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NEW
Distributed Parameter Delay Lines

FEATURE UNIFORMITY, STABILITY AND LOW COST

IRC’s extensive mass production experience and technique in 
the manufacture of continuous lengths of wire wound resistive 

elements have now been utilized to produce a uniform 
high-quality, low-cost, distributed-constant delay line. 

l Simplicity of design permits close control of electrical 
characteristics even to providing, in many applications, 

unusual phase characteristics to meet customers’ 
special requirements.

Encapsulation in phenolic impregnated rigid tubes 
with axial leads assures good stability under 

adverse environmental conditions. These delay 
lines are well suited for either point-to-point 

k wiring or printed board applications.

If you have an application for distributed 
constant delay lines, we will be pleased 

to review your requirements. Send 
coupon for full details.

Features
TIME DELAY 0.2 to 1.0 microseconds 

IMPEDANCE 500 to 2500 ohms stan
dard; higher and lower are available 
on special request

BANDWIDTH 3.5 MC and greater as 
required

TEST VOLTAGE 300 volts

OPERATING TEMPERATURE 65°C
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Insulated Composition Resistor« • 
Deposited and Boron Carbon Pre- 
cistors • Power Resistors • 
Multipliers • Ultra HF and Hi-Voltage 
Resistor* • Potentiometers

Law Wattage Wire Wounds • Resis
tance Strips and Discs • Selenium 
Rectifiers and Diodes • Hermetic 
Sealing Terminals • Insulated Choke* 
• Precision Wire Wounds • Attenuators

INTERNATIONAL RESISTANCE CO.
Dent. 266, 401 N. Broad St., Phila. 8, Pa.
In »w^y^PWrerhational Resistance Co., Ltd., 

Toronto, Licensee

Send technical data Bulletin S-2 on the new IRC 
Distributed Parameter Delay Lines.
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circuit protection
* Overload Protection
* Over Voltage Protection
•x- Under Voltage Protection
-X- Low Frequency Protection

with new

sensing relays

r THERMAL, 
current sensi* 

relay

CONTACTS

CV Controls*

G-V Sensing Relays operate contacts when 

current or voltage to their heaters exceeds 

or drops below the operating point.

Operating quickly on heavy changes but 

tolerating slight changes until they 

become dangerous, the G-V relay 

provides better protection for your 

valuable equipment.

G-V sensing relays can be selected 

with a response rate paralleling the 

action of your equipment.

Meets Military Requirements 

Hermetically Sealed Miniature Size

Light Weight
Currents .015 to 5 Amps—Voltage 1 to 230 Volts

for Engineering Assistance and
complete technical Data. Ask for Publication 70.

G-V CONTROLS INC
18 Hollywood Plaza 

East Orange, New Jersey
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This Age of Specialization

MEWTM, MASS.: 55 Chapel St. . Bigelow 4-7500 

NEW TOM: 589 Fifth Ave. • PLaza 9-3900

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

LOS ANttUS: 5236 Santa Monica Blvd. • NOrmandy 5-4221

Aß illusirafiont are 

actual size

Editorial
SEMICONDUCTOR DIODES 
and RECTIFIERS

WIRE-IN TYPESTUD TYPE
DIFFUSED JUNCTION SILICON RECTIFIERS

Type Peak 
Inverse
Volts

Average 
Rectified 
Current 

Amps. (150°C)

Reverse 
Current 

(max.) at PIV 
mA

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

Amps. (135°C)

Reverse 
Current 

(m-ax.) at PIV 
mA

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

Amps. (150°C)

Reverse 
Current 

(max.) at PIV 
mA

CK846 100 1.0 2 1N253 95 10 10 1N537 100 0.25 2
CK847 200 1.0 2 1N254 190 0.4 10 1N538 200 0.25 2

CK848 300 1.0 2 1N255 380 0.4 10 1N539 300 0.25 2
CK849 400 1.0 2 1N256 570 0.2 20 1N540 400 0.25 2
CK850 500 1.0 2 CK844 500 0.25 2
CK851 600 1.0 2 CK845 600 0.25 2

SILICON POWER RECTIFIERS BONDED SILICON DIODES
D

•Case

Type Peak 
Inverse
Volts

Average 
Rectified 
Current 

Amos. (125°C*)

Reverse 
Current 

(max.) at PIV 
mAdc

CK774 25 5 5
CK775 60 5 5
CK775-1 125 5 5
CK776 200 5 5
CK777 325 5 5

GOLD BONDED GERMANIUM DIODES

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

(max.) mAdc

Reverse 
Current 

at -10V 
mA

1N305 60 125 2
1N30C 15 150 2
1N307 125 50 5

GENERAL PURPOSE GERMANIUM DIODES

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

(max.) mAdc

Reverse 
Current

mA at V
1N66 60 ¿0 800 -50
1N67 80 35 50 -50
1N68 100 35 625 -100
1N294 60 50 800 -50
1N297 80 35 100 -50
1N298 70 50 250 -40

VHF and UHF 
1N295 1 40 35 200 -10

^CKTI^^L 40 35

(RAYTHEON)

Type
Peak 

Inverse

Volts

Forward 
Current 

(min.)at4-lV 
mAdc

Average 
Rectified 
Current 

mAdc (25°C)

Reverse 
Current

mA at V

1N300 15 15 65 0.001 10

IN3O0A 15 30 80 0.001 10

1N432 40 10 55 0.005 10

1N432A 40 20 70 0.005 10

1N301 70 5 45 0.05 50

1N301A 70 18 65 0.05 50

1N460 90 5 45 0.1 75

1N460A 90 15 60 0.1 75

1N303 125 3 40 0.1 100

1N303A 125 12 55 0.1 100

1N433 145 3 40 0.1 125

1N433A 145 10 50 01 125

1N434 180 2 35 0.1 150

1N434A 180 7 45 0.1 150

1N302 225 1 30 0.2 200

1N302A 225 5 40 0.2 200

CK863 300 1 20 0.3 275

CK863A 300 3 30 0.3 275

SEMICONDUCTOR

Silicon and Germanium Diodes and Transistors • Silicon Rectifiers

Visit Raytheon Booths 2921-22, WESCON, San Francisco, August 20-23
CIRCLE 3 ON READER-SERVICE CARD FOR MORE INFORMATION

The days of the “all round” electronics engineer 
are past. Only yesterday an experienced engineer 
was expected to tackle almost any job that in
cluded vacuum tubes, resistors and capacitors. It is 
a tribute to the advanced state of our economy that 
this is no longer so. We have become a nation of 
specialists.

Yesterday’s electronics engineer has been re
placed by the vacuum-tube engineer, the transistor 
engineer, the analog computer man, the digital 
specialist, the capacitor engineer, the transformer 
and coil man, and a host of others.

Moreover, even these specialties have been di
vided into sub-specialties. The resistor engineer 
may design only power resistors and precision re
sistors or deposited types. The capacitor man may 
deal only in mica types, or paper, or electrolytics, 
The computer man may be strictly a circuits man, 
or a logic specialist, or a memory man.

Now, in the midst of this trend, in the midst of 
this age of super-specialization—we find an anoma
lous situation. The electronics engineer—the spe
cialist—is being forced to branch out. Yesterday he 
designed for frequency response, gain, stability, 
signal-to-noise ratio. Today he must ask—“Can my 
system tolerate shock, vibration, salt spray, humid
ity, and altitude—can it take —60 C and -(-200 C?” 
The electronics specialist, it appears, must become 
a mechanical engineering specialist and a thermo
dynamics specialist, and rapidly too,—for in spite 
of the sweet talk, we are still in the midst of an 
arms race.

The electronics engineer is best capable of de
signing an instrument from an electronic viewpoint. 
The thermal design engineer can, no doubt, lay it 
out from the viewpoint of most efficient cooling, 
and the mechanical engineer is best able to insure 
resistance to shock and vibration. Certainly, com
promises may have to be made, but teamwork is 
essential if we are to have optimum design.

Far too many prototypes have been junked be
cause critical components overheated and no pro
vision had been made for adequate cooling. Too 
many engineering dollars have been wasted because 
a system overheated at 23,666 feet, though it 
“worked fine” at sea level. We’ve thrown away too 
many precious hours building electronic gear that 
couldn’t take vibration or shock.

It is too much to expect the electronics engineer 
to be an expert on every phase of a system design. 
The day of the one-man project has gone. The time 
has come when we need teams of electronic, me
chanical and thermal engineers on every major 
project.—GR

ELECTRONIC DESIGN • August 15, 1957 E
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The Spacistor; Revolutionary Transistor?

An estimated frequency limit of 10,(XX) mc, ex
pected operation at 500 C, and an input and output 
impedance of 80 meg are some of the claims made 
by Raytheon Manufacturing Co. concerning their 
spacistor. Although still in the research stage, the 
spacistor would seem to promise a radical depar
ture from conventional transistor design. However 
there is gdod reason to believe that the device is 
not quite so revolutionary as at first might seem, 
and that it might better be described as a step for
ward rather than as a startling departure from what 
has preceded it.
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OUTPUT
The spacistor is shown here schematically. The space
charge region of a p-n junction biased in reverse is

* inaicated by the shaded* area. A suitable electron * 
emitting contact I is placed into the space-charge 
region. Thv contact I is connected to terminal B through 

ca battery, which biases the contact negatively with re
spect to the potential of the underlying space-charge 
.region. Note the potential of point I is still positive with 
respect to B. Electrons are emitted from this contact into 
the space-charge region where they are modulated by 
a field set up by M. The electrons flow to the n-side, 
through the load, and back to point I.

E ECTRONIC DESIGN • August 15, 1957

By avoiding the frequency limitations in the con
ventional transistor, due to the slow diffusion of 
minority carriers through the essentially field
free base region, the spacistor is theoretically cap
able of superior frequency preformance. Through 
utilizing the space-charge region in a reverse- 
biased p-n junction, a relatively high transit time 
can be achieved. As shown in the diagram, injector 
I and modulator M are the input points. Carriers 
emitted from I will travel rapidly in the space
charge region towards the collector C. Modulator 
M has two functions: varying the emission of in
jector I, and allowing the bias of I to be practically 
independent of the voltage B-C, thus keeping the 
output impedance desirably high.

The utilization of the space-charge region in a 
reversed-bias p-n junction is not new. In November 
of 1952, Proceedings of the IRE published an article 
by W. Shockley, then with Bell Telephone Labs., 
entitled “Transistor Electronics: Imperfections, Uni
polar and Analog Transistors.” The analog transistor 
in particular shows a resemblance to the spacistor. 
Called “analog,” because of its analogy to the con
ventional vacuum triode, this transistor utilized a 
reversed-bias p-n junction to create a space-charge 
region, and thus layed some of the theoretical 
groundwork for low transit time devices. Modula
tion was accomplished by a p-type region, called 
the grid in accordance with the analog terminology.

The important difference of Raytheon’s spacistor 
is the injection of carriers into the space-charge 
region by the emitter. Both the analog transistor 
and the field-effect transistor, which appeared at 
the same time, were limited in respect to field 
strength due ta heat generated by the current flow. 
In the spacistor, where carriers are injected into the 
space-charge region, no current is necessary to 
establish the high electric field. Despite this im
portant difference, the spacistor does not appear 
to have solved the problem encountered with simi
lar devices. The theoretical frequency limit of 
10,000 mc still remains quite theoretical; it might 
be possible even now to reach this upper limit but 
in the form of a minute vibration. The possibility

of using new semiconductor materials with higher 
temperature ranges—silicon carbide was hinted—has 
met with equal scepticism from engineers experi
enced in the field. Apparently the fact that the 
spacistor does not depend on minority carrier life
time does not therefore make it adaptable to other 
materials without other serious design considera
tions. The spacistor remains then as an important 
contribution in the field of transistor research, but 
Raytheon’s estimate of three to five years before 
it reaches the market would appear to be a likely 
prediction.

Compared to a pinhead, the spacistor is shown at
tached to a transistor mount. The spacistor's four leads 
are: base (slanty crossbar); collector (wire directly under 
semiconductor block on right); injector (whisker sized 
wire on top left) and modulator (whisker sized wire on 
top right).

1957
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FOR DRIFT-FREE DC INSTRUMENTATION—

1|*

± 2 LIV DRIFT

INTEGRAL POWER SUPPLY

HIGH OUTPUT LEVEL

EXTREMELY LOW NOISE

BROAD BANDWIDTH

10 ACCURATE GAIN RANGES

HIGH INPUT IMPEDANCE

oj©

The KIN TEL Model 111 amplifier provides maximum stability and the lowest drift of any commercially available broadband d-c amplifier. It is 
the end result of years of research in the field of chopper stabilized broadband d-c amplifiers. Thousands of KIN TEL amplifiers are in daily use. 
The Model 111 incorporates KIN TEL's proven chopper amplifier circuitry and provides ten extremely precise, feedback controlled gam ranges. 
Several feedback loops assure high accuracy, stability and uniform frequency response. The completely new and unique circuit provides rapid 
recovery from severe overloading and unsurpassed dynamic performance -unaffected by load or gam changes.
The Model 111 is available m a single-unit cabinet or m a six-unit rack mountable module The amplifiers are extremely compact; the six-unit 
module occupies only a 19-inch rack width
APPLICATIONS. The Model 111 is ideal for permanent low level d-c instrumentation, telemetering, or as a strain gage amplifier, transducer 
amplifier, scope preamplifier, recorder driver amplifier, or general purpose laboratory amplifier.

SPEC F CATIONS

Gain .

Gain Accuracy ..........  
Input Impedance . . . 
Output Capability at DC

Output Impédance . . . . 
Equivalent Input Drift . . 
Equivalent Input Noise .

Chopper Intermodulation 
Linearity .................... 
Frequency Response . .

0, 20, 30, 50, 70. 100, 200, 300,
500. 700. 1000
± 1% DC to 2 KC 
100,000 Q
0 to ± 35 V where Rl > 1000 il
0 to ± 40 MA where Rl is 10 to 400 it
Less than 1 il in series with 25 uh
± 2 pv with regulated line
0 to 3 cps, less than 5 pv peak to peak
0 to 750 cps, less than 5 pv RMS
0 to 50 kc. less than 12 pv RMS
Less than 0.1%
Better than 0.1% to 2 KC
- 3% (0.3 db) DC to 10 KC, 

i X ûuwn aY

Power Requirements.
Amplifier ...............
Cabinet.......................
6 Unit Rack Adaptor . . . .

Dimensions. Amplifier Unit .
Rack Adaptor for 6 Units.

Net Weight — Amplifier
PRICE Amplifier Unit . . .

117 V-60 cycles-70 VA 
. 117 V-60 cycles-15 VA 

. . 117 V —60 cycles —45 VA 

. . 2%" wide, 75/8" high, 14% deep 

. . 19" wide, 8%" high, 18%" deep 

. . 11 pounds

.................... $550.00
19 inch Rack Adaptor for 6
amplifier (with fans and connectors) 200.00 
Cabinet for single amplifier 
(with fan and connector)
is available

STABILITY

WITH CHOPPER AMPLIFIERS 
[ KAY LAB ]

Representatives in all major cities.
5725 KEARNY VILLA ROAD, SAN DIEGO 11, C ALI FOR N I A • BROW N I N G 7-6700. 
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From the depths of these caverns comes a sound unique 
in the musical world—that of a stalactite struck by a 
rubber-tipped plunger.

The Great Stalactite Organ

When four-year-old Robert Sprinkle bumped his 
head on a stalactite in Luray Caverns, Va., in June 
1954, the nice deep tone of the rock fascinated him 
and his father, Leland W. Sprinkle, Sr., even more 
than the bump. The father, a physicist, was excited 
by the idea of creating a device to play musical 
selections on the stalactites. As the story goes, dur
ing the three years since then The Great Stalactite 
Organ has been created. Already of immense di 
mensions, the organ is still growing as more and 
more of the stalactites in the 64-acre caverns are 
being tuned.

The problems encountered in accomplishing the 
feat were many and various. The first consisted of 
whether and how a stalactite could be tuned 
Sprinkle found only about two that were in tune 
naturally. A system of grinding the others had to 
be worked out, with aluminum oxide sanding discs 
rotated at high speed. Although the discs are strong 
enough to wear down tempered steel, the stalactites 
were hard enough to wear them out readily. Eng
lish tuning forks were used for initial prospecting 
before precise tuning was done by a system oi 
pieeiskto oscillators ^wpJiJied so they can be heard 
above the grinding—which continued until the beats 
disappeared. Once tuned, stalactites stay tuned; air- 
conditioned by nature, they are maintained at a 
constant 54 F.

The over-all design of the instrument includes 
interchangeable octave blocks, which may be con
trolled by either a manual console or an automatic 
playing mechanism. The automatic player cons sts 
of a thin Mylar plastic belt with a pattern of h< les 
melted into it by a soldering iron. As tiny pi int 
brushes similar to a type used on IBM sorting i ia-|
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With addition of new facilities, Alpha can vary any combination of 
electronic wire factors to suit your individual needs for 

prototype or mass production j
short or long runs with fast delivery 

because they are made from our industry-greatest 
warehouse stock of 2173 items.

• Save labor, money, time. ^^^F
From simplest hook-up to most ।

complex terminated harness 1 '
or cable... whatever \ -

your wire need, ih
wire Alpha. ^^^HF 
• wnte tor

" ■1 1 ■
WE 8.

any way you say 
l from j

ed oi
m« '

time 
ad to 
dise 
troni 
ctites

chines slide through a hole, an electrical contact is 
established which triggers a relay. The relay, in 
tui n, allows a storage capacitor to discharge 
thiough a long electric line into the surounding 
subterranean area, moving a solenoid-type plunger 
and sounding a stalactite. Volume changes as well 

I as other tonal effects can be melted into the plastic 
tape, or if the manual console is used, these effects 
may be accomplished through a system of switches.

Among the numerous advantages of a stalactite 
organ is stereophonic sound. Probably no other or
gan the world has more area in which to achieve 
it . ■ \ects than in this cavern which has a reverbera- 

hion time of approximately two seconds.

h les
3 con-
>m itic 
ms sts 
h< les

Portable Antenna Tower: Fabricated of lightweight 
magnesium for the Royal Australian Air Force by Mag
nesium Products of Milwaukee, this tower was demon
strated recently at the Milwaukee lake front. The tower, 
made in sections, is the telescoping type and can be 
cranked skyward to a height of 150 ft from the tele
scoped, or ground level, height of 12 ft. A 12-man crew 
can handle and erect a tower in two and a half hours. 
The complete tower, including guy wires and acces
sories, weighs 1400 lb. One man cranks the sections up
wards into position and two men on a platform, 12 ft 
above ground, bolt the sections together.

The towers will be used as microwave relay stations 
by the Australian Air Force as part of its communica
tions network. The United States Air Force uses similar 
portable antennas, which are, however, only 100 ft

SEE US AT BOOTH NO. 1408 AT THE WESCON SHOW 
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special

department

from prototype to mass production for over 35 years

STRIPING • SPECIAL COLOR CODING 
MARKING & NUMBERING 

CUTTING, STRIPPING, & TINNING 
TWISTING, & CABLING 

TEXTILE BRAIDING 
COPPER SHIELDING 

JACKETING



For more information on AMP-Edge Connectors, contadi

Light coming from the right of the display panel will 
strike a cover glass and electroluminescent layer (both 
not shown) where dispersion will occur. In the presence 
of this light the resistance of the photo-conductor will 
rapidly decrease and present a very low resistance be
tween the conductive end caps, which will then assume 
the same potential upon introduction of an ac voltage 
to the two electroluminescent layers.

Design-Engineered with Positive 
Wiping Contact and Frictional 
Grippage.

Electroluminescent Image Formation
For several years extensive research has been 

carried out in the field of electroluminescence (EL) 
with the fundamental goal being the development 
of image-forming devices. Recently three devices 
produced by the Sylvania Products Inc. in coopera
tion with Lincoln Lab. at MIT were demonstrated 
as the latest experimental EL innovations; they 
consisted of (1) an EL panel on which the position 
of a mobile dot of light can be manipulated elec
trically, (2) a display panel which reproduces opti
cally and stores indefinitely the track of a mobile 
spot of light, (3) a panel which can reproduce opti
cally a motion picture with good resolution and 
rapid response.

Type I is a 2 in.-square, flat plate made up of a 
horizontal array of linear conductors, an EL layer, 
and a vertical set of conductive strips. The strips 
are 3/64 in. wide with an insulating gap of 1/64 in. 
between strips. Upon application of a short ac pulse 
to each of two chosen strips at a different potential 
a voltage will exist across the EL layer at the point 
of intersection. This layer in the presence of the 
electric field will emit a dot of light at the particular 
point. All the 1024 squares can be lit individually.

Lighting of the squares must be initially accom
plished by some triggering mechanism. One method 
is to focus a narrow beam of light on either the 
front or back of the element. The brightness fre
quency and ambient light conditions will affect the

CIRCLE 6 ON READER-SERVICE CARD FOR MORE INFORMATION
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AMP-EDGE

Wholly owned subsidiaries: Aircraft-Marine Products of Canada Ltd Toronto, Canada • Aircraft Marine 
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Another of the many unique designs 
made available by the AMP-Edge tech
nique is the new, low-cost, compact 
AMP-Edge Connector Block. It allows 
freedom of arrangement, with small 
area displacement.

Visit us at the Wescon Show, Aug. 20-23, 
1957. Booth numbers 2319-2320

EDGE ON PRINTED CIRCUITS

195

The lighted square and the letter "H” are images 
which have been reproduced optically on a flat panel.

time required to trigger the element. Once triggered 
the element will continue to emit light even after 
the triggering source is removed.

The light storage device, Type II, is a display 
panel. A piece of conductive glass is used with an 
EL coating on which is cemented with melting 
glass sets of columns approximately 1/32 in. sq 
with a 1/32 in. spacing to adjacent columns, pre
sent a “waffle iron” effect. Black glass is applied to 
the webbing between individual columns. Each 
column has a conductive cap on both top and bot
tom and a photo-conductor layer for connections. A 
top conductor of perforated metal mesh or conduc
tive glass is then cemented to the top conductive 
caps of the columns, joining them all. When ac 
power is applied to the two conductive coatings one 
below the electroluminescent layer and the other on 
top of the conductive caps and a spot of triggering 
light of short duration is applied to an individual 
column, either from front or back, the photo-con
ductor transmits ac power and the electrolumines
cent dot under the column lights up. The feedback 
of this light into the column is sufficient to keep 
the photo-conductor active so that the dot of light 
remains lit even after the triggering light is shut 
off. The black webbing prevents adjacent dots from 
lighting. Each dot will remain dark until triggered, 
and will remain lit after triggering.

The last type, a flat screen, consists of a conduc
tive glass square coated with an EL layer, a photo
conductive layer and an electrically conductive 
layer. By applying ac power to the conductive 
layers and by applying or projecting a light image 
or a picture to the back of the screen, the image or 
picture, consisting of thousands of dots of lights, is 
reproduced on the front of the screen.

fctronic design

Its open construction 
provides aeration to 
prevent moisture en
trapment.
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The
craft was assigned to Sperry Gyro ionFREQUENCY kc

Technical data sheets are available.

oped during the past several years b efiniti

Corporation. Ten times as accurate a eptior
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Largest Exclusive Producer of Toroidal If indings

Sample orders: 
Quantities of I to 4, 
through F455Y-60—$30.00 ea

V6NL 

let f()

ture of the ground below which is re
liable day or night, in clear weathei 
or cloudy overcast conditions. The 
system was developed by Hycon Mfg 
Co. of Pasadena. Calif.

num i 
he fin,

»mini 
niles i 
)ahu,

engineers from Sperry and the Con 
vair Division of General Dynamic

series advantage

of the primary navigation and guid 
ance systems for the new bomber air

scope Company, Great Neck, N.Y 
where these automatic systems for 
wide range of missions were deve

previous operational systems, the ne^ 
equipment requires 37 per cent ’es 
space and weighs 20 per cent less t ia 
former systems.

his command a precisely accurate pic- heaki

COMMUNICATION ACCESSORIES COMPANY
Lee’s Summit, Missouri • Phone Kansas City BRoadway 1-1700

A Subsidiary of Collins Radio Company

Ver tl
-Soon:

Automatic Flight Control

Virtually automatic control system 
are directing the flight path of the

track
I, .. H 
uhi >

M"'l” 
test T
|M I ll

Radar Strip Recorder
A radar strip recorder which main

tains the advantages of a PPI-sccpe 
presentation while eliminating mist 
of the disadvantages is available. The 
radar strip recorder makes an actual 
photographic record of radar infor
mation on a slowly-moving strip of 
film. The film is 9-1/2 in. wide and is 
passed over a viewing screen so that 
the observer looks at a transparency 
approximately 9 x 12 in. in size. The 
transparency pictures the ground im
mediately aft of the airplane exactly 
as it looked to high-precision radai 
twenty sec previously. The film pic
ture does not change, but rather the 
long strip of film is slowly wound front 
one spool to another. The speed of 
film travel can be controlled to cor
respond to airplane velocity. A per
manent film record of the flight path 
of the airplane results; in addition, the 
pilot, navigator, or observer has al

lions I 
lave 1

1. Smaller size!
2. Standard performance!
3. Lowest priced mechanical 

filters yet!
4. Ideal for transistorized 

printed circuit applications

)iana 
the Ai 
rec* nt 
Miniti 
from I 
surfac 
reived 
at Bio 
tests 
which

Receiver design engineers—are you having a feeding problem with your 
ffneu: baby”? You no longer have to spoon-feed your LF. problems. Use 
the just-announced Collins ”Y” series filter. Its response characteristics 
are identical to the previous styles of Collins mechanical filters (the 
older models are still available from stock, of course, in series 
-F”-"H”-wJ” and "K”).

nation’s first supersonic bomber, th( milt I 
B-58 Hustler, and accurate release o ive lo 
its throw -away pods. These guidano in sta 
systems can direct the plane througl rray 
its autopilot with minimum supervi ype 1 
sion by a three-man crew. Production ion. j5. From stock! Center frequencies of 455kc and 6db 

bandwidths of 2.1kc (F455Y-21), 3.1kc (F455Y-31), 
4.0kc (F455Y40),6.0kc (F455Y-60),8.0kc (F455Y-80), 
12.0kc (F455Y-120), 16.0kc (F455Y-160), and 35.0kc 
(F455Y-350). Other bandwidths available soon.

6. Tooled for quantity production!
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No—we don’t use paint mixers to meas
ure the vibration resistance of General 
Electric miniaturized sealed relays. But, 
it is a dramatic illustration of the punish
ment G-E hermetically sealed relays can 
—and do—withstand.

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

hds of the circuit indicates that ex- 
kptionally stable weather conditions 

the Pacific may have been the 
psnonsible factor.
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nny Signal Corps has been used 
tly in the testing of Vanguard
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The Moon Will Do
I The powerful radar transmitter
Qiana developed a few years ago by

e o 
anc

breaking Through a Ham Barrier

An amateur station in California was 
n two-way 144-Mc radiotelegraph 
■ommunication with another 2600 
niles away in the Hawaiian Island of 
)ahu, a distance heretofore consid
ered impossible on that frequency. No 
ill-water path of greater than about 
100 miles has been covered previ
ously. Both stations used the maxi
hum power allowed, one kw input to 
pie final amplifier stages of the home
built transmitters, and highly sensi- 
fve low-noise receivers. The Hawai- 
hn station employed a huge antenna 
kray consisting of four 24-ft Yagi- 
Lpe bays arranged in a box forma
ton. A 13-element 24-ft Yagi array 
has used at the West Coast station.

The exact nature of the propaga- 
fon medium which permitted station 
|V6> LZ in Palos Verdes Estate and 
► H6UK at Kahuku to remain in con- 
het for over one hour has not been 
lefinitely established, but the stable

m if

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

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

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

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

Tigress Is Our Most Important Product

GENERAL^ ELECTRIC

Minitrack stations. Signals transmitted 
from the radar and reflected by the 
surface of the moon have been re- 
Leived by one of the tracking stations 
Lt Blossom Point, Md. Purpose of the 
¡tests is to perfect a technique by 
¡which the operation of all of the West- 
Ln Hemisphere satellite tracking sta
llions can be tested as soon as they 
lave been completed and placed in 
■operation.
I The receiving equipment being 
■used in the tests is the Mark II Mini- 
Irack being designed by the Naval 
■Research Lab. for use by volunteer 
ladio tracking stations. However, the 
Iquipment must be modified for the 
lest because the Diana transmitter 
operated at 151 me instead of the 108 
Inc Minitrack freq used in the satellite 
tracking system.
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Talos Joins the Fleet
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demonstrated a remarkable high d 
gree of reliability and accuracy eva 
at its longest range. Due to this r 
liability, the Navy is making the fin 
direct shipboard installation of Tai 
in a first-line cruiser without the i 
tervening steps of evaluation install!

Ordnance, Talos

streamlining of the development pro 
ess has saved considerable funds an 
has advanced the availability of Tali 
as a fleet weapon.

SPECIFICATIONS
Power Range

0.1,0.3,1,3,10,30,100 milliwatts
Accuracy

±5% of full seal!
Bolometer Resistance

50,100,150, 200,250 ohms;
adjustable ±10%

Temperature Coefficient
Positive or negative

Bias Range
341 and 1140 ma

Connectors 1
BNC Jack

Input 1
115/230 volts, 50-60 cycles, 95 wal

Dimensions
14H" wide, 8%" deep, 10%w

Weight
21 lbs.

For further technical data on the 
650-B Power Bridge, 
call-wire-write for Bulletin 650-B 
Ott ,if you want to get this 
instrument on your job in a hurry, 
shoot your order in quick, 
and we will speed it out to you 
IMMEDIATELY.

This universal Power Bridge, Model 650-B, 
is extremely flexible—equally effective for precision 

laboratory and industrial measurements. Its versatility 
with using mounted bolometers, thermistors or 

barretters, gives it incomparable range for work with radar, 
microwave, radio, TV, beacons, and components.

As an example; when used with the Model 628 Bolometer, 
the 650-B Power Bridge measures power input 

as high as 100 MW directly—without need for 
external pads and their error possibility. This is ten times 

the maximum input that other power bridge 
instruments can handle under the same conditions.

And you can depend on the fastest delivery in the business, 
as our increased manufacturing facilities enable us 

to make shipment from stock.
This power bridge consists basically of a feedback 

amplifier and a modified Wheatstone bridge, with a 
bolometer (or other power-sensitive element) as one arm 

of the bridge. The unknown power, on introduction 
into the bolometer, displaces an equal amount of power. 

This equivalent discharged power is registered 
directly on the calibrated vacuum tube voltmeter.

going conversion to a guided-missi 
cruiser at the Philadelphia Navi 
Shipyard. The Galveston is expect® 
to go to sea in April, 1958. A yel 
later, two other cruisers, both arm® 
with Talos, are scheduled to rejoin til 
fleet. The first nuclear-power® 
cruiser Long Beach will also be arm® 
with Talos.

According to Rear Admiral F. I 
Withington, Chief of the Bureau 1
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Reliability engineering researJ 
studies to supply criteria for selectiifl 
and establishing realistic specific! 
tions for electronic components hal 
been initiated for the Army Sigel 
Equipment Support Agency, Fl 
Monmouth, N.J. The 12-month 3(1 
000-dollar contract was assigned fl 
Battelle institute, Columbus, Ohio. I

Each group of components to 1 
evaluated will be considered as a sepi 
rate task. The general plan of researc| 
for each task will include: a surd 
phase during which information fro! 
contact with manufacturers and froi 
the literature will be evaluated; 4 
experimental phase to determine d 
erational performance characteristic! 
and an analysis and recommends tio 
phase during which experimental >lat 
will be analyzed and specifics tic 
limits established.

il stai 
b6 i 
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uring

Talos, the Navy’s long-range sc ver A

cruiser USS Galveston now unde ■ 5,6!



| msistor Sales Continue to Rise

I Transistor sales during the first 
Bve months of this year increased 

ibstantially over the corresponding 
)56 period according to RETMA. 
ales of the semiconductor device 
uring May also showed an increase

Sl ver April and May of last year. Fac- 
For
lie 
ide 
issi 
lav 
JCt^

■me

ren
rmi

>ry sales of transistors in May totaled 
055,000 units with a dollar value 
f 5,636,000 dollars compared with 
1774,000 transistors sold in April 
L’ued at 4,880,000 dollars. Cumula- 
Ive sales of these devices during the 
Lst five months of this year totaled 
1954,300 valued at 25,128,000 dollars 
Is against 3,626,000 transistors worth 
I)..082,000 dollars sold during the cor- 
bsponding period of 1956.
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precision circuit control demands 
precision indicating instruments
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The GARI), Gamma Atomic Radia- 
pn Detector, is to be used principally 
s a family home survey meter under 
inergency conditions of nuclear war- 
kre, or accidental contamination. The 
letector, announced by Sargent-Ray- 
lient Co., Oakland 1, Calif., works on 
ne principle of gamma sensitive crys- 
|ds that glow at various intensities of 
lamma radiation. These crystals are 
Lsily viewed through the magnifying 
Ins when GARD is held to the eye. 
there is no holdover of afterglow of 
Bese crystals. A person using GARD 
tn seek the safest area and will be 
Inmediately aware of leaving a high 
Btensity area. The unit weighs 2 oz 
»d measures 2 x 1-1/4 x 1 in. It is 
weatherproof, fungusproof, shock- 
woof, and non-breakable.

MICROAMPERES

insure pin-point circuit uccurucy 
with Tl pane! instruments
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irways Modernization

Despite mild antagonism, the 
louse Interstate Commerce Commit- 
» approved and sent to the House 
je Airways Modernization Bill (S- 
p56). Apparently, the testimony of its 
nvocates was strong enough to allow 
be Senate bill\to pass untouched. If 
he House accepts the committee rec- 
emendation (and there seems no 
bason why it should not), the bill will 
P o the President for his signature, 
pie next chore will be to get the $30- 
P< million the Board will need to 
Pt rolling.

Performance relies on circuit control... made possible by 
output measuring instruments. When you use Tl panel in
struments, you can measure the exact output of your expertly 
designed equipment... you can control this output for peak 
performance. Regardless of the high quality, close-tolerance 
components in your applications, your precision circuitry is 
only as accurate as your indicating instruments. Rely on Tl! 

All Tl panel instruments are built to exceed MIL-M-6A and 
MIL-M-10304A ... and are accurate to within 2% or less of 
full scale deflection. Custom-designed instruments can be 
built to your closer tolerance requirements. For reliable 
measuring instruments with lasting calibration plus long 
service life, specify TL

select from a wide choice

movement —ac, de, thermocouple, rectifier, 
elapsed time, vu, db
style — front-of-board, semi-flush, flush 
enclosure — phenolic, hermetic, ruggedized 
shape — square, rectangular, round, fan
case — molded phenolic, metal
size (inches) - IM, 2M, 3, 3M, 4M, 4M
special — any modification to your specifications

For rapid delivery of panel instruments • • • depend on Texas Instruments

WRITE FOR BULLETIN No. DL-C 631 Texas Instruments
visit our booths 3001*02, 3019*20 
at tho 1957 wescon show POST OFFICE BOX 3 1 2



Now available...

Du Pont Hyperpure Silicon 
in new grades!

Whether you make or use silicon devices, 
investigate how new grades and broader 

commercialization of silicon can benefit you

Du Pont silicon used in rectifiers, tran
sistors and photocells can now be 
closely matched to device needs, be
cause of newly established, clear-cut 
differences in grades. Each grade has a 
rated maximum content of boron, the 
most critical impurity. Because of this 
new grading, more efficient use of 
Du Pont Hyperpure Silicon is now 
possible.

GRADE 1—This grade, with a maxi
mum of 3 atoms of boron to every 
billion atoms of silicon, has the high
est quality. It is a new grade devel
oped for such devices as power recti
fiers and power transistors, permit
ting lower reverse currents and hence 
higher-rated voltages.

GRADE 2—meets the needs of inter
mediate-voltage devices, such as those 
used in the field of radio and television. 
This grade contains no more than 6 
parts of boron per billion. It is useful, 
too, for such applications as rectifiers 
for variable speed motors.

GRADE 3—is useful in making high- 
current, low-voltage devices such as 
diodes and low-voltage transistors. It 
has excellent potential for use in rec
tifiers for alternating-current genera
tors in automobiles. This grade con
tains a maximum of 11 parts per bil
lion of boron.

SOLAR-CELL GRADE —is the basic 
material used in solar batteries for

powering telephone lines, radios and 
toys. Solar-grade silicon is a high- 
quality photoconductive material.

Quantities to meet today's needs

If you are a manufacturer of silicon 
devicesorareplanningtomanufacture 
semiconductors, there is sufficient 
production capacity for Du Pont Hy
perpure Silicon to meet anticipated 
requirements and assure you of an 
uninterrupted supply. Technical in
formation on the growing of single 
crystals and the measurement of their 
properties is available to you. Get in 
touch with us about your silicon prob
lems. We will be pleased to help you.

DU PONT HYPERPURE SILICON is available in three 
polycrystalline forms — needles, dense lumps and 
cut rods. At the Du Pont laboratories, a single
crystal ingot, such as those shown at left, is grown 
from each lot of polycrystalline Hyperpure Silicon.

The specifications are based on the values deter
mined in our laboratory from resistivity measure
ments of such crystals and resistivity measurements 
of floating zone refined bars cut from those crystals. 
Boron concentrations refer to those in the melt from 
which the characterization crystals are grown.

Part of this characterization crystal is included 
with each shipment of a full lot of silicon. It may 
be used by the manufacturer as a seed to initiate 
the growth of single crystals and also as a resistiv
ity reference to check the purity of single crystals 
grown from the lot.

Provision of these seed crystals is part of the 
service rendered to crystal growers by Du Pont, 
the pioneer producer of semiconductor-grade sili
con in commercial quantities.

^NEW BOOKLET ON DU PONT HYPERPURE SILICON

If you manufacture or use silicon devices, you’ll want this 
new booklet which provides property data on Du Pont Hy
perpure Silicon. It contains basic information on silicon and 
some of its many uses.

E. 1. du Pont de Nemours y Co. (Inc.), Pigments Department 
Silicon Development Group, Wilmington 98, Delaware.
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PIGMENTS DEPARTMENT

»16. U.S. PAT.Off' 

BETTER THINGS FOR BETTER LIVING 
. . . THROUGH CHEMISTRY

Engineering Review

Fair Weather Radio

A solar radio measuring 3/4 x 2 x 3 in. has beeil 
introduced to the American public. Created by th 1 
Acopian Technical Co. of Phillipsburg, N. J., tbfl^ile 
radio contains what is claimed to be a powerful,^ 
lifetime solar battery', which can convert cithct( 
sunlight or artificial light into electrical energ\r
Other features of the radio, which sells for $ 12.9a 
include a high Q, omni-directional ferri-loopstidi 
and an earphone which is described as a sensitiv 
high impedance hearing-aid type. A high gai 
specially selected transistor, a specially selects 
germanium diode, and a durable two-tone plasti 
case are qualities which should make this devic 
well worth the cost.

But for those midnight until dawn programs, i 
is advised that one pick a night with a full moon 
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or else keep the lights burning; that is, of course 
if there happens to be one of those 115 v outlet 
handy in which to plug a lamp. ustr 
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Fingertip Control: The problems involved in flying o 
supersonic missile from a ground command station 
have been described as being like trying to steer a 
car from a mile behind with a rubber steering column. 
To get the ground controller right into the driver's seat, 
Lockheed's Missile Systems Div. has recently completed 
two years of work on a “human engineered” command 
station. The command station will compensate for the 
loss of feel that plagues the long-distance missile oper
ator by making it possible for him to know at a glance 
the speed, pitch, and acceleration of the missile. Light
ing, color, readability, and arrangement of instruments 
were devised by a team of psychologists and engineers 
to best complement the human operator to increase his 
speed, decrease his mistakes, and give him information 
for his piloting job. The station will be used at Hollo
man Air Development Center, Alamogordo, N. Mex.
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isiies. In a meeting of aviation and electronic 
ustrialists, Air Force Secretary J. H. Douglas 
nted a dull picture for the future of the aviation 
ustry. At the same time, he forecast an increase 
electronics procurement from $750 million to 
3 billion for the year.
behind these warnings and forecasts is the phase- 
: of aircraft in favor of the guided missile, 
uglas and AMC procurement chief, Gen. David

¡sile Electronics On the Upswing
lie demise of the Navaho missile project, the 
jtchout of B-52 procurement, and the curtailment

NEW STRIP MOUNTING । 
PROTECTS LEADS 1

With this naw strip mounting, Allen-Bradley 
ceramic capacitor loads are kept straight 
and uniformly spaced. Strip also provides 
guide for cutting to desired lengths. Strip 
mounted capacitors are supplied with 
standard 116' tinned loads.

Allen-Bradley ceramic 
capacitors are fur
nished in five physical 
s i x o s—% *, H ’, 
%»', H*, and
The new "no run-down" 
coated capacitors will 
soon bo made avail
able in all these sizes.

Allen-Bradley Co.
1344 S. Second St., Milwaukee 4, Wis. 

In Canada—Allen-Bradley Canada Ltd., Galt, Ont.

CIRCLE 12 ON READER-SERVICE CARD FOR MORE INFORMATIONI
 Ira-ordinary DOD Authority Thwarted

The Defense Department’s authority to bail out 
inufacturers in trouble has expired with the fiscal 
far. Authority for extra-ordinary negotiations was 
In tail ied in the First War Powers Act of 1941, 
bich was extended for another year by the House 
ithout benefit pf a hearing. However, Senator 
Mahoney (D-Wyo.), has objected to this pro
cure and is holding up similar Senate action until 
arings can be held. He claims the Act gives DOD 
p much negotiating freedom. Meanwhile DOD is 
ft with no law to take care of special procurement 
pe gencies should they crop up.

noon
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utle®

ALLEN-BRADLEY
RADIO, ELECTRONIC, AND 
TELEVISION COMPONENTS 

^^^QUALITV^^

Now you can dip solder these Allen-Bradley capacitors on printed 
boards . . . and be assured of proper solder flow. A new coating 
material, applied by a new process, prevents all "run-down.” Lead 
wires are clean without scraping.

Allen-Bradley quality ceramic capacitors are available in a wide 
variety of types to meet different requirements. General purpose 
capacitors are furnished in nominal capacitance values from 10 to 
20,000 mmf, with various temperature characteristics and toler
ances. There are also dual type, temperature compensating, inter
mediate voltage, and other special capacitors in this quality line. 
The consistent reliability of these Allen-Bradley capacitors is con
firmed by approvals from the leading electronic, electrical and 
telephone laboratories.

Call your nearest Allen-Bradley office 
for complete specifications, today.

A newproce«, com- 
^nfed wifi» o new ma
terial, eliminate* run
down . . . a»»ure» 
proper »older flow 
with short lead*.
Presently available in 
W diameter.

ALSO...BARE DISC TYPE
—Here’» a new ceramic 

capacitor for use in 
printed circuits. It is 
mounted directly in the 
board and dip sol- 
dered. Investigate this 

convenient and low 
cost quality ceramic 
capacitor, today.
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ker (since retired from the Air Force), told the 
ustrialists that there just wasn’t enough money 
the Air Force budget to support both. Therefore, 
e has to be reduced, and it looks like it will be 
planes.
fowever, the future is not as clear cut as it may 
»ear initially. The Air Force is going to have to 
ry its same responsibilities with less money, 
is means that there is going to be a more sincere 
ort to correct some of the costly extravagances 
iracteristic of Defense production.
). C. Sharp, Assistant AF Secretary for Material, 
ide six points that indicate the areas the Air 
rce will keep under close scrutiny.
i Quality engineering rather than quantity en

gineering.
i Reduction of overtime (already in effect).
i Reduction in industry personnel.
i Questioning of executive compensation charge

able to Government contracts.
• Better methods for subcontracting to receive 

the lowest possible prices.
k Elimination of new Air Force furnished facili- 
I ties.

^■■overtime bode of impending changes in the air
L2.9®. *

no “run-down 
on the leads..



Conversion •ear
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The excellent electrical characteristics of Delco 
High Power transistors permit the conversion 
of low DC voltage to higher DC voltage—with 
a high degree of efficiency—in a wide range of 
applications. This proved performance offers 
greater reliability than will be found in corre
sponding vibrator circuits.
The low saturation voltage of Delco 2N173 and 
2N174 transistors also reduces their internal 
power dissipation in conversion applications 
to an insignificant degree so that little self
heating is apparent. The result is an overall 
economy which permits converters of smaller
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W. Merel, Dev. En 
Walter Kidde Co. | 
675 Main Ave. 
Belleville, N.J.

> Ideas in the first referenced editorial came froi 
some very responsible engineers. Your editor wa 
not in a bar when he organized them into a colum

ELECTRONIC DESIGN • August 15, W

“Raspberries”
Gentlemen:

This letter is a response to the reading of yoi 
“Editorial” of V5 #10 May 15, 1957.

Engineers at the bar should not be regarded 
criteria for facts. The ideas presented here for tl 
consumption of our professional group are ini 
tional, unscientific, and irresponsible. Your previoi 
editorial carrying the message “Reduce the fun I 
increase the efficiency' is also psychologically i 
gross error.

Let us see the facts instead of your miscellaneoi 
comments.

Industry’s Highest Power Transistors
Low saturation voltage of Delco Radio 2N173 and 2N174 opens new 

opportunities for converter economy, efficiency and reliability

Can You Help?

Dear Sir:
Any help your readers could give us in locatu 

a teflon socket for a 6199 type photomultiplier td 

would be appreciated.
Joseph J. Nemecek, 7S20
U. S. Naval Research IJ 
Washington, D. C.

► If anyone knows, please notify Mr. Nemece: d 
rect.

Helpful to Know

Dear Sir:
Your new “Ideas for Design" section of Eli 

Tronic Design is very worthwhile and I hope 
will be a permanent feature of your magazine..

Hugh R. Lowry, Mgr.
Application Engineering 
Semiconductor Products Def 
General Electric Co., 
Schenectady, N.Y.

Reliable,
, ‘A • ' j- i .'-i- f

Efficient

I AA I DIVISION OF GENERAL MOTORS
C LVa IX U I KOKOMO, INDIANA

CIRCLE 13 ON READER-SERVICE CARD FOR MORE INFORMATION

TYPICAL CHARACTERISTICS

2N173 2N174

Properties (25 C) 12 Volts 28 Volts
Maximum current 12 12
Maximum collector voltage 60 80
Saturation voltage (12 amp.) 0.7 0.7
Power gain (Class A, 10 watts) 38 38
Alpha cutoff frequency 0.4 0.4
Power dissipation 55 55
Thermal gradient from junction 

to mounting base 1.2° 1.2°
Distortion (Class A, 10 watts) 5% 5%



Letters to the Editor

»diaries a Problem?
Dear Sir:

The editorial and letters to the Editor in the May 
L5 issue require an answer. Recently I saw the En
gineering Joint Council salary curves (published in 
Automatic Control—Reinhold Publishing Co.—May 

issue). I suggest that the two government personnel 
men whose letters were published in your May 15 
ssue take the EJC curves and draw in some curves 

For their own organization and send these with their 
etters. If the data shows that they deserve engineers 
they will have a better chance of obtaining them. If 

they have less than average opportunity, then they 
should expect less than average response and from 
ess than average engineers.

Your editorial expresses a very good thought— 
Live R & D contracts to the competent—however the 
logical conclusion from the presentation is that all 
R & D should go to establish companies—and there- 
|or the engineers should take what they condescend 
to pay. Do you infer that such companies as Ramo- 
IVoodridge would never have been allowed to start? 
After all, if we are going to keep the engineers in 
line we hadn’t better let anyone get away with any
thing or they will all try.
I On the other hand, the incompetence exhibited in 
tome equipment, both government and civilian is a 
Irime as well as being beyond belief—especially in 

work that people try to do for themselves. As long 
Is jobs go to the lowest bidder this will usually be 
rue. The competent are not starving for jobs and 
lidding below true value to obtain them.
I So, while your basic idea is very good and very 
Inportant—I think that you let it get a bit out of 
land.

Howard Jessup, Westinghouse Design Engineer, testing relatively high power interstage pulse transformers on 
the new line-type pulse modulator designed by Mansom Laboratories Incorporated, Stamford, Connecticut.

shows pulse shape, predicts performance in your circuit
John M. Graham, P.E. 
2607 St. Charles Rd. 
Bellwood, Illinois

• It does not necessarily follow from our editorial 
hat only “established” companies should get R and 
) work. We used the word “responsible.” A one- 
ban company might best serve the interests of the 
[ox eminent. However, the procurement officer, un- 
er our prevailing policies, would be less subject to 
ri icism by placing a contract with a company hav- 
Pg the most help available, irrespective of how 
Pi1 y engineers or what qualifications were needed.

Westinghouse has revolutionized pulse transformer testing. 
Now, complete performance in your circuit is proved—before 
delivery. Even pulse shape predictions are now possible. This 
means faster delivery of ready-to-use components, eliminates 
the expense of proving transformer performance in your plant.

Using a new line-type pulse modulator in conjunction with 
low power pulse testing, these tests will simulate any condition. 
Tests are applied both in development—level of insulation 
systems and components, life testing, temperature rise meas
urement—and in production—core characteristics, dielectric 
tests, pulse shape determinations.

you Can be SURE ...ie rrs Westinghouse
CIRCLE 14 ON READER-SERVICE CaKU KjN MORE INFORMATION

Although rated at 30 megawatts peak power and 60 kilo
watts average power, transformers having ratings up to 50 
megawatts peak and 200 kilowatts average power can be 
tested by deviating from specification impedence or repetition 
rating. Tests can be made under full load or with no load.

This complete testing—before delivery—is your assurance 
of specified performance. Call your Westinghouse repre
sentative for information on the wide line of fully tested 
Westinghouse pulse transformers... or write Specialty Trans
former Department, Westinghouse Electric Corporation, P. O.
Box 231, Greenville, Pennsylvania. J-70822

LECTRONIC DESIGN • August 15, 1957
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New low reflective absorber
makes free space tests more reliable

ELECTRONIC DESIGN • August 15, 1957-

white compound can be applied to 
the surface of the pads to increase 
light reflectance.

When you’re investing thousands, 
start right —specify B. F. Goodrich — 
the company with the longest experi
ence and record for consistently high 
quality microwave material. For new 
booklet on these absorbers write B. F. 
Goodrich Sponge Products, a division 
of the B F. Goodrich Company, 394 
Derby Place, Shelton, Connecticut.

Aug. 29-30: Fourth Annual Symposium on Co* 
puters and Data Processing
Albany Hotel, Denver, Colo. Sponsored by 
Denver Research Institute. Technical papers 
components, devices, systems organization, analy! 
techniques, and design techniques will be । 
sented. For further information write to J. Marsh 
Cavenah, Electronics Div., Denver Research Ins 
tute, University of Denver 10, Colo.

Sept. 4-6: Special Technical Conference on Me 
netic Amplifiers
Penn Sheraton Hotel, Pittsburgh, Pa. Sponsored 
the AIEE and the IRE. The program s four sessn 
will deal with New Circuits and Techniques, Ans 
sis and Design, and Applications. For more infon 
tion, write to D. Feldman, Bell Telephone Labs.

Sept. 8-13: Second Annual Course on Investme 
Castings
MIT, Cambridge, Mass. Sponsored by the Inve 
ment Casting Institute. Lectures, laborat( 
exercises and demonstrations will be offered 
investment materials; melting; gating, riserii 
solidification and heat transfer; metal and all 
systems; defects in castings; and consideration 
new investment and allied processes. For furtl 
information, write Harry P. Dolan, Investmi 
Casting Institute, 27 E. Monroe St., Chicago 3,

Aug. 28-30: AIEE Pacific General Meeting
Pasco Senior High School, Pasco, Wash. The teJ 
nical sessions will cover power generation, nd 
onic and radiation instruments, human engineeriJ 
wire communication, transmission and distributiil 
nucleonics, industrial power systems, radio cd 
munication, substations, industrial power rectifia 
television and aural broadcasting, space head 
and air pollution, safety, magnetic amplifiers, Aid 
test instrumentation, and relaying. For more detd 
write to L. P. Reinig, 1704 Bldg., 100-K Arj 

General Electric Co., Richland, Washington.

Ten times lower reflection is now 
available with all B. F. Goodrich 
Microwave Absorbers. This 0.1% 
material gives reliability to measure
ments previously unattainable for test
ing of guided missiles in a free space 
chamber.

You can now be sure, by selecting 
the proper B. F. Goodrich material, 
that you will get this 0.1% perform
ance at any point on the microwave 
frequency spectrum.

In addition to this outstanding 
quality, the B. F. Goodrich absorber 
is light-weight, fire-retardant, easy to 
install. It will not deteriorate in per
formance when walked upon and has 
excellent water and weather resistant 
properties. For darkroom use, a special

CIRCLE

Sept. 9-13: Twelfth Annual Instrument-Automati« 
Conference and Exhibit
Cleveland Auditorium, Cleveland, Ohio. Sponsor« 
by the ISA. Organized under the unifying them 
“Instrumentation for Systems Control,* the conf< 
ence will open with formal sessions devoted to da 
handling and instrument terminology. Follow! 
these there will be individual workshop sessions 
limited discussion groups covering such topics

B.F.Goodrich

15 ON READER-SERVICE CARD FOR MORE INFORMATION

List of B F. Goodrich Broadband Absorbers
Lowest Maximum 

ReflectionDesignation Frequency* Thickness

12 CM 2500 me lMt"-2" 2%
12 CM - 1% 2500 me 1MT-2" 1%
12 CM - 30db 2500 me iy2"-2" 0.1% at X-band. 

2% elsewhere.
6 CM 5000 me 1" 2%

30 CM 1000 me 3^"-4" 2%
30 CM - 1% 1000 me 3VÍT-4" 1%
60 CM 500 me 7"-8" 2%
60 CM - 1% 500 me 7"-8" 1%

100 CM 300 me 10"-ll" 2%
200 CM 150 me 26" 2%
600 CM 50 me 69" 2%

8 CM-glass 
fiber

3600 me 1*-1UT 2%

4 CM-glass 
fiber

7500 me %" 2%

Most ot the above absorbers can be furnished 
with 0.1% maximum reflection at selected points 
in the frequency band.

*AII perform up to 30,000 me
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¡ craft and missiles (excluding propulsion), wind 
innels, flight propulsion systems, process indus- 
ii s, power generation and distribution, meteoro- 
gical, nuclear, medical, geophysical exploration 
hd general industrial laboratories. Some 100 papers 
ill be presented at the technical sessions. There 

Hll be about 500 exhibits. For details of the tech- 
ical program write to Herbert S. Kindler, Director 
F Technical Programs, ISA, 313 Sixth Ave., Pitts- 
kirgh, Pa.

ept. 17-18: RETMA Symposium on Numerical Con
dri Systems for Machine Tools

mbassador Hotel, Los Angeles, Calif. For details 
rite to RETMA, Room 650, 11W. 42nd St., New 
irk 36, N.Y.
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ept 17-21: Institute of High Fidelity Manufacturers 
how

Morrison Hotel, Chicago, Ill. For further informa- 
on, contact Bernie Merems, 509 Madison Ave., 
lew York, N.Y., or Howard Alexander, 75 E. 
packer Drive, Chicago, Ill.

i Mi

ared 
sessii 
Ana 
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.abs.

ept. 24-25: Sixth PGIE Symposium on Industrial 
lectronics

forrison Hotel, Chicago, Ill. Sponsored by the IRE 
Professional Group on Industrial Electronics and 
JEE. The main theme for the conference will be 
he characteristics, use and integration of trans- 
lucers into complete systems to measure and con- 
rol complete processes. For further details, write 
d J. N. Banky, 628 West 18th Street, Chicago, Ill.
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let. 9-12: 1957 Convention of the Audio Engineer- 
ig Society

iew York Trade Show Bldg., New York, N.Y. Be- 
ween 50 and 60 papers will be presented. Covered 
vill be topics in such fields as disc and tape record- 
ng, reception, components and systems, noise con- 
rol and acoustics. The New York High Fidelity 
'how, sponsored by the Institute of High Fidelity, 
vill accompany the Convention. More information 
nay be obtained from G. K. Dahl, 230 West 41st 
¡t., New York 36, N.Y.
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Oct. 16-18: AIEE Conference on Computers in 
Control

/half onto and Haddon Hall Hotels, Atlantic City, 
Kl* Sponsored by the AIEE Committee on Feed- 

p ¡ok Control Systems. The conference will stress 
the role of analog and digital computers in auto- 
piatic control, both as design tools and as compo
nents of systems. For more information, write Prof. 
I G. Truxal, Dept, of Electrical Engineering, Poly- 
E s nic Institute of Brooklyn, 99 Livingston St., 
Brooklyn 1, N.Y.

v SYLVAN IA

RF Bypass

1N1132

BROADBAND 
MIXER.

dMM

Local 
Oscillator

IF Out

Now—in Sylvania's exclusive 
Tripolar Design...

New Broadband Mixer Diode

Sylvania’s new tripolar mixer crystal covers the frequency 
range from 3 kmc to 12.4 kmc in a single coaxial holder. The 
new INI 132 matches the inherent broadband characteristics 
of coaxial cable for simplified front-end design.

The new broadband crystal diode which is the mixer 
counterpart of the low-level tripolar video detector offers 
these five features:

• Input covers any frequency from S through X-band
• Built-in RF bypass capacitor
• Separate output terminal for IF eliminates RF chokes
• Simplified low-cost mount design
• Low Noise Figure over broadband

These features of the 1N1132 contribute to simplified, more 
compact radar applications. Other broadband video types are 
available. Contact your Sylvania representative for informa
tion on the full line. Write for Sylvania’s new four-page booklet 
covering the ratings, characteristics and applications of micro
wave crystal diodes.

(Specifications 25° C)
Frequency Range..................................................
Overall Noise Figure (max.) (1, 2)...................
IF Impedance (2).................................................
RF Impedance (VSWR max.) (2)...................
Ambient Temperature.........................................

. . . 3-12.4 kmc 

.................. 9.5 db 

. . 100-200 ohma 

.............................2.0
—40°C to +70°C

Note 1. Measured as follows: NF = L (Njp + Nf —1) 
where N jp = 1.5 db

Note 2. With local oscillator input of 1.0 milliwatt, d.c. bias 
current of 0.75 ma, de load resistance of 100 ohms and 
ac load impedance of 150 ohma. A holder which pro
vides a transition from 50-65 ohms has been designed 
for use with this unit.

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

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

Lighting • radio • television • electronics • atomic energy
CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION
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we have to tell on our Type N Fixed-
Film Resistors:

Oct. 31-Nov. 1: Third Annual Technical Conferenti

TEST CONDITIONS

Conference

Oct. 16-18: 1957 IRE Canadian Convention

Nov. 6-8: Tenth Annual Conference on Electronic

Typical test lot ... 100 pieces

Ambient Temp. . . . 25-27° C.
Humidity 90-95% R.H.

30-
10 Days

TYPE N30. . . Wattage: 2
Resistance in ohms: Min. 30;
Max.4.2Meg. Voltage;750

TYPE N25. . . Wattage: 1.

and Exposition

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

Oct. 17: SPE Regional Technical Conference

Hotel Carter, Cleveland, Ohio. Sponsored by tht
Cleveland-Akron Section of the Society of Plastics
Engineers. The theme for the sessions will be
Polyethylene—Properties and Uses.’ For details,

write E. J. Haskins, Zenith Plastics Co., 1009 Rock-
well Ave., Cleveland 14, Ohio.

of the Professional Group on Electron Devices, IRE

Shoreham Hotel, Washington, D.C. For more infor
mation, write W. M. Webster, RCA Semiconductor
Div., Somerville, N.J.

Techniques in Medicine and Biology

Boston, Mass. Sponsored by ISA and AIEE. Furthei
details and advance programs may be obtained
from H. S. Kindler, Director of Technical Pru-
grams, Instrument Society of America, 313 Sixth
Ave., Pittsburgh 22, Pa.

Why Corning’s Film-type Glass
Resistors are unaffected by moisture
This graph gives some idea of the
unusual properties that result when you
fire a tin oxide film to a glass core.

a single structure, you have a resistor
that stands up under extreme humidity

Tin oxide reacts chemically with
glass under heat; it actually becomes
part of the glass.

So you have an integrated unit. One
that s physically inseparable. Cata-
strophic failure is no problem with 
these rugged precision-film resistors.
' You get exceptional stability. Less 
than 1.0% average change in resistance 
after 10.000 hours’ operation at rated

Resistance in ohms: Min. 10.
Max. 1.5Meg. Voltage:500 Nov. 6-8: Third Aero-Com Symposium

Hotel Utica, Utica, N.Y. Sponsored by the IRE
Professional Group on Communications Systems.
The conference will deal with svstems, equipment
design, techniques, antennas, spectrum conserva
tion, air traffic control, management and othei

dissipation.
Long shelf life. Less than 0.2% rc-

sistance change after a whole year’s
aging under the most adverse conditions.

Low TC. Guaranteed ±300 ppm/ C.
referred to 25JC. over a range of —55

A last fact to shorten the long storv

I hey are guaranteed to meet, and
the majority of characteristics of these
resistors exceed, the requirements of 
MIL-R-Î0509B and comparable specs.

If you’d like the complete story on 
these amazing resistors, write for Data 
Sheet CD-2.00.

TYPE N20. . Wattage: y2.
Resistance in ohms: Min. 10:
Max. 500,000. Voltage: 350

Keep your file up-to-date with data on
these other electronic components made
by Corning: Resistors: Low Power,
Types S, R, H, HP, and WC-5; Capaci-
tors: Fixed Glass*, Transmitting,
Canned High-Capaci tance. Subminia-
ture Tab-Lead, Special Combination. 
Direct Traverse* and Midget-Rotary* 
Trimmers. Metallized Glass Induc
tances; Electrolytic Level Switches; 
Attenuator Plates; Fotoform Glass.

* Distributed by Erie Resistor Corporation

CORNING GLASS WORKS, 97-8 Crystal Street, Corning, NX 
Electronic Components Sales Department

CIRCLE 17 ON READER-SERVICE CARD FOR MORE INFORMATION

topics. For the presentation of confidential mate-
rial, there will be a classified session on Nov. 8. For
more information, write to R. C. Benoit, 138 River-
view Pkwy., Rome, N.Y.

Nov. 11-13: Third Annual Instrumentation

Biltmore Hotel, Atlanta, Ga. The theme of this con
ference will be “Instrumentation for Data Handling
with special symposiums on electronic instrumenta
tion as applied to medicine and the sales and pui-
chasing aspects of electronic instrumentation. Pa-
pers should be submitted to Lamar Whittle, Fed
eral Telecommunications Lab., 1389 Peachtree St, 
N.E., Atlanta, Ga. For more information write B. J- 
Dasher, School of Electrical Engineering, Georgia 
Institute of Technology, Atlanta, Ga.

Nov. 13-14: Mid-America Electronics Convention

Municipal Auditorium and Hotel Muehlebach, Kan
sas City, Mo. Sponsored by the Kansas City Section 
of the IRE. There will be exhibits and twelve tec h-

ELECTRONIC DESIGN • August 15, 1957
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MODEL 4904
onic

PULSE DIMENSIONS FOR MODEL 903 (POSITIVE OR NEGATIVE) as shown,

MODEL 903
iate-

iver-

con-

mta-

>rgia

a division of Beckman Instruments, Inc.140Trademark
ition

CIRCLE 18 ON READER-SERVICE CARD FOR MORE INFORMATION

RISE TIME 
0035m SEC

Nov. 13-15: Eighth National Conference 
on Standards For mufti-purpose laboratory use 

For seven years Beckman/Berkeley double 
pulse generators have played an important 
part in the designing and testing of pulse 
circuitry wherever pulse techniques are 
studied. Basically, these are general purpose 
laboratory instruments that provide a source 
of “clean ' paired or single pulses. Both 
instruments feature independent adjustment 
of pulse width, pulse amplitude, pulse to 
pulse spacing, pulse polarity and repetition 
rate. Unusually low interaction between 
control functions is achieved by careful 
design and by operating all circuitry from 
precision-regulated supply voltages.

ELECTRONIC DESIGN • August 15, 1957

I» DECAY TIME 
015m SEC

St. Francis Hotel, San Francisco, Calif. Sponsored 
by the American Standards Association. Emphasis 
will be on standards as a key to progress and profits. 
Sessions will cover radiation exposure, electronics, 
industrial preparedness, motion pictures and tele
vision, purchasing, company standards, technical 
communications, government standards and safety. 
For more information, write to D. E. Denton, ASA. 
70 E. 45th St., New York 17, N.Y.

ni cal sessions. Approximately thirty papers will 
deal with medical electronics, airborne electronics 
instrumentation, engineering management, elec
tronics in nucleonics and a diversity of other sub
jects. Persons who want to submit papers should 
contact the Technical Papers Chairman, MAECUN, 
5109 Cherry St., Kansas City 10, Mo. The deadline 
for submissions is Aug. 15. For more information 
write Richard L. Clarke, 425 Volker Blvd., Kansas 
City 10, Mo.

