


HIGHLIGHTS OF ISSUE

At Canadian General Electric Company, Limited:

OLD NEW

Previous, asphalt-impregnated transformers, made by 
Canadian General Electric,Limited. Insulation strength 
was limited.

Streamlined transformers, molded with Epon resins, 
have superior insulation, dielectric strength; accuracy, 
performance are greatly improved.

Following curing period, the mold is quickly unbolted 
and the Epon resin-potted transformer removed.

Cutaway view of new instrument transformer clearly 
shows the complete penetration of Epon resins.

Electroluminescent Readout
Lamps (Cover) 32

EL is much in Ihe news these last )8 
months as RCA, Sylvania and West 
inghouse vic for publicity to show 
then leadership Westinghouse be 
comes the first to come up with a 
commercial product alpha numeric 
readout indicators for the electronic 
design engineer

New Products At The IRE Show 82

This issue of ELECTRONIC DESIGN 
contoms over 200 new products that 
will be displayed at this year s IRE 
Show. There will be more than 200 
products shown, but we have weeded 
out those that have been reviewed in 
previous issues The trend in products 
this year can be summarized in three 
words tiny, tough ond transistorized

Epon. Resins improve performance, streamline 
appearance of instrument transformers

When Canadian General Electric Company. Limited. 
Toronto, Canada, decided to produce a new line of in
strument transformers, they wen* faced with several 
critical problems: how to ensure performance, reliability, 
and appearance . . . all on a mass-production basis.

They solved all their problems with Epon resins.
Result: these* handsome new transformers, completely 

impregnated with Epon resins, have high insulation 
and dielectric strength, good impact resistance, ex-

cellent heat dissipation, and increased ability io with
stand creepage. (’racking and oxidation are virtually 
eliminated.

If potting, laminating, sealing or encapsulation play 
an important role in your operations, lx* sure to investi
gate Epon resins. They max; lx* able to solve a produc
tion problem for you. bn assistance and technical 
information, write to you. nearest Shell ('hemical office 
listed below.

Hall Effect Generator........... 28

The Hall effect has been known for 
□ bout 80 years, but components 
based on this effect have been made 
commercially available only recently 
This aitide covers the theory of op
eration and some applications of the 
Holl effect gcnr?iafor

SHELL CHEMICAL CORPORATION
PLASTICS AND RESINS DIVISION

IN CANADA Cernii 1.1 : jnjdj. I n,ited. Montreal • Tor r';

Printed Circuit Motor........... 62

Printed circuit techniques are now 
being applied to the manufacture of 
armatures used in de motors. The 
commutation segments and the arma
ture coil are automatically printed on 
a round disk. Among the advantages: 
low inertia, low cost and high current 
densities.
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Dependability 
and long life 

previously available 
only in 

high-cost relays...

RED/LINE
low-cost thermal

timing relays

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

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

timing 
relay

Write for Publication 131

Available through Selected Distributoi

G-V CONTROLS INC
LIVINGSTON, NEW JERSEY

U. S. PAT 2,700.084 OTHER U S & FOREIGN PATENTS PENDING
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ADVERTISING
REPRESENTATIVES

RectifiersF lamentary Tubes VR TubesReliable Miniature and Subminiature Tubes
Baltimore, SOuthfield 1-1237Boston, Bigelow 4 7500Now York, PLaxa 9-3900

RAYTHEON

Approved Miniatures and Subminiatures for guided missile, com
puter, communication, radar, radiation measuring, instrument 
and other military applications requiring Reliability Plus

(A

TYPE DESCRIPTION
Spec. 

Numbet 
MIL E -1

Vibration 
Output 

(maximum; 
mVac

Heater Plate Grid Volts 
or 
Rk

Screen
-------—

*

Sm

MmhosVolts mA. Volts mA.
Volts 1

mA.

1AD4 RF Ampl Pentode 200* 1.25 100 45 3.0 Rg= 2 meg. 45 0 9 — 2000

1AH4 RF Ampl Pentode 3I6A 200* 1 25 40 45 0.75 Rg= 5 meg 45 02 — 750

5639 Video Amplifier Pentode 169C ' toot 6.3 450 150 21 1001! 100 4 — 1 9000

5643 Thyratron 757D — 6.3 150 epx = 500 v max; ip = 100 ma max; I(l = 16 mAdc max.

5672 RF Output Pentode 280 200* 1.25 50 67.5 3.25 -6 5 675 0.95 — 650

5702WA Video Amplifier Pentode 82C 50t 6.3 200 120 L 2 2001? 120 2.6 5000

57O2WB Video Amplifier Pentode 1069A 501 240* 6.3 200 120 2001.' 120 26
------------- -1

5000

5703WA High Frequency Triode 293C lot 63 200 120 94 220’.? — — 255 5100

57O3WB High Frequency Triode 1070A 10t 50* 6.3 200 120 9.4 2201! — 25 9 5000

5744WA High Mu Triode 84C 25f 6.3 200 250 4 2 S00U — 4000

5744WB High Mu Triode 1O73A 15t 75* 63 200 250 4 2 5001! w- —
? 4000

5783WA Voltage Reference 87C 20t Operates at approximately 85 volts between 15 and 3.5 mA.

S784WA RF Mixer Pentode 88D loot 6.3 200 120 5.5 ,_______ 23011 120 4 1 3200

5784WB RF Mixer Pentode 1096A 75| 300* 6.3 200 120 5.5 2301! 120 4.1 3200

57S7WA Voltage Regulator 89 B 20t Operates at approximately 98 volts between 5 and 25 mA

5829WA Dual Diode 292A - 6.3 150 Max. L» = 5 5 mA. per plate

5902 Beam Pwr. Pentode 175C loot 6.3 450 110 30 2701! 110 2.2 — 4200

6021 Medium Mu Dual Triode 188B 50t 6.3 300 100 6 5 1501! — 35 5400

6088 Output Pentode 694 — 1.25 20 45 065 — 1 25 « 0 15 625

6111 Medium Mu Dual Triode 189B 50t 6.3 300 100 8 5 2201! _______~ 20 5000

6112 High Mu Dual Triode 190C 25f 63 300 100 08 15001! — — ■ 70 1800

6533 Low Microphomc Triode 975 1 ot 6.3 200 120 0.9 150012 — 54 1750

OA2WA Voltage Regulator 290B 100* Operates at approximately 150 volts between 5 and 30 mA.

OB2WA Voltage Regulator 291 — Operates at approximately 108 volts between 5 and 30 mA.

6AH6WA Video Pentode 1130 100* 63 450 300 10 1601! | 150 25 — 9000

6AN5 Power Pentode 117 1000* 63 450 120 33 1251! 120 11
—-

8500

6AN5WA Power Pentode 839A 100* 6 3 450 120 33 12511 120 11 8500

5517 Cold K Rectifier 690A Peak Inverse = 2800 volts I, = 12 mAdc

565IWA Voltage Reference 825A — Operates at approximately 85 volts between 1.5 and 3 5 mA.

5654/6AK5W RF Ampl Pentode 4A 150* 63 175 120 7.5 -2 120 2.5 — 5000

5670 (WA) Medium Mu Dual Triode 5A 100* t 6.3 350 150 8.2 24012 — 35 5500

5687WA Low Mu Dual Triode 779B 100* 63 900 120 36 -2 — 18 5 11000

5814AI WAi Low Mu Dual Triode I2A 100* : 63 350 250 10 5 -8 5
L±_

2200

rAYTHEOk Thyratrons • Cathode Ray Tub

VISIT RAYTHEON BOOTHS 261 0 -11 -12-13 -14-I.R.E. SHOW N.Y.C
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EHIND THE NEWS

Revolutionary Tube Development . . . .

Cold-Cathode

Vacuum Tube
O ECEN 1 FANFAKE oxer a ncxv cold-cathode xacuum tube has led 

to avid speculation on its application to flat-screen TV tubes, nex\r 
general illumination lamps that could outperform present fluorescent 
units, and satellite vehicles begging for lower power drain components. 

. Instant starting radios, high-gain secondary-emission multipliers, and 
electron guns for klystrons, traveling xvave tubes, and kinescopes are 
additional predictions envisioned for the near future.

I Unfortunately, insufficient details have been disclosed to alloxv an 
accurate forecast. Tung-Sol Electric Inc., Newark, N. J., is hard at 
work incorporating the development into a full line of receiving tubes; 
a five-tube radio is expected within a year’s time. Flat, picture-on the 
wall TV tubes may not as yet be “around the corner’’ but are now 
closer to the realm of possibility.

Transistorized TV, xvhen available, will require a quick-heating 
cathode for instant operation; cold-cathode structure applied to the 
kinescope gun can fill the bill. Hero again, development work is under- 

I way xvith no date announced.

Background

I During studies investigating field-enhanced secondary emission 
bom magnesium oxide, (MgO) Dr. Dobischek, of the Army Signal 
Corps Labs at Ft. Monmouth, noted that electron emission continued

। even after the removal of all external stimuli. Tung-Sol undertook the 
development of the device under contract to the Signal Corps.

Although exact details on the concept are still undergoing investiga
tion, it is known that when emission is started from a MgO cold 
cathode, a positive charge is developed at the surface of the MgO 

। layer. Since the cathode coating is extremely thin, a high electric field 
is created across this coating. Under the influence of this high field, 
an avalanche effect multiplies the number of electrons liberated from 
the MgO. The liberation of the electrons which initiates the avalanche 
is assumed to be the result .of a photoelectric effect in xvhich photons are 
ejected during recombination of positive ions xvith electrons.

Physical Characteristics

Physically, the cold cathode tube differs from the hot cathode type 
in these respects:

I (Continued on following page

1959 I ELECTRONIC DESIGN . March 4, 1959

Dr. Dobischek looks at a bank of cold-cathode tubes 
which draw but one-tenth the power of hot filament 
types.
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DIELECTRIC AND CASE Fused Structure 
of Same Glass Composition.

FOIL PLATES Completely embedded in Glass.

CONNECTION Welded for Reliability.

TERMINAL SEAL True Glass-to-Metal Seal.

WASHER Added Terminal Strength.

TERMINALS Copper-clad nickel-iron, hot 
tinned.

ROUNDEDAII Edges, for Maximum Strength.
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Cold-Cathode vs Transistor

Even the exalted transistor seems headed for 
a battle to “stay on top.” Plans for subminiature 
cold-cathode types suggest similar space and low 
power requirements. Although the cold-cathode

ELECTRONIC DESIGN • March 4, 1959

RNING GLASS WORK
Electronic Components Department

CORNING MEANS RESEARCH IN GLASS
CIRCLE 4 ON READER-SERVICE CARD

NEW FUSION-SEALED glass capacitors
defy environmental stresses
Corning's new' CYF-10 capacitors are 
guaranteed to be four times better than 
MIL specs require on moisture resist
ance.

All the data we've gathered to date 
indicates that with the new' CYF-10 you 
have a capacitor that is practically in
destructible under severe environmental 
stresses.

For example, these CYF-lO’s will 
withstand MIL-STD 202A moisture 
conditions for over 1000 hours with no 
signs of deterioration.

To make the CYF-10 impervious to 
environmental stresses we've complete
ly encapsulated the glass dielectric ca
pacitor element in a glass casing. This 
encapsulation is completely fusion- 
sealed against moisture, salt, corrosion 
and weathering.

If you need both high reliability and 
miniaturization, the new CYF-10's—the 
only Fusion-Sealed capacitors avail
able—are worthy of your investigation. 
For complete details, write to Corning 
Glass Works, Bradford, Pennsylvania.

4

Audio output stage using Cold-Cathode Tube Note- 
high potential on Gi necessary to sustain emission.

■ High purity, porous magnesium oxide (MgO) 
is deposited on the nickel sleeve cathode in place 
of barium and strontium oxide.

■ The cold cathode tube is not self-starting. A 
tiny tungsten filament starter initiates emission 
with a single flash, lasting less than a second; 
once emission begins, no heater energy is re- 
quired.

■ During emission, the MgO phosphor emits 
an icy blue luminescent glow as contrasted with 
the reddish hue of conventional tubes.

A 
D

Cold vs Hot Cathode Tubes

Cold-cathode operation offers several distinct 
advantages, and several minor disadvantages, 
when compared with hot-cathode types. Impor
tant advantages include:

■ Quick starting—less than a second is required 
to start conduction as compared to 30 seconds 
for hot-cathode types.

■ Long life and reliability—since heater burn
out represents a major cause of tube failure, the 
cold cathode type should prove far superior.

■ Efficiency-heater power is unnecessary thus 
eliminating a power loss.

Certain disadvantages exist at the present time 
but are expected to be overcome.

■ Tubes are not self-starting. A tungsten starter 
is used at present with experimental work con
sidering ultraviolet or nuclear power means.

■ Supply voltages in the order of 200 to 300 
volts are required. Tung Sol engineers are striv
ing to reduce these minimum ratings.

can 
thaï 
lati«

L 
cell 
elec 
chin 
seco 
sent 
posi) 
tabu 
quic



type will require higher operating voltages, it is 
capable of higher power output and frequency 
range. In addition, to the delight of many missile 
and military designers, the cold-cathode tube 
can withstand high radiation and can operate 
over a wide temperature ranging from liquid air 
to red heat.
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Lamp Application

When bombarded by electrons, the XigO 
phosphor emits a bine light, which is character
istic of the cold-cathode types. This effect could 
be applied to the manufacture of a lamp which 
would be outwardh similar to a fluorescent bulb 
in shape and color ol light but would be capable 
of longer life and reliable performance over a 
temperature range extending from 50 deg below 
in arctic regions to the 100 deg levels at the 
equator.

Automated Universal
Distribution Photometer
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To meet the increasingly complex demands of 
photometric testing. General Electric’s Outdoor 
l ighting Department has designed and installed 
an automated universal distribution photometer. 
Test data can be recorded three times faster 
In the new automatic photometer than by hand- I 
operated photometers formerly used throughout 
the industry.

Heart of the automatic system is the electronic 
program unit which acts as a master control for 
the photometer and its associated tabulating card 
machine.

In operation, a lamp is placed in a luminaire 
which is mounted on a cradle in the photometer. 
A data processing machine automatically runs 
cards through the program unit to signal more 
than 8()0 position changes of the luminaire in re
lation to a giant 100" by 144" octagonal mirror.

Light is reflected from the mirror to a pickup 
cell at the end of a dark range, read back through 
electronic devices into the data processing ma
chine which then punches digital codes into a 
second set of tabulating cards, each code repre
senting a light reading for one specific luminaire 
position. Cards then go into the computer which 
tabulates all figures and provides information for 
quick plotting on a photometric curve.

According to General Electric, the new equip
ment has cut photometric testing time for a typi
cal fluorescent unit from five hours to 80 minutes.
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FREQUENCY ( KC) 

4 7 10 20

up to 100 kc. Physical size is 1/2 x 
19/32 x 15/16 . weight .3 ounces, 
band width 15% at 3 db and 4- 60% 
— 10% at 40 db. Wherever space and 
performance are critical requirements, 
miniaturized MicroiD ® low pass 
and band pass filters provide utmost 
reliability as well as more unit surface 
economy on printed circuit boards. 
Completely encapsulated, they are 
ideally suited to withstand high accel
eration. shock and vibration environ
ments. Write for special filter bulletin 
to help solve your circuit problems.

See these and other subminia* 
ture components on display at 
Booth 2919-2921, IRE Exhibit.

PACIFIC DIVISION 
DEPT. D-16 
720 MISSION ST. 
SOUTH PASADENA, CALIF. 
RYAN 1-2841 
TELETYPE PASACAL 7528

MicroiD
7350~ “

TTJ

5

Burnell X Co. may not be experts in 
I he art of head shrinking. But w hen it 
conies to toroids, filters and related 
networks. Burnell has the know-how 
to solve an infinite variety of small 
space problems. The new MlCROlD l: 
filters by Burnell & Co. are a notable 
achievement in the shrinking of filters 
which can be designed for low pass or 
band pass applications.

For example, as a low pass filter. 
Type TCLJ starts at 400 cps. Physical 
size is 11/16" x 1-11/16" x 1/2" max. 
For higher frequencies from 7.500 
cycles up to 100 kc, size is 3/4" x 1 
x 1/2".

The band pass filter, Type TTJ pic
tured here, ranges from 7.350 cycles

R REGISTERED TRADE MARK

Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.
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PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS

CIRCLE 5

EASTERN DIVISION 
DEPT D-16 

10 PELHAM PARKWAY 
PELHAM, N. Y. 

PELHAM 8-5000 
TELETYPE PELHAM 3633

ON READER-SERVICE CARD



New Speed ■■■VettaMity

TRANSISTORIZED DIGITAL 
MAGNETIC TAPE HANDLER 

MODEL 90G
> Check these new standards 
of reliability and performance

Completely transistorized for maximum 
reliability
Trouble free brushless motors
Over 50,000 passes of tape without 
signal degradation
Linear servo system
Life expectancy of pinchroll mechan
ism: ovor 100,000,000 operations 
Skew ±3 JAsoc ’/j" tape, center clock
at 100 i.p.s.
Vacuum loop buffer 
Continuous flutter free cycling 0 
200 cps

to

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

In line threading
End of tapo and tape break sensing
All functions remotely controllable
Tape widths to I1/«”

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

Potter 921 transistorized Record-Playback Am-

Potter

The

Pulse or level outputs

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

Manual, relay, or 
electronic function switching

Dual read-write operation

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

See us
Contact your Potter representative or call a, the

or write direct for further information. IRE Show
Booths 1912-14

mark of
Engineering Quality

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

OVerbrook 1-3200

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

BEHIND THE NEWS

Error-Correction Code 
For Bursts of Errors

LIGHTNING flashes and other 
electrical disturbances which 

cause static and noise on com
munication lines may result in 
groups or bursts of errors in the 
data being transmitted over these 
lines. These errors can be largely 
eliminated by a nexv error-correct
ing code developed by Dr. D. W. 
Hagelbarger of Bell Telephone 
Laboratories. The terminal equip
ment required for this new code is 
simple and inexpensive, and syn
chronization is relatively easy to 
maintain.

Previous error detecting and cor
recting codes either could not han
dle adjacent errors, or required 
complicated terminal equipment 
and presented difficult synchroni
zation problems. The new code is 
applicable to systems where the 
data must be accepted and de
livered continuously, rather than in 
batches. In telegraph lines, or in 
data transmission such as the Data- 
phone system recently announced 
hy Bell Laboratories, information 
is transmitted in a discrete pulse- 
no pulse form, and mutilation of a

single digit could throw a complete 
set of data in doubt. In this type of 
transmission, bursts of errors could 
be critical, and correction methods 
become an essential part of trans
mission equipment.

Terminal equipment using the 
nexv code can be designed to han 
die practically any length error 
burst which system analysis indi 
cates is required. In general, the 
shorter the maximum burst length 
to be corrected, the smaller and 
simpler will be the terminal equip
ment. Also, a short burst length will 
result in less guard space, or “clean 
data section,” xvhich must follow 
the burst before another group of 
errors can be corrected.

In its simplest form, the coding 
system uses alternate data digits 
and check digits, giving a redun 
dancy of one-half. If such a system 
is designed to correct error bursts 
of length six or less (three data 
digits and three check digits), the 
encoder consists basically of a shift 
register of length seven. The data 
digits enter the first position, and 
are shifted through the register be-

Code system to correct er
ror bursts in digital trans
mission.
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PHILCO

Alloy Junction Transistorsimong

heneverI he decoding rule

quantities.
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amplifiers, ignition systems, mobile radios and 
desk calculators (2N1124); servo amplifiers, volt
age regulators and pulse amplifiers (2N1125, 
2N1126, 2N1127); medium power audio and 
switching applications (2N1128, 2N1129, 2N1130).

Also available in quantities 1-99 from your local 
Philco Industrial Semiconductor Distributor.

announces a new family 
of LOW COST Medium Power

md checking digit 7, while the sec
ond checks the parity among data 
digits 4 and 7 and check digit 10.

;ct er 
trans

tore being transmitted. At each 
shift, a check digit is computed 
which makes parity (the sum of 1’s) 
of the check digit and the data 
digits in the 1st and 4th positions 
even (zero or two). This check 
digit is transmitted soon after it is 
computed, preceding the transmis
sion of its nearest associated mes-

Available in Production Quantities—Also Available from Local Distributors 
See us at the IRE Show, Booth 1302-08

Introducing a completely new family of PNP 
germanium transistors, especially designed to meet 
rigid military and industrial specifications ... at 
lowest possible prices.

These transistors are available in production

both parity circuits fail (by indicat
ing an uneven parity), the data 
digit in position 4 is changed while 
being shifted to position 5. If only 
one parity check fails, no change is 
made.

After any burst of length 6 or 
less, a 19-digit errorless message or 
guard space is enough to fill the de
coder shift registers completely and 
prepare the decoder for another 
burst.

The redundancy of these codes 
can be reduced if desired, or they 
can be used to correct for bursts 
longer than 6, without difficulty, but 
with simultaneous increases in ter
minal equipment costs and in the 
guard space required.

The decoder can be equipped to 
detect bursts longer than those it is 
designed to correct. For instance, a 
code to correct error bursts of 
length six will detect all but seven 
of the 512 possible bursts of length 
9 or less, and operate a warning 
device.

Evaluation of the new code is 
now being conducted under trans
mission line conditions by Dr. F. E. 
I roehlich of Bell Laboratories. Ini
tial results indicate substantial im
provement factors in code redun
dancies of 1/2 and 1/4. The 
valuation program is continuing.

use in teletypewriters, control

heck digits emerge from the cod- 
ng system alternately, forming the 
oded message.

