I’K Kt P FOR SMALL PARTS. Hie V at I Grip 
i| In s suction to pick up miniature parts, releases it 

I lav them down when they arc properly posi- 
...... rd It is controlled by a loot switch.

( arman Lahs. Di pl. ED. P.O. Box 328. Bedford. 
Vlass.
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( lASTAL HOLDER. Socket assembly lor HC-6 ( 
IK 13 I standard size t rystal cans. I’wo lellon 

insulated jacks with silver pl.lied. gold Hashed con 
t h Is aie press fitted into the assembly to receive the 
exl.il pins, For horizont.il or vertical mounting. 

I ills lor printed circuit use arc also available.
Vng.it Bros.. Inc., Dept. ED. 33 Perry Vvc,. At- 

tli l>< m», VIass.
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(1WIP-OX GEARHEAD. Servo motor gearhead 
75OGH adapts instantly to size S motors with double­
lipped (lamp. It can be installed with the tightening 
"I '»ne screw. The unit eliminates internal post type 
must ruct ion.

I"»wmar Instrument ( orp.. Dept. El), SOOO Blull 
t"i Rd.. Fort W av nt*. Ind.

CIRCLE 153 ON READER-SERVICE CARD

VIOLDIXG RESIX. lellon 7 TFE-Huoroeai bon 
ivshi can be made into void tree moldings and elee 
tu J tape I mil thick. It provides uniform density 
7 ughout complex molded parts.

I. du Pont de Nemours 6c Co., Dept. ED, 
I’ ershurg. W’. V a.

CIRCLE 154 ON READER-SERVICE CARD

s< II) FILM LUBRICANT. Semiporous No. 1856 
rhs oil and acts as a reservoir against metal to 

I contact under high loads.
‘ctrofilm, Inc., Dept. ED, P.O. Box 106, North 

h wood, Calif.
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See the air-gap on this new 
lamination for miniaturization

Look at the air gaps on this new performance-guaran­
teed lamination we have developed and are stocking. 
I he F-187X fixed air-gap provides constant induc tance 

or linear inductance, as needed, because it prevents d-c 
saturation of the stacked core.
1 he F-187 ’iu" wide center leg is designed for minia­
turized filter circuits for communication applications. 
It is ideal for carrier equipment, and can be used most 
successfully for microwave, computer or other applica­
tions where frequency control is critical.
Being an “F” shape, the new standard stacks more easily 
than ELI87, and thus offers welcome savings on the 
production line. There can be advantages to you, too,

in being able to order any quantity, prototype or pro­
duction, directly from stock.
There’s more detailed information on this new member 
of Magnetics, Inc. family of "Performance-Guaranteed” 
laminations—and all of our other standard laminations.
Just write—Magnetics, Inc., De fit. ED Butler, Pa.

mRERETICS inc

CIRCLE 156 ON READER-SERVICE CARO

horizont.il


NEW PRODUCTS

CIRCLE 159 ON READER-SERVICE CARD

INSPIRATION IN RADIO ELECTRONICS

.1111 irconi

wor
CIRCLE 161 ON READER-SERVICE CARD

VOU1

THE IRE NATIONAL CONVENTION MARCHWaldorf- Astoria Hotel

AND THE RADIO ENGINEERING SHOW
Coliseum, New York City

CIRCLE 157 ON READER-SERVICE CARD

ELECTRONIC DESIGN

HIGH \ 
diameter 
I he unit 
hers and

NRC ■ 
mont si

number of top 
in number of

springs have 
inomeid betw« 
hour zero load

production vacuum melting furnaces. 
Equipment Corp., Dept. El), 160 ( h,i । 
. Newton 61, Mass.
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Leak rate of this 36 
0.1 micron cu ft per 
environment lest ch

Cambridge I heiniionie (orp., Dept. El) 
( oueord \vc., ( ambridge 38, Mass.
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carbon, ceramic, 
lisulphidc and gl 

Power Producís

GREASELESS BEARINGS. Made of a Guion ( 
bide fabric impregnated with Bakelite phen 
plastic, Ruslon bearings need no lubrication. Ap 
cations range from miniature instruments to hy< 
electric stations.

Russell Mfg. Co., Dept. ED, Middletow n, Com 
CIRCLE 163 ON READER-SERVICE CARD

paper pheiiohc, Poly pom o 
e terminal boards at thè boi 
ilable w itli 2, 3. I, 5, tu 6

v ai Table tv pe an 
.ire available vv 
K< 11 eoil forms 
of the foi ms are 
solder terminals.

Don't miss this once-a-year opportunity for 
man-to-man talk with the thinkers, planners 
and doers in your field of specialty.

fused directly to copper. Working point is 665 ( 
softening point, 465 C; aune.ding point, 366 ( 
sliain point, oil ( Log volume resistivity al 250 i

mail'd hv symmetric application of fooc. 
Consolidated ( onlrols ( orp., Dept. I’D

( Àmn.
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I \II RE LOCKING DRIVE PINS. These units 
, place plain pins or bent wire fasteners in con 

nig or locking miniature parts. With diameters
>2 in., they have I S to 1 2 in. lengths held to 

mces ol 0.06 I in
ioo\ Pin ( orp.. Dept. ED. 1125 IIrudi irks 
ew ay. Ridgefield, N.J.
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i. Suit 
(s, < ' >n 
e, Lìgi 
equip

i fm : 
iss. cat 
zircon.

ED. Il

•or in 
( ¿itili).; 
turning 
Ulifoilb 
is dim-

Belin I

.GLE SWITCH. Series 1500 spsl units me 
at 3 amp, 250 \ or 6 amp, 125 v. Available in 

Dishing lengths with wire leads, screw terminals, 
<t lugs, or quick disconnect tabs IE and CS \ 
m\ cd.
urgent Electric ( orp., Dept. ED, 630 Merrick 

1 ,v nbrook, NA.
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I XNSISIOR BAITER) HOLDERS. Smes BII
1 units hold batteries and cells up to 1 I 16 in in 
h« (er and 1-19 61 to 5-55 61 in. long. They 

»int m .i 7 S m, diameter panel hole.
Security Devices Lab, Dept. ED. Rodicstci 21, 

\ y
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PHONOGRAPH CARTRIDGE. Tin M7DM plays 
I tn ui.mral ami stereophonic records, provides chan 
I in I separation ol 20 db. Tracking force is 3 to 6 g, 
I In jii< ncy response is fl.it from 20 cps to I 5 kc.

slime Brothers, Inc., Dept. ED. 222 Harlrcy Ave., 
Ev.mston, 111.

CIRCLE 167 ON READER-SERVICE CARD

I nd ustria I La m ¡nates and electronics industry — Oeneral electric

Photo of 729 Model III Tape Drive Unit (part of 705 Model III Data Processing System) courtesy of International Business Machines Corp.

illirici! 
eti( ili' 

665 (
166 (
250 (

I INI ( LAMP PLIERS. H.mdliiig single or mnl 
iph ( lumps, model S2 pliers simultaneously hold 
ii damp bolt and compress the line (lamp, and 

thin hold them in closed position, freeing both flic 
i.itm s hands to apply the nut.

I \ Mig Corp., Dept. ED, 1607 Alger St., Los 
\mides 39, Calif.
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Textolite Grade 11574 exceeds every NEMA XXXP requirement...

Self-extinguishing epoxy paper laminate 
for high-reliability computer circuits

36 in. 
per hi 
di in-

' Ta1 I'

It BE CHECKER KIT. In kit form, type 100 tube 
I’ tri checks for filament continuity, shorted de

its ami cathode emission. For 100 tubes im Iml- 
H' high fidelity, radio, and T\ receiving types, it 
h sockets for 7 and 9 pin miniature, and octal and 
I al base tubes. Dimensions are 2-3 S \ 9-1 2 x 

I S in.

Killed Radio (’orp,. Dept. El ), 100 X. Western 
' ( hicago SO, 111.
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19 >9

I WTVM FOIL. Nonmagnetic, corrosion resist- 
foil in 0.01 to 0.000125 in. gages. Available in 
lis to 5 in. in thinner gages; to 36 in. in gages 

al e 0.002 in.
itanium Metals Corporation of America. Dept.

' 233 Broadway , New York 7, N.Y.
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General Electric Textolite Grade 11574 will not 
support combustion ... has unsurpassed 

punchability at room temperatures
Textolite Grade 11574 was specifically designed for 
computer applications where very high reliability is 
demanded. Its superior electrical and mechanical 
properties easily outperform NEMA standards with­
out the high cost and difficult fabrication problems 
of glass-based laminates. Some of the outstanding 
properties of Grade 11574 include:
• Self-extinguishing—flame dies within 1 second.
• ( old punches best—pierced and blanked holes are 

cleaner, more precise than any laminate tested in 
G-E laboratories.

• Cyanide resistant —maximum reliability in all etch­
ing and plating processes.

• High insulation resistance—1,000,000 megohms IR 
after 96 hours at 90% humidity and 35°C.

CIRCLE 171 ON READER-SERVICE CARD

• High flexural strength over 26,000 psi, twice the 
NEMA standard for XXXP grades.

Consult Sweet’s Product Design File, (’at. 2b Gen, 
for technical data on the complete line of Textolite 
laminates. Or for additional information—or exj>ert 
help with special problems call or write: Technical 
Service, Laminated Products Department, Section 
ED-92. General Electric Company, Coshocton, Ohio.

Textolite
INDUSTRIAL LAMINATES

GENERAL^ ELECTRIC
77



NEW PRODUCTS

130,

doihle foots« itch. m<„i<i oxi com« n 
more than 1(1 (hilerent switch ratings from 7 h |* 
amp. Mailable in a variety ol arrangements.

Vemalmv Products Co.. Dept. EI). P.O. Box 22 
I law thorne, N.J,
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SOLID STATE COMMUATOB. I oi .ml ,, 
telemetry, this unit lias a temperature stability u| 
0.25*« from 20 to 100 (' It withstands 100 g shup 
and 20 g vibration at 2000 cps. Size is 2 I cu in 
weight. 1.5 lb; overall accuracy. I'<.

Data-( ontrol Systems. Inc.. Dept, El). D.mlnnr 
("oim,

CIRCLE 174 ON READER-SERVICE CARD

COINCIDENCE I NIT. Sell contained moihl 
I0IN features direct drive from photonmltiplne 
input limiting, and an ultimate resolution of 3 miisci 
Ihe coincidence criterion is set l>\ a variable dis 
eliminator in a slow ehaimcl. I nils may be stack«?! 
via a last coincidence output.

E-ll Research Labs. Dept 121). 2161 Shatlud 
\ \ <•., Berkeley I, ( alii.
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CUTS COMPUTER CAPACITY COSTS CABRENT INDICA TOB \ND INIEGBMOK

lieh* accelerators, model \309 covers current rang«

( I IN>
I \ I M I

« Il III I

.IIIV \

( .lei

I < ,d

The* addition of one new can size to the Mallory line of 
computer grade capacitors . . . the broadest available any­
where . . . now makes it possible for one capacitor to fill 
many applications that used to require tiro or more capac­
itors. The new case size (at extreme right of the picture 
above) can contain up to 130,000 mfd. at 3 volts.

Mallory CG capacitors save you money . . . cut mounting 
costs up to 50* (, save chassis space, give you up to 25*, 
more microfarads per dollar.

Mallory CG capacitors assure performance. Equivalent 
series resistance is exceptionally low. CG’s are backed by 
our exjierience of over 20 years in telephone grade capacitors 
and 15 years of production of capacitors for computer 
power supplies. Production samples constantly pass thou­
sands of liours on life test.

The accompanying chart shows the extensive range of capac­
ity and voltage ratings now available. W rite today for latest 
data, and for a consultation by a Mallory representative.

Case size Rating range 
Capacity/VDCDia. Ht.

3" 5W 130,000/3V to 20,000/50V

3" 4’4" 95,000/3V to 3,500/100V

271" 4’4" 45,000/3V to 650/350V

2" 4 ye 27,000/3V to 200/400V

1%" 4’4" 20,000/3V to 150/400V

1H* e/e 12,000/3V to 90/400V

iary equipment.

giv cu time au<l
an alarm or other anxil-
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BA I I EID CH\BGEBS. Silicon rectify ing units

which automatically maintain the proper chargin'; 
voltage in b.dteru s with II to 62 cells. Single-pli «m 

units can be operated at 115 or 230 y ; three-ph iv« 
units at 230 or 160 \. Output range is I to 100 ai p

The Electric Storage Biitt«*ry (>>.. Exidc Indus!'ml 
Div., I)«'pt. ED, Rising Sun and \dams Ives. Ph i 
delphia 20. Pa.
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Expect more... get more from

PORIABLE MIAI PBOCESSOB. I h« Mini B 
35 automatically processes 35mm film at speed 
6 It per min. It can handle 100 ft of leaderless

Serving Industry with These Products:

Electromechanical—Resistors • Switches • Tuning Devices • Vibrators 

Electrochemical — Capacitors • Mercury and Zinc Carbon Batteries 

Metallurgical — Contacts • Special Metals • Welding Materials

at one loading. Designed

IMallorY
PR. MALLORY a CO Inc

P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA

photography. it operates 
size film spool.

Eairchild Camera and

for application in mb 
and general engineci 

in daylight and uses

Instrument Corp., hi<
trial Products Dis., Dept. ED, 5 Aerial Wav, S

DICI I 
17b p« 
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I DM CABINETS.

MILT-17113 and comparable specifications.

.tiid shock mounts as required. INK
XL!
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l.lltlll k

. . AND TYPING

Dept. ED, I 101 Air Wav. (deridale Excellent "take”...
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) amp. 
lust 1.11

units
largmu

mtiset 
de dis

Will l

Tin v

I II I li I Ip
lilts

Gcrber Scientific bistiumi ni ( n . Dept. I I), 
ini f Si.. 1 Lu tiord I. ( orni.
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KEUFFEL A ESSER CO., Dept. ED-2 Hoboken, N. J, 
1 want to see a sample of the new K&E Herculene.

IOH
ge par 
rangt »

( OWECTOR-C ABLE \DAPTER

ET DRAW ING KIT. Case is 6-1 4 x 3-1 2 
I contains 6 in. bow compass and 5-1 2 in. 

ii divider.
ii \ Co., Inc., Dept. ED, \\ mdsor. ( oim.
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nvelope. Pentode transconductance is 
and triode amplification factor is 17.

io Corporation of America, Electron 
Dept. El), Harrison. N.J.
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timing lines into .my number ol equal intei

I” us on .i digital indicator and on printed tape.
(.ilmore Industries, Inc., Dept. El). 13015 W ood- 

I.hkI \ve.. Cleveland 20, Ohio.
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DK.I I AL INDICATOR AND PRIMER. Model 
CH permanently records weight, strain, temperature, 
ii' suie, .md other variables which can be moas-

I RONIC DATA READER. Model R-2E la 
s the reading and scanning of oscillograms. 
Is amplitudes of one or more channels; fre­
es directly in cps, rpm, oi as required: and

v MINIATURE TUBE.-Model 7199 is do­
lor use in tone-control, phase-splitter, and 

gain voltage amplifier circuits. It contains a 
an-inu triode and a sharp cut-off pentode in

'N 
/ar;

A UNIQUE 
caC£ A' 
rw

NED IN 
eRCULENE

complete erasability 

for all three

Now K&E provides the ultimate "3-way” surface
for super-tough HERCULENE™

HIGH-FIDELITY SPEAKER. For use in stereo 
I'li'1 ne and monaural music systems, 8 in. speaker 
uh kI< I KN-808 has 10 cps to 12 kc frequence re- 
sp<n,s( and handles 15 w of program material. It 

। be used as an extension speaker or as a replace- 
to improve fidelity of TA sots.

Mlied Radio Corp., Dept. El), 100 N. Western 
\ ■ ( hicago 80, 111.
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Only K&E Herculene Drafting Film 
has a surface perfectly engineered for 
pencil, ink and typing . . . plus the ex­
treme toughness and durability of a 
DuPont “Mylar B” film base. You get 
the absolute assurance of superior 
“take”. And Herculene erases easily 
and quickly without the need for 
erasing or correcting fluids.
Virtually indestructible, Herculene is

A unique r 
balance 4 
are bot 
K&E H 
Fil» 
eat

so tough you can hardly tear it. It can’t 
be damaged by moisture. And it's 
permanent . . . your drawings are resist­
ant to damage by aging or handling. 
Herculene has "balanced" trans­
parency . . , just the right combination 
of high actinic transparency for repro­
duction with essential visual opacity for 
drafting. You get sharp, legible repro­
ductions at high machine speeds. And

Tied
e Drafting 

the tough- 
arable draft- 
you can use.

you can make prints from a Herculene 
Drawing indefinitely without its yellow­
ing or tearing, cracking or becoming 
brittle.
Herculene is economical too . . ■ now 
costs less than cloth. Prove these facts 
for yourself by writing today tor a 
free sample. Just clip and mail the 
coupon below.

Name & Title:______

Company & Address:
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APPCO
PRUDENTIAL INDUSTRIES INC

Division of

PRECISION STOCK
GEARS

STOCK GEARS 32 TO 120 PITCH
A.G.M.A. PRECISION 3...

IMMEDIATE DELIVERY
Tens of thousands of gears of all types . . . 32, 
48, 64, 72, 96 and 120 diametral pitches of 
1 4'/2f and 2C pressure angles. APPCO offers 
them all for quick delivery. Each one "Certified" 
to meet or surpass A.G.M.A. specifications.
APPCO Certified Precision Stock Gears offer 
7 finishing options on aluminum gears at no 
extra cost. . . compatible bore tolerances for 
accurate fitting of gears, shafts and bear­
ings. Each gear is completely sealed on 
shipping tray with plastic cover . . . always 
'factory fresh" and free of dust, corro­
sion and scratches.
APPCO Precision Gears are engineered 
and manufactured to allow for accurate 
assembly of precision units . . . held to 

tolerances that assure precise fits to 
standard instrument bearings, shafting, 

Mik etc., according to accepted industry
1 practice and A.G.M.A. specifica-
J fions. For complete technical data 
/ and catalog write to Atlas Preci-

■r sion Products Co., Castor and
Kensington Aves, Phila. 24, Pa.

CIRCLE 187 ON READER-SERVICE CARD



NEW LITERATURE
Miniature Transformers 1 88

A 24-page catalog describes line of 
miniature, subminiature, transistor, Mil 
T-27A, and industrial transformers 
Features new transistor transformers in 
eluding de to de converters, silicon rec­
tifier-power units, and driver, input, 
output, and chopper transformers. Mr 
Harold Edelstein, .Microtrim Co., Inc 
145 E. Mineola Ave., Vidlev Stream, 
N.Y.

Assembly Kit 189
TDS 1110-1, a 16-page catalog. pro­

vides complete features and specifica­
tions on all Sei\.oboard electro-mechani­
cal assembly components. Includes 
mounting components, component hang­
ers, component clamps, bearing hangers, 
shaft components, gears, service units, 
limit stops, switch assemblies and 
clutches, and differentials. Servo Corpo­
ration ol America, 20-20 Jericho Turn­
pike, New Hyde Park, N.Y.

Metal Cabinets 90 (

Features, description, and prie» d 1 
modular and mobile consoles chartt I n j' 
4-page color folder. Protection ag. no * 
shook and x ibration plus efficient ven il 1 
tion lor (‘lectronic instrumentation n ] 
vided by rack consoles w hich coni on i ! ^1 

BETMA and MIL Specs. Eseo Engin u 
ing ( <> PO Box IS1 Broadx iew II

Capacitors 191

Three-color folder describes line ol I 
Menco Dur-Mica Capacitors and ii. 
chides data on DM15. the smallest ink 
capacitor in the world, ideal for extnie 
miniaturization: others designed for mil 
ialine designs and printed circuit wiring 
Detailed specifications included. ‘Im 
to El Menco tor Dur-Mica ( apaiilm 
with a I ong Future,’ Bchabilitv Stmfv 
of Silvered Mica (Capacitors and Dt 
bugging Assures Greatest Dependahilit 
. . . Longest Life, all from Electr 
Motive Mfg. Co., \\ illimantic. (Conn.

WC €
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HOW— 48"56 Gauge Wire Coils 
built to YOUR specifications

Whatever your application—from hearing aids to missile sys­
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need . . . built to your specifications for precision and 
accuracy.

Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components.

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right avv’ay.

CIRCLE 192 ON READER-SERVICE CARD
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Imre on instruments and instru- 
lion systems, ‘Measurements and 
•Is . is a 4-page, 2-color illustrated 
ition which highlights Gemiitc 
nt nts lor shock, vibration, pres 
inertial control, temperature and 
devices for use as single com- 

ts or in complete systems. Sales
Gulton Instrumentation Div., 

ii Industries, Inc, 212 Durham 
Metuchen, N.J.
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Wc eguide Chart 194
omplete ‘Reference Table ol Rigid 

II mgular Waveguide Data and hit 
tn,_ covers waveguide sizes from 
WHIR to W R23OO and cross references 
II Mode Frequency Range; EIA 

|\\ guide Code Designations; JAN 
Waveguide (.Ode Designations; Inner 
ai Outer Waveguide Dimensions with 
In|t rances- MIL Flange ('ode Designa­
tions and Military Standard Flange 
liaw mg numbers. Microwave Develop- 

■m nt Laboratories, Inc., 92 Bro,id St., 
Babson Park 57, Mass.

Batteries 195
Use, design and construction ol firms 

standard line ol PlastiCell lead-antimony 
grid batteries for all stationary battery 
applications covered in 12-page bulletin, 
CP-532. Complete cell data on line from 
10 to 1650 ampere hour ratings; curves 
on discharge characteristics included. 
C&D Batteries, Inc.. Conshohocken, Pa.

Retaining Rings 196
\I1 currently available \\ aides I marc 

retaining rings are described and illus­
trated in a 24-page catalog No. BR 10-58. 
Material covered includes “Selector 
Guides ' to company s 20 standard ring 
series and 30 representative “special 
rings" designed lor individual customer 
requirements. Purpose and advantages 
are detailed lor each ring scries, which 
arc organized according to function: 
axial assembly , radial assembly , cud-play 
take up, and self-locking types. Iman 

I 'ethnical Service, W aides Kohinoor. 
Inc., 47-16 Vestel Place. Long Island 
City L N.Y.

HARNESS STRAP
needs !

one reliable source for all your
clip, block and

ADEL offers the widest variety of LINE 
SUPPORTS in the World ... 19,000 different 
types and sizes for safe, vibration free, 
positive support in all types of aircraft, 
missiles, rockets, ordnance, automotive and 
original equipment of all kinds.
SAFETY ... FLEXIBILITY . . . DURABILITY ...
ECONOMY . . . SERVICE FITTED .. . SERVICE 
TESTED ... SERVICE APPROVED
Illustrated are but a few of the World s most 
complete line of Line Supports that meet 
or exceed all applicable specifications and 
or requirements. Whatever the applicat-on - 
STANDARDIZE ON ADEL - the leader in 
completeness of line, service and reliability.

PRECISION 
PRODUCTS

SPECIFICATIONS ARE AVAILABLE TO AIRCRAFT, 
MISSILE AND ORIGINAL EQUIPMENT MANUFAC­
TURERS . . . WHAT ARE YOUR REQUIREMENTS ?

Direct inquiries to Huntington Division 
1444 Washington Ave., Huntington 4, W. Virginia 
DISTRICT OFFICES: Burbank • Mineola
Dayton • Wichita • Dallas • Toronto
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MINIATURE, STANDARD and DOUBLE SIZES!

MINIATURE RECORDERS
Square Model 85, in flush 
mount, weighs 16 lbs and is 
5% square x 12%' deep. 
Slim models E6 (portable) and 
87 (flush) save half the width 
of standard recorders . . . 
measure 3%' x 7Vs x 8% 
and weigh only 9 lbs.

CURTISS -WRIGHT

STANDARC RECORDERS
Model 81 (portable) ond 82 
(flush) are also available for 
wall and projection mounting 
. . . take up to 3 channels. 
Weigh only 19 lbs. and meas­
ure 7’/j" x 9,3/i4" x 77s'.

PRECISION RECTILINEAR

DOUBLE SIZE RECORDERS
Models 83 (portable) and 84 
(flush) take up to 6 channels. 
Wall and projection mount­
ing available. Chart width 
is 9/2 . Measure 12% x 
9'^1* x 8%' and weigh 
only 26 lbs.

STRIP CHART RECORDERS
Made under licensing agreements with one of Germany's leading in­
strument manufacturers . . . combine accuracy with ruggedness.

Important features: Rectilinear Recording with patented linkage 
that translates angular meter motion into proportional straight line 
• Ink less and Ink Recording in One Unit • Three-Speed Transmis­
sion plus 60:1 Speed Change from hours to minutes; provides six 
interchangeable speeds in all • I Co Accuracy for moving coil move­
ment • Shock-proof movement . . . splash and dustproof steel cases.

AC, DC, power and combination movements; wide choice of ranges 
and chart drives. Write for full information.

ELECTRONICS DIVISION

CURHSS-WHIGHT
CORFORATION • CARLSTADT. N. J.
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II here reliability is critical...

Chemelec
STAND-OFF and FEED-THRU INSULATORS

Compression-Mounted Type

Metal-Bose Type

Patented Metal-Base Type

Simple to install, resistant to heat and break­
age, and — above all — reliable under anv eon- 
dirions. Chemelec Stand-Oil' and Feed-Thru 
Insulators are the obvious choice in missile guid­
ance, lire control, tracking, and radar systems , . . 
nearly all critical electronic circuits. DuPont 
Teflon! — unmatched for electronic applications 
—is used as the insulator body. Teflon has ex­
ceptional dielectric properties, is chemically inert, 
resists heat to extreme temperatures, won’t break 
under severest shock or vibration. \nd, Chemelec 
Compression-Mounted Stand-Off and Feed-T hru 
Insulators are designed for easy installation. 5 ou 
simply press them into pre-drilled holes; they 
become self-fastening, requiring no additional 
hardware for adjustment. \vailable in compres­
sion-mounted, metal-base, miniature and sub­
miniature types . . . standard R.M.A. colors with 
a wide range of sizes and terminal designs.

For further information, write for Catalog 
EC-358. Fluorocarbon Products, Ine., division of 
I nited States Gasket Co., Camden 1, New Jersey.

Chemelec connectors
—Teflon Insulated for Outstanding High Frequency Service

♦Registered Trademark fDuPont Trademark

Chemelec Teflon-insula ted male and fe­
male connectors are used mainly as break­
away connectors . . . plug-in crystal diodes, 
plug-in coils and forms, test prot»es. Once 
compressed into chassis holes, the connec­
tors need no further adjustment or hard­
ware. Chemelec Connectors have all the 
line Teflon characteristics, and are avail­
able in the .040. .050, and .061 pin size. 
Female connectors are also available in the 
.080 size.
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NEW LITERATURE
Counter-Controller 2ÜO

plavs. Michelson-Peters Control i|S 
plavs. 15537 Ventura Blvd.. Eie 
( Jalif.

Series 320 instruments described in
illustrated l-page folder are designed 
tor coil winding, motor speed control, 
shearing to length, batching, packaging, 
and stacking by number. Computer 
Measurements (’orp.. 552S \ ineland 
Avenue., N. Hollywood, (’alii.

Power Resistor 201
One-page bulletin 153 describes re­

sistors having a silicone-ceramic mate­
rial molded around them. Ihe resis­
tors are uniform, moisture-proof, have 
high insulation resistance and other ad 
vantages. Ohmite Mfg. ( o.. 3699 How 
ard St.. Skokie. III.

Control-Display Layout Kits 202
Booklet cont.mis descriptive inform.i 

tion, free samples, and instructions on 
how to use special plastic laminated 
pictorials ol standard controls and dis-

Nuts 203
A new catalog describing Stn »pit 

Bierce \ut I’mts for staking Fabri o 
nuts into sheet metal lor assembly pin« 
production is now available. Oper.Jioi 
and specifications ol tho press-actiml. 
Type "(.I) and Bl. I nits for short 
medium and long runs ol nut inserlim, 
are billv covered in the catalog. \\ , h 
Strippit. Inc.. 223 S. Buell Boad. Akmi 
\ Y

Polarized Relays 204
Control Applications lor Bolan/« 

Belays.’ bulletin F 7279, is an S-pag 
bulletin packed with wiring diagram' 
photographs, and applications which h.i 

suggest an answer to your control in 
emtrv problems. Barber-Colman ( 
Electrical Components Div.. Kocklon 
III.

Sol

new

transistorized 
power 
supplyModel 62 121

the reliability
you've been waiting for!

This latest Dressen Barnes power supply is fully transistorized, functioning 
without vacuum tubes or magnetic amplifiers Its circuitry provides superb 
regulation, and a high degree of freedom from spikes and transients. Unit 
is short circuit proof, and the output is double fused to protect the tran 
sistors against damage.
TOP COOLING EFFICIENCY - the forced air cooling system intake is located 
on the panel, where it draws an air supply more than adequate to cool the 
transistors.
NO DERATING for continuous operation - the output range is 0.5 36 VDC at 
15 amps, with full current available down to 0.5 volts. Extremely low ripple 
. . all components conservatively rated for long, trouble-free operation 
Sold under a one year guarantee and competitively priced, this power supply 
offers outstanding value Write for Bulletin on Model 62-121.

•patent applied fur

DRESSEN-BARNES CORP. • 250 North Vinedo Avenue, Pasadena. Calif.
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chro Data Charts 206
rtinent data from the new Specifica- 
MIL-S-20708 and the SAE Specifi-

>ii \K P-461 arc presented on a wall 
t Standardized definitions and con 
ion data will simplify the task of 
hro manufacturers and users. Theta 
iiimcnt ( orp.. IS Pine St.. East Pat 
>>n. X.J.

miniature tube sockets Catalog 158, Sec­
tion I. on Solder Terminals from: Mr. 
Richard II Sceery, VP Sales, Alpine 
Electronic ( omponents. Inc., Waterbury, 
('onn.

Phase Shifter 209

-Filled Potentiometers 207

204
>ku i/t
S-pug 

agraiih 
¡til UM 
rol cii 
h ( h 

icklon!

liree liquid-filled potentiometers 
produced supply the subject matter

Data Sheet 1482. a seven-page tech- 
,il summary. Ml working parts of the 

vv product arc sealed in a bath of oil 
uch cushions the unit against shock 

I vibration. Helipot Technical Infor 
ition Serv ice. Fullerton, Calif.

\pplication ol line of passively con­
structed phase generators detailed in 
S-page bulletin. Devices are used to 
measure phase shilt with 30 minute ac­
curacy. provide reference voltage* to 
demodulator and modulator circuits. 
Theta Instrument ( 'orp.. 18 Pim* St.. E. 
Paterson, X.J.

Solder Terminals 208
\ 14-page catalog features specifica- 

<>n drawings, Information on line of 
"Ider terminals and three new terminals

• signed for molding into plastic head-
is lor use with printed circuits or with

Stepping Motors 210
Bulletin 958SM2 describes new Serif's 2 

Syncramentai stepping motors which 
convert digital information to analogous 
shaft displacements and may be used to 
rotate counters, potentiometers, rotary 
sw itches, tape advance, and various con­
trol mechanisms. (7 H. Leland, Inc., 123 
Webster St., Day ton 2. Ohio.

when only bes‘
is good enough
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WITH

INSTANTANEOUS

RESET

ACCURATELY 

REPEATABLE 

TIMING

HEINEMANN’S

NEW

TRANSISTORIZED

TIME-DELAY RELAY

If your products call for reliable, accurately repeatable timing or 
sequencing . . . and if cost is a consideration (when isn't it?), then have 
a look at the new Heinemann Trans-O-Netic* Time-Delay Relay.

Built around a transistorized control circuit, this new type of relay 
offers exceptional performance capabilities at a surprisingly low cost. 
Time delay is adjustable from 0.5 to 30 seconds, with repeatability at 
any set delay better than ±5%. Reset is instantaneous. These three 
features, alone, place the Trans-O-Netic way out in front of the field.

But there’s more. The relay is inherently stable, so that there is only 
a negligible temperature effect on time delay over a tested operating 
range of 32' to 130°F. Single-pole, double-throw switching is fast and 
clean; wiping action assures long contact life. The entire unit is 
enclosed in a phenolic case to protect it from dust and dirt.

More information? Certainly. Send for Bulletin 5300; it gives per­
tinent details and specifications.

HEINEMANN ELECTRIC COMPANY 156 Plum Street, Trenton 2, N. J.
♦Trans-O-Netic is a trade name of the Heinemann Electric Company. s.a. t«az
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Where only the best is good enough 
. . . you 'll see

electronic instruments
In basic electronic instruments for lab or test work, less than the 
best may be a dangerously bad bargain. Unexpected limitations — 
of reliability, range, precision — can throw out weeks of work on 
today’s jobs, and can make tomorrow’s tougher jobs untouchable. 
The best instrument of its type is probably a bit more expensive, 
but it's worth buying . . . because you can believe in it today, and 
will rely on it tomorrow. An example is the Krohn-Hite Model 
440-A wide range push-button oscillator illustrated here.
Exactly because K-H instruments are good enough even for tomor­
row’s most critical work, they are increasingly chosen today where 
true reliability and precision are needed.
Oscillators— .001 cps to 100 kc, less than 0.1 G distortion, push­
button setting, sine wave and square wave outputs.
Power Supplies — to 600 volts de, regulation .001% from zero 
current to 1 ampere, noise less than 100 ^v, internal impedance 0.1 
ohm to 100 kc.
Power Amplifiers — 50 watts RC coupled from 20 cps to 20 kc 
with 0.005% distortion; 10 watts direct coupled from de to 1 me, 
with less than 0.1% drift per hour.
Tunable Electronic Filters — variable from .01 cps to 200 kc, band 
pass, band rejection and servo types.

Write for your free copy of the new Krohn-Hite Catalog

Krohn-Hite corporation
580 Massachusetts Avenue. 

Cambridge 39, Mass. 
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NEW LITERATURE
Compression Molding 214

Design and manufacturing facilities 
for custom compression molding pre­
cision plastic parts from all thermoset­
ting materials for use in electrical, elec 
tronic, nu'dical and general industrial 
applications illustrated in two color, four 
page folder. Delta Plastics Co.. Creek 
Hoad, Bellmawr, N.J.

sions ol aluminum foil or sheet for u 
in strip-wound electrical coils. The ri 
provides a ready means ol converti 
from standard wire sizes in copper 
aluminum to an equivalent aluminu । 
strip conductor. Aluminum Co. of Vm 
ica, 1501 Alcoa Bldg.. Pittsburgh 19, I

Swedged Washers 217

Solenoid Actuator 215
Two color data sheet describes line ol 

solenoid controlled actuator package's. 
Presentk being used in the missile field, 
these packages are available' for manv 
hydraulic and pneumatic applications. 
Pertinent specifications are listed for the* 
Model 106-2 on the reverse side ol the 
sheet. W aldorf Instrument ( o.. Hunting- 
ton Station, N.Y.

Manufacturers of electrical appliance 
and electronic components may request i 
list of the size's of sw edged or upset 
washers for which special tools are avail­
able. W ilmington Fibre Specialty C 
New ( <istle, Del.

Fans 218

Conductor Slide Rule 216

Catalog sheet illustrates and describes 
saucer shaped fan for cooling elec­

tronic console' eepiipment. Unit features 
an electrical driving motor built into the* 
propeller hub reducing the axial length 
of the' fan to more than the tliiekness of

Handy logarithmic conductor slide 
rule designed to aid selection ol dimcn-

the propeller Catalog #50109-1 from 
Rotron Manufacturing Co., Schoon­
maker Lane', W oodstoek, N.Y.

vi !< 
th >11 
100 
M.d 
listi 
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P.-rl 
ol I 
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( hi

MANUFACTURERS of 
MESA 
TRANSISTORS
NEED
EVAPORATION MASKS

is the MAJOR PRODUCER
for the answer to your need

Buckbee Mears Company also manufac 
tores etched forms and electroforms of un­
usual accuracy—items used in electronic tubes, 
shaver heads, numerical indicator tubes, color 
television masks. Perhaps a component for 
your product could be made better and more 
economically by this process. We will gladly 
quote from your specifications.

For complete information call or write. . .

BUCKBEE • MEARS CO.
Toni Building • St. Paul 1, Minn. 

CA 7-6371
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tractive tbree-color booklet "Mag- 
in in the Electronics Industry’ de- 
s the use of magnesium in air- 

and air-transportable electronic 
nm nt. The 20-page brochure dis- 
s properties ol magnesium that 

। it useful and shows pictorially 
re magnesium is being used in dec­
ks today. Public Relations Dept..
Dow Chemical Co.. Midland. Mich.

nsformers 221

The "Calculaide Frequency Compu­
ter" correlates, in one setting. the natural 
frequency and wave length ol a circuit 
comprising a coil and condenser with 
the physical dimensions of the coil and 
the capacity of the condenser. Induct­
ance values can be determined for widely 
varying physical dimensions of coils. 
Produced Irom \ iny lite plastic, all mark­
ings are heat-sealed into the body of the 
plastic itself, it costs $4.95.

American Hydromath Corp., 42-17 
Hunter St.. Dept. ED. Long Island City

italog (.T8-58 carries detailed listings
>v er 150 stock transformers. It pro- 

v les electrical and physical specifica- 
t is on military standard. MIL-T-27A 
4 il cycle and many other hermetically 

st led transformers. There art1 extensive 
I nigs of commercial grade "Sealed-in 
S' I audio and power tiausformers lor 
h iisistor. public address, comrmmiea 
ti ns ami other industrial applications. 
l'< ilormauce curves arc shown for main 

■I the units. Chicago Standard Trans- 
|t iner (.orp.. 3501 West \ddison St..

High Temperature Wire 222
Eight-page technical bulletin on "Cera- 

matemp, describes features, application 
and handling characteristics, and me­
chanical and electrical properties of this 
ready-to-use flexible, ceramic-type in­
sulated w ire rated for continuous opera­
tion at 1000 F. (.’harts and graphs in­
cluded. Director of Technical Service 
Hitemp Wires. hie., 12000 Shames Drive,

New! New!

SOLID STATE ELECTRONIC
CHOPPERS

TRANSISTORIZED

A^odel: 
Type:

50 60
Germanium Germanium

70 
Silicon

Temperature Range: 55 C, to 4 85 C 55 C to +90 C - 55° C to 
^130° C

Sq. Wave Drive Volt.: 1 to lOv p-p 1 tc 15 v. p-p 5 to 20 v. p-p
DC Input Voltage. 200uv to 12 v 25nv to 15 v 300uv to 20 v
Chopping Freq.: DC to 20 keps DC to 25 keps DC to 40 keps
Alpha Cutoff Freq.: 900 kilocycles One megacycle 5 megacycles
Temperature Drift: .04% per °C .02 % per C .03% per C
Random Noise: 25uv rms lOuv rms 50pv rms
Weight: 3 grams 1 gram 2 grams

SOLID STATE ELECTRONICS CO.
8158 ORION AVE. • VAN NUYS, CALIF. STATE 2-6059
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bushing mount, with bearings

have the best-value miniature

data file C22.

85

cps 
30G’s, 

meeting 
NAS 710 
proc. Ill

Helipot Division of / 
Beckman Instruments, Inc. 
Fullerton, California 
Engineering representatives 
in 28 cities

5OG s 
meeting 
MIL-R-19; 
exceeding 
NAS 710 
proc. Ill

TheT 
takes 
lOOG’s, 
exceeding 
MIL-R-19

name
your
punish-
ment...
and you'll find the Helipot Series T

all-metal single-turn precision

potentiometer can take it!

Name your linearity, to ±0.20%...your

resistance, from 650 to 100,000

ohms...up to 5 ganged sections

The T 
takes 

-55° to 
+125°C, 
with 1.2 

watts 
at 40°C

and 9 taps per section...servo or

front and rear for perfect alignment.

Put them all together, in the T’s

new cup-type housing, and you’ll

you can design into your system!

