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EPON RESINS
preferred for potting

CORPORATION SHELL
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These miniature electronic components 
potted in Epon resin will withstand solder 
bath temperatures and retain excellent di­
mensional stability.

Sections of magnetic amplifier coils, when 
embedded in Epon resin, have exceptional 
resistance to solvents and chemicals

Infinite Z Amplifier............... 50
A new magnetostrictive chopper 

makes this de amplifier unusual and 

noteworthy. The unit is driven by a 
high frequency so that the bandpass 
of the amplifier is greater than usual
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Diodes 1958 (Cover)............. 18
Here is ELECTRONIC DESIGN’S 

special report on semiconductor di­
odes. In addition to valuable feature 
articles covering many phases of di­
ode circuit design, we ve included a 
handy list of all the major American 
diode manufacturers.

In our report Too Many Diodes?" 

we ve presented the low-down on 
what’s going on in the diode manu­
facturing industry and on the status 
of standardization. To round out our 
report, we ve taken our regular 

Ideas for Design” department and 

devoted it exclusively to "Designing 
With Diodes.’

British Component Show ... 98
British manufacturers unveiled a 

host of new products at the recent 
British Radio and Component Show. 
This staff report describes some of the 
major developments and cites the de­
sign trends experienced by British en­

gineers.

CHEMICAL. SALES DIVISION
Atlanta • Boston • Chicago • Cleveland • Detroit • Houston • los Angeles • Newark • New York • San Francisco • St. Louis 

IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited, Montreal • Toronto • Vancouver

Semiannual Product Index . 91
Over 1200 new products, materials 

and production products, announced 
during the first half of this year, are 

listed according to type. The index 
gives the page number and issue in 
which the product originally ap­
peared.

If potting, laminating, sealing or encapsulation 
are factors in your operation, you should 
investigate Epon resins. Because they provide a 
unique combination of desired electrical and 
physical properties, they are finding increased 
use in many phases of the electrical industry.

Potting and Encapsulation . . . Epon resins 
offer remarkable adhesive properties, forming 
strong bonds to metals and glass, and creating 
airtight enclosures for sensitive components 
and vacuum tubes.

Sealing . . . Epon resin-based compounds are 
ideal for moisture sealing even at elevated 
temperatures.

Laminating . . . Epon resin, laid up with inert 
fibrous fillers, produces laminates with superior 
dielectric properties and moisture resistance. 
Epon resin laminates can be dip soldered, 
sheared, punched and drilled, and provide 
excellent dimensional stability.

And, solvent-free Epon resin adhesive 
formulations .. . between glass, metal, or 
plastic . . . cure at room temperature with 
contact pressure alone.

Can Epon resins solve a production 
problem for you'.' For assistance and 
technical literature, write us now.
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Dependability 

and long life 
previously available 

only in 
high-cost relays...

G-V
REo/uNd 

■J 
low-cost thermal¡j 

timing relays *

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

Delays of 2 seconds to 3 minutes • Energizing voltages - 6.3 to 230 
AC or DC.
• RUGGED STAINLESS STEEL MECHANISM

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

• SHATTERPROOF—NO GLASS
No glass is used in mechanism, encasing shell, or base. This 
avoids the danger of cracking or breakage in handling and use.

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

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

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

• DIRECTLY INTERCHANGEABLE 

Directly interchangeable with all other octal-size relays.
Available through Selected Distributor*

G-V CONTROLS INC.
18 Hollywood Plaza, East Orange, New Jersey

10.084 OTHER U. S. & FOREIGN PATENTS PENDINGWrite for Publication 131
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Silicon DIFFUSED JUNCTION GLASS RECTIFIERS

TYPE
Working 
Voltage 
(max.)

V

Forward 
Current 

at 4-1 volt 
mA

Reverse 
Current

mA at v

Type
Working 
Voltage 
(max.)

V

Forward 
Current 

at 4-1 volt 
mA

Reverse 
Current

mA at v

1N55B 150 5 500 at -150 1N128 40 3 10 at-10
LN 66 A 60 5 50 at -10 1N191 90 5 25 at -10
IN 67 A 80 4 50 at -50 1N198 80 5t 75fat -10
1N68A 100 3 625 at -100 1N294A 60 5 10 at -10
IN 95 60 10 800 at -50 IN297A 80 3.5 100 at -50
1N126 60 5 50 at -10 1N298A 70 30* 250 at -40
1N127 100 3 25 at -10 at 75°C

for TV video and portable radio application;
low capacity video detection; efficiency controlled at 50 Me

TYPE
Peak Operating 

Voltage
—65®C tp4-150°C

Volts

Ave. Rectified 
Current

Reverse Current (Max.) 
in mA at Specified Voltage

25 C 
mA

150°C 
mA Volts 25°C 100°C

1N645 225 400 150 225 0.2 15
1N646 300 400 150 300 0.2 15
IN 647 400 400 150 400 0.2 20
1N648 500 400 150 500 0.2 20

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

—65°C to4-165°C 25°C 150°C Specified PIV, 150°C

Volts mA mA mA

1N536 50 750 250 0.40
1N537 100 750 250 0.40
1N538 200 750 250 0.30
1N539 300 750 250 0.30
IN 540 400 750 250 0.30
IN1095 500 750 250 0.30
lN547t 600 750 250 0.35

f Same as 1N1096 •to4-135°C

TYPE
Peak Operating 

Voltage 
—65°C to+165°C

Volts

Ave. Rectified 
Current

25°C

Amps.

150°C 

Amps.

1N253 95* 3.0 1.0*
1N254 190* 1.5 0.4*
1N255 380* 1.5 0.4*
1N256 570* 0.95 0.2*
CK846 100 3.5 1.0
CK847 200 3.5 1.0
CK848 300 3.5 1.0
CK849 400 3.5 1.0
CK850 500 3.5 1.0
CK851 600 3.5 1.0
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10
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2
2
2
2
2
2
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ENGINEERING
REVIEW

For more information on developments, de­
scribed in “Engineering Review,” write to 
the address given in the individual item.

Low-Noise Microwave Amplifier
Uses Semiconductor Diodes

Using a semiconductor diode as the active ele- 
I ment, a variable reactance amplifier now under 
i development, may prove to be an exceptional 
n low-noise uhf and microwave device. Although 
I still in the experimental stage at Bell Telephone 
1 Labs, preliminary results indicate that the device 
I can improve the performance of many types of 
| microwave receivers. It is relatively simple to 
I construct and operate, and shows prospects of 

having a long life.
Variable reactance is provided by the diode 

I whose capacitance varies with the applied volt- 
1 age. As with other varactor amplifiers, the ap- 
| plied voltage is derived from an hf pump signal.

This signal causes the diode to function as a time­
varying capacitance and supplies the energy 
which is necessary to produce amplification.

At 6000 me a bandwidth of 8 me with a noise 
figure of 5 to 6 db has been obtained. Gain was 
18 db and the pump signal 12,000 inc. Gain can 
be traded for additional bandwidth if desired, 
and vice versa.

A traveling-wave amplifier configuration using 
arrays of several diodes shows promise of provid­
ing band widths of 25 per cent or more in the uhf 
region. Using four stages with the special diodes 
in such an array, Bell Labs demonstrated a band- 

(Continued on page 6)

Type of traveling wave ampli-
I fier employing a four-stage array 
I with varactor diodes is being tested. 
I This configuration shows promise of 

providing bandwidths of 25 per cent

I more than present devices in the vhf 
I region.

Equipment for studying amplifying properties of a 
nonlinear capacitor semiconductor diode. The right 

hand is holding the special diode and enclosure, and

is about to insert it in 
the proper location in 
the waveguide struc­
ture. A pump fre­
quency of 12,000 me 
enters from the left. 
The signal, in this case 
6,000 me, comes in 
from the right, is am­
plified and reflected 

back inside the same 
waveguide. The in­

coming and outgoing 
signals may be sepa­
rated by a ferrite 
microwave circulator.

>53 ELECTRONIC DESIGN • July 23, 1958
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This towering figure represents 3,300 Raytheon 
people at your service, helping to develop and pro­
duce magnetrons, klystrons and special purpose 
tubes—the most complete line in the industry.

’fhe heart of this Raytheon division is our famous 
Research and Development Laboratory with 1,065 
specialists, of whom 207 are professional engineers. 

Put this dependable source of engineering man­
power to work on your problems. Call on 
Raytheon’s Application Engineering Service. 
Write for complete data booklet. There is no cost 
or obligation.

Raytheon — World's Largest Manufacturer of Magnetrons and Klystrons

RAYTHEON MANUFACTURING 
COMPANY

Microwave and Power Tube Division 
Section PT-27, Waltham 54, Massachusetts

Regional Sales Offices: 9501 W Grand Avenue, Franklin Park, Illinois 

5236 Santa Monica Blvd., Los Angeles 29, California

Raytheon makes: Magnetrons and Klystrons, Backward Wave Oscillators, 
Traveling Wave Tubes, Storage Tubes, Power Tubes, Miniature and 

Sub-Miniature Tubes, Semiconductor Products, Ceramics 

and Ceramic Assemblies
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Inequities in Spectrum 
Conservation Cited

Severe inequities exist in the mat­
ter of national radio spectrum con­
servation, a General Electric 
Communications executive de­
clared, and if land mobile radio 
services are to “suffer the costs, 
trials, and tribulations of further 
sharing and squeezing, they are 
justified in requesting a “fair share 
of the spectrum.”

These remarks were made by 
Richard P. Gifford of Syracuse, 
N.Y., Manager of Engineering for 
the GE Communication Products 
Dept., at the annual meeting of the 
American Gas Association.

Gifford said the land mobile radio 
services have taken the lead na­
tionally in spectrum conservation. 
<CIRCLE 4 ON READER-SERVICE CARD

width of 100 me at a 400 me signal I 
frequency, with a pump frequency I 
of 900 me and a pump power of lO I 
mw. This experimental amplifier I 
has a gain of 10 db and a noise fig-1 
urc of only 3-1/2 db.

A single type of diode can be 
used to make an amplifier for any 
desired frequency from the high 
microwave region down to de. The 
noise performance improves rap­
idly as the frequency decreases 
from microwaves down into the uhf 
region, making such an amplifier 
potentially usefid for uhf television 
receivers.

It appears that these components 
can be assembled to provide a rela­
tively inexpensive device. No re­
frigeration is required, and no mag­
netic fields are necessary. The low- 
noise characteristics are realizable 
at room temperatures.

Although the variable capacity 
effect is present in commercial di­
odes, Bell Laboratories’ scientists 
have developed, under a Signal 
Corps contract, special diffused sili­
con diodes to maximize this effect 
Series resistance, which could be a 
source of noise, is minimized in 
these diodes. Units fabricated at 
the Laboratories have an active di­
ameter of about 0.002 in.
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Computer Users Exchange Programs
The nation’s utilities, electric equipment, and 

( omputcr manufacturers have set up a system for 
exchanging digital computer programs. Ninety- 
two programs for electric utility engineering 
problems have been made available by their 
owners to other companies under specified con­
ditions. Now on the list arc 38 programs con­
cerned with the design and operation of networks, 
feeders and transmission lines; 13 on the eco­
nomics of generating, dispatching and loading; 
and smaller numbers concerned with mathe­
matics, transient stability, load forecasting, and 
other fields. This work was sparked by commit­
tees of the AIEE.

For MISSILE Applications!

DC POWER SUPPLIES
with wide continuously adjustable
24 TO 32 VOLT RANGE

STANDARD
DC POWER SUPPLIES

28 Volt Models

*±10%. Also available in 460 V ±10% AC input. Will be 
supplied with 230 V input unless otherwise specified.

Model Veits Ampi Ret. AC Input 
(60 cps)

Ripple 
rms

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

115 V 
1 phase

2%

28-1OWX 24-32 V 10 ±%%
100-125 V 

1 phase 1%

MRS32-15A 2-36V 15 ±>W%
1O5-125V 
1 phase 1%

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

115 V 
1 phase

5%

M60V 0-32V 25 ±1%
115V 

1 phase 1%

MR1040-30A 5-40V 30 ±1%
100-130V 
1 phase 1%

28-30WXM 24-32V 30 ±Mi%
1OO-125V 
1 phase 1%

28-50WX
24-32 V 
±'.0% 50 ±Vi%

230 V* 
3 phase 1%

MR2432- 
100XA 24-32V 100 ±Vi%

208/230V 
3 phase 1 **

MR2432- 
200 24-32 V 200 ±^%

208/230V 
3 phase 1 ■*

MR2432- 
, 300 24-32 V 300 ±%%

208/230V 
3 phase

Ì

MR2432- 
500 24-32 V 500 ±W%

208/230V 
3 phase 11%

, 12,115 Volt Models

APPLICATIONS:
• Centralized Laboratory or Plant DC Power. • Missile Check-Out and Launching
• Aircraft Engine “Soft” Starting and Testing, e Battery Charging & Standby Service 
... and other heavy duty 28 volt DC Power applications.

immediate delivery!

OUTSTANDING FEATURES:

Automatic Magnetic Amplifier Regulation to 
±V2°o ...No Tubes, Moving Parts or Vibrating Con­
tacts ... Remote Voltage Sensing to Provide Regu­
lation at Remote Loads... Wide 24 to 32 Volt 
Output Range to Compensate for Voltage Drop in 
Output Cable.. Fast Response (0.1 to 0.2 seconds) 
With No Hunting or Drift. AC Line Voltage Stabil­
ization ... No Disturbing Radio Interference .. 
Higher Efficiency, Maintenance-Free and No Warm 
Up Time as Compared to M-G Sets.. MIL Type 
Workmanship & Conservative Design.
There are over 15,000 Perkin units in operation in 
industry today.

EASY PICKUP of radiation from airborne navigational 
or bombing radar is possible with an improved version 
of a Ground Observer Corps radio receiving set. The 
unit, which was designed to fit atop the standard GOC 
helmet, will pass the pulses received through its eight 
transistor amplifier and feed the audible signals to the 
observer through an ordinary ear-plug. Only distinct 
pulses will be picked up by the antenna when it is 
aimed at the source of the radiations. All the observer 
has to do is turn his head from side to side until he 
.or she) gets a good, strong sound. Weighing 12 oz it 
s effective over a range of more than 100 miles. Power 
or the unit is provided by a special mercury-cell baf- 

ery in a light-weight case measuring 2x4x1 in. The 
-attery will give approximately 160 hours of operation 
before replacement is necessary. The antenna was built 

)y Farnsworth Electronics Co., Fort Wayne, Ind.
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ADDITIONAL SPECIFICATIONS:
Regulation: ± % % for any combination of line and load changes. 
AC Input: 208, 230 or 460V, ± 10%, 3 phase, 60 cps. Ripple: 1 % RMS. 
All units available with dollies for mobility.

AVAILABLE MODELS:
MR2432-200A, 200 amps • MR2432-300A, 300 amps • MR2432-400A, 400 amps
MR2432-500A, 500 amps

When you require a power supply, SPECIFY PERKIN, 
for a wider range of standard models and immediate delivery from stock.

Wire factory collect for prices. For a prompt reply on your 
application, write factory on your letterhead«

345 KANSAS STREET, EL SEGUNDO, CALIFORNIA • OREGON 8-7215
Leader in Tubeless Magnetic Amplifier Regulation

Immediate Delivery on standard models available from factory and: 
Now York area office: 25 Groat Neck Rd., Great Neck, L.I., N.Y. HUnter 2-8608 
Boston area office. 46 Amesbury St., Lawrence, Mass. MUrdock 3-3252
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"Germanium Rectifier Unit ft Increases to 4% 9 15V.
t Increases to 2% 9 15V.

Model Volts Amps Reg. AC Input 
(60 cps)

Rippte 
rms

C-5WX
6 

±10% 5 ±1%
95-130 V 
1 phase 1%

Ô 
X S15WX

6 
±10% 15 ±1%

95-130 V 
1 phase 1%

6-40WX
6 

±10% 40 ±1%
95-130 V 
1 phase 1%

n? 
”> 12-15WX

12 
±10% 15 ±1%

95-130 V
1 phase 1%

115-5WX
115 

±10% 5 ±^%
95-130 V 
1 phase 1%

• >
S MR15125-5 15-125 5 ±1%I

95-130 V 
1 phase 1%W

Gl 25-25** 115-125 25 ±1*0-4%
230/460V 

3 phase 5%



ENGINEERING REVIEW

KRYTRON...NEW ELECTRONIC SWITCH

Ebb

eo

o
FEATURES

7. Negligible jitter

CBS-HYTRON, Danvers, Massachusetts 
A Division of Columbia Broadcasting System, Inc.

1. Rugged and reliable
2. Compact and light
3. Silent and cool

S<
e

4. Stable inert gas fill
S. Instant-firing keep-alive
6. Sure dark/cold starts

Two-unit Digital Data Recorder-Transcriber can make 
10,000 measurements of temperature, pressure, strain 

and other variables in one second.

Reliable products through
Advanced-Engineering

CBS1 tubesMAJOR CHARACTERISTICS
• High hold-off voltages................. 1000, 2000, 3000 volts
• High instantaneous pulse current.................500 amperes
• Low trigger voltage (tp=2MS)....................205 min. volts
• Low driving current.............................. 20 microamperes
• Short anode delay time ... . 4 microseconds
• Minimum anode delay variation . 0.4 microsecond
• Wide ambient temperature range.......... —55 to +85°C

CIRCLE 6 ON

The miniature 7205, 7229 and 7230 and subminia­
ture 7231 and 7232 . . . CBS-Hytron originals . . . 
introduce a new and growing family of fast-switch­
ing krytrons. These cold-cathode trigger tubes are 
efficient and accurate. They replace relays and thy­
ratrons in simpler circuits for reliable military and 
industrial equipment. They control up to 500 
amperes with input signals of fewer than 20 micro­
amperes. And they are designed to operate under 
extreme conditions of heat, shock and vibration. 
You will find these new krytrons useful as elec­
tronic relays . . . timers . . . oscillators . . . sensers 
. . . and pulsers. Check their features and charac­
teristics. Write for CBS-Hytron Bulletin E-287.
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Data-Handler Measures 
10,000 Samples Per Second

As many as 4,800,000 separate items of inf 
(nation can be processed in eight minutes usi
10-1/2 in. reels of standard magnetic tapt. wi 
a recently introduced recording and transc ribi 
system. The Digital Data Recorder-Transcri 
developed by Minneapolis-Honeywell Regula 
Co., Philadelphia, Pa., employs multiplexing a
analog-to-digital conversion and consists of 1 
multiplex channels. Each data sample, which 
the input information received by the record 
from multiple transducers, is converted to a 1 
bit binary so that the resolution of the system 
one part in 1024. Over-all accuracy is within 0 
per cent.

The 10-bit binary number, together with 
7-bit binary representing the channel numb 
and a zero or spare bit are recorded on the b 
or intermediate tape in three lines of 6 bits ea 
across the intermediate tape.

A total of eight tracks on half-inch tape a 
used. One carries a clock pulse, another a “wor 
pulse, and the remainder the data and chann 
number pulses. Each sample is represented I 
three characters on the tape. Thus, for a has 
rate of 10,000 samples per second, it is necessa 
to record 30,000 characters. This is accomplisbe 
by using a tape speed of 60 in. per second an 
a pulse packing of 500 per in. along the tape.

Original data to be processed by computeri 
selected by an editing device called a “data st 
lector.” Two time settings, one for the beginni 
of the desired data, another for the end, are ma 
by means of decimal switches. Another con 
provides for setting by the computer programm 
of the number of words—anywhere from 50
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0,000—to be included in one block of the com­
puter tape.

An auxiliary unit, called the "channel monitor,” 
s rves to visually read out in decimal form any 
manually selected channel at the rate of one per 
second. This facilitates initial calibrations and 
subsequent monitoring procedures and is part of 
the basic DDRT system.

U.S., British Standards 
Not Quite Cricket

Effort is currently being made to settle a differ­
ence of one part in slightly over a billion in 
British and American measurement standards.

The discrepancy exists in the radio comparison 
between “atomic clocks” in each country which 
are based on the unvarying vibrations of the 
cesium atom and generally accepted as the most 
accurate standard available. In an attempt to 
close this gap, the U. S. Army Signal Engineering 
Labs, at Fort Monmouth, N.J. have shipped two 
cesium beam standards to Britain for comparison.

Known as the Atomichron, the atomic clock 
has a possible accuracy of one part in 10 billion 
and is used to measure frequencies and time 
intervals. It was discovered last summer that the 
frequency of radio signals controlled by the 
cesium standard at the National Physical Labor­
atory at Teddington, England, varied by nine 
parts in 10 billion from the frequency of similar 
equipment in the United States, or approximately 
10 times the theoretical accuracy variation. The 
atomichron has an accuracy of one sec per 300 
years.

BALANCED ARMATURE

RELAYS with

POSITIVE MAGNETIC LATCHING

The new Leach magnetic latch relay assures positive 
latching under the most severe conditions 
of shock, acceleration and vibration in airborne 
and electronic applications.

This revolutionary magnetic latch relay has two 
coils and a large, permanent magnet.
Leach’s exclusive balanced armature and contacts 
are held in position magnetically—corresponding 
to the last coil energized.

MAGNETIC LATCH RELAY
Type 9228 4 PDT, 5 amp, 3 amp, microamp

Scientists of U. S. Army Signal Laboratories inspect 
ecording from cesium beam standard which disagrees 
vith its counterpart in England.

ELECTRONIC DESIGN • July 23, 1958

FEATURES

Available in a variety of types 
from 2 PDT to 6 PDT

Contact ratings from micro­
amp to 15 amp

Hermetically sealed and 100% 
seal-tested

Choice of stud, bracket or 
plug-in mountings

Solder lug, plug-in or potted 
lead terminals

Solid or bifurcated contacts
Coils for dc or ac applications

TYPICAL RATINGS

Normal operating voltages—ac and dc 
6-115 volts

Contact ratings @ 28 vdc or 115 vac 
single phase
Resistive—3 amp @ 125°C 

— 5 amp @ 85°C (dc only)
Inductive —1.5 amp
Motor load —1.5 amp

Rated duty—continuous
Minimum operating cycles—100,000
Weight—approx. 0.35
Shock—50 G’s
Vibration —15 G’s to 2,000 cps
Temperature range—70°C to +125°C

MIL-R-6106C Class A5, A8, B8,Applicable specifications— 
minimum current tests applicable—MIL-R-5757B Class A 
Mention your special requirements such as microamp 
switching, high vibration, special mountings.

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

LEACH RELAY

5915 Avalon Boulevard, Los Angeles 3

CORPORATION
CIRCLE 7 ON READER-SERVICE CARD



ENGINEERING REVIEWHere’s how General Electric solves 
typical DC power-supply problems 

for computers and special applications

PROBLEM SOLUTION

“ We need to devote our engineering time 
to designing our electronic circuitry. . . 
not the power components.”

PROBLEM PROBLEM

"it's always a problem making 
sure transistorized equipment is 
safe from its power supply."

"My power supply requirements 
fluctuate so much . . . big jobs, 
little jobs, all in between."

This is a frequent problem facing computer manu­
facturers. General Electric’s Rectifier Department has 
complete engineering and manufacturing capability 
not only to design and apply all types of power sup­
plies, but also to incorporate power supplies into 
completely integrated systems.

These systems could include load distribution, sup­
ply sequencing, protection for power supply and load, 
and complete power distribution. Let General Electric 
tackle your DC power problems such as those asso­
ciated with load IR drop, “cross talk,” and other 
nuisance-type problems plaguing your engineers.

PROBLEM

“We have a real low-voltage 
power distribution problem with 
our computer. ”

Doing a Slow Turn
One of the drive requirements on a new 84-ft diam] 

radio telescope for missile and star tracking is that it 
turns at the rate of one revolution per day. This reduc­
tion drive, which has a maximum ratio of 1,440,000 to 
1, will handle the specification. Final reduction in the 
drive is provided by a huge 50-in. center distance 
double enveloping worm gearset. In use, the worrol 
tracks around the gear, which is held stationary, to 
drive the paraboloid antenna as it searches the sky. 
The gearset is shown being checked for tooth contact 
in a hobbing machine of Cone-Drive Gears, Div. Michi 
gan Tool Co., Detroit, Mich where it was designed. 
Gear teeth had to be cut on the O.D. of a steel race 
for a large ball bearing, which supports the antenno

SOLUTION

To alleviate this problem, General 
Electric has developed several meth­
ods of making transistorized equip­
ment safer in this respect. With G-E 
protective circuits, shorting a plus 
high-voltage bus to a plus or minus 
low-voltage bus would not cause the 
low-voltage bus to exceed a small 
percentage of nominal rated value.

General Electric power supplies 
protect completely transistorized 
pieces of equipment from large losses 
due to over-voltage failures.

SOLUTION

G.E. has built individual power sup­
plies and complete systems ranging 
from less than one watt up to 35,000 
kilowatts. These power supplies span 
the complete range of DC power— 
regulated and unregulated—applying 
all types of components. G-E expe­
rience includes completely transistor­
ized supplies, and supplies with the 
new controlled rectifier, magnetic 
amplifiers, voltage stabilizing trans­
formers. and motor-alternator “brute 
force” systems.

100*

SOLUTION

too*
0. AMF-S

load to full-load

Low-voltage dis­
tribution prob­
lems can be han­
dled easily through 
load compensa­
tion. Curve “A” 
is net desired no­

regulation at load 
point. “B” is regulation at load with­
out remote sensing or load compensa­
tion. “C” represents IR compensation 
in power supply itself. “D” is amount 
of IR or load compensation.

If you have a computer or special power-supply problem, free your engineers of this problem and 
turn it over to General Electric for solution. It’s more economical! G-E engineers can call on over 
40 years of experience in the metallic rectifier field and put this experience to work in solving your 
particular problem—large or small. Contact your nearest General Electric Apparatus Sales Office 
or write Section B465-b, Rectifier Department, General Electric Company, Lynchburg, Virginia.

TYogress Is Our Most Important "Product

GENERAL ELECTRIC

Middlebrain
This new small computer, a Royal Precision LGP-30, 
product of Royal McBee Corp., Port Chester, N.Y. is 
filling the in-between job of working out experimental 

and small problems too complicated for manual solu­
tion but not pressing enough to squeeze into the 
crowded schedule of the big computers. The machine 
is in use at the Flight Simulation Laboratory at White 
Sands

CIRCLE 8 ON READER-SERVICE CARD CIRCLE 272 ON READER-SERVICE CARD >



from SYLVANIA
Pioneering new concepts—Everywhere in electronics

IN BASIC TUBE DESIGN

icduc-

Double triode, type 7244, and single triode, type 7245

Stocked mount in gloss bulb offers practical answers

A Cutaway view 
of the Framelok design

Send for your free copy of 
Sylvania’s new Framelok 
Grid Booklet, including a grid 
sample, for full information 
on the electrical and mechan­
ical characteristics of the 
Framelok design

perior vacuum tube performance. 
Actual test data comparing the 
stacked structure with conven­
tional structures indicates as 
much as a 2 to 1 improvement in 
vibrational output at 6 times the 
G level.

The new stacked tube has 
already excited tremendous 
military interest. Eventually an 
entire line will be available 
for military and industrial ap­
plications.

Less change in electrical characteristics due 
to element temperatures at high dissipation 
levels • Better control of cutoff • Lower 
knee voltage—more uniform control of knee 
• Less chance for shorts, microphonism and 
noise • Better plate-to-screen current ratio 
• Higher screen grid dissipation • Less arcing.

Entertainment receiving tubes are 
subjected to military-type inspection 
procedures
These two mounts may look alike to the un­
trained eye . . . but trained inspection per­
sonnel can spot defects in one (left) that 
could cause future trouble. All Sylvania 
entertainment tube types must pass this 
visual mount inspection procedure based on 
that used for military types. As a result 
equipment manufacturers enjoy fewer line 
rejects, lower manufacturing costs.

to industry’s current needs
Sylvania’s stacked mount 

structure is now available to de­
sign engineers because of a new 
glass envelope design that facili­
tates mass production of the 
tubes. Complete electrical, me­
chanical and environmental tests 
show that the new tube is capable 
of meeting the highest require­
ments of today’s operational 
equipment. Its unique stacked 
construction offers an inherent 
ruggedness and reliability for su-

Widespread interest in Sylvania’s 
exclusive Framelok design fosters 
new type development
Accelerated development of new Framelok 
tube types is underway at Sylvania as a 
result of fast-growing acceptance of the 
revolutionary design shown for the first time 
at the 1958 IRE Convention.

Design engineers are already analyzing 
new circuit requirements in terms of the 
Framelok design. New application possibili­
ties ranging from television to audio are 
developing rapidly.

Behind this widespread acceptance are 
these basic reasons why designers prefer the 
Framelok design over conventional types: 
• Greater uniformity of electrical character­
istics in tube after tube • Greater stability 
of electrical characteristics during tube life •
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SYLVANIA SETS THE

®old Brand Standard

Gold Brand Subminiatures undergo 
1,000-hour life testa

ST

Life tests on subminiatures 
are increased to insure 
maximum reliability

Sylvania increases the life assur­
ance on its premium subminia­
ture tube line by increasing its 
life test program from 500 to 
1,000 hours. The increase estab­
lishes additional positive proof 
of the high reliability and excel­
lent performance of the submin­
iature tube line.

6AU6 407A

5726 4Q81

58141
15749

Gold Brand types meet rigid new specifications

Sylvania writes new Gold Brand Specs for commercial 
and industrial applications

To meet your needs for reliable 
tubes in commercial and indus­
trial equipment, Sylvania has 
written new specifications 
which tailor military standards 
to commercial, and industrial 
requirements. Some of the typi­
cal controls specified for Gold 
Brand tubes include Multiple

Life Tests ranging from 500 to 
1,000hours, Impact Shock Tests 
of up to 500 G, Fatigue Tests, 
Vibration Tests, Glass Strain 
Tests and Variable Control 
Tests.

The following are the 12 Gold 
Brand types on which full speci­
fications are available:

Typ* D—c ri ption

407A Medium-mu
double fried* (9-pin 

miniature)
40*A Sharp-cutoff

pentode (7-pin 
miniature)

6AU6WA Sharp-cutoff 
pentode (7-pin 

miniature)
6X4WA Double diode (7-pin 

miniature)
5654 Sharp.cutoff

panted* (7-pin 
miniatura)

5670 Medium-mu
doubt* triad* (9-pln 

miniatur*)

Typ* D**cripH*n

5725 Dual-c«ntr*l 
p*ntod* (7-pin 

miniaturei
5726 Doubl* diod* (7-pin

miniatur*)

5749 S*mi-r*m«t*
cutoff pontodi» 

(7-pin miniatura)

5751 High-mu 
doubla triede (9-pin 

miniature)

5*14A Medium-mu
double triede (9-pin 

miniature)

6005 B*am Pentode (7-pin 
miniature)

Gold Brand types meet missile requirements

Gold Brand Premium Guided Missile 
types withstand severe durability tests 
Every tube type in Sylvania’s Gold Brand 
Guided Missile line meets environmental test­
ing more severe than that required in many 
advanced military specs. Each type is sub­
jected to severe vibrational fatigue tests at 
sweep frequencies from 30 cps to 3000 cps at 
10 G’s for 6 hours in several standard positions.

All Gold Brand Sylvania subminiature tubes 
undergo the White Noise Test. The tubes are 
subjected to a white noise vibrational spec­
trum covering the frequency band of 100 to 
5000 cps., the rms G-level is 2-3 G’s per octave 
with peak G-level of 15 G’s. The tubes are 
tested for both rms and peak vibrational out­
put and limits are established on each.

6946 
6947 
694* 
67**
6943 
6944
6945

D*acription 

Modium-Mu Trioda 
Madium-Mu Doubla Trioda 
High-Mu Doubla Triada 
Sharp cutoff audio-frequency panted* 
Sharp cutoff RF Pentode 
Semi-Remote cutoff RF Pentode 
Audio-Frequency Beam Pontodo

Gold Brand subminiature 
Type 6814 meets rugged 
requirements of airborne 
computers
Prime example of a Gold Brand 
subminiature ideally suited for 
airborne computer use is type 
6814. Fully proven in current 
operational equipments the

'6814

Type 6814 for 
missile computers

tube features controlled sharp cutoff and zero 
bias plate current for good switching action. 
It exhibits exceptional freedom from develop­
ment of cathode interface throughout life.

The 100% Production DC shorts test as 
well as a standard AC shorts test on type 6814 
minimizes the possibility of flicker shorts— 
assuring greater reliability in this tube’s many 
applications, particularly in switching and 
triggering circuits. In addition, it withstands 
a minimum 1000-hour life test.

You can get the complete engineering story 
on Sylvania’s Gold Brand Lines in the new 
33-page Gold Brand booklet.



New five-inch experimental evaporated phosphor CRT

IN NEW TRANSPARENT PHOSPHOR TUBES

New receiving tube types

Addressee

BUSINESS REPLY CARD
First Class Parimi No. 2833 Sec. 34.9 P.L&R., Buffalo 9, N.Y.

r Postage1 

Will be Paid

Five new types are added to the 
receiving tube line

Experimental five-inch evaporated phosphor CRTs offered 
for applications research and development

Postaos Stamp 
Necessary 

if Mailed In Iha 
k United Slatesj

Steady progress is being made in 
the development of evaporated 
(transparent) phosphor cathode-ray 
tubes at Sylvania. Now 5-inch and 
other small tubes are being pro­
duced and are available for experi­
mental purposes.

High industry interest in evapo­
rated (transparent) phosphor tubes 
is centered around the major bene­
fits the tubes offer over conventional 
CRT s. Among the more important 
characteristics are:
• Higher resolution—Transparent 
screens are capable of higher resolu­
tion than conventional settled screens 
because the phosphor crystals are 
smaller by many orders of magnitude. 
Video displays with sharper definition 
are possible.
• Improved contrast in high ambient 
light conditions—Transparent phos­
phors permit outside light to pass 
through the “screen” cutting reflec­
tion to a minimum. This characteristic 
is highly important where scopes must 
operate in high ambient light.
• Minimum Screen Noise—Because

Type 12DV8— Designed for 12-volt auto 
radios, this 9-pin miniature double-diode, 
space charge grid tetrode can be used as 
a combined detector, A VC rectifier and 
transistor driver. The tetrode section has 
the advantage of low Rp for better tran­
sistor matching.
Type 12EG6—This tube is designed pri­
marily for use in 12-volt auto radios as an 
RF amplifier. It is a 7-pin miniature dual 
control Heptode with a unipotential cath­
ode. A VC voltage can be applied to two 
control grids reducing back biasing of the 
A VC line with large RF signals.
Type 12DZ6—This miniature pentode has 
a remote cutoff to give a Gm of 50 umhos 
at a bias of 10 to 12 volts for improved 
AGC characteristics in hybrid radio re­
ceivers. The plate resistance of 15,000 ohms, 
coupled with a Gm of 3600 umhos, insures 
high performance in weak signal areas.
Type12DU7—This 9 -pin miniature double 
diode-tetrode can be used as a transistor 
driver in addition to functioning as a de­
tector and A VC rectifier in hybrid auto 
receivers. In this multipurpose, low-cost 
tube, power output distortion is controlled 
to a maximum of 5 %.
Type 12DV7—A double diode-triode for 
use in 12-volt hybrid auto radios. With a 
12-volt plate supply the triode features a 
plate current of 750 ua, a mu of 15 and a 
Gm of 1000 umhos. The diodes feature a 
separate cathode connection for maximum 
flexibility in detector and A VC circuits.

IH NEW TUBE
TYPES...

SYLVANIA ELECTRIC PRODUCTS INC 
1100 Main St.
Buffalo 9, N.Y.

e v aporated phosphor crystals are much 
smaller than those in conventional 
coatings, screen noise, the interplay 
of light reflections on the crystal faces, 
is reduced- The result is sharpest pos­
sible definition,
• More Uniform Light Output—The 
phosphor coating on evaporated screen 
CRTs issome 10 times as thin as stand­
ard coatings. This smooth screen 
coating contributes to far greater uni' 
formity in light output.
• Lest Screen Burn—Transparent 
phosphor tubes offer better resistance 
to screen burning because the crystals 
are closer to the glass faceplate. This 
allows better heat dissipation and 
cooler operation.

Since all of these advantages are 
not available in a single evaporated 
phosphor tube design, it is neces­
sary to specify which characteristics 
are most important for the intended 
application. Send full information 
on your particular application when 
you request experimental samples. 
Write to Sylvania direct or call 
your Sylvania representative.



In Industrial Television

MAG

New ITV monitor

In Industrial and Military C-R Tubes In Television Picture Tubes

New CRT type 5ADP2
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for television receiver and picture 
tube testing. Its small size, light 
weight and convenient shape make 
it the ideal production line test tube.

The 8YP4 is equipped with a con­
ventional base and a convenient 
adaptor for conversion to a rigid pin 
base. It has built-in automatic elec­
trostatic self-focusing making exter­
nal focus connections or adjustments 
unnecessary. It employs a 6.3 volt, 
600 ma heater that will also operate 
in 450 ma series heater strings.
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Sylvania Framelok Grid Booklet 
Sylvania Gold Brand Booklet 
Additional explanation, and 
application requirement form 
for Sylvania transparent 
phosphor CRT s

Type 24AQP4 with 
450 ma heater
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0.01 t 

range

Use this handy 
business reply card 
to request additional 
information on these 
important new 
Sylvania developments

mits use of a lower wattage, less expensive series resistor. 
The end result is a line of picture tubes that meet the needs 
of new portable and console TV receiver designs.

Now, higher fidelity in industrial 
television is possible with new cath­
ode-ray tube, type 8FP4. It gives 
added definition and resolution to 
industrial television performance.

Type 8FP4 is an 8" rectangular all­
glass, magnetic focusing tube with 
an ion trap and 90° magnetic de­
flection.

New test picture tube speeds 
receiver production line testing

A new 8" 110° test picture tube, 
type 8YP4, is specifically designed

Sylvania combines the advan­
tages of 110° deflection and 
450 ma heater in three new 
picture tubes
Sylvania, trend setter in electron-tube 
design, has developed new 110° picture 
tubes incorporating the 450 ma 6.3 volt 
heater. The new tubes, types 17CTP4, 
21DHP4 and 24AQP4, combine the 
space savings of 110° tubes with the 
power and cost advantages of 450 ma 
heaters. The low power heater not only 
reduces heat with total set power sav­
ings of approximately 18 watts but per­

New high-precision scope 
tubes, types 5ADP, 
5ABP, and 5AQP, were 
developed for photog­
raphy, radar and special­
ized uses
Sylvania again expands its line 
of special-purpose industrial 
and military cathode-ray tubes 
with a series of high-precision 
types designed for specialized

Receiving Tubes 
□ 7244 
□ 7245 
□ 12DV8 
□ 12EG6 
□ 12DZ6 
□ 12DU7 
□ 12DV7

Cathode-Ray Tubes 
□ 5ABP 
□ 5AQP 
□ 5ADP 
□ 8FP4 
□ 8YP4 
□ 17CTP4 
□ 21DHP4 
□ 24AQP4

Special CRT is specifically designed for 
Industrial TV monitor use

Please send the following information on the items checked below 
ENGINEERING DATA SHEETS

uses. These tubes incorporate a high-precision electron 
gun made to ultra-fine tolerances. Sharp clean scope pres­
entations result for high-precision photography.

The new tubes, types 5ADP, 5ABP, and 5AQP, are 
available in screen phosphors ranging from Pl to Pll.

A 1 I k 1 Sylvania Electric Products Inc.
Wy- 1 1740 Broadway, New York 19, N. Y.

I In Canada: Sylvania Electric (Canada) Ltd.
If J f I University Tower Bldg., Montreal
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HALL VOLTAGE-V«

Hallmark in Generators

Burnell offers

THE MOST 
complete line of encapsulate toroids 
to meet your circuit needs

A generator operating on the Hall effect has been built 
for practical application. The Hall generator is essenti­
ally a solid state multiplying device that provides a 
voltage output proportional to the product of two elec­
trical quantities: (a) the current passing through it; and, 
(b) magnetic field perpendicular to it. Output voltages 
of 1 /2 v are easily obtained in the device using mag­
netic fields of 5 kilogauss and control currents of 1 /2 a. 
In addition, the output impedance can be adjusted from 
0.01 to 20 ohm and their maximum frequency response 
ranges from 107 to 108 cps. Two semiconductor materi­
als, indium antimonide and indium arsenide, are used 
in the generator built by Westinghouse Electric Corp., 
Pittsburgh, Pa.

Ï Ü

CIRCUITS WANTED

The Bureau of Ships recently awarded a 
contract to Transistor Applications, Inc. to 
prepare a “Selected Semiconductor Circuits 
Handbook.”

The Boston firm will invite companies, gov­
ernment organizations and individuals to sub­
mit reliable transistor and diode circuits and 
their descriptions for possible inclusion in the 
handbook. Among the many circuits to be 
covered will be amplifiers, oscillators, mixers 
and converters, switches, and power supplies.

All circuits will be reviewed by a commit­
tee of technical authorities, and all contribu­
tors will receive full credit.

The handbook, it is hoped, will encourage 
better engineering practice by transistor cir­
cuit engineers, in designing circuits for mili­
tary electronic equipment.

We, at Electronic Design, hope this proj­
ect will lead to some standardization in semi­
conductor circuitry. Our readers can help by 
sending their contributions to the Research 
Director at Transistor Applications, Inc., 50 
Broad St., Boston, Mass.

Burnell & Co., pioneers in the 
development of toroids, filters and 
related networks now offer the 
most complete—the most reliable line 
of encapsulated toroids.
Burnell encapsulated toroids include 
the only encapsulated adjustoroids 
available anywhere—satisfy the 
toughest circuit demands in service­
ability—light weight—miniaturization.
Burnell encapsulated toroids are 
particularly useful in guided missile and 
similar miniaturization fields where 
space and mounting are highly critical 
factors. Send for free, new Catalogue 
No. 104 covering scores of 
applications with schematics and 
performance curves.

COM. CHART

TYFE

NOMINAL

UNCASED 

DIMENSIONS

WEIGHTS 

UNCASED 

(OUNCES!

MOULDED 

DIMENSIONS

TC 0 1"« 13/32" 5/4 1 1/14" O0 « 1/2" H
TC 1 i s/r-ws/e" I«*« thou 3 1 3/4" OO ■ 3/4" H
TC a 2 4/32"« 15/14" 10 2 3/4" OO ■ 1/4" H
TC 3 1 1/2" .5/4" 2 1/2 1 3/4" OO ■ 3/4" H
TC 4 1 7/32"« 14/32" Uh than 2 1 5/14" OO « 23/32" H
TC 5 1 7/32" «14/32 leu than 2 1 5/14" OO ■ 23/32" H
TC 4 1"« 13/32" 5/4 1 1/14" OO ■ 1/2" M
TC 7 1"« 13/32" 5/4 1 1/14" OO « 1/2" H
TC • 1 4/14" «5/»" Uh than 2 1 3/4" OO ■ 3/4" H
TC V 1"»3/4" Uh than 1/2 1 1/14" OO ■ 1/2" H
TC 10 1 3/32"« 15/32" 1 1 1/4" OO « 5/4" H
TC 11 5/4" «4/32" 1/4 3/4" OO « 1/2" H
TC 13 5/4" «4/32" 1/4 3/4" OO ■ 1/2" H
TC 13 5/4" «4/32" 1/4 3/4" OO « 1/2" H
TC 14 5/4" «4/32" Uh than 1/4 3/4" OO ■ 1/2" H
TC IS 1 7/4" «7/4" 5 2" OO ■ 1" H
TC 17 1 3/32"« 15/32 Ims than 1 1 1/4" OO « 5/4" H
TC 20 1 3/32" «15/32" 1 1 1/4" OO « 5/4" M
TC 27 1 4/14"» 11/14" 2 1/4 1 3/4" OO ■ 3/4" N

EASTERN DIVISION 
10 PELHAM PARKWAY 

PELHAM N. Y.
PELHAM S-5OOO 

TELETYPE: PELHAM 3633

PACIFIC DIVISION 
720 MISSION STREET 
SOUTH PASADENA. CALIFORNIA 
RYAN 1-2*41
TELETYPE: PASACAL 757*
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ENGINEERING REVIEW

and

SEMICONDUCTOR DIVISION
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Shift register transistor is expected, with further de­
velopment, to perform functions that now require a cir­
cuit arrangement of twenty transistors, forty resistors, 
and twenty capacitors. Object at upper left is a testing 
unit for the device. At lower right are elements of cap­
sule in which an experimental unit is enclosed for test-

your prime source for 
every type of

high speed
high conductance 

high temperature 
high voltage

high back resistance

The specs shown here are just a small sampling of the 
complete Radio Receptor diode line which covers every 

combination of characteristics needed for your circuitry. 
For full information, write today to Section ED-7

ELECTRONIC DESIGN • July 23, 1958

GENERAL 
INSTRUMENT 

SEMICONDUCTORS

General Instrument Corporation 
also includes. Automatic Manufacturing Division, 
F. W. Sickles Division, Micamold'Electrowics 
Manufacturing Corporation (Subsidiary)

Ultraminiature Device Integrates 
Entire Circuit in Single Unit

Development of an experimental shift regist r 
transistor 1/2 in. long and 0.004 in. thick m.iy 
herald another significant breakthrough in ultra­
miniaturization of integrated electronic devices. 
This unit is expected to perform application 
functions of circuits which presently require 
twenty transistors, forty resistors, and twenty ca­
pacitors. Laboratory operation of the shift regis­
ter transistor indicates the feasibility7 of integrat­
ing both active and passive elements. Ten tran­
sistor-like elements on a single strip of germanium 
function as separate two-way switches connected 
in series. Each of these elements can receive and 
hold a single bit of information in the form of a 
strong or weak current, corresponding to 0 or 1. 
Storage of ten-digit numbers is possible.

The bits of information are fed into the device 
one byz one at high speed at one end, and are 
shifted from one element to the next, in order, by 
shift pulses. When these pulses are stopped, each 
bit of information will remain in one of the tran­
sistor-like elements. When the pulses are re­
started, each bit shifts from one element to the 
next until the pulses are again stopped. When the 
bits reach the final element, they are read out in 
the same order in which they were fed in at the 
start. In this way, the information is kept intact, 
yet its passage is delayed as long as needed.

Development of the shift register transistor is 
being carried on at RCA Laboratories, Princeton,

RADIO RECEPTOR COMPANY, INC,
Subsidiary of General Instrument Corporation
240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000

When »witching from 5 mA to 40V. t When switching from 30 mA to 35V.
1 JAN type.

Cod« Fwd. DC Cur. (MA)
Ni. 9 Indieatad Vnltago

SILICON DIODES (/
IN 658 100 « 1.0V

DR872 100 @ 1 0V

DR870 200 © 1.0V

GERMANIUM DIODE!
1N276Î 40 G 1.0V

DR435 10 © .34V Mln.
.37V Max.

DB312 100 © 1.0V

Rov. PC Cur. ( u A) Max. Inv. Roverse
© iRdicatad Volta*« Voltai« R«e«vory

II mt>ngt and charactarirtics or, at 25° C.)
.05 @ 50V 100V 80K in 0.3 usec»

25 @ 50V Ci 150» c.
.5 @ 35V 50V 400K in 1.0 uiect

10 @ 35 V @ 100° C. s
.025 @ 175V 180V ----

5 © 175V @ 150° C.
(All rating» and charactarittic» ar, at 2S° C.)
100 & 10V © 750 c. 50V 80K in 0.3 uooc*
UH» @ 50V
10 . © 10V 20V ----

5 © 10V; 20 • 100V 100V ----



958

;r de- 
a cir- 
istors,

ir is 
ton,

cap- 
r test­

rw? .006

.51.0

10 0 1.0 ua max.30.0

8.0 volts8.0 15.0

150 °C7575

RactmersTranaiston

6.5 musec

10 ma

*031

GERMANIUM

S570G S555G

6V Inverse to
,ma hverse
with 20 ohms
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Inverse current
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silicon diffusion diodes and silicon transistors.

SiLiCON

S266G
.004 usee max

Stanislas

commumcations Research.

TV Interference Reported 
By The FCC

indication of the results which may 
be expected.

Diode« Rerulitn-k

French Field Effect Device
Claims 500-1000 me
Operation

French invention of a field effect
type semi-conductor, reported to
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operate between 500 and 1000 me
at several watts, is not expected to
overshadow the transistor.

Known as a ‘technetron, it con­
sists of a type N germanium rod
with an electrode at each end. An
indium ring placed in a groove of
the rod serves as the control elec-
trode. Gain is claimed to be about
200 at 500 me.

Significance of this development
is mitigated, however, by rapid ad-
vances in US transistor art. The
diffused-base transistor produced
by Western Electric is noteworthy.
In addition, present performance
ratings being demanded for tran­
sistorized military equipment are
equal to or better than the char­
acteristics of the technetron.

GE, Bell Labs, RCA and others,
moreover, have done work on field
effect devices for several years and
patents have been issued.

Technetron was the invention of
Teszner, working at

France’s National Center of Tele-

The Chief Engineer’s office of the
Federal Communications Commis-
sion has recently completed a re­
port, Polarization Discrimination
m Television Broadcasting.” In con-
siders the possibility of reducing 
TV co-channel and adjacent chan­
nel interference by having alter­
nately spaced stations transmit with
vertical and horizontal polariza-
tions. The report, T.R.R. 4.3.10,
contains a summary of available 
data and information relating to
cross-polarization effects in TV
broadcasting. Also included is an

Copies of the report may be ob­
tained from the FCC, Technical 
Research Division, Room 7506, 
New Post Office Building, Wash­
ington 25, D.C.

CIRCLE 11 ON READER-SERVICE CARD ►

FASTEST DIODES
formilli-microsecond switching!

Here at last are diodes suitable for extremely
high speed transistorized computer circuitry. These
diodes offer you the convenience and simplicity of
conventional types — but they are on the order of
50 times faster! Produced and priced for computer
use, they are intended for critical applications at
normal transistor bias levels.

The S570G germanium diode has optimized
switching characteristics in the region below 10
milli-microseconds. Total stored charge after a
lOma forward current is less than that of a 3pf
(micro-microfarad) capacitor at 6 volts! German-
ium type S555G obtains better D.C. characteris-

Type S570G,

r= .9 m^sec

measured in EG&G TW Oscilloscope

tics at some sacrifice of speed. The S266G is a
bonded silicon diode intended for use in high tem-
perature high speed equipment. Low leakage cur­
rent makes it useful also as a pulse stretcher. It is
typically faster than any of the presently available

These new diodes can reduce the number of
transistors in circuits. They may be used to sim-
phfy coupling and logic design, reducing depend­
ence on critical timing and synchronization. For
example, difficult DCTL circuits may be made
DCDTL with no loss in speed. Available now,
these diodestwill open many new frontiers.

Recovery time
(lOma Ifwd,

voltage drop
(i lOma

1.5 volts max.

SEE US AT THE WESCON SHOW-BOOTHS 1567-68
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EIA Concerned Over Industry* 
Future

Begin your next design with unexcelled quality Bishop component 
materials. Write, wire or phone Malvern 3100.

Metals for Precision 
and Performance”

ELECTRONIC DESIGN • July 23, 1958

Quality begets quality — it’s an established axiom that premium products 
must begin with quality components. Bishop has been producing platinum 
and precious metal products since 1842 . . . precision stainless steel tubing 
since 1931. The Bishop family of metal products includes a broad variety 
of components for the designer, engineer . . . just to mention a few:

Capillary Tubing—standard and special sizes
Platinum & Platinum Alloy Wire—#50 to #3 B&S Gauge
Clad Metals—base and precious metals in various combinations
Glass-To-Metal Sealing Alloys—low expansion alloys
Thermocouples—noble metal and noble metal alloys
Tubing—nickel, stainless, platinum, special alloys
Tubular Fabricated Parts—all varieties
Composite Wires—base and precious metals in various combinations
Platinum Tubing, Contacts, Discs
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The Electronic Industries Association ex­
pressed grave concern for the future of the in­
dustry during its recent national convention. The 
cause of this concern is the industry’s heavy de­
pendence on Government R & D contracts and 
the absence of consumer research in the long­
range plans of many electronic manufacturers. 
According to EIA analysts, few companies have 
made plans for the day when the Defense De­
partment will not be so richly endowed. They 
raise such questions as: What will the industry 
do then to inspire demand for more electronic 
merchandise? Where will the designs come from? 
How can we change engineers from thinking 
about the environment of the missile to the decor 
of the average living room or kitchen?