\t the decoder, the received mes
sage is separated into check and 
lata digits, each group entering a 

separate shift register. There are 
two copies of the parity circuits: 
one checks the parity relationship

PHILCO CORPORATION
LANSDALE TUBE COMPANY DIVISION 

LANSDALE, PENNSYLVANIA

Make Philco your prime source of information for all transistor applications. Write to 
Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. ED 359.

TYPE
VcB 

Max. 
(Volts)

v«s 
Max. 

(Volt*)

Peak lC 
(Amp*)

P Max. 1 
(Watt*)

F b 
(MC)

Beta Applications PRICE

1ft 2NH2A 40 35 0.5 0.3 0.4 
Min

hf.
40 

Min
For high voltage general purpose use 
in amplifier and switching Small signal 
beta controlled. ♦ 1.30

y 2N1125 40 40 0.5 0 3 1.0 
Min

hfe 
50-150 

(a. 0.5 amp
For high voltage, higher frequency 
industrial amplifier and switching 
systems Large signal beta controlled. Si .90

2N1126 40 35 0.5 1.0 0,4 
Min

hie 
40 

Min

1 watt version of 2N1124 for servo 
amplifiers and relay actuators. Small 
signal beta controlled. ♦ 1.80

2N1127 40 40 0.5 1.0 1.0 
Min

her 
50-150 

@ 0.5 amp
1 watt version of 2N1125 for servo 
amplifiers and control systems. DC 
beta controlled. S2.4O

2N1128 25 18 0.5 0.15 1.0
hfp 

70-150
For low distortion, high level driver 
and output application. Small signal 
beta controlled.

S .95

Il 2N1129 25 25 0.5 0.15 0.75
hFE 

100-200 
(<9 0.1 amp

For high gain general purpose ampli
fier and switching Typical DC beta 
165.

Si. io

( 2N113O 30 0.5 0.15 0.75
hrx 

50-165 
0.1 amp

For higher voltage, higher level ampli
fier and switching applications. Typi
cal DC beta 125. s .95
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ALL-PURPOSE DIGITAL VOLT-OHM METER
Examine these outstanding features.

Polarity automatically displayed.

Digital display. No 
multi-scale confusion, 

interpolation or parallax error.

Decimal point automatically 
positioned.

PROVISION FOR 
REMOTE CONTROL 

Measurements can be 
triggered by external 

command signal.

THREE TYPES OF 
MEASUREMENT 

de volts, ac volts and 
resistance

CAN DRIVE A 
RECORDER
Generates 1-2-2-4 
binary code for 
digital recorder, 
data converter, etc.

RAPID, ERROR FREE READINGS 
BECAUSE

Type of measurement 
indicated.

SIGNAL GROUND ISOLATED 
FROM CHASSIS

You can measure voltage 
between two points when 

neither is at ground.

As the picture reveals, BECKMAN Berkeley's Model 
5350 is the most useful, most versatile digital instrument 
of its kind. It offers operating flexibility and features not 
found in digital voltmeters costing three times as much. 
The Model 5350 makes it feasible to replace multi
purpose analog equipment with a more accurate, rapid 
and foolproof means of making the vast majority of 
everyday voltage and resistance readings.

Beckman’

PORTABLE
Can be carried easily 
from one job to another.

ACCURATE
de volts ±0.2%
ac volts ±0.5%
resistance ±1.0%

EASY CALIBRATION
Calibrating controls and 
precise standard voltage 
(see below) available on 
front panel.

BROAD RANGE INSURES 
MAXIMUM UTILITY.
Full-scale ranges of ± 1 to 
± 1000 volts, 10k to 10M ohms.

PRECISE STANDARD VOLTAGE 
FOR CALIBRATION
Obtained from an internal 
controlled-temperature 
zener diode.

NO NEED TO CHANGE PROBES
Single multi-purpose probe 
used for all measurements.

Three digits present all readings within the nominal full 
scale range (000 to 999), a fourth digit permits off-scale 
readings up to 150% of full scale. All electronic con
struction eliminates troublesome stepping switches and 
permits an instantaneous display of readings at rates up 
to 10 per second.

( Priced at only $845.00.

Berkeley Division
2200 Wright Avenue, Richmond 3, California

I a division of Beckman Instruments, Inc.

CIRCLE 8 ON READER-SERVICE CARD

Closed Circuit Television Cameras 
Watch Atomic Energy at Work

In areas where radioactivity is present—or may 
he present—closed circuit television is providing 
new eyes for scientists and engineers at the 
Argonne National Laboratory, Lemont, Ill.

Still under development is the application of 
three* dimensional closed circuit television to the 
Argonne slave robot, a half ton electronic auto
maton developed to perform almost-human func
tions under conditions of intense radioactivity.

The Laboratory’s Remote Control Engineering 
Division has tried several approaches; one em
ployed transmission of a pair of images by a 
single camera chain to a single receiver when' 
they’ would appear side by side. There they 
are viewed through an apparatus resembling the 
old fashioned stereoscope.

Another approach was through the use of two 
complete camera systems. Two pictures from 
these cameras arc super-imposed on each other 
with a mirror system. When the operator wears 
Polaroid glasses, he secs the right-hand picture 
with his right eye and the left-hand picture with

The experimenters encountered one major dif
ficulty which, must be cleared up before three- 
dimensional television can be applied where ma
nipulators must handle delicate parts with skill 
and precision. The difficulty is that no two pres- 
ently-available television cameras always see the 
same object the same way. There is always a 
little distortion, often enough to throw off a pair 
of perfectly matched images that are required 
for satisfactory three-dimensional viewing.

When completely, perfected, three-dimensional 
television should allow the nuclear scientist to:

■ Perform delicate experiments safely with 
highly radioactive materials without having to 
be near an area where the experiments arc being 
carried on.

■ View’ closely and safely a small portion of a 
large area that is contaminated with radioactiv
ity.

■ Employ extreme distances—rather than heavy 
and expensive walls of lead and concrete—as 
shielding against radioactivity.

Possible applications of a slave robot with 3-D 
television eyes are almost beyond the realm of 
science fiction. Such a robot might explore the 
area on an atomic bomb drop immediately after 
the explosion. A robot might allow an earth- 
bound scientist to explore the moon and make 
chemical analy ses of the materials comprising its 
surface.

Do

This 
mem 
mem 
from 
occui 
but i 
size 
teste« 
ment 
plane 
it to 
If the 
mdicc

ELECTRONIC DESIGN • March 4, 1959 ELEC



em-

complete ratings

959

CAPACITORS

the mark of reliability

3avy 
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TYPE 20UD-Porous Anode Electro

lytics for high capacitance at low 

voltage. (Bulletin No. 3705)

of a 
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TYPE 110D—Foil Type Electrolytics 

for —55 C to +85 C operation. 

(Bulletin No. 3601)
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See us at the I.R.E. Show—Booths 2416-2424 
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SPRAGUE

New Russian Ambassadors

An increasing number of technical personnel 
being sent to underdeveloped countries by the 
Soviet Union may be an important “Cold War” 
I actor, a prominent engineering educator indi
cated at the Winter General Meeting of the 
\IEE held in New York City.

“Russia is on its way to becoming the largest 
exporter of engineers to such countries and, in 
addition to their technical duties, these men will 
act as business emissaries and doctrine-spreading 
missionaries,” said Dr. J. F. Calvert, head of the 
Electrical Engineering Department at the Uni
versity of Pittsburgh. He estimated that Russian 
engineers, who arc being graduated from Soviet 
schools in “tremendous” numbers, will likeh be 
admirably suited” to the needs of undeveloped 

lands and will replace other foreign technical 
personnel “on an immense scale.

The United States sends few engineers to 
other nations “except for brief stays and sheltered 
living,” stated Dr. Calbert. In the past, be 
pointed out, many engineers for undeveloped 
areas have been European or European-trained.

Prompt delivery
on all SPRAGUE

TANTALEX
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(Bullotin No. 3602)
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TYPE 1600—Solid-Electrolyte Elec

trolytics for hearing aid applications. 

(Bulletin No. 3515)

SPRAGUE 
200 D

3-D 
n of 

the 
after 
arth- 
nake 
g its

Double-Checking Memory Frames

This General Ceramics instrument tests complete 
memory frames containing up to 4096 individual 
memory cores, greatly increasing coincident memory 
frames reliability by insuring uniformity in amplitude, 
occurrence of signals, large signal-noise ratio and wide 
but uniform range of driving currents. Frames in any 
size up to 64 rows by 64 columns of cores can be 
tested directly, larger stacks’by sections. The instru
ment writes a pattern of ones and zeros in the memory 
plane, reads the recorded information, and compares 
it to information developed by the pattern generator. 
If they do not agree, the address of the faulty core is 
indicated on an address register light.

With the increased availability of tantalum, Sprague can now 
offer its famous TANTALEX® Capacitor line on large-quantity, 
short delivery schedules . . . covering complete ratings in all the 
types illustrated.

TANTALEX Capacitors are backed by thousands of test 
hours. They’re characterized by extremely low leakage current 
and unusually high capacitance stability even at low tempera
tures. Sprague’s many types cover a temperature range of from 
-5 5 C to +12 5 C; voltage ratings from 1/2 volt up to 150 volts.

II RITE FOR E NGINEERING BUL
LETINS on the Sprague TANTALEX 
Capacitors in which you're interested. 
Address your letter to Sprague Electric 
Co., Technical Literature Section, 
317 Marshall St., North Adams, Mass.

SPRAGUE COMPONENTS:
CAPACITORS • RESISTORS • MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE FILTERS • PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES
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missile circuitry must be dependable and economical, too!
FormicaTt XXXP-36 

. now better than ever!

12# average bond strength

500°F solder heat resistance

1 million megohms IR

Cold punch Vh '

Dimensional stability

Low moisture absorption

Circuitry in the Bomarc— and many other missiles, too — is made 
of Formica XXX P-36. It s recognized everywhere as one of the best paper 
base copper clad laminates ever made, and yet it's definitely not a premium 
price sheet. Therefore, the valuable properties shown at left (normally 
found only in premium sheets) cost circuit manufacturers nothing extra.

For complete information on XXXP-36 and the other outstanding 
grades in the Formica copper clad line, get your copy of the new Copper 
Clad Technical Data Book, form 830. Phone your district Formica repre
sentative, or write Formica Corporation, a subsidiary of American Cyanamid, 
1512 Spring ('.rove Ave., Cincinnati 32. Ohio.

IHE SHOW . . . be sure to visit us in iwoth 4404-6. U product of cr_ cfamam > o

BEHIND THE NEWS

Fluorocarbons Modified 
By Radiation Grafting

Bondability and surface-dye-acceptability have 
been successfully added to fluorocarbon poly
mers by means of radiation grafting; quantity 
production at costs 25 per cent lower than those 
of conventional modification methods is now 
feasible.

Although they were introduced commercially 
only ten years ago. the fluorocarbons are already 
widely and increasingly used by industry. Ex
ceptionally’ tough, they are corrosion and tem
perature resistant and have wax-like surfaces to 
which almost nothing will adhere. One variety is 
also self-lubricating. Fluorocarbons are employed 
extensively as insulation for electrical conductors 
and electronic components; best-known are 
Dupont’s Teflon and Minnesota Mining and 
Manufacturing’s Kel-F.

Neither bondability nor the ability to accept 
surface colors—is possessed by unmodified fluoro
carbons. Bondability has previously been ac
complished by post-fabrication modification 
which is expensive as well as having other dis
advantages. In addition to its cost advantage, 
radiation grafting can add bondability to a 
fluorocarbon without altering its color.

As for surface coloration, it has hitherto been 
attainable only for Teflon. Kel-F in all cases and 
Teflon often arc colored by mixing a pigment or 
dye with the plastic granules when the plastic is 
shaped, a difficult and expensive process.

With the new technique, developed by Radia
tion Applications, Inc., New York City. The manu
facturer can fabricate his polymer in the normal, 
efficient way—without adding coloring—and have 
it surface-dyed subsequently. Not only is this less 
expensive in itself, but also alleviates the inven
tory control problem resulting from having to 
run a large variety of colors through the forming 
step.

Hot-Cold-Light Wall for Home of 
Future

Tomorrow’s home may include a full-scale wall 
panel for illumination as well as heating or cool 
in; this is the result of combining into a single 
operating unit, two of man’s latest technological 
advances: thermoelectric heating and cooling, 
and electroluminescent lighting. The “hot-cold- 
light” panel, unveiled by Westinghouse Electric 
Corp., responds to a set of dials which can change

CIRCLE 10 ON READER-SERVICE CARD
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NEW ¡deas from General Mills research, engineering and manufacturing
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New “Eye and Ear Specialist” Checks 
Aircraft Radar Systems 95% Faster
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can be connected simply and rapidly to serve whole 
logic and control functions of complex digital com
puters. The board contains 24 logic units which

To .-cd:- ... ■ .■ T"-? j1' iotend. ? research • creative engineering • precision manufactur ng
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The General Mills Logic Unit Board is a 
versatile array of basic computer elements
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Full-scale panel, demonstrated by Chris J. Witting, 
vice president in charge of the Westinghouse Electric 
Corp, consumer products group, combines the latest ad
vancements in electroluminescent lighting and thermo
electric coolinq and heating.

SEE BOTH OF THESE NEW 
MECHANICAL DIVISION IDEAS 

IN ACTION AT THE 
RADIO ENGINEERING SHOW 

NEW YORK COLISEUM

can be used sin 
circuit required

idia 
anu i pairs to form almost any 

tai computer. For example.

12 Hip-flops which can 
bit binary counter or <15

Whether or not you’ll be at the show, get all 
the facts now. Let us know if you want more in
formation about the new Radar System Tester, the 
new Logic Unit Board, or both. Write Dept. 93. 
Mechanical Division General Mills, 1620 Central 
Ave., Minneapolis 13, Minn.

Today, an aircraft's radar system can be completely 
and comprehensively checked by only two men in 
less than 15 minutes—without any kind of physical 
connection with the plane. T his is made possible by 
the portable Radar System Tester AN/GPM-25, 
designed and manufactured by the Mechanical 
Division of General Mills. The precise yet easily 
operated electronic unit also simulates bombing and 
naxigational problems, providing a fast, thorough 
means of checking these systems too.
New Logic Unit Board ... an improved

120 F, and vary the intensity and color range of 
the light source.

A living room could be illuminated with a white 
or golden light during the day, for example, and 
then, by converting to soft blue tones, the same 
room could be transformed into a totally different 
mood for evening time.

For festive occasions, the color and intensity 
could be bright and cheerful. For a restful effect, 
tones could be soft and subdued. Entire sections 
of the ceiling could be covered with electro
luminescent panels in full or in pattern.

Part of the thermoelectric assembly is super
imposed in artistic designs or “mobiles” of ano
dized aluminum in front of the electrolumines
cent screen, of the panel. These mobiles serve to 
heat or cool the air of a room. The remainder 
of the thermoelectric assembly is hidden from 
view behind the glowing screen.

The thermoelectric effect is accomplished 
without the aid of any moving parts such as are 
present in the conventional refrigerator. Thermo
electric i efrigeration produces cooling in special 
solid materials directly from the flow of an elec
tric current; heating occurs when the direction 
of current is reversed.
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CBS-HYTRON N-P-N

TYPICAL P-N-P

CBS-HYTRON NPN

TYPICAL P-N-P

CBS-HYTRON NPN

TYPICAL P-N-P
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CBS-HYTRON, Semiconductor Operations

transistors.

overcrowded commercial radio air waves.

transmitted and recorded in the satellite at the

mercial and military communications arc
cast.

fired
com-
tore-

^CBO IN

500 HOURS

ICBO IN PA

lOOO HOURS

started.

sik' cannot be released from its cradle until the

duced at the RCA Missile and Surface Radar De-

Comparative Life Tests

INITIAL

Newark, N

Some design engineers specify PNP switching 
transistors because they consider them inherently 
more reliable. Actually NPN transistors can give 
you superior reliability along with their well- 

NPN
known higher speed. Life tests covering hundreds 
of thousands of CBS-Hytron NPN alloy-junction 
germanium switching transistors proved this 
during the past year. See graphs comparing these 

switching transistors
transistors with typical military-approved PNP

The superiority of CBS-Hytron NPN tran
sistors is achieved by special processing: For ex
ample, advanced surface chemistry techniques 

PROVE MORE RELIABLE
seal out moisture and contamination. Precise 
control of alloying produces high back voltages.
Thorough bake-out stabilizes gain. The result is 
reliable NPN computer-type switching transistors 

than PNP
featuring fast switching . . . high voltage . . . low 
cutoff current . . . and low saturation resistance 
. . . in a welded JETEC TO-9 package.

NPN vs. PNP Switching Transistors.

CBS-Hytron NPN Switching Transistors

Type

Minimum 
BVco 
(Volts)

Dissipation 
@ 25°C 

(Milliwatts)
Minimum 

lire @ lc (Ma)

Typical 
Lb 

(Megacycles) Application

2N356 20 100 20 100 3 Core Driver
2N377 25 150 20 200 6 Core Driver
2N385 25 150 20 200 6 Core Driver
2N388 25 150 30 200 8 Core Driver
2N438 30 100 20 50 4 Logic Circuit
2N438A 30 150 20 50 4 Logic Circuit
2N439 30 100 30 50 8 Logic Circuit
2N439A 30 150 30 50 8 Logic Circuit
2N440 30 100 40 50 12 Logic Circuit
2N440A 30 150 40 50 12 Logic Circuit
Operating and storage temperature, T j = -55 to +85°C

A comprehensive line of these reliable
CBS-Hytron NPN high-speed switching
transistors is available now in production
quantities. Check the table. Order types
you need ... or write for Bulletin
E-293-302 giving complete data...today.

More reliable products through Advanced-Engineering semiconductors

A Division of Columbia Broadcasting System, Inc.

Sales Offices: Lowell, Mass.. 900 Chelmsford St.. GLenview 4-0446 •
32 Green St.. MArket 3 5832 • Melrose Park, III., 1990 N. Mannheim Rd
EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., Raymond 3-9081

New Equipment To Reduce Missile
Countdown0 Time

An electronic checkout and launching svstem 
that will help make the Atlas ready for firing vir
tually immediately after a warning of impending 
enemy attack has been developed bv RCA.
Countdown period for launching will reduce 

bv a substantial amount the 10 to 15 hours now’ 
required under developmental or experimental
conditions.

The entire countdown operation is controlled 
from a RCA-designed push-button console. For 
example, pushing one button starts a particular 
system on the missile. Different colored lights 
tell the operator whether that system is operat
ing well enough so that the next one may be

If an operator inadvertently pushes the second 
button too soon, safety circuits prevent trouble.
The engines, for example, cannot be started un
less the fuel tanks arc completely filled. The mis

engines arc operating normally.
The first of the new' checkout and launching 

systems is being installed at Vandenberg \ir
Force Base near Los Angeles. Several launching 
sites throughout the United States eventually will 
be equipped with the new system, being pro- 

partment s plant in Moorestown, N |

Postman of the Future
Based on the success ol the satellite communi - 

cations relay system used in the recently
Atlas, revolutionary developments in both

Using orbiting satellites as carriers and 
stations, it will be possible to transmit, within 
minutes, thousands of printed messages ¿ill over 
the world without using ground or undersea 
cables and without further burdening the already

Kleinschmidt teletypewriter machines and de
vices in the four U. S. Anny Signal Corps track
ing stations were used not only to transmit orders 
to the recording and broadcasting unit in the
Atlas nose cone, but also to receive and process 
messages from the satellite which were triggered
from the ground.

In the Atlas experiment, printed messages were
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rate of 420 words per minute over four minute 
periods, and then re-transmitted to earth upon 
command at the same rate. This capacity will be 
greatly increased in future tests and, by using 
coded tape, literally millions of words could be 
transmitted as the “future post man of the sky’’ 
passes within range of tracking stations.

Another possibility would be a series of satel
lites in different, pre-determined orbits, covering 
the entire world. As a satellite passes over 
Europe, for instance, it would pick up printed 
messages destined for the United States. A few 
minutes later, these messages, upon command 
from the ground, would be transmitted as the 
satellite passes over the Eastern Seaboard of the 
U. S. Minutes later, another tracking station 
would send it messages for delivery in Hawaii or 
the Philippines.

Still another possibility is the use of satellites 
as relay stations for printed communications. In 
this case the orbiting speed of the satellite would 
be the same as the rotation of the earth on its 
.ixis, so that the satellite would always be over 
the same continent or area. Printed messages, in
stead of being carried from one continent to an
other, would be relayed from one satellite to an
other, and then to their destinations—all in a mat
ter of minutes.

Television to Link SAC 
Headquarters with Pentagon

Defense Department officials in the Pentagon 
in Washington may soon watch activities at SAC’ 
headquarters in Omaha, Neb. over special tele
vision equipment using ordinary telephone lines.

ITT Corp, recently received a development 
contract for the construction of a television com
munications system capable of sending a tele
vised picture of coded data from SAC to Wash
ington, 1100 miles distant. The system would 
transmit such information as briefing boards, air
craft position, printed material, and other secret 
SAC data. The information would first be tele
vised in Omaha with a standard TV camera; sig
nals would then be relayed to the transmitting 
console for coding and conversion so that they 
could be transmitted over low-frequency tele
phone wires.