PULSE WIDTH Of BOTH 
PULSES. VARIABLE 
0.15-0 1¿M SEC.

from Beckman*/ , , 
/ Berkeley

applications: Measurement of paired pulse resolution time 
of counting circuits. Measurement of rise time, decay time and 
transient response of pulse forming circuits, electronic switches, 
gates and wide band amplifiers. Calibration of input sensitivity of 
counting instruments. Frequency calibration of counting rate meters. 
Measurements of overload characteristics and dynamic range of pulse 
amplifiers. Delayed coincidence work.

PULSE SPACING CONTINUOUSLY 
-------- YARIABl---------  

♦ 10m SEC

Visit our Booths 1406-7 and 906-7 
for the first showing of 5200 

series portable lightweight EPUT* 
meters and time interval meters; 

the new 7000 series including 
the universal preset EPUT* meters 

with the decade count down 
time bases; the new EASE* 1100 

series computer with the 
Digital Output-Input Translator.

AMPLITUDE Of BOTH PULSES. 
VARIABLE

0-0 ♦50 4 f» -O—200V
I IDOOn OUTPUT

Jan. 6-8: Fourth National Symposium on Reliability 
and Quality Control

Hotel Statler, Washington, D.C. Sponsored by the 
IRE, ASQC and AIEE. Covering fields of reliabil
ity. For detailed information, contact Richard M. 
Jacobs, RCA Bldg. 108-2, Moorestown, N.J.

sms. 
nent 
rva-

Paper Deadlines

Nov. 1: Deadline for papers to be presented at the 
1958 IRE National Convention. The convention 
will be held March 24-27 at the Waldorf-Astoria 
and the New York Coliseum, New York, N.Y. Pros
pective authors should submit a 100-word abstract 
and a 500-word summary. Both must be in triplicate 
with the title of the paper and the name and ad- 
iress of the-author. The technical field in which 
the paper falls must also be indicated. Only papers 

t published or presented prior to the convention 
wdl be considered. Military or company clearance 
must be obtained before submittal. Address all 
material to Dr. George L. Haller, Chairman, 1958 

i chnical Program Committee, IRE, 1 E. 79th St., 
Kw York 21, N.Y.

Dec. 9-12: Seventh Eastern Joint Computer Con
ference and Exhibit

Sheraton-Park Hotel, Washington, D.C. Sponsored 
by the IRE, Association for Computing Machinery 
and AIEE. 'Computers with Deadlines to Meet” 
will be the central theme. Papers will be presented 
on record keeping, materials handling, traffic, dead
line data reduction, communication, flight simula
tion, and other computer deadline areas. For more 
details, write to Malcolm B. Catlin, Council for 
Economic and Industry Research, Inc., Arlington 2,

».«U my CPWM1O*

Writ« for complete specifications on the Models 903 and 4904 Beckman*/ „ ,, .
Double Pulse Generators. Please Address Dep't. D-8 I Berkeley DlVlSlOn

I 2200 Wright Avenue, Richmond 3, California

SPECIFICATIONS MODEL 903 MODEL 4904

PULSE WIDTH 0.15 to 1.8 m sec. 0.3 to 10 m sec.
MAXIMUM PULSE 
AMPLITUDE

200 volts negative 50 volts positive across 
1000 -hm load. 10 volts negative and 2.5 
volts positive across a 50 ohm load

160 volts 'ngative and 75 volts positive 
across a 1000 ohm load 5 volts negative 
and 2 volts positive across a 50 ohm load

RISE TIME 0.035 a sec. 0.08 n sec.
DECAY TIME 0.15 u sec. 0.26 n sec.
PULSE POLARITY positive or negative positive or negative
PULSE SPACING 0 to 10 ¿i sec. Single control 0 to 100 a sec. Coarse and fine adjustments 

(accuracy ±2%)
INTERNAL DRIVE 1 to 1000 cps. 1 to 10,000 cps.
EXTERNAL DRIVE 1 to 1000 cps by negative 108 volt pulse 

with 0.5 n sec. rise time and 2 n sec. 
duration

1 to 10,000 cps by sine wave 3 volts rms, 
nr positive pulse 7.5 volts and 1 * sec. 
duration

OSCILLOSCOPE SYNC. 30 volt positive pulse 1 # sec. before 
first pulse

30 volt negative pulse 5 u sec. before 
first pulse

PRICE (f o b. factory) $498.00 $645.00
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TEMPERATURE RANGE Dav

Duh

Fed«

Gen

Available in hermetically sealed 
metal cans or plastic encased.

FACTOR 
at 25 C and

Con 
829$
Van

POWER 
Less than 1 %
1,000 CPS up to and including
1.0 M.F.D.

Phone: EMpire I-Ô69I
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The operating 
range is from ■ 
100’C.

The last column of the tabulation lists circuit design 
fe itures and places each meter in one of four general 
c ircuit types. Circuit types 1 and 2 employ d-c ampli
fication and circuit types 3 and 4 a-c amplification.

Circuit Type 1: This circuit is a straight d-c ampli
fier and is generally used in a symmetrically balanced

ADVANCES in recent years have resulted in the 
k evolution of a wide variety of improved forms ot 

vacuum-tube (or electronic) voltmeters. Many dif
ferent circuits are employed in advanced-type instru
ments to obtain a specially-desired kind of perform* 
anc *. Th s three part survey analyzes a representative 
cross-section of vtvm’s to aid the designer in choosing 
a mster best suited to h's needs.

Along with the development of new refinements, 
there has also been an increasing acceptance of the 
time-tested circuit arrangements for general-purpose 
applications. The arrangement of rectifier-plus-bal
anced-bridge, d-c amplifier circuit has proven itself 
very satisfactory for service vtvm’s. The same can also 
be said for the laboratory workhorse vtvm instrument 
which provides high-sensitivity a-c measurements, by 
use of a well-standardized arrangement of stabilized 
multi-stage a-c amplifier-plus-rectifier circuit.

Many of the newer types emphasize refinements in 
the manner in which measurements are presented, 
rather than changes in basic circuit design. Such re
finements include extensions to more sensitive ranges, 
incorporation of peak-to-peak calibrated scales, and 
automatic range selection. Other innovations involve 
more basic changes in circuitry, such as provision for 
a digital form of presentation, intensive development 
of d-c to a-c input conversion, improved d-c amplifiers 
and new circuitry for transistor voltmeters.

In order to prevent the large quantity and diversity 
of models from overshadowing the significance of 
basic circuit-design development, the article is divided 
into three parts according to major use and price-class. 
The meters are further identified in each group by cir
cuit type.

For those transistorized circuits 
and other compact circuitry re
quirements. They have the de
sired quality product character
istics of all Hopkins Capacitors.

INSULATION RESISTANCE 
Will average 500 megohms X 
microfarads for units less than 
1 microfarad, when measured 
at 200 VDC for 2 minutes at 
25°C. Send For Catalog 

TODAY

Writ« or Wire

MICRO 
MINIATURE 

METALLIZED

Part I, the Laboratory Group, covers a wide va
riety of instruments desirable for laboratory use, with
out being too specialized in their voltage-measuring 
function. Models in this group incorporate various 
ly pes of multi-stage amplifiers and fall in a price class 
above $150. Part II, the Service Group, usually em
ploys a dual triode for a balanced bridge, and is widely 
used for general-purpose maintenance measurements, 
nstruments in this group are usually priced at less 

than $150. Part III has a catch-all designation, 
Special Group, and includes the more specialized 
types. These would undoubtedly find use in either 
service or laboratory work but they are separated from 
these groups to emphasize their more special features.

Specifications for the models listed in the Service 
and Laboratory Groups are tabulated in 12 columns 
for easy comparison. In the Special Group important 
characteristics and special applications are listed under 
one head “circuit-features.” Although some might not 
be considered as strictly vacuum-tube voltmeters, they 
all definitely do belong in the overall class of electronic 
current or voltage measuring instruments. Part III is so 
all inclusive that space limitations make it necessary to 
limit listings to a reasonable number of representative 
in itruments.

12900 FOOTHILL BOULEVARD

P. O. BOX 191 • SAN FERNANDO, CALIFORNIA 

CIRCLE 19 ON READER-SERVICE CARD FOR MORE INFORMATION
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• 1 1
Manufacturer

Model 
& 

Price

LABI
DC Scales

Resistance 
Ranges—Ohms

Voltage Impedance Accuracy (CS) = Center
Range Megohms Per Cent of Scale

ORATORY METERS
AC Scales

Voltage Impedance Accuracy Freq.
Range Megohms Per Cent Range

Power 
Tube 

Compliment Accessories Circuit Design Features

I Aeon Labs. 
I Main Street 
1 Acion, Mais.

815A 
$400

0.1—1000 100 ±2 RxO.l—RxlO Meg.
(9 ranges) (9 ranges)

10 (CS)

0.1—300 10 ±3 15 cps
(8 ranges) to

100 me

AC Provided: AC, DC and Type 2. Circuit: Also current
(1)5157 (1) 12AX7 resistance probe. scales from .001 ua to 100
(2) 12AV7 (2) 9006 ma. Independent zero sets.

AC supply voltage completely 
regulated as well as DC.

AC Provided: AC, DC and Type 2. Circuit: Frequency re-
12) 6AU6 (1) 6AQ5 resistance probe. sponse flat within ± 1 db 10
(1) 201-C (1) 2D21 cps to 700 me. Regulated DC

supply for ohms measure
ment. No Zero shift with 
range change any sales.
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810 
$245

1—1000 1 00 ±2 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

1—300 7 ±3 10 cps
(6 ranges) 2 pifif to

700 me

1 I1

I

1 Ballantine Labs.
I Boonton, New Jersey

300 
$210

302C 
$245

320 
$425

—* — ““ —

.OOl-lOOv .5 ±2 at 10 cps
(5 ranges) 30 Hpf any pt to

scale 150 kc

.0001— lOOOv 2 ±3 2 cps
(7 ranges) 25 gflf (5 cy to to

100 kc) 150 kc

.0001—320 10 ±3 5 cps
(13 ranges) 25 fipf to

500 kc

AC Provided: Amplifiers Type 3. Circuit: Amplifier flat
(1) 6J7 (2) 6SJ7 Output Jack and AC within 1 db from 10-150 Kc.
(1) 6AL5 (1)OA2 output control. Avail-

11) 6X5 able: Voltage multi
pliers, decade amp., 
shunt resistors.

BATT. OP. Provided: Amp. output Type 3. Circuit: Amplifier flat
(5) 1U4 (1) 1R5 jack with AC output within 0.5 db.

control. Available:
Voltage multipliers, 
shunt resistors.

AC Provided: Mean Sq. Type 3. Circuit: Has built-in
(4) 5654 (2) 6U8 output; monitor jack, voltage calibrator. Reads true

(1) 12AV7 (1)OA2 Available: Voltage mul- RMS.
(1)OB2 (1)5651 (¡pliers.

(1) 5V4G

1 Comm. Measurements 
• Lab. Inc.
1 350 Leland Ave.
1 Plainfield, N.J.

1 Control Devices Inc.
■ 8299 E. Nine Mile Rd.
I Van Dyke, Mich.

1520 
$215

PTM-7 
$625

_ ~

.0005—300 11 ±2 15 cps
(6 ranges) 25 |¿|if to

250 kc

.1—300 5 ±2 5 cps
(6 ranges) 35 Ulif to

125 kc

AC Provided: Amplifier Type 3. Circuit: Flat within ’/j
(4) 6AK5 (1) 5651 output jack. db 10-400 Kc w/inverse feed-

(2) 6J6 (1) 6X4 back. Line voltage changes
(1) 6AQ5 of ± 10 per cent. Does not

impair accuracy.

AC Remote Reset. Type Circuit: Meter will re-
(1) 6X4 (2) 6AL5 spond immediately to an im-
(1) 6C4 (4) 6AK5 pressed signal as fast as

(1) 5651 (4) 12BH7 2.5pisec rise time and hold
it with less than 1 per cent 
decay in ten minutes until re
set.

■ Daven Co.
■ Rt. 10
■ Livingston, N.J.

208 1 11 .0005—500 2 ±3 10 cps
—604-40 db 18 M to

(6 ranges) 300 kc

AC Available: High Gain Type 2. Circuit: Usable freq.
(1) 5879 (1) 6AL5 preamp. up to 600 kc: resetable refer-
(2) 6AH6 (1) OA2 ence pointer use meter as

null indicator; Log scale, ac
curacy ratin' is maximum er
ror at any part on scale.

1 DuMont Labs. Inc.
■ 760 Bloomfield Ave. 
■ Clifton, N.J.

405 
$265

.1—1000 21 ±2 Rxl—Rxl Meg.
(8 ranges) (8 ranges)

.1—300 — ±1 db 10 cps
to 

300 kc

AC High Gain preamp. Type 2. Circuit: Usable freq.
(1) 5879 (2) 6AH6 available. Frequency response up to 600 kc: Reset-
fl) 6AL5 (1) OA2 Response Curve. able reference pointer,- use

meter as null indicator; Log 
Scale, accuracy rating sub), 
to FR curve maximum error 
at any of scale.

■ Federal Tele. & 
Radio Co.

1 100 Kingsland Rd.
■ Clifton, N.J.

FT-URV 
$603

— — — — .02—500 .1 at 10 cps
(11 ranges) 100 kc to

.003 af 1000 kc
300 me

AC High Gain preamp. Type 2. Circuit: Mirror scale
(1) 12AV7 (1) 6AN8 available. knife edge pointer on linear

scale meter accuracy same as 
20B.

1 General Radio Co.\
■ ? Massachusetts Ave.

Co bridge 39, Mass.
!

|f ECTRONIC DE!

18008 
$415

1800B 
$225

SIGN

0.01—150 10 ±2 —
(6 ranges)

0.2—500 111 ±3 —
(6 ranges)

• August 15, 1957

0.1—150 25 ±2 15 cps
(6 ranges) 3.1 to

Hjxf shunt 500 me

0.1—150 7.7 ±3 15 cps
(5 ranges) 10 to

shunt 150 me

AC Coaxial connector per- Type 2. Circuit: Excellent sta-
(2) 9005 (2) 991 formance plots beyond bility and accuracy with wide
(1) 6SU7 (1) 6C4 100 me. and terminal- frequency range. Regulated
(1) 6SL7 (1) 6AT6 ing resistor included, power supply.

(1) 6X5 (1) 3-4 Available are voltage
multipliers.

AC Provided: Probe for Type 2. Circuit: Shielded
(1) 6AL5 (1) 6SU7 r-f measurements; mul- probe. Single zero adjust-

fl) 6X4 tiplier (1500 volts ment.
max) for audio and 
ultrasonic frequencies.
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LABORATORY METERS

Manufacturer
Model 

&
Price

DC Scales AC Scales

Power 
Tubo 

Compliment Accessories Circuit Design Features I
Voltage 
Range

Impedance 
Megohms

Accuracy 
Per Cent

Resistane« 
Ranges—Ohms 

ICS) = Center 
af Scale

Voltage 
Rango

Impedance 
Megohms

Accuracy 
Per Cent

Freq. 
Range

B. M. Harrison 
Labs. Inc.

80 Winchester St.
Newton Hgh., Mass.

733 
$174.50

— — — — .0005—500 
(6 ranges)

20
25 M

±3 15 cps 
to

250 kc

AC
(1) 5879 (2) 6AH6

(1) 5726/6AL5W
(DOA7WA (D2A12

Provided Amp. out
put.

Type 3. Circuit Freq Re sp 1 
Flat ,25db to 250,000 n ta 1 
bility ± 1 per cent for line 1 
voltages 105-125 v 50-400 cy 1

Howlett-Packard Co.
275 D. Page Mill Road 
Palo Alto, Calif.

400AB 
$200

— — — — 0 003 to 300 
(11 ranges)

10
25 uuf 20 cy to

100 kc

10 cps 
to 

600 kc

AC
(3) 6CB6 (1J6AH6 
(1J6BK7 (D6AX5
(1) 6W6 (1) OB2

Available: Capacitive 
divided for voltage to 
22 kv-shunt resistors 
for current measure
ment.

Type 3. Circuit: Freq. Rel 
sponse flat within 3 per cent 1 
to 600 kc. line voltage vari 1 
ation of ± 10 per cent in. 1 
eluded in accuracy specs. 1

400D 
$225

0.001—300
(12 ranges)

10
15 uuf 20 cy to

1 me

10 cps 
to 

4 me

AC
(6) 6CB6 (1) 6AX5
(1) 6AU5 (1) OB2

Amplifier output termi
nals provided; avail
able are HV extension 
to 25 KV.

Type 3. Circuit: Input calhoai 1 
follower feeds 4-stage (pen-1 
tode) AC amplifier using ap-1 
proximately 56 db of feed-1 
back in midrange and result-1 
ing in high long-term stability. 1

Instrument Elec. Corp.
90 Main St.
Pt. Washington, N.Y.

247B 
$297

— — — — 5— 15v
(10 ranges)

50
15 uuf

±2 10 cps 
to

50 kc

AC
(1)5879 (3) 6AU6 
(1)6X8 (1) 6BQ7A 
(1) 6X4 (2) 6AQ5 
(1) 5651 (1) 43PL

Type Circuit: Amp-Rectifie | 
Meter protected against burr 1 
out; anti vibration tube! 
mount,- special freq, response 1 
features.

Metronix, Inc.
Waterford, Conn.

571 
$205

0.1—1000 
(7 ranges)

120 ±2 — 0.2—300
(6 ranges)

10
1.2 URf

±3 20 cps 
to 

1000 me

AC
(1) EA-52 (2) 12AU7

(1) CRM600-4 (1)6X4
(1) OB2

Provided: Diode probe 
for AC measurement 
DC probe.

Type 2. Circuit: Freq, re 1 
sponse Hal within 1 db over! 
range.

Millivac Instru. Corp. 
444 Second St. 
Schenectady, N.Y.

MV17C 0.001—1000 
(13 ranges)

6 to
100 mv
60 to 
lOOOv

±3 — — — — AC
(1) 6J7 (2) 6sj7

(1) 6X5 (2) NE-2

Provided: Test Leeds 
available: DC shunt 
box and DC multipli. 
box for Hi-Z input.

Type 4. Circuit- Can be fu | 
nished with DC output suf-1 
ficient to drive recorder. 1

MV22B — — 0.00003 to 
1000

(14 ranges)

1—
20 UUf 

(10 Meg. & 
6 UUf with 

probe)

±3-1/2 20 cps 
to

10 me

AC
(12) 6AK5 (1) 6V6 
(1) 6SN7 (1) 5Y3

Provided: Test Leads 
available 10:1 cap. 
divider probe.

Type 3. Circuit Extended freq. 1 
range to me obtained by 1 
wideband video freq, amp 
Instead of peaking coils amp 
uses 12 (6AK5) tubes.

RCA
Camden, N.J.

LV10 
$250

1—1000
(7 ranges)

100 ±3 Rxl—Rxl Meg. 
(7 ranges) 

20 (CS)

1—300
(6 ranges)

15
2 uuf

±3 18 cps 
to

700 me

AC 
(1)5751 (1) 201C 
(1)6X4 (1)6AL5

Provided: AC probe 
DC, ohms, common 
test leads. Available: 
30kv DC probe; 1500v 
AC adaptor. Type N 
probe to coax-al coble.

Type 2. Circuit: Freq. Re-1 
sponse 18 cps to 700 it 1 
± 1 db. Line voltage mavl 
vary ± 15 per cent without! 
impairing accuracy db scalp 1

Southwestern Ind. 
Electronics

2831 Post Oak Rd.
P. O. Box 13058 
Houston 19, Texas

M 
$620

0 001 — 1000 
(7 ranges)

10 ±1 Rxl—Rxl 06 
(7 ranges)

0.001—1000 
(7 ranges)

10
20 UMf

±3 10 cps 
to 

100 kc

AC
(9) 12AU6 (1) 6AS7

(1) 5U4 (1) 5651
(1) 12AU7

Provided: DC amplifier 
output terminals gain 
12 or 200;
6 or 100

Type 1 & Type 3 Circuit' 1 
Freq, response flat y2 db *“ 1 
100 kc. zero drift-, less than 1 
1 per cent per hour on volt-1 
age ranges; less than 3u 
hour on mv range.

Waveforms Inc.
333 Sixth Ave.
New York 14, N.Y.

520A 
$200

— — — — 0.001—300 
(12 ranges'

10
24 uuf

±3 10 cps 
to 

2 me

AC
(4) 6AK5 (1) OA2

(1) 6X4

Output jack included 
for amplifier output; 
db scales —60 to 4~50 
dbm.

Type 3, Circuit: Four-stage AC 
amplifier plus full-wave bridge 
rectifier. Amplifier gain ot 
1009 (60db) at 0.001 volt 
range '.nd output voltage of 
1 volt rms.
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form. Amplifier gain stability is greatly improved by 
feedback, especially when more than one stage of 
amplification is used. Grid current, which is an in
herent characteristic of the input tube, is not changed 
essentially by a feedback, as is sometimes believed.1 
In spite of grid-current limitations of around 10"n 
amp., many special applications using electrometer 
type tubes are in commercial use. When the single
stage balanced-bridge is preceded by a rectifier, it be
comes a Type 2 circuit.

Circuit Type 2: A rectifier plus a single-stage bal

anced-bridge d-c amplifier make up this circuit. It is 
widely used for providing a combination of a-c and d-c 
volt ranges. It can be readily adopted to resistance and 
peak-to-peak ranges, especially for service work. When 
used for laboratory a-c measurements, this circuit is 
capable of covering frequency range up to 300 me, if 
maximum voltage sensitivity is not a prime considera
tion. The non-linearity of the rectifier limits accuracy 
in low-voltage measurements. Lowest full scale range 
is usually 0 to 1 v, if the wide-frequency capability is 
retained.

Circuit Type 3: Particularly suitable for measuring 
small a-c voltages. This type employs an a-c amplified 
plus-rectifier circuit. It has wide use in audio and low 
frequency applications where it is often provided with 
logarithmic meter-indications. For laboratory use, it 
appears most often in an arrangement having a fre
quency-compensated, constant-impedance input for a 
multi-stage a-c amplifier, with large amounts of feed
back to stabilize gain and expand band-width. Shunt 
capacitance in the input circuit is fairly high, but gen
erally acceptable for applications up to 10 me. Lov est

1.

4.

5

T

i
i
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MODEL
1329

MODEL
1327

±0.2 mv.

available in stock and custom-built units! SELF SHIELDED MOVEMENT
ELIMINATES CALIBRATION
PROBLEMS...
All «tock DC Wide-
Vue meter« use the
Simpson seif thi»ld»d
Core Magnet Meter
Movement, except the
0-25 and 0-50 DC
Microammeter» and
V. U. meters.

SIMPSON ELECTRIC COMPANY
Phone: EStebrook 9-1121

References

munications

Sensitive Electrometer VTVM, Electronic Design, March
15, 1956.

’ Itra-Sensitive A-C Transistor Voltmeter, Electronic De-

sing Built-in-VTVM’s, Jay Saiz, Electronic Design, April
955.

lECTRONIC DESIGN

f, 1-scale ranges are usually around 0 to 10 mv. Over- 
1« J protection is obtained from the buffer action of
th amplifier.

ircuit Type 4: This type uses a modulator for con-
v< sion of de to ac, plus a rectifier circuit. It is capable
ol ery high d-c voltage sensitivity at a high input im- 
pt lance. With chopper d-c to a-c conversion, only a
narrow frequency response of the a-c amplifier is re-
quired, since it need cover only the driver frequency
as expanded by the rate of the d-c input variation. Use
of large amounts of feedback in the multi-stage a-c 
amplifier allows improvement of stabilized gain and 
higher input impedance. In a pH application, input 
impedance can be made to exceed 100 megohms.

When a modulator of the capacity type is used for 
d-c to a-c conversion, an input impedance as high as 
1013 ohms is achieved and measurement of very small
voltages from a high-resistance source can be made.
Current measurements in the pp, amp range are attain-
able. At measurement levels of around 100 mv, zero 
stability of this circuit becomes better than that of the
chopper-type.

The less common galvonometer-type modulator al
lows measurements full-scale as low as 0 to 10 p amp at 
a 50 ohms input resistance, with long-term stability of

Special Group
Specialized applications of voltage measurement by 

electronic means, and many novel circuit types are in 
eluded in this group. Examples cited are described in 
greater detail in the references.
■ Digital vtvm displays the readings on a 3, 4 or 5 
digit counter operated by a servometer.2 
■ Automatic range-switching feature replaced man
ual operation of the range switch.2 
■ Electrometer type of vtvm is capable of measuring 
d-c currents in the pu amp range using special low 
grid-current electrometer tubes, with an input resist-
ance of over one hundred million megohms.3 
■ Transistorized vtvm with its low battery-power 
consumption and compact construction is well adapted 
to field work. The meter is also free from the disturb-
ing “beating" found in 60 cycle powered meters.4

Other examples to be found in the Special Group in
clude voltage-calibrated oscilloscope presentation; the 
null detector, the tuned vtvm, and the built-in vtvm 
for compact panel mounting.
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• he Modern Valve Voltmeter, Gerald Hitchcox, British Com-
Electronics, May 1956.

Xew Easy-to-Read VTVM’s, Robert F. Scott, Radio Eelec-
t romes, April 1956.
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The clean, graceful lines of “Wide-Vue” panel instruments add 
two plus values to your equipment designs. First, style—ultra
modern beauty that blends with today’s streamlined panels. Sec
ond. functionalism—longer scales with wide-angle readability
The 2*4"  size, for example, has the same scale length as a conven
tional 3*4"  meter. Wide-Vue’s durable cover is formed in one 
piece from clear plastic, and can be supplied with black or color 
(custom-built units only) finishes. DC, AC, and AC rectifier
types in 2^4", 3^", and 434" sizes.

See your Electronic Distributor for
on stock Wide-Vue meters.

over 130 ranges and types to choose from!

5200 W. Kinzie St., Chicago 44, Illinois

In Canada: Bach-Simpton Ltd., London, Ontario

in styling and visibility

Rau R.sunhM n
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Model 905
Digital Magnetic Tape Handler

msec
starts and stops)

(75 inches per 
second with 3

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

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

B- 
C- 
D —

%**
W
34«

E - 1" 
F - I1/«"

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

Speed combinations:
J — 30 and 7.5 inches per second

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

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

Start time: 
Stop time: 
Reel sizes:

Control:

Weight: 
Dimensions:

3 milliseconds
3 milliseconds
8" or 10^" standard NAB reels. Adaptors 
for other types can be provided.
Front panel pushbuttons or remote 
control contact closure and pulses. 
100 pounds
Panel, width ... 19"; height... 2414'*
Depth behind panel... 13’4 "
Depth in front of panel... 314'*

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

Wescon Booth 1003; ISA Booth 1266
CIRCLE 21 ON READER-SERVICE CARD FOR MORE INFORMATION
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Meter

VERY slow time rate of change is meas
ured by this electromechanical com

puter. Designed originally to provide rapid 
computation of the erection time of gyros, 
the instrument can be used for computer 
ramp rate operation or generation, de am
plifier drift rate measurement, contact po
tential change recording, and gyro drift 

and precession indication. Accuracy of the« 
time-rate-of-change meter is two per cent II

The Deltameter, manufactured by Mil-11 
jan, Inc., Dept. ED, 15506 S. Lakewood 11 
Blvd., Paramount, Calif., samples a voltage I 
pulse at time t, stores the sample until time 11 
t + At, when it again samples the voltage I 
being measured, compares the two sampled I

di
IT

Ol

pi 
tl 
b
oi

n<

MAGNETIC TAPE
INSTRUMENT 
TRANSDUCER RECORD HEAD

READOUT HEAD

AMPLIFIERMAGNET 
ERASE

FEEDBACK 
LOOP

900CPS 
LOCAL 

OSCILLATOR
SYNCHRONOUS 

MOTOR

AT

GATE

INDICATING
MICROAMMETER

COMPARATOR 
TUBE

BLANKING
VOLTAGE

Fig. 1. System diagram of the Deltameter. To measure small changes in voltage, one signal 
is recorded and At later fed to the comparator tube via the readout head. A new signal is 
simultaneously recorded and fed to the other grid of the comparator. The difference in 
amplitude between the old and new signals is revealed by the microammeter.
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nd shows the algebraic difference between 
he two. A controlled time interval At be- 
ween the two samples provides the other 
arameter necessary to calibrate the meter 
i values of dE/dt. In operation, a syn- 
hronous motor drives a short loop of mag- 
etic tape at a rate determined by the char

acteristics of the variable under observa
tion. As in Fig. 1, a commutator on the mo
tor shaft synchronizes the time of recording 
a pulse on the tape 180 deg from the read
out station and simultaneously applies a 
second voltage pulse from the source 
through an attenuator to one of the com
parator tube grids. The readout head picks 
up the first pulse at the same time.

After the tape passes the readout head, it 
is demagnetized by a permanent magnet to 
prepare it for the next cycle. Sampling rate 
is optional, and may be set for intervals of 
1/2 sec to one or more hours. With ex
tremely long sampling intervals like these, 
the commonly used device of charging a ca
pacitor is not practical because of leakage; 
but the magnetic tape fulfills this function 
adequately.

At the time for comparing pulses from 
different time eras a coincidence tube re
moves a blocking bias from the comparator 
only while both pulses are present. Such 
protection permits enough sensitivity for 
the detection of small differential voltages, 
but saturation will not occur as the result 
of the full magnitude of either signal being 
applied to one grid when the two pulses do 
not coincide exactly. A 6BE6 tube with two

Fig. 2. Block diagram of gyro
scope test setup. An internal 
900 cycle oscillator is used to 
excite the gyro potentiometer.
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control grids shielded from each other is 
used as a gate. Unless the grids are excited 
together, the comparator tube is biased 
nearly to cutoff. With the arrival of pulses 
on both grids of the 6BE6, the tube draws 
normal plate current, reducing the bias 
voltage on the comparator and permitting it 
to respond to voltages on its grids.

The Deltameter will handle input signals 
over the range of two to 25 mv at 20 to 20,- 
000 cps, with standard sampling time inter
vals from 0.1 to 10 sec. Longer intervals are 
available on special order; the interval is a 
function of the magnetic tape speed and 
length. Input impedance to the device is 
5.5 K at 1000 cps and the cathode follower 
output impedance is 1 K. Five v output may 
be used to drive a meter or feed a recorder 
or control system. Weighing 18 lb and 
measuring 12-1/2 x 7 x 9-3/4 in., the instru
ment may be rack-mounted.

An extension of the operating principle of 
the Deltameter permits computing the total 
elapsed time a repetitive operation will con
sume. The meter may be simply calibrated 
to read total time, even if the rate of change 
with respect to time is not really linear. 
Consider a gyroscope being precessed 20 
deg from the vertical and allowed to return 
of its own volition. The meter might indi
cate a differential voltage equivalent to a 
precession rate of 5 deg per minute. That 
point would then be marked four minutes, 
and other points similarly located. If the 
rate of change is not linear, each point may 
be located by timing the total precession 
from different starting points and marking 
the points empirically. A few points marked 
on the scale are usually sufficient for rea
sonably accurate interpolation.

For operation during gyro testing the 
procedure follows that given above. The 
instrument is powered by the 115 v line, 
and a potentiometer and its wiper are con
nected to the three panel jacks as in Fig. 2. 
The operator precesses the gyro to the spe
cified limit, releases it and immediately the 
meter indicates the total time that would 
elapse before the gyro returned to its nor
mal position.

An internal 900 cps oscillator with suf
ficient output to excite low impedance de 
potentiometers or other passive trans
ducers is included in the Deltameter. The 
ac signals from synchros are fed directly 
into the input without using the local oscil
lator.

For further information on this time-rate- 
of-change meter, turn to the Reader’s Serv
ice Card and circle 425.



DESIGNS RELAYS

TAILORED FOR AIRBORNE SYSTEMS
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where

r e2 R

re2 + rb2 + r ei
(4)(2) rC2 re2

(6
mJ 2 + ß

28

comes

, G3 = -7- ,9 = — (3),G2' =

, Gi' =
1 — ai

3 max

1 — a
G¿ =

EFor realization of
E

V21a V2\b

1 — «1

Tc2

g_
0 = g: ’

cM = ,0, f 2 = g/G2i J3 = g/G3. (Therefore pmin = 1, (5)

Second of two parts. This series was designed to present practical design methods for transistor-resistor-capaci or
filter networks. Part I included a brief but adequate review of modern network synthesis; and described the Neca-
tive Impedance Converter method of synthesis. The NIC scheme is attractive because it can be used for any nun-
ber of complex poles without too much algebraic effort, and because the active and passive portions of the nst-
work are isolated. Positive feedback must be used, however, and the resultant sensitivity is poor.

The RL-RC method uses negative feedback, with a consequent better sensitivity and stability. In this article the
RL-RC Synthesis method is given in sufficient detail to permit immediate exploitation by the engineer.

RC Transistor Network Design —II
Isaac M. Horowitz

Polytechnic Institute of Brooklyn

HE METHOD of RL-RC synthesis1'2 involves
the use of negative feedback and therefore re

sults in better sensitivities than the Negative Im
pedance Converter method described in Part I of 
this series. The block diagram of Fig. 1 and eq. (1).

Es =
y 22a + y lib

are used as starting points. The short circuit transfer 
admittance of A is y3ia; ytta is the short circuit out
put admittance of A; and yIIb is the short circuit in
put admittance of B. A breakdown is made:

II 22a + y I lb — g — a2/ r e2
(1 — ad (1 — a2)

,G3 -

and we pick

y22a =A+ Hlld J/llb —

In this case the B box of Fig. 1 is not the negative 
of an RC structure as in the NIC method. It is in
stead an RL structure, and may be realized by tran
sistors, resistors and capacitors. The optimum de
sign technique for the synthesis of a single complex 
pole pair has been developed and the results are 
presented here in sufficient detail to permit imme
diate use by the engineer.

First the model of the active element or elements 
is considered, in Fig. 2. The single transistor in the 
common emitter connection has the parameters:

The transistor pair consisting of a common collector 
connection followed by a common emitter connec
tion (Fig. 3) has the following parameter values: 

providing r'e2 » r a (l-a2), rel«rci (1-ai), R»reu
re2 » (rel + rb2) (l-a2).

The ideal transistor, from the viewpoint of this syn
thesis procedure would have re = rb = 0, rc = in
finity. The non-ideal nature of the transistor imposes 
limitations on realizable Q s, as will be seen.

the

network prototype is shown in Fig. 4. The high
lighted portion is the transistor (s) contribution 
to the network. Obviously it is necessary that

The degree in which
Gt exceeds G/ is a measure of the sensitivity of Gj 
to that part of it due to the transistor. Thus if G 
5 G/, then if G/ changes by x per cent, the change 
in Gi is x/5 per cent. We make the following
definitions :

(|3 is the short circuit current gain),

=g/G2, f = g Gf).

The values of p, and are up to the designer and 
are chosen by him according to the sensitivities de
sired due to environmental conditions, and toler- 
anees permitted in the specifications. A design ex
ample will later illustrate the choice of these 
parameters. For the most efficient design in terms 
of gain sensitivity, they should however be chosen 
so as to satisfy the following inequality with the
equal sign:

If (6) is satisfied with the inequality sign, the sensi
tivities may be improved up to the point that eq (6) 
is satisfied with the equal sign. Let us investigate 
eq (6) to find whether there is an upper limit on the
Q realizeable by this method. If sensitivity is sacri
ficed for the sake of large Q, p, = 1 and eq (6) be-
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Fig. 1. Partitioning of circuit: The ratio of lout 
to Ein is a function of the short circuit-trans
fer, output and input admittances of A and B.

Fig. 2. General active structure of 
a low frequency transistor model.



REVERE Ppmocma
TEFLON-INSULATED WIRE

wUolk
PERMACODE is a Teflon-insulated hook-up wire with striping that 
goes right down to the conductor ... with colors that wonzt rub off 
. . . that heat won't change . . . that are good for the life of the 
wire. Coding is available in a wide variety of combinations of twin, 
triple or quadruple stripes selected from fifteen basic solid colors. 
Insulation quality unaffected by striping process.

Revere PERMACODE — with tough extruded Teflon insulation — 
offers excellent abrasion resistance and high dielectric character
istics for continuous operation from —90°C to -j-21O°C. Strips 
clean. Doesn't shrink when soldered. Isnzt hurt by the slip of a hot 
soldering iron.

PERMACODE hook-up wire is available with either solid or 
stranded silverplated copper conductors. Shielding and jacketing 
can be furnished. Sizes 28 to 16 gauge in 0.010" wall (600 volt) 
and 0.015" wall (1,000 volt) thicknesses. Conforms to MIL-W-16878,
Types E and EE. ®R«v«r« trad* name *E.I. du Pont trademark

TYPICAL SPECIFICATIONS - 22 Gauge Permacode Wire
Spark Test Voltage . . . 
Insulation Resistance . . 
Continuous Operating Range 
Flammability..................  
Operating Voltage . . . 
Tensile Strength . . . 
Shrinkage.......................  
Abrasion (Per MIL-T-5438)
Water Absorption..................
Specific Gravity.......................
Chemical and Solvent Resistance

................................ 3000 volts 
Greater than 10« megohm/1000 ft. 
.................. -90°C to +210’Ct 
. . Does not support combustion 
....................... 600 or 1000 volts 
...........................  2000-3000 PSI 
. . Less than W in 18" at 250°C 
Passes 30" of 400 grit, aluminum 

oxide, Vi Ib. weight
........................................... 0.0% 
................................2.2 average 
...................................... Excellent

tWIre passes 96 hour, 250'C heat ageing test as required by MIL-W-16878.

Write today for Engineering Bulletin No. 1907 
describing Revere PERMACODE wires.

L

CORPORATION OF AMERICA „
WALLINGFORD, CONNECTICUT A Subsidiary of Neptune Meter Company
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The superior moisture resistance 
of EPOXY gives far better humidity 
protection than commonly used 
molding materials. High dielectric 
strength is also an attractive property 
of this tough, dense plastic.

Leads are 
securely bonded in 
the EPOXY molding compound 
This extremely tight bond 
prevents moisture from entering 
the capacitor at this poin*

30, r0 = 500, rc (1.5) 106, 0 = 60

Exclusive Good-All molding technique 
eliminates all possibility of deforming or 

otherwise damaging windings during 
/ the molding process. Uniform wall 
/ thickness is carefully maintained.
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Our engineer» are ready to work with you on »pedal application». Write or wire lor specification» and quotation».

The dark maroon capac itor 
body is exceptionally 

durable as well at* attractive. 
Since overall dimensions are held within 

close tolerances, this capacitor type is ideal 
for automatic machine insertion.

Let us assume that operating conditions are such 
that a maximum change of 20 per cent in each of 
these transistor parameters may be expected. The 
design will be made on the assumption that all the 
shifts in the pole positions due to the parameter 
variations are in the same direction. More careful 
analysis may permit very considerable relaxation of

A reasonable value for fl is about 2500, and there
fore |i ~ 7.5. The voltage gain at the center fre
quency is about 6.5 for an output load of approxi
mately 75.000 ohms. The above represents a rough 
first approximation in order to obtain the tentative 
design valued

living only one pole-pair) with a center frequency 
2.1100 rps and a bandwidth of 2n20 rps. The max
urn tolerable drift in center frequency is 2 per 

c it. The maximum imaginary part of &pn is 4x. 
7 ie maximum tolerable drift in bandwith is 5 per 
( nt. The maximum real part of &p0 is at.
■ Design. Design is attempted by means of a com- 
n in collector connection followed by a common 
emitter, with the typical parameter values:

Im. part of Ap.
20jt 

zero 
zero.

INSULATION RESISTANCE vs. TEMPERATURE 
Temp —Degrees Centigrade ,

. . V References

Synthesis of Active RC Transfer Functions, I. M. Horo- 
v /, Polytechnic Institute of Brooklyn, MRI Research Re- 
1 R-507-56, PIB-437, Nov. 8, 1956. Brooklyn, N. Y.

Active RC Transfer Function Synthesis by means of 
aded RC and RL Structures, I. M. Horowitz, Polytech
Institute of Brooklyn, MRI Research Report R-583-57,

6OO-UPE
The same quality 
features illustrat
ed in thecut-away 
drawing are avail
able in PinTypes 
for use in upright 
mounting.

Insulation Resistance . . Greater than 75,000 Megohm Mfd. at 25°C (See curve b*low for higher temperatures) 
Pavrar fattar.............................................. ..................................... .... .......................Less thar. 0.6% from + 25 'C to +85°C
Tamparatura Range . . . May be operated at rated voltage from — 65°C to +85°C and to +125UC with derating 
Humidity Pesistante............................................................................ Far surpasses requirements of RETMA Spec. REC-118-A
Voltage Range................................................................................................................100, 200, 400 and 600 Volts D.C.

relation to re, rb, etc., suggests that the variations in 
g', G/, Gt', Gs' may be as much as 20, 40, 40 and 
30 per cent. If no external resistors are added to the 
emitters g' is g. It will be found that Gt" will com
pletely swamp out G/ and therefore the variation 
in G» = Ge' -f- Gs" is negligible. Using Table 2 and 
assuming ~ is (this is usually the optimum 
choice), the contributions of the variations in g', G/, 
Gs' to Ap0 are:

uni
ran
way

Accordingly, in order to satisfy the specifications 
with respect to drift in center frequency, the sensi
tivity of g to g' must be less than 0.2. This is 
achieved by adding resistance externally to the 
emitter of approximately 5 times the nominal value 
of emitter resistance. To satisfy the specifications 
with respect to bandwith, the sensitivity of Gt to 
Gt, Gs to Gs' must be reduced in each case by a 
factor not less than 4. Now ismax is approximately 
2000. Therefore we choose as 500, From eq (4),

TYPICAL APPLICATIONS
Electronic Organs—Test Equipment—Communications Systems—TV Receivers
The outstanding combination of a space-sa v ing M y lar w inding sealed in moist ure resistant E POX Y 
provides you with premium performance in a rugged compact design. This new capacitor incor
porates these valuable properties of Mylar dielectric . . . HIGH IK, STABILITY WITH LIFE 

and LOW POWER FACTOR. Good-All Types 600-UE and 600-UPE (for upright mounting) 
are priced to encourage widespread use in both consumer products and industrial equipment.

•DU PONTS TRADEMARK FOR POLYESTER FILM

„ 1-50
leading to u < ——

" 500

Parameter Real part of Ap, 
g' zero

nnnn-AH

DIMENSIONS OF TYPE 600-UE, 100 VOLTS D.C,

CAP. SIZE CAP. SIZE

1.015 .312 x 15/16
.047 .375 x 1 1/16
.1 .438 x 1 3/16

.15 .500 x 1 3/16

.22 .500 x 1 9/16
47 .562 x 1 15/16
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Fig. 2. Symbols for point junction transistors.

Defense Research Board 
Ottawa, Canada

an approximation but will

niqi 
tion

lead to a conservative rating of the transistor.
The peak junction temperature is a function of 

both the peak and mean dissipations and is given

SINCE airborne equipment requires operation at 
high ambient temperatures, special considera

tions must, as such, be given to the design of equip
ment to be used under this condition. The proced
ures to be set forth below describe the design of a 
three-stage push-pull germanium transistor ampli
fier which delivers 3 w to a 400 cps servo motor. 
These procedures can be and have been utilized in 
designing other equipment.
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Junction Peak Temperature=Mean Watts x R» + 
Peak Watts x Rt 

The case temperature is calculated from the fol
lowing:

Case Temperature = Mean Watts x Rt
Switching methods and the use of an unfiltered, 

full-wave rectified power supply may serve to keep 
the mean power dissipation low. Since the switch
ing methods are made difficult by the type of load

Temperature Considerations

The maximum safe junction temperature for the 
readily available types of germanium transistors is 
between 90 and 95 C. If the ambient temperature

is to be 85 C, the junction temperature must not be 
permitted to exceed this point by 5 or 10 deg.

An effective heat path from the transistor junc
tions, and minimum power dissipation (both mean 
power and peak instantaneous power) are condi
tions which will keep the temperature rise to low 
values. Peak instantaneous power is considered be
cause most of it is dissipated at the collector junc
tion where it can do the most harm. The thermal 
time constant of the junction may be quite short.

The difference between the ambient and junction 
temperature may be kept small by having a good 
thermal path from the junction and by holding the 
power dissipation to a low value.

Electrical network theory may be used to treat 
heat conduction. The thermal equivalent of Ohm’s 
Law is

Temperature Difference (deg C)_ T, . 
Thermal Current (Watts) Kesi" 

where thermal resistance is in degrees centigrade 
per watt.

The equivalent circuit for the heat conduction 
path from the collector junction to a chassis is 
shown in Fig. 1. The chassis is an infinite heat sink, 
or thermal ground, and the transistor case is a capa
city (C). This capacity prevents rapid fluctuations 
in temperature, but has no effect on the mean 
temperature. The value of the junction to case 
thermal resistance, Rt, can often be found from the 
manufacturer’s data. Rs consists of a mica washer 
and a component due to the chassis.

Fig. 1. Equivalent circuit of heat path from junction to 
chassis.



L induction motor presents, use of a power supply 
L be investigated with regard to the effect it has 
Ln the dissipation of the collector of an ordinary 
Ci ss B amplifier.

onsideration will first be given, however, to the 
USt of an ordinary supply.

With a sine wave output at maximum amplitude 
La< h collector will swing from zero to twice the 
battery voltage and the current will flow for 1/2 
cycle. The peak value of the power will be about 
one-half the battery voltage times the peak current.

The use of an unfiltered supply will permit cur
rent flow when the collector voltage is almost zero 
and the power dissipation is negligible. This is only 
the case at maximum output.

In the typical design the maximum value of mean 
power dissipation for the supply is 1/2 w, and for 
the rectified supply 1/3 w.

In the case of the peak instantaneous power dis
sipation the maximum value is the same for both 
types of supply, namely 1.5 w. (If switching tech
niques had been used to obtain a low mean dissipa
tion, the maximum peak dissipation could be as 
high as 5 or 6 w.)

With these values for power dissipation the rise 
in temperature of the junction over the chassis may 
be calculated. The value of Rt is for an H5 transis
tor. R2 is a 2 mil mica washer. For the unfiltered 
supply the temperature rise is 4.6 C, and for the 
ordinary de supply 5.3 C. (For switching techniques 
the same treatment would yield a rise of 12 C).

Design will then be made on the basis of the un
filtered supply which is perhaps the easiest to ob
tain and would give the lowest junction tempera
ture (90 deg. for the 85 C ambient).

Designing the Amplifier

The three stage amplifier design will now be 
considered. Design for aircraft will emphasize 
efficiency, reliability, and stability at the expense 
of some gain. The amplifier, furthermore, must be 
able to withstand the leakage current at 90 C.

For economical reasons direct rather than trans
former coupling shall be used. A transformer input, 
however, is utilized to protect the transistors. The 
symbols used for various transistors are indicated in 
Fig. 2, with the junctions appropriately labeled.

Initially, three transistors are coupled directly 
from the collector to base beginning with a pnp, 
followed by an npn, followed by another pnp in 
order that their complementary characteristics may 
be used, as ih Fig. 3. It is expected that the gain of 
this amplifier will vary with current and conse- 
quently feedback is applied. Introduction of Rt 
v ill not affect the current gain but will control and 
' duce the voltage gain. The input impedance is 
¡ creased, however, and is dependent upon the 
1 । rent gain. The value of Rt may be computed on

“ basis of peak current and peak voltage. If the

ElectroData is a magnetic field, irresistible to men of 
the right metal — men who respond to opportunities for creative achievement and 
the twin inducements of good salary and ideal working climate. Those opportunities 
are here, in the rapidly expanding field of electronic data processing and its many 
unexplored new applications. Men who are able to accept creative assignments, 
assume increased responsibility and make practical contributions to the science of 
electronic data processing are invited to join us. Write: Professional Employment 
Manager, ElectroData, 460 Sierra Madre Villa, Pasadena, California.

ElectroData — Division of Burroughs Corporation
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Fig. 3. Rj reduces the voltage gain and increases the input 
impedance. Diode Dj prevents the base of Jt from going 
too far negative. Rg and Rs draw off a current greater than 
the maximum leakage current.
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supply voltage for the 3 w amplifier is 26 v peak, 
the peak output is 250 ma. This value will approxi
mate the peak current in R,. If a peak input voltage 
of 1 v is selected this will then be the peak value of 
voltage across Rt. Ri will then be 5 ohms.

An emitter voltage for Jt must be chosen which 
will keep the collector dissipation low and at the 
same time prevent ]* from saturating. Inspection of 
the characteristics of various suitable transistors for 
Ji and Js indicates that —2 v for the emitter of h 
will suffice.

Maximum values of the leakage current which 
the transistors can be relied upon not to exceed are 
the following: for J^ 200 ua; J,, 1 pa; Js, 5 pa.

The method used in dealing with these leakage 
currents should be employed in negative feedback 
amplifiers only. The resistors Rt and R^, connected

are 
ma

The design problem confronting Universal Atomics, for the 
UAC 522 Ratemeter, was to produce a completely miniatur
ized, compact portable unit using low-power consumption 
at a realistic price. The unit is intended for use in both 
clinical and medical radioisotope research and diagnosis. 
A reliable miniaturized circuit was essential . . . 
GT was called in.
General Transistor’s engineering department 
recommended the GT-20 P-N-P type. This reliable 
audio transistor offered a current gain range of 
35-50, maximum noise figure of 16 db., and a IPH 
collector-base voltage of 25 volts. The equipment 
using these transistors continued to perform with 
extreme accuracy, even when exposed to severe 
environmental conditions.
AU GT transistors must pass strict quality controls, Bl B 
production line testing plus a 100% final inspec
tion . . . your assurance of a completely reliable 
product.

This is just one more example why General Transistor is 
the fastest growing name in transistors. Send today for 
Bulletin G-110.

miniaturization 
with reliability

VERSATILE. TRANSISTORIZED UNIT ENABLES

FASTER. MORE RELIABLE MEDICAL ANALYSIS

Fig. 4. The complete circuit in push-pull



THE ELIN
DK-102 PRECISION

POWER
OSCILLATOR!

to negative and positive supplies, draw off a current 
greater than the maximum Ic0 (1.2 ma and 6 ma in 
the example). Diode Di prevents the base of Jt from 
going so negative that the emitter junction would 
break down. Design is complete when two circuits 
are used in push pull, as illustrated in Fig. 4 Ri 
may be shared by the two halves since only one- 
half of the circuit is conducting at a time.

One difficulty encountered is the appropriate 
choice of an npn transistor. A transistor with a 
thermal resistance from collector to case of about 
4 mw/deg C is selected which would be rated at 
about 300 mw. It should have an a better than .96 
at 30 ma, and an Ic0 less than 300 at 95 C. A 
transistor of this type is not difficult to make. A 
photograph of the completed unit is shown in Fig. 5.
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Fig. 5. The complete servo amplifier unit.
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Conclusion

It is possible to design transistor servo amplifiers 
to operate at ambient temperatures close to the 
maximum storage temperature of their transistors 
if both the mean and peak power dissipated at the 
junctions are kept low. Provision must also be made 
to handle the high leakage currents. An approach of 
this sort is not limited to servo amplifiers but may 
be applied to many other economical and reliable 
designs where transistors are used at high ambient 
temperatures.

For top precision performance in the oscillator field 
it’s elin oscillators that can speed your results, save 
dollars! Ideal for pre-flight missile system checkouts, 
precision 400 cycle gyro testing, special power sources, 
time correlations, etc. — wherever you need “tuning 
fork” Frequency Stability, Absolute Voltage values, 
extremely low Output Impedance, Ultra-low Distortion 
and High Power Capacity!

SPECIFICATIONS:

Model DK-102R

FREQUENCY
250 CPS. to 15,000 CPS.

POWER
2 Watts (DK-102, DK-102R).
6 Watts (DK-106, DK-106R).

VOLTAGE
10,30 & 100 volts RMS.
All with floating, center tapped output.

DISTORTION
0.1% maximum harmonic content
0.05% maximum AC hum
0.01% maximum noise

ELIN LEADS A "DOUBLE LIFE" of quick-change versatility providing fast modification 
from a DK-102 (cabinet model) to a DK-102R for rack mounting! All models are smartly styled, 
compact (5%"H x 9"D x 16%"W) and built to give reliable, trouble-free service. 115V AC 
plug-in power is made to either lugs or AN adapter at rear of chassis!

©lìn-/ELECTRONICS INTERNATIONAL CO.

45 West Union Street, Pasadena 1, California

The elin Precision Power Oscillator gives you all this 
through an exclusive High-Q LC tuned circuit and 
special voltage-sensitive bridge combined in a circuit 
employing a large amount of negative feedback.
Standard model—2 watts power output (6 watt model, 
DK-106) and at audio frequencies between 250 to 
15,000 cps. Special models available in higher power 
capacities and at other frequencies or to customer 
specifications. Write for literature TODAY!

FREQUENCY STABILITY
±0.5% maximum, under usual 

ambient conditions.
±0.02% moirtum, per ±10 volts 

variation in line voltage.
±0.05% maximum, zero to full load.

AMPLITUDE STABILITY
±0.1% maximum, under usual 

ambient conditions.
±0.02% maximum, per ±10 volts 

variation in line voltage.
±0.2% maximum, zero to full load.

PRICE: $295.00 ( Subject to change without notice. )

Special Products Division of International Electronic Research Corporation, Burbank, California

CIRCLE 27 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • August 15, 1957



If you're seeking a top career 
in a UNIQUE location—

Look to FTL •.. where you work, live and relax 
in beautiful suburban New Jersey ... only minutes 
away from New York City's wealth of scientific, 

cultural and entertainment facilities

Mountains, lakes, ocean beaches, fishing, boating, golf- 
all the things a man and his family enjoy —are within easy 
reach of the “FTL Community.”

At FTL you work in country-like atmosphere ... in one 
of America’s great research and development centers . . . 
with leaders in electronics . . . with every opportunity to 
build a stable and rewarding career ... as a member of 
the world-wide IT&T Engineering Team.

FTL provides group insurance, company-paid medical 
and pension plans, tuition refund and many other em
ployee benefits.

Write today for information on any of the following 
interesting assignments now open at Federal Telecommu
nication Laboratories, Nutley, New Jersey:

Radio Communication Systems * Traveling Wave Tubes 
Electronic Countermeasures * Air Navigation Systems 

Antennas * Missile Guidance * Computers 
Transistors and othei Semiconductor Devices 

Telephone and Wire Transmission Systems

FTL's East Coast Laboratory, Nutley, N. J.— 

only 28 minute* by bus from New York City

If you prefer CALIFORNIA 

Opportunities for relaxed living and 
career-building also at FTL's West 
Coast Laboratories: San Fernando, 
Cal., 15151 Bledsoe St.—openings in 
Digital Computers, Inertial Naviga
tion Systems and Infra Red Systems. 
Palo Alto, Cal., 937 Commercial Street 
—openings in Carrier Systems.

FTL

I MAIL THIS COUPON TODAY ED-8 |
I Federal Telecommunication Laboratories
I 500 Washington Avenue, Nutley, N. J.
. Please send literature describing opportunities !
I and benefits at FTL, in Nutley, New Jersey. I
I II Name  i

I Address I
I City___  _______8aM.____ State I
I______________________J

Federal Telecommunication Labaratories
A Division of INTERNATIONAL TELEPHONE

AND TELEGRAPH CORPORATION
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TIME delays as long as 10,000 psec are measure¿j 
with an accuracy of ±.01 per cent. “Jitter”—atl 

inherent problem in many long-delay circuits-isl 
less than 0.001 psec. Measured delay time is pre 
sented in numerical form by a combination of dec 
ade counters and a digital dial.

The TL1 Model PT-244 Pulse Timer is a paired 
trigger generator which provides a fixed and a de 
layed pulse. It incorporates the circuit design used 
in the Hazeltine Model 1754 Precision Time Meas 
uring Equipment and is manufactured by Tele 
tronics Laboratory, Inc., Westbury, L.I., N.Y. J 
crystal controlled oscillator produces 10 psec pulse 
for both fixed and delayed pulse outputs.

A short gate in the fixed pulse circuit selects one 
pulse for the fixed marker (Fig. 1). The same Id
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A comprehensive discussion of the design and these applications of the Log Audio Preamplifier is 
contained in an article by Dr. Arthur Miller, Chief Electrical Engineer of Sanborn Company, published 
in the Sanborn RIGHT ANGLE. Copies are available on request.

rent, through it. If R is large, the current through the 
diode becomes proportional to the voltage ci, and 
the logarithmic relationship of e2 and ii is trans
formed into a logarithmic relationship) between e2 
and fi. Circuit constants for this Preamp were chosen 
to provide an accurately logarithmic relationship) 
between e2 and fi, over the range of 200 to .63 volts 
for fi. This is a 50 db spread, and the gain of the DC 
output amplifier (fed by e2) is arranged so that a 50 
db variation in produces a 50 mm stylus deflection.

In audio or AC measurements, fi is derived from 
a peak reading type rectifier-filter circuit, which

and carrying handles, connected by patch cords, may 
be the best answer. Occasionally only a “special" 
adaption will meet a specific need.

But whatever the “150" oscillographic recording 
“package" you use, you're assured of basic Sanborn 
"150“ advantages: inkltu recordings in true rectangular 
coordinates; 1% linearity, resulting from high torque 
galvanometers and current-feedback driver amplifiers; 
numerous chart tpeedt, from 0.25 to 100 mm/sec.; choice 
of tingle to 8-channel systems, readily adapted to new 
requirements by plug-in Preamplifiers selected from 11 
presently available types.

Which Oscillographic Recording "PACKAGE” fits your needs?

Detailed Information, and assistance with your 
particular recording problem, is always available 
from Sanborn engineers.
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now available for 150 Series systems, permits 
measurements involving logarithmic or exponential 
functions. The “Log Diode’’ circuit (shaded portion

fixe: 
• PULSE 
OUT Pl'

DELAY 
NETWORK

Fig. 2. Accuracy of time delay—displayed 
by the timer—is independent of the scope.

follows a high quality 20 cycle — 20 KC audio 
amplifier. With an input of 100 mv RMS, this 
amplifier will produce a 200 volt output from the 
rectifier. The 50 db chart, therefore, corresponds to 
a variation in AC input voltage of 0.316 to 100 mv.

In DC measurements, the audio amplifier is by
passed and the input applied to the diode circuit. 
Since the diode itself is a rectifier, used in the forward 
direction with its cathode near ground, the DC input 
must be polarized with the high side positive.

One broad area of application for the log Audio 
preamplifitT is audio level recording. For example, 
room reverberation time can be measured by record
ing sound level decay after the sound source is 
suddenly turned off, the reverberation time con
sidered the period required for a 60 db decay to 
occur. Another example of audio signal recording 
is the plotting of frequency response curves of audio 
equipment such as microphones, filters, loud
speakers, etc. A multi-channel recording system with 
appropriate filters also makes possible audio spec
trum analysis.

A second major type of application of this 
Preamp) is the recording of DC voltages on a db 
basis. If the signals are small, a chopper can be used 
to convert DC to AC, thus taking advantage of the 
Preamplifier’s audio amplifier. With an impedance 
matching transformer added to such an arrange
ment, the system becomes a logarithmic DC milli
voltmeter or logarithmic DC microammeter of 
extreme sensitivity. Such a device could be used for 
plotting the volt-ampere characteristic of a ger
manium diode, which might be very helpful in 
selecting matched pairs of diodes. Another possi
bility is plotting the output of a fixed gain radio 
receiver and linear detector to a db scale, to rapidly 
record antenna performance data.

of circuit block diagram in 
Fig. 2) is the heart of this 
instrument, and is based on 
the logarithmic relationship be
tween the voltage across a 
thermionic diode and the cur-

IELAYEC 

PULSE 

OUTPUT

ts one 
ne lit

» use.
Meas
Tele-

h ,ec trigger chain feeds the delayed pulse circuit. 
When the required number of 10 psec triggers are 
received, one is selected for the output. It triggers 
a phanastron circuit to provide vernier control be
tween the 10 ixsec intervals of the trigger chain. 
Extremely low jitter is obtained since only the gate 
is subjected to long delay and not the pulse itself.

TECHNIQUES and DEVELOPMENTS 
in oscillographic recording r

■ SANBORN "150's" aie housed, basically, in 
either of two ways: a vertical mobile cabinet, 

HN or separate portable case» for amplifier and 
HNM^r recorder units. This in itself provides a number 

of “packaging possibilities, but the number is 
greatly increased by various other alternate, 

and sometimes special, housings. For example, an entire 
six- or eight-channel recording assembly is available in 
an extremely compact, mobile cabinet only 45“ high; 
or the same recorder can be portably housed in a 
22" x 21" x 23“ case. If field use of “150’s" is planned, 
individual unit» in cases fitted with removable covers

”ULS€
rtxeo 
vw.se

Time Display
Delay time is measured by feeding the 10 jiscc 

trigger chain to decade counters which are gated 
to count the number of 10 jtsec triggers between 
the fixed pulse and the delayed pulse. Decade coun
ters provide a reading in tens of psecs. A vernier 
delay control with a digital dial gives the delay 
reading to ± 0.01 psec.

A simplified application of the timer shown in 
Fig. 2 illustrates its independence from the scope 
used to display the pulses. With the delay controls 
set at zero, the scope positioning controls are used 
to place the fixed pulse (Input No. 1) at a con
venient point on the CRT. The fixed pulse is used 
as a reference for zero time and the delayed pulse 
to trigger the scope. When the scope is switched to 
the output of the delay network (Input No. 2), 
the pulse from the delay network is positioned in 
the spot previously occupied by the fixed pulse 
from the Pulse Timer. This is accomplished by 
adjusting the delay controls on the Pulse Timer, 
since it is this output which syncs the scope.

Time between the two pulses observed on the 
CRT is read directly from counters and a digital 
dial on the Pulse Timer. Since positioning on the 
scope is relative rather than absolute, accuracy is 
determined only by the timer and not dependent 
on scope characteristics.

For further information on the Pulse Timer, fill 
out Reader's Service Card and circle 426.

DESIGN PRINCIPLES AND SOME APPLI
CATIONS OF A PREAMPLIFIER FOR 
LOGARITHMIC MEASUREMENTS

TWER
OCL.V 
»UL«

SANBORN COMPANY
INDUSTRIAL DIVISION 

17B WYMAN ST., WALTHAM 84, MASS.

FROM

SANBORN

Fig. 2
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10 ppm as yet unexplained. The results from tw( 
basically different configurations of the coils dis
agree. Thus, the ampere may have an uncertainty ii 
its absolute value approaching 15 parts per million 
when the uncertainty in g is taken into account.

One cannot keep an ampere on the shelf, so it be
comes necessary to reproduce it at will without the 
necessity of repeating the complicated standardiz
ing experiments. This is done by standards of re
sistance and voltage.

Resistance. The unit ohm in this case is defined 
with the aid of the relation

It appears then that the mass standard can be 
used as a force standard if the value of the transfer 
constant g is well known. G varies from place to 
place and from time to time by a slight amount; but 
its precise measurement today is the basis of our 
“force standard.*’ We measure forces by comparing 
them with the earth’s attraction for mass and refer 
the latter to the mass standard.

The acceleration due to gravity, g, is known to
day with a precision of about 2-3 parts in 10® but 
with an absolute accuracy which is in doubt by 
as much as 10 to 15 parts per million. All values

From the three primary standards mass, length, 
and time, and the units which define them, the asso
ciated physical laws define the derived standards.

Force. The first derived unit to claim attention is 
the unit of force, the newton, defined as the force 
required to give a mass of 1 kc an acceleration of 
1 meter/sec.2 One cannot keep a force on the shelf 
to look at but one can compare a force with the at
traction of the earth on the mass standard.

enc< 
tern

Acceleration of Gravity Being Redetermined
The force of attraction of the earth on a mass 

gives it an acceleration of g meters/sec2; so any 
force measured by comparing it with the attraction 
of the earth for a mass, m, will have the magnitude

The first part of this article appeared June 15 on 
page 38. It described the role of standards and gave 
some of the basic considerations for accurate measure
ments of mass, length, and time. This second part covers 
derived standards, precise physical constants and 
fundamental physical constants. It also includes a 
bibliography for further study or reference.

where Z is an alternating current impedance, co is 
an angular frequency, and L is the inductance com-! 
puted from the geometric disposition of the con
ductors composing the inductance. Adjustments are 
so made in the defining geometry that one ampere 
through one ohm will liberate energy at a rate of 
1 Newton-meter per second, or one watt. This sets 
the size of the ohm.

The establishment of a standard ohm thus in
volves measurements of length and time. The ohm 
does not involve g; and when realized, it is a mate
rial standard which can be kept on the shelf.

The standard ohm can be established to about 5 
parts in 10‘! in terms of the units of mass, length 
and time.

are referred to some particular spot on the earth 
by means of transfer measurements which have 
considerably greater precision (of the order of 
1 part per million or better).

The reason for the uncertainty lies in the fact 
that only three precision determinations have been 
made until very recently and all three by the same 
method. They are therefore subject to the same 
hidden and unknown systematic errors.

All the major national standardizing laboratories 
are engaged in redeterminations of this important 
constant. At the N.B.S., we are now engaged in a 
remeasurement by two methods quite different 
from those previously used. No results are available 
as yet.

Current. The unit of current, the ampere, is de
fined as the current which, when flowing in two 
parallel wires of infinite length separated by a dis
tance of one meter, gives rise to a force of 2 x 10-r 
Newtons per unit length when in free space.