Judging from recent figures, however, the elec­
tronics industry is in the strongest position it has 
ever been. In spite of a mild recession in the last 
part of 1957, the fiscal year ending March 1958 
saw a total revenue of $7.5 billion—up $1.8 bil­
lion from the previous period. If distribution, 
servicing, installation, and broadcasting revenues 
are added, the electronics industry amounts to a 
whopping $12.5 billion.

By the major categories EIA uses to classify 
the industry, the revenues were obtained from 
the following sources: amusement devices (radio, 
TV, phono), $1.5 billion; industrial and communi­
cations products, $1.15 billion; military equip­
ment, $3.9 billion; and replacement parts, $0.95 
billion.

The EIA cited foreign competition as another 
problem confronting the industry. While present 
U.S. imports from French, German, English, and 
Japanese electronics manufacturers are not very’ 
large, there is evidence that they will make some 
serious inroads into our commercial markets 
within a short time.

Most of this competition has come in the form 
of radios and components. Many engineers feel 
that these parts—and some instruments—are on a 
par with their U.S. counterparts. But even with 
import duties and “Buy American Act” restric­
tions, their prices are usually much lower than 
domestic products. Moreover, the overseas com-
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J. BISHOP & CO
platinum works 

MALVERN, PENNSYLVANI

Build Quality 
in Your Line



BRUSHCLEVITE
Multi-Channel
Magnetic Heads
A BASIC DESIGN FOR STANDARD REQUIREMENTS

CUSTOM CONFIGURATIONS FOR SPECIAL APPLICATIONS
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Clevite ’’Brush” Multi-Channel Heads offer distinct 
advantages for system manufacturer and user alike . . . 
providing comparative ease and speed of installation, 
alignment and replacement . . . precise dimensional uni­
formity . . . extremely rigid mounting.

data processors.
While the electronics industry can accommo­

date these orders now, should the program be 
accelerated much more, there will be a growing 
competition between military and civilian (CAA) 
orders.

STANDARD—In 1 to 32 channels, 
for tape widths from Ji" to 2" 
All-metal or epoxy faces.

MAGNETIC HEADS 
TRANSDUCERS 
PIEZOELECTRIC CRYSTALS, 
CERAMICS AND ELEMENTS

INTEGRAL BLOCK INTERLACE—Pro­
vides twice the number of chan­
nels possible with a single head of 
the same width. Minimum cross­
talk and maximum output at no 
sacrifice in number of track*. 
Clevite builds heads of this design 
to telemetering standards of spac­
ing and performance.

REDUNDANT—Close-spaced rec­
ord-reproduce head speeds data 
processing by reading and check­
ing tape immediately after record­
ing. Reduces necessary equipment 
and power for checking register.

GAP - MOUNTED — Multi - channel 
head cartridges, easily removed 
and replaced with no close adjust­
ment necessary. Bracket and 
cartridges have lapped surfaces 
providing reference positions to 
gap perpendicularity, azunuth and 
contact adjustment.

CAA Forms Another Airways Plan

June marked the 20th anniversary of the Civil 
Aeronautics Administration. April and May 
marked another period of disastrous air tragedies 
that heaped much criticism on the way the CAA 
controls the air space along which airliners and 
military’ aircraft must fly.

The Federal Airways Plan the CAA developed 
earlier has since been compressed and revised 
twice. The latest revision calls for the expendi­
ture of more than $1 billion over the next five 
years. This money will buy new electronic com­
munication, air traffic control, and air navigation 
equipment. It will equip more control centers 
with automatic processing machines. It will ready 
the personnel for better display devices. Also, 
the long-sought-after enroute and inroute equip­
ment that will give virtually positive control over 
aircraft flying along the 95,000 miles of airways 
the CAA expects to be monitoring by 1963.

With the help of the Air Modernization Board, 
a greatly expanded research program should 
reap new benefits, ease the job of control, and 
greatly increase the safety of flying. The $175 
million to be spent on equipment in FY ’59 will 
buy large numbers of long-range and short-range 
radars, surface detection equipment, beacons, 
VOR’s, VORTAC’s, ILS’s and some automatic

Ctevite’s basic design, in 1 to 32 channel form, meets 
most standard customer requirements on commercial, 
industrial, scientific and military equipment. Slight mod­
ifications adapt them to many special applications. In 
addition, Clevite supplies custom designs; several are 
shown below.
As an independent magnetic head specialist, Clevite 
provides unmatched design experience and production 
economy. One of our specialists will be pleased to discuss 
your application by detailed correspondence or personal 
visit. Write: Product Manager, Magnetic Heads, Clevite 
Electronic Components, 3311 Perkins Ave., Cleveland 14,0.

panics are beginning to move into the large con­
tracts field and are bidding against U.S. firms, 
especially on NATO business.

One area EIA has not publicly commented 
upon is the imports from the Russian satellite 
countries. Yet, recent reports have disclosed that 
several Hungarian electronics companies have 
successfully shipped a wide range of instruments 
to the U.S. through Austria. Although the Fed­
eral government has imposed restrictions on 
trading with satellite nations, the regulations are 
ambiguous with respect to transshipments from 
the so-called neutral nations of which Austria is 
one.

Observers assume that the Hungarians are 
feeling out the market. They have found out that 
the Austrians are quite pleased with their instru­
ments, although they do get damaged in transit. 
Further, the Hungarians have no network of 
service people to maintain their equipment. 
These difficulties can be surmounted if the Hun­
garians find reasonable acceptance of their prod­
ucts in the work markets.

CLEVITE



QUALITY PRODUCT 

FROM GENERAL TRANSISTOR.

---- ---------
ACTUAL SIZE

CORPORATION Jamaica 35, N. Y.
In Canada: Desser E-E Ltd., 441 St. Francis Xavier. Montreal 1, Quebec
FOR IMMCOUTt DELIVERY FROM STOCK. CONTACT YOUR NEAREST AUTHORIZED GENERAL TRANSISTOR DISTRIBUTOR OR 
GENERAL TRANSISTOR DISTRIBUTING CORP. SS Z7 SUTPHIN BLVD. JAMAICA 35, NEW YORK FOR EXPORT: GENERAL 
TRANSISTOR INTERNATIONAL CORP, SI-27 I3STH PLACE JAMAICA 35. NEW YORK
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new 
complete line of

GENERAL TRANSISTOR IS NOW MAKING 
GERMANIUM SUBMINIATURE GOLD 
BONDED DIODES

You may be assured that this new product 
line has the same high quality and reliability 
that has made General Transistor the Fastest 
Growing Name in Transistors. Experienced 
design engineers, quality materials, proven 
production techniques, and strictly enforced 
quality controls are your guarantees.
These diodes have been designed for 
computer, industrial and military applications 
where high reliability is of prime importance. 
They are hermetically sealed in a glass 
case with tinned leads. Their rugged 
construction makes them resistant to 
humidity, shock and vibration, and impervious 
to extreme environmental conditions.
Write today for Bulletin GD-10 showing 
complete specifications, diagrams and 
other engineering data.

91-27 138th Place

MEETINGS
Aug. 6-8: Special Technical Conference on Non­
Linear Magnetics and Magnetic Amplifiers

Hotel Statler, Los Angeles, Calif. Sponsored y 
AIEE. The four technical sessions will include: 
technological and theoretical aspects of non­
linear magnetics and magnetic amplifiers; com­
puter applications; special purpose devices and 
applications; and “new frontiers’" in the field. 
Exhibits will be displayed by 40 manufacturers 
selected for their contributions to the industry. 
For more information about the conference, 
write AIEE, 33 West 39th St., New York 18, N.Y.

Aug. 13-15: 7th Annual Conference on Industrial 
Applications of X-Ray Analysis

Albany Hotel, Denver, Colo. Sponsored by Uni­
versity of Denver, Denver Research Institute, 
Metallurgy Div. For additional information 
write William M. Mueller, Metallurgy Div., Den­
ver Research Institute, University of Denver, 
Denver 10, Colo. •

Courses-Seminars

Aug. 4-15: Special Summer Program on Micro­
wave Ferrites. Massachusetts Institute of Tech­
nology, Cambridge 39, Mass. Topics will include 
Electromagnetic Theory of Fields in the Presence 
of Ferrites, Measurements of Ferrite Character­
istics, and Linear and Non-linear Ferrite De­
vices: Theory and Application. Write to Dr. 
Herman A. Haus, Assistant Professor, M.I.T. 
Department of Electrical Engineering for infor­
mation.

Aug. 11-22: 3rd Annual Statistical Methods in 
Industry Course. University of California, Los 
Angeles, Calif. Sponsored by the UCLA Col­
lege of Engineering, University Extension, and 
the American Society for Quality Control. In 
addition to the above course, there will be a 
3-week course in Industrial Reliability, Aug. 4-22. 
Address requests for information on the courses 
to Edward P. Coleman, Professor, College of 
Engineering, University of California, Los An­
geles 24, Calif.

Paper Deadlines

Aug. 1: Deadline for paper for the 7th Annual 
Meeting of the Standards Engineers Society. 
Papers preferably should be related to the theme 
of the meeting, Standardization, A Must for 
the Space Age. This meeting will be held on 
Sept. 22-24 at the Benjamin Franklin Hotel. 
Philadelphia, Pa. Send papers of 1600-2400 words 
in length, typed and double-spaced in quadru­
plicate to E. D. Clark, c/o Standard Pressed Steel 
Co., Jenkintown, Pa.

ELECTRONIC DESIGN • July 23, 1958
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If You're Going To Diodize, Do It Right
The transistor, ten years old last month, has certainly stolen the 

show from its older brother, the semiconductor diode. Its fame has 
spread well beyond the realm of the electronics designer. It has 
become a byword to the public—so much so, that the magic word 
Transistorized is almost a sure salesman.

But who ever heard of an instrument being ‘diodized? True, 
the diode has not shared in the dramatic growth of its illustrious 
three terminal brother, but it too has grown, these past ten years.

Diodes are available today that are head and shoulders above 
the diodes of a decade ago, so far as performance is concerned. 
They’ve made possible circuit applications, not possible with 
diodes of old.

Yet. diodes simply don’t have the glamor of transistors—and 
probably never will. As a matter of fact, some authorities feel that 
diodes are on the way out—to be replaced, in most applications by 
transistors.

cro- 
îch- 
ude 

;nce 
ter- 
De- 
Dr. 
LT. 
ifor-

s in 
Los 

Col­
and 
. In 
>e a 
1-22. 
uses 
3 Of 
An-

nual 
iety. 
ieme 

for
1 on 
otel, 
ords

But they’re here today—and there’s lots to know about them. 
Diodes have more than their share of misapplication. The latest 
listing of Derivation and Tabulation Associates, Inc., (67 Lawrence 
Ave., West Orange, N.|.) shows an array of almost 2500 diode 
types confronting the circuit designer. How is he to know where to 
start—how to select the diode he needs? Should he ignore listings 
altogether and simply specify his requirements to a diode manu­
facturer? And what can he reasonably specify?

Diodes come in different packages, and with different junctions. 
Do these make any difference? By now, everybody knows that for 
high temperature applications, say above 85 C, germanium is 
ruled out, and silicon is called for. And most people know silicon 
units are perhaps two or three times more costly than germanium. 
But cost aside, where is germanium superior?

Life would be simple indeed if we had a perfect diode—a diode 
to pass extremely high forward currents, with infinitesimal reverse 
leakage; a diode which could switch either way in no time at all; 
a diode with practically no forward voltage drop and a very high 
peak inverse voltage rating; and a diode not bothered by tempera­
ture extremes and humidity.

Don’t be fooled by the apparent simplicity of the diode. It’s 
simple to use it improperly and inefficiently. In the diode report 
in this issue, Electronic Design has assembled solid design in­
formation from leading diode authorities. It can help you get the 
most out of your diode dollar.

idru-



350 RCA relay types
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Each and every one of RCA’s 350 Relay types is precision assem­
bled, incorporate exclusive RCA features for extremely long-life 
and in-service reliability. RCA Relays cover the widest range of 
missile, airborne and industrial applications. They have been de­
signed to meet and exceed the rigorous environmental limits 
imposed by MIL-R-5757A, B, C and MIL-R-25018 USAF 
specifications.
If your requirements run to relays—you’ll want the comprehen­
sive "RCA Sub-Miniature Relays” brochure illustrated above. 
Contains everything you need to know about RCA Relays— 
general information, specifications, type and rating, as well as 
header and enclosure diagrams. Write for your free copy now!

RADIO CORPORATION of AMERICA
INDUSTRIAL ELECTRONIC PRODUCTS

TmM») ® CAMDEN, N.J.

RCA Industrial Electronic Products, Dept. HD-292 
Bldg. 15-1, Camden, N.J.

□ Please send RCA Relay Brochure □ Have RCA Representative call

NAME

COMPANY. .TITLE

ADDRESS

CITY. ZONE STATE
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Typical operating characteristics: Electrostatic focus 
and deflection for both write guns. Screen voltage: 
10,000 volts. Resolution: 250 lines/diameter. Bright­
ness : 2800 foot-lamberts.

Sample orders are invited or write for technical data to 
Westinghouse Electric Corporation, Elmira, N. Y.

STORA

WEST
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OM 
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Type WL-7228 is the first to offer write-through plus
high voltage selective erase
The new WL-7228 is a two-write gun storage display 
tube developed by Westinghouse for such applications 
as fire control radar, weather radar, data transmission 
and half-tone storage requiring a bright, stored, scin­
tillation-free display.

Either write gun can be used for write-through, to 
display non-stored information. Also, either write gun 
can be used to selectively erase with very high selectiv­
ity and erase speed. Unusually high writing speeds 
under practical writing conditions.

dynamic one, it is true—but an infancy, neverthe­
less.

It seems ironic that it can be so tagged, when, 
in the span of just a few years, it has made such 
great strides. This industry has developed:
■ Millimicrosecond switching diodes;
■ Diodes to operate at hundreds of megacycles;
■ Diodes with reverse resistances to tens of 
thousands of megohms;
■ Diodes (rectifiers, if you like), to pass 100 amps 
and more;
■ Diodes with peak inverse voltages of 1500 v 
and more;
■ Diodes to act as voltage variable capacitors. 
These should have a profound impact on afc and 
variable frequency oscillator designs. Companies 
like Pacific Semiconductor (Varicap), and Inter­
national Rectifier (Semicap) have led the way, 
but many other companies will follow.

Newer semiconductor devices are making their 
appearance regularly. General Electric recently 
announced its silicon controlled rectifier which 
can control 5 amps at 125 deg C with a gating 
current of about 10 ma. This device is really a 
semiconductor thyratron, a triode, as far as we 
can see, but GE likes to think of it as a diode. 
Other manufacturers will be making these soon.

This fall, Westinghouse will show samples of 
a 20 amp silicon “Dynistor,” a hyperconductive 
negative resistance diode. This is a highly effi­
cient solid state power switch, promising wide 
use in relay, controlled rectifier, and pulse gen­
erator applications.

Two Aspects of Immaturity
There are two signposts of the immaturity of 

this vital industry:
1. The status of diode manufacture.
2. The status of standardization.

They Don’t Make Them. They Pick Them. Man­
ufacturing diodes it not yet a science. It’s more 
of an art. When a manufacturer sets out to make 
a particular computer diode, for example, he 
hopes that at the end of the line, perhaps 70 per 
cent of the diodes will fit the specifications. The 
rest of the diodes aren’t junked. They become 
TV video detector diodes, or general purpose 
diodes. Or, if there’s a customer handy, whose 
specs they meet, he gets them.

The diodes that fail a particular test aren’t 
scrap. They just get a different number. And 
that’s why we have so many types—with more 
coming. One man’s junk is another man’s spec.

What’s true of diodes is even more true of 
transistors, though their numbers, happily, 
haven’t even reached a thousand. At one plant, 
a production foreman told us each line yielded 
some 8 to 10 different transistor types.
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The customer doesn’t pay for diode manufac­
turing alone. Only about 25 cents of his dollar 
goes here. His big cost is for testing. As his specs 
become tighter, his costs go up.

With so many diode types available, one might 
expect that any diode user could find the diode 
he needs in manufacturers’ catalogs. But it’s not 
so. Manufacturers tell us that half their produc­
tion, or more, is to customer specs. The rest fill 
the catalogs of stock items. This is because so 
many customers have special requirements.
Many Standards Make None. Since testing is the 
heart of diode manufacture, surely we can expect 
a highly developed system of standard tests and 
measurements. All important diode types and 
their properties are surely defined and classified. 
Or are they?

Try to find agreement on how to measure re­
verse recovery time, or forward recovery. How 
is peak inverse voltage defined? Everybody 
knows the difference between a diode and a 
rectifier. But try to get a clear cut definition. We 
tried. Here are some responses from manufac­
turers:
• A rectifier passes more than 200 ma at 25 
deg C;
• A rectifier passes more than 300 ma;
• It’s a rectifier if it has the “top hat” construc­
tion;
• If it’s used in circuits which carry information, 
it’s a diode;
• A rectifier is a special case of a diode defined 

in terms of its function as a converter;
• A diode is for low current. A rectifier is for 
large current;
• Whole subject needs industry clarification;
• No difference.

Diode manufacturers can disagree on almost 
anything. When we asked how they felt about 
the most important errors manufacturers had 
made, answers like these came back:
• Not enough effort at cost reduction;
• Too much price cutting;
• Price structure chaotic;
• Mechanizing too early;
• Mechanizing too late;
• Not enough standardization;
• Improper test specifications;
• Lack of communications.

When we asked what they felt were the im­
portant errors of diode users, we were told:
• Lack of communications;
• Specifications not clearly enough related to 
requirements;
• Overspecifying;
• Expecting ideal diodes.

But when we asked how they felt about the 
pricing structure, here was uniformity at last. 
Only two types of answers:
• Prices are too high;
• Prices are too low.

Standards . . . Maybe Next Year

IRE, AIEE, EIA. and the military have com-

George H. Rostky
Associate Editor 

ELECTRONIC DESIGN

mittees at work trying to establish definitions 
and standards. These committees have made 
more progress in the past year than in any com­
parable earlier period. We can expect concrete 
results from these committees sometime next 
year.

Once a good set of standards has been estab­
lished, many of the duplicating diode types may 
be eliminated. This can result in substantial sav­
ings from reduced stock problems, and better 
interchangeability.

Even today, the growing pams in the diode 
industry are beginning to subside. There is more 
cooperation among industry members in efforts 
to realize some sensible standards. But we’ve 
still a long way to go.

Most manufacturers feel there will be fewer 
types as a result of the increased standardization. 
But all agree there will be more types before 
there are fewer. Process improvements and new 
developments will cause the total number of 
types to expand before standardization helps re­
duce it.

Meanwhile, design engineers can serve their 
interests best by communicating with the diode 
manufacturer as much as possible. He can work 
more closely with him, even during circuit de­
sign. He should try to avoid extremely exacting 
specifications which jack up the price.

Where possible, he should try to stick to just 
a few diode types. Where diode selection is con­
cerned, the manufacturer is still his best friend.

:8
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Diode Packages and JunctionsGlass Package

Ceramic Package

Single End Package

Plastic Sealed Package

Microwave
Ceramic Package

Hybrid Glass Package 
Kovar Eyelet & Dumet Seals

Glass Package with Kovar 
Eyelets—Welded Seals

Submin Glass Package 
Dumet Seals

Glass Package with Kovar 
Eyelets—Solder Seals
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Fig. 1. Most popular 
signal diode packages.

J. S. Gillette and W. B. Mitchell 
Raytheon Semiconductor Div. 

Newton, Mass.

only small and light, but it is truly hermetically 
sealed with glass to dumet wire seals.

One disadvantage is its high thermal resist­
ance of about 1 deg C per mw. This greatly 
limits the maximum allowable power dissipa­
tion. Nevertheless, most signal or low power ap­
plications can be handled by diodes in this pack­
age.

A slightly larger version of this package is 
also shown in Fig. 1. The characteristics of this 
package are similar to the subminiature glass 
package except for the slightly lower thermal 
resistance of about 0.7 deg C/mw.

Other commonly used glass packages include 
those with Kovar eyelets sealed to a glass barrel 
Final sealing is by welding or soldering pins to 
the eyelets. Though these packages are larger 
than the subminiature glass, the thermal resist­
ance of 0.3 deg C/mw is considerably better.

The soldered package has the disadvantage 
that it is difficult to keep the solder flux out dur­
ing sealing. Also, the maximum operating tem­
perature may be limited by the melting point 
of solder.

A new hybrid package combines small size 
with improved thennal resistance. It has an eye­
let on one end and a glass to dumet seal at the

Diode Packages

Glass package. One of the most popular encap­
sulations today is the subminiature all glass 
package, shown in Fig. 1. This package is not

The man who designs diodes may not learn much here. But for the circuit de­
signer, here, at last, is a clear-cut presentation of the “whats ’ and “so-whats” of diode 
construction.

ALMOST 2500 diode types are currently 
available. Their electrical characteristics, 

performance, and appearance vary widely. For 
almost all EIA (JETEC) registered diodes, there 
is more than one junction type and encapsula­
tion to meet the specified limits.

This is generally the result of open-ended 
limits, such as “minimum forward conductance” 
and maximum package diameter.” It is common 
to purchase the same diode type from different 
manufacturers and to get diodes of radically 
different characteristics. Yet they will meet all 
the registered specifications for that particular 
type.

The circuit designer should know the charac­
teristics of each type of diode junction as well 
as the characteristics of the many types of en­
capsulations. This discussion of the most com­
mon encapsulations, junction constructions, and 
some typical applications should provide a 
bird’s-eye view of most germanium and silicon 
diode types available.
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other end. The eyelet is soldered or welded. This 
package has a thermal resistance of about 0.4 
deg C/mw.
Ceramic package. The ceramic package with 
solder seals has characteristics similar to the sol­
dered glass package. It is used much less than 
any of the other glass packages.
Plastic package. For applications which require 
a reasonably good humidity resistance, but not 
necessarily a true hermetic seal, plastic sealed 
capsules are often adequate.
Single ended package. The packages mentioned 
so far are the coaxial or double ended types. 
Sometimes, from either a manufacturing con­
sideration, or for a circuit application, single 
ended packages are desirable. These are avail­
able in soldered or welded types, with different 
sizes and thermal resistances.
Microwave package. The ceramic body micro­
wave package is designed for low losses at micro­
wave frequencies.

Junction Construction
Point Contact. The oldest and most familiar type, 
the point contact diode, consists, essentially, of 
a pointed metallic whisker, in contact with a 
small piece of silicon or germanium. A cross 
section of a typical germanium point contact 
diode is shown in Fig. 2. This diode is available 
in the subminiature glass package, the soldered 
glass, the large glass, and the coaxial plastic 
packages.

Typical forward currents at one volt run 5 
to 10 ma. Reverse resistances run as high as a 
few megs with some piv ratings as high as 225 
v. Though these types can be used as low level 
power rectifiers, their main applications are in 
entertainment and computer circuits.

Their entertainment uses include video de­
tectors, a-m second detectors, afc and avc di­
odes, de restorers, and fm discriminators.

The small junction area of point contact di­
odes allows the diode to be operated at high 
frequencies. Diodes of this type often have re­
verse transient responses in the millimicrosecond 
region. This characteristic is often needed in high 
speed computer circuits such as gates and flip­
flops.

(Cont. on p. 22)

ABODE

Fig. 2. Germanium point contact diode in a sub­
miniature glass case. A—dumet wire lead, B—glass 
case, C—ohmic contact, D—germanium crystal, E— 
tungsten cat whisker.

CSS

HUSHES

SEMICONDUCTOR*
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The Hughes HA7500 Series S Í11 CO R

pnp 

transistors

Ideal for:
Diff*r*nti*l Amplifier*. Because significantly, the 
spread for any characteristic of a given type is small. 
Matching becomes easy with this kind of uniformity.

Low l*v*i Chopper*. Because switching charac­
teristics are excellent. Saturation resistances are low; 
emitter and collector reverse currents are low; emitter 
to base reverse voltages are high.

D.C. Amplifier*. Because variation of characteris­
tics within a type is small. These variations are also 
little affected by temperature.

Audio Oscillator*, Multivibrator*. Flip-Flop*. 
Because, once again, uniformity becomes significant, 
as well as the unusual stability of each type. Replace­
ment can be accomplished without loss of effectiveness.

Servo Circuitry, Medium Power Amplification, 
Phase Detection, Voltage Regulation, Power 
Control. Because this series has versatility. Both low 
and high level operation become practical.

These multi-use transistors have the advan­
tages inherent to all silicon devices plus the 
typical Hughes advantages of ruggedness and 
reliability. They have a unique coaxial config­
uration, developed at Hughes to permit the 
maximum flow of heat from the crystal 
through the package while providing an ex­
tremely sturdy internal structure. Signifi­
cantly, this configuration is ideal for machine 
insertion on printed boards. Dimensions: body 
length, .396 inch; body diameter, .343 inch.

For details of the various types, please write: Hughes 
Products, Semiconductor Division, International 
Airport Station, Los Angeles 45, California.

Creating a new world with ELECTRONICS q g PR O D (J CTS

I_______________________________  
©1958, Hughe, Aircraft Company
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INDICATE TYPE NUMBER

these Type SS switches with unique 
actuating devices are furnished 

to your requirements.

HELPS YOU PERFORM MIRACLES 
IN MINIATURIZATION

available. Specials on 
request. For the 
MPB catalog write to 
Miniature Precision 
Bearings, Inc., 907 
Precision Park, Keene, 
New Hampshire.

Find out how you can perform miracles in miniaturization 
with the help of MPB’s hundreds of radial and radial retainer 
bearings, all smaller than O.D.! Flanged, single or double 
shield, precision machined in chrome bearing steel and stain­
less steel.

Applications include continuous operation instruments, 
delicate measuring devices such as electrocardiographs and 
gyroscopes, optical equipment, and computers. High speed, 
duplex, pivot, angular contact, and thrust bearings also

diode 
cal rt

• Mounting and outline dimensions meet MS-25085-1.
• Furnished with pin, leaf, or leaf-roller actuators.
• Furnished with auxiliary actuating devices.

• Electrical rating: 5 amp. 125, 250 v. a-c, 
Underwriters’ Laboratory listed.

• Special assemblies using groups of

availi 
piasti
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Fig. 3. (left) Silicon alloy 
junction types.

Typical applications include gates, clamps, 
magnetic core circuits, and diode matrices. 
Bonded diodes. These are usually formed by 
placing a p doped wire, like aluminum or gold 
gallium on the surface of a chip of n type silicon 
or germanium, and passing current through the 
wire and chip. Local heating at the chip surface 
through-welds the wire to the chip, forming a pn 
junction.

The bonded process falls into two groups.
■ Small wire diameters, pulsed with high cur­
rents for a few milliseconds,
■ Larger diameters, of 10 to 20 mils, pulsed for 
a few seconds.

The small diameter types are not etched after 
bonding and are often bonded after encapsula­
tion. The large diameter bonded diodes are gen­
erally chemically etched after bonding.

Large wire diameter gold bonded diodes are 
available with piv's of 180 v, and with reverse 
resistances exceeding 50 megs at 100 v. Typical 
forwards exceed 100 ma at 0.6 vdc.

The small wire diameter gold bonded diode 
has forward characteristics similar to the large 
area type, but the junctions are not etched after
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Silicon point contact diodes, available in the 
subminiature glass, the coaxial plastic, and. mi­
crowave packages, are primarily used for high 
frequency mixers in the microwave region. Their 
forward and reverse characteristics are generally 
poorer than those of the germanium point con­
tact diodes.
Plated point contact. A plated point contact 
diode, commonly known as a VLI (very low im­
pedance) diode, is made by plating the tungsten 
whisker of a point contact germanium diode with 
indium, or any other p type doping material such 
as a gold gallium alloy.

This process greatly improves the forward 
conduction capabilities of this diode without ap­
preciably changing the reverse characteristics. 
This diode provides typical forward currents of 
300 ma at a volt.

The junction size depends on the plating 
thickness and the shape of the point. Larger 
junctions have greater forward conductance and 
poorer inverse transient response, on the order 
of a few tenths of a microsecond, compared with 
millimicroseconds for the small junction point 
contact diodes.

Bearings a* 
perform Miracles 
in Miniaturization

\ Type SS 

^SPLASN-PROOE
DUST-PROOF 

EXPLOSION-PROOF
A flexible bushing compressed around 
the pin actuator combines with bonding 
of the case halves to provide a splash 
proof dust proof explosion proof iMIL 
E-5272) switch with improved reliability. -■
Ideal for use in miniaturized electronic 

and electrical apparatus. Type SS

UNIMAX SWITCH
J he W 7 Max mm Oa-’i-pa-iaùaet

IVES ROAD, WALLINGFORD, CONNECTICUT

Fig. 4. (right) Diffused 
silicon diode in a welded 
glass package.



PS,

by
□Id

?on 
the

ice
pn

ur-

for

ter 
ila-
en-

are 
rse 
cal

)de 
rge 
ter

58

bonding. Typical reverse resistances run about 
one meg.

Inverse pulse recovery for the gold bonded 
diodes varies with type and manufacturer. Typi­
cal recovery for the small diameter type is 0.3 
ps. Larger diameter types recover in one to two 
ps. In most applications, the small diameter 
gold bonded diodes and VLI’s are interchange­
able.

The small diameter gold bonded diodes are 
available in the subminiature glass and coaxial 
plastic packages. The large diameter types are 
good for low reverse leakage at room tempera­
tures.
Silicon bonded diodes. These are available with 
piv’s to only 20 v, with back impedances to 100 
megs, and forward currents up to about 5 ma at 
a volt. Pulse recovery is similar to that of ger­
manium point contact types. These diodes can 
be used for detection at a few hundred mega­
cycles.

Large diameter etched types have piv’s up to 
300 v with reverse resistances of 105 megs at 
room temperature. Forwards run to 50 ma at a 
volt, and their pulse recovery averages more than 
2 ps.

Bonded silicon diodes are used primarily in 
high temperature military circuits like phase 
detectors, clamps, and modulators. They have 
very low leakage at elevated temperatures. Re­
verse resistance at 200 v is upwards to 100 megs 
at 150 C.
Alloy (fused) process. Silicon junction diodes are 
also made by either the alloy or diffusion proc­
esses. These involve furnace firing at 600 C and 
higher.

The three major alloy processes are:
■ Wire alloying. An aluminum wire is alloyed 
into an n type silicon chip at just below the 
melting point of the aluminum wire, as shown in 
Fig. 3a.
■ Dot alloying. An aluminum or aluminum alloy 
dot is fired into a small piece of silicon. This 
process is similar to the process by which fused 
transistors are made. It is shown in Fig. 3b.
■ Sandwich. A thin foil of aluminum is alloyed 
between a piece of n type and p type silicon, 
as in Fig. 3c.
Diffused process. Diffused silicon diodes are 
probably the newest construction. A pn junction 
is usually formed by exposing a thin slice of n 
type silicon to a gaseous doping agent such as 
boron trichloride at temperatures in the range 
of 1300 C. The boron, a p type dope, diffuses 
through the silicon’s crystal lattice.

Since both sides of the slice are exposed to the 
gaseous dope, a pnp structure results. One p 
layer is removed to obtain a single pn junction. 
The slice is then cut into the desired chip size 
and mounted in the diode package. A typical
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S BAND FILTERS

e FIRST and ONLY standard 
line of tunable Microwave Filters

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

DELIVERY IN 90 DAYS

Characteristics
Two(2) Section 

Resonator
Three(3) Section 

Resonator
Four (4) Section 

Resonator

Model No. 27-BW 27-CW 27-DW

Type of Resonator TEioi mode rectangular TEm mode rectangular TEioi mode rectangular
Tuning Range 2700-3150 MCS 2700-2950 MCS 2700-2900 MCS
3 db Bandwidth 4.5-6.5 MCS 4.5-5.5 MCS 4.5-5.5 MCS
Max 30 db Bandwidth 36 MCS 18 MCS 13 MCS
Max Insertion Loss .9 db 1.3 db 1.8 db
Price $400.00 $535.00 $670.00

Model No. 27-BC 27-CC 27-DC

Type of Resonant Cavity 1/4 coax 1/4 coax 1/4 coax
Tuning Range 2700-3200 MCS 2700-3100 MCS 2700-2950 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32MCS 21 MCS
Max Insertion Loss 1.6 db 2.4 db 3.2 db
Price $350.00 $475.00 $600.00

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

Characteristics Resonator Resonator Resonator

Model No. 54-BC 54-CC 54-DC

Type of Resonator 1/4 coax 1/4 coax 1/4 coax
Tuning Range 5400-5950 MCS 5400-5950 MCS 5400-5750 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion loss 2 db 3 db 4 db
Price $360.00 $485.00 $610.00

L BAND FILTERS
Two(2) Section Three (31 Section Four (4) Section

Characteristics Resonator Resonator Resonator

Model No. 96-BC 96-CC 96-DC

Type of Resonant Cavity 1/4 coax 1/4 coax 1/4 coax
Tuning Range 960-1150 MCS 960-1100MCS 960-1050 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion Loss 1.2 db 1.8 db 2.5 db
Price $370.00 $495.00 $620.00

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

Characteristics Resonator Resonator Resonator

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

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

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

Type of Resonant Cavity TEni mode cylindrical TEni mode cylindrical TEni mode cylindrical
Tuning Range 8500-9600 MCS 8500-9300 MCS 8500-9000 MCS
3 db Bandwidth 8-11 MCS 8-10 MCS 8-9 MCS
Max 30 db Bandwidth 60 MCS 32 MCS 21 MCS
Max Insertion loss 1.5 db 2.5 db 3.5 db

Price $475.00 $625.00 $775.00

Frequency^ Standards, inc.
A DIVISION OF * •'

NATIONAL ELECTRIC PRODUCTS CORP.

P. O. BOX 504, ASBURY PARK, N. J. Telephone: PRospect 4-0500 TWX A PK 588
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Now . . . printed circuit component mounting
SECURELY— RAPIDLY

diffused silicon diode in a welded glass pack ige 
is shown in Fig. 4.

As with germanium diodes, junction size de­
termines the electrical characteristics of sili on 
diodes. Dot sizes vary upwards from a 10 mil 
diameter with the diffused of sandwich alloy 
process. Maximum junction diameter is limited 
by the dimensions of the silicon crystals. Forward 
currents range from a few ma to as much as 100 
amps.

One disadvantage of silicon diodes is their 
high “threshhold,” or forward voltage at which 
appreciable conduction begins. For germanium 
the threshhold is about 0.3 v, while for silicon, it 
is about 0.7 v.

The main advantage of silicon is the much 
higher reverse resistance available, and the 
much higher operating temperatures. German­
ium is generally limited to temperatures below 
100 C, while silicon is good to over 200 C. For 
both types, reverse resistance is about halved for 
each temperature increase of 10 C.

Power Diodes

Both fused and diffused junctions are generally 
used for high power rectifiers These methods 
allow a wide range of junction area. It is imprac­
tical to have a large area point contact or bonded
diode.

The 
shown 
power

small glass package with Kovar eyelets, 
in Fig. 1, allows, with a silicon unit, 
dissipation of about 1/2 watt. Typical
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The A-MP Component Tip provides these new advan­
tages to manufacturers using printed circuit techniques: 

eliminates the need for eyelets or thru-plating on two-sided boards 
prevents cold solder problems by eliminating any movement of 
the component during dipping cycle
permits bridging or offsetting of components—for air circulation 
and elimination of temperature influence
design promotes solder-wicking and uniform solder deposit 
protects fine semi-conductor leads from heat and assembly damage

AMP-engineered, high-speed, automatic tipping machines provide 
an easy and economical method for applying A-MP Component Tips 
to leads of single-piece or belted components.

Additional Information Is available on request.

units can carry 400 ma at 25 C with piv’s up to 
600 v. Most of these are diffused.

A larger package, with higher ratings, is shown 
in Fig. 5. This package is ring welded on the 
base, and either pinch welded or flattened and 
welded at the top. These carry up to an ampere 
at 25 C, and have piv’s to 1000 v. Units in this 
family are either fused or diffused.

For higher current ratings and greater power 
dissipation, larger diodes are made with a 
mounting stud. This stud allows heat to be con­
ducted from the junction to an external heat 
sink. The stud also affords a means of mounting 
the diode, and in general, is one electrical ter­
minal, usually the cathode.

Fig. 6 shows a widely used stud type. Recent 
advances in technology have improved the 
capabilities of this package, so that rectifiers are
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GENERAL OFFICES:
3659 Elsenhower Boulevard, Harrisburg, Pa.

Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England • Societe AMP de 
France, Le Pre St. Gervais, Seine, France • AMP-HolIandN. V.’s-Hertogenbosch, Holland 
Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan
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Fig. 5. Diodes like this one hove piv's to 
1000 v.
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now available with ratings of 5 amps and higher. 
A full wave single phase bridge with these 
diodes can deliver 4 kw with an efficiency better 
than 98 per cent. Both fused (alloyed) and dif­
fused junctions are packaged this way.

Tomorrow’s Diodes

The junctions and packages discussed here 
are by no means the only possible ones. But they 
cover the bulk of commercially available types. 
With future developments, there should be im­
provements in both junction and package de­
sign.

New materials are under development to oper­
ate at temperatures up to 500 and 600 C. Diodes 
are being rated at hundreds of amps. Packages 
have been announced—the size of a pin head. 
There is little doubt that the future will see many 
different diode types with characteristics which 
today would appear fantastic.

Diode Manufacturers

Fig. 6. Stud mounted diodes can 
carry more than 5 amperes.

Wo; PROVEN LbUO
Amperex Electronic Co. 

230 Duffy Ave., 
Hicksville. N. Y.

Automatic Manufacturing 
65 Gouverneur St., 
Newark 4, N. J.

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

Bendix Aviation Corp., 
Westwood Ave., 
Long Branch, N. J.

Berkshire Labs., 
584 Bank Village 
Greenville, N. H.

Bogue Electric Mfg. Co., 
100 Pennsylvania Ave., 
Paterson, N. J.

Bomac Labs, Inc. 
Salem Road, 
Beverly, Mass.

Bradley Labs.
168 Columbus Ave., 
New Haven 11, Conn.

CBS-Hytron 
Danvers, Mass.

Clevite Transistor Prod. Inc., 
241 Crescent St., 
Waltham, Mass.

General Electric Co., 
1 River Road, 
Schenectady 5, N. V.

General Electric Co., 
1224 W. Genesee St., 
Syracuse, N. Y.

General Transistor Corp., 
95-18 Sutphin Blvd., 
Jamaica 35, N. Y.

Hoffman Electronics Corp., 
930 Pitner Ave., 
Evanston, III.

Hughes Products 
International Airport Station 
Los Angeles 45, Calif.

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

International Resistance Co., 
Boone, N. C.

Kemtron Electron Products Inc., 
14 Prince Place, 
Newburyport, Mass.

Microwave Associates Inc., 
Burlington, Mass.

Motorola Inc., 
5005 E. McDowell Rd., 
Phoenix, Ariz.

Fansteel Metallurgical Corp., 
North Chicago, 111.

Fretco, Inc.,
406 N. Craic* St., 
Pittsburgh 13, Pa.

Gahagan Inc.,
Waterman Ave., 
Esmond 17, R. I.

Nucleonics Products Co., 
Box 5552, Metro Station, 
Los Angeles 55, Calif.

Pacific Semiconductors Inc., 
10451 West Jefferson Blvd., 
Culver City, Calif.

Philco Corp., 
Lansdale, Pa.

Radio Corporation of America, 
Somerville, N. J.

Radio Receptor Co., Inc., 
240 Wythe Ave., 
Brooklyn 11, N. Y.

Raytheon Mfg. Co., 
55 Chapel St., 
Newton 58, Mass.

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

Shockley Semiconductor Div., 
Beckman Instruments Inc., 
Mountain View, Calif.

Sperry Rand Corp., 
So. Norwalk, Conn.

Sylvania Electric Products Inc., 
100 Sylvan Road, 
Woburn, Mass.

Texas Instruments Inc., 
6000 Lemmon Ave., 
Dallas 9, Tex.

Thermosen Inc., 
375 Fairfield Ave., 
Stamford, Conn.

Transitron Electronics Corp., 
Melrose, Mass.

United States Dynamics Corp., 
1250 Columbus Ave., 
Boston 20, Mass.

U. S. Semiconductor Products Inc., 
3536 W. Osborn Rd., 
Phoenix, Ariz.

Western Electric Co. Inc., 
120 Broadway, 
New York 5, N. Y.

Westinghouse Electric Corp., 
Youngwood, Pa.

islM
The only cold-cathode glow trans­
fer counting tube WITH OVER 10 
YEARS OF SERVICE RELIABILITY 
AND PERFORMANCE. Simple cir­
cuitry. Electronic speed and ac­
curacy up to 20,000 counts/sec. 
For counting, sorting, program­
ming, unit flow, packaging and 
many other applications. Continu­
ous visual reference to total count. 
For detailed information, request 
Technical Data Sheet IC4001.

♦Trademark

33 UNIVERSITY RD., CAMBRIDGE 38. MASS.
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Choosing Diodes
for Typical Pulse Systems

Frank C. Jarvis
Sylvania Electric Products Inc.

Electronic Systems Div. 
Waltham, Mass.

A SERIOUS problem in designing modern 
electronic equipment is the proper selec­

tion from the many types of diodes for the nu­
merous applications in a complex pulse system. 
At first glance, the problem seems trivial; but, 
w hen the design enginer tries to select the proper 
diode, a formidable array of advertising litera­
ture confronts him.

Typical advertisements describe diodes with 
clichés like “infinitesimally low back leakage cur­
rents,” “exceptionally fast recovery," “extremely 
high forward conductance.” Varied specifications 
are asserted: “forward current at one volt,” back 
leakage at a specified back voltage," “maximum 
peak inverse voltage,” “zener voltage,” “maxi­
mum surge current,” “maximum peak recurrent 
current,” “maximum junction dissipation,” and 
“temperature derating factors for junction dissi­
pation and reverse voltage.”

To select the proper diode type, the engineer 
must weigh these claims. A thorough knowledge 
of the previously listed terms and diode charac­
teristics, and a complete understanding of the 
environmental specifications imposed by the 
contracting agency are required.

This article can guide the proper selection of 
diode types. It discusses, also, three basic phil­
osophies for selecting diodes for a complete sys­
tem. Its primary purpose is to reemphasize the 
need for considering these philosophies before 
choosing a particular diode type.

Three Philosophies
The three methods for diode selection are:

1. One diode type for each application in a sys­
tem;
2. One diode type for all applications in a sys­
tem;

3. Two or three diode ty pes for all applications 
in a system.

The diodes for a typical pulse circuit serve as 
examples for each method. This circuit is a typi­
cal portion of the systems encountered today. It 
includes four distinctly different diode applica­
tions. It is assumed that the temperature limits 
imposed on this system by the contracting 
agency vary from —55 C to 70 C. Since the upper 
temperature is 70 C, both germanium and silicon 
units can be used. (If the upper temperature 
limit exceeds 75 C, only silicon units can be used 
reliably in most applications.)

Method 1
The first approach calls for selecting a dif­

ferent diode type for each application. For the 
system illustrated, this method entails the use of 
four different diode types. First of all, since the 
repetition rate of the blocking oscillator using 
diode A is only 10 kc, any germanium or silicon 
diode with a PIV greater than the voltage drop 
across the primary of the pulse waveform during 
the tube “on” time is applicable. If cost is also a 
consideration, germanium should be specified for 
diode A instead of silicon.

For operation of the circuit using diode B,

however, a diode with an extremely high front - 
to-back ratio and a fast reverse-recovery time is 
necessary. These stringent requirements, call for 
an aluminum-bonded, small-area-junction silicon 
diode type with only a mediocre forward con­
ductance, but an extremely fast reverse-recovery 
time. Because of the relatively low back imped­
ance of germanium diodes at high temperatures, 
their use is not feasible here.

Diode C, on the other hand, needs a high back 
impedance. Other characteristics such as reverse 
recovery and forward impedance are not very im­
portant here. Hence, any general-purpose silicon 
diode with a PIV greater than the circuit bias 
voltage works well.

To provide proper clamping action, diode D 

must present a low forward impedance at low 
signal levels. Since a germanium junction usually 
becomes a low impedance device at 0.2 and 0.3 v 
in the forward direction whereas the same type 
of silicon junction requires 0.6 v, the natural 
selection here is a germanium junction type. 
Since the repetition rate is still only in the order 
of 10 kc, diode recovery’ time is not a problem.

Method 1 results in the selection of four dis­
tinctly different diode types. This approach has 
several disadvantages. First, the four diode types
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Frank Jarvis, a diode and transistor specialist, feels that 
in a few years transistors will replace 80 per cent of today's 
diode applications. But the problem of diode selection is 
with us today. This article shows the advantages and dis­
advantages of three basic philosophies.
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Method 2
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Typical pulse circuit with four different di 
ode applications.

ACME ELECTRIC CORPORATION
907 WATER STREET • CUBA. NEW YORK

Another construction design (shown above) is 
also for high temperature environmental opera­
tion. Special, thoroly tested materials and new 
construction principles are features that provide 
required performance.

The second approach, selecting one diode type 
for the entire system, is not easily achieved be­
cause of the different electrical properties which 
various diode types exhibit. In the circuit chosen 
for illustration, one general purpose diode type 
requires the following characteristics:
1. Low forward impedance at low signal levels; 
2; High back impedance at low signal levels;
3. A High PIV;
4. Fast reverse recovery.

The high PIV and high back resistance at high 
temperatures are readily achieved with a silicon 
diode. But the low’ forward impedance can be 
obtained only with germanium, unless the de­
signer is willing to compromise and accept the 
higher impedance silicon units.

Another factor which causes trouble is that 
most high-conduction type diodes have slow re­
verse recovery and mediocre back impedance. 
Both characteristics hurt system performance in 
the case of diode B.

Undoubtedly, compromises can be made and 
one diode can be specified for the entire system. 
However, unless these compromises do not cause 
marginal circuit performance, the resulting speci­
fication still requires a diode which is beyond the 
state of the art of present semiconductor manu­
facturing. The cost and availability’ of such a 
unit do not justify its use.

Therefore, the use of one general purpose 
di< de is not presently feasible. The only advan­
tages of being able to specify one diode type are 
a reduction in the types of spares needed and a 
simplification which is good for maintenance.

The encapsulated transformer shown above is 
rated at 60 VA, 6.3 volts; input 115 volts 400 
cycle. Overall dimensions 2 x 2-1/16 x 2-3/16. 
Weight 6 ounces. Temperature range —55 C 
to 4-300'C. This transformer could be called 
a product example of Acme Electric research 
into transformer performance under wide dif­
ferences of environmental conditions. In de­
signing, building, testing and breakdown ana­
lyzing of transformers that have been subject 
to a 355°C temperature range, Acme Electric 
engineers accumulated a wealth of information 
and facts about materials and construction. This 
experience is available to you, if you need 
transformers as components to equipment that 
must meet unusual temperature requirements.

Since the silicon unit for diodes B and C has a 
low PIV requirement, an aluminum-bonded, 
small-area-junction silicon type can be used; 
thus, high back impedance and fast recovery 
are obtained simultaneously. Conversely, the 
high PIV needed for diodes A and D is also easy 
to get, and, though the back impedance of this 
diode is not exceptionally large, no harm will 
result since only the diode front-to-back imped­
ance ratio is important in both cases.

Since both types are easily manufactured, they 
are readily available and relatively inexpensive. 
In addition, no harmful compromises are made. 
If anything, a more reliable system evolves, be­
cause in many cases, the diodes used have higher 
PIVs, better recovery, or higher forward con­
ductance than necessary7. Thus, reasonable diode 
deterioration with life will not affect circuit per­
formance.

which have been discussed represent only four 
liodes in a system which may conceivably have 
thousands of diodes. The complexity of the logis­
tics required under such an approach is prohibi­
tive. In addition, the down time due to equip­
ment failure is undoubtedly increased because of 
the confusion inherent in identifying and replac- 
<ng a diode which has failed or must be replaced 
because of some other component failure.

The one and only advantage of this approach 
is that since each diode has been selected for 
each application, maximum performance, but not 
necessarily maximum reliability, is achieved.

A Few Diodes For Many Jobs

Of the three methods, the third is most prac­
tical. Method 1 causes an acute problem in 
servicing and logistics, though it allows each 
diode in the system to operate at its maximum 
capabilities.

Method 2 can be used only by sacrificing in­
dividual diode characteristics. Such compromises 
hurt in most cases and cause marginal circuit 
performance. In addition, requirements for a 
general-purpose diode of this type tax the state 
of the art and may result in an inferior diode type 
which will be extremely expensive and difficult 
to obtain. Since the only advantages to be 
gained by method 2 are a reduction in the types 
of necessary spare parts and a decrease in the 
down-time involved with maintenance it should 
be avoided in most cases.

Method 3 is obviously a compromise of meth­
ods 1 and 2. But this method does not require 
any compromise in diode characteristics and, 
hence, circuit performance. Diode types ob­
tained by this method can be chosen for charac­
teristics that are complementary to one another. 
This method increases overall system reliability 
without imposing the logistics problem and con­
fusion that are unavoidable in method 1.

Method 3

The third and most practical approach is to 
review the necessary diode requirements with 
the objective of specifying several diode types 
tor all circuit requirements. For the circuit 
hown this method yields two main diode types. 

1 he first is a high back impedance, fast recovery, 
low PIV silicon unit for diodes B and C; the sec­
ond is a high PIV, low forward resistance ger­
manium diode for A and D.

This Transformer Provides 
Perfect Performance Over a 
Total Temperature Range



with Zener Diodes

Curves make all the difference
Bernard B. Daien

Fig. 1. Typical zener diode characteristic curves.
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B. The soft knee doesn't matter if the zener is to 
be operated above 1 ma.
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A. The sharp knee is important in many appl 
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Soft Knees and Sharp

Figs. 1A and IB show voltage-current curves

Zener diodes are very handy if you use them properly, 
They’re the darndest things if you don’t.
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ZENER DIODES have little-known traits 
which can plague the unsuspecting circuit 

designer. Individual zener diodes bearing the 
same type number, even produced by the same 
manufacturer, often exhibit widely differing 
characteristics-

The designer may suddenly find that a circuit 
performs well on paper, but fails on the bread­
board. The fault lies in one of the zener’s lesser 
known characteristics.

zener will not pass more than 500 ua, its poor 
regulation at higher current levels doesn t mat­
ter. The zener whose curve is shown in Fig. 1R 
would be bad in this circuit due to its rounded 
knee.
Soft Knees. The zener of Fig. IB would work 
well in the simple regulator of Fig. 3, where the 
current might vary from 1 to 10 ma, since its 
curve above 1 ma is quite flat. Conversely, the 
zener of Fig. 1A yvould not perform well in this 
circuit because of its slope above 1 ma.

One must conclude that zeners should be 
specified with a working current range. They

moving so rapidly, and 
with applications well 
behind technological 
breakthroughs, applica-

for two good zener diodes of the same type. The 
current scale is expanded at the low current, or 
“knee end. This is essential. It permits inspect­
ing the sharpness of break at levels which are 
important in many applications.
Sharp Knees. The diode in Fig. 1A has a very 
sharp break at 7.0 v. It is flat to 500 pa but tends 
to rise in voltage as the current increases further. 
This zener would work well in the circuit of Fig. 
2, a typical shunt regulator, the zener being in 
the transistor’s base return lead.