For the full T-Pot Story, whistle for

Beckman/.. .
Helipot

potentiometers: dials ¡delay lines ¡expanded scale meters ¡rotating components; breadboard parts
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Patenti Pendino or applied for

86

Model 341
IK to 200K

Model 315 
10» to 50K

Model 318
W» to 50K 
(a 200 C

Export:
DAYSTROM INTERNATIONAL 
100 Empire Street
Newark 12, New Jersey 

ON READER-SERVICE CARD

In Canada:
DAYSTROM LTD 
•40 Caledonia Rd 
Toronto 10, Ontario

CIRCLE 225

Daystrom
Pacific

Potentiometers

Model 313
W» to 50K 
(a 200 C

RELIABILITY and FLEXIBILITY
in the optimum package

These new Daystrom Pacific products 
round out a complete line that offers to 
instrumentation, project, research and 
automation engineers the full benefits o 
reliability and flexibility.

With these additions, the Daystrom Pacific 
potentiometer line now includes more than 
32 basic models with over 252 variations, 
exclusive of resistance values. Basie models 
for military and industrial use include:

SQUARETRIMS
SUBMINIATURE MULTITURN POTENTIOMETERS
HIGH TEMPERATURE POTENTIOMETERS
GANGABLE POTENTIOMETERS
LO W-C(>ST. H IG H-PER FORM A N C E M U LT I POTS

I sers ot Daystrom Pacific products obtain 
the many benefits of a single source for all 
potentiometers. Among them is the 
convenience of an unusually effective and 
helpful field service and technical liaison 
organization.

f or further i ¡»formation contact the representative 
in your area or the factory direct.

Model 319
won to 50K

Model 308
10» to 50K

STROM PACIFIC
a dirtston of DA YXTHOM, INC 
'020 LINCOLN BOILKVARD

openings exist for highly 
qualified engineers



PATENTS
¿4/y.OPASf AMP

Crystal Controlled Transistor
Oscillator Systems
Patt nt Vo. 2,853,675. Raymond J. Kirch 
er. (Assigned to Hughes Aircraft ( ’o.)

Transistor oscillator output is ampli 
t ude-mod u la ted linearly by a control 
signal applied to a transiter amplifier cl 
fectivcly in shunt with the oscillator.

Transistor 14 and tank circuit 12 com­
prise a Hartley oscillator which is fre- 
quency stabilized by crystal 11 in the 
feedback network. The collector and

base of tiansistor 50 are connected in 

shunt with tht1 oscillator tank since cu 
pacitor 57 is a low reactance at oscillator 
frequency. Henee a control signal ap­
plied to terminals 57 w ill cause transistor 
50 to draw additional current through 
the tank to increase the amplitude at tht 
output. W hen maximum linear output 
voltage is desired, the oscillator tian 
sistor II would be biased for the lowest 
emitter current .it w hich the oscillatm 
is stable

EL!
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Fr quency Control System
nt Vo. 2,848,61). George 11. Rot hi i 

nJ Joseph E. Shi trek Jr. (Assigned Id 
Hnlro Corp.'

I here exists a tendency lot the local 
illator afc circuit ol a turntable r.idar 
lock on the second harmonic of one 
I ot the desired difference frequency 

aid thereby self-jam the receiver. \ de- 
mr-amplifier circuit has been designed 
m.ike the ale amplifier insensitive to

this midesired frequency.
\s shown in the diagram, network 40, 

tuned to the rejection frequency, is con­
nected to the afc detector. The* signal 
dev eloped in network 40 is amplified and 
notified in network 42 to reduce the gain 
of the bandpass amplifier at this fre­

quency. Sweep generator 36 will con­
tinue to tunc the local oscillator (source 
II until the desired frequency difference 
with sources I is obtained.

FROM JUST ONE HEAD. ..TO A COMPLETE

Z 
m
zDYNAMIC GROWTH IN____ 

MAGNETIC TAPE RECORDING 
HEAD PRODUCTION

W 
H
N

A dependable source serving the 
industry with precision quality 
magnetic heads created individually 
to your exact specifications and 
quantity requirements. Let our design 
engineers and production people 
solve your tape recording head 
problems . . . write, wire or call 
for details.

m
a œ

MICHIGAN MAGNETICS, INC.
Vermontville, Michigan 

EXPORT DIV., MORHAN EXPORTING CORP., NEW YORK CITY
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ENGINEERS... PHYSICISTS 

NEW opportunities at 
Motorola in Chicago

give yourself and your family 
all the big city advantages at a 
relaxed midwest pace, while you

ADVANCE YOUR CAREER

Outstanding career opportunities are 
waiting at the many Motorola research 
and development laboratories in the 
Chicago area. This is your opportunity 
to advance your career with a swiftly 
expanding company, working in the most 
modern and well instrumented labora­
tories . . . with liberal employee benefits, 
including an attractive profit sharing 
plan and association with men of the 
highest technical competence.

You'll like living in one of the beautiful 
suburbs of the playground of the mid­
west, where there are endless social, 
cultural, and educational activities to 
choose from the year-round. Exciting life 
or quiet life — Chicago offers either.

.U 
_T 
31

MILITARY
POSITIONS OPEN

• Radar transmitters and receivers
• Radar circuit design
• Antenna design
• Electronic countermeasure systems
• Military communications equipment 

design
• Pulse circuit design
• IF strip design
• Device using kylstron, traveling wave 

tube and backward wave oscillator
• Display and storage devices

CIVILIAN
POSITIONS OPEN

2 WAY RADIO COMMUNICATIONS
• VHF & UHF Receiver • Transmitter 
design & development • Power supply 
• Systems Engineering • Selective 
Signaling • Transistor Applications • 
Crystal Engineering • Sales Engineers
PORTABLE COMMUNICATIONS
• Design of VHF & UHF FM Commu­
nications in portable or subminiature 
development.
MICROWAVE FIELD ENGINEERS

Write to:
Mr. L. B. Wrenn Dept. B 
MOTOROLA, INC.
4501 Augusta Blvd., Chicago 51, III.

ALSO . . . there are excellent opportunities in
PHOENIX, ARIZONA • RIVERSIDE, CALIFORNIA

' MOTOROLA

CIRCLE 899 ON READER-SERVICE CARD
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PIV-up to 9OOv

ONE AMP 
AT ONE VOLT

FORWARD !

IC

u.s. semcor medium power. . .

AXIAL LEAD RECTIFIER
with single DIFFUSED silicon junction

PEAK PERFORMANCE WITH
AXIAL LEAD MOUNTING VERSATILITY

U. S. Semcor now offers outstanding new advantages in high 
rectifier efficiency in a sub-miniature package, and the widest PIV 
range — 50V to 000V — with a single diffused junction. These axial 
lead diodes provide extremely high forward conduction combined 
with an absolute minimum saturation current, ideal where low back 
current is required. For complete data write for Catalog DJR-401.

NEW STREAMLINED CONFIGURATION
.250". x .250" case size and elimination of top hat flange, 

allows more compact placement.

AXIAL LEADS—permit automatic machine in­
sertion, for point to point-printed board wiring. 

MOUNTING FLEXIBILITY—can be positioned in 
any attitude without impeding performance 
STAINLESS STEEL CASE-rugged, all welded 

construction, gives permanent corrosion 
resistance, protection from radiation effects.

HIGH FORWAkl CONDUCTANCE-one amp at 
one volt forward, with maximum forward 

current to back current ratio.
RELIABILITY is inherent in the design, to 
meet the most severe environmental tests. 

CHARACTERISTICS— in any combination to fill 
your standard or special applications for 

high back resistance, quick recovery, high 
conductance and high temperature operation.

Single 
Diffused 
Junction

Provides matched 
coefficients of 
expansion of internal 
lead wire and diode 
case, prohibits 
separation even under 
extreme shock.

us SEMCOR U.S. »«MICONDUCTOR PRODUCT*. IN

For a call from our nearent Field Engineer int» Representative — or for complete 
technical data — write or wirv today to Sale» Engineering IXepartment.
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Amplitude Modulation Limiting Circuit 
Patent No. 2.848,609. Clyde I. Biithrofj 
(Assigned Io Bell Telephone Laborato­
ries, Ine.)

Self-cancellation is prov ided hn um 
plitude modulated noise which is im 
pressed on a ireqnencv modulated sig 
nal. For a carrier frequency of one mc. 
the a-m is suppressed 15 db whereas tin 
carrier signal loss is onlv 7 db. The at 
tenuation of the a-m sideband may be 
increased bv using similar networks in 
cascade.

The operation of the circuit is as fol­

lows; A carrier and its sidebands applied 
to mesh I will flow in mesh 2 through 
resistor 14. W hen the signal amplitude 
exceeds the bias level of the diodes, each 
diode demodulates one half cycle ol tlu*  
signal. I llis produces a baseband cur­
rent. whose hcqnencv is the difference 
between the frequencies of the side­
bands and th<*  carrier 1 his baseband 
current flows through resistor 14 and 
beats with the caniei to produce a new 
pair of modulated sidebands. I lie new 
sidebands in mesh 2 How in opposition to 
t he original a-m sidebands. Bv proper sc

KAY

NEW!

tmrVari-Vw 
SPEEDS SPEECH 

TO TWICE NORMAL RATE 
or SLOWS SPEECH 

TO ONE-THIRD NORMAL RATE

> 
« 
*

► « «

Catalog No. 615-A
and Still Retains Intelligibility

~doubles~i nform ation transmitted
FOR SAME TIME AND BANDWIDTH

The Kay Vari-Vox is a speech-time txm- 
pressor and expander. During expansion or 
compression, it repeats or discards parts ol 
audio signals such as vowels, consonants, 
pauses in speech and retransmits tl>< com­
plex signal so that complete intelligibility 
is retained.

Intelligence fed into the Vuri-Vor may be 
speeded up and then compressed, or slowed 
down and then expanded by a known 
factor to restore the original meaning. 
Information fed into the \ uri-\'ox may l»< 
transmitted at IS different speeds between 
twice thi original rati' down to one-third 
the original rate. The degree of compres­
sion or expansion versus the speed of the 
input recording determines intelligibility.

Vari-Ite
Compression

• Speed up Data Read-out • Cut Monitoring 
Time and Tape Storage • Faster Analysis of 
Complex Signals • Reduce Time, Material & 
Storage in Talking Books or Speech Records 
• Increase Information Rate for Signal 
Monitoring • Frequency Division of Read­
out Signal.

Write for New Kay Catalog

VITLIC vnoxs

SPECIFICATIONS
Frequency Response: 500--,.uno t-ps

2.0 db i max i.
Input Impedance: Gnu ohm .
Input Signal Recommended: n.2 V rn - 
Sensitivity : ,o. 1 o V rms fm- full-scale «m- 

eration.
Output Impedance: Oto ohms
Output Signal: 0.20 V rms.
Information Rate: Compression up to 

times normal rate in 9 steps.
Expansion down to one-third normal 
rate in 9 steps.

Recording Indicator: Standard V I’ 
Meter.

Power Supply : Self-contained
Power Requirements: 100 watts. 117 V 

t + 10', i, 50-00 cps ac.
Dimensions: 10'/' x 19” x 9" rack pam 
Weight: 45 lbs.
Price: *1.495.00. f.o.b. factory.

I Adil 10'. for export.
I partial list )

Expansion
• Better Interpretation of Foreign Language 
Monitoring • Stenographic Transcription of 
"Difficult" Subject Matter • Phonetics and 
Voice Studies • Foreign Language Studies • 
Greater Intelligibility in the Presence ot 
Noise • Frequency Multiplication of Read­
out Siqnal.

See us at the IRE Show 
Booths 2608-09 and 3025-26 J

KAY ELECTRIC COMPANY
Dept. ED-2 Maple Avenue Pine Brook, N. J. CApital 6-4000

ele t
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oi resistors 13 and 14, complete 
I Ukhi of the a-m noise may be 
cd.
Hire complete analysis of the cir 

given in the inventors paper 
it ide Modulation Suppression in 

. steins, BSTJ vol 38, July 1958.

letic Core Logical Device
J Vo. 2,855,586. Edgar A. Brou n 

in tl Io International Business Ma
G \ Corp.)

ingle toroid magnetic core operates 
r as a storage element or .is an Ex- 
r Or logical sw itching device. The 

will switch from one or two stable 
iient II ix states in response to non- 
irrent auxiliary signals.

ie remanent state of core 5 is se-
<1 bv the polarity ol the signal ap- 

|o \X hiding 7. A change in the net 
>f the core induces a pulse in output 

ling 9 Auxiliary windings ! 3 and 15 
equal turns wound in opposite di- 

iohs through holes II and are sepa- 
‘ Iv < apable of changing the sense of 

u inamait flux in the core when the 

atoilarv winding is connected to battery 
16. However, w hen both auxiliary wind­
ings are operated simultaneously, the 
fluxes cancel and the state of the core is 
unchanged.

BEN-HAR "TEFLON” GLASS'-fibers 
are Teflon coated before braiding 
for unique non slip action. Knots 
hold. No heat shrinkage. Chemically 
inert Flame-proof Non-absorbent 
Color fast Practically indestructible

mensional stability and heat resist­
ance. Available plain, waxed, or 
synthetic rubber treated.
BEN-HAR NYLON—meets Gov. Specs. 
MIL-T-713A. Flat braided nylon 
available in same finishes as above.

BENTLEY, HARRIS

WRITE FOR SAMPLES AND PRICES INSULATIONS

Bentley, Harris Manufacturing Co., 200 Barclay St., Conshohocken 3, Pa.
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Tei.OOO5% per °C

- 65 C to +2OOC

u. s. semcor temperature compensated

REFERENCE ELEMENT
superior in performance to 1N43O Series

TRIRL.K DIFFUSED WAFER TECHNIQUE 

NETS SMALLEST PACKAGE YBT1

U. S. Semcor’s completely new design 
Axial Lead Reference Element has 

achieved performance heretofore unob­
tainable for use in computers, 

measuring instruments and controls— 
wherevwr a reference voltage is desired 
H-H-H combines single diffused silicon 

junction advantages with a unique newly 
deve’oped triple wafer sandwiching 

method dHHF provides matched coeffi 
cients of expansion of internal lead wire 

and diode case, prohibits separation even 
under extreme snock ♦HHF results in an 

impressive .0005% per °C temperature 
coefficient -KHM- over an operating range 
of - -65’C to +200°C — 50 decrees higher 

than other available devic 
diminutive 1" long x %" O.D. package size 
with axial leads dHOF rated at 8.9 to 9.5 

volts it 10 milliamps Z, = 15 ohm* »HH* 
non-position sensitive for most compact 

placement -M«- both axial lead and 
lug terminal styles currently available.

ACTUAL

.250

ONLY

INCHES

For a call from our

SIZE

DIA.

ncartit
roeentatiue—-or for compute 
today io Salon Engineering

.290"

LONG

INC.us SEMCOR U.S. • SMICONDUCTOR PRODUCTS.

353« WEST OSBORN RO AO • RHOENIM, ARIZ

Over 55.000 square feet of mod* m dust-proof. 
facilitMs devoted exclusively to the research, d 
and product) n of electronic devices.
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Successful Vanguard equipped 
with Union miniature relays
March 17. 1958 I nion Switch & Sig­
nal 6 PDl miniature relays functioned 
perfectly in the separation controls 
between the first and second, and the 
second and third stages ... in the first 
stage propulsion unit . . . and in the 
third stage spin control assembly of 
the satellite-bearing Vanguard.

Ihe Martin Company, builders of 
the Vanguard, chose these outstand­
ing relays for their reliability . . . for 

their simple, rotary design . . . and 
tor the expert quality control asso­
ciated with the established leader in 
electrical relay design—Union Switch 
& Signal.

I he 6 PDT relay used in the Van­
guard is just one of a complete line ot 
dependable relays designed by Union 
Switch & Signal—"Pioneers in Push- 
Button Science.” Write today for 
complete technical information.

C/ìoneetó in, (StAh-(Sutton, Science

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY --------

PITTSBURGH 18, PENNSYLVANIA 
CIRCLE 233 ON READER-SERVICE CARD



BOOKS

Logical Design of Electrical Circuits

R. A. Higonnet, R. A. Grea, McGrau- 
llill Book Co.. 330 H . 12 St., Xcu York 
36, XY. 220 pp, $10.00.

Boolean methods for analyzing relax. 
diode, and vacuum tube circuits .ire pre­
sented with particular emphasis on use 
in design of control circuits in h lephone 
dialing sy stems, automation sv stems, 
computers, and similar applications. This 
practic al guide explains Booh an algebra 
as a xital tool in circuit design and is 
written for engineers with no special 
background in svx itching circuits.

'I*he present-day circuit designer will 
find almost all fields covered: combina 
tional circuits (steady state1, sequential 
circuits treated by a modern, simpler 
method, and shunt-down circuits (inhibi­

tors). which arc I nllx described |( 
Boolean algebra. Helpful e xamples. । 1 
more* than 300 illustrations, arc pn 
\ ieled.

Handbook of Physics
Edited by E. C. Condon and Hugh (hl. 
shatv, McGrato-H ill Book ( o., 327 We 
list St.. \cu } ork >6, \ ).. 1504 pp 
$25.00.

( ,'omparable in He ahne nt and scope * 
handbooks serving othi r professions, th 
volume concenti sites on principles, leL । 
concepts, and ni.ithematic.il methods 
all branches of classical and moderi 
physics.

In addition, it serves as a check h 
better understanding of basii concept

Rc ii
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Large Capacity - High Vacuum
TWO-STAGE DUO-SEAL VACUUM PUMP

TWO-STAGE CONSTRUCTION WITH VENTED EXHAUST

VENTED-EXHAUST eliminates Condensed Vapor Problems
Patent Pending

No, 13?7-n

GUARANTEED VACUUM 
0 0001 mm Hg or 0 1 Micron

FREE AIR CAPACITY
375 Liters Per Minute

1397-B. DUO-SEAL VACUUM PUMP. Mo 
tor Driven. For 230 Volts. 60 Cycles. 
A.C. Each $645.00

1397-C. DUO-STAL VACUUM PUMP.. Mo­
tor Driven. For 230Volts, 60 Cycles. 
A.C. Each $645.00

★ Eliminates Traps or Oil Separators 

★ Reduces Number of Oil Changes 

★ Lessens Pumpdown Time

Ideal for backing-up 
Diffusion Pumps

1397-D. DUO-SEAL VACUUM PUMP. Mo­
tor Driven. For 115 Volts. D.C.

Each $749.00
A belt guard ia included with the 

mounted pumps.
1397. DUO-SEAL VACUUM PUMP. Un­

mounted. With pulley, but without 
motor, belt or base. Each $525.00

W. M. WELCH SCIENTIFIC COMPANY
DIVISION OF W. M WELCH MANUFACTURING COMPANY 

-----------------ESTABLISHED 1880 --------------
1515 Sedgwick Street, Dept ED, Chicago 10, Illinois, U. S. A
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Rc idom Vibration
" II Crandall Editor. I hi Technology 

sx of M.ET., Cambridge 39, Mass., 
3pp, $10.00.

\ timely collection of notes, this book 
ll< is ,i compact introduction to the field

« nginccis school«'«! in mechanical vi- 
ilion. New concepts required to extend 

i diiiarv vibration theory into the field 
I i mdom \ i brat ion arc covered. ( dirrent 

t tc of the art of designing and testing 
jiiipment, which must withstand ran- 
om vibration, is presented broadly.

Ordinary vibration theory is reviewed in 
.« form which facilitates the transition to 
random vibration. Treatment of basic 
concepts and background material in the 
first part is followed by six chapters ol 
specific material which d’scuss: the prob­
lem ol measuring random vibration, ex­
citation from jet engines and rocket 
motors, the philosophy of environment 
simulation and problems of designing 
simulation equipment, and mechanical 
design lor random loading.

Closed-Circuit Television Systems
Covt rnment Service Department of the 
1{( \ Service Company, Camden S, N.J., 
>/S pp. $1.50 postpaid

I he fundamentals and techniques of 
closed-circuit TV both black and w hit«’ 
ami color systems and the characteris­
tics and typical applications of various 
types of commercial equipment are ex­
plained.

Its supply of details will permit engi­
neers and planners to determine’ in ad­
vance the proper equipment and system 
arrangement to best serve specific per­
formance needs.

Unlimited Phasing with Extreme Compactness

RVG-10 y.

rvg-14 y.