To accomplish the experimental determination, 
wires are wound upon coils of measured dimen
sions, and the force between the coils is measured. 
To measure the force, one balances it against a 
mass involving g.

The standard current of 1 ampere can be estab
lished with a probable error of about 2 in 10®, ne
glecting the uncertainty in g. Recent measurements 
just completed at the National Bureau of Standards 
indicate that there is further uncertainty of about

an<
UH

R. D. Huntoon, Assoc. Director
National Bureau of Standards 

Washington, D. C.



Volt. The volt unit is defined with the aid of 
Gm’s Law such that

V
R

One ampere through one ohm gives a potential 
I diiference of one volt. The actual potential differ- 
I ence of certain standard cells is determined in 
I terms of the standard current and resistance. Subse- 
I quently the standard ampere can be reproduced by 

IB adjusting the current through a standard resistance

: be- 
the 

diz- 
: re-

(Û is 

rin

coll

are 

pere 
e of 

sets

until the standard potential difference (referred to 
the standard cell) is established.

A typical situation which occurs similarly in 
other fields arises with respect to the electrical 
standards, and deserves mention. Once a resistor is 
selected as a standard, others just like it can be 
produced with a precision of about 1 in 10 million. 
Similarly, standard cells can be made in terms of 
the initial standard of about 1 in 10®.

Thus, a standard current can be reproduced with 
an uncertainty of about 1 in 10® although its abso
lute value will have a greater uncertainty.

Thus there are a group of standards at N.B.S. 
which can be reproduced with greater precision 
than their absolute values in terms of the primary 
standards of mass, length and time can yet be de
termined. For this reason, all certifications of stand
ards submitted to N.B.S. for calibration are made in 
terms of standards “as maintained at the National 
Bureau of Standards.” Thus, all measuring equip
ment referred to N.B.S. for calibration will be mu
tually consistent with a precision greater than we 
now know the absolute values of the electrical 
standards we use. As our knowledge improves, this 
improvement automatically transfers to our certi
fied values.

I
 Precise Physical Constants

Having a set of standards of mass, length, time, 
force, resistance and current (or voltage) it becomes 
feasible to turn to the measurement of physical con
stants. Because of the convenience of measurement 
and the state of the art, some of these can be meas
ured today with great precision.

Velocity of Light—c. This fundamental constant 
of great importance to all of science has been the 
object of extensive repeated determination. It ap
pears that the value obtained early in the 20th cen
tury by Michelson and others was in error. The 
problem is essentially that of measurement of ve- 
locity, the ;asurement of a length and of a time.
" he most recent values indicate

c = 2.997928 X 1010 cm/sec

v th a probable error of 1 or 2 ppm.

Rydberg Constant, Roo. This constant of funda- 
m mtal importance in Spectroscopy and Atomic 

ucture is in principle the determination of a 

wavelength and as such involves only length meas
urements and a pure number, the number of waves 
in a given length. Thus only one primary standard, 
that of length, is involved. It is interesting to note 
that the values obtained

R« = 1.0973731 X 105 cm"1

has an uncertainty of about 1 in 107, the error with 
which waves have been compared with the stand
ard meter bar.

Fine Structure Constant, a. This is a dimension
less constant involving certain relationships among 
atomic spectra and hence in principle does not in
volve any of our standards but does require that 
those which are incidentally used in the process are 
consistently related to another with a precision 
equal to that of the precision of the determination. 
It is presently known to be

— = 137.0371 
a

with an uncertainty of about 3 in 10®.

Atomic Mass of the Proton, mp. This is another 
dimensionless constant which may appear at first 
sight to be misleading. It is the mass of the proton 
on a physical scale of atomic masses so established 
that the value for O16 is given the precise value 16. 
Thus, it is determined in a different system of units 
and is later related to the MKS set through other 
measurements. To measure mp in this system of 
units, it is only necessary to compare the masses of 
enough elements in precision mass spectrographs to 
arrive at a proper value for the ratio of the masses.

The presently accepted value is

mp = 1.0075957 amu

with an uncertainty of 1 ppm. Here, again, when 
present standards are involved incidentally in the 
measurement, they must be internally consistent to 
avoid error in the final result. They need not how
ever be in absolute accord with the definitions of 
the units.

Resonance Constants. There are three other 
physical constants which have not to date been 
measured with such precision as those just dis
cussed but which form a second rank of precision 
and which make use of high frequency resonance 
techniques for their measurement. These may be 
referred to as the “resonance constants.”

Gyromagnetic Ratio of the Proton y/. (Uncor
rected for diamagnetism.) In this determination, 
the electrical units and standards are directly in
volved—a point which is important to bear in mind, 
for this is the only physical constant we will discuss 
which does directly involve these units in the sense 
of depending upon their absolute values. The gyro- 
magnetic ratio is measured by means of the relation

co = yp' B

where co is an angular frequency and B is the

GENUINE
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(1.37943 ± 0.00003)
BIL X IO-17 erg sec esu'

2ît2 me

2ire

4ît mvc

Solving these equations for h and elimi

657.475 Senoit and E. Guillame,

(4.8029 ±0.00013)

Time Standards

2.792G8

Electrical Standards

9652.2 ±0.3 emu erg-1

1836.12 ±0.046

9579.4 ±0.3 emu gm
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Mesures 11 (1893) 
Annexe 1 (1893).

where F is the force on a coil, I is the current in it, 
L is the effective length of conductor in the mag
netic field B. F is measured with the aid of a mass,

To find these values the following relations 
hich exist among the constants should be noted:

nating pp, the magnetic moment of the proton, we 
have:

lirR yf w,

strength of a magnetic field. B is measured by the 
relation

2.67523 X 104 sec-1 gauss

with an uncertainty of 20 in 10°

X 10~10 esu

4-kR (y/)2 {u3e/wnfy
= (1.67241 ±0.00005) X 10

with an uncertainty of 22 in 10“.
Cyclotron Resonance of Electron (oe/(o/. Here 

again, the concern is with a ratio not involving the 
primary standards. Two experiments are performed 
in the identical magnetic field B which must remain 
constant during both measurements. The precession 
frequency of protons is measured as described for the 
measurement of yp'. The resultant value is labeled 
wn'. Next, electrons are allowed to describe circular 
orbits in this same field, and the frequency with 
which they traverse these circular orbits is meas
ured. The value is written u)e. The ratio of these two 
is the value needed. Its presently accepted value is

with an uncertainty of about 12 ppm. This value 
can also be deduced from other experiments and 
combined with the theoretical value of the anoma
lous moment of the electron to give this ratio with 
an uncertainty of about 1 in 10“.

Cyclotron Resonance of the Proton. Finally, the 
same experiment as just indicated is done using a 
proton instead of an electron to give the correspond
ing frequencies of wn' and cdc. The observed result is

7. Wm. Markowitz, Astro. J. 102, 171, June (1955).
8. Wm. Markowitz, Res. Rev., ONR, (U. S. Dept. Navy), 

(Sept. 1955).
9. J. E. Sherwood, H. Lyons, R. H. McCracken, and P. 

Kusch, Bull, Am. Phys. Soc. 27 (1), 43 (1952).
10. L. Essen and J.V.L. Parry, Nature 176, 280 (1955).
11. O. R. Gilliam, Charles M. Johnson, and Walter 

Gordy, Phys. Rev. 78, 140 (1950).

4rfl (y/)2
= (9.1084 ±0.00046) X 10~:

The values of the physical constants obtained in 
this way are not "adjusted best values” as usually 
found tabulated, and they should not be so used. 
The point in getting them this way here is to illus
trate the chain of measurement from the primary 
standards to the important physical constants. 
Proper adjustments for "best values’’ lead to small 
differences but this does not alter the essential argu
ment.

It is most important to note the key role played 
by yp'. The transition from the primary standards 
to the electrical standards is the first link in the 
chain. The gyromagnetic ratio yp' provides the sec
ond link from the microscopic world of working 
standards (electrical) to the miscroscopic world of 
atomic physics whose constants we seek to deter
mine.

In comparison to some of the other constants, yp' 
has been the recipient of relatively little effort. The 
National Bureau of Standards is engaged in a new 
determination of this important constant.

and g is involved in the result. The angular fre
quency a) has been determined by nuclear reso
nance absorption. A small sample of water is placed 
in a strong magnetic field B and the energy ab
sorbed by the precessing nuclei is detected in a 
small radio frequency coil surrounding the sample. 
The frequency for maximum absorption is the one 
measured. The result for yp' is

SirR* M2 (^/o)/)2

= (6.6252 ± 0.0003) X 10~27 erg sec

Benjamin L. Page, J. Research NBS, 54, 1 (1955). 
R. P. 2559; also Lewis V. Judson and Benjamin L. 
Page, J. Research NBS, 13, 757, (1934) R.P. 743. 
Chauncey G. Peters and Walter B. Emerson, J. Re
search NBS, 44, 419 (1950) R.P. 2089.

12. Reger W. Curtis, Raymond L. Driscoll, and Charles 
L. Crltchfield, J. Res. NBS 28, 133 (1942) RP 1449; 
also Harvey L. Curtis, Roger W. Curtis, and Charles 
L. Crltchfield, J. Res. NBS, 22, 485 (1939) RP 1200.

— ratio of charge to mass of electron me
(emu) and other combinations.

charge on electron 

mass of electron 

Planck constant 

Avogadro’s number 

Faraday 

mass of proton

Fundamental Physical Constants
By describing the determination of the precision 

constants and the resonance constants it is possible 
to show how the values of the fundamental con
stants can be obtained with quite good precision; 
although in most cases they cannot be measured 
very well directly.

The fundamental constants whose values are
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CLEVITE POWER TRANSISTORS -

Outline

Type Military 
2N297

CTP 
1117 2N257 2N268

CTP 
1109

CTP 
1111 Units

Instantaneous 
Cellecterto-base 
Voltage (absolute 
Maximum!

-60 -40 -40 -80 -20 -80 Volts

function 
Temperature 
(absolute Max.)

85 85 85 85 85 85 C !

Average Total 
Power Dissipation 
(with inf heat 
sinh @ 25 0

25 30 25 25 25 Watts

Average Total 
Power Dissipation 
(with 36 sq. in. 
heat sink 
@ 25 0

15 18 15 15 15 15 Watts

Typical Power Gam a I33* 33c 31C 300 26c db
Frequency Cutoff 5 6 7 6 6 4 Kc/s



bernco test equipment 

serves special missile 

requirements

Controls

Test Equipment 

Wiring Harness 

Thermocouples

A leading missile producer removed an obstacle to production, 
and safeguarded ultimate operation of his beam-riding missile, 
when he designed the special test and control unit pictured above.

By monitoring two critical voltage values, and by acting as a 
circuit breaker if either circuit departs from its predetermined 
voltage, the unit prevents damage, or complete destruction of the 
missile’s electronic components, during tests. The result—a saving 
of thousands of dollars.

To build this special unit, competent engineering, skilled crafts
men and adequate facilities were necessary. The prime contractor 
selected Bernco where a reputation for producing reliable com
ponent parts at reasonable costs has won the confidence of many of 
the nation’s other leading manufacturers and government agencies.

In just a few months, the missile will be ready for operation. 
Meanwhile, Bernco would like to be of service to you—if you have 
need for electrical, electronic or electro-mechanical component 
parts. An illustrated brochure describing Bernco’s services and 
facilities is yours for the asking. Write for your copy, now.

BERNCO ENGINEERING CORPORATION • 2323 SOUTH TIBBS AVENUE • INDIANAPOLIS 41, INDIANA 
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mark n relay

Wedge Contact Relay

WORKING on an entirely new principle- 
wedge action—this solenoid actuated relay 

features lower contact resistance to small currents, 
automatic contact cleaning, and high shock and 
vibration resistance. The 24 karat gold contacts] 
employed are arranged for six-pole double-throw 
operation.

ACTUATOR
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1957

d<
ei

th
ca

tc 
Ic
oi

rr

FIXED
CCWTACT

MOVEABLE 
CONTACT

Double-Pole, Double-Throw Wedge Action Principle. A and B are 
fixed contacts. The moving contact is supported at both ends, giving greater 
resistance to vibration than conventional cantilever contact arrangements.
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How It Works

The ‘wedge action” principle was developed by 
L ectro Tec Corp., P.O. Box 667, Ormond Beach, 
1 la., to provide relay characteristics not possible by 
c nventional design. The operation of the Mark II 
IL lay can be shown by referring to the sketch.

The terminology, “wedge action,” is descriptive 
oi the type of motion involved. In the case of a 
wedge being driven between two fixed members, 
tlie.pressure against the sides of the opening in
creases as the wedge travels forward. This same 
tvpe of action is created in the Mark II Relay. Re
ferring to the vector diagram, it will be noted that 
the resultant force “R” beween the contacts after 
engagement is greater in magnitude than the actu
ating force. At any instant it is equal to the vector 
sum of the horizontal and vertical components.

As the actuator travels downward the moving 
contact moves down. However, due to the force 
applied upon engaging the stationary contact, it is 
displaced slightly to the right. This means that as 
the moving contact travels downward the force 
between it and the fixed contact is increased so that 
not only a wiping action occurs but also an in
creased pressure results. This “wedge action” is 
extremely important in removing contaminants from 
the contact surfaces, reducing resistance to micro
level currents, and in rendering the relay highly 
shock and vibration resistant.

After contact is made, the vertical motion of the 
actuator continues. This “over-travel” action is a 
factor which enables the “wedge action” to occur. 
In the course of “wedge action” not only does 

| cleaning of the contact surfaces occur, but burnish
ing takes place which polishes the surface and re- 

| sists further destruction of these areas. An impor
tant result of “wedge action” is the fact that the 
positive contact pressure established enables the 
relays to switch extremely low currents and low 
voltages with high reliability.

The moving contact is supported at both ends, 
thereby eliminating the undesirable effects of a 
cantilever which is present in most current designs.

Characteristics

The Electro Tec relay, designated Mark II, is 
designed for continuous duty and is rated for op
eration from —65 to 200 C. It will withstand 30 g 
vibration from 5 to 2000 cps and is shock resistant 
to 100 g’s. The contacts carry 2 a into a resistive 
load. Coil voltage is 26.5 v de, or other values on 
order. The Entire relay is hermetically sealed and 
meets or .exceeds specifications MIL-R-5757C and 
MIL-R-25018, Class C, Type II, Grade 3.

Weight of the relay is only 4.7 oz, and its overall 
mensions are 1-7/8 in. diam x 1-7 z8 in. high in- 

c' lding soldering lugs.
For additional information on this product, fill 

' 1 the Reader’s Service Card and circle 427.

Wescon

When position is everything, you can count on the new digidial* ten-turn 
decimal-counting dial... for indicating shaft position fromO0 to 3,600°... with reading 
resolution of 0.05% of full scale or better.

The digidial reads by the numbers.This means farewell to interpolations 
and operator errors... hail and hello to fast, accurate reading from as far as six feet 
away... from just about any angle except behind the panel. You’ll welcome its 
compact construction, light weight, simple installation and smooth operation. You’ll utter 
gleeful greetings to the positive, non-distorting locking mechanism.

If position is important to you, you’ll want to know more about t^e digidial^ ,. 
to get the whole story, write tor data file 82C.

A Dial to reckon with

Beckman®/
/ Hellpot Corporation : Newport Beach, California 

/ a division of Beckman Instruments, Inc.

' Engineering representatives in principal cities

CIRCLE 33 ON READER-SERVICE CARD FOR MORE INFORMATION
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The use off high voltage de ffor checking the insulation characteristics off electronic components has 
advantages over ac testing. Less destructive, the de method can also be used to anticipate component 
failures by the proper interpretation of resistance characteristics. Improved reliability results.

Virtually all electronic components and equipment are subjected to one or more insulation strength 
tests during fabrication by the manufacturer, and, in any company well organized ffor reliability and 
quality control, in “incoming inspection," as well as often in the end product. In these tests, variously 
called hipot tests, overpotential tests, overvoltage tests, insulation tests and dielectric strength tests, 
the item under test is subjected to an electrical stress greater than the anticipated operating voltage, 
with the assumption that if the component passes this test the probabilty of its performing adequately 
in its normal operating circumstances will be high.

On new equipment, twice the rated ac voltage plus 1000 v is applied for a period off a few seconds 
up to one minute, as a standard test. For maintenance tests on equipment that has been in service, 
often 150 per cent of the rated operating voltage will be applied ffor one minute.

None of these ratings has any particular intrinsic significance. It is not true that an item that stands 
"twice rated voltage plus 1000 v" will not fail when operating at rated voltages. The test was achieved 
as a standard of comparison after much discussion and compromises. Original suggestions ranged all 
the way from "133 per cent of rated voltage" through "3 times rated voltage plus 1000 v." The present 
test was accepted as indicating a high degree off probability that the component would operate satis
factorily in its application, iff it passed the test.

Any other test that will indicate acceptance with equal probability of the unit not failing subse
quently would be just as valuable as the ac test.

The advantages off testing with de instead of ac are many, but the adoption of de testing has been 
slow, probably because 1. It is felt intuitively that an item off electronic equipment to be operated un
der ac conditions should be tested with ac, and 2. until recently it was simpler and less expensive to 
obtain very high voltage ac with simple transformer techniques, than with de, which previously required 
expensive rectifier equipment.

Today, low-cost, compact, reliable de test equipment in the high voltage (3 to 30 kv) very high volt
age (30 to 300 kv) and ultra high voltage (300 kv and above) ranges render de testing feasible, even at 
voltages as high as 600,000 v de.1

k

DC
Overpotential

f( 
o 
tc 
ti

Testing
Victor Wouk 

Engineering Director 
Beta Electric Division of Sorensen & Co.

IN THE “hipot” test, the overvoltage applied to a 
capacitor, transformer, insulator or cable under 

test is de rather than ac. The major advantages of 
de insulation testing are direct indication of leakage 
resistance and the fact that de test equipment is 
much smaller than ac in higher voltages:

With modern insulating materials, the leakage re
sistance is generally of the order of tens or hundreds 
of megohms. The leakage current is masked in a 
capacitance circuit by the capacitance currents that 
flow, because in most modem insulation the power 
factor or the loss factor is very small. Fig. 1 illus
trates some of these properties: capacitor Cl under 
test has leakage resistance Rl. Unusual voltages 
and capacitances are employed for emphasis. The 
ratio of capacitance current to leakage current—al
most 10.000 to 1—indicates that the insulation re
sistance would be extremely difficult to determine 
with ac.

With de, on the other hand, after the initial cur
rent surges that charge the capacitance, and dielec
tric absorption, the leakage current indicates the 
resistance. The resistance is an excellent indication 
of the insulation condition.2, 3< 41 5 This is the most 
important advantage of de testing; it indicates 
quantitatively the status of the insulation, in com
parison to ac tests which are essentially “go, no-go” 
tests. Referring to Fig. 1, the ac test equipment 
would have to provide 2650 va, whereas in de test
ing only 0.265 va are required. In these low ratings, 
this is not particularly serious. But consider the case 
of a 1 uf filter capacitor rated at 25 kv for a trans
mitter application. In this particular case, an ac test 
with approximately 51 kv would result in almost 20 
amp flowing, with a required test capacity in the 
transformer of 1000 kva. The de leakage current

c 
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e 
r< 
ri 
tl 
V 
n 
v 
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Test Time Not Critical

mafic overload. under-voltage or under-current protection.

' 20

Breakdown Anticipation

CIRCLE 34 ON READER-SERVICE CARD FOR MORE
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DAMAGED 
INSULATION

GOOD 
INSULATION
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Fig. 3. Quahtive curves 
of de leakage current 
vs de test voltage.

The duration of voltage application is not as 
critical with de as it is with ac. Moreover the de 
tests are often considerably less destructive for 
equally searching tests. As an example, there is a 
radar equipment manufacturing company where a 
rigid quality control program had been instituted in 
the incoming inspection department. Capacitors 
which had been previously tested by the capacitor 
manufacturer at “twice rated voltage plus 1000 
volts* for one minute, were subjected to a similar 
test at incoming inspection at the radar plant. Prior

to be expected might be of the order of 1 ma maxi
mum, with a corresponding volt-ampere rating of 
the de test equipment of 51 va.

It is because of this particular aspect of the prob
lem, which when applied to power cable problems 
where the capacitance might be 8 uf and the test 
voltage 250 kv, and with the resultant kva required 
for test purposes in the mega-va range, that de 
overpotential testing equipment has been developed 
to replace ac tests in many power industry applica
tions.

MAXIMUM 
TES’ DC 
VOLTAGE

Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (—55" to 
-f-90* C.), or humidity. Rugged, 
light, compact, most inexpensive.

RATED AC 
OPERATING 
VOLTAGE 
(RMS)

to shipment of the finished product an identical 
test was again applied. Again, prior to installation 
at the customer’s site, another ac hipot test was 
applied. It was found that a particular capacitor 
was failing in the field at an unpleasant rate, al
though it had met all the tests satisfactorily.

During one particular production run, it was 
learned that the capacitors, when replaced in the 
field with units that were shipped directly from the 
manufacturer, encountered a considerably lower 
failure rate. It was perceived that excessive testing 
was causing damage; incoming and outgoing in
spection with high voltage ac overvoltage tests were 
eliminated. Capacitance checks and de overpoten
tial tests were substituted, and this particular diffi
culty disappeared.

We can understand this phenomenon by referring 
to Fig. 2, which represents a section of a capacitor, 
where there may be a void. The equivalent circuit 
is illustrated by the main capacitance C, shunted 
by the series connection of capacitance Cv repre
sented by the void, and the balance of the material 
with which it is in series, Ca. Let us assume that 
the circumstances are such that with normal rated 
voltage, the peak voltage across capacitor Cv never 
exceeds the breakdown voltage of the void, which 
is considerably lower than the breakdown voltage 
of the same volume when occupied by insulating 
material. The breakdown voltage is slightly above 
the normal operating voltage. Under normal operat
ing conditions, the void will not break down, and 
there will be no deleterious products.

On the other liand, referring to the curves of 
Fig. 2, it can be seen that several breakdowns 
could occur during the course of one ac cycle, as 
the voltage across Cv starts to exceed the break
down voltage. It has been well established7 that it 
is the various ozone, ultraviolet, and other chemical 
effects of the electrical discharge in the void that 
eventually softens the insulating material and 
causes breakdown.

In this way, a good design which would operate 
for a long period of time under normal operating 
voltages was “tested to death ’ in a test which did 
not indicate anything wrong with the equipment, 
and during the course of the test damaged the in
sulation, so weakening it that there was subsequent 
failure during normal operation.

Thermostatic 

DELAY RELAYS 
2 to 180 Seconds

An important factor discovered in the use of de 
overpotential testing has been the frequent ability 
to anticipate incipient breakdowns.2, 8* *• 6 This is 
done by plotting the de resistance, or leakage cur
rent, vs the applied test voltage, and looking for 
a “knee” in the curve. Fig. 3 illustrates typical data 
obtained with good and bad insulating material.

In Fig. 3 it is apparent that for good insulation 
the leakage current rises linearly with applied volt-

Write for 4-page Bulletin No. AB-51 
AMPERITE CO., Inc.

561 Broadway, Now York 12, N.Y 
Telephone: CAnal 6-1446

in Canooo: Anos Radio Corp., Ltd. Ml 

50 Wmgold Ave., Toronto 10, Ont.

Individuai napection 
and double-decking 
assures top quality 
of Annerite products

INFORMATION

VOLTAGE OF 24V • WITH AMPCRITt
BATTERY & CHARGER [ VOLTAGE VARIES 

VARIES APPROX ' ONLY

O Actuated by a heater, they 
operate on A.C., D.C.. or 

Ml Pulsating Current.

L M e Hermetically sealed Not aL 
" frrted by altitude, moist'ire,

uJJk or other climate changes.
RX-W • Circuits: SPST only — nor

I " molly open or normally
closed.

Amperite Thermostatic Delay 
IP I* 11 Relays are compensated for

uihktiuc ambient temperature changes miniatube teom —$5. |o +7q.c Heaters 
consume approximately 2 W and may bo 
operated continuously. The units are most 
compact, rugged, explosion-proof, long- 
lived, and — very inexpensive!
TYPES: Standard Radio Octal, and 9-Pin 
Miniature.
Differential Relays: Used for auto-

BALLAST REGULATORS
Amperite Regulators are designed to keep the current in a circuit 
automatically regulated at a definite value (for example, 0.5 amp.) 
... For currents of 60 ma. to 5 amps. Operate on A.C. D C.. Pul- 
i-j sating Current.

STANDARD 

PROBLEM? Send for 
Bulletin No. TR-B1

Also — Amperite

Imperite
DELAY ï

I RELAY 1

True Hermetic Sealing 
assures Maximum Stability in 

AMPERITE 
RELAYS and REGULATORS

Simplest * Most Compact • Most Economical
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charging current, L ““ reversible absorption current,

Fig. 4 illustrates typical current vs time with de 
applied to a dielectric material, the de voltage 
being fixed. The current initially varies rapidly with 
time.8 The components of capacitance current and 
irreversible dielectric absorption die out compara
tively rapidly. The reversible absorption current de
cays slowly, and often will be of the order of 
magnitude of the true leakage current. Consider
able time must often be spent in waiting for the 
current reading to stabilize. It is for this reason 
that some tests arbitrarily cut off at one minute to 
determine the nominal relative leakage resistance. 
Although the current read on the leakage indicat
ing meter is a serious function of time, after a while 
the reading does level off, and a reproducible value 
is obtained. The length of application of the test 
voltage will not affect the “true” leakage, nor, in

A simple check at a single value of test voltage 
is not necessarily a good de test for checking char
acteristics of capacitors, as is illustrated in Fig. 3. 
If a capacitor is designed for operation in the thou
sands or tens of thousands of volts range, then a re
sistance check at 500 volts, which is common in 
many industries, is far from adequate since it is 
obvious that the resistance varies with voltage. For 
prediction of probable reliability, the variation of re
sistance with voltage is sought. By testing with de and

i.e., rotating equipment, however, a ratio of 1.6 has 
been tentatively recommended.9

If a test with ac on a generator coil has been 
established at 10,000 v rms, the test with de is 
16,000 v. There is nothing magical about the 1.6 
ratio. It is something that was determined empiri
cally, and represents a test which, if withstood by 
the equipment, indicates a high probability of no 
subsequent failure. This value is a compromise be
tween a lower test voltage, which will permit many 
more items to be accepted, which may nevertheless 
fail subsequently, and a higher test voltage, which 
may be more costly due to the larger number of 
items that may be rejected.

of years, as the insulation is deteriorated due to 
thermal cycling, occasional electrical overvoltages, 
and accumulated moisture the insulation resistance 
tends to drop. When the rate of rise becomes exces
sive, as at point X, indicating a possible extrapolation 
to very high current at point Z, or, if the resistance 
is plotted, extrapolation to zero resistance, then it 
can be expected that the insulation will fail at 
time Y.

It is obviously better to rewind or repair equip
ment in which failure is anticipated, than allow the 
equipment to fail when in service.

An obvious parallel application in the radio en
gineering field would be the testing of certain im
portant tubes, such as power amplifiers in the 
output stages of broadcasting systems, and record
ing, let us say, the gm for fixed operating conditions 
as a function of time. If these values were plotted 
as a function of time, a curve like the one for re
sistance of Fig. 5 would be obtained. The tube 
could be removed from service during a mainte
nance test and replaced at the proper time.

age beyond the normal operating voltage. Near the 
end of the test voltage range the current may begin 
to rise more rapidly. This indicates that the resist
ance is comparatively constant over the normal op
erating range, and drops somewhat near the maxi
mum test voltage.

With poor insulation the rise of current may 
again be linear over some range of the applied 
voltage. But what is most important is that a “knee” 
develops in the curve, and the current begins to 
rise very rapidly as a function of voltage. If this 
happens it is an indication of incipient breakdown.

.TOTAL DIELECTRIC CURRENT

Equivalent De to Ac Test Ratio

Ratios of dc-to-ac breakdown voltages as high 
as 2.5 to 1 and as low as 1.2 to 1 have been reported

Operation Failure Anticipation

It has been reported3 that by recording the leak
age current at a specific test voltage over a period 
of years a trend in leakage can be noted.

Thus, referring to Fig. 5, one sees a typical trend 
as reported for the insulation in a particular gener
ator. It can be seen that for the first few years, at a 
given test voltage, the leakage current is compara
tively constant, rising very slowly. After a number

Fig. 4. L ?akage current variation with time, with constant de voltage app!

Fig. 5. Leakage at a given test 
voltage vs age of equipment.
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“Selenium Rectifiers for High Voltage Power Sup
lies,” Victor Wouk; National Electronic Conference, 
let. 1956.
“DC Overpotential Testing Experience on High Volt- 

ge Generators,” R. J. Alke; AIEE Technical paper, No,

De overpotential testing has in the power engi
neering field resulted in more reliable operation 
i equipment. Similar techniques should be intro- 
luced in the electronic industries field with regard 
P checking the insulation of electronic components 
hr possible failure, and improve the reliability of 
lerfonnance by utilizing components of which the 
probability of failure is low.

Typical test equipment when checking capacitors 
hould include the following units:

■ A line voltage stabilizer. This is because the in- 
icated current can vary enormously w ith small line 
pitage changes, if the capacitance is high.

■ Automatic output shorting mechanism. Since a 
apacitor is being charged, it is recommended that 

I device be included in the power supply that auto
matically shorts the output to ground when the 
iigh voltage is turned off.

■ Jig interlock. A provision should be made for 
|n interlock on the test jig or cage so that the item 
Inder test must be properly enclosed before high 
ioltage can be applied.
I ■ Zero-start interlock. It is also recommended that 
| device be incorporated to insure that the high 
Ioltage control is at zero before the high voltage 
Ian be applied. This prevents unexpectedly high 
loltages from being applied to the item under test.

etting the curve of voltage and current, one can 
Lok for a “knee” in the curve to indicate possible 
Ioltage breakdown or probable failure.
I In large volume production of capacitors, this 
|oul 1 be a time-consuming operation, since several 
Linutes often have to be allowed to pass, before 

Jie correct leakage current is determined. Sampling 
Lorn batch lots is one solution however.

. “Techniques and Examples of High Voltage DC Test
ig of Rotating Machine Windings,” Sidway & Loxley, 
pEE Technical paper #53-318.
h “Diagnoses of AC Generator Insulation Condition by 
nondestructive Test.«? ” A. W. W. Cameron, AIEE Trans
itions, Sec. T2-59, Vol. 71, (1952).

Testing Electrical Insulation of Rotating Machinery 
Hth High Voltage DC,” G. Leslie Hill; AIEE Technical 
PPer #53-3. X
L “A Mobile 250\KV DC Cable Tester,” Victor Wouk; 
transmission aud Distribution, Vol. 9, No. 2, Feb. 1957.
I he Deterioration and Breakdown of Dielectrics Re- 
plting from Internal Discharges—1,” J. H. Mason; 
technical Report Reference L/T241, The British Elec- 
rical and Allied Industries Research Assn. 1950.
I insulation Resistance Measurements," E. W’. Green- 
|elc Electrical Engineering, July 1947.
I- “ 'roposed Guide for Insulation Maintenance for Large 

nating Current Rotating Machinery,” AIEE Report 
»56, dated May 1954, Page 8, Item 5, 32

YEARSWITH 50

BALL BEARING EXPERIENCE

REQUIREMENTS
Catalog on Request

NEW DEPARTURE
PRODUCES A COMPLETE LINE OF 

ULTRA-FINE SMALL BEARINGS FOR 

k YOUR PRECISION INSTRUMENT

AND THE MOST ADVANCED 

METHODS IN THE INDUSTRY TODAY
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DwiffneHi

waiting for
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Wescon Show
booth 704-705

Be sure to see us at the show and 

get your copy of this new, 16-page, 

information-packed bulletin on the 

suppression of radio interference and a bi; 

fact folder that’s just bulging with 

important data for designers.

It’s yours for the asking.

1/ you can't attend the show, write for 
this useful, instructive, fact-filled folder 
and hand-book today.
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Los Angeles, Calif.
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Rolls of standard cable in tape form
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Cable in Tape Form

DESIGNED for automatic assembly op
eration, this flat cable requires no

;r< >ss 
inly 
rire

standard round insulating cable. The nev oil 
flat, flexible, ribbon-like multiconducto! >nly

individual handling of separate wires. All 
conductors are stripped simultaneously be
cause they are all flat and in the same 
plane. All conductors can be dip soldered 
simultaneously to printed wiring boards or

cable, which comes in rolls up to 1000 fl 
long, is desirable for aircraft, missiles, w 
bile equipment, portable devices, or whei 
ever space and weight are important. It l 
particularly applicable to computers or tele;

ent 
lavir 
ent

Sir 
han
lew

□ ur

Tape Cable is designed to work 
with standard connectors such as 
those made by Elco.

Stripping all conductors 
at once is accomplished with 
a fiber wheel stripper (ex
treme left). Techniques for 
splicing, soldering to boards 
and connectors may call for 
removing insulation other 
than at extreme ends. One 
variation of a strain relief 
clamp is shown at near left.
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printed wiring connectors. Major labor sav
ings are possible, since all conductors are 
handled as one unit through stripping, posi
tioning for termination and soldering.

Weight and size are but a fraction of

phone systems where there are many multi 
pie interconnections.

Tape Cable, registered trademark of tl ] 
manufacturer, Tape Cable Corp., 790 Lin I 
den Ave., Rochester 10, N.Y., has flat cop I

Mt
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lei conductors 0.0015 in. thick imbedded 
■n a uniform transparent polyester film in
sulation. This design results in a cable hav
ing minimum cross section area, minimum 
■nterconductor capacitance, high tear 
Strength, high flex life, and high resistance 
So chemical attack.
I Conductors have 0.100 in. center-to-cen- 

Ser spacing in accordance with the recom- 
Snended RETMA grid pattern for printed 
Spiring, Nine standard sizes are avilable, 
laving 9, 14, 17, 21, 27, 30, 36, 40 or 50 con

ductors. The standard conductor is 0.0015 x 
B.030 in. This gives Tape Cable a high 
Sonductor density, 1160 conductors per 
Sross-section square inch as compared with 
®nly 225 for ordinary cable having no. 22 I ire insulated with 0.010 in. wall. A 100 ft 
Soil of 50-conductor tape cable weighs 
Inly 2-1/2 lb. This is a saving of 85 per 
Sent in copper over conventional cable 
iiaving round conductors of the same cur- 
Sent handling capacity.
I Since interconductor capacitance is less 

Shan 5 ppf per ft between conductors, the 
new cable is ideal for high frequency ap- 
«lications. Grounding alternate conductors 
»ill reduce the interconductor capacitance 
So under 1 ppf per ft in free air. Because of 
She large heat dissipating characteristics of 

flat conductors, each conductor in Tape 
Cable has a conservative rating in free air 
of 1 amp. It is interesting to note that a 
conservative rating of 300 v is achieved 
with a maximum cable thickness of only 
0.011 in.

Because the cable is so thin, it has a high 
flex life. It has been successfully used in 
applications requiring continuous flexing on 
a radius of 1/4 in. The mechanical strength 
of the cable, as in the case of printed wir
ing, is in its insulation. Tests indicate a ten
sile strength of 80 lb per inch of width. To 
take full advantage of this high tensile 
strength, which is greater than that of the 
soldered connections, a strain relief should 
be used in termination. Several varieties of 
strain reliefs have been designed and are 
available.

All or any number of the conductors in 
a single cable may be stripped rapidly and 
easily in one operation by a pair of op
posing high speed glass fiber wheels. Two 
or more cable ends can be brought to
gether, dip soldered and insulated with 
tape to form a splice. Harnesses can be 
made by expanding this technique.

For more information on this product, 
turn to the Reader’s Service card and cir
cle 428.

Cable harness. A is a 9-contact 
Tape Cable plug with rubber sleeve, 
wedge strain relief and cinch connec
tor. B shows a 14-contact Tape Cable 
plug with rubber sleeve, wedge strain 
relief and Amphenol connector. C is 
a 9-contact Elco plug and connector. 
D shows a 9-contact printed circuit 
board, with bar strain relief and 
Tinnerman nuts for making wire con
nections. E also illustrates a 9-contact 
Elco plug and connector.
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STAHLIN BROTHERS, INC.« 103 MAPLE S’REET 
Belding, Michigan

Here’s your guide 
to better wiring with 
one-third the work

This new bulletin gives 
you the facts ... and 

complete how-to-do-it 
instructions for wiring your 

product with Panel 
Chanel® raceways. All 

steps are fully illustrated. 
Panel Chanel does the 

wiring job with one-third the 
work ... and even greater 

reductions in cost. 
Panel Chanel is relatively 

new... but it is already 
the standard wiring method 

used by hundreds of 
leading electrical and 
electronic equipment 

manufacturers for their 
products. 

You Should Have the Facts.
Send for your copy of 

Bulletin S-301, 
today.

49



Flux Density Nomograph — V

For aviation applications, where compact 
physical dimensions and light weight 
are essential, Acme Electric engineers 
can help design and supply transformers 
with uniformly high performance fea
tures and unusually long life-span.

The transformer illustrated above, rated 
at 200 VA, 200/115 volts, 3 phase, 
400 cycle, features class H insulation 
throughout its construction with a 
hermetically sealed silicone rubber 

encapsulation.

Our engineering and production depart
ments have had the experience to build 
transformers of this class up to 1750 
cycles, single phase. Your submitted 
specifications will be given careful study.

ACME ELECTRIC CORPORATION
908 WATER ST, CUBA, N. Y.

Ac4TU2_li «ßir£ loc£r tc
transformers

CIRCLE 38 ON READER SERVICE CARD FOR MORE INFORMATION
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Martin Berger 
Minitran Corp.

5 Oliver St. 
Newark, N. J.

THIS NOMOGRAPH—the last of a five-part 
■ series on transformer design—relates flux den

sity, frequency, voltage, number of turns, and core 
sizes. Flux density is fixed at 10 kilogauss and fre
quency at either 60 or 400 cps; but relatively simple 
(usually mental) calculations can convert results to 
other flux densities and frequencies.

Three voltage scales are drawn to the right of 
the “Turns” scale. Each of these corresponds to a 
particular “Core” scale on the left. Illustrative ex
amples are the following:

of 125 v per 10 kilogauss read from the “Volts- 
Toroids” scale. Since the actual coil voltage wd 
be only 25 v, the toroid will be operating at
25

—— x 10 = 2 kilogauss.

Examples of Use

Example 1. An EI-375 square stack transformer 
is to operate at 10 kilo gauss when excited with 115 
v, 400 cps. How many turns shall be used for the 
primary?

Laying a straightedge from the EL375 mark on 
the 400 cps side of the “Core Type—Flat Stamp
ings” scale to 115 v on the “Volts—Flat Stampings” 
scale, the line drawn crosses the “Turns” scale at 
800 turns.

Example 2. A toroidal inductor of 4000 turns 
wound on a Magnetic Metals core of case size No. 
7 is to operate at 25 v, 400 cps. At what flux density 
will it be operating?

Laying the straightedge from the No. 7 mark on 
the 400 cps side of the Type—Toroids scale
through 4000 on the “Turns” scale gives a reading

Basic Considerations
As shown in example 2, this nomograph is nel 

limited to 10 kilogauss; neither is it limited to 60 J 
400 cps, nor to square stacking. When using til 
nomograph for quantities other than the foregoinj 
it is only necesary to bear in mind that
1. Relation of the factors involved are in accordant]

KE
with the formula: Bmax = XT f ■ N f a
where,

K = constant of core size
a = cross sectional area of core
f = frequency

N = no. of turns
E = volts

2. Flux density is directly proportional to the idI 
ciprocal of frequency. (Thus, answer to Example 
would be 200 turns at 1600 cps.)
3. Flux density is directly proportional to the it j 
ciprocal of the number of turns.
4. Flux density is directly proportional to the it; 
ciprocal of core cross-sectional area. (Thus, answ | 
to Example 1 would be 400 turns for a % in. stac J 
of EI-375.)

ELECTRONIC DESIGN • August 15, 19^
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New Products
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Available in 10 to 
V Range

up to 400 kc may be obtained through incorporation 
of both a primary and a controlled delay secondary 
pulse during each step. The program may be auto
matically stopped at any one or two of its eight steps 
and made to repeat the scheduled pulse up to 2000 
times. In addition, any one or two adjacent step 
pairs may be repeated up to 1000 times.

Primary or secondary pulse width is continuously 
adjustable from 0.5 to 50 usee. Linear and exponen
tial rise time is continuously variable from 0.08 to 2 
psec, while exponential fall time is continuously 
variable from 0.15 to 2 psec. Output amplitude is 
highly stabilized, remaining constant over duty
factor extremes, and at average output current 
levels approaching ±0.5 a.

Rese Engineering, Inc., Dept. ED, 731 Arch St., 
Philadelphia 6, Pa.

Voltage Regulator 
Diodes

These 10 w voltage regulator or zener, diodes at 
stated to be the first commercially available zent 
diodes to incorporate a large area diffused junction 
This diffused junction offers extremely low dynamic 
impedance and permits closely controlled charac
teristics. Standard units are available in the range 
of 10 to 100 v, with tolerances of 5 and 10 per cent 
The range of low voltage values, together with long 
time stability, make the voltage regulator espcl 
daily suitable for transistor and mag-amp circuit!)

Hoffman Electronics Corp., Dept. ED, Semicon 
ductor Div., 930 Pitner Ave., Evanston, Ill.
CIRCLE 43 ON READER-SERVICE CARD FOR MORE INFORMATION

The H V28, HA-29, HA-30, and HA-31 forward 
wave amplifiers are all permanent-magnet focused 
and have the respective frequency ranges of 4 to 
8, 2 to 4, 2 to 4 and 1 to 2 mc. The general char
acteristics of each unit except the HA-30 are: small 
signal gain of 30 db (min), power output of 10 mw 
(min), noise figure of 25 db (max) and net weight 
of 3.75 lb. The HA-30 has a power output of 1 w 
(min), noise figure of 30 db (max) and net weight 
of 5 lb.

Elimination of the solenoid and its associated 
supply results in a weight reduction by a factor 
greater than 10. Focusing is accomplished by ar
ranging high coercive force ceramic magnets in a 
periodic structure. Each unit operates over its in
dicated frequency range without the necessity of 
any electrical or mechanical adjustments.

Huggins Labs., Inc., Dept. ED, 711 Hamilton 
Ave., Menlo Park, Calif.

Model 1020 is a packaged system providing pre
cisely controlled, fully programmed current pulses 
for the research development and production test
ing of digital systems and components. Operating 
at 525 v de, two current drivers deliver negative 
pulse currents to 3 a from source impedance as high 
as 20,000 ohms, while twTo deliver positive pulse 
currents to 4.5 a from a voltage-type source. Pro
gramming is based on an eight step, periodically 
repeated pattern with a maximum step repetition 
frequency of 200 kc. Pulse repetition frequencies of

Component Encapsulation

Custom-machined Epoxy

Programmed Current 
Pulse Generator

For Testing of Digital 
Devices

Called N-Capshells, these encapsulations are eus 
tom machined of polyester or epoxy materials, au 
are available open-ended or with one end closed j 
Entry holes for leads are provided in the close« 
end when specified. Their use eliminates the use 
molds, and reduces rejection rate and patch timt^ 
because of molding imperfections. They are less eJ 
pensive than the extruded or molded type of cay 
and can be supplied in any quantity without toolir. 
or setup charges.

E.P.M. Corp., Dept. ED, 675 Harbey St., Brook 
lyn, N.Y.
CIRCLE 42 ON READER-SERVICE CARD FOR MORE INFORMATION;

Traveling Wave Tube Amplifiers 

Permanent-Magnet Focused

These silicon diodes were designed especially for 
computer service and other applications requiring 
fast switching. Operating voltages extend to 200 v, 
and no derating is necessary up to their maximum 
temperature of 150 C. With switching times as fast 
as 0.3 psec or less, these diodes can often directly 
replace germanium or vacuum types. High inverse 
resistance and forward conductance allow maxi
mum flexibility in design. They are encased in a 
subminiature glass package to withstand severe 
environmental conditions.

Transitron Electronic Corp., Dept. ED, Melrose 
76, Mass.

CIRCLE 39 ON READER-SERVICE CARD FOR MORE INFORMATION
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dynamic range DATA STORAGE FOR ANALOGUETV SIGNALS» 3. 4» EXPANSION OF

RESOLUTION AT HA'LF-AMPLITUDE
NEW RAYTHEON RECORDINGOR DATA IN LESS THAN

AVAILABLE FOR IMMEDIATE

IMPROVE SIGNAL-TO-NOISE RATIO BEING DEVELOPED.

CAN BE USED FOR

MANY NEW PRODUCT USESSTORAGE OF REPETITIVE SIGNALS TO

NOW WITH OVER 600 LINES

AMONG ITS USES ARE 12. STOP 140TI0N OF TO BAND COMPRESS. BAND TRANSMISSION

TUBE IN WRITING-ERASING
FREQUENCY OR SCAN CONVERSION

SMALL QUANTITY ORDERS

BOST CHI DET LA NY PHILA OFC KLG

ARE JUST OFF THE PRESS, OBLIGATION» TUBES ARE
CIRCLE 45 ON READER-SERVICE CARO

Etched Metal Nameplates

7 Min Delivery

. CAN STORE A PICTURE READ OUT 30,000 TIMES«

DATA SHEETS ON THE RK-6835/QK-464 ib. WRITE FOR YOURS NOW. NO

STORAGE OF SIGNALS TV SIGNALS FOR NARROW

Germanium Fusion Alloy 
Transistors

Available in JETEC-30 Package

The below pnp germanium fusion 
alloy transistors have been included in 
the JETEC-30 standardized package. 
New computer types have been desig
nated 2N425, 2N426, 2N427 and 
2N428. These vary in alpha cut-off 
frequency and beta but have been de
signed to meet the great bulk of the 
computer requirements. Two radio 
•requency types, the 2N416 and the 
’N417, will replace respectively the 
»revious types 2N113 and 2N114 hav-

- - -

| which, after 
kali, acid and waterproof. The bit 
is used for photo template work.

Miller Dial & Name Plate Co., Dept. 
El), 4400 N. Temple City Blvd., El 
Mnnte, Calif.

A product called Fotofoil solves 
short run problems for nameplates, 
panels, schematics, and templates by 
permitting delivery in 7 min. No dark
room or photographic equipment is 
required. The kit contains all neces
sary chemicals and equipment to pro
duce quality etched, anodized name- 

| plates and panels in your own plant. 
Fotofoil is available in a variety of 
colors and in standard thicknesses 
from 0.003 in. It consists of a metal, 
coated with £» 1«^* sensitive ink

—o vui-un rrequencies of 10
। and 20 me respectively. Audio output 
I types include 2N359, 2N360 and 
I 2N361 for class A or B output use and 
I differ in the gain groupings for which 

they are tested. Type 2N138B, which 
is appreciably smaller than the 

j JETEC-30 standardized package, is 
re cus also available for class A or B useage. 
Is an< Audio frequency amplifier types in
closed elude 2N362, 2N363, and 2N422. The 
closet! first two are divers for output stages 
use 0 while the 2N422 is a very low noise 

fi timeU amplifier unit. In addition to these, 
esse * types 2N130A, 2N131A, 2N132A and 

|2N133A are available in the same ex- 
I tra small package as the 2N138B. 
' Raytheon Manufacturing Co., Dept. 
ED, 55 Chapel St., Newton 58, Mass.

RAYTHEON
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ELECTRON TUBES
SEMICONDUCTORS

TUNG-SOL ELECTRIC INC., NEWARK

CIRCLE 49 ON READER-SERVICE CARD FOR MORE INFORMATION

ON
TEA
The Magic Mirror One-Ten

mH

The Magic Mirror One-Ten® the brand-new 110° 
deflection picture tube, is designed by Tung-Sol to 
meet the most exacting specifications and performance 
requirements of manufacturers of portable and light
weight cabinet and table TV sets.

The Magic Mirror One-Ten is being produced in
types 17BZP4 and 21DAP4. The 17BZP4 is 12 9/16
inches long (three inches shorter than standard 90
tubes), possesses a 155 square-inch viewing area and
weighs but 10 pounds. The 21DAP4 is 14 11/16 inches
long, has a 262 square-inch area and weighs 20 pounds.

nized Picture Tube

The Magic Mirror One-Ten0 needs no ion-trap mag
net. It is aluminized by the same unique method that 
has earned for all Tung-Sol picture tubes their reputa
tion among set manufacturers for pictures of outstand
ing quality.

® TUNG-SOL

ONE
TEN

Tung-Sol 
Horizontal, Vertical 

Deflection Tubes
Tung-Sol’s complete complement of 
horizontal and vertical deflection 
tubes—engineered to the industry’s 
most exacting standards—will insure 
maximum performance of the Magic 
Mirror 0ne-Teno and every other 
picture tube on the market, 110° or 
90° deflection.

TUNG-SOL 
made Wtf.S* 

6EF6

tung-sol 
kade

6DQ6A

For additional information write Sales Dept., Tung- 
Electric Inc., Newark 4, N.J. Sales Offices: Atlanta,Ga.; 
Columbu^ Ohio; Culver City, Calif.; Dallas, Tex 
Denver, Colo.; Detroit, Mich.; Melrose Park, 111 
Newark, N. J ; Seattle, Wash.

® TUNG-SOL
ELECTRONIC DESIGN • August 15, 1957
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New Products

Germanium Diodes

High Conductance and Quick Recovery

Tung-Sol 
for Engineering 

Careers
Electron Optics, the particular field of 
engineering that played the most im
portant part in the development of the 
Magic Mirror Dne Ten? is just one 
of many diversified engineering oppor
tunities there are at Tung-Sol.

Our engineers handle interesting as
signments in design, development, 
production, research and applications 

I of electron tubes, semiconductors and 
I" current intermittors in addition to 

cathode ray tubes.
At Tung-Sol engineers are given 

■ definite responsibilities and the neces
sary latitude to allow their ability and 
initiative full rein. We know our engi
neers like this system of individual 
responsibility (and commensurate re- 

I wards) because the Tung-Sol turnover 
I rate is among the lowest in the industry!

The steady growth of Tung-Sol is 
I continually creating openings for addi-

This series of germanium point-contact diodes 
features a combination of both high conductance 
and quick recovery. As a result, they make possible 
advanced, higher speed circuits in which recovery 
from a forward pulse must be achieved in a mini
mum of time. Their low forward voltage drop com
bined with the fast recovery make them ideal for 
transistorized computer circuits and similar applica
tions.

All types are packaged in a one piece, fusion- 
sealed glass envelope, impervious to moisture and 
other contaminants. Actual size, diode glass body: 
0.265 x 0.105 in. max. Specifications: piv up to 100 
v. forward current up to 100 ma, back resistances 
of 1 meg, and recovery to 100 k in 1 psec when 
switched from 30 ma to 35 v.

Hughes Products, Dept. ED, International Air
port Station, Los Angeles 45, Calif.
CIRCLE 50 ON READER-SERVICE CARD FOR MORE INFORMATION

Phase Voltage 
Converter

Single Phase to 
Three Phase

tional engineers who are looking for 
more satisfying activities. If you feel 
you’re still in a college lab after two to 
five years’ experience as an electrical, 
electronic, mechanical or chemical en
gineer or as a metallurgist, physicist, or 
scientist and want to do something 
about it, contact us. Let’s see what we 
have to offer^each other. Write, wire or 
phone: David, O. Bellat, Personnel 
Director, Tung-Sol Electric Inc., 200 
Bloomfield Avenue, Bloomfield, N. J. 
Pilgrim 8-8700.

^TUNG-SOL*
CIRCLE 558 ON READER-SERVICE CARD

This converter changes single phase, 115 v, 60 cps 
to three phase, 230 v, 60 cps. Frequency is held con
stant within a fraction of a cycle. Intake and ex
haust air vents are located in lower halves of end
bells, making the converter drip proof. Heavy duty 
grease sealed ball bearings produce very little noise. 
Equipped with vibration dampeners, the machine 
can be used to change phase and voltage for sound 
track equipment if placed a few feet away from re
cording equipment. Five models are available rang
ing from 500 to 2500 w. The durable aluminum al
loy frame houses capacitator starter as well as both 
output and input receptacles, and is about 10 in. 
high without carrying handle and weighs 39 lb.

Kato Engineering Co., Dept. ED, 1415 First Ave., 
Mankato, Minn.
CIRCLE 51 ON READER-SERVICE CARD FOR MORE INFORMATION
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FREEZE-UP of solenoid-controlled valve in airborne system at — 65°F can 
choke off vital air supply. Manufacturer faces tight contract delivery schedule.

SPECIAL HEATING unit custom-designed and delivered by G.E. in 5 days 
enables stock valve to function properly, saves customer time, money.

AIR VALVE OPERATING AT -65°F SHOWS HOW...

General Electric Specialty Heating

When components must be kept at 
operating temperature, G-E specialty 
heating equipment does the job! Ther
mal conditioning applications ranging 
from hydraulic and electronic compo
nents to tiny test instruments have all 
been solved by experienced G-E heating 
engineers.
LET US ANALYZE YOUR HEATING 

PROBLEM. Whether it’s fast delivery 
on a prototype or quantity production, 
General Electric can provide specialty 
heating products engineered to your 
specific component needs.

FOR MORE INFORMATION contact 
your local General Electric Apparatus 
Sales Office or send coupon.

General Electric Company
Section C220-12, Schenectady 5, N. Y.
Please send bulletin GEA-6285A, G-E 
Specialty Heating Equipment 

for immediate project
........ for reference only
Name.........
Position
Company
City___ State

Progress Is Our Most Important Product

CIRCLE 37 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

ACTUAL SIZETeletronics Lab. Dept. ED

Send for Bulletin TE-1353

for
high temperature 
operation

Manufactured by diffusion in the liquid phase 
during crystal growth, these transistors are 
essentially free of parameter drift and in
stability common in conventional grown junc
tion transistors. Through close process control, 
these units have exceptionally low Ico up to 
their maximum voltage and temperature rat
ings. As a result, performance reliability can 
be achieved even at higher voltage levels.

54 Kinkel St., Westbury, L.I., N.Y
CIRCLE 56 ON READER-SERVICE CARD

Matched PNP, NPN Transistor

For Symmetrical Circuits

Selected matched pairs of pnp and 
npn transistors are available for use 
in complementary symmetry circuits. 
The pairs, labelled the SMP Series are 
matched in five contiguous beta cate
gories and have a wide variety of ap
plications in transformerless Class B 
push-pull output stages, de coupled 
amplifiers and balanced modulators.

General Transistor Corp., Dept. 
ED, Jamaica, L.I., N.Y.

CIRCLE 55 ON READER-SERVICE CARD

For environmental stability, extensive temper
ature cycling and storage as well as mechanical 
and hermetic seal tests are included as a 
regular part of the manufacturing process.

Beam Power Tube

For Receiver Output Stage

The 6DS5 is a beam power tube of 
the seven pin miniature type designed 
for use as a class A amplifier in the 
audio ouput stages of TV and radio 
receivers. Having high power sensi
tivity and high efficiency, the 6DS5 in 
cathode-bias circuits can deliver a 
maximum-signal power output of ap
proximately 3.6 w with a peak af grid 
no. 1 voltage of 9.2 v.

The structure of the 6DS5 is de
signed to permit cool operation of 
grid no. 1 with the result that grid 
emission is minimized. Because of this 
feature, the 6DS5 can be used with 
cathode-bias and a relatively large 
value of grid no. 1 circuit resistance.

Radio Corporation of America, 
Dept. ED, Electron Tube Div., Harri
son, N.J.

CIRCLE 471 ON READER-SERVICE CARD
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Transistorized Frequency Meter

10 Cps to 100 Kc

A transistorized frequency meter, 
designed to measure frequency in the 
range from 10 cps to 100 kc with an 
accuracy of 2 per cent regardless of 
wave shape down to a 1 per cent duty 
cycle, is available. Seven full volt 
ranges of 100, 300, 1 kc, 3 kc, 10 kc, 
30 kc and 100 kc are provided. Mini
mum input voltage is 0.1 v rms and 
maximum 120 v. The instrument 
measures 8-3/4 x 5-3/4 x 4 in. Transitron’s NPN silicon transistors are de

signed for a wide range of small signal ap
plications in the power range up to 200 mw. 
They will provide dependable operation up 
to 175 C in circuits such as RF and IF 
amplifiers, video and audio amplifiers, servo 
control, switching, and many others.

Type

Minimum 
Common 
Emitter 
Current 
Goin, B

Maximum 
Collector 
Voltage 

V<e Peak 
(volts)

Typical 
Cut-off 

Frequency 
(me)

Maximum 
Collector 
Cut-Off 

Current at 25°C 
at Ve Max. 

(ua)

ST42 40 45 11 .5

ST32 40 30 11 -5

STI 2 40 15 11 .5

ST33 30 30 17 .5

ST13 30 15 17 -5

ST4I 20 45 10 .5

ST31 20 30 10 .5

STH 20 15 10 .5



FEATURES . . .

• Low leo, typically under .02 ua

• Operation to 175 C

• 200 mw Power Rating

• High Frequency Operation

• High Temperature Tested

• Excellent Stability

• Welded Hermetic Seal

COMMON EMITTER OUTPUT CHARACTERISTICS

3 4 5 6 7 8 9 10 11 12 13 14 15
COLLECTOR TO EMITTER VOLTAGE, Vc« (volt»)

Visit Booth 2801-02 
at Wescon — August 20-23

TYPICAL COLLECTOR CUTOFF CHARACTERISTICS

1

£

8
iA.
è

0 25 50 75 100 125 150

JUNCTION TEMPERATURE . Tj ( *C )

Transitron electronic corporation

wakefield massachusetts

Quick-Filming Aviation Brushes I 
Immediate High-Altitude Protection I

These quick-filming aviation brush I 
grades require no sea level break-in I 
filming run. The brushes are scaled I 
and are ready for immediate service I 
at practically any altitude within the I 
scope o£ modern equipment. The im- I 
mediate filming feature has not en- I 
tailed any sacrifice of other essential I 
brush characteristics. Greater stability I 
in such factors as brush temperature, I 
field current and commutation is I 
maintained under a wide range of I 
speed, load, temperature and altitude I 
variations. Improved commutation I 
combines with low friction coefficient I 
to reduce brush operating tempera- I 
tures materially. The special quick- I 
filming treatment of the brushes is I 
non-corrosive and lends itself readily I 
to silver-soldering rivet connections I 
where needed.

Stackpole Carbon Co., Dept. ED, I 
St. Marys, Pa.

CIRCLE 59 ON READER-SERVICE CARD

High-Temperature Oscillograph
For Flight-Test Recording

Specifically developed for flight
test recording at high temperatures, 
the Type 5-122 is explosion-proof and 
operates from —65 to -j-250 F at alti
tudes up to 120,000 ft. The instru
ment has a crash-resistant magazine 
with a safety shutter which automat
ically closes when the magazine is re
moved from the oscillograph. The 
5-122 will record up to 26 channels at 
writing speeds in excess of 12,000 ips. 
To get this, a matching series of high- | 
temperature, high-performance gal
vanometers were designed.

Design permits normal operation of 
the instrument during constant accel
eration of 15 g in any direction. The 
company reports that no damage to 
the instrument will result from con
stant accelerations of 25 g. Includ
ing a fully-loaded magazine, the in
strument weighs 80 lbs and takes up 
a space 11 x 8 x 18-1/2 in. The power 
requirement for the oscillograph is 
200 v, 400 cps, three-phase.

Consolidated Electrodynamics 
Corp., Dept. ED, 300 N. Sierra Madre 
Villa, Pasadena, Calif.

CIRCLE 60 ON READER-SERVICE CARD

< CIRCLE 58 ON READER-SERVICE CARD



New Products

no v

CIRCLE 63 ON READER-SERVICE CARD men

Bou

ten

CIRCLE 64 ON READER-SERVICE CARD

cor
Miniaturized Bezel Assembly

For 3 In. CRT
To achieve brilliant edge lighting I 

engraved graticules for 3 in. cathode I 
ray tubes, these assemblies are mini-1 
aturized prototypes of similar comi 
ponents formerly available only bl 
larger sized units. Assembly consisti 
of die cast aluminum bezel finished 
in matte, baked enamel surface, gree 
plastic light filter, precision engraved 
scale calibrated graticule, heavy neo
prene tube cushion and twin recepta 
cles for pilot bulbs.

Jan Hardware Mfg. Co., Inc., Dept 
ED, 75 N. 11 St., Brooklyn 11, N. V

See Eimco Tubes That Can Take It at WESCON, San Francisco 

Cow Palace, August 20-23, booths number 1706 and 1727-28.
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• Greatly increased life
• 1 07b more power output at 2500 me.
• Full ratings to 60,000 feet
• Sustained performance at elevated temperatures
• Lower inter-electrode leakage
• Ruggedized, low-noise grid
• Fixed-tuned cold cavity resonance tested
• Long pulse cathode evaluation tested
• Positive grid voltage and current division tested
• Axial contact areas held within plus or minus .010
• Tighter capacitance limits
• Critical dimensions held to close tolerances
• Provision for easy tube extraction

khe i 
hern 
duct

Field 
brate

The 3CX100A5 overcomes every previous disadvantage of 
the 2C39 types. This planar premium quality ceramic triode 
withstands extraordinary thermal and mechanical shock. The 
long pulse cathode evaluation test guarantees electrical uni
formity of every 3CX100A5. This new ceramic tube will give 
the lowest cost per hour of operation of any 2C39 type tube.

The 3CX100A5 is the tube of today, for future design as well 
as existing replacement. As a permanent member of the 
Eimac tube family, the 3CX100A5 is now available in any 
quantity.

pre c 
bm«'!

Transistor Header Machine

Produces Metal-Flanged Stems

A transistor header machine pro! 
duces quality metal-flanged stems lol 
transistors and similar components al 
a rate of up to 800 units per hr. 11 
corporating twelve heads with iud 
vidual upper and lower molds, tl | 
unit differs from the standard all-gla 
subminiature stem machine in the 
each head position utilizes a precii 
die that correctly positions and hole 
the metal flange or ferrule.

Kahle Engineermg Co., Dept. Ell 
1400 Seventh St., North Bergen, NJ
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Miniature Power Pentode

High Power With Low Plate Voltage!
The EL84 6BQ5 is designed I. L 

the output stages of low-distortiol 
amplifiers with relatively low-voltagl 
power supplies. A pair in push-pull 
will deliver 17 w at 4 per cent har 
monic distortion, without feedback 
in Class AB operation, with 300 v B- 
supply. As a single-ended output 
stage, one tube delivers 5.7 w at 1| 
per cent harmonic distortion, without 
feedback. Plate dissipation is 12 v 
which is achieved in an envelope onlv 
slightly taller than that of conveu 
tional miniature tubes.

Amperex Electronic Corp., Dep 
ED, Special Purpose Tube Div., 231 
Duffy Ave., Hicksville, L.I., N.Y.

A NEW QUALITY STANDARD...EIMAC’S CERAMIC 3CX100A5 
...SUCCESSOR TO THE 2C39 FAMILY

The Eimac 3CX100A5 Triode is Mechanically and Electrically 
Interchangeable With and Superior to the 2C39 Series.

HERE’S WHY: -
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New 1.5 amperes model (illustrated) is available 
in three voltage ranges, needs only 834" of panel 
height, from $550. Other space-saving models 
from 200 MA (5*4"), priced from $169.50.

Company.

Address_
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Vernier Potentiometer

Resolution of 0.1 Per Cent

Having a 3 terminal construction 
for use in circuits having a common 
ground, the Type 49-A vernier po
tentiometer provides the advantages 
of the vernier type at a price com
parable to helical potentiometers. 
The Type 49-A provides a single knob 
control of two resistance decades. 
Two turns of the control knob cover 
the full range of the device. Stand
ard resistance ranges are 1000, 10,- 
000 and 100,000 ohms; accuracy is 
±5 per cent of full scale resistance; 
linearity is ±0.5 per cent; resolution 
is 0.1 per cent; power rating is 4 w 
when used as a potentiometer and 
20 ma when used as a rheostat. Fre
quency range is from de to 10 kc.

The first name in power supplies 
11-11 131st Street, College Point 56, N. Y.

INdependence 1-8500
Visit us at the Wescon Show • August 20-23 • Booth No. 2201-2

Lambda manufactures a complete line of regulated 
DC power supplies with current ranges through 1.5 
amperes. Use the coupon to get the new 1957 catalog.

NEW COM-PAK SERIES 
SAVES PANEL SPACE

LAMBDA Electronics Corp., Dept. CE-757 
11-11 131st Street, College Point 56, New York

Send me literature listing complete specifica* 
tions for all Lambda Power supplies.

mounting. Th^ complete unit mounts 
like a panel meter and uses only 2x2 
in. of panel space with 3 in. project
ing behind the panel.

Research Instrument Co., Dept. 
ED, P.O. Box 9168, Portland 16, Ore.

uvery Lambda Com-Pak power supply transformer gets 
a pre-installation soaking in hot water. A single bubble 
and the transformer is rejected. The unit installed in 
your Lambda Com-Pak power supply has passed this 
military test... assurance of long, trouble-free service.