In this circuit, the zener draws little current, 
so the shaqmess of break is important. Since the
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Fig. 2. In this shunt regulator, the 
zener should have a sharp knee.
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Clevite Harris Products • Clevite Ltd. • Clevite Ordnance • Clevite Research Center • Intermetall G. m. b. H.

ihould be tested, either by the manufacturer or 
user, to determine whether or not they meet 
desired curve characteristics in a given current 
range.

Zener Voltage Ratings

The sharpness of break and temperature co­
efficient of a good zener depend on the voltage 
rating. The lower the voltage rating, the less 
sharp the knee. Below five volts, the knee be­
comes very soft indeed. It would appear that 
eliminating low voltage zeners would end this 
problem.

Unfortunately, the temperature coefficient also 
varies with the working voltage, from a positive 
value at higher voltages, to a negative value 
below five volts. There is a crossover, or zero 
coefficient point, usually between five and six 
volts.
Temperature Compensation. Designers faced 
with widely varying temperatures often specify 
temperature compensated zeners. Such zeners 
are compensated by additional forward biased 
diodes in series with the zener and within the 
same package.

Of course, these compensating diodes have 
resistance. The zener s effective resistance is in­
creased, or, putting it another way, regulation 
against current change is worsened. Zeners are 
no exception to the old saw: “We never get 
something for nothing.*’

The user may trade voltage change due to 
temperature for voltage change due to current. 
He must determine what percentage of the total 
voltage change is due to temperature, and what 
percentage is due to current variation through 
the zener—and then determine the optimum 
crossover point between the two effects. This 
is an area where the designer’s intelligent choice 

(Continued on following page)
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The 6845/TE-S9 is similar in electrical and 
mechanical characteristics to the 6116 but 
may be operated under pulsed conditions 
with minimum frequency modulation.

Fig. 3. This regulator would do better with a zen< r 
whose curve is flat at higher currents.

can make worthwhile improvements in overall 
regulation.

The 6116/TE-39 ruggedized Reflex Klystron 
thermally tunes a band of 8500 to 9660 MC 
by means of a diode within the vacuum envelope. 
Tuning speed over the required frequency range 
is 0.7 seconds min. to 3.0 seconds max.

*©-<-----*
SWITCH

The 6940/TE-58 is identical to the 
6116, but has special characteristics 
limiting spectrum width and spectrum 
continuity under adverse load conditions.

-j-ltyLfd

------1—---------------------- ©VERTICAL 

Azener

*

Fig. 4. A simple zener curve tracer to be used with a 
calibrated de scope.

Zeners in Series

Zeners are often placed in series for higher 
voltage operation. Five and six volt zeners are 
often specified because of their low temperature 
coefficient. Again, if variation in voltage with 
changing current is a major problem, it might 
be wise to consider using fewer diodes with a 
higher voltage rating. This results in a positive 
temperature coefficient, but gives a much sharper 
knee, and a flatter slope due to lower series re­
sistance.

BENDIX RUGGEDIZED REFLEX KLYSTRONS
WITH THERMAL TUNING

The 6116/TE-39 Klystron tube 
combines ruggedized construc­
tion and thermal tuning. The com­
bination provides a desirable tube 
for use in air-borne radar and 
similar applications. Ruggediza­
tion makes possible a frequency 
jitter of less than + 1.3 MC ... at 
vibration levels up to 10 G at 50 
cps. Thermal tuning provides a 
twofold advantage. It permits

tuning the tube over its entire 
operating frequency remotely with­
out mechanical means—and the 
tube can be repeatedly cycled 
throughout its tuning range with­
out damage or deterioration.

These Reflex Klystrons are but 
one example of how Bendix Red 
Bank technology can help you 
meet specialized tube needs. For

information on these tubes . . . 
and on backward-wave oscilla­
tors and traveling-wave tubes . . . 
write RED BANK DIVISION, BENDIX 

AVIATION CORPORATION, EATON­
TOWN, NEW JERSEY.

West Coast Sales & Service: 
117 E. Providencia Ave., Burbank, Calif.

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

Canadian Distributor: Computing Devices of Canada, Ltd., 
P.O. Box 508, Ottawa 4, Ontario

Red Bank Division
AVIATION CORPORATION

Dynamic Impedance

When zeners are used as ac filter elements, to 
reduce ripple, as in Fig. 3, or as bias diodes, 
dynamic impedance becomes important. The 
dynamic impedance varies with the de current 
through the diode, becoming greater at low 
currents.

A zener with a 10 ohm dynamic impedance at 
100 ma may rise to a 200 ohm impedance at 1 
ma. Where low dynamic impedance is required, 
one must provide some bias current for the 
zener if selection of individual diodes is to be 
minimized. Again, impedance also varies with 
voltage. Seven volt diodes generally have a lower 
impedance at any given current.

Noise and Power

At some current level below 1 ma, many zeners 
generate appreciable random noise. Varying the 
current less than 100 pa either way eliminates 
this effect. In applications where this noise is 
likely, it is wise to bypass the zener circuit 
heavily with capacity.
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HPC Assemblies
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Available in 
Case Types

For detailed electrical 

characteristics, 

refer to Hoffman 

HSD-458 Brochure

Leader in Diffused function Silicon Semiconductors 
offers the greatest selection of silicon diodes,

ELECTRONIC DESIGN • July 23, 1958

Acknowledgment

I 'redit goes to Mr. S. H. Malavasi for much of 
the laboratory work essential to these observa­
tions.

Silicon Solar Cell Assemblies
Ranging in size and potver from 0.1 square 
centimeter (ImW) to square yards (K watts)

Huffman Electronics ©
CO” P o ” A T I o N ,

SEMICONDUCTOR DIVISION
930 Pltner Avenue • tvenston. III. • UNiversity 9-9350

General Purpose
Silicon Junction Diodes

26 types — PIV Range —6.8V thru 470V

Double Anode
Silicon Junction Diodes

14 types — Zener Voltage Range:
3.0V thru 45V

Zener Reference Devices
OPERATING ZENER VOLTAGE

1N429 — 6.2V ±5%
IN430,1N430A, 1N430B, IN1530, 

IN1530A —8.4V ±5%

Silicon Junction “Glass” Diodes
General Purpose — 8 types

PIV Range — 25V thru 175V
Fast Recovery — 5 types

Zener Voltage Range: 30V thru 200V

Zener — 6 types
Zener Voltage Range: 2.0V thru 8.0V

Medium Power
“Top Hat” Rectifiers

Axial Types — 6 types
PIV Range — 50V thru 500V

Stud Mounted Types—8 types 
PIV Range —95V thru 570V

Medium Power
Diffused Junction Rectifiers

72 types — PIV Range— 50V thru 1000V

Zener Diodes
21 types — Zener Voltage Range: 

2.0V thru 145V

Silicon Junction
Zener Power Regulators

44 types — Zener Voltage Range:
3.0V thru 200V

HB Silicon Junction Diodes
6 types — PIV Range—6.8V thru 270V

It is quite practical to use the zener as a com­
pact random noise generator by employing this 
phenomenon.

Zener diodes are power rated, and suitably 
derated for higher ambient temperatures. When 
they are mounted on a chassis, local hot spots can 
cause excessive drift. It is good practice, there­
fore, to heat sink the zeners to a cool part of the 
chassis.

Zeners are now available in several power 
ratings, and can be used in series for still higher 
dissipation when power capabilities are to be 
pushed. Of course, it is never wise to run them 
at their maximum ratings.

Check the Curves

Unfortunately, it is not yet possible to mass 
produce zeners ‘like peas in a pod.’ They can 
be purchased to conform to a general specifica­
tion, but individual variations make it advisable 
to “select out” for characteristics which are not 
tied down in the general specification. Often, 
one can trace out the curves of zeners in stock, 
and select enough to meet requirements.
Simple Curve Tracer. A simple zener curve 
tracer can be built to do the job. The circuit of 
Fig. 4 is used in conjunction with a calibrated 
de oscilloscope. In this circuit, the voltage drop 
across the 100 ohm resistor is proportional to the 
zener current. Each 100 pa gives a 10 mv hor­
izontal deflection.

The supply voltage should be about 50 per 
cent higher than the zener voltage but is not at 
all critical. R is adjusted, with the switch closed, 
till the desired zener current is obtained. This 
current is indicated by the horizontal deflection 
of the scope. The value of R depends on the 
supply voltage and zener voltage. It is estimated 
from

Desired Current 
where R is in ohms, E in volts, and the current 
is in amperes. The 100 ohms are subtracted to 
make up for the current sensing resistor. Natur­
ally, where high values of R are called for, the 
100 ohms can be neglected.

Opening the switch permits the capacitor 
charge to decay through the zener circuit. As 
the current falls, the horizontal deflection sweeps 
out the current change while the vertical de­
flection indicates the change in voltage across 
the zener diode only. The trace may be slowed 
by increasing the capacity of C. The knee of the 
curve can be expanded as far as scope sensitivity 
pennits. This is useful for close examination.
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• Rectifiers

in High Voltage

Power Supplies
F. W. Gutzwiller
General Electric Co.
Semiconductor Products Department 

Clyde, N. Y.

The unique advantages of semiconduc­
tor rectifiers are, by now, well known. But 
they have their pitfalls too. This article 
shows how to avoid them.

WHEN THE peak inverse voltage (PIV) on 
rectifiers in high voltage supplies exceeds 

the ratings of a single available semiconductor 
cell, series connection of cells can meet the cir­
cuit requirements. But, the recommendations for 
series operation made by different manufacturers 
often seem to conflict.

This problem arises mainly because generali­
zations for both germanium and silicon cells, 
and for different junction areas and types of 
design are very difficult, if not impossible. Dif­
ferent rectifier types show different electrical and 
thermal characteristics. They call for different 
procedures in connecting for series operation.

Reverse Characteristics

Soft Breakdown Types. Fig. 1 shows the reverse 
characteristics of two unmatched cells. The 
shape of these reverse voltage-current character­
istics is typical of germanium, and medium and 
high current silicon cells. In this figure, cells 1 
and 2 are series connected across a reverse volt­
age of 600 v.

The reverse current ir must be the same 
through both cells if no alternative parallel 
paths exist. Therefore, ir will stabilize at a value 
such that the sum of the voltages indicated by 
the intersection of ir with the characteristic 
curves is the total impressed on the circuit. For

example, ir intersects with the characteristic of 
cell 1 at 200 v and of cell 2 at 400 v for a total 
voltage of 600. This shows the significant differ­
ence in reverse voltage sharing for series cells 
with dissimilar reverse characteristics.

This difference is further aggravated by the 
exponential increase of the reverse current char­
acteristic with increasing junction temperature. 
A difference in junction temperature of only a 
few degrees causes a grossly unequal distribu­
tion of voltage between cells though the char­
acteristics are identical at the same temperature. 
Differences in junction temperature of several 
degrees must be expected in practical operation 
due to variations in forward voltage drop, inter­
nal thermal impedance, reverse heating, and ex­

ternal heat dissipation.
To reduce extremes in voltage sharing which 

might lead to dielectric breakdown or excessive 
reverse heating, cells with the characteristics of 
Fig. 1 (often referred to as “soft breakdown") 
should usually be factory matched in their re­
verse characteristics for series operation.
Sharp Breakdown Types. Fig. 2 shows the re­
verse voltage-current characteristic of two typi­
cal low current silicon rectifiers. Instead of the 
“soft breakdown" shown in Fig. 1 for germanium 
cells and larger area silicon, the small area silicon 
has a sharp breakdown at some voltage greater 
than rated PIV. If the reverse current in the 
breakdown region is not limited, intensive local 
heating immediately destroys the cell.
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Mr. Gutzwiller (r), has years of ex­
perience in control and power equip­
ment, and in designing and applying 
semiconductors. He wrote this highly 
informative design article to help 
overcome the rash of misapplication 
of high voltage rectifiers.

Fig. 
cells,
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Reliability
Transient Peak Inverse Voltage

PIV’s

600 V.

TOTAL PIV « 600 V

PIV(D*400V

TOTAL PIV « 600 VPIVQ"2OOV
PIV @ ’400 V

PIV Q = 200V

CELLg
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60C1200 400 600
INVERSE VOLTAGE
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Fig. 2. Voltage sharing between series cells with sharp 
breakdown. (Small area silicon).
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200 400
INVERSE VOLTAGE

Electrical contact 
fingers transmit im­
pulses to 120 CLARE 
relays each housed in 
a modular type unit.

ten times normal on

Normal switching and the functioning of over­
current protective devices can result in transient

Ug. 1. Voltage sharing between unmatched series 
cel's. (Germanium or large area silicon).

• “The most important reason Clare Mercury - 
Wetted-Contact Relays were chosen as the basic 
components for this control is their reliability."

Assurance of billions of trouble-free opera­
tions caused engineers of Cobble Bros. Machin­
ery Co. to design their electrical control system 
around Clare HG relays.

There are 120 Clare HG Relays in controls of 
the Cobble Tufting Machine shown. They re­
ceive impulses from 120 electrical contact 
fingers as they “read” the pattern, translate 
these impulses into intricate carpet designs.

Reliability means freedom from costly main­
tenance. If, like Cobble Bros.’ engineers, you 
want only the best for your design, let us tell 
you ALL about Clare Mercury-Wetted-Contact 
Relays. Address: C. P. Clare & Co., 3101 Pratt 
Blvd., Chicago 45, Illinois. In Canada: C. P. 
Clare Canada Ltd., 2700 Jane Street, Toronto 
15. Cable address: clarelay. Send for Clare 
Bulletins 120 and 122

200V. J, 400V

Overall circuit reliability is greatly improved by 
using cells in series. This assumes, of course, that 
cells don’t open.

On the other hand, if the reverse current in 
'he breakdown is limited by other series cells, as 
in Figs. 1 and 2, that cell can carry its full share 
of the inverse indefinitely with no bad effects, 
though the cell is operated at greater than rated 
PIV.

As long as the total reverse voltage across all 
the series cells does not exceed the sum of their 
respective breakdown voltages, reliable opera­
tion can result though the reverse characteristics 
are completely mismatched. For this reason, 
series matching is usually not required for the 
types of silicon low current rectifiers with ‘'sharp 
breakdown.”

Referring back to Fig. 1, if, for some reason, 
the reverse blocking characteristic of cell 2 
should start to deteriorate, the characteristic of 
cell 2 w’ould gradually shift upward with a 
simultaneous increase in slope. As the character­
istic of cell 2 rises, ir increases slightly, redis­
tributing the voltage carried by each cell so cell 
2 develops less voltage than initially and cell 1 
develops more. Together the cells continue to 
share the entire 600 v supply.

Thus, a self-correcting action takes place. The 
cells with the lowest reverse current and the 
most stable reverse characteristics tend to assume 
a proportionally larger share of the reverse volt­
age than the less stable cells with the higher 
reverse current. Where the deterioration of the 
reverse characteristic of a cell operating alone 
across a voltage source eventually leads to ther­
mal runaway and complete failure as reverse 
current increases, an unstable cell in series with 
stable cells has a limit on its reverse current, im­
posed by the stable cells.

Thermal runaway and failure cannot occur 
unless all the cells in series in one string run 
away together. The chances are reduced drasti­
cally as the number of series cells is increased.

rectifier banks. Though most rectifiers can handle 
some additional PIV briefly, the transient voltage 
rating is usually not sufficient to withstand these 
overvoltages. It is normally cheaper to reduce 
voltage transients by minor circuit changes than 
by installing sufficient rectifier PIV capacity to 
handle these short term over-voltages with no 
attenuation.

Maximum transient PIV can generally be re­
duced to 150 per cent of normal, or less, by 
shunting the main filter choke with a resistor, 
and using the output capacitor to filter high fre­
quency transients, and by connecting Thyrite 
resistors across the transformer secondary* or the 
dc bus.

Crest values of voltage transients are very 
difficult to determine analytically for rectifier 
circuits. The magnitude of voltage surges de­
pends on such things as the arc-quenching char­
acteristics of the switching device, the induct­
ances and capacitances distributed through the 
circuit, the core characteristics of the trans­
former, and the reverse characteristics of the 
rectifiers. Actual voltage measurements on pro­
totype equipment are therefore the most posi­
tive method for determining the amplitude of 
voltage surges.

Several methods can be used. High speed 
oscilloscopes and peak recording voltmeters 
measure transient voltages well, if a satisfactory 
voltage divider is used.

(Continued on following page)

600V

200V. 400V.
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This typical rectifier stack has four GE 
4JA3011 medium power germanium cells. The 
cells are rated at 300 PIV each, and can pass 
8 5 amps in a 45 C ambient.

Spark Gaps

Calibrated sphere spark gaps from B plus to 
ground in bridge, circuits or across rectifier legs 
of single way circuits can also be used to measure 
transient crest voltages. (See Ref. 3.) Current 
through the spark gap should be limited by a 
noninductive resistance (at least one ohm per volt 
of test voltage) in series with the gap on the un­
grounded side. Suitable overcurrent protective 
devices should be used to interrupt the power 
follow-through after the voltage surge has passed.

If the worst voltage transients occur while de­
energizing the circuit, as is often the case when 
the transformer primary is switched, a permanent 
sphere gap installed across the de output of the 
bridge circuits and adjusted to a safe level above 
normal voltage should reduce transients sub­
stantially.

Effects of Steep Wavefronts

When a steep voltage wavefront strikes a long 
string of series rectifiers, the voltage distributes 
unequally across the series cells if they are per­
fectly matched in reverse characteristics. The 
rectifier cell furthest from ground electrically 
assumes the largest part of the voltage. The ex­
tent of the inequality depends on the number of 
series cells, the relative magnitude of the cell 
capacitance, and the capacitance from cell to 
ground. Fig. 3 shows a rectifier leg with equiva­
lent shunt and series capacitance.

Assuming the cells have a very high back re­
sistance, and that the capacitance of individual 

cells and the capacitance between cells and 
ground are uniform throughout the string, Dr. 
R. de Buda of Canadian General Electric Co. 
has shown that the peak voltage across the cell 
nearest the line A En can be expressed as (See 
Ref. 4):

A En = Ei coth N

where En = peak voltage across entire rectifier 
leg, N = number of rectifiers in series per leg, 
Cp = capacitance between a single cell and 
ground, and C, = series capacitance of a single 
rectifier.

While reverse conduction of the rectifier can 
reduce the extremes of transient voltage in­
equality, the equation is useful in analyzing the 
situation. In a typical example, using GE 4JA3011 
germanium rectifier stacks, mounted on standoff 
insulators to a metal panel, one might expect Cp 
to be as high as 2 puf, while Ca is about 15 ppi 
at high voltage levels.

If a 15 kv steep front transient is impressed 
across 50 cells, solution of the equation indicates 
5400 v will appear across the rectifier cell furthest 
from ground for an instant until the capacitance 
network has stabilized. While the effect of volt­
ages this large on a rectifier cell is not well un­
derstood, empirical data show it is desirable to 
distribute transient voltages more uniformly 
across the entire rectifier string.

This can be done by decreasing Cp or increas­
ing Ca. By mounting the rectifier stacks against 
a dielectric instead of a metal panel, or by 
mounting the stacks progressively further from 
ground potential as their relative voltage in­
creases, Cp can be reduced considerably and the 
transient voltage distribution can be improved.

On the other hand, by shunting each cell with 
a capacitor, relatively large compared to the 
cell’s capacitance, C* is increased to where Cp is 
negligible in comparison. If a 0.01 pfd capacitor 
is used across each 4JA3011 cell, the worst tran­
sient crest voltage per cell is reduced to a safe 
350 v. Similar improvement results from a 0.001 
ixfd capacitor across each group of six cells. For 
greatest benefit from shunt capacitance, capaci­
tors with small tolerances in capacitance should 
be used.

Cell Recovery

Another source of voltage transients across 
cells in series is the “hole storage” or "recovery' 
phenomenon. After a germanium or silicon cell 
conducts forward current, a brief interval (micro­
seconds), is needed to sweep out current carriers 
from the base region of the semiconductor be­
fore the cell can block reverse voltage. Until the 
cell recovers, it behaves like a short circuit in 
the reverse direction. Rectifiers of a given design 
vary somewhat in the length of time needed for 
recovery.

Referring to the simple bridge of Fig. 4, as­
sume cell 1 in leg A has a fast recovery and cells 
2, 3, 4, and 5 have slow, but identical recovery 
times. The flat top of the forward current wave­
shape is due to the filter-inductance in the load. 
The load current flows in leg A beyond the point 
of supply voltage reversal due to inductance in 
the ac source.

At a rate determined by the source inductance, 
the load current commutates to leg B till, at 
some point X, the current through leg A reaches 
zero.

At this instant, the supply voltage has reached 
a large inverse value. The cell with the fastest 
recovery time (cell 1 in this example) absorbs
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VOLTAGE

Rectifier MaintenanceOvercurrent Protection

SUPPLY 
INDUCTANCE

age rectifier circuit, it is wise to start with a volt­
age source of 25 per cent of normal or less, to 
prevent catastrophic failure of the rectifiers from 
unexpected high voltage transients.
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INVERSE VOLTAGE 
ACROSS RECTIFIER
CELLS M LEG A

INITIAL 
«VERSE 
VOLTAGE

There are two major areas of rectifier over- 
current protection.
1. Protection against overloads and short circuits 
of the load, and
2. Protection of the remaining good rectifier legs 
if one of the rectifier strings fails.

If periodic maintenance is used to monitor in­
dividual cells, and the rectifiers are used within 
their ratings, the second type of fault protection 
should be mainly academic. This type can nor­
mally be part of load fault protection with little 
added effort.

The surge current curve, available from the 
manufacturer for a particular rectifier, defines 
the overload capacity of the cell for periods be­
tween one cycle and a few seconds. Beyond this 
time the duty can be considered continuous so 
far as the rectifier is concerned.

Inverse time protective elements, like fuses, 
circuit breakers, and overload relays are ade­
quate for protection beyond a few cycles, if 
coordinated with the surge curve and continu­
ous rating of the cell.

But, when a low resistance short circuit occurs 
in the load, the resulting fault currents can ex­
ceed the surge current rating of the rectifier for 
the few cycles necessary for conventional pro-

this entire voltage till the other cells in turn 
have recovered. This may require only a few 
microseconds. After all cells recover, the cells 
in the string share inverse voltage according to 
their respective reverse characteristics.

While the angle of overlap is usually quite 
small, when many rectifiers are in series, the 
initial inverse voltage across a fast-recovery cell 
can be many times the voltage across that cell 
at the peak of the supply voltage. This voltage 
spike should be within the continuous PIV rating 
of the cell.

Where the initial inverse voltage exceeds the 
PIV rating of a single cell, capacitors across in­
dividual cells will eliminate the voltage spike. 
The capacitor size depends on the difference in 
recovery time between cells. In any event, it 
need not exceed

tective devices to function. For this type of duty, 
current limiting fuses that interrupt the fault 
current before it reaches its first peak are neces­
sary. Commercially available current limiting 
fuses (like the General Electric CLF or Chase- 
Shawmut Amp-Trap) adequate for this duty are 
more likely to be found in the lower voltage 
types. This makes primary fusing more desirable 
than secondary fusing if the transformer magne­
tizing inrush current is not high enough to blow 
the fuses when there is no fault.

Another approach to fault protection uses high 
speed vacuum switches in the primary. These 
are tripped by current sensitive relays. They can 
interrupt faults within two cycles. To keep fault 
currents within rectifier ratings for two cycles, 
it may be necessary to introduce current limiting 
impedance in the form of additional transformer 
reactance, external resistance, or current limiting 
reactors.

Stack Mounting

Standard rectifier stacks have maximum volt­
age ratings between fins and mounting brackets 
of about 3 to 5 kv rms. If the voltage to ground 
on any stack exceeds this value, the stack should 
be mounted on standoff insulators or some type 
of insulating board. Mounting brackets of ad­
jacent stacks should not be interconnected.

where C = maximum capacitance to distribute 
recovery transient within cell PIV rating (jifd), 
1/ = amperes flowing through cell immediately 
preceding commutation, and E = maximum 
continuous PIV rating of the cell.

Voltage inequalities may also arise because of 
unequal reverse currents due to corona effects. 
Corona can be a serious problem when rectifiers 
are mounted in air, even at voltages as low as 
10 to 20 kv.

After the first 500 to 1000 hours of rectifier 
operation, a simple ohmmeter check can locate 
individual shorted cells that need replacement. 
Thereafter, this check need not be repeated 
before 5000 to 10,000 hours. More critical tests 
can be made on individual cells by applying 
rated inverse voltage and displaying the cell’s 
reverse characteristic on a scope. Circuits for 
this test can be furnished by manufacturers.

Unless exceptionally clean air is available for 
rectifier cooling, dust will deposit on rectifier 
cooling surfaces and reduce the heat dissipation. 
The fins should be cleaned regularly.

CURRENT 
IN . 
LEGA /

Prototype Testing

When initially testing a prototype high volt

1. Semiconductor Power Rectifiers in Continuous Duty 
Circuits, F. W. Gutzwiller, Electrical Manufacturing, 
July 1956, p 109.
2. Rating and Application of Germanium and Silicon Rec­
tifiers, F. W. Gutzwiller, Communication and Electronics, 
AIEE Transactions, Jan. 1957, pp 753-757.
3. Standard Handbook for Electrical Engineers, Eighth 
Edition, McGraw-Hill Book Co., 1949, Sphere Spark 
Gaps, pp 121-122.
4. Effect of Surges on Transformer Windings, J. K. Hod- 
nette, AIEE Transactions, Jan. 1930, p 69.
5. New 50 KW AM Transmitter Designed Around Mod­
em Components; Dyer, Mapham, Walker; a paper pre­
sented at the NARTB convention, Chicago, Apr. 8, 1957.

Fig. 4. Distribution of 
initial inverse voltage 
across series-connected 
rectifiers.



With Silicon Diodes

additional power supply.an

R

(1)

aN (1 — az)

Iebo R _
In the limit as R approaches zero the
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Fig. 3. The use of a diode 
reduces collector standby 
current.

In this article he discusses an application 
problem he’s frequently called on to solve. He 
shows how a single diode can help stabilize 
basic transistor circuits without the need for

T. P. Sylvan
General Electric Company 

Semiconductor Products Department 
Syracuse, New York
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Reducing Standby Current

T. Peter Sylvan is well known to readers of 
Electronic Design for his articles on transistor 
circuit design, especially with the unijunction 
transistor. In addition to his experience with 
semiconductors, he’s worked on atomic reactor 
instrumentation and hydrogen thyratrons.

YD

*-vB
Fig. 1. A reverse bias is 
applied to the transistor by 
means of a base bias re­
sistor and a second voltage 
supply —V».

Fig. 2. Connecting the base 
resistor between base and 
emitter eliminates the need 
for a second power supply.

Fig. 4. Typical forward characteristics of a 
silicon junction diode.

SERIOUS undesirable effects when 
biasing a transistor can be reduced 

by the use of a diode in the emitter cir­
cuit. An effective back bias can be ob­
tained without appreciable increase in 
the collector standby current above cut­
off, IcB0‘

When germanium transistors are used 
in switching circuits, gating circuits, and 
class B amplifier circuits, it is necessary 
to minimize the collector standby cur­
rent for the following reasons:

■ If direct coupled stages are used, 
the current from one stage is amplified 
by the following stage and may seriously 
reduce the signal current.

■ At higher temperatures the collector 
current may become excessive and lead 
to thermal runaway.

■ Unless the collector current is re­
duced to a value approaching Icbo, a 
common emitter stage will pass noise 
and undesirable small amplitude signals.

This article describes typical biasing 
techniques using a base resistor and 
shows the advantages of using a diode to 
reduce collector standby current.

Using A Base Bias Resistor

A biasing technique, frequently used 
to reduce collector standby current, calls 
for applying a reverse bias to the tran­
sistor with base bias resistor R and a sec­
ond voltage supply —VB as shown in 
Fig. 1. This circuit permits the collector 
standby current to be reduced to a value, 
slightly less than Icbo> However, it has 
the disadvantage of requiring an extra 
power supply.

If it is not possible to use a second 
power supply for stabilization, the base 
resistor, R, can be connected between 
the base and the emitter as shown in Fig. 
2. The collector current in this case de­
pends on the value of R and the charac­
teristics of the transistor. This circuit has 
been analyzed by Ebers and Moll1 who 
give an equation for calculating Io for 
any value of R:
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equation can be derived:

(2)

(3)

The

«v Iebo = ar Icbo

giving ar = 0.65, aN = 0.971 (5)

large 
by:

Icbo 
-------------- = ICEO
1 — ay

_ Icbo
lc — -----------  — Ices

1 — ay ar

Fig. 5. Collector current of 
type 2N43 germanium tran­
sistor as a function of base 
resistance.

collector current2 is described by: 

where ay and a/ are the normal and in­
verse alphas of the transistor respec-

And in the limit as R becomes very
the collector current is described

inverse alpha, a/, is generally 
greater than 0.7 for typical germanium 
alloy transistors so that Ices is three or 
more times as large as Icbo-

Using A Silicon Diode

A significant improvement in the col­
lector standby current is obtained by 
using a silicon diode in the emitter cir­
cuit as shown in Fig. 3. The forward 
characteristics of a typical silicon diode 
at several temperatures are shown in Fig. 
4. From this figure it is seen that even for 
currents which are very low compared to 
Iceo there is an appreciable voltage drop 
across the diode. The diode can thereby 
provide a very effective back bias for the 
transistor without an appreciable in­
crease in the collector above Icbo-

For the circuit of Fig. 3 it is desirable 
(o know the variation of the collector cur­
rent with R and the diode characteris­
tics. An exact analysis is quite complex. 
However, an approximate solution can 
! 'ad to very useful results. It is only 
lecessary to assume that the drop across 
he diode is constant at the value VD 
neasured at a forward current equal to 
'cbo- With this assumption the following

(1 4- Q Iebo R — Slat Vd) Icbo 
lc — ' ■—— (4)

1 ay ar 4” 12 Iebo RA — ay)

1 KTwhere — =---- 0.026 v at 25 C
a q

Eq (4) is identical to Ebers and Moll’s 
eq (1) except for the term Q a; VD in the 
numerator. It will be noted that in the 
limit as R approaches infinity this equa­
tion reduces to eq (3) as it should. In the 
limit as R approaches zero, lc in eq (4) 
becomes less than Icbo in which case the 
equation is invalid. At values below this 
point Ic may be assumed equal to Icbo-

To determine the accuracy of eq (4) 
the parameters of a 2N43 transistor were 
measured:

Icbo = 4.3 pa, Iebo = 2.8 pa, Iceo = 150 pa 
and for the diode:

Td = 0.47 v (at 4.3 pa)
The value of ay was calculated from 

eq. 3 and the value of ai was calculated 
from

Comparison of the calculated and 
measured values of Ic as a function of R 
are shown in Fig. 5. The improvement 
obtained over the case with the diode 
removed is shown by the dotted line in 
the same figure.

References

1. Large Signal Behavor of Juncton Transistors, 
Ebers and Moll. Proc. IRE, pp. 1761-1772, Dec. 
1954.
2. IRE Standards on Semcionductor Symbols, 
Proc. IRE, July, 1956, p. 934-937.
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H All the right connections for■ CONTINUOUSI PERFORMANCE

7000 Avedon Boulevard • Los Angeles 3, Calif.

C
ontinuous performance under extreme environmental 

conditions is yours with Deutsch 27-contact miniature 
connectors. These environmental performers exhibit thrilling 
qualities:

Available for immediate delivery 
Durable for 500 cycles of engagement 
Seal before and after contact
Unaffected by altitude pressure variations 
Operate from - 67° F. to 250° F.
Meet or exceed requirements of MIL-C-5015

Shimmy and shake these rugged connectors. They’re vibration- 
dampened and withstand physical shocks up to 100 G’s. The 
exclusive Deutsch hall-lock coupling ring ensures a positive 
lock without twisting or turning, without lock-wiring or cou­
pling nut. Just push in to connect —pull hack to disconnect.

To take a peek at the inside information on Deutsch 27- 
contact miniature connectors...as well as the 3, 7, 12, 19, 37 
and 61 contact members of this environmental troupe... write 
for data file 7C. Or see them all at WESCON (Booth 949-950).
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Here's a volt?

Two ways to look at voltage—only one way to read 
it accurately, to the fraction I When volt-splitting is vital, 
you need a beckman Expanded Scale Voltmeter.

Why expanded? To make accuracy meaningful. Look at the 
beckman meter above. It’s accurate to ± 0.16 volt! And 
you can read it, easily, to 0.05 volt... because resolution of the 
expanded scale is ten times that of its conventional competitor.

Choose from 126 standard models... AC or DC... 
commercial or ruggedized... in a variety of shapes, sizes and 
voltage ranges. Need color coding, special ranges, assemblies'7 
Yours for the asking. Send for data file C 74.

Beckman®/..
/ Hellpot

Helipot Corporation. Newport Beach, California 
a division of Beckman Instruments, Inc.
Engineering representatives in 27 cities

potent iometers... dials... delay lines.. expanded scale 
meters... rotating comjxinents.,. breadboard parts
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Rectifier
Power Nomogram

J. S. Gillette and W. B. Mitchell

Raytheon Semiconductor Div.
Newton, Mass.

Here’s a time saving nomo­
gram. In just a few moments you 
can determine the power dissi­
pated in a diode or the average 
rectified current to the load.

PERHAPS the most important problem in 
high current rectifiers, is the power dissi­

pated in the junction—and how to calculate it 
This power determines the type of heat sink 
necessary and the maximum allowable ambient 
temperature.

Calculation of the power in the junction is not 
always simple, as diode forward characteristics 
are not linear. Generally, the power dissipated 
in the reverse direction is very small and can be 
neglected. This is especially true with silicon 
rectifiers.

Hence, it is only necessary to calculate the 
power dissipated during the conducting cycle.

Forward E-I Characteristics

The forward characteristic looks like the solid 
line in Fig. 1. This curve, in the conducting re­
gion, can be approximated, with little error, by 
two straight lines, as shown by the dotted lines.

Eo is generally referred to as the “threshhold* 
and the dynamic resistance. Using the ap­
proximation, the power dissipated by the diode 
is given by

P — I0E0 + (Irma) 2 Rd

ELECTRONIC DESIGN • July 23, 1958
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where Io is the average rectified current per 
diode, Eo the “threshhold” voltage, Imi the rms 
value of the rectified current per diode, and Rd 
the dynamic diode resistance.

Eo can be assumed as 0.7 v for silicon diodes 
and 0.3 v for germanium.

Dissipation Nomogram
Fig. 2 is a nomogram relating power dissi­

pated, average rectified current into a resistive 
load, and the dynamic resistance. The left hand 
scale is in watts per amp, the center scale in 
amps, and the right hand scale in ohms. Two 
power scales are given—one for silicon and one 
for germanium. The two right hand scales are 
for different circuit configurations—one for sin­
gle phase (k = Irm*/Io = 1-57), and the other for 
three phase (k = 1.75).
How To Use The Nomogram. Assume a three 
phase, full wave rectifier, with silicon diodes 
delivering 30 amps de to a resistive load. Assume, 
also, that the diodes have 0.01 ohm dynamic 
resistance. The average current per rectifier leg 
is 30/3 = 10 amps.

Connect the 0.01 ohm point on the three phase 
axis with the 10 amp point on the current axis. 
This line, extended, intersects the power axis at 
1.06 watts per amp. With 10 amps per diode, the 
power dissipated in each diode is 10.5 w. Total 
dissipation in the six diodes is 63 w.

Rectifier Power Nomogram

diode forward char-Fig. 1. Typical silicon 
acteristics.

solid 
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ir, by 
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IDEAS FOR DESIGN

Designing

Diodes
Minneapolis 26, Minn.3359 Republic Ave.

Designers and Manufacturers of Electronic Equipment and Components

circuits, bias
CIRCLE 30 ON READER-SERVICE CARD
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Zener diode helps prevent filament burnout.
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half 
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Get $10.00 plus a by-line for the ti ne 
it takes you to jot down your clever 
design idea. Payment is made wlen 
the idea is accepted for publication.

diodes are limited only by our ingenuity.
We asked many of our readers to send us their favorite diode circuits. Here are 

those we selected. Some are almost obvious applications. But others are really off 
the beaten track.

ies, and many other applications. But the uses of semiconductor

...1/2% accuracy I
Accuracy maintained over entire military 
temperature range of —55° to +65J C. No 
oven or heater needed.
Time-stable — negligible drift over long 
periods of time.
Small size—the expansion network projects 
only 114*. AC or DC units for military or 
industrial applications. Military units meet all 
requirements of MIL-M-10304. Off-shelf 
deliveries. 30 to 45 days on specials.
WRITE FOR LITERATURE.

Thus, if one filament goes, another goes too.
To correct this, a silicon zener diode, SV805. 

was added to the circuit as shown by the dotted 
lines.

Now, with both strings conducting. E — 5.6 v. 
With one string open, E = 6 v and the current 
through the remaining tubes is still about 50 ma. 
With both strings open, E = 6.5 v.

The SV805 was chosen because it can handle 
100 ma at 6 v, though it normally passes about 
50. At 5.6 v, the current through it is very small

Henry Chu, Nortronics, Div. of Northrop Air­
craft, Inc., Hawthorne, Calif.

3V4 IR5 IT4
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We all know how to use diodes in detector circuits, discriminators, mixers, logical

Filament Protection 
For Low Voltage Filaments

A 6v power supply shown in the figure was 
built for checking a receiver which used 1.4 v 
and 2.8 v filament tubes. The circuit worked fine 
except when one of the filaments burned out.

The current I is constant at about 100 ma. 
When both filament strings are in the circuit, 
50 ma are provided through each string. But, if 
a filament should burn out in either string, the 
total current (100 ma) passes through the other 
string till one of the other filaments burns out.

VOLTRON products
* 1010 Mission St., South Pasadena, Calif. 
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(patent applied for)
R A N S ■ E L E C 

’mini-lite
New Miniature transistorized control panel 

light that mounts in just 30 seconds!
Simply insert this indicator light in a panel-hole, tighten 
the collar nut and plug in the taper pins. It’s completely mounted 
and hooked up in 30 seconds ... no soldering needed! Enclosed 
transistor and 3 resistors can control the NE-2E neon lamp with 
a 3.0 volt signal. This brand new self-contained display light 
unit is available in a variety of circuits for computers, data pro­
cessors, signal systems and transistorized automatic control 
devices. Body only in diameter and 1^4* long. For complete 
data on the Mini-Lite and other control panel components, write us 
or phone WEst 9-6754.

TRANSISTOR ELECTRONICS
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Feed 
Capacitor«

Cl 
.068/zf

All Diodes IN 459

6800^gf

PULSE 
INPUT

FLIP-FLOP

AND 
LIMITER

680 nut

100/zpf

Diode Pump Circuits

Count rate

Logarithmic Count Rate Meter

This logarithmic count rate meter reads the 
average rate of pulses coming in, either at a con­
stant repetition rate or randomly spaced. The 
frequency of the waveform out of the limiter is 
half that applied at the input to the count-rate 
circuit. The constancy of pulse amplitudes ap­
plied from the limiter to the diode pump cir­
cuits determines the accuracy with which cali­
bration of the didoe pump circuit as a pulse­
rate counter is maintained.

Each of the four diode pump circuits in the 
figure, provides a current which, when added 
to the output of the other pump circuits, is pro­
portional to the logarithm of the count rate over 
a 1000:1 range. Currents from the four diode 
pumps are added in the summing amplifier.

Each pump develops a voltage across its tank 
capacitor that is low for all count rates below a 
specific value, rises to a saturation value as the 
count rate goes through a specific range of fre­
quencies (more than one and less than two dec­
ades), and remains at saturation for all higher 
count rates.

The actual range of frequencies at which any 
specific diode pump circuit changes its contri­
bution to the total pump output is determined 
by the time constant of the feed capacitor and 
tank resistor for a specific diode pump circuit. 
Time constants for individual pump circuits are 
chosen so they make their major change in con-

+2OOV

cri Tank Tank 
i ^Capacitors Resistors

22OK

<39 K

»40 K

6021

IOOK

-200V

2.4M 
------ va-
15

24M
------------VAr

2/H

1.4 M
•A/W 

l/jf

200 //a 
Full Scale

Summing Amplifier 
and Meter Circuits

meter.

tribution at frequencies a decade apart from one 
another.

The pumps with the smallest and largest time 
constant receive 18 per cent more pulse voltage 
than the other two. The four feed capacitors are 
alternately charged through the shunt diodes 
and discharged into their respective tank ca­
pacitors through their associated series diodes. 
While Ci discharges, for example, CR^ conducts, 
thus charging tank capacitor C2.

Each tank capacitor constantly discharges 
through its tank resistor. The negative voltage 
across a tank capacitor increases till the rate of 
loss of charge through its tank resistor equals 
the rate at which charge is fed to the capacitor. 
As the voltage across the tank capacitor in­
creases, the charge transferred to it during each 
pulse decreases.

Discharge currents are added by feeding them 
into a virtual ground formed at the input to the 
summing amplifier. Hence, the voltage at the 
cathode of the second stage of the summing 
amplifier varies as the logarithm of the count 
rate. Negative feedback makes the summing 
amplifier insensitive to supply voltage changes 
and makes a zero set control unnecessary.

This circuit is a modification of a circuit de­
scribed by Cooke-Yarborough and Pulsford in 
the April 1951 issue of the British Proceedings 
of the Institution of Electrical Engineers, Part II.

T. H. Bridgeman, Engineer, Airborne Instru­
ments Laboratory, Mineola, N. Y.

ribbon

ingots

sheets

powder 
discs
spheres 
washers

and High Purity Metals...
As one of the world’s largest primary producers, 
we are supplying TADANAC Brand Indium and 
Indium Alloys to leading American, European and 
Canadian electronic firms. We are in quantity 
production of the forms shown and are prepared 
to preform and alloy to your specifications. Our 
prices include customs duties and we handle all 
customs procedures. Our Technical Service Depart­
ment, backed by the full facilities of our Research 
Division, is ready to assist you in the use of this 
versatile metal, available as
TADANAC High Purity Indium—99.999% (by diff.) 
TADANAC Standard Grade Indium—99.97+%
TADANAC Indium Alloys—a wide range to customer 

specifications

Other TADANAC High Purity Metals
We can supply LEAD, CADMIUM, SILVER or BISMUTH with 
a total impurity content of less than 1 p.p.m.* or ZINC 
with a total impurity content of less than 2 p.p.m.* 
•Total impurity content ittermined by i»Ktro«raohic analytic

For further information and a new booklet on 
Indium Properties and Usee write:

The Consolidated Mining and Smelting Company of Canada Limited 
METAL SALES DIVISION—215 StTjames Street, W.

■7«ome Montreal 1, Quebec, Canada
CIRCLE 32 ON READER-SERVICE CARD
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Transistorized Operations
Meets MIL-E-5272

'For 40v connection

1 SIZE 8 SIZE 10 SIZE 11 SIZE 15 SIZE 18

1 Oster Type | 8-5001-00 10-5052-00 11-5101-00 15-5153-00 18-5201-00

Electrical Characteristics

f requency (cps) 1 400 400 400 400 400

Torque at Stall (oz in ) j .15 .30 .63 1.45 2.35

No Load Speed (rpm) | 6500 6500 6500 5200 5200
Speed at Half 1 r'lin- < ।pm) | 4000 4000 4000 3200 3200
Time Constant (sec ) __ 1 0.03 0.015 0.016 0.017 0.013
Revet-.: up. Time (sec.) ] 0.051 0.025 0.028 0.030 0.022

Theo Acceleration at Stall (rad sec’) j 22500 45000 41500 31000 40000
Operating Temp Range ("C ) 1-54 to +125 -54 to +125 -54 to +125 -54 to +125 -54 to +125
Slot Effect . | 1.6v/26v 1.0v/36v 1.0v/40v l.0v/40v 1.0v/40v
Duty Cycle 1 Cont. Cont. Cont. Cont.

Fixed Phase

Voltage 26 115 115 115 115

R (Stall) Ohms 196 1270 1250 490 280

X (Stall) Ohms 183 1560 1780 890 570

I (Stall) Ohms 268 2210 2175 1030 640
P PF (Stall) 0.73 0.57 0.58 0.49 0.45

Effective R (Stall) Ohms 366 3840 3800 2160 1460

Parallel Tuning cond for unity P F (Stall) Mtd 1.0 0.13 0.15 0.33 0.55

Control Phase

Voltage 40/20 40/20 40/20 40/20 40/20

i *R (Stall) Ohms 480 124 145 58 39

•X (Stall) Ohms 445 215 204 103 77

•Z (Stall) Ohms 660 248 250 118 86

•PF (Stall) 0.73 0.50 0.58 0.49 0.45

•Effective R (Stall) Ohms 910 495 430 240 190

•Parallel Tuning cond tor unity P F (Stall) Mtd 1 04 1.4 1.3 2.9 4.1

Mechanical Characteristics

Rotor Inertia (gm cm’) .47 .47 1.07 3.3 4.0

Weight (oz.) 1.2 2 4.5 8 14

Mounting Type Synchro Synchro Synchro Synchro Synchro

Motor Length .863 .672 1.703 1.625 2.03

Type Shaft Pinion Pinion Plain Plain Plain

Shalt Extension .375 .218 .437 .540 .540

Outside Diameter | .750 .937 1.062 1.437 1.750

Type Connection Leads Terminals Terminals Terminals Terminals

—65°C to 4-125°C temperature range.

Size 8

Size 11

'RIB1

Size 10

Size 15

Size 18

This complete line can be varied by Oster specialists to your precise requirement. Write 
today for further information, enclosing detailed data on your needs.

Other products include motor- 
gear-trai. , synchros, AC drive 
motors, DC motors, servo mech­
anism assemblies, motor tachs, 
servo torque units, reference and 
tachometer generators, actuators, 
motor driven blower and fan 
assemblies and fast response re­
solvers.

MANUFACTURING COMPANY
Your Rotating Equipment Specialist
Avionic Division
Racine, Wisconsin

Engineers For Advanced Projects:
Interesting, varied work on designing transistor circuits and servo mechanisms.
Contact Mr. Zelazo, Director of Research, in confidence.

Improved Firing 
For Series VR Tubes

This circuit will improve the firing of two 
voltage regulator tubes in series, when the supply 
voltage is slightly greater than twice the operat­
ing potential of the VR tubes. The diode guar­
anteed the firing of both VR tubes by applying 
the full supply voltage across each, and not the 
supply voltage minus the drop across one VR 
tube, should one fire first.

The error introduced by the diode can be
R.

O-WV

o

VR

R
CR

VR

o

Rz

o

Diodes assure firing for both VR tubes.

neglected because of VR voltage tolerances.
In the circuit, Ri is designed for maximum VR 

current at maximum Eb, while R2 and R3 are 
designed for minimum VR current at E^. The 
diode must have a PIV rating greater than 
Eb mat-

Gene A. Richards, Circuit Engineer, Farns­
worth Electronics Co., Fort Wayne, Ind.

Sine Wave — DC Comparator 
Without Amplifiers

This circuit was used to get a pulse output 
when a 30 kc sine wave was instantaneously 
equal to a varying positive or negative dc volt­
age. VOut is a square wave with a peak to peak 
amplitude of 2E2 minus twice the drop across a 
1N626 diode.

Output polarity depends on whether point A 
is positive or negative with respect to point B. 
The output swings from positive to negative 
when point A goes negative with respect to B, 
at which time branch 1 conducts.

Ei and E2 are adjusted so none of the diodes 
are biased on or off with zero input signal. The 
pulse required is formed by differentiating the 
resultant square wave. The circulating current
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in loop 1 can be minimized by adding two 
sistors in series with loop 1 diodes.

ELECTRONIC DESIGN • July 23, 1958

Relay delay circuit.
the discharge of Ci. The diode prevents Ci from 
discharging through any path except Ki—Ri. 
The delay in drop-out of Ki is determined by the 
time constant R1C1.

I'he diode must have a PIV rating, capable of 
sustaining the charge on Ci. A good choice is a 
1N38A or a 1N458.

Norman D. Miller, Texas Instruments, Inc., 
Dallas, Texas.

Two relays, Ki and K2, in parallel are to be 
energized from the same keying pulse. But Ki 
must pull in before K2 and, on release, K2 must 
drop out before Ki.

The circuit shown does this job neatly. When 
the circuit is energized, Ki pulls in first since a 
higher voltage is applied across its coil. K2 is de­
layed on pull-in because Ri is in series with its 
coil. On release K2 drops out first. Ki is held by

Sine wave—-de comparator.
1N626 diodes were used because they have a 

fast response. The main advantage of the circuit 
is that a large output results without using am­
plifying devices. The circuit provides a large 
output without using amplifiers.

Paul Margolin, Engineer, Allen B. DuMont 
Labs., East Paterson, N. J.



The construction of the %, 14» and 1-watt

ie resistance
Type CAH-y4 Watt at 100cC

CIRCLE 36 ON READER-SERVICE CARD

ALLEN-BRADLEY

.312"

.225 
4

resistors is identical. At the upper left is an 
enlarged view of the metal alloy grid, moun­
ted on glass, which forms tin
element. (A) Actual size of I-watt element,

Rin

Input Amplitude (Ein)-^
Fig. 1. This is the kind of non linear function the circuit 
in Fig. 4 can generate.

(B) encapsulating epoxy resin body, (C) fin­
ished unit hermetically sealed in ceramic tube.

Allen-Bradley Co.
1 344 S. Second St., Milwaukee 4, Wis.

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

ALLEN-

560"

Type EAH—Vj Watt at 100°C

.407" . .
.975"

Type CAH—1 Watt at 100°C

DLEY PRESENTS

'A, Yi, and 1-WATT

PRECISION RESISTORS

Far exceed MIL Specs 
for film and wire-wound resistors
Allen-Bradley’s new, truly accurate, metal grid resistors are now 
available in *4, %, and 1-watt ratings, producing test results that 
are a substantial improvement over the MIL Specifications for wire­
wound and film type precision resistors. They combine remarkable 
stability, under load and on the shelf, with an exceptionally low 
temperature coefficient. The metal alloy grid is noninductive, pro­
viding excellent high frequency characteristics. They also have an 
exceptionally low noise level... comparable to that of wire-wound 
units. Each unit is individually calibrated and marked with nominal 
resistance value, tolerance (± 0.1 to l%),and temperature coefficient. 
Provided with gold plated leads for flawless soldering. Considering
their superior characteristics, these new resistors 
the Allen-Br'vlley trademark of Quality.

justly qualify under

Type GAH 
1 Watt at 100°C

IDEAS FOR DESIGN

Non Linear Function Generator
This circuit will generate a non linear ampli- 

tude response similar to that shown in Fig 1. 
With the proper selection of circuit parameters, 
it can provide a wide range of non linear charac­
teristics.

The diodes in the feedback network of the op- 
erational amplifier of Fig. 2, are zeners with a 
breakdown voltage of Vb- (A double anode unit 
could be used instead of the two single ended 
diodes.)

The circuit gain is approximately Rf/Rm until 
the output amplitude approaches the breakdown 
potential of the diodes. Then the gain equals the 
parallel sum of Rf and the diode impedance di­
vided by Rin- Since the diode impedance is very 
small, the gain for amplitudes beyond the diode 
breakdown level is very small. Such a circuit is 
commonly used as a limiter with the character­
istics shown in Fig. 3.

If a resistor is placed in series with the diodes,
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Fig. 2. This circuit uses an operational amplifier to 
provide limiting action as shown in Fig. 3.
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SENSITIVE

ACCURATE:

WIDE RANGE:

VERSATILE:

HIGH IMPEDANCE:

DUAL INPUT:

LOW DRIFT:

PROBE STORAGEircuit

For further details ar demonstration. Fill in and return
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ier to
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Zener
Diodes

fig. 4. This circuit can provide a wide range of non 
I Tear characteristics.
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0.1 volt full-scale measure­
ments on either ac or de. Can 
measure as low as .002 volt de 
or .01 volt ac. Measures full 
scale to 1000 volts de or 300 
volts ac.