At the Pentagon, the received signals would be 
reconverted and decoded for viewing on a stand
ard TV’ monitor. The codes may be changed 
daily, even hourly, if necessary. Audio lines oper
ating concurrently with the televised lines will 
permit defense officials in Washington to view 
and discuss important events at SAC virtually as 
they occur.

bring themselves forcefully to the attention of management.
They're wasting the most fruitful years of their business li 

thousands of dollars they may never he able to make up. And, oddly enough, 
they don’t realize—even remotely—the tragic consequences of their failure to 
forge ahead while time is still on their side.

Engineers and other technically-trained men are particularly prone to “drift 
with the tide” because their starting salaries are reasonably high and promotions 
come at regular intervals early in their careers. It isn’t until later—too much 
later in many cases—that they discover there is a definite ceiling on their incomes 
as technicians.

Send for Your Free Copy of "Forging Ahead in Business"
If you want to discover how to succeed while you are still young—if you want 

to avoid the heartbreak of failure in later years—send today for “Forging Ahead 
in Business" . . . one of the most practical and realistic booklets ever written on 
the problems of personal advancement.

Here you will find—not a "pep-talk,” not an academic lecture—but cold, hard 
facts on how to improve your position and increase your income. You will be 
told what the qualifications of an executive are in today’s competitive market.. . 
what you must know to make $15.000, $20.000 or more a year . . . what you must 
do to accumulate this knowledge.

"Forging Ahead in Business" was written for mature, ambitious men who seri
ously want to get down to bed-rock in their thinking about their business future. 
If you feel it is meant for you, simply fill in and return this coupon. Your com
plimentary copy will be mailed to you promptly.
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TUNED TO TOMORROW
COMPANY, INC. SINCE 1914

MALDEN 4S, MASS.

mONAL

In stock! For immediate delivery! And produced by National!... 

a complete line of standard plastic control knobs made in conformance 
with MS-91528. There are four basic types: round, pointer, 

spinner (each with or without skirts) and dial skirted round ...
available in three different shaft sizes. Finishes are gloss, matte, 

or to your color specifications... in all Mil-Spec sizes.

Crystal Controlled 
Search Radar

High stability search radar, developed 
for the U. S. Navy by the Westinghouse 
Electric Corporation, departs from pre
vious radar designs in that it is crystal 
controlled. Also, instead of the usual 
rectangular pulse, a shaped pulse has 
been adopted to decrease the required 
bandwidth for operation; this allows the 
high power system to work in crowded 
environments without interfering with 
other electronic devices. To simplify 
maintenance, the necessary test equip
ment is built into the unit.

Knobs: Made of plastic, type III, class H2, per Specification L-P-349.
Set Screws: Cadmium plated, class 3, type II, per Specification QQ-P-416.
Inserts: Brass, composition 4, hard, per Specification QQ-B-613.

For price quotations and complete information write:

Radar To The Rescue

An Israeli police launch fitted 
with a Kelvin-Hughes Type 2C 
Radar set detected two small 
echoes on the radar screen about 
two miles from the coast of Jaffa, 
Israel, recently. Dusk was ap
proaching and the distance of the 
objects was about half a mile from 
the vessel. At first, the ships’ offi
cers were not inclined to investi
gate but the echoes persisted.

On arriving at the point indi
cated by the radar two young 
men were found swimming towards 
the shore in an extremely exhausted

< CIRCLE 14 ON READER-SERVICE CARD
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Write for detailed application
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had been sailing a 
which had capsized sunk

were

was
adar

controlling illness

TYPE HR-31

The Magnetoresistor MS 
41 is a solid state device 
which has extremely high 
electron mobility character 
istics.

ROOM TEMPERATURE CHARACTERISTICS

Significant features:
High output and high resolution 
with no hysteresis

• Extremely low noise
• Thin rugged package 

(0.030" thickness)

The HR-31 HALLTRON is a new seni 
ductor device which utilizes indium arsenq 
provide a high-output voltage and low-temper 
coefficient over a wide temperature range. The 
perature sensitivity of output is less than 0.1< 
degree centigrade from — 65 to 4 125 centi^

The output from the Halltron is a prodi 
the input current and the applied magnetic 
The HR-31 Halltron is a fully developed prodi 
unit designed to allow easy application in nt 
existing magnetic circuits.

information on the HR-31 Halltron.

OTHER DEVICES

Negative Ion Lamps May 
Improve Health, Spirits

Medical evidence that positively 
charged ions have a detrimental ef
fect while negatively charged ions 
have a favorable effect on human 
health and mental outlook has led 
Westinghouse researchers to ex
periment with ultraviolet lamps 
producing negative air ions. Their 
ultimate goal—to incorporate such 
lamps in home air conditioners and 
heating systems.

It is too early to say that genera
tion of negative ions will provide a

temperature range 
from -65cto +125

mental depression. But, says West
inghouse’s Dr. Rudolph A. Nagy, 
sufficient evidence exists to estab
lish beyond reasonable doubt that 
ions always present in the atmos
phere play an important role in in
fluencing human and animal well
being.

Stcrilamp ultraviolet tubes, used 
lor 20 years, may prove the simplest 
source of negative air ions, West
inghouse believes. When such ions 
are present in quantity, hay fever, 
asthma and sinusitis, conditions 
have been relieved to some extent, 
wounds have healed more rapidly, 
and arthritic and rheumatic suffer
ing has been lessened.

mdition. It was unlikely that they 
ould have made the shore. They

about a mile from where they 
located.

At the time, the weather 
good and the sea calm. The
was operating on the 5 mile range 
when the echoes were seen; the 
range was then adjusted experi
mentally to between 1/2 and 1-1/2 
miles. The two swimmers were 
about 50 yards apart and were 
clearly discriminated as two tar
gets on the radar screen.

The police officers paid tribute 
to the sensitivity and screen defini
tion of the radar, without which 
the two swimmers would almost 
certainly have died.

The Halltron TYPE HS 
51 is a solid state device 
based on the Hall effect 
containing an active ele
ment of indium antimonide.

Magnetic Induction, 8, Kilogauss

Open Circuit Hall Output Voltage VS. Magnetic 
Induction for Various Values of Control Current.
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When airborne performance hangs in the balance

Hydro-Aire solid-state power supplies are available built to any special requirements up
Write today for details on Hydro Aire’sto lOkv and 3kw, with regulation down to 

extensive line of solid-state devices.

Model 50-021, shown above 
contrasted with conventional 
dynamotor it replaces, has 
these characteristics:
Output voltage: 150vdc * 1%
Output current: lOOma to 200 ma 
Input voltage: 28vdc t10%

Life: 1000 hours plus
Overload characteristics: short circuit 

proof
Temperature range:—55 Cto +71 C
Size: 2 x 3% x 4% inches
Weight: 27 oz.
Applicable specifications: MIL-E-5272, 

MIL-I-6181, MIL E 7894, MIL E 8189

Reliability, weight, and size are critical in every aircraft and missile component. 
Hydro-Aire’s new dc-to-dc power supply, being completely transistorized, is smaller 
and lighter than conventional dynamotors, offers many other advantages: No moving 
parts, no brush wear or replacement, no brush dust, no arcing. Increased efficiency 
(up to 90 ) means further weight savings since smaller 28-volt batteries can be used.

Paris by Night

This is how the celebrated landmark, the 
Eiffel Tower, will appear by night to 
American tourists next summer. The 
striking floodlighting effect is obtained 
with the help of 170 3 kw Mazda lamps. 
The lighting puts into evidence, right 
atop the tower, the antennas of the 200 
kw Paris TV station. The upper crosslike 
structure is the sound antenna and the 
cylinder below is the panel-type video 
antenna.

< CIRCLE 16 ON READER-SERVICE CARD

Something in Your Eye?

A new magnet for the removal of 
ferromagnetic bodies from the eye, 
now being produced in England, is 
said to be two to three times more 
efficient than existing magnets.

It is capable of exerting an at
tractive force over 1(X) times the 
weight of the attracted particle. 
This high efficiency is combined 
with small size and weight (15 lbs).

As it is desirable to remove small 
particles with the minimum of dis
turbance, the magnet provides a 
clear field of approach outside of 
120 deg cone angle with its apex at 
the pole tip.

Solid State Power Supplies 
Frequency Converters • Amplifiers 
Electric Motors • Solenoids 
Actuators • A C Voltage Regula 
tors • Generator Regulators

HWAIRE
BURBANK, CALIFORNIA



Rain 
turned

If picture tubes are your interest, consider 
RCA here, too, for RCA picture tubes are en
gineered for long, dependable performance. A 
word to your RCA Representative will bring 
you full information.

and sunshine can be 
on and off in new environ-

RCA-6CG7

"Four-Eyed" Antennas 
Communicate With Atlas 
Satellite

Radiquad Antennas, spotted at strate
gic locations in the U.S., are used to 
send and receive messages from the 
Atlas satellite circling the earth at 17,000 
miles per hour. Specially built for the 
Army Signal Corps by Radiation, Inc. 
Melbourne, Fla., to communicate with 
space vehicles, these antennas will trans
mit and receive two separate telemetry 
and message channels simultaneously. 
The prototype model was designed, 
built, and tested within a period of 41 
days and seven others were completed 
within 40 days.

Drizzle to a Downpour 
From New Test Chamber

mental test chambers recently in
stalled at the U. S. Army Frankford 
Arsenal.

Engineers can produce any type 
of rainfall they want, from a drizzle 
to a deluge, and the new units can 
even accurately simulate the force 
with which rain hits the ground. 
Equipment which passes these 
realistic tests are unlikely to fail 
because of weather conditions.

The new units will be used to 
weather-test Army Ordnance and a 
wide variety of military products 
such as missile, airplane and auto
motive parts, mechanical and elec
tric components, and other special
ized military equipment.

OF AMERICA
Harrison, N. J.

ways 
better

“''»wan«

New features of RCA-6CG7, a Preferred Type, promise outstanding performance and 
reliability — further proof that the Preferred Tube Types Program works for you!

RCA-6CG7 is designer-preferred because it 
has proven itself in the field. Now...because of 
further improvements brought to it by RCA’s 
Preferred Tube Types Program ...it is “better- 
than-ever!” Ask your RCA Field Representa
tive for complete information on RCA-6CG7.

New heater stem lead arrangement minimizes possibilities of heater-to- 
cathode shorts.
Improved cage rigidity provided by short, stiff stem leads reduces 
microphonics.
New mica configuration gives “springboard” fit to cathode; reduces 
microphonics, adds to rigidity of cage structure.
New special-alloy cathode reduces interface, increases life expectancy.
Cathode is oven baked to eliminate moisture; cathode sleeve is lock-seam 
wrapped to improve rigidity, minimize “bowing”.
Improved grid-structure reduces physical distortion caused by heat, 
further reduces possibilities of grid-to-cathode shorts.
Automated production-techniques eliminate contamination which would 
be caused by “handling”, result in extraordinary electrical uniformity.

* Stringent static and dynamic life tests give important assurances of quality.

Electron Tube Division

RCA SALES OFFICES: 
744 Broad Street 
Newark 2, New Jersey, HUmboldt 5-3900 
Suite 1154, Merchandise Mart Plora 
Chicago 54, Illinois, WHitehall 4-2900 

V, l $ t 6355 E. Washington Blvd.
Los Angeles 22, Calif., RAymond 3-8361



New Mallory Silicon Rectifiers

2000-hour 
life test 

without 
failure...

How’s this for reliability? After 2000 
hours of life test in the ovens shown here 
—at 85° C ambient, with rated load 
switched on and off 1.5 million times— 
new Mallory Tyj>e T silicon rectifiers had 
not a single failure. Electrical characteris
tics stayed practically unchanged.

How’s this for humidity protection? Type 
T rectifiers stand four times the humid
ity cycling of MIL-202A —take 500-hour

•Trade mark of 1’. K. Mallory & Co. Inc.

boiling water immersion test without 
deterioration. New Mallo-Seal* encapsu
lating compound makes this possible.

How’s this for performance? Type T’s 
have forward drop of only 0.5 volt— 
reverse leakage of only 250 microamperes 
—at 85° C and with 0.5 amperes for
ward current.
How’s this for price? Type T costs sub
stantially less than other commercial 
grade silicon rectifiers.

Plug-in model, for fuse 
type clip mounting, is 
also available. Charac
teristics are the same 
as the Type T de
scribed above.

CIRCLE

MallorY
p. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA

BEHIND THE NEWS

Electronic Computer For Japanese 
Weather Bureau

Tracking of typhoons, age-old enemy of the 
Japanese Island, and other weather problems will 
be the task of a giant 15-ton electronic computer 
supplied by IBM to the Japanese Meteorological 
Agency.

One of the most important weather problems 
plaguing the southwest Pacific is typhoons. 
Since these lethal storms revolve at great speeds, 
often devastating an area 100 miles wide as they 
race on, there is often little time for extensive 
manual calculation between the first report of 
storm activity and the moment the typhoon 
strikes a given point.

The Japanese Weather Bureau will use the 
IBM 704 computer in its continuous efforts to 
make more accurate predictions on the course of 
the typhoons, using methods similar to those ap
plied by the Joint Numerical Weather Prediction 
Unit in Washington, D.C., which employs an 
IBM 704 to track hurricanes which strike the 
eastern and southern United States coastal areas.

When the new Tokyo Prediction Center goes 
into effect, its work will not be confined to 
weather predictions for Japan alone. There will 
be a mutual exchange program of information 
with the U. S. Weather Bureau in Washington, 
to conduct weather studies for the entire northern 
hemisphere.

The current international exchange system 
works generally in the following way. Weather 
services throughout the world send up balloons 
twice a day to measure barometric pressure, 
temperature, wind velocity, and other data. This 
information is exchanged with other countries via 
teletype or radio, and forms the basis of world
weather predictions.

The IBM 704 in Tokyo will be fed data from 
many sources, including the U. S. Air Force 
weather stations and ships at sea. (Every Japa
nese fisherman is bound by duty to report weather 
conditions daily to the Japanese Weather Bu
reau). This vast accumulation of data is processed 
according to previously prepared “programs.” or 
sets of instructions, and after a short time the 
computer prints out weather charts for Japan and 
the surrounding area. Transparent plastics maps 
may be placed over the charts and photographed, 
thus greatly facilitating the task of making 
weather maps.

Until the use of large-scale computers in 
weather forecasting, it was never possible to con
sider all the data available, due to the great 
amount of time required for calculations.

ELECTRONIC DESIGN • March 4, 1959
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World's Tiniest Detector 
Maps Reactor's Neutron

By placing a millionth of an 
ounce of uranium—1,000,000,000,- 
(KM),000 splitting atoms—on a pin- 
head-size semiconductor diode, 
Westinghouse researchers provided 
the essential element of the world’s 
smallest neutron detector.

Looking into tight, out-of-the- 
way spots in a nuclear reactor’s 
core, making measurements here
tofore impossible with any direct- 
reading instrument, the detector in 
evaluation experiments plotted 
neutron flux variations down to 
dimensional changes as small as 
1 25th of an inch.

Almost completely insensitive to 
gamma rays, which usually inter- 
hue seriously with measurement of 
available neutrons, the Westing
house detector charts only the slow 
neutrons which cause fission and 
keep the reaction going. Highspeed 
neutrons ordinarily are ignored by 
the detector, but it easily can be 
adapted to measure the number and 
intensity of these fast neutrons.

Diode Plus Uranium

I hc detector essentially consists 
ol a tiny slice of silicon or german
ium having a sensitive junction near 
the top surface. On the top of this 
semiconductor diode is placed the 
uranium layer. Hair-thin copper 
wires are soldered to the detector 
and it is scaled inside one end of a 
spaghetti-size aluminum tube. 
Wired to electronic amplifying and 
recording apparatus, the detector 
is inserted into the reactor core.

Slow-speed neutrons strike the 
uranium surface, causing U-235 
atoms to split. Uranium fission pro
duces fragments. These fast, 
charged atom nuclei, energized by 
the fission process, crash through 
the diode junction and upset its 
electrical balance. The resulting 
electrical pulse can be detected and 
counted.

To count fast neutrons, the uran
ium layer is replaced by a material 
rich in hydrogen atoms, such as 
ordinary paraffin. Protons then can 
be “seen” by the detector.
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NEW TI
HIGH

FREQUENCY
DIFFUSED-BASE

GERMANIUM
TRANSISTURS EE

Kimum mechanical strength and heat dissipation, TI diffused base “mesj 
ruction mounts wafer directly to header. Extremely close product un 
ity also results from this newest gaseous-diffusion manufacturing techniqi

750 MC • 750 mW
Guaranteed current gains of 12, 10 and 8 db 
minimum at 100 me with new TI 2N1141, 
2N1142 and 2N1143 diffused-base germa
nium transistors! Alpha cutoff ratings up

800

700

ACTUAL SIZE to 750 me coupled with 750 mW power 
dissipation at 25 C case temperature make

these newest TI transistors ideal for military high fre-
quency power oscillators and amplifiers where assured 
reliability and performance are of primary importance. 
All units are 100% production stabilized at tempera
tures well above their 100°C rated junction operating 
point . . . exceed MIL-T-19500A specifications . . . and 
are in stock now.
Contact your nearest TI sales office or nearby TI 
distributor today ... for immediate delivery.

absolute maximum ratings @ 25°C case temperature
Collector Voltage Referred to Base............................
Emitter Voltage Referred to Base..................................
Collector Current....................................................................
Emitter Current....................................................................
Device Dissipation (infinite heat sink).......................
Collector Junction Temperature........................................
Storage Temperature Range.............................................
Thermal Resistance Junction to Mounting Base . .

typical characteristics @ 2 5 °C case temperature
Frequency Cutoff (Common Base).......................
Collector Reverse Current, VCb = — 15V, IE = O 
Saturation Voltage, Ic = — 70mA, IB = 17.5mA .

600

500

400

300

200

100

DISSIPATION DERATING CURVE — INFINITE HEAT SINK

0 10 20 30 40 50 60 70 80 90 100

CASE TEMPERATURE — °C

-65

2N1141 2N1142 2N1143

-35 -30 -25
-1 -0.7 -0.5
-100 -100 -100

100 100 100
750 750 750

4-100 4-100 4-100

0.1

mA 
mA 
mW

°C 
°C

0.1 °C/mW

600 480 MC

Small Signal Short Circuit Forward Current Transfer Ratio,
tb = - 10V, I 10mA, f = lOOOcps . .

TEXAS INSTRUMENTS SALES OFFICES 
DALLAS • NEW YORK • CHICAGO • LOS ANGELES

BOSTON • DAYTON • DENVER • DETROIT • GARDEN CITY, L. I. 

OTTAWA • PHILADELPHIA • ST. PAUL • SAN DIEGO

SAN FRANCISCO • SEATTLE • SYRACUSE • WASHINGTON, 0. C.

2

. . 0.97 0.97 0.97

Texas Instrument!
> SEMICONDUCTOR-COMPONENTS DIVISION

C POST OFFICE BOX 312 13500 N. CENTRAL EXPRESSWAY
DALLAS. TEXAS



40 >0*0

H. A. WILSON DIVISION • U.S. HIGHWAY 22 
UNION, N. J.

BEHIND THE NEWS

Medical Electronic System to Check 
Space Pilots In Flight

Pioneer space pilots will be outfitted with light
weight, miniaturized medical electronic systems 
to record their physiological condition during 
flight. Six physiological parameters will be meas
ured to reveal useful information about blood 
pressure, heart rate, heart sounds, respiration rate 
and depth, skin temperature from many points on 
the body and galvanic skin resistance.

Additional characteristics of the system, devel
oped by Vibro-Ceramics Div., Gulton Industries, 
Inc., Metuchen, N.J., include gathering of con- 
Itinuous and accurate biolectric and physical in
formation. All equipment is designed to operate 
in extreme environmental temperatures, as well 
as under acceleration conditions of up to several 
times the force of gravity.

Blood Pressure Measurements
Blood pressure measurements will be per- 

•ormed with the pilot wearing a cuff closed in at 
he finger. A microphone pickup mounted in the 
pressurized cuff will relay sounds and by utiliz- 
ng the time of appearance and disappearance, 
vill measure systolic pressure. Measurement of 
he sensitive blood pressure changes will indi- 
?ate the subject’s reaction to abnormal environ- 
nental conditions.

Heart Rate
Contraction of the heart muscle is measured to 

ndicate cardiac disorders. For example, if there 
s a lack of oxygen the heart will have to work 
aster to supply more of it to the body. In animal 
tudies, it has been recorded that heart rate has 
)een more than 3-1/2 times normal under missile 
>r rocket takeoff conditions.

Heart Microphone
Essentially a ceramic microphone to perform 

he function of a stethoscope, the heart micro- 
)hone is mounted in an elastic chest band and 
>ositioned over the heart. It can be used to de
ermine malfunctions of valves in the heart under 
he severe conditions present in missile takeoff.

Respiration Rate and Depth
These physiological parameters will be meas- 

ired by a strain gage mounted in a face mask. In 
he waveforms produced, the rate of major waves 
vill determine the respiration rate; amplitude is 
alibrated in terms of flow rate, so that the peaks 
nd troughs yield respiration depth. The readings 
vill indicate if the subject is undergoing strain, 
f he is coughing or gasping and just what his

■0

SUPER-SENSITIVE 

DEOXO INDICATOR

for detection
and measurement
of oxygen or hydrogen 
impurities in other gases
MINOXO INDICATOR . . . measures traces of 
molecular oxygen in other gases—from 1 to 10 
parts per million, and from 1 to 100 PPM. High 
sensitivity and rapid speed of response enable it 
to be used for laboratory investigation and pro
duction quality control.
SUPER-SENSITIVE DEOXO INDICATOR . . . 
measures oxygen or hydrogen present as impuri
ties in other gases—from 2 to 200 parts per million 
oxygen and 4 to 400 parts per million hydrogen. 
Dual range permits measurement up to .25% 
oxygen or .50% hydrogen. Send for literature.