This extra protection against moisture is one of a right- 
down-the-line set of Com-Pak quality control standards 
enforced by the world’s largest exclusive manufacturer 
of power supplies. In-service satisfaction is the reason 
engineers who specify power supplies consistently name 
Lambda “first choice”...to the tune of 2Vz times over 
the next identified manufacturer.

Is lor 
ts J

>ne_ State

mini-
■.. .

Silicon Rectifiers

For Electrostatic Precipitators

1 æse oil-immersed silicon rectifiers 
are claimed to have numerous econ
omies in operation and maintenance 
and to greatly extend precipitator rec
tifier life. Units are available with 
rated output of 70 kvp and 500 ma. 
Field tests have shown that units op
erate with a rectifier efficiency of 96 
per cent as compared with 80-85 per 
cent usually associated with tube sets. 
Present indications are that the units 
will last as long as the precipitator it
self. When compared with selenium, 
the units are substantially smaller and 
hermetically sealed, have high con
ductance and power-handling ability, 
and allow greater circuit efficiency 
and higher temperature stability, with 
no voltage drop resulting from aging. 
In addition, the units can be im
mersed in oil or askeral, along with 
the power transformer.

Research-Cottrell, Inc., Dept. ED, 
Bound Brook, N.J.

seals them hermetically, uses 
nilitary-standard moisture-control test

BUBBLE BATH 
for COM-PAK® 
power supply 
transformers



Write for complete information.

(ONC-CCCR SWITCH

(TWO DECK SWITCH)

(THREE 0«* SWITCH)

DAVEN® STANDS FOR DEPENDABILITY
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TODAY. MORE THAN EVER. THE

These units can be “ganged” with up to 8 decks 
with slight mechanical modifications. 2 or 3 

poles per deck may also be obtained as standard. 
Prototypes can be delivered within 2 weeks.

New Products
Seven Subminiature Tubes I

26.5 V Heaters

Seven subminiature tubes design  J 
with 26.5 v heaters for a variety J 
military and commercial application 
have been developed. This featuij 
while providing equitable heater voltl 
age distribution, eliminates tranJ 
formers and the need for series string 
ing. The group includes a doubi 
diode (type 5903), a medium mu d 
triode (type 5904), three pentodd 
(types 5905, 5906 and 5907), and tv 
pentode mixers (types 5908 and 5916 
Four of the tubes, types 5904, 5901 
5907, and 5908, are designed for ope; 
ation with 26.5 v on plate and scree 
elements as well as on the heater. Th 
resulting circuitry permits the elid 
ination of several components aJ 
parts normally required for tube opq 
ation. They are capable of high ted 
perature operation—175 C ambiet 
bulb temp rate to 220 C.

Sylvania Electric Products Ind 
Dept. ED, 1740 Broadway, Nel 
York 19, N.Y.
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Toggle Switches
Have Safety Feature

A series of three-position toggl 
switches have safety catches to holi 
the toggle lever in a set position al 
a pull of approximately 0.109 in i 
required to release the lever for movl 
ment. One of the new switches, desl 
nated 111 AT, has two basic switch 
units in each assembly, while til 
other, designated 115AT, has foil 
switching units. All switching uni 
have spdt.

Among other features of tl 
switches are compact design, pol 
tively driven switch actuators, al 
sturdy construction. Electrical ratinl 
inchide: inductive, 10 a at sea lev! 
and 6 a at 50,000 ft; resistive, 101 
motor, 6 a. The basic switching unit 
used in the switches are listed 1 
Underwriters’ Labs, for: 10 a at -| 
250 v ac; 1/2 a at 125 v de; 1/4 a | 

250 v de.
Micro Switch, Dept. ED, Div. I 

Minneapolis-Honeywell Regulatl 
Co., Chicago & Spring Sts., Freew

mi za n 0^1 By c MSP'jfini Hr Vs* Uxl
524 West Mt. Pleasant Ave.
Route 10, Livingston, N. J

Occupying less than 11/2 square inches of panel space, this Miniature Ceramic Switch nevertheless contains 
as many as 18 positions on a single wafer. And it’s rugged! Solid silver alloy contacts, 

rotors, and slip rings provide low and uniform contact resistance. Ceramic parts are silicone 
impregnated to function under extreme humidity. Sturdy solder terminals are supplied for wiring.

This miniature switch meets and exceeds the electrical and environmental requirements of Mil-Spec S-3786 
Flashover voltage at 60 cycles is 1000 volts peak ... current carrying capacity is 2 amperes.

For guided missiles, airborne radar equipment, portable and mobile ground equipment...for any application 
that requires an extremely small and rugged switch, specify Daven’s Series M Miniature Ceramic Switches.



Impedance-matching weather protection of Du PontTEFLON
teltafluuruethylene resins

featured in new variable-polarization K-band antenna
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Cleaning Solvent
For Magnetic Tapes

S< ty solvent, Tecsolv No. 928, for 
pea ng magnetic tape is low in 
bxi< ty, has no flash point, and shows 
o lore action on the magnetic 
kidcs than carbon tetrachloride 
jhk h it replaces. The solvent is 
lightly slower evaporating than car- 
on tetrachloride, but sufficiently fast 
hr the purpose. It is available in con- 
Liners as small as a half-pt to 55 gal 
Lums.

Tect, Inc., Dept. ED, Cortland Ave. 
I Erie St., Dumont, N.J.
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Crimping Tools
Strip Insulation and Cut Wires

Two hand tools will effectively 
rimp solderless terminals and con- 
pctors to, strip insulation from, and 
pt wires from 22 through 10 gauge, 
'he copper plated ABC-100 model 
pmps standard terminals and con- 
pctors, while the ABC-200 model, 
Bated in bright cadmium, crimps in
flated terminals and connectors. An 
isolation stripper and wire cutter, as 
Fell as crimping jaws, are incorpo- 
kted in both models. In operation, 
be stripper may also be used as a 
lire gauge.
I Electrix Terminals & Connectors, 
k, Dept. ED, 990 E. 67 St., Cleve- 
Ind 3, Ohio.
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Hstributed-Constant Delay Lines
0.2 to 1 p Sec Delay

Distributed-Constant Delay Lines 
re housed in an impregnated waxed 
gid cylinder with tinned solid axial 
ads. The lines have a time delay of 
2 to 1 psec. They are of a geometry 
Mt is well suited to requirements for 
bint-to-point wiring and printed 
bard applications. Principal applica- 
bns are in color television receivers, 
bmputers, test equipment, and tele
metering equipment. A few of the de- 
Irable features^which they incorpo
re are inherent uniformity and 
Lonorny.
I International Resistance Co., Dept. 
|D 101 N. Broad St., Philadelphia 8,

SEND FOR 
INFORMATION

CARD

D
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For additional property 
and application data on 
Du Pont TEFLON tetra
fluoroethylene resins, 
mail this coupon.

radome of a TEFLON resin matches imped
ance of feed horn to space and provides pro
tection against weather. Wave-guide imped
ances at input and output of ferromagnetic

rotator in the feed are matched with minimum 
insertion loss by internal cones of a TEFLON 
resin. (Made by Diamond Antenna and Micro
wave Corp., Wakefield, Mass.)

Tapes made of TEFLON® tetrafluoroethylene 
resins provide high dielectric strength

Du Pont Teflon tetrafluoroethylene res
ins are uniquely qualified as materials for 
making the matching devices and radome 
used in the feed system of the new Dia
mond K-brand antenna. The 16,000 me 
radar signal passes through an imped
ance-matching and weatherizing system 
based on components of a Teflon resin, 
and is reflected from the accurate para
bolic dish. The .027" wall of the radome 
matches the horn to space.

No other material could compare with 
Teflon resins for this highly critical elec
tronic application. They are unaffected 
by outdoor weathering and have so little 
moisture absorption that their dielectric 
constant remains unchanged under all 
humidity conditions. The very low dielec
tric constant of Teflon resins gives the 
material its excellent matching charac
teristics. They are rated at 2.1 from 60 
cycles through the super-high frequency 
range and have a power factor of under 
0.0003 from 60 cycles to over 10,000 me, 
so that the loss figure in transmission is 
very low. Dirt has no tendency to stick 
to the naturally “slick” surface. Teflon 
is unaffected by heating to 260° C.

With this system, the plane of polari
zation can be varied a full 90° by Fara
day rotation. Use of a Teflon resin over
comes the impedance-matching problem. 
Moreover, no orienting effects are pro
duced by radomes of this resin. VSWR 
of the antenna is less than 1.2: 1 over the 
required =*=1% frequency band.

For your own designs, you are invited 
to take a closer look at the many out
standing advantages of Du Pont Teflon 
tetrafluoroethylene resins in electronic 
applications. The coupon will bring you 
details.

Tapes made of Teflon resins are strong, 
smooth and easy to handle. They have 
a dielectric strength of500 to 4,000 volts, 
depending on thickness. Arc resistance 
is high, too; no carbonized path is 
formed by a surface arc. Tapes of

Teflon resins make high-grade elec
trical insulation which “snugs down” 
easily, conforms to sharp corners and 
odd shapes, and becomes tighter as 
temperature rises.

TEFLON®
TEFLON is the registered trademark of 
the Du Pont Company. It should not be 
used as an adjective to describe a product 
of another concern, nor may this regis
tered trademark be used in whole, or in 
part, as a trademark for any product.

E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 
Room 18815, Du Pont Building, Wilmington 98, Delaware
Please send me more information on Du Pont TEFLON tetra
fluoroethylene resin. I am interested in evaluating this material 
for________________________________________________
Nome _______________________________________________

Company________
Street___________

City_____________
Type of Business__

In CanMli: Du Pont Comi

.Position.

State.

o( C«n»di (1956; lim'txl, P.O.
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KEARFOTT offers the systems manufacturer the 
most complete line of precision made components 
available anywhere. Quantity production 
enables quick deliveries and reasonable prices.

SYNCHROS—Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 
Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance.

SERVO MOTORS—High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23.

TACHOMETER GENERATORS—Available as 
damping generators, rate generators and 
integrators. They feature high output to null 
ratio and extremely linear outputs. Temperature 
stabilization may be provided.

GYROS—Directional, floated rate integrating, 
free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications.

Bulletins giving physical 
and technical data of the 
various Kearfott Products 
will be sent on request. The 
Kearfott organization is 
available to assist in the 
development and 
manufacture of other 
precision components you 
may require. A SUBSIDIARY OF 

GENERAL PRECISION EQUIPMENT CORPORATION
r •

B KEARFOTT COMPANY, INC., LITTLE FALLS, N.I.
Sal.« and Engineering Office«: 1378 Mam Avenue, Clifton, N. J.

Midwest Office: 23 W. Calendar Ave., La Grange, III. South Central Office: 62 U Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif.
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Whatever your designs 
and plans for tubing you 
can rely on Precision for 
finish,accuracy and quick 
deliveries. Write for 
folder "Small Tubing 
For Industry" to 
Department 1, 
Precision Tube Co., 
North Wales, Pa.

• Name your needs in 
accurately drawn seam
less brass, copper, alum
inum, nickel and nickel al
loys, Ni-Span "C", phosphor 
bronze and nickel silver, and 
we have your answer.

POINTER TUBING light enough 
to react to slightest torque im
pulse, yet strong enqugh to 
withstand striking the stop pin. 
Sizes to 0.010" O.D., wall 
thickness down to 0.0010".

COAXITUBEisa metal shielded 
wire consisting of an inner con
ductor, insulation and seamless 
non-ferrous metal tubularshield 
forming a coaxial pair of con
ductors. Semi-rigid equivalents 
to all RG/U cables.

BOURDON tubing in con
stant wall thickness . . . con
sistent spring properties . . . 
exact duplication. Precision 
Bourdon Tubing is available 
♦o your particular specifications.

MO A

New Products

Instrument Shunts
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Miniature Tantalum 
Capacitors 

Diameter of 5/64 in.

Two new sizes have now been added to the Tan- 
O-Mite line of Series TW electrolytic capacitors. 
Designated sizes S and T, the case dimensions are 
3/16 in. length by 5/64 in. diam; and 5/32 in. length 
by 5/64 in. diam respectively.

The six sizes of the entire line provide a capaci
tance range of approximately 0.1 to 60 uf, and the 
two smallest capacitors now offered have a capaci
tance range of up to 4 pf. Tan-O-Mite capacitors, 
insulated with a Mylar plastic sleeve, 0.002 in. thick, 
are also available. This sleeve increases the diame
ter and length slightly. Insulated capacitors find ap
plication in confined, tight locations where metal 
parts of different potential could possibly touch the 
capacitor as a result of shock or vibration.

Ohmite Mfg. Co., Dept. ED, 3629 Howard St., 
Skokie, Ill.
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50 Mv Range

Light weight instrument shunts are available in 
the 50 mv operating range. The MS-91586 shunts 
are furnished in current ratings ranging from 30 to 
150 amp and are designated as the MSA type. MS- 
19587 units have current ratings ranging from 170 
to 600 amp and are identified as MSB while the 
MSC type shunts are made to MS-19588 and are 
provided in ampere ranges from 800 to 1200 
amperes.

Janco Corp., Dept. ED, Burbank, Calif.
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Precision
TUBE COMPANY

T 
ent 
ary 
er 
’ll 
5 

tar 
hn 
le 

th 
utii 
:an 
pe< 
fe <

i
SF

CIRCLE 81 ON READER-SERVICE CARD

DESIGN • August 15, 1957ELECTRONIC



10-30,000 Ohms

OVER 1000 HOURS SATISFACTORY OPERATIOH
AT 1200 RPM

CARO

EXECUTIVE OFFICES: 
30 ROCKEFELLER PLAZA 
NEW YORK 20. NEW YORK

GENERAL OFFICES ANO PLANT: 
CLIFTON. NEW JERSEY

CHICAGO - LOS ANGELES - DAYTON 
WASHINGTON - MIAMI

UPHAMS

Such accuracy and dependability depend on painstaking pre* 
cision workmanship, and commutator plates with total dimen* 
sional stability. SUPRAMICA ceramoplastics have thermal ex* 
pension coefficients comparable to most insert metals, assuring 
tight bonding and permanent anchorage of contacts. High 
dielectric strength, radiation and arc resistance, low electrical 
loss, and thermal endurance as high as 500 degrees C. (932°F.) 
are also provided. In military and industrial applications, 
Mycalex TM commutation switches with SUPRAMICA ceramo- 
plastic commutator plates are making significant contributions 
to the reliability and durability of electronic equipment.
Write for complete technical information.
*MYCALEX and SUPRAMICA ar« registered trade-marks of Mycalex Corporation 
of America. 55S is a trade-mark of Mycalex Corporation of America.

This 1 5/16 in. diam single-turn po- 
entiometer, Model 130, meets mili
tary specifications NAS-710 environ
mental humidity requirements, and 
kill operate in a temperature range of 
1-55 C to -[-85 C. The unit has a 
standard resistance range from 10 
bhms to 30,000 ohms, with a standard 
tolerance of plus or minus 3 per cent. 
It has a life exceeding 1,000,000 revo- 
htions. As maby as 11 additional taps 
|an be supplied to meet nearly all 
jpecific location requirements within 
F deg of each other, on the rear of 
lie unit.
I Spectrol Electronics, Dept. ED, Div. 
f Carrier Corp., 1704 S. Del Mar 

San Gabriel, Calif.
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CUSTOMER EVALUATION TESTS DEMONSTRATE RELIABILITY OF 
MYCALEX TM TELEMETERING SWITCHES
Mycalex* TM commutation switches with SUPRAMICA ceramo
plastic commutator plates have introduced a degree of accu
racy and sustained dependability never before approached in 
telemetry. Evaluation tests show completely satisfactory per
formance f6r more than 5500 hours at 600 rpm, with unat
tended life in excess of 1000 hours. Exhaustive testing under 
severe conditions demonstrates consistent noise level perform
ance as low as 0.2% peak-to-peak of signal into a 500 ohm load, 
ohm load.
Where warpage of only.0002"of the commutator plate will dis
tort and destroy the value of the signal, these precision switches 
withstand extremes of temperature, altitude, shock and vibra
tion and deliver a clean, unvarying pulse.

Sealed AC Relay 

400 cps 6PDT

A Class 11 6PDT relay with built-in 
ull wave rectification is hermetically 
;eah?d into one unit. Rectification af
fords operation that closely ap
proaches direct current from all fre
quencies up to and including 400 cps, 
¡hereby making possible contact com
binations to 6PDT in this miniature 
relay. Other advantages include in
creased operating sensitivity, higher 
contact pressures, reliable operation 
through much wider variation in volt
age or current, and quiet operation, 
free of ac hum. Can be furnished to 
conform with military specifications. 
Dimensions of the container, less 20 
bin miniature plug-in header and 
mounting studs are 2-3/8 in. L, 
1-23/32 in. W, 1-7/32 in. H.

Magnecraft Electric Co., Dept. ED, 
B350D W. Grand Avenue, Chicago 51, 
Illinois.
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Do YOU Seek Definite 
Improvement in«««

Evacuation of Lighting, TV or Radio Tubes

Purification of Germanium, Selenium and 
Silicon ... and Crystal Growing

Vacuum Curing of Transistors, Diodes and 
other Semi-Conductors

Purification of Metals under Vacuum

Vacuum Impregnation of Condensers, 
Transformers, Windings, Cables, etc.

Vacuum Metallizing and Metal Evaporating

HIGH VACUUM

for work in the 
low micron region
KINNEY Simplex and Duplex 
Single-Stage Oil Sealed 
Mechanical Pumps afford a 
choice of 9 models with dis
placements from 13 to 780 cfm 
and ultimate pressures to 10 
microns (McLeod). Compound 
Pumps in 4 sizes —2.0 to 46.0 
cfm —develop ultimate pres
sures to 0.2 micron (McLeod). 

for high pumping speed 
in the low micron region
KINNEY Mechanical Booster 
Pumps in 4 models with dis
placements from 30 to 5000 
cfm. These revolutionary 
Pumps produce a dean, dry 
vacuum in the 0.2 micron 
(McLeod) range or better with
out use of cold traps or baf
fles. Widely used in metal
lurgical and electronic work. 

for metallizing and lab
oratory evaporation work
KINNEYcomplete High Vacuum 
Systems embrace a compre
hensive selection of Evapora
tors, Furnaces, Curing Ovens, 
High Vacuum Pumping 
Systems and Power Units. 
KINNEY-built equipment re
flects the know-how of extra 
years of experience in High 
Vacuum technology.

RINNET MFG. DIVISION 
THE NEW YORK AIR BRAKE COMPANY

3561H WASHINGTON STREET . BOSTON 30 . MASS

Please send me literature on
□ KINNEY High Vacuum Pumps
□ KINNEY High Vacuum Systems

Name—____________________________
Write for bulletins on new 
developments in KINNEY 
Pumps and High Vacuum 
Systems.

Company.

Address_

City. Zone__ State.
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Broadband Absorber
Reflection of 0.1 Per Cent

Type 12CM broadband micro wave 
absorbent material for simulating free 
space conditions indoors is available 
with a maximum of 0.1 per cent re
flection above 8400 me. Other absorb
ers are available with a maximum of 
0.1 per cent reflection at lower micro
wave frequencies. Maximum reflec
tion of the standard 12CM broadband 
absorber remains less than 2 per cent 
from 2500 to 8400 me and less than 
1 per cent over the same frequency 
range for a selected 12CM material.

The B. F. Goodrich Co., Dept. ED, 
800 Second Ave., N.Y. 17, N.Y.

Electron Beam Tube
Measures Weak Magnetic Field

An electron beam tube with wide 
applications in analysis of weak mag
netic fields has been developed. This 
tube is 20 in. long and has a con
stricted mid-section for convenient 
positioning of the test samples.

Multi-Tron Laboratory, Inc., Dept. 
ED, 4624 W. Washington Blvd., Chi
cago, Ill.
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Voltage Regulator
Corona Type

Corona type regulators with current 
ratings up to 4 ma are produced in 
T6-1/2 and T9 envelopes in voltage 
ranges below 3500 v. Suggested ap
plications for high current corona 
type voltage regulators include klys
tron power supply, high beam current 
synchroscopes, laboratory oscillo
scopes, radar display units, air condi
tioning units, and magnetron oscilla
tors.

The Victoreen Instrument Co., 
Dept. ED, Components Div., 5806 
Hough Ave., Cleveland 3, Ohio.
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Facts

Some forms of 
heart disease can 
be prevented ... a 
few can be cured.

Helpful 
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All heart cases 
can be cared for best 
if diagnosed early.

$

Almost every 
heart condition 
can be helped by 
proper treatment.

© 
&

FIGHT FEAR WITH FACTS

Your “symptoms” may 
or may not mean heart 
disease. Don’t guess— 
don’t worry. See your 
doctor and be sure.

Help 
Your 
Heart

Help 
Your 

Heart
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molded alkyd to promay
vide high degree of environmental

parameters
broadband test equipmenttion

microwave communications generally,
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cry. There 
series—each

New GL-6917 voltage-tunable magnetron combines 
wide-range tuning, steady output, dependability!

▲ Observe from the scope presentation above (actual photograph 
made with a production GL-6917 on test) how power over the 
entire 2000-mc tuning range is substantially constant, varying 
only .5 w. Because tube frequency, with voltage-tunable magne
trons, is a linear function of anode voltage, an r-f signal can be 
tuned at will to any frequency in a wide spectrum.

Delevan Electronics Corp., Dept 
ED. East Aurora, N.Y.

e 150 coils in the six 
4as exactingly defined

protection. This sub-miniature series 
is one of six standardized rf choke coil 
series available for off the shelf deliv-

Coolanf Dielectric
For Airborne Equipment

A chemical coolant-dielectric, trade- 
marked OS-45, for airborne electronic 
equipment which may be pumped at 
temperatures ranging from —65 to 
400 F consists of silicate ester-based 
fluid. It reportedly solves the complex 
problem of cooling miniaturized and 
black-boxed electronic equipment.

Monsanto Chemical Co., Dept. ED. 
1700 S. Second St., St. Louis 4, Mo.
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RF Choke Coils
0.15 fo 22 pH

A standardized series of molded rf 
choke coils is available in 23 items 
with inductance values from 0.15 to 
22 ph. Coils measure 0.156 in. diam x 
0.3<5 in. length. All are hermetically

Construction is extra-rugged. Fundamental
ly compact and sturdy, the GL-6917 is a hard- 
solder type and is metal-ceramic for even 
greater strength. The tube is designed to oper
ate unpressurized up to 60,000 feet altitude.

General Electric has developed a special 
cavity and magnet assembly for the GL-6917, 
to assist designers in applying the tube to 
equipment on the boards. For full information 
on Type GL-6917 and accessories, call your 
regional G-E power-tube representative! Power 
Tube Department, General Electric Company, 
Schenectady 5, New York.

Stainless Steel Containers
t iminates Breakage in Transport

\ stock container of all stainless 
steel, for transporting aircraft parts, 
delicate instruments and radium iso- 
topes as well as liquids and radio 
tubes, is available in three standard 
sizes; namely, 1, 2, and 3 in. diam with 
lengths from 2 to 12, 3 to 12 and 3 to 
12 in. respectively. Each container is 
equipped with two 0 rings which ac
cords a double seal to the unit. The 
wall can withstand 250,000 lbs exter
nal pressure and 100,000 lbs internal 
pressure.

DSC Machine Co., Inc., Dept. ED, 
23 Bertel Ave. in Mt. Vernon, N.Y.
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ABOVE: the GL-6917 voltage-tunable 
magnetron is extremely small and 
compact—only %” high and less than 

in diameter. BELOW: complete 
cavity and magnet assembly for the 
GL-6917 has been developed to assist 
equipment manufacturers.

General Electric’s GL-6917 voltage-tunable 
magnetron—first of a new series in develop
ment—offers to designers of military and other 
microwave equipment a simple, efficient means 
of changing output frequency rapidly with no 
important reduction in signal power.

The tube is a major breakthrough in cir
cumventing enemy radar-jamming and in 
other counter-measure work. Also, the GL- 
6917 finds direct application in missile track
ing and other telemetering......... in air naviga-

4000 mo2000 me



MINIATURE THERMAL RELAYS 
with

99.99% PLUS RELIABILITY

EXACT SIZE

NORMALLY OPEN

NORMALLY CLOSED

EXACT SIZE

Our complete environmental testing 
laboratory samples and certifies 

daily production.

New NORMALLY CLOSED RELAYS NOW 
available. Hermetically sealed by an 
exclusive process of bonding metal 
headers to high thermal, shock resistant 
glass housings. Designs are based on 
the “fuse burnout” principle and will 
open or close a circuit positively in 0.1 
second or other delay times. They can 
also be safely used as a “squib” or tim
ing mechanism.

Relays have been qualification tested 
for high performance and are being 
used extensively on current production 
missiles and complex electronic equip
ment.

Withstand extreme conditions of 
temperature ( — 100°F to +450°F), 
shock (250 G’s), vibration (20-3000 
cps at 40 G’s), and precise electrical 
characteristics with the added feature 
of visibility.

WHAT ARE YOUR REQUIREMENTS’ 

Write TODAY for new Brochure 
containing detailed characteristics 
and specifications.

NETWORKS ELECTRONIC CORPORATION
14806 OXNARD STREET, VAN NUYS, CALIFORNIA

Original designs for highest reliability in 
glass housed miniature Relays and Resistors for all purposes.

SEE US AT WESCON BOOTH 1214
CIRCLE 95 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

2.680

Pre-Amplifier

For Meter Movement 
Recorders

The M 10, is a de amplifier with chopper stabili
zation which is specifically designed as a preampli
fier for use with recorders of the meter movement 
type. Ten mw input produces a 1.5 v output across 
a 1500 ohm load with 1 per cent linearity, less than 
1 per cent zero drift, and 2 per cent accuracy from 
de to 2 cps. The unit operates from 115 v 60 cps 
consuming 15 w.

Mandrel Industries, Dept. ED, Ind. Instruments 
Div., 5134 Glenmont Dr., Houston, Texas.
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Squib-Actuated 
Switch

Actuation Time: 1 msec.

A switch has been developed for special applica
tions which is actuated by a squib, or tiny explosive 
charge. Encased in a metal housing, 1/2 x 1/2 x 
2-5/32 in., the switch provides four sets of contacts 
which can be furnished in any combination of nor
mally open and normally closed positions, as de
sired. It is unaffected by vibration of 100 g ampli
tude from 20 to 2000 cps, and is not damaged by 
shock acceleration of 15,000 g in any direction. Tests 
at a sweep rate of 50 psec per grid square reveal a 
complete lack of contact bounce.

Insulation resistance between open contacts at 
500 v is 5 x ll11 ohms. Contact resistance, closed 
contacts at 1 to 10 amp, is 4 v 10-3 ohms. Current ca
pacity of contacts is 10 amp continuous, and 100 
amp for 100 msec. Actuation time for the carbon 
bridge switch is less than 1 msec, and for the wire 
bridge it is from 2 to 4 msec. Delay actuation can 
be furnished, if desired, with a corresponding 
change in dimensions. Firing energy for the actuat
ing squib is 500 ergs with the carbon bridge, and 
5000 to 30,000 ergs with the wire bridge. The 
switch is sealed to permit potting in wax or resin 
compounds.

Atlas Powder Co., Parke Thompson Ordnance 
Section, Dept. ED, 9404 Watson Rd., St. Louis 19, 
Mo.

1.750 
DIA.

1.625 
DIA.

FOUR NEW 
VERNISTAT 

POTENTIOMETERS
WITH HIGH LINEARITY 

LOW PHASE SHIFT 
LOW OUTPUT IMPEDANCE

There is a Vernistat a. c. poten
tiometer to meet your require
ments. Uniquely combining the 
functions of an auto-transformer 
with an interpolating resistance, 
the Vernistat potentiometer 
offers low output impedance and 
precise linearity plus long term 
stability.

The Model 2B Vernistat poten
tiometer is available in five ver
sions. Check these specifications:

Model 2B
Output impedance (max) — 130 ohms 
Linearity — ±0.04%
Max. input voltage — 130
Output quadrature (max) — 0.50mV/V

Model 2B1
Output impedance (max) — 470 ohms 
Linearity — ±0.03%
Max. input voltage — 130
Output quadrature (max) — 0.13mV/V

Model 2B2
Output impedance (max) — 45 ohms 
Linearity — ±0.05%
Max. input voltage — 65
Output quadrature (max) — 0.47mV/V

Model 2B3
Output impedance (max) — 130 ohms 
Linearity — ±0.03%
Max. input voltage — 65
Output quadrature (max) — 0.16mV/V

Model 2B4
Output impedance (max) — 470 ohms 
Linearity — ±0.02%
Max. input voltage — 65
Output quadrature (max) — 0.06mV/V

For additional information write:
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vernistat'
division

PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 

CIRCLE 98 ON READER-SERVICE CARD
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The Murray Hill facility Is newly 
equipped throughout. Tighter 
quality controls, testing and in
spection plus vastly increased 
production mean better products, 
faster than ever before.
*Canadian Pat. 523,390; British 
Pat. 734,583; U. S. Patents Pend
ing. All Rights Reserved.

Transformer Kit

Miniature Pulse Type

Model KA-4 consists of five sub
miniature, metal cased, hermetically 
sealed Mil T-27 type pulse transform
ers. The transformers measure 1/2 in. 
OD by 3/8 in. long. They use ferrite

m
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bees to meet p' circuit require-
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torroidal cores with pig tail mountings 
for dip soldering operations. Typical 
applications for these units are imped
ance matching, blocking oscillators, 
and isolationX Custom designing serv-
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Single Coil

Induction Motor

A single coil 2 pole induction motor, 
Type P, is available in various stacks 
and horsepower ratings from 1/300 to

Custom Designs Manufactured 
by Electrical Industries

SEALS

1957 A Division of Philips Electronics, Inc.

New E-I Plant 
Speeds Production!

^ELECTRICAL INDUSTRIES 
MURRAY HILL, NEW JERSEY

Here’s 3-way service for designers
Electrical Industries offers complete facilities for the sealing of 
components in a wide range of sizes from large to sub-miniature. 
E-I will design and produce your complete sealed assembly, or seal 
components of your manufacture. The wide experience of 
E-I engineers is available to work out special seal requirements. 
For standard applications, E-I offers hundreds of economical stock 
terminals including single lead, multiple headers, end seals and 
transistor closures. Ask for a recommendation on your seal 
requirements or request catalog on standard E-I sealed components.

, IÇ^HEUCTRONÍC DESIGN • August 15,

Customer-made Components Sealed 
by Electrical Industries

1/50. Free speed is 3400 rpm; load 
speed 3000 rpm. The motor is de
signed for 115 v, 60 cycle operation.

Heinze Electric Co., Dept. ED, 685 
Lawrence St., Lowell, Mass.

CIRCLE 100 ON READER-SERVICE CARD

I
merits are avàilable for this size unit.

C B S Electronics Co., Inc., Dept. 
ËD, 2601 North Howard St., Philadel
phia 33, Pa.CIRCLE 101 ON READER-SERVICE CARD
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New Products

Wire-Reinforced Fuse

These wire-reinforced

)S01

f"1'
Bost

NEW LOW PRICES MAKE THE USE OF SILICON POSSIBLE NOW

one

ins

CIRCLE 104 ON READER-SERVICE CARD FOR MORE INFORMATION

Higher Operating Temperatures 
No Derating with Temperatures 
Minimal Difference Between Operating 
Voltage and Peak Inverse Voltage

lUTOMATH 
MANUFACTURING

Complete specifications are available on Automatic “S” Line Rectifiers 
Write for your copy today.

High DC Output Currents 
Higher Rectification Efficiency 
Lower Reverse Current 
Higher Storage Temperature

100 Per Cent Electrolyti 
Copper

ELECTRONIC DESIGN • August 15, 1957

made of 100 per cent electrolytic copper. Steel wire 
reinforcing produces the necessary grip on fuses to 
withstand excessive vibration and shock. The clips 
are available in the following sizes: 30 a, 250 v; 
30 a, 600 v; 60 a, 250 v; 60 a, 600 v; 100 a, 250 v.

Ilsco Corp., Dept ED, Cincinnati 27, Ohio.
CIRCLE 105 ON READER-SERVICE CARD FOR MORE INFORMATION

Machines can operate unattended when they are I 
supervised by TorqueTrol, which detects any in
crease of torque due to jamming, tool wear oil 
faulty lubrication. In addition, tool feed may btl 
automatically controlled or the work strokes of the 
machine counted. TorqueTrol consists of current 
and voltage transformers and an electronic control 
unit, which constantly monitors the load on the 
motor-driven machine and the torque in the drive
shaft. A relay trips when the pre-set load level is 
reached, sounding an alarm and stopping the ma
chine. A built-in time delay, adjustable from 0 to 10 
sec is optional; this will allow the relay to operate 
only if overload is sustained for the selected period I 
The unit constantly monitors load on motor-driver 
machine, responds in milliseconds to stop abnormal | 
overload long before human operator can make a| 

move toward stop button. Meter A indicates in-1 
stantaneous load level. Pointer moves up-scale with! 
increasing load or torque until trip level is reached 
whereupon relay turns on red light B, sounds alarm 
and stops machine. Sensitivity is set by Control D 
Reset button C resets TorqueTrol after load a 
torque has decreased to normal level. Test button E 
permits calibrating or checking TorqueTrol without 
stopping machine.

Electronic Control Corp., Dept. ED, 1573 East 
Forest Ave., Detroit 7, Mich.
CIRCLE 106 ON READER-SERVICE CARD FOR MORE INFORMATION

DIVISION OF GENERAL INSTRUMENT CORPORATION 
65 GOUVERNEUR STREET NEWARK 4. N J.

Right now, you can utilize the superior design characteristics of Automatic 
Silicon Rectifiers at attractive quantity prices comparable to germanium, 
because of Automatic's mass production techniques. Advanced- 
engineering skills have made possible such design characteristics as :

TorqueTrol

Detects Torque Change

MASS PRODUCERS OF ELECTRONIC COMPONENTS

‘Til J- - * ■ ' 1 vT

AUTOMATIC “S” LINE 
SILICON REPLACEMENTS

Silicon 
Replacemerits 

For 
Germanium Type 

1N91

Silicon 
Replacements 

For 
Germanium Type 

1N92

Silicon Replacements 1 
For Germanium Type 1 
1N93

Absolute Maximum Ratings 
(For 85 C. Ambients) S91 S91H S92 S92H S93 S93H I
Peak Inverse Voltage Volts 100 1Ô0 200 200 300 3 00
Continuous D.C Reverse 
Working Voltage Volts 50 80 100 160 150 240

D.C Output Current MÂ 200 250 200 250 200 250
Half-Cycle Surge Current 
@ 60 c.p.s. Amps 5.0 5.0 50 50 5.0 5.0

Full Load Voltage Drop Volts 1.5 1.5 1.5 1.5 1.5 1 5
Leakage Current 
@ Rated P.I.V. MA 1.0 0.5 1.0 0.5 1.0 0.5

Maximum Operating 
Frequency KC 100 100 100 100 100 100

Storage Temperature °C. 100 150 100 150 100 150
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FASTEST THING IN FASTENINGS'*
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The ability of a material, called Ny-Sul-Loft, to 
isorb shock and vibration is demonstrated with

iched 
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rol D
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ithout

y are 
y in- 
ar or

B bber Magic, Inc., Dept. ED, 4312 Third Ave., 
roc klyn 32, N.Y.
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Thrust this Tinnerman Dart-Type Speed 

Clip® through the front of a panel. Spring
steel fingers compress, then expand to 
lock tight, never to loosen until you pull 
the clip out.

This time-saving Speed Clip feature can 
be combined with other Tinnerman fasten
ing principles and almost any spring-steel 
shape. Result—multi-purpose, cost-cutting 
fasteners that solve a variety of fastening 
problems. You eliminate screws, nuts, lock
washers, secondary fastening methods. You 
reduce parts handling and achieve a faster, 
smoother assembly-line flow.

Your Tinnerman representative can 
show you these and many other Speed Nut®

CANADA: Dmiind Fasttun 1«. HraittN. Marit SHUT BRITAIN: Siaarntt Amcimrin Ltt.Trifirist Wilis FRANCE: Simm* S.A, 3 m Silurai li RitacbM, Swum (Sum). BERMANY: Mium BiiO RuM. Htdilteri 
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A liquid rubber has been developed that can be 
Jrayed or painted on to insulate chassis against 
locks and shorts. When the product dries, it forms 
rubber coating that prevents arcing between com
onents and weatherproofs antenna terminals, 
ires, and mounts. The product resists salt and sea 
ir, many kinds of acids and withstands heat from 
-20 to 4-.2OO\F. Available in green, grey, red, 
lack, and transparent, and comes in 2 oz bottles 
rith brush applicator and in half pint and pint size

)f the 
irrent 
mtrol

Nylon Batting
High Shock Absorption

Ivo glasses of matter. A self-supporting batting, it 
ft made of nylon fibers with other characteristics 
|seful for thermal insulation, liquid and gaseous 
itration. padding, and packing applications. As a 

tock absorber, the material has advantages be- 
luse of its ability to soften an impact while re- 
jvering to its normal shape without undue force, 
s a padding medium, the material is desirable be- 
luse of its light weight and permanent resilience.

■ The fabric batting possesses all of nylon’s prop
I ties including being anti-fungus, anti-mildew, 
lipid drying, and resistant to alkalies and most 
l?ids. Since it will withstand continuous tempera
lire of 300 F, it can be laminated or stitched by a 
Brocess utilizing heat treatment. The material can 
Ip used independently of supporting substances in 
■ lost applications. It can be die cut and impreg
I ited with any chemical compatible with nylon. The 
material is made by crimping nylon fibers and then 
Irmanently locking them together by a patented 

lemical-thermal process. The fiber crimp gives the 
brie added tensile strength and loft as well as im- 
irting to it permanent resilience. The material is 
oduced in a lange of weights from 2 to 8 oz per 

l yd. It is available in any width up to 55 in.
■ Star Woolen Co., Dept. ED. Cohoes, N.Y.
■ RCLE 108 ON READER-SERVICE CARD FOR MORE INFORMATION
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Insulating Liquid
Dries to Natural Rubber

Brand Fasteners that can help take 
assembly costs out of your products. Call 
him today. Or write to ...
TINNERMAN PRO D U CTS, I N C.
DEPT. 12 • BOX 6688 • CLEVELAND 1, OHIO



General Electric combination
d-c motor-tachometer unit

CERAMIC

SILICON WAFER

WELDED SEAM

GENERAL ELECTRIC

ACTUAL SIZE view shows G-E silicon rectifier cell 
hermetically sealed to better protect the silicon 
wafer from moisture or other contaminants.

threaded stud to provide a simple yet 
thermally efficient method of mounting 
the rectifier assembly to a proper heat sink 
(see fig. 1163340). Because of this design, 
it is now possible to obtain an effective 
heat transfer junction on single-plate type 
cooling fin.

Complete application information is 
available through your local G-E Appara
tus Office or check coupon for bulletin 
GET-2689.

A new power-sized silicon rectifier is now 
available from the General Electric Com
pany with cell ratings up to 140 amperes. 
In the field of electronics there are many 
types of applications such as filament power 
supplies, and power supplies for computers, 
radar, etc., for which this will be ideally 
suitable. It offers the advantages of light
weight, small size, high efficiency, and 
higher operating temperature as compared 
to other types of semiconductor rectifiers.

The basic part of the G-E silicon rectifier 
is the cell enclosure as shown in the cut
away view above. The specially processed 
silicon wafer is enclosed in a hermetically 
sealed package of ceramic and welded ferni 
steel. This same construction has been ade
quately field tested in 4 years of success
ful performance totalling over 35,000 KW 
of our high-power germanium rectifier com
ponents.

The package is intimately bonded to a

This General Electric d-c motor-tachom
eter combines—in one compact, space-sav
ing unit—great power and extra-fast re
sponse to control signals. It’s a natural 
choice for automatic machines that are 
subject to rapid acceleration, frequent 
starts, stops, reversals, and widely fluctu
ating loads.

For example, the 200-volt model shown 
is less than 15 inches long and only 5.16 
inches in diameter. Yet it delivers 2.2 
horsepower, when externally cooled, to

HERMETICALLY SEALED silicon cell is mounted on a standard stud assembly for ease in mounting to almost 
any type of heat sink. The selected heat sink may be either forced-air or liquid-cooled as desired by the 
user. Positive contact on both sides provide efficient heat transfer.

COPPER
CONTACT

FERNI
STEEL

BRAZED STEEL 
CERAMIC BOND
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has high power in small space, 
plus extremely fast response

New G-E silicon cell provides more output, 
greater flexibility for large DC power



GENERAL ELECTRIC COMPONENTS 

FOR ELECTRONIC MANUFACTURERS

5.16-in. diameter For your design problems . . .

drive a ground radar antenna in a missile 
guidance system. In this case, the motor 
moves the radar antenna up or down, 
clockwise or counterclockwise, fast or slow, 
depending on the missile’s track and speed.

The motor’s speed of response is such 
that, at no load, it reaches 63 per cent of 
its rated speed of 5500 rpm in only .014 
seconds from standstill. When blower- 
cooled, it delivers 2.65 Ib-ft of torque 
throughout the entire shaft-speed range 
from standstill to 4500 rpm. Stall torque 
is 10 Ib-ft.

This motor can be supplied with or with
out shaft-coupled tachometer-generator 
that is used for feedback control signals.

Available in two frame sizes, the motor 
features all-angle operation, can be powered 
by any d-c control power supply, and is 
applicable to practically any servo system. 
For more details on your application, see 
your nearest Apparatus Sales Office.

General Electric energy storage capacitors 
supply minimum inductance or low-cost joules
To meet the increasing needs of the elec
tronics industry, General Electric has ex
panded its line of energy storage and dis
charge capacitors to include a new low 
inductance model. Shown at right in the 
photo the new unit is rated at 100 kv .25 
uf, and will ring at 2.5 me. The inherent 
low inductance of this unit means such 
advantages as maximum energy transfer 
to low inductance loads, extremely steep 
current rise, and simpler “crowbar” cir
cuitry.

The existing standard type of G-E energy 
storage capacitor (shown at left in photo) 
is rated at 20 kv 7.5 uf and will ring at 200 
kc. This standard model offers maximum 
joules at lowest cost.

BOTH CUSTOM DESIGNED AND 
STANDARD RATINGS AVAILABLE

Both models are available either in stand
ard ratings or custom designed for your 
circuit problem. The standard model has 
applications in atomic energy research proj
ects, photographic equipment, discharge 
welders, and several other energy storage 
uses.

The low inductance model has similar 
applications, and is ideal in high frequency 
pulse circuits where an optimum rise time 
is essential. The use of Pyranol* imprég
nant in all energy storage units provides a 
relatively small, lightweight, stable capaci
tor which has a life consistent with the 
application involved.

CONSULT G-E CAPACITOR EXPERTS

POWER-PACKED General Electric motor-tachom- 
eter-g^nerator set features high power, small 
size, fast response. Model shown—rated 2.2 hp, 
5500 rpm, 200 volts d-c, with Class B insulation— 
measures under 15 inches In length, only 5.16 
inches in diameter.

General Electric invites you to discuss your 
application needs for energy storage units 
with capacitor specialists like Doug Warner 
who is shown in the photo.

With more than 20 years of G-E elec
tronics experience, Doug probably will be 
able to come up with ideas that will solve 
your particular circuit problems. His recent 
paper, “The Application of Large Capaci
tors for Use in Energy Storage Banks,” is 
available now. Simply write for Capacitor 
Facts No. 4, GET-2698. Additional infor
mation on Energy Storage and Discharge 
Capacitors from 2000 to 6000 volts, may 
be obtained by writing for Bulletin GEC- 
1357.
★Rogiitorod trad.-mark of Gonoral Eloctric Co.

GENERAL ELECTRIC COMPANY, APPARATUS SALES DIVISION, SECTION B667-37 
SCHENECTADY 5, NEW YORK

Please send me the following: 
for reference only X for planning immediate project

□ GEC-1357—Energy storage capacitors 
□ GET-2689—High-current silicon rectifiers 
□ GET-2698—Capacitor Facts No. 4

For information on other products, contact your nearest G-E Apparatus Sales Office.

NAME

COMPANY

CIRCLE 112 ON READER-SERVICE CARD FOR MORE INFORMATION
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72

Write for bulletin 6.112

Series
200

FANSTEEL

CAPACITORS
Here Are The Sizes Available

CATALOG 
NUMBER

CAPACITY 
IN MFD*

i 
WORKING 
VOLTAGE

SURGE 
VOLTAGE

STA-155 3.5 10 1 2
STA-160 2.0 15 1 8

uu STA-165 1.5 20 24
CZD STA 170 1.2 30 36

STA-175 1.0 35 42

STA-255 17 10 12
STA-260 1 1 15 18

tÌr STA-265 8 20 24
O STA-270 6 30 36
Om STA-275 5 35

1_
42

STA-355 70 10 12
STA-360 45 15 18
STA-365 35 20 24
STA-370 23 30 36
STA-375 20 35 1 42

^Standard Capacity Tolerances are minus 15%, plus 25%.

NOW AVAILABLE IN PRODUCTION QUANTITIES

Versai s

FANSTEEL METALLURGICAL CORPORATION
North Chicago, Illinois, U. S. A.

SEE US AT WESCI h Nos. 1221 1222

CIRCLE 113 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products
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Strain Indicators
High Sensitivity

DC to AC Power
60 Cps, ±1 Cps

IN THE X-1O,

Statham transducers gathered 
pressure and acceleration data in 

North American Aviation’s program 
to prove out the aerodynamic 

design as well as the guidance 
and control systems for NAVAHO.

the

These units generate 117 v at 60 cps ±1 cps from 
de sources. Models are available for 6,12 and 27.5 v 
operation. They contain a precision frequency 
power vibrator which operates over a wide de input 
voltage range with accurate frequency maintenance. 
The output can be both resistive and inductive to 
include recorder motors and control circuits.

James Vibrapowr Co., Dept. ED, 4050 N. Rock
well St., Chicago 18, Ill.
CIRCLE 114 ON READER-SERVICE CARD FOR MORE INFORMATION

SCOUT 

for

NAVAHO

NORTH AMERICAN 
AVIATION, INC.
X-10 Test Vehicle 

forerunner of the 

supersonic, high 

altitude NAVAHO

This strain indicator is made in two sensitivities. 
ZT-301 has a sensitivity of over 1,000 ohms per 
gram of tension, continuously repeatable up to 2 lb 
maximum strain, ZT-302 has a sensitivity of over 
1.000.000 per gram of tension, continuously repeat
able up to 40 grams maximum. The units may be 
connected in series to double the sensitivity and in 
multiple to increase the accuracy. No amplifier or 
expensive accessories are required, the indicators 
being rated at 0.25 w and will feed into a recorder, 
meter, scope or relay. The size of the unit is 7.25 
in. long, has a 3/16 in. OD. The Zirco-Tet sensing 
element is enclosed in a rubber tube for moisture 
protection which is sealed at both ends, and 
equipped with combination strain and electrical 
connections. The Model ZT-302 when attached to a 
man's chest with adhesive tape will continuously 
analyze respirations with a resolution of 0.001 gram. 
Temperature range of the units listed is -65 to 150 
F as is often required in expansion for control of 
preloading.

Clark Electronic Labs., Dept. ED, Box 165 Palm 
Springs, Calif.
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LABORATORI ES
LOS ANGELES «4, CALIFORNIA

WHEN THE NEED
IS TO KNOW...FOR SURE 

SPECIFY STATHAM

Accelerometers
Pressure Transducers 

Load Cells

■ N-
■

Catalog, complete with prices, 
available upon request.
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^24 MOTOR

I
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Name.... 

Company 

Street...

City....... Zone. . . . . . . . State,

holtz er 
-CABOT 

I instrument
Control 
Motors

Th, R-24 4-pole induction 
TK, with reversible rotation, 

^dap^le to u wide «oriety

'owr"xtoi'X 

;T:'o.ta8e
operated 2 ph«'' * ,an 
controlled electronicaa 
also be run single phase 
permanent split capaator mo ° 
P Specifically -9me?"d “

> K k „ffortivelY with other 
ope' a’:r'a opporatus. Mw 
engineering °PP Send
available wüh 9 odd¡,iona|
coupon below 
information.

HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC.

125 Amory Street, Boston 19, Mass
GENTLEMEN: □ Please send me data sheets on the 
Holtzer-Cabot R-24yotors.
□ Please have representative call on. . . . . . . . . . . . . . . . . . . .

(date)

Pin Straightener and Wiring Plug 
Precision Machined

A 27-hole tube pin straightener, JE-31, has No. 
303 stainless steel inserts with holes of 0.043 in. 
diam, equally spaced and perfectly aligned in two 
pin circles. The holes are countersunk to prevent 
undue strain on glass tube buttons, and an extra 
hole aids in speedy insertion of the tube. The JE-24, 
a 26-pin socket wiring plug, is designed especially 
for use with sockets which are receptive to Bur
roughs beam switching tubes, types 6700-6701. The 
plug features No. 420 stainless steel pins of 0.038 
in. diam which have the same alignment, in two 
circles, as the holes in the JE-31 tube pin straight
ener. The inner ring of pins protrudes beyond the 
outer ring for easy insertion, and the semihemi
spherical tips prevent marring of socket contacts. 
All pins are permanently set in a die cast housing.

Star Expansion Products Co., Dept. ED, 142 
Liberty St., New York, N.Y.
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Thin-Wail Coil Forms
Wide Range of Sizes

Mylar thin-wall coil forms have been developed 
as a solution to insulating problems where space is 
at a premium. Wall thicknesses of from 0.002 to 0.01 
in. can be supplied. The Mylar tubes are highly re
sistant to moisture, solvents and chemicals and have 
high dielectric strength. They provide the greatest 
tensile strength that any plastic film can afford ac
cording to the manufacturer. The tubes will neither 
dry nor brittle with age. Because of their dimen
sional stability, the coil forms are ideal for compact 
assemblies. For large work, the film can be com
bined with or wound over conventional materials 
to improve their dielectric characteristics. The man
ufacturer will fabricate to any id, od, or length.

Precision Paper Tube Co., Dept. ED, 2035 West 
Charleston St., Chicago 44, Ill.
CIRCLE 120 ON READER-SERVICE CARD FOR MORE INFORMATION
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FANSTEEL
0

*■—■ tx - ---------------------- ---  —» 

RECTIFIERS
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FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U S. A.

Write for bulletin



New Products

AMPÇRÇS
CIRC

100150

USUAL

and others In between I

150 200

WESTON
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VOLTS DC.
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High-accuracy disks for nonlinear and decimal 
codes are available. Patterns for trigonometric func
tions, logarithmic functions and other nonlinear 
codes can be produced, providing the original data 
can be placed on IBM punched cards. Decimal 
code disks are being manufactured having an) 
number of divisions to and including 100,000. These 
nonlinear and decimal code disks can be mounted 
in the standard 6 and 9 in. encoder housings.

The Baldwin Piano Co., Dept. ED, Industrial 
Sales Div., 1801 Gilbert Ave., Cincinnati 2, Ohio 
CIRCLE 125 ON READER-SERVICE CARD FOR MORE INFORMATION

Model 55,000 rate gyro was designed for an accul 
racy of better than +1/2 per cent of full scale while! 
it is being subjected to severe vibration environ! 
ment. The floated rate gyro can be supplied in al 
variety of maximum rate ranges from 1 to 1000 deg I 
per sec. This gyro incorporates an inductive signal 
pickoff, which provides a higher power signal out I 
put than has previously been available in this size 
rate gyro. The power signal output enables the us< 
of minimum gimbal displacement, consequent!; 
yielding high natural frequency. Standard gimba 
displacement is ±0.75 deg. The gyro is completely 
filled with flotation fluid. The flotation fluid serves 
to reduce the load on the gimbal bearings, to insu
late the gimbal bearings from shock and vibration, 
and to provide damping.

Damping ratio is maintained without a heater b 
within 0.1 over the temperature range of —55 to 
+85 C.

Norden-Ketay Corp., Dept. ED, Commerce Rd 
Stamford, Conn.
CIRCLE 124 ON READER-SERVICE CARD FOR MORE INFORMATION

Nonlinear and Decimal Code Disks

For Analog-to-Digital Shaft Angle Encoders

AMPERES
A.C.

WESTON

Floated Rate Gyro

Damping Ratio: 0.1 of 
Critical

For your panels, or equipment mounting, 
plan on using the size instrument that 
meets your design requirement exactly. 
No compromise is necessary, for the 
WESTON line is comprehensive not only in 
types, shapes and ranges, but in sizes 
as well... from 1 ’Ze" to 6 ’Ze. the most 
extensive Une of panel meters available. 
For complete information on all Weston 
panel meters, consult your nearest Weston 
representative, or write for bulletin— 
Weston Electrical Instrument Corporation, 
Newark 12, N» J.

MILL I AMPERES 
D.C.

WESTON

IMECHANI^
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Withstands 7000 Ib 
Shear

FELKER MANUFACTURING CO 
Torrance, California

These DI-MET metal bonded diamond blades 
are producing greater yields in all crystal 

cutting programs and are eliminating 
unnecessary waste of costly materials.

You can now obtain Type DIT blades as thin 
as .006"... ideal for delicate dicing operations.

For watering. Type DITR is available
down to .015" thick. Both blades conserve material 

and provide utmost speed and blade life!
And here’s a valuable secondary advantage... you suffer 

no contamination of either blanks or cuttings when 
you slice and dice with DI-MET diamond blades! Make your 

crystal programs more successful, more economical, more 
profitable by specifying Felker DI-MET! Available

from your Felker Distributor... or write direct.
FOR WAFRRING...

TYFB DITR 
available an thin at .015

FOR DICINO... V 
TYFR DIT 

available as thin a* .006

locked. The stud protrudes from the panel until it 
is in the locked position. The fastener may be used 
on hinged, curved panels.

It can accommodate an included angle of 140 deg 
between fasueners. The new fastener is available 
currently in u 1/4 in. diam stud size and is desig
nated as the QAF-4841. This conforms to NAS 547 
for Size No. 1, Class A. Type I fasteners.

Waldes Kohinoor, Inc., Dept. ED, Special Prod
ucts Division, 47-16 Austel PL, Long Island City 1,

The QAF is a quick-action stressed-panel fastener 
that will withstand high shear and tensile loads, 
lock positively in less than one-half torque-free 
turn and compensate automatically for sheet sepa
ration resulting from warpage or deformation in the 
panels being secured. The device is intended for 
use on structural load-carrying panels in aircraft, 
guided missiles and other applications where quick 
access to service areas is required. The fastener ex
ceeds the strength specifications of NAS no. 547. 
The fastener is vibration-proof and has a tensile 
load capacity of 4000 lbs in the NAS 547 no. 1 size. 
The wedge action of the split nut assures 100 per 
cent crest-to-root thread engagement between the 
stud and nut halves. The ultimate shear load ca
pacity of the fastener is approximately 7000 lbs in 
the no. 1 size. The fastener is strip-proof and can
not be cross-threaded. The nut halves float inside 
the receptacle before engagement and the screw is 
centered automatically. Flag action provides a vis-

With operating temperature range of —65 F to 
¿-10J F, the solenoid provides efficiency and low 
plunger friction loss.

Operating voltage of the solenoid is from 6 to 
100 v de with plunger operating under side force 
of 8 to 10 g. At 3 amp, 100 v de, and 78 F, force is 
1.3 lb with stroke .03 in. At these same conditions

■force is .8 lb with stroke .06 in., and .4 lb with 
■stroke .125 lb.
* Carruthers & Fernandez Inc., Dept. ED, 1501 
■Colorado Ave., Santa Monica, Calif.

Type DIT and DITR
metal bonded for cutting 

RMAN/UM, QUARTZ. SILICON, 
BARIUM TITANATE, ETC.



New Products

Large Raster Size, Short Tube Length

■ itcl

siap
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LATEST HIGH-HEAT INSULATION SYSTEMS
NEED CDF GLASS-BASE LAMINATES AND TAPES

CONTINENTAL-DIAMOND FIBRE
CIRCLE 131 ON READER-SERVICE CARD FOR MORE INFORMATION

wrapping or on automatic winding machines. Unsup
ported Teflon in colors available to meet MIL-STD 104.

HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, with glass
cloth support. CDF tapes may be used either by hand

As components and equipment grow smaller, and heat 
becomes more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 
range of quality insulations be found under one roof 
as at CDF.

FOR HIGH-HEAT PRINTED CIRCUITRY, CDF glass
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying ca
pacity. Constant operating temperatures of 300°F — 
soldering temperatures to 500°F — are readily met by 
these specialized CDF Dilecto® laminates.

Sustained operating temperatures up to 400" F, as in guided missiles, are death to inferioi electrical insulations and laminates 
CDF glass-base laminates of Teflon*—the «nly laminates of their kind approved by the military—can take this punishment steadily

A SUBSIDIARY OF THE COMPANY • NEWARK 107, DEL.

ELECTRONIC DESIGN • August 15

NEW — cementdble Teflon, bondable to itself and to 
other materials with commercial adhesives.

TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from Teflon — spa
ghetti tubing, rods, sheets, and machined parts to rigid 
specifications.

Class II Printed Circuit Relays are especial1 
adaptable to low voltage sensitive applications 
where reliability is important and for requirement- 
where one relay must perform a number of switc 
mg functions with minimum input power. They) 
can be furnished with resistance to shock, vibration 
and temperature variation in compliance with mili

tary specifications.
Available for de operation, any voltage to 230 v 

also with full wave rectification for operation ' foe 
20 to 400 cps. Furnished with a variety of contact 
combinations; snap action contacts, time delay, and 
heavy current contacts.

Magnecraft Electric Co., Dept., ED, 3350D V 
Grand Ave., Chicago 51, Ill.
CIRCLE 133 ON READER-SERVICE CARD FOR MORE INFORMATION

The 3-1/2 in. square-face design of the type! 
41HAP single-gun electrostatic focus and deflection! 
cathode ray tube provides a raster size almost J 
large as that of a 5 in. tube of conventional round! 
design. Overall length of 11-1/8 in. provides an ad I 
ditional design advantage. The tube has highly st I 
sitive D1D2 and D3D4 deflection plates. Angle 
alignment between the D1D2 and D3D4 traces are 
held to within 1 deg. Deflection factors are held to 
within 10 per cent with low’ pattern distortion. Grid 
cut-off bias is held to within 25 per cent. A gun 
which draws negligible focusing electrode current 
is employed.

Electronic Tube Corp., Dept. ED, 1200 E. Mei 
maid Lane, Philadelphia 18, Pa. ■is b< 

f|w y 
It< th 
rat mt 
ages

Widest available range offers Teflon, epoxy, silicone, mica 

products for dimensional stability under continuous heat

Printed Circuit Relays 
Minimum Input Power

Give 
wen

SEE SWEET’S Product Design File, Electronics Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer. Then send your 
print or your problem, and we’ll return specific tech
nical data and test samples.

“trademark of DuPont tetrafluoroethylene resin



Capable of delivering energy pulses up to 250,000

Mei-
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EXeter 2-450043-20 34th Street, Long Island City 1, N. Y.
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Rotary Switch
Use up to 60 Me

230 v 
from 

intact 
f and country is an im part of 

every Polarad instrument.

■ Ml UV/11 willig did gy lilac a LljJ LU ^UV,WU

I gs, it is supplied encapsulated in a metal case and 
lovided with standard connectors at the output. A

CIRCLE 137 ON READER-SERVICE CARD FOR MORE INFORMATION

POLARAD

Nuc ear Powered
Timer

IRC - 136 ON READER-SERVICE CARD FOR MORE INFORMATION

*<sec to 40 hr Range

type 
< tiOE 

)st as 
.'ounti 
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Angle 
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?ld to

Grid 
l gun 
irrent

Given the trade name of Bctachron, this Nuclear 
jwered Electric Timer has a shelf and use life of 
rer 25 yrs and is capable of reliably operating over 
ide ranges of temperature, acceleration and vibra- 
jn. The timer is suitable for use in weapon and 
fissile systems where time delays from the psec 
hge to 40 hrs are required with an accuracy of 
3 per cent.

I ner for fixed time intervals is supplied in a cylin- 
I ical metal case 2-1/2 in. diam, 1-7/8 in. long. A 
liitch, located within the case, initiates the time 
I flay. Depending upon the application, either a 
Iap action, pull wire, or external electrical signal 

pe switch can be supplied without changing the
I lysical dimensions of the unit.
I The heart of the timer is a nuclear battery which 
I is been in production by the company for the last 
ft A years. This battery converts nuclear energy di- 
l;ctly into electrical energy. It is made with current 
Bitings from 50 to 5000 ppa and equilibrium volt
lies in the order of 10000 v. Battery performance 
I not affected by environmental conditions, shelf 
Ind use life are not charged by short circuiting. 
I Universal Winding Co., Dept. ED, P.O. Box 1605, 

■evidence, R.I.

fRCLE 135 ON READER-SERVICE CARD FOR MORE INFORMATION

This rotary switch for use up to 60 me consists of 
completely shielded decks with 10 positions, one 

ole per deck. All contacts and wipers are of coin 
Iver and allvmetal parts are silver plated brass, 
he wiring of this switch is all done with Micro-dot 
able and all leads are terminated in Micro-dot con- 
ectors. The entire switch exclusive of shaft is 3 x 3 
6 io. The use of sectional shielding and rf ground- 

ag fingers in conjunction with the outer case results 
a good rf characteristics.
T: e Daven Co., Dept. ED, Livingston, N.J.
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TESTER
Test microwave 
tubes as easily 
as ordinary 
vacuum tubes

The Model K-200 
Polarad Microwave 
Tube Tester Performs 
These Basic Tests:

Now microwave tube testing is as easy and practical as the testing of 
ordinary vacuum tubes — with the Polarad Microwave Tube Tester 
Model K-200.
Here, for the first time, is a compact, portable instrument developed 
to test the performance ot most commercially available microwave 
tube types, such as Lighthouse, Rocket, pencil triodes and klystrons, 
even when these tubes have built-in cavities or require external cavities. 
The unit has been designed with a complete flexibility to allow for the 
testing of future microwave tubes not yet manufactured.
Model K-200 provides complete metering functions, control adjust
ments and precautionary methods for testing at high voltages safely. 
A finger-controlled data chart on the front panel of the unit quickly 
determines proper control settings.

• Static d-c tests—measurements 
of rated d*c currents and volt
ages.

• Short circuit tests between all 
elements.

• Filament continuity.
• Life tests — relation of cathode 

current versus reduced filament 
voltages.

POLARAD ELECTRONICS CORPORATION
Reliable mai

REPRESENTATIVES: Abington, Albany, Atlanta, Baltimore, Boeing Field, Chicago, Cleveland, Dayton, 
Denver, Detroit, Englewood, Fort Worth, Kansas City, Los Angeles, Portland, Rochester, St. Louis, 
Stamford, Sunnyvale, Syracuse, Washington, D. C., Westbury, Westwood, Wichita, Winston-Salem, 
Canada: Arnprior, Ontario. Resident Representatives In Principal Foreign Cities.
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ACHIEVEMENTANOTHER

A resilient insert

G

CIRCLE 141 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE 143 ON READER-SERVICE CARD FOR MORE INFORMATION
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in

( ’alif.

trol circuits.

Here’s a new

Set of Ten

socket.

COST-CUTTING

ELECTRONIC
TUBULAR

PARTS
Tube diameters:
0 010 in. to % in.

A must for every elec
tronic designer. How
to avoid unnecessary
costs by sensible sub
con tract me. How to
choose your sub-con-
tractor. How to get a
limitless variety of
t-mall size tubular
parts at least pos
sible cost. Send for
your free copy —no
obligation.

SCINTILLA DIVISION of
SIDNEY, NEW YORK

HAH MACHINE CO., INC.
Noble & Jackson Sts.

Norristown, Pa.
Phone BR 2-6453 .BR 9-2J27

SPECIALISTS IN THE DESIGN, TOOLING, AND FABRICATION OF SMALL TUBULAR METAL PART

Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N. Y.
FACTORY BRANCH OFFICES:

CIRCLE 1.P* ON READER-SERVICE CARD FOR MORE INFORMATION

Resilient Insert
Forces
Contacts
irridite finish

195 Algonquin Road, Des Plaines, Illinois

A DIVISION OF ILLINOIS TOOL WORKS

Ellipse Templates

rack and panel connector
Here is the new and improved Bendix Type SR rack and 
panel electrical connector with outstanding resistance to 
vibration. The low engagement force of this connector gives 
it a decided advantage over existing connectors of this type.

Pressurization is easily accomplished. The resilient inserts 
press firmly against the shell wall holding the contacts in 
exact position. Insert patterns are available to mate with 
existing equipment in the field.

FEATURES

Adding to the efficiency of this rack and panel connector 
Solid Shell Construction • low Engagement

is the performance-proven Bendix “clip-type” closed entry
Closed Entry Sockets Positive Contact Alignment 

heavily gold plated • Cadmium Rate—clear 
Temperature range —67° to +250 F

Here, indeed, is another outstanding Bendix product that 
should be your first choice in rack and panel connectors.

117 E. Providencia Ave., Burbank, Calif.... __________________ _____ __ Paterson Building, 18038 Mack Ave., Detroit 24, Mich.
Hulman Building, 120 W. Second St., Dayton 2. Ohio 2608 Inwood Road, Dallas 19, Texas 8425 First Ave., South, Seattle 8, Washington

twist
time-savings

FASTEX

Send for this free catalog that shows you
howto untwist time consuming screw driv
ing with FASTEX® % (yes, one-quarter)
turn “Q Fasteners. Tells all about the
three types that cover every application.
Write for Quick Fastener booklet today!