Overall accuracy —2% full­
scale de, —3% ac.

Voltage measurements from 50 
cps to 700 megacycles.

Suitable for safely measuring 
de signals up to 1000 volts off- 
ground through isolation of cir­
cuit from chassis ground.

121 megohm de input resist­
ance to prevent circuit loading.

Second input available on front 
panel for accessory probe. 
Either input selected by front­
panel switch.

Drift limited to ±5 millivolts/- 
hour maximum.

Front panel compartment for 
storage of probes and acces­
sories.

INSTRUMENT DIVISION. ALLEN B. DU MONT LABORATORIES, INC.
760 Bloomfield Avenue, Clifton, N. J., U.S.A.

In stock — ready for immediate 
delivery — the multi-purpose vacuum­
tube voltmeter the whole industry has 
been talking about... the Du Mont 405

as in Fig. 4, the gain above the diode breakdown 
level approaches a value equal to the parallel 
sum of R/i and Rf2 divided by Rfn.

Theoretically, the amplitude response would 
be similar to the dotted curve of Fig. 1. But, in 
practice, the diodes break down gradually, so 
the response is rounded off.

Wide variations of the curve shape are ob­
tained by adjusting the values of Rtn, Rf\, R/2, 
and the diode breakdown potential. Zener diodes 
are available with breakdown points ranging 
from a couple of volts to at least 30 v.

The ratio of Rf\ to Rin determines the slope in 
¡the low level region. The ratio of the parallel 
combination of Rf\ and Rf2 to Rin fixes the slope 
it high levels. The diode breakdown point con­
trols the point at which the curve breaks.

The use of two diodes or a double anode diode 
makes the circuit bidirectional, so it can handle 
ic as well as de signals. However, ac signals are 
distorted above the diode breakdown level. In 
some cases, a low pass filter can eliminate the 
harmonics.

R. J. Ransil, Group Engineer, Lockheed Air­
craft Corp., Sunnyvale, Calif.

Fig. 3. Typical limiter characteristics

SELECTOR

duMont

INSTRUMENT DIVISION
ALLEN B. DU MONT LABORATORIES

760 Bloomfield Avenue 

Clifton, N J., U S A



Microwave 

Applications 

of

Leonard I. Kent
Chief Microwave Engineer 
The Narda Microwave Corp.
Mineola, N. Y.
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Part 2
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In this concluding segment, comprehensive investigation is made of waveguide 
thermistor mounts. Impedance matching considerations are carefully outlined over 
the various frequency bands. A simple d-c self-balance bridge circuit for making ac­
curate r-f power measurements is also discussed. Thermistor characteristics, thermis­
tor mounts, dc characteristics, broadband mounts, and coaxial mounts were given 
extensive treatment in Part 1.

TO MATCH the impedance of a thermistor 
element to a waveguide mount over a com­

plete waveguide operating range, several factors 
must be considered. These factors can be listed 
briefly as:

■ rf characteristics of the thermistor element 
in its operating environment;

■ impedance of the waveguide section in 
which the element is placed, and its varia­
tion with frequency;

■ impedance variation of the required back 
cavity;

■ transition from the waveguide section con­
taining the thermistor to the required wave­
guide input.

The thermistor element to be used with the 
waveguide mounts for the frequency ranges 
1120 to 10,000 me (L- to XB-band) is the car­
tridge type that contains two beads connected 
in series as shown in Figs. 1 and 2. For the 
higher frequencies, the miniature-type cartridge 
containing a single bead is used. The rf char­
acteristics of a thermistor element are determined 
by many constituents. One is the rf impedance 
of the beads themselves. This is made up of the 
dc bias resistance shunted by a resistance and 
capacity series branch which results from the 
finite particle size of the sintered oxides within 

the beads and the imperfect contact between 
neighboring particles of the mixture. This com­
plete combination is in series with the inductance 
caused by the 0.001-in. diameter lead wires. The 
other constituents are the lead lengths employed, 
which determines this inductance value; the 
structure supporting the beads, which will con­
tribute shunt capacity across the beads as well 
as more series inductance; and the proximity of 
the thermistor beads to the environment within 
the mount itself. Instead of analytically deter­
mining the various parameters that contribute 
to the rf characteristics of the thermistor element, 
it is more practical to empirically find an equiv­
alent resistance and shunt reactance for the 
various mounts and frequency ranges required.

Thermistor beads in the cartridge elements 
are mounted within a gap small enough to allow 
minimum lead length for low inductance. The 
diameter of the supporting posts is large enough 
to give low inductance and small enough not to 
create excessive shunt capacitance. A thin dielec­
tric sleeve is cemented over the beads and its 
supporting structure to retain the concentricity 
of the assembly and to protect the beads from 
excessive cooling by air convection currents 
within the waveguide mount. Without this pro­
tection, the drift problem of the bridge circuit 

using the element would be aggravated.
Since the resistive component of the shunt 

equivalent circuit of the thermistor element will 
be equal to 200 ohms or less, a waveguide char­
acteristic impedance of this value should be used 
in obtaining the empirical data. In order to 
minimize the variation of the characteristic im­
pedance with frequency, a ridged waveguide 
section makes the ideal transmission line. Not 
only does ridged waveguide allow small varia­
tion of impedance with frequency because of its 
reduced cut-off frequency, but its characteristic 
impedance can be readily adjusted to other 
values that may be required.1 With a broadband 
open circuit across the thermistor element, it was 
found that a ridged waveguide of 200 ohms 
characteristic impedance can be used for the 
section containing the element with a good im­
pedance match. This was true for the frequency 
ranges within 1120 to 5850 me. From 5850 to 
8200 me, the optimum characteristic impedance 
was approximately 190 ohms. At higher fre­
quencies, the required impedance for this section 
of waveguide became gradually less. In the 
design of fixed tuned mounts for each wave­
guide band, the impedance and length of the 
back cavity, which was also ridged waveguide, 
was first calculated, and then the back cavity 
was empirically adjusted to minimize the effect 
of the shunt reactive component of the thermistor 
element. This, thereby, provided a broadband 
open circuit. The characteristic impedance of the 
back cavity was greater than that of the forward 
section so that an impedance approximating an 
open circuit would always shunt the thermistor. 
The capacitive step discontinuity at the junction 
between the back cavity and the forward wave­
guide section was compensated by appropriately
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shortening the length of the cavity.
At least two approaches could be taken to 

make a broadband transition from the ridged 
waveguide section to the conventional wave­
guide input. One is to use a continuous linear 
taper of the appropriate length, and another is 
the use of quarter-wave step transformer sec­
tions whose reflections follow a Tchebyscheff 
response.2 Although the latter would give better 
performance for a shorter length, it would be 
more expensive to fabricate. The linear taper is 
easier to manufacture, and the performance of 
a taper that is slightly longer than a step trans­
former is equivalent. This would not be true if 
the ridged section had an impedance much less 
than 200 ohms. Fig. 1 shows the cross-section of 
a thermistor mount using this approach. Wave­
guide mounts from 2600 me and higher use this 
type of transition, while the two mounts cover­
ing 1120 to 2600 me use the step transformer 
design in order to conserve length in the larger 
size waveguides.

Fig. 2 shows a low-frequency thermistor mount 
which uses the dual-bead cartridge element; 
similar high frequency units use the miniature 
cartridge element. Because of the small sizes of 
the high-frequency mounts and the need for 
smaller lead lengths, the miniature thermistor 
element is made available. The vswr of all the 
mounts within their ranges, from L- to X-band, 
is less than 1.50 with the maximum value for 
mounts above 12,400 me being slightly higher. 
The elements can be used interchangeably in 
any of the appropriate mounts. Power levels 
from 0.01 to 10 mw can be measured. The mounts 
from 1120 to 3950 me also accept specified 200- 
ohm cartridge bolometers with a vswr of less than 
1.35, and the unit lying in the range of 3950 to

Fig. 2. Broadband waveguide 
thermistor mounts (top); higher 
frequency broadband wave­
mounts (bottom).

BNC CONNECTOR

RF BY-PASS 
CAPACITOR

RIDGED WAVEGUIDE SECTION 
MATCHED TO THERMISTOR

RIDGED TO RECTANGULAR
GUIDE TRANSITION

THERMISTOR (N333D) 
ELEMENT WITH TWO BEADS

BACK CAVITY

Fig. 1. Construction of broadband thermistor
mount with replaceable cartridge element.
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Breakfast

or the case of the sub-miniature toroids

uiggley's

Brainstorm

Major Quiggley, DC, AC, etc. banged his fist on the table and 
stared with fascination at the breakfast cereal before him. “Eureka! 

I've got it!” he bellowed with enthusiasm. “Sub-miniature toroids, 
just the size of these Cheerios* to solve our limited space problems!” 

The major beamed with satisfaction. “Great idea!” he purred. 
“I’ll call B&W and get them to develop it!” 

Major Quiggley rushed to the office, put through a call to 
Barker & Williamson, and rapidly outlined his earth-shaking idea. 

“It will revolutionize the industry!” he concluded with final triumph.
Tactfully, the harassed sales manager explained that B&W 

had not only been manufacturing toroids the size of Cheerios for 
many years, but also have available a complete line of sub-miniature 

as well as larger types. He indicated that many of the toroids 
were so small that the center hole was only W in diameter! 
Quiggley sputtered, “You should let a feller know, old chap! 

Send one of your sales engineers right over!”

<?

Canal St., Bristol, Pa.
Specialists In Designing and building equipment 

To operating apeclficatlona

A few other B&W products: I. F. TRANSFORMERS • COMMUNICATIONS EQUIPMENT • AUDIO PHASE SHIFT 
NETWORKS • TEST EQUIPMENT • and many typos of standard and special electronic components and equipment.

CIRCLE 37 ON READER-SERVICE CARD

Here’s What Major Quiggley Learned About Toroids 
from the B&W Sales Engineer:

• Sizes—B & W manufactures a complete range of standard 
and special toroid coils and related networks.

• Tolerances—5% for standard types and as close as 1% 
for specials. 

Finishes—plain—waxed—tape wrapped—encapsulated, 
or hermetically sealed to MIL-T-27A Specs 

where required.
• Delivery—To meet your requirements in time and quantity.

Reg. Trademark—General Mills

47



selenium • copper oxide • silicon
See Bradley for a completely objective 
approach to your diode requirements.

BRADLEY LABORATORIES, INC.
174 COLUMBUS AVENUE, NEW HAVEN 11, CONN.

CIRCLE 38 ON READER-SERVICE CARD
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THERMISTOR

Fig. 3. Self-balani ng 
power bridge.

1

5850 me takes the same bolometer with a maxi­
mum vswr of 1.50.

All thermistor mounts have one very valuable 
feature in common. That is, the burnout of a 
thermistor is much lower than its operating re­
sistance, so the mount impedance becomes 
badly mismatched before the thermistor can be 
burned out. As the mount mismatch increases, 
the source delivers less power to the thermistor, 
so that a generator capable of delivering burn­
out power to a matched load will not necessarily 
bum out the thermistor beads. Several hundred 
milliwatts are required before burnout occurs.

Power Measuring Techniques

Once the thermistor element and the matched 
thermistor mount is available, all that remains to 
make rf power measurements is the appropriate 
metering circuitry. Two basic types of bridge 
networks can be used for this purpose. One is a 
dc Wheatstone bridge that requires manual ad­
justment to obtain the information necessary to 
read power; the other is a self-balanced bridge 
circuit which is driven by an audio oscillator 
whose feedback depends upon the unbalance of 
the bridge. For the first approach, a dc Wheat­
stone bridge circuit similar to the one shown in 
Fig. 3 can be used. The thermistor forms one arm 
of the bridge, which is first balanced with no rf 
power into the mount. The value Ra is observed, 
and then rf power is permitted to flow into the 
mount. The change in Ra (A RA) which is neces­
sary to return the bridge to balance is observed. 
From the following relation, which is based 
upon the difference of dc power in the thermistor 
with the rf power on and off, the rf power can 
be determined.
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Fig. 4. D-C bridge cir­
cuit for measuring r-f 
power.
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ELECTRONICS DIVISION

CURTISS-WRIGHT«
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Distortion Eliminating Voltage Regulator responds to tran­
sient surges and harmonics, as well as to normal variations 
caused by line and load changes. The Curtiss-Wright Model 
104 DEVR corrects for any deviations of up to 20% from 
pure sine wave, regardless of their nature, in less than 
125 microseconds.

It provides the answer where line fluctuations or distortion 
cause inaccuracies and loss of engineering and production 
man-hours in the design and manufacture of electronic 
systems for aircraft and missiles. In servos and computers, 
and wherever summing operations are performed, the Model 
104 DEVR assures increased accuracy and stability. It is 
invaluable for standards laboratories and others where accu­
racy of instrumentation is pushed to extremes; it also 
increases equipment life by eliminating surges.

Write today for complete information. Price: $1875 f.o.b., 
Carlstadt, N. J.

The DEVR is also available in 60 cps model.

CORPORATION • CARLSTADT, N. J 
CIRCLE 39 ON READER-SERVICE CARD

400 
cycle

4 KVA r®8ulation ±1% electro-mechanically 

response 20 V/sec

. . a/ii a regulation ±1% electronically
I A K v A

* response 125 microseconds

distortion elimination to less than 0.3%

'....... 2 (Ra + RY (Ra + R + A Ra)2
Instead of measuring resistances, changes in 
currents or voltages can be used to determine 
the power. The meters employed can even be 
calibrated in terms of power although the cali­
bration may be nonlinear. In any case, this 
method is not «as convenient as that which uses 
a self-balancing bridge circuit.

The components of a self-balanced bridge are 
essentially those shown in Fig. 4. The circuit 
consists of a Wheatstone bridge, high-gain audio 
amplifier with a voltmeter across the output, 
feedback circuit to provide for oscillations, and 
a de bias network. The thermistor, which is 
placed in one arm of the bridge, has an initial 
resistance higher than the operating resistance 
of the bridge. The large feedback factor of the 
circuit permits large amplitude oscillations 
which rapidly reduce the thermistor resistance. 
Equilibrium occurs when the thermistor resist- 

*ance is slightly larger than the operating resist­
ance of the bridge. The oscillation frequency of 
most commercial bridges available is in the order 
of 10.5 kc. Since the bridge circuit tends to 
maintain the thermistor resistance at its speci­
fied operating value, an increase of rf or de 
power into the element would cause an equiva­
lent decrease of audio power. This decrease in 
audio power is used to determine rf power. The 
voltmeter circuit across the output of the oscilla­
tor measures the average bridge voltage. A de 
current is supplied to the meter in the forward 
direction, and rectified audio is applied in the 
reverse direction. Therefore, for a decrease in 
audio signal, an up-scale deflection occurs. The 
voltmeter scale is calibrated in power units. For 
any range of measurements, de bias current is 
adjusted so that the rectified audio reverse cur­
rent bucks out the forward de current in the 
meter. The audio power, which is then at a 
known level, decreases as the thermistor is ex­
posed to rf energy. The meter deflects up-scale, 
thereby giving the rf power reading directly.

Situations will arise when powers greater than 
the thermistor power ratings are to be measured. 
In these cases, precision attenuators and direc­
tional couplers can be used to reduce the power 
by an accurately known ratio. Extremely accu­
rate coaxial and waveguide directional couplers 
and waveguide attenuators are commercially 
available for such purposes.

References
1. Extremely Broadband Component Development, Final 
Report Contract No. DA 36-039-SC-42662, Signal Corps 
Engineering Labs, Fort Monmouth, N. J.
2. Broadband Ridged Waveguide Components Final Re­
port Contract No. AF 30(602)-1426. RADC, Griffiss Air 
Force Base, Rome, N. Y., pp 24-25; 50-54
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INSULATING PROBLEM?

electronics

Small, close tolérance 
parts, too small or 

too précisé for 
average production 

techniques.

We specialize in small components 
in quantities ot a few to 

many millions. Our redrawing 
facilities are unique.

Glass cross sections in sizes 
from .002* to IV.

Dimensionally correct, clean 
parts are our product.

Here are a few application»: 
bushings, mandrels.

diode cases, spacers . . . 

Do you have others?

Write for 
additional information.

Precision drawn shapes 
down to .002".
Rigid quality control to 
specifications or better.

Perfection 
in miniature

t. H. GARNER co.
CUSTOM ENGINEERING IN GLASS

177 SOUTH ALEXANDER AVE., CLAREMONT, CALIFORNIA
CIRCLE 40 ON READER-SERVICE CARD
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Magnetostriction-driven capacitor 
amplifier has infinite impedance to de, 
to 1 kc. Optically-flat (mirror surface)

chops de input at 8 kc. Result: input to 
bandwidth of instrument runs from zero 
capacitor plates keep two mil average

spacing.

Infinite

Amplifier

makes

Q REQUE NC Y stability and wide bandwidth 
■ in this de amplifier are obtained by a unique 
high frequency chopper. A magnetostrictive ele­
ment varies the spacing between two capacitive 
plates of classic configuration (see photo). Mov­
ing parts—but no friction.

Since the bandpass of de amplifiers that con­
vert the signal to ac is limited to about one 
fourth the chopper frequency, many manufac­
turers have eschewed mechanical choppers al­
together and gone to solid state switching. Slow, 
continuous aging and heat sensitivity make 
transistors for this use a not-unmixed blessing: 
once-a-week calibration of the amplifier may be 
unsatisfactory.
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AC Amplifier

Regulated Power Supply

8KC 
Oscillator

Fig. 1. Amplifier has a differential input and a floating out­
put. Common mode rejection is 100,000 to 1.
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San Diego, California
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Mechanical choppers, on the other hand, are 
susceptible to wear and result in limited band­
pass. The frequency range is generally extended 
by crossover networks.

Video Instruments, 3002 Pennsylvania Ave., 
Santa Monica, Calif., resolved the problem by 
driving a magnetostrictive element with eight 
kc energy. Bandpass of the Model 74 is 0 to 1 kc 
with no crossover networks and zero drift is 
better than 0.1 per cent of full scale after warm­
up.

Input impedance is infinite to dc.
Clearly there is no electrical continuity from 

one side of the magnetostrictive capacitor to the 
other. Fig. 2 shows the basic patent schematic. 
An average two mil spacing is maintained be­
tween the optically-flat plates. A hermetic seal 
eliminates dust and oxidation.

The Video Model 74 has a differential input, 
isolated from ground, with a 0 to ±50 mv ca­
pacity. The zero to ±5 v, 20 ma max output is 
floating—either side or no side can be grounded. 
Output impedance is two ohms or less. Common 
mode rejection of the amplifier is 100,000 to 1 
for common mode signals up to 100 v.

Gain can be as high as 1,000, and dc linearity 
is better than 0.2 per cent. Recovery time from 
overloads is less than 1 msec. The instrument is 
designed to work in a 60 to 120 F temperature 
range; its power requirements are 110 v ac, 60 
to 400 cps, unregulated. A 28 v dc amplifier can 
be obtained on special order.

Note that in contrast to most transistorized 
amplifiers which may have a quiescent current 
on the order of 0.04 pa, the Model 74 has no 
quiescent current flowing through the input 
circuit.

For further information on this wideband dc 
amplifier turn to the Reader-Service card and 
circle 268.

now, with basic modules build

DIGITAL VOLTMETERS

DIGITAL OHMMETERS

DIGITAL RATIOMETERS

-- ------- 'ggWM vriW««**4i2MLK|
MW’ *»’

or a COMPLETE DIGITAL, MISSILE 
ELECTRICAL CHECKOUT SYSTEM

for measuring DC to 0.01%, AC to 0.1%, Ohms to 
0.01%, DC ratios to 0.01% and AC ratios to 0.02%

Standard, off-the-shelf modules never become obsolete—provide 
maximum versatility. As needs change, simply regroup old mod­
ules or add new ones. Your system is always current at minimum 
cost and engineering. Internal construction is also modularized 
for ease of maintenance.
Fully transistorized circuits result in increased reliability, reduced 
power consumption, low heat dissipation, miniaturized packages, 
and eliminate radio noise and line transients.
Important new specifications—Wider, dynamic ranges cover all 
voltages from 100 microvolts to 1,000 volts; resistance from 10 
milliohms to 10 megohms. Input power frequencies from 50 to 400 
cycles. New balance logic speeds down ranging. Automatic AC 
ranging from 30 to 10,000 cycles. Use of transistors increases 
switch life by a factor of three.
Wide selection of input and output modules for operating printers, 
IBM punches, etc., can be accommodated without modifications. 
All contacts are accessible at rear panels with connectors. With 
plug-in modules, digitized data is provided in printed form, 
punched cards or tape without modification to basic measuring 
instruments.

Patent Pending

Fig. 2. Schematic shows input to 
Video Model 74 dc amplifier. Lack 
of quiescent current in input circuit 
is a bonus achieved by the physical 
separation of the capacitor plates.

This Short Form Catalog 

gives complete specifications 

on both basic and auxiliary 

modules. Send for It... today.

LECTRO 
NSTRUMENTS
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Micro-Miniature Relays by Iron Fireman

Complete specifications and performance data are given in our Bulletins R-600 and R-700, which we will be happy 
to supply on request. Write to Iron Fireman Mfg. Co., Electronics Division, 2838 S. E. 9th Ave., Portland 2, Ore.

7600 Standard Models. Illustrated here are 
Iron Fireman’s two basic microminiature relay 
types. Each is available in either voltage or current 
sensitive models in a choice of four standard 
header styles with any of five standard mountings.

All of these 80 variations are offered in ten 
different standard coil resistances and in both 
single and double pole contact arrangements. 
Further, additional variations can be engineered 
to fit many special requirements.

DIVISION
M anufacturers of micro-miniature relays, sensitive relays, 
high speed relays, vertical gyros, slip rings and brushes.

Clever

Mechanical

WE EXPECT at least one really good idea 
in each piece of equipment we analyze.

But when we see something with a whole slew 
of good ideas—well, we write about it.

In Voidicon, a transistorized analog to digital 
converter, we found:
■ A host of clever mechanical contrivances make 
the equipment more reliable, less expensive, and 
easier to repair.
■ Interchangeable printed circuit modules make 
for a wide variety of special purpose conversions, 
or different display representations.
■ A clever counting technique.

How It Counts
Designed by Adage, Inc., 292 Main St., Cam­

bridge, Mass., Voidicon doesn’t use a fixed 
program of successive approximations.

It counts through each decade, most signifi­
cant decade first. While counting through any 
decade, lower order decades are set to- 9. When 
the advancing count results in a number in the 
register, greater than the input, a “shift” pulse 
sets the succeeding decade to zero. Counting 
then proceeds in that decade. At balance, a 
“stop” pulse is generated.

Here are the steps in balancing against an 
input of 0.231 v.

099
199
299

Shift
209
219
229
239

Shift
230 
231 

Stop
Before these steps, Voidicon first determines 

the polarity of the input by setting the register 
to 000 and examining the polarity of the error 
point. Next, it sets the register to 999 to make 
an overload test. If the input does not exceed 
999, it goes through the balancing procedure.

More information is available if you turn to 
the Reader-Service card and circle 193.

ELECTRONIC DESIGN • July 23, 1958
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and Electrical Design— The Perfect Marriage

(Right) The universal chassis extender takes any card 
and pokes it out where you can work on it while the 
converter is operating.

The housing is a green sand aluminum casting instead of 
sheet metal. It carries half the price tag of sheet metal. It 
can be drilled and tapped, and is available from the foundry 
on a few days’ notice. Grooves in the floor and ceiling guide 
p-c cards into position for insertion.

An ejection lever pops cards out 
of their mating connectors with very 
little force. Without it, some 30 or 
40 pounds of horizontal pull might 
be needed.
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(Below) Foolproof coding and keying for cards and receptacles. Orientation of the coding socket on the p-c 
card and the sleeve over the pin on the receptacle prevents jamming a card into the wrong connector, or stick­
ing it in upside down. It guides the right card home and prevents “over-seating." Top and bottom of cards and 
connectors are coded.

Ah—there we gu.That’s not right, either.Wrong card.
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NEW PRODUCTS
To provide a complete coverage of ALL new products gen­
erally specified when designing electronic original equipment, 
the New Product section has been extended. To include the 
largest number of items, products which are best suited to a 
brief description have been noted at the end of the section.
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PRECISION BEARING

An electromagnetic device oscillates the outer ring of the supporting bearings in this device, reducing 
the starting torque to a point where it is equal to the running torque. Called the Model D-3 Dynamic 
bearing, the unit is used in gyro gimbals and platforms where a low-torque support is needed. The bore 
measures 0.1875 in. Torque rating is below 25 dynecentimeters, with no increase in torque after 1000 
hours of operation.

The Barden Corp., Dept. ED, Danbury, Conn.

CIRCLE 43 ON READER-SERVICE CARD

RECEIVING TUBES
The “match box’* design of these tubes provides 
a more reliable, miniature form of the common 
receiving tube. Electrode structure is conven­
tional, but the shape of the tube permits a mount­
ing structure integral with the envelope, reducing 
microphonism and improving vibration and shock 
resistance. The tube may be strapped onto a 
printed circuit board, the strap serving as an 
efficient heat sink. Leads are better spaced, mini­
mizing interaction between input and output.

Westinghouse Electric Corp., Electronic Tube 
Div., Dept. ED, Elmira, N.Y.

CIRCLE 44 ON READER-SERVICE CARD
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CURRENT BRIDGE
Supplying precisely-known dc currents, model 
500 current bridge has such uses as calibrating 
meter movements and galvanometers, or testing 
relay drop-out and pull-in. The unit will supply 
either single-ended or differential current output 
up to a maximum of 100 ma. A standard cell and 
precision bridge circuit allow measurement to a 
full-scale accuracy of 0.25 per cent. The bridge 
setting may be read to four significant figures. 

'Two output ranges, 0 to ±10 ma and 0 to 
±100 ma, are provided.

American Measurement & Control, Inc., Dept. 
ED, 240 Calvary St., Waltham 54, Mass.

CIRCLE 45 ON READER-SERVICE CARD

SILICON DIODES

Used for fast switching where current and tem­
perature requirements exceed capabilities of ger­
manium diodes. All units in the S-130 series 
handle a switching current over 0.5 amp at 25 C 
ambient. Maximum recovery time is 0.8 psec, in 
switching a 500 ma, 2 psec pulse to —50 v. Op­
erating temperature range is —65 to -J-150 C. 
Forward conductance is such that the units de­
velop less than 1 v drop at 400 ma in a 25 C 
ambient under dc conditions.

Sperry Rand Corp., Sperry Semiconductor 
Div., Dept. ED, South Norwalk, Conn.

CIRCLE 46 ON READER-SERVICE CARD
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Puzzled by ground 
loop problems? How to rescue 

microvolt signals 
from volts of noise? HERE’S WHY KIN TEL’S DIFFERENTIAL

DC AMPLIFIERS FIT IN INSTRUMENTATION SYSTEMS

160 db DC, 120 db 60 cycle common mode rejection with balanced or 
unbalanced input ■ Input completely isolated from output ■ Input and 
output differential and floating ■ 5 microvolt stability for thousands of 
hours ■ .05% linearity, 0.1% gain stability ■ Gain of 10 to 1000 in 
five steps ■ >5 megohms input, <2 ohms output impedance ■ 120 
cycle bandwidth ■ Integral power supply
These are just a few of the many outstanding features of the Model 
114A differential DC amplifier ... features that make this amplifier 
really work in instrumentation systems... features that will help solve 
your instrumentation problems today.

Ideal for thermocouple amplification, the 114A eliminates ground loop 
problems; allows the use of a common transducer power supply; per­
mits longer cable runs; drives grounded, ungrounded or balanced loads, 
and can be used inverting or non-inverting.

For additional information and technical literature on this exceptional 
instrument, write or call kin tel - the world’s largest manufacturer of 
precision, chopper-stabilized DC instruments.

KIN TEL 114A 
differential DC amplifiers 
...convenient, interchange­
able plug-in mounting in 
either 6-amplifier 19* rack 
mount modules or single­
amplifier cabinets.

5725 Kearny Villa Road, San Diego 11, Calif.

WESCON SHOW—Booths 1413, 1414, 1458, 1459
Phone: BRowning 7-6700 

Representatives in all major cities
CIRCLE 47 ON READER-SERVICE CARD

A Division ol Cohu Electronics Inc.
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NEW PRODUCTSNEW T/l diffused junction 

3 AMP 
600 VOLT 
silicon rectifiers

(ACTUAL SIZE)

available now with either
anode or cathode to stud

Tl diffused junction silicon rectifiers give you full 
3-ampere output at 50°C with PIV ratings to 600 
volts.

The Tl diffusion process assures you of complete uniform­
ity of characteristics and provides either anode-to-stud or 
cathode-to-stud polarity. Quick easy wiring into produc­
tion assemblies is additionally facilitated by the eyelet on 
the top lead. All welded, rugged construction with glass-to- 
metal seal provides high resistance to shock and vibration.
Check the characteristics below and specify economically 
priced Tl rectifiers for all your medium power applications.

75 tOO
AMOifNT TCMmATUM

also

Transistor Logic Elements
For synthesis of digital systems

Containing all circuit types re­
quired for synthesis of digital sys­
tems, these transistor logic circuits 
and networks are designed for 100 
kc operation and for use from —55 
to -|-75 C. They are packaged in 
encapsulated plug-in modules for 
in line or 9-pin miniature tube 
socket mounting.

Epsco, Inc., Components Div., 
Dept. ED, 108 Cummington St., 
Boston, Mass.

CIRCLE 48 ON READER-SERVICE CARD

TWT Solenoid
Provides flux of 600 gauss

Anode-to-stud units denoted by “R” suffix to type number.

maximum ratings 1N1124 
1N1124R

1N1126 
1N1125I

1N112S 
1N112SR

1N1127] 
1N1127P

1N112M
1N112SI unit

Peak Inverse Voltage at —65°C to 4-150’0 200 300 400 500 600 ' V
•Average Rectified Forward Current at 4-50’C 3 3 3 3 3 Amp
•Average Rectified Forward Current at 4-150’C 1 1 1 1 1 Amp
•Recurrent Peak Forward Current at 4-50’C 10 10 10 10 10 Amp
Surge Current, 1 Cycle at 60 Cycles at 4-50’C 25 25 25 25 25 Amp
Operating Temperature, Ambient - -65 to 4-150 “ ’C

specifications
Max. Full Cycle Avg. Reverse Current at 4-150'C 0 3 0 3 0 3 0 3 0 3 mA
Max. Reverse Current at PIV at 4-25°C 10 10 10 10 10 pA
Max. Forward Voltage Drop at
If, - 1 Amp at -f-25’C4- 1.1 1.1 1.1 1.1 1.1 V

• Rectifier mounted on 2* x 2* Heat Sink, 1/16* aluminum.

immediately available in production quantities 
Tl 1500 VOLT RECTIFIERS

Single junction reliability assures the high reliability 
your

* cathode-to-stud

» require.
Peak Inv 
Voltage 

V

Ave Heel 
Fwd 

Current 
mA

Recurrent 
Peak 

Current

IN 1130* 1500 300 1A
1N1131I 1500 300 1A
1N588 1500 25 150 mA
1N589 1500 50 250 mA

t anode-to-stud

Texas Instruments
INCORPORATED 

SEMICONDUCTOR -COMPONENTS DIVISION 
POST OFFICE BOX 312 • DALLAS TEXAS

Contact your nearest Tl sales office or distributor 

for detailed silicon diode and rectifier data sheets

Type 39803 solenoid was de­
signed to produce a flux of 600 
gauss for focusing traveling wave 
tubes. The solenoid proper is 7-1/2 
in. long and has a circular opening 
of 1-1/2 in. Weighing 13 lbs, it pro­
duces full flux field with an input 
power of 100 to 125 w. A small 
built-in blower keeps the tempera­
ture rise to 65 C.

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

CIRCLE 49 ON READER-SERVICE CARD 
< CIRCLE 50 ON READER-SERVICE CARD
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Cut off frequencies to 100 kc

Junction Transistors
(ACTUAL SIZE)

TI diffused silicon computer diodes give you

HAM» GLASSDIFFUSION SILICON
COLD »O ©OLDALLOYED

TINNED LEADSMOLYBDENUM HEAT LINK

1N660 1N6611N659
1N6491N648max ratings 1N645 1N646 1N647

amp

65 to +150
specifications

TO-

WASHINGTON 0 C

65 to + 150 
100,000 -

maximum ratings
Peak Inverse Voltage at —65 to +150°C 
Average Rectified Forward Current at +25'C. 
Average Rectified Forward Current at+150"C 
Recurrent Peak Forward Current at+25"C... 
Operating Temperature, Ambient
Altitude....................................................................

Recovery time to 400 K when X—
switched from 30 mA forward current to 

-35 V measured In JAN 256 circuit.

Also in this same glass package 
Tl general purpose diodes

recovery time 
to 400 k

TEXAS INSTRUMENTS SALES
DALLAS • NEW YORK • CHICAGO •

specifications
Minimum Breakdown Vintage at+100* C 
Maximum Reverse Current at PIV at +25 C 
Maximum Reverse Current at PIV at+100”C 
Maximum Voltage Drop at Iq - 6mA at 25*C 
Maximum Reverse Recovery Time*
Typical Capacitance at — 10V at 1 me.............

DAYTON • 
• SYRACUSE

200 VOLT
computer diodes

OFFICES
► LOS ANGELES 
DENVER
• SAN DIEGO

CAMDEN • 
DETROIT • OTTAWA

WALTHAM

Germanium alloy type

A series of germanium alloy junc­
tion transistors are available for 
use in military and industrial com­
puters. The 2N578, 2N579, and 
2N580 are pnp types for use in 
high-current switching circuits. 
Maximum collector current rating 
is —400 ma, and minimum alpha­
cutoff frequencies are 3, 5, and 10 
me respectively.

For medium-speed switching 
circuits, pnp types 2N581 and 
2N583, and npn type 2N585 are 
available. Maximum collector-to- 
base voltage rating for the pnp 
types is —18 v; for the npn type, 
25 v.

The pnp types 2N582 and 2N584 
are for high-speed switching cir­
cuits. They feature a minimum 
alpha-cutoff frequency of 14 me, 
and a minimum current transfer 
ratio of 40 with a collector current 
of —20 ma.

Radio Corporation of America, 
Semiconductor Div., Dept. ED, 
Somerville, N.J.

CIRCLE 52 ON READER-SERVICE CARD
CIRCLE 53 ON READER-SERVICE CARD

0.3 ji sec maximum recovery time at 400 K with
PIV ratings to 200 volts. 1—■

For your computer applications, TI hard glass diodes 
provide 100 mA average rectified forward current at 25°C. 
All units are rated to meet military requirements, and 
provide fast recovery, higher conductance ratings, and 
shock-proof reliability.
Check the characteristics below and specify TI diodes for 
all your computer applications.

These Chebishev type high pass 
and low pass electrical wave filters 
come with cut off frequencies up to 
100 kc. Featuring high attenuation, 
low insertion loss, and stability 
over a wide temperature range, 
they are available in epoxy molded 
or hermetically sealed construction.

Polyphase Instrument Co., Dept. 
ED, E. 4th St., Bridgeport, Pa.

CIRCLE 51 ON READER-SERVICE CARD

Recovery time to 400K when switched from 30 mA forward current to ■ 35V. Measurement made with a 
Hauman ND-1 standard pulse recovery test set approved by JETEC-14 and described in JAN-256.

EQUAL COEFFICIENT 
OF EXPANSION

A



MINIATURE all-glass technique...

point-contact or gold-bonded

construction ... available with

solder-in leads or clip in studs.

Subminiature all-glass technique...

copper heat-sink...

FOR 
QUALITY 
IN 
QUANTITY 
ASK 
AMPEREX

available on standardized tape

for automatic insertion.

AVAILABLE TYPES standard EIA or

fa your own specifications.

the industry’s 

reliable source of 

germanium and silicon diodes 

for computers, 

radio... tv... hi-fi 

and other professional or 

consumer applications

Amperex electronic corp.
230 Duffy Avenue, Hicksville, L. I., New York 
IN CANADA:
ROGERS ELECTRONIC TUBES & COMPONENTS 
11-19 Brentcliffe Road, Leaside, Toronto 17, Ont.

NEW PRODUCTS

Antenna Rotator
Handies 200 Ib antennas

This power-driven antenna ro­
tator, called the VAR variable 
speed antenna rotator, will accom­
modate antennas weighing up to 
200 lbs. It will simultaneously tilt 
the antenna up to 180 deg and ro­
tate 720 deg at variable speeds up 
to 30 deg per sec for fast tracking 
in any direction. Acceleration is 30 
deg per sec2.

Houston Fearless Corp., Dept 
ED, 11857 W. Olympic Blvd., Los 
Angeles 64, Calif.

CIRCLE 54 ON READER-SERVICE CARD

Pressure Transducer
Measure one cubic in.

Series 1000 pressure transducers 
occupy one cubic in. of space and 
are available with an output signal 
which varies linearly or non-lin- 
early with pressures over ranges of 
from 0-10 to 0-50 psi. The units use 
a precision carbon film resistance 
element requiring minimum brush 
pressure. Resistance values range 
up to 10,000 ohm. Best linearity is 
0.4 per cent.

Computer Instruments Corp­
Dept. ED, 92 Madison Ave., Hemp­
stead, N.Y.

CIRCLE 55 ON READER-SERVICE CARD 
< CIRCLE 56 ON READER-SERVICE CARD

CIRCLE 273 ON READER-SERVICE CARD >
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diodes and
rectifiers

icers

Silicon
Fast

Recoveryance

Diodes

ACTUAL SIZE

iRD>

Diffusion computer 

diodes)

These pages contain condensed specifications for 
the PSI ever-broadening line of semiconductor 
products. Continued development has led to new 
products, new packaging methods. ..recent additions 
include the PSI Varicap (voltage-variable 
capacitor), three MIL types of silicon fast recovery 
diodes, and high voltage (l-3,000v) rectifiers.

•Maximum DC working inverse 
voltage is 85% of minimum 
saturation voltage

OTHER SPECIFICATIONS:
Peak Pulse Current—1 Msec, 1% 
duty cycle; 2.0 Amps. Typical 
Inverse Capacitance at — lOv:
3 MMf. Storage and Operating 
Temperature Range.
—65*C to 150°C.

I After switching from 5mA 
forward current to 40v reverse 
voltage (lOv reverse voltage for 
PS720), reverse resistance 
reaches stated value in 
stated time.
2. Measured in modified IBM "Y 
recovery circuit, switching from 
30mA to — 35v.

Detailed specifications and characteristic curves 
are available from your nearby PSI distributor 
or regional sales office.

Page

Point contact germanium diodes

Fast recovery silicon diodes 

General purpose silicon diodes 

High conductance silicon diodes

Very high voltage silicon cartridge rectifiers 

Silicon high voltage rectifiers .

Miniature silicon rectifiers

Varicap-voltage variable capacitors

Subminiature silicon rectifiers

PSI or 1 
EIA 

TYPE 
NUMBER

Minimum 
Saturation 

Vol tag« 
♦@ 100 Ma 

(volts)

Minimum 
Forward 
Current 
mA @ v

Maximum Reverse 
Current (Ma)

Reverse Recovery 
Characteristics

»°C 100eC
Reverse 

Resistance 
(ohms)

Maximum 
Recovery 

Time (mS)
PS 720 30 3@ 1 5 (20v) 25 (20v) 100K 0.5»
PS 721 60 5@ 1 5 (45v) 50 (45v) 100K 0.3»
PS 722 100 5@ 1 5 (75v) 50 (75v) 100K 0.3»
PS 723 200 3@ 1 20 (175v) 100 (175v) 100K 0.3»
PS 724 150 4@ 1 20 (125v) 100 (125v) 100K 0.3»
IN 625 30 4@ 1.5 1 (lOv) 

10 (20v)
50 (20v) 400 K 1 Msec2

IN 626 50 4@ 1.5 20 (35v) 100 (35v) 400K 1 Msec2
IN 627 100 4@ 1.5 20 (75v) 100 (75v) 400 K 1 Msec2
IN 628 150 4 @ 1.5 20 (125v) 100 (125v) 400K 1 Msec2
IN 629 200 4@ 1.5 20 (175v) 100 (175v) 400K 1 Msec2

MILITARY TYPES
IN 643 
Mil-T-1/ 
12679 SigC

200 10 @ 1 .025 (lOv) 
1 (lOOv)

5 (lOv)
15 (lOOv)

200K 0 3»

IN 662 
Mii-E-1/ 
1139 SigC

100 10 @ 1 1 (lOv)
20 (50v)

20 (lOv)
100 (50v)

100K 0.5»

IN 663 
Mil-E-1/ 
1140 SigC

100 100 @ 1 5 (75v) 50 (75v) 200K 0.5»



Silicon
General

Diodes
ACTUAL SIZE

Variable

ACTUAL SIZE

♦ △ C is the ratio of the capacitance at 0.1 VDC to the capacitance at the maximum inverse working unliaflA

OTHER ABSOLUTE 
MAXIMUM RATINGS:

Power Dissipation 0.5 Waits 
@ 25°C. Power Dissipation 
025 Watts @ 150°C.
1 Second Surge 
Current 1.5 Amperes 25°C 
Storage and Operating 
Temperature Range —80 
•C to 200'C.

OTHER ABSOLUTE
MAXIMUM RATINGS:

Maximum Power
Dissipation 0.5 Watts © 
25°C. Maximum Powe. 
Dissipation 0.25 Watts 
© 150°C. Maximum 1 
Second Surge Current 
1.5 Amperes © 25°C.
Storage and Operating 
Temperature Range 
—80“ to 200° C.

ACTUAL SIZE

Silicon
High 

Conductance
Diodes

*JAN Types

EIA 
TYPE 

NUMBER

Minimum 
Saturation 

Voltage 
@ 100 Ma 
@ 25°C 
(volta)

Minimum 
Forward

Current @ 
+ 1.0 VDC 

@ 25°C 
(mA)

Maximum Inverse Current 
at Maximum DC Operating 

Voltage (Ma @ volts)

Maximum Average 
Rectified Current 

(mA)

@ 25°C @ 150°C @ 25°C @ 150°C
1N456 
1N456A

30
30

40 
100

.025 @ 25

.025 © 25
5@ 25 
5@ 25

90
200 70

♦1N457 
1N457A

70 
70

20
100

.025 @ 60

.025 @ 60
5@ 60 
5 @ 60

75 
200 70

♦ 1N458 
1N458A

150
150

7 
100

025 @ 125
.025 @ 125

5 @ 125 
5© 125

55
200 70

•1N459 
1N459A

200
200

3 
100

025 @ 175
.025 @ 175

5@ 175 
5 @ 175

40
200 70

1N461 
1N461A

30
30

15 
100

.5 @ 25

.5 @ 25
30 @ 25
30 @ 25

60 
200 70

1N462 
1N462A

70 
70

5 
100

.5 @ 60
.5 @ 60

30 @ 60
30 @ 60

50 
200 70

1N463 
1N463A

200 
200

1 
100

.5 @ 175

.5 @ 175
30 @ 175
30 @ 175

30
200 70

1N464 
1N464A

150
150

3 
100

.5 @ 125

.5 @ 125
30 @ 125
30 @ 125

40
200 70

Minimun Maximum Forward Maximum Inverse Current Maximum Average
PSI or Saturation Voltage 

DC @ 25 °C
at Maximum DC Operating Rectified Current

EIA Voltage Voltage (mA)
TYPE @ 100 Ma (volts) (Ma @ volts)

NUMBER @ 25°C @ @ @ @ @
(volts) 100 mA 200 mA 25°C 150°C 25°C 150 °C

1N482 40 1.1 .250 @ - 30v 30 125 501N482A 40 1.0 .025 @ - 30v 15 200 701N482B 40 10 025 @ - 30v 5 200 70PS603 40 1.0 .250 @ - 30v 30 200 100PS604 40 1.0 .025 © - 30v 15 200 100__ PS605 40 1.0 .025 @ - 30v 5 200 100
1N483 80 1.1 .250 @ - 60v 30 125 501N483A 80 1.0 .025 @ - 60v 15 200 701N483B 80 1.0 .025 @ — 60v 5 200 70PS609 80 1.0 .250 @ - 60v 30 200 100PS610 80 1.0 .025 @ - 60v 15 200 100PS611 80 1.0 .025 @ - 60v 5 200 100 1
1N484 150 1.1 .250 @ — 125v 30 125 501N4Ô4A 150 1.0 .025 @ — 125v 15 200 701N484B 150 1.0 .025 @ —125v 5 200 70PS615 150 1.0 .250 @ —125v 30 200 100PS616 150 1.0 .025 @ — 125v 15 200 100PS617 150 1.0 .025 @ — 125v 5 200 100
1N485 200 1.1 .250 @ — 175v 30 125 501N485A 200 1.0 .025 @ —175v 15 200 701N485B 200 1.0 .025 @ — 175v 5 200 70PS621 200 1.0 .250 @ -175v 30 200 100PS622 200 1.0 .025 @ — 175v 15 200 100PS623 200 1.0 .025 @ — 175v 5 200 100
1N486 250 1.1 .250 @ —225v 50 125 50
1N486A 250 1.0 .050 @ —225v 25 200 70
1N486B 250 1.0 .050 @ —225v 10 200 70
PS627 250 1.0 .250 @ —225v 50 200 100
PS628 250 1.0 .050 @ - 225v 25 200 100
PS629 250 1.0 .050 @ —225v 10 200 100
1N487 330 1.1 .250 @ —300v 50 125 50
1N487A 330 1.0 .100 @ —300v 25 200 70
PS632 330 1.0 .250 @ —300v 50 200 100
PS633 330 1.0 .100 @ —300v 25 200 100
1N488 420 1.1 •25O.@ — 380v 50 125 50
1N488A 420 1.0 .100 @ —380v 25 200 70
PS636 420 1.0 .250 @ — 380v 50 200 100
PS637 420 1.0 .100 @ —380v 25 200 100

Varicap 
Type

Capacitance Quality Factor (Q) @ 50 mc.
Maximum 
Working 
Voltage 
(MWV)

Volts D.C.

@ 4VDC 
MMf

Approx, 
r.» j. 
(MMf)

ä c * 
Ratio

Minimum Typical

@ 4VDC @ 4VDC @ MWV
MODULATION A AFC APPLICATIONS

V-20 20 10-50 (5/1) 7.0 18.7 29.4 20
V-27 27 14-70 (5/1) 7.0 15.7 24.7 20
V-33 33 17-85 (5/1) 7.0 14.6 22.9 20
V-39 39 20-100 (5/1) 7.0 15.1 24.2 20
V-47 47 24-120 (5/1) 7.0 15.4 24.2 20
V-56 56 30-150 (4.5/1) 7.0 13.5 21.2 15
V-68 68 38-170 (4.5/1) 9.0 14.0 22.0 15
V-82 82 47-210 (4.5/1) 9.0 13.0 20.4 15
V-100 100 57-260 (4.5/1) 8.0 11.0 17.3 15

______________________ TUNING APPLICATIONS
V-7E 7 1.5-18.0 (12/1) 3.0 4.5 22.5 100
V-10E 10 2.0-24.0 (12/1) 3.5 5.5 27.5 100
V-12E 12 2.5-30.0 (12/1) 4.0 6.5 32.5 100
V-15E 15 3.0-36.0 (12/1) 4.5 7.5 37.5 100
V-20E 20 5.0-52.5 (10.5/1) 7.0 18.7 78.5 70
V-27E 27 7.0-70.0 (10/1) 7.0 15.7 63.5 65
V-33E 33 9.0-85.0 (9.5/1) 7.0 14.6 56.5 60
V-39E 39 11.0-100.0 (9/1) 7.0 15.1 55.8 55
V-47E 47 14.0-120.0 (8.5/1) 7.0 15.4 53.8 50
V-56E 56 19.5-155.0 (8/1) 7.0 13.5 41.8 40



400 MILLIAMPERE EIA TYPES

400 mA @ 25°C—150 mA @ 150°C

Silicon

*4 ACTUAL SIZE

ELECTRICAL 
CHARACTERISTICS

Max. DC Fwd. 
Voltage Drop 
© 100mA 
DC 25°C

Storage and Operating 
Temperature Range 
-55C to 150T.

Length—1N1730 and 1N1731: .50*. 1N1732 and 1N1733 10' 
diameter 1M1730, 1NJ731 and 1N1732: .375", IN1733: .50' 
Leads: 030* dUm., 1‘i* Ion» i all units.

1. Resistivs or inductive load
U Averaged over one cycle 

for full «ova resistive or 
choke imput circuit with 
rectifier operating at full 
rated curr it and maximum 
RMS input 
Storage and Operating 
Temperature Rang*

65°C to 200“C

V oltage 
Cartridge 
Rectifiers

ACTUAL SIZE

Silicon
High

Voltage
Rectifiers

400 mA @ 25 °C—150 mA @ 150°C

EIA 
TYPE

Peak 
Recurr 
Inverse 
Voltage 
@ 150 °C 

(V)

Max. 
RMS 
Input 

Voltage* 
@ 150°C 

(V)

Maximum Avg. Recti­
fied Current (mA)*

Maximum Reversa 
Current © PIV (Ma) Maximum 

Voltage 
Drop* 25°C 

(V)
@ 25 C @ 150°C @ 25°C @ 100°C

1N645 225 160 400 150 0.2 15 1.0
1N646 300 210 400 150 O.2 15 1.0
1N647 400 280 400 150 0.2 20 1.0
1N648 500 350 400 150 0.2 20 1.0
1N649 600 420 400 150 0.2 25 1.0

400 MILLIAMPERE PSI TYPES___________  

MAXIMUM RATINGS
_______________________ @ 100°C

PSI 
TYPE 

NUMBER

Peak 
Recurr. 
Inverse 
Voltage 
(volts)

Maximum 
RMS 
Input 

Voltage* 
(volts)

Maximum 
Average 
Rectified 
Currant1 

(mA)

DC Forward 
Vol tags 

@ Specified 
Current 
@ 25°C 

(volts @ mA)

Maximum 
Average 
Inverse 
Current 
© 100°C 

(*•)
TYPE @ 150°C @ 25°C @ 150°C
PS 405 50 35 150 1 5@ 500 500
PS 410 100 70 150 1.5 @ 500 500
PS 415 150 105 150 1.5 @ 500 500
PS 420 200 140 150 1.5 @ 500 500
PS 425 250 175 150 1.5 @ 500 500
PS 430 300 210 150 1.5 @ 500 500
PS 435 350 ¿4S Rd 1.5 @ 500 5ÔÔ
PS 440 400 280 150 1.5 @ 500 500
PS 450 500 350 125 1 5 @ 500 500
PS 460 600 420 125 1.5 @ 500 500

250 MILLIAMPERE PSI TYPES 250 mA © 25°C—125 mA @ 100°C

PS 005 50 35 125 1 @ 100 100
PS 010 100. 70 125 1 © 100 100
PS 015 150 105 125 1 @ 100 100
PS 020 200 140 125 1 @ 100 100
PS 025 250 175 125 1 @ 100 100
PS 030 300 210 125 1 © 100 100
PS 035 350 245 125 1 @ 100 100
PS 040 400 280 125 1 @ 100 100
PS 050 500 350 125 1 @ 100 100
PS 060 600 420 125 1 @ 100 100

ELECTRICAL 
SPECIFICATIONS

Absolute Max. Rtgs. 
H W Ree Load at 

75° C Ambient
Electrical Characteristics 

@ 25° C Ambient

EIA 
TYPES

Length 
Inches

Peak 
Inverse 

Voltage (v)

Maximum 
Rectified 

DC output 
Cur. (mA)

Forward 
DC volt 
drop @ 

Rated DC 
Cur. (v)

Revena 
DC Cur. 