RVG-I7XS 1 */u 
Sme-Cos.

unit on NEW Gamewell LARTester 
(’Linearity — Angle — Resolution — Tap location)

This special Gamewell Phasing Clamp design has two important 
extras: Extreme compactness and High Temjterature compatibility. 
Check these features . . .
• Only depth per section • Continuous service up to 150C avail­
able • Stainless steel clamps give unlimited phasing • Large number 
of tai», limited only by physical spacing • Exclusive Gamewell high 
unit pressure contacts give permanent, low resistance tap connection, 
no linearity distortion • Will withstand High "G” and operation 
under severe vibration • Three styles of mounting: Servo, Bushing 
and 3-hole • Available in ball or sleeve bearings, shafts as specified 
• Comes in models RL-270A-1 I5*"; RL-270A-2 and RL-27OA-3.

More information, prices and delivery available from Gamewell 
representatives or write: THI GAMIWILl COMPANY, Newton Upper 
Falls 64, Mass.

SPECIALI
Send for New Gomewell 
Catalog on complete line.

CIRCLE 135 ON READER-SERVICE CARD
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Union Indicators help 
Hazeltine radar-display unit 

identify aircraft
Ihe Ur fie box on the right side of the radar-display unit above warns of approach­
ing aircraft. Il l response is displayed by Alpha-Numerical Indicators, made by 
Union Switch & Signal. Hazeltine Corporation, I ittle Neck. N. Y., builders of 
this unit, chose Union Indicators for their supreme reliability, compact design, 
and tor the other features below:

/wo types of Data Display Indicators are made by Union Switch & Signal: 
Digital, displaying 10, 12, or 16 characters, and Alpha-Numerical, displaying up 
to 64.

Infinite Retentivity—Both indicators require power only during response time 
and retain data visually and electrically until a new code is transmitted.

Electrical and Visual Read-Out—Electrical read-out of data is provided in the 
same form as the input. Data can be read out on a continuous basis without 
erasing the stored information. Visibility of digital read-out is excellent, even 
when indicators are mounted in rows. Both indicators operate directly on binary 
codeson a null-seeking basis, eliminating need for external translation equipment.

Write today for complete information on indicators and other electronic equip­
ment manufactured by Union Switch & Signal.

SSorieM in (SuAh-(Sidtort Science"

PQ UNION SWITCH A SIGNAL
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —

PITTSBURGH 18, PENNSYLVANIA 
CIRCLE 236 ON READER-SERVICE CARD
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A SECOND
IS AN

where

microtime
manipulation

is at an
advanced state

of the art

CUSTOM AN s T A N D A R DD

DELAY
Control Electronics Co., Inc., is a leading designer and mass
producer of electromagnetic Delay Lines. A representative group 
is shown here with the available ranges of delays, bandwidths 
and impedances. Further information is readily available from 
our Engineering Dept.
BUILT TO MIL SPECS. FAST PROTOTYPE SERVICE... DELIVERY 1 TO 3 WEEKS

Distributed Constant
Delay Lines

Lumped Constant 
Delay Lines

CEC DISTRIBUTED CONSTANT DELAY 
LINE FEATURES
• Lowest cost — reliable performance
• Maximum delay to rise time ratios
• Maximum delay per cubic inch
• Delays to 30 secs.
• Impedances. 200 to 10,000 "
• Bandwidths to 20 mcs
• Linear phase shift

Multi tapped Lumped 
Constants available in 
many configurations

DELAYS TO 20,000 MICROSECONDS 
BANDWIDTHS to 500 MCS 

Zo FROM 50 TO 10,000 OHMS

Variable Delay Lines

Over 275 standard 
Lumped Constant Delay 

Lines available

System Delay Lines

Infinite, incremental or decade
variable delay 
any range of 
dances.

lines available in 
delays and impe Complete delay and pulse systems 

designed to your needs.

Specialists in Microtime

CONTROL ELECTRONICS CO., INC.
Ten Stepar Place, Huntington Station, New York

NOTE: Data Sheets on request
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BOOKS
Automation Systems
Engineering Publishers Division of the 
AC Book Co., Ine.. New York, 180 pp, 
$5.00

This book contains the proceedings ol 
the second EIA conference on automa­
tion systems for business and industry 
held this year. At the conference engi­
neers along with leaders in the fields of 
economics, education, labor, and social 
work took a critical look at automation 
as it exists today , and have attempted to 
evaluate it. Automation within the elec­
tronics industry and automation outside' 
the electronics indnstrv are examined.

Magnetic Recording Techniques
W. Earl Stewart, McGraw-Hill Book Co..
Inc., 330 West 42 nd Street, New York 
36. N. Y. 268 pp, $8.50.

Recording and reproducing processes, 
recording materials, the theory of ferro­
magnetism, recording mechanisms, and 
established standards are covered in this 

book. Design techniques are shown n 
the various elements of magnetic rcco 1 
ing systems and ways to obtain bet r 
performance in manv new fields ol 
plication. Included are definitions, tabi s 
derivations ot kev formulas, and practi• ,d 
test circuits.

Recording and reproducing hmetit us 
are discussed separately to help anal\/i 
the effect that each has on the recordi ig 
media and on the over-all performaia e. 
Sections are included on some ol tin 
lesser known types ol recording, such as 
boundary recording (computer mtwin 
work), the Factrol system (automation 
flux-sensitive heads (special applications', 
transistor circuits, and TV recording 
problems. In addition, new formulas art 
given for magnetic oxide coatings.

Physical Acoustics and the Properties of 
Solids
Warren P. Mason, D. Van Nosfrand 
Company, Ine. Princeton, NJ., 393 pp. 
$9.00

This introduction to the list's of wavt 
transmission in solids provides both engi­
neering applications and analy tical uses.
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Stability.. 4 PARTSIN 10 MILLION
WITH TRANSISTORIZED 

CRYSTAL CONTROL

Bliley Model
CCO-7

BLILEY ELECTRIC CO.
UNION STATION BUILDING 

ERIE, PENNSYLVANIA

A complete packaged assembly, the 
new Bliley CCO-7 oscillator is first 
in a series of transistorized plug in 
units for precision frequency con 
trol and reference.
Outstanding stability ot 4 x IO7. 
under adverse conditions, is as­
sured by such design features as 
glass sealed crystal units, print­
ed circuitry and built-in temper­
ature control. The entire unit 
is hermetically sealed.
For complete details request
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Logic Machines and Diagrams
Martin Gardner. MeGrau-IIill Book Go., 

f) H esl 42nd Street, Xeu York 36, X Y., 
2 lpp, $5.00

Ilie author here surveys the mcchani- 
(.il and electrical machines designed to 
solve problems in formal logic, and of 
geometrical methods for doing the same 
thing.

Much ol this material is published for 
the first time including an explanation of 
an original network diagram for solving 
problems in the propositional calculus; a 
popular exposition of the new binary 
method of handling the calculus; and in­
structions for making cardboard devices 
that quickly identify valid syllogisms or 
show the formal fallacies of invalid ones.

A Comprehensive Bibliography on 
Operations Research
Operations Research Group Case Insti­
tute of Technology, John Wiley C Sons. 
Inc., 440 Fourth Ave., New York 16, X.Y., 
188 pp, SO.50.

Extensive bibliography ol the Opera­
tions Research Society ol America con­
tains listings of references for all the ma­
terial published in operations research 
through December, 1957. Approximately 
3000 titles of articles, books, reports, 
proceedings and 40 specialized bibliog­
raphies are compiled. Alphabetic organi­
zation .»nd serial cross-referencing com­
prise most of the text, followed by 40 
special subject bibliographies.

MAKE NO MISTAKE.

1
1

...this New Universal Bridge is DIRECT READING 
on all 21 ranges. Results are obtained without 
calculation, the balance is sharp but easily 
found, the design is functional. Mistakes are 
almost impossible with Model 868A—a bridge you 
will enjoy using.

f
F

21 Ranges:
1 H to 100H. lw/,F to 100 F. O l ’tolOM .’. 
Dual Frequency, Ike & lOkc. 400 cps to order. 
Built-in Oscillator and tuned VTVM Detector. 
Variable Bridge Voltage, meter-monitored.

I M O~T R U IVI E M T 8 

111 CEDAR LANE • ENGLEWOOD, NEW JERSEY
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Do You Use Vacuum In This Range?
From millimeters to microns ... in this region the significant economy 
of the KINNEY KMB Mechanical Booster Pump is self-evident as 
shown by the performance curve above. And, this high efficiency is 
doubly attractive because these KINNEY Pumps provide clean, dry 
Vacuum ... no backstreaming . . . automatic operation ... no stalling 
problems from gas bursts.

KMB 1200 with free air displace­
ment of 1230 cfm. Other models 
provide pumping speeds from 
30 cfm to 5100 cfm.

Name------------------------------------------------------------—-----------

Company-------------------------------------------------------- —----------

Address---------- -------------------------------------------------------------
City_______________ -Zone State--------------------------
CIRCLE 240 ON READER-SERVICE CARD
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3561B WASHINGTON STREET . BOSTON 30 • MASS '

Please send me copy of Bulletin No. 3180.1 describing 
KINNEY KMB High Vacuum Pumps.

KINNEY MFG. DIVISION 
THE NEW YORK AIR BRAKE COMPANY

WRITE 
for Bulletin 
No. 3180.1 
It's FREE

MECHANICAL BOOSTER 

HIGH VACUUM PUMPS
The KINNEY KMB Pumps have proven 
themselves in the most difficult applica­
tions. They feature high pumping speed 
in the low micron range and their 
design provides for addition of inter­
stage cold traps with minimum plumb­
ing or other complications. Their per­
formance, even where outgassing of 
materials renders other pumps inoper­
ative, stamps them as the major contri­
bution of the decade in High Vacuum 
service.
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1763 North Broadway, Albany 1, New York See our catalog in Sweet’s Product Design File

QUICK-LOCK SPRING-LOCK DUAL-LOCK ROTO-LOCK LINK-LOCK HINGE-LOCK
CIRCLE 241 ON READER-SERVICE CARD
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the glow tubes. \ 300 v supply on the relaxatioi 
network provides a minimum period of abon’ 
one second with 1 id capacitors and 1 meg n 
sistors as the time constant elements.

The timing may he varied in fixed steps, or p 
can be made continuous by using potentiometers

Mark D. Bcdrossyan. Atlantic Electronics 
Labs., Asbury Park, N.J.

Radome designed and built by Long Sault 
Woodcraft Limited, St. Andrews East, Quebec, 
for the United States Air Force RADC.

Looking upward from the inside of the world’s largest 
stressed skin sandwich radome built of translucent fiberglass panels, 
securely joined by hundreds of DUAL-LOCK fasteners.

Radar antennae along the upper perimeter of North 
America’s defense system are enclosed by protective 
domes which stop ice, snow, and gales up to 150 mph.

This precisely engineered pattern of fiberglass 
panels is erected quickly and surely, under the most 
adverse field conditions, using recessed Simmons 
DUAL-LOCK fasteners.

DUAL-LOCK is ideally adapted to panel fastening 
for military shelters, demountable shipping contain­
ers, aircraft cowlings and guided missiles.

Features:
• High load characteristics. The standard No. 1 

DUAL-LOCK withstands 2500-lb. tension, and with 
modifications, tension loads of 7000 lbs. and over.

• Double-acting take-up provides great closing pres­
sure, with minimum pressure on operating tool.

SIMMONS FASTENER CORPORATION

• Positive-locking. Trigger action insures fully open 
and fully closed positions.

• Vibration-proof and impact-proof. Will not acciden­
tally unlock or loosen.

Write for catalog 1257. Complete specifications, 
drawings, details of DUAL-LOCK and other Simmons 
Fasteners with unlimited money-saving applications.

Three-electrode glow tubes are at the heart 
this simple repeat-cycle timer.

Repeat-Cycle Timer 
Uses Glow Tubes

DC Scope Amplifier

De amplifiers for oscilloscopes suffer from in 
stability caused by drift in the supply voltages \ 
good way to circumvent this drawback is to u • 
symmetrical amplifiers. The drifts then cancel f 
the output, because of the symmetry. T he sign 
however, is applied in a nonsymmetrical or d ♦ 
ferential fashion, and appears amplified at t 
output.

If the amplifier has several stages, the necess ' 
for a direct connection between plates and gri ' 
increases the B-plus requirements. The simj f 
2-stage amplifier shown in the diagram appear 
in Elektronik of March 1957. It uses only b 
tubes, a 12AX7 and a 12AT7. The circuit’s sv 
metry is evident.

An interesting point is that stability increa s

94 ELECTRONIC DESIGN • February A, 19'? El



260V

50V>0K
IOOK

IOOK
•00*

NEW!IOOK

IOOK

all electronic50V

260V

a-d converters+ 90V + 450V

and

The 7000 Series

ronu

The 8000 Series

AC SIGNAL-IN

OUT

CAN BE COAXIAL

oefl 
Plate

Roth thf 7000 and 8000 St ries develop voltage state BCD 
outputs for data recorder entry. Standard code is 2, 4, 2, 1 : 
other codes available on special order.

3540 Aero Court
San Diego 11, California

digital voltmeters 
for medium and high speed applications

h proper isolation a! both ends, one wire can 
y de and signal currents.

for high-speed conversions 
Up to 1000 second • 1 
megohm input impedance 
• Automatic polarity • 3- 
and 4-digit models • Sensi­
tivity and resolution 0.01r. 
• Transistorized logic 
circuits • Transistorized 
direct-reading indicators.

Trift free twe tube amplify loscopcs

for medium-speed conver­
sions • Maximum balance 
time 100 milliseconds • 1000 
megohms input impedance 
at balance • Automatic 
ranging • Automatic polarity 
• 4-digits • Sensitivity 
and resolution 0.01 J • 
Totally transistorized.

.mied Irom a common 2)0 
11 from its im native end 
lie maximum gain of tlii

। the value of the cathode resistors. hence. the 
siialb high values found in the diagram.
lie 12AT7s plates are directly connected to 
deflection plates of the cathode ray tube 

ii is controlled by the input potentiom* tei in 
upper input circuit, \otice the centering ar 
mment m the opposite grid. The small de grid 
ige v mation appears amplified at the output

Electro Instruments,
CIRCLE 242 ON READER-SERVICE

I his circuit is useful in transistor circuits where 
w ire in a (%able must carry a de voltage as 

II as an ac signal, vet the two voltages must

i till) i.

Dr \. \ . J Martin. Carnegie Institut 
g//. Pittsburgh, Pa

instruments
digital voltmeter

VOLTMETER ,

POWER UNIT

new series 
of advanced

DIGITAL V0LTM6TF



You can mount almost am E-lite
hole. Thev’ll fit vourm .1

INFORMATION
ema

ings for the comp Submit sour

96

BE SURE... 
BUY E LITES

engineered especially for computers.
control systems, f military applications

sy stem application exactly 
because they re tailor-made 
for the job by system 
engineers. Choose from many 
replaceable-lamp or permanent-

lamp ty pes, with or w ithout 
built-in resistors, and in a variété

readout capacities.
100V electrical and mechanical 
inspection assures you of full

ACTUAL SIZE-FITS A ft DIA. HOLE 
THE ORIGINAL MINIATURE INDICATOR LIGHT

STRONG, LIGHTWEIGHT
ALUMINUM CASES

MIL-A 8625

MULTIPLE TERMINALS 
NO HOT" CASES

BUILT-IN RESISTORS 
OPTIONAL

dired to 
(ASG).

EFFICIENT. POSITIVE 
ILLUMINATION
Proper lens shape in bu 
tyrate per MILP-10407 
for clear display Form- 
tip neon lamps with 
electrodes exposed for 
maximum brilliance

p ated, gold-flashed, 
cadm'um-p'ated pr elec- 
tri tin-plated AMP-type 
37 taper pins available

carbon composition

QUALITY INSULATION 
MATERIALS
Glass nylon or Melamine
MME per MIL-P-14

TWO-WEEK DELIVERY ON 1560 STANDARD VARIATIONS SPECIAL 
PRICES ON VOLUME ORDERS

Model 1ADdual-resistor types 
(patented) shown

REPLACEABLE-LAMP 
TYPES
Single-lamp holders 
for neon or incan­
descent lamps With 
or without built-in 
resistors Variety of 
replaceable lens types 
Up to 3 digits avail­
able in flat lenses. 
1DH holder shown 
Patent applied for 
(resistor models

DUAL LAMP 
HOLDER
Holds two lamps 
to provide double 
check on circuit 
operation Moni­
tors key circuitry 
in a varety of 
ways. Model 1FH.

TRANSISTOR CIRCUIT 
NEON LIGHTS
With built-in d'ide-resistor net 
work no adapting needed 
Stable, pre aged lamps fire on 
minimum voltage Several mod­
els Round or flat-faced lens,

LOW COST INDICATORS
Neon and incandescent 1

I panel illumination, read­
out, etc. Round or flat I 
lens. Lens marking avail- 1 

. able. Push-on re- { 
tainer for Instan- 1 

t taneous installation Mod- 
k els IB* (neon) and IK 
r (incandescent' shown 

’Patents applied for

PERMANENT-LAMP 
READOUT TYPES 
With permanent or 
changeable lenses, and 
lenses taking up to 3 
digits Neon or incan­
descent lamps Model 
1EG (neon) shown.

WRITE FOR 
COMPLETE TECHNICAL
W ith photos, descriptions, dimension draw­

special problem for our engineered solution. 
Information on our neon lamp aging sen ice 
also sent on request

CORPORATION
1805 Belcroft Avenue, 

El Monte, Calif.
A subsidiary of Cenisco, Inc.
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IDEAS FOR DESIGN

5i^f 
IN o-------- 1 j-----

7 - 45p//t
NP0

TR MMER

4 70K

2 7OK

22K,iW

22K 
IW

270 K

I2AU7 
>514 
5963 
(FTC)

Siwx/t
-II--------o OUT

SWITCHING 
TIMES 

(EXAGGERATED)

Trimmer capacitors help control the witching times 
m this binary adder.

Controllable Switching Time 
In This Binary Adder

In this binary adder. the switching times bt 
tween each stable state can be made equal I his 
is done with a minimum of components \ll <nm 
ponents haye fixe per cent tolerances except fm 
th<' resistor and capacitor in the cathode circuit

Trimmers are used in the cross-coupling m t 
works instead of the usual fixed commutating ca 
pacitors to provide exact balance ol the switch 
ing times.

I. 1 rank Brumbaugh, Senior Marim Engim ci 
Heath ( o.. Benton Harbor. Midi

1/4 Per Cent Speed Regulation 
With Centrifugal Governors

( mix entional centrifugal governors fm speed 
control of de motors suffer from the violent 
changes of speed rates caused bx tin* governor 
contacts switching a large part of the field power; 
they suffer from the load handling limitations of 
the contact fingers; and they suffer drift and in 
accuracy due to contact arcing and pitting.

in the transistorized speed regulator show n in 
the figure, the centrifugal governor is used only 
as a lightly loaded error detector. The problem 
of arcing and pitting does not exist; the drift is 
minimized; and the* regulation is better than 1 4 
per cent.

I he regulator shown is designed for a 1 2 hp. 
6(XX) rpm motor, operated from a 24 v supply 
w hich may varx from 20 to 30 vdc-. Ihe regulator 
uses a preamp transistor (2X190) and a poxver 
transistor (H6).

The centrifugal governor controls the current 
through the preamp. It need handle only a few

BEATTIE-COLEMAN'S.

PROGRAMER

This

LPR 6

Coleman MPR 13 missile

w Programer
’ is the inexpensive 

laboratory version

of the famous Beattie

Programer. Immediate 

delivery Let us show you 

how the LPR 6 can help solve 

your programming problems

B EATTI E-
COLEMAN

1000 N Olive St. Anaheim, Calitof 3
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FAST ACCURATE CALIBRATION
Now possible with one completely self- 
contained AC DC calibration standard requir­
ing a minimum of operator training and pre­
vious instrument calibration experience.

4

Convenient Radiation Dosimeter

am I

100% pureyour

24V0C

through the motor s shunt field

..

to work out sonic

has several advantages. It is tied to the wrist as s un-

Ac^oofRi

CIRCLE 246 ON READER-SERVICE CARD
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SERIE'.
FIELD

fi

Precise, practically error-proof check­
ing of most types of electrical indicating 
instruments in daily use is a routine con­
venience for Model 829 users. Maintenance 
of quality control by frequent calibration 
of instruments and allied test equipment 
can be accomplished within departments 
by available personnel. A mechanical index 
explains step-by-step test procedure.