FASTEX

In Canada: SHAKEPROOF-FASTEX.
Division of Canada Illinois Tools Ltd.,11oronto. Ont.
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OUTSTANDING The No. 70 Ellipse Series comprises 10 templates 
from 150 to 60 deg in increments at 32nds from 1/4 
to 1/2 in., 16ths from 9/16 to 1-1/2 in., and 8ths 

1 
O' 
’S(

111 
ysl 
n I

o

from 1-5/8 to 2 in. 50 and 60 deg templates contain 

Easily Pressurized to Latest MIL Specifications.
27 ellipses each; from 1/4 to 1/2 in. in 32nds, 9/16 
to 1-1/4 in. in 16ths, and 1-3/8 to 2 in. in 8ths. Size 
and center lines are detailed for permanence on the 
negative side of the 0.030 matte finish plastic. Actual 

pa 
ud 
ro'
nl

ne 
el

size of each template is 5 x 9-7/8 in.
Rapidesign, Inc., Dept. ED, Box 592, Glendale,

545 Cedar Lane, Teaneck, N. J. • 5906 North Port Washington Rd., Milwaukee 17, Wise. 
" ■ ------................. 1701 “K” Street, N.W., Washington 6, D. C

High Gain Transistor
For Audio Amplifiers

BULLETIN UN

ir 
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sei 
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Di 
cm

A high gain germanium pnp audio power tran
sistor is now in full scale production with the
JETEC designation 2N385A. The transistor has cur
rent gains up to 250 at 0.5 a collector current, 125 
at 2 a collector current, and 50 at 3 a collector cur
rent. It has a maximum collector dissipation of 25 w 
and a maximum junction temperature of 95 C.

The 2N285A is designed to be used in high gain 
audio and hi-fi amplifiers. Because of its high gain 
it is especially useful in feedback circuits. There 
are also numerous applications for high current 
switching circuits such as static inverters and power 
oscillators, and for servo amplifiers and motor con-
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Bendix Aviation Corp., Dept. ED, Red Bank Div., 
201 Westwood Ave., l ong Branch, N.J.
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A fund of technical data on shields
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“MAGNETIC MATERIALS

essen-trate

request.

ADDRESS DEPT. ED-92

In addition to Mumetal and other

also include the most modern facili-
ties for lamination fabrication and

6 or 10 v Source

For Printed Circuits

Strain Gage Power Supply

The model PSG-3 provides three individual 6 or
0 v sources for 120 or 350 ohm strain gages. The
SG-3 is especially designed for use with the model
11 series broadband de amplifiers in de strain gage
ystems. The three power supply units are contained
n a single chassis which fits standard 19 in. rack
ounts. The chassis requires 3.5 in. of vertical space

and 19.5 in. behind the front panel, which includes
pace for the mating connector and cable. The lati-
ude of adjustment provided by a screw-driver con-
rol is ±1 v for either the 6 or 10 v setting. Push
button switches on the front panel allow sequential
easurement of the output voltage from each chan-

el by an external voltmeter.
Major specifications are as follows: Voltage out-

ut, 6 or 10 v; voltage adjustment resolution, 0.05
er cent; output ripple, 2 mv peak to peak; output
oise, less than 5 uv with the supply ungrounded

and feeding a grounded 350 or 120 ohm bridge; in-
sulation resistance to ground, greater than 1000

eg; capacity to ground, less than 500 utif per chan-
el; load resistance, 120 or 350 ohm nominally; in-
ernal impedance, less than 15 ohm; regulation, es-
entially the same as the ac source; power required,
pproximately 5 va per channel.
KIN TEL, Dept. ED, 5725 Kearny Villa Rd., San
iego 11, Calif.

Control Relay

Series GP has 1/8 by 1/32 in. solid lugs which
hen inserted into the printed circuit board give

he relay considerable rigidity. Coils are available
m standard ac and de voltages up to 115 volts. The
same frame and printed circuit feature is available
in the series PC as a sensitive plate circuit relay.
Sensitivity is about 130 mw per pole, pre-set at fac
tory, and coils are available in 2500, 5000 and 10,000
ohms. Both r
Contacts are

use silicon steel or magnetic iron.
-wiping 1/8 in. fine silver rated 5

amP for series GP and 2 amp for series PC, non in
ductive. Board is NEMA grade LE and all insula
tion is tested at 500 v ac minimum. Dimensions are
1 in wide x 1-1/4 in. long x 1-3/4 in. high.

Hilburn Electronic Products Co., Dept. ED, 55 
Na sau Ave., Brooklyn 22, N.Y.
OR E 145 ON READER-SERVICE CARD FOR MORE INFORMATION
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For your Magnetic Shielding Problems

MUMETAL is the answer!

Mumetal shields will give instant
relief to interference caused by
extraneous magnetic fields. This
material can cure many troubles—
solve many a problem for you

Use it where high permeability is
required at low flux densities, such
as in input and microphone trans
formers, hearing aid diaphragms,

Write for your copy

This 3 2-page book contains val
uable data on all Allegheny Ludlum
magnetic materials, silicon steels 
and special electrical alloys. Illus- 

;d in full color, includes
tial information on properties, 
characteristics, applications, etc 
Your copy gladly sent free on

and other applications for Alle-
gheny Ludlum Mumetal is available
—let us help with your problems.

high-permeability alloys, we offer a
range of magnetic and electrical
alloys and steels that is unmatched
in its completeness. Our services

instruments, wire and tape record-
ers, etc. For properly heat treating
Mumetal, we can also offer commet-

heat treatment. • Let us supply your
requirements. Allegheny Ludlum

cial hydrogen annealing facilities. Steel Corporation, Oliver Building,
Pittsburgh 22, Pa.

STEELMAKERS to the Electrical Industry

Allegheny Ludlum
WarahovM stocks of AL Stainloss Stools carried by all Ry arson plants

CIRCLE 146 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products

RAILROAD SIDINGS IN THE SKY

the West's leader in advanced electronics

61

c
CIRCLE 551 ON READER-SERVICE CARD FOR MORE INFORMATION
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When railroad traffic gets too heavy or 
complex, a train will be switched onto a 
siding until the tracks are clear. However, 
high-speed aircraft in busy traffic patterns 
over metropolitan areas cannot wait...

E.
Cl

DC Power Supply
Weighs 10 Lb
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SCIENTIFIC STAFF RELATIONS

RESEARCH AND

DEVELOPMENT LABORATORIES

VACATION NG IN

-OUTHERN CALIFORNIA?

RE INVITED

TO VISIT HUGHES

Shock Tester

Hughes, a leader in the development of 
highly advanced data processing tech
niques, is doing research on air traffic 
control systems which can continuously 
monitor a high volume of air traffic and 
precisely control each individual airplane. 
With this system the time delays, ineffi
ciency and inaccuracies present in manual 
control are practically eliminated.

Air traffic control represents only one of 
many projects underway. Confidential 
new projects... many infinitely more 
complex ... promise an unlimited future 
to scientists and engineers in the Hughes 
Ground Systems Division.

If your experience is in electronic circuit 
design, logical design, electronic packag
ing, and radar systems, we invite you to in
vestigate these outstanding opportunities.
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This de power supply, Model BP-200A, has two 
output ranges. The high range is from 125 to 300 v. 
The low range is from zero to 150 v, with 150 ma 
available throughout the range. A fixed supply of 
150 v and 50 ma is available at all times, also. While 
in a standby position the B plus and bias voltage is 
disconnected while leaving the filament power on. 
The filament voltage consists of two windings of 
6.3 v at 2 a. It can be arranged in series or parallel I 
allowing 6.3 v at 4 a or 12.6 v at 2 a. The unit meas-1 
tires 3-3/4 x 7-1/2 x 7-1/2 in. and weighs only 10 lb. I

Specific Products, Dept. ED, 21051 Costanso, I 

Woodland Hills, Calif.
CIRCLE 148 ON READER-SERVICE CARD FOR MORE INFORMATION I

500 G Impact

This shock tester provides a means for testing 
very small, lightweight components to impacts of 
500 g at time durations of 1 msec. Known as JOLTA-
M-500, the unit consists of a heavy cast meehanite 
steel base, steel channel frame and precision ma

Hughes Aircraft Co., Culver City, California chined, cast magnesium carriage and magnesium 
anvil. Totally reproducible shocks are achieved by 
use of a specially prepared mass of rubber to arrest 
the freely falling carriage and produce clean re
bound. Designed especially for testing items such 
as diodes, transistors, relays, and micro switches.
having a total weight of 8 oz or less, each machine 
is accurately calibrated for direct readings.

Jan Hardware Mfg. Co., Inc., Dept. ED, 75 North 
11 St., Brooklyn 11, N.Y.
CIRCLE 149 ON READER-SERVICE CARD FOR MORE INFORMATION
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Function Programmer

Handles 16 Separate Functions
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This Programmer provides switching as well as 
potentiometer control of electrical and electronic 
circuitry in relation to time. Up to 16 separate cir
cuit functions can be accommodated with 8 detach
able function switch strips. In addition, a pulsing 
switch is provided for deriving pulses in 0.5 sec in
crements or any multiple of 0.5 sec. A speed-regu
lated de motor with reduction gears causes the 
moving contacts to travel along the switch or po
tentiometer strips at constant speed. The travel 
time is 50 sec ±0.1 sec. The direction of travel may 
be reversed by inversion of the1 de input to the mo
tor. The motor normally requires 350 ma. Input 
voltage may vary between 22 to 36 v. The timer 
may be stopped or reversed at any point. Individual 
circuit function strips or potentiometer strips may 
be removed and replaced without affecting the 
other strips already in place.

The timer has been tested for vibration up to 
20 g between 20 and 2000 cps in three planes, ac
celeration up to 50 g in six directions and 100 g of 
shock for 1.3 msec in six directions. The unit has 
been subjected to extremes of temperature and 
simulated altitudes up to 80,000 ft.

Hubbard Scientific Labs., Inc., Dept. ED, 1292 
E. Third St., Pomona, Calif.
CIRCLE 151 ON READER-SERVICE CARD FOR MORE INFORMATION
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Synchro-Null LD 101

Zeroing Device

i he Synchro-Null LD 101 is a zeroing device for 
rapid zeroing of synchros. It is applicable to 110 v 
00 cps, 110 v 400 cps, and 26 v 400 cps synchros of 
all standard types and sizes. All leads are plainly 
marked foryproper attachment to the synchro ter
minals. By simple positive switching it automatically 
selects proper test-circuit connections and the 
proper sequence of test circuits for the zeroing op- 
e: ition. It measures 19 x 7 x 7 in. and weighs 14 
11 uncrated.

Advance Industries, Inc., Dept. ED, Cambridge, 
M iss.
C CLE 152 ON READER-SERVICE CARD FOR MORE INFORMATION
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HUGHES
GERMANIUM

DIODES

81

Forward Current
@ +IV

20mA
20mA
50mA
50mA

© WS7. HUGHES AIRCRAFT COMPANY

with high conductance 
and

quick recovery, together

Never before have the properties of high conductance and quick recovery been combined 
to this extent in one diode. For the first time, Hughes offers this unusual combination in a 
new series of germanium point-contact devices. They have the famous glass package created at 
Hughes, the same rugged construction which enables all Hughes diodes to withstand shock, 
vibration, and severe environmental conditions. But inside there are changes. And these changes, 
painstakmgly developed and meticulously introduced into the manufacturing process, impart to 
the diodes their unusual characteristics—make them fill a need long recognized in the industry.

APPLICATIONS:
These diodes make possible advanced, higher speed circuits in which recovery from a forward 
pulse must be achieved in a minimum of time. Their low forward voltage drop combined with 
the fast recovery make them ideal for transistorized computer circuits and similar applications.

SPECIFICATIONS AT 25° C

Type
Forward Voltage- 
Drop 10mA

Maximum Reverse
Current —50V

HD-2762 0.80V 50MA
HD-2763 0.80 V lOOgA
HD-2764 0.67V 50mA
HD-2765 0.67V 100mA

WIV

80V
80V
80V
80V

All types rec-over to 100 Kohms in 1 psee when -witched from 80 mA forward to —85V reverse >n the 
modified IBM ”Y” test circuit.

If you plan to be in San Francisco for the Wescon show, please visit our booths (#2910-11 and 
#2912-13). Perhaps we can discuss the new diodes there and determine how to use them most 
effectively in your circuits. Or, if you prefer, ask for a visit from one of our sales engineers. 
Please write:
SEMICONDUCTOR DIVISION • HUGHES PRODUCTS* International Airport Station, Los Angeles 4}, California

Creating a 
new world 

with | I
ELECTRONICS !

I HUGHES PRODUCTS '

CIRCLE 153 ON READER-SERVICE CARD FOR MORE INFORMATION



lERC’s FREE 
TUBE SHIELD GUIQL helns

heat-dissipating 

tube

« **“ w UH

-provides information you need to 
properly match over 1,400 sizes and types 
of electron tubes and heat-dissipating 
tube shields for best cooling, retention and 
protection against shock and vibration!
New 20 page IERC Heat-dissipating 
Tube Shield Guide has been carefully and ■ 
accurately compiled in answer to 
many hundreds of Electronic Engineer 
suggestions and requests for just such 
a practical Guide. New design applications 
and retrofitting of electronic equipments 
with IERC Heat-dissipating Tube Shields 
(for the excellent cooling, extended 
tube life and reliability they provide) 
created the need for this type of 
professional information — plus another 
'"first” for IERC — the first reference 
manual of this type to the electronic industry!
For a free copy, please send request 
on your company letterhead to: Dept. TSG.

International
• lectronic research corporation
145 West Magnolia Boulevard, Burbank, California

Heat-dissipating tube shields for miniature, subminiature, octal/power electron tubes
CIRCLE 163 ON READER-SERVICE CARD FOR MORE INFORMATION
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DC Amplifier
For Pen-Motor Recorders

CRITICAL 
POT SPECS* I 
are met at CIC

The Model 405 de pen-motor amplifier features 
low drift, a voltage gain of 30,000, and an amplifi
cation technique which results in high stability. 
Power supply is self-contained and the 405 can be 
used with wire strain gages, load and pressure cells, 
acceleration transducers, thermocouples, etc. An 
attenuator is incorporated which permits inputs as 
high as 500 mv without overloading the instru
ment.

Allegany Instrument Co., Inc., Dept. ED, 1091 
Wills Mountain, Cumberland, Md.

CIRCLE 164 ON READER-SERVICE CARD FOR MORE INFORMATION

Paper-pin Connectors
Draw-Pull, Screw-Locking and Hexagonal

Series MI, MI-SL and MH miniature precision 
connectors are available with solderless taper-pin 
terminals for use with AMP series 37 taper recep
tacles. The draw-pull and screw-locking versions 
have been designated Models MI-SDL and MI-SL- 
SDL, and are available in 7. 12,14, 18, 20, 21 26, 34, 
41, 50 and 75 contacts. Insulation resistance is over 
1()O,(KM) meg with voltage breakdown between con
tacts at 2600 v ac rms. The hexagonal version has 
been designated Model MH-SDL and is available 
in 4, 5. 7 and 9 contacts. Voltage breakdown be
tween contacts at 2100 v ac rms. Alkyd, Melamine 
and diallyl phthalate insulating bodies can be sup
plied for all models to meet MIL specifications.

Design assures positive, dependable and quick 
wire assembly. Field interchangeability with exist
ing U.S.C. solder-up miniature connectors is guar
anteed together with full conformance to the latest 
applicable military specifications.

U. S. Components, Inc., Dept. ED. 454 E 148th 
St., New York 55, N.Y.

Equipment designers who demand 
more than "shelf item" specifications, 
rely on CIC for dependable delivery of 
ultra-precise potentiometers.

The result of CIC research, carbon 
film potentiometers are setting new 
standards of accuracy, life at higher 
speeds and performance reliability.

CIC has assisted many firms in a wide 
variety of industrial instrumentation, 
military fire control and flight guidance 
equipment.

Why not discuss your specific re 
quirements with us?

■ A
New carbon film techniques as$u’e I | 
virtually infinite resolution; linearity
to 01%, sine-cosine to .025%; 
compact ganging; precision ba' 
bearing servo construction.

•Tor Precision Performance... specify CIC
Detailed Technical Data
Sheets available on reque*'

CIC COMPUTER 
-------—----- INSTRUMENTS 4

t

t

CIRCLE 166 ON READER-SERVICE CARDCIRCLE 165 ON READER-SERVICE CARD FOR MORE INFORMATION
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVETerminals withstand 21-lb pull
State

ELECTRICGENERALCIRCLE 169 ON READER-SERVICE CARDCARD

Audio Low Pass Filters
7, 20 and 40 Kc Cutoff

Want to see for yourself? Ask your General Electric 
salesman for a free set of sample resistors and conduct

> assure 
inearfy 
.025%

îmand 
ations, 
eery oí

tation. 
dance

your own tests. And mail this coupon today for the 
new 36-page catalog containing complete information 
on ratings, dimensions, and ordering directions.

Industry Control Department, Roanoke, Virginia.
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fress Is Our Most Important Product
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VHF Signal Generator
3 v Output

Standard values of the Series F 
audio filters available from stock are 7 
kc, 20 kc, and 40 kc cutoff. Attenua
tion is zero at low frequency, 1 db at 
cutoff frequency, 12 db per octave 
above cutoff. Connectors are standard 
AN PL-259 coaxial input and SO-239 
coaxial output. Input impedance is 
500 ohms; output impedance is 4000 
ohms. Size is 2 cu in. Shells are ex
truded aluminum, color coded and 
marked.

Flow Corp., Dept. ED, 85 Mystic 
St., Arlington 74, Mass.

SEND TODAY FOR FREE 
RESISTOR CATALOG

Section C784-6
General Electric Company, Schenectady, N. Y.

Please send a copy of GEA-6592, G-E Resistor Catalog.

Resistor terminals are often subjected to considerable 
stress. That’s why General Electric has built extra 
strength into the terminals of these new vitreous- 
enameled resistors . . . strength to hold up to 21 pounds 
of right-angle pull. For exceptionally heavy-duty appli
cations, there’s a special G-E terminal that holds up to 
34 pounds of pull.

General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold standard rated tolerance 
even under extreme temperature conditions ( —70 F to 
4-700 F). Their vitreous-enamel coating provides re
sistance to moisture, acids, solvents, and alkalies.

A vhf power signal generator, pro
vides sufficient amplitude to permit 
readings to be taken throughout the 
entire vhf band without further ampli
fication. Designated as FT-SMIM, it 
will furnish a signal of at least 3 v 
throughout the 30-300 me range, in six 
ranges, with an accuracy of ±1 per 
cent. Harmonic distortion is less than 
4 per cent. Internal a-m modulation is 
b0 per cent, LOO cps, and external it is 
0 to 80 per cent, 30 cps to 200 kc.

Federal Telephone and Radio Co., 
Dept. ED, 100 Kingsland Road, Clif
ton, N.J.



New Products

Connectors
Cable-to-Chassis
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quality controlled 

from ore 

to finished product

Cable-to-chassis types have been added to the 
Micro-Ribbon series of connectors. Available in 14 
24, 36 and 50 contacts, these types feature cadmium 
plated brass shells with clear chromate treatment 
gold-over-silver plated contacts and diallyl phtha 
late dielectrics. Miniature in size, a mated pair of 
largest 50 contact size types occupy 3.7 cu in. At 5 a
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Micro-Ribbon connectors are rated at 700 v de . B 
sea level and at 200 v de at 70,000 ft.

Amphenol Electronics Corp., Dept. ED, ChicagoB 
50, Ill.

CIRCLE 156 ON READER-SERVICE CARD FOR MORE INFORMATION

Time-to-Pulse-Height Converter
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..for critical electronic applications...
When you are considering plated tungsten wire 
for its many applications in critical electronic re
quirements, remember that Sylvania manufactures 
the base wire every step of the way from the ore... 
and consequently can control its characteristics to 
meet your special needs. For example—Sylvania 
plated tungsten wires have exceptional uniformity 
of dimension and properties necessary for highly 
automated production equipment.

Sylvania exercises far-reaching control on all 
plated wiresin nickel and nickel alloys, molybdenum, 
50-50 tungsten-molybdenum, stainless steel, and 
other alloy base metals. That’s because, in most 
cases, Sylvania draws its own base wires. Platings

available include gold, silver, nickel, and rhodium. 
Wire diameters range from 0.0005 in. to 0.012 in. 
Plating thickness can be supplied from >4% to 
10% of base wire weight.

Sylvania offers you a wide range of wires, to 
meet almost any requirement in the production of 
tube elements, electrostatic precipitators, and other 
electronic devices. Each is made under the same 
exacting standards known to be required for pro
ducing the world’s finest vacuum tubes.

Next time you need plated wires call in your 
Sylvania sales engineer. He'll be happy to serve you.

Sylvania Electric Products Inc.
Tungsten and Chemical Division, Towanda, Penna.

TUNGSTEN • MOLYBDENUM • CHEMICALS • PHOSPHORS • SEMICONDUCTORS

* SYLVANIA
LIGHTING RADIO ELECTRONICS TELEVISION ATOMIC ENERGY

CIRCLE 155 ON READER-SERVICE CARD FOR MORE INFORMATION

The Model TH-300 Time-to-Pulse-Height CodH 
verter is designed to measure time intervals in thiH 5 
range 0.25 milli-psec to 1 psec. The instrument hasllne 
in practice achieved resolution times in the order oiHern 
40 ppsec. Use of the unit requires that the time ii 'l Lev 
terval of interest be defined by a pulse occurring al Jstn 
the beginning and again at the end of the intervalHqui 
Output of the instrument is a pulse whose finafHusc 
amplitude is proportional, within 1 per cent, to thtllem 
time interval being measured. Readout may be ail JI. 
complished either by a multi-channel pulse heightllsm 
analyzer or oscilloscope. Time-of-flight of nucleaiMTh 
particles, determinations of half-life in short-lived«nc 
isotopes and the general field of fast coincidence|Bth( 
studies are among the typical applications of tfeMtin 
novel instrument. The instrument contains its owiHun 
power supply, operating from 115 v ac, and MAc 
rack mounted, 19 x 8-3/4 x 14 in. Hful

El Dorado Electronics Co., Dept. ED, 1401 Mi^B 
die Harbor Rd., Oakland 20, Calif. IIPI.

CIRCLE 157 ON READER-SERVICE CARD FOR MORE INFORMATION ClR

ELECTRONIC DESIGN • August 15, 19ÍHEI



iicagl OOOo

ELECTRICAL CHARACTERISTICS®qO
NATION

IRCLE 159 ON READER-SERVICE CARD FOR MORE INFORMATION

Milliohmmeter

20 Liohms to 1200 ohms

DUAL RACK INSTALLATION SOSAltCM

MODEL T5O-1.5

SO. NORWALK • CONN

IMATION

0.35
0.55

These new T-Nobatrons are the perfect solution to the 
problem of providing well-regulated voltages for the de
velopment and testing of transistor circuits. They provide 
stable DC output voltages in three ranges, with fine resolu
tion. Excellent transient response for line and load pulses. 
Simple tubeless construction means greater reliability, 
lower cost, Also ideal for many other applications in these 
voltage ranges, such as relay testing and computer cir
cuitry development.

50 max. 
0.00 M< 
0 15 sec.

50 max.
0.08 Me.
0.15 MC

Tl 20-2.5 
95-130 
0-25 
0-50 
0-120 
0-2.5 
±0.5%

50 max. 
0.08 sec. 
0 15 cm

T50-1.5 
95-130 
0-10 
0-25 
0-50 
0-1.5

T60-5 
95-130 
0-10 
0-25 
0-60 
0-5 
±0.5%

:i*r 160 ON READER-SERVICE CARD FOR MORE INFORMATION
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The printed circuit universal stabilized amplifier, 
dodel USA-3, is designed for application to instru- 
nentation, control, and analog computation. The 
hopper-stabilized unit has open-loop de gain of 10 
nilHon, output range of ±115 v. When used at a 
rain of 100, accuracy is maintained well beyond 
[ kc. Bandwidth is inversely proportional to gain, 
[ts long-term drift, noise and offset amount to less 
han 100 pv referred to the input. Power require
ments are 15 ma quiescent at ±300 v, and 2 a at 
5.3 v 60 cps. Complete oscillatory stability is ob
tained even with zero-resistance feedback and with 
as much as 500 mmf from output to ground. Safety 
against accidental grounding of the output is 
achieved in that no part ever exceeds its wattage 
rating. The printed-circuit board measures 7 x 2-1/2 
in. and the amplifier connectio scheme is perma
nently etched into the board. The basic unit is de
signed for mounting in any desired fashion, and 
several types of modular packaging are available.

George A. Philbrick Researches, Inc., Dept. ED, 
E30 Congress St., Boston 10, Mass.

See us at
WESCON

Booths 
1520-1521

lucleai 
•t-lived 
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Model 47A milliohmmeter is designed for the 
fneas urement of low and very low resistances, cov
ering à range from 20 pohms to 1200 ohms over 
Seven decades. This is a portable direct-reading in
strument, line operated with no batteries being re- 
huired. Unlike other instruments of this type which 
use direct current, the model 47A milliohmmeter 
employs ac test currents at line voltage frequency. 
The power dissipated in the test specimen is very 
small, less than I/8th of a watt in the worst case. 
|The instrument uses the four terminal principle. It 
incorporates .a self-calibration circuit which allows 
the accuracy bf the instrument to be checked at any 
time in a matter of seconds. The instrument meas
ures 7-3/4 x 8-1/2 x 12-1/2 in. and weighs 19 lbs. 
Accuracy is generally better than ±2 per cent of 
full scale.

Herman H. Sticht Co., Inc., Dept. ED, 27 Park 
Pl- N.Y., N.Y.
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Far wider input 
Internal Resistance, 

typical (ohms) 
low voltage range 

middle range 
high range 

Ripple (mv) 
Time Constant (line) 

(load)

Universal Stabilized 
Amplifier

Printed Circuit

• 3 RANGES —FINE RESOLUTION • TUBELESS 
• LOW COST • CONTINUOUSLY VARIABLE

In Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment 
CIRCLE 161 ON READER-SERVICE CARD FOR MORE INFORMATION

Model
AC Input (60 ~ , 10) 

DC Output Voltage 
(three ranges)

Output Current (amps.) 
Regulation, line: 105-125 V



New ProductsCase History from the files of the Wincharger Corporation

problem: COMPLETELY REDESIGN 
AN AIRCRAFT ALTERNATOR 
TO MEET MISSILE WEIGHT 
AND SIZE REQUIREMENTS

Arc Resistance Tester 
10 Arc-current Steps

The Model ART-2 Arc Resistance! 
Tester is used in measuring resistance! 
of insulating materials to high-voltage 
arcs. The unit has the following arc 
current steps: 10/8, 10/4, 10/2,10,20 
30, 40, 60, 80 and 100 ma. A built-in 
timer indicates arc resistance time 
Readings are in five figures to 1/10 
sec. Calibrating electrostatic volt 
meters are built in and a milliammetei 
is provided with automatic switching 
to the proper range. Suppressed zero 
voltmeter is provided for extreme ac
curacy and the equipment is manu 
factured for operation by unskilled 
personnel.

Industrial Instruments, Inc., Dept 
ED, 89 Commerce Rd., Cedar Grove 
N.J.

CIRCLE 172 ON READER-SERVICE CARD

Short Circuit Analyzer 
Tests 1200 Circuits Per Min

When the Defense Department’s missile program 
went into high gear, Wincharger’s Research and 
Development Group was handed the problem of 
designing a much smaller, lighter, more compact 
Alternator. And, along with its smaller size, the 
Alternator still had to be absolutely reliable.

The happy result was a three-phase, 400 cycle 
Alternator in an extremely small package that uti
lized a ram-air turbine and magnetic amplifier 
regulator. The Wincharger-designed Alternator 
proved completely satisfactory in actual use.

If your work requires special purpose Alternators, 
Inverters, Dynamotors or other Power Supplies, 
bring your problem to Wincharger’s Research 
and Development Group. Their extensive exper
ience involving problems in all phases of these 
fields is your best assurance of a workable solution.

ALTERNATOR Bl 
^charger 

Specifications
Air-turbine driven. 
Output Voltage......................3 ph. 115/208 volts, 400

cycle, 600 watts.
Temperature Rise .... Minus 54° C to plus 74° C.
Static Temperature .... Minus 46°’C to plus 55° C.
Running Duty......................... Continuous.
R.P.M........................................ 8,000.

SPECIALISTS IN ROTARY ELECTRICAL AND ELECTRONIC DESIGN AND MANUFACTURE

ALTERNATORS ENGINE-GENERATORS DYNAMOTORS INVERTERS UNIVERSAL MOTORS RADIOS
RADIO CORPORATION

WINCHARGER CORPORATION
SIOUX CITY, IOWA

CIRCLE 178 ON READER-SERVICE CARD FOR MORE INFORMATION

A circuit analyzer that uncovers 
short circuits enables tests of 120(| 
different aircraft electrical circuits ini 
less than a min. Five seconds for even! 
100 circuits is required. In operatic;! 
any multiple circuit assembly I 
plugged into it. The operator pushes 
the starter button and electric curreml 
is passed in rapid succession through 
each circuit in the assembly. As each! 
circuit is checked, a light flashes oil 
the panel board which is perforated 
with anywhere from 100 to 1200 small 
lights, each representing a single cii 
cuit. If all circuits are working prod 
erly, the checker stops automatically 
at the end of the test.

In locating a reversed or open cir 
cuit, the checker stops at that circuit! 
and the light on the instrument panel 
board for that particular circuit i 
mains on, rather than flashing off. Ai 
override switch allows the operator ti 
continue the automatic testing d 
other circuits after he has recorder 
the trouble. The unit also determine 
immediately all of those circuits whit 
are involved in the trouble.

Republic Aviation Corp., Dept. ED! 
Farmingdale, N.Y.

CIRCLE 173 ON READER-SERVICE CARD
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Hi-temp Servo Motor

For Transistorized Operations
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A smaller and lighter high temperature contin- 
ous duty servo motor for transistorized operations 
as been made available. Type 8-5001-02 measures 
863 in. long x 0.750 in. od, weighs 1.2 oz., has an 
Derating temperature range of from —65 to 
-125 C and meets MIL-E-5272. Voltage is 40/20 
n control phase and 26 on fixed phase 400 cps. No 
>ad speed is 6500 rpm and still torque 0.15 oz-in. 
urnished with synchro mount and pinion type 
laft.
John Oster Mfg. Co., Avionic Div., Dept. ED, 
Main St., Racine, Wis.
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Oscillogram Reader

Accurate Data Reduction
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Data reduction is accomplished by essentially a 
bmbination of operations and applications with 
pis Oscillogram Reader. Either linear or non-linear 
fibration is possible without overlays. Curves may 

quickly and accurately traced. Editing, notating 
pd reading are all possible over the entire area of 
he exposed record. X and Y motions are separately 
mibitable. Opaque and translucent oscillograms 
hn be read in a point-to-point operation. Data is 
repared for either plotting, typing, tape perforat- 
hg or card punching. The equipment is incorpo- 
ated into a desk-type console 54 in. wide and 59 
p high and constructed of walnut and formica pan- 
Is on a metaMrame. The 12 x 24 in. exposed read- 
Pg area accommodates records 13 in. wide w:th 
। roll diameter of 6 in. Other technical specifica- 
ons include a 40-400 count per in. resolution, total 
ravel ±999 counts and accuracy calibrated to 
pO.01 in.
Telecomputing Corp., Dept. ED, 16217 Lind- 

pgh St., Van Nuys, Calif.
*CLE 77 ON READER-SERVICE CARD FOR MORE INFORMATION

1WÄECTRONIC DESIGN • August 15, 1957



THE BIG STICK

Since 1946, Martin engineering has placed special emphasis on the 
science of rocket and missile development.

It is because of this that Martin is now building a most potent and 
important weapon system—the ICBM Titan-an ocean-spanning mis
sile to back up the traditional American policy of peace with honor:

“Speak softly and carry a big stick!”

From this intercontinental peace protector to the world’s first satel
lite launching vehicle now nearing completion, Martin engineering is 
pioneering the new age of missiles and rockets.

If you are on the watch for tomorrow, watch Martin today.

>7 ti fm
BALTIMORE-DENVER ORLANDO



It’s just part the Victoreen story . . .

HIGH
STABILITY 

RESISTORS

+ 250 + 300

DEGREES CENTIGRADE

Victoreen Hi-Meg Resistor (top) 
and Victoreen Precision Encap
sulated Deposited Carbon Resis
tors (below).

High stability, exceptional accuracy and performance that easily 
exceeds the normal electrical specifications of MIL 10509C—even in 
high ambients to 300°C where more than normal life expectancy is re
quired. That’s the story, in brief, of Victoreen deposited carbon resistors.

Hi-Meg resistors have a car
bon-coated glass rod element, the 
ends of which are banded with 
silver for best electrical contact.

For the full story on Victoreen 
deposited carbon or Hi-Meg 

resistors, write for your free 
copy of Form 3025A.

Hi-Meg resistors are vacuum- 
sealed in a glass envelope treated 
with special silicone varnish to 
keep envelope moisture-free.

For the ultimate in accuracy, 
stability and long-time perform
ance, specify Victoreen precision 
resistors.

ATTENDING WESCON? Be sure to see Victoreen’»
engineers. They'll be waiting for you at Booth 407.

The 'ictoreen Instrument Company
Components Division 

5806 Hough Avenue, Cleveland 3, Ohio
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New Products
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670 Amp Power 
Junction

9.8 Per Cent Efficiency

Liquid-cooled germanium power junctions have 
been engineered for heavy power conversion. Six 
types are available in the range of 20 to 66 v rms. 
Conservatively rated at a maximum full load output 
current of 670 a, measured as rectified de a per 
junction in three-phase operation, these low-density 
junctions provide 98.5 per cent efficiency and will 
appreciably lower the power consumption of recti
fier equipment. Connected in a three-phase bridge 
circuit, six of these junctions will deliver 170 kw, 
2000 a at 85 v.

The junction measures 5 x 3-7/8 x 3-3/8 in. and 
features a copper housing cast around special alloy 
steel tubing for maximum cooling. Re-circulation of 
the cooling medium over an internal cooling area of 
52 sq in. in a volume of 48 cu in. provides a highly 
efficient heat exchanger, which makes it especially 
suited to the handling of heavy, continuous indus
trial loads. Water, oil, or other accepted coolants 
may be used.

International Rectifier Corp., Dept. ED, 233 Kan
sas St., El Segundo, Calif.
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Temperature 
Transducer

Moisture Proof

I °
LE

For surface temperature measurement, the silastic 
overmold of the Strapon permits usage in the pres
ence of radioactive fields, high humidity, water, 
alcohols, salts, oils, some acids, caustics and other 
substances that normally render temperature trans
ducers ineffective. It is offered as a re-usable and 
flexible supplement to the RdF Stikon.

Arthur C. Ruge Associates Inc., Dept. ED, Cam
bridge, Mass.
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We really don't grow them this way bl 
we do produce them diversified, abil 
dant, and of top Quality.

We get them to you promptly, bulks 
packaged, from a warehouse near yal 
Over one billion fasteners in stock!

From our wide range of sizes, heads, ' 
materials, we meet your most specio 
ized and unusual fastener requirement 
Write, on your company letterhead, M 
free samples and Stock List. -I 
1360-ED, Statesville, N. C.

Wood Screws • Machine Screws & Nuh 
A, B & F Topping Screws • Dowel Screws 
Wood & Type U Drive Screws • S 
Bolts • Roll Thread Carriage Bolts

Hanger Bolts

WAREHOUSES:
NEW YORK • CHICAGO • DALLAS • LOS AN6^
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Vacuum Gages

Thermocouple and 
Ionization Types

15 Amp Switch 

3-Oz Actuation

Send for 4-page brochure 
presenting the properties 
of 15 infrared transmit
ting materials, and tech
nical data bulletin on 
Servotherm Heat Detec
tor Cells and Accessories. 
Address your request to 
Dept. J J-2.

Can Servofrax be coated?
Special low reflecting coatings 
increase transmission to over 
90% for selected wavelengths 
between 1 and 8 microns.

What are some of the chemical prop
erties of Servofrax?

Servofrax is a homogenous red 
glass that is stable, non-toxic, 
non-corrosive. It is easy to main
tain. To clean, wash in ordinary 
tap water and dry with common 
lens tissue.

SERVO 
CORPORATION 

D F AMERICA

...to Answer Questions 
About Infrared Glass 
Lenses and Windows

red Glass, manufactured by Servo Corpo
ration of America. Symbol AS2S3, thickness 
of sample 2mm.
What is the long wavelength trans
mission limit of Servofrax infrared 
glass?

It can be used in applications to 
12 microns.

What are the maximum sizes, the 
shapes in which Servofrax is avail
able?

The sizes in which Servofrax 
can be fabricated are limited 
only by design considerations. 
Servofrax is stocked in several 
standard window shapes and 
sizes. Special shapes and sizes, 
whether lenses, corrector plates, 
prisms, one-piece domes, 
wedges, or windows are avail
able on special order to meet 
your special needs.

Where is Servofrax being used?
It is used in many infrared mil
itary weapons systems, and the 
Servotherm«1 pyrometers and 
thermistor bolometers manufac
tured by Servo Corporation. It 
is ideal for gas analyzers and 
spectrometers. Servofrax is 
adaptable to any infrared detec
tion and control device.

Staff Engineer

Class 4 TyniSwitches are designed for ganging 
and have a choice of operating forces from 3 to 12 
oz on the pin. They are available with solder, screw, 
standard spade or junior tab terminals. Under
writers’ Lab. listed at 15 a, 125 to 250 v ac. Il
lustrated is the Class 4 SR-spring leaf and roller 
actuated model. There are three other models, BP- 
pin actuated, SL-spring leaf actuated and RR-rotary 
actuated.

Detroit Controls Corp., Dept. ED, TyniSwitch 
Dept., 800 Union Ave., Bridgeport, Conn.
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«

20-20 Jericho Turnpike, New Hyde Park. L. I., N.Y. |
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The TG-025 is a single-station, panel-mounted 
thermocouple vacuum gage. It operates on two size 
D flashlight batteries contained within its housing. 
Two terminals are provided on the bottom of the 
instrument for connection to an external battery 
power supply. The range of the TG-025 from 0 to 
1000 microns Hg of dry air pressure is covered on 
one non-linear scale, with 5 microns the smallest 
indicated marking. The pressure range from 0 to 60 
microns Hg extends over more than half of the 
entire scale.

Another vacuum gage, the GIC-100, is an ioniza
tion type which gives continuous pressure readings 
on eight linear ranges from 1 x 10 8 to 2 x 1018 mm 
Hg. This instrument has been designed to control, 
read, and degas any type of commercially available 
ionization tube. The emission control is variable 
over a continuous linear range from 25 pa to 20 ma 
and is regulated throughout the range to ±2 per 
cent. This enables the operator to control the 
sensing tube at a greatly reduced emission current, 
resulting in reduced ion pumping and x-ray effects. 
Tube degassing by both resistance and electron 
bombardment is provided. The degassing current 
is variable, and pressures can be read continuously 
while the tube is degassing.

Consolidated Electrodynamics Corp., Dept. ED, 
300 North Sierra Madre Villa, Pasadena, Calif.
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It’s just partwf the Victoreen story...

Victoreen Corona type 
Voltage Regulators are 
approved by the military.

REGULATORS

an entirely new -
concept in

power supply regulation with

CORONA TYPE

VOLTAGE

Superior voltage regulation and 
greatly extended current ranges— 
that’s part of the Victoreen story. 
But it doesn’t stop there. Use of 
these new glass or metal corona 
regulators means you can elimi
nate complex circuitry regulators. 
Fail-safe feature gives protection 
not afforded by other forms of 
regulators.

Improved Regulation results 
from new electrode structures and 
improved processing for greater 

dynamic resistance, greater pro
tection, simplified circuits.

I mproved Current Rating 
increases scope of applications.

Improved Life Expectancy 
results from even better process
ing, even more rigid selection 
of materials.

1 mproved Ruggedization 
means these regulators withstand 
more rigorous adverse environ
ments longer.

AA-M21

Get the full story 
on the new 
Victoreen voltage 
regulators.
Write for your free 
copy of Form 
3003-7 today.

ATTENDING WESCON? Be sure to see 

Victoreen's engineers. They'll be waiting 

for you at Booth 407.

wtoreen Instrument Company
Wr Components Division

5806 Hough Avenue, Cleveland 3, Ohio
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UNRETOUCHED PHOTO 
3 TIMES ACTUAL SIZE
Talk about precision! This tiny nickel and 
rhodium plated board ot epoxy glass for 
a micro timing switch is accurately etched 
to a minimum path width of 0 0035 with 
a minimum distance between paths of 
0.0025 . This is typical of precision pro
duction by the Bureau.

Let the Bureau solve
your etched wiring problems
Whatever your needs in boards . . . routine or extraordinary . . . 
custom quantities or hundreds of thousands . . . the Bureau offers 
you the complete service. Bureau engineers are fussy about specifi
cations. You get the accuracy and quality control you need. Bureau 
engineers appreciate deadlines. You receive delivery as ordered.

We offer the following services...
Drafting Silk Screening
Photoetching Post Forming
Tool Design Custom
Fabrication Laminating
Flushing Through-hole

Plating

Write! Wire! Phone! Let the

Electroplating 
Solder 
Copper 
Nickel 
Rhodium 
Gold 
Silver

Bureau help you!

8-Page Booklet No. 130
Come along on a photo tour of the 
Bureau's fully-equipped research 
laboratory and factory facilities 
for the quantity production of 
etched wiring bonrds.

Industrial Division

Bureau of E INC
504 SOUTH 4th STREET 

MINNEAPOLIS 15, MINN.
FEderal 9-8721
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New Products

JU
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Miniature Clinch 
Nuts

Flush Mount in Thin 
Stock

JJC
2

The self-locking clinch nuts with a shank design 
that permits flush installation in stock as thin as 0.03 
in. have been developed for applications having 
limited space allowances. Type NCFM clinch nuts 
are designed with special nylon locking inserts for 
temperatures up to 350 F, while Type LHCFM fea
tures an all metal nut with an elliptical crown lock
ing device for use up to 550 F. Both types require 
only two shank lengths for flush mounting installa
tion in material ranging in thickness from 0.03 to 
0.06 or 0.06 and above. Thread sizes designed for 
both types of miniature clinch nuts are 2-56, 4-40, 
6-32, 8-32, 10-24, 10-32, 1/4-20 and 1/4-28. The nuts 
are made of cadmium plated steel and meet appli
cable performance requirements of AN-N-5/AN-N- 
10 and MIL-N-25027.

Elastic Stop Nut Corp, of America, Dept. ED, 
Union, N.J.
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Teflon Cable Clamps 

High Durability

These cable clamps fabricated from Teflon give 
excellent performance under the most severe service 
conditions according to the manufacturer. The 
clamps are tough and flexible besides having the 
insulating qualities of Teflon. The clamp is chemi
cally inert, non-adhesive and heat resistant over a 
wide temperature range. It is immune to the effects 
of weathering and seasonal change even in installa
tions where direct and constant exposure occurs. 
The clamp offers little friction and the water 
absorption is rated at zero.

Weckesser Co., Dept. ED, 5701 Northwest Hwy, 
Chicago 30, Ill.
CIRCLE 192 ON READER-SERVICE CARD FOR MORE INFORMATION

TUR BO JET PRODUCTS CO. is n 
in production on relay type coils t 
operate efficiently at — 90 ° to +5 
F. ambients. This unprecedented te 
perature range is made possible 
100% Teflon* construction. Coils 
non-gassing.

Any size down to sub-miniature is fe
ble. We use Teflon wire as small as # 
AWG.

More ampere turns. Tur-Bo Jet’s n 
coil design establishes a new maximu
— previously unattainable —in spa 
factor. This enables us to get mo 
copper onto a winding without incre 
ing your present dimensions. In m 
cases, we can give you more amp 
turns than you are now getting.

Write for bulletin HT. Or send us y 
specifications.

Tur-Bo Jet also winds to class A, B 
and C requirements.

•|)UPONT TRADE*

tur-bo ¡e
products co., i

424 S. San Gabriel B
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GRAY CODE

LIBRASCOPE
SHAFT POSITION-TO-DIGITAL
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Equipped with ANTI-AMBIGUITY 
DOUBLE BRUSH PICKOFFS

Useful in a wide variety of applications, 
including digital aircraft and missile 
controls, machine tool controls, digital 
readout from strip chart recorders, and 
as the modulator and de modulator in 
pulse-code modulated radio links.

binary

b is teas
II as #

Jet's ne 
naxiiw 
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get moi 
t increa 
. In mo 
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GRAY CODE model - Capacity of 8 
binary digits (single brush pickoff).
BINARY MODEL-Capacity of 7 to 19 
binary digits.
BINARY CODED DECIMAL MODEL
Capacity range from 0-1999 to 0-35,999.

Units for special codes or 
capacities are built to meet 
specific requirements.

SHOCK ENDURANCE................................ 20g
TEMPERATURE RANGE..-50° to 83°C min.
CODE DISCS 
PICKOFFS..

rotation

...Rhodium plated phenolic 
.......... Multiple wire brush. 

Two pickoffs/channel 
Continuous, either direction.

s A, B, RUGGED-NON-MAGNETIC-LONG LIFE 
MAY BE READ WHILE IN MOTION

NT TRADE!"1 SPECIAL CONVERTERS DESIGNED TO MEET 
YOUR INDIVIDUAL PROBLEMS

¡el
CO., i« 

iriel 
riel, Co* 

:e card

5, I’i

Send for illustrated brochure

** 'IIBRASCOPE
A SUBSIDIARY or GENERAL PRECISION EQUIPMENT CORPORATION

808 estern Avenue • Glendale, California
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Rotary Lock Switch

20 Amp, 125 V

Capable of handling heavy loads, these switches, 
with silver plated contacts, are available in single 
pole quad break. Operated by turning a key in a 
Corbin pin tumbler lock, they assure that circuit 
control will be kept in the proper hands. Included 
in the line of 20 amp, 125 v switches are switches 
with flush plates and screw caps for switch control 
in locations exposed to dampness and other atmos
pheric conditions.

The Arrow-Hart & Hegeman Electric Co., Dept. 
ED, Hartford, Conn.
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BINARY
CODED DECIMAL

Linear Variable 
Differential 
Transformer

1.2 In. Linear Range

This linear variable differential transformer pro
vides a core assembly which is completely separate 
from the transformer and is attached by the user to 
the source of motion. The unit offers a linear range 
of ±0.6 in. from null position of core, total linear 
travel of 1.2 in., linearity within 0.5 per cent of 
nominal output at 0.6 in., and ambient temperature 
range of —65 to 4-225 F. The output, at 10 v cps 
input into a 0.5 megohm load, is 6.4 v at 0.6 in. dis
placement. The primary impedance is 90 ohms, the 
differential secondary impedance is 155 ohms. The 
complete assembly weighs 95 gms.

Schaevitz Engineering, Dept. ED, P.O. Box 505, 
Camden 1, N.J.
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In transistor applications 
where size and cost are 
primary factors

Regular disc 
capacitor

Centralab 
Ultra-Kap

New Centralab 
ULTRA-KAI»* 

outperforms much larger 
and higher-priced components
A radically new approach to a ceramic disc capacitor that combines 
unusually high capacity with small physical size.
Has stable capacity curve over wide temperature range. Capacity vs. 
temperature: ±:25% over+10°C to +85°C.
Ideal for by-pass in transistorized applications.

Costs far less than electrolytic and tantalytic capacitors of equal or 
greater capacity.

DIAM. MAX. THICKNESS CAPACITY MFD. TOLERANCE

1/4"
3/8"
9/16
3/4"

.156" 

.156"

.156" 

.156"

GMV 
GMV 
GMV 
GMV

Write us for further information. Or have the nearby Centralab 
representative tell you more. If you don’t know who he is, ask us 
for his name.

♦Trademark

Centralab
See us at the 

WESCON SHOW 
August 20-23 
San Francisco 
BOOTH 2701

A DIVISION OF 
QLOBE-UNION INC

? 902H E. Keefe Ave.
Milwaukee 1, Wis.

In Canada:
804 Mt. Pleasant Road 
Toronto, Ontario
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NEW PHAOSTRON 

EXPANDED SCALE 
AC Voltmeter

VOLTS

O»

NOWI... all the time-tested

proven Phaostron features

PLUS UP TO TEN TIMES

Available now from 
distt ibutors in 90V 
to 130V Range, 
AC Rectifier Type 
in all custom 
styles and sizes

GREATER READABILITY 
for greatly increased 

accuracy!

3Vi" or 4W 
rectangular meter

VOLTS

b" 
rectangular 
meter

2W 
or 3 Vi" 
round 
meter

All meters available with illuminated 
dial on special order

Phaostron has squeezed down that 
under 90V portion of the scale, 
where you don’t need it, and 
expanded the section where you 
need it most—between 90 and 130V. 
Precisely calibrated 1 volt scale 
increments provide greater reading 
accuracy. Wide frequency range- 
linearity—true rms reading and 
Phaostron craftsman construction.
Phaostron Custom Panel Meters, with 
expanded scale, 90V to 130V AC rms, 
are available in nine types at your 
Parts Distributor. For special require
ments for AC or DC expanded scale 
meters, write to Product Development 
Dept, for practical recommendations.

.PHAOSTRON
PHAOSTRON INSTRUMENT A ELECTRONIC CO., 151 PASADENA AVE., SOUTH PASADEHA, CALIF. 
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New Products

POST»OPK

DOUBLE TURRET SUBMINIATURE
FEED THROUGH

Precision DC Power Supply 

0.005 Per Cent Regulation

GET THE EXACT 
TERMINAL YOU NEED

STANDOFFS

Model 301C power supply is primarily designed 
for laboratory functions where stability and reg
ulation are a requisite. Specifications of the 301C 
are as follows: output voltage of 1.02 to 1012 v de, 
output current of 0 to 400 ma, regulation vs line of 
0.005 per cent or 1 mv for 10 per cent line voltage 
change, regulation vs load of 0.005 per cent or 1 
mv for 200 ma load current change, stability of 
0.005 per cent per hr after short warm up, voltage 
resolution of 0.5 mv at any output voltage via 0.11 
v vernier, and a calibration accuracy of ±0.1 per 
cent or 2 mv.

John Fluke Mfg. Co., Inc., Dept. ED, 1111 W. 
Nickerson St., Seattle 99, Wash.
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SINGLE TURRET

FROM THE LARGEST 
STANDARD and CUSTOM 
LINE AVAILABLE...
Over 100 varieties are furnished as stand’ 
ard. This includes a full range of types, 
sizes, body materials and plating combina
tions. Specials can be supplied to any spec
ification. The Whitso line is complete to 
the fullest extent of every industrial, mili
tary and commercial requirement.

Strain Gage Power 
Supply

Response of 0.2 Sec Max
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Having tubeless construction, Model 562 provides 
a de output of 5 v at 1 a, and an ac input of 105- 
125 v, single phase, 380-420 cps. The power supply 
has an excellent response time of 0.2 sec max, with 
a voltage regulation of ±0.1 per cent for line fre
quency of ±0.5 per cent from 20 per cent full load 
to full load.

The unit is hermetically sealed and has a glass 
seal color-coded header for identification. The duty 
cycle is continuous, with the controls for voltage ad
justment potentiometer mounted externally. Dimen
sions are 5x5x4 in., and it may be mounted in any 
position. Weight of the unit is 6-1/2 lb.

Perkin Engineering Corp., Dept. ED, 345 Kansas 
St., El Segundo, Calif.

Standoff terminals include fork, single anc 
double turret, post, standard, miniatureand 
sub-miniature body types- male, female« 
rivet mountings—molded or metal bar. 
Feed through terminals are furnished stand
ard or to specification.

Whitso terminals are molded from meh 
mine thermosetting materials to providt 
optimum electrical properties.

Body Materials: Standard as follows—mela
mine, electrical grade (Mil-P-14, Typt 
MME); melamine impact grade (Mil-P-U 
Type MM I); and phenolic, electrical grad« 
(Mil-P-14, Type MFE).

Plating Combinations: Twelve terminal a® 
mounting combinations, depending on elec
trical conditions, furnished as standard

Specials: Body materials and plating com
binations. also dimensions, can be supplied 
to any custom specifications.

PROMPT DELIVERY IN ECONOMICAL
QUANTITY RUNS

WHITSO, inc
9326 Byron Street, Schiller Pork, Illi» oh

iChicogo Suburb!
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Get facts on the most com
plete, most dependable 
source for terminals 
and custom molded 
parts. Request 
catalog.
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th Mechanical Limit 
Stop

For Servo Systems

• Linear torque-voltage characteristics 
• Linear torque-speed characteristics 
• Withstand continuous stalling
• High torque efficiency

Guaranteed 
shipment 
within 1O days 
for these units:

(Subject to prior sale)
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* s 1PRECISION 1

SERVO
MOTORS

WATTS CYCLES
VOLTAGE

SUPPLY CONTROL J

Vi 400 115 180
1V2 60 115 180
2Vi 60 115 115
5 60 115 115 I
5 400 115 115
5 60 115 250/250 1
5* 60 115 250/250
5 400 115 250/250
5* 400 115 250/250 1

10 60 115 115
10 400 115 115
10 60 115 250/250 1
10 400 115 250/250 I
10** 400 115 57.5/57.5 »

•Have double shaft extemion (all other* are single). 
••Designed for mag-amp systems.

Mail this coupon to:

FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Ave., Long Island City 1, N. Y.

Attention: Component Sales

OR, call or wire R. Banka for prices 
(STillwell 4-9000, Ext. 513).
D Please send me prices on the 
motors I have circled above.

Please send me fully 
illustrated data bulletin giv
ing specifications and per
formance information.

DN

servo

Name_____

Position_  

'empany. 

Street

I

The miniature mechanical limit stop may be di
rectly incorporated into production servo systems 
without the need of special mounting hardware. 
Contained in a size 11 synchro housing, the limit 
stop is the lead screw type permitting a total travel 
of 40 revolutions. For ease of adjustment, it can be 
continuously set over its full range without removal 
from the mechanical system. Leaf spring stops pro
tect delicate components and gears from jarring 
halts, without sacrificing the advantages of a posi
tive mechanical stop.

Reeves Instrument Corp., Dept. ED, 207 East 91 
St., New York 28, N.Y.
CIRCLE 206 ON READER-SERVICE CARD FOK MORE INFORMATION
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5-lnch Oscilloscope
20 mv/in. Sensitivity

o
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The Model 685 oscilloscope incorporates ac and 
de amplifiers, de to 750 kc response, and 20 mv rms 
per inch sensitivity. The medium band amplifiers 
and high pulse response rate permit accurate meas
urements in the study and interpretation of modu
lation, phase relations, voltage amplitudes and 
distortion. A maximum full screen vertical and 
3 times full screen horizontal deflection is allowed 
without low or high frequency distortion on the 
screen. Vertical gain control provides a non-fre- 
quency discriminating 10 to 1 gain. Both vertical 
and horizontal attenuators are frequency compen
sated in decade steps from 1 to 1 through 1000 to 1. 
Vertical attenuator has a fixed voltage calibration 
of 0.1 v peak-to-peak.

The illuminated, calibrated screen is backed with 
a green filter to reduce incidental reflections and 
permit more accurate measurements. The illumina
tion brightness is adjustable and an astigmatic focus 
control provides undistorted trace sharpness. An 
additional circuit feature is a dual fuse protection 
whereby both B4- and the line are fused for addi
tional safety.

Hickok Electrical Instrument Co., Dept. ED, 
10581 Dupont Ave., Cleveland 8, Ohio.
CIRCLE 207 ON READER-SERVICE CARD FOR MORE INFORMATION
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ENGINEERED FACILITIES

FOR HIGH RELIABILITY 
RESISTOR PRODUCTION ONLY!

(Environmental production letting optional, but recommended}

• Hermetically Sealed Deposited Carbon Resistors • Sealed Resistor Networks

• Encapsulated Precision Wire Wound Resistors

MEPCO INC., MORRISTOWN, NEW JERSEY
CIRCLE 208 ON READER-SERVICE CARD FOR MORE INFORMATION

#3 IN A SERIES

Puzzled by that metal-joining problem?
norris-thermador’s NORTHAM DIVISION WAS-on how 

to join NuMetal to cold rolled steel in accelerometer armature 
assemblies, with thicknesses ranging from .004 to .006. They succeeded 

with the help of a Weldmatic stored-energy welder... which may 
be the answer to your problem, too. Write for complete literature.

WELDMATIC
division of unitek corporation

260 North Halstead Avenue • Pasadena, California 
sales engineering representatives in principal cities 

Visit our Booths #805-806
WESCON Show

CIRCLE 209 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products
Electron Tube Analyzer

1

mHDnETICS ¡nc c

CABLE: Magnetics

94

Magnetic DC Signal 
Amplifier

Powered by 28 V DC

v, 
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Measures Transconductance

Electron Tube Analyzer, Model 725 features a 
true transconductance measurement to an accuracy 
of 3 per cent. Transconductance can be measured 
to 30,000 micromhos. Plate and screen voltages 
from 0-300 v are available. Grid and suppressor 
supplies cover ranges to ± 150 v. Plate currents 
up to 150 ma, screen currents to 50 ma, suppressor 
and grid currents have maximum current rating oi 
10 ma. Grid currents that are as low as 1 ua can be 
measured.

Laboratory for Electronics, Inc., 75 Pitts St, 
Boston 14, Mass.

CIRCLE 397 ON READER-SERVICE CARD FOR MORE INFORMATION

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

Bulletin PC-103 gives you detailed information, and the Powder Core 
Color-Coding Card guides your assemblers and others with production
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Designated the Micromag MMO-528, this unit 
features a built-in transistor oscillator which gen 
erates its own frequency, enabling operation from 
a de source. The unit is therefore free from the 
variations normally present when excitation is pro
vided by an ac line supply. Input is electrically 
isolated from the output. A built-in voltage regula
tor eliminates the need for a separate power supply 
Having a voltage gain of 500, the MMO-528 
achieves 5 v de output from 10 mv de input signal 
Designed for amplification of signals from thermo
couples, strain gages and similar low-level trans
ducers, the amplifier has virtually no zero drift and 
is temperature compensated from 0 to 60 C, which 
can be extended to 85 c on request. The unit is 
potted and hermetically sealed and is designed to 
meet MIL-E-5272A.

Magnetic Research Corp., Dept. ED, Sales E 
gineering Dept., 3160 W. El Segundo Blvd

responsibility. Why not write for your copies today? Magnetics, Inc., Dept. ED-35. Hawthorne, Calif.
CIRCLE 286 ON READER-SERVICE CARD FOR MORE INFORMATION
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CIRCLE 398 ON READER-SERVICE CARD FOR MORE INFORMATION
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Non-linear Computing Component

NEW miniature switchFunction of Two Variables

PANEL

as a
where the height of each pole SWITCH SECTION IS ONLY 1/16" THICK

ts St,

NATION

LOW-CURRENT ROTARY SWITCH

UP TO 18 CONTACTS PER SECTION

y oc SHAFT. STAN DAR

LOW CAPACITANCE

ÍO-52S

CIRCLE 214 ON READER-SERVICE CARD FOR MORE INFORMATIONIMATION
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FITS IN 1-3/32" CIRCLE

ELECTRONIC DESIGN • August 15, 1957

MINIMUM SPACE BETWEEN SECTIONS— 

5/16" WITH CLIPS ON FRONT AND BACK

Called the Function of Two Variables, Model 
F2V provides an output voltage which is an arbi
trary function of two independent varying input

is unit 
h gen

SAME HIGH QUALITY AND 
RELIABILITY AS LARGER OAK SWITCHES

V MINIMUM DEPTH BEHIND PANEL 
' ONLY %" FOR A

I SINGLE-SECTION SWITCH

1260 Clybourn Avenue, Dept. D Chicago 10, Illinois 

Phone: MOhawk 4-2222
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Here’s new help in the battle of miniaturiza
tion. This tiny switch can pare critical spaee 
and weight from your designs. The large num
ber of contacts it provides enables you to han
dle complex circuits, too. The clips on the 
Series “A'* are a miniature version of the fa
mous Oak double-wiping design—long accept
ed as the standard of the industry for reliability 
and long life. Oak engineers will be glad to fur
nish complete information, and work with you 
in developing the exact variation you need.

Clips—Solid spring-silver alloy or silver-plated spring 
brass, fastened by solid rivets.

Insulation—Stator is silicone fiber glass, meeting speci
fication MIL-P 997 type GSG; rotor is KFL-F^, known for 
its excellent mechanical and electrical properties.

Finish—Commercial or 50 and 200-hour salt spray.

Write on Company Letterhead for 

a Copy of the Oak Switd Catalog

curves is produced with 
both directions. This sur-ires a 
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This redesigned PowRarm Work Positioner is 
now available for assembly, welding or bench posi
tioning. All models operate on the ball point prin
ciple, and lock firmly in any position. With the use 
of various holding fixtures, many types of work can 
be held in any position the operator desires. The 
unit features an operating handle with a bakelite 
knob mounted well above bench top level. All steel 
parts are cadmium plated to eliminate rust and 
corrosion. A' heavy duty finish has been applied, 
consisting of a zinc chromate primer with an air
craft gray enamel finish. Five models are available 
with rated holding power of 5 lb up to 1000 lb.

Wilton Tool Mfg. Co., Inc., Dept. ED, 9525 
Irving Park Rd., Schiller Park, Ill.
r »CLE 213 ON READER-SERVICE CARD FOR MORE INFORMATION
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Swivel Positioner 
and Work Holder

Five Sizes, 5-1000 Lb 
Capacity

justable between ±50 v. This computing component 
fills a need for an instrument capable of providing 
instantaneous solutions for problems in data reduc
tion and computing involving functions of two vari
ables. Extensions of the principles involved make 
possible functions of 3 or more variables.

Specifications include: Input range; x = 0 to -f-50 
v, y= 0 to + 50 v. Output range; —50 to -f-50 v. 
Impedance; less than one ohm. Allowable load im
pedance, 30 K minimum. Power requirements; 300 v 
de at 150 ma, 115 v ac 50-60 cps or 150 w. Rack 
mounted. Dimensions; 19 x 8-1/8 x 16 in.

George A. Philbrick Researches, Inc., Dept. ED, 
230 Congress St., Boston 10, Mass.
CIRCLE 212 ON READER-SERVICE CARD FOR MORE INFORMATION

SPECIFICATIONS
Index—Double ball bearing, hill and valley type with 
stainless steel spring. Fixed and adjustable stops, and 
locating key available.

Shafts and Bushings—14" shaft with 3/s-32 bushing 
is standard; 5/32 shaft with %-32 bushing and 
shaft with %-32 bushing can be supplied also. Water 
seal bushings optional.

Sections—8, 10, or 1 2-position, stacked in any number 
up to a total depth of three inches. The 1 2-position sec
tion provides up to 18 insulated contacts—12 on front, 
6 on back. No insulating blocks are needed on back.

Poles
B-Position 10-Position 

(36e throw)
12 -Position
130 throw)(45° throw)

1 pole 2 to 8 2 to 10 2 to 12
2 poles 2 to 4 2 to 5 2 to 6

3 poles 2 to 3 2 to 4 2 to 5

4 poles 2 2 to 3 2 to 3

5 poles • 0 2 2

6 poles • • . . . 2



Magnetics, Inc. makes Ilie

performance-guaranteed
permalloy powder core

New Products
Electron Tube Analyzer

Measures Transconductance

Electron Tube Analyzer, Model 725 features a 
true transconductance measurement to an accuracy 
of 3 per cent. Transconductance can be measured 
to 30,000 micromhos. Plate and screen voltages 
from 0-300 v are available. Grid and suppressor] 
supplies cover ranges to ± 150 v. Plate currents 
up to 150 ma, screen currents to 50 ma, suppressor 
and grid currents have maximum current rating of 
10 ma. Grid currents that are as low as 1 ua can be 
measured.

Laboratory for Electronics, Inc., 75 Pitts St, 
Boston 14, Mass.

CIRCLE 397 ON READER-SERVICE CARD FOR MORE INFORMATION

Magnetic DC Signal 
Amplifier

Powered by 28 V DC

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

Bulletin PC-103 gives you detailed information, and the Powder Core 
Color-Coding Card guides your assemblers and others with production 
responsibility. Why not write for your copies today? Magnetics, Inc., Dept. ED-35.

CIRCLE 286 ON READER-SERVICE CARD FOR MORE INFORMATION
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Designated the Micromag MMO-528, this unit 
features a built-in transistor oscillator which gen 
erates its own frequency, enabling operation from 
a de source. The unit is therefore free from the 
variations normally present when excitation is pro
vided by an ac line supply. Input is electrically 
isolated from the output. A built-in voltage regula
tor eliminates the need for a separate power supply 
Having a voltage gain of 500, the MMO-528 
achieves 5 v de output from 10 mv de input signa! 
Designed for amplification of signals from thermo
couples, strain gages and similar low-level trans 
ducers, the amplifier has virtually no zero drift and 
is temperature compensated from 0 to 60 C, which 
can be extended to 85 c on request. The unit is 
potted and hermetically sealed and is designed to 
meet MIL-E-5272A.