@ Rated PIV 
(mA)

1N1139 3600 65 27.0 .025
1N1141 4% 4800 60 36.0 .025
1N1143 4’4 6006 50 45.0 .025
1N1144 6*4 7200 50 54.0 .025
1N1146 6*4 8000 45 60.0 .025
1N1147 6’4 12000 45 qp.o .025
1N1148 6'4 14000 50 52.0 .025
1N1145 6’4 16000 45 60.0 .025

Maximum DC Reverse Cun ent © Rated PIV—25°C: 10mA; 100°C: 100mA.
Maximum Surge Current (8ms sc.) © 25 4 100 C—2.5 Amps 
Dimensions:

EIA 
TYPE 

NUMBER

Peak Inverse 
Voltage 

@ 25 & 100 C 
(volts)

Continuous 
DC Voltage 

© 25 & 100°C 
(volts)

Average 
Rectified 
Current 
(Amps>

RMS 
Input 

Voltage 
@ 25 & 100°C 

(volts)@ 25 C @ 100°C

1N1730 1000 1000 200 100 700
1N1731 1500 1500 200 100 1050
IN1732 2000 ¿000 200 100 1400
1N1733 3000 3000 150 75 2100



800 MILLIAMPERE TYPES 500 mA @ 25'C—200 mA @ 150°C

PSI 
TYPE 

NUMBER

MAXIMUM RATINGS 
@ 150°C

ELECTRICAL 
CHARACTERISTICS

Peak 
Recurr. 
Inverte 
Voltage 
(volts)

Maximum 
RMS 
Input 

Voltage1 
(volts)

Maximum 
Average 
Rectified 
Current1 

(mA)

DC Forward 
Voltage 

@ Specified 
Current 
@ 25°C 

(volts @ mA)

Maximum 
Average 
Inverse 
Current1 
@ 150°C 

(Ma)
PS 105 50 35 200 1.5 @ 500 500
PS 110 100 70 200 1.5 @ 500 500
PS 115 150 105 200 1.5 @ 500 500
PS 120 200 140 200 1.5 @ 500 500
PS 125 250 175 200 1.5 @ 500 500
PS 130 300 210 200 1.5 @ 500 500
PS 135 350 245 200 1.5 @ 500 500
PS 140 400 280 200 1.5 @ 500 500
PS 150 500 350 150 1.5 © 500 500
PS 160 600 420 150 1.5 @ 500 500

Germanium
Point

4

Cnntanf.

ACTUAL SIZE

ELECTRICAL CHARACTERISTICS 
@ 25°C

MAXIMUM RATINGS i 
@ 25°C

PSI or Minimum Inverse Inverse
EIA Forward Maximum Inverse Current @ Working Saturation

TYPE Current Specified Inverse Voltage Voltage Voltage
NUMBER @+1V 

(mA)
(mA @ volts)

(volts)
@ 1 mA 
(volta)

1N34A 5 0.03 @ 10 0.5 @ 50 60 75
1N38A 4 0.006 @3 0.5 @ 100 100 120
1N55B 5 0.500 @ 150 150 190
1N63 4 0.05 @ 50 100 125
1N67A 4 0.005 @ 5 0.05 @ 50 80 100
1N68A 3 0.625 @ 100 100 130
1N89 3.5 0.008 @ 5 01 @ 50 80 100
1N90 5 0.5 @ 50 60 75
1N95 10 0.5 @ 50 60 75
1N96 20 0.5 @ 50 60 75
1N97 10 0.008 @ 5 0.1 @ 50 80 100
1N98 20 0.008 @ 5 0.1 @ 50 80 100
1N99 10 0.005 @ 5 0.05 @ 50 80 100
1N100 20 0.005 @ 5 0.05 @ 50 80 100
1N116 5 0.1 @ 50 60 75
1N117 10 0.1 @ 50 60 75
1N118 20 0.1 @ 50 60 75
1N126* 5 0.05 @ 10 0.850 @ 50 60 75
1N127 3 0.025 @ 10 0.3 @ 50 100 125
1N128 3 0.01 @ 10 40 50
1N191 5 Rb a 400K (—lOv to —50v) @ 55°C.

From 30mA fwd to —35v, Rb a 50K in 0.5
Msec. 400 K in 3.5 Msec.

RL = 2300 q.

70

1N192 5 Rb a 200K (-lOv to -50v) @ 55°C.
From 30mA fwd to -35v, Rb a 50K in 0.5 

Msec. 200K in 3.5 Msec.
Rl — 2300 n.

70

IN 198* 4
5

0.01 @ 10 0.05 @ 50
0.075 @ 10 @ 75°C 0.250 @ 50 @ 75°C

80
60 @ 75°C

100

PS208 Notel 0.02 @ 10 0.12 @ 60
After switching from 5 mA 1 Msec, forward pulse 
to —40V, back resistance must equal or exceed 
80K in 0.3 Msec. Loop resistance = 2300 ohms

60 90

PS210 15 0.02 @ 20 0.1 @ 100
0.15 @ 20 @ 55°C 0.3 @ 100 @ 55°C

100 125

PS211 30 0.05 @ 50
0.2 @ 50 @ 55°C

60 75

PS214 5 0.01 @ 5 60 75

Note 1 — During 0.1 Msec. 50mA 
peek he If-si ne forward pulse 
(Maximum PRF —100 KC.), 
forward voltage s 3v. *JAN 
Type.

OTHER ABSOLUTE 
MAXIMUM RATINGS: 
Continuous DC Forward Current 
55 mA A 25°C. Average 
Rectified Current (60 cps) 40 
mA@25°C. Peek Rectified 
Current 125 mA @ 25“C.
1 second Surge Current 350 mA 
@ 25°C.Storage ond Operating 
Temperature Range — 78°C 
to +90°C.

OTHER CHARACTERISTICS 
Shunt Capacitance @ —10 volts
-Typical 0.35 MMf @ 25°C— 

Maximum 0.6 MMf @ 25“C.
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Pacific Semiconductors. Inc
101,51 West Jefferson Boulevard, Culver City, California
TExas 0-6118 TWX: Culver City Cal 7135
NEW YORK —2079 Wantagh Ave., Wantagh, Long Island, N.Y.
SUnset 1-7470 • TWX: Wantagh NY 2320
CHICAGO —6957 W. North Ave., Oak Park, Illinois (A
Village 8-9750 • TWX: OKP 1547 W
SEATTLE — Administration Bldg., Boeing Field, Seattle, Wash.
EXPORT—Pacific Semiconductors, Inc., 431 Fifth Avenue, 
New York 16, N.Y. • Cable: TELTECHNAL, NY

Physical Characteristics
HERMETICALLY SEALED—Glassed-to-metal fused and metal- 
to-metal welded seals.
TERMINALS — Tinned copper leads .020 inches diameter. 
Lead length 1% inch minimum.
MARKING—Cathode end designated by wide black band 
on shell (black band indicates positive bias on Varicaps). 
Type number designated by color bands on the body, read­
ing from the cathode end.
ALL DIMENSIONS SHOWN IN INCHES.

DISTRIBUTORS:
ALLIED RADIO, Chicago, Illinois
ALMO RADIO COMPANY, Philadelphia 7, Pennsylvania 

CRAMER ELECTRONICS, INC., Boston 16, Massachusetts 

DENVER ELECTRONIC SUPPLY CO., Denver, Colorado 

ELECTRONIC SUPPLY CORP., Pasadena, California 

ELECTRONIC INDUSTRIAL SALES, Washington 1, D. C. 

PEERLESS RADIO DISTRIBUTORS, INC., Jamaica 33, New York 

PENINSULA TV ANO RADIO SUPPLY, San Jose, California 

STANDARD SUPPLY COMPANY, Salt Lake City, Utah 

TERMINAL RADIO CORPORATION, New York 7, New York 

WHOLESALE ELECTRONIC SUPPLY, Dallas, Texas 

WHOLESALE RADIO PARTS COMPANY, Baltimore 1, Maryland



Recording Systems
6- and 8-channel

A series of 6- and 8-channel di­
rect writing oscillographic record­
ing systems provide reduced size 
and improved performance and re­
liability. The 350 series have a fre­
quency response flat to 100 cps at 
10-division peak-to-peak amplitude 
and 3 db down at 120 cps.

Sanborn Co., Dept. ED, 175 
Wyman St., Waltham 54, Mass.
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Pressure Switch
Snap action

FOR ACCURATE ATTENUATION OVER A WIDE FREQUENCY RANGE...
RF Attenuators by DAMEN

These units are used in signal generators, wide-band 
amplifiers, pulse generators, field intensity meters, 
micro-wave relay systems, and repeater stations. They 
find application as laboratory standards, test equip­
ment, and for checking out all types of instruments.

Daven RF Attenuators are available, in combina­
tion, with losses up to 120 Db in two Db steps; or 
100 Db in one Db steps. Due to their internal circuitry 
and construction, they have a zero insertion loss over 
the frequency range from DC to 225 megacycles.

Standard impedances are 50 and 73 ohms, with 
special impedances available on request. Resistor ac­
curacy is within ±2% at DC. An unbalanced circuit 
is used which provides constant input and output 
impedance. The units are supplied with either 
UG-58/U or UG-185/U receptacles or Coaxial lead 
terminations. Individual units with single-section cav­
ities can be obtained.

Many of these types are available for delivery from 
stock.

An intermediate mechanical snap 
action in the 90000 series pressure 
switch insures trigger switching of 
the electrical switch element and 
prevents welding of contacts. For 
use with hydraulic fluids or com­
pressed air, the unit comes in pres­
s' re settings from 5 to 4000 psi.

Hydraulic Research and Manu- 
i 'turing Co., Dept. ED, 2835 N.

’omi St., Burbank, Calif.
CIRCLE 58 ON READER-SERVICE CARD
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Solenoid actuated RF 
Attenuators are also 
available in various 
decibel combinations 
and any number of 
steps up to 5. Other Db loss combinations are available.

TYPE LOSS TOTAL 
Db

STANDARD 
IMPEDANCES

RFA & RFB 540 1,2,3,4 Db 10 50/500 and 73/730
RFA & RFB 541 10, 20,20,20 Db 70 50/50 0 and 73/730
RFA & RFB 542 2,4, 6, 8 Db 20 50/500 and 73/730
RFA&RFB543 20,20,20,20 Db 80 50/500 and 73/730
RFA & RFB 550 1,2,3,4,10 Db 20 50/500 and 73/730
RFA & RFB 551 10,10,20,20,20 Db 80 50/500 and 73/730
RFA & RFB 552 2,4,6, 8,20 Db 40 50/500 and 73/730

Write for complete information

W O R L D’S LARGEST MANUFACTURER OF ATTENUATOR S



NEW PRODUCTS

Filters, the leading specialists in the development and manu­
facture of sub-miniature relays is proud to announce the addition 
of the new Powrmite micro-miniature relay to its existing line 
of traditionally outstanding relays.

In every field of achievement there is always one leader. In

relays with highest available reliability the leader is Filtors, 
Incorporated. All of the experience and know how gained in 
attaining its position of leadership have gone into making 
Filtors new Powrmite micro-miniature relay truly reliable— 
again the leader in a field of many.

VIBRATION 20 G’S AT 2000 CPS•
50 G’S SHOCK • 2 AMP OR DRY 
CIRCUIT • —65®C. TO +125°C.

'^lATu^

Leading manufacturers of hermetically sealed micro and sub-miniature relays. FILTORS. INC.
■B B Main office and plant: Port Washington, N. Y., POrt Washington 7-8220 40» West coast 13273 Ventura Blvd., Studio City, Cal., STanley 3-2770

Waveform Generator
For testing non-linear systems

For testing servomechanisms and 
automatic control systems, this 
function generator is designed par­
ticularly for experimental work on 
non-linear systems. Type LF51 low 
frequency waveform generator per­
mits a comprehensive variety of 
electrical test signals to be gener­
ated over a wide range of frequen­
cies. Waveforms include sine and 
square waves, ramp functions, tri­
angular, sawtooth, trapezoidal and 
sine-squared pulses. Square waves 
and pulses can be generated with 
durations of 100 psec up to 1000 
seconds while the frequency of sine 
waves can be varied from 500 cps 
down to 0.0005 cps. Complete or 
one-half cycles, or continuous op­
eration can be obtained in all of 
the above waveforms.

British Industries Corp., Dept. 
ED, 80 Shore Rd., Port Washing­
ton, N.Y.

CIRCLE 60 ON READER-SERVICE CARD

Computer Diodes
Fast recovery time

Reverse recovery times of types 
Q5-100, Q5-250, Q10-200, and Q10- 
300 computer diodes are 5 mpsec 
maximum to 0.4 ma, after switching 
from 1.6 ma forward current to 
—3 v reverse voltage applied 
through a 750 ohm loop resistance. 
These high speed alloy junction 
computer diodes have high forward 
conductance.

Qutronic Semi-Conductor Corp., 
Dept. ED, 525 Broadway, New 
York 12, N.Y.

CIRCLE 61 ON READER-SERVICE CARD 
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Bridge Calibrator 
0.25 per cent accuracy

Kepco Laboratories, Inc., Dept. 
ED, 131-38 Sanford Ave., Flushing 
55, N.Y.
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Power Supply 
0 to 36 v

This precision mv per volt stand­
ard for convenient calibration and 
maintenance of strain gage systems 
provides a series of bridge outputs 
from 0.00 mv/v to 4.80 mv/v in 
eight increments. Nominal outputs 
are guaranteed to 0.25 per cent.

Bytrex Corp., Dept. ED, 294 
Centre St., Newton 58, Mass.

CIRCLE 64 ON READER-SERVICE CARD

Model SC-36-0.5 power supply 
delivers 0-36 v, 0-0.5 amp. Regula­
tion for line or load is less than 0.1 
per cent or 0.003 v, whichever is 
greater. Ripple is less than 1 mv 
rms. Recovery time is less than 50

EXECUTIVE OFFICE«: EL SEGUNDO. CALIFORNIA • RHONE OREGON 8-6281 • CABLE RECTU8A »NEW YORK AREA OFFICE: 132 EAST 70TH ST., PHONE TRAFALGAR 9-333O|

CHICAGO AREA OFFICE: 205 W. WACKER DR., PHONE FRANKLIN 2-3888 • NEW ENGLAND AREA OFFICE! 17 DUNSTER ST., CAMBRIDGE, MASS., PHONE UNIVERISITY 4-8520

WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON

Non-linear Potentiometer
Measures 1-3/4 in. diam

A 1-3/4 in. diam sine-cosine po­
tentiometer is available, featuring 
high resolution. Conformity to the 
desired sine or cosine function is 
within ±1 per cent of peak to peak 
amplitude. No padding resistors are 
used. The unit provides 20 K per 
quadrant.

G. M. Giannini & Company, Inc., 
Dept. ED, 918 E. Green St., Pasa­
dena 1, Calif.
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Rectifier Corp.
Vwl The diodes listed are typical of the wide selection available at International
BlWF m Rectifier to solve your rectification problem... with excellent reliability! Your

letterhead inquiry will bring the bulletin you specify and —if you include the 
details of your project —a recommendation stating the diode best suited to 

pMjr your need. The illustration at left suggests the scope of our complete line of
selenium, germanium and silicon rectifiers for all de needs from microwatts

> to megawatts, literally the widest range in the industry.

nal



NEW PRODUCTS

wire and cable insulated with TFE-fluorocarbon resins

INDUSTRIAL ILICTRONICS— Improvement in the reliability of industrial con­
trol», -reawring equipment, business machines can be achieved with no ap* 
preciable Increase in cost. TFE resins do not age—-are non-flammable.

APPLIANCE MANUFACTURING - New design* and feature* ore mad* pos­
sible by Ou Pont TFE resin*. Moisture and heat problems ore overcome tn 
appliances such o* electric stoves, «team irons and toasters.

SPECIALTY FIXTURE WIRING —Non-flammability. resistance to heat, moisture 
and aging of 1FE resin* assure reliable performance of floodlights, heat lamps, 
outdoor lighting.

MARINI WIRING —TFE resins assure long, reliable performance, even in 
presence of fuels and lubricants, heat, moisture or corrosives. Smaller gauge 
wires allow miniaturization.

ELECTRONIC DESIGN • July 23, 1958

using wire protected by TFE resins. Look up your local sup­
plier in the Yellow Pages (under “Plastics—Du Pont”) . . . 
or for technical information write to: E. I. du Pont 
de Nemours & Co. (Inc.), Polychemicals Dept., Room 187, 
Du Pont Building, Wilmington, Delaware.
In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 
660, Montreal, Canada.

► Write for the “HOTTEST STORY IN 
INSULATION.” It gives you the facts that 
can help make your design, your product, 
your installation a winner.

meti 
vani

The model MDC magnetic diode control is de­
signed to operate the GE type ZJ-39A controlled 
rectifier used in power control systems and servo 
drives. The unit develops steep-wave-front cur­
rent pulses to actuate the GE gated diodes from 
a low energy dc control signal. MDC models 
range from a single phase half-wave unit to con­
trol one diode to a three phase full-wave, push­
pull unit to control 6 diodes in a three phase 
power servo system. Both 400 and 60 cps models 
are available.

Fairfield Engineering Corp., Dept. ED, 934 
Hope St., Springdale, Conn.
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Power Amplifier-Demodulator
Transistorized unit drives hydraulic valves

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY

CIRCLE 67 ON READER-SERVICE CARD

Designed specifically as a drive for hydraulic 
valves in control systems, this unit consists of a 
150 mw power amplifier coupled to a solid state, 
phase sensitive demodulator. Transformers and 
other frequency sensitive elements are elimi­
nated. this permitting satisfactory operation over 
a frequency range of 0 to 10 kc. The device re­
quires a 5 mw input signal, which can be sup­
plied by the model 204G Transistor servo am­
plifier. If the 204G/208G combination is used, it 
will drive a hydraulic valve to full output from 
an input signal of 3 mv across 100 ohms.

Taber Instrument Corp. Dept. ED, North 
Tonawanda, N.Y.
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Teflon is Du Pont's registered trademark for its fluoro­
carbon resins, including the TFE (tetrajluoroethylene) 
resins discussed herein.

w ith 
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other 
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You, too, can benefit by the use of conductors insulated with 
TFE resins. For example, you can save weight and space 
with miniaturized types of wire and cable. Reduce your in­
spection and replacement costs. Handle unexpected power 
surges. Extend the operating range of your equipment to 
meet the toughest environmental conditions.

TFE-fluorocarbon resins improve the performance, safety 
and reliability of your equipment. They simplify your solder­
ing, potting and miniaturization problems. Their electrical 
and structural properties do not deteriorate with age.

Best of all, you can enjoy sales and cost advantages by 

(filfW) TEFLON’

Magnetic 
Diode Control

Operates GE 
controlled rectifier



Pulse Sorter
Controls random inputs

kiry/ i two Tung-Sol Tubes 
■vC W . for 12-volt auto radios I
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The pulse sorter 136A is connected in series 
with both the forward and reverse inputs to the 
reversible binary counter 11 IB and blanks both 
pulses, should they occur within 5 psec of each 
other. The sorter will also serve as a reversible 
commutator when used with the reversible shift 

»register 109A.
Navigation Computer Corp., Dept. ED, 1621 

Snyder Ave., Philadelphia 45, Pa.
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Tung-Sol’s latest 12v auto-radio tube 
developments—12EZ6 and 12FA6— 
provide a gain figure substantially above 
that of any other similar types. With 
these new tubes, the car-radio designer 
can simplify circuitry, thereby cutting 
out possible trouble spots. Bandwidth 
and frequency-drift problems are mini­
mized ... overall radio reliability rises.

Compare for yourself the advanced 
Tung-Sol types with the tubes they 
replace! Electrical data below!

Soldering Tool
Uses resistance principal

New 
12EZ6! 
Up to 

50% more 
gain than 

12AF6 and 
12BL6 it 
replaces!

New 
12FA6I 
Up to 
20% more 
gain than 
12AD6 
it replaces!

Improved TuwpSoI types increase gain ... widen desicUr flexibility

Designed for production soldering, this dual 
metal tip soldering tool incorporates the ad­
vantages of resistance soldering without requir­
ing a grounding circuit. The tool is especially 
designed for soldering miniature connectors.

Wassco Electric Prod. Corp., Dept. ED, 204 
S. Larkin Ave., Joliet, Ill.
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Headers
Glass-to-metal seal

Entering the glass-to-metal seal field, this com­
pany is producing headers and other hermeti­
cally sealed products custom fabricated of high 
temperature glass.

' acuum Ceramics, Inc., Dept. ED, Cary, Ill. 
CIRCLE 72 ON READER-SERVICE CARD

Tung-Sol helped pioneer the 12v hybrid auto radio . . . 
makes a high-performance tube for virtually every other 

entertainment circuit need—radio, TV, hi-fi! For full data on 
the new 12EZ6 and 12FA6 ... to fill any socket you have 
with a quality tube, write or phone us today! Commercial 
Engineering Dept., Tung-Sol Electric Inc., Newark 4, N. J.

® TUNGSOL
CIRCLE 73 ON READER-SERVICE CARD
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Zero cases, sealed pressure-tight by LINK-LOCK, NEW PRODUCTS

Simmons No. 3 LINK-LOCK fasteners are employed 
on these deep-drawn aluminum Zero transit cases. 
LINK-LOCK is available in three sizes, for light, med­
ium, and heavy duty.

guard instruments 
against humidity, dust, 
atmospheric pressure changes

Delicate electronic and optical equipment is 
shipped long distances . . . handled again 
and again . . . and sometimes stored for 
long periods in transit cases manufactured 
by the Zero Manufacturing Company, Bur­
bank, California.

i he unique containers shown here are 
deep-drawn aluminum, seamless, with pre­
cision-fitting gasketed lids. They comply 
with rigid military specifications, insuring 
protection of contents against humidity, dust, 
and variations in pressure.

To effect the critically important pressure- 
tight seal, Zero specifies Simmons LINK­
LOCK fasteners.
Here's why LINK-LOCK is ideal for use 
on precision-built military cases as well as 
on inexpensive commercial containers:

Pulse Generator
256 discrete steps

Used for the testing and calibration of multi­
channel pulse height analyzers with 2“ channels, । 
model PPG-256 precision pulse generator uses a 
mercury relay for the generation of positive or 
negative pulses, simulating the output of most 
radiation detectors. The output pulse amplitude 
may be varied over a 100 volt range in 256 dis­
crete steps with a ratio accuracy of 0.1.

Tullamore Electronics Lab., Dept. ED, 6055 
S. Ashland Ave., Chicago 36, 111.
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Ao. 2 LINK-LOCK. Half turn applies high closing 
pressure, counter-turn disengages for opening.

• Positive-locking without springs.
• Impact and drop resistant; not affected by 

arctic temperatures.
• Compact design—lies flat open or secured.
• Latch design can be varied to suit differ­

ent applications.
• High preloading and high load-carrying 

capacity.

WRITE FOR CATALOG NO. 1257

It contains specifications, draw­
ings, details of LINK-LOCK 
and other Simmons Fasteners 
with unlimited money-saving 
applications.

SIMMONS FASTENER CORPORATION
1763 North Broadway, Albany 1, New York

QUICK-LOCK • SPRING-LOCK • ROTO-LOCK • LINK-LOCK • DUAL-LOCK • HINGE-LOCK

See our 8 page catalog in Sweet's 1^58 Product Design bile
CIRCLE 74 ON READER-SERVICE CARD
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Twin-T Filters
Null attenuation of 60 db

In these encapsulated, hermetically sealed 
twin-T filters, precision resistors and temperature 
compensating capacitors maintain attenuation 
over a wide temperature range. Null attenuation 
is 60 db or better. A range of null frequencies 
and impedance levels are available.

T T Electronics, Inc., Dept. ED, P.O. Box 180, 
Culver City, Calif.
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Drafting Pencil tc

Won't smear on Mylar 
. P1Duralar pencils have a plastic-base lead that is a]

smearproof on Mylar matte-surface tracing film. 0
Drawings erase completely and reproduce as 
sharply as India ink originals. p

J. S. Staedtler, Inc., Dept. ED, Hackensack, ] 
N.J.
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The actual conditions of space flight 

were computed in a synthesized pro­

gram. and, using Ling Electronic power 

generators and advanced techniques, 

space flight conditions were duplicated 

in the laboratory!

The ability to develop complex test 

equipment for new and challenging 

areas such as this is one of the reasons 

Ling is recognized as a leader in high 

power electronics.

The success story of the Explorer 

Satellites actually began long before the 

countdown. Every piece and compo­

nent was vibration “flown” again and 

again through endless testing and 

checkout procedures.

In fact, the fully assembled Explorer 

Satellites now in orbit were given a 

thorough vibration testing at Caltech's 

Jet Propulsion Laboratory in Pasadena, 

California.

9937 West Jefferson Blvd., Culver City. California • Telephone: TExas 0-7711

Model 343 impedance compara­
tor features high stability. The 
equipment gives accuracy of 0.05 
per cent over wide range of imped­
ances from 10 ohm to 15 meg with­
out adjustment.

inland Electronics Corp., Dept. 
El ), 500 Rathbone Ave., Aurora,

Ling vibration testing proves reliability 
of Explorer satellites before launching

Flight Simulators
Test assemblies weighing up 

to 300 lb

Impedance Comparator
High stability

These simulators duplicate the 
forces of flight in the three axes of 
yaw, pitch, and roll. Speeds of up 
to 50 cps are possible, depending 
upon the variables involved. Pack­
ages weighing as much as 300 
pounds have been tested. Motion 
speeds can be independently varied 
from 1/25 to 4 cps in each axis 
simultaneously. Variation of maxi­
mum rotational oscillation of this 
unit is to within ±5 deg at top 
speeds and to within ±45 deg at 
1/4 cps.

J. W. Fecker, Inc., Dept. ED, 
6592 Hamilton Ave., Pittsburgh 6,

prescription for a successful orbit

WELL BEFORE USINGSHAKE



How to make

a Magnetic Core

that’s really

When the conditions of service

SMALL?

PERMENDUR

Write for 
your copy
"MAGNETIC MATERIALS”

This 3 2-page book contains valu­
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus­
trated in full color, includes essen­
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request.

ADDRESS DEPT. ED-7

make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration.

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this

alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities.

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un­
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment.

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa.

STEELMAKERS to the Electrical Industry

Allegheny Ludlum
W WSW 6119
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Galvanometer
Transistor driven

For use with transistor powered amplifiers in 
oscillograph recording applications, this galvano­
meter gives flat frequency response from de to 35 
cps, and extended flat response up to 200 cps with 
compensated signal amplification. Total de coil 
resistance is 260 ohms, center tapped. A standard 
3-in. pen can be driven 1 cm by 16.5 ma, or 4.025 
v across the outside coil terminals. The unit 
comes in cased (model 8006) and uncased (model 
8016) designs.

Edin Co., Inc., Dept. ED, 207 Main St., 
Worcester 8, Mass.
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Servo Repeater System
Plug-in

The model W 1902 plug-in potentiometer servo 
repeater system includes a servo amplifier, servo 
motor, single or multi-turn potentiometer, input 
power step down transformer, and gear train. It 
positions its output shaft proportional to a 400 
cps input signal voltage in the range of 0 to 10 v 
or 0 to 100 v full scale. Typical performance with 
200:1 gear ratio is: follow up accuracy, ±0.05 
per cent of signal voltage; velocity constant, 52 
sec-1; maximum output torque, 20 oz-in.; maxi­
mum output speed, 90 deg/sec; acceleration, 180 
deg/sec; bandwidth, 6 cps; damping ratio, 0.6 to 
0.7.

Waldorf Instrument Co., Dept. ED, Hunting­
ton Station, N.Y.
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Proportional Amplifier
Control up to 150 w
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The PA4A-1 proportional mag­
netic amplifier provides propor­
tional control of up to 150 w output 
power with input power of a few 
milli-microwatts. An input signal of 
less than 1 pa will produce full 
power output. Self-contained ex­
cept for the bridge elements, the 
ijnit is designed for —67 to +200 
F continuous operation.

Magnetic Controls Co., Dept. 
ED, 6405 Cambridge St., Minne­
apolis 16, Minn.
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Flat Wiring
Film-insulated multiconductor

Called Plyo-Duct, this applica­
tion of the firm’s printed circuit 
products is available in both stand­
ard parallel line arrangements and 
special custom patterns. Standard 
Plyo-Duct is available on spools in 
eight and fifteen conductor sizes. 
The flat copper conductors are 
0.0027 in. in thickness and 0.075 in. 
wide. Overall thickness is 0.0008 in. 
The 0.156 in. center to center spac­
ing allows the harness to employ 
standard pin terminal printed cir­
cuit connectors. The cable offers 
light weight, less space consump­
tion, high flex life, uniformity of 
length and spacing, and high cur­
rent carrying properties for cross- 
sectional areas. Standard insulation 
is polyester film, but the cable is 
also available with glass reinforced 
silicone plastic laminations for high 
t< nperature applications.

Methode Manufacturing Corp., 
D pt. ED, 7447 W. Wilson Ave., 
C dcago 31, Ill.
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WC

DIVISIONS AND SUBSIDIARIES
OF TELECOMPUTING CORPORATION

BRUBAKER ELECTRONICS An R 4*0 leader 
in the field of ground and airborne IFF 
components, test & checkout equipments 
— IFF systems analysis — Air Traffic 
control systems — radar beaconry — 
detection equipments.

WHITTAKER GYRO Leading producer of 
electrically driven and spring wound free 
gyros, rate and floated rate gyros tor 
advanced missile systems — rate of roll, 
pitch, and yaw indicators for manned 
aircraft — bank and turn indicators.

DATA INSTRUMENTS Pioneers in 
equipments for fast and accurate analysis 
of test data, with automatic recording 
on punched cards, tapes, or printed lists 
— for aircraft and missile flight tests, 
industrial and scientific applications.

ENGINEERING SERVICES Specialists in 
rapid, accurate reduction and evaluation 
of military and commercial data. Currently 
handling data reduction for daily (nissile 
firings at Holloman Air Force Base.

WHITTAKER CONTROLS The largest 
developer and builder of custom-built 
high-performance hydraulic, pneumatic, 
and fuel valves, controls, and regulators 
for advanced missile, aircraft, and 
industrial applications.

NUCLEAR INSTRUMENTS Designers and 
builders of hrgh quality, reliable 
equipments for prelaunch checkout and 
testing of nuclear special weapons.

TELECOMPUTING CORPORATION

915 North Citrus Ave., Hollywood 38, California

N I 
©



NEW PRODUCTS

ADVANCED DESIGN OF LOW-NOISE

Professional opportunities available for engineering and scientific personnel. Inquiries invited

JLioneering in traveling-wave tube design is one of many advanced microwave activities 
being conducted at the General Electric Power Tube Department’s Microwave Laboratory 
at Palo Alto, California. In the traveling-wave tube field, particular emphasis is placed on 
new design concepts leading to improvements in low-noise capabilities from S through K 
bands, extending the sensitivity and bandwidth of advanced receivers used in radars, com­
munications, electronic countermeasures and radio astronomy.

The Laboratory’s fields of activities are applied research, advanced development, and 
product design in microwave tubes and microwave techniques. All development work is 
done with an eye to practical, economical manufacture—thus minimizing the tune lapse 
between prototype development and quantity production—and to the realistic tube needs 
of future microwave equipment. Technical inquiries pertaining to advanced microwave 
tube development invited. Power Tube Dept., General Electric Co., Schenectady, N. Y.

Recorders
Strip chart and X-Y

Project Engineer Fred M Schumacher (R.) points out construction details in a newly-designed subminiature stacked ceramic 
gun used in an advanced design traveling-wave tube. Looking on are Engineers James F. Lynch (L.) and John P. Lindley.

Slide Attenuators
Operate at 4 oz maximum pressure

The model 80 strip chart recorder 
shown, features push-button selec­
tion of chart feeds in any desired 
combination of 12 speeds plus cal­
ibrated scale ranges in specified 
combinations from 1 mv to 500 v. 
A second instrument, the model 6 
Autograf is also available. It is an 
x-y recorder electrically equivalent 
to previous models but designed 
for use with a roll of up to 100 com­
plete charts which may be auto­
matically advanced by manual or 
remote control in one frame (or 
chart) steps. Successive charts may 
then be torn off or stored on a 
take-up roll as desired.

F. L. Moseley Co., Dept. ED, 
409 N. Fair Oaks Ave., Pasadena, 
Calif.
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Series 825 and 835 slide atten­
uators can be operated with a maxi­
mum pressure of 4 oz. They are 
available in balanced and unbal­
anced ladders and in T-type atten­
uators; in any standard input and 
output impedance; with or without 
tapers; in 20 and 30 steps; and with 
Cue position.

The Daven Co., Dept. ED, Liv­
ingston, N.J.
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Differential DC VTVM
High common mode rejection ratio

being attenuated

TRAVELING-WAVE TUBES Telemeter Oscillators
Low power requirementsMICROWAVE LABORATORY

GENERAL
< CIRCLE 91 ON READER-SERVICE CARD

Vital development work in the following classes of tubes is a 
continuing activity of the G-E Microwave Laboratory’s staff of 
scientists, engineers, and specialized technical personnel.

The G-E Power Tube Microwave 
Laboratory is located at Stanford 
Industrial Park, Palo Alto, Califor­
nia where it was one of the Park’s 
pioneer installations. Its staff of sci­
entists and engineers has the advan­
tage of consultation and technical 
exchange with Stanford University 
faculty and research staffs, as well 
as with General Electric’s own 
Research and General Engineering 
Laboratories.

Pulse klystron power amplifiers 
CW klystron amplifiers
High-power pulsed TWT amplifiers 
Medium-power CW TWT amplifiers 
Low-noise, broadband TWT amplifiers

Super-power klystrons 
Voltage-tunable oscillators 
High-power duplexers 
Microwave filters 
Frequency multiplier TWT amplifiers

switching relay which inserts the 
same input attenuator alternately 
in either channel eliminates atten­
uator errors between the two input 
channels.

Millivac Instruments, Div. of 
Cohu Electronics, Inc., Dept. ED, 
P.O. Box 997, Schenectady, N.Y.

CIRCLE 89 ON READER-SERVICE CARD

Typical of traveling-wave tubes 
being developed at the G-E Mi­
crowave Laboratory is this pro­
totype (components associated 
with tube not shown) with a 
noise figure below 10 db across 
the entire band of 4 to 8 KMC, 
and a gain of 25 db. Important 
design characteristics are ex­
treme bandwidth and increased 
sensitivity combined with rug­
gedness, reliability, light weight.

The MV-37A differential-input 
dc millivoltmeter has a common 
mode rejection ratio of 1000:1 both 
on its sensitive direct ranges and its 
nonsensitive range where the input

These six voltage-controlled sub­
carrier telemetering oscillators fea­
ture small size and low power re­
quirements. Model 0-22, little over 
a one-inch cube, draws a total of 
25 mw one volt gives 7-1/2 per cent 
frequency change; input is 1/2 meg 
and output up to several volts on 
rdb channels.

Dorsett Laboratories, Inc., Dept. 
ED, 401 East Boyd St., Norman, 
Okla.
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Axial Lead Zener Diode

Diodes are not 
sensitive, in-line 1 

added advantage of co 
flexible mounting

Cor-truction details of this 
new axial lead package provrd*» 
an iicient heat-di”Sipatmg 
path from the Z mer Diode 
j uneHon This assures bette» 
heat transfer . .. a conserva­
tive power rating of 200 
mw max. @ 25°C ... and 
a high safety factor in 
critical applications

AXIAL LEAD

225

ONLY 688

U.S. SEMCOB now offers

their high quality, low

lead package

SEMCOR

PLASTIC 
SLEEVE

CAN WELDED 
TO HEADER

LEAD 
LENGTH

032
DIA

Designed for automatic machine 
assembly on printed circuit boards 
Up to 200 milliwatt allowable 
power dissipation
Flexible mounting position 
All welded construction 
Space and weight economy 
Minimum Zener impedance 
Low saturation current 
Superior voltage regulation 
Within physical size ol standard 
1-watt resistor

power Zener Diodes in a

new sub-miniature, axial
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NEW PRODUCTS
Connectors

Solderless

AC Input to Rectifier from Special 
Sola Constant Voltage Transformer

Solderless insulated and nòninsulated termi­
nals for uniform, permanent connections. Avail­
able in a wide range of styles and sizes.

Waldom Electronics Inc., Dept. ED, 4625 W. 
53rd St., Chicago 32, Ill.
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Pulse Transformers
Compact

These units are available as blocking oscillator 
pulse transformers covering a range of pulse 
widths from 0.05 to 2.0 psec, and as pulse coup­
ling transformers covering a wide range of impe­
dance ratios and pulse widths.

ESC Corp., Dept. ED, 534 Bergen Blvd., Pali­
sades Park, N.J.
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EFFICIENT
regulated DC 
power supply

Can you use a ±1% regulated de power 
supply that has no Alter choke drops ... 
that has an unusually low ratio of size 
and weight to power output? If so, con­
sider a Sola Regulated DC Power Supply.

This unique power supply combines:
1) a special Sola Constant Voltage I 
Transformer, 2) a semiconductor recti­
fier, and 3) a high-capacitance filter 
without choke. ’

The output of this special Sola trans­
former (illustrated above) is virtually a 
square wave, form factor approx. 1.05. It 
not only minimizes ripple, but limits 
peak voltage to rectifier.

The current-limiting action of the Sola 
transformer permits the use of enormous 
capacitance for filtering, by controlling 
capacitor charging, thereby protecting it, 
and the rectifier junctions.

Spectrum 
Analyzer

10 me to 40,880 me 
frequency range

This de source will give you excep­
tional performance on intermittent, pulse, 
and variable loads. The Sola-regulated de 
supply is very reliable, simple, and com­
pact. It’s moderately priced.

Covering a frequency range of 10 me to 40,880 
inc in a single unit, the model SA-84 spectrum 
analyzer has stable local oscillators and built-in 
attenuators up through X band. A simplified band 
selection automatically displays an expanded 
slide-rule dial of the band in use. The spectrum 
is displayed on a cathode ray tube.

Polarad Electronics Corp., Dept. ED, 43-20
34th St., Long Island City 1, N.Y.
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Available from 
stock, or as a 
custom d e- 
signed unit.

Write for Bulletin 31G-DC-235

Sola Electric Co., 4633 W. 16th St., Chicago 50, III.

Constant YoJtage Transformer . 
Regulated BC Pmi Supplies , 
Mnnwy Lamp Transformer 
Fluorescont Lamp Ballasts

CIRCLE 96 ON READER-SERVICE CARP
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Hermetic
Sealing:

GASEAL®
Pressurized metal 
hermetic seels for eeey 
installation anywhere 
without special tools. 
Withstand more than 
850 degrees F., high 
pressures and altitudes., 
For ony sealing 
configuration.

Best Insurance 
for Component 

and Systems 
Reliability!

Corrosion.. .dust.. .fungus... altitude... 
humidity...pressures. True hermetic 
sealing completely eliminates their 
usually disastrous effects on electronic 
and mechanical apparatus.
GHS offers uniquely qualified tech­
niques and specially developed facilities 
in the field of hermetic sealing. They 
are guaranteed to add a permanent 
plus to your product reliability.
For inert gas filling, 100% mass spec­
trometer leak testing of any assembly, 
and every phase of true hermetic seal­
ing to meet military or industrial specs, 
GHS in-plant services are unequalled.

The GHS Megpot®

Quickly, efficiently tests your components, insu­
lation. Features 10 million megohms, 100, 200 
or 500V DC, automatic "charge" and safety con­
trols, non-destructive (as high as 5000V AC) 
high-potential test set with current limiting and 
automatic shut-off circuit. Portable.
Write for Specific Information ... and 
use the GHS Advisory Services without 
obligation.

I J

GHS
Electronics for 

■ AND SEA AND SPACE

galley Stream, N Y.

GENERAL 
HERMETIC 
SEALING 
CORPORATION

• VAIley Stream 5-63 63

Pressure 
Transducer 

Low vibration error 
at 25 g

ACTUAL 
SIZE 

ILLUSTRATEC

0.1% 
temperature 
coefficient

applications 
from —80° 
to 85°C

The model 470 absolute pressure transducer 
has signal error of less than 0.5 per cent at 25 g 
up to 2000 cps. Acceleration error is less than 
resolution at 75 g, and error shift during rated 
vibration is less than resolution. Temperature 
error is also low.

Boums Labs, Inc., Dept. ED, Riverside, Calif.
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VTVM's
Need limited panel space

These single-range vtvm’s require only as much 
panel space as ordinary 4-1/2 in. meters. The 
model 320 dc line comes in seven standard ranges 
from 0 to 1 to 0 to 1000 v. The ten standard 
ranges for the model 330 ac line are from 0 to 10 
mv to 0 to 300 v rms. The ac meters operate at 
frequencies from 20 cps to 100 kc.

Metronix, Inc., Dept. ED, Chesterland, Ohio.
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Servo-Couplings
Have zero backlash

These flexible servo-couplings have zero back­
lash and low inertia. They are 7/16 in. long by 
3/4 in. in diameter. Bore diameters are from 1/16 
through 3/16.

Renbrandt, Inc., Dept. ED, 6 Parmelee St., 
Boston 18, Mass.
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SOLID STABILITY
eliminates 
electrolyte 

leakage

extended 
shelf 

life

Ua Sa edCOF hermetically sealed

solid tantalum capacitors

extreme
T stability at 
low temperatures

allows applications 
where other types 

are unsatisfactory

U. S. Edcor Solid 
Tantalum capacitors 
consist of a solid, 
inorganic, non-volatile 
electrolyte. Their 
superior performance and 
improved frequency 
characteristics may best be 
utilized in low voltage 
applications requiring large 
values of capacitance, where 
stability is of utmost 
importance. These factors 
make them especially 
suitable for transistor 
circuitry.

• operating temperature:
—80°C to +85°C
• leakage current:

0.05 micro- 
amps/mfd/volt 

»no exposed 
welds

moisture resistance: 
Mil standard 202, 
method 106 
capacitance:
.33 mfd to 150 mfd 
non-corrosive 
electrolyte
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lERC
HEAT-DISSIPATING 

ELECTRON

CAUSED BY HEAT, SHOCK AHO VIBRATION:
Investigate the extraordinary tube-saving, cost-saving 
potentials of IERC Heat-dissipating Tube Shields — the 
only complete, commercially-available line of effective 
heat-dissipating electron tube shields for miniature, 
subminiature and octal/power size tubes. lERC’s ex­
panded line of heat-dissipating tube shields for the 
larger size power tubes offer, for the first.time, 
a practical method to retain these tubes in severe 
shock and vibration environments I
The most complete electron tube heat-dissipation infor­
mation is yours for the asking! Technical data com­
prised of IERC and independent laboratory test reports 
will be sent upon request on your company letterhead.

CROSS-LICENSED WITH NORTH AMERICAN AVIATION, INC.

PATENTED OR PATS PEND.

International 
electronic research corporation 
145 West Magnolia Boulevard, Burbank, California

LATEST addition to lERC’s product line is the IERC HEAT DISSIPATOR for POWER TRAN­
SISTORS. Effective reduction of temperatures, elimination of heavy, large or finned 
surfaces plus adaptability for use in confined spaces are prime features. Technical 
Bulletin PPI 12 is included with general IERC information sent on request.

Heat-dissipating electron tube shields for miniature, subminiature octal and power tubes
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NEW PRODUCTS
Data Recorder

For airborne use

Ribbon Cable
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Has Teflon insulation

Th 
for fs 
or in 
of m< 
in. ai

An 
wooc

in SOUTHERN CALIFORNIA

A 14 channel two-speed airborne recorder, 
model TR-781 consists of four shock mounted 
major units and a portable test meter. One fm 
channel may be used for time base recording 
and voice monitoring.

Telectro Industries Corp., Dept. ED, 35-16 
37th St., L.I.C. 1, N.Y.

Insulated with Teflon resin applied in thick­
nesses of 0.003 to over 0.030 in., Multi-Tet cable 
ribbons come in wire sizes from AWG 12 to 34. 
A single ribbon can have up to 100 conductors.

W. L. Gore & Associates, Dept. ED, R.D. 2, 
Papermill Rd., Newark, Del.
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Tape Recorder
Reproduces 

instrumentation 
data

The PS-200 tape recorder is available in tape 
speeds ranging from 60 to 1-7/8 ips and lower 
with wow and flutter held under 0.1 per cent rms 
at 30 ips. From 1 to 14 channels can be provided 
by using 1/4, 1/2, or 1 in. wide tape.

Precision Instrument Co., Dept. ED, 922 Ter­
minal Way, San Carlos, Calif.
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2000 ACRE 
INDUSTRIAL PARK

Be a part of the forward move to the 
planned-with-a-future 2000 acre industri­
al park in the very heart of ever-expand­
ing Southern California. Ready now for 
occupation is plenty of zoned, low-cost 
industrial land with development care­
fully guided by an extensive plan of 
ample 88’ and 100’ roadways, railroad 
drill tracks to major railways, ample 
sewage and complete utilities services. 
Bounded on two sides by four-lane super 
state highways, the acreage is 1%% 
uniform sloping land with 3000 pound 
bearing pressure per square inch. Cen­
tralized location puts you minutes away 
from Metropolitan Los Angeles and all 
outbound points.

established wealth . . 
. . a promised future

Forde Seward, Manager H
ASSOCIATION OF COMMERCE AND INDUSTRY,INC. I
206 West ”B" Street, Ontario, California
NAME. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .J
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Degausser
Automatic

This automatic bulk tape eraser is designed 
for fast, high-volume degaussing on a continuous 
or intermittent basis. It accommodates all types 
of metal and plastic reels in tape widths up to 1 
in. and in diameters 7 through 14 in.

Ampex Corp., Dept. ED, 934 Charter St., Red­
wood City, Calif.

CIRCLE 107 ON READER-SERVICE CARD

For that precision engineered look!

•Teflon registered t.m. E. I. duPont de Nemours

EL « SPECIALTY

Write for technical literature on all Rex 
Wires and Cables, and other products, in­
cluding Rexolite UHF Insulating materials.

A4x also manufactures a complete Une of wire 
and cable tor every requirement with wire warehouses 
centrally located lor prompt service.

Magnetic Coils
Nearly impervious to shock, vibration
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Thermocouple
Withstands 3000 F

THE /^EX CORPORATION

210 HAYWARD ROAD. WEST ACTON. MASS.

_ WALLACE E.

Connolly 
St COMPANY

"National headquarters for Genalex toroidal cores" 1

P. O. Box 295 • Menlo Park, California
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FOR DETAILS: 
Please write to

RAYTHEON 
Dept 6120
Commercial
Equipment

Division 
Waifham 54

Massachusetts

Excellence in Electronics
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I WIRE & CABLE j

A metal-sheathed, ceramic-insulated thermo­
couple wire, Cerami-Kouple has high electrical 
sensitivity and withstands high temperatures (to 
3000 F) and corrosive atmospheres.

E. C. Smith Mfg. Co., Dept. ED, Consho­
hocken, Pa.
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A new method of manufacture and encapsula­
tion makes these units almost impervious to 
shock and vibration. The coils will also withstand 
temperatures up to 350 F for 100 hr and show 
D( evidence of shorted turns in subsequent tests.

Precision, Inc., Dept. ED, 730 Lyndale Ave. 
N,. Minneapolis, Minn.
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OBTAIN IDEAL ELECTRICAL PROPERTIES PLUS 
UNMATCHED TEMPERATURE RATINGS WITH

TEFLOr INSULATED WIRES & CABLES 
(To Mil-W-16878 specifications)

Manufactured to the highest standards of the industry. Rex Teflon Wires and Cables are recommended 
for high temperature applications to 200°C; and low temperatures to ~65°C. In addition, Rex Teflon 
Wires have low surface friction to resist chafing, abrasion and fraying. High chemical stability prevents 
corrosion due to atmospheric conditions, chemicals, lubricants and weather. The dielectric constant and 
dissipation factors are excellent and change far less than any other insulation over wide ranges of 
temperature and frequency. Use of Rex Teflon Insulated Wire and Cable assures you of unequalled * 
performance — a new standard of excellence.

Grenalex III 
TOROIDAL CORES 

up to ¡40/1 !
Genalex III toroidal cores feature high stability of 
inductance with time, high stability of inductance 
after subjecting the core to a de saturating flux, high 
Q, low harmonic distortion, low temperature coeffi­
cient of inductance, negligible external field, and 
small overall size.
Color coded Genalex III cores are available for im­
mediate delivery in five standard ranges of perme­
ability: 14,26,60,125, and 140. Seven standard sizes 
are stocked ranging from 0.500" O.D. to 1.350" O.D. 
Genalex cores are a product of Salford Electrical 
Instruments, Ltd., a subsidiary of The General Elec­
tric Co. Ltd. of England.

NEW
miniature 50-series 

knobs by
v Raytheon

For complete 
information and 
your free copy 
of the 12 page 
Genalex design 
handbook on 
the use of 
toroidal cores 
please address 
Dept. E7



General Electric Semiconductor NewsNEW PRODUCTS
Coaxial Ratio Transformers

Low phase shift

(Resistive or Inductive Load)

200 300 V

Precision Resistor
Low range

and four recently added types
area.

Long Frame Jacks
Open and closed circuits

line) . . . i 

the 100°C new 1N1692 Series.

This low cost precision wire wound resistor 
can be made in values as low as 0.1 ohm at ±0.05 
per cent. Size and encapsulation are identical to 
the standard PH series.

International Resistance Co., Hycor Div., Dept. 
ED, 12970 Bradley Ave., Sylmar, Calif.
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The time has come to reconsider possible ap­
plications of G.E.'s outstanding low-current 
silicon rectifiers in the 1N536. 1N440 Series 
(150°C line) ... the 1N1487 Series (125°C

Models CRT-1, CRT-2, and CRT-3 coaxial 
ratio transformers have high input impedance, 
low output impedance, and low phase shift. The 
precision ac voltage dividers feature 0.001 per 
cent terminal linearity and 6 place continuous 
resolution.

Gertsch Products, Inc., Dept. ED, 3211 S. La 
Cienega Blvd., Los Angeles 16, Calif.
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These long frame precision jacks are available 
in two and three conductor, open and closed 
circuits. With special contacts, ratings may be 
increased from the standard 3 amp up to 10 amp 
at 110 v noninductive load.

Richards Electrocraft, Inc., Dept. ED, 4432 
N. Kedzie Ave., Chicago, Ill.
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You'll find these devices more attractive to 
use than ever before—both in quality and 
price—with equally fine values in low-cur­
rent silicon stacks. Stud-mounted units are 
also available.

General Electric low-current silicon recti­
fiers are designed for maximum forward con­
ductance at high operating temperatures. 
High current loads are carried without ex­
ternal heat sinks. Reverse current at maxi-
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Continuous Peak Inverse Voltage (PIV) 
Transient Peak Inverse Voltage (Non­
recurrent > 5 millisec) 
RMS Voltage (Vrms) 
Average Forward Current (If) 
Peak One-cycle Surge Current (i surge) 
Minimum Forward Breakover Voltage (V« o) 
Maximum Forward Voltage (Vf Ave.) 
Maximum Reverse Current (In) 
Maximum Gate Current To Fire (Igf) 
Maximum Gato Voltage To Fire (Vgf)

(pm 1er

Breäkt

ThvTaircn

Maximum Allowable Ratings and Characteristics

Pow*' 
TraatlSlOh

Up to 16 amperes 
150 amperes 
25 | 40 | ;
0 75 Volts (Full Cycle Average) 
5 ma (Full Cycle Average) 
25 ma 
3 Volts

ZJ39A 
25

ZJ39A 
40

ZJ39A 
75

' 2W 
IM

ZJ39A 
• 50

ZJ39A 
200

ZJ39A 
250

ZJ39A 
300

25 40 75 100 150 200 250 300 V

35 60 too 150 225 300 350 400 V
175 28 53 70 105 140 175 210 V

MAXIMUM RATINGS AND SPECIFICATIONS

PIV
RMS 

Voltage

Cont. 
Reverse 
D-C Voll

D-C 
Output 
(150°C 
Amb I

D-C 
Output 
(50°C 
Amb 1

One- 
cycle 

Surge 
Current

Full-Load 
Forward 
Voltage 

Drop
Leakage 
Current

Ambient 
Operating 

Temp.