Transistorized speed regulator uses governor only 
as an error detector.

controlled and the air dust free And you II have 
pretty elaborate assembly techniques Io keep the 
contaminated. Petty details . . .

min t>w atts.
transistor determines the volt;

Here s one of our pure pots the 500 Acepot Highest resolution. 
0 5% independent linearity I size, sub miniature Special proto­
type section insures prompt delivery

'o '
AF

WESTON Special Meters 
used as standards have 
5-inch mirror precision 
scales, knife edge pointers 
and are adjusted to better 
than 0.2% accuracy

CIRCLE 245 ON READER-SERVICE CARD
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smaller motors, dependió 
capabilities of available powe

QUICK CONVENIENT TESTING
Portable AC-DC unit contains all power sup­
plies and standards in one single cabinet. 
Operates without batteries or accessories.

tain amount

Compact Lifilit Weight 
Model 829

Want the purest in potentiometers^ Nothing to it — just pul <m a 
surgical mask lock yourself up in a sealed mom and start winding' 
Of course you II need an air conditioning plant to keep the moisture

Acete*^ Aceahm'R

ELECTRONICS ASSOCIATES, INC.
M BE 99 Dove» Street, Somerville 44 AA011

SOmer**« 6 51 30 TMX SMVL 181 Wml Unie* WUX

complete 
calibration 
with one 
multi-range

liaruch Herman.
\( I I mhot ries. Ine.. Paramus.

INSTRUMENT 
CALIBRATION 
STANDARD

diation. is some sort ol counting-integrating de­
vice which can be periodicals checked to ascer­
tain that its wearer has not been submitted to a 
dose ol radiation exceeding the sale value. \ 
number of such devices e xist.

Ihe Kadion counter shown on the photograph 

an ordinary watch, and is just .is convenient and 
inconspicuous. It gives an immediate and clear 
indication, and can be reset at will and re-used 
anew.

Dr. A. V. J. Martin, Carnegie Institute of Tech­
nology, Pittsburgh. Pa.

Calibration to full scale accuracy of 
9.5^ can be accomplished for all instru­
ments measuring d-c voltage (22 ranges) 
from 0.25 mv to 2000 volts, d-c current (22 
ranges) from 2 pa to 20 amperes, a-c volt­
age (19 ranges) from 1.5 mv to 1500 volts, 
md a-c current (14 ranges) from 1.5 ma 
to 20 amperes. Net price S265O. f.o.b 
Boonton, New Jersey.

Write for Technical and Application Data.

Wrist-borne dosimeter.

You could do aII this — hut you don I have to — 
Ace goes to all these extremes of quality control 
and more^ So why not take advantage ol our 
sealed room and our advanced techniques — and 
eliminate all the fussin ? You II get the accuracy 
and reliability you have a right to expect Irom 
Ace So do it the easy way — get Ace pots See 
your ACErep now '

ACEPOT 
JSoK Ll 

«•«•»tur >*

I fl

Radio frequency
LABORATORIES, INC.
Boonton, New Jersey, U. S. A.
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MEASURING CIRCUIT

IOOK

IOOK

300

to speed

Alli

now

Air-Marine’s Seawolf Motor

Deli v 
Price 

mark

Mar 
avai

mat 
or f 

mat 
Var 

mai

CIRCI

LECTI

OCSILLOSCOPE

"r AMPI IFlER
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A vibrating-reed type 
capacitance modulato 
for use in measuring 
currents as low as 
10 16 amperes.

Enlarge Small Holes 
In Thin Sheets

Long term stability fo> 
process control. Drift 

0.2 millivolts per 
day, non-cumulative.

CIRCLE 248 ON READER-SERVICE CARD 
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cause a current flow just 
required to energize the 

r, input to the tube grid

Tough project? Not at all for Air Marine. Il's highly trained staff of 
engineers pooled their knowledge and promptly designed, to rigid 
Navy specifications, blowers that could run continuously toward a 
10,000 hour life — more than u solid year — delivering uninterrupted 

cooling for the A-sub's vita! installations.

As soon as the relay operates, 

connects a bias to the grid 
current to a point barely suf

Whatever your problem — small or large — this same experienced 
engineering staff is yours to command. Contact Air-Marine for your 
motor needs — for the best motors skill can produce — the finest money 

can buy.

115V 400CY 1PH l.OMFD

It was required that a number 
simultaneously switch^! at a hit 
switching speed of the only aval 
pok* relax was too slow.

While phy sical characteristics of 
cannot be changed, switching spot 
proved to a degree bv shorten in 
buildup and decay times.

The relay’ was incorporated in a

Air-Marine Motors go to sea on USS Seawolf, Navy's newest 

atomic-powered submarine.

SEAWOLF’S VITAL ELECTRONIC 
EQUIPMENT COOLED BY 
AIR • MARINE MOTORS

15,00010,000 HOURS UNDER THE SEA!
When the U.S. Navy's atomic-powered submarine -miracle of modern 
engineering — churns through the waters at 50 fathoms down, its vital 
electronic equipment is constantly protected day and night by a bat­

tery of the most rugged blowers ever devised.

Incorporating into its design equipment never before mounted for 
undersea service, Navy engineers were confronted with a critical 
cooling problem, for the Seawolf was to stay submerged week after 
week and month after month. And such equipment must be depend­

ably and constantly cooled.

CONNECT ro EACH 
’ SET OF CONTACTS 

22.5V । in SEQUENCE

us ãf the IRE Show • Booth 2315
7 ELKINS STREET 

SOUTH BOSTON 27, MASS

----- I 
15,000 hours al 55°C 
without servicing or oilina



with Chassis-Trak slides
chassis locks in seven positions

are

mulation the more you use the

Compact rectifier package operates submerged

1959

All models previously available are 
now included in the new Sweep-Line

Attractive two-tone finish 
black and aluminum grey.

iblies
d into

x 15".
s satin or 105 ), and locked

19" racks. The slides (9 lengths, 
to 24" supporting up to 275 lbs )

With the touch of a finger on the han 
dies of the chassis, it can be tilted up oi

Detent model, locked in one 
uf seven different positions.

Many other Telonic instruments are 
available, including variable sweep 

rates and WATTS of power.

Delivery of Telonic Sweeps is 3 to 6 weeks 
Prices range from $645 to $745 optional fixed 
marker plug ins and variable markers extra. slides, the smoother they operate.

With the pencil-thin Chassis-Trak 
design, you can cut engineering costs, 
by mounting 17" chassis in standard

in any one of seven different positions.
This means you can remove tubes or 

check circuitry on the chassis quickly 
and easily, even though the chassis is 
at the top or the bottom of the rack ... 
and the chassis will not swing or move 
during servicing. It is firmly locked in 
position! A spring mechanism allows 
instant removal of the chassis for com­
plete maintenance.

Chassis-Trak slides arc produced 
from cold rolled steel, and give smooth 
slide action because of a permanent­
dry, dust repellant phenol epoxy for-

Multi-Vaned Rectifier Package 
Takes Oil Bath

Telonic Sweeps feature 5*, flatness, 
less than 10 microvolt leakage. 
Dependable for production, pre­
cise for engineering. Variety of 
markers. Crystal controlled single 
or harmonic plug-in with external 
marker provisions on all models. 
Variable markers available on 
many models.

Telonic Sweep-1 me cabinet 
features lunged top for easy ac­
cessibility. slide-track mounting, 
perforated top and cooling vents.

mounted on a : 
transi ornici oil 
rest ol the pow

525 South Webster. Indianapolis 19, Indiana 
CIRCLE 250 ON READER-SERVICE CARDCIRCLE 249 ON READER-SERVICE CARD
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available from stock, in either the 
“detent” model shown above, and the 
“basic” model, which tilts freely 
upwards hut has no lock assembly. 
Chassis-Trak engineers will also cus­
tom-build slides for any of your special 
installations.

sembly in the photograph operates in transformer 
oil at temperatures Irom 60 to 90 C.

The Raxtheon Manufacturing Co. at Maynard, 
Mass, designed the compact, liglit-\\ eight pack-

A needle file. chucked in the drill in place ol a 
standard twist drill, does the job easily. 1 be 
thin sheet material is slowly led onto the rotating 
file till the hole has been enlarged to the proper 
size. The file takes small milling cuts and is not 
likelx to grab and tear up th«' material

Robert Maric. Perfect Circle Corp.. Ha^ers- 
totin, Ind

[e for a high-voltage 
iminated Formica inew cabinet 

new circuits 
greater than ever performance 
smart appearance 
faster delivery schedules

INDUSTRIES, INC.
BEECH GROVE, INDIANA

MODEL NO SWEPT RANGE
H-3 1 me D 3 F 1 me

H-D Models 10 kc to 1 m me

L-D Models 3 5 me to 140 me

S ’• Models 85 me to 1260 me
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on Sigma customer

The artist has captured a rare expression on the face of Sigma’s general 
manager —one of happy satisfaction and complete contentment. This is

because the sales dept, has just told him (l) about a new Machine of 
Pleasure which uses a Sigma product and (2) that the customer is overjoyed

because the Sigma product works right. His corporate corpulence is 
enjoying every minute of it, while it lasts. By publicizing this latest applica­

tion triumph, it is hoped that others will be spurred on to similar successes.

An enterprising consulting engineer on the West Coast recently took 
on the job of building a fully automatic machine for folding Chinese 

fortune cookies. The specs called for handling a piece of hot, flexible 
cookie dough every five seconds,- folding it in two directions and getting 

the fortune inside the cookie between folds,- using up 420 different 
fortunes before repeating. The machine slices printed fortunes as required 

from continuous rolls. It was at this point that consulting cookie engineer 
William E. Thomas asked his E. E. brother Frank how to keep the slices 

between the lines,- since brother Frank reads Sigma ads, his immediate 
reply was "Sigma Photorelay" (we like to think). One was purchased and 

rigged up to control the paper feed, by sensing black bars printed on 
the rolls. Brothers Thomas, their project engineer Charles A. Lindberg 

(honest!', their customer and Sigma are now all entranced by the results.

So one more banner should be raised for the unsung heroes whose 
accomplishments do not go up in three stages and a deafening roar, but 

simply "kerplunk every few seconds as a new little item is unfailingly 
produced. If you have such a project, and light sensing can be put to a 

useful purpose, a Sigma Photorelay might be worth trying.
They come ready to plug in, switch 3 amps, resistive 

at 120 VAC, cost only about $12.00, the cookie boys 
even went so far as to say "we certainly could not 

have installed anything else that worked properly so 
inexpensively." Who knows, maybe you could even 

build a machine to get the ordinate and abcissa 
straight on hot cross buns.

SIGMA INSTRUMENTS, INC.

91 Pearl St., So. Braintree 85, Mass.
AN AFFILIATE OF THE FISHER-PIERCE CO. <•.«.!•••> 
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REPORT BRIEFS
Rotary Motion Control

A mechanical decelerator developed to slow 
the spinning of a free-falling parachutist mav 
also have such practical uses as the positive de­
celeration of magnetic tape reels, or control of 
turbine motors. A light tube some six feet long 
with two steel spheres centrally located and re­
strained bv a triggering mechanism, the labora­
tory model was conceived on the principle that 
variations in tho moment ol inertia of a rotating 
body will bring high speed changes without a 
reaction on the support. An \mdysis of a Device 
for Control of Rotational Motion, \ U Carlson. 
Wright Air Development Center. IS. Air Force. 
April 1958, 27 pp, $0.75. Order PB 151135 from 
(ITS. I .S. Department of Commerce. Washing 
ton 25. D.C.

Beryllium Data Summary
Ilie reader who must quickly obtain a wide 

perspective of currently available information on 
berv Ilium can refer to this summary report vv hu h
includes recent data to aid in evaluating 
metal s usefulness as a structural material in 
frame and missile applications. Kcferences 
elude information on sources extraction, nro<

the 
air-
m-

tion. fabrication, properties, and applications. 
Problems in industrial hygiene* encountered in 
w or king with bery Ilium and its compounds are re- 
viewed briefly. An attempt is made to determine 
the extent and objectives of all current Armed

berv Ilium as a structural material. Béryllium fm 
Structural Applications: A Revien of the Un­
classified Literature, W. Hode, Defense Metals 
Information Center. Battelle Memorial Inst Hute 
for Assistant Secretary of Defense for Research 
mid Development, Aug. 1958, 182 pp, $3.00.

Commerce, Washington 25. D.C

Quantitative (‘fleets of the encapsulating di­
electric upon the electrical characteristics of the 
embedment are discussed. Of major interest is 
the work initiated on the electrical performance 
of resistors, capacitors, inductors, and simple cir­
cuits. at frequencies up to 240 megacycles. The 
investigation of the electrical and mechanical
properties of various resins necessary in
order that most suitable encapsulent be selected 
for the specific application. Encapsulation of 
Electronic Circuits, Richard Caliechia, Griffiss 
Air Force Base, N.Y. Jan. 1958, 22p microfilm 
$2.70, photocopy $4.80. Order PB 133475 from 
Library of Congress. Washington 25, D.C.

HUNTER
INSTANT LIGHTING

TORCHES

for military

tub-zero temporal uro*

di

G

.in 
it 

liiVi 
md

• developed in co-ordination with 
Engineer Research and Development 
Laboratories, Ft. Belvoir, Va.
U unpowered, open flame burners 
— lighted instantly with a match at 
temperatures down to —90 F.
• burn any type gasoline or JP-1 
fuel.
• for a w ide range of sub-zero, spot 
heat applications: small engine start­
ing; start-aid tor bulldozers, snow 
plows, earthmovers, special-purpose 
equipment; de-icing bogie wheels, 
tracks, heavy-duty control equip­
ment, etc.
• capacities: 15.000 to 200,000 
J3TI Hour at variable pressures.
Other Hunter military equipment: 
space and personnel heaters; engine 
heaters; refrigeration units.

F GET 
THESE

BROCHURES
TODAY! Â

offe

TRI

SI VI
th

ber 
mo

and details

MH-167 "Hunter
Instant lighting 

Torches"

MH-166 "Hunter 
Engine Heaters"

MH-162 "Hunter Space 
and Personnel Heaters"

Hll IITT n MANUFACTURING CO.
N I F K 30539 AURORA RO.

U 11 I L 11 SOLON. OHIO 
HEATING AND REFRIGERATION SYSTEMS 
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Complete Missile Simulator

rex

Ammeters • Microammeters 
hammeters • Voltmeters • Millivoltmeters 

Megohmmeters • Multimeters

Combining the revolutionary BIFILAR 
. tionless movement with a weightless 
GHT-BEAM pointer, Greibach Precision 
ters represent the most important ad- 

ince in meter design in over 50 years. The 
dented Bifilar Movement replaces jewels, 
vots and hair springs to provide virtually 
destructible accuracy and sensitivity

ONLY 

GREIBACH 
PRECISION

METERS
offer these NEW STANDARDS of performance:

• ACCURACY to 0.25%, indefinitely
• SENSIfIVITY to •. micro. imp.TP full 

scale (25 x 10- amps.)
• OVERLOAD up to 100,000 %
• SHOCK up to 500 g's on meter movement 
♦ VOLTMETERS up to 5 000,000 ohms volt 
• ENERGY DISSIPATION as low as 1.2 x 

10 watts
• REPEATABILITY of 0.1% or better with­

out tapping
RUE direct measurement for even the most 
ypercritical uses and conditions. Exclu 
jv features now make GREIBACH Meters 

the most reliable way to:
• check transistors, diodes, tubes, 

amplifiers
• test ionization and grid circuits
• meter extremely high voltages
• control by light-beam photocell 

operation
reibach Precision Meters, for portable, 

t nch or panel use, are available in 3 case 
odels and with a wide selection of single

1 multiple ranges. Write for complete 
“cification sheets.

GREIBACH INSTRUMENTS CORPORATION 
’5 NORTH AVE., NEW ROCHELLE, N.Y. • NE 3-79"’

Development of components for an all-elec­
tronic analog computer facility described as 
sufficient to simulate modern guided missile sys­
tems is reviewed in this report. The proposed 
computer, designed to operate on a 1:1 time 
scale and utilize a method in which program­
ming could be done off the machine, makes it 
possible to store problems solved in as complete 
a form as possible. The computer, called the 
Dynamic Systems Synthesizer, utilizes a high 
precision electronic time division multiplier and 
an electronic chopper w hich eliminates the elec­
trochemical vibrators from the de amplifiers. An 
electronic function generator using silicon diodes 
eliminates the need lor servo function generation. 
Test results indicate the practicability of the all- 
electronic automatically programmed analog 
computer. Dynamic Systems Synthesizer, E. C. 
Hutter and others, Radio Corporation of America 
for Wright \n Development Center, l.S. Air 
Force. Nov. 1956, 240 pp, $3.50. Order PB 151137 
from OTS. ( .S Department of Commerce, Wash­
ington 2“». D.C.

Analysis of Redundancy Networks

i ith 
tent

H Ts 
i at

Pi

pot 
art-
OW 
ose 
els. 
ip-

>00

•nt: 
im

Various properties and characteristics of 
probabilistic redundancy networks can be used 
to represent reliability relationships in complex 
equipment containing redundant elements. Anal­
ysis is also applicable to large scale systems con­
taining a multiplicity ol alternative subsystems 
of telecommunication nets containing possibili­
ties of alternative routing. It has been shown 
th.it such networks arc amenable to systematic 
analysis; several methods and techniques have 
been suggested for dealing with such problems. 
Analysis of Redundancy Networks, F red Mos­
kowitz, ( .S. Air Force, Griffiss Air Force Rase, 
N.Y. Feb. 1958, 27 p, microfilm $2.70, photocopy 
$4.80. Order PB 133468 from Library of Con­
gress, Washington 25, D.C

r »
LO.
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Visual Display Frequency Indicator For 
the 10 to 90 cps Range

A new system has been designed and con­
structed which gives a simultaneous visual dis­
play of all frequencies in an arbitrary periodic 
signal, in the range from 10 to 90 cps. This low- 
frequency indicating system uses ten banks of 
vibrating reeds to accomplish the visual display. 
Visual Display Frequency Indicator for the 10 
to 90 cps Range, S. R. ( urley, F II. Ctley, and 
N. W. Guinard, I .S. Naval Research Laboratory. 
Sept. 1958, 20p. microfilm $2.40, photocopy $3.30. 
Order PB 134205 from Library of Congress, 
Washington 25, D.C.
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MOOEI 2*». AC<EI.EROMETER

symbol of excellence

NAME

ENDEVCO CORPORATION

POSITION

STREET

101

Please mail mc a copy of 
Accelerometer Engineering 
Manual, Series 2200'.
Thank you.

.. .at 500 F without cooling or correction 
measure vibration , „ .. , . . . r ..

.. .in 160 db high intensity noise fields

EI.EROME TEKMOI »El. 2242 Ml

ENDEVCO
accelerometers

MOl»H. 22 o I KI AXIAI ACCE! FROMETER
for making up Endevco systems for flight 
and laboratory use.

Endevco isolated compression acceler-

Element Type IL measure vibrations and shock 
from 100 F to d 500 F without correction.
I he wide frequent y range (2 cps to 10 KC) 
remains uni hanged by temperature extremes. 
Complete cable and cathode follower systems to 
withstand 500 F are part of the many accessories

10 g of vibration in a 160 db noise field 
w ith signal noise ratio ol 20 to 1.

I hose integral acrcleronicter-amphiiei 
packages have a temperature range 
from 65 F to • 250 F, are hermetic­
ally' sc.iled. eliminate cable noise 
and are designed for use where remote 
location of the amplifier is not necessary .

Information on Endevco dynamic measuring instruments is contained in a new. 
illustrated “Engineering Manual. Series 2200, Accelerometers? Included are gen 
eral descriptions, specifications, performance data under environmental extremes, 
calibration procedure, maintenance and prices of the many types of Endevco
accelerometers, pressure pickups and 
copy. Better still, tell us your specific

accessories. Mail coupon today for your 
problem. Chances are we can be of help.

endevco corporation 
dynamic instrumentation
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RUSSIAN TRANSLATION!