CHEMICAL DIVISION • 113 ASTOR STREET 
NEWARK, N. J.

FOREST

CHEMICAL

DIVISION WRITE FOR LITERATURE

TORONTO.

CORPOR

H. A. WILSON

DIVISION
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MINOXO 

INDICATOR

THERMOMETAL

THERMOMETAL* for
dependable temperature, 

electrical current and
voltage control applications

CONTACTS

THERMOMETAL
Leading manufacturers depend upon the out
standing performance of Thermometal in elec
trical appliances, thermal cutouts, heating con
trols and many other applications involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is 
supplied in strip form, rolled and slit to close 
tolerances and tempered to specification. Ther
mometal elements and sub-assemblies are also 
supplied to specifications, with or without con
tacts attached. Send for literature.



fine wire
means

ure is more

layer of 24k gold 
lized plastics by

breathing reactions might be to high speed, ele 
vated temperatures and rarified atmosphere.

ATOMEX

This is the time of our annual sub 
scription renewal.

Atomex proced 
expensive than 
thickness. Costly

a simple bath. The 
permanent and less

electroplating of comparable 
analytical control is unnecessary.

gold and rhodium plating 
for corrosion-resistant

Galvanic Skin Resistance
Galvanic skin resistance will be measured and 

recorded from electrodes placed on the insteps 
of both feet and which will be contained inside 
of flexible spats. These electrical measurements 
will determine the changes in emotional activity 
or response of the pilot and his reactions to 
stimuli. The subject’s skin resistance will change 
in anticipation of a danger within seconds after 
he becomes aware of it.

Skin Temperature Measurements
An important advantage of this electronic 

medical instrument is its ability to record accu
rate skin temperatures from anywhere on the 
body within a half second. With temperature 
sensing probes located on the forehead, chest, 
back, arms and legs, it will be possible to record, 
almost instantaneously, change of body tempera
ture as well as giving information which can be 
related to the subject’s circulation. The instru
ments are so sensitive that if the subject is a non
smoker, a puff on a cigarette will immediately in
dicate a temperature change.

BAKER PLATINUM DIVISION • 113 ASTOR STREET 
NEWARK, N. J.

CHEMICAL DIVISION • 113 ASTOR STREET 
NEWARK, N. J.

This fair lady is modeling the latest in medical elec
tronics equipment to be worn by the pioneer space 
pilot. The equipment will be incorporated into space 
suits to outfit the well-dressed space traveler.

Here, you will find a thoroughly dependable 
source for fine wire of ductile and non-ductde 
materials for every application. Special processes 
have been developed for bare drawing wire as 
fine as .0004". Where smaller fine wire is re
quired, the Wollaston Process for ductile metals 
and the Taylor and Extrusion methods for non- 
ductile materials are employed All standard fine 
wire requirements are stocked for prompt deliv
ery. Full facilities are available for the production 
of fine wires made to your own specifications.

ATOMEX R is a 24k gold immersion solution that 
permits the deposition of a thin, dense, uniform
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Rhodium—a complete line of plating solutions 
are also available for high-reliability electrical 
and electronic applications. Rhodium is highly 
resistant to corrosive atmospheres, oxidation and 
arc erosion—reduces wear on moving surfaces— 
assures low noise level for moving contacts, no 
oxide rectification, low and stable contact resist
ance. Rhodium plating is indicated when a low- 
resistance, long-wearing, oxide-free contact is re
quired. Send for literature.

BAKER

DIVISION



GAF CARBONYL IRON POWDERS
For the production of superior cores 
for high frequency induction coils.

lower cost ■ higher quality ■ proven stability ■ ease in handling

NEWS BRIEFS..

HERE ARE FACTS THAT PROVE THE VALUE OF GAF 
CARBONYL IRON POWDERS AS CORE MATERIALS —

0.1 1 10 100

theditions — any of these can have an 
adverse effect on the core materials 
and on the final performance of the 
equipment.

The selection of the proper magnetic 
core material for the frequency range 
an inductance coil will be used is of 
utmost importance.

net you make, while reducing both 
cost and the weight.

. ELECTRICITY MAY BE TRANSMITTED 
at 650,000 volts in this country by 1977—this pre 
diction was voiced by two General Electric Com 
pany high voltage experts in a paper presented 
during the five-day Winter General Meeting of 
the American Institute of Electrical Engineers, 

In the next decade they expect continued and 
rapid expansion of extra-high-voltage systems in 
this country at 345 kv. In addition, 460 kv sys
tems will be built, probably about 1962. There 
appears to be little justification for introducing 
400 kv in the U. S. A. at this time as the “next 
step.” Much effort will be given to improving the 
efficiencies and capabilities of the present and 
new ehv systems.

. . THE ARMY’S 66.0(H) MILE JUNO II 
moonslioot was tracked with a higher degree of 
accuracy than previous missiles due to the use of । 
900 me, rather than 100 me, transmitter frequency

Making use of General Electric’s metal-ceramic 
type 7077 tube, an output of approximately 2(H) 
mw was obtained at 960.05 me. The higher fre
quency, compared to use of the 108 me channels 
produced greater accuracy due to the reduced 
reflection and refraction by the ionized layers 
surrounding the earth; it also permitted use of a 
sharper tracking beam.

This 32-page book offers you 
most comprehensive treatment

the

GAF Carbonyl Iron Powders are 
the proper materials in the frequency 
range 100 kc to 150 me and higher. 
The above chart proves the value of 
the selection using the highly desirable 
relationship of the //Q product versus 
frequency.

An iron core made with GAF Car
bonyl Iron Powders has a high degree 
of stability — and is thereby protected 
against these many influences.

Heat, cold, humidity, atmospheric 
influences, stray fields and similar con-

Wc urge you to ask your core maker, 
your coil winder, your industrial de
signer, how GAF Carbonyl Iron Pow
ders can increase the efficiency and 
performance of the equipment or prod-

given to the characteristics and appli
cations of GAF Carbonyl Iron Pow- 

ders. 80' < of the story 
I is told with photomicro- 
I graphs, diagrams, per- 
I formance charts and ta- 
I bles. Write today for 
I your free copy.

car^eayi Ira*

. . . ELECTROLUMINESCENT PANELS that 
emit a soft glow of light in any one of six spe 
cific colors—instead of the single green color 
heretofore achieved—was announced by the 
Radio Corporation of America.

The panels have possible uses in many fields, 
such as in vari-colored displays for holidays or 
for merchandising, house numbers that glow in 
the dark, night lights within the home and softly 
lit instrument panels for many applications, par
ticularly where varied colors might be helpful.

The panels produced for experimental labor
atory purposes are two inches square, but they 
can be made in larger sizes to meet individual re- 
quirements.

ANTAR Ae CHEMICALS
A SALES DIVISION OF

GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET • NEW YORK 14, NEW YORK

METAL 
POWDER

>ales Offices: New York . Providence. Philadelphia • Charlotte • Chattanooga • Chicago • Portland, Ore.« San Francisco . Los Angeles

I In Canada: Chemical Developments of Canada, Ltd., Montreal
INDUSTRIES 
rtDtRATlOH

. . . THE “RAT” rocket-thrown torpedo pro
gram has been terminated because of superior 
antisubmarine weapons now being developed, 
the Navy announced. RAT was designed to be 
launched skyward from a destroyer, propelled by 
a rocket motor to the target area, dropped to the 
surface by parachute, then seek out its target be
neath the surface and destroy it.
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REPORT MERCK HAS
LL FOUR FORMS OF

Rocket Schedule

Space timetable is firming, and the U. S. ex
pects to have rocketry capable of landing a man 
on the moon in six years. National Aeronautics 
and Space Administration has scheduled “more 
than a dozen” satellite and space probe launch
ings this year as well as 40 sounding rocket 
flights. It plans more in 1960. Other agencies will 
not lag behind.

Immediate impact of new space programs on 
the electronics industry will be felt by makers of 
ground equipment needed for global tracking, 
data acquisition, communications, and data proc
essing. In this field, NASA is working closely with 
the Defense Department. Object is to set up 
world-wide facilities to serve both civilian and 
military space* needs.

This year, for example, four large antennae 
dishes will be installed “at strategic locations 
around the world.” Together with the existing 
<85-foot dish at Goldstone, Calif., they will con
stitute a network able to track satellites or “deep 
space probes traveling hundreds of thousands of 
miles” on a 24-hour basis.

Other projects include modernization and ex
pansion of Minitrack, setting up a tracking net
work for NASA’s man-in-space Project Mercury, 
and operation of two mutually-supporting data 
reception and analysis centers.

IN PRODUCTION QUANTITIES

ro- 
ior 
ed, 
be 
by 
the 
be-

NASA Role

To be sure, the over-all national space pro
gram is broader than NASA’s activities alone. 
The agency is, however, trying to insure its status 
as the focal point—or preferably the guiding star 
—of America’s space effort. NASA chief T. Keith 
Glennan has made this clear to key committees 
of the Congress. He made no bones about his 
“disappointment” that the Army Ballistic Missile 
Agency had been kept in the Defense Depart
ment instead of being moved into NASA. Stating 
that he has the Army’s assurance that ABMA 
would be “completely responsive” to NASA re
quests to do work that would not interfere with 
national defense, Dr. Glennan noted that NASA 
intends “to make the fullest use possible” within 
the framework of existing limitations “of the ex-

See our display 

at the I.R.E. Show, 

Booth 4521

For additional information on specific applica- 
tions and processes, write Merck ST Co., Inc., 
Electronic Chemicals Division, Department 

ED-2,Rahway, New Jersey.

MERCK DOPED SINGLE CRYSTAL SILICON —offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “p” or “n” type with resis
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches.
NOTE: Doped single crystals m other diameters, resistivities, or lifetimes not listed above can be ' 

furnished as specials. '

MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON-offers float 
zone single crystals of a quality unobtainable by other methods. Available 
with minimum resistivity of 1000 ohm cm. “p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches.

MERCK POLYCRYSTALLINE BILLETS-have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for “n” type material and over 100 ohm cm. for “p” type ma
terial. Merck silicon billets give clean melts with no dross or oxides.

MERCK POLYCRYSTALLINE RODS — are ready for zone melting as received .. . 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8% to 101^ inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. “p” type with minimum lifetime of 200 micro
seconds or the material can be doped by user to his specifications.

C Merck * Co., Inc.

BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 1
CIRCLE 22 ON READER-SERVICE CARD



STAR-LINE CONNECTORS
WITH NEW MOD. 2 INSERTS FOR 
HIGH-SPEED, RELIABLE TERMINATION

and 
PUSH IN 

CONTACTS

I WASHINGTON REPORT
traordinary capabilities at ABMA.”

Effect of this statement, according to qualified 
Capitol Hill observers, was to suggest—at the 
highest Congressional levels—that speedier prog
ress might stem from unified control of space 
activities. This impression was reinforced by Dr. 
Glennan’s observation that it “is too early to say” 
if the NASA-Army “arrangement will be ade
quate for our needs.” He also hinted that effi
ciency and economy might be better served if the 
U. S. were to take a single road toward achieve
ment of rocket engines with 1.5 million pounds of 
thnist instead of two. At present, ABMA is trying 
to cluster existing rocket engines so as to come 
up with 1.2 million pounds of thrust while NASA 
is starting to develop a single-chamber 1.5 mil
lion pound motor. This dual approach “does not 
make very much sense,” Dr. Glennan admitted. 
Clearly, if the jurisdictional and administrative 
problems that are sure to occur are resolved in 
favor of NASA, that agency will become a far 
more important factor as a purchaser from the 
electronics industry than it is today.

In the distant future lie perfection of rendez
vous techniques, orbiting laboratories, and other 
advanced projects—nuclear rockets, propulsion 
systems using ion and plasma jets, and even mis
sile bases on the moon. Planning for these— 
which will all require extensive electronic instru
mentation—is now going on, limited, of course, 
by the state of the art. NASA outlines the next 
few years like this:

Mod. 2 Insert, 19-Pole 
with metal housing removed

THE

BoosterPayload capacity:
Time In orbit Moon or 

beyond
Mid-1960 6000 lbs 1000 lbs Atlas and 

new second 
stage

Early 1961 8000 lbs 2000 lbs Atlas or
Titan and new 
second stage

1961-62 10 tons 2 Ions Cluster of 
existing big 
rocket engines— 
1.2 million 
lbs thrust

1964-65 75 tons Land man 
on moon

Cluster of 4 
new single
chamber 1.5 
million lbs 
thrust rocket 
engines

1. Individual contacts are crimped to wires outside connector by a 
semi-automatic tool, then, for assembly, inserted one by one into in
sulation with crimped joint intact.
2. Contact retention ability of resilient insulation exceeds the require
ments of MIL C-5015-D even after many reassemblies.
3. Failures due to faulty wire termination are eliminated by the single 
crimped joint which is stronger than the wire itself. . . and superior 
mechanically and electrically to a solder joint.
4. Simplicity of wire termination greatly reduces errors in circuitry. 
Changes in circuitry are simple and speedy.
5. Up to 100 poles for wires sizes 16, 12 or 10, with no sacrifice in environ
mental resistance, or ability to meet and exceed MIL C-5015-D in Class 
A, B, C, E and R.
6. Two-piece Mod. 2 insert is interchangeable within Standard Pyle- 
Star-Line barrel shells with three-piece Mod. 1 insert.

Mod. 1 inserts for wire sizes up to 4/0 are available for disconnect and 
for current rupturing service.

Environmental Limit* of Pyle-Star-Line connector*

Temperature — 80 F. to 225 F.
Pressure 300 PSI External, 200 PSI Internal
Chemical Resistance Most acids, most alkalis, oil
Corrosion Resistance Salt Spray: 300 days without failure
Dust Resistance Exceed requirements of MIL C-5015D
Shock Resistance 50G Minimum
Vibration Exceed 20G to Method II of Mil C-5015D
Humidity & Moisture Resistance Exceed Class E. Spec, of Mil C-5015D
Air Leakage Meet Class E Spec, of Mil C-5015D

PYLE-NATIONAL

WHERE QUALITY IS TRADITIONAL

Write for complete specifications:
1331 North Kostner Avenue, Chicago 51, Illinois

Branch Offic«* and Aganh in Principal Citi«* of th« U.S. and Canada
Railroad Export Department: International Railway Supply Co., 30 Church St., New York 7, N.Y.

Industrial Export Department Rock« International Corp., 13 E. 40th St., New York 16, N.Y.
Canadian Ag«nt: Th« Holden Co., Ltd., Montreal

CONDUIT FITTINGS • MOTOR CONTROLS • SWITCHES • LIGHTING FIXTURES • FLOODLIGHTS

CIRCLE 23 ON READER-SERVICE CARD

An unlooked-for benefit—from a purely scien
tific point of view—stems from the fact that the 
Soviets now have rocket boosters that can send

CIRCLE 24 ON READER-SERVICE CARD ►
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ALUMINUM’S NATURAL ADVANTAGES

smo

: thicknesses 
of insulation

pro 
stan

characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality.

tive 
mal

Intensive research and testing bv X 
to important technical breakthrough

wax 
and

Interleaving sheet-type insulation 
with aluminum strip.

ing by manufacturers 
electrical industry

nan 
end

solv ing problems relating to edge effect, joining and insulation.
Recently, Alcoa purchased the transformer division ol 

Automation Instruments, Inc., to perfect winding techniques

Preliminary testing of foil-wound 
transformer.

With this added facility. the electrical windings division of 
Alcoa Research Laboratories is equipped lo wmd coils from 
small solenoids up to distribution transformer sizes lor test-

W here is the best application lor aluminum strip windings ’ 
In power devices or electronic equipment, the economics of 
aluminum snip windings arc indicated when customary wire

important, new

age, which may be many times the turn-to-turn 
Aluminum strip insulation needs to withstand only

met 
bort 
rate 
govt 
tech 
Bun

55 per cent to 65 pet cent is typical Thus, although an alum
inum sti ip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the stnp-to- 
insuiation thickness ratio.

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are

successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld
ing. cold pressure welding, resistance welding and mechanical 
joining. ( old pressure welding is quite practical: joints have 
high strength and conductivity I Itrasonic welding requires

Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity. 0 48 pounds of 
aluminum replaces one pound of copper (Figures are lor 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) Alcoa No. 3 I (. alloy has been devel
oped expressly foi electrical windings. Space factor ol ahim-

Specially designed equipment for 
winding smaller coils.

Send for Alcoa's new 
Conductor Selector 
Chart, a convenient 
slide rule for convert
ing standard wire 
sizes to equivalent 
strip conductor.

sign 
proç 
man 
< ai 
ELEC

Alcoa Aluminum Electrical Windings will reduce youi costs 
and improve your product. We’d like to prove it. Send youi 
specifications to us and we will wind sample coils Then make 
your own test. .

Aluminum Company or Xmfrk a. 2263-( Alcoa Building.
Pittsburgh 19, Pennsylvania

of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns.

In most cases, aluminum strip windings can be manufac
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation: new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire

Conventional wire windings require heavier insulations to 
withstand (I) abrasion during winding, (2) abrasion from 
point-to-point contact between turns. (3) layer-to-layer volt

PROPERTY
HARD-DRAWN 
COPPER WIRE

ALUMINUM STRIP 
No 3 EC

Weight (lb cu in.) 0.321 0.098
Specific gravity 
Coefficient of linear

8.89 2.70

expansion ( C)
Thermal conductivity

at 20 C / watts sq in.

0.000017 0.000023

\ in./°C / 
Electrical conductivity

9 7 6.0

at 20 C, per cent IACS 
Electrical resistance at

97 61.0

20 C (microhms sq tn. ft) 
Temperature coefficient 

of electrical resistance

8.40 13.14

at 20 C C 0.00381 0.00409
Modulus of elasticity 17 x IO* 10 X IO6



into space heavier payloads than the U. S. can 
manage. Because the U. S. has lagged in this area, 
emphasis on microminiaturization of electronic 
components has been great, so that the relatively 
low-powered boosters now available to this coun
try can carry proportionately more experimental 
equipment than the Russians. As far as can be 
told from pictures and descriptions, equipment in 
Soviet space vehicles is far bulkier than com
parable American devices.

Continuing stress on microminiaturization 
means relatively little in terms of income to the 
electronics industry now. But the techniques that 
come out of these programs will have consider
able impact on the design of higher-profit con
sumer equipment in years to come.

Measurement Standards

Calibration and precision measurement capa
bility of defense contractors is being thoroughly 
studied by four important industry associations, 
the National Bureau of Standards, and the Air 
Materiel Command. Purpose is to find out if in
dustry effort in this field is good enough to meet 
the demands of modern weapons system tech
nology. Participating industry groups are the 
Electronics Industry Association, the National 
Security Industrial Association, Aircraft Indus
tries Association, and the American Ordnance 
Association.

Basic data concerning standards of defense 
contractors are being sought through question
naires. When these have been returned (by the 
end of March), efforts will be made to see where 
problems are arising in the application of present 
standards. The survex will also illuminate areas 
which need, but no not now have, standards. 
For example, the Air Force plans to convert a 
building with concrete floors 14 feet thick into a 
calibration laboratory. Tests show that it is rela
tively free of normal Earth-vibration, which 
makes it well suited for measurement of stability 
of items that may eventually be subject to mul
tiples of normal gravity.

Other areas in which measurement methods 
need improvement if they are to come up to 
advanced-project requirements include: micro
wave calibration, radio frequency, ac and de 
audio-visual measurement, roundness and 
smoothness of bearings, certain optical measure
ments, and dimensional measurement of holes or 
bores of very small diameter which must be accu
rate to millionths of an inch. Already vexing the 
government is use by industry of calibration 
techniques that have not been adopted by the 
Bureau of Standards. The last item could have 
significantly bad effects on missile and weapons 
programs, according to the Air Materiel Com
mand.
< CIRCLE 24 ON READER-SERVICE CARD
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6528 tung-sol 
Chatham

MAOS IH M.S, K JJ

i w
4998 TUNGSOL 

CHATHA*1

First family of power triodes made specifically for series regulation!

Tung-Sol/Chatham power triode family 
covers every series regulator need I

Now designers can specify a premium quality Tung-Sol/ 
Chatham tube for all series regulator sockets. Tung- 
Sol/Chatham*s family of power triodes — the first 
designed and produced specially for series regulator 
service—-meets all design requirements and assures 
maximum reliability and life at all times.

Types include the new 100 Watters. 7241 and 7242. 
medium mu or low mu-high current. 12 or 26 Volt

TYPICAL VALUES

Total Plate 
Current

Range of Tube 
Voltage Drop

Minimum
Tube Drop

Grid Voltage 
Swing

6M« 200 ma 80 v 45 v 20 v
6B2B 65 70 10
7242 600 80 70 13

PERTINENT CHARACTERISTICS PER TUBE

Max. Plate 
Current

Max. Plate 
Voltage MU Gm

w - 1
280 275 5.5 28.000 umhos

1 6S28 600 400 9.0 74,000 umhos
7242 900 400 9.0 111,000 umhos

CIRCLE 25 ON READER-SERVICE CARD

heater versions available on most types. All embody 
sturdy construction features that contribute to overall 
ruggedness and long hours of heavy-duty operation.