1N536-40, 
INI095-96 series

50-600 35-420 50 600 250 750 15 0.5 0 4-0 3 165

1N440B-445B series 100 600 70-420 100-600 300-500 
(100°C)

300-750 15 0 5 150-165

1N1437-92 series 100-600 70 420 100-600 250 
(125^C)

750 
|25OQ

15 0 55 0.3 140

INI692-95 series 100-400 70 280 100-400 250 
(100"C|

600
(50 °C)

20 0 6 0 5 115

volts volts volts ma ma amps volts ma •c
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Silicon Rectifiers 
200 to 600 v peak inverse

Oscillator-Voltmeter
Covers 18 cps to 1.1 me range

ent
•ies

mum junction temperature is maintained at an 
extremely low level, making these devices ideal for 
low-leakage applications.

Minimum forward voltage drop and a herméti­
ca My sealed case have produced silicon rectifiers 
whose reliability exceeds all existing MIL specs. 
A 'omparative evaluation shows that G-E devices 
ha>e the highest resistance to thermal runaway at 
maximum full load operating temperatures. Ther- 
ma1 shock and temperature-cycle tests show a closer 
m;?ch of materials for expansion and contraction, 
to rotect against breaking the hermetic seal and 
sh tering the silicon pellet.

k your G-E semiconductor representative for 
I ‘big news” on low-current silicon rectifiers. Or 
"'f f for more information.

Thermal Relay
Utilizes temperature sensitive pellet

The ZJ39A Silicon Controlled 
Rectifier can do the job of
• Thyratrons
• Ignitrons
• Magnetic amplifiers
• Power transistors
• Relays
• Switches
• Contactors
• Circuit breakers

... in these application*
• Static switching
• DC motor control
• DC power regulation
• Variable DC supplies
• DC to DC converters
• Frequency changers
• Inverters
• Dynamic braking
• Constant current supplies
• Pulse width modulation
• Ignitron firing
• Welding control
• Temperature control
• Power pulse generator

... and many other*

The type 1501 oscillator-voltmeter covers the 
range 18 cps to 1.1 me. In the oscillator, which 
delivers 10 v open circuit, distortion is under 0.2 
per cent. The voltmeter has an overall accuracy 
of ±3 per cent.

Waveforms, Inc., Dept. ED, 331 Sixth Ave., 
New York 14, N.Y.
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A temperature sensitive pellet, which abruptly 
changes from a solid to a liquid state at a speci­
fied temperature, provides a reliable actuating 
force in this relay. Principal applications of the 
2000 series include overload protection. Reliable 
performance is obtained at high altitudes. Cur­
rent ratings are 2, 7.5, 10, 25, and 50 amp, and 
temperature sensitivities are in the 120 to 600 
F range.

Networks Electronic Corp., Dept. ED, 14806 
Oxnard St., Van Nuys, Calif.
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Three JAN-type silicon power rectifiers— 
IN538, IN540, and IN547-are made to meet 
MIL-E-1/1084A, MIL-E-1/1085A, and MIL-E- 
1083A specs. The units cover the range from 200 
to 600 v peak inverse, and from 750 ma dc out­
put at 50 C to 250 ma dc output at 150 C.

General Instrument Corp., Dept. ED, 65 
Gouverneur St., Newark 4, N.J.
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ratings comparable to thyratrons, blocking voltages useful 
in industrial circuits, complete control of current turn-on 
without complicated circuitry, and switching speeds in 
microseconds.

While in many ways similar to the gas thyratron, the con­
trolled rectifier provides faster firing and recovery times, 
very low forward voltage drop, higher efficiency, absence of 
filament with attendant warm-up delay and power consump­
tion, and higher-temperature operation.

Check the sample ratings and suggested applications at 
left. Application data and specifications w ill be sent on request.
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Price reductions in some cases greater than 50% will enable 
hundreds of new users to become acquainted with General 
Electric’s new silicon controlled rectifier.

Neither a transistor nor a rectifier, this remarkable device 
combines features of both. In the reverse direction it acts 
like a standard rectifier. But it also blocks forward current 
until either a critical breakover voltage is exceeded or a 
signal is applied to the third lead. Then it switches to a con­
ducting state and performs exactly like a forward-biased 
silicon rectifier.

For fast delivery, lower prices, 
see your local G-E distributor!
A recent check shows that General Electric transistors and rectifiers 
are being sold by local tube distributors for within pennies of the 
factory price on quantities less than one hundred—with the impor­
tant difference that transportation charges are prepaid when you 
buy from your local G-E distributor.

Increased stocking of semiconductors by local G-E distributors 
means you now have one source for all your electronic needs. General 
Electric distributors can also furnish you with a wide variety of 
technical information, application data and spec sheets.

General Electric Company, Semiconductor Products Department, 
Section S23758, Electronics Park, Syracuse, N. Y.

innumni, 
iiimimmi



ACTUAL SIZE

NEW

STUB

Stub E connectors meet or surpass the environ­
mental resistance requirements of MIL-C-5015C. 
Stub E connectors are the stubbiest MS “E” de­
signs available-amphenol took advantage of every 
space-saving trick in the engineer's book while at 
the same time meeting all dimensional require­
ments of MIL-C-5015C.

Stub E connectors have a fully unitized rear 
sealing grommet assembly in which the grommet, 
compression nut and ring are a single unit, making 
assembly and disassembly quick and easy. Solder 
pockets of the silver-plated contacts are pre-filled 
for easier, less expensive soldering.

Shell styles 3100, 3101, 3102 and 3106, sizes 8S 
th rough 36 and 51 insert arrangements are available.

WHEN®

smallest, lightest MS "E” connector



FOR YOUR FREQUENCY 
DIVIDER PROBLEMS . .

NEW PRODUCTS
Oscilloscope
For systems use

MXFD-100 
Frequency Divider

PART NO. 400 0016

RIXON ELECTRONICS 
SILVER SPRING.MD

The type IT1193A cathode-ray oscillograph 
has identical horizontal and vertical deflection 
systems with maximum deflection sensitivity of 
0.025 v peak-to-peak per in. from de to 150 kc. 
Relative phase shift of the two amplifiers is not 
over 2 deg below' 50 kc. All power supplies are 
regulated.

Industrial Television Inc., Dept. ED, 369 Lex­
ington Ave., Clifton, N.J.
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OUTPUTSequencer
Motor driven This simple device delivers one 

output pulse for every 2 input 
pulses. It can be directly cascaded 
for large division ratios. Feed­
back taps are provided to make 
any ratio possible.

Th 
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This motor driven switching device can be 
used for the proper sequencing of instrumenta­
tion or similar calibration signals and applica­
tions. All of the operations are controlled by a 
printed circuit disc w'hich may be easily changed. 
Operates at very high altitudes and withstands 
100 g.

Topp Industries, Inc., Dept. ED, Beverly Hills, 
Calif.
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Requires 20 to 30 volts DC at less 
than 15 ma per unit.

Useful for dividing output from 
frequency standards, in timing 
and clock circuits, plus many 
other applications.

Stable Tank Circuits
Shock, vibration resistant

Stable tank circuits potted in silicone rubber 
and hermetically sealed in MIL T-27 metal cases. 
A low cost substitute for crystals, they are shock 
and vibration resistant and adjustable over a 
considerable frequency.

International Resistance Co., Hycor Div., 
Dept. ED, 12970 Bradley Ave., Sylmar, Calif.
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Designed for direct assembly on 
printed circuitboards. Completely 
sealed, "ill withstand a wide 
range of environmental condi­
tions.

Ask for Engineering Bulletin No. 56.

RIXON
ELECTRONICS, INC. 

2414 Reedie Dr. 
Silver Spring, Md.
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PULSE AMPLIFIER KLYSTRONS

Capacitors
0.1 per cent accuracy

Eimac
First

cn
I

OC

ipoopoo

100,000

one 
put 
ded 
jed- 
ake

These capacitor standards are 
compact and readily combined to 
duplicate the function of decades. 
The banana plug terminals are de­
tachable. The use of a complete ca­
pacitance set and the 4-position 
adapter provides a highly accurate 
decade system. Tolerance ap­
proaches the ±0.1 per cent accu­
racy of the individual standard. All 
the capacitors through 0.1 pfd are 
constructed using silvered mica ca­
pacitors. Values from 0.2 pfd 
through 0.5 ufd are a combination 
of polystyrene and mica.

ARCO, Dept. ED, 64 White St., 
New York 13, N.Y.
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High Pressure Valve
Weighs 0.77 Ib

Power
Amplifier
Klystrons

ipOOpOOc

It! 
È

ipoo
FREQUENCY—MEGACYCLES

Across the RF SPECTRUM
CW AMPLIFIER KLYSTRONS

3K3ÖÖÖ ì 3K M3C OO SEI «S

om 
ing 
any

< ontaining a captive seal, this 
three-way solenoid-operated valve 
weighs 0.77 lb. It can handle pres­
sures of over 3000 psi and with­
stands more than 350 F.

• obertshaw-Fulton Controls Co., 
Dept. ED, Milford, Conn.
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EITEL-McCULLOUGH, INC.
SAN BRUNO - CALIFORNIA 

for Power Amplifier Klystrons

EIMAC DESIGNED AND MANUFACTURED PRODUCTS

Negative Grid Tubes
Reflex and Amplifier Klystrons 
Ceramic Receiving Tubes

Vacuum Tube Accessories
Vacuum Switched
Vacuum Pumps

Traveling Wave Tubes
Eimac family includes more than 40 ceramic electron tube types

The exceptional ability of Eimac amplifie 

klystron» to conveniently and reliably ger 

erate high RF power at ultra-high and supei 

high frequencies makes them ideal for use i 

such important aeronautical applications a 

high-power ground-to-air communication! 

TACAN and other air navigational system! 

super-power radar for missile tracking, trope 

scatter communications networks for earl' 

warning defense and other UHF microwav 

systems.
The broad frequency coverage and wid< 

power range now offered by Eimac amplifie 

klystrons is shown in the accompanying chart! 

Frequency coverage extends into the SH 

range, and multi-megawatt pulse output 

powers are available.

For more detailed information on Eimac' 

reliable, simplified approach to high powe 

at high frequencies, write for a copy o 

Klystron Facts Case Five. The Eimgc Appli 

cation Engineering Department will gladh 

assist you in planning the use of Eimac powe 

klystrons.



NEW PRODUCTS

DESIGN

In Electronic Design, engineers find not only more new products, 
but all the new products of significance to electronic engineers 
in their work. 26-time publishing frequency brings this informa­
tion quickly to the engineer’s attention, timed to a fast-moving 
industry. Electronic Design is more up-to-the-minute, more 
complete, more helpful, and easier to read than any other 
electronic publication. No wonder more and more engineers 
read Electronic Design first!

a HAYDEN publication 830 Third Avenue, New York 22, N. Y.

FOR 
TIMELY

DESIGN INFORMATION

Environmental Cabinet 
0 to 180 C temperature range

In the Power-O-Matic control system, actual 
control point is within ±0.5 deg C. The constant­
flow mechanical refrigeration system is extra 
large for additional electrical load dissipation 
capacity and rapid pull down rate. This permits 
rapid cycle and close temperature control.

Blue M Electric Co., Dept. ED, Blue Island, 
Ill.
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Variable Resistor
5 watt unit

A 5 w wirewound variable resistor, the model 
4 Radiohm has good heat transfer characteristics 
and dielectric strength of 4500 v per mil at 25 C. 
Ambient temperature range is —65 to -f-200 F.

Centralab, A Div. of Globe-Union, Inc., Dept. 
ED, 900 E. Keefe Ave., Milwaukee 1, Wise.
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Punched Card Sensor
For IBM, Remington Rand cards

Punched card sensors designed to program 
data punched on standard IBM or Remington 
Rand code cards. Model M-l accepts IBM cards, 
has 960 hole positions. Model K-l accepts Rem­
ington Rand cards and has 540 hole positions.

Taurus Corp., Dept. ED, 8 Coryell St., Lam­
bertville, N.J.
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NEW

em-
StateCity

am send today for the newSales Offici
1958-59 Sealed Relay Catalog. Specialty 
Control Dept., Waynesboro, Va.

t ECTRONIC DESIGN • July 23, 1958

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

For more information on any G-E 
sealed relay, call your G-E Apparatus

GET YOUR 1958-59 
G-E SEALED RELAY CATALOG

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

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

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

Oonaral Electric Co., Sect B-792-10 
Schenectady 5, N. Y.
□ Please send me a copy of GEA-6628, 

1958-59 Sealed Relay Catalog.

Type 1856 klystron power unit 
has been designed to operate low 
voltage klystron oscillators with a 
high degree of frequency and 
power stability. The power unit 
will operate klystrons either singly 
or in pairs (as signal source and 
local oscillator). Separate controls 
are provided to facilitate the op­
eration of two tubes simultaneously 
and completely independently of 
each other.

Electronic & Television Consult­
ants, Dept. ED, P.O. Box 47, High­
bridge Station, New York 52, N.Y.
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Capable of supplying stable high 
power signals, the model 30A 
standard signal generator covers 
the range of 40.7 to 400 mc/sec 
with a nominal output power of 10 
v with 15 v available under maxi­
mum power conditions. The model 
SOB is a similar generator with 50 w 
ot output power.

BJ Electronics, Borg-Warner 
1 irp., Dept. ED, 3300 Newport 
E vd., Santa Ana, Calif.
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Company

Address—

Klystron Power Supply
Offers high stability

Signal Generator
Covers 40.7 to 400 me range



RAYTHEON MISSILE CONTRACTS now cover complete systems 
responsibility for both air-to-air and surface-to-air missiles.

These advanced missile projects 
call for exceptional creativity

The need for engineering resourcefulness and creativity 
grows continually as Raytheon missile activities expand 
into new areas.
As an experienced engineer with a keen interest in working 
on advanced missile projects, you can begin building a 
rewarding future at Raytheon today.
There may well be an opportunity in one of the following 
areas that is right for you:

SYSTEMS 

PACKAGING 

MICROWAVE 

RADAR

APPLICATIONS 

CIRCUIT DESIGN 

RELIABILITY 

SPECIFICATIONS

For interview at our suburban laboratory in Bedford, Mass., 
write, wire or telephone collect: CRestview 4-7100. Ask for 
R. W. McCarthy.

RAYTHEON MANUFACTURING COMPANY
Bedford, Massachusetta

Raytheon
M/SS/LE SYSTEMS 

DIVISION

Excellence in Electronics

80



NEW PRODUCTS
Sweeping Oscillator

Center frequencies between 1 me and 350 me

SIGNALS
CRYSTAL CASE RELAYS

HIGH TEMPERATURE . .
UP TO 125°C AND EXCES­
SIVE VIBRATIONS . .
2000 CPS. AT 20 G.

TEMPERATURE 
-65 to 125 C
SHOCK
JAN-S-44 Test in excess 
of 100 g all planes 
VIBRATION' 
10-55 cps at H" 
excursion and 0-2000 cps 
at 20 g
SIZE
.359 in. x .797 in x .875 in.

The Rada-Svveep 300 fundamental frequency 
sweeping oscillator has 10 switched bands with 
fixed center frequencies set to order. For sweep­
ing radar or other if’s and networks between 1 
me and 350 me center frequencies, the unit is 
stable, has low harmonic content, and is free 
from spurious signals. One switch provides sweep 
and markers simultaneously.

Kay Electric Co., Dept. ED, Maple Ave., Pine 
Brook, N.J.

CIRCLE 135 ON READER-SERVICE CARD

Digital Clock
For data logging systems

This digital clock is for use in digital data 
logging systems and control applications. It fea­
tures a single plane in-line lamp bank assembly 
vv’hich can be remotely installed and individual 
time reset push-buttons for each decade.

Parabam, Inc., Dept. ED, 110 Lomita St., El 
Segundo, Calif.
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Coaxial Cable
Approved to MIL-C-17

Three Kel-F jacketed Teflon miniature coaxial 
cables designed for rf transmission. Approved to 
MIL-C-17, they use a 30 AWG conductor. The 
primary insulation of extruded Teflon resin is 
shielded with a braid of 38 AWG silver plated 
copper.

Tensolite Insulated Wire Co., Inc., Dept. ED,
W. Main St., Tarrytown, N.Y.
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Consistently high reliability inherent 
in design and performance

W

These new Wheelock Signals Crystal Case 
relays will solve all your space problems! 
Our engineers designed these precision-made 
relays smaller than small . . . about the 
size of a quarter . . . lighter than light­
weight . . . approximately 35 oz. . . . and 
sensitive enough for millisecond operation, 
yet so rugged to withstand rigid military 
environmental specifications.
For consistent reliability, extended life and 
never-failing performance, specify Wheelock 
Signals Crystal Case relays for your electronic 
applications. We will help you solve your 
relay problems ... we will gladly recom­
mend the relay to suit your needs.

Write for additional literature and com­
plete specs.

fit LAYS LONG HRANCH. N. J
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KEEP UP-TO-DATE ON MAGNETICS
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Last—but still a "first”—to show that we manufacture as well 
as publish, we have designed the first bobbin core protective 
cap which will permit normal potting procedures for all 
sizes of steel and ceramic bobbins. Our "Poly Caps” have 
virtually no effect on dimensions—and will not soften or de­
form under manufacturing or operational temperatures. 
We’d like to show you samples.
At what stage do you want to start? Whether it’s design data, 
prototype data and cores, or production quantities of our 
"Performance-Guaranteed” bobbin cores—you can get what 
you need by writing Magnetics, Inc., Department ^D-48, 
Butler, Pennsylvania.

Servoamplifier
Built-in metering circuit

The model 601 servoamplifier has a built-in 
metering circuit that measures output-current 
level and balance, differential current, B plus 
level, dither level, and feedback-signal quadra­
ture level. Independent level and balance con­
trols enable the current to run from 8 to 25 ma 
without interaction.

American Measurement and Control, Inc., 
Dept. ED, 240 Calvary St., Waltham, Mass.

CIRCLE 139 ON READER-SERVICE CARD

Panel Meters
Expanded scale

We have just published new data which will light the way 
to ease, sureness and accuracy for the designer who works 
with tape wound bobbin cores.
First—and this is a "first”—we have published guaranteed 
maximum and minimum performance limits for all of our 
bobbin cores. Computer-type designers who would like open­
circuit characteristics, guaranteed core flux and guaranteed 
squareness will find them all here.
Second—and this too is a "first”—we have published the first 
fundamental data on characteristics of bobbin cores for cir­
cuit designers. Need core total flux characteristics as related 
to core material? Want switching time vs drive levels? How 
about typical spreads of core characteristics? It’s all yours.
Third—and this too is a "first”—we automatically give you 
test data for prototype orders. With your prototype cores 
come open-circuit outputs, total flux, and squareness data. 
You get a basic understanding of the core’s characteristics 
under specific test conditions. More important, when you 
re-order production quantities, you will be able to duplicate 
the core around which you designed your circuit.

Expanded scale dc voltmeters can be supplied 
in the model 1135 and 1145 side indicator panel 
meters. The 1135 has a scale length of 2.1 in. 
and a panel area of 2 sq in. Scale length of the 
1145 is 2.7 in., and panel area is 5.5 sq in. Volt­
age ranges lie between 4 and 265 v dc, and accu­
racy is ±2 per cent of full scale.

International Instruments Inc., Dept. ED, 
P.O. Box 2954, New Haven 15, Conn.
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Permit improvement in radar range

Three premium microwave crystal diodes 
which permit nearly 20 per cent improvement 
in radar range with no increase in transmitter 
power. Over-all noise figure is 10.3 db for type 

^J53B, 8.8 db for type 1N78B, and 11.3 db for 
t pe 1N26A. Units have greater uniformity of 
i impedance.

Sylvania Electric Products Inc., Dept. ED, 
100 Main St., Buffalo, N.Y.



FAME

Write Dept. A-848 For 
Full Information and 
Prices on Crystal Filters

Electronics Division 
Woodside 77, N.Y.

E 1875

able to maintain exacting con- 
individual crystal characteristics, 
manufacture, Bulova can quickly 

economically produce precision crys­
tal filters on a custom design or produc­
tion basis.
TELEMETRY: Many telemetry centers 
are now relying on Bulova filters to pre­
serve the accuracy of multiplexed data 
during processing. Wide band and nar­
row band filters are available.

engineered multiple-crystal fil- 
are now available as packaged units 

one of the world’s foremost manu- 
of quality crystals.

SINGLE SIDE BAND; For voice and 
other ssb applications Bulova filters pro­
vide excellent suppression of unwanted 
side band in both transmitting and 
receiving equipment.
Center frequencies from 10 KC to 20 
MC, with bandwidths of .01%-8% of cen­
ter frequency can be provided in either 
symmetrical or assymetrical filters using 
Bulova high precision crystals.
Send for literature on Bulova’s standard 
and custom design filters today, or let 
our engineering staff study your filter 
problem and recommend a suitable pack­
age for your particular application.

Bulova
watch company
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NEW PRODUCTS
AC Microammeter 

l-ohm input impedance

primaries provide turns ratios of 
1 to 1 and 1 to 100. The 1 to 1 ratio 
permits measurements of levels 
down to 3 pa full scale, with a noise 
level of less than 0.1 pa. The input 
impedance is approximately 1 ohm, 
with a noise level of less than 
0.03 pv.

Quan-Tech Lab., Dept. ED, Mor­
ristown, N.J.
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Featuring high sensitivity and 
low input impedance, this ac mi­
croammeter permits low-level cur­
rent measurements to be made 
without disturbing the circuit un­
der test. Two input probes are 
provided. A clamp-on probe per­
mits rapid measurement of currents 
in the 300 pa to 100 ma range. The 
probe is constructed of high per­
meability magnetic material, and 
its mating surfaces are lapped to in­
sure minimum leakage.

The insertion probe consists of a 
current transformer enclosed in a 
Mu metal shield. Two separate

Windings
Range of 50 ohms to 750 K

Electrical characteristics of these 
precision wire windings are: range 
50 ohms to 750 K, using standard 
resistance wires; up to 1.6 meg 
using precious metal wires. Total 
resistance accuracy: standard wires 
from ±5 to ±1 per cent; specials 
to ±1.4 per cent.

Brys Instrument Co., Dept. ED, 
7026 6th Ave., Brooklyn 9, N.Y.
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Guaranteed 
long-term 
accuracy

(Inquiries other than U.S.A.) AYO Limited Avocet House 92-96 Vauxhall Bridge Road London. S.W.I, England 
CIRCLE 146 ON READER-SERVICE CARD
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Closer to a laboratory standard 
than to a conventional test meter! 
Where accuracy and dependability 
are required, use the AvoMeter 8. 
Accuracy Guaranteed, 
1% DC current. 2% DC voltage. 
2J%AC current and voltage.

Sensitivity: 20k Q/v DC, IkQ/v AC. 
Hand Calibrated • Mirrored Scale 
Automatic Overload Protection 
AC Current Ranges • Reversing Switch 
3 Zeroing C ontrols 
Accessories Extend Ranges 
Moderate Price: $89.01
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Pick the tube socket that meets your speci­
fications from Johnson s 3 basic grades for 
every socket type! Check Johnson's stand ■

For detailed specifications on the complete line 
of Johnson electronic components—write for your 
free copy of our newest component catalog, today!

Designed to meet severe electrical and 
mechanical requirements, Johnson manu­
factures a complete line of nylon connec­
tors as well as a standard group of plugs 
and jacks. Nylon components include insu­
lated solderless tip and banana plugs; tip 
and banana jacks, tip jack and sleeve 
assemblies; metal-dad tip jacks; binding 
posts. Tough, low-loss nylon won't chip or 
crack even when subjected Io extreme 
temperature changes or abnormal me­
chanical stress. Designed for fast, easy 
mounting—avadable in 13 bright colors 
for coded applications.

Save valuable specification time by select­
ing your panel indicators from Johnson s 
"preferred" line. Available types include, 
faceted jewel or wide ingle lucite lens 
models; enclosed or open body styles, 
bayonet, candelabra, or miniature screw 
types; and a wide variety of mounting 
brackets and assemblies. Jewels are avail­
able in clear, red, green, umber, blue, or 
opal Specials, including types to meet 
military specifications are also available 
in production quantities All Johnson pilot 
lights are described in detail in Pilot Light 
Catalog 750—send for your free copy 
today!

selection is simplified, delivery cycles are 
shorter—and many times you'll get superior 
quality sockets at lower cost due to the 
elimination of special set-up and tooling 
charges. This unique tube socket stand­
ardization program provides you with 
complete specifications for standard, indus­
trial and military socket requirements. 
Write for your free copy of Tube Socket 
Standardization Booklet No. 536, today!

Available in a wide range of capacities 
and voltage ratings, Johnson Var-able Ca­
pacitors are widely used for commercial 
and military applications. Types range in 
size from the diminutive "M'' series to large 
Type "C" Single and Dual capacitors 
measuring up to IZ2’^" long. This compre­
hensive line offers types with construction 
features such as: soldered plates; DC-200 
impregnated steatite end frames, types 
with stator support rods soldered directly 
to ceramic end frames; units with high 
capacity per cubic inch and low capacity 
to chassis; and types with special platings 
and spacings in production quantities.

BUILD YOUR PRODUCT BETTER
WITH JOHNSON COMPONENTS!

pom nts a

VARIABLE CAPACITORS

INSULATORS PILOT LIGHTS

• PLUGS AND

• INDUCTORS

KNOBS AND DIALS

of the following con ponenti 
check Johnson first*

• engin 
looking

JACKS

• TUBE SOCKETS

Johnson cotn- 
»■d by sound



NEWS ABOUT SILICON DEVICES

Now

les sav
important

are read

11 atoms of boron

DEPARTMENTPIGMENTS

MB
BETTER THINGS FOR BETTER LIVING

THROUGH CHEMISTRY
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purity range of 3 to 
r billion. Technical

HYPERPURE 
SILICON

pioneer producer of 
silicon.

information on cr 
from Du Pont .

More efficient power suj 
ings in space and weight

of silicon diodes and rec

ystal growing is available

semiconductor-grade

maximum efficiency and

Reverse current: 1O’7 amp. Rectification ratio: 10,000,000:1

reasons why TV manufacturers are re­
placing conventional rectifying systems 
with silicon diodes. Today, several types

ily available for TV circuits. T\ manu­
facturers have tested silicon rectifiers 
and report no noticeable change in out­
put voltage under continuous load con­
ditions over long periods of time. Sili­

con components can operate in ambi­
ents from —65° to 150° C. They main­
tain excellent electrical stability and 
resist aging.
Silicon components have high shock 
and vibration limits. They are up to 
99 a efficient in units operated at 60 cps. 
and require little maintenance. Silicon 
cells permit a rectification ratio as high 
as 10 million to 1—almost negligible 
reverse conductance. Silicon bridges are

You'll find our new, illustrated booklet about Hyperpure Silicon 
helpful and interesting—it describes the manufacture, properties 
and uses of Du Pont Hyperpure Silicon. Just drop us a card for 
your copy. E. I. du Pont de Nemours & Co. (Inc.), Pigments De­
partment, Silicon Development Group, Wilmington 98, Delaware. 

(This offer limited to United States and Canada.)

three grades for 
ease of use . . . v

available with ratings from 1 to 1,000 
amperes and more than 600 volts rms.
Note to device manufacturers : You can 
produce silicon transistors, rectifiers and 
diodes of the highest quality with Du Pont 
Hyperpure Silicon. It’s now available in



Expanded Scale 
Frequency Meter
0.25 per cent accuracy

Miniature 14-channel unit

A self-contained, needle-indica­
tor type unit for panel mounting, 
this 400 cps expanded scale fre­
quency meter has a standard 380 
to 420 cps scale readable to accu­
racies of 0.25 per cent over its full 
range. Between 380 and 420 cps 

.the bridge used in the meter pro­
vides an output linearly propor­
tional to input frequency.

Helipot Corp., Div. of Beckman 
Instruments, Inc., Dept. ED, New­
port Beach, Calif.
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Recording Amplifier

Designed for use in airborne data 
acquisition systems, the Minidrive 
provides for 14 channels of pulse 
data recording on magnetic tape. 
The unit will present the parallel 
output code of the company’s Mini- 
datrac to tape heads, and will also 
provide odd-even parity checking 
and gates which will allow the re­
cording of additional information, 
such as block counter pulses and 
other auxiliary inputs.

Epsco, Inc., Dept. ED, 588 Com­
monwealth Ave., Boston 15, Mass.

CIRCLE 149 ON READER-SERVICE CARD

BEEDE
ENTS

D. G MILLIAMPERES

ELECT
CLEAR

PLASTIC«
IN 3 I
SIZES 1

2PL - 23^x21 
14-3%x3Î 
23-4%x4?|

NOW! 
AVAILABLE 
IN COLOR 

I OF YOUR

CHOICE

COMMUNICATION

ALL-WAYS ACCURATE TO THE DOT — • 
FOR POWER-UNIT PANELS, INDUSTRIAL TEST UNITS,

BEEDE

le Electrical Inst. Co., Inc.
\ ‘Peneeeok. W. H.

CATALOG ON REQUEST^

CTRICAL INSTRUMENT CO., INC
PENACOOK, NEW HAMPSHIRE
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PM BLOWERS

MINIATURE. 60 VDC BLOWER UNITS

RELIABLE • EFFICIENT*  RUGGED

Eicor Permanent Magnet 60 Volt blower motors provide unusual 
power and performance in a small unit of only 1.186 diameter 
and 1.890 length.

• Class B insulating system.

• Suitable for operation from a 
rectified 115V, 60 cps or 400 
cps source.

• Input voltage may be de­
signed for any voltage up to 
60V.

• Long brush life.

e Toroidal magnet for low ex­
ternal field and high mechan­
ical strength.

e Cartridge brushholders for 
easy field maintenance.

e All-metal frame construction.

e Designed to withstand severe 
environmental conditions.

NORTH AVE., CHICAGO 39
Another F. L. Jacob» Division
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NEW CONCEPTS 
IN TR TUBES ...

Microwave Associates now offers guaranteed crystal 
protection for entire life of tube . . * even under full 

power and elevated temperatures.
Out of Microwave’s Switching Devices 
Laboratory, directed by Dr. Lawrence 
Gould, comes an important advance in 
duplexer tubes.

NEW KEEP-ALIVE DESIGN with new rugged­
ized windows and new stable gas fill 
maintains spike and flat leakage powers 
within specified limits over a wide tem­
perature range.

Duplexer loss plus interaction plus noise 
generation from keep alive are controlled 
within tight limits as specified by the 
system overall noise figure requirement.

RETROFIT IS EASY . . . single and dual 
tubes are physically interchangeable 
with conventional tubes, or tubes can be 
shortened if desired.
Each half of a dual tube is tested indivi­
dually to provide guaranteed performance. 
Tubes for applications requiring high 
repetition rate and short recovery time 
are available.

FOR COMPLETE DATA about these new 
TR tubes and other advanced tubes for 
switching high powers with guaranteed 
crystal protection at any frequency, 
write or phone for specific information.

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS • Telephone: BRowning 2-3000
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NEW PRODUCTS
Narrow Passband Filters

Miniature

Relays
Feature 10 amp contact rating

Operating in the frequency 
range of 175 to 300 kc, type 
2E2SM6 narrow passband filters 
feature high selectivity, stability, 
and subminiature size. In band­
widths from 20 cps to over 1 kc, 
these filters can be made with a 
shape factor (60/6 db) of 3.5 to 1. 
Insertion loss can be as low as 1 db, 
while the ripple in the passband is 
less than 1 db. Drift is less than 10 
cps over the temperature range of 
0 to 75 C.

Bulova Watch Co., Electronics 
Div., Dept. ED, Woodside 77, N.Y.
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Design and performance details 
of these transistorized time delay 
relays include: time delay periods 
from 0.01 to 60 sec; timing accu­
racy of ±10 per cent of nominal 
delay period; and contact arrange­
ments and ratings of either 1-pole, 
double throw, 10 amp resistive or 
3-pole, double throw, 10 amp re­
sistive.

Industrial Marketing Assoc., 
Dept. ED, 4 N. Jerusalem Ave., 
Hicksville, N.Y.
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Rugged and reliable relays are manufactured 
at Hi-G in a wide range of standard units... 
and to customer order with special designs 
to meet your particular requirements.

Complete experimental and prototype 
facilities permit Hi-G engineering personnel 
to study and evaluate your relay needs.

New, complete illustrated specification sheet 
available. Write for your free copy today.

And for information on special relay units, 
send your specifications to Hi-G for 
study and recommendations at no obligation.

rugged / reliable / shock and vibration resistant
A FEW OF THE WIDE RANGE OF HI-G STANDARD RELAYS

HG-2SM

HG-2XCMG-4SLHG-2SMP

BRADLEY FIELD

HG-2MS

WINDSOR LOCKS. CONN.
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Servo Valve

9
Proportional flow control

tails 
slay 
iods
3CU- 
inal 
ige- 
ole, 
5 or 
re-

;oc., 
ve.,

ID

A line of servo valves has been 
I designed featuring fast response, 
I low internal friction, minimum null 

shift, faithful reproduction of small 
I input signals, and insensitivity to 

variations in temperature and load 
or supply pressures. The servo valve 

I 'is a proportional flow control unit. 
I It operates on a dynamic continu­

ous flow sensing principle, made 
possible by the flowmeter design. 
Output flow of hydraulic fluid is 
linearly proportional to the ampli- 

I tude of the electrical differential in­

put signal. The valves are available 
for rated flow capacities from 1/2 
gpm to 7 gpm and can be designed 
for use with systems pressures of 
500 psi or higher.

Pesco Products Div., Borg- 
Warner Corp., Dept. ED, Bedford, 
Ohio.
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Hydrogen Thyratron
30 megawatts peak power

The model 1802 hydrogen thyra­
tron is a compact unit with 30 
megawatts peak power. An air­
cooled ceramic envelope permits 
operation in ambient temperatures 
up to 100 C, and units have been 
successfully tested for shock up to 
500 g and vibration at 10 g up to 
2000 cps. The model 1802 falls in 
the power range between 5948/1754 
and 1257 thyratrons. It is about 
3 in. in diameter and 5 in. long.

Edgerton, Germeshausen & Grier, 
Inc., Dept. ED, 160 Brookline Ave., 
Boston, Mass.
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digital
volt-ohmmeter
—for quick, easy 
measurements with Z 
consistent accuracy
Easy to read—the digits are ^2" high, white 
against jet black, and displayed in line for fast, 
repetitive reading with minimum fatigue.
1% accuracy on DC and Ohms...2% on AC. 
The illuminated decimal point and negative 
polarity indicator insure readout accuracy. And 
since the display is direct reading, all inter­
polation and parallax errors are eliminated. 
Readings are repeated within one digit.
Complete data in Bulletin 615

3 DIGITAL 
INSTRUMENTS IN 1 

The Hycon reads DC volts in 
4 decimal ranges from .001V 
to 999V ... AC volts in 3 
decimal ranges from 1.0V to 
999VRMS . . . ohms in 5 
decimal ranges from 1 ohm 
to 9.99 megohms.

Model 615 $300.00

Fair Oaks, Pasadena, Calif.

►58

Order from your 
Hycon representative, 

or from:

ELECTRONICS, INC,370 So.
A SUBSIDIARY OF HYCON MFG. CO.
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Landisville, N. J.
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WILMAD

Precision

Bore

Glass

Tubing

Wilmad precision bore glass tubing is 
continually being fashioned into newer 
and better components for many products 
which demand extreme accuracy at a rea­
sonable cost. And for good reason!

Wilmad consistently works to tolerances 
of ±0.0002” in the standard sizes of 
stock tubing. Piece after piece is amaz­
ingly uniform, assuring the user repeat­
ability of performance and results. The 
tubing exteriors may be ground concentric 
to the bore where necessary. Close O.D. 
tolerances can be maintained when the 
exteriors are ground or ground and 
polished. When requirements dictate 
extra straight tubing, extremely close 
camber tolerances can be held.

Economically, Wilmad precision glass 
components offer a lower initial cost than 
many other precision-worked materials. 
There is the possibility that the glass com­
ponents can be designed to reduce as­
sembly and fabrication costs, too!

If you think precision glassware may 
be the answer to your design problems, 
or want to learn more about how glass 
can be put to work in your product, write 
to us. We will welcome the opportunity 
to help.

a versatile 
and 
economical 
design 
material

GLASS CO., INC.



ACE POT j
SUB MINIATURE, PRECISION, WIRE-WOUND

LINEAR
500 Series ACEPOT actual size

POTENTIOMETERS^^

Small pot size — Big pot performance

Only lá" in diameter, the ACEPOT excels in a combination of all 
around top performance characteristics comparable to larger units. 
For example, these precision units feature ±2% resistance tolerance 
and ± 0.3% independent linearity. Every potentiometer is complete­
ly sealed against sand, dust and foreign matter to avoid abrasive ac­
tion between moving parts. All materials and metals are treated for 
maximum resistance to salt spray, corrosion, humidity and conform 
to shock and vibration tests. ACEPOTS are designed and assembled 
MIL-A-8625A, QQ-M-1512, JAN-T-152, MIL-E-5272A, MIL-R- 
19A, NAS-710 and MIL-R-19518 (ships).

ACEPOT LINEARITY TEST

Plot of voltage ratio error versus ro­
tation illustrates linearity to better 
than ± 0.3%.

ACEPOT RESOLUTION TEST

Section of oscillograph trace of elec­
trical resolution shows voltage 
change for each turn of wire.

ACE offers a wide variety of linear and nonlinear precision, wire­
wound potentiometers in standard, special and AIA sizes. Custom 
designs to meet special requirements can be made available on short 
lead time. Call, write or teletype Dept. G, ACE ELECTRONICS 
ASSOCIATES, INC., 99 Dover Street, Somerville, Mass., Somerset 
6-5130, TWX SMVL181.

ACETRIM® Af E ELECTRONICS ASSOCIATES, INC.
ACESET ® W V ■■

ACEOHM®
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NEW PRODUCTS
Logic Units

Contain 17 components

Servo Motor
Miniature size 6

Type 200C9 multiple logic pack­
age consists of a ceramic-base 
printed circuit with integral re­
sistors and capacitors. One unit can 
be used as a flip-flop, pulse gener­
ator, or gating, amplifying, clip­
ping, shaping, or delaying circuit 
by external connections to the nine 
leads brought out from the printed 
circuit network. The assembly is for 
low-speed transistor circuits and 
contains 10 resistors, 5 capacitors, 
and 2 transistors in one single en­
capsulation.

Sprague Electric Co., Dept. ED, 
North Adams, Mass.

CIRCLE 160 ON READER-SERVICE CARD

Weighing 0.9 oz, this size 6 servo 
motor will develop a stall torque of 
0.125 oz-in., and has a free speed 
of 6200 rpm. The unit is available 
for 400 cps operation with 26, 33, 
or 52 v control phase windings. The 
control phase is center-tapped for 
operation directly with transistor 
amplifiers. Operating temperature 
range is from —55 to 4~120 C.

Daystrom Transicoil Corp., Dept. 
ED, Worcester, Montgomery 
County, Pa.
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for highly engineered 
applications

WIRE

specifies 
SECON 
precious metals 
POTENTIOMETER

rhe element coll» 
for meCISION

SECON 
METALS

Giannini specifies only the finest in noble metal wire for 
the wire-wound potentiometers used in their products, 
which include: pressure transducers, accelerometers, 
vanes, gyros, systems, and precision potentiometers. 
Giannini instruments have wide airborne application in 
the missile and aircraft fields, where precision and 
reliability are a must.
If yours is a problem involving metallurgical 
fine wire, consult Secon.
Write for literature to Dept. ED-7

CORP. 7 Intervale Street, White Plains, N. Y. 
WESCON BOOTH 1906-C
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Focus Coil
Does not overheat

Type F20 electromagnetic focus 
coil is designed for photographic, 
flying spot, military and other spe­
cial purpose tubes requiring short 
focal lengths at up to 25 kv ac­
celerating potential without over­
heating. Minimum spot distortion 
is achieved by machining coil case 
to close dimensional tolerances. 
Sharp focus for high beam currents 
is assured by a large id to focus gap 
ratio.

Syntronic Instruments, Inc., 
Dept. ED. 100 Industrial Rd., Ad­
dison, Ill.
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Solid Electrolyte 
Capacitors

Operate from —80 to -{-85 C

This series of small, tantalum 
solid electrolyte capacitors have 
useful temperature characteristics 
with a —80 to -{-85 C range. They 
have good stability of capacitance 
with time and temperature and are 
resistant to corrosion and vibration 
effects.

Cornell-Dubilier Electric Corp., 
Dept. ED, South Plainfield, N.J.
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Commercial - Low-cost
THERMAL TIME DELAY RELAYS

and ”W” Series
• For industrial use — economical — stocked
• Time delays — "K" and "G", 3 to 60 sec­

onds. "W", 15 to 90 seconds
• Input voltages — 6.3, 26.5, 117, AC or DC
• "K" and "G" miniature size, glass enve­

lopes
• "W", dust-tight metal envelope
The "K", "G" and "W" relays are part of the 
new Curtiss-Wright Thermal Time Delay Relay 
line which includes:
H-Series

— vibration resistant, for missiles, aircraft 
S-Snapper

— double-throw, snap-action contacts
IR and STR

— instant reset, voltage compensated
MR and CR

— double-throw, fast reset, no chatter
For our new catalog, write or phone Electronics 
Division, Components Dept., Carlstadt, New 
Jersey, GEneva 8-4000.

ELECTRONICS DIVISION

CURTISS-WRIGHT®
CORPORATION • CARLSTADT, N. J. !
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by Technitrol
• ••••••••••••••a

THE DYNAMIC DIODE TESTER

An invaluable means for the rapid, accurate checking of semiconductor
diodes for irregularities. The dynamic curve, more revealing than static test­
ing, is quickly apparent on the screen, and is readily adapted to volume 
testing. And the easy portability of this 16-pound instrument makes it ideal 
for field work as well as for bench or rack installation.

Designed for use with the Cathode Ray Indicator, this moderate-price 
instrument provides for a variety of back and forward voltages, as well as 
independently-controlled ranges for back and forward currents.

THE CATHODE RAY INDICATOR

Send for Bulletin 1002

Provides a visual indicating device for the dynamic display of electrical 
signals and is intended primarily as an output indicating device for such 
instruments as the Dynamic Diode Tester and transistor curve tracers.

Also makes an ideal display unit for analogue computer and other applica­
tions where the repetitive cycle rate of display is consistent with screen 
persistences of available five-inch cathode ray tubes.

High-quality components assure a stable instrument which provides a 
very sharp focused beam on the face of the tube.

Designed for standard 19" relay rack mounting or with separate mounting 
legs at additional cost.

DESIGNED AND
?/////////////& BUILT BY

ECHNITROL
ENGINEERING COMPANY

1952 E Allegheny A« Phila 34. Pa

Manufacturers of Pulse Transformers, 
Delay Lines and Electronic Test Equipment.
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on the fence 
about signal generators?

No need to be foiled in efforts to establish a reliable 
pole beacon for missile checkout equipment, rapier- 
witted friend Sherman claims. Our new Model 82 Signal 
Generator Series, with one power supply and five plug-in 
r-f oscillators, can parry any problem of instrumentation 
inflexibility with one thrust (or five), depending upon 
the scope of your frequency requirements.

We’ve been told by users that they like its extreme 
flexibility... resulting in but a bit of the van space pre­
viously required for attuning telemetry and guidance 
channels, tracking and acquisition radar and voice links.

The basic power chassis comprises both high and 
low power supplies, a variable amplitude (1 kc) sine 
wave oscillator and a square wave shaper. Individual, 
interchangeable, r-f assemblies contain the remainder 
of the generator components and provide coverage of 
20-80 me, 300-500 me, 800-1100 me, 1100-1600 me, and 
2700-3000 me frequency ranges. Two types of modulator 
units offer the option of high or low power operation 
in the 500-1000 me range.

Your request for further information will result in 
worthwhile, seriously inclined literature.

BJ ELECTRONICS
B0R6-WARNER CORPORATION
Reliability you can count upon

88

33OO NEWPORT BOULEVARD, P.O. BOX 1679, SANTA ANA, CALIFORNIA 

EXPORT SALES: BURG-WARNER I NTER N ATI O N A L CO R P., C H IC AGO, ILLINOIS
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NEW PRODUCTS
Capacitance Bridge
High-speed automatic unit

Drone Command Antenne
For shipboard use

RA 
rec 
ma 
tio

Ch

This high-speed, 1 me automatic 
capacitance limit bridge requires 
no external capacitors. Units are 
available with semi or fully auto­
matic component feeding and sort­
ing mechanisms.

Industrial Instruments, Inc., Dept. 
ED, 89 Commerce Rd., Essex 
County, N.J.
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This uhf 3 bay, circularly po­
larized omni-directional antenna is 
ruggedized to make it serviceable 
for shipboard application. The 
AT-781/U has a vertically stacked 
array of four quadrature unipoles 
interposed between the 2nd and 
3rd bays to improve overhead cov­
erage.

Gabriel Electronics, Dept. ED, 
Needham Heights, Mass.
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IRON CORE
Development

| EQ UI-TORQUE
n Process #25 :
RB ... Developed by

Surr’.v Production 
Costs

RADIO CORES
Originators of

Breakage
Loss

ENGINEERED ECONOMY
for

Non - uniformity 
of torque in phenolic 

impregnated coil forms

IRON CORES
i

Get even, smooth-running, satisfactory torque control in 
application of threaded cores to coil forms with

EOUI-TORQUE PROCESS #25!

'Trademark

ir Specially processed 
tacky wax

ir Impregnated In
cores

A Covers all thread 
form

\ ir Wax withstands 
\ 200«F.

* A Recycling 
excellent

A Lubricates to ease 
torque

A Compensates for 
low torque

A Uniform running 
torque

★ Equalizes initial, 
and running torque

ir No deterrent In 
function with aging

Operational tested and now being used by leading 
television, radio and coil manufacturers.
Write tw samples ind further informetion today!

METAL 
POWDER

Phone:
GArden 2-3353

9540 SOUTH TULLEY AVENUE O OAK LAWN, ILLINOIS
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UR FILTER.—P-61 filter panel prevents objection- 
ible dust particles from entering electronic cabinets 
md other electronic devices.

Air-Maze Corp., Dept. ED, 25000 Miles Rd., 
Cleveland 28, Ohio.
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WIRE SPARKER.—20 kv de sparker permits nonde­
structive fault detection at wire speeds of 4000 fpm.

Peschel Electronics, Inc., Dept. ED, R.F.D. 1, 
Patterson, N.Y.
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RADIATION RECORDER.—Gamma intensity time 
recorder is portable, transistorized. It records on 
magnetic tape the time and intensity of gamma radia­
tion to which it is exposed.

Land-Air, Inc., Dept. ED, 7444 W. Wilson Ave., 
Chicago 31, Ill.
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LAMPHOLDER.—Model H2005-IL lampholder is 
for use with 2-pin lamps in high heat applications.

Drake Mfg. Co., Dept. ED, 1711 W. Hubbard St., 
Chicago 22, Ill.
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THERMISTOR KIT.-Model G200 kit is designed 
for experimental work, and for familiarizing engi­
neers with thermistors.

Fenwal Electronics, Inc., Dept. ED, Mellen St., 
Framingham, Mass.
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CRYSTAL OVEN.—JKO 13S oven provides operat­
ing temperatures from 55 to 125 C with temperature 
stability of ±1.0 per cent. Operates on 12 to 115 v.

James Knights Co., Dept. ED, Sandwich, Ill.
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CHART VIEWER.-Model 276 for oscillographic 
recording provides variable chart drive speeds and 
takes charts to 16 in. wide and 200 ft. long. Has 
transparent plastic cursor.

Sanbom Co., Industrial Div., Dept. ED, 175 Wy­
man St., Waltham 54, Mass.
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TUBE AND TRANSISTOR TESTER.-Model 10-60 
features a beam current test, a sensitive gas test, and 
functional testing of voltage regulator tubes.

Precision Apparatus Co., Inc., Dept. ED, Glen­
dale, N.Y.
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DIGITAL CLOCKS.-DC-100 clocks are designed 
for industrial applications and have seven digit out­
puts.

G. M. Giannini & Co., Inc., Dept. ED, 1307 S. 
Myrtle Ave., Monrovia, Calif.

CIRCLE 178 ON READER-SERVICE CARD

TUNING INDICATOR.—Type EM84/6FG6, for 
se in broadcast receivers and tape recorders, has a 
octangular indication pattern.
Amperex Electronic Corp., Dept., ED, 230 Duffy 

ve., Hicksville, N.Y.
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GLOBE MODEL VS / DC. MOTOR

1 875

875

2 250.4375

TYPICAL MOTOR PERFORMANCE DATA

50

6

5

1.200

1.000

12.000

10.000

800 8.000

20

3

2 400

200

30 600

2.000

TORQUE INCH OUNCE'

6,000

4,000 —r—4—»—I / I WATTS 0U TFUT \rpT
«■■■Kt

NEW FLAT MOTOR / SMALLEST YET
Globe Industries announces a new precision 
miniature d.c. motor, the smallest we have 
made. Like all Globe motors, it can be modi­
fied easily and quickly to meet your electrical 
and mechanical requirements. It is called the 
VS, and takes its place with the SS, MM and 
LL in Globe’s family of superb quality motors.

The VS weighs ozs., is % in. thick. A 
breakthrough in miniaturization, it can deliver 
.2 oz. in. of torque at 10,000 rpm and is the 
first precision motor of its ^ize available. Mul­
tiple units can be gang-mounted in modules.

The fastest way to get full technical data 
on the VS motor is to phone or write direct: 
Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAIdwin 2-3741.
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GROUND POWER SUPPLY.—500 amp silicon recti­
fier type regulated ground dc power supply has dc 
output voltage of 25 to 40 v at continuous load ca­
pacities up to 500 amp.

Perkin Engineering Corp., Dept. ED, 345 Kansas 
St., El Segundo, Calif.
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MOUNTINGS.—BTR mountings designed for use in 
aircraft and missiles requiring mounting systems hav­
ing natural frequencies above 20 cps.

Lord Manufacturing Co., Dept ED, 1635 West 
12th St., Erie, Pa.
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GEAR REDUCER.—Six station unit can produce 
variety of reduction ratios. A selector knob accor 
plishes ratio changes smoothly.

The Haxton Gear Co., Inc., Dept. ED, 7-11 Ma 
St., East Rockaway, N.Y.
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LOW-LEVEL DC INVERTER.—Type D-100 volt­
meter inverter permits use of a standard ac vtvm for 
microvolt dc readings and eliminates the need for 
buying dc vtvm’s. Range is 100 uv to 100 v.

Microdyne, Dept. ED, 300 W. Washington St., 
Chicago 6, Ill.
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TRANSISTORS.—Ten general purpose types, 2N563 
through 2N572, feature tight parameter control.

General Transistor Corp., Dept. ED, 91-27 138th 
Place, Jamaica 35, N.Y.
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CIRCUIT BREAKER.—Model 4000 is rated 0.05 to 
6 amp, and may be used for applications requiring 
quick-release protection.

E-T-A Products Co. of America, Dept. ED, 5085 
N. Elston Ave., Chicago 30, Ill.
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information to the engineer's attention much 
faster than monthly publications with 
diverse editorial interests. Electronic 
Design runs not only more new product 
items than any other magazine, but runs 
all the new products of interest to the 
electronic design engineer. Save valu­
able reading time, and keep completely 
up to date, by reading Electronic 
Design — every other Wednesday in 
1958.
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CAPTIVE FASTENERS.—Cadmium plated KM 
fasteners for use on equipment requiring sheet metal 
enclosure.