Nonlinear and
Parametric

Phenomena in
Radio Engineering

Part 11

A. A. Kharkevich
(Translated by J. George Adashko)

Chapter 1

Nonlinear Circuits and

TYPE RM16 AND TYPE RM17
rock depth

$795

$870

(c
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorn»- Hechonití P< r* -r f

Salt lake City, UtahSeattle Wash

SPECIAL MODEL

$850

$825
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Please check with your Tektronix Field Engineer for delivery 
schedule on this model

prices fob factory

P O Box 831

Phone CYpres» 2 261 I •

TYPE RM1 5
de to 15 me. 5 meh ert 8 ’ a-inch rack height

Type RS16— Two unit model of the Type RM 1 6 with identical 
electrical specifications Dimensions —Indicator unit 7 high, 
19 wide, 1 1 s deep. Power Supply; 7 high, 19 wide.

VERTICAL CHARACTERISTICS
Passbond—deto-1 5 me
Risetime 0 023 sec
Signal Delay 0 25 "sec
Sensitivity — 0 05 »/cm Io 20 • i m in nine olibraft I step' 

0 05 * ‘cm to 50 • cm . ontmuously .anable

SWEEP RANGE
Calibrated 22 steps fr n 0 2 sec cm to 2 sec cm
Continuously Variable 0 2 >ec cn t< 6 sec cm 
Magnifier • 5 »

TRIGGERING
Preset O' manuo contra: w th amplify 1e evel

selection, and fully automat t'.ogerinq

OTHER FEATURES
4 KV accelerating Potent.al
Amplitude Calibrator
DC Coupled Unblank ng
Electronically Regulated P wt • Supp' > s

Slide out mounting for servicing ease

VERTICAL CHARACTERISTICS
Possband de to 1 0 me
Risetime —0 035 nsec
Signal Delay 0 25 sec
Sensitivity —0 1 v/div to 125 • div. de coupled and ac coupled 

- 0 01 v div to 0 1 v div. oc coupled only Twelve calibrated

SWEEP RANGE

SIZE
8’. high. 19 wide 22’ t 'ack depth

Continuously Vanoble 0 2 sec. tiv to 6 sec di.
Magnifie' — 5 »

TRIGGERING
Preset O' manuo1 stability confiai wtb amplitude level 

selection, and fully outomatK tuqge'mg

OTHER FEATURES
Amplitude Calibrate'
DC Coupled Unblanking
Electronically Regulated Powet Supplies

Type RM16 1 85 kv accelerating potential
Type RM1 7 9 kv accelerating potential for easy 

readability under conditions of high ambient light

TYPE RM15

SIZE
7 high, 19 wide.

SMALL WIDE-BAND
for RACK-MOUNTED

installations

TYPE RM16 AND TYPE RM17
de to 10 me, 3 meh ert, 7 inch rack height

Tektronix, Inc
Portland 7, Oregon

ÎWX PD 31 I Coble TEKTRONIX

(q)

(b)

TEKTRONIX FIELD OFFICES: At. > i I 
NY* Búbalo • Cleveland • Dallas • Darton 
Lotb’up Vdlage, M ch • East Los Angeles • V» 
Nt* M. ¡ } | • O ]' ! f \) • P ) A ♦ : * ■ PI

Fundamental Nonlinear Processes

Here, in the 11th bi-weekly presenta­
tion oi the serial translation of Professor

14. Frequency Conversion
Spectrum conversion in the case ol a m, con- 
its of shifting the low frequency spectrum of 
e signal along the frequency scale into the 

range ol radio frequencies. Such a shift can he 
considered as a particular case of a more general

5 i deep.

Price, Type RSI 6

Fig. 50. A typical frequency conversion, (o) shows the 
original spectrum with carrier frequency <oo and twe 
continuous sidebands, (b) shows the spectrum of the 
heterodyne oscillations—a single spectral line at <oi 
(c) shows the spectrum at the output of the multiplier 
It has two modulation spectra of carrier frequencies 
<Uo (0| and <n0 4 uu. (d) shows the frequency char 
acteristics of the intermediate 
(IFF), (e) shows the spectrum

frequency band filte 
at lhe filter's output





SIZES

BY BOWN AR
Bowmar designs and produces all kinds 
of precision counting and indicating de­
vices to all specifications for all indi­
cating applications. A few general types 
offered include heading and azimuth, 
latitude-longitude, decimal and impulse 
counters as well as unlimited special 
designs. Although Bowmar has standard­
ized dozens of counting devices, all may 
be modified for new requirements. 
Counting configurations, light weights, 
small sizes, high speeds and special 
mounting hardware are among many fac­
tors which can be varied to accommo­
date new needs.

ANGLE COUNTER 1503. Counts from 
000.0° to 359.9° and returns to 
000.0; Input speed: 1800 rpm max 
int., 500 rpm cont.; Weight: 2.5 oz ; 
O.D.: 1.310 in. Typical of many 
Bowmar designs currently being 
manufactured.

LONGITUDE COUNTER 2216. Pro­
vides true indication of longitudinal 
position; Input speed: 1000 rpm max. 
int., 300 rpm cont.; Weight: 6.1 oz.; 
length: 2.87 in. Typical of many 
Bowmor designs currently ~5eing 
manufactured.

MINIATURE LATITUDE COUNTER 
2417. Counts from 00°00'N to 
90"00'N or S, with permissible over­
run of 10°; Input speed: 1500 rpm 
max. int., 500 rpm cont.; Weight: 1.5 
oz.; Length: 1.59 in. Typical of many 
Bowmar designs currently being

MINIATURE DECIMAL COUNTER 2416 
(with servo type mounting). Counts 
from 000 to 999 with return to 000. 
Input speed: 1500 rpm max. int., 
500 rpm conf.,- Weight: .5 oz.; 
length: .685 in. Typical of many 
Bowmar designs currently being 
manufactured.

SPECIAL DECIMAL COUNTER 2660 
Counts from 000000 to 999950 with 
return to 000000, in 50-unit incre­
ments. Input speed: 1000 rpm max
inf., 300 rpm conf.; Weight: 3 oz.;
Length: 2.33 in. Typical of many 
Bowmar designs currently being
manufactured.

NO. 1258, WHICH

RUSSIAN TRANSLATIONS Micro Miniature 
Electronic Packaged 
Assemblies

SEND NOW FOR DATA PACKAGE
DESCRIBES COUNTING DEVICES ABOVE IN DETAIL

INSTRUMENT CORPORATION

800G Bluffton Road • Fort Wayne, Indiana

REPRESENTATIVES IN PRINCIPAL U. S. AND CANADIAN CITIES
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Fig. 51. Block diagram for the frequency 
conversion of Fig. 50. The letters correspond 
to those of Fig. 50.

linear operation called frequency conversion
Frequency conversion means, in general, a 

shift of the spectrum along the frequency se ale 
into a higher or lower frequency range. It is as 
sinned, that such a shift or transfer does not dis 
tort the spectrum. I requencv conversion uses a 
general technique, consisting of multiplying the 
oscillation to he converted hv a sinusoidal oscil 
latiou. produced by a separate heterodv no oscil 
lator. I his procedure is often called heterodv n 
ing.

’The principle underlv mg conv ersion is that the 
product of trigonometric functions ol different 
arguments contains two terms, one of which de 
peuds on the sum and tin* other on the dilhrcme 
of the arguments. For example.

sin .v sin y 1 2 [cos(.v y cos(.v
Let us consider a conversion consisting ol 

shifting the modulation spectrum from the range 
or radio frequencies to the* region of intermediate 
frequencies (on the order ol several hundred 
kilocycles) Fig. 50 shows a tv pic al Irequencv 
conversion.

Fig. 51 shows a block diagram ol equipment 
that performs all these operations, as a result ol 
which the spectrum of the initial signal is shifted 
from o>4, to the frequency <on uq. The svmbols 
on Fig. 51 correspond to those of Fig. 50.

Let us note now that if we van the heterodv ne 
frequency uq graduallv. the* transformed spec­
trum will be shifted graduallv along the fre­
quency scale, since the* middle Irequencv ol the 
spectrum is

(•>,•„„ IO), <Oj

The possibility ol such a shift serves as the 
basis for the operation of the superheterodv ne 
receiver. The amplification is carried out at an 
intermediate frequency, and the intermediate 
frequency amplifier (II :\) has a large number of 
stages that contain intermediate irequencv filters, 
rhe most important factor in this circuit is that 
the filters are turn'd to a single fixed band. In the 
superheterodyne receiver, it is not the filters (or 
tank c ircuits) that arc* tuneel to the* irnpiency of

Based on work of the
Diamond Ordnance Fuze Laboratories, 
Ordnance Corps, Department of the Army

We design, engineer and manufacture 

micro miniature modules for your products 

and to your specifications

IVI Cleveland Metal Specialties Co, 
Ci ’783 EAST 21ST STREET • CLEVELAND, OHIO
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subminiature 
.tuner

NEW!
M !• I

1000 to 10,300 me range. 
Duplicates performance of 
conventional twin “trombone” 
sliding stubs. Weight 2.5 oz., 
size D/g diameter, 2Vg long. 
Radial adiustment locks for 
permanent installation.
Price $78.50 each.

H4#/ for complete information
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improvednew

DET

PULSE GENERATOR

with One-Plane Presentation supe

BRAIN

FEATURES

HIO

low

MODEL 138addition that

Chapter 2
HOW THE

Generation of Oscillations
15. Self Oscillations

on

at the output of a given
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IN-LINE 
DIGITAL 
DISPLAY 
OPERATES

i this form 
The block

groups 
readv

QUANTITY 
PRICES 

ON REQUEST

! which 
illator)

angle of viewing.
The In-Line Displa

oscillations
Thus, for

; available 
assembled 
four, etc..

illations in most links 
the influence of the 
z links.

minimum 
should In 
heterodx n

AMERICAN 
ELECTRONIC 
LABORATORIES, Inc
121 N. Seventh St, Phila. 6, Pa.
Dept. ED-29

or ii 
t h ree

the heterody 
number of

• Recently developed high-contrast viewing 
screen for utmost visual sharpness!

• Digit style of your choice!
• Colored digits of your choice! Suitable to en­

vironmental ambient room light.
• Digital presentation complementing manufac 

turer’s original equipment!

in addition to the 
leteetor (Det.) and

The In-Line Display works • c 
on a rear-projection princi­
pie When the lamp (A) at rear of the unit is lighted, it 
projects the corresponding character on the condensing 
lens (B > through a projection lens (C) onto the viewing 
screen (D) at the front of the unit.

the rcccivci 
is tuned to 
the shift of

This has 
ceiver can

Fig. 52. Block diogro 
heterodyne receiver

WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 
Representatives in principal cities

stage of amplification, the oscillations occur only 
if a varying voltage from the output of the pre­
ceding stage is applied to the input of the given

Data available an request

viewing screen extends the full 
width of the individual unit so that 
final assembly presents a continu 
ous surface for fast, easy reading.

It is important that the ose 
be produced only under

udaoncß
DIGITAL DISPLAY
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circuit makes the best 
gram of Fig. 52 show 
ments mentioned, the

1 signal, but the received signal that 
the intermediate frequency by using 
the signal along the frequency scale.

Here's a new type of In-Line Digital Display. All 
numbers and or characters appear on the front 
surface of the unit, and are of uniform size and in­
tensity, In addition to being faster 
and easier to read, the numbers 
may be quickly seen from any

Fverv kind of radio equipment represents a 
long chain of linear and nonlinear links. Passing 
through this chain arc1 oscillations, transmitted 
from link to link in amplified or in converted form,

ide tunable, and can be built to ensure 
distortion at maximum selectivity. It

c heterodyne oscillator is tuned ex- 
trcquciicv <o(l. In this case the modu- 
mn shifts towards the low frequencyPRICE 

PER UNIT

• 1 /us to 1.0 second (no sag!)
• Rise and fall times nominal at 0.15 ys.
• Less than 1 cps to 250 kc
• Single PULSES, recurrent PULSES, aperi­

odic PULSES*
• Single PAIRS, recurrent PAIRS, aperiodic 

PAIRS
• Single TRAINS, recurrent TRAINS, aperi­

odic TRAINS
• ± 35 volts output into 50 ohms
• Calibrated attenuator to 70 db, 1 db steps
• Spike, sine or square wave sync accepted

INDUSTRIAL ELECTRONIC ENGINEERS
Imir.rn and Manu'od'Teri 

vi I !■» A oma'ic Systems and Machin* 1
3973 Lankershim Blud., North Hollywood, Calif
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6.000

Fig. 53. A self oscillating system

HOOVER ELECTRONICS COMPANY

11 rr

Frequency range from 9KC to 67ÛKC

Designed for use in 600 ihm circuit

45 du attenuation in first octave

UU(
Weight—1212 pounds. Fully portable

Model 2CR, rack panel also available

Write for Engineering bulletin with complete technical data
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Plug-in or built-in input cutput trans­
formers available for other impedances

through 
to end. ' 
lations ;

not serve 
he stored 
and the r 
to obtain

illations occur on! 
output of the pn 
input of the giv<

jail the 
i signal 
ginnin :

Low loss-approximately 1 db in 
pass band

A!USO 
HABS.

Basic price for Model 2C 
$345 00 F 0 B

Provides three phase sensitive channels 
and one a-c reference channel. Units 

for 400 cps, 1,200 cps, or special refer­
ence frequencies. All outputs limited.

Allison Variable Filters have been used time and 
time again by such firms as Armnur Research Foun­
dation of Illinois Institute of Technology, Chicago. 
Ill : Harvard University, Cambridge Mass Woods 
Hole Oceanographic Institution, Woods Hole. Mass.

a varying 
ding stage 
ige. Unde

ph si ssi i n i c insMi s
Input: 1 to 3 volts rms, adj., at 1 *
megohm ±20% |
Output: 0 volt m phase. 5 volts oui of q I M|MCS|||
phase referenced to input, at 100 q kv
ohms. Optional 2 5 volt output
available Ik h MHeSlI
Ripple: Option of 40 mv peak-to-peak
for modulation bandwidths of 25 cps, K
or 25 mv for bandwidths of 8 cps ■
Linearity: ± 0.5% I
Stability: 2% for line voltage variations from 105 to 125 volts
1% for ± 5% frequency change I

REFERENCE CHANNEL ’

Input: 100 to 130 volts
Output: 0 to ± 5 volts

POWER REQUIRED
105 to 125 volts rms, single phase, 380 to 420 cps at 60 volt-amperes

Size-15 high, 7 deep, 514 wide

Maximum input 212 volts

the oscillations or 
s\ stem is naturally

Allison Continuously Variable Passive 
Network Audio Frequency Filters have 
been in constant use for a wide range 
of laboratory and production applica­
tions for nearly a decade. Their relia­
bility through years of service and their 
high performance characteristics have 
led to improved operations and to the 
development of many valuable new 
applications.

i an oscillator, the energy that won I 
i it initially would soon be exhauster 
illations would damp out. Therefor»

Allison Filters have no vacuum tubes: 
no power supply; a w ide dy namic range; 
low level or high level operation; low 
pass, high pass, or band pass; and no 
ringing effect.

Passive network • No power supply

ALLISON 
VARIABLE 

FILTERS

damped. But losses exist in any real circuit.
In addition, we ((insider the oscillator as 

source of oscillation energy, and consequently, i 
certain amount of energy is drawn by the load 
circuit. Therefore, a simple resonant circuit can

Let us consider the typical mechanism of sell 
oscillation; the fundamental features of this 
mechanism can be found in most oscillator cii 
cuits. Let us start with free oscillations in th 
simplest resonant circuit. If the resonant circuit

replenish the energy stored in the tuned circu 
as it is being consumed.

Thus, an oscillator must have, in addition to 
resonant circuit, a source of energy. This sourc 
is a battery or a rectifier—in general a de sourc 
To maintain the oscillations in the resonant ci 
cuit, it is necessary that the energy be supplif 
to the circuit periodically, in discrete batches, i 
step with the oscillations that are already takii

110 WEST TIMONIUM ROAD, TIMONIUM, MARYLAND 
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duced is called, m accordance with physic.tl 
terminology, a self oscillating system. From tin 
engineering point of view, this is the* generator of

link in w hieb the oscil 
w Ilic i) they first oriui 
e spontaneously in th

»•ft suwt’

Miro

Rugged, 
Transistorized 
Demodulators 
Also Available

Phase Sensitive Demodulator 
and Power Supply
Au chon unit. . . for missile

XJl and aircraft
telemetry
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Fig. 54. This circuit hos all the elements ol 
a self oscillating system, yet it may not oscil­
late.

e that controls the How of energy into the 
i sonant circuit is called a gate.

For the gate operation to be synchronized with 
I <• oscillations in the resonant circuit, it is neces- 
* ry that the work of the gate be controlled in 
• rn by the* circuit itself. The mechanism whereby 
tin* gate is controlled by the resonant circuit is 

lied feedback. We thus find that a closed in- 
f< iaction loop is necessary for self excited oscil- 

tions. A block diagram of self oscillating system 
is shown in Fig. 53.

Let us show the practical realization ol such 
circuit, using as an example the simplest \ ac- 

nim tube oscillator, show n in Fig. 54. The energy 
Insses in the LC network, due to the presence of 
the resistance R, are replenished by plate current 
pulses. The energy source is the plate battery. 
I he role of the gate is assumed by the grid of the 
triode, and the grid voltage controls the plate 
urrent. The grid voltage, in turn, is determined 

b\ the oscillations in the resonant circuit.
The interaction loop is closed through coil Li 

in the plate circuit of the triode. This coil is in- 
iluctively coupled with the* coil of the tank cir- 
‘ nit. The mutual induction coefficient is denoted 
by M.

Thus, all the elements of a self oscillating sys- 
trm are contained in the circuit of Fig. 54. How­
ever, one must note that although this circuit 

m generate oscillations, it will not necessarily 
nerate them unless certain essential conditions 

ire satisfied.
Later on we shall analy ze the operation of an 
dilator in detail. We shall then answer many 

important questions such as (1) under what con- 
1 lions are self oscillations produced? and (2) 

v hat will be the amplitude of the steady-state 
dilations?
It is impossible to answer the second question 
ithout analyzing the role played by the non-

I learity of the self oscillating system.
Preliminary ideas concerning this subject are 
ven in the next section.

(To be continued)
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BROWN 
CONVERTERS 

put stable perform­

ance in your measur­

ing and servo loops

These synchronously-driven chop­
pers handle d-c signals as small as 
10 " volt. SPDT switching action. 
Sensitive, stable performance. 
Ideal for computers, servomech­
anisms. balancing circuits. Avail­
able with special features such as 
fungus proofing, grounded hous­
ing, mica-filled base, various con­
tact percentages. Weight: 10 
ounces. Prices from $36.

Driving coils in 60-50, 40 and 25- 
cycle converters are energized by 
6.3 volt a-c. 400-cycle converters 
use 18 volts. Other specifications 
on chart at right.

Minneapolis - Hon eywell, 
Wayne and Windrim Avenues. 
Philadelphia 44. Pa.

ELECTRICAL CHARACTERISTICS
Port No. 354210-2 354210-3 354210-1 354210-4 1 355081

Modulation Frequency 20-30 cycles 40-45 cycles 50-65 cycles 50 65 cycles 360-440 cycles
Switching Action (SPDT) (Make-before break)

Each contact closed 55% of each cycle 
(i 2%) Other actions, as specified

(Break-before 
make). Each 

contaci closed 
47% of each 

rvcle

Each contact 
closed 57% of 

each cycle 
<• 7%)

Driving Coil Requirements 6 3 v. 60 ma at rated frequency 18 v. 94 ma 
at rated 

frequency
Contact Rating 100 microwatts at 6 v max 1 0 ma max
Electrostatic Stray Pickup 2 x 10 “ volts per ohm of input circuit impedance 2 x 10 1,1
Electromagnetic Stray 
Pickup

Less than 2 x 10 * volts constant to within 2 x 10 2x10 volts 
constant to 

2x10'
Phase Shift Output voltage lags driving phase by 17 <5 Lags driving 

phase by 45c 
to 50

Symmetry Within 2% Within 7%
Shielding Frame and coil shield, grounded through pm No 2 Shell and coil 

shield grounded 
through pm 

No 2
Load Characteristics Resistive or Inductive
Vibration Resistance Output voltage varies less than 2% with rates of vibration ftom 0 to 10g
Weight 10 oz 8 5 oz
Special Features Specify SS 8816 A for anti fungus treated vibration re 

sistant wiring, hermetically sealed case 
Also available with side plug for exciter coil connection

All 400-cycle 
converters are 

treated as 
shown at left

Honeywell
HONHWHl
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Series 2000

Grayhill 
Push Button 

Switches

thinks
UlUIATUnr^
MINIATURE

Switches 
Shown 
Actual 

Size LETTERS
Visual Material Should Be Seen

photo Vz actúa 
size

Series 35 1 ö Series 39
Series 30

From normal, conventional size to 
ultra-miniature — the Grayhill line of 

push button switches can meet vir­
tually every requirement. Rated capa­

cities range from 10 amp. to 1/10 amp. 
115 V. AC resistive — and single or double pole, 

single throw, — silent or snap action styles and a 
solderless terminal style are available

Write for Catalog

Copies of caption card 
available on request

Phone: Fleetwood 4-1040 
565 Hillgrove Ave., LaGrange, Illinois

''PIONEERS IN MINIATURIZATION'' 
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faster, at lower cost !