Compare the ratings below against your particular 
application! if you desire complete data sheets . . . 
or you have a specific design problem, contact us 
today ! We 11 be glad to give whatever assistance we 
can. Just write: Tung-Sol Electric Inc., Newark 4, N. J., 
Commercial Engineering Offices: Bloomfield and Liv
ingston, N. J., Culver City, Calif., Melrose Park, Ill.

AT THE IRE SHOW—BOOTHS 2833, 2835, 2837, 2839.

§ TUNG-SOL
TUBE TYPES BY PLATE DISSIPATION RATINGS

Total Plate 
Dissipation 26 to 30 W 60 W 100 W

Low Mu 6AS7G, 6082
6080WA, 7105

6336A
6394A 7241

Medium Mu 5998 6528 7242
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NEW PRODUCT

Rack and Panel Type Solderless Connector

Burnfly Corporation, Norwalk, Connect.

HYFEN types illustrated are typical 
of those already supplied to the 
industry by BURNDY. HYFEN 
connectors are engineered to meet 
specific requirements For other 
types or sizes, contact BURNDY.

Printed circuit connector in either 31 or 45 
place configuration. Accommodates single wire 
or combinations of wire sizes.

Application of Bumdy’s HYFEN’' principle to 
rack and panel type connectors has been an 
lounccd by the company's Omaton Division 
Hiese connectors are also used as cable1 discon 
nects between electronic cabinets.

RIMPIl IIV11 at bench... or at equipment

Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 
—a measurable quality control —at a 
high speed production rate.

.NAP-LOCK ....
Pins and sockets are easily and 

quickly snap-locked into plugs and 
receptacles. They may be removed 

with a simple extraction tool for 
circuit changes or checks.

CONNECT ... only 3 points of contact

he HYFEN method provides the minimum number 
of contacts—3—thereby reducing reliability 

problems. Exceeds the requirements of 
MIL-C-5015C and MIL-C-8384A.

HYFEN connectors
with crimp-type snap-locked contacts

BURNDY’s HYFEN method, already widely accepted in the 
industry, speeds the wiring of electronic harnesses and systems, 
and achieves greater dependability and versatility than has 
heretofore been possible. Crimp-type connections eliminate 
time-consuming solder operations and the disadvantages 
in the use of solder.

Norwalk, Connect.

ACCEPTED!
Hyfen Variations

ME rack and panel HYFEN connector. 8 or 26 
place configuration. One-piece shell and one- 
piece block. Also available for coaxial or 
shielded cable.

Feed-thru, modular design, multiple insert con
nector 35 contact inserts can be removed from 
frame for easy contact insertion or removal. 
5 or 8 insert frames available

In addition to the crimp-type snap-locked pins 
md sockets characteristic of all HYFENs, this 
new version, the ME type connector, offers these 
distinct advantages: (1) interchangeability and 
compatibility with existing rack and panel solder 
type connectors; (2) one-piece die cast aluminum 
shell and one-piece insulator block which elimi 
nate one cause of moisture entrapment, reduce 
the possibility of lost parts, and allow inter 
changeability between shell and plug recepta 
cles; (3) diversified installation tooling yvhich al 
lows extremely fast assembly either at bench or 
at equipment; and (4) use of only tire number of 
contacts needed rather than all the contacts in 
the panel.

The HYFEN technique allow-, pins and sock 
ets to be removed with a simple extraction tool, 
and then to be re-inserted or changed as required 
The ME also features closed entry type sockets 
which prevent damage from oversize test probes. 
In addition pins and sockets can take multiples 
of wire combinations where needed, and coaxi. 1 
or shielded cable.

For complete information, write: OMATON DIVISION

The crimp-type connection characteristic < I 
HYFEN connectors eliminates the weaknesses < : 
solder connections, including the introduction c1 
corrosive elements in fluxes and dissimilar metal 
The crimp provides a measurable indent for 
built-in quality control. In the assembly proces 
crimping means faster assembly. Dies are avai 
able for the M8ND HYTOOL® and Y8ND 
HYPRESS® which are ideal for close confine 1 
areas.

In Europe: Antwerp, Belgium

See more nt I.R.E. Booths 3107-9

Toronto, Canada
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Let's Have Less "Amazing" Circuitry

Later this month some 255 papers will be presented before the 
engineers and scientists of the electronic industry. Most of these 
papers have been selected for their originality, newness of de
velopment, and importance to the industry. Many of the dis
closures will promise to be solutions to problems facing the mili
tary and industry at large. But how many of these ideas will really 
pay off?

Too often the projects described will end with the expiration of 
the original R & D funds, not because the idea is poor, but because 
it cannot be implemented in any practical way. The number of 
components needed to perform the function will become so ex
tensive that the final equipment cannot fill the intended space (or 
is too heavy) or, the mean-time-between-failures will be too low.

Engineers do not lack the intelligence to come up with ideas, 
but they frequently display an appalling lack of wisdom when it 
comes to producing practical solutions to problems.

Our thoughts on this subject were ev oked after a comparison of 
the 1959 IRE National Convention program with the program 
announcements of 1957 and 1958. Scanning the 1957 program, our 
attention was attracted to a description of a very promising system 
that is not in use today. Why? The system was not obsoleted by a 
superior development; its theoretical advantages are still the best 
—but the system can’t be reduced to practise. Too many circuits 
and components would be needed—cathode followers, age cir
cuits, drift compensators, filters, buffers, inverters, phase shifters, 
clamps, voltage regulators.

It appears we too often fail to recognize that there is more than 
one solution to a problem and that unless there is a simple one, the 
best of schemes may be no better than dreams.

Admittedly project authorizations and R & D contracts do at
tempt to put some restrictions on study phases, but it would appear 
that more definite constraints should be specified. Perhaps the en
gineer or organization getting money for a project should accept 
some penalty if the solution presented does not meet such criteria 
as reproducibility at a reasonable cost, or adequate reliability.

It may well be that some study and development projects should 
have an evaluation phase* considerably prior to completion. The 
best of proposals may prove to be very suspect after a little in
vestigation. Early admission that an idea is not going to pay off 
should be rewarded. Rewards for simplicity should do much to 
unmask complexity that now passes as wizardry.

EBB

DEKATRAN 
i DECADE RATIO TRANSFORMER 

[ oimimiwui

I he ¡959 IRE Show marks the first anniversary ot a new concept in 
ac voltage dividers—the ESI DEKATRAN decade ratio transformer. 
During the past year we have been pleased with your response to 
the following firsts" provided b\ our DEKATRAN component 
tvpe decade transformers.

FIRST with coaxial dials, switches and toroidal transformer for 
maximum performance in minimum space.

FIRST to break the “price barrier” providing laboratory instru
ment performance at a component price.

FIRST with toroidal transformer encapsulated in the front 
panel mounting assembly for maximum rigidity and 
ability to meet military vibration and shock requirements

FIRST with unique suppression of switching transients.
FIRST with “overlap” feature permitting voltage settings at 

more than 100% of each decade. _ _

ELECTRO-MEASUREMENTS, INC.
7524 S. W. MACADAM • PORTLAND 19, OREGON

WRITE FOR 
BULLETINS 
C-22 AND C-24

or js

Booths 3010-3011 at the March IRE Show 
CIRCLE 27 ON READER-SERVICE CARD
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Dr. Warren E. Bulman 
President 

Ohio Semiconductors, Inc. 
Columbus, Ohio

Hall-Effect Generators
HOW THEY WORK AND HOW THEY’RE USED

Hall-effect generators became commercially available last year, although the prin
ciple on which they operate has been known since 1879. Typical uses of this device 
include: electronic multiplier, electronic summing and magnetic field probe.

HALL-EFFECT generators® are solid state 
multiplying devices. They produce an out

put voltage that is a function of (1) a current 
flowing through the unit and (2) a magnetic field 
perpendicular to the unit. Because the output 
depends on two inputs, these devices simplify 
the design of ordinary circuit functions and 
they perform new functions previously impracti
cal. A schematic of the device is shown in Fig. 1.

The Hall effect has been known since 1879 
E. L. Hall discovered that when any material is 
conducting a current and has a magnetic field 
passing through it, a voltage will develop across 
the material in a direction perpendicular to both 
the input current and the magnetic field. This is 
shown in Fig. 2. The input current flow, the 
magnetic field and the resultant output voltage 
are mutually perpendicular to each other.

The output voltage develops because the 
moving current charges are deflected by th*

• Ed. Note: Hall-effect generators were made commer 
cially available last year. Ohio Semiconductors Inc. calls 
their unit the Halltron. And Westinghouse Electric Corp 
calls theirs the Hall Generator. They are similar devices

ELECTRONIC DESIGN • March 4, 1959



HAIL 
OUTPUT

intensities from less than IO3 gauss to more 
than 105 gauss, (2) input currents from pa to amp 
and (3) outputs from pv to v.

magnetic field to the side of the conducting ele
ment. They accumulate there until the force 
of the electric field created by the accumu
lating charge balances the force exerted by the 
magnetic field.

Magnitude of the concentration of the charge 
carriers, the charge of the carriers (electrons 
or holes), and their mobility (drift velocity of 
the charge carriers per unit field strength)—all 
are important in determining the magnitude of 
the Hall voltage in any particular material. 
Magnitude of the Hall effect voltage is propor
tional to the charge carrier mobility.

Research effort on semiconductors over the 
past years has contributed greatly in the de
velopment of compounds with high charge carrier 
mobilities, and correspondingly high Hall-effects. 
Indium antimonide and indium arsenide com
pounds are predominant in mobility and, there
fore, in Hall effect.

General Characteristics

A wide range of device characteristics can 
be obtained by selection of material used, by 
control of carrier concentration anil mobility' 
of the material and by choice of physical de
sign parameters. As is so often the case, opti
mization of one characteristic adversely affects 
one or more other characteristics, and the final 
device is a compromise.

The effect of charge carrier concentration 
on resistivity, charge carrier mobility and tern 
perature coefficient of resistivity for indium 
antimonide is shown in Fig. 3. The temperature 
coefficient can vary from negative to a range 
of zero to positive. In that direction of change, 
however, the mobility decreases, causing a corre
sponding decrease in Hall voltage output.

The range of Hall voltage outputs available 
as a function of temperature for one grade of 
indium arsenide and three grades of indium 
antimonide is shown in Fig. 4. Current input, 
magnetic field intensity and physical configura
tions are the same. The highest outputs are 
available over most of the temperature range 
from materials with the lowest carrier concentra
tions. The latter, however, have the greatest 
change of output (temperature coefficient) with 
change of temperature. Indium arsenide and 
high carrier concentration grades of indium 
antimonide have low temperature sensitivity— 
but also have lower outputs.

Linearity

Linearity of Hall output differs with respect 
to each of the two inputs (current and magnetic 
field intensity). In both cases, the output load 
and geometry of both the Hall element itself 
and its input and output terminals have a 
significant effect. With respect to current input,

MAGNETIC 
BIAS 

(IF USEO)

MAGNETIC 
INPUT

CURRENT 
INPUT

Fig. 5. General electrical and magnetic circuitry. Fig. 7. Hall output voltage into a 4 ohm load, vs. con
trol current for various values of magnetic field strength.

the temperature coefficient (tc') is very important, 
and linearity can be optimized by using a zero 
t0 material and by choosing appropriate dimen
sions and output load current This linearity can 
be made quite good. With respect to magnetic 
intensity, the variables controlling linearity are 
complex and are most pronounced with intense 
field. Optimizing is by control of output load and 
by choice of geometry for the particular range of 
magnetic field to be encountered.

Hall devices made from indium antimonide 
and indium arsenide can handle input field (1)

Fig. 8. Hall output voltage vs. Hall output current at 
various values of magnetic field strength.

Bulk Effect

The Hall effect is a function of the bulk 
material. It does not depend upon surface 
effects, point contacts, boundary layers, junctions, 
or other phenomena universally associated with 
semiconductors. Consequently, Hall-effect gen
erators are more stable and reproducible than 
transistors or diodes. There is no apparent degra-
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ELEMENT TEMPERATURE. T. °C

Fig. 9. Hall output voltage vs. ele
ment temperature.

i----------------------------------------------ò

Fig. 12. Magnetic field probe application.

•---------------

MAGNETIC 
INPUT

CURRENT 
INPUT

Fig. 10. Electronic multiplier application.

VARIABLE INPUT *X’

IN MW

HALLTRON

VARIABLE
INPUT’v’

MALL VOLTAGE
OUTPUT

CONSTANT 
INPUT 
CURRENT

Fig. 11. Electronic Summer application.

magnetic 
• BIAS •

SIGNAL 
INPUT

o CURRENT BIAS

Fig. 13. Amplifier application.

solenoids and leakage fluxes, (4) Checking deflec
tion coils, (3) Instrumentation for wave guide 
measurements.

Examples of applications using concentrators: 
(1) General probe for measuring weak magnetic 
fields, (2) Measurement of changes in the earth’s 
magnetic field, (3) Electronic compass, (4) 
Geological instruments.

Applications where magnetic fields are cre
ated as part of the design are much broader. 
Some specific applications are: (1) Displacement 
transducers, (2) Power meters, (3) De to ac con
verters, (4) Gyrators, (5) Isolators, (6) Modulators, 
(7) Analog and digital computers, (8) Logic 
circuitry, (9) Trigger for transistors.

A typical application of the Hall-effect gen
erator is shown in Fig 5. The current input flows 
longitudinally through the element, which is 
mounted in the magnetic field ol the air gap 
of a magnetic circuit. The field intensity is con
trolled by one* or more coils mounted upon the 
magnetic core assembly. (Of course, a magnetic 
structure may not be necessary in applications 
as a field measuring probe.) The output can be 
in the form of voltage, current or power.

Typical performance characteristics of the 
type HS-51 Halltron an* shown in Figs. 6,7,8, 
and 9. This is a general purpose device and a 
wide range ol characteristics are available 
through appropriate design changes. These 
curves can be used in the consideration of pos
sible applications.

CHOPPING 
SIGNAL

SIGNAL 
INPUT

Fig. 14. Chopper application.

dation with time or service, and, within the 
limits of melting terminals or the bulk material 
overvoltage or overcurrent causes no damage.

Because operation does not depend upon 
minority charge carriers this source of noise in 
semiconductor amplifiers is absent. The electrical 
noise in these devices should approach the mini
mum level from thermal sources inherent in any 
conductor, and can be minimized by resorting 
to low temperatures. A further feature: an input 
function to the device can be isolated from the 
output circuit. This is accomplished through the 
signal which controls the magnetic field input.

Potential Applications
Potential applications of the Hall-effect gen

erator can be divided into two general catagories: 
(1) those in which the magnetic field already 
exists and (2) those in which the magnetic field 
is created as a part of the application.

In the first category, the device may be 
operated as probe with magnetic field concen
trators to increase the generators output. Ex
amples of applications without concentrators are: 
(1) General probe to measure magnetic fields, 
(2) Measurement of magnetic flux in motor or 
generator air gaps, (3) Measurement of flux in

Specific Applications

Some specific applications that represent the 
broad range of potential applications are: 
Electronic Multiplier, (Fig. 10). If the input 
current is made proportional to one variable 
and input to the magnetic field coil proportional 
to a second variable, the output will be propor
tional to the product Al. The sign of the output 
will be in accord with signs of the inputs. Lin
earity is limited by the material used in the 
Hall-effect generator, and geometries, and by the 
characteristics of the electro-magnetic circuit of 
the field input. For some applications, linearity 
approaching 0.1 per cent can be achieved now. 
with improvements quite probable from con
tinued research. Since the output is predictable, 
additional circuitry also can be used to compen
sate for the sources of nonlinearity to extend the 
range of accuracy. Speed of response of the ma
terial itself is around IO-10 to Iff 12 sec. For prac
tically all applications speed of response of the 
multiplier is limited only by the magnetic circuit. 
Electronic Summing, (Fig. 11). With a constant 
input current, output will be proportional to the 
input magnetic field. If the current inputs to each 
of two or more identical coils are each propor-
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tional to a different variable, the output will be 
proportional to the net sum of the inputs to the 
coils. The output will be proportional to the net 
stnn including appropriate sign. Linearity and 
speed of response is the same as for the multi
pliers.
Magnetic Field Probe, (Fig. 12). For any fixed 
input current the output can be calibrated in 
terms of magnetic field input. By using a series 
of calibrated resistors to control input current, 
the output can be calibrated for several ranges of 
magnetic field. For any particular input current 
and field intensity, output is a maximum when 
the magnetic field is perpendicular to the plane 
of the Hall-effect element. Consequently, the 
probe should be calibrated for fixed orientation 
with respect to the magnetic field, preferably 
with the plane of the element perpendicular to 
the direction of the field. Because the sign of the 
output can be changed from positive to negative 
by rotation of the generator, the device can be 
used to indicate direction of the fiedd. Linearity 
and speed of response' are similar to the multi-

Xmplifier. (Fig. 13). rhe signal to be amplified 
is supplied to the signal input coil of the mag
netic circuit. \ relatively large current supplied 
to the current bias circuits, then, will provide an 
output greater but proportional to, the signal in
put. Amplification is controlled by suitable choice 
ol ampere turns in the signal coil, by proper de
sign of the magnetic circuit to give suitable mag
netic field intensities, through the Halltron and 
by control of current bias input.

A second coil for bias can be added to the mag
netic field circuit and used as an adjustable gain 
control by control of operating point on the satu
ration curve of the magnetic circuit. By connect
ing the Hall output to this second coil, regenera
tion can lx* accomplished. The signal input may 
be ac or de. If the bias current through the de- 
y ice is do, the output will be proportional to the 
signal input. However, the bias current may be 
chopped, giving a chopped output with ampli
tude proportional to the signal input. Linearity 
and speed of. response are similar to the multi
plier descried earlier.
Chopper, (Fig. 14). If either input to the device 
is proportional to a de signal, the second input 
can be varied, giving an output of the variable 
frequency with amplitude proportional to the de 
signal input. The circuit illustrated is a useful ar
rangement for a low impedance chopper, where 
the chopping frequency is low. For chopping fre
quencies in the megacycle range, the signal and 
chopping circuits shown in the diagram may be 
interchanged. In the latter case, the signal input 
impedance may be controlled by proper coil de
sign. Linearity limitations are similar to those de
scribed for the multipier. ■ ■

Constant output level 
Constant modulation level 
3 volt output into 50 ohms ■ 

distortion

New -hp- 606A HF Signal Generator
Here at last is a compact, convenient, moderately- 
priced signal generator providing constant output 
and constant modulation level plus high output 
from 50 kc to 65 MC. Tedious, error-producing 
resetting of output level and percent modulation 
are eliminated.
Covering the high frequency spectrum, (which in
cludes the 30 and 60 MC radar 1F bands) the new

606A is exceptionally useful in driving bridges, 
antennas and filters, and measuring gain, selectivity 
and image rejection of receivers and IF circuits.
Output is constant within ± 1 db over the full fre
quency range, and is adjustable from +20 dbm (3 
volts rms) to —110 dbm (0.1 ¡iv rms). No level 
adjustments are required during operation.

SPECIFICATIONS
Frequency Range: 50 kc to ¿5 MC in 6 bands.
Frequency Accuracy: Within +1%.
Frequency Calibrator: Crystal oscillator provides check points at 
100 kc and 1 MC intervals accurate within 0.01% from 0° to 
50° C.
RF Output Level: Continuously ad|ustable from 0.1 pv to 3 volts 
into a 50 ohm resistive load. Calibration is in volts and dbm (0 
dbm is 1 milliwatt).
Output Accuracy: Within ± 1 db into 50 ohm resistive load.
Frequency Response: Within ± 1 db into 50 ohm resistive load 
over entire frequency range at any output level setting.
Output Impedance: 50 ohms, SWR less than 1.1 J at 0.3 v and 
below.

HEWLETT-PACKARD COMPANY 5023K

Spurious Harmonic Output: less than 3%.
Leakage: Negligible permits sensitivity measurements to 0.1 pv 
Amplitude Modulation: Continuously adjustable from 0 to 100% 
Internal Modulation: 0 to 100% sinusoidal modulation at 400 cps 
-5% or 1000 cps — 5%.
Modulation Bundwidth: De to 20 kc maximum.
External Modulation: 0 to 100% sinusoidal modulation de to 20 kc.
Envelope Distortion: Less than 3% envelope distortion from 0 to 
70% modulation at output levels of I volt or less.
Spurious FM: 0 0025% or 100 cps, whichever is greater, at an 
output of I v or less and 30% amplitude modulation.
Spurious AM: Hum and noise sidebands are 70 db below carrier. 
Price: (cabinet) $1,200.00. (rack mount) $1,185.00.

Data subject to change without notice. Prices f.o.b. factory.

PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A.
CABLE “HEWPACK ’ • DAVENPORT 5-4451 • Field representatives in all principal areas

world's most complete line of signal generators
CIRCLE 28 ON READER-SERVICE CARD
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performance 
in flight 

here’s
a little

honey

FAIRCHILD’S NEW 1 INCH 
PRESSURE TRANSDUCER

... as small as a bumble bee, but can take shock, acceleration and 
vibration like no other pressure transducer its size. It was designed 
specifically for airborne instrumentation to meet the most stringent 
environmental requirements. Output signal resolution is less than 0.25% 
with single or dual wire wound potentiometer pick-off.

The excellent performance under environmental conditions is due 
to an improved “H” bar linkage between the diaphragm push rod and 
the potentiometer wiper arm which permits the moveable parts to be 
statically and dynamically in balance under various vibrations and
accelerations.