Camloc Fastener Corp., Dept. ED, 61 Spring 
Valley Rd., Paramus, NJ.
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phenomenon. The accel­
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to at least 14,000cy and 
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in flight-test in­
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voltage signals in the low 

‘■3 or 88 transducers or refer- 
t »ese signals in time sequence, 
& in pulse width form, and 
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BK reorders or similar devices.

10 or 20 rps and inputs of

Bf-ilable.tyrp. of Prineeton, Dept ED, 
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SILICON RECTIFIER.—The INI 169 is designed to 
replace conventional selenium rectifiers used in TV 
sets.

Westinghouse Electric Corp., Semiconductor 
Dept., Dept. ED., Youngwood, Pa.
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Reader preference studies show that more 
and more Electronic Design subscribers are 
becoming "one publication” readers. The 
reason for this is simple. Electronic Design is
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PRESSURE TRANSDUCER.—A high temperature 
version of model 45176 is now available for use in 
ambient temperatures to 149 C.

G. M. Giannini & Co., Inc. Dept. ED, Pasadena, 
Calif.
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Products

Index
Components

amplifier, 
amplifier, 
amplifier, 
amplifier.

branching—12:76.
carrier—2:59.

dc—5:120; 8:89, 96; 12:114.
decade—2:71; 5:146.

amplifier, magnetic—2:62; 5:152; 7:32; 8:68, 90; 
12:65.

amplifier, post—12:63.
amplifier, read-write—8:66.
amplifier, recording—T.21; 9:56, 59, 10 82;

13:43, 48, 58, 59.
amplifier, rf—3:58; 11:69.
amplifier, servo—5:105; 8:103; 10 96.
amplifier sum and difference—4:69.
amplier, summing—10:101.
amplifier, telemetering—4:75.
amplifier, video—5:145.
amplifier, wideband—10:117.
annunciator—12:100.
antenna cap—8:82.
antenna, half loop—12:68.
antenna positioner—1:76.
antenna selector—12:74.
attenuator—5:136; 10:85.
attenuator, rf—4:54; 10:108; 11:62.
automatic frequency control—2:76.
balun—13:57.
battery, nickel cadmium—4:53.
binary 
buffer 
cable, 
cable, 
cable, 
cable.

counter—9:51.
storage unit—6:68. 
bondable—9:70.
coaxial—8 81: 9:58. 
control—9:49.
flat—9:67; 8:110.

capacitor—6:62; 12:107.
capacitor, ceramic—1:70; 5:120; 6:56; 7:36; 10:86.
capacitor, electrolytic—4:62, 77; 5:108, 115, 

148; 7:26, 30; 9:70; 12:96.
capacitor, energy storage—12:70.
capacitor, glass—12:106.
capacitor, high voltage—3:57.
capacitor, mica—3:58, 61.
capacitor, standard—10:83.
capacitor, tantalum—9:61; 13:36.
capacitor, variable—2:70; 5:112.
chassis—10:121.
chopper—2:78; 5:96, 98 7:28.
clamp—5:87.
clutch—3:68; 4:61; 5:143, 149; 10:78, 109, 124;

11:60; 12:78, 92; 13:50.
coil—9:65.
coil slug—12:89.
coil, tuning—2:68; 4:81; 6:66; 10:127.
component solver—9:50.
computer logic circuit—10:76.
computer, patchboard—7:28.
computer, plug-in—1:65.
connector—4:52; 5:150; 10:84; 12:67, 70.
connector, coaxial—3:56; 5:150; 8:75.
connector, hermetically sealed—9:49.
connector, multiple—1:74; 2:57; 4:65, 67; 10:94;

12:112.
connector, printed circuit—5:139, 6:72, 82, 9:55.
control reactor—12:107.
converter, ac dc—2:46; 10 81.

1 — Jan. 8
5 — Mar. 5
9 — Apr. 30

13 — June 25

2 — Jan. 22
6 — Mar. 19

10 — May 14

ELECTRONIC DESIGN

New products, new materials and 
production products announced dur­
ing the first half of this year are 
listed here by category. Following 
each category are issue and page 
numbers. The date corresponding 
to the issue number is given at the 
bottom of the page.

converter, analog digital—2:47, 59; 5:96, 116;
8:84 , 97; 10:125, 127; 12:94, 116.

converter, dc dc—3:59; 4:69.
converter, digital analog—2:56; 9:52; 10:127.
converter, frequency—5:91; 6:76; 7 31.
converter, power—2:78; 4:80.
converter, rotary—3:64, 67.
cooling unit—6:61, 73; 13:46, 48.
core, memory—5:152; 7:31; 13:56.
counter—4:68.
counter, bi-directional—8:99.
counter booster—3:60.
counter-controller—4:58.
counter, electromechanical—2:76; 6 89; 

12:109; 13:41.
counter, parts—4:52.
counter, pre-set—6:80.
counter, transistorized—2:77.
crystal—10:104; 11:59.
crystal oven—1:64 , 80; 8:85.
current limiter—12:110.
decade counter—5:102; 11:58.
delay line—1:79; 4:50; 5:86; 6:84; 7:29;

120.
demodulator—12:120.
dial—5:100, 104; 10:92.
differential, mechanical—4:59; 10 87.
differential transformer—2:63; 6:67; 7:36;
digital 
digital 
digital 
diode, 
diode, 
diode, 
diode.

clock—5:153.
position indicator—12:108
tuning generator—6:66.
antimonide—12:86.
crystal—5:129.
trigger—7:26.
zener—5:83, 113; 10:119; 13:54.

distance indicating system—13 37.
drafting kit—12:81.
enclosure—2:51, 52, 66; 5:132; 8:73;

11:71;

12:80,

11:67.

11:64;
12:113.

eyelet—10.97.
fan—5:82, 138; 8:75, 76; 12:99.
filter—1:65; 5:101; 6:76; 7:37; 10:125; 12:101.
flip-flop module—12:81.

geiger tube—12:121.
heating element—10:105.
heat sink—6:56; 9:58.
high-pot programmer—9:67.
image orthicon—2:53; 6:80.
instrument bearing—6:57; 12 124.
inverter—1:84; 5:93, 94; 10:104; 12:97.
jack—2:80; 9:68; 12:91.
keyboard, decimal—12:125.
kerr cell—9:47.
liquid level sensor—12:88.
magnet wire—5:119; 8:93.
magnetic 
magnetic 
magnetic 
magnetic 

90.

core storage—1:75, 84; 12:100.
drum--3:52.
modulator—12:75.
tape handler—2:64; 5:102, 128, 6:79,

magnetic tape strobe—11:72.
magnetostrictive storage unit—5:153.
meter, frequency—4:58, 62; 12:64.
meter, memory—4:40.
meter, panel—3:66; 5:155; 6:85; 10 118; 12:62, 

115.

3 — Feb.
7 — Apr.

11 — May
5
2
28

4 — Feb. 19
8 — Apr. 16

12 — June 11
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105; 11:71.

12:62; 13:36.81; 2:73, 79, 84; 3:60; 4:64;
8:99; 9:55, 59; 10:74, 112;

114;
10:75 , 92; 12:71.

6:79,

60: 11:58.
6:90; 12:96,

4:47;
147; 6:78; 7 39; 8:80; 10 113, 123;

12:75.
silicon—1:72, 83; 2:72, 77;

140; 7:39;

rectifier, 
rectifier, 
rectifier, 
rectifier,

relay, 
relay, 
relay, 
relay.

supply, 
supply, 
supply, 
supply.

serro 
serro 
servo 
servo 
servo 
servo 
servo

overload—5:113; 12 77, 97, 104.
polarized—12:124.
power—3:57; 6:70.

5:110, 
11:62;

80; 13:55. 
telemetering 
telemetering 
telemetering

8:82; 
power 
power 
power 
power

ac—5:139.
audio standard—5:150.

constant current—4:57.
general—4:68; 5:82, 111;

13:46. 
transformer, 
transformer, 
transformer, 
transformer.

4:45, 48,
10:74, 77,

r-f—10:119.
transistor—3:65; 12:68.
variable—6:88; 8:76.
video—4:73.

copper oxide—8:102. 
germanium—2:60; 8:67.
power tube—1:67; 8:76; 10 116;

noise cutout—11:63.
signal simulator—6:68. 

subcarrier oscillator—10:111 ;

supply, high voltage—1:68; 4:54, 64;

microsyn signal generator—6:59.
motor, fhp—4:67; 5:144; 6:78; 7:35; 10:80, 89, 

111, 115; 13:51.
motor generator—4:70; 12:85.
motor, stepping—4:63, 78; 9:61; 1U 114; 11:73, 

12:85.
motor, synchronous—4:55, 5:124; 8:104.
mount—1:70; 4:91.
neon driver—2:76.
nuclear scaler—9:60.
oscillator, blocking—6:58.
packaging—1:78.
patch cord—4:51.
phase-lock discriminator—12:85.
photocell—2:74; 9 57. 
pilot light—9:71, 98, 
plug—12:100.
potentiometer—1:74, 

5:118; 6:57; 7:40; I 
11:73; 12:93.

potentiometer, trimming—2:64; 4:72; 5:110,

83; 8:70, 90; 9:54; 10 91, 127; 12:72, 114. 
power supply, high amperage—12:116.
power

7:29; 
power 
power 
power 
power

102, 
power

111,

8:98; 11:63; 12:78.
supply, klystron—4:72. 
supply, mag amp—6:75, 84. 
supply, telemetering—2:55, 
supply, transducer—5:147; ( 
104; 13:42.
supply, 0-60 v—1:69, 71; 4 

12:125; 13:58.
preamplifier—4:46.
printed circuit connector—12:120.
printed circuit module—2:65. 
programmer—10:97, 124; 13:43.
pulse generator—6:80.
pump—13:52.
quadrature rejection unit—6:73.
rate gyroscope—12:107.
readout converter—13:53.
readout, digital—4:41.
readout printer—1:69; 2:46.
readout tube—4:74.

55, 71; 5:85; 6:74; 8:96; 9:53, 69;
86, 98; 12:70, 79, 99, 118; 13:59. 

rectifier, silicon controlled—5:80. 
reference power supply—4:70. 
regenerative repeater—6:75.
relay, general—2:73; 5:109, 115, 126,

8:66, 85, 91, 103; 9:50, 68; 10:120; 11:70; 12 72, 
74; 13:56.

relay, latching—5:97; 8:80; 12:86.

relay, stepping—10:118.
relay, time delay—2:79; 4:77; 5:136; 8:69;

10:106; 11:66; 12:89, 115, 123.
remote control system—2:82; 9:67.
resistor, deposited-carbon—3:63.
resistor, film—2:74; 5:89, 140; 6:88; 13:55.
resistor, silicon—10:72.
resistor, variable—3:59.
resistor, voltage divider—12:117.
resistor, wirewound—1:76, 89; 2:47, 70; 4:48;

6:61; 9:52; 10:92; 11:55; 12:112.
resolver, computing—10:80.
rheostat—5:98; 12:99.
ring modulator—2:61.
scintillation transducer—1:68.
sequence timer—2:69.

cam assembly—5:85.
coupling—4:53, 79; 6:65; 10:117.
gear—2:80; 6 67; 12:122.
kit—10:108.
limit stop—6:86.
motor—5:145; 6:69, 76; 12:87.
motor tech—5:138.

servo package—4:40; 5:101.
servopot—5:134.
shift register—8:70, 101; 12:87, 105.
slip ring—12:98.
socket—3:52; 5:95; 6:58; 8:92; 12:111; 13:49.
speed control—12:69.
strain gage indicator—4:45.
switch, binary coded—12:119.
switch, commutating—2:58; 4:40; 11:59.
switch, limit—2:66.
switch, mercury—12:78: 13:49.
switch, 
switch, 
switch, 
switch, 
switch, 
switch.

momentary—4:81.
motor-reversing—4:68.
pressure operated—8:94; 12:113; 13:59.
rate operated—8:95.
rotary—2:70; 10:82, 106, 122; 13:44.
sampling—2 51, 67; 5:141; 10:74; 11:58;

switch, 
switch, 
switch, 
switch 
switch, 
switch.

slide—5:87.
snap-acting—10:96.

solenoid—8:80; 12:108.
terminal—12:86.
thermal—10:116; 11:70.
toggle and push—1:82; 4:49, 64; 5:89,

128; 6:88; 12:95.
switching reactor—4:42.
symbol generator—8:78; 12:96.
synchro—2:75; 3:63.
tachometer—10:112.
tachometer generator—1:79.
telemetering discriminator—9:53; 12:122.
telemetering multicoder—2:53; 3:55; 8:74; 12:77,

11:68; 12:75.
telemetering transceiver—1.80; 5:146; 13:54.
terminal—2:67; 5:136; 6.77; 8:100; 10:94; 11:68
thermistor—5:141; 9:46
thermocouple—8 64 
thermostat—2:57; 4:42; 5:116; 9:58. 
thyratron—1:80; 4:56; 9 64.
timer—11:60; 12:123.
toroid—8:105; 12:90.
transducer—5:137; 6:60; 11:72.
transformer, audio—6:60.
transformer, current—3:55.
transformer, differential—9.56.
transformer, general—8:72, 74, 77; 12:73.
transformer, i-f—5:126.
transformer, pulse—1.66; 2:68; 5:100, 105; 10:79;

transformer, 400 cps—5:148.
transistor base—13:44.
transistor, bilateral—2:84.
transistor, drift—7:27.
transistor, general—5:88, 108; 10:100.
transistor, power—7:35; 12:80.
transistor, switching—5:135; 9:47; 10:108; 13:40.
transistor, unijunction—1:64.
tube, cathode ray—3:65; 10:73.
tube, general—1:77, 78; 2:52, 72; 10:89.
tube, power—1:81.
tube shield—2:72; 10:109; 11:72; 12:93.
tube, trigger—8:78.
vacuum switch—2:65; 12:121.
valve, solenoid—3:53; 4:66, 75; 6:59, 82; 7:33 

12:102.
vhf transceiver—2:50; 3:60; 4:65; 5:134; 6:79.
voltage regulator—2.80; 4:66; 7:41; 8:75; 10:76 

123.
amplifier—8:104.
antenna—10:65, 67.
atr and tr tubes—9:48; 10:88.
attenuator—10:84; 11:59; 12:119.
bolometer-thermistor mount—9:48.
circulator—2:62; 9:65.
conversion rule—6:89; 7:39.
duplexer—12 88, 91.
frequency meter—8:94 
gain measuring system—6:71. 
hybrid—4:42.
isolator—2:74; 3:64; 4:47, 76; 5:92, 112; 7:32 

9:69; 10:73.
klystron—4:60; 8:91.
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Made with 22 different motor types,

1 0, 3 • 50-60-400 CPS,

variable frequency, 

also with "ALTIVAR" high altitude motors



9:62.

Test Equipment

8 69,

6:84, 8:88

131; 6.78-

waveguide 
waveguide 
waveguide

coupler—2:50; 
switch—10:73, 
window—2:54.

10:85.
tuner, double-stud—8:88.
vswr indicator—5:90, 8:79;
waveguide- —9 66.

1< 114 
121.

Materials, Production 
Equipment and Systems

7:34;
110.

Tei

do

scr

Tu

EJ

klystron test facility—5 142.
load, water—4:80; 7:37.
magnetron—10> 1; 12:64.
noise figure meter—12:102.
oscillator, bwo—10:84.
oscillator, pulsed cavity—9:64.
oscillator, sweep—7 38.
power supply, twt—4:43; 6 81; 8:73.
pulse system—5:149.
radar simulator—8:97.
rotary joint—1 67: 4:50; 5:123.
ssb generator—5:86.
termination—2:66; 10 121.
transmission line- 4 41.
travelling wave tube—4:46, 51; 5’123, 133; 9:52;

acceleiation tester—2:58; 12 111. 
accelerometer—1:75, 77; 2.82; 6'62;

77, 83, 8P, 89; 9:46; 12:63, 92, 95, 
ammeter—12:76.
antenna pattern receiver—6:63.
bridge, admittance—10:79.
bridge, impedance—1 71; 4’74.
bridge, resistance—-2:68; 5:80. 154;

90, 96; 11 65.
calorimeter—13:44
chambor, acoustic—12:106.
chamber, humidity—3:53.
chamber, temperature—1:73; 5:103, 

10:99; 12:108.
core tester—6 87.
differential computer—8:71.
diode tester—5 90.
electrometer—1:64; 2:83.
field strength meter—3:54; 4:60. 
flutter meter—12:124.
frequency meter, rf—5:118, 151, 154; 13:49.
frequency standard—3 66; 4 55; 5:97; 10:113; 

12:109, 112.
function generator—12:103 
galvanometer analyzer—12:79.
gaussmeter—11:55.
gear train analyzer—11:58.
graphic recorder—8:100; 9:69.
gyro transducer—11:61.
insulation tester—2:54, 65; 4:60, 62; 8:86; 7 30. 
integrator—2:61.
interval timer—5:84, 114; 8 94; 10:78.
ion gage—1:66. 2:55.
load, dummy—8:81, 102; 9:60
log n and period amplifier—4.61.
magnetic recording test unit—5.124.
microwave te.t equipment—see microwave 
modulation meter—12:114.
multimeter—2:52; 3 62; 4:76 
noise source -7:26 8:93.
ohmmeter—6:83; 8:67.
ohmmeter-meg—1:73; 2 53.
oscillator, rf—5:132; 6 69, 87; 8:70, 72, 85: 9 63; 

10:93; 12:103.
oscillator, telemetering—5 117.
oscillator, video—7 33, 34, 38.
oscillograph—3:54; 13:57.
oscilloscope—1:83; 4:63; 5 104, 126, 131; 9.63;

11:64, 69; 12:94.
oscilloscope camera—11:54.
phase meter—4 71; 5:84, 119, 121.
phase sequence indicator—10:123.
phase shifter—5:210.
potentiometer, standard—13:40 
power meter, rf—9:70.
power supply analyzer—10:71.
pressure pickup—-2:75, 81; 8:101; 12:84.
programmed circuit tester—2:63.
pulse generator—5:142; 12:89.
pul-.e height analyzer—4:79; 13:52.
pulse modulator —3:62.
rate gyro—5:140.
rate meter—6:86; 9:57.
recorder, graphic—1:82, 2:71, 79, 83; 3:67; 4 73, 

81; 6:82; 11:66; 12:84, 90, 104.

recorder, log-linear—4:72. 
recorder, radar—4:67.
recorder-reproducer—6:74, 10:75, 107.
recorder signal limiter—10:113.
recorder, strain gage—4:58.
rectifier tost set—13:47.
relay analyser—10:96; 12:101.
rotary transducer—1:78.
screen room—6:65; 12 98.
servo taster—10:70.
shock tester—3'68; 5 95, 135; 11:54.
simulation table—5:121; 6 4; 8 95; 10:98; 12 67.
stroboscopic light—2:81. 
sweep generator—5; 117, 129. 
sweep-marker system—5:99. 
synchro tester—8:100; 10 105.
system analyzer—13:41.
temperature transducer—1.82; 6:72.
test system modulo—12:90.
time mark generator—4:59.
transistor tester—8 68; 9:54; 11:61.
vector potentiometer—3:56.
vibration analyzer—9:62; 10 100
vibration pickup—4:70; 10:107; 12 118; 13:47.
vibration tester—1:72.
voltage calibrator—2:69.
voltmeter, digital—12:73, 118.
voltmeter, vtvm—4 42, 75; 5:133; 8:92; 12:71, 

117; 13:53.
vor teM generator—2:56. 
waveform analyzer—10:72; 13:42. 
word generator—9:65.

are 
tex
on 
pel 
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ma 
tor

adhesive-1:88, 89; 6:95, 99; 8:112.
airspeed computer—11:60.
boats and jigs—4:89, 90.
ceramics—7:41; 9 53; 10:95; 12:128, 133.
colloidal graphite—12 130.
computer, analog—4:56; 13:52.
computer translator—12:69 
copper-nickel alloy—10:133. 
damping fluid—11:53.
ductile bismuth—12:129
encapsulating shells—12.132.
engine trimmer—12 105.
t poxy resin—4:89; 5:92, 94; 6:94, 96, 97; 8:108, 

110, 111, 113; 12.130, 131, 133.
ferromagnetic material—8:109 
germanium slicer machine—4:87.
glass, infraied transmitting—6:96; 8:111; 12:128 
hermetic seal— 7.40; 10 88.
insulation—4:88 90, 91; 6:95, 99; 8:113; 10:133. 
krypton—12:88
laminate—4:88; 5 130, 154; 6 94; 8:111, 112, 113;

10 133; 134.
low approach indicator—10:91.
lubricant, solid film—4 89.
magnetizer—5:204.
metal plating—6:99; 11 53; 12:129 
microwave absorbent—5:93; 8:108, 109. 
photo-recording paper—12 132.
pins—6:97.
power squaring shear—2:88.
printed circuit press—10:131.
printed circuit processing—4:91; 10 132 
projector, wafer inspection—2:89 
sheet metal punch—4.86.
silicone material—6 98; 8:108, 112; 10:132, 134. 
solvent—4:88.- 12:128.
stainless steel saw—2 89 
tantalum—8:113.
terminal setting machine—4 86.
thermal ribbon—1:88 
timing system—8:92.
tube checker—11:52
ultrasonic comparator—10 130.
ultrasonic generator—1:69; 5 88; 10:89.
vacuum storage—5:139.
welding chamber—2:88; 5 130.
winding machines--5:109, 204, 205; 10 130.
wire, aluminum—6:96
wire, ceramic coated—12:131.
wire ferrule—5:144.
wire harness—4:43; 6:77; 12:132.
wire, hookup—5:149; 8:110; 10:134; 12:128.
wire, magnet—8:109; 10:132; 11:53.
wire, resistance—4:90.
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NEW LITERATURE
Technical Product Surveys 195

Technical surveys and what they can 
do for a product development program 
are explained in a 4-page brochure. The 
text outlines ways in which product data 
on user requirements, applications, com­
petitive products, and market conditions 
are gathered and analyzed. It also de­
scribes six types of survey that can be 
made. Designers for Industry, 4241 Ful­
ton Pkwy., Cleveland 9, Ohio.

Tube Clamps 196
Catalog 5-KK features heat reducing 

tube clamps. The 16-page booklet covers 
'types for all miniature and subminiature 
tubes and many components, in both 
beryllium copper and heat treated silver. 
Methods of attaching clamps to heat 
sink and/or chassis are discussed. The 
Birtcher Corp., 4371 Valley Blvd., Los 
Angeles 32, Calif.

Power Supply 197
Bulletin GEC-1497, two pages, pro­

vides information concerning a 28-v, one- 
amp unregulated transformer-rectifier 
airborne power supply. A photo, graph, 
line drawing, and lists of electrical and 
mechanical characteristics illustrate pri­
mary features of the 14-oz, convection- 
cooled unit. General Electric Co., 
Schenectady 5, N.Y.

Tuning to The Satellites
“You Can Record the Satellites!” is a 

12-page illustrated booklet showing how 
to receive and record satellite radio sig­
nals and help space research. It tells how 
to set up equipment, how to interpret 
recordings, and how to tell whether they 
are of value to the official satellite proj­
ect. Copies may be had for a 10^ mailing 
fee from Audio Devices, Inc., Dept. ED, 
444 Madison Ave., New York 22, N.Y.

:108,

:128.

:133.

113;

another 
wonderful

GRC idea
for designers

GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED
PIECES, WIRES, even CONTINUOUS 
ELEMENTS, RIGHT IN THE | 

MOLUING OR CASTING CYCLE _
Fast . . . economical, GRC's exclusive automatic machines 
insert elements in zinc alloy die castings, in thermoplastic

assure uniformity, eliminate—___moldings . . . assure uniformity, 
¡¡1 assembly, make possible entirely 

signs, cut labor and costs.
new de-

A DOUBLE
INSERT Part, 

automatically 
produced

For this IBM Brush 
Assembly, the core 

is die cast auto­
matically and 

continuously onto 
6 strands of music 

wire, 3 on each side.

In the second cycle 
the nylon insulating 

jacket is molded 
automatically and 

continuously . .. 
right onto the die 

cast core and 
wire inserts.

£1 Wnte for bulletin», tend print» for quotation I
U No size is too small! Maximums: I

-- “ Zinc Alloy 1’/j ",’/j oz. • Plastic 1 .03 oz.

GRIES REPRODUCER CORP.MEM
World's Foremost Producer of Small Die Castings

40 Second St., New Rochelle, N. Y. • NEw Rochelle 3-8600 
CIRCLE 198 ON READER-SERVICE CARD
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photo courtesy ot Bourns Laboratories

MILLISECOND WELDING HELPS BOURNS BEAT 
HEAT PRODLEMS IN TRIMPOT® ASSEMDLY
Heat must be kept at a minimum in joining leads to the resistance element tabs of 
this sensitive TRIM POT® potentiometer. The long pulses of most welders would 
transmit heat to the .001" Evanohm resistance wire, altering its characteristics 
and impairing performance. Low-temperature soldering might mean “cold” 
joints. With a Weldmatic, Bourns makes welds in 1% milliseconds — no chance 
for heat transfer beyond the weld! Result: high component accuracy, low reject 
rate. Write for Weldmatic literature.
WCinMATIP DIVISION OF UNITEK CORPORATION 
VV L L U III H I I U 260 North Halstead Avenue • Pasadena, California
SALES ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES

CIRCLE 199 ON READER-SERVICE CARD

^^SANDERS 1 
MINICUBE BLOWER I

Blower and Motor in 1“ Cube 
Cools and ventilates miniature equipment

APPLICATIONS
Designed for use in aircraft and 
missiles, this Sanders Minicube 
Blower is ruggedly packaged . . . 
operates over wide ranges of vibra­
tion, acceleration and temperature.

• Maintaining uniform flow of air 
in restricted spaces.

• Preventing fogging of lenses and 
viewing glasses.

• Eliminating hot spots around 
Klystrons and other electronic 
tubes and devices.

Input: 400 cps, 3 watts
Voltage: Model 1A — 6.3 volts

Model 2A — 26 volts

SPECIFICATIONS
Speed: 22,000 rpm approx.
Size: l*x 1'x 1*
Weight: 1 1/4 oz

For complete details about prices, delivery schedules, and conformance to military specifications, write 

sanoens r ssocirtes^^
NASHUA, NEW HAMPSHIRE

DAYTON, OHIO INGLEWOOD, CALIFORNIA •
CIRCLE 200 ON READER-SERVICE CARD

WASHIN GTON, D. C.



VSWR and RF 
WATTMETERS 

25 MCS TO 3000 MCS
These rugged, compact units accurately measure and indicate the 
RF power and VSWR of coaxial transmission lines. Each type com­
bines a frequency insensitive bidirectional coupler and complete 
indicator circuit in one small case. Accuracy of power measurement 
is ± 5% of full scale.

* Also available with UHF, BNC and Type C connectors 
| Also available with BNC and Type C connectors

Model No.
Frequency Range 

(Mcs)
Power Range 

(Watts)
RF 

Connectors

712N 25—1000 0-2.5; 5; 10 in 3 scales N*

723N 1000—3000 0-12 in one scale Nt

For more information please write for 68-page catalog No. 12 
ar see Electronics Buyers* Guide or Electronic Engineers Master.



Ultrasonic Cleaning 205
A 24-page bulletin, S-200, explains 

practical applications and basic princi­
ples of ultrasonic cleaning methods and 
equipment. Design information occupies 
a large part of the booklet, along with 
information on solutions and chemicals 
recommended for ultrasonic cleaning. 
Optimum frequencies, characteristics of 
the cleaning liquid, efficiency, and other 
such factors are also discussed. Branson 
Ultrasonic Corp., 40 Brown House Rd., 
Stamford, Conn.

Coil Winding 206
This catalog page illustrates an effi­

cient heavy duty (4 to 23 awg wire) mul­
tiple transformer and bobbin winder 
which form winds coils without pound­
ing. Technical details are given on 
dimensions, types of coils wound, wire 
sizes, set-up time, tension and motor 
equipment, winding speeds and range. 
Geo. Stevens Mfg. Co., Inc., Pulaski Rd 
at Peterson, Chicago 46, Ill.

Programming System 20/
A four-page bulletin describing a pro ­

gramming system method is now avail 
able. The system, known as the Intercom 
1000, has been designed for use with t 
general purpose digital computer and is 
a major simplification in the process of 
writing instructions to a computer. Ben­
dix Computer Div., 5630 Arbor Vitae St., 
Los Angeles, Calif.

Mercury Switches 208
A catalog covering a recently intro­

duced line of glass mercury switches is 
available. Full specifications and scale 
line drawings are supplied. Capacity 
ranges are also given. Gordos Corp., 250 
Glenwood Ave., Bloomfield, N.J.

Core Inductance Limits 209
Guaranteed practical inductance limits 

for molybdenum permalloy powder cores 
have been published for distribution. 
Magnetics, Inc., Butler, Pa.

CIRCLE 210 ON READER-SERVICE CARD
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magnet wire that goes into the motors and coils
we housewives could pick the Branch Office* in Principal Cifiet 

Subiidiary of The Colorado Fuel and Iron Corporation

of every one of these things. I mean, really! 
Because I'd pick Roebling Magnet Wire. It’s 
always way higher than the NEMA Specifications. 
And if you think that’s not important to a girl...!” 
Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, N. J.

CE CARD

1953
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"...I mean, really! Maybe you think that's 
too deep for an average housewife like me. But 
let me ask you, who's got the most to lose if 
magnet wire doesn't have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn't 
up there? Who but us, with all our appliances?

mits 
ores 
tion.





Thermocouples 212 High Vacuum Valves 214
A 28-page catalog, describing a com­

plete line of miniature thermocouples is 
i,ow available. Gasket, bayonet, pro­
tected and shielded designs are de­
scribed. Information is contained on uses 
and advantages of each type, on calibra­
tions and temperature ranges, details of 
construction, adapters and mounting ac­
cessories, and thermocouples leads. Vari- 
ious terminals and quick-coupling 
connectors are also illustrated and tem­
perature conversion tables are provided. 
Thermo Electric Co., Inc., Saddle Brook, 
N.J.

Data Sheet 571, two pages, points out 
the principal features of series ST gate 
type high vacuum valves. Photographs 
and dimensional drawings illustrate the 
text. F. J. Stokes Corp., Vacuum Equip­
ment Div., 5500 Tabor Rd., Philadelphia 
20, Pa.

Altitude-Pressure Table 215

Electrolytic Capacitors 213

A table of equivalent pressures in 
millimeters of mercury for altitudes from 
sea level to 2 million feet is offered free. 
The table is printed on a wallet-size card. 
F. J. Stokes Corp., Vacuum Equipment 
Div., 5500 Tabor Rd., Philadelphia 20, 
Pa.

Subminiature electrolytic capacitors, 
both tubular and upright, are featured 
in a 4-page catalog. Part numbers are 
listed in tables along with dimensions 
and voltage and temperature ranges. Il­
lustrated with graphs, photographs, and 
dimensional drawings, the catalog also 
gives complete specifications. Illinois 
Condenser Co., 1616 N. Throop St., Chi­
cago 22, Ill.

Specialty Motors 216
GEC-1502 is a 4-page bulletin on a 

full line of small ac motors for diverse 
applications. A selection chart shows 
over 200 rating combinations available 
in the three frame sizes. Dimensions, 
construction, and performance are illus­
trated and described. General Electric 
Co., Schenectady 5, N.Y.

for maximum reliability

PREVENT 
THERMAL 
RUNAWAY

Prevent excessive heat from 
causing "thermal runaway" in 

power diodes by maintaining 
collector junction temperatures 

at, or below, levels recommended 
by manufacturers, through the 

use of new Birtcher Diode 
Radiators. Cooling by conduction, 

convection and radiation, 
Birtcher Diode Radiators are 

inexpensive and easy to install in 
new or existing equipment. 

To fit all popularly used 
power diodes.

CIRCLE 217 ON READER-SERVICE CARD

THE BIRTCHER CORPORATION 
industrial division

4371 Valley Blvd. Los Angeles 82, California 
Sales engineering representatives in principal cities.

FOR CATALOG
and 
teat data write :

with NEW

BIRTCHER

DIODE
RADIATORS



MAXIMUM POWER • MINIMUM SIZE

SIZE

TRUE DIFFUSED JUNCTION SILICON POWER DIODES
Now, you can select from a full series of high power silicon 
rectifiers having the superior uniformity and reliability of true 
diffused junction construction. Conservatively rated up to 30 
amperes at 50 to 400 p.i.v., these high-performance diodes 
feature a low forward voltage drop and an ambient tempera­
ture range of —65°C. to 4-15O°C.

Small, rugged and efficient, Silotron stud-mounted types in­
corporate a glass-to-metal hermetic seal and a solid copper 
construction for maximum electrical conductivity and heat dissi­
pation. Lower-priced than many less-advanced types, these 
rectifiers are economical and reliable long-life components for 
new or replacement designs. For maximum design flexibility, 
all Silotron diodes are available with reversed polarity.

and PIV

TYPE 
NO.

MAX. AVG. FWD. 
CURRENT, 40® C* 

(AMPERES)

PEAK 
INVERSE 
VOLTS

RMS 
VOLTS 
MAX.

LEAKAGE 
MA.**

Pl 005 10 50 35 <5
P1010 10 100 70 <5
P1015 10 150 105 <5
P1020 10 200 141 <5
PI 040 10 400 283 <5

Pl 505 15 50 35 <5
P1510 15 100 70 <5
P1515 15 150 105 <5
Pl 520 15 200 141 <5
Pl 540 15 400 283 <5

P2005 20 50 35 <5
P2010 20 100 70 <5
P2015 20 150 105 <5
P2020 20 200 141 <5
P2040 20 400 283 <5

P2505 25 50 35 <5
P2510 25 100 70 <5
P2515 25 150 105 <5
P2520 25 200 141 <5
P2540 25 400 283 <5

P3005 30 50 35 <5
P3010 30 100 70 <5
P3015 30 150 105 <5
P3020 30 200 141 <5
P3040 30 400 283 <5

* 6" x 6" heat sink
** ot max. rated forward current

Maximum forward voltage drop:
25®C. at full rated current. 1.2 volts

Write today for complete details on our full line

375 FAIRFIELD AVENUE • STAMFORD, CONNECTICUT 
CIRCLE 218 ON READER-SERVICE CARD



THREE NEW CHEMELEC COMPONENTS 
ANSWERING URGENT MISSILE-GUIDANCE 
AND MILITARY ELECTRONIC NEEDS

••• 

• • • hf (
N.. 1
Teflon* Subminiature Tube 
Lead Insulators. Possess all 
the fine characteristics of 
Teflon—high heat resis­
tance (to 500^ F), zero mois­
ture absorption, low loss fac­
tor (less than .0005), tough, 
resilient, withstand shock 
and vibration.

No. 2
Teflon Compression­
mounted Subminiature Tube 
Sockets. Save space, as­
sembly time. High reliability 
factor—withstand extreme 
shock, vibration, high tem­
perature. Have low loss insu­
lating qualities, zero mois­
ture absorption. Versatile; 
can be used as chassis­
mounted tube lead insula­
tors, adaptable to printed 
circuit applications.

No. 3
Teflon Compression­
mounted, low-loss Transis­
tor Sockets. Also applicable 
for Subminiature Tubes with 
'’in-line” leads. Save as­
sembly time and space. High 
Reliability factor—with­
stand high temperature, ex­
treme shock, vibration. 
Adaptable to printed circuit 
applications.
♦du Pont Trademark.

Write for further information and prices. 
Fluorocarbon Products, Inc.

Division of United States Gasket Co., Camden 1, New Jersey



* 2!4" CRT NECK DIA.

Ceke

51

co 
A 
ca 
ti< 
ti1 
If
V(

u
3

.W
CO

an

PATENTS
Phase Inverter

Patent No. 2,827,521. L. ft. Jacobsen. (As­
signed to Hoffman Electronics Corp.)

A phase splitter is connected to a high 
gain constant-current amplifier in order 
to obtain symmetrical output voltages 
free from distortion and phase shift.

A conventional phase splitter, such as 
triode 19 by itself, would require a 
source of bias for the amplifier to oper­
ate along a linear characteristic. In gen­
eral, the use of a parallel resistor and 
condenser in the cathode circuit for req­
uisite bias voltage results in phase shift.

19

Ceke

«
for MILITARY and COMMERCIAL PRECISION DISPLAYS

Tube 11, such as a 12AU7, operates 
as a constant-current amplifier which is 
de coupled to the grid of the phase split­
ter. The constant-current amplifier con­
sists of a triode load to linearize the out­
put characteristics and feedback due to 
the unbypassed cathode resistor 14. The 
circuit parameters are selected so that 
with no signal applied to terminal 12, 
the grid to cathode bias of tube 19 per­
mits the phase splitter to operate along 
a linear characteristic. The overall gain 
of the combination of constant-current 
amplifier and phase splitter is calculated 
to be twice the amplification factor of 
the constant-current amplifier.

Multivibrators

Patent No. 2,827,574. Seymour Schneider. 
(Assigned to Hoffman Electronics Corp.)

A complementary type transistor is 
connected across the cross coupling con­
denser of a transistor multivibrator to 
reduce the recovery time of the multivi­
brator to the quiescent state. When con­
nected as shown, transistor 27 short cir­

HIGH RESOLUTION 
FAST RECOVERY 
HIGH SENSITIVITY 
LOW Ll’ 
CONTROLLED 
MAGNETIC FIELDS

Writ« for CELCO DEFLECTION YOKE Catalogue & Design Sheets or for 
immediate engineering assistance Call your nearest CELCO Plant:

Mahwah, N. J. Miami. Fla. Cucamonga, Calif.
— Davis 7-1123 Plaza 1-9033 Yukon 2-2688

CIRCLE 221 ON READER-SERVICE CARD
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Oscillation Cut Off

Mode! AGC

Power input—.008 Amp. at 6 VDCShorting or non-shorting contact

670 MILTON ROAD RYE, N.Y.

SPECIFICATIONS
Number of decks—Î-4

If You Wave A 
Timing Problem 
Where Size, 
Mass and Power 
Drain Are Critical 
Read These

Brailsford 
AGC Timers 
Are Unmatched 
In These Basic 
Requirements

uits condenser Cl as long as transistor 
13 is conducting. Transistor 27 is 
switched to cutoff when transistor 10 
conducts. The short circuit is removed 
and condenser Cl charges.

In the quiescent state transistor 12 is 
conducting and transistor 10 is at cutoff. 
A negative pulse applied to electrode 32 
causes transistor 10 to conduct; the junc­
tion of resistors 24 and 14 becomes posi­
tive and transistor 13 cuts off since base 
12 is at a positive potential. When the 
voltage on base 18 approaches the volt-

30 
T 
NPN 

28

Ct

HIGH 

^VLOQa, 
" CONTROL. INSTRUMENTS W

require MAXIMUM Performance ”
MINIMUM Size - Weight - Power Drain

Segments per deck—2-8 for »tock unit».
Speciol commutators to order for a nominal tool charge.

Speed regulation—±L0% ot 50% voltage shift
Size—1%" x 2%"—depth depends on number of decks

WRITE FOR UTERATURE 

BRAILSFORD & CO. INC

ENGINEERING DEVELOPMENT MANUFACTURING
---------------------------------------------------------------------------- ■ BRAILSFORD ------------------------------------------------------------------------
SUB FRACTIONAL WATT DC MOTORS SIGNALLING SYSTEM COMPONENT

CIRCLE 227 ON READER-SERVICE CARD
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age across resistor 17, transistor 10 cuts 
off and transistor 13 is switched.

Condenser Cl would ordinarily dis­
charge through resistors 22 and 19 at 
this time. However, with transistor 13 
conducting, base 28 of transistor 27 is at 
a positive voltage with respect to emitter 
31 and transistor 27 conducts, rapidly 
discharging condenser Cl.

The circuit is thus highly sensitive to 
the succeeding negative pulse applied to 
terminal 32.

Patent No. 2,815,426. Milton Rothstein. 
(Assigned to Radio Receptor Co., Inc.)

The device includes an hf circuit hav­
ing an hf generator connected to a load. 
A control component controls the output 
of the generator. A spark gap, in circuit 
with the control component, normally 
does not conduct during the operation 
of the generator. A dc power source is 
controlled by a switch which energizes 
the spark gap. When the switch is closed 
a dc breakdown potential is impressed 
across the gap. This initiates conductive 
sparking which alters the control effect.
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Do You Use Vacuum In This Range?
From millimeters to microns ... in this region the significant economy 
of the KINNEY KMB Mechanical Booster Pump is self-evident, as 
shown by the performance curve above. And, this high efficiency is 
doubly attractive because these KINNEY Pumps provide clean, dry 
Vacuum ... no backstreaming ... automatic operation ... no stalling 
problems from gas bursts.

MECHANICAL BOOSTER HIGH VACUUM PUMPS
The KINNEY KMB Pumps have proven themselves in the most difficult 
applications. Their performance, even where outgassing of materials 
renders other pumps inoperative, stamps them as the major contribu­
tion of the decade in High Vacuum service. Models range from 30 to 
5100 cfm free air displacement.

KMB 1200 with fre* air 
duplacement of 1230 
cfm. Other modale

WRITE X 
for Bulletin 
No. 400A 
It's FREE j

¡KINN EY MFG. DIVISION
THE NEW YORK AIR BRAKE COMPANY K 
3561G WASHINGTON STREET . BOSTON 30 • MASS 2
Please send me copy of Bulletin No. 400A describing 
KINNEY KMB High Vacuum Pumps. 
Name__________________________________________
Company_______________________________________
Address-------------------------------------------------------------

I City_________________Zone State---------------------
CIRCLE 228 ON READER-SERVICE CARD

97



BRITISH NEW PRODUCTS

At British Component Show
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Printed wiring and coils are being used for the first 
time by the British for frequencies as high as 220 me 
in this 14-channel TV current tuner developed by Sidney 
S. Bird, Ltd.
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High-temperature transformer announced by
Gresham Ltd. for airborne applicat.ons operates at 130 
to 150 C.

matt 
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More than 170 exhibitors were represented at the recent 
Radio and Electronic Component Show held in London. 
Though a little more restrained in appearance than our IRE 
Show, there was no dearth in new product announcements.



MANY OF England’s latest “firsts” were 
featured at the 15th Radio and Electronic 

Components Show held in London recently. 
More than 170 exhibitors unveiled components, 
materials, and processes encompassing the entire 
spectrum of current British effort.

As a great number of the displays were spon­
sored by the Government’s R & D Committee, 
which promotes the development of components 
to meet military requirements, the most notice­
able trends in component design were quite 
similar to those experienced by American com­
ponent manufacturers, including:
■ Extended temperature range;
■ Still further miniaturization particularly in 
switches, connectors, relays, etc.;
■ Increased environmental robustness and ability 
to withstand high values of ‘g’ up to 45 and 50; 
■ Extended use of grain-oriented silicon-iron 
material in strip or laminated form for magnetic 
components—particularly saturable reactors and 
transductors.
' Present minimum requirements for guided 

missile components, according to the Ministry of 
Supply is that they must stand up to:
■ Temperatures varying from minus 55 deg C to 
125 deg C;
■ Humidity up to 95 per cent;
■ Shock of 50 bumps at 100 g;
■ Vibration of 10 g sweeping 50 to 2000 cps for 
10 hours;
■ Endurance of 2000 hours at max ratings and 
upper temperature limit.

Discussions have also been held on the ad­
visability of instituting a 0.01 per cent reliability 
factor for all missile components and equipment.

Printed circuit components appear to have 
come into their own of late. New in Britain was 
the use of a 14-channel TV and fm tuner of a 
printed circuit chassis and coils in the 40 me to 
220 me frequency range. Improved gain and 
noise characteristics were reported by Sidney S. 
Bird, Ltd. who developed the tuners.

Painton and Co., Ltd. displayed a range of

“Fatpot” preset wirewound potentiometer developed 
by Painton & Co., Kingsthorpe, Northampton.

SPACE FLIGHT and NUCLEAR PROPULSION

A drastic reduction in vehicle mass ratios... substan­
tially increased specific impulse values... a capability 
for achieving very high speeds... these are some of 
the significant advantages that will come from the 
application of nuclear energy to space flight.

A number of different propulsion systems have been 
proposed to utilize nuclear reactions. The simplest 
system consists of a fission reactor through which the 
propellant is passed, heated, and then expanded 
through a rocket nozzle. Fission reactors can also be 
employed as a source of energy to generate electric 
power, which in turn can be used to accelerate ions 
or charged particles, or to create and accelerate a 
plasma. And fusion reactors, when developed, can be 
used to generate electric power for the same purposes. 
In addition, in the case of the fusion reactor, there is 
the attractive possibility that the reaction energy can 
be used directly without conversion to electric power.

The fission-powered thermal propulsion system will 
probably constitute one of the next major advances in 
space technology. As an example of the gain which 
can be achieved, consider a vehicle with a payload 
weight of about 25 tons for a manned flight to one of 
the nearer planets, landing, and returning. Powered 

Space Technology Laboratories
A Division of The Ramo-Wooldridge Corporation

by chemical rocket engines, the takeoff weight for such 
a vehicle would be 50,000 tons. But powered by a 
fission-thermal propulsion system, weight at launch 
would not exceed 500 tons...a 100-fold reduction in 
the mass ratio. Considerably greater gains are pre­
dicted for the more advanced systems.

Systems studies and advanced research in the appli­
cation of nuclear energy to the requirements of space 
flight are in progress at Space Technology Laboratories. 
This work illustrates the emphasis at STL on the 
exploration and development of new concepts and 
techniques in ballistic missile and space technology.

Both in support of its over-all systems engineering 
responsibility for the Air Force Ballistic Missile Pro­
gram, and in anticipation of future system require­
ments, STL is engaged in a wide variety of analytical 
and experimental research. Projects are in progress 
in electronics, aerodynamics, hypersonics, propulsion 
and structures.

The scope of activity at Space Technology Labora­
tories requires a staff of unusual technical breadth 
and competence. Inquiries regarding professional 
opportunities on the STL Technical Staff are invited.

LOS ANGILS* 4B, CALIFORNIA
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DC Microammeter

•í «
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miniature flat wirewound potentiometers suit­
able for stacking in printed circuit applications. 
Each measures 1-1/2 x 5/16 x 7/32 in. in ranges 
from 10 ohms to 10 kilohms. Painton also an­
nounced that a miniature 20-way printed circuit 
plug and socket with 0.1 inch centers is nearing 
completion.

Increased operating temperatures of compo­
nents was marked. Concentration of effort in this 
area resulted in the development of an experi­
mental transformer designed to operate at 500 
deg C. This model is interleaved with glass 
cloth on a split-metal form, with a core of grain- 
oriented silicon iron laminations. Normal rating 
is 100 volt-ainperes at 1600 cps. A series of small 
open-C and E-core transformers designed to 
operate at temperatures of 130 to 155 C were 
exhibited by Gresham Transformers Ltd. These 
units are intended for airborne equipment con­
tinually operated at 100 C ambients.

Samples of boron nitride, the first material to 
become available in any quantity for use as a 
good insulator and dielectric at temperatures of 
500 C, were exhibited by the Ministry of Supply.

The Ministry also presented examples of s did 
circuit assemblies produced through the succ ss- 
ful deposition of thin resistive, capacitive nd 
magnetic films and their connections upoi. a 
single baseplate.

New semiconductor devices displayed by 
Mullard Ltd. included three silicon pnp tran­
sistors—one audio and two high frequency t) oes 
—with junction temperature ratings from munis 
55 to plus 150 C, as well as a subminiature 
silicon diode and two gold-bonded germanium 
diodes.

The germanium diodes exhibited an eminent 
suitability for use with high frequency transis­
tors in computer circuits.

This manufacturer also featured matrix planes 
containing 32 x 32 or 64 x 64 loop cores wired in 
stacks as complete memory storage units for 
computers, with storage capacity of 1,024 and 
4,096 words, respectively.

Among new test instruments shown was a sig­
nal generator built by Taylor Electrical Instru­
ments Ltd. covering the frequency range from 
100 kc to 220 me, all on fundamentals, with a 
calibration accuracy of 1 per cent.

Immediately below. Electronic Design pre­
sents some additional representative products 
unveiled at the show.

This range of push-pull output transformers is 
intended for use in equipment reproducing the 
full audio frequency range with the lowest dis­
tortion. Two models are available to give opti­
mum performance at various power levels up to 
50 w and tappings are provided for ultra linear 
connection. They are finished with a die-cast 
shrouding and can be mounted in either direc­
tion. By employing grained oriented core mate­
rial, high performance figures are obtained.

Partridge Transformers Ltd., Roebuck Road, 
Chessington, Surrey; M. Swedgal Electronics, 
Dept. ED, 258 Broadway, New York 7, N. Y.

Write for the Variac Bulletin for Complete Data

GENERAL RADIO Company

Broad Avenue at Linden Ridgefield. N J NEW YORK AREA 1000 N Seward St LOS ANGELES 3« 
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HIGH POWER 
from a
Little 9

'rauhnJ
- Telephon« Fleetwood 4 1040 

565 Hillgrove Avenue • La Grange, Illinois

variac® *w The Type W5L VARIAC auto-trans­
former is designed for many applications in which output 
voltages not in excess of line are all that are needed. Through 
modifications of the popular Type W5 units, the power 
rating of the Type W5L is increased to 1265 va. As with all 
VARIACS the output voltage is continuously adjustable 
from zero. Other VARIAC features included arc Duratrak 
brush construction for extra-long life ... excellent regulation 
. . . low losses . . . linear output. The Type W5L VARIAC 
is moderately priced at $17.50.

Robust instrument, with torque/weight ratio
at least twice that of conventional movements. Â
It consists of a center core magnet surrounded by I
a soft iron ring where the oil rotates around the I
magnet. Meter offers stick-free operation, inher­
ent magnetic shielding, and can withstand 10,000 I
per cent overload. Manufacturer has also an­
nounced a high sensitivity 5 pa meter.

Taylor Electrical Instruments Ltd., Dept. ED, 
Montrose Avenue, Slough, Bucks.

CIRCLE 244 ON READER-SERVICE CARD

Audio Frequency Transformer
Push-pull output

precision require

Shown
Actual Si

Series 24

Positive detent actio

275 Massachusetts Avenue, Cambridge 39. Massachusetts, U S

GRAYHILL
Miniature Rotary Tap Switches

ments. Designed and built for long life and 
dependable service.

Available with up to 10 positions per 
deck and from 1 to 10 decks. Short 
■ ng or non-shorting version.

»
Spring Return
With up to 4 deten* positions 
plus a momentary spring re­
turn position Available 1 to 

decks
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Precision Potentiometer
Low-starting torque

The Type 11 potentiometer has a starting 
torque of 0.5 gm cm. As part of the manufac­
turer’s range of precision potentiometers, it is 
designed to provide analog conversion from me­
chanical rotation to an electrical signal. Linear 
and sine/cosine laws are available and other non­
linear functions can be manufactured. Potenti­
ometer has good resolution and linearity. They 
are capable of reliable operation under severe 
shock.

Ferranti Ltd., Dept. ED, Hollinwood, Lancs.
CIRCLE 248 ON READER-SERVICE CARD

Miniature Rotary Trimmer
Solid electrode
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This Air Dielectric Rotary Trimmer has the 
rotor and stator each milled from solid metal 
eliminating practically all joints and assuring 
high electrical and mechanical stability with 
close conformity to specifications.

Known as the SMT9/7.3, it measures 0.375 x 
0.375 x 0.477 in. Terminal lugs, comprising strips 
0.05 in. x 0.015 in., can be bent down 90 deg 
bringing their centers to modules of 0.10 in., for 
direct mounting on printed circuit boards.

A differential capacitor Type SDMT9/7.3 is 
also available in the same construction and with 
the same dimensions as the trimmer.

Principal specifications of both are: gap 0.009 
in., capacity 1.8ppf to 7.3upf, test voltage 
1000 v dc, insulation 5000 meg power factor 
0.001, torque 2.8 oz.