BRADY PERMA-CODE WIRE MARKERS
Self-sticking — go on fast to any type wire. Tell 
which wire goes where. Cost less than per 
lead All-vinyl, polyester film, glass cloth, alumi­
num foil, vinyl-cloth. Color coded to meet NEMA 
specifications.
Write for free nothing samples — and Bulletin 130.

w.h. QGDQGI co.
Manufacturem of Quality Sell-Stiebing Industrial Products.

787 West Glendale Avenue • Milwaukee 9, Wísconsin • Esf. 1914
67

Gentlemen :
What annoys you more as a listener? Poor de­

livery by the speaker or poor presentation ol 
visual material? Many a well-organized, well- 
presented technical talk has been marred by 
slides and charts which did not illustrate what 
they were supposed to. could not be seen, or did 
not advance the theme of the talk.

To make a "picture worth a thousand words, 
slides, charts and other illustrations must present 
information eflectivelv. V isual material should:

1. Explain through sight what may be difficult 
to grasp through hearing,

2. Supplement your oral discussion graphically 
and reinforce important points.

3. Furnish a guide for the* speaker. The illus­
trations become your notes.

Illustrations should be both simple, so that 
they are grasped easily. and large enough, so that 
everyone in the audience can see them. Even if 
your subject is complicated, use simple illustra­
tions. If you make your illustrations complex, 
y om listeners w ill spend too much time decipher 
ing y our pictures and not listening to y our words. 
Ideally, each slide or chart should illustrate a 
single fact. The key point in any slide or chart 
must be grasped quickly bv the audience. If vour 
information is too detailed for one chart, plan to 
break it up into a series to be shown in sequence. 
Remember that leaving the slide in view too 
long will cause the onlookers to fidget in their 
seats.

Make your titles short. Choose substitutes for 
long tables, such as line graphs, bar charts, per­
centage or volume “pie charts, symbolic repre­
sentations or photographs. Plan on sizing charts 
to suit the- number of persons expected to attend. 
\ chart 24 by 36 in. should be easily viewed by 

a group of 50-100 persons. Try a 36 by 40 in. 
chart with letters at least four in. high for audi­
ences in a larger room or small auditorium. For a 
larger auditorium, slides projected on a large 
screen are more practicable. Yon might want to 
see how your charts and slides will look from the 
back of the meeting room. Professional projectors 
have enough brightness to show clear slides in a

HIGH-SPEED, MINIATURE 
STEPPING SWITCH

For: Automatic switching, circuit selec­
tion, and timing-control

Featuring: • 80 steps per second on im­
pulse drive • 30 contacts per bank 
• maximum 12 banks • only 17 oz. in 
weight • unique sequence switching

Write today for complete technical data on the unique 
Miniature Uniselector — ALSO on the Twc-Way and One-Way 

Stepping Switches.

11 University Rd., Cambridge 38, Mass.

U.S. AGENTS FOR GENERAL ELECTRIC COMPANY, LTD OF ENGLAND 

CIRCLE 269 ON READER-SERVICE CARD

fjL mm send for the
I most widely used

ELECTRONIC SUPPLY GUIDE

ALLIED’S
COMPLETE 452-PAGE

1959 CATALOG

send for it!

your buying guide to the world's largest stocks of 
ELECTRONIC SUPPLIES FOR INDUSTRY
Transistors & Diodes 
Relays & Switches 
Receiving & Power Tubes 
Tools & Hardware

AN Connectors 
Transformers 
Racks, Cabinets, Chassis 
Test Equipment

• KNIGHT Public Address & Paging Systems

Simplify and speed your purchasing of electronic sup­
plies and equipment at allied. We make fast, expert 
shipment from the world’s largest stocks of everything 
in Electronics. OEM prices are available on quantity pur­
chases. Send today for your free 1959 allied Catalog 
- the complete Buying Guide to Electronic supplies for 
Industrial and Communications use.
One Complete Dependable Source for Everything in Electronics

ALLIED RADIO
t 100 N. Western Av«., D«pt. 69-B9

Chicago 80, Illinois
send for 

FREE 
catalog

Mt
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ique

mariónthinCOMPANY
4314 West Pico Boulevard • Los Angeles 19, California

AND
CIRCLE 271 ON READER-SERVICE CARD

SPECIAL
Hot Melt'' COMPOSITIONS

CABLE CONNECTOR. 35* 5000 MCS Controlled insulation resistanceRIGHT ANGLE ADAPTER 350 5000 MCS

S BAND SCIMITAR ANTENNA. 2350 501k MCS.

LT TO N TYPE TRANSITION 350 5000 MCSCOAX SLOTTED LINE. 1500-5000 MCS
Telephones

S/WAX

CIRCLE 274 ON READER-SERVICE CARD

109

1 m opaquing 
iwing proper

Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS

ORchard 3-1050
AMbassador 2-3339

A hand tool for bend­
ing leads on resistors, 
diodes, capacitors, 
etc., to accurately reg­
ister with their holes in 
printed circuit panels.

for electronic component dipping 
pregnating and potting

3446 HOWARD STREET 
SKOKIE, ILLINOIS

Softening point range from 155 F to 
290 F. '

WEG. 'DE TO COAX ADAPTER 2350 3600 MCS.

emulsion 
used lor

HO. 700 UNIVERSAL
COMPONENT LEADS BENDING BLOCK

times scale if the 
only work to ..

Manufactured by....

BY-BUK

TAMAR ELECTRONICS, INC.
2339 COTNER AVENUE • LOS ANGELES 64, CALIFORNIA 
CIRCLE 272 ON READER-SERVICE CARD

Only $19.80 each 

IMMEDIATE DELIVERY

E CTRONIC DESIGN • February 4, 1959

Quickly ad|ustable to any 
omponent body length 

from 0” to 1 Leads can 
be bent within .070 of end 
of component and up to 3" 
centers Handles any diam­
eter lead up to .045”.

Dimensions I 'xa1» x5’* 
Weight: 10 oz.

case, some tolerance must be left lor the fabri­
cator.

Concerning opaquing negatives. II the artwork 
is ol good quality, opaquing on the negatives is

I .002 in. on the finished 
to draw the artwork at ten 
preparing the artwork can

e operational configurations comprise a representative 
lion of Tamar ‘ hardware designed and tested to meet 

a.ll military and industrial specifications.

tion and quality ot th<* finished parts. The scale 
ol the artwork is not something to fit the size 
drawer that the artwork will have to be stored 
in. but rather a function ol the results desired.

Mr. Richards has overlooked the main 
for doing the artwork at an enlarged 
lie reasons for doing the artwork at a 
de are to reduce errors, improve defini-

meeting hall.
A final bit of advice. Make sure the informa 

tion in your illustrations agrees with what you 
will say. If you will have to apologize that the 
“chart doesn’t exactly show, don’t use it. V isual 
material should help your talk, not hinder it.

John L. Kent. Manager 
Advertising and Public Relations 
Datcx Corp.
Monrovia, Calif.

'I he author is past president of the Technical 
Writing Improvement Society, and is well quali-

is worth doing it is worth doing right. The saving 
realized by doing things the way suggested is 
minor compared to the time needed to fully 
analyze the overall design.

“Magic Lantern or Opaque Projector Method.'

There's No Easy Way
Dear Sir:

I feel compelled to w rite conct ruing statements 
made by Mr. Richards in “Printed Circuit Art­
work The Easv Wav El). Sept. 3, 1058, p 62).

will alway s he of lesser quality than the original 
artwork since the processing is ol a degenerative 
nature.

“The tape and tab technique produces the 
best artwork and is highly recommended where 
proper equipment is available.” This is an er­
roneous statement not based on fact. The finest

Combine increased readability with 
attractive color styling ASA MIL 1 1 
2 1 2" and 3’ 2* mounting. Up to 50% 
longer scale in same space as conven­
tional types. Standard and special 
colors. Bulletin on request Marion 
Electrical Instrument Co., Manchester, 
N H., U. S. A. A subsidiary of Minne­
apolis Honeywell Regulator Company.

*T, M Itiir V s Pat on Vs A I-orelvn Patents 
Copjrlxht • IU5H, Marlon

meters
CIRCLE 273 ON READER-SERVICE CARD

CUTS COMPONENT 
LOSSES TO A 
MINIMUM 
AND ELIMINATES 
PLIER DAMAGE

advancement 
in instrument 

design

— V kyat1Over 30 years of 
formulating experience

BIWAX CORPORATION



LETTERS

' QI CLAMPS

SIZES SHAPES MATERIALS
the manufactured

KEY SPECIFICATIONS of the Series 570 are: diameter

CIRCLE 277 ON READER-SERVICE CARD

CIRCLE 275 ON READER-SERVICE CARD

CIRCLE 276 ON READER-SERVICE CARD CIRCLE 278 ON READER-SERVICE CARD

circuits in many designs. With proper engineer­
ing and artwork printed circuits mean cost savingALL

Get 
Fast

negatives.
Sorry if I 

articles such

Harry G. Bieker 
Industrial Designe: 
Burbank, Calif.

DMETER MANUFACTURING COMPANY 
22-24 Larkin Plaza, Yonkers, New York

Da ta Sh eets descr ib i n g 
Series 570
Miniature 10-Turn 
and Series 230 
Single-turn 
Potentiometers 
now available

and better equipment 
articles.

is this lead to misunderstanding 
mean the abandonment of printed

ELECTRONICS 
CORPORATION

1704 South Del Mar Avenue 

SAN GABRIEL. CALIFORNIA

artwork for printed circuit reproduction is pro­
duced with ink and quality illustration board 
such as Strathmore double weight, plate finish. 
This method competes very well with tape meth­
ods all things considered. It is foolhardy to con­
sider that tape artwork is cheaper if after reduc­
ing to final size in the camera, one must spend 
considerable time opaquing and repairing the

seem “Hard Nose about th

• • * ELIMINATES 
DESIGN DELAYS

• • • SPEEDS UP 
PILOT RUNS

• • - FILLS IN 
SHIPMENT FAILURES

We mean business — from 
bobbin to your custom specs 
in 72 hours. Any wire wound 
type in standard or special 
values — tolerances up to 
±0.1%, quantity assort­
ments up to 100. Higher 
quantities and tighter toler­
ances delivered on equally 
fast schedules. Same high 
quality and reliability our 
customers have come to ex­
pect from us for their regu­
lar production. Next time say 
"Dee-meeter” for fast deliv­
ery. Phone YOnkers 9-1770 
or wire for service. Write for 
complete details.

Commercial Clamps for satisfaction! 
installation, more secure, top-quality. 

No \hort.P No tearing! No corrosion! Need 
to hold wires, cables, tubing, conduit, hose? 

CPC has the right size, shape, material, or 
will design a special clamp for you. 

tough, pi rm am nt, safe. Write today.
Dear Sir:

Frankly I think Mr. Bieker’s artwork methods 
are about the type generally used two years ago. 
My article discussed improvements tested by ex­
perience.

Regarding the holding of tolerances of ±.002 
in. In 99 per cent of printed circuit work the 
board is used for the mounting of components 
such as condensers and resistors whose tolerances 
vary ±164 in. so it would be folly to hold tight 
tolerances under such conditions. In the etching 
processes generally used variations of more than 
.002 in., nicks and pin holes are common. Further­
more, when holes are drilled, it is impossible to 
hold the entire pattern to ±.015 in. Therefore, 
the tolerances in the artwork must be generous 
and this is accomplished by using as large a tape 
and tab as the1 circuit will allow.

. . . “The tape and tab technique produces the 
best artwork and is highly recommended where 
proper equipment is available.’ This statement 
is NOT erroneous and IS based on fact. The basis 
of any board reproduction, whether it be by silk 
screen or photo is the negative. The camera will 
see black and white and will not differentiate 
between black tape and India ink.

The procedures outlined in my article have 
reduced the cost of artwork at Temco Aircraft to 
less than 25 per cent when compared to the old 
method which was precisely as recommended by 
Mr. Bieker. This method works and I have re­
ceived many favorable comments on it.

Fred F. Richards
Sr. Producability Engineer 
Temco Aircraft Corp.
Dallas, Texas

1 inch; maximum resistance range to 265 k ±3%; and 
linearity tolerance to ±0.025%. For the Series 230 
diameter, 1% inches; maximum resistance range to 
350 k • 3%; and linearity tolerance * 0 1%.

FREE copies of these new data 
sheets are yours for the asking. 
Please address Dept 192

precision resistors
— faster 

than you
can say DMETER

945 GEORGE ST. CHICAGO 14 f) 
Commercial Plastics bo.

Manufacturer’s representatives wanted. Desirable territories open 
Write for details.

SPECTROL

TORQUE WRENCH MAHUAL

/STurTevanT/i

ILLINOIS

Formulas y

Applications r 

Engineering dqn 
Screw torque dati 
Adapter problems 
General principles

Sent ’ 
upon request new 

72-HOUR 
custom 
service



MEETINGS
esearchFebruary

esignscome

17-20

March
Francisco

contact

Electrical Industry Show, Chicago, III

21st American Power Conference, Chicago, III

Write for Catalog • Phone Glenview 4-4418 • TWX SS437-U

53 MUUNIAIN GROVE ST

CIRCLE 279 ON READER-SERVICE CARD

IREFeb

iake known vour intention to contribute

DESIGN CORP

8-12
16 20

8-14
12-13

17-21
23 26

FREE 
catalog 
can help 
you to...

you in 
paper.

BRIDGEPORT 5, CONN

Subsidiary of BENRUS WATCH COMPANY, Inc

Calendar of Events

CUSTOM 
COAXIAL 

COMPONENTS
Western Joint Computer Conference 
Calif.

ation from Dr. J. G. Brant
ley, Jr., Radiation Lab Instrument Div., Orlando

when time and technology demand 

a FAST-FIRST!

National Electrical Week, New York, N.Y.
Transistor and Solid State Circuits Conference, Phda 
delphia, Pa.
Short Range Navigational Aids, Montreal, Canada 
6th Annual Western Convention, Audio Engineering 
Soc., Los Angeles, Calif.

FREE "DESIGN-AID" T**
TEMPLATE KIT

Contains 14 * /
Actual Size Templates k

A completely new design 1 
template system, created by 
working engineers, to assist ~
you in the design and development of your spe­
cific mechanical systems.
Ideal for Breadboard Layout, Prototype Design, 
Production Design, Technical Sketching and De­
tail Parts Drawing.

Send for FREE Catalog and "Design Aid", Today.

Symposium on Millimeter Waves, New York, N Y

• Featuring the NEW Precision Standard 

‘ PIC “Ultra-Precision”-Exceeds established 
standards, to provide the greater accuracy 
demanded by today’s design, for the products 
of tomorrow. ________

Flight Propulsion Meeting, Inst, of Aeronautical Sci 
ences, Cleveland, Ohio
ASME Aviation Conference, Los Angeles, Calif.
National Meeting American Inst. Chemical Engineers
Atlantic City, N.J.
8th Electrical Engineers' Exhibition, London
IRE National Convention, New York, N.Y.
15th Annual Quality Control Clinic, Rochester, N Y

CIRCLE 280 ON READER-SERVICE CARD
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Radar Design Corporation
Dept. D-2, P.O. Box 38, 

Pickard Drive, Syracuse 11, New York

CIRCLE 281 ON READER-SERVICE CARD

R-D-C
We also carry a 
complete line of 
standard coaxial 
and waveguide 
components.

Broad Avenue «t Linden Ridgefield. N. J NEW YORK AREA 10% N Seward St LOS ANGELES IB 

8055 13th St Silver Spring, Md WASHINGTON, D C 1150 York Road. Abtngtun. P, PHILADELPHIA 

II«? lot Alto» Avt Los Alto». Calil SAN FRANCISCO 6605 W Norin Av<- Oik Park III CHICAGO

Ia CANADA; 99 Floral Parkway, TORONTO II
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WITlbRACTINC REOtffREMENTS

March 1: Deadline for abstracts and rough 
drafts of outlines of papers to be presented at the 
first congress of International Federation of 
Automatic Control in Moscow in 1960. July 15: 
deadline for completed papers. Agenda to cover 
three main areas: Theory; Components and 
Measurement; and Applications. Contact W. E. 
Vannah, American Automatic Control Council, 
330 West 42 St., New York 36. N.Y.

Speakers to discuss: Automation in Machine Tool 
Control; Application of Data Process Equipment 
To Keeping Production Abreast of Design 
Change. The meeting is open to all.

Paper Deadlines
March 1: Call for papers for possible publica­
tion in the July issue of IRE Transactions 
(PGME). Theme of issue will be “Simulation in 
Electronics,” the subject being treated both as a 
research tool and as applied to training devices. 
An abstract is not required but it is requested

Courses and Seminars
.Modern Communications: Second series of lec­
tures being presented by IKE Philadelphia sec­
tion. Topics include: Coding Theory; Trends in 
Digital Communication; and Communicating 
Through Analog Channels. Contact: F. Haber. 
Moore School of Electrical Engineering, Univer­
sity of Pennsylvania, Philadelphia 4, Pa.

Technical Session

\ SMB 
only 7'6 pounds

New Microphone with 
Smooth Response from 20 c to 8 kc 

★ New Meter Circuit - closely approximates rms response 
★ New Calibration Circuit - no longer requires a-c line for 

standardizing calibration
★ Adjustable Microphone Sensitivity for use with special 

microphones when required
★ Upper Sound Level increased to 150 db
★ Stability Greatly Improved - requires less frequent 

calibration adjustments
Typo 1551-B Sound-Level Meter, $395 

Write for the GR Sound Level Bulletin 

GENERAL RADIO Company

LOWER PRODUCTION COSTS

DEVELOPMENT • ENGINEERING

477 Atlantic Avenue, East Rockaway, L. L, N. Y

EDEE 416-page I 11 E E CATALOG
Lists over 8,000 Precision 

Instrument Parts and 

Components FROM STOCK

Bead Chain's exclusive multi-swage method automatically 
swages almost any type of tiny metal tubular part from 
flat stock into precision forms with positive, tight seams. 
High-volume production can be delivered speedily and at 
far less cost than with conventional methods of manufac­
ture! Parts can be beaded, grooved, shouldered and made of 
almost any metal. Diameters up to W, lengths to 1’/a".

WRITE 'THE BEAD CHAIN 
TODAY! ¡ MANUFACTURING CO.

OU CAN PROFIT 
with ths BEAD CHAIN 

' _ ECONOMICAL
x . MULTI-SWAGE

■k' METHOD



Deep in Space Age technology, TI has systems in 11 missiles; components in all missiles

You’ll grow faster with a growing
*At TI in the past decade: Personnel has increased

Leader in solid state electronics. Leader in design and development of seismic instrumentation



exas Instruments

sonar,

Advanced facilities permit work of highest caliberissiles

company
ifrom over 800

tation

< CIRCLE 898 ON READER-SERVICE CARDHouston, of course next door” to
Galveston, nationally known seaside resort Sailing on White Rock Lake; within Dallas.

radar, infrared 
ing, intercom, i

and engine control. Equipments, including 
magnetics, digital circuits, timers, telemeter

tion, attack control.

microwave, optics, detector cells, engine instruments,

Six major resorts and fishing lakes 
are within one hour of Dallas. 