Fairchild’s line of Pressure 
Transducers include bourdon tube 
and capsular diaphragm types for / 
measuring pressures from 1 to fl 
10,000 psi, absolute, gauge, or dif- , 
ferential. Standard units have pot 
pick-offs; a.c. type pick-offs avail
able on special order. Sapphire

jewel bearing

Gold plated surfaces

Miniature
*V precision 

ball bearings

SPECIFICATIONS ANO CHARACTERISTICS

Vibration

Acceleration
Shock

10 to 55 cps, o r di; 55 to 
2.000 cps 15g Error less than 
1%. Will withstand 25(. 10 to 
2,000 cps.
40g in 3 planes, error less than 
1%. Withstands 75g.
50g without damage or perma
nent calibration shift

Pressure 
Range 
Linearity 
Size (Volume) 
Temperature

0-5 psi to 0-350 psi a. 1 or d. 
±10%
V« cubic inch (1" día i 1" long) 
—54’C to 4-100‘C. Error less 
than 1% lor most ranges.

For more information write Fairchild Controls Corporation, Dept. 23ED

IELIA8ILITY 
INSIDE 

THE
BLACK BOX

COMPONENTS DIVISION

CONTROLS CORPORATION GUI £ Washington Blvd.
'• Hicksville. L I.. N V. Los Angeles, Cal.

CIRCLE 29 ON READER-SERVICE CARD
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Thin Cool Fail-Proof

Electroluminescent
Readout Lamps

LECTROLUMINESCENT panels, 
devoid of filaments, gas, or metallic 

vapors, are being used for the display ol 
numerals and letters on readout equip
ment. Requiring negligible power, dis
sipating little heat, and capable of 
mounting in narrow areas, this new 
source of light is virtually failproof.

As sketched in Fig. 1, a thin film of 
phosphor is sandwiched between two 
conductive plates. One plate is made of 
ordinary window glass sprayed with a 
transparent conductive coating, the 
other of evaporated metal over the 
phospher-plastic layer. The lamp is sealed 
around the edges and coated on the back 
with a protective plastic to provide a 
moisture barrier. Application of an ac 
voltage to the conductive layers causes 
excitation of the phosphor with resultant 
light output.

Two forms of readout lamps are avail
able from the Rayescent Lamp Depart
ment of Westinghouse Electric Corp.

Moisture barrier
Metal strip Aluminum overlayer
for connection (back electrode)

to back electrode

Gloss plate

Electrical conducting 
coating on glass 
(front electrode)

Fig. 1. Sketch of 
lamp.

Metal strip for 
connection to 
front electrode

basic electroluminescent

’ Bar linkage

Phosphor plastic layer

The first—known as alpha lamps—will 
register all letters in the full alphabet, 
numerals from 0 through 9, plus and 
minus signs, and many symbols; the sec
ond— termed numeric lamps—register 16 
letters, numerals 0 through 9 and plus or 
minus symbols.

The numeric lamps will be produced 
in two sizes initially; units with over-all 
height of about 2-1/2 in. and character 
height of 1-3 S in., and larger units with 
over-all height of about 4-1/8 in. and 
character height of about 2-3/4 in. Be
cause of their high message content, 
alpha lamps will be available in the 
larger size only. The lamps require less 
than 0.2 watts for the larger size and are 
rated for use on 240 or 460 v, 60 to 400 
cps.

As a result of human engineering 
studies, the shape of the lamps is in the 
form of a parallelogram for convenient 
readability and extreme visibility at vir
tually any angle. Numbers and letters 
appear as two-dimensional outline of 
light and thus are free of distortion or 
shadowing.

Letters are formed by energizing 
specific segments of the 14 segment alpha 
type lamps or the 10 segment numeric 
type lamps. Since all segments are on the 
same plane, the numerals and letters 
formed are distinct and easily readable 
even at wide angle viewing and require 
a minimum of space.

Electrical contact with the readout 
lamps is made through * sturdy pins 
molded into the back plate of the lamp, 
with specially-designed sockets available, 
see Fig. 2. Sockets are flush-mounting 
type and the overall depth of lamp and 
socket is less than one inch. Because of 
the arrangement of the segments and
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MIGHTY MIDGETS BY EL-MENCO INCLUDE
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EL-MENCO CERAMIC DISC CAPACITORS MEET OR EXCEED E.I.A. SPECS. RS-198

LOOK TO THE LEADER LOOK TO EL-MENCO
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El-Menco
El-Menco

El-Menco
El-Menco
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Capacitors 
• Working 
working vol
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akes it

Fig. 2. Rear photo of readout lamp showing 
connector pins and socket. Note shallow depth 
of combination.

in creative engineering

ilitary and civilian 
as “scale-and- 

measurement and 
information dis-

are unmatched for high Qperformance . 
high insulation resistance, high dielectric strength.

It is expected that 
applications will 
pointer” indicators I 
instrumentation, or 
play boards similar 
stock exchanges, air

to those found in 
and rail terminals
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• Wax impregnated with low-loss phenolic coating.
• Flat design assures reduced self-inductance.
• Insulation resistance far exceeds the 10,000 
megohm minimum requirements.
• Available with straight leads U/Z’ minimum. 
Or manufactured with crimped leads for printed 
circuit applications.

all on EHIlenco for capacitors 
with proved erformance and

CERAMIC DISC CAPACITORS 
with TEST-PROVED RELIABILITY!

In the field of capacitors, the name of El-Menco stands head and shoulders

• molded mica e dipped mica e mica trimmer* dipped paper 
• tubular paper • ceramic • silvered mica Rims e ceramic discs

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers ond Distributors in the U.S. ond Canada

CIRCLE 30 ON READER-SERVICE CARD

THE ELECTRO MOTIVE MFG. CO., INC 
WILLIMANTIC CONNECTICUT 

Manufacturers of El-Menco Capacitors

and military information and command 
centers. For more information, turn to 
the Reader-Service Card and circle 106.
At IRE Show, Booth 1402-1607

for latest bulleti 
on Ceramic Disc Capacitors . .

simpler to replace the readout lamp 
than to change an ordinary light bulb.

New lamps can be plugged in when
ever intensity declines to an inadequate 
level after their rated life of 3000 hours.

Switching and forming of letters and 
numerals can be accomplished by step 
relays, rotary, solid state, logic switch
ing or electromechanical devices.

Temperature Compensating — for resonant circuit application.
Temperature Stable — designed for applications where a minimum capaci
tance change with temperature is required.
Semi-Stable — general purpose with stability.
General Purpose — for bypassing, coupling or filtering applications . . . 
space saving, provide high capacity in relation to size.

Mighty Midgets with EXTRA Ruggedness and 
Stamina.
Superior Features of El-Menco Ceramic Disc

ElUlenco



A survey of microwave test equipment is not 
complete without acknowledging a wide 

array’ of special instruments. Tin’s part of the 
series on microwave test instruments covers noise 
generators, crystal-controlled frequency calibra
tors, and sweep-frequency generators and spec
trum analyzers. ✓

Noise Generators

Calibrated random noise generators are useful 
for measuring receiver gain or noise figure, and 
for the calibrating of standard signal sources. 
The measurement is generally done by a substi
tution or comparison method, in which a noise 
source of know n power is added to the input of 
the receiver under test and compared with the 
noise generated within the unit.

Two types of tubes are generally used as noise 
generators: temperature-limited diodes, and gas- 
discharge tubes. In a temperature-limited diode, 
the plate current has a random fluctuation about 
its average value, producing a random noise 
output proportional to the current. Frequency 
ranges up to about 3000 me are obtained with 
coaxial diodes, but for higher frequencies tem
perature-limited diodes cannot be used.

Gas-discharge tubes are most frequently’ used 
as microwave noise sources. In electrical con
duction in a gas discharge, the electrons have 
random velocities in the time interval between 
their collisions with the positive ions. This re
sults in a random noise output signal. Neon, 
argon, and fluorescent (argon-mercury) tubes are 
commonly used for this purpose. Each gas will 
have a characteristic noise temperature, which 
is generally expresed in decibels referred to ther
mal noise at 290 K. The relative noise tempera
ture is equal to T(iTo (where Tc, is the noise 
temperature of the gas-discharge source, and 
To - 290 degrees K\ while the relative excess 
noise temperature is equal to (T« —To)/To.

If the source is square-wave modulated, the 
receiver noise level with and without the in
sertion of the calibrated noise can be observed 
on an oscilloscope or computed by’ an automatic 
noise-figure indicator. A precaution that must be 
taken in noise measurements is to insure that the

34

Microwave Test Instruments
Part 6

Special Types
David Fidelman
Roslyn Heights, N. Y.

input impedance to the receiver does not become 
mismatched when the noise source is turned oil 
or removed, otherwise an error would be intro
duced into the measurement.

Crystal-Controlled Frequency Calibrators

In many types of measurements it is necessary 
to have an accurate reference frequency stand
ard. Crystal-controlled oscillators can be used for 
this purpose. They are capable of producing sig
nals to frequencies of 11 me. The operation of 
these units is based upon the same crystal 
oscillator techniques that are used at lower fre
quencies, but with frequency-multiplication tech
niques that are suitable for microwave applica
tions.

The frequencies generated are based upon that 
of the usual quartz-crystal oscillator, with ampli
fier and buffer stages feeding suitable frequency 
multipliers. Triode-type tubes can be used for 
frequency multiplication up to about l(XK) me. For 
higher frequencies crystal-rectifier multipliers 
can be used. The output power decreases at the 

Table 1. Sweep Frequency Generators

General CommentsManufacturei

Hewlett-Packard

At least )0 MW

Model No. Frequency Range Sweep Width

670 SM 2.6 4 KMC Adjustable to 
cover any IO":

670 GM 4-6 KMC to 20*0 or larger 
segment of in-

670 -IM 5.85-8.2 KMC strument's fre
quency range

670 HM 7-10 KMC

686 A 8.2-12.4 KMC 3 MC to 4.2 
KMC in seven 
steps (vernier 
permit» contin
uous adjust
ment between 

steps)

112 A 800-1200 MC 50 KC-40 MC 
continuously
variable

120-A 8 5-9.6 KMC 50 KC-60 MC 
continuously 
variable

150 MV

30 mw

At least 10 MW 
over full range

$2250

higher frequencies, due to the low multiplier effi
ciency, but is quite adequate when used in a suit
able microwave test setup.

Sweep-Frequency Generators

Sweep-frequency signal generators all ord a 
simple and convenient method of making meas
urements of frequency response, bandpass char 
acteristics, and impedance of microwave sy stems. 
There are a number of methods by which micro- 
wave oscillators may' be automatically swept in 
frequency. One method makes use of a direct mo
tor drive coupled to the frequency control knob 
ol a standard tunable microwave oscillator, w ith 
mechanical stops or sw itches which may' be ad
justed to set the limits of the sweep.

Another type of sweep oscillator makes use of 
an oscillator tuned by a resonant cavity, with an 
electromechamcally varied capacitor which 
changes the resonant frequency of the cavity and 
frequency' modulates the oscillators. A completely 
electronic sweep generator may be achieved by 
use of a backward-wave oscillator. The output

$1175 each 
with motor

$ 575

$ 495

Automatic adjustable motor driven sweep, direct 
reading frequency dial; can be modulated from 
external source, linear sweep output voltage 
provided, proportional to mechanical sweep 100 
db output attenuator (not calibrated)

Electronic sweep oscillator, direct-reading tre 
quency dial, internal 400-1200 cps square wave 
amplitude modulation, can be externally modu 
lated with pulse, square wave, AM ond FM, fre 
quency sweep linear with time; sweep output 
voltage provided, continuously adjustable sweep 
rate, output continuously adjustable to zero 
(not calibrated)

Frequency may be pre-set or determined on 
oscilloscope display to within t5MC by built 
m wavemeter, swept R-F blanked to provide zero 
reference line for oscilloscope gain indications, 
sweep output voltage provided; crystal-controlled 
pulse-type markers available ($295 extro), out
put continuously variable over 26 db range 
(uncalibrated).

Includes calibrated wavemeter for frequency 
measurements, sweep output voltage provided, 
attenuator and crystal detector included, output 
continuously variable over 26 db ronge (un
calibrated)
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system

available Electron cs 601
and power output of 10mw
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High or low sweep speeds selected by a switch. 
500 cps to 2000 cps internal square wave modu 
lotion, can be modulated from external source, 
sweep output provided

Single power supply with five different 
noise sources available to cover fre
quency range. Utilizes fluorescent gas 
discharge tube.

□ nd Menlo Park Engineering HS series, with frequency range 
Complete models ore est mated <n the $3000 range.

Each;
$ 835 basic 
unit, 
$1245 with 
complet*

Also 

rm 1-2

0.5 V 
peak-to-peak

Noise figure test set. Utilizes gas 
discharge tube, includes 70 MC wide
band amplifier

sweeping oscillators - one wide-band fixed tuned oscillator, and 
sweep oscillator covering the same frequency. Frequency ranges and markers are the some as those

Table 1. Sweep Frequency Generators (continued)
General Comment»

‘ffi- 
iit-

*as- 
lar-
ms. 
:ro- 
: in 
no- 
iob 
. ith

Medel Ho. Frequency Range Sweep Width Output Level

Polorod ESG 1.0-15.0 KMC Continuously 70-900 MW for
Electronic» (using 7 plug-in adjustable to 1-2 KMC tuning
Corp. tuning units, each full frequency unit to 5-40

cover c two-to-one range of the MW for 7-15
frequency range) tuning unit in KM tuning

use unit

T elonic 5 204 T 800-1200 MC 800-1200 MC More than
industrie», Inc. 1 V peak-to-

S 2Û5-T 900-1250 MC 900-1250 MC peak

S 206 T 1200-1400 MC 1200-1400 MC

the other o tunable 
luted above

E 1 920-1400 MC 0-50 MC

E 2 1200-2000 MC

E 3 1700-2300 MC

E 201 1000-1400 MC 400 MC

E 202 1400-1800 MC 400 MC

E 203 1700-2300 MC 600 MC

Note A dual sweep generator is availabli

SWM-5 with

SwH-S 2 4 4 KMC 1% t© iar;
of the frequency

500 MW (nom)

SWH-H 7-10 4 KMC range 40 MW (nom)

SWH-X 8-12 4 KMC 20 MW (nom)

SWH-K 1 12 18.5 KMC 5 MW (nom)

SWH-K 2 18 26 KMC 2 MW (nom)

Basic unit: 
$1082
Seven tuning 

units: 
$1915 to 
$3630 each

Each: 
$ 585 basic 
unit;
$1150 with 
complete 
marker sys
tem and 
attenuator 

Frequency indicated on front-panel meter, in
cludes frequency deviation and output power 
monitor meters; internal square wave modulation, 
can be modulated from external source; sweep 

outpu voltage provided, output continuously 
variable.

tach unit sweeps complete range, and is fixed- 
tuned, return sweep blanked to provide zero base 
line reference, sweep output voltage provided, 
plug-iA frequency markers (variable-frequency, 
fixed-frequency, and crystal-controlled) and 50 
db output attenuator available

Available with fixed or tunable center frequen
cies, return sweep blanked to provide zero base 
line reference; sweep output voltage provided, 
piug-in frequency markers (variable or fixed 
frequency) available, output continuously vari
able over 20 db range.

; of
an 

iich 
md 
tely 
by 

put

extro

1080-A Micro 
Node

3700 4200 MC Noise figure 
15.8 db

±0.25 db $725

Telechrome, Inc 1000 2.6-12.4 KMC 
(using 5 R-F 
units)

Noise output 
15 8 db

*0.25 db —

Waveline, Inc. 2200-2 to 
2200-8

S,C, XN, XB. X, 
KU, K bands

Noise output 
16 db

+ 0.5 db $145 to
$250

2200-2-DR to 
2200-8-DR

Noise output 
0-16 db

11 db $295 to 
$495

To be used with Mod. 2200 Power Unit 
($150) or Mod. 2200-M Modulated Power 
Unit ($300). Utilize organ discharge 
tube (near tube available in X bond 
unit on special order). 2200-DR senes 
includes direct-reading attenuator

Table 2. Miscellaneous Signal Sources

tional noise

Type Manufacturer Model No. Frequency Range
Output level 
(See Note 1)

Accuracy 
(See Note 2) Price General Comments

Continuous
-ondom

Airborne 
Instruments Lab.

70 A (coax)

70 8-48 to
70 B-52
i waveguide)

200-2600 MC

2600-3950 MC to 
8200-12,400 MC

Relative ex 
cess noise 
temperature 
15-3 db

±0.25 db $330

$190 each

Uses pure organ discharge tube. Noise
power level is uniform over frequency 
range listed

•

De Mornoy- 
Bonardt

DBL-140T 
to 

DBE-140-T

5, C, XN, XB, X, 
KU, K bond*

Noise output 
16 db

♦1 db $200-$250 Usesgos discharge tubes Can be used 
with Mod. DB-2140 Noise Diode Power 
Supply ($140).

Kay Electric Co 250-B Mega
Node So

10-3000 MC Noi se figure 
range 0-20 db

.— $790 Uses coaxial noise diode with tungsten 
filament. Includes meter calibrated in
db noise figure

Mi crowave
Mega Nodes

1.12-26.5 KMC 
(in 11 ranges)

Noise power 
output: fluor
escent tube 
15.8 db, inert 
gas tubes 
15.28 db

+0.25 db
+0.1 db

$267 to 
$500 with
power 
supply

Uses organ gas tube from 1200-1400 MC 
ond 2600-26,000 MC Fluorescent gas 
discharge tube from 1120-12,400 MC

600-A Rado 
Node

5-26,500 MC 
(using different 
noise sources)

Noise figure 
range 0-23.8 
db

*0.25 db $1395 for 
range 5-400 
MC, oddi-

Complete radar noise figure measuring 
set, includes all auxiliary equipment 
normally required for measurement of
noise figure and receiver gain. In
cludes meter calibrated in db noise 
figure.

frequency of a backward-wave oscillator is con
trolled by the electron beam voltage. Therefor^ 
a variable applied voltage results in a sweep-fre-j 
quency output. Sweep frequency generators are 
tabulated in Table 1.

Sweep-frequency measurements are generally 
made by applying the swept signal to the input 
of the system under test, and observing its output 
(by use of a detector, if necessary) as the vertical 
deflection of an oscilloscope, whose horizontal de- 
flection is obtained from the de sweep output of 
the generator. The oscilloscope screen thus shows 
a curve of the system response as a function of 
generator frequency.

When making such measurements, it is desir
able to include some type of frequency markers 
to give an accurate indication of frequency on) 
the oscilloscope. This may be done by means of 
the crystal-controlled frequency calibrators listed 
in Table 1, using an additional signal generator, 
or by a wavemeter. An auxiliary source will in
troduce a small pip into the signal, while the 
wavemeter will absorb a small amount of energy 
at the frequency to which it is tuned. With either 
method there will be an obvious indication at the 
frequency of the marker. Other signal sources! 
are also listed in Table 2.

Spectrum Analyzers

A spectrum analyzer produces a display on a 
cathode-ray tube of any input signals within its 
frequency range of operation, displaying their 
amplitude as a function of frequency. It can be 
quite useful in determining the basic frequency 
of a carrier and all its sidebands, any undesired 
frequencies present in a particular frequency 
range, the relative intensity of signals, instability 
in terms of both frequency and power output, 
noise spectrum studies, and other similar uses.

The spectrum analyzer is essentially a contin
uously scanning microwave receiver that displays 
the rf spectrum on a cathode-ray tube, whose 
spot is being swept horizontally in accordance 
with the sweep of the receiver frequency. The 
displayed frequency band is determined by the 
frequency sweep of the local oscillator, and the 
resolution by the i-f stage and sweep speed—any 
or all may be variable. Spectrum analyzers which 
are listed in Table 3, may also be operated on 
harmonics of the local oscillator, permitting their 
use to much higher frequencies than would be 
possible using only the fundamental; however, 
the sensitivity decreases as each higher harmonic 
is used.

The unit max include an rf attenuator and a 
xvavemeter, and generally contains a vernier fre
quency marker to permit accurate calibration of 
the spectrum xvhich is being observed. ■ ■ 

(Tables continued on pp. 36-37.)



Table 2. Miscellaneous Signal Sources (continued)

Model No.

Roger White Inc

GNW-A

accurate
SI 150IG 118

with

using 0 001 542520-2000 MC 100 MVAFR-2

<18025-10,000 MC 0 005
10 KMC,

0.005'200 11,000 MC S345

compact

Model No.