Oxley Developments Ulterston, England; Brit­
ish Radio Electronics Ltd., Dept. ED, 1833 Jeffer­
son Pl. N.W., Washington 6, D. C.
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Get better tube and circuitry design 
with this powerful electronic computer 

ROYAL PRECISION LGP-30
Large capacity... easily programmed 
and operated ... mobile... low in cost
Compact, simple to use, Royal Precision LGP-30 will 
today save valuable time in the simulation of optimum 
designs . . . will eliminate weeks of detailed mathe­
matical analysis by furnishing you with high-speed, 
deskside electronic computation. And at the lowest 
cost ever for a complete computer system!
Unusual capacity. Operating from a standard wall out­
let, performing an almost unlimited range of calcula­
tions, LGP-30 gives you the flexibility of stored-pro- 
gram operation combined with speed, memory (4096 
words) and capacity equal to computers many times its 
size and cost. Completely mobile, LGP-30 is easily 
wheeled from room to room, building to building.
Simple to operate and program. LGP-30 controls have been 
so thoroughly simplified that it may be operated with 
only minimum computer experience. Direct print-out of 
answers — no deciphering required. Programming is 
easily learned. Library of sub-routines, plus programs 
for a wide variety of applications, is available.

Wide range of electronics applications. Among the jobs for 
which LGP-30 is now being used in the electronics in­
dustry: evaluation of 8 x 8 determinants related to 
crystallographic studies; solution of differential equa­
tions in tube and circuit research; dynamic analysis of 
flight simulation systems; design of cams for flight 
and fire control computers; design of electromechanical 
analog computers.

Exceptional value; complete service. Smallest initial in­
vestment ever for a complete computer is combined with 
low operating and maintenance costs. Service facilities 
coast-to-coast.

For further information and specifications, write Royal 
McBee Corporation, Data Processing Division, Port 
Chester, N. Y.

ROYAL MC EE
WORLD’S LARGEST MANUFACTURER OF TYPEWRITERS 
AND MAKERS OF DATA PROCESSING EQUIPMENT

CIRCLE 250 ON READER-SERVICE CARD
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SINGLE CELL disc rectifiers for low-voltage circuits Writing

J. George Adashko

AUTOMATIC CONTROL

Write for complete information. We will be glad to quote on your specific requirements.
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102

Methods for Optimum Regulation by I. S. 
Morosanov. AT 11 /57, pp 1029-1044,10

Con
Trai
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feati 
lustr

666 Garland Place 

Des Plaines* Illinois

are 
artic 
mec

By applying quantity production methods, 
Radio Industries can now offer single cell 
Selenium Disc Rectifier units at surprisingly 
low costs. Soldered directly to the electrodes,

the leads have a positive electrical contact for 
the life of the rectifier, eliminating all problems 
of connection intermittency. Uniform perform­
ance is assured for every unit.

ELECTRONIC DESIGN • July 23, 1958

Discusses fundamental methods of 
optimizing control systems. The systems 
are classified in accordance with the

Synthesis of Structure of Multiple-Loop 
Regulation in the Presence of Delay Ele­
ments by M. V. Meyerov. AT 12/57, pp 
1098-1108, 4 figs.

Certain methods are described that 
permit synthesis of multiple-loop control 
systems with delay elements. The gains 
of the separate circuits are made as large 
as possible.

. . ... continuous DCmodel no. cell size .rating in ma lead 
wire

SOLDERED LEADS 
(direct to the electrode) 
assures good electrical 
contact, eliminating all 
problems of connection 
intermittency.

1015 ¥4" 54
• Current ratings are for single phase half wave

• RMS rating is 26 volts per cell

• PIV rating is 37 volts per cell

1011 %" 6

1012 %* 13

1013 Y^ 24

1014 ve ' 36



NS method used to optimize the system. The 
features of self-oscillating modes are il- . 
1 istrated with an example of optimum 
relay systems. Practical recommendations 
are made. Refers to several American 
articles on process control and on servo­
mechanisms, among them an article by 
Shull, “An Automatic Cruise Control 
Computer for Long Range Aircraft” 
Transactions IRE, (Electronic Com­
puters), No. 12, 1952.

Certain Features of Switching in Non­
linear Systems of Automatic Regulation 
with Piecewise-Smooth Characteristic of 
the Nonlinear Elements by M. A. Ayzer­
man and F. R. Gontmakher. AT 11/57, 
pp 1017-1028, 11 figs.

The authors discuss characteristics 
comprising infinite curves, those compris­
ing sections of curves, and others. Usu­
ally the theory of relay systems deals 
With switching in which the dead time 
is short compared to the operating time, 
or in which switch operation is assumed 
instantaneous. The author discusses 
other types of switching, of the “sliding” 
type.

Dynamic Accuracy of Servo System Con­
taining a Nonlinear Element with Poly­
nomial Characteristic by S. Ya. Rayev- 
skiy. AT 11/57, pp 1010-1016, 2 figs.

The author computes the rms error for 
assumed stochastic disturbances. He 
uses successive approximation on the 
basis of an approximate representation 
of the higher moments in terms of the 
lower ones.

MEASUREMENTS

Method for Measuring Audio Frequen­
cies by A. I. Fyurstenberg. RE 12/57, pp 
67-72, 5 figs, 2 tables.

Description of a simplified procedure, 
producing an accuracy of ±0.05 per 
cent, and requiring no complicated or ex­
pensive equipment. Using a heterodyne 
frequency meter and an oscillograph 
one can measure frequencies approxi­
mately from 5000 cycles and above with­
out using frequency multiplication or 
division. Lissajous figures with large 
m iltiplicities together with auxiliary cal- 
c lations make it possible to measure 
frequencies from 1000 cycles up. Lower 

frequencies can be measured with a 
heterodyne frequency meter, an inter­
mediate oscillator, and two oscillo­
graphs.

Instrument for Measuring Nonlinear Dis­
tortion by L. Ya. Kantor. CJ 12/57, pp 
8-10, 4 figs.

Description of a simple instrument to 
measure nonlinear distortion. It uses the 
principle of compensation for the funda­
mental component of the output voltage 
by means of the amplifier input voltage.

New Method for Measuring the Band­
width Radiated by a Radio-Telegraph 
Transmitter by M. S. Gurevich. CJ 12/57, 
p 27, 1 fig.

This apparatus was described by the 
Polish delegation at the 8th Plenary Ses­
sion of the International Consultative 
Committee on Radio, held in Warsaw in 
August-September 1956. The method is 
based on comparing the total power of 
the signal (100%) with a portion of the 
power (1%) located outside the measured 
actual bandwidth. The block diagram 
of the apparatus is shown and its basic 
operation is described.

Frequency-Measuring Setup by A. Ya. 
Stukman. CJ 1/58, pp 13-14, 5 figs.

Description of a setup to measure the 
nominal carrier frequency of radio trans­
mitters at the reception point; the accu­
racy is approximately 0.5 x 10^. In addi­
tion, one can use the apparatus to 
measure the frequency drift and to ob­
serve spectra of transmitter radiation of 
fm transmitters. The block diagram, 
some of the circuit elements, and the ex­
ternal appearance of the apparatus are 
illustrated.

Apparatus for Checking Level Indicators 
and Broad-band Vacuum Tube Volt­
meters by I. Ye. Moiseyev. CJ 1/58, pp 
10-11,5 figs.

The author considers apparatus com­
prising a signal generator, a thermo­
couple meter, and a non-inductive volt­
age divider to verify the operation of 
level indicators and broad-band vacuum 
tube voltmeters. He also gives practical 
recommendation on the preparation of a 
thermocouple instrument used for the 
purpose.

electronic design • July 23, 1958?58
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WHITE NOISE TEST SET Model 4249

4028

CIRCLE 252 ON READER-SERVICE CARD

,.. and cover Baseband, JF < 
sophisticated multi-channel s'j 
These entirely new instrum 
meet C.C.I.R. specs, and are 
Examples:

Measures intermodulation distortion in systems handling up to 960 chan­
nels. Comprises Noise Generator, Receiver and modular Filter Assembly 
which facilitates changing filters to suit,different systems. Diagram indi­
cates test on 960 channel installation.

CARRIER TEST SET 
Model 1248
Includes a Signal Generator with 
CW, frequency sweep and AM 
output, a Receiver with square 
law detector and markers for re­
sponse measurement, and a Noise 
Generator with output up to 15 
dbm. Equipment already avail­
able in |700-2300Mc band; 
other bands under development.

»nd-Caster Frequencies of the moss 
stems.44g iheers are now designing, 
entsarenow in production; they

— w mW mw ■ ■ ■■ * ■ ■ W ■■■ w ■■ ■ 9 
V 111 Cedar Lane * Englewood, New Jersey

LOw*H T-040T

DERIVATIVE TEST SET 
Model 1259
A Sweep Generator and self­
calibrating CRT display ore pro­
vided to measure modulator/ 
demodulator linearity. The first 
derivative, or slope, of the modu­
lator response is automatically 
plotted against instantaneous 
I.F.: discrimination is 0.1 db.

2'438 

BASEBAND FREQUENCY kc



• Polyethylene dlolactric, Nylon jackets.

★ All Teflon construction, silvorplated conductor and shields.

1 1
| A full range of
J STANDARD MINIATURIZED

I Low Capacitance Cable

•

Another TIMES first — A complete range of standard 
miniaturized low capacitance cables that covers 
most Radio Frequency, Pulse and Data Transmission 
applications. Special constructions which fall outside 
standard range and size are available upon request.

Ä TIMES 
• TYPE

NUMBER
TEMP. I
RANGE ■

k
CAPACITANCE 

MMF/n.

INNER 
CONDUCTOR 

0.0.
CABLE 
0.0.

NOMINAL 
IMPEDANCE

MI-101 ★ -75 • to 250°C 9.0 ± .3 .012" .185" ± .004 140 ± 5 ohms

MI-102 • —40» to BO°C 9.5 ± .5 .012" .185" ± .004 130 ± 5 ohms

MI-104 * -7! • to 250*C 11.0 ± .5 .019" .185" * .004 110 ± 5 ohms

MI-125 • —4C>• to 80°C 11.5 ± .5 .010" :185" ± .004 105 ± 5 ohms

MI-126 ★ -7!>• to 250°C 6.0 ± .3 .007" .330" ± .010 190 ± 10 ohms

MI-127 » —4Cr to 80*C 6.5 ± .3 .007" .325" ± .010 185 ± 10 ohms

Write for 
Bulletin 55 
and Sample

TIMES WIRE & CABLE CO., Inc.
An affiliate of THE INTERNATIONAL SILVER CO. 

Wallingford, Conn.
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telephone system with transistor oscillators controlled by . . .

NEW REEVES-HOFFMAN LOW FREQUENCY CRYSTALS
New Reeves-Hoffman low frequency crystals, type RH8-DP, offer excellent 
frequency stability over a temperature range of —55° to -|-105oC. Avail­
able from 4 to 15 kc, they are designed for use not only in telephone carrier 
and communications systems, but in aircraft navigation, guided missle, 
sonar, telemetering and test equipment as well. These crystals meet MIL 
C-3098B specifications for shock, vibration, aging and moisture resistance.

WRITE FOR BULLETIN RH8-DP DIVISION OF 

DYNAMICS 
CORPORATION 
OF AMERICA 
CARLISLE, 
PENNSYLVANIA

REEVES HOFFMAN SPECIALIZES IN VOLUME PRODUCTION OF CRYSTALS FROM 1 MC DOWN

CIRCLE 270 ON READER-SERVICE CARD
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Broadband Amplifiers with Distributed Amplifi­
cation by L. Z. Bobrovnikov. RE 12/57, pp 73-80, 
14 figs, 1 table.

Here considered are several problems of prac­
tical broadband amplifiers, using distributed am­
plification. Such amplifiers are frequently more 
effective in producing a really broad band than 
conventional lumped amplifiers. The author gives 
a method for designing such amplifiers and pro­
poses various schemes for connecting triodes in 
such amplifiers. Experimental results are re­
ported.

Synthesis of Pulse Systems and Systems with 
Pulse Feedback by V. P. Perov. AT 12/57, pp 
1081-1097, 7 figs, 4 tables.

The author determines the optimum charac­
teristics of pulse systems. He uses, as an opti­
mum criterion, the condition that the rms error 
be a minimum for a specified dynamic accuracy 
and a specified system time constant. A disturb­
ance is supposed to consist of noise and a signal, 
the noise being a stationary random function, 
and the signal being a sum of a stationary7 random 
component and a regular one. Reference is made 
to work by Johnson ("Optimum Linear Discrete 
Filtering of Signals Containing a Non-Random 
Component" Transactions IRE, on Information 
Theory, June 1956).

Design of Magnetic Amplifiers for a Given Sup­
ply Voltage by N. P. Vasil’yeva and O. A. Se­
dykh. AT 11/57, pp 1052-1060, 5 figs, 1 table.

For specified supply voltage and for a specified 
load the volume of the amplifiers is proportional 
to the ratio of the supply voltage to the load 
voltage if the magnetic conditions remain un­
changed. Formulas are derived and data are 
given with which one may choose between an 
optimum amplifier with a separate matching 
transformer and an amplifier designed for a speci­
fied supply voltage. The conclusions apply both 
for feedback amplifiers and for those without 
feedback.

Analysis of Block Diagrams of Sequential-Type 
Digital Electronic Computers by G. A. Mikhaylov. 
AT 12/57, pp 1109-1119, 5 figs.

The author establishes the relationships be­
tween the design features and the type of prob­
lem on one hand, and the operating speed and 
other characteristics of computers on the other. 
Comparison is made of single, two- and three-
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Immediate 
Delivery

CAPACITORS
For

• RESEARCH • PROTOTYPE * PILOT
• SMALL PRODUCTION RUNS

X
Your local jobber can make im­
mediate delivery, now, of famous 
Vitramon Capacitors—right from 
his shelfl Quantities up to 1000 
Jh pieces may be purchased at factory 

i price, and distributors offer a com-
& plete line from 0.5 mmf to 680C

mmf in both the 300-VDCW ond 
500-VDCW Series in 5% tolerance

See your iobber now for immedi- 
" ate delivery.

BUY Vitramon Capacitors DIRECTLY
FROM THESE

Allied Radio Corporation 
Chicago 80, Illinois 

Brill Electronics 
Oakland 6. California 
DeMambro Radio Supply 

Co., Inc.
Boston 15, Massachusetts 

Denver Electronic Supply 
Company 

Denver 4, Colorado 
Electronic Wholesalers, Inc. 

Washington 25, D. C. 
Electro Sonic Supply Co., 

Ltd.
Toronto, Ontario, Canada 

Federal Electronics 
Binqliamton, New York 

General Radio Supply Co.. 
Ine.

Camden 2, New Jersey

DISTRIBUTORS
Harrison Equipment Co.. 

Inc.
Houston 1, Texas

Kann-Eilert Electronics, Inc.
Baltimore 1, Maryland

Oil Capitol Electronics Corp.
Tulsa 1, Oklahoma

Radio Parts Company
San Diego 1, California

Schweber Electronics 
Mineola. L. I., New York

Terminal Radio Corporation
New York 7 New York

Valley Electronics Labs Inc.
Utica 4, New York

R. V. Weatherford Company 
Glendale 1, California

See us at WESCON Booth #1339

Incorporated

BOX 544 BRIDGEPORT 1, CONN.

line 
tion 
coir 
exp 
Hoi 
(Pn 

lene
Chi 
Tra
195

1 
of 
ing 
the 
me 
cir 
tio 
cir 

I the 

Cc 
U.

CIRCLE 271 ON READER-SERVICE CARD

ELECTRONIC DESIGN • July 23, 1958



I address coding systems for the commands.

|Simplest Passive Network for Formation of Line- 
larly Varying Voltage by P. N. Matkhanov. RE 

y 112/57, pp 63-66, 3 figs.

I The circuit described is very good for linear 
I cathode-ray tube sweep, particularly if high 
I sweep velocities and large voltage deflections are 
■ required.

Analysis of Circuits for Neutralization of Internal 
Feedback in Junction Transistors at Low Fre­
quencies by Kh. I. Cherne. EC 12/57, pp 9-16, 8 
figs.

Since a transistor transmits power in both di­
rections at all frequencies (unlike a vacuum 
tube) the authors examine the g-neutralization 
(i.e., the use of a parallel-series, neutralizing, 
linear, passive, four-terminal network) of junc­
tion transistors with common emitter and with 
common collector. A circuit analysis is given with 
experimental results. Reference is made to 
Houser’s “A Unilateral Transistor Amplifier” 

^Proceedings of the National Electronics Confer­
ence, Vol. XI, 1955) and Stern, Aldridge, and 
Chow’s “Internal Feedback and Neutralization of 
Transistor Amplifier,” (Proceedings IRE, No. 7, 
1955).
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Graphic Method of Synthesis of Contact Circuits 
by V. N. Roginskiy. EC 11/57, pp 82-88, 7 figs.

A graphical method is proposed for the design 
of contacting multi-terminal networks by select­
ing the numbers of states of the relays, which 
the circuits should or can close. The proposed 
method gives, in some cases, more economical 
circuits than do analytical methods. It is men­
tioned that a machine for the synthesis of relay 

I circuits is being developed in the Laboratory on 
I the Development of Scientific Problems of Wire 
I Communication of the Academy of Sciences, 

U.S.S.R.

I Parasitic Radiations of Transmitters with Two 
I Master Generators by Ya. I. Efrussi. EC 11/57, 
I PP 59-64, 2 tables.

The author considers parasitic combination 
| frequencies, generated by the mixer of a trans- 
! mitter with two master generators, and the pas- 
I sage of these frequencies through subsequent 
I stages of the transmitter.

I Design of Generator in Overdriven Mode by S. I. 
Yevtyanov. EC 11/57, pp 52-58, 4 figs.

j a the design of a generator in the overdriven 
mode it is necessary to use coefficients of expan­
sion for small cutoff angles 0. The article obtains
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Scale model "Redstone" missile, courtesy U.S. Army

"It is time for equipment reliability to 'compete for 
management's attention against the issues of schedule, 
performance and cost.' A L. Hyland, Vice pres., 
Hughes Aircraft, in Electronic Week, Jan. 20, J 958.

BASIC RELIABILITY
Starts in the nerve system...wire!

Eliminate the possibility of wire failure 
and you’ve licked the first “if” of circuit 
functioning.
At Hitemp Wires, Inc., Teflon* wire, cable and 
tubing must pass grueling countdowns. Rigid 
inspections screen all incoming raw materials. 
During and after insulating with the most 
modern equipment, more than 30 electrical, 
mechanical and environmental tests assure 
uniform high quality.
Such exhaustive procedures of continuous 
inspection and quality control are unequalled 
in the wire industry.

These extra steps, however, are well worth the 
time and effort. They give you a built-in safety 
factor—the factor of predictable dependability. 
Hitemp Wires, Inc. products more than meet 
MIL specifications.
The ability of Hitemp Wires, Inc. products to 
exceed the exceptionally high requirements of 
the military in virtually all key missiles-guar- 
antees wire, cable and tubing users in other 
fields the highest order of basic reliability. 
Write Department 968 today for more inf or- «DuPont’s trade name
mation and our newest catalog. for Tetrafluoroethylene'

HITEMP WIRES, INC.
1200 SHAMES DRIVE. WESTBURY. NEW YORK
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RUSSIAN TRANSLATIONS

INFORMATION THEORY

Integral Canonical Representation of Random 
Functions and Their Application to Determination 
of Optimum Linear Systems by V. S. Pugachev. 
AT 11/57, pp 971-984.

MY SOLUTION. AND WHY—^lease “P1*“1- Indude sketches or photos that

(Place illustrations on separate sheet if necessary)

The author derives a formula for the weighting 
function of the optimum one-dimensional linear 
system for the case of infinite observation time 
(infinite memory of the system), when the ob­
served random function is the result of the pas­
sage of white noise through a linear system. The

To the Ideas-For-Design Editor of ELECTRONIC DESIGN__
830 3rd Ave., New York 22, N.Y. • PLaza 1-5530

ELECTRONIC DESIGN • July 23, 1958

a series for the expansion coefficients, in povers 
of (1 — cos 0). These series have good conver­
gence at small cutoff angles. They permit prepa­
ration of convenient tables for the coefficient:, of 
expansion not of 0, but of cos 0. It is also possible 
to carry out harmonic analysis of pulses of p ate 
current in the overdriven mode, seldom resorting 
to the tables of the expansion coefficients.(Ideas suitable include: I. new circuits or circuit modifications, 2. new design techniques, J. designs for new 

production methods, 4. clever use of new materials or new components in design, 5. design or drafting aids, 
6. new methods of packaging, 7. design short cuts, or 8. cost saving tips)

Transmission of Signals by Modulated Noise by 
A. A. Kharkevich. EC 11/57, pp 42-46, 2 figs.

The author discusses the possibility of using 
noise as a carrier by modulating it in some form 
or another. The statistical properties of noise as a 
carrier are analyzed in some detail. Reference is 
made to an article by S. O. Rice "Filtered Ther­
mal Noise—Fluctuation of Energy as a Function 
of Interval Length” Journal of Acoustical Soc- 
ciety of America, Vol. 14, No. 4, 1943.

Generalization of the Theory of Diode Detection 
of Weak Signals by L. S. Gutkin. EC 11/57, pp 
47-51, 6 figs.

The author derives a single equivalent detector 
circuit, valid for detecting weak unmodulated, 
amplitude-modulated, and pulse signals, and also 
for small noise voltages or a sum of signal and 
noise. Examples of application of this circuit to 
the calculation of several types of signals are 
given.

Transient and Steady-State Processes in Pulse 
Systems with Variable Parameters that Change 
in Jumps by F. M. Kilin. AT 12/57, pp 1062­
1080, 10 figs.

The author develops one method for determin­
ing the transients and steady-state processes in 
pulse systems with variable parameters that 
change abruptly. The stepped-function formalism 
in conjunction with continuous functions is used 
to describe phenomena that take place in such a 
system.

Signed.
Title 

Company. 
Address
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ONLY CUBIC DIGITAL DISPLAY SYSTEMS GIVE YOU

and/or demonstration callFor complete information

BR 7-6780

N Y R D .
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ange 
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Stepping switches mounted on horizontal bars — swing up and out for 
easy access. Slide-out features allow quick replacement if system 
requirements change.

All systems units standard size: each unit plugs into its own chassis; 
modifications for special equipment readily available; interchangeable 
units ideal for rack mounting.

Accuracy to .01%; resistor stability assured; complete transistorization 
eliminates warm-up time.

Fig. 1. Longitudinal electric 
waves are propagated through 
this periodic structure.
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formulas of Wiener and Boo ton are derivable 
from the formula derived in this article for par­
ticular cases.

Compare Cubic Digital Systems . . . compare them for price, reliability 
and versatility. A fast prove-it-yourself demonstration will show you 
why Cubic Digital Systems will be your best instrument aid.

Proven reliability and practical maintenance features reduce costly 
down-time to a minimum.
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Type TE Wave in Metallic Rib by N. N. Malov, 
General Physics Faculty, State Pedagogical Insti­
tute. REE 10/57, pp 1289-1293, 5 figs, 2 tables.

Brief analysis of a semi-infinite trough with 
ideal metallic walls, operating in the TE™ mode.

TRANSISTORIZED 
SYSTEMS

ers 
er- 
pa- 
i of 
hie 
’ate 
ing

5575 K E A R
SAN DIEGO

ELECTRON PHYSICS
The December 1957 issue of Radiotekhnika i 

Elektronika covers many properties and effects of 
different types of vacuum tube cathodes.

PROPAGATION
Radio Forecasting and Geophysical Observations 
by V. Ivanitskiy. R 12/57, pp 20-23.

Discusses in popular form the connection be­
tween radio wave propagation conditions and 
various geophysical phenomena, and shows how 
propagation studies can throw light on geophysi­
cal data and vice versa.

Longitudinal Electric Waves in Rectangular 
Wave-guides with Periodic Diaphragms by R M. 
Leont’yeva. RE 12/57, pp 36-45, 8 figs.

The author investigates the propagation of 
longitudinal electric waves in a space bounded 
by a periodic cone-like structure and a metal 
plane above it. (See Fig. 1.) The problem reduces 
to an infinite system of linear algebraic equa­
tions.

An exact characteristic equation is obtained in 
the form of an infinite determinant. By estimat­
ing three successive approximations the author 
establishes the degree of convergence of the de­
terminant. A series of plots that illustrate the in­
fluence of the metallic plane of the finite thick­
ness of the diaphragm, and the coefficient of the 
structure on the dispersion properties of the 
structure are given.

THE FIRST NEW CONCEPT IN DIGITAL DISPLAY SYSTEMS

*

* Cubic's engineering philosophy 

gards reliability and ease of mainte­
nance as inseparable features of a truly 
functional system.

J

CORPORATION

CIRCLE 255 ON READER-SERVICE CARD

FLECTRONIC DESIGN • July 23, 1958 107
1958



GERMAN ABSTRACTS
E. Brenner

INSTRUMENT AMPLIFIE

< »s<

Load-Independent
Oscillators

eq 
cu

ch 
ob
ac

designed for amplification of 
low-level signals have 

exceptional sensitivity. Input 
of .0025 microwatts produces 

full output of 4 DC volts 
into 5000 ohms.

Low-Level Preac
USE OF certain three terminal pair networks 

in the feedback circuit of an oscillator makes 
it possible to design oscillators in which the am­
plitude conditions for oscillations are independent 
of the value of the load impedance.

One realization of such an oscillator for fixed 
frequency operation is shown in Fig. la. If the 
circuit is modified as shown in Fig. lb, variable 
frequency operation is possible. Load impedance 
in each case is Z.

A general design procedure for such oscillators 
can be deduced with the aid of the generalized 
circuit indicated in Fig. 2. It is assumed that all 
the elements in the passive network obey the re­
ciprocity theorem so that the transfer impedance 
matrix is symmetrical with respect to the prin­
cipal diagonal. If it is further assumed that the 
tube draws no grid current then the relations be-

are

1
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Magnetic Amplifiers

tween the terminal voltages and currents 
given by

th
£0

Fi< 
th. 
fee
COI

m< 
re: 
a ’ 
pa

The condition for oscillations then becomes 
g,„ = — I/Z12. This last condition is fulfilled if 
either z]2 = 0 or Z33 = x or z23 = 0- The first two 
of these possibilities are not practical since for 
these cases the load voltage would be zero. Hence

213 223 
-----------  = 0 
(233 + Z)

R

12
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sh 
co 
co 
an 
cii 
be 
lo:

Fig. 1. Examples of load inde­
pendent oscillators. In each case the 
frequency of the oscillations is 1/2 
LC; the condition of oscillations is 
gm}/R. Oscillator for fixed fre­
quency operations above. This circuit 
is modified below for variable fre­
quency operation.

TlWti

’°Oo
SecONo

For sensitive thermocouples, strain gauges, and / 
similar data sensing applications, Preac amplifiers 

provide low null drift. Power gain is so high 
(up to 60 db) that inverse feedback can readily 

be used to achieve special desired characteristics.

» 1 = 211 1 1 Z13 1 3

V2 — 212 II + 223 13

0 = 213 /1 + (233 + Z) 1%

Furthermore, if the tube operates ideally then 
G = gtn V2. The condition for oscillations is there­
fore

w 
v<

ior 
c

volta

108

I.

2ii ~ 213 223/(233 + Z)

In order to make this condition independent of 
the load impedance, Z, set the imaginary part of 
Z12 to zero (at the frequency of oscillation), 
choose the real part of z12 negative and set

Fig. 2. Five pole, three terminal pair 
network used in feedback amplifier.
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Here’s a low-cost retractable screw fastener to save you 
assembly time and to eliminate the frequent need for 
costly special design fasteners. Unmatched for fast, eco­
nomical use by assemblers of electronic units and other 
paneled cabinets.

fixed 
the 

able
ance

t two 
e for 
[enee

“Floating” screw insures easy alignment no matter how 
many screws are engaged in a single panel. No special 
skills or tools needed; installation fast and simple.

itors 
lized 
it all 
e re­
ance 
prin- 
: thè 
5 be­

are

Fig. 3. Bridged Tee network used in an oscillator. Z is 
If load impedance. The element L' has been added to 
facilitate experimental adjustment to the required 

c nditions.

-VW—
Rl
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1
2^C

die network is designed so that z23 is zero at the 
oscillation frequency. Under this condition the 
load current is related to the tube current by

13 = I\Z\z/(¿33 d- Z)
If the internal impedance of the generator, R, 

equals Z33 the load current is half of its short cir­
cuit value.

Once the basic network structure has been 
chosen the circuit is adjusted experimentally to 
obtain the required conditions. This is generally 
accomplished by interpreting the impedances of 
ztj as open circuit impedance functions and 
measuring appropriate voltage ratios. To have %i2 
real at the same frequency at which z23 is zero, 
a variable reactance connected between terminal 
pair 2-2' is helpful.

In Fig. 3 a circuit is shown which oscillates at 
the frequency f = Wo/2n. The circuit is adjusted 
correctly when

nome costs
CAPTIVE PANEL SCREWS ftOHI sJSck

Ri
4

1
1 + (Wo Ri c/2y

Experimental investigation of the circuit 
showed that a 100 kc oscillator, designed ac­
cording to Fig. 3 and the equation for L, had 
constant frequency within 100 cps for load resist­
ances between 20 ohms and 20,000 ohms. The 
circuit used for the reactive loads was found to 
be frequency stable within 300 cps for capacitive 
loads and within 160 cps for inductive loads.

Abstracted from an article by E. Frisch and 
W. Herzog, Nachrichtentechnische Zeitschrift, 
Vol. 10, No. l, Jan. 1957, pp 35-38.

3 head sizes and 3 standard thread sizes available. On 
special order, slotted heads, stainless steel screws, and 
extra long screws.

Write for complete information. Southco Division, 
South Chester Corporation, 235 Industrial Highway, 
Lester, Pa.

3 SIMPLE COMPONENTS A SIZE FOR EVERY NEED

SCREW

STAND­
OFF

RETAINING 
RING

©1956

EASILY 
INSTALLED 
Stand-off is flanged 
into panel. Screw is 
inserted into over­
size hole in stand­
off and locked in 
place by retaining 
ring, which is 
passed over threads 
to seat behind last 
thread.

LARGE HEAD 
(%" diameter)

Hlllllllilllllllll

J4"-2O thread

MEDIUM HEAD 
(%>" diameter)

Mllllllii

K -20 and 
12-24 thread

Screw and stand-off are 
brass, nickel plated. Retain­
ing ring is durable vinyl 
plastic.

SMALL HEAD 
(%" diameter)

10-24 thread

Choice of stand-offs for 
each screw size to accommo­
date panel thicknesses from 
W' to %

> FASTENERS



A bulletin 
illustrating 
the how and 
why of unisec 
is yours for 
the asking.
W. S L. E. GURLEY 
525 Fulton Street 
TROY, NEW YORK

Now you can read shaft positions

to one second of arc...directly...with

Guriev’s new !§©(§*
an optical Coincidence 
Reading System 
complete with a 
precision glass - 
circle "
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Ceramic Terminal Boards
Defy Moisture, Heat

Cambion® grade L-5 
silicone-impregnated cer­
amic terminal boards are 
completely unaffected by 
moisture, heat, and humid­
ity. The brass terminals 
are silver-plated, the brass 
internally-threaded mount­
ing studs are cadmium- 
plated — making for 100 
percent protection. These 

ceramic boards are particularly well suited for applica­
tions in high impedance circuits.

Cambion ceramic terminal boards are available in a 
variety of sizes suitable for a wide range of applica­
tions. Ranging from to in width and from 
V/tf to 1%" in length, one group has three assemblies, 
each with eight terminals spaced for mounting com­
ponents the size of a 3 2,1 or 2 watt resistor, and silver- 
plated copper ground straps soldered to mounting studs 
for positive RF grounding. A second group has a single 
row of terminals with the end terminals at ground 
potential.

Reliability, versatility, efficient design — these are 
common traits of all Cambion electronic components, 
including coils, coil forms, terminals, and diode clips. 
For more information write to Cambridge Thermionic 
Corporation, 457 Concord Avenue, Cambridge 38, 
Massachusetts.
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STANDARDS 
rart^A and

SPECS
Sherman H. Hubei bank

Electrical Conductors

Nine standards of the American Society for 
Testing Materials concerned with properties of 
electrical conductors have been approved as 
American Standards by the American Standards 
Association. These standards are:
American Standard C7.8-1957—Standard Specifi­
cations for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft 
(ASTM B8-56);
American Standard C7.4-1957—Tentative Specifi­
cations for Tinned Soft or Annealed Copper 
Wire for Electrical Purposes (ASTM B33-56T);
American Standard C7.26-1957—Standard Speci­
fication for Seamless Copper Bus Pipe and Tube 
(ASTM B188-56);
American Standard C7.15-1957—Tentative Speci­
fications for Lead-Coated and Lead-Alloy-Coated 
Soft Copper Wire for Electrical Purposes (ASTM 
B189-56T);
American Standard C7.16-1957—Standard Speci­
fications for Cored, Annular, Concentric-Lay- 
Stranded Copper Conductors (ASTM B226-56); 
American Standard C7.18-1957—Standard Speci­
fications for Concentric-Lay-Stranded Copper 
Covered Steel Conductors (ASTM B228-56);
American Standard C7.19-1957—Standard Speci­
fications for Concentric-Lay-Stranded Copper 
and Copper Covered Steel Composite Conduc­
tors (ASTM B229-56);
American Standard C7.29-1957—Tentative Meth­
od for Determination of Cross-Sectional Area of 
Stranded Conductors (ASTM B263-56T);
American Standard C7.35-1957—Standard Speci­
fications for Three-Quarter Hard Aluminum 
Wire for Electrical Purposes (ASTM B262-56).

Copies of the standards are available at 30 
cents each from the American Standards Asso­
ciation, 70 East 45 Street, New York 17, N.Y., or 
from the American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa.

Insulation

IEC Publication 93, Recommended Methods Of 
Test For Volume And Surface Resistivities Of 
Electrical Insulating Material
Part I gives definitions of the quantities meas­
ured, general information on the tests, and mini­
mum requirements for the test report. Part II 
gives recommendations for shapes of test speci-

Flexible couplings with j

ZERO BACKLASH
i - -
I II

Serie* # I 
Actual Size.precision-made 

•low inertia 

•high Flexibility 

•versatile 

•long life 

.moderate cost 

• meet JAN
MIL specs

Renbrandt, Inc.
6-B Parmelee Street 

Boston 18, Mass. 
Tel.: Highlands 5-8910

CIRCLE 260 ON READER-SERVICE CARD

For exacting requirements, you’re sure of 
best results with precision made Renbrandt 
Flexible Servo-Couplings. They have zero 
backlash and low inertia . and they do 
not introduce velocity variations between 
driving and driven shafts. Available in a 
variety of sizes for 1/16" through shafts 
in all combinations. Widely used for servo­
mechanisms, computers, and for all precision 
applications.

Specify Renbrandt Flexible couplings Fast 
delivery on prototype or production orders 
Send for complete catalog.

FOR TIMELY 
DESIGN 
INFORMATION

In Electronic Design, engineers find not only more new 
products, but all the new products normally encountered in 
the design of electronic original equipment. 26-time publish­
ing frequency brings this information quickly to the engi­
neer’s attention, timed to a fast-moving industry. Electronic 
Design is more up-to-the-minute, more complete, more help­
ful, and easier to read than any other electronic publication. 
No wonder more and more engineers read Electronic 
Design first!

ELECTRONIC DESIGN
a HAYDEN publication

830 THIRD AVENUE, NEW YORK 22. N. Y.
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TO YOUR SPECIFICATIONS

LACING TAPES!
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onte

CIRCLE 265 ON READER-SERVICE

1958

'ant 
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onic

for missile, aircraft and 
electronic applications

new 
d in

Associated 
Spring 
Corporation
General Offices

Bristol, Connecticut 
CARD

These amazing flat braided lacing tapes 
give you all of these advantages:
• FUNGUS-PROOF • STRONGER

I • TIES EASY, FAST AND TIGHT

• KNOTS WON'T SLIP

NEW 
MINIATURE 

AGASTAT 
time delay relay

mens and electrodes for solid insulating mate­
rials, test specimens and cells for liquid insulat­
ing materials, electrode materials for solid 
samples, calculation of volume and surface re­
sistivities, conditioning, applied voltage, mount­
ing specimens and general principles. The publi­
cation contains seven figures illustrating the use 
of various types of electrodes, and the circuits to 
be used for the measurements described. Copies 
of this publication may be obtained from the 
American Standards Association, 70 East 40th 
Street, New York 17, N.Y. for $2.40 per copy.

NYLON TAPES meet new Govt Spec. Mil'T-713A and are available 
in wax, wax-free and resin-coated finishes.
TEFLON-COATED FIBERGLAS TAPES withstand temp, up to 600'.

DACRON 
and 

FIBERGLAS

Standards Proceedings
Proceedings of the Standards Engineers So­
ciety, 1957
How to achieve the savings that standardization 
makes possible is described by outstanding au­
thorities in the Proceedings of the Standards En­
gineers Society 's Six Annual Meeting. Seventeen 
papers presented at the meeting are given in full, 
with charts and illustrations. The meeting was 
held in New York on Sept. 23-25, 1957. The sub­
jects covered include standards and management, 
company standards, cooperation between com­
pany departments, sources of information for 
preparing standards, reliability, and the relation 
of standards to cost reduction. Of particular in­
terest to those working in the fields of electronic 
standardization is the paper entitled Relationship 
of Standardization and Reliability of Military 
Equipment presented by James Bridges, Office 
of Assistant Secretary’ of Defense, Research and 
Engineering. Copies of this 128-page publication 
can be obtained from the Standards Engineers 
Society, P.O. Box 281, Camden, N.J. The price is 
$3.75 per copy for non-members and $3.00 for 
members.

Welch

Toroids

• high quality • fast delivery

• design engineering assistance • production or pilot runs 

unitfi, fm, deiwptiiw Iììpmìma

A.W. WELCH MFG. C0.f INC.
509 E. 29th Street • Indianapolis, Indiana

iNi aNTANEOUS RECYCLING ... 
reset time—less than .020 seconds
UNAFFECTED BY VOLTAGE VARIATIONS ... time delay remains 
constant from 18 to 30 volts DC
ADJUSTABLE . . . time delays from .030 to 120 seconds
CHOICE OF OPERATION...for either energizing or de-energizing
SMALL... height—4%"... width-1 .. depth-1 J4"
LIGHT . . . maximum weight—15 ounces
MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A

This new AGASTAT time delay relay is an externally adjust­
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications.

or specific information on the new AGASTAT relay for 
your application, write to Dept. A-30-724.

Hairsprings
Manross Division of A.S.C. is one of 
the oldest makers of hairsprings used in 
instruments, meters, gauges, watches, 
etc. Accuracy and dependability as­
sured. Write for hairspring booklet 
giving helpful design and material 
selection information

Electron Tubes
EIA Standard RS-209, NEMA Publication No. 
500, JETEC No. JO-G2-2, EIA-NEMA Stand­
ards For Electron Tubes, March 1958
Section 1 gives the dimensional characteristics of 
electron tubes. This section is a revision of stand­
ard ET-105-C. Section 2 covers electron tube 
bases, caps, and terminals. It gives dimensional 
characteristics of electron tubes and designations 
for bases, caps, and terminals. It also lists the 
standard tube bases, caps, and terminals. This 
section is a revision of standard ET-103-D. Sec­
tion 3 covers electron tube base gauges, miscel­
laneous gauges, accessory weights for base pin 
alignment gauges, standard base pin alignment 
gauges, and miscellaneous gauge details. This 
section is a revision of standard ET-106-C. 
Copies of this standard may be obtained from 
the Electronic Industries Association, 11 West 
42nd Street, New York 36, N.Y. for $3.50 per 
copy.

Universals
progressive 
antennae 
oscillator 
special chokes 
special designs

■
 ELASTIC STOP NUT CORPORATION OF AMERICA

1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing
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Toroids
transformers and chokes 
molded in epoxy 
metal cased
open construction 
varnish or wax impregnated

THE HEMINWAY & BARTLETT MFG. CO.
Electronics Division: 500 Fifth Avenue, New York 36

EMINWAY ' 
Uarteett
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ENGINEERS and SCIENTISTS
Vast new missile research and engineering programs 
at GE's Missile & Ordnance Systems Department have 
created new and attractive career opportunities for 
ambitious electronic specialists who want to join in 
today's all-out assault on space.

As a part of the MOSD team, you'll be working on the 
nation's newest missile projects. Already GE missile­
men, in one phase or another, have contributed to 13 
major missile projects. These include the Atlas, Thor, 
Polaris, Corporal, Nike Hercules, Honest John and 
Little John, Lacrosse, Talos, Tartar & Asroc, as well as 
other high-priority programs.

If you're qualified in areas listed, 
why not write today for an interview to —

Mr. R. L. EDDY, Dept. D-21 -2

Adwutce YOUR CAREER at MOSD*

TELEMETRY ' .
INERTIAL GUIDANCE 
INSTRUMENTATION 
SYSTEMS TEST 
FIELD TEST ' 
GROUND SUPPORT 
EQUIPMENT ... . /"I
ANTENNA DESIGN 

''^• GUIDANCE SYSTEMS 
rWOUNTEl(MEASURES

MISSILE & ORDNANCE SYSTEMS DEPARTMENT* 

GENERAL©ELECTRIC 
3198 Chestnut Street, Philadelphia 4, Pa.

CIRCLE 550 ON READER-SERVICE CARD

reliability
At Hughes the Systems Engi­
neering approach is considered 
essential for optimum reliability.

The basic design of complex elec­
tronic systems is relatively more 
advanced than the Reliability 
Engineering which will ensure 
their successful operation.

Thus, the challenge of the reli­
ability barrier now requires the 
optimum application of creative 
engineering.

■— ENGINEER EDITOR
WE WANT YOU

Several openings for both senior 
and junior engineers—preferably 
with radar systems, missiles, or 
communications backgrounds­
now exist in these areas of relia­
bility: Prediction, Design Review, 
Analysis, Promotion. Your inquiry 
is invited. Please write Mr. J. C. 
Bailey at the address below.

We don’t want an engineer—and we don’t want an editor. We want 
that rare combination of BOTH exacting talents.

If you feel that you would enjoy the stimulation derived from keeping up with the latest de­
velopments in ALL projects (not just one)—then we want to meet you and discuss the possi­
bility of your joining the ENGINEER/EDITOR staff at ELECTRONIC DESIGN—the most 
successful magazine in recent publishing history. Qualifications: A degree in Electrical Engi­
neering, three to four years design experience. Write in detail to:

Mr. E. E. Grazda, Hayden Publishing Co., 830 Third Avenue, New York 22, New York

the West's leader in advanced electronics

Scientific and Engineering Staff

RESEARCH B DEVELOPMENT 
LABORATORIES

Culver City, California

EL
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ENGIN RS, EE

ENGINEERS AND SCIENTISTS

CHART YOUR GROWTH WITH

STROMBERG-CARLSON

Openings now for 
additional creative 

engineers on a program 
that has attracted 
some of the hest 

minds in electronics

Fast-growing division of General Dynamics

The command radio-radar guid­
ance system under development 
at General Electric offers an 
unprecedented challenge to elec­
tronic engineers highly qualified 
in these areas:

Systems analysis, evaluation & 
integration * Systems & com­
ponent reliability * Transistor­
ized circuits, pulse circuitry, IF- 
Video circuits * RF & Microwave 
components & plumbing * Com­
munications control devices * 
Doppler radar design & develop­
ment * Digital data processing 
techniques, data transmission in­
volving D&D of ground-based & 
airborne antennae, transmitters, 

ceivers; application of trans- 
h ers, transponders, etc. * Test 
operations, including planning, 
range instrumentation & test ex­
ecution; development & applica­
tion of automatic test equipment.

For additional unclassified de­
tails on this System, write for 
descriptive folder “A.” If inter­
ested in the current long-range 
openings, include your resume in 
confidence to:

Mr. E. A. Smith, Dept. 7-C
MISSILE GUIDANCE SECTION

SENERAL ELECTRIC
Court Street, Syracuse. N. Y.

Your opportunities for professional growth are 
closely related to the progress of your company.

Above is a dramatic illustration of the growth 
of Stromberg-Carlson since 1949. Our sales have 
increased by 249%, personnel by 221%. And our 
growth is continuing—stable, orderly growth be­
cause our business is well-balanced between con­
sumer and military products.

If you want to grow with us, we’d like to hear 
from you. We’re particularly interested in men 
with substantial experience in solid state circuit­
ry. You may qualify for openings in some of to­
day’s most fascinating scientific and technical 
fields:

Missile Electronics 

Commercial Electronics 
Air Traffic Control 
Telecommunications

Countermeasures
Nucleonics 
Electroacoustics
Automation

You would be located in Rochester, N. Y., a 
beautiful, progressive city in the heart of the Up­
state vacation area. You’d enjoy an invigorating 
four-season climate; unsurpassed facilities for ed­
ucation and such leisure-time activities as out­
door sports, music and drama.

To arrange for a personal interview at your 
own convenience, send a complete resume now to:

Fred E. Lee, Manager 
of Technical Personnel.

CIRCLE 552 ON READER-SERVICE CARD

ELECTRONIC DESIGN • July 23

STROM BE RG-CARLSON
A DIVISION OF GENERAL DYNAMICS CORPORATION

1402 N. GOODMAN STEET • ROCHESTER 3, N. Y.
Electronic and communication products 

for home, industry and defense 
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in Chicago

CIVILIAN
POSITIONS OPEN

NEW
career

write

MILITARY 
POSITIONS OPEN

SEND FOR THIS 36 PAGE BOOK 
with the complete Motorola story

• Radar transmitters and receivers
• Radar circuit design
• Antenna design
• Electronic countermeasure systems
• Military communications equipment 

design
• Pulse circuit design
• IF strip design
• Device using kylstron, traveling wave 

tube and backward wave oscillator
• Display and storage devices

Mr. L. B. Wrenn Dept. J 
MOTOROLA, INC.
4501 Augusta Blvd., Chicago 51, III.

r Research and Development ENGINEERS

opportunities 
with

WiMOlöROLA
A KM XïM in Chiraan

Here is opportunity unlimited for men 
who like challenges and the rewards that go with 
accomplishment. Grow right along with dynamic 2-way 
radio communications, or work on important assign­
ments from the armed forces.

You’ll enjoy working at Motorola in well-instru­
mented laboratories, with men of the highest technical 
competence. Many liberal employee benefits, including 
an attractive profit sharing plan.

Living in one of Chicago’s beautiful suburbs, you 
can choose from endless social, cultural and educa­
tional activities the year round.

2-WAY RADIO COMMUNICATIONS
• VHF & UHF Receiver • Transmitter 
design & development • Power supply 
• Systems Engineering • Selective 
Signaling • Transistor Applications • 
Crystal Engineering • Sales Engineers
PORTABLE COMMUNICATIONS
• Design of VHF & UHF FM Commu­
nications in portable or subminiature 
development.
MICROWAVE FIELD ENGINEERS

AH QuohM

MOTOROLA
CIRCLE 554 ON READER-SERVICE CARD



Have 
Trunks, 

Will 
Travel

It was a cold day in the Alps. But Hannibal, the 
great general on his way to conquer Rome, was very, very 
hot under the collar of his Punic tunic.

“How did you camel herders ever get those elephants 
stuck up there?" he bellowed, hanging precariously onto 
a ledge he shared with a mountain goat.

“I guess you could blame it on faulty radar,” one 
of the men said. “The elephants lost their way.”

“Well, I'll just have to leave you there!” Hannibal 
roared. “I have a date in Rome. Serves you right for

forgetting that radar just cant work in the Alps with­
out Boniac tubes!”* (The general must have been talking 
about Bomacs peak performance. But his watch was 
fast — by about 2165 years.)

So Hannibal went down in history — but his radar 
stayed up in the Alps. As the History Book writes:

“In search of sundry Roman scalps, 
Mighty Hannibal crossed the Alps. 
But he lost his radar on the way — 
The Alps crossed Hannibal,you might say.”
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These high Q discriminators provide 
exceptional amplification and linear­
ity Typical characteristics available 
are illustrated by the low and higher 
frequency curves shown.

For full data on stock UTC transformers, 
reactors, filters, and high Q coils, write 
for Catalog A.

TELEMETERING 
FILTERS

Pacific Semiconductors, Inc 
Perkin Engineering Corp.

Personnel ...........
Semiconductor Div, 
Mechanical

Dimensions

(3834) 1V4 x 13/4 x 2-3/16'
(2000, 1) 11/4 X 13/4 X 1%’

UTC manufactures a wide variety of 
band pass filters for multi-channel 
telemetering. Illustrated are a group 
of filters supplied for 400 cycle to 
40 KC service. Miniaturized units 
have been made for many applica­
tions. For example a group of 4 cubic 
inch units which provide 50 channels 
between 4 KC and 100 KC. Dimensions:

(4682A) 1% x 2 x 4'

Dimensions:
(7364 series) 1% x 1% x 2% 
(6649) 1% X 2 x 4".

Rex Corp., The.............. 
Hixon Electronics, Inc. 
Roeblings Sons, John A 
Rotron Mfg. Co............  
Royal McBee Corp. . .

A wide variety of carrier filters are 
available for specific applications. 
This type of tone channel filter can 
be supplied in a varied range of band 
widths and attenuations. The curves 
shown are typical units.

UTC has produced the bulk of filters 
used in aircraft equipment for over 
a decade. The curve at the left is 
that of a miniaturized (1020 cycles) 
range filter providing high attenua­
tion between voice and range fre­
quencies.
Curves at the right are that of our 
miniaturized 90 and 150 cycle filters 
for glide path systems.

Dimensions: 
(6173) 1-1/16 x 1% x 3 
(6174A) 1 x 11/4 x 2V4".
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Preferred Tube Type for TV Damper Circuits

RADIO CORPORATION OF AMERICA
Electron Tube Division

ferred Tube Types. Or, write RCA Com­
mercial Engineering, Section G-18-Q-2, 
Harrison, New Jersey.

FREE! SLIDE-GUIDE TO PREFERRED 
TUBE TYPES helps you quickly select 
the RCA Preferred Tube Type for a 
specific service. Gives base diagrams and 
characteristics. Call or write your RCA 
Field Office for your “Slide-Guide”.

cathode temperature.
Borderline tubes are eliminated by 

means of emission tests at extremely low 
heater voltage. Continuous monitoring 
through the use of cycled operational life 
tests plus cathode coating adherence tests 
provide further performance checks. The 
result is a tube you can rely on!

The RCA-6AU4-GTA is just one of the 
62 Preferred Tube Types... selected to 
meet most of your TV. AM and FM re­
ceiver requirements. Like the 6AU4- 
GTA. each Preferred Tube Type is noted 
for its quality, economy and popularity.

Ask your RCA Representative for the 
current list of proved-in-service Pre-

The outstanding features of the improved 
RCA-6AU4-GTA make it a highly de­
pendable tube in horizontal-deflection 
circuits of TV receivers. A Preferred 
Tube Type, the 6AU4-GTA exhibits an 
unusual ability to resist plate-to-cathode 
arcing and internal breakdowns. This 
ability is derived largely from its cooler 
operation and improved construction.

Better heat dissipation is achieved 
with an increased bulb area, new plate 
shape, an improved “getter” design and 
the use of special “clad” plate material. 
Excellent uniformity and adherence of 
the cathode coating plus a cooler oper­
ating heater provide a more uniform

RCA Field Offices
E*St: 744 Broad Street

Newark 2, N. J. • HUmboldt 5 3900

Midwest: Suite 11 54, Merchandise Mart Plaza 
Chicago 54, III. . Whitehall 4-2900

West: ¿355 E. Washington Blvd.
Los Angeles 22. Cclif • RAymond 3 8361

Improved 
RCA-6AU4-GTA 

offers

for 
extended 

useful
life
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