Dallasites own 38,700 outboards; are 
served by a dozen boat manufacturers 

and 40 boat retailers.

Expand your professional potential where you and your 
work are recognized as vital. Enjoy a favorable engineering 
climate, major factor in the swift, steady growth of this 
dynamic company now in its 29th year and still expanding I 
If you have a high order of ingenuity, technical skill and 
engineering ability, you can hit your stride at Texas 
Instruments — now one of the 500 largest industrial 
companies in the country. In association with outstanding 
colleagues, you can explore new horizons in any of a wide 
choice of fields:
apparatus division Design, development and manufacture of systems 
—reconnaissance, airways control, antisubmarine warfare, missile 
and anti-missile, countermeasures, airborne early warning, naviga-

remote measurement and control systems. (NOTE 
is located in Houston.)
Please write D. G. Turner, Dept H
Come grow with us in the pleasant climate of highly 
sophisticated Southwestern cities, Dallas or Houston — 
each large enough to be urbane, small enough to be neigh­
borly. Modern plants are within the city but away from 
downtown traffic ... near fine residential areas. You will 
live within minutes of year-around recreational, amuse­
ment and cultural activities.

transformers, time standards, and other precision devices.
Please write J. R. Pinkston, Dept. E
semiconductor-components division Design, development and manu­
facture of semiconductors — transistors, diodes, rectifiers — and 
other electronic components including capacitors and resistors. 
Special studies in materials purification and analysis, surface treat­
ment. circuit design, and circuit applications. Design of mechanized 
production and test equipment. Supervisory positions in manufac­
turing engineering and production management.
Please write H. C. Laur, Dept. F
central research laboratory Basic and applied research in solid state 
physics, materials, devices, data systems, and earth sciences with 
particular emphasis on semiconductors, electroluminescence, ferro­
magnetics, resonance, low temperature phenomena, dielectrics, 
infrared, geophysics, digital techniques, masers, memories, and tran­
sistors; physico-chemical studies of diffusion, alloying, crystal 
growth, and crystalline structure.
Please write A. E. Prescott, Dept. G
industrial instrumentation division Design, development and manu­
facture of commercial electronic and geophysical instrumentation 
including data gathering, recording and processing; circuit and 
instrument packaging; meter movements and transducer elements;



ENGINEERS-SCIENTISTS

NEW CONCEPTS 
IN COMBAT SURVEILLANCE OFFER 
YOU A MORE PROMISING CAREER

Over *2S Million in New RAD Contracts for SWALLOW 
Awarded Missile Systems Division of Republic Aviation

It has beet) the dream of every combat commander to possess accurate 
information concerning tactical disposition of enemy troops and ma­
teriel, before, during and after the battle. One of the telling answers 
to this vital problem is the Swallow SD-4. Engineers joining this 
program will find challenge in:

... new sensing techniques (infrared, optical, radar and other)

... sophisticated, split second guidance
. . . optimum aerodynamic solutions for high velocity, 

ground-controlled vehicles

The Swallow SD-4, and the SD-3 are two of many expanding 
programs —ECM. anti-ICBM and missile guidance —that offer unusual 
openings in the following areas:

MICROWAVE ENGINEERS Design of microwave antennas and compo­
nents for airborne navigation systems

COMPUTER ENGINEERS Digital data transmission, digital and pulse cir­
cuitry, and digital computer logic and storage

FLIGHT CONTROL ENGINEERS Automatic flight control systems, iner­
tial guidance and stable platforms

Send resume in complete confidence to:
Mr. Paul Hartman, Engineering Employment

MISSILE SYSTEMS DIVISION

223 Jericho Turnpike, Mineola, Long Island, New York



PHILCO
PALO ALTO

on the beautiful 
San Francisco Peninsula•

urgently needs senior 
and project engineers•

for expanding operations YORK
MISSILE 

TRACKING 
SYSTEMS 

offers the opportunity 
and the challenge of 
key assignments in...

Pulse Tracking Radar 
C W Tracking Systems 
Conical Scan Tracking 

Interferometers
Doppler Receivers

GROUND-SPACE 
COMMUNICATIONS
Airborne Data Transmitters 

Ground Data Receivers 
Airborne Command Receivers 

Data Receiving Antennas 
Telemetry

Microwave Relay System

DATA 
PROCESSING

PHILCO S-2000 Transac digital 
computer entirely transistorized 
central computer facility.

Data Recording Devices
Computer input, output 

equipment design

U S. citizenship required. 
Your inquiry confidential.

Send resume to 
Mr. H. C. Horsley, 
Dept. D

PHILCO
Government & Industrial Div.

Western Development 
Laboratories

3875 Fabian Way
Palo Alto, California

GUIDED MISSILE 
ELECTRONICS

ELECTRONIC
ENGINEERS 

MECHANICAL 
ENGINEERS

Here is your chance to prove your 
ability doing important work on mis­
sile fuzing, beacons, guidance, pack­
aging and related test equipment. We 
have key openings that offer you the 
opportunity to move ahead rapidly in 
your profession. At Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you'll enjoy the “good life” in our 
beautiful suburban community. 
Good salaries, all employee benefits.

Drop us a card, briefly stating 
your education 
ence. We’ 
mediately 
gether with 
and talk it

VlATION CORPORATION

York Division
York 47-2CAÎYork. Penna.
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Engineering Opportunities 

of a High Order in Creating Complex 

Identification & Tracking Equipments 

ot General Electric's Missile

Detection Systems Section

To locate a 15,000-mph missile despite 
complicating factors such as the vary­
ing refractive index of the troposphere 
and ionosphere, a high degree of sys­
tems sophistication is of paramount 
importance.
Growth opportunities commensurate 
with the creative and analytical de­
mands implicit in such requirements 
are open now for experienced elec­
tronic engineers at G.E.’s Missile De­
tection Systems Section in these areas;

• Research & Development of New 
Detection Techniques

• Initiation & Development of 
Proposals

• Definition and Direction of 
Equipment Design

• Engineering Liaison with Military 
& Engineering-Manufacturing 
Sub-Contractors

Positions at Several Levels 
for Electronic Engineers

SYSTEMS DEVELOPMENT ENGINEERING 
(At least 4 years' experience)

RADAR SYSTEMS 

SYSTEMS ANALYSIS 

DATA ANALYSIS 

ELECTRONIC COUNTERMEASURES 
SYSTEMS

SYSTEMS EQUIPMENT ENGINEERING

ANTENNA DESIGN AND DEVELOPMENT 

RF COMPONENTS DEVELOPMENT 

UHF AND MICROWAVE 
RECEIVER DEVELOPMENT

DATA REDUCTION EQUIPMENT D4D 

VIDEO DISPLAY DEVELOPMENT 

COMPUTER APPLICATIONS

Salaries fully competitive, commensurate with experience 
Write in confidence to Mr. James P. Kinsella, Div. 66-S.WE

Missile Detection Systems Section
HEAVY MILITARY ELECTRONICS DEPT.

GENERAL 0 ELECTRIC
Court Street, Syracuse, New iork

CIRCLE 875 ON READER-SERVICE CARD
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M.S. (Phys.)

. . etc.

AT MOTOROLA in PHOENIX... 

Engineers are given a NEW DEGREE

Engineers who join our staff are given the Degree of 
Responsibility that every idea-sparking engineer wants, but 
so few receive. Our men follow through on their ideas—from 
first inspiration through final field test evaluation. This ma­
ture approach results in sound designs that have helped 
Motorola attain world-recognized leadership in military and 
industrial electronics. At Motorola, you will be granted au­
thority commensurate with your responsibilities. Your work­
ing environment will provide the best opportunity for your 
growth; Arizona’s sunny climate the best opportunity for 
healthy, pleasant living. Write today to Mr. Kei Rowan, 

Dept. B-2.

)MOTOROLA

6201 E. McDowell Rd. Phoenix, Arizona

OPPORTUNITIES

Electronic Engineers, Mechanical Engineer*, Physicists — SYSTEM ANALYSIS, DESIGN 
AND TEST—Radar • Missile Guidance • Navigation • Combat Surveillance • 
Communications • Field Engineering • Data Processing and Display— CIRCUIT 
DESIGN, DEVELOPMENT AND PACK AG I NG-Micro wave • Pulse and Video • 
Antenna • Transistor • R-F and I-F • Servos • Digital and Analog 
TECHNICAL WRITERS AND ILLUSTRATORS, QUALITY CONTROL ENGINEERS, RELI­
ABILITY ENGINEERS
Motorola also offers opportunities at Riverside, California and Chicago, Illinois

CIRCLE 876 ON READER-SERVICE CARD
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372
373
374
375
376
377
378
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380
381
382
383
384
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387
388
389
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391
392
393
394
395
396
397
398
399

400
401
402
403
404
405
406
407
408
409

410
411
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414
415
416
417
418
419
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424
425
426
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432
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438
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440
441
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444
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448
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453
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462
463
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465
466
467
468
469
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471
472
473
474
475
476
477
478
479

480
481
482
483
484
485
486
487
488
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490
491
492
493
494
495
496
497
498
499

500
501
502
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504
505
506
507
508
509

510
511
512
513
514
515
516
517
518
519

520 530
521 531
522 532
523 533
524 534
525
526
527
528
529

535
536
537
538
539

540
541
542
543
544
545
546
547
548
549

550 
551
552 
553
554 
555 
556
557 
558 
559

560
561
562
563
564
565
566
567
568
569

570
571
572
573
574
575
576
577
578
579

580
581
582
583
584
585
586
587
588
589

590
591
592
593
594
595
596
597
598
599

600 610 620 630 640
601 611 621 631
602 612 622 632
603 613 623 633
604 614 624 634
605 615 625 635
606 616 626 636
607 617 627 637
608 618 628 638
609 619 629 639

641
642
643
644
645
646
647
648
649

650
651
652
653
654
655
656
657

660
661
662
663
664
665
666
667

658 668
659 669

670 
671
672 
673 
674 
675 
676
677 
678 
679

680 
681
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684
685 
686 
687
688
689

690
691
692
693
694
695
696
697
698
699

700
701
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703
704
705
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707
708
709

710
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768
769

771
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785
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796
797
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800 810 820
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802
803
804
805
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807
808
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812 822
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814 824 
815 825
816 826 
817 827 
818 828
819 829
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833
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836
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840
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842
843
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Pane

character

TYPICAL DO T PERFORMANCE CURVES

Low Distortion reduced 80
PS5ST

High Efficiency

hermetic to
um it

CTrtER MFR.-MW

5/i* îlia. r %, %o Oz.DO-T2

them. Units mayreduce
LOAD, soa

LevelApplicationLOT
Res

other mfr.

OTHER MFR

FREQUENCY-CYCLES PER SECOND

109 other mfr

FREQUENCY-CYCLES PER SECOND

CIRCLE 284 ON READER-SERVICE CARD >
SPECIAL UNITS AVAILABLE CALIF.
TO YOUR SPECIFICATIONS

Radar 
Radio 
Radio

Potter 
I itter

SOURCE .0,0000 'MA
LOAD 3 20

O.C. Ma 
in Pri.

MIL 
Type

Ravtheon Mfg., ' 
Republic Aviatim 
Hohertshaw-Fulti 

nautical Div.
I • • Ml (

FREQUENCY-CYCLES PER SECOND

FREQUENCY-CYCLES PEP SECOND

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y

n Switch & Signal, Div

I DOTI » I
SOURCE 20,0000 5MA 
LOAD 0000

I DOT3 I
SOURCE lOOOO JMA
LOAD 900 i

‘'P'ny Gyroscope Co.
Sperry Rand Corp.

'Tr'gue Electric Co. 
M ii kpole Carbon O 

iwnls Div..........
V uham Instruments, 
ste v»ns-Arnold. Inc. 
stevens Mfg. Co. .
'■ ’ ’.ant ( o., I’

CABLES: "ARLAB

11 D0-T3 I I
SOURCE 0000 JMA OC

PACIFIC MFG. DIVISION 4008 W. JEFFERSON BLVD., LOS ANGELES

The radical design of the new UTC DO T and Ol-T trans stor transformers provides unprece 

denied power handling capacity and reliability, coupled wilh extremely small size.

ectric Co. .................................  
y Instrument Co. .......
Laboratories ............................
St Esser ..............................   . ..
Mfg. Div., The New York 

Brake Co...................................... 
Hite Corp. .................................

’d transistor transformers have «nherentiy 

efficient reliability and are woefully inedequ

up to 30% better

Lower source impedance will improve response and level ratings... higher source will 
be used reversed, input to secondary

Rugged .. . completely cased

Safeway Heat Element-, 
Servo-T«-k Products ( o., 
Sigma Instruments, luc 
Simmons Fastener < orp 
' ‘ ! State I Ie, tloiiK s . 
sonntooe Corp. ............. 
Southco, Div. of South < 
Xp,-ctTol Electionn*. .

Excellent Response twice as good

DO-T units have been designed for transistor application 
nly.« not for vacuum tube service. Patents Pending

JDCMA shown is for single ended useage (under 5% distortion—10<>MW—1KC) 
any balanced value taken by ,5W transistors (under 5% distortion—500MW—1KC)

t Brake Co. .............. . .
■ Gasket Co.. Plastics Div 

Semiconductor Products 
I Transformer Corp. .

88. 89 
Cover III

To fully appreciate DO-T transistor transformers, the curves indicate their performance compared to that of 
s.m.lar size units now on the market. Cl-T transformers are still smaller in size. Power rating and other 
characteristics are identical tu DO-T, but low frequency response (3 db down point) is 30% higher in frequency. 
Units can be used for different impedances than those shown, keeping in mind that impedance ratio is constant.

¡I DOTI I
SOURCE 20,000ft SMAOC 
LOAI eoe ft

Inc., Semiconductor Dr 
Im., Western Militärs

Í » iit. t ....................

High Power Rating up to 100 times 
greater

I 11N ar Electron it s . . .
I ronis. Im.
; meter Magnetics, lui
leiiinic Industries, Inc.

Instruments, I m
• sitron Electronic Corp

Design Corp.
Corp, of America........................... (

------  I- requeues Laboratories, Inc 
Raytheon Mfg. Co., Semiconductor Div

200 soo SOO IM 
FREQUENCY-CYCLES pct second

Moisture Prout
MIL-T-27A

I i. itic Semiconductor'», Inc. .
I t 11 Western I >< s • I.ni u i ,t I |., 4 ,t e ■
Phili-o Corp., Lansdale Tube Dis.
Pic Design Corp .............

Power curves based on totting output pow°r at 1 KC, 
then maintaining same input level over frequency range.

I DOT2 I 
SUU’e 5000 3 MA- 
LOAD 500

I I II D0-T4 DOT5 |
SOURCE 600fi JMA 12000 2MA
LOAD 3 20 I I i

nt Instrument Co. . .
•a )• lectric.il liistruments 

Hasties . ........  
,1. Mt 2 ( .

igan Magnetics, Inc .....................
-Lectrie, Div. of Muro Machin 

orks .......................... .........
itran Co...................... .....................
dure Prue ision Bearings ...............  
.eapolis I (ones sveli. Industrial Dr Anchored Leads will stand 10 lb 

pull, plastic leads for printed circuits

1 D0-T4 I D0-T5 DOTÒ I 
SOURCE 6000 JMA *2000 2MA 10,0000 IMA 
LOAD 320

O SOO SOO IM 1

FREQUENCY-CYCLES PER SECOND

’ SOURCE 5000 JMA DC 
LOAO. 500

’Y W VX) IM

FREQUENCY-CYCLES PER SECOND

for push pull, DCMA can be

DU It TF4RX13YY interstage 20,000
30.000

.5

.5
800

1200
850 50

D0-T2 TF4RX17YY Output 500
600

3
3

50
60

60 10Û DI-T2

D0-T3 TF4RX13YY Output 1000
1200

3
3

50
60

115 100 DI-T3

D0-T4 TF4RX17YY Output 600 3 3.2 60 100

00-T5 TF4RX13YY Output 1200 2 3.2 115 100

D0-T6 TF4RX13YY Output 10,000 1 3.2 1000 100

D0-T7 TF4RX16YY Input 200,000 0 1000 8500 25

0J-T8 TF4RX20YY Reactor 3.5 Hys. @ 2 Ma. DC, 1 Hy @ 5 Ma. DC (DI-T8 is 2.5 Hy @ 2 Ma.) 630 DITS

DOT 9 TF4RX13YY Output or driver 10,000
12.500

1
1

500 CT 
60&CT

800 100 DIT9

DOTH TF4RX13YY Driver 10.000
12,500

1
1

1200 CT
1500 CT

800 100 DI-TW

DOTH TF4RX13YY Driver 10,000
12,000

1
1

2000 CT
2500 CT

800 100 DI-T11

D0T12 TF4RX17YY Single or PP output 150 CT
200 CT

10
10

12
16

11 500

D0-T13 TF4RX17YY Single or PP output 300 CT
400 CT

7
7

12
16

20 500

D0-T14 TF4RX17YY Single or PP output 600 CT
800 CT

5
5

12
16

43 500

DO-T 15 TF4RX17YY Single or PP output 800 CT
1070 CT

4
4

12
16

51 500

0^-116 TF4RX13YY Single or PP output 1000 CT
1330 CT

3.5
3 5

12
16

71 500

D0-T17 TF4RX13YY Single or PP output 1500 CT
2000 CT

3
3

12
16

108 500

D0-T18 TF4RX13YY Single or PP output 7500 CT
10,000 CT

1
1

12
16

505 500

00-T19 1F4RX17YY Output to line 300 CT 7 600 19 500 0I-T19
D0-T20 TF4RX17YY Output or matching tu line 500 CT 5.5 600 31 500 DI-T20
D0-T21 TF4RX17YY Output to line 900 CT 4 600 53 500

D0T22 TF4RX13YY Output to line 1500 CT 3 600 86 500 0I-T22
Û0-T23 TF4RX13YY Interstage 20,000 CT

30,000 CT
.5 
5

800 CT 
1200 CT

850 100 DI-T23

DO-124 TF4RX16YY Input (usable for 200,000 CT
chopper service)

0 1000 CT 8500 25

U0-T25 IF4RX13YY interstage 10,000 CT
12,000 CT

1 
1

1500 CT
1800 CT

800 10Û

h0-T26 TF4RX20YY Reactor 6 Hy. @2 Ma. DC, 1.5 Hy. @ 5 Ma. DC 2100
DO-T27 TF4RX20YY Reactor 1.25 Hy. @ 2 Ma. DC, .5 Hy. (a> 11 Ma. DC 100
DO-TSH Drawn HipermaBoy shield and cover for DO-T’s, provides 25 to 30 db shielding.

lectric.il


Power Tuces

Special R Tuve

RADIO CORPORATION OF AMERICA
Electron Tube Division Harrison, N. J.

Ilf Citi
TUBE *

UW “Pencil-Type’' Tui 
Bisplay Storage Tubes

224 N. Wilkinson Street
Dayton 2, Ohio • BAIdwin 6 2366

1625 "K” Street, N. W.
Washington 6, D C. • District 7-1260

415 S. Fifth Street
Harrison, N.J. • HUmboldt 5-3900

744 Broad Street
Newark 2, N.J. • HUmboldt 5-3900

Suite 1154, Merchandise Mort Plaza
Chicago 54, III. • WHitehall 4-2900

6355 E. Washington Blvd.
Los Angeles 22, Calif. • RAymond 3 8361

Regardless of the application areas you are working in- 
radio-frequency. audio-frequency, video, photoelectronic, 
oscillographic, power—you can rely on RCA as the one dependable 
source of quality-engineered tubes across the board.
For help in selecting the right tubes for your application—please get 
in touch with the RCA Field Representative at the RCA office 
nearest you. For tube technical data on specific tube classes, simply 
write RCA Commercial Engineering, Section B-18-Q-1, Harrison, N.J.

Hifh-Pewer Tubes
Super-Pewer Tubes
Projection Kinescopes
TV Camera Tubes
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	this

	Cable Systematics
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	MECHANICAL BOOSTER HIGH VACUUM PUMPS

	Repeat-Cycle Timer Uses Glow Tubes

	DC Scope Amplifier
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	control systems, f military applications
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	Fundamental Nonlinear Processes
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