$4100

$4100S 701 A

i fondami

5200-5900 MC309-1B-2

8500-10,000 MC109-2C-2

0.05°509-1B-2

10-16.000 MC

603410-16,000 MC

05-25 MC

10 KC0 5-25 MC1 0-21.0 KMC

Victoreen 50 KC8470-9630 MC ■80 db bell 20-S

CIRCLE 31 ON READER-SERVICE CARD

ELECTRONIC DESIGN ELEI

•90 dbm at 
7 KC band

950-2000 MC
I fundamental 1)

1900-4000 MC 
I fundamental s

L,S, C, XN, XB.X 
KU, K, V,M bands

Utilize gas discnarge tube 
with Mod. GPS-1C power

5x10 
able o

10 dbm at 
1000 MC »o 
■55 dbm ot 
11 KMC

GNW L18 to
GNW-V18

80 dbm ot
50 KC band

Noise output 
18.5 db

65 dbm to
40 dbm

70 dbm to
50 dbm

Noi se output
18.5 db

for 1 inch 
deflection

7 KC and
50 KC 
selected

Noise output
18.5 db

-er 3-34,000 MC 
0-100 db input

Victoreen M-45 
(9/16 dia. x 

6-1/2")

For S, N of 
2 1 at 25 
MC spee-

GNW-S18A to 
GNW-K218A

Northeastern 
Engineering, li

dbm at 1000
MC to -40 
dbm at 
8-16 KMC

FR Machii 
Works, Inc

500-8000 MC 
(in 5 units)

Similar to LA-18, more compact 
design to achieve lighter weight 
and lower cost

GNC-P30 N 
to GNC-F 
30 N

I to 10 MC per 
meh iad|usrable

S to K band: 
6®c bandwidt

5806 Hough Avenue • Cleveland 3, Ohio
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KMC, and 25 MC increments at least to 
1 KMC- Has adjustable output leve

Victoreen’s lightweight M-42 
and M-45 regulator tubes provide

100 10,000 MC 
flat within 11 db

compact power supply regulation when used 
as shunt regulators or to provide high reference 

voltages for radar scojx?s and other airborne uses.
Currents up to 1mA and nominal voltages from 

3kV to 12kV. And, perhaps best of all, experience 
shows that tube life is considerably longer than that 

of other forms of high voltage regulation. The complete 
story on Victoreen M-42 and M-45 Corona Type 

High Voltage Regulator Tubes is yours for the asking.

:) in width. Output odfuit 
20 db range by means ol

continuously variable attenuator, P. i sc 
polarity indicated on front panel, auto
matically reverses every 10 seconds 
Pulse repetition rate continuously ad 
lustoble from 2 5-2500 cps

Can be 
range, <

2an be used over 3-32,000 MC 
ange; contains internal spectrum 
:alibrator, display is presented 
on 5 inch cathode ray tube

Similar ro LM-18 Jnd m addition 
provides the following: has dual 
mput (waveguide and type N' ond 
signals may be put into both in
puts simultaneously between 8 5 
and 16 KMC)

Crystal-ca 
trolled fre
quency 
cal ibratorr

See us 
at IRE Show 
Booth 2630

9000 micro
volts per M

Request “Corona Type Voltage 
Regulator Tubes" technical 

information package.

attenuator and 0-60 db If ottem 
ator, vernier frequency marke 
display is presented on 5 me 
cathode ray tube

corona type 
high voltage 
regulator tubes

The spectrum analyzer is one 
section of a Radar Test Set, dis 
play is presented on 3 meh cath
ode ray tube, see also under Test 
Sets in Part III

Can be operated on harmor s to 
16,000 MC (sensitivity decreases 
approx 7 db per harmonic), con
tains 0-100 db input attenuate 
and frequency marker, display is 
presented on 5 inch cathode iay 
tube, L701A and S701A have sane 
power supply and dr sp1 ay unit but 
different r-f units

Display is presented on 3 meh 
cathode ray tube, a portion of 
R-F oscillator signal is present 
at input waveguide, therefore may 
also be used as signal generator 
with 1 MW output

Mark separation frequency 20 MC In
cludes R-F coupling network to improve 
VSWR m system with which t is used, 
also includes mixer, audio amplifier, 
loudspeaker, and a«cillos>-ope output.

simplified 
gulation

keep 
radar scope 

display

Frequenc y
Frequency Width Calibration

■quency Range Sensitivity* of Display Resolution Accuracy

Coaxial units. Utilize gas discharge 
tubes. Operate from any 300 volt D C

Frequency markers every 200 MC. 100 
MC, ond 50 MC -as sdius’able output

•an M-42 
16 dia. x 
13/16")



Table 3. Spectrum Analyzers (continued)

Manufacturer Model No. Frequency Range Sensitivity*
Frequency Width 

of Displey Resolution

Frequency 
Calibration 

Accuracy Price General Comments

Panoramic Radio
Products, Inc.

SPA-1

SPA-2

50-4000 MC 
with two tuning 
heads

-100 dbm to
-76 dbm

0-10 MC

0-1 MC

9 KC to 
100 KC 
(contin
uously 
variable)

200 CPS

*1% $2285 
withRF- 
3 head 
RF-2 
head 
alone 
$600

Tuning head RF-2 covers 50-250 
MC, RF-3 covers 220-4000 MC, 
display is presented on 5 >nch 
cathode ray tube, variable sweep 
width markers; (pre-amp required 
for-100 dbm sensitivity, $180), 
SPA-2 is high resolution version 
of SPA-1.

SPA-4 TO-10,880 MC 
fundamental s )

■ 100 dbm to 
63 dbm

(fundamen
tals)

0-5 MC (narrow 
bond) 0-70 MC 
(wide bond)

1 KC to 
80 KC 
(contin
uously 
variable)

In- 
ive 
sd, 
er, 
ut.

to 
4 5 
i to 
I.

100 
put

S to 
lies 
con- 
otor 
y i* 
roy 

lOme 
, but

one 
dik-

;alb- 
Test

) MC 
:trum 
>nted

0 MC 
i nput 
fenu- 
xker, 

inch

dition 
I dual 
4) ond 
>th in
en 8.5

»mpoct 
weight

3 inch 
ion of 
•resent 
ire may 
aerator

Polorod E lectronict TSA 
Corp.

TSA-S

Polytechnic 
Research ond 
Development 
Co., Inc.

TSA a

SA 84

860S

960-SA

360-C

860-X

590

570

SA 30

SA 30X5

SA 30WR1

SA 25

10-44,000 MC 
m five RF 
tuning units

10-40. 880 MC

2 4-3 4 KMC

3.0-3.7 KMC

51-5 9 KMC

8.5-9.6 KMC

2700 3550 MC

8 5 10.5 KMC

0.8-75 KMC 
using inter
changeable RF 
heads

8.5-9.66 KMC

2.0-16.0 KMC

■95 db to
-50 dbm

0.4 25 MC

0 4-25 MC

0 17 MC,
1 MC-70 MC

25 KC

5 KC, 50 
KC, 500 
KC, or 5 
MC

7 KC and 
50 KC

>8250 Complete range of operation, m- 
eluding harmonics, 10-44,000 MC 
( sensitivity decreases to -54 dbm 
at 44,000 MC), contains 0-100 db 
R-F attenuator, vernier frequency 
marker, display is presented on 5 
meh cathode roy tube

Display Model TSA-S includes a synchro
unitand scope, model TSA-W is a wide
price dispersion unit, these units do not
supply use the same R-F units inter*
$2290- chongeably; R-F units up to 22
$2715, KMC include0-100 db attenuator,
Tuner required above 22 KMC, vernier
units frequency marker, display is pre-
$1590- sented on a 5 meh cathode ray
$2800 tube

-90 dbm to
-40 dbm

0 5-25 MC 1% $5450

•80 dbm 0.2 20 MC

0 2-20 MC

0.2-55 MC

•65 dbm for

deflection

■65 dbm for 
1 inch 
deflection

■80 dbm to 
60 dbm

80 dbm

■80 dbm to
65 dbm

40 KC • 1 MC $2375 
(using in
ternal
wavemeter) $2375

•0.08% $2700
(using in
ternal
wavemeter) $1975

50-60 KC Uses in- 
tvrnai 
wovtm.l.1 
accurate 
to <1 MC

30 KC Uses in
ternal 
wavemeter 
accurate 
to * 3.5MC

10 MC/inch
(max) to 40
MC, inch (max)

100 KC-10MC 
per inch

0 1 ■ 10 MC in.
at 2000 MC, to 
0 5-40 MC In.
Ot 16,000 MC

25 KC Uses in- $1650 
ternal plus 
wavemeter price of 
accurate R-F head 
to t0 05% ($1100 

to $1600 
each)

$3375

’0.5% $4025

Single unit covering the complete 
frequency bond, contains internal 
0-100 db R-F attenuator for 10- 
12,000 MC, requires external R-F 
attenuator for 12.0-40.0 KMC, 
0-60 db I-F attenuator, internal 
spectrum calibrator, display is 
presented on a 5 meh cathode 
ray tube.

Some indicator umf is usedin all 
models, with different R-F bonds, 
contain 0-100 db R-F attenuator, 
0-65 db I-F attenuator, di splay is 
presented on a 5 meh cathode roy 
tube.

The spectrum analyzer is one 
section of a Combination Test 
Set; contains 0-10 db R-F attenu
ator, 0-30 db I-F attenuator; con 
also be used ai a synchroscope, 
display is presented on a 3 inch 
cathode ray tube, see also under 
Test Sets in Part III.

The spectrum analyzer is one 
section of a Combination Test 
Set; contains a 0-100 db R-F 
attenuator, 0-30db I-F attenuator, 
can also be used os a synchro
scope; display is presented on a 
3 inch cathode roy tube, see also 
under Test Sets in Part III.

Consists of 5A30 with different 
R F heads (SA30X5 uses 30X5 
RF head, SA30WR1 uses 30WR1 
head), contain R-F attenuators, 
vernier frequency calibrator, se
parate controls for baseline in
tensity and displayed signal 
brightness, display is presented 
on a 5 meh cathode roy tube.

low frequencies, and decrease at high frequencies.

0.3-40 KMC — 3-30 MC to 20 KC Uses in $1375 Consists oi SA25 basic analyzer
using inter 36-100 MC for ternal plus with different RF heads, contain
changeable different RF wavemeter price of 0-100 db RF attenuators; display
R-F heads heads accurate R-F head is presented on a 5 meh cathode

to *0.05% ($1100 ray tube
to $1600
each)

* *

w

Type T21U
Input— 115 Volts, I Ph. 
Output—0-135 Volfs, 
0.36 KVA, Rated current 2.4 A

Type T51U
Input—115 Volts, 1 Ph.
Output — 0-135 Volts, 
0 90 KVA, Rated current 6 A

T21U 
types 

T51U

^¿Variable Transformers
These new, improved square base Adjust- 
A-Volts for panel-mounting make the Ad- 
just-A-Volt line more complete and give 
you a wider range of types and sizes from 
which to choose

Compact Types T21U and T51U are the 
ideal AC variable voltage control compo
nent for many types of OEM applications 
such as power supplies, rectifiers, electrical 
machinery and control consoles. They are 
easy to mount. Square aluminum bases 
have 5/16” long fully threaded, plated 
steel insert mounting holes. T21U and T51U 
are available in ganged assemblies.

The complete Adjust-A-Volt line includes 
standard bench and panel-mounted man
ual, or motor-driven units; 50/60 or 400 
cycle; high temperature; double commu
tator; military and special designs. Single 
or three phase — ratings up to 20 KVA

Write for 22 page Adjust-A-Volf Cata 
log which gives all features and speci 
fications on the complete line.

SEE US AT IRE —BOOTH 3806-3808

STANDARD ELECTRICAL PRODUCTS COMPANY
VARIABLE TRANSFORMER DIVISION

2240 EAST THIRD STREET, DAYTON, OHIO
CIRCLE 32 ON READER-SERVICE CARD
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BALLANTINE 
VOLTMETER

Model 300 —D Price: $235.

gives you 

utmost

Accuracy,

StabilityI 
and

Reliability 

... plus 

these 

features
Long life High input impedance Wide voltage range 

Large easy to read meter with overlap High accuracy at 

any point on the scale Light, compact, rugged

SPECIFICATIONS

VOLTAGE RANGE: 1 millivolt to 1000 volts rms. in 6 decade ranges (.01, .1, 1, 10, 
100 and 1000 volts full scale).

FREQUENCY RANGE: 10 to 250,000 cps.
ACCURACY: 2% throughout voltage and frequency ranges and at all points on the 

meter scale.
INPUT IMPEDANCE: 2 megohms shunted by 15 ppf except 25 ppf on lowest range.
DECIBEL RANGE: —60 to +60 decibels referred to 1 volt.

STABILITY: Less than ’/2 % change with power supply voltage variation from 105 to 
125 volts.

SCALES: Logarithmic voltage scale reading from 1 to 10 with 10% overlap at both 
ends; auxiliary linear scale in decibels from 0 to 20.

AMPLIFIER CHARACTERISTICS: Maximum voltage gain of 60 DB; maximum output 
10 volts; output impedance is 300 ohms. Frequency response flat within 1 DB from 
10 to 250,000 cps.

POWER SUPPLY: 115/230 volts, 50-420 cps, 35 watts approx.

Write for catalog for complete information.

BALLANTINE LABORATORIES, INC.
Boonton, New Jersey

CIRCLE 33 ON READER-SERVICE CARD

Cut-away of pnpn switch.

P ANODE

N CATHODE

OHMIC CONT AC

Silicon PNPN 
Controlled Switch

FULFILLING the need for high speed, 
medium power switching, this silicon 

pnpn controlled switch is now in pilot 
line production. The device offers peak 
current ratings to 1 amp and turn-on 
time in the region of 0.2 nsec, a speed 
not possible with present day transistors. 
Up to now silicon controlled dev ices were 
unsuited for the majority of switching 
applications because of their high power 
characteristics. The pnpn switch, how
ever, requires a trigger pulse of only 1 
ma to fire.

How It Works

Developed by Solid State Products. 
Inc., 1 Pingree Street, Salem. Mass., the 
pnpn switch is outwardly similar to a 
transistor. But instead of just two inter
acting junctions, the pnpn switch has 
three. The resultant effect is a device 
with properties similar to those of a gas 
thyratron. In the reverse direction, its 
characteristic is the same as the reverse 
characteristic of a conventional diode. In 
the forward direction, it will either con
duct heavily (on condition) or block (of! 
condition), depending on whether or not 
a gate current has been applied.

Its operation can be readily understood 
by considering two transistors, an npn 
and a pnp, connected as shown in Fig. 
la. In this configuration, the collector 
current of the npn unit feeds the base of 
the pnp, and the collector current of the 
pnp feeds the base of the npn. This ar
rangement gives a positive feedback 
loop, and when the product of the gains 
of the two transistors exceeds unity the 
system will be self regenerative. The 
actual construction is shown in Fig. lb.

Turning The Switch On

With the base of the npn transistor 
(gate) reverse biased, only a small leak
age current will How from cathode to 
anode. (Junction 2 is biased in the re
verse direction.) At this low current level, 
the current gain of the two transistors is 
also very low and their product is less 
than unity. This is the off condition of 
the forward characteristic and the dev ice 
has a very high impedance.

When a small forward bias current is 
applied to the base of the npn transistor 
(gate), the current gains of the two tran
sistors will rise. If the applied current is 
above a critical minimum value, the 
product of the two current gains will 
exceed unity and the system will lx*come 
self regenerative. When this occurs, the 
current level from cathode to anode will 
increase rapidly, limited only by the ex
ternal load. Once the regenerative action 
has started, the externally applied gate 
current no longer affects the sy stem and 
it may be removed. This is the on condi
tion of the forward characteristic and the 
device has a very low impedance. See 
Fig. 2 lor a typical E-J curve of the sys
tem.

Turning It Off

To turn the switch off once it has fired, 
the anode to current must be reduced to 
below the sustaining level. The pnpn 
switch will also fire from off to on, with 
no external gate current, when the anode 
voltage, positive with respect to the 
cathode, exceeds a critical minimum 
value. This is called the “breakover volt
age.” This again occurs when th*1 current 
flow through the switch rises above the 
critical value at which the product of the

C -

Ci
sue
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OFF CHARACTERISTIC

DESIGN EXAMPLE

Capacitor

+ IOOV

8'f

for your system’s operation. Coolanol Monsanto Tradem

c ~±z

Rl(< Xc)

ELECTRONIC DESIGN • March 4, 1959 391959

Monsanto

Circuit used tc generate high current for 
such applications as magnetic core switching.

AVALANCHE
BREAKDOWN

IRE SHOW 
BOOTH 4125

150V
SILICON

DIODE

BRI AKUVER
V'XTAGF

ils is 

less 
>n of 
s vice

DESIGN BOOKLET
design, and other iinjjortant desi 
aspects. For your copy of this ni 
booklet, circle the reader-servi 
number ... or write:

RC(>XJ

through L and load Ri. If the pnpn con- 
t rolled switch were to remain on, a

SEND FOR NEW
“Design Tips on Liquid Cooling with 
Coolanol 45” describes cooling ap
proaches, fluid properties essential 
to equipment reliability, a typical

discharges resonantly

istor 
leak- 
e to
3 re-

TRlGGERo__ X 

IN GATE
C

A

ANODE

MOTOR

lHARAC T t RlSTlCJUNCTION

JUNCTION

JUNCTION

CATHODE

would occur at a
oscillai ions 

frequency determined

Fig. 1. labovc left) Positive feedback is 
achieved between a npn and pnp transistor as 
shown in la. The actual arrangement of the 
pnpn switch is shown in lb. Fig. 2. (right) 
Typical E-l characteristic curve of the system

DESIGN TIPS... ON LIQUID COOLING

Design Standardization

PROBLEM: Cool magnetron tube, 
power supply and pulse forming networf 
and supply hydraulic power for tuning.

SOLUTION: Use Coolanol 45 as the

When an anode voltage, negative with 
respect to the cathode, is applied, junc
tions 1 and 3 are biased in the reverse 
direction. The switch has a high imped 
a nee under this condition and behaves 
essentially the same as a conventional 
silicon diode in the reverse direction.

;nt is 
iistor 
tran
sit is

the 
will

come 
;, the 
• will

ction 
gate 

i and 
ondi- 
d the 
. See 
? svs-

Magnetic Core Switching Application
The pnpn controlled switch can be 

used to generate high current hall 
sinusoid or full sinusoid pulses in an 
applications such as magnetic con 
switching. See Fig. 3.

With the controlled switch oil. capaci
tor C charges through R so that the 
potential at points B and A is 100 v. When 
a positive trigger pulse is applied to the 
gate of the controlled switch it will fire, 
becoming essentially a short circuit. 

fired, 
ted to 
pnpn 

, with 
mode 
) the 
iinum
volt- 

irrent 
e the 
of the

CATHODE

by L and ( . However, after the first hall 
sinusoid of current flow , the pnpn switch 
goes into the reverse direction and be 
comes nonconducting, leaving the poten 
lial at B and A at almost 100 v (de
pending on the amount ol circuit 
damping). Capacitor ( then charges 
slowly back to 100 \. completing the 
cvcle. The circuit can be made sell trie

coolant-dielectric for all components an 
also as the hydraulic fluid.

HIGH VOLTALE 
POWER SUPPLY

from the potential at B.
\ silicon diode connected between 

points A and C will conduct when the 
pnpn switch goes into the reverse direc
tion. This diode passes a negative half 
sinusoid of current so that current 
through Hi is a full sinusoid. Capacitor ( 
is resonantly recharged and the potential 
at B returns toward 4-100 volts much 
more rapidly than by the relatively slow 
process of charging through R,. II the 
diode is connected between point A and 
ground, resonant recharging current by 
passes RL, so that only the positive hall 
sinusoid current pulse passes through R,.

MEAT CXCHANoE

EXPANSION AND 
CONTRACTION CHAMBER

MAGNETRON 
TUBE

PULSE 
FORMING PULSE FORMING
NETWORK TRANSFORMER

Other Applications
Some of the many possible applications 

include: magnetic core switching, logic 
circuitry, pulse generation and shaping 
inverters, motor controls, regulated 
power supplies, servo systems and high 
lex el demodulators. They also can be used 
in ac static switching applications and 
: ontrol circuits.

For more information on the pnpn 
sw itch, turn to the Reader Service Card 
and circle 105.
At IRE Show, Booth 2006

RESERVOIR

Standardize! Miniaturize! Simplify! Liquid-cooling with Coolanol 45 c 
help you do all three. The above system design shows one way these thi 
goals can be achieved when you rely on the fluid properties of Coolanol 4 
efficient heat transfer for accurate temperature control... dielectric propert 
for safe operation . . . dependable power transmission for the hydraulic tuni 
circuit. Its complete compatibility with standard materials keeps costs dow

By standardizing on Coolanol 45, you can liquid-cool all the components wi 
one heat transfer system and tie in a Coolanol 45 hydraulic system for tunii 
One fluid instead of two or three means less complexity . . . greater reliabili

MONSANTO CHEMICAL COMPANY, Organic Chemicals Division 
Aviation Fluids Department, St. Louis 66, Missouri

When you need a synthetic fluid, come to Monsanto -creator of fluids for the futi 
CIRCLE 34 ON READER-SERVICE CARD
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Generate Better Curves
26 BIT BINARY WORD

► 12 
ROWS

With
Digital-Analog Techniques Fig. 1. The basic data card becomes a 78 x 12 storage array.

M. A. Alexander
Computer Equipment Corp.

Los Angeles, Calif.

Mixing digital and analog computer techniques in a single 
hybrid system can produce accuracies never realizable in a 
single analog system. This article discusses both the principles 
and the methods of generating curvilinear functions.

COMBIN1NG digital and analog techniques to 
generate curves has produced accuracies 

never before* achieved in a single analog system. 
While* analog computers cannot provide accura
cies better than 0.01 per cent for frecpiencies 
greater than 3 or 4 cps, the hybrid method can 
generate* a 100 kc curve with the same tight toler 
ance.

sin e

.99

.869

.608

10 increments at 

(SMOOTHED)

2 
128

VOLT EACH

I

26

3 
28

increments

VOLT EACH

AT

7 INCREMENTS

13 INCREMENTS AT fja" VOLT EACH

0
iTa voi:r each

61 9*36 6“

Fig. 2. The first four steps in the linear approximation of a 200 cps sine wave

Empirical curves, very difficult to reproduce 
on other devices, can easily be programmed by 
coding graphically fitted segments on an IBM 
card. The card can then be fed to a digital com
puter for decoding. The decoded information is 
sent to the analog computer and revised lor the

INPUT DATA
electro-mechanical

(one punched cam) CARD READER

DIGITAL/ ANALOG 
CONVERTER 

(COUNTING circuits)

OUTPUT

Ï

Data Input
Since .my I unction generator should produce 

its function on demand, the input data should be 
in the form of permanent or semipermanent 
stored instructions. Magnetic storage drums or 
tapes, and magnetic core memory units may pro- 
v ide such input data storage.