Magnetic Research Corp., Dept. ED, Sales Ed 
gineering Dept., 3160 W. El Segundo Blvd 
Hawthorne, Calif.

CIRCLE 398 ON READER-SERVICE CARD FOR MORE INFORMATION
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Non-linear Computing Component

Function of Two Variables

Called the Function of Two Variables, Model 
F2V provides an output voltage which is an arbi- 

I trary function of two independent varying input 
■ voltages. A family of curves is produced with 
I smooth interpolation in both directions. This sur- 

"■urac ■ -ace m vjsuaiizej as a tent with 36 poles 
, ■where the height of each pole is individually ad- 

I justable between ±50 v. This computing component 
)n sso B fills a need for an instrument capable of providing 
irrents ■ |nstantaneous solutions for problems in data reduc- 

I ^°n and comPu^n§ Evolving functions of two vari- 
Babies. Extensions of the principles involved make 

e 11 possible functions of 3 or more variables.
11 Specifications include: Input range; x = 0 to +50 

ts ^Bv, y= 0 to + 50 v. Output range; —50 to +50 v.

1 1 Impedance; less than one ohm. Allowable load im- 
mationH pedance, 30 K minimum. Power requirements; 300 v 

■ de at 150 ma, 115 v ac 50-60 cps or 150 w. Rack
■ mounted. Dimensions; 19 x 8-1/8 x 16 in.

George A. Philbrick Researches, Inc., Dept. ED,
■ 230 Congress St., Boston 10, Mass.
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Swivel Positioner 
and Work Holder

Five Sizes, 5-1000 Lb 
Capacity

NEW miniature switch....

PANEL

FITS IN 1-3/32" CIRCLE

juV MINIMUM DEPTH BEHIND PANEL- 
V ONLY %" FOR A 
J b SINGLE-SECTION SWITCH

SWITCH SECTION IS ONLY 1/16" THICK

H MINIMUM SPACE BETWEEN SECTIONS- 
< zp 5/16" WITH CLIPS ON FRONT AND BACK

nzwKjnKLi
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LOW-CURRENT ROTARY SWITCH

t UP TO 18 CONTACTS PER SECTION

w SHAFT, STANDARD

LOW CAPACITANCE

►
 SAME HIGH QUALITY AND 
KIUAUUTY AS LARGE» OAK SWITCHES

SPECIFICATIONS
Index—Double ball bearing, hill and valley type with 
stainless steel spring. Fixed and adjustable stops, and 
locating key available.

Shafts and Bushings-’//' shaft with %-32 bushing 
is standard; 5/32" shaft with %-32 bushing and ’A" 
shaft with ’A-32 bushing can be supplied also. Water 
seal bushings optional.
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This redesigned PowRarm Work Positioner is 
| now available for assembly, welding or bench posi- I tioning. All models operate on the ball point prin- I ciple, and lock firmly in any position. With the use I of various holding fixtures, many types of work can 

be held in any position the operator desires. The 
_ unit features an operating handle with a bakelite I knob mounted well above bench top level. All steel 

parts are cadmium plated to eliminate rust and I corrosion-. A' heavy duty finish has been applied, I consisting of a zinc chromate primer with an air- I craft gray enamel finish. Five models are available I \v:th rated holding power of 5 lb up to 1000 lb.
Wilton Tool Mfg. Co., Inc., Dept. ED, 9525 

I Irving Park Rd., Schiller Park, Ill.
I C KCLE 213 ON READER-SERVICE CARD FOR MORE INFORMATION

Here’s new help in the battle of miniaturiza- 
tion. This tiny switch can pare critical space 
and weight from your designs. The large num
ber of contacts it provides enables you to han
dle complex circuits, too. The clips on the 
Series WA” are a miniature version of the fa
mous Oak double-wiping design—long accept
ed as the standard of the industry for reliability 
and long life. Oak engineers will be glad to fur
nish complete infuimation, and work with you 
in developing the exact variation you need.

Sections—8, 10, or 12-position, stacked in any number 
up to a total depth of three inches. The 12-position sec
tion provides up to 18 insulated contacts—12 on front, 
6 on back. No insulating blocks are needed on back.

Poles
8-Position 

(45° throw)
10-Position 
(36° throw)

12-Position 
(30° throw)

1 pole 2 to 8 2 to 10 2 to 12

2 poles 2 to 4 2 to 5 2 to 6

3 poles 2 to 3 2 to 4 2 to 5

4 poles 2 2 to 3 2 to 3

5 poles • • • 2 2

6 poles . .. . . . 2

Clips—Solid spring-silver alloy or silver-plated spring 
brass, fastened by solid rivets.

Insulation—Stator is silicone fiber glass, meeting speci
fication MIL-P-997 type GSG; rotor is KEL-F®, known for 
its excellent mechanical and electrical properties.

Finish—Commercial or 50 and 200-hour salt spray.

Write on Company Lett» hoaa for 

a Copy of the Oak Switch Catalog OAK
1260 Clybourn Avenu», Dept. D, Chicago 10, Illinois 

Phon»: MOhawk 4 2222

CIRCLE 214 ON READER-SERVICE CARD FOR MORE INFORMATION
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MCM-HMMS 
ABSTRACTS

by A. N. DANIELS, President 
New Hampshire Ball Bearings,

BEARING FITS AND 
FITTING PRACTICES

Inc.

As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter.

Hauling Diameter

Bearing OD

Shaft Diamatar

FIGI Bearing ID

The achievement ot the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di
ameters. In this block diagram, it will 
be noted, the bearing ID is represent
ed by a .00015 tolerance with a simi
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown.

If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored.

With regard to bearings’ outside 
diameters and bores, however, nor
mality of the distribution curve can
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu
tions for bearing ID’s and OD’s in 
the direction of most metal.

In grinding and finishing shafts 
and housings, similarly skewed dis
tributions occur.

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used.

J 2500 .12495 .12490 .12485 Shaft OD

— Bearing ID 

FIG.2
.12485 .12480 .12475 .12470

An interference fit not tighter than
line to 
lowing 

1. 
2.

3.
4.

line is suggested for the fol
reasons:
Difficulty in assembly.
Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction.
Reduction in radial play.
Danger of bearing ring con
forming to possible poor ge
ometry of mating shaft or 
housing.

MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow
ing factors must be considered:

1. The galling characteristics, 
hardness and ductility of the 
materials involved.

2. Finish lay patterns produced 
by various tools and tech
niques used.

3. R M S surface finish values 
achieved.

4. Geometry of shafts and hous
ings as regards out-of-round
ness, taper, etc.

The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook.

TOLERANCE DISTRIBUTION
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi
mum tight fit of line to line. The 
looseness may be reduced by redimen
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3.

.12500 .12495 .12490 .12485 Shaft OD___

DESIGNERS HANDBOOK 
FREE TO ENGINEERS

If you work with miniature bearings, 
you’ll find this new, 70 page authori
tative publication a great help in solv-

— Bearing ID

FIG.3
.12490 .12485 .12480 .12475

ing problems in de
signing instruments 
or small electro-me
chanical assemblies.

It will be sent 
free to engineers, 
draftsmen and pur
chasing agents. 
Write to:

Miera-iMria«*

NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE
CIRCLE 216 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

The example in point: power measure
ment and voltage control.

Photomultiplier 
Preamplifier

For Driving Long Coax 
Cables

The photomultiplier preamplifier provides pre
wired photomultiplier socket and a stacked cathode 
follower having a 70 ohm output impedance 
mounted in a counter weighted aluminum box. The 
unit is particularly suitable for driving long coaxial 
cables with characteristic impedances between 65 
and 78 ohms, such as RG6, RG11, RG12, RG59, and 
RG81. A slight modification will permit a match for 
51 ohm cable.

Hamner Electronics Co., Inc., Dept. ED, P.O. 
Box 531, Princeton, N.J.
CIRCLE 217 ON READER-SERVICE CARD FOR MORE INFORMATION

Color Oscilloscope Kit

Flat to 5 MC

This oscilloscope, 3151, in kit or wired form, goes 
up beyond 9 me and is flat through 5 me for color- 
TV testing. The instrument, housed in a steel cab
inet 13-1/4 x 8-3/4 in., features highly sensitive 
push-pull vertical and horizontal amplifiers; a 5 CP1 
tube with post acceleration; frequency compensated 
stepping attenuators for both the vertical and hori
zontal; focus, intensity and astigmatism controls, 
and output voltage calibration.

The vertical amplifiers are flat through 5 me and 
±8 db through 9 me. Sensitivity is 10 mv/cm, and 
there are frequency compensated stepping atten
uators in the input, and push-pull pentodes in the 
output. The horizontal amplifiers are within ±6 db 
through 500 kc, and feature a push-pull output. Fre
quency attenuated stepping attenuators in the in
put and a cathode follower assure an extremely 
clean linear horizontal trace. It uses a hard vacuum 
sweep with sufficient expansion to see color bursts 
clearly. Horizontal sensitivity is approximately 
40 mv/cm.

Precise Development Corp., Dept. ED, 2 Neil 
Court, Oceanside, N.Y.
CIRCLE 218 ON READER-SERVICE CARD FOR MORE INFORMATION

Using 
Thermistors

Edited by

FENWAL ELECTRONICS
This is the third in a series of news 

columns devoted to thermistors — a de
vice that is super-sensitive to tempera
ture change.

A bead thermistor can be used to bal
ance a bridge circuit, allowing the thermis
tor current to be measured and its DC 
power calculated. This is done with a 
2000 £2 bead thermistor in a 200 ¡1 
bridge circuit with a variable resistor in 
series with the bridge. This will heat the 
thermistor enough to lower the resistance 
to 200 £2 and balance the circuit to de
termine the H.F. power. By applying a 
source of high frequency power to the 
thermistor through capacitors this will 
further heat the thermistor and the bridge 
will be unbalanced. Then reduce the DC 
power until the bridge balances again. 
Calculate the new DC power, and the 
difference between the two calculations 
is the H.F. power.

To maintain constant voltage a thermis
tor with a suitable series resistor “A” 
can be placed in parallel with a load in a 
circuit. As the load resistance increases 
there is a reduced drop across resistor 
“B.” This tends to raise the voltage 
across the load. The thermistor heats up, 
reduces its resistance, and more current 
passes through it and through resistor 
“B.” This brings the voltage across the 
load back to its original state. Controls 
like this can maintain as close as 1 % volt
age regulation over a broad range of load 
resistance, or any voltage from volt to 
100 volts can be regulated in this way 
with suitable circuitry.

Engineers: these and other thermistor 
applications are discussed in 12-page 
catalog EMC-1. Write for your copy to Fenwal Electronics, Inc., 38 Mellen 
St., Framingham, Massachusetts.

Makers of Precision Thermistors
CIRCLE 219 ON READER-SERVICE CARD
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An antenna for use at base station in two-way 
radio communications systems weighs one-tenth as 
much as similar antennas and is less than one-fourth 
in overall width. The model GPR ground plane an
tenna is available for operation at frequencies be
tween 27 and 90 me. Antennas are furnished factory 
tuned for operation within a 4 me band. This an
tenna differs from other ground plant type antennas 
in that the vertical radiating element and the four 
ground plane members are base-loaded whips with 
an overall length of approximately 18 in. Thus the 
entire antenna assembly is only slightly more than 
18 in. high and has an overall width of just over 
3 ft. The shunt-base-loaded whips are joined to
gether in a mounting fixture provided with six co
axial receptacles into which the five whips and the 
antenna transmission line are plugged. The entire 
assembly weighs less than three lbs and hence can 
be mounted on a much lighter antenna support. 
Tests indicate that the antenna is almost as efficient 
as conventional antennas with full length quarter
wave elements.

Tele-Beam Industries, Dept. ED, Atlas Peak Rd., 
Napa, Calif.
CIRCLE 222 ON READER-SERVICE CARD FOR MORE INFORMATION

Engineers at Magnetic
Control have been 
solving problems in 
design and development

I for special purpose 

filters and transformers

DC Amplifier
Floating Input

mistor 
¡-page 
)py to 
Bellen

longer than most.
They’re experts— 

no problem solvable by 
creative engineering is 
a

CONTROL

This de amplifier, featuring a true floating input, 
is offered for amplification of low-level signals from 
thermocouples, strain-gage bridges, and resistance
bridge transducers. In the Type 1-100C, input and 
output are isolated from each other and from 
ground. The amplifier, basically a carrier type, uti
lizes a 400 cps chopper modulator. The gain of this 
amplifier is continuously variable from 5 to 100 by 
means of a seven-position attenuator and a gain po
tentiometer. Linearity is 0.05 per cent of full scale. 
Long-term stability is ±0.2 per cent of full scale, 
and long-term drift is less than ±5 pv referred to the 
input. Input impedance is greater than 1.5 meg
ohms, and output impedance is 60 ohms. Noise level 
is less than 5 pv peak-to-peak referred to the input.

Neff Instrument Corp., Dept. ED, 2211 East Foot
hill Blvd., Pasadena, Calif.
CIRCLE 223 ON READER-SERVICE CARD FOR MORE INFORMATION
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CURRENT 

PULSE 

GENERATORS 
pulse widths variable 1-40 usee current up to 2 amps peak 

JinJiMJUuuuinjiniu^

Model 5 — negative going pulses — Model 4 it similar, delivering positive going pulses

• The Reflectone Model 5 high current pulse generator 
delivers negative going rectangular wave current pulses of 
variable duration, rise time and amplitude. Model 6 is 
similar, delivering positive going pulses.

Each of these new pulse generators is a four stage unit — 

multivibrator, inverter-amplifier, cathode follower, and 
current amplifier. The design of the multivibrator stage 
permits the selection of any pulse width from 1-40 micro
seconds by either instrument controls or the use of two 
external trigger pulses.

The inverter amplifier stage provides a rise time range 
from .15-1.0 microseconds.

Output amplitude can be varied from 0-2 amperes. Input 

Requirements: Standard 0.1 microsecond pulses, negative, 
13-30V.; +150V. DC, 2.03 amps; -150V. DC, .04 amps;
6.3V. AC, 10.6 amps.

Either Model 5 or Model 6 is available in a standard 19" 

relay rack mounting 5’4" high by 8" deep.

Write today for complete details or visit WESCON booth #2907 
Al WESCON, also see and test our line of power supplies.

precision measurement of 
core characteristics in mag
netic logic circuits 
transistor testing

high current for memory
circuit testing 
high speed forrito study 

investigation

OTHER REFLECTOME PRODUCTS:
coupling» power supplies

integrators
simulator»

differential» • 
procedure trainer»

REP RISENTATI VE S

POTTER * ÜAGGON 
64 Woodland Avenue 
Summit, New Jersey

THE 
420

GAY SALES CO. ASSOC. 
Sul Ross Street

Houston, Texas

SHAFFER & NELSON 
312 Occidental Avenue 
Seattle 4, Washington

POTTER « DAGGON 
8 Westcott Road 
Stamford, Connecticut

WEIGHTMAN AND ASSOC. 
4101 Burbank Boulevard 
Burbank, California

MEL SALES, LTD. 
Head Office 
Arnprior, Ont., Canada

HILL-GRAY
41 Vs Harrison Street 
Oak Park, Illinois

B. S. WOODMAN, INC.
1570 Northside Drive, N.W. 
Atlanta 1, Georgia

THE NISSHO AMERICAN CORP.
74 Trinity 
New York

Place 
6, New York

REFLECTOME

THE REFLECTONE CORPORATION STAMFORD. CONNECTICUT
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MINIATURE
CONTROL
COMPONENTS

This two bearing motor-generator set illustrates 
Wright’s exceptional capability for production of 
special small precision components and assem
blies. You are invited to consult us on your next 
requirements for . . .

A. C. and D. C. Motors • Servo Tach Units 

Synchros In All Categories 

Gyro Motors • Tachometer Generators 

And Related Components and Assemblies

MOTOR DIVISION 

lAfEHuFiFFMACHINERY 
If Kl Vn I COMPANY
ESTABLISHED 1893-DURHAM. N.C. WH

DIVISION OF SPERRY RAND CORPORATION

a Wright 
specialty

SIZE 9 SERVO MOTOR 
TACHOMETER GENERATOR

Diameter: 7/8 inch 
Input: 26V-400 cy. 
Speed: 9500 RPM 
Torque Rating: 0.25 oz.-inch 
Generator Output: .33 V/1000 RPM

98
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Services for Designers

Wire and Rod Conversion

A conversion department for wire and rod is in 
operation at Techalloy Co., Inc., Rahns, Pa. 
Straightened and cut wire and rod in round, square, 
hex and other special shapes, with diameters from 
0.002 in. to 1/2 in. or equivalent cross sections can 
be handled. Finished material can be cut in lengths 
from 2 in. to 12 ft. Various types of annealing and 
pickling equipment needed for special conversion of 
ferrous and nonferrous alloys arc available.

Silicon Single Crystals

Thermosen, Inc., 361 West Main Street, Stamford, 
Conn., announces the availability of oriented single 
crystal silicon ingots grown to customer’s required 
type and resistivity. Crystals average 60 grams in 
weight, but smaller crystals can be supplied when 
desired. Production is currently on a limited basis 
and priority will be given to customers requiring 
one or two crystals for research or small scale pro
duction.

Ultra-Thin Die Stampings

A new technique for the ultra-thin die stamping 
of special metals and alloys assure high production 
of delicate, close tolerance parts, while maintaining 
all the valued characteristics of the particular mate
rial used. This technique has been utilized in pro
ducing nichrome numbers for a gaseous, computer- 
readout tube. These 5/8 in. high numbers can be 
stacked within a single glass envelope, displaying 
individual digits from zero to nine, thus eliminating 
the need for separate tubes for each number. An
other product of this ultra-thin stamping technique 
is a minimum-torque, vibrationless pigtail lead of 
Beryllium Copper, to eliminate frequency modula
tion of the control signal in a gyro. The pigtail is 
0.001 in. thick and 0.017 in. wide, and is made in 
one of several possible shapes for torque limiting, 
high conductivity and high stress resistance. Other 
metals which have been stamped by this process 
include: Swedish iron, Alclad (aluminum clad iron), 
tantalum, molybdenum and super-thin sheets of 
plated ceramic.

For further information write: Be Cu Mfg. Co., 
Inc., 40 Kent St., Newark, N.J.

Save Htwccf

niuu
SOLDERING LUGS 

• TERMINALS • 
PRINTED CIRCUIT 

HARDWARE

Tell us about your application and 
production requirements. We’ll 
supply your needs from our com
plete line—or adapt to your speci
fications—and show you how to cut 
costs and speed up production !

• Miniature Tubular Terminals, 

Wire Wrap Terminals and 

Contacts for Automated Printed 

Circuit Applications

e Solderless Crimp-on Terminals

o Line Cord Interlock Terminals

e Automatic terminal inserting, 

crimping and staking machines

Contact us today. Send blue print 
or specifications for specific infor
mation. Request bulletins for gen
eral information.
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TOOL and MAN UFACTUR INgTo^ II p
4027 W. LAKE ST. • CHICAGO 24, ILL I De ■ 
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Centerless Grinding

tach
generators 

for accurate speed

indications and rate 

control applications

f

Any cylindrical shape, in any material such as 
metal, ceramic or plastic, up to 1/2 in. diam, can 
be fabricated at a new custom centerless grinding 
department, equipped to do short run, develop
ment, experimental or production runs. Both infeed 
and infeed taper, as well as thrufeed grinding will 
be done on a jobbing or contract basis. Further in
formation may be obtained from Electronic Parts 
Mfg. Corp., 508-25th St., Union City, N.J.

up to 40 volts per 1000 rpm 
within plus or minus 0.5% 

I linearity over the operating range with 
I very low slot and commutator ripple. 
I Barber-Colman tach generators are avail- 
I able in three different frame sizes with 
I maximum rated outputs up to 7000 rpm 
I or 100 volts, whichever occurs first. 
I Typical applications include controlling 
I antiskid circuits for wheel braicing . . . 
I surface control systems of guided mis

siles . . . indication of film speed rate in 
aerial cameras . . . and rpm indication 
of variable speed drives in industrial 

I machines, processing equipment and 
I similar production units. Many varia-

Irradiation Service

Radiation Applications Incorporated announces 
the institution of an industrial cobalt source irradia
tion service in Long Island City, N.Y., and the pub
lication of a brochure describing radiation testing 
of materials, radiation effects and damage evalua
tions. Information about the use of nuclear radiation 
in industry and design and installation of a cobalt 
facility is also included. White Radiation Service 
Dept., Radiation Applications Incorporated, 342 
Madison Ave., New York 17, N.Y.
CIRCLE 232 ON READER-SERVICE CARD FOR MORE INFORMATION

ind 

bTI 
>m- 
îci- 
cut

tions of Barber-Colman tach generators 
are available for special applications. 
Send for free technical bulletin.

ed

The complete 
line of 
Barber-Colman 
d-c motors

■Is

r

e$

rint 
for
ren-

I ■ ■ ■ includes both permanent magnet 
■ and split series types ... in various 
■ mountings and speeds with outputs up 
Ito 1/10 hp. Ideally suited to power 
I electro mechanical actuators, switches. 
■ and programming devices. Also avail- 
1 able with gearheads or blowers for spe 
■ cial applications. Whatever your prob- 
■ lem involving .'small d-c motors, let 
I Barber-Colman Company engineers help 
I you find the solution. Write for free 
| Catalog F-4344-3.

Custom Molding Service

Custom molding of B-stage phenolics, polyester 
glass and Scotchply epoxy glass laminates has been 
undertaken by Mica Insulator Co., of Schenectady, 
N.Y. A wide range of parts can be molded from 
these materials to rigid specifications. The company 
undertakes complete responsibility including design 
selection of the material, molding and necessary fin
ishing operations.

B-stage phenolics are available with paper, canvas 
or linen backing. As thermosetting materials, they 
can be molded from sheet or macerated forms. Parts 
made from these materials feature excellent resist
ance to heat, and have good dimensional stability 
as well as high tensile, compressive and impact 
strength.

The polyester glass parts are molded to mat lay
ups, roving or “gunk.” They combine glass fibres and 
polyester resin, which, on the application of heat 
and pressure, cure to a rigid laminate with desirable 
dielectric properties, outstanding arc resistance and 
high structural strength. Scotchply epoxy glass lami
nates are light in weight, high in strength and sta
bility and have good resistance to chemicals and 
electrical properties. Fiber orientation can be con
trolled to run in unidirectional, bidirectional or iso
tropic patterns to provide the desired physical 
characteristics imposed by specific applications.

1957 15, 1957

Brber-Colman Company 
Dep». T. 1883 Rock Street, Rockford, Illinois 
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Increased activity in the design and 
production of system electronics units 
like the one illustrated above has cre
ated openings for engineers in the 
following areas :

cross new frontiers 
in system electronics at

The Garrett Corporation

• ELECTRONIC AND AIR DATA SYSTEMS 
Required are men of project engi
neering capabilities to participate in 
the design and development of com
plete electronic control and air data • 
systems for use in current and future 
high performance aircraft. Also 
required are development and design 
engineers with specialized experience 
in servo-mechanisms, circuit and ana
log computer design utilizing vacuum 
tubes, transistors, and magnetic 
amplifiers.

• SERVO-MECHANISMS AND ELECTRO MAGNETICS 
Work includes the design and devel
opment of magnetic amplifier control • 
devices and integration of compo
nents into finished systems. Servo
system analysis and performance 
prediction would be helpful. Com
plete working knowledge of electro
magnetic theory and familiarity with 
materials and methods employed in 
the design of magnetic amplifiers is 
required.

• FLIGHT INSTRUMENTS AND TRANSDUCER 
DEVELOPMENT Requires engineers cap
able of analyzing performance during 
preliminary design and able to 
prepare proposals and reports. Expe

rience with sensitive aircraft instru
ments, servos, gyros, auto pilots and 
flight controls is desirable.

FLIGHT INSTRUMENTS DESIGN Requires 
engineers skilled with the drafting 
and design of light mechanisms for 
production in which low friction, 
freedom from vibration effects and 
compensation of thermo expansion 
are important. These mechanisms 
frequently involve instruments, bear
ings, gears, bellows, diaphragms, 
cams, potentiometers, linkages and 
small electric motors.

HIGH FREQUENCY MOTORS, GENERATORS, 
CONTROLS Requires electrical design 
engineers with BSEE or equivalent 
interested in high frequency motors, 
generators and associated controls. 
Experience in the field of aircraft 
motors and generators, servo-motors 
or high speed, high frequency 
machine tool motors helpful.The field 
of power supply and utilization equip
ment on modern aircraft and missiles 
provides excellent opportunities.

Send resume of education and 
experience today tos

Mr. G. D. Bradley

DIVISIONS:

CORPORATION
aast S SEPULVEDA BLVD . LOS ANGELES 45. CALIFORNIA

AIRESEARCH MANUFACTURING. LOS ANGELES • AIRESEARCH MANUFACTURING. PHOENIX

AIRESEARCH INDUSTRIAL • REX • AERO ENGINEERING

AIRSUPPLY • AIR CRUISERS • AIRESEARCH AVIATION SERVICE 
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New Materials

Performance of Filled Epoxy Resin

Under High Humidity Conditions

GENERATE PULSES

DELAY PULSES
iix I

WIDEN PULSES

REGISTER PULSES

[net

COUNT PULSES

SUM PULSES

DO BINARY LOGIC

Volan Treated Mice

DRIVE TRANSISTOR CIRCUITS

Mica

Volan Treated Cellulose

ReatXClei
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The performance of an epoxy resin at 95 per cent 
relative humidity and 140 F is shown to differ widely 
according to the type of filler used.

ELECTRONIC DESIGN • August 15, I#

you 
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gives a product whose performance is excellent. Th: 
next best result, obtained with tjie Volan-treated 
mica, proves this system to be acceptable for most 
applications where high humidity is involved. Th: 
untreated mica is measurably inferior to the Volar 
treated mica and would probably be considered J 
marginally acceptable. The dismal performance of 
the other two systems is quite significant. It would 
appear that the Volan treatment has a tremendous 
effect on the resin-glass interface but little effected 
the resin-cellulose interface.

The experiment shows that the addition of fillet 
to a good epoxy resin polymer unquestionably in 
pairs the performance of the system as an insulate 
under high humidity conditions; however, there ai 
wide differences between fillers. The improvemen: 
in performance that in some cases results from the 
use of surface finishes would make it appear thati 
this field is worthy of further investigation.

Abstracted from Effect of Fillers on High Hu 
inidity Insulation Resistance of Epoxy Resin Sy 
terns hy II. L. Parry, J. E. Carey, M. D. Anderson. 
Shell Chemical Corp., Union, N.J.

IT IS well known that insulation resistance of 
epoxy resin systems under standard laboratory 

conditions of 25 C and 50 per cent relative hu
midity is so good that sizeable amounts of other 
materials may be added to the system without de
grading the product to the point of uselessness. 
However, when such systems are given prolonged 
exposure to high humidity, performance is often un
satisfactory. The ability of moisture to wick along 
the resin-filler interface under some conditions has 
been reported. The intensifying effect that fillers 
have on galvanic degradation under high humidity 
has also been noticed. Hence, one of the compo
nents of a resin system whose action at high hu
midity would be most suspect is the filler.

To investigate the effect of humidity on filled 
epoxy resin, resistance measurements were made at 
500 v de under the environmental conditions of 95 
per cent at 140 F. The specimens were maintained 
in this environment by suspending them over a 
saturated K2SO4 solution in a forced draft oven at 
140 ±1.5 F. The set-up made it possible to make 
periodic measurements without disturbing the en
vironment by connecting the bridge to the appro
priate terminals outside the oven. The insulation 
resistance of each specimen was measured daily for 
a period of 85 days.

The resin used was Epon 828 cured with 14 phr 
of m-phenylenediamine. The proportion of filler 
used in each sample was 50 per cent by weight, and 
consisted of the following: a composition of glass 
fibre treated with a Volan surface finish (shredded 
181-Volan-A cloth); Volan-A treated water ground 
mica; water ground mica; Volan-A treated alpha 
cellulose floc, and chopped glass fibers fired at 
900 F. To apply the Volar» finish to the mica and 
cellulose floc, they were suspended with rapid stir
ring in a 2 per cent aqueous solution of methacry- 
lato-chromic chloride (Volan-duPont).

The results obtained are presented in the accom
panying graph. It became apparent early in the in
vestigation that resistance values greater than 1011 
ohms were of questionable accuracy; therefore, no 
curves are given above this range. The control of 
unfilled Epon 828 cured with m-phenylenediamine 
is not shown since all values were above this range. 
The best performance was obtained from the Volan- 
treated glass, and it would appear that this filler

You can do all of these functions with the new 
integrated line of NAVCOR transitorized pulse 
programming equipment . . . available in minia
turized building blocks.

Send for free data file!

1621 SNYDER AVE PHILADELPHIA 45, PENNA HOwnrd 5-7700
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Silicone Insulation 
Pour Without Solvents

Identified as R-7501 and R-7521, 
hese are pure silicone materials, 
jour freely without solvents, and 
ure to form void-free high tempera- 
ure impregnations or encapsulations. 
\t room temperature, the viscosity of 

l-7501 is 2500 centistokes; that of 
1-7251, 100 centistokes. Either can be 
hinned by warming to 175 F before 
tpplication, and both can be blended 
n any ratio to achieve any inter- 
nediate viscosity.

Full curing is obtained with a per- 
ixide catalyst and a step cure of 9 hrs 
t temperatures up to 390 F. Shelf 
ife of the uncatalyzed resins is over 
year, while pot life at room temper- 

ture of the catalyzed resins is over 
ix months. Either of the resins may 
>e used as a potting compound, 
ir with a range of inorganic fillers.
The low viscosity and fully reactive 

lature of the resins enable them to 
horoughly saturate and penetrate the 
nost complex assemblies and to con- 
ert to solid, bubble-free insulation. 
Vhen cured, they exhibit excellent 
ielectric properties moisture resist- 
nce, thermal conductivity and me- 
hanical strength despite prolonged 
ixposure to 400 F.

Dow Coming Corp., Dept. ED, 
■iidland, Mich.

CIRCLE 245 ON READER-SERVICE CARD

I Epoxy Resin Compound 
High Heat Distortion

U-300 thermopoxy compound was 
eveloped for use on rotating field 
oils and other coils requiring a high 
egree . of turn to turn bonding 
trength at elevated temperatures. It 
Iso is supplied in a consistency for 
ip application of electric apparatus

*r cent 
widely

here fairly heavy films are desired, 
he material is thixotropic and con- 
ains a filler. It is a single-component 
ystem which does not require a cata- 

ft'st It has a heat distortion rating of 
■50 C. Thixotropic properties assure 
»at it will iiot flow during recom- 
»ended curing operation. It is re- 
■orted to have a high rate of heat- 
»ansfer and good moisture and 
■hemical resistance. Tank or pot life 
■ over 120 days.
I 1 he Sterling Varnish Co., Dept. 
■D Haysville Bor., Sewickley, Pa.
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SUBSCRIPTION OFFER
FOR ELECTRONIC DESIGN READERS ...

ELECTRONIC
. ...... WEEK

Mini IM*" 
Molto 5

byMi Fn*rts
Fm* .............12

CmmrH MUto
Ms tokay IMM .23

$3.00 for one year
$3.00—that’s all it costs Electronic Design readers to subscribe to 
Electronic Week.

Qualification for subscription is based on job function. Electronic 
Week brings you all the news in the electronic field . . . new develop
ments in design and research, exclusive interviews with leading per
sonalities, financial, legislative and military developments, labor re
ports, taxwise tips, people and plants . . . written and reported from 
major electronic centers all over the world by men experienced in the 
electronic field.

Nowhere else will you find such information compiled into one pub
lication; Electronic Week is the only single source of news in this field.

'rhe electronic industries are the fastest growing business concerns 
today. The man who wants to get ahead must stay on top of this 
growth. Learn how Electronic Week will aid you in keeping abreast 
of the industries.

TO TAKE ADVANTAGE OF THIS OFFER 
SIMPLY CIRCLE NO. 549 

ON READER SERVICE CARD
Hayden Publications Corp., 19 East 62nd Street 

New York, New’ York TEmpleton 8-194(1
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New Literature

Single-Phase Induction Motors 250 Industrial Plastics Booklet 253

Construction features of drip proof and enclosed 
single-phase induction motors* are discussed in 
Bulletin No. 1419. Three-fourths to 5 hp; frames 
182, 184, 213, 215; 115/230 v; 60 eye are covered 
in the four pages. Application data, types, ratings, 
frame sizes are indicated. Used for applications 
such as fans, blowers, pumps, air and refrigeration 
compressors, conveyors, masonry saws, sanding ma
chines, hammer mills and other farm and general 
purpose applications. General Electric Co., Sche
nectady 5, N.Y.

A new presentation booklet and plastics material 
guide has been made available. It features interest
ing graphic examples of plastic fabrication methods 
with illustrations of the types of products best 
suited to each method. An extensive chart, re
printed here, showing the characteristics of tough, 
rigid thermoplastics is also included. L. A. Darling 
Co., Plastics Division, Coldwater, Michigan.

MATERIAL

Chemical Type Trade Name Manufacturer

Acrylonitrile-butediene-atyrene copolymer Cycolac Marbon Chemical Co.

Acrylonitrile-butadieneatyrene rubber-resin blend« Kra last t< Naugatuck Chemical Co.

Celluloae acetate Celanese acetate Celaneae Corp, of America 
Tenite acetate Eastman Chemical Product» 
Hercocel A Hercules Powder Co.

Celluloae acetate butyrate Tenite Butyrate Eaatman Chemical Product»

Celluloae propionate Forticel Celanese Corp, of America

Ethyl ceiluloet Ethocel
Hercocel E

Dow Chemical Co.
Hercúlea Powder Co.

Ethylene (low preaaure) Grex 
Hi-fsx 
Super Dylan 
Marlex 50

W R. Grace Co. 
Hercúlea Powder Co. 
Koppers Co.
Phillips Chemicsl Co.

Fluorochlorocarbon Fluorothene
Kel-F

Bakelite Co.
M. W. KeHog Co.

Nylon Plaskon Nylon 
Zytel

Allied Chemical and Dye 
E. I du Pont

Styrene, glaan filled Fiberfil
Fibertuff

Fiberfil Corp.
Koppers Co.

Styrene, modified 2155 
Styron 
Plio-Tuf 
Dylene 
Lustrex

Bakelite Co.
Dow Chemical Co.
Goodyear Tire & Rubber Co.
Koppers Co.
Monsanto Chemical Co.

Vinyl Chloride copolymers and blends Exon
Geon 
Marvinol

Firestone Plastics Co'.
B. F. Goodrich Co.
Naugatuck Chemical Co.

Aery Ika Lucite
Plexiglas

E. 1. du Pont 
Rohm & Haaa

a

Cadmium Batteries 254 Precision and Infrared Optics 256

Thermistor Catalog 251
Listing typical applications and circuitry, Bulle

tin T-100 gives specifications and characteristics of 
wafer, rod and bead thermistors. Each type is illus
trated with diagrams and charts indicating models 
and their corresponding characteristics and size. A 
table shows the resistance ratio vs temperature to 
compute thermistor resistance at specified tempera
tures. The ten-page booklet contains special order
ing information for standard thermistors and custom 
and special engineering application units. Gulton 
Industries, Inc., Thermistor Div., Metuchen, N.J.

Results of tests run on the SILCAD battery have 
been released in bulletin by Dr. Paul L. Howard, 
Director of Technical Operations.

The bulletin entitled “The Silver-Oxide Cadmium 
Alkaline Secondary Battery” shows that this silver
cadmium battery is especially useful where longer 
life and low discharge rates are required, and 
where there is need for a great number of re
charges. Yardney Electric Corp., 40-50 Leonard St., 
New York, N.Y.'

Reluctance Amplifier Reprint 255

Bridge Amp & Meter 252
Practical combination of strain gage switch and 

balance and indicator units are described in Bulle
tin No. 6 now available. You can preset both the 
balance and gain on six channels of two or four 
arm strain gage setups and bring in one after the 
other as fast as you can punch the channel selector 
buttons.

The bulletin also includes information on the 
excellent Weston meter movement on the front of 
the BAM-1 or dynamic signals from de to 20,000 
cps which are brought out on a de oscilloscope. 
Ellis Assoc., Box 77, Pelham, N.Y.

Reprint of article entitled “Reluctance Amplifier,” 
Power in Small Package—is now available. Devel
oped primarily for driving servo motors, its small 
size and light weight are desirable features which 
makes it especially useful to designers of mobile 
and aircraft equipments. The unit’s power supply 
is self-contained. It has no drift or time lags. Re
sponse time is limited by use of 400 cps carrier.

The four-page brochure, RA-1, details operating 
characteristics and circuit diagrams of this ampli
fier, which derives its name from its output which 
is controlled by the electrical insertion of reluctance 
into one or another leg of a three-legged trans
former. Servo Corp. America, 20-20 Jericho Turn
pike, New Hyde Pk., N. Y.

Precision and infrared optics are topics for two 
available brochures. In Precision Optics Bulletin 
No. 0-104, six pages of photographs and captions 
describe expanded engineering and production fa
cilities for designing and fabricating flat, cylindrical, 
prismatic, spherical, and aspherical components for 
recording oscillographs, fire control, photographic, 
projection, missile, ultraviolet and infrared uses.

Two-page Infrared Optics Bulletin No. 0-105 tells 
how infrared optics are produced from home-grown 
silicon crystals expressly for use in hyper-sensitive 
infrared systems. With graphs to illustrate, the 
properties and characteristics of silicon are dis
cussed is some detail. Texas Instruments, Inc., 6000 
Lemmon Ave., Dallas 9, Tex.

900 Frame AC Motor 257

Engineering bulletin on 900 Frame ac motor 
shows performance curves presented for both a 1 
and 1-1/2 in. blower with accompanying engineer
ing data on each. According to the bulletin, the 900 
Frame units can be supplied as servo, fan or blower 
motors. Units in this series are also applicable in 
motor generator sets or servos with drag cup gen
erators. Induction Motors Corp., 570 Main St., 
Westbury, L.I., N.Y.
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ELECTRICALMECHANICAL

THERMOPLASTICS CHARACTERISTICS
PHYSICAL GENERAL
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1 The availability of an 8-page illus- 
prated bulletin called “Ferramics for Gen- 
pal Applications up to 200 Megacycles” is 
Announced. The publication fully describes 
pie nature of ferrites, their advantages and 
imitations and method of production. It 
uso contains a detailed comparison of fer- 
amic bodies and their specific applications 
p the electrical and electronic industries, 
general Ceramics Corp., Keasbey, N.J.

Universal Relay Tester 262

7

>r
1
r-
10

I Detailed specifications, including electri
al and special characteristics, are given in 
J-page brochure, now available. It in
cudes methods-time measurement (MTM) 
production data, developed for production 
jnd industrial engineers, and an outlined 
limensional drawing. Magnavox Co., Ft. 
^ayne 4, Ind A

n
i-

Acth and Chemistry Data Books 263
Several revised loose-leaf technical data 

loo s are available. “Lefax Manual of 
I nematics” contains mathematical re-

views, logarithmic tables, natural trigono
metric functions, conversion tables, and 
functions of numbers. The trig, log, and 
other tables are accurate and reliable. With 
a binder, the book costs $4.25; with a pin 
cover, it is $2.25.

“Lefax Mathematical Tables” incorpo
rates all formulas and tables needed to 
solve everyday problems in arithmetic, 
geometry, algebra, trigonometry, analytic 
geometry, and calculus. In a cloth binder, 
the book is $3.25, in a pin cover, $1.50.

“Lefax Chemical Hand Book” is a 224- 
page compilation of data on general chem
istry, inorganic chemistry, organic chemis
try, physical chemistry, and quantitative 
qualitative analysis. Complete in binder, 
the price is $3.75; in pin cover, $2.00.

‘ Handbook of Chemical Tables” is a 
complement of chemical tables covering 
the physical and thermodynamic properties 
of inorganic and organic compounds. The 
320-page book costs $4.00 in a binder and 
$2.50 in a pin cover.

Offered free is a catalog listing over 2000 
technical subjects. For more information 
about these books, write directly to Lefax 
Publishers, 9th and Sansom Sts., Philadel
phia 7, Pa.

WELWYN
High Stability

Carbon Resistors

Uniformity and reliability are essential criteria in the selection of critical 
components. Availability is another. And these relate directly to the experi
ence and facilities of the manufacturer.
Four full-time Welwyn Plants in Britain and in Canada are today supplying 
a steady flow of precision resistors to meet an ever-growing American 
demand. With sales engineering and service facilities operating out of 
Ohio, these Welwyn users in the U.S. are enjoying prompt, efficient and 
reliable handling of all their quality resistor requirements.
The Welwyn organization has been devoted to the study and development 
of carbon film techniques for nearly a quarter of a century. The value of 
this experience is being constantly demonstrated in the superior perform
ance and dependability of Welwyn Carbon Resistors in critical applications.

For complete information, write to:
WELWYN INTERNATIONAL INC.

3355 Edgecliff Terrace, Cleveland 11, Ohio, or phone Winton 1-1333

¡957
CIRCLE 264 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Literature

270Numerical Positioning Control

Industrial Coils 271

NEW HAVEN 9 CONNECTICUT

EXTRUSIONS

CIRCLE 268 ON READER-SERVICE CARD FOR MORE INFORMATION

Modular Instrument Enclosures 273

275

An informative eight-page booklet No. S-20 de
scribing custom-made industrial coils is available. 
Replete with photographs of the manufacturing 
processes, this brochure explains the need for su
perior design, workmanship, materials and finish in 
the construction of vacuum impregnated coils. 
Stonite Coil Corp., Yardville 20, N.J.

Bulletin GET-2675 has 14 pages describing func
tions of numerical positioning control. It gives a 
detailed breakdown of the three major elements— 
data input, director, and servo drive; lists features, 
and graphically illustrates each operation. General 
Electric Company, Schenectady 5, N.Y.

Supplement 101-A introduces four modular en
closure types. Two vertical frames, a turret frame 
and a deep scope frame assembly are described. 
All are illustrated with photographs and dimen
sional diagrams. Prices are listed for each assembly. 
Amco Engineering Co., 7333 W. Ainslie St., Chicago 
31, III.

FREE 
BOOKLET

BETTER 
HIGH 

VOLTAGE 
SWITCHING !

4// in One
Precision Instrument

Wire and Strip Alloy 274

Complete line of bobbins for use in the textile 
electrical manufacturing and metal working indus
tries is included in catalog just released.

The 12-page catalog describes and illustrates 
standard and special bobbins made from various 
sources. National Vulcanized Fibre Co., Lestershire 
Spool Div., 1057 Beech St., Wilmington 99, Del

An eight-page colored brochure, entitled “What 
We Make” containing pictures and brief descrip
tions of a line of cooling equipment for electronic 
applications is now available.

At a glance this brochure shows the scope of the 
products and enginering services available. Rotron 
Mfg. Co., Woodstock, N.Y.

New High Vacuum Relay Type X-22 by RESITRON 
is ideally suited for switching purposes where 
high peak voltage and currents are employed. 
Because the glass envelope of the relay is highly 
evacuated, it is unaffected by ambient atmospheric 
conditions. Among its many uses are, switching pulse 
forming networks, switching in explosive atmospheres 
and isolation of high voltage for safety of personnel in 
cathode ray tube test sets, X-ray machines, high volt
age radar gear and power supplies. Available from 
stock with either acetate wound or metal cased coils, spe
cial coils, or instructions for mounting your own coils.

Write for information today to:
RESITRON LABORATORIES, INC. f 

2908 Nebraska Avenue /—
Santa Monica, California

CIRCLE 276 ON READER-SERVICE CARD FOR MORE INFORMATION

Quality Control Testing 272

Complete facilities available in Environmental, 
metallurgical, chemical and quality control testing 
is covered in this 24-page brochure just released.

In indicates that industry’s need for a modern, 
fully-equipped plant to serve all test requirements 
has been recognized. Burgoyne Testing Labs., 542 
Main St., Westbury, L.I.
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Silicone Sponge Rubber
for sealing, gasketing, pressure pads, 
vibration dampening —100 'F to 480r F
Low density COHRlastic R-10470 silicone sponge rubber is 
completely flexible after 72 hrs. at 480° F, shows no brittleness 
after 5 hrs. at — 100°F. High tensile, tear and elongation. 
Closed cell construction is non-absorbing. Called out on 
aircraft and electronic drawings and specifications. Available 
from stock in sheets thru %*» in rod .180" thru .585". 
Special extruded shapes made to order.
FREE SAMPLES and folder—write, phone or use inquiry service.

CONNECTICUT HARD RUBBER

Braid Avenue it linden. Ridgefield, N J NEW YORK AREA 1000 N. Seward St. LOS ANGELES » 

8055 13th St Silver Spring. Md. WASHINGTON, D, C. 1150 York Road. Abington. Pa. PHILADELFH« 
1182 Los Altos Ave. Los Altos. Calif. SAN FRANCISCO 6605 W. North Ave. Oak Park. III. CHICAGO 

CIRCLE 277 ON READER-SERVICE CARD FOR MORE INFORMATION

Self-locking fastener miniaturization 
for avionic applications

This new 36-page brochure reports on ESNA’s progress and 
present status in the field of “reduced dimension” self-locking 
nuts. Cost problems, high temperature performance, product 
reliability and installation techniques are discussed. Detailed 
drawings are shown for the newest miniature hex, clinch and 
anchor nut designs most commonly required for electronic 
equipment, missiles, computers and many types of electrical 
assemblies. Write Dept. N44-857.

ELASTIC STOP NUT CORPORATION OF AMERICA
Fastener Division • Union, Now Jersey

CIRCLE 269 ON READER-SERVICE CARD FOR MORE INFORMATION

AIRFRAME SILICONE RUBBER SILICONE RURBER
•CALS COATED FABRICS SHEET A SPONGE

Millivoltmeter:
110 100 and 300 mv 1. 3. 10 v

c lu»» sc.ve actur.w
,3n*?e5 4 r-’ 1ui 

scale on lowest
' Micro microammeter

iwP'iv ir^: : I |
'1 c ‘fill scale to -t 300 mi«»i

.1 mMonucioampere?,

,z' " *' L *-*‘v’
<<. / -ull sea*

Type 123O-A
D-C Amplifier and Electrometer: >440

This truly multi-purpose precision instrument 
also features panel meter indicating voltage, current and 
resistance; output terminals for external recorder; 3 out
put terminals for versatility in guard and ground connec
tions ; very low drift of less than 2 mv per hour after warmup

Write for Detailed Information

GENERAL RADIO Company
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GENERAL ELECTRICmow CIRCLE 283 ON READER-SERVICE CARD FOR MORE INFORMATION
CIRCLE 278 ON READER-SERVICE CARD FOR MORE INFORMATION

TENSION GAUGE is PRE-SETTABLE

)f full

npere

half the size of standard BNC’s

lohms

actual size PROMPT QUOTATIONS

Printed Circuit Handbook upon requestwith low eh

OAGE ELECTRIC CO., INC.
CIRCLE 279 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 284 ON READER-SERVICE CARD FOR MORE INFORMATION
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67 No. Second St. 
Beech Grove, Ind.

DEPENDABLE DELIVERY 
RELIABLE PRODUCT—

Analog Computer

Analog Computer Model 3000

Copperply Wire

Specifications of Copperply

lators permit use over wide temperature-range 
ktric loss

High Temperature Insulation

“See what’s super-new at super-temp3

.002* silver plate and gold flash affords excellent 
corrosion resistance

Dage Catalog 201-B gives full details with specifications 
sub-miniature DMs. Write for your free copy.

wire are described in

Hny but rugged, can withstand a cable pull of over 50 lbs. 
twelve polarity groups—two and three lug 
Vibration-j^roof bayonet locking (MIL-C-5015) 
Teflon insi

I .CTRONIC DESIGN • August 15, 1957

For GO/NO-GO Tests of Springs and 
Contact Pressures

of colorfully illustrated folder now available. A 
representative group of super-temp products are 
presented as well as a brief outline of the company 
itself, its new production and testing equipment, 
and its concept of service and quality. American 
Super-Temperature Wires, Inc., Winooski, Vt.

NEW DEVELOPMENT PROTECTS 
ELECTRONIC EQUIPMENT

General Electric Company has perfected miniature, 
hermetically sealed breakdown gaps that protect costly 
condensers, transformers, tubes, and other components 
from over-voltage conditions. These units are ideal for 
applications where, due to weight and size restrictions, 
normal operation is at maximum ratings.

The gaps are completely unaffected by altitude, hu
midity, temperature or foreign particles because they are 
hermetically sealed. Stainless steel electrodes are supplied 
for normal applications—tungsten electrodes for heavier 
duty. Choice of voltage ratings up to 6000v. available.

For further information, write ACCESSORY EQUIP
MENT DEPARTMENT, General Electric Company, 
Bridgeport 2, Connecticut.

Bulletin 202, a new eight page booklet. Data in
cludes charts of coating thicknesses for each wire 
size and salt spray resistance of each coating thick
ness. Tables list breaking loads, weight, resistance 
and other wire qualities. National-Standard Co., 
Niles, Michigan.

quality...
uniformity 

service.

gineering data sheet now available. The computer’s 
“building-block” design, problem-handling capac
ity, and accesories are discussed in a comprehen
sive, but easy-to-read manner. Complete prices, 
typical module combinations, and recommended 
computing facilities are also included. Donner Sci
entific Co., 888 Galindo St., Concord, Calif.

RON 
here

hen 
pulse 
leres 
lei in

inoeles n 
LADE I EH I* 

CHICAGO

KATION

40

rumeni 
mt and 
; 3 out- 
connec- 
'armup

With the newest and largest facility in the industry, Methode, 

long a leader in volume production, is now in position to 
give special attention to short run as well as large 

quantity printed circuit requirements

Speedy, one-hand operation and precise calibration 
over a range of 4 to 2500 grams, with adjustable zero setting, 
are the important features of GEN ALEX tension gauges. De
signed for GO-NO-GO checking of spring tensions or other 
resistive forces, these gauges permit inspection or production 
testing by unskilled personnel.

To use this gauge: just preset the tension by turning 
the micrometer knob until the pointer shows the desired 
tension on the scale and apply the lip of the gauge-operating 
strip where force is to be checked. If the force being 
checked matches the gauge setting, the operating strip and 
the resisting element will move at the same time. Attention 
is focused on one point only—movement at the point of 
contact; there are no dials or scales to be read.

Six models are available, covering ranges of 4-24, 
10-80, 50-250, 100-500, 200-1600, and 500-2500 grams. For 
detailed descriptive bulletin and prices, write: General Elec
tric Company, Limited of England, c/o Imtra Corporation 
(U. S. Agents), 11 University Rd., Cambridge 38, Massa
chusetts.

CIRCLE 285 ON READER-SERVICE CARD FOR MORE INFORMATION

140 LITTLE ST. • BELLEVILLE • NEW JERSEY 
THORTON HEATH • SURREY • ENGLAND

• EPOXY PREFORMS 
PRESSED CERAMICS

MINIATURIZED EQUIPMENT 
GROWS SMALLER STILL

PRINTED 
WIRING * 
METHODE

GLASS fOr
HERMETIC SEALING

u m senes

RF Cable Connectors



MILLIVAC
WIDE RANGE

Ideas for Design

(0.000 000 000 01A to 10A)
MICRO-MICRO AMMETER

Volumetric Efficiency

The Millivac MV11C DC Micro-micro 

ammeter combines three important quali

ties which a fine, sensitive electronic 

amperemeter should have:

.LOW VOLTAGE DROP 
(I mV), in order to minimize 
circuit disturbance.

WIDE RANGE (IO“A-iOA 
full scale), to avoid "blind 
fishing" (with the meter 
always reading full scale) 
when setting-up a new test 
with unknown circuit param
eters.

HIGH STABILITY, due to its 
tuned chopper circuit and 
starved, high gain carrier 
amplifier which has excep
tionally high negative feed
back.

MV11C Warming Up
Time only 25 Seconds $29500
It makes the old-fashioned suspen

sion type galvanometer obsolete . . . 

does not burn out and recovers in

stantly after severe overloads.

SHOWN and described here is a demodulator cir
cuit consisting of 4 toroids, 8 capacitors, 9 re

sistors and 4 diodes packaged in the smallest vol
ume possible. Plug-in construction and hermetic 
sealing were required.

How It Was Done

The toroids were wound with leads brought out 
together on one side. Then the toroids were dipped 
in a rubbery compound to provide a cushion. 
Phenolic boards 0.032 thick, dimensioned to clear 
inside of the smallest std. mil. can which would 
clear toroid diameter, were fitted with eyelets at 
corners, and with four holes in the center to clear 
diode leads. Diodes were staggered inside the tor
oids, with leads brought out the four holes on top 
and bottom boards, and terminated at eyelets on 
top and header on bottom. Hopkins’ oval and 
square subminiature capacitors were wired ver
tically between eyelets, and resistors were wired 
horizontally. Lead wires from Triad octal header 
were run to appropriate eyelets for input, output, 
and intermediate test points.

A 91 per cent space factor (measured) was 
achieved.
R. P. Sykes, Ramo-Wooldridge Corp., Inglewood, 
Calif.

Tightly Packaged 
Demodulator
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(SECT. SHOWING 
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The MV11C has unequaled zero stability 

as well as highest gain stability. It is the 

ideal instrument for both accurate cur

rent measurements and for use as a 

“galvanometer” in null circuits.

Write for complete literature.

Ml LLIVAC
INSTRUMENT CORPORATION 

BOX 997, SCHENECTADY. N. Y.

TumMauf u gufa
CIRCLE 288 ON READER-SERVICE CARD FOR MORE INFORMATION
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Mold-in-Place Gaskets
Rubber gaskets are used for waterproofing 

electrical equipment, yet trouble is sometimes ex
perienced when attempting to close a container and 
at the same time keep the gasket in the proper posi
tion. Other uses often involve complicated shapes, 
inaccessible locations, or expensive machining to 
retain the rubber gasket.

One way of preventing trouble and saving costs 
is to use the rubber formulations available as pour
able materials (i.e. silicone rubber, room temper
ature curing type), actually to mold in place the 
shape gasket required. Adhesion to the base ma
terial can be excellent, and savings as well as easier 
maintenance can generally be expected. Albert Ge- 
child, Consultant, 135 Belmont St., Englewood, N.J.

Servo Demodulator
It was desired to develop a demodulator for sen I 

applications with the following characteristics: I 
Phase discrimination; 2. very low drift; 3. non-ced 
ter-tapped load; 4. power or voltage gain; and' 
with only one dynamic control element require 
(tube or transistor).

Solution

The schematic shows a half-wave circuit utilizfc 
a p-n-p transistor. The output voltage may vr 
as a half-wave rectified signal within the confix 
of the dashed lines (saturation limit equal to tl 
reference supply). Assuming that the diodes W 
a very great back impedance, the circuit is esse« 
tially drift free; and nearly all of the load cun®

Iwe 
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H
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¡07

PLASTIC
BLOCK

26V
400cps

□ match transistors.

ransistor to be used.

"Trade Mark.

ALARM CIRCUIT

Schematic of Servo demodulator utilizing p-n-p 
transistor and four diodes.

is forced to flow through the transistor each half
vele (for zero signal).
The current leakage resulting from Ico will vary 
ith temperature, but the leakage with zero input 

vill be equal each half cycle. Thus, a 400 cps signal 
vill appear across the load proportional to Ico; but
he net de will be zero.

Full-wave versions of this circuit (requiring 
wice as many components and a 180 deg reference 
hase) are also essentially driftless without having

The author has used this circuit several times, 
uilding a 40 w full-wave circuit utilizing two
AS7 tubes in parallel, a 20 w full-wave circuit us- 
ng two 2N174 transistors, and other lower power 
emodulators. For optimum efficiency and/or lin- 
aritv a combination of self bias and fixed bias may 
eed to be provided depending on the tube or

Theodore L. Roess, Bell Aircraft Corp., Buffalo 5,

MG
DES)

Inexpensive Temperature Indicator
The author had the problem of producing a 

heap temperature indicator that could be used to 
varn of overloads, resulting in abnormal tempera- westmold
ures that could damage equipment.

The indicator that was developed is that shown.
wo nletal strips, overlapping each other and sep transformers
rated by a thin (0.002 in.) piece of polyethylene, 
vere fastened to a block of plastic.

When the temperature exceeds the critical value, 
he polyethylene insulation melts, closing the alarm helping the air force
ircuit. The polyethylene film can be readily re
lated by lifting the spring leaf.
Harold Chapman, Jr., Plastics by Chapman, 1427
regon Street, Berkeley, Calif.

stay in the air

Inexpensive Overheat Warning Device

-TRONIC DESIGN • August 15, 1957

Operating through a wide range of 
temperatures and altitudes, electrical 
systems of the giant Boeing KC-135 
tankers serving the Boeing B-47 and B-52 
demand the utmost reliability from their 
components. Over 7000 Westinghouse West
mold transformers in MAGAMP* voltage regu
lators for electrical systems of these and other
Air Force planes are proving that they have this 
dependability — under all operating conditions.
The low-voltage type Westmold transformers ore 
molded of a flame-resistant plastic material which 
maintains its flexibility at extreme temperatures. Westmold 
transformers pass the type “C” thermal shock test of
MIL-C-16923 — heating to 130°C, then plunging into a
—55°C alcohol-dry-ice bath.
Exclusive dimensional fidelity is assured — the shape of the trans
former is fixed by the mold into which it is poured. In addition,
the thicker coating of resin afforded by molding, plus completely 
filled, void-free coils, increases the transformer's ability to with-
stand high humidity.
For further information, contact your Westinghouse representa-
Hve, or write Westinghouse Electric Corporation, Specialty T^ans-
former Department, P.O. Box 231, Greenville, Pennsylvania.

YOU CAN Bi SURE ...IF irk

Westinghouse



For Servo Applications

HOWARD

CAPACITOR OR

2 PHASE TYPE

SERVO MOTOR

INC

GOERZ
376«

CIRCLE 292 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCICIRCLE 290 ON READER-SERVICE CARD FOR MORE INFORMAI ION

Mounting base using nyion self-locking screws

Phase Determination

CIRCLE 291 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 293 ON READER-SERVICE CARD FOR MORE INFORMATION

108

WRIT 
BULL!

This four pole motor is de
signed for servo applications. 
Low inertia rotor provides 
quick response and high im
pedance stator windings can 
be matched to vacuum tube 
plate circuits. Center lapped 
windings can be provided. As 
a 2 phase motor, the speed 
can be varied by varying the 
phase angle. Responds to a 
wide range of frequencies. 
Gear units are available with 
ratios from 2^:1 to 3600:1. 
For complete data, write 
today.
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CTC Midgets 
Do big jobs well

Tuning sleeves are at ground potential, and can be 
locked firmly to eliminate undesirable capacity change.

Every manufacturing detail has to conform to the 
highest quality control standards. Because of these 
standards, CTC can guarantee the performance of this 
family, and of every electronic component CTC makes

CTC capacitor family, left-to-right: CST-50, 1.5 to 
12.5 MMFD’s; CST-6, 0.5 to 4.5 MMFD’s; CS6-6,1 to 
8 MMFD’s; CS6-50, 3 to 25 MMFD’s. CST-50-D is a 
differential capacitor, with top half 1.5 to 10 MMFD’s 
and lower half 5 to 10 MMFD’s. CSM (lower) trimmer, 
1.7 to 5 MMFD’s. Cambridge Thermionic Corporation, 
457 Concord Ave., Cambridge 38, Mass.

These miniatur
ized capacitors out
perform capacitors 
several times their 
size.

Their tunable ele
ments virtually 
eliminate losses due 
to air dielectric, re
sulting in wide mini
mum to maximum 
capacity ranges.

MIDGET. Shell is W O.D. and is highly 
sensitive to changes over entire area. Single 
wire and two wire types; wide range from 
— 50°F to 500°F; units which either make 
or break on temperature rise for control of 
gases, solids, liquids.

These miniaturized temperature controls utilize the famous 
Fenwal thermoswitch® principle. The outer shell is the ac
tivating element. That means short heat transfer path, built-in 
temperature anticipation, control stability and inherent ther
mostatsensitivity of less than 1 °F. That’s why they’re ideal for 
such applications as aircraft, guided missiles, antennas, elec
tronic equipment, radar, motors, computers, wave guides, 
crystal ovens, etc.

Maximum Temperature Control 
In A Minimum Of Space

Controls Temperature 
. . . Precisely

MODEL 2400

C. P. GOERZ
American Optical Company

Inwood 96, L. !.. N.Y.

MINIATURE Control within 2 °F to 6°Fis 
typical, even under 5G acceleration. Fully 
adjustable ranges of —20°F to 200°F or 
— 20 °F to 275 °F. Hermetically sealed units 
-20°F to 200°F.

HOWARD INDUSTRIES. I 
1725 State St. 

Racine, Wisconsin 
Division*: Electric Motor Corp. 

Cyclohm Motor Corp. 
Racine Electric Product*
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Get new, helpful fact« on small-space temperature control 
and detection. Write for free bulletin MC-124, Fenwal Incor
porated, 178 Pleasant Street, Ashland, Massachusetts.

Nylon Screws Eliminate Lock Washers
By switching to self-locking nylon screws, a man

ufacturer of mounting bases for airborne electronic 
equipment saved assembly time on each base.

The mounting base shown isolates a delicate elec
tronic anti-skid device in the nose wheel well of a 
jet fighter from the violent shock of 100 mph land
ings and armament firing, as well as the constant 
vibration of the 10,000 rpm turbine.

T. R. Finn & Co., Inc. of Hawthorne, N.J., the 
manufacturer, is now using Nylok self-locking flat 
head screws to secure the platform to the mounts. 
These screws have a nylon pellet inserted into the 
threads of the screw shank which bears against the 
threads in the mount stud. This produces a tight 
metal-to-metal fit between mating threads and pre
vents the screw from loosening or changing posi
tion.

Because nylon is an elastic material, it tends to 
regain its original shape. Thus, these screws can be 
reused many times without losing their self-locking 
ability.

years of superior optical 

design qualifies us to 

offer special services in 

these fields

Photographic Reconnaissance and Mapping, Extreme 
Wide-Angle, Telephoto and Plotting Lenses, Radar 
Recording, Data Recording, Infra-Red and Ultraviolet 
Optical Systems, Light Relay Systems, Components 
from Synthetic Crystals, Closed Circuit Television 
Lenses, Aspherics and Anamorphics.
Quotations to your specifications.

The author had the problem of checking, under 
load, the relative phase of isolated voltages which 
are either in phase or 180 deg out of phase. Ex
amples are isolated transformer windings, servo 
references, and audio lines.

fienwal
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TYPE 521 SERIES

customers. Write for detailed information

WASHERS

109

INSULATORS
4 BUSHINGS

NYLON
SCREWS

COIL
BOBBINS

TESTING

• ONLY ONE instrument necessary

case...Operates in any position!

leads, current limiting trans

GRC NYLON SCREWS
molded to close tolerances

• VISUAL INDICATIONS from neon

Audible test indication for leak-

• RANGES 0-1500 to 0-10,000

to 100,000 V.A.C. output at
10 KVA.

Electronics Lab,, Inc
Ave.. Passaic, N. J.
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NYLON PARTS

Economical
thread*

built-in electrical insulatingratio
properties . stable over a wide range

loosen under vibration . . non-magnetic
chemical resistantnon-corrosive .

m colors to order
These unique GRC nylon screws permit

specification sheets and prices. Available
from stock.

LEAKAGE . SHORTS . BREAKDOWN 
with

JUNIORS

'Precision Instruments Since 1936

Resolution Time
Microseconds

for Type 521a; 9.15 us 
ype 521b; -------  

iype 521c.
Characteristic Impedance: 500 ohms to 1200 ohms.
Hise Time: Less than 8% of the time delay at any point.

World s Foremost Producer of Small Die Castings
NEw Rochelle 3-8600
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to make high potential tests for
leakage, breakdown or shorts !

lights give positive test results.

• PORTABLE, with rugged steel

i SAFE to use, with rugged test

former, grounded case !

• SIMPLE —only three easy steps
to make a complete test !

age also available.

V. A.C. output. Other Hypots

• WRITE for complete data on
HYPOTS* for your jobs.

Associated Research,

3769West Belmont Avenue, Chicago 18, Illinois
Export Dept., 308 W. Washington Blvd., Chicago 6, Illinois
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The circuit shown accomplishes the purpose very
well. R, — R, = R.= Rt. If V and Vm are ap
proximately equal, the indicator will light if AB
is 180 deg out of phase with CD, with the switch
in the position shown. It will not light if they are
in phase. If the voltages are unequal, the indication
will be dim for an in-phase connection and bright
for an out-of-phase connection. A neon lamp max
be used as an indicator for high voltage, high im
pedance circuits and an incandescent lamp for low
voltage low-impedance circuits. A vtvm may be
used as indicator for low-level, high-impedance cir
cuits. It will read high for out-of-phase and low
for in-phase voltages.

F. H. Goodenough, Eng., General Electric Co.
Court St., Bldg. 4, Rm. 16, Syracuse, N. Y.

Fast-Operate, Slow-Release Relay
Shown is a circuit for accomplishing slow-release,

fast-operating (slugged) relay characteristics.
A spare, normally-closed contact set, is connected

through a resistor to provide a current equal to
about 1/4 of operate current. Relay will operate
unusually fast and release slowly.

A. W. Kaufman, Pacific Tel & Tel Co., 177 Post
St., Rm. 701, San Francisco 4, Calif.

NORMAL OPERATING

SUCH THAT RELAY
ARMATURE JUST
RESTS ON ITS BACKTOP

CONTINUOUSLY VARIABLE

Type 521 consists of a continuously variable delay line 
and a step variable delay line with 60 sections, connected

Physical size only 4"x4"x4"—very suitable to incorpo
rate with electronic instruments where continuous variable

Economically mass

15.25 us for

from GRC
produced on fully 
automatic, patented 
machines, these stock
GRC nylon parts are 
available in many 
sizes and types. GRC 
uses single cavity 
techniques, molds i
one automatic cycle, 
gets accurate, uniform
parts, ready for 
•Rimediate use.
These advantages, 
these economies, apply 
too on parts made to
exact specifications . . 
in quantities of 50,000 
to many millions.
Write for bulletin
describing GRC's unique 
methods for injection 
molding small plastic 
parts or send prints 
for quotation Ask
about our zinc alloy die 
castings, too!

Maximum size:
1%" long, .03 oz. 
No size too small.

. dean, sharp Class 2
high strength to weight

of temperatures . . . resilient and elastic,
conform to irregular shapes, seai, don't

radical product changes . . . improved
design. Write, wire, phone TODAY for

40 Second St., New Rochelle, N. Y



How KPR* ‘ 
helps you make 
etched circuits

*Kodak Photo Retisi

If you manufacture etched circuits for elec
tronic equipment, you’ll like KPR. Fast and 
•asy to use, stable, durable, it is an all
plastic, pre-sensitized, liquid surface coat
ing. Here’s how it works ...

(1) Clean metal thoroughly; a power brush saves time here.

(2) Easiest way to get rid of oxides after scrubbing is with 
acid rinse.

(3) Then, coating it easy with KPR. You can spray, dip, or use a 
whirler. KPR is so stable you can coat plates months in advance, 
without affecting exposure times.

(4) Exposure timet are thort on any metal. Use arc lights, or 
ultraviolet. Your exposure time stays constant, even through 
atmospheric changes, protects you against makeovers.

(5) Rapid, continuout protesting can be done in vapor-spray 
degreaser for economy on large runs—in tanks or trays on 
shorter runs.

(6) Ute ttandard copper etching technique! with ferric chloride. 
KPR protects panel surface image during fabrication, then 
tfript off clean when panel is “skated" on tin-lead solder, leaving 
excellent solder joints.

There’s full information In a new booklet titled “Industrial 
Uses of Kodak Photo Resist"—yours free for the asking.

No statement or suggestion in thit advertitement it 
to be contidered a recommendation or inducement of 
any ute, manufacture, or tale that may infringe any 
patentt now or hereafter in exittence.

EASTMAN KODAK COMPANY
Rochester 4, N. Y.
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standard knobs 

••• 
widest choice 

04u o 
fastest delivery

Variety and versatility in a complete standard 
line of thermosetting plastic knobs. Combi
nations, variations in types, sizes and colors 
delivered promptly. Send for catalog.

kurz-kasch
Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio

CIRCLE 299 ON READER-SERVICE CARD FOR MORE INFORMATION

Report Briefs

Speech Frequency Control

An automatic amplitude control for speech fre
quencies is described which is characterized by 
unique circuitry in which two miniature vacuum 
tubes in conjunction with crystal diodes provide a 
dynamic control range of 35 db. Input amplitude 
variations over this range are reduced to approxi
mately 1 db at the output with relatively little dis
tortion. Modification of the speech wave insures 
that a maximum of the speech “intelligence” is 
transmitted. PB 123077 Method of Automatic Am
plitude Control for Speech Frequencies, Lyle R. 
Battersby, U. S. Signal Corps Eng. Labs., Ft. Mon
mouth, N. J. Library of Congress, Washington 25, 
D. C., Nov. 1954, 20 pp, microfilm $2.40, photocopy 
$3.30.

Radiation from Slot Antenna

A rectangular waveguide terminating in the 
plane of an infinite ground screen and radiating into 
a half space has a ferrite slab located at the aper
ture. With a TEio mode of 9365 me sent through 
the waveguide the far-zone radiation pattern in the 
H-plane has been measured as a function of a trans
versely applied static magnetic field. It was dis
covered that for certain thicknesses of the ferrite 
slab the radiation lobe deviated considerably from 
the normal to the infinite screen with only small 
changes in the applied magnetic field. PB 123945 
Radiation From a Ferrite Filled Slot Antenna, D. J. 
Angelakos and M. M. Korman, Calif. Univ., Elec
tronics Research Lab., Antenna Group, Berkeley, 
Calif. Library of Congress, Washington 25, D. C., 
Sept. 1955, 25 pp, microfilm $2.70, photocopy $4.80.

Ceramic Magnet Studies

More than 700 magnets were prepared and measured 
during two years of studies. Data are provided in 
this report for processes for making the magnets, 
methods and results of physical measurements, and 
observations on theoretical aspects of magnetism in 
barium ferrite. Among a number of advances was 
the attainment of crystal orientations better than 93 
per cent and residual inductions of nearly 4200 
gauss. The energy product of barium ferrite was 
increased from about 1 million to over 3.7 million 
gauss-oersteds. Powder patterns were classified and 
a possible mechanism reversal was proposed. PB 
121865 A Study of Permanent Magnets of the Bar
ium Ferrite Type, K. J. Sixtus, Indiana Steel Prod
ucts Co., OTS, U. S. Dept, of Commerce, Washing
ton 25, D. C., Aug. 1956, 53 pp. $1.50.

New twist 
in testing... 
a torsional
vibration exciter

Here’s a new MB exciter that produces torque 
directly. It can be used as a calibrator for torsional 
pickups and accelerometers .. as well as for testing 
gyros and relays (as examples), or checking torsional 
vibrations of armatures, or determining torsional 
modes in various rotating parts.

At free-table, no load, this MB Model CA 1050 
Exciter oscillates up to 1600 cps without resonance in 
the moving element It develops 110 ft. lbs. torque, 
which produces angular accelerations as high as 1570 
radians/sec/sec. Maximum total displacement is 45°.

Several MB electronic power supplies drive this 
equipment, for specific frequency range, power and 
performance you want. Send for details.

A DIVISION OF TEXTRON INC.

1058 Stat« Street, New Haven 11, Conn.
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FLEXLOC SELF-LOCKING NUTS

FLEXLOC 
DESIGN FEATURES

one-piece, all-metal 
construction
resilient locking 
section
controlled locking 
torques
lock and stop nut in one 

every thread carries its 
full share of load

DO YOU KNOW? Flexlocsdo 
not have to be seated to lock. 
They lock anywhere on a bolt 
as soon as the locking threads 
are fully engaged. And Flexlocs 
are stocked by authorized indus
trial distributors in a full range 
of sizes from #0 to 2". Write for 
Bulletin 866. Standard Pressed 
Steel Co., Jenkintown 12, Pa

It'

■S'■
• X

■on '

X) r
STANDARD PRESSED STEEL CO

FLEXLOC LOCKNUT DIVISION

JENKINTOWN H PENNSY:ÏAWSee us at the WESCON Show, 
Booth 3213
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no ELECTRONIC DESIGN • August 15, 9S



y

LINEMASTER SWITCH CORP

I Gurley Standard Binary Code Discs

Ki

'951

Send for 
complete 
catalog
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ing 
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sv-wm* 
ia'ion

I 1

Don’t hold up 
I production 
schedules for 
special-proiect 
designing. What

I you need—
|we've got right 
jnow See for 
I yourself!

1 transmission. WRITE FOR BULLETIN 7000.

- L. E. GURLEY • 525 Fulton Street, Troy, N. Y.

GURLEY since 1845
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hat foot switch 
you need has 

been

LINEMASTER

Oscillating Crystals

An X-ray investigation of the crystal-structural 
basis for piezo- and ferroelectric activity in solids, 
with the aim of prediction and development of new 
crystals for frequency-control elements. The X-ray 
studies are coordinated with electrical, mechanical, 
thermal and optical measurements on the mate
rials concerned. The program has been concerned 
with development of special X-ray diffraction ap
paratus and piezoelectric testing devices of ade
quate sensitivity for crystal surveys, a survey of 
possible new piezoelectric crystals, and X-ray dif
fraction studies of KH2 PO4, NH4 H2 PO4, LiNH4 
tartrate. H2O and LiRB tartrate H2O. PB 123172 
Stroboscopic X-ray Studies of Oscillating Crystals, 
R. Pepinsky, Penn. State Univ., University Pk., Pa. 
Library of Congress, Washington 25, D. C., Jan. 
1953, 272 pp, microfilm $11.10, photocopy $42.35.

TODAY!

ATlOh

Now Available in Four Versions

130 Putnam Road, Woodstock, Connecticut
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Gurley, manufacturer of the standard binary code disc for the 
electronics industries, is now able to supply four versions for use 
in either photo-electric, magnetic or contact types of pickups.

Containing concentric zones of information in the gray (re- 
fflected) code, the Gurley discs contain alternate clear and opaque 
hectors. Thin annular rings separating adjacent zones are opaque. 
(Varying patterns record up to 8192 bits of information (65,536 
k>n special designs!).

Four coatings are available: "Type T”—photoengraver’s glue 
p’th colloidal (hlack) silver, essentially grainless; "Type R” with 
fetched metal coating, for reflectivity and transmission contrast; 
I Tvpe M” with chemically deposited ferrous alloy possessing both 

.tic and optical transmission contrast; and "Type C”—metal 
bon -d on glass for electrical contact use as well as in contrast of

Coil Energy Reservoir

The power required to accelerate a pellet to 
very high velocity is enormous. It is not feasible, 
nor necessary, to deliver this power from a contin
uous source. The extremely short time duration and 
small duty cycle allow the use of a system in which 
the energy is accumulated at a very slow rate and 
discharged at a very high rate. The feasibility of 
using the inductance coil as an energy reservoir 
for such a system is discussed. Three systems are 
analyzed. The first system has the simplest circuit 
possible to transfer the energy from the field of one 
coil to the field of another. The second system is a 
modification of the first using the addition of a 
capacitor for improved performance. The third 
system employs a bank of capacitors as the energy 
reservoir, and serves as a standard for measuring 
the merit of the other two systems. PB 124264 In
ductance Coil as an Energy Reservoir for an Elec
tromagnetic Accelerator, Charles R. Forbes and 
William S. Partridge, Utah Univ., Salt Lake City, 
Utah. Library of Congress, Washington 25, D. C., 
Aug. 1956, 50 pp, microfilm $3.30, photocopy $7.80.

Permanent-Magnet Generators

A simple theory of the permanent-magnet genera
tor is presented, based on an equivalent magnetic 
circuit and using the conventional synchronous 
machine constants. Steady-state and transient oper
ation is analyzed, and the demagnetizing effect of a 
short-circuit transient is evaluated. The theory may 
be used for the prediction of machine performance 
and as the basis of an optimum design method. 
PB 121862 Permanent-Magnet Generators, D. J. 
Hanrahan and D. S. Toffolo, U. S. Naval Research 
Lab., OTS, Washington 25, D.C., March 1957, 18 
pp, $.50.

This Is Where

Behind doors like these in 
plants everywhere, the new 
products of tomorrow and the 

improved products of today are created . . .
and in their creation the right custom cable 
or wire can play a key role.

Phalo has an outstanding record for finding 
the custom answers to problems developed 
in new product design ... call on them first!

PUD fjQ Custom Wires & C

Come In

DESIGN 
ENGINEER

PAALONew Phalo catalog just off
the press. Ask for your copy

NOW!

-PAALO

CIRCLE 305 ON READER-SERVICE CARD FOR MORE INFORMATION
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Lucite 
Plexiglas 

AcetateNOW! 

Butyrate 
Cast Phenolic 

Epoxy Besin 
Ethyl Cellulose 

Kel-F
Iiii.minu.ted Bakelite 

Nylon

Stvrene Í «polymers — ■ M— helps you get

^PLASTIC PAR
Grommets 

Handles 
Knobs 

Mechanical Checks 
Name Plates 

Pins 
Plates 
Plugs 
Bings 

Spacers 
Spools 
>tand* 
Strips

rollili, .%: faster at lowered'Cqpts
New e-x-p-a-n-d-e-d production facilities 
now give you ACE HIGH QUALITY on all 
types of screw machine, centerless ground 
parts and special shapes ... all colors . . . 
all materials.

Sizes: 
’/a" to 2V4”

Write, wire, phone for samples, prices and 
bulletin listing, stock items. Send specifications

Lengths: 
1/16” to 9“

or blueprints for prompt quotations 
on specials.

PLASTIC COMP.
EXTRUSION MOLDERS AND FABRICATORS
91-58 Von Wyck Expressway, Jamaica 35, N.Y. Telephone: JAmaica 3-5500

CIRCLE 345 ON READER-SERVICE CARD FOR MORE INFORMATION

New Type 2A TAP SWITCHES
HAVE A CONSTANT CONTACT RESISTANCE OF

ONLY 1 or 2 MILLIOHMS

These high quality switches 

with up to 24 contacts were 
specifically developed to meet 
the need for rugged precision 
instrument switches that have 
longer operating life and 
are economical components 
in competitively priced 
electronic instruments 
and military equipment.

Write for Technical 
Bulletin No. 28.

y

TECH LABORATORIES
See Tech Lab's products at G. S. Marshall Booth #6*1 

at the Wescon Show
CIRCLE 346 ON READER-SERVICE CARD FOR MORE INFORMATION
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Patents

22

za

for maximum reliability

Write for catalog
INDUSTRIAL 

DIVISION
4-371 Valley Blvd., 

Los Angeles 32, Calif.
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Power Supply

Patent No. 2,780,736. G. C. Chernish. (As
signed to Sylvania Electric Products, Inc.)

Receiving tubes used in radio and tele
vision receivers are designed to operate 
with plate potential of 250 to 300 volts. In 
order to secure this voltage from 120 v 
commercial power lines, it has been neces
sary to use a transformer, rectifier and filter. 
A transformer is an expensive component 
and in seeking to avoid using one in the 
power supply, a voltage multiplier circuit 
has been restored to, using disk rectifiers.

ri

Crystals and similarly shaped miniature 
components can be held securely in place even 
under severe conditions of vibration and shock 
with Birtcher CRYSTAL CLIPS. The unique 
design of the clip permits easy access for 
service even in crowded chassis.

MATERIAL
Type 302 
stainless steel
SIZES
Available in heights 
and modifications 
to fit nearly all 
popularly used 
crystals.

THE BIRTCHER CORPORATION

CIRCLE 347 ON READER-SERVICE CARD FOR MORE INFORMATION

These rectifiers are relatively inexpensiv 
as compared to a transformer. It was foun 
however, that receivers using a voltag 
multiplier circuit power supply were su 
ject to many more tube failures than wh 
using the transformer power supply. As 
consequence receivers were again provided 
with the transformer power supply.

It was discovered that the reason f 
tube failures was caused primarily by ei 
cessive voltage between the cathode 
the heater of the tube. In order to redu 
this voltage, the patentee devised the ti 
cuit illustrated. The voltage doubler porti 
of the circuit is made up of the capacit 
17, 18 and 21 with rectifiers 15 and 16 
a choke coil 20 connected as shown, 
commercial power supply lines are 
wires 13 and 14. The heaters 25 of o 
group of receiver tubes are connected! 
series with a resistor 28 on the high voltas

ide o 
ow ' > 
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oltage 
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c the supply line and a rectifier in the 
oW \ Itage side. Heaters 26 of a second 
rou] of tubes are in a similar circuit in 
aral 1 with the first. With the heater cir- 
uits illustrated in conjunction with the 
olta e multiplier portion of the power 
apply, the combined de and ac potential 
lifference between the heaters and the 
athodes 30, does not exceed 200 v which 
5 the maximum cathode heater voltage 
ating for tubes commonly used in receiv- 
rs. Since the voltage between the heaters 
nd the cathode does not exceed this maxi- 
inm voltage, tube life is substantially in- 
reased.
Two other circuits are illustrated in the 

atent in which the heaters of all of the 
ubes in the receiver are used in one series 
tring. In this circuit a capacitor of substan- 
ial value is connected across the heaters or 
e heaters and the series resistor.

odulator

atent No. 2,793,304. S. T. Martin. (As- 
'gned to the United States of America)
The line type modulator devised by the 

atentee uses a gas discharge tube and a 
elay line connected at one end to the 

PRINTED
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TALK ABOUT COMPETITION ! 
HOW DIO TUET GET IN ???

ETCHED AND PLATED 
send for literature 

CRONAME, Incorporated
1741 GRACE ST , CHICAGO 13. ILL
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anode circuit of the tube. Pulsing of the 
tube causes ionization of the gas in the tube 
and initiates a discharge of the delay line. 
This generates a wave which travels to the 
other end of the line and is reflected toward 
the anode in the form of an inverse voltage 
wave. The inverse voltage wave causes the 
tube to draw inverse current due to positive 
ions in the decaying plasma. A reactive 
impedance is provided across the other and 
of the delay line which delays the applica
tion of the inverse voltage until the positive 
ion density in the plasma is reduced. As a 
consequence the amount of inverse cur
rent drawn by the tube is reduced.

Semi-Conductive Devices

Patent No. 2,793,331. J. J. Lamb. (Assigned 
to Sperry Rand Corp.)

An electronic control device is described 
which uses a semi-conductor. The semi
conductor is hermetically sealed within an 
envelope. Within the envelope there is pro
vided a shunting circuit between the elec
trodes for shunting the current around the 
semi-conductor when the potential differ
ence between the electrodes reaches a pre
determined value.



What's 
new 

in Precision 
“POTS”?

MULTITURN ROTARY

LINEAR

send for new 

Precision 
Potentiometer 

catalog

GANG

SECTOR

For 25 years a supplier of mechanical 
and electro-mechanical controls 
for home, industry and the military.

GENERAL CONTROLS 
POTENTIOMETER DIVISION 
801 ALLEN AVENUE. GLENDALE 1, CALIFORNIA
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Design Electronic Controls lor RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION

Be sure your Engineers are working with the Alden Handbook of plug-in unit design. Presents 
complete line of basic components of tremendous flexibility for adapting your equipment to plug-in 
construction.

REQUEST FREE 250-PAGE

ILnitixe your circuitry in compact vertical planes 
• using Alden Terminal Card Mounting System.

.... . JUMPER STRIP " f-fr ’iP
PREPUNCHED TER- MINIATURE Eliminate* wiring CARD-MTG. ‘R
MINAL MTG. CARD TERMINALS for common circuit* SOCKETS L

You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
sockets staked to accommodate any circuitry — making complete units ready for housing. 
Components snap into unique Alden Terminals, are held ready for soldering.

YOUR 
COMPLETED 

CIRCUITS 
FOR PLUG-IN 
PACKAGE OR 

CHASSIS

2 To mount this vertical circuitry, ALDEA PLCG-IA PACKAGES AAD
• CHASSIS give tremendous variety with standard component* 4 sizes:

ALDEN 
PLUG-IN 

PACKAGE
4 SIZES:
& 20-P1N nil

ALDEN
BASIC CHASSIS r

Alden components provide standard plug-in or slide-in housings—with spares, your circuits become units replaceable in 30 seconds.

Give chassis easily traceable interconnects and 30-second
replacement with ALDEA SERVE-A-LMT
IT'S AS SIMPLE AS THIS

Assign to each unit

ALDEN BACK 
CONNECTORS

Arrange Alden Side Rail* (I ) 
and Alden Lock Frame (2) 
to suit your chassis. Alden
mount in your chassis to en
gage pre punched holes in 
Alden Lock Frame (2) to 
pilot, draw in. lock or eject. 
Arrange Alden Back Connec
tors (4) in orderly row on 
Alden Lock Frame. Mount 
mating Alden Back Connec
tors on your Chassis.

KIT
GIVING YOU । > Chassis that plugs in. locks and eject* 
with half turn of the wrist. 2) leads so beautifully 
organized, accessible and identified that non-technical 
personnel can service.

leads color coded and

SENSING ELEMENTS
MINIATURE 
TEST JACK

MINIATURE 
INDICATING 

LIGHT

to spot trouble instantly»
MINIATURE 

jPrfF INDICATING
«■T FUSE HOLDER

8139 N. Mala St., Bracktaa 64,~Mml
From Alden’s Une of Ready-made Compon
ents for Unitized Plug-in Unit Construction.

CIRCLE 350 ON READER-SERVICE CARD FOR MORE INFORMATION
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For exacting, high-temperature applications.. •

CERAMASEAL LEAK-TIGHT TERMINALS
Assuring you savings in installation and operation, these Ceramaseal high-tem
perature terminals are 100% leak-tested and guaranteed leak-tight when shipped. 
High-alumina ceramic and metal parts of Ceramaseal terminals are joined 
by an exclusive process to form a high-strength, long-life molecular seal.
Brazing, welding or soldering techniques can be used for installation, with
out resulting damage to the seal, thus eliminating costly rework or replacement. 
For brochure and spec sheets, or complete information on special high-tempera
ture terminals, write: Ceramaseal, Inc., Box 25, New Lebanon Center, New York.

Supplying High-temperature, Quality Terminal» for Five Years

CERAMASEAL, Inc.
CIRCLE 310 ON READER-SERVICE CARD FOR MORE INFORMATION

MODEL 409

RECORDING OSCILLOGRAPH
FOR VIBRATION, TEMPERATURE, STRESS, STRAIN RECORDING

The Century Model 409 Oscillo
graph was designed for operation 
under the most adverse conditions 
and more especially, where space 
and weight considerations are 
limited.

This Oscillograph is one of the 
smallest and most compact units 
available on the present market, 
yet it incorporates many features 
found in larger oscillographs, such 
as trace identification, trace view
ing, continuously variable paper 
speeds and others. The Model 409 
Oscillograph has been tested and 
proven to record faithfully during 
accelerations in excess of 20 g's.

Model 409 with 
100 ft. Capacity Magazine

This makes it especially desirable 
for uses such as missile launching, 
parachute seat ejection, fighter air
craft and torpedo studies.

Write for Bulletin CGC-303 and CGC-301

Century Electronics & Instruments, Inc
1333 No. Utica, Tulsa, Oklahoma

CIRCLE 311 ON READER-SERVICE CARD FOR MORE INFORMATION
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pulseSingle Stage Amplifier-Detector Amplifier

Patent No. 2,785,299. J. G. Spracklen. (As
signed to Zenith Radio Corp.)

The amplifier uses an electron-discharge 
tube having a cathode, a first control grid, 
an accelerating electrode, a second control 
grid, and an output electrode. An input 
circuit applies an amplitude-modulated w 
signal between one of the control grids and 
the cathode. This signal has a predeter
mined carrier frequency. Another circuit is 
provided between the other control grid 
and the cathode which circuit includes a 
resonant two-terminal load circuit. One of 
these terminals is coupled externally of the 
tube to the other control grid only. The load 
circuit has an impedance at the predeter
mined carried frequency greater than the 
reciprocal of the effective transconduct
ance, at this predetermined frequency, of 
one control grid with respect to the other 
control grid. An amplified signal is devel
oped which includes modulation compon
ents of the modulated wave-signal. Between 

the other control grid and the ath 
there is a circuit for effecting sepai ation 
the modulation components from he 
plified signal and for supplying tl 3 
rated modulation components to tl e n 
control grid to modulate the electi )n fl 
to the output electrode in accordances 
the modulation components. An ou 
load circuit is coupled between the ou 
electrode and the cathode which utili 
the transconductance of the other con 
grid with respect to the output electi 
for amplifying the modulation compone

Pulse Sharpening Circuits
Patent No. 2,793,303. H. Fleisher. (Assig 
to International Business Machines C

The pulse sharpening circuit uses a r
fier and an inductance in series and bi 
to be normally conducting. Input pulses 
applied to the rectifier to interrupt the n 
mal current flow. A transistor has its emi 
electrode connected to one terminal of 
inductance. The base electrode is conn 
to the other terminal to bias the transi 
to substantially non-conducting conditi 
A load impedance and a source of poten 
connects the collector and the base e 
trodes. With this circuit the transistor

Methc 
Magn

patent 
signea

The 
the sij 
such < 
netica 
have • 
the in 
to the 
carrie 
perioc 
from

CIRCLE 312 ON READER-SERVICE CARD FOR MORE INFORMATION

Fast Delivery on

TENSOR MIL-T-27A 

TRANSFORMERS AND CHOKES 
(All Grades and Classes)

TENSOR
COMPUTER TRANSFORMERS
Ratio Accuracies to .001%
Phase Shift less than 1 Milliradian

SPECIAL MAGNETIC COMPONENTS
Made to Specification

THE TENSOR ENGINEERING STAFF 

SERVICES YOUR INQUIRIES PROMPTLY

TENSOR
ELECTRIC DEVELOPMENT CO., INC.
Custom Mil Components Since 1949

1873 Eastern Parkway, Brooklyn 33, N. Y.
HYacinth 5-9200

ELECTRONIC DESIGN • August 15, 19$
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LITERATURE

2620 N. CLYBOURN AVE., CHICAGO 14, ILL

Type OT capacitors are designed for operation to a maximum of 
65° C and are available in voltage ranges to 120 KVDC. These ca
pacitors extend th« voltage and capacitance range of the tubular 
style as exempliti. d by the popular glasscaps and are primarily 
designed for operation under oil. Type OT capacitors are supplied 
with a corona shield permitting operation in close quarters.

duct and quenches the current flowing 
through the inductance due to the back 
elec omotive force developed across the 
indu tance when an input pulse is applied 
to the rectifier. This produces a sharpened 
pulse across the load impedance.

Method And Apparatus For Reproducing 
Magnetically Recorded Signals

patent No. 2,785,233. A. A. Stuart Jr. (As
signed to Bendix Aviation Corp.)

The device described is for reproducing 
the signals recorded on a magnetic record 
such as a tape. As in such devices a mag- 

I netically permeable member is arranged to 
I have the record pass in close proximity to 
the member so that it receives or responds 
to the flux on the record. A pick-up coil is 
carried on the member. The member is 
periodically saturated when it receives flux 
from the record to induce voltages in the 
pick-up coil corresponding to the signals.

Pulse Width Selecting Filter
Patent No. 2,784,310. E. W. Cowan. (As
signed to the United States of America)

The selecting filter rejects applied pulses 
which exceed a predetermined duration. 
This is accomplished with first and second 

NEW TYPE OF HIGH VOLTAGE CAPACITORS

delay lines. Characteristic impedance of the 
second delay line is a fraction of that of the 
first delay line. A pulse input circuit termi
nates the input side of the first delay line 
with the characteristic impedance of the 
line The output side of the first delay line 
is terminated by an impedance including 
the second delay line in a fraction of the 
characteristic impedance. An open circuit 
is provided in the output side of the second 
delay line. The total delay time of the first 
and the second delay lines is a fraction of 
the predetermined duration.

Squelch Circuit
Patent No. 2,785,298. G. H. Menhennett. 
(Assigned to International Telephone and 
Telegraph Corp.)

A squelch biasing voltage is developed 
by using an input circuit which is respon
sive to noise energy. A generator is coupled 
to the input circuit which is responsive to 
noise voltage above a given level and gen
erates a predetermined voltage waveform. 
This waveform is substantially independent 
of the amplitude of the noise energy. Cir
cuit components are coupled to the output 
of the generator which cumulatively stores 
given portions of the generated wave and 
produce the squelch biasing voltage.

CIRCLE 313 ON READER-SERVICE CARD FOR MORE INFORMATION

195 E CTRONIC DESIGN • August 15, 1957



NEW
TEFLON

GLASS
FIBER

LACING
TAPE

17081 Barclay St. Conshohocken, Pa.

BENTLEY, HARRIS INSULATIONS

115

For complete information contact your near 
est ESI engineering representative or

sional calibration against a knowt\. 
standard).

Dissipation Factor Range at Ike: 
0 to I 05 in 3 ranges; 0 0001 per 
dial division Accuracy: - (0 0005 
plus 2 7. of reading).

MODEL

CAPACITANCE

BRIDGESPECIFICATIONS
CAPACITANCE RANGE:
0 to 120 microfarads in 7 ranges; 
resolution 0.01 micromicrofarads 
per dial division. Accuracy 0 2% 
(accuracy fo better than 0.1 %/V

A precision laboratory bridge designed 
to measure a wide range of capacitance 
at audio frequencies. Extreme simplic* 
ity of operation with direct-reading 
dials and multipliers, plus dual range 
null indicator. Excellent shielding; no 
zero capacitance correction needed with 
suitable test leads. Unique carrying 
handle converts to adjustable bench 
stand.

ELECTRO
MEASUREMENTS, INC 

7524 S. W. MACADAM AVENUE 
PORTLAND 1, OREGON

CIRCLE 314 ON READER-SERVICE CARD FOR MORE INFORMATION

New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 
-100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . . completely 
wax-free and fungus proof.
Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples.
Bentley, Harris Manufacturing Co.

•T.M. Owens-Corning
CIRCLE 3)5 ON READER-SERVICE CARD FOR MORE INFORMATION
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the most versatile i
temperature test chamber ’ 

for laboratory or production line...

for testing from —75°F to +600°F
$700 00 f.o.b. Los Angeles StatAam

MODEL

TEMPERATURE 
TEST CHAMBER

Thr Statham Model TC-4 portable Temperature Test 
Chamber has proven its versatility and value for years 
in such fields as the Aircraft, Electrical, Electronic. 
Automotive, and Chemical industries. Its wide operat
ing range —from -75 F to +600 F makes this unit the 
ideal solution for ambiem temperature tests in the 
Laboratory or on the Production Line. Accurate and 
adjustable control, wide temperature range, and a prod
uct capacity of 600 cubic inches provide the most 
versatile test chamber available for your testing needs. 
Interchangeable extra trays may be ordered for greater 
convenience and elimination of loading delays.

Write for descriptive literature 
on this and other models, or 
wire or call for prompt reply 
on your application

Statham
DEVELOPMENT CORPORATION 
12411 West Olympic Boulevard, 
Los Angeles 64 California
GRanite 7-9157.

CIRCLE 316 ON READER-SERVICE CARD FOR MORE INFORMATION

the
A. W. HAYDON COMPANY offers a 
COMPLETE LINE of STANDARD and CUSTOM 
DESIGNED TIMING MOTORS and DEVICES!

fur military and in. 

du.lrial applications. 

Illustrated are some 

of these units . . . 

any ran be modified 

to meet your speeific 

requirements if the 

baste design is not 

adequate.

Shown below is the new catalog of the A. 
W Haydon Company describing all of the 
basic types of units available and many 
of the “specials". Included in this 25-page 
catalog are 60 photographs of timers, 30

anddrawings.

CIRCLE

50 charts and 
diagrams. This 
complete cata
log will be sup
plied on request.

Long a pioneer in the timing field, The A. W. 
Haydon Company is prepared to assist you in 
solving your timing and control problems. 
When a solution to your problem has been 
reached. The A. W. Haydon Company is pre
pared to follow through w ¡th production geared 
to meet your requirements whether a basic 
timing unit or a highly specialized device is 
required.

the A. W. HAYDON COMPANY
WATERBURY 20, CONNECTICUT

Design and Manufacture rf Electro-Mechanical Timing Devices

317 ON READER-SERVICE CARD FOR MORE INFORMATION
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Magnetic-Amplifier Circuits

William A. Geyger, McGraw-Hill Book Co., 
330 West 42nd St., N.Y.C., 394 pages, $7.00.

Guest Reviewer—Joseph P. Harper, Ph.D.
To the uninitiated in the realm of 

magamps’’ it may come as a surprise that 
there are so many different types of mag
netic-amplifier circuits all making use of 
saturable core reactors. It will be equally 
surprising that the basic idea of magnetic- 
amplifiers, wherein relatively small currents 
are made to control high levels of power 
without the use of switches, relays, vacuum 
tubes or transistors, dates back to 1901 
when Burgess and Frankenfield applied 
for an electric circuit regulator patent.
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The author, who is associated with theB 
U. S. Naval Ordnance Laboratory, is al 
recognized authority on magnetic-amp!. I 
fiers. He has been concerned with them toil 
almost two decades and has made signii l 
cant contributions in inagnetic-amplifi I 
development and applications, particular I 
in the field of electrical measurements. I

Beginning with a short chapter on thI 
historical development of magnetic-ampL I 
fier circuits and another on magnetic-ai I 
plifier elements, the author proceeds tl 
consider in detail such types as ti I 
non-feedback, external feedback, internal 
feedback, full-wave, half-wave, second bar-

CINTEL MUTUAL and SELF INDUCTANCE BRIDGE

Coverage:
0.001 x?' to 30mH in 12 ranges 
100p.fl to 3000 fl
Accuracy:
zb 1 % of full scale on all ranges
Frequency: 
1592 cps (cos 10,000)
Price: 
$625.00 f.o.b. N.Y.C.
Features:
• Direct reading of either mutual or self inductance.
• All measurements in form of 4-terminal network.
• Also measures very low resistance.
• Maintains accuracy at low values.
• I & R balances are independent.
• Built in oscillator and visual detector.

MODEL 1852

CINTEL bridges simplify intricate measurements and all have wide 
range and high accuracy. Watch for future ads. Detailed specification 
on request.
Exclusive Sales and Service in U.S.A,

MARCONI Instruments 44 New Street • New York 4
CIRCLE 318 ON READER-SERVICE CARD FOR MORE INFORMATION
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Oni< and self-balancing magnetic-ampli- 
¡er c cuits. The final chapters deal with 
uch /pics as the technical properties of 
iagn tic-amplifiers, typical applications 
nd the use of magnetic-amplifier circuits 
or tiacing dynamic hysteresis loops. The 
reatment of the subject matter is mainly 
escri ptive, is thorough and amply illus- 
rated by circuit diagrams. The use of 
lathematics is minimized but is adequate 
o bring out the physical principles in- 
olved. Extensive bibliographic material, 
ncluding references to patents, is given at 
he end of each chapter.

With their inherent characteristics of 
ong life, compactness, stability and insen- 
itivity to vibrations, magnetic-amplifiers 
resent attractive applications possibilities 
this age of instrumentation and automa- 

ion. Therefore this book will doubtless 
rove to be an invaluable aid and ready 
ference for the engineering designer to 
e principles, development and character- 
tics of magnetic-amplifiers. It will also 
amiliarize him with the many applications 
f these amplifiers in the fields of servo- 
echanisms, automatic control devices and 

lectrical measuring instruments.
r. Harper is head of the Dept, of Physics, 

^niv. of Scranton.

Write for Descriptive Literature

Caldwell, N. J.
CIRCLE 319 ON READER-SERVICE CARD FOR MORE INFORMATION

High Speed Flight

E. Ower & J. Naylor. Philosophical Library, 
15 East 40th St., New York 16, N.Y., 227 
pages, $10.00.

Special problems encountered at high
speed and supersonic flight are described 
in this text. Much of the information dis
cussed has not previously been released for 
general publication. The fundamentals of 
flight are first explained and examples given 
of early attempts to attain supersonic 
speeds.

An account of how successive difficulties 
were met and overcome and the inaugura
tion of a new era with the breaking of the 
sound barrier will prove interesting back
ground material for a person wishing to 
acquire a speaking knowledge on high
speed flight. Methods of research and ex
periment in aero-dynamics and the uses of 
various types of wind-tunnels are clearly 
described and explained. The subject of 
rockets and guided missiles is also touched 
upon. Physiological problems of high-speed 
flight are reviewed, and some of the future 
possibilities are assessed. Ower and Naylor 
keep technicalities to a minimum and pre
sent their material in a clear and factual 
manner.

ELECTRONIC COMPONENTS and ASSEMBLIES:
Vacuum Tube Components; Diodes and Transistors; Slip-Ring 

Commutators; Crystals; Sub-Miniature Assemblies

ELECTRICAL CONTACTS
Relays; Vibrators, Voltage Regulators; Sensitive Switches

METER and INSTRUMENT COMPONENTS
Instrument Bearings; Jewel Bearings and Pivots; Gear 

Trains; Lapped Surfaces

Cobehn High-Velocity Spray-Clean Technique 
REMOVES: Rosin Flux; Silicone Lubricants; 
Oil, Grease and Wax; Lapping Compound 
and Abrasives; Dirt, Dust and Lint.
SAFELY: No Film or Residue; No Corrosive 
Effect; No Damage to Surface; No Fire or 
Explosion Hazard; Non-Polar and Non-lonic.
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WEST COAST

The trademark 
on million* of 
solenoids since 1997

WesCo designs and manufactures aircraft 
solenoids for military and commercial appli
cation. Write for complete catalog.•ERIES 100

has the AG solenoids 
you need... in 
the quantity 
you need I

WesCo’s famous Series 100,200 and 
400 AC solenoids—75 models in all — 
are immediately available in small 
or large quantities! One of these de
signs may fit your requirements. If 
not, WesCo engineers will design a 
special solenoid for your application. 
Inquire now.

ELECTRICAL MFG. CORP

233 W. 116TH PLACE • DIVISION 110 • LOS ANGELES 61. CALIFORNIA • PLymouth 5-1138

CIRCLE 320 ON READER-SERVICE CARD FOR MORE INFORMATION

AP Z
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CIRCLE 321 ON READER-SERVICE CARD FOR MORE INFORMATION



GUARANTEED Standards and Specs
mer

Sherman H. Hubelbank
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FASTENERS
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CIRCLE 322 ON READER-SERVICE CARD FOR MORE INFORMATION
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CIRCLE 323 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 325 ON READER-SERVICE CARD FOR MORE INFORMATION

Automobil* 
Instrumont pand

16 data filled pages

836 Galindo Street 
Concord, California

G-M specializes in the design and manufacture of
servo motor« for ini

ELECTRONIC DESIGN • August 15

uses. Readily available

Your copy sent 
postpaidNo obligation

NUT COMPANY 
109 Broad Street

South Whitley, Indiana

FOR
• Hard to reach

both in standard sizes and as special units. Precision 
built to meet all military specifications: altitude, 
high and low temperatures, vibration and shock, 
humidity and salt spray.

Requirements for Reliability
The general requirements for the reliability pro
gram to be conducted by the contractor for produc
tion equipment are established by spec.
MIL-R-25717(USAF), Reliability Program For 
Electronic Equipment, January 1957

This spec is used as an approach to an adequate 
reliability program in the production of electronic 
equipment. To be adequate, however, the detail 
spec must establish quantitative minimum require
ments for reliability, such as mean time to failure 
for an adequate lot size of equipments. The lot size 
to be specified by the detail spec will depend upon 
the quantity of equipment ordered and its rate of 
production.

It is the responsibility of the contractor to accom
plish the degree of reliability required, it shall not 
be presumed that because an item is committed to 
production that the prototype model, if any, or the 
designs therefore, will yield the required reliability 
if accurately reproduced.

The contractor's latitude in exercising the means 
to accomplish the reliability required is not limited, 
except to see that the specified performance and 
characteristics of the equipment are not changed 
to obtain the reliability objective. Where a serious 
situation develops, the contractor is permitted to 
offer a reasonable compromise proposal to the pro
curing agency for consideration.

Component parts and materials obtained from 
sub-contractors and vendors shall receive special 
attention when specifying and ordering. It is not 
to be presumed that because a part is JAN or stand
ard that it will automatically possess the required 
degree of reliability.

Before assembly and fabrication, the contractor 
shall make absolutely certain that all component 
parts are rigorously tested under test conditions 
calculated to expose defective parts or uncontrolled 
characteristics which could lead to early failure of 
the equipment.

Since faults due to poor workmanship are just as 
serious as design or component part failures, the 
contractor shall insure proper selection and training 
of personnel to provide the highest quality of work. 
The contractor shall maintain progressive inspec
tion of the work, in addition to final inspections.

The contractor's production engineering depart
ment shall include qualified personnel in reliability 
design and supervision. The quality control section 
shall also participate, both at the working level and 
at the policy level. Quality control criteria shall be 
subject to approval by the procuring activity.

Education and training courses, scaled to the

Dimensional Drawings • Characteristics Charts 
Performance Data • Complete Specifications
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Data Subject to Chance U ithout Notice — Prices FOB. Factory

Complete catalog data available
Computer-Measurements Corp.
5528 Vineland Ave., N.Hollywood, Calif., Dept. 76 H

• Thin metal applications 
• Automatic feeding
• LOW COST fasteners
Gripco Miniature Pilot Weld and Clinch 
Nuts, with or without the famous Gripco 
locking feature, provide low cost fasten
ings in blind assemblies or as extra thread
ing depth for thin metals. Miniature size 
ideal where space is limited. Sizes #4 
through W in Miniature Series, fine and 
coarse threads. Sizes W through %" are 
available in standard dimensions.

Large inventories carried for immedi
ate shipment. Brass and Aluminum made 
to special order.

Writ» for tamplot and full dotailt

MODEL 2100 WAVE ANALYZER
A portable, compact, frequency-selective VTVM 
accurately measuring the amplitude of input 
signals from 30 cps to 50 KC. 160 uv to 500 volts 
RMS full-scale sensitivity.

Features are exceptionally wide frequency cov
erage, high sensitivity, great dynamic range 
and ease of operation. $495 00 FOB factory. 
Complete data on request.

GRIPCOto meet fill military

CRIP

Model 226A

OUTSTANDING FEATURES

environmental spe

Small voltage increments ordinarily masked 
by attenuators are easily selected

Oscilloscope marker signals facilitate 
start and stop trigger level adjustment for time 
interval measurement of complex waveforms

Three independent adjustable trigger level controls 
permitting full rated sensitivity at any 

voltage level between 300 and F 300 volts.

Simplified color-coded controls and direct 
read out m kc. me, sec, or millisec, with 

automatic decimal pom! indication

UNIVERSAL 
COUNTER
TIMER .

A brand new multi purpose instrument provides preo 
sion measurement of frequency, frequency ratio. period 

1 frequencyland time interval Pressure velocity, accel 
eration, displacement, flow. RPS. RPM etc may also be 
measured with suitable transducers The 226A mav be 
used as a secondaryfrequenev standard Price; $1,100.00 
100 kc Model 225A $840 00

MC!
DIRECT READING
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particular need, shall be given engineering, quality 
control, production, test, and purchasing depart
ment personnel concerning the nature, scope and 
importance of reliability.

Since certain types of design deficiencies and de
fects are not always detected until the first lot of 
equipment is actually used in service, the con
tractor should anticipate the possibility that field 
failure reports or USAF Unsatisfactory Reports may 
be referred for evaluation and correction of the 
balance of the production items, and perhaps re
trofit of items already shipped. An effective, rapid 

■ manner of dealing with such reports shall be 
I established.

The criteria for determining the conformance 
■ with quantitative reliability requirements shall be 
las specified in the detail requirements of the specs 
[for the particular equipment. The adequacy of the 
I contractor’s efforts and facilities to comply with the 
■intent of this spec is subject to interpretation and 
[negotiation for the particular procurement situa- 
Ition at the present.

Provision shall be made for individual testing oi 
■all subassemblies prior to testing the overall equip- 
|ment, (subsystem or system). Criteria for accepta- 
Ibility, that is, acceptable limits and tolerances, shall 
Ibe established by the contractor.
I The contractor shall test the required number of 
■equipments, record the failures, analyze causes, and 
■present a summary of the results to the Government 
[ inspector. If the failure rate exceeds requirements, 
■the contractor shall propose a course of action.
I When equipment of the initial test lot is under
Igoing test, and a failure occurs, the equipment shall 

be shut off and the cause of failure determined.
’The cause of failure, (including design), shall be 

l corrected, (part replaced or changed if applicable) 
Land the equipment again placed in operation for 
■the remainder of the test.

The contractor’s requirements for both common 
land specialized facilities and instrumentation to 

perform reliability testing, in accordance with the 
■requirements of this spec, shall be anticipated and 
j provided for sufficiently in advance. Where such 
■expenditures are associated with the contract cost, 
jprior approval for such expenditures shall be made 
■from the Government procuring activity before any 
■commitments are made. The design, layout, and 
(details of these facilities are the responsibility of 
■the contractor.

Transistor

|MIL-T-19112A(Simps), Transistor, Type 2N118, 
Amendment 1,14 March 1957

| his amendment adds outline dimensions o£ type 
2N118 transistor and a curve of collector voltage 
versus collector current with emitter open circuits. 
[Type 2N118 transistor is a silicon NPN Grown 
Junction Transistor.

b

0

«M

a

CH

b

W 861 **9 1
a 8c a

t

How You Can Save Time

b

J { -.. ~

Estimating Leakage Factors 
for Magnetic Circuits
Computing even approximate values for 
leakage flux in magnetic circuits is a time 
consuming job. The research department 
of Indiana Steel recently undertook a se
ries of studies, supported by the U.S. Air 
Force, to simplify these computations. 
Dr. R. K. Tenzer reported the results of 
this work, which reduce the time in com
puting leakage flux up to 90% by dimin
ishing the number of mathematical oper
ations necessary.
The investigations were done on circuits 
with permanent magnets; the results were 
also found applicable to unsaturated 
electromagnetic circuits when the coil- 
covered parts were treated as permanent 
magnet parts.
After checking values obtained by this 
method with actual measured values for 
many Type I, II, and III magnetic cir
cuits, deviations were found to be less 
than 10%.

Leakage Flu«, Leakage Factor
Because of magnetic leakage, only a part 
of the total flux through the neutral zone 
of the permanent magnet is found in the 
air gap. The difference between these two 
values is known as leakage flux. Mathe
matically this is:

— <t> i — 8»« (1)

In practical design, leakage is best con
sidered as a factor stated thus:

8t

^8 <t>U
(2)

For simplification, the flux can be as
sumed to follow three basic, probable 
paths: between parts a, 06 between
parts b, and 8« along part c. The equation 
above then becomes:

0a + 86 "+ 8e

^8
(3)

With 8 = mmf X P, this formula can be 
written:

_ i , 1 (mmfa p
1 “*■ Pu \mmfg ‘

mmfb 
mmfg

mmf 
mmfg

(4)

CIRCLE

lotting the mmf ratios be denoted by K, 
a = ] + ~ (KaPa + KbPb + K.P j .

(5)
This becomes the basic equation for nu
merical calculations of leakage factors 
after introducing simple expressions for 
leakage permeances and mmf ratios.

Simplified Leakage Permeance*
The following formulas have been found 
satisfactory for leakage permeances be
tween soft steel parts:

Pa = 1.7 X Ua X —£

cross-section perimeter;

Pt. = 1.4 X 6 X I + .25

where U is
(6)

(7)

where Ub/c is greater than .25 and less 
than 4. The total length of part b is used.

Since permanent magnets have a neutral 
zone which does not contribute to leak
age, the value of 2/3 of the magnet’s 
total length is used when computing leak
age permeances—this is the effective 
length a’ and 6' to compute P'; thus the 
two equations above become:

and

= 1 7 U
a * °.67a + L,

P% = 1.4 X .67b

(6a)

— + .25 = .67 Pb.
(7«)

When part c consists of a permanent mag
net (Type III) its permeance can be cal
culated as:

.5 Uc. (8)

The permeance of the air gap itself is 
Pg - Ag/Lg . (9)

Simplified MMF Ratios
Simplifying the mmf ratios is done by neg
lecting the reluctance in soft steel parts; 
so
mmfa = mmfb - mmfg or Kg = K = 1
(mmfc = 0 so Ke = 0). (10)
Since the mmf along permanent magnet 
parts is not constant, integral values 
(mmf) are used. Experiments showed that 
2/3 of the mmfg was the effective mmf for 
leakage flux between permanent magnet 
parts; thus

mmfa = mmfb = mmf. = 2/3 mmfa 
or

Ka = Kb - Kc = 2/3.

Basic Formulas
(11)

By inserting the permeances for soft steel 
into equation (o), the general formula 
I »ecomes:

= 1 + ^ (ko X 1.7 Ut Ap »
a

a + L, + Kb

X 1.4 b J- ± + .25 + K,. X .5 Uc) .
C (12)

This formula contains only constants and 
dimensions; and by the two following rules 
this can be modified into the three basic 
equations for the Type I, Type II, and 
Type III circuits.
Rules: (1) For leakage flux paths between 
soft steel parts, use total lengths and con
stant K of 1. (2) For leakage flux paths 
between permanent magnet parts, use 
2/3 of lengths and K of .67.
The following provide the leakage factors 
for the three types of circuits:

= 1

A

Type I:

X .67 X 1.7 Ut ,67a
.67a + Lt

Type II :
a

+ .67

X .67 X 1.4b

Typ: HI: 
(1.7 Ua—^ 
i a +

+ .25)

+ 1.4b + .25 + .67 X .5 Ue)

For variations on these basic formulas, 
write today for the April-June issue of 
Applied Magnetics which also shows ex
amples of the formulas in use.

NEW DESIGN MANUAL READY
Write today for your 

copy of the newest edition 
of the Indiana Permanent 
Magnet Design Manual 
No. 6. Write to Dept. M-8.

THE INDIANA STEEL PRODUCTS COMPANY
VALPARAISO. INDIANA

THE WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS

INDIANA-
PERMANENT
MAGNETS

In Canada ... The Indiana Steal Product! Company of Canada Limited, Kitchener, Ontario 
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Russian Translations

Russian Thermistors

200

60 80 MO nt20 0

Table 1

120

120 deg C. (Ordinate—per cent 
resistance, Abscissa—time in hours)
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MMT-4 at 
change in

ranges. Type KMT-10 is intended to serve as an 
electronic temperature sensitive relay, based on the 
use of a semiconductor in series with a resistor. If 
a constant voltage is applied to such a series circuit, 
the current will jump at a certain temperature from 
a fraction of a milliampere to dozens of milliam
peres. If this series resistor is replaced by a relay 
winding operating at the final value of the current, 
such a circuit can be used for temperature control 
and signalling whenever a certain control tempera
ture of the medium is reached. Abstracted from an 
article by B. T. Kolomiets, I. T. ShefteP, E. V. Kur- 
lina, and G. I. Pavlova, ' Industrial Types of Ther
mistors and Fields of their Application” from Ra- 
diotekhnika i Elektronika, No. 8, 1956.

DESCRIPTIONS’ of the most widely used Rus
sian thermistors are given in this picture caption 

article.
The letters MM and KM denote the semicon

ductor from which the resistance element is made 
and the numbers 1 and 4 denote arbitrarily the ex
ternal construction of the thermistor, the former 
being intended for operation in enclosed dry rooms, 
and the latter being sealed and capable of opera
tion at higher humidities and even in liquids. The 
KMT types have higher temperature sensitivity. 
Basic parameters of these types are given in Table 1.

Types MMT-8 and MMT-9 are intended for tem
perature compensation of various elements of elec
trical circuits, operating over wide temperature

Fig. 1. Construction 
of thermistors (types 
MMT-1, KMT-1 on left), 
MMT-4, KMT-4 on right) 
a — body of thermis
tor, b — contact caps, 
c — layer of enamel, 
d — protective metal
lic case, e — glass 
insulator, f — metal 
foil, g — layer of tin

0 * I 6 A !O na

Fig. 4. Current-voltage characteristics of 
MMt-1 (1) and MMT-4 (2). Ambient—still air 
at 20 deg C. R at 20 deg C = 25,000 ohms.

Basic Parameters of Thermistor Types MMT-1, MMT-4, KMT-1, and KMT-4

Name of parameter Type of Thermistor

MMT-1 MMT-4 KMT-1 KMT-4

Range of nominal resistance values, kilohm 1-200 20-1000

Permissible deviation from nominal value, % 20 HP 20

Temperature coefficient of resistance (at 20°C) 
per degree Centigrade

percent
- 2.4 to —3.4 —4.5 to -6.0

Spread in temperature resistance for batch 
thermistors, percent per deg. C

of similar
±0.2 ±0.62

Constant B (R = A eB,T) 2060 to 2920 3860 t □ 5150

Maximum working temperature, ’C 4-120 4-180 4-120

Maximum power, watts 0.4 0.8--0.9

Dissipation power causing practically no 
thermistor, watts

heating in
0.002--0.005 0.002--0.005

Time constant in air, seconds 85 115 115 85

Fig. 2. Per cent change 
of resistance with tem
perature from resistance 
at 20 deg C.

Fig. 3. Character of variation of resistance after 
heating: (1) KMT-1 at 180 deg C, (2) MMT-1,
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Fig. 9. Construction 
of KMT-10 thermis
tor 1—base, 2—ther-

(Ordinate — 
change in ■ 
Abscissa — time

per cent 
resistance, 
i in hours)

fa
of 
air 

ns.
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age characteristics 
of KMT thermistors. 
Rtt = 20,000 ohms.

. JU»**.*

9 M
Fig. 7. Construction of 
MMT-8 thermistor 1— 
semiconductor discs, 
2 — connecting bolt, 
3 — compound, 4 — 
shell, 5-—bushing insu
lator, 6—contact leads

Ei CTRONIC DESIGN

Fig. 6. Current
voltage character- 
■ sties of KMT types 
with Rto = 600 K.

Fig. 8. Stability of MMT-8 
thermistors at 70 deg C

Fig. 10. Current-voltage character
istics for KMT-10 thermistor at 20 deg 
C (1) and 100 deg C (2). Rt0 = 830 K, 
ambient is still air, current is in ma.

ring, 5 — terminals
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G-E GLOW LAMP PROVIDES NEW, 
LOW-COST CIRCUIT CONTROL

Before a G-E Glow Lamp starts, it is essentially an open circuit. 

When the lamp is biased to a point just below its starting voltage, 

the application of a pulse sufficient to raise the applied voltage to 

that which is required for starting causes the lamp to conduct— 

and the pulse to be transmitted to the other components. Apply 

reverse pulse and the lamp is extinguished, the circuit broken.

A Single G-E Glow Lamp May Serve A» A:

RELAXATION OSCILLATOR • LEAKAGE INDICATOR 
SWITCH • VOLTAGE REGULATOR • VOLTAGE INDICATOR

If you’d like more information on the amazing 

G-E Glow Lamps, send today for your free copy 

of the folder, “G-E Glow Lamps for Pilot and Indi

cator Use”.Write: General Electric Co., Miniature 

Lamp Dept. ED-87, Nela Park, Cleveland 12, Ohio.

Progress Is Our Most Important Product

GENERAL^ ELECTRIC
CIRCLE 327 ON READER-SERVICE CARD FOR MORE INFORMATION
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Russian Translations

What the Russians are Writing

of calculating the transients from the frequency 
characteristics, based on an approximation of the 
Fourier integral; the method is also used for the so
lution of the inverse problem. Experimental data 
are given and agree well with the* calculations made 
with the proposed method.
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ELECTRICAL COMMUNICATIONS
(Contents of Elektrosviaz' No. 1, 1957)

BINARY CODING SYSTEM 
Parameters of Binary-Coding Systems, V. I. Siforov, 
(8 pp, 1 fig).

Introduces the concepts of the average probable 
decoding error and of the optimum average decod
ing-error probability as applied to binary transmis
sion of communications. Proves that the average 
probability of the decoding error increases approxi
mately in direct proportion to the duration of the 
transmission. Introduces also the concepts of the 
probability of the decoding error per symbol, of the 
relative probability of the decoding system, of the 
quality of the coding system, and of the channel 
utilization coefficient. The physical meaning or all 
these parameters is explained as applied to binary
coding systems.

POWER CONVERTER
Ideal Power Converter—a New Electric Circuit Ele
ment, E. V. Zeliakh, (13 pp, 14 figs, 1 table).

The “ideal power converter ' is a four-terminal 
network having equal input and output impedances 
for all values of the load. Its matrix equations are

E, I
K

0 E,

I

1
K0

where K is in general a complex number. Unlike the 
ideal transformer or the ideal generator, this ele
ment is not power-invariant, but serves as either an 
amplifier or an attenuator, depending on whether K 
is less or greater than unity.

This element was described by H. A. Haus 
(“Equivalent Circuit for a Passive Non-Reciprocal 
Network’’) in the December 1954 issue of the Jour
nal of Applied Physics, but the author claims to have 
reported on such a circuit at a conference in Lenin
grad in March 1953.

Discussing various applications of the ideal 
converter as an equivalent circuit element for non
reciprocal networks, the author illustrates its use
fulness in the analysis of a transistor amplifier.

J. George Adashko

ANTENNA SYSTEMS
Shielding Action and Decoupling in a Periscopic 
Antenna System. V. D. Kuznetsov, A. V. Sokolov 
(4 pp, 3 figs).

The degree to which a directional antenna is 
shielded from “backward’ signals determines the 
suitability of the antenna in many radio-relay lines. 
The article covers this topic and discusses effective 
decoupling between the receiving and transmitting 
portions of the antenna system.

Effect of Antenna Directivity in Long-Range UHF 
Tropospheric Propagation. V. N. Troitski, (3 pp).

Antennas with exceedingly high gain and high 
directivity are frequently used for such propaga
tion. This leads to unusual relationships between 
the signal level and the antenna directivity, and the 
author derives statistical relationships between 
these two quantities.

TV STANDARDS
USSR Television Standard, GOST 7845-55, S. V. 
Novakovski, D. I. Ermakov (11 pp, 7 figs, 4 tables).

This standard, promulgated December 31, 1956, 
replaces the 1944 one. It calls for 625 lines, 25 
frames per second with interlaced scanning, a 4:3 
image waveform coefficient, and a maximum video 
signal bandwidth of 6 mc. The video and audio 
carrier frequences are separated by 6.5 mc, the 
audio channel being 0.25 mc wide. FM. with a max
imum frequency deviation of ±50 kc, is used for the 
sound.

The authors discuss the engineering philosophy 
of the standard and explain why certain parameters 
had to differ from the optimum values.

NETWORK ANALYSIS
Approximate Method of Calculating the Mutual 
Relationship between the Frequency and Transient 
Characteristics of Radio Networks, S. N. Krize, (6 
pp, 8 figs).

In spite of the large number of investigations de
voted to the mutual relationship between the fre
quency and transient characteristics of h-f net
works, no simple method exists at present for 
determining the transient characteristics of a system 
from a specified frequency characteristic, or for the 
inverse process. The article gives a simple method

AUTOMATION AND TELEMECHANICS
(Contents of Avtomafika i Telemekhanika 

No. 1, 1957)

AUTOMATIC CONTROL
The first three articles of this issue art* highly- 

theoretical non-linear treatments of automatic con
trol systems in which a relay element having a sym
metrical characteristic controls an amplifier, and the 
relay is part of the internal feedback loop. The 
term “sliding modes pertains to the phase-space 
representation of the transitions between the back
lash zones and the zones in which the relay drives 
the amplifier, while “relay ” stands for various types 
of contactors. The three articles are:
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Approximate Determination of Partially-Sliding 
Periodic Modes in Control Relay Systems, lu. V. 
Dolgolenko, (24 pp, 26 figs).
On the Sliding Mode of Automatic-Regulation 
Relay Systems, lu. I. Neimark, (7 pp, 10 figs).
Investigation of the Dynamics of Pulsed Automatic 
Regulation Relay Systems, V. P. Kazakov, (¡3 pp, 
13 figs, 2 tables).
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SYSTEM ANALYSIS

Generalization of the Differential Equations of a 
Complex Power System and Use of Electronic Dig
ital Computers for Stability Analysis. L. V. Tsukernik 
(12 pp, 1 fig).

The transient equations of a disturbed compli
cated power system, with allowances for the auto
matically-regulated excitation of its parallel syn
chronous machinery, are expressed in matrix form 
suitable for computer programming. Sub-programs 
are prepared for the coefficients of the characteris
tic equations of the system. A logical program is 
prepared for determining the stability regions in the 
plane of the parameters contained in the coefficients 
of the characteristic equation. The program is suit
able for any dynamic system for which the equa
tions of the disturbed state can be obtained.

Determination of Losses due to Throttling in Hy
draulic Systems, I. N. Kichin, (6 pp, 5 figs).
Certain Concepts in the Design of External (Mini
mum-Maximum) Pneumatic Regulators, L. A. Zal- 
manzon, (5 pp, 5 figs).

er
a <
is

ZERO DRIFT

Dependence of the Drift of a Magnetic Null-Sensing 
Device on Supply-Voltage Fluctuations, A. M. 
Pshenichnikov, (3 pp, 4 figs).

Discusses circuit modifications that compensate, 
in certain parts of the magnetization curve, for the

122 ELECTRONIC DESIGN • August 15, 1957 El
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Other Articles in This Issue

zero drifts due to slight differences in the magnetic 
properties of the several (usually four) elements of 
most balanced null-sensing devices.

Transient Modes in Relay-Contact Circuits, la. I.
Mekler, (12 pp, 14 figs, 3 tables).

In circuit algebra one frequently simplifies the 
electric circuit by adding zero or by multiplying bv
unity, operations that on the face of it do not change 
the analytic representation of the circuit, and 
should not affect its operation. The author points 
out that this is not true, and suggests ways of avoid
ing this difficulty.

Concerning One Way of Determining the Desired
Logarithmic Frequency Characteristics, P. S. Mat-
veev, (7 pp, 9 figs).

The approximation is based, as usual, on repre
senting the impulse transfer function by a power 
series, and incorporating into the equations expres
sions for the physical realizability of the system and 
for the specified accuracy of the response. A chart 
is given for the resultant overshoot, and some ex-
amples are given.

(Contents of Radiotekhnika No. J, 1957)

Design of Complex Cavities, A. I. Zhivotovski, (6
pp, 2 figs, 1 table).

A design procedure for cavities consisting of sev
eral segments of uniform coaxial lines, each having 
a different wave impedance. The gist of the method 
is readily seen from Figs. 1 and 2.

Ml 4^ M+
Fig. 1 . Several segments of uniform coaxial line

Illi

GENERAL CERAMICS
< j

MostritiCtnmics hr Industriel Pn tress... Since ISOS

Fig. 2. Several different line sections

I ELECTRONIC design August 15, 1957

High quality of SUPERIOR'S disc cathodes

Superior Tube Company’s miniature disc cathodes save 
space and heater power, reduce cost to users of cathode 
ray tubes by utilizing slender tube necks. The application 
required Steatite discs with a heretofore unobtained 
degree of dimensional accuracy. General Ceramics pro
gressive manufacturing techniques have made it possible 
to achieve these critical tolerances and maintain absolute 

uniformity in volume production runs. Since the inception 
of Superior s disc cathodes in 1950, engineers at General
Ceramics have helped produce more compact, precision 
components by refining tolerances over 50% on steatite 
discs. New design entena on precision steatites for your 
products is available now — write to General Ceramics
Corporation, Keasbey, New Jersey, Dept. ED

% A
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MEASUREMENTS

GAUSSIAN PULSES

ELECTRONIC DESIGN

Key: 1

alibration

Russian Translations circuit, with the tubes compensating for the att mua.
tion in the filter. This particular circuit is desi^

Analysis of an Absorbing Line, V. S. Mel'nikov (3
Concerning the Generation of Gaussian Pulses,

In the absorbing line discussed in this article,
power absorbed per unit length is constant along
the entire line. This differs from the conventional
design, in which the attenuation is constant along
the line, but the power loss is not.

Rif nJP

Fig. 3. A shaping filter for Gaussian pulses

L. I. Kastal’ski, (3 pp, 3 figs).
A valuable property of the Gaussian pulse f(t) =

AE~aH is that its frequency spectrum is also Gaus
sian. This result in a low product of the frequency
and time deviations, a condition favorable for mini
mum signal-to-noise ratio. A Gaussian pulse of the
same width and duration as a rectangular pulse has
a higher signal to noise ratio and a lower bandwidth
than a rectangular pulse of the same width and du-
ration. Conversely, for the same s/n ratio, more
Gaussian pulses can be accommodated by a multi
channel system. In addition, the Gaussian pulse of-
fers better resolution and less interference.

Fig. 3 shows the block diagram of a shaping filter
for Gaussian pulses, and Fig. 4 shows a practical

Fig. 4. Practical shaping circuit with tubes compensating for attenuation in the filter

for input (rectangular) pulses 2 to 7 [is in duration, 
output (Gaussian) pulses 2.5—8 ps in duration
(measured at 67% of peak amplitude), with a 25-kc
repetition rate.

Instrument for Visual Observation and Measure*
ment of Frequency Characteristics, of the Group. 
Propagation Time, of the Phase Shift, and of t
Modulus of the Transfer Coefficient, I. T. Turbovich 
A. V. Knipper, V. G. Solomonov (12 pp, 8 figs).

Description of an instrument for rapid measure
ment of frequency characteristics, developed .
1953-1955 at the Development Laboratory for Wir
Communication of the USSR Academy of Sciences
The article contains an analysis of the block dia
gram (Fig. 5), a discussion of the measureme
errors, and descriptions of several of the stages (li
iter, integrator, and input detector). The specific

r requency range
Group-propagation time range
Accuracy of group time meas-

urement (at an attenuation
drop up to 1.5 neper.)

Accuracy of transfer coefficient

input impedance
Output impedance

Fig. 5. Block diagram of

to 10 us
2% ±0.02 us

±0.02 nep. in
0.5 nep. rang

±0.05 nep. in
1.5 nep. rang

high or 75 olrnis

measuring equipment
rystal oscillator, f=l0 kc; 2—modulator; 3

—FM oscillator, f=40-48 me; 4—sawtooth generator,
f=1 cps; 5—oscillator, f=44-54 me; 6—mixer; 7—
automatic regulation of modulating amplitude; 3—
broadband amplifier; 9—detector; 10—output stage;
11—tested circuit; 12—tuned amplifier, ^=10 kc;
13—260 phase shifter; 14—limiter; 15—phase dis-
enminator; 16—phase discriminator; 17
of modulus; 18—detector; 19—tuned amplifier, f0=
10 kc; 20—limiter; 21—mixer; 22—oscillator; 23—
amplifier for converted frequency, f=17kc; 24—
detector; 25—marker; 26—integrator; 27—CRT.

August 15, 195
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For Lamp Circuits that 
MUST NOT FAIL
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McG tw-F
Jones, Mo)

For heavy-duty limit or positioning 
applications, Hetherington offers a 
variety of special switches with rat
ings from 10 to 35 amperes.

Pushbutton types, such as the 
slim, 9/16" diameter “W100” Series 
or the 35-amp “D200” Series, fea
ture short, unusually sturdy plung
ers that afford positive direct opera
tion in minimum space. Threaded 
aluminum bushings provide easy 
mounting and positioning.

Where switches must operate 
against sliding surfaces, the cam- 
operated “D7000” Series proves 
ideal for many applications. Flush

Lamp burn-outs and circuit failures 
can present real hazards in critical 

light applications. To mini* 
_____ i danger, the Hetherington 
L3000 Series allows the lamp and its
circuit to be checked at any time 
merely by pressing on the spring* 
mounted plastic lens.

An anodized aluminum case seals 
the L3000 against dust, while a rubber 
"O’* ring and silicone boot fully mois*

Hetherington 
factory prices for less than 50 pieces.

FAST, 
STOCK DELIVERIES 

from local Farts Distributors
tureproof the lens and plunger. 
Highly reliable AN3140 lamps used 
in the L3000 series add still further to 
the dependability.

Details on the L3000 line are in 
Hetherington Bulletin L-la. Small 
quantities of Type L3000R (red lens, 
28v) are stocked by many leading 
electronic parts distributors.

SCREWDRIVER" 
OPERATED 
ROTARY

Simplifies Circuit Testing

In many areas you can now get im
mediate delivery of most popular 

reducts . . . and at

mounting, and only 2-27/64" long 
by 3/4" square, this small switch 
has a polished stainless steel cam 
which retracts within 1/32" of the 
switch body. Over-travel is 9/32" 
minimum.

Like most Hetherington prod
ucts, Limit Switches use Hether
ington’s tease-proof, double-break, 
snap-action mechanism. A variety 
of single-pole contact arrangements 
are available on each type. Switch 
mechanisms are effectively sealed 
against dust and moisture by in
tegral anodized aluminum hous
ings. Cases are especially rigid 
to withstand severe service.

ion. Wiley; Hayashi, Forced Oscillations in Non
Linear Systems. Nippon Printing & Publishing Co.; 
Storm, Magnetic Amplifiers. Wiley; Lo, Endres 
Zawels, Waldhauer and Cheng, Transistor Elec
tronics. Prentice-Hall.

ELECTRONIC DESIGN • August 15, 1957

An aircraft equipment manufacturer 
needed a small, yet high current 
switch that could be concealed for 
use only during installation or routine 
maintenance testing of his equipment. 
The answer was the Hetherington 
Type R1043—a screwdriver-operated 
version of the popular R1000 Series 
Rotary Switch.

Accessible, yet readily hidden be
hind the chassis, the R1043 allowed 
easy circuit transfer from “Operate" 
to “Test” with far greater reliability 
than the space-consuming, jumper
type test fittings previously used.

Only in diameter, the R1043 
rotary switch breaks 20 amps (resis
tive) at 28v de. In spite of its size, 
the positive snap-action assures ade
quate leverage to break contact weld
ing from overloads.

No bulletin is available on the 
R1043, but dimensions, ratings and 
contact data will gladly be sent.

For the name of your nearest elec
tronic parts distributor and bulletins 
of the Hetherington products he car
ries, write directly to: Distributor's 
Div., Hetherington Inc.. 26 Ritten
house Place, Ardmore, Pa.

Jem Facsimile Apparatus. Murray-Hill 
Books; Booth and Booth, Automatic Digital Tabu
lators. Academic Press; Zworykin-Morton, Televis-

LIMIT SWITCHES 
for Heavy Current Jobs

TRANSISTOR CIRCUITS

Transients in Pulse Circuits Employing Point-Con
tact Transistors, O. G. lagodin, (15 pp, 12 figs).

Discussion of an analytical method based on rep
resenting the transistor dynamic properties in 
terms of an equivalent circuit, and on the lineariza
tion of the non-linear characteristics of the transis
tor. he investigation concerns the transients in a 
relaxation oscillator and in a trigger circuit, with 
saturation disregarded.

FREQUENCY FEEDBACK
Frequency Feedback in FM Signal Receivers, L. la. 
Kantor, (5 pp, 3 figs).

Shows the need for retaining the limiter in an fm 
receiver with frequency feedback. The i-f band
width necessary for stability and for specified non
linear distortion is derived. The concept of optimum 
frequency feedback is introduced.

DAMPED OSCILLATOR

Self-Excited Oscillator with Highly-Damped Tank 
Circuit, A. Z. Khaikov, (10 pp, 6 figs).

Shows how the waveform of the self-excited oscil
lation and the power relationship in the self-excited 
oscillator vary w’>h the damping of the tank circuit. 
Derivation of the optimum conu* Jons relative to the 
power delivered to the load and relative to the 
overall oscillator efficiency.

Other Articles in This Issue
Certain Characteristics of Radio Waves Radiated 

by Cosmic Objects.” A. D. Kuz’min (10 pp, 4 tables). 
(A survey article devoted to radio astronomy, with 
numerous references to American and British ar
ticles.) “Tropospheric Long-Distance Propagation 
of Ultra-short waves,” B. A. Vvedenski, A. G. Aren- 
berg, (9 pp, 8 figs). (First part of a survey article.)

Distortion of Telegraph Pulses in Tonal-Teleg
raphy Channels, Caused by Abrupt Changes in the 
Signal Level, V. N. Amarant v (9 pp, 6 figs). 
(Shows that much less distortion is produced in fm 
channels than in am channels.) “Principal Swedish 
Crossbar Automatic Telephone Stations,” A. D. 
Kharkevich (16 pp, 14 figs, 2 tables).

Books To Be Published Soon
We note with interest the pending publication of 

the following translations in Russian: N. Wiener, 
f Cybernetics. iley; S. Goldman, Information 
Theory. Prentice-Hall; D. Wright, Semiconductors. 
Methuen; R. Shea, Transistor Audio Amplifiers. 
Wiley; M. Kiver, Color Television Fundamentals.

HCTHeeJNGTON
SWITCHES . INDICATOR LIGHTS • SPECIAL ASSEMBLIES



Abstract

Mobile

Communications

Spectrum
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and users of mobile

communications equipment

ght well consider

san

radio spectrum

Mr. Curtis B. Plummer of the

Federal Communications

Commission gave a talk

before the Institute of

Radio Engineers Annual

Convention in New York in

March from which these

remarks were abstracted

IN CONSIDERING the factors in spectrum con
servation (other than complete reallocation of all 

services) which have helped and will help to make 
more efficient use of the present bands of frequen
cies allocated to the different classes of licensees in 
the Safety and Special Land Mobile Radio Services, 
there are certain steps that have been taken and 
others which may be taken in the near future.

our
are

nei 
mu

tions over 3 w from 0.01 to 0.002 per cent between 
25 and 50 me, and from 0.005 to 0.0005 per cent 
between 50 and 1000 me.

2. Improving transmissions by avoiding spurious 
emissions caused by overmodulation. The Safety 
and Special Radio Services Land Mobile rules 
added a requirement that modulation limiters be 
on all transmitters “authorized and installed after 
July 1, 1950’ to prevent modulation in excess of 100 
per cent on negative peaks when amplitude modu
lation is used for telephony, and to limit deviation 
arising from modulation to no more than plus or 
minus 15 kc from the unmodulated carrier when 
phase or frequency modulation is used for teleph
ony. The Commission’s "Split Channel” Report and 
Order additionally requires an audio low pass filter 
to remove distortion products produced by the 
modulation limiter, to attenuate the audio compon
ents above the cut-off frequency, and to attenuate 
noise components occuring in the audio stages of 
the transmitter.

3. Stating in the present rules that “the maximum 
audio frequency required for satisfactory radiotele
phone intelligibility ... is considered to be 3000 
cps,” and that “the transmission of higher frequen
cies is unauthorized”. This requirement is carried 
on in the amended rules attached to the Report and 
Order in the “Split Channel” docket.

4. Requiring in the present rules that the maxi
mum authorized bandwidth in kilocycles to be oc
cupied by the emission shall contain, as stated in 
Paragraph 58 of the Atlantic City Radio Regula
tions, 99 per cent of the total radiated power ex
tended to include any discrete frequency on which 
the power is at least 0.25 per cent of the total radi
ated power. To show compliance, the rules say.

particularly in view of the 

excessive demands being

placed on the available 

frequencies in the

Channel Efficiency

A major factor which has been given the most 
consideration is the more efficient use of individual 
frequency channels by the reduction of the band
width which is necessary in the over-all system, 
including both transmitter and receiver, for the in
telligible reproduction at the receiver of the desired 
information. This reduction should be accompanied 
by a reduction in the occupied bandwidth. These 
reductions can be, and have been accomplished by:

1. Improving frequency tolerances to reduce 
occupied bandwidth in both transmitters and re
ceivers. This reduces the guard band necessary 
which is caused by lack of frequency stability in the 
transmitters and lack of selectivity in associated 
receivers. Great strides have been taken in this 
respect by equipment manufacturers who have 
taken the initiative in developing and manufac
turing on a regular basis transmitters with even 
tighter tolerances than presently required by the 
Gommission’s rules and who have developed and 
are manufacturing receivers with considerably more 
selectivity than was available when our present 
rules became effective in 1949 and 50. The so-called 
“Split Channel” Report and Order in Docket 11253 
has amended the Commission's rules to tighten 
frequency tolerances of fixed, base and mobile sta-

USA-1
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auy emission appearing on any frequency removed 
from the carrier frequency by at least 50 per cent, 
hut not more than 100 per cent if the maximum 
presently authorized bandwidth shall be attenuated 
bv not less than 25 db below the unmodulated 
carrier.

5. Requiring in the present rules certain specified 
reductions in any spurious or harmonic emission 
appearing on any frequency removed from the car
rier frequency by at least 100 per cent of the maxi
mum authorized bandwidth.

Operational Efficiency

A factor that has been given little consideration 
■ in Safety and Special Services Land Mobile use 
■ might be termed operational consolidation. It has 
I been very evident to us over a period of years that 
I our coinpartmentation of radio uses into bands that 
■ are related to one industry, including specific uses 
■ for that one industry, has created a situation where- 
■ by a licensee may necessarily have to have two or 
■ more radio systems in different services to accom- 
I plish all his radio needs. A rearrangement of all 
■ radio services in the direction of allowing a licensee 
■ to use radio for his entire business would appear 
■to be beneficial. Likewise, more cooperative base 
■transmitters nad cooperative systems would accom- 
I plish this desired objective. Finally, there also ap- 
I pears to be a possibility of achieving certain func- 
■tional operational consolidation whereby more in- 
■telligence might be carried over a land mobile 
■system by utilizing the audio range between 0 and 
■300 cycles to carry tone for signaling, while at the 
■same time, the audio band between 300 and 3000 
■cycles could carry voice.

Directional Antennas

R A major factor which has not been fully ex- 
Iploited in Spectrum Conservation is the use of 
■directional antennas in those cases where, for ex- 
ample, the emissions of Special Industrial base 

■stations situated just outside Standard Metropolitan 
Eareas of 500,000 or more population might cause 

harmful interference to licensees authorized to 
operate inside such areas. A requirement in the 
rules for directional antennas for base stations, 
where practicable, would permit more systems to 
operate in a given area on the same or adjacent 
channel frequencies provided operating areas of 
mobile units do not overlap too much.

Available in Two Sizes Sturdy cabinets, carefully designed and pre

Wide Enough

Deep Enough

To Accommodate

T oday's

Amplifiers!

NEW from O HEARD EVERYWHERE /S

■AMPLIFIER

Senior, Model DW-3116

Height 31"
Depth 16"
Width 21"
Panel Space 28"

Junior, Model SW-1616

Height 16 %"
Depth 16"
Width 21"
Panel Space 14"

Order from stock today.

cision-built to house amplifiers or other elec-

Ironic equipment. Completely welded con-

struction. Facilities for wall mounting. Louvred

sides and back for ventilation. Complete with

cabinet shelf and locking handle. Silver Gray

hammertone finish.

A major facl

Interference Reduction

ipr which is just beginning to receive
»erious attention is the restriction of areas of inter- 
erence by 1. reducing radiated power to a level 
ust sufficient to carry on adequate communications; 
ind 2 offsetting carriers. Automatic power control 
raids promise for congested areas in the Safety 
rad Special Radio Services. At the present time,

LOWELL MANUFACTURING COMPANY
3O3O Laclede Station Road, St. Louis 17, Missouri

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto 10, Ontario

CIRCLE 33Ö ON READER-SERVICE CARD FOR MORE INFORMATION
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Iff it’s worth engineers* time...

...it’s worth engineered cable

for handling.

microphone 
CABLE

» type for •*»7.,,‘tfX

est oHicioncyr

•ItomB fro«1
I Compì«»» BeW»n I«

Belden
TV CAMERA 

CABLE

Belden
WIRIMAKKR FOR INDUSTRY

SINGS ISOS 
CHICAGO

Magnet Wire • Lead and Fixture Wire • Power Supply Cords, Cord Sets and Porraoie 
Welding Cable • Electrical Household Cords • Electronic Wires • Automotive Wire and Cable

CIRCLE 331 ON READER-SERVICE CARD FOR MORE INFORMATION

licensees can use up to the full power permitted by 
the rules, but they seldom need it. They might 
operate a base station with a 20 w transmitter and 
later, as their business prospers, change to a 500 w 
transmitter. In congested areas where all frequen
cies are shared by two or more licensees such 
power increase might make it difficult for other 
licensees. It would, therefore, appear that power 
should be limited to a reasonably low figure even 
at the cost to the licensee of adding a second base 
station to cover the area desired, or some means 
should be developed for the use of automatic power 
control on base stations, if the need for high power 
is limited to a small percentage of the communica
tions. Proposals by the Commission in the relatively 
near future will give opportunity for licensees and 
prospective licensees to comment on this step in 
bringing about more efficient use of presently avail
able frequencies. Offsetting carriers also appears to 
be a method adaptable to the Safety and Special 
Radio Services, and the Commission proposed in 
the “Split Channel” Report and Order to offset from 
the 30 kc channels by 15 kc in the 152-162 me band, 
upon request, wherever it appears that the available 
30 kc channels already are in use in the area in
volved and the proposed facilities are sufficiently 
removed in distance from existing installations to 
result in a net gain in freedom from interference for 
the persons involved. Offset assignments by a fre
quency other than 15 kc will be considered upon 
the recommendation of a competent engineer who 
bases his findings on field tests conducted with the 
knowledge of all licensees concerned and the assign
ment is to the net advantage of all of the parties.
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Geographic Frequency Sharing
Another major factor in spectrum conservation is 

geographic sharing in and near heavily populated 
metropolitan areas where there is already a serious 
frequency shortage in certain services. If the Com
mission amends its rules to permit assignment in 
those areas of frequencies allocated to other radio 
services not operating in the same areas, all needs 
might be cared for some time to come. This wouk 
be a modified “block” system of allocation permit
ting case by case consideration of applications from 
the heavily congested areas.

Single Sideband Recommended
Admitting that certain technical difficulties must 

first be overcome, it appears that the adoption of 
single side band transmission in place of “spectrum- 
wasting” frequency modulation presently used al
most exclusively on frequencies above 50 me by the 
Land Mobile Radio Services would give us the best 
available “spectrum-stretching” tool. Starting with 
the 152-162 me band, it appears that the use of sin
gle sideband am modulation would multiply several 
times the number of frequency channels. Single
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sideband has not been proposed by the Commission 
for frequencies above 50 me cannot be seriously 
considered within the next two or three years. At 
the present time single sideband appears to be im
practicable for mobile use above 50 me, but experi
mental work in progress will make this possible in 
the foreseeable future. The principal advantage 
would be reduced spectrum requirement.

the new Mallory XTM line

High-Temperature Tantalum Capacitors

ion is I 

dated 
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would 
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Investment Slows Progress

The Commission maintains close liaison with the 
manufacturers of land mobile radio equipment and 
is well aware of the “state of the art”. Rules have 
been proposed and others are under active study 
to gradually take advantage of improvements in 
equipment by requiring the narrow bands, the 
tighter tolerances, and the cleaner signals of the 
new equipment. The Commission would certainly 
move faster in this direction if it weren’t for the 
thousands upon thousands of transmitters and re
ceivers having wide band characteristics that still 
have a few more years of good service left in them. 
However, recent rules have provided for, and fu
ture rules will, propose adequate amortization 
periods so as to minimize losses due to obsolescence 
of equipment.

In the meantime, and pending development of 
vhf and uhf single side band land mobile equip
ment, many licensees are, and many more will, take 
advantage of the spectrum-saving improvements 
already incorporated in conventional fm communi
cations equipment. This equipment has been de
signed by a forward-looking manufacturing industry 
for narrow band operation with tolerances that 
already meet the new rules requirements even 
though these requirements will not become effec- 

। tive for some time, that is, until the amortization 
period for the wider band equipment has passed. 
Licensees now being supplied with modern narrow
band equipment will be among the first to be able 
to take advantage of the additional channels that 
will be made available as “channel splitting” rules 
become effective. Such “voluntary” implementation 
of spectrum conservation in those areas where the 

| number of narrow band licensees makes it practic- 
I able, should prove, by example, to be a strong 
I stimulant to licensees in other areas where change- 
lover to modern equipment is relatively slow.

... in miniature

(SHOWN ACTUAL SIZE)
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Manufacturers and FCC Hold Key

Radio engineers have made great progress in con- 
Idens ing morq and more information into a given 
handwidth, dr conversely, in narrowing the band- 
width of emission for a given amount of intelli
gence. Now it is up to the manufacturers of equip
ment and the regulatory authority, the FCC, to 
implement as rapidly as mechanically and eco
nomically possible the reduction in the ratio of 
[occupied bandwidth to intelligence bandwidth.

For the first time, true high-temperature 
tantalum capacitors are available in miniature sizes 
—in Mallory’s new XTM line. These are premium 
performance grade capacitors designed for exacting 
service under severe conditions of temperature, 
humidity and mechanical shock, including tempera
tures such as are encountered in military equipment. 
The Mallory XTM line embodies refinements of 
design and manufacturing techniques originally pio
neered by Mallory in the development of high tem
perature capacitors. They will withstand tempera
tures from —55 to +175° C. Mallory XTM’s are

available in capacities from 4 to 40 mfd., at from 35 
to 360 volts nominal. True metal-to-glass hermetic 
seals are used for positive protection against humidity.
Metal case diameter (all capacities) is only 
with case lengths ranging from to 1%". A 
choice of 2%" axial leads or solder tab terminals 
is offered.
Write—or ask your nearest Mallory representative 
for complete engineering information, specifications 
and application data on the new XTM miniature 
tantalum capacitor line.

Serving Industry with These Products:

Electromechanical — Resistors • Switches • Tuning Devices • Vibrators 
Electrochemical — Capacitors • Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts • Special Metals • Welding Materials

Partt distributor! in all major citier dock Mallory 

standard component! for your convenience.

P R MALLORY a CO Inc

. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA

CIRCLE 332 ON READER-SERVICE CARD FOR MORE INFORMATION
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Caledonia combines four functions in 
miniaturized, shock-resistant package.

Electronics today is par,./ packaging
PROBLEM: Design a small (50 cubic in.) 
and light (314 lbs.) unit that contains: 
1. a positive d.c. pulse selector 
2. a negative d.c. pulse selector 
3. a high level 60 cps band pass filter 
4. a 400 cps detector circuit 
(all with tight tolerances, naturally).

Design it to operate within the usual 
military environmental conditions, in
cluding high vibration and shock.
SOLUTION: We assembled the 
components shishkabob 
style. Then mounted the

kabob in a metal case filled with an epoxy 
foam compound to hold the parts in a 
firm cushion.
TIME ELAPSED: From original assign
ment, through design to volume produc
tion-two months.

If such quick, dependable assistance in 
design and production can make your 
work more effective, we’ll be glad to 
hear from you. We offer experience, 
good production facilities, and a recog
nized quality record.

CALEDONIA
I ELECTRONICS AND TRANSFORMER CORPORATION |

Dept. ED-8, Caledonia, N.Y. • In Canada: Hackbusch Electronics, Ltd., 23 Primrose Ave., Toronto 4, Ont.
CIRCLE 333 ON READER-SERVICE CARD FOR MORE INFORMATION

REGATROX
SUPER-REGULATED

TRANSISTOR 
POWER PACKS

Pawel
MODEL 212A ... 0 to 100 V de, 
100 ma. Regulation 0.1% or 0.02 
volt over entire range of load and 
input voltage. Weight 14 Ibt. 
3W H x 19" W k 9»/a" D. Price 
$129.00 unmetered. Other models 
up to 3 amps.

In the laboratory, on the production line, as part of original equip
ment ... wherever regulated d-c power is required ... tough, versatile 
REGATRONS give customized performance.

With a minimum of adjustment, REGATRONS will deliver the 
precise power your equipment requires. Here are the features that 
make it possible:

Full current capability at all voltage settings up to 100 volts • Voltages up 
to 275 V at reduced currents ( Curves available on request ) • Positive 
ground, negative ground or ungrounded output • All control knobs readily 
accessible from front of instrument • Output connections either front or 
rear (optional) • Provisions for remote voltage adjustment • Vernier as well 
as main voltage control • Easily read panel designations • No tricky 
controls • Standard 19-inch rack or table mounting • Low cost •

AND . . . REGATRONS ARE REMOTELY PROGRAMMABLE
. the only remotely programmable power packs available.

WRITE FOR BULLETIN

MEASUREMENTS COMPANY
INCORPORATfO

® Registered U.S. Patent Office. 

Patents Pending.

CIRCLE 334 ON READER-SERVICE CARD FOR MORE INFORMATION
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Maid Service

Computermen

THE MAID—Monroe Automatic Internal 
Diagnosis—system is designed to provide 

continual automatic detection of errors in 
complex electronic equipment. Used prin
cipally in computers, MAID monitors a sys
tem without impairing its operation, warns 
the operator of impending circuit malfunc
tions and may be set up to cut the power 
and light an indicating lamp.

A model system built to check digital 
computer circuitry is shown in Fig. 1. The 
circled wave forms represent idealized con
ditions at various points in the circuit. 
Variations in the duration, shape, and am
plitude of the signals beyond predetermined 
limits indicate marginal components. MAID 
dynamically checks the rise time, length, 
and amplitude of these signals. The points 
are sequentially connected to a differentiat
ing and amplifying circuit responsive to 
changes of voltage level. This circuit trans
forms the rising voltage ramp A into a 
square wave a, whose width is a function of 
slope. Similarly, the slope of ramp B is ex
pressed by the width of square wave b. If 
means are provided to measure the widths 
of a and b, the slopes of A and B can be in
dicated. For circuit convenience, it is prefer
able to have both waves of the same po
larity; a ramp converter changes negative
going signals into positive ones. As a stand
ard for comparison, a square wave of the 
proper duration is generated either using 
pulsed delay lines, one-shot multivibrators,

or any similar circuits of proven stability. If 
the waves under test fall within the limits 
set by the standard wave, no signal is gen
erated and the associated components are

SCANNING 
DEVICE

Fig. 1. Block diagram 
of single unit vacuum 
tube MAID illustrat
ing operating principle.
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tion

Abstracted from Rapid Fault Elimination 
in Complex Electronic Systems, by John F. 
Scully, a paper presented at the AFCEA 
meeting, Washington, May 20.

Fig. 2. Ramp converter. 
This unit converts nega
tive-going portions of the 
input signal to positive.

ELECTRONIC DESIGN • August 15, 1957

bg. 3. Marginal check system. RC is the ramp 
converter, SM represents the Schmidt trigger, 
OSM is a one shot multivibrator, df the differ
entiator. A is an and gate; V an or gate, while 
WV and C represent the inverter and clamp, 
re$pcctively.

acts to lengthen the ramps’ slopes, and by 
properly selecting a standard, the correct 
degree of marginal safety is insured. In an 
electronic digital computer an almost nat
ural subdivision is provided by the flip-flop

package. For other types of electronic 
equipment other subdivisions would be 
made.

The flip-flop outputs are sequentially 
connected via a scanning device through a 
differentiating circuit and amplifiers to the 
ramp converter package shown in Fig. 2. 
Here, by means of the bridge circuit, nega
tive-going portions of the test wave are con
verted to positive. Both polarities of this 
converted wave are available as signal I 
and I'.

Fig. 3 illustrates the checking circuitry 
associated with the ramp converter. Here 
three checks are made simultaneously on 
the test waves; 1. to see if the waves are too 
short; 2. to see if they are too long and 3. to 
see if the voltage levels are correct.

In making the first check, the leading 
edge of the negative-going RC output trig
gers a one-shot multivibrator. This sends a 
standard wave to or package Vt. If the test 
wave is too short, a low-level signal is per
mitted to pass from the Vj package.

For the second test the P' pulse, which 
initiates all action in the computer—includ
ing the flip-flop—also produces a square 
wave from the one-shot multivibrator 
OSM2. The trailing edge of this wave is dif
ferentiated into a negative-going spike that 
marks the end of the standard wave. The Vt 
package makes a comparison between the 
test wave T and the spike and if the spike 
falls within the test wave, a low output is 
produced indicating that the test wave is 
too long. If the spike falls outside the test 
wave, both inputs are never low at the same 
time, and a high output is maintained.

The third test uses two Schmidt trigger 
circuits. One generates a square wave with
in the allowable tolerance about the upper 
logical voltage level (SM-\-\ Another gen
erates a square wave about the limits of the 
lower logical voltage level (SM—). Only 
positive waves are presented to or package 
Vs when the test waves are acceptable. Use 
is made of the differentiated trailing edge of 
OSM2 to time the sensing of the logical 
voltage levels. If either one is outside the 
limits set by the Schmidt triggers a low out
put from or package V, will indicate this 
condition. Note that the outputs from all 
three V packages are combined in an and 
package to yield one signal should any mal
functioning be indicated.



thansecond pulses. Jitter loss 
0.001 microsecond.

Incorporates design of Hazel
tine Electronics Corp. Model 
1754 Precision Time Measuring 
Equipment.

WHAT IT 
. . . a paired

IS — 
trigger generator

CONNECTORS

MEASURE DELAY ACCURATELY

J ITTER
WITH Til’s NEW 

PULSE 
TIMER

with fixed and delayed pulses. 
Combination of counters and digi
tal dial provides direct reading 
delay to 9,999.99 microseconds 
accurate to better than 0.01 micro
second. Note that this instrument 
is a full size module of the TLI 
Modular Instrumentation System.

WESCON Booth #2520-21

¿¡fp TELETRONICS LABORATORY
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A.R.C. CERAMIC INSULATED

Minimize Leakage, Save Space
We developed this ceramic-insulated 
connector to obtain performance fea
tures we needed hi our airborne com
munications and test equipment. 
Doubly silicone coated, it is virtually 
impervious to extremes of moisture, 
and mechanically stable under heat. 
Eight contact points per pin make for

Dependable Airborne Electronic Equipment Since 1921

AIRCRAFT RADIO CORPORATION
BOONTON, NEW JERSEY
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131

MODEL PT244 >]89500

HOW IT WORKS
Delay controls position gates which 
select desired pulse from lOOkc 
crystal controlled pulse chain to 
avoid litter inherent In delay cir
cuits. Phantastron circuit provide* 
vernier control between 10 micro-

Full specifications and 
application information 
available on request in 
Bulletin ED-82

54 KINKLE STREET 
WESTBURY, L. I., N. Y.

low contact resistance. Being of small 
overall dimensions, these connectors 
are space savers. 2, 3, 4, 6, 8, 12 and 
19 contact connectors each are avail
able in three-key keyway combina
tions to prevent incorrect insertion. 
Design them into your equipment for 
extra dependability. Write for details.
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■ Voltage and Current Sensing. The thermal relay 
can integrate rapid fluctuations in voltage. Use of this 
characteristic is made in the wattage regulation cir
cuit of Fig. 2. The wattage regulator relay and the
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Thermal Relay Applications

FORMERLY a rough, approximate device, the 
thermal relay now qualifies for functions in

volving precision and design flexibility. One major 
application is time delay: thermal relays can be 
designed to provide delays from about 0.1 sec to 5 
min. Another important use of this kind of relay is 
as voltage or current sensing elements.

■ Time Delay. Since thermal relays must ordinarily 
be allowed time to cool after accomplishing one 
time delay interval before they are ready to repeat, 
some means of overcoming this limitation must be 
found in circuit design. By making use of both the 
heating and cooling characteristics of two relays a 
thermal time delay which is instantly ready to re
peat is possible. In the circuit of Fig. 1 both relays 
start to heat when the switch is closed. At point A 
the contacts of TR-1 open, but nothing else hap
pens. Both relays continue to heat and at B the con
tacts of TR-2 close, pulling in the magnetic relay, 
which locks in. The relay heaters are broken; the 
cooling process starts. Since the TR-1 contacts are 

still open the output circuit remains open.
As the relays cool, the contacts of the TR-2 are 

now out of the circuit. But as TR-1 returns to its 
operating level—point C—its contacts reclose. The 
magnetic relay output contact is also closed, as is 
the load circuit.

On the next duty cycle, both thermal relays ef
fectively have cooled completely and are instantly 
ready to re-time the cycle. Note that the entire cycle 
is made up of both the heating and cooling portions 
and the circuit is recovering its time delay ability 
during the course of the timing function. The circuit 
arrangement is such that if there is any interruption 
during the timing cycle, the circuit will instantly re
cover at least as much time delay as the cooling 
period BC. Thi circuit can also be arranged for a 
normally closed output.

time i flay relay heaters are fed in series through R, 
which in turn is shorted by the normally closed c n- 
tacts of the wattage regulator.

If the supply voltage varies between any gi tn 
limits the wattage regulator will open, inserting R 
in series with the heaters, causing them to cool 
slightly. This action recloses the regulator conta ?ts, 
shorts R, restoring the full heater supply.

As a result the wattage regulator contacts flash m 
and off. The duty cycle is dependent on the supply 
voltage; the net effect is that the heater of the time 
delay relay sees a rapidly fluctuating voltage. The 
heating effect of the fluctuation is in this 
way made essentially uniform over the range of 
supply voltage variation. The timing relay heater in
tegrates this fluctuating voltage so the structure 
sees an essentially uniform wattage, over the voltage 
range.

■ Overload Switching. In the circuit of Fig. 3 the 
current through winding A normally leaves the con
tacts unoperated. Upon overload the contacts open, 
inserting in series the higher-resistance winding B. 
Both windings affect the same thermal element so 
enough heat is generated to hold the contacts open. 
In addition the higher resistance of winding B- 
aided by resistor A if necessary—limits the load cur
rent until the circuit malfunction can be corrected. 
While this is being done the power source is turned 
off and the overload relay cools.

By incorporating the proper filter in the heater 
circuit, this relay can be used in a frequency sensing 
circuit. Here the thermal relay can protect equip
ment against unacceptable changes in the frequency 
of the power supply.
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Fig. 3. Lockout overload protec
tion using dual heater relay.

LE ^TRONIC DESIGN • August 15, 1957

DUAL HEATER 
CURRENT SENSING 

RELAY

■ Low Rate Multivibrator. Called a flasher circuit, 
this circuit is somewhat equivalent in its operation 
to that of a free-running mv. Refer to Fig. 4. When 
the circuit is turned on both thermal relays are 
energized. TR-1 closes its contacts first, but nothing 
happens to the magnetic relay since TR-2 is still 
open. Later, the contacts of TR-2 close, pulling in 
MR. MR locks itself in through its front contact and, 
through its rear contact, de-energizes both relays. 
The TR-2 contacts reopen almost immediately, but 
are shunted by lock-in contacts. Shortly afterward 
the TR-1 opens, dropping out the magnetic relay 
and starting the cycle over again. In this manner one 
part of the flashing cycle is controlled by the heat
ing time of TR-2; the other part by the cooling time 
of TR-1. By judicious choice of these relays a wide 
variety of flashing rates can be produced.

Type JCD5 Votuum 
Capacitor to double 
the voltage range 
of the meter.

ater 
sing

Type JP325 HV 
Probe for use with 
an oscilloscope 
where the meter 
indication is not 
required.

Remote Indication Kit to 
enable both dividers to be 
removed and installed close to 
the circuit being measured.

The instrument can also be used for the 
vector addition of multiphase line-to-line voltages in 
either balanced or unbalanced circuits, as well as for 
voltage readings on center-tapped transformers 
and push-pull tank circuits.

/ Panel 
/ Mounting

''Plates to mount 
the meter section 
on a 19" relay 

rack.

O to 100 KV at Frequencies of 20 Cycles 
to 50 Megacycles
JENNINGS Model J1003 High Voltage Vacuum 
Tube Voltmeter is truly a versatile instrument 
with six direct reading linear voltage ranges to 
cover voltages of 0 to 100 kilovolts. It can 
accurately measure these voltages at 
frequencies from just above de levels to 50 
megacycles. There are two separate high 
voltage input circuits so that positive or negative 
peaks may either be read separately 
or added together vectorially.

Thus it can be used for single ended 
measurements of rf, audio and de ripple V 
voltages in radio or television transmitters, 
for measurements of high voltage MM
pulses in radar and test equipment, 
and for measurements of magneto and 
ignition coil output. In these measure- I 
ments one input circuit can be used I
to view a wave shape on an Im
oscilloscope while the other indicates 
its peak value on the meter. J

Reliable Operation
Thermal relays are generally smaller and lighter 

than other kinds of time delay devices, and are rela
tively simple in construction. They can be expected 
to be reasonably trouble-free. Moreover they can be 
energized interchangeably on de or ac of any fre
quency, which means a flexibility of application.

Abstracted from a paper, Some New Develop- 
^erts in Thermal Relays, J. David Marks, presented 
it the Fifth National Conference on Electromag- 
^ti Relays, Oklahoma, April 1957.

JENNINGS RADIO MANUFACTURING CORPORATION • 970 McLAUGHLIN AVE. P.O.BOX 1278 • SAN JOSE 8, CALIFORNIA



American Optical 
ip Company

INSTIUMINT DIVISION IUIIMO IS NIW TOI*

YOU TOO CAN 

REDUCE REJECTS!

Anton Machine Works, Brooklyn, manufacture magnetron anodes for 
radar, Geiger counter, N-ray and transmitter tubes.

PROBLEM: Minute burrs must be precisely removed from magnetron 
anodes .. . without altering contours. Accurate deburring is abso
lutely essential to eliminate deflections that change tube frequency.

SOLUTION: Operators use AO Spencer Stereoscopic Microscopes to 
effectively view and remove burrs with a small scalpel.

RESULT: Rejects practically eliminated. Productivity substantially 
increased.

You, too. may have a deburring problem ... or other problems involv
ing surface quality, measurements or assembly of small components. If 
so, why not investigate the most modern . . . versatile . . . and complete 
line of Stereoscopic Microscopes.

DEPT. T219

GENTLEMEN:
Please rush new Stereoscopic Microscope brochure SB56

NAME___________________________________________________________

ADDRESS________________________________________________________

CITY____________________________ ZONE________ STATE__________
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Abstract—German

A VHF Vacuum Tube Voltmeter

Mixer
IF Amplifier Cathode Follower, 

Range Adjust 10 Mcpe Sens. Adust IF Detector Indicator

rf input
30 300 Mcps

Locol Oszillator
40 3/OMcps

0- SO dB

moi 

anc

Fig. 1. Block diagram of vhf comparison vtvm.
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rf Input
30-300 Hep« . 0.75 db 

.. 45 db
... 60db 
100 watts

covered in Bulletin TR-123. Both are available on 
quest to Radio Condenser Company.

200 300 400 500 600 700 800 900 1000

l"xl"x4" approx. 
. -55 to+85 C

It’s not a short step from miniature r-f tuning devices to 
miniature r-f filters. But without R/C’s quarter-century 
of tuning device experience, the low pass filter illustrated 
might never have been built. Low insertion loss from 200 
to 400 me is often combined with rapid attenuation above 
400 me . . . but rarely in a space measuring just under 4 
cubic inches’

R/C low pass filters owe their small size to a unique 
capacitor, the Series 75 air dielectric trimmer recently 
introduced by Radio Condenser. Perhaps the smallest 
air trimmers ever made in the U.S., they’re finding wide 
application wherever space is a problem. Outstanding

LE< TRONIC DESIGN • August 15, 1957

Fig. 2. The rf input section of the vtvm. Optimum 
matching was established for D = 30mm, / = 30mm 
and Z' = 95 ohms.

miniaturization a much easier job, on filters, i-f trans
formers, printed wiring boards, and conventional chassis 
of every description.

Originally designed for defense effort use, this filter is 
now in quantity production at R/C ... and modifications 
are available to meet special performance requirements 
as they arise.

Additional information on R/C low pass r-f filters is 
provided in Engineering Bulletin FL-462. Trimmers are

RADIO CONDENSER CO.
Davis & Cop<-wood Streets • Camden 3, New Jersey
EXPORT Radio Condenser Co., International Div., 15 Moon* St., N.Y. 4, N.Y.

CABLE: MINTHORNE
CANADA: Radio Condenser Co. Ltd. 6 Bermondsey Road, Toronto, Ontario

IN MANY vhf measurements, such as the 
determination of antenna radiation pat

terns or echo attenuation, comparative volt
age indicators with a range up to 80 db are 
required. A satisfactory instrument which 
has a sensitivity range of 3 microvolts to 
30 millivolts in the frequency interval from 
30 to 300 mcps with a bandwidth of 45 
keps can be constructed according to the 
scheme indicated in Fig. 1.

The 60 ohm input stage with the coaxial 
input is shown in Fig. 2. The dimensions 
were determined experimentally to mini
mize the mismatch. The standing wave 
ratio varies with frequency as shown in 
Fig. 3 and is less than 1.1 for the usable 
band.

The calibrated attenuator also serves to 
match the mixer to the if amplifier. The in
put impedance to this amplifier was 
reduced to 6000 ohms by resistive loading 
at the input.

The if amplifier includes four tuned 
stages. The tank circuit is designed so that 
the temperature coefficients of the coil 
which are positive are compensated by the 
negative coefficients of the ceramic capa
citors. The local oscillator is a Colpitts cir
cuit. (Abstracted from an article by H. 
Mack. Electktronische Rundschau, Vol. 11, 
No. 4, April 1957, pp 102-105.

Electrical Specifications
max. insertion loss, 200-400 me .... 
min. attenuation, 450 me and above . 
min. attenuation, 1000 me and above 
max. rated power .................................  
pass band SWR .................................... 
impedance, input and output.............

Physical Specifications 
size over-all..............................  
temperature range .................

1N<CN<<<<S



PHYSICISTS

MOTOROLA'S
Chicago Civilian Research 

and Development Laboratories
• Industrial Communications Equipment
• Consumer Products

Here is opportunity unlimited for men who like challenges and the 
rewards that go with accomplishment in non-military engineering 
assignments. This is your opportunity to advance your career while 
working in well instrumented laboratories and enjoying the benefits 
from association with men of the highest technical competence. 
There are many liberal employee benefits, including an attractive 
profit sharing plan.

You'll like living in one of the beautiful suburbs of the playground 
of the midwest, where there are endless social, cultural, and educa
tional activities to choose from the year-round. Exciting life or quiet 
life—Chicago offers either.

Salary levels are open and commensurate with ability. Directly 
related engineering experience is not needed.

POSITIONS AVAILABLE IN:
• Two-way communications • Portable communications • Radio & TV 
(color) • Component engineering • Transistor research and application 
Microwave systems • Servo-mechanisms • Field engineering • Communica
tions sales engineering • Field service engineering

For full discussion of these opportunities—Write:

Mr. L B. Wrenn, Dept. J 

MOTOROLA, INC.
4501 Augusta Blvd., Chicago 51, III.

MOTOROLA

136
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Electrical Engineer

Research & Development

CIRCLE 554 ON READER-SERVICE CARD FOR MORE INFORMATION

NEW APPROACH
TO

ELECTRONIC CIRCUIT
DEVELOPMENT

CIRCLE 55A ©N REAPER-SERVICE CARD FOR MORE INFORMATION
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CLEVITE RESEARCH CENTER 
540 East 105 Street 
Cleveland 8, Ohio

Electrical engineer with extensive experience in 

transient circuit design.

Stable position available with a progressive 
Company in the field of industrial automatic weigh

ing.

Familiar with transducers—strain gage type pref

erable—and associated control circuits for application 

to physical measurements, electronic integration, etc.

AM 
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Ahl 
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Alpi 
Aim 
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Asse 
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Send complete resume giving complete details 

of education, past experience, current earnings, ex

pected salary to:

RICHARDSON SCALE COMPANY

Personnel Dept.

Clifton, New Jersey

Engineering application of newTy developed electro mechanical 
filters to transistorized l-F circuits for both commercial and 
military applications,

This opening is particularly attractive to a young engineer with 
vacuum tube or transistor experience because it offers rapid 
growth in a radically new approach to an established field.

Clevite Research Center develops new principles and new prod
ucts for other units of Clevite Corporation. The Research Center 
provides the ideal environment for the engineer because it has 
beea supplied with the facilities, equipment and library to 
provide new knowledge and new products for Clevite Corpora
tion, a company whose entire product line is in the growth 
fields of electronics, semiconductors and automotive and 
aircraft power plants.

WRITE E. A. GENTRY or CALL ULster 1-5500 COLLECT
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ATONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS

MECHANICAL ENGINEERS are using their skills in the de«

aydon, 
elipot (

sign and development oi new iiiwiiauuuu —-________
machines and for those mechanical products which are associ« 
ated with electronic data processing equipment.

A. W. Co.. Inc.......................................
orp., Div. Beckman Instruments Inc

[Caledonia Electronics & Transformer Corp. 
Cambridge Thermionic Corp......................... 
Centralab Div. Globe Union, Inc...............  
Century Electronics & Instruments, Inc. . . 
Ceramaseal Co., The.....................................  
Chicago Magnetic Controls................ . . .
Clevite Research Center..............................  
Clevite Transistor Products .......................  
Cobehn, Inc.......................................................  
Communication Accessories Co...................  
Computer Instruments Corp..........................  

(Computer-Measurements Corp.......................  
(Connecticut Hard Rubber Co., The . . . . 
(Continental Diamond Fibre Co..................... 
■Corning Glass Works ....................................  
■Croname, Inc......................................................

COMPUTER ENGINEERS backed by the company’s computer 
research since 1938 are developing an economical, flexible digi
tal computer to meet the requirements of all record-keeping 
applications.

Corp.................
>p tical ............
«g. Co.............. 
wnge Products 
.orp.....................

Barber-Colman Co..........................................
Belden Mfg. Co..................................... . ■
Bendix Aviation Corp., Scintilla Div.
Bentley, Harris Mfg. Co................................
Berkeley Div. Beckman Instruments, Inc.
Bernco Engineering.......................................
Birtcher Corp..................................................
Bureau of Engraving, Industrial Div. . ..

eneral 1 ransistoii
American 

cod-All Electric

'-M Laboratories, Inc.
-V Controls, Inc. . ..
¡arrett Corp...................  
kneral Ceramics Corp, 
[eneral Controls . . . .

'ansteel Metallurgical Corp.......................
rastex Div. Illinois Tool Works ....... 
federal Telecommunication Laboratories 
Felker Mfg. Co...............................................
lenwal Electronics, Inc..............................
lenwal Inc.............................................................
[ord Instrument Co., Inc..........................

ELECTRO-MEUHANICAL ENGINEERS are constantly faced 
with the problems of capturing information from the various 
input devices and converting this information into a usable form 
for subsequent use in data-handling equipment.

;therin; mu, me................................................
iwlett Packard Co................................. ; • • • •
3«zer-( abot Div., National Pneumatic Co.

NCR
THE NATIONAL CASH REGISTER COMPANY

ries Reproducer < 
nP Nut Co. ... 
urley, W. & L. E.

bage Electric Co............................................. . . . .
bale Products. Inc......................................................
baven Co., The ........................................... • •
belco Radio Div. General Motors Corp..............
bonner Scientific Co................................... ..
■?u Pont, E. I. de Nemours & Co., Plastics Div.
■Ju Pont, E. I. de Nemours & Co., Pigment Div.

I Eastman Kodak Co., Graphic Arts .
I Eitel-McCullough, Inc..........................

Elastic Stop Nut Corp..........................
Electrical Industries ...........................
Electro Data Div., Burroughs Corp.

Blectro-Measurements, Inc..................  
lectronic Measurements Co.......... 
lectronics International Co..........

ELECTRONIC ENGINEERS enjoy an unparalleled freedom 
in the development of new types of circuitry and components 
which are necessary to maintain leadership in the competitive 
field of record-keeping automation.

XMP. Inc...................................................Acc Plastic Co..........................................
Acme F ectric Corp.............................
Advar Electronics Laboratory, Inc.
Aircr if Radio Corp..............................  
Air- ax Products Co..............................
Ahlen Products Co................................  
A' egl eny Ludlum Steel Corp........... 
Aden Bradley Co................................... 
alpha Wire Corp................................... 
American Optical Co............................ 
Amperite Co............................................  
Associated Research. Inc....................
Automatic Mfg. Co................................

¡entrai Electric Co., Accessory Equipment Div.
>< neral Electric Co., Apparatus Sales 11, 70, 71, 55 
eneral Electric Co., Industry Control Dept.
kneral Electric Co., Electronics Equipment 
kneral Electric Co., Lamp Div........................ 
kneral Motors New Departure Div.............. 
ruerai Radio ..............................................

If you are looking for a challenging opportunity with an established 
company which has tripled its sales in ten years—one that offers excellent 
starting salaries as well as permanent positions . . .
Act at once! Send resume of your education and experience to Employ
ment Department, Technical Procurement Sec. K The National Cash 
Register Company, Dayton 9, Ohio.
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your password to a new and exciting world of oppor-“I’M WITH UNIVAC”®

c

19
84

Check the following openings at any of these three locations

93Unitek Corp.

92
86
98

New 
New

137
10O

66
96
64

Victoreen Instrument Co...........
Welwyn International, Inc. . .
West Coast Electrical Mfg. Co.

National Cash Register Co. 
Navigation Computer Corp. 
Networks Electronic Corp.

Hampshire Ball Bearings, Inc. . 
York Air Brake Co., Kinney Div.

88. 89
103

.. 117

"I’M WITH UNIVAC
tunity. A career with Univac takes you behind the scenes of important developments 
in national defense, scientific research, business and industry. The tremendous ad
vances made by Univac in automatic data processing and automation vitally affect 
all of these fields.

Become a member of the team that designs and builds the world-famous Univac 
electronic computers. Build a future for yourself in the most fascinating, fastest- 
growing industry of our times. Investigate the outstanding opportunities now open 
to you at Univac — world leader in this industry.

You’ll be proud to say: “I’M WITH UNIVAC.”

DIVISION OF SPERRY RANO CORPORATION

PHILADELPHIA, PA.
Electronic Engineers, Logical Designers, 
Physicists, Programmers, Mathematicians. 
Send complete resume to Mr. James 
Drumm, Dept. P-83, 1900 W. Allegheny 
Ave., Philadelphia, Pa.

rl in II S Patent Office.

SO, NORWALK, CONN.
Mechanical Engineers (graduates BS 
and MS levels), Design Engineers, with 
or without formal degree, if qualified. 
Send complete resum6 to Mr. Robert 
Martin, Dept. N-83, Wilson Ave., South 
Norwalk, Conn.
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ST. PAUL, MINN.
Electronics Engineers, Mechanical Engi
neers, Electronic Design Engineers, Engi
neering Writers, Physicists, Mathema
ticians. Send complete resumé to Mr. 
R. K. Patterson, Dept. S-83, Univac Park, 
St. Paul 16, Minn.

Advertiser
Hopkins Engineering Co.........................................
Howard Industries ................................................
Hughes Aircraft Co..................................................
Hughes Aircraft Co., Research & Development
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81

Imtra Corp....................................................
Indiana Steel Products Co...................
International Electronic Research Corp, 
International Resistance Co...................

Jennings Radio Mfg. Corp.

Kay Lab (see Kin Tel) .........................................  
Kearfott Co., Inc., Little Falls Div.....................  
Kester Solder Co.................................... ..................
Kinney Mfg. Div. of New York Air Brake Co. 
Kin Tel (Formerly Kay Lab) ........................... 
Koiled Kords, Inc.......................................................  
Kurz-Kasch, Inc..........................................................

Lambda Electronics Corp.
Leach Corp...........................
Librascope, Inc............... .. .
Linemaster Switch Corp. .
Lowell Mfg. Co.....................

M B Mfg. Co.......................
Magnetics, Inc.......................
Malco Tool & Mfg. Co. . .
Mallory, P. R. & Co...........
Mansol Ceramics ...............
Marconi Instrument Co. . .
Martin, Glenn L., Co. . . .
Mepco, Inc.............................
Metal Textile Corp............. 
Methode Mfg. Co.................. 
Millivac Instrument Corp. 
Motorola. Inc.......................... 
Mycalex Corp, of America

Perkin-Elmer Corp........................... ..........
Phalo Plastics Corp.......................................
Phaostron Co................................................ ..
Plastic Capacitors Corp.................................
Polarad Electronic Corp...............................
Polytechnic Research & Development Co.
Potter Instrument Co..................................
Precision Tube Co.........................................

E 
4 
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Radio Condensor Co................................
Radio Corp, of America ...................... 
Raytheon Mfg............................................  
Raytheon Mfg., Semi-Conductor Div. 
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Remington Rand, Inc. Univac............
Resistron Labs. Inc..................................
Revere Corp, of America......................  
Richardson Scale Co................................
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Sanborn Co............................................................ .
Servo Corp, of America.........................................
Simpson Electric Co................................................
Sorensen & Co., Inc..................................................
Southern Screw Co...................................................
Stahlin Bros.* Inc.........................................................
Standard Pressed Steel Co............................... .
Statham Development Corp....................................
Statham Laboratories, Inc..................................
Sylvania Electric Products, Inc. Special Com

ponents Div.................................................... .. ..
Sylvania Electric Products, Inc. Tungsten &

Chemical Div...........................................................

37
89
25
85
88
49

110
116

72

Tech Laboratories. Inc..............  
Teletronics Laboratories .... 
Tensor Electric Div. Co., Inc. 
Texas Instruments, Inc..............  
Tinnerman Products, Inc. . . . 
Transitron Electronic Corp. . 
Tung-Sol Electric Co. ............  
Turbo-Jet Products Co..............

.. 112 

.. 131 

.. 114 

.. 13

.. 69 
56, 57 
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.. 90

Westinghouse Electrical Corp. Specialty Trans- 
formers Div.................................................. 17, IW

Weston Electrical Instrument Co.
Whitso, Inc.........................................
Wincharger Corp.............................
Wright Machinery Co...................
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New, 
convenient 

compact 
High accuracy 

expanded scale 
Ideal for 

industrial use
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-hp- Sales and Service Representatives 

in the United States and Canada

Albuquerque, New Mexico
Neely Enterprises 

107 Washington St. S. E. 
Albuquerque 5-5586

Asbury Park, New Jersey
I. E. Robinson Company 

905 Main Street
KEllog 1-3150

Atlanta 5, Georgia
Bivins & Caldwell 

3133 Maple Drive, N. E. 
CEd»r 3-7522

Baltimore, Maryland
Horman Associates, Inc. 

635 St. Johns Road 
HOpkins 7-2290

Bogota, New Jersey
R. M. C. Associates 

114 East Main Street 
Diamond 3-5926

Boston Area
Burlington, Massachusetts 

Yewell Associates, Inc. 
Middlesex Turnpike 
Burlington 7-2561

Bridgeport 8, Connecticut
Yewell Associates, Inc. 
1101 East Main Street 

FOrest 6-3456

■ ■■ -hp-500B FREQUENCY METER—$285.00

Camp Hill, Pennsylvania
I. E. Robinson Company 

2120 Market Street
REgent 7-6791

Chicago 45, Illinois
Crossley Associates, Inc.

2711 West Howard Street
SHeldrake 3-8500

Here’s a list of the many industrial and laboratory jobs the new 
-hp- 500B Frequency Meter can do for you quickly, easily and 
without elaborate setup:

Count sine waves, square waves and pulses. Indicate 
average frequency of random events. Measure beat 
frequency between rf signals. Determine oscillator 
stability. Measure crystal frequency deviation. Meas
ure temperature, pressure, weight and other physical 
quantities which can be converted to frequency.

This versatile instrument also serves as a convenient automatic 
motor speed control, overspeed and underspeed control and 
makes possible a permanent record of frequency or speed as a 
function of time. And, it may be used for automatic control of 
quartz crystal etching.

-hp- 500B covers the range 3 cps to 100 KC and provides direct 
readings of high accuracy. Readings are not affected by either 
signal or line voltage variations. An expanded scale permits any 
10% or 30% segment to be viewed over the full meter range, 
making possible highly accurate measurements of differential 
frequency. A pulse output is provided to sync a stroboscope and 
o itinuous recordings of readings may be made on an Esterline- 
\ tus recorder.

M el 500B is extremely compact, light, easy to use and of 
qua -y construction throughout. It is also available as Model 
500C, calibrated\n RPM.

BRIEF SPECIFICATIONS
Frequency Range: 3 cps to 100 KC. 9 ranges.
Input Voltage: 0.2 v sensitivity (sine waves)

1.0 v min. (pulses) 250 v peak max.
Input Impedance: Approx. 1 megohm shunted by 40

Accuracy: Better than ± 2% full scale.
Self Check: Convenient calibration based on line

voltage frequ .ncy.
Recorder Output: Panel jack for 1 ma, 1,400 ohm Ester- 

line-Angus Automatic Recorder.
Pulse Output: To trigger strobe, etc., in sync, with

input.
Photocell Input: Panel ¡ack with bias for 1P41 photo

tube, 40 gfif shunt.
Power: 115/230 v ± 10%, 50/1,000 cps,

110 watts.
Size: 7Y2" xll’/2"x 14%". Wt. 17 lbs.
Price: -hp- 500B or 50OC: $285.00.

Data subject to change without notice. Prices f.o.b. factory.

SEE YOUR -hp- REPRESENTATIVE OR WRITE DIRECT FOR DETAILS

HEWLETT-PACKARD COMPANY
3506K PAGE MILL ROAD • PALO ALTO, CALIFORNIA 

Cable “HEWPACK” • DAvenport 5-4451
Field representatives in all principal areas

Cleveland 21, Ohio
S. Sterling Company 
4311 Mayfield Road 

EVergreen 2-4114

Dallas 9, Texas
Earl Lipscomb Associates 

P. O. Box 7084 
FLeetwood 7-1881

Dayton 9, Ohio
Crossley Associates, Inc. 

53 Park Avenue 
OXmoor 3594

Denver 10, Colorado
Lahana & Company 

1886 South Broadway 
PEarl 3-3791

Detroit 35, Michigan
S. Sterling Company 

15310 West McNicnols Rd. 
BRoadway 3-2900

Fort Myers, Florida
Arthur Lynch & Associates 

35 West North Shore Avenue 
EDison 2-1109

High Point, North Carolina 
Bivins & Caldwell, Inc. 
Security Bank Building 

High Point 3672

Houston 5, Texas
Earl Lipscomb Associates 

P. O. Box 6573 
JAckson 4-9303

! ELECTRONIC MEASURING INSTRUMENTS
Kansas City 30, Missouri 
Harris-Hanson Company 

7916 Paseo Blvd.
Hllland 4-6744

Las Cruces, New Mexico 
Neely Enterprises 

126 S. Water Street 
JAckson 6-2486

Los Angeles, California 
Neely Enterprises

3939 Lankershim Blvd 
North Hollywood, Calif.

STanley 7-0721

New York 21, New York
R. M. C. Associates
236 East 75th Street 

TRafalgar 9-2023
Philadelphia Area

Upper Darby, Pennsylvania
I. E. Robinson Company 
7404 West Chester Pike 

SHerwood 8-1294

Phoenix, Arizona 
Neely Enterprises 
641 East Missouri 
CRestwood 4-5431

Pittsburgh 22, Pennsylvania
S. Sterling Company 

Room 815, Park Bldg.
355 Fifth Avenue 

ATlantic 1-9248

Portland 9, Oregon
ARVA 

1238 N W Glisan 
CApitol 7-1281

Sacramento 14, California 
Neely Enterprises

1317 - 15th Street 
Gilbert 2-8901

San Diego 6, California 
Neely Enterprises

1055 Shafter Street 
ACademy 3-8106

San Francisco Area
San Carlos, California 

Neely Enterprises 
501 Laurel Street 

LYtell 1-2626

Seattle 99, Washington 
ARVA

120 West Thomas Street 
MUrdock 7337

St. Louis 17, Missouri 
Harris-Hanson Company 

2814 South Brentwood Boulevard 
Mission 7-4350

St. Paul 14, Minnesota 
Crossley Associates, Inc.

842 Raymond Avenue 
Midway 5-4955

Syracuse 2, New York
J. D. Ryerson Associates, Inc. 

412 East Genesee St.
GRanite 6-8344

Toronto 10, Ontario
Atlas Radio Corporation, Ltd. 

50 Wingold Avenue 
RUssell 1-6174

Vancouver 2, B C.
Atlas Radio Corporation, Ltd. 

106-525 Seymour Street
MUtual 3-5848

Tucson, Arizona 
Neely Enterprises 

232 So. Tucson Blvd.
MAin 3-2564

Washington 9, D. C.
Horman Associates, Inc, 

2017 S Street. N. W.
DEcatur 2-5705

Winnipeg, Manitoba
Atlas Radio Corporation, Ltd. 

505 McIntyre Building

CIRCLE 399 ON READER-SERVICE CARD FOR MORE INFORMATION
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FIRST TWIN DIODE

RCA-6887' Cuts Heater Power
iCt.l xny' Combining exceptional dependability, small size, and a low-wattage 
' ' r heater (1.26 watts)... the new RCA-6887 performs with high efficiency

on one third less heater power than conventional twin diodes. This 
new tube offers up-to-date advantages for compact, medium-speed switching 
circuits.

Among the many design features of the RCA-6887 contributing to long life and 
high dependability are a pure-tungsten heater, special-alloy cathodes which 
retard interface, high-purity nickel plates, plus a protective shield to minimize 
interelectrode leakage. Each cathode utilizes a separate base pin to permit flex
ibility of circuit arrangement.

Strict production controls based on typical electronic computer conditions, ex
treme care in selection and inspection of materials, and rigorous tests for shorts 
and leakage—assure uniformity of electrical characteristics and stability initially 
and throughout life.

RADIO CORPORATION OF AMERICA
Tube Division Harrison, N.J.



Investigate the many advantages RCA-6887 
offers your medium-speed electronic com
puter designs. Contact your RCA Field Rep
resentative at the RCA District Office nearest 
you.

EAST: HUmboldt 5-3900
744 Broad Street
Newark 2, N. J.

MIDWEST: WHitehall 4-2900
Suite 1181 
Merchandise Mart Plaza 
Chicago 54, III.

WEST: RAymond 3-8361
6355 East Washington Blvd. 
Los Angeles 22, Calif.

For technical data on RCA-6887, write RCA 
Commercial Engineering, Section H-18-Q-2 
Harrison, N. J.

< CIRCLE 470 ON READER-SERVICE CARI
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	INTERNATIONAL RESISTANCE CO.

	Engineering Review |

	STABILITY

	E1 r(

	precision circuit control demands precision indicating instruments

	»diaries a Problem?


	Why Corning’s Film-type Glass

	Resistors are unaffected by moisture

	CORNING GLASS WORKS, 97-8 Crystal Street, Corning, NX Electronic Components Sales Department
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	Pi
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	Model 905

	Digital Magnetic Tape Handler

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

	Meter

	27

	CORPORATION OF AMERICA „

	If you're seeking a top career in a UNIQUE location—


	Pulse Timer

	Fig. 2

	Wedge Contact Relay



	off the press...
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	Wescon Show

	booth 704-705

	Cable in Tape Form

	Here’s your guide to better wiring with one-third the work

	49
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	nized Picture Tube

	® TUNG-SOL

	ONE

	TEN
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	® TUNG-SOL

	General Electric Specialty Heating

	FEATURES . . .

	Cleaning Solvent

	Crimping Tools

	Hstributed-Constant Delay Lines


	Compranb

	FOR EVERY SYSTEM APPLICATION


	Do YOU Seek Definite Improvement in«««

	Evacuation of Lighting, TV or Radio Tubes

	Purification of Germanium, Selenium and Silicon ... and Crystal Growing

	Vacuum Curing of Transistors, Diodes and other Semi-Conductors

	Purification of Metals under Vacuum

	Vacuum Impregnation of Condensers, Transformers, Windings, Cables, etc.

	Vacuum Metallizing and Metal Evaporating

	HIGH VACUUM

	Broadband Absorber

	Electron Beam Tube

	Voltage Regulator

	NETWORKS ELECTRONIC CORPORATION


	FOUR NEW VERNISTAT POTENTIOMETERS


	vernistat'

	GENERAL ELECTRIC COMPONENTS FOR ELECTRONIC MANUFACTURERS
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	For your Magnetic Shielding Problems

	MUMETAL is the answer!

	Allegheny Ludlum

	AL
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	lERC’s FREE TUBE SHIELD GUIQL helns

	Paper-pin Connectors


	W1TP > w A A VX

	quality controlled from ore to finished product

	THE BIG STICK
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	STABILITY RESISTORS


	Let the Bureau solve

	your etched wiring problems

	8-Page Booklet No. 130

	Rotary Lock Switch

	Linear Variable Differential Transformer


	NEW PHAOSTRON EXPANDED SCALE AC Voltmeter


	.PHAOSTRON

	Strain Gage Power Supply

	FOR HIGH RELIABILITY RESISTOR PRODUCTION ONLY!

	SPECIFICATIONS



	Magnetics, Inc. makes Ilie
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	Non-linear Computing Component

	Function of Two Variables
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	LOW-CURRENT ROTARY SWITCH

	SPECIFICATIONS
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	TOLERANCE DISTRIBUTION

	NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE
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	Color Oscilloscope Kit


	Using Thermistors

	DC Amplifier
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	CORPORATION


	FOR ELECTRONIC DESIGN READERS ...

	$3.00 for one year

	Hayden Publications Corp., 19 East 62nd Street New York, New’ York TEmpleton 8-194(1

	New Literature

	:errite Magnetic Materials

	261

	Universal Relay Tester

	262

	Acth and Chemistry Data Books 263

	WELWYN INTERNATIONAL INC.

	¡957


	WIDE RANGE

	MICRO-MICRO AMMETER

	Volumetric Efficiency

	$29500



	HYPOT

	HIGH POTENTIAL I

	INSTRUMENTS

	CONTINUOUSLY VARIABLE


	from GRC


	kurz-kasch

	Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio

	Report Briefs

	Speech Frequency Control

	Radiation from Slot Antenna

	Ceramic Magnet Studies

	FLEXLOC SELF-LOCKING NUTS

	— helps you get


	^PLASTIC PAR

	New Type 2A TAP SWITCHES

	ONLY 1 or 2 MILLIOHMS


	TECH LABORATORIES

	112
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	CERAMASEAL LEAK-TIGHT TERMINALS

	CERAMASEAL, Inc.

	RECORDING OSCILLOGRAPH

	Century Electronics & Instruments, Inc


	TENSOR

	TENSOR

	A. W. HAYDON COMPANY offers a COMPLETE LINE of STANDARD and CUSTOM DESIGNED TIMING MOTORS and DEVICES!

	116
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	«M


	neaf switch

	GENERAL^ ELECTRIC

	What the Russians are Writing

	ELECTRICAL COMMUNICATIONS

	AUTOMATION AND TELEMECHANICS

	Analysis of an Absorbing Line, V. S. Mel'nikov (3

	Concerning the Generation of Gaussian Pulses,

	L. I. Kastal’ski, (3 pp, 3 figs).
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	ment of Frequency Characteristics, of the Group. Propagation Time, of the Phase Shift, and of t

	Modulus of the Transfer Coefficient, I. T. Turbovich A. V. Knipper, V. G. Solomonov (12 pp, 8 figs).
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	Geographic Frequency Sharing

	Single Sideband Recommended

	WRITE FOR BULLETIN
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	J ITTER

	WITH Til’s NEW PULSE TIMER

	HOW IT WORKS

	134


	A VHF Vacuum Tube Voltmeter

	PHYSICISTS

	Mr. L B. Wrenn, Dept. J MOTOROLA, INC.

	4501 Augusta Blvd., Chicago 51, III.
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