Here, a simpler technic pic is used: ordinary 
punched cards arc used in a special manner. The* 
data card (Fig. 1), is punched with binary coded 
information in 12 rows. Each row is punched with 
three 26-bit words, and the card becomes a 7S \ 
12 storage array.

\ stored word contains .ill the* information re-

EMPTY
SIGNAL

STORAGE 
ACCESS 
CIRCUITS

INCREMENT
COUNTER

UP-DOWN 
GATE

INCREMENT INCREMENT

AMPLITUDE RATE

CONTROLLING REGISTERS
(counting a LOGIC circuits')

Fig. 3. Block diagram of the hybrid function generator.
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quired to generate one segment of the function 
generator output. For example, a 200 cps sine 
wave is approximated by 12 straight line seg
ments, four of which are shown in Fig. 2.

The first segment has a slope of 3/128 v per 
20 psec for a total time change of 520 psec. Its 
total change of potential is therefore 78/128 v. 
Likewise, the change of potentials for the second 
and third increments is 36/128 and 13/128 v re
spectively. The final segment has a slope of zero. 
The total change in potential is 1 v.

A function generator designed like that in 
Fig. 3, can generate 32 segments for any one 
function. Higher accuracies can be obtained by 
combining two or more input cards, for 64, 96 
segments, or more.

Digital to Analog Conversion
The digital information stored on the punched 

card is converted to analog output voltage 
through logic circuitry. Output is a staircase 
trace, like that of Fig. 4. Each horizontal seg
ment corresponds to an elapsed time of 20 usee. 
Minimum interval between successive increments 
is approximately 5 psec.

The slope of each generated line segment is 
determined by the number and amplitude of the 
voltage increments taken during one unit of time 
on the x-axis. These y-axis increments are pro
grammed by 12 of the 26 bits in each binary 
word. Relative magnitudes of 0,1, 2, 3 and 4 ver
tical voltage units per step can be specified in 
each program word.

Access time to the information contained on 
the punched card is about 2 psec. A hole repre
sents 1; no hole represents 0. Probing the holes is 
accomplished by an electro-mechanical reader 
that completes an electrical circuit at each point 
where there is a hole. In this way the design 
combines two extremes of storage techniques: 
the information is available to counting circuits 
with fast access time, and it can be stored in
definitely.

Oí

IMPROVEMENT IN YOUR
PRESENT RECEIVER!

Write for additional information.

1959 ELECTRONIC DESIGN • March 4, 1959

Input Code
The coding-system used in the function gen

erator is shown in the table. Each 26 bit word con
tains information for five separate circuits of the 
generator. Bits 1 through 11 load the digital-to- 
analog register; bits 72 through 18 specify the 
number of increments per segment (register R3 
of Fig. 3.)

The next single bit, number 19, loads R2 to 
specify a positive or negative slope. If bit 19 is 1, 
the curve has a positive slope; if 0, negative. Bits 
20 and 27 specify the weight of the least signifi
cant digit and load R4, by adjusting the ampli
tude of the least significant digit in each instruc
tion through the use of 0, 1, 2, 3 or 4 increments. 
Finally bits 22 through 26 load R5, specifying the

110

DBGET 4 to

1000

-1J

-12

sod
h

2K

IS-

0.0

Oí

. . . with Microwave Associates new 
compatible parametric amplifier

Simply inserting this new MA Paramplifier in your 
present antenna circuit provides you with 
immediate low noise preamplification from 
100 to 1000 mcs.
The MA Paramplifier utilizes the new Microwave 
Associates silicon varactor diodes operating at room 
temperature in a negative resistance circuit to 
achieve these advantages:

• Extremely low noise — less than 1 db (80°K)
• Gains of approximately 20 db
• Wide dynamic range
• Reduced cross modulation
• Bandwidths of approximately 1%
• Highly resistant to RF pulse burnout

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS • BRowning 2-3000
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NLS 481 Simplifies and Accelerates Power Supply Testing

Many manufacturers are finding that power supply testing is 
greatly accelerated by the NLS 481 Digital Voltmeter. Dur
ing regulation tests, changes of 0.0IS in output voltages 
are measured and displayed instantly ... in one-tenth of the 
time required by manually-operated instruments’ As the volt 
age changes, the 1-inch numerals change on the casy-to-read 
illuminated readout.
With 10 Megohm input impedance and a range of 0.001 to 
1000 volts, the NLS 481 also is being used for precise 
measurement of Zener diodes.
The NLS 481 is easily operated by unskilled personnel. . by 
anyone who can read numbers. Range change, decimal place
ment, and polarity indication are performed automatically by 
the instrument. And no special preparation is required. Con
nect the cable, snap on the switch . . . the instrument is ready 

j • to go to work!

MAKE YOUR OWN TEST
Even though the NLS 481 is the least expensive of 4-digit 
voltmeters, competitive life tests reveal it will outlast other

makes costing two to three times as much. You are invited to 
make your own life and performance tests without obligation 
Phone or wire today and we will supply you with an NLS 481 
for this purpose. Then you can see for yourself why the NLS 
481 is finding ready acceptance in the areas of quality control, 
electronic design, field testing, and research.

NLS 781 DIGITAL OHMMETER
Providing the same basic operational features as the NLS 481, 
rhe NLS 781 Digital Ohmmeter sells for the same low price. 
With a range of 0.1 ohm to 10 Megohms, the NLS 781 is 
proving particularly useful for rapid inspection of precision 
resistors.
The price below is for cither the NLS 481 or NLS 781:

FURNISHED COMPLETE $1285 * F O B. SAN DIEGO

Originators of the Digital Voltmeter

non «linear systems, 
inc. DEL MAR (San Diego), CALIFORNIA

1959 IRE SHOW - Booths 3041 <2

NLS — The Digital Voltmeter That Works. ..And Works. ..And Works!

I internal incremental frequency . Thirty-two such 
words define the output function accurately.

By varying the incremental frequency, the 
voltage value of each incremental step, and the 
total number of steps per line segment, a large 
number of functions can be accurately generated 
using the basic, 32-segment system.

In the sine wave example shown, one volt is 
assumed as full scale. In practice, any reasonable 
full-scale voltage can be used. The voltage units, 
shown on the vertical axis of Fig. 4, are frac
tional numbers chosen for convenience in pro
gramming the binary’ code.

Use as an Integrator

The function generator system can also act as 
an integrator. If 0.01 per cent accuracy is pro
grammed, then the system can perform integra
tion with a figure of merit (gain x bandwidth) 
3000 times higher than the best obtainable vac- 
num tube amplifier. This adv antage is due to the 
frequency response inherent in the hybrid digi
tal-analog approach.

Since each analog machine has some finite fig
ure of merit, any given analog computer in
tegrator must he either slow and accurate, last 
and inaccurate, or it must have a suitable com
promise between static and dynamic accuracies. 
The gain-bandwidth figure of merit for the hy
brid generator is high, corresponding in its band
width part to a 200 kc frequency response. Accu
racy is limited only by the number of segments 
specified for each function.

In the event a period function is desired as 
the output of this system, the last word on the 
punched card may include a digit which instructs 
the generator to start over again at the end of 
each cycle. Each cycle of the output is exactly 
like all preceding cycles.

No amplifier drift enters the accuracy consid
erations. Either the transistor counting circuits 
are counting, or they an* not. The only’ major 
variable factor to consider in predicting cyclic 
accuracy is the absolute value of the reference 
voltage. Since, in most data handling systems, 
this voltage is monitored at all times, the drift 
problem is minimized. In the case of automatic 
control applications, the only' periodic adjustment 
necessary to mass produce identical parts to 
close tolerance is the adjustment of the reference 
voltage.

System Refinements

Refinements that can be made to the basic sys
tem include (1) programming the independent 
variable as a nonlinear function of time, and 
(2) modifying the system so the first word in
structs the generator for the entire function.

The basic function generator has a pro
grammed repetition rate for x-axis counting.

CIRCLE 36 ON READER-SeRVlCE CARD
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NEW PRECISION VARIABLE
uch

RESISTOR with no sliding wiper
1050 4- By

rac-

Basic Coding System Used in the Function Generator

?nts

1 40 04

FEATURES:

segn tent is generated only alter the incre-
counter register, R3, has complete]}nient

eliminates the wear orA patented <ompiession < untaci

TECHNOLOGY INSTRUMENT CORP.
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• Complete Hermetic Seal
’ Infinite Resolution

High Temperature Operation 
Long Life

• Low Torque
* Exceptionally High Accuracy 

Extremely Low Noise

CONTENT

(VOLTAGE UNITS)

Acknowledgment

The segmenting of the sine wave example follows the 
sx stein outlined in A Programmed Variable Rate Counter 
for Generating the Sine Function, J. N. Harris, IRE 
Transactions, March 1956.
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■*20 MICROSECONDS

0
TIME (//SEC)

Fig. 4. This i$ me actual shape (unsmoothed) of the straight line segments shown in Fig. 2

(Word) 
Segment 

No.

Weighting 
of Least

Significant Incremental
Digit Frequency

No. of Up-Down 
Increments Instruction

T i me
(Micro Voltage

Seconds) Value
No. of

Start Finish Bits 1-1) Bits 12-18 Bit 19 Bits 20-21 Bits 22-26

1 0 520 1024 26 1 3 30

1 2520

880

2

3

880

1140

*280

(1050)

(1068)

(1081)

18

13

7

counted its prescribed number of segment steps. 
The horizontal axis counting, or stepping rate is 
programmed by bits 22-26. An obvious refine
ment is to substitute a second function for the 
programmed ’counting rate.

With such an incremental function revision, 
tlle system can sense the value of the function 
that is implicit in its rate of change of voltage. 
Suppose a linear function varies at 0.1 v per 
20 usee. The incrementing sampler would sense 
0.1 v changes and give out pulses at 20 usee in
tervals.

Improved overall function accuracy is possible 
only if the word length is changed. ■ ■

ELECTRONIC DESIGN • March 4, 1959

These Rotary Metallic Film 
Potentiometers 

are the perfection of years of 
research and development

30

30

30

teu 
brochure

compre
hensive 
'est data.
Your copy

sent upon 
request.

Super 
reliability 
is inherent 
through 
unique 
manufacturing 
techniques

friction caused by usual wiper contacts. A precious metal 
capsule contact provides dependable long life operation. 

1 he deposited metal film resistance element is encased 
and hermetically sealed. 1 he ultimate in craftsmanship 
is employed in the manufacture to produce a potenti
ometer unparalleled foi performance. This new con- 
< ept ol design makes possible super reliability under the 
most severe environmental conditions such as those en
countered in airborne, missile and satellite applications.

551 Main St. 
Acton, Mass. 

COlonial 3-7711

P. O. Box 3941 
No. Hollywood, Calif. 

POplar 5-8620

43



Announcing CMC’s 
New Model 4OOC

o o

o e most versatile
o DIGITAL PRINTER
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MODEl 40GC

Delay

ALL NEW, the CMC Model 400C is a reliable, economical in
strument for permanently recording digital data from counting, 
timing, frequency measuring, and data handling systems.

EIGHT OPTIONS OFFERED
Optional features which broaden the area of application for the 
CMC digital printer:
• 10 line output for operating punches and electric typewriters • an
alog output for driving strip chart and other pen type recorders 
• built-in inline readout for visual monitoring at a distance • accu
mulator for totalizing • code converter to accept any digital code. 
Model 400C is compatible with any make of counting equipment 
• transistorized drive which accepts low voltage input • an add
subtract solenoid which prints plus and minus numbers • print-line 
identification for coding printout.

New Standard Features

Standard features designed to improve reliabil 
ity and flexibility include elimination of stepping 
switches. 4 line per second printout, parallel 
entry, and rugged unitized construction.

Key Specifications

Print-out capacity 6 digits standard, up to 12 on 
special order • Accuracy determined by basic 
counting instrument • Display time 0.2 seconds 
minimum, maximum controlled by the counter 
• Weight 64 lbs. • Price $950. Add $10 for 
rack mount.

SLOPPY PULSES go in. Clean, sharp 
pulses come out—20 usee later. In this 

delay line driver a brute-force pulse 
shaping technique is used to new ad
vantage for high gain bandwidth, psec- 
wide bursts of energy.

Bob Griggs, at Packard-Bell Electron
ics Technical Products Div., 12333 W. 
Olympic Blvd., Los Angeles 64, Calif., 
explains that frequently input pulses re
ceived by an aircraft identification unit 
are in such bad condition that conven
tional inverse characteristic shaping 
techniques are of little value.

Moreover, each received pulse is de
layed a total of some 20 psec—treatment 
that would ordinarily smooth even a 
sharp pulse until it more resembled a 
sine wave than a square wave.

Griggs and George Walls, senior tech-
nician on the probject, decided to am

intermediate 
DRIVER

3rd NTERMEOIATE 

DRIVER

m m in m in u

See CMC at the 1RS Show, Now York, March 1959. Booth No. 1620

CMC' engineering representa
tives are located in principal 
cities. For more information 
on this versatile instrument, 
phone your nearby representa
tive or write directly to
Dept. 193.

Measurements

5528 Vineland Ave. • No. Hollywood, Calif.
Phone STanley 7 0401 • TWX: N HOL 8290

Fig. 1. Block diagram of delay line driver. Pulses are 
amplified and clipped after each 6 psec. Fifteen output 
taps through cathode followers provide pulses 1.5 psec 
apart.

CIRCLE 38 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 4, 1959



Shaping
Lineiy

J

Acepot Ä

1959

es are 
output 
5 usee

tech- 
i am-

harp 
i this 
julse 

ad-
asec-

some 1.5 psec fifteen times. Pulses remain 
sharp and square, regardless of condition of 
input pulses.

s de
ment 
en a 
ed a

Acesei Aceohm^

ELECTRONICS ASSOCIATES, INC.
Dover Street, Somerville 44. Masi

SOmerset 6 5130 TMX SMVl 181 West. Un re« WUX

tron- 
J W 
Jalif., 
is re
unit

iven- 
iping

plify and limit. A negative bias is set 
so only the top of the pulse—shown above 
the scope center line in Fig. 2—is am
plified by a 6AK5. At the output of the 
second tube in the lineup, another 6AK5, 
the pulse looks like that in Fig. 3. Its 
rise time is 0.16 psec, fall time 0.32 psec, 
width 0.60 psec—height is 40 v. For more 
power the pulse is worked through two 
6888s, and is now in shape to be delayed 
(Fig. 4).

Fig. 2. Sample of input pulses. These are 
about 6 v high and 1.5 psec wide. This 
photo, and those following, were taken with 
a Polaroid camera: time, therefore, reads 
from right to left.

Fig. 3. Two tubes later. The pulses are 
now about 40 v high, 0.6 psec wide. The 
two jagged peaks of Fig. 2 have been 
slurred together due to the slow response 
of the 6AK5s.

Fig. 4. The pulses, now ready to be de
layed, have been amplified by two 6AK5's 
and two 6888s; voltage is some 75 v, pulse 
width is 0.53 psec, rise time 0.12 psec, fall 
time 0.14 psec. Read time from right to left.

Fig. 5. Comparison of final output (before 
cathode follower) and input pulses. Output 
is on a 20 v/cm scale; input 6 v/cw. Total 
delay between input and output is on the 
order of 20 psec.

If you earnestly feel the only way to get the kind of pots you need 
is to build ’em yourself — a word of caution. Don’t start off alone <— 
gather a few choice friends around to assist with the problems you 
might run into. There s the little matter of metals engineering, 
plastics, contact engineering, chemical, metallurgy and other assorted 
engineering areas. Otherwise, you might neuer get through all these 
little details!
But don’t waste time putting your friends through engineering 
school — Ace has a stall of specialists and con
sultants all recruited for just such design problems!
They save us — and in turn — our customers, 
needless concern over the stumbling blocks which 
may arise. So if a unique design solution to your 
pot requirements is what you re after, don t hesi
tate! See your ACErep!
Ileres a typical bit of ACE collaboration: Our A.l.A.
size ACEPOT®. servo-mount.

ELECTRONIC DESIGN • March 4t 1959
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Delay line driver produces pulses delayed

The pulse is peaked and clipped after 
each six psec and the final tap on the 
last delay line shows a pulse even sharper 
than the driving pulse for the first line.

Output of the fifteen taps in the unit 
is limited to 30 v by cathode followers; 
actual driving input between driver 
stages is 70 or 75 v.

For further information on this delay 
line driver, turn to the Readers Service 
Card and circle 108.



THE MARK OF QUALITY

BARBER
COLMAN

4OO-cycle motors 

for aircraft/missile 

applications

TYPICAL SPECIFICATIONS:
Rated motor speed 
Rated current 
Rated horsepower 
Starting torque
Weight

Temperature range

. . . 10300 rpm

... .76 amp
.020

... 0.3 Ib-in.
.82 lb

(exluding capacitor) 
. . . 65°F to + 250°F
(per MIL-M-7969b)

—n

1 50 
OIA.

L^a 
1057

067 
057

3 09 “ ,\ y

Here is the precision Barber- 
Colman AYLO motor — designed 
for400cycle. 115Voperation. Four- 
pole field . . . two balanced wind
ings permit reversal with an SPDT 
switch ... unit shown has 400-cycle 
brake which has a minimum life 

, of 300.000 cycles. This motor has 
I passed MIL-M-7969a qualification 

tests . . . motor life 1000 hours 
when tested per these specifica
tions. Write for technical bulletin

polarized relaysd-c motors

resonant relays

THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out
put up to 1/10 hp . . . permanent magnet and split 
series types . . . various mountings and speeds . . . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rote control applications. Choppers that 
require extremely low driving power. Resonant 
Relays characterized by low operating power, 
narrow bond width Ultra-Sensitive Polarized Re
lays operating on input powers os low as 40 micro-

choppers

watts. 400 Cycle AC Motors for 
missile applications.

aircraft ond

TECHNICAL BULLETIN SERVICE 
on oil Borber-Colmon electrical 
components. Deta11ed specif।ca
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or oil products.

Barber-Colman Company
Dept. O, 1883 Rock Street, Rockford, Illinois

Electrical Components • Small Motors • Automatic Controls • Industrial Instruments
Aircraft Controls • Air Distribution Products • Overdoors and Operators 
Molded Products • Metal Cutting Tools • Machine Tools • Textile Machinery

CIRCLE 40 ON READER-SERVICE CARD
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Low-Noise
Paramp Diode

NOISE TEMPERATURE of this new 
diode operating at room tempera

ture is only 100 Kelvin. Used in a para
metric amplifier at 3000 me, the diode 
gave 30 db amplification with 2 me 
bandwidth—and had a noise figure of 
1.25 db, referred to room temperature. 
This compares with a noise temperature 
of 1000 K (about 6.4 db referred to room 
temperature) for the very best laboratory 
mixer-crystal input microwave receivers 
and 2000 K (9 db) for typical field equip
ment.

Developed in a joint effort by Hughes’ 
R & 1) laboratories and the Semiconduc
tor Division, both in Los Angeles, Calif., 
the new gold-bonded germanium diode 
-an abrupt junction device—is available 

in quantity. When used in a parametric 
amplifier of the type developed by 
engineers at Bell Labs., with two chan
nels of amplification (signal and idler 
channels) 100 K noise temperature was 
achieved at room temperature, and 
with the diode immersed in liquid nitro
gen 50 K noise temperature (0.7 db) re
sulted.

Applications for the Models 2800 and 
2810 diodes include microwave receiv
ers, radio telescopes, parametric ampli
fiers, microwave switching, reactive 
limiters, high level modulators and har
monic generators.

While MASER amplifiers still hold the 
low noise record—25 K—they need liquid 
helium at 4 K to operate. The new diode 
has no such disadvantages. It functions

well for most purposes at room tempera
ture and more than adequately for most 
purposes when the diode is covered with 
liquid nitrogen, whose temperature is 
78 K and price is around 30 cents a 
quart—about that of milk.

According to R. A. Gudmundscn of 
the Hughes Semiconductor Division, the 
diode so far holds the record for low 
noise microwave amplification. Sample 
diode prices are $20.00 for the 2800 in a 
hermetically sealed glass package; and 
$25.00 for the 2810, encapsulated for 
more convenient microwave work. Both 
versions are available in quantity.

INPUT 
terminal

A

SIGNAL IN 
3IOOmc - lOmc

OUTPUT
TERMINAL

6
LOAD

parametric

AMPLIFIER
CAVITY

PUMP
60 meu 

6200 meu

Fig. 1. Typical parametric amplifier. Diode 
is used as a voltage variable capacitor, in
serted in a resonant cavity. Amplified signal is 
fed to receiver.
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THE MARK OF QUAUTT

a-e small motors
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Dept. C, 1283 Rock Street, Rockford, Illinois
Automatic Controls Industrial Instrument,

Air Distribution Products

Metal Cuttina Tools Machine Tools
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Fig. 3. Parameter values

am-

circuit consists of inductance, stray (parallel) capacitance, 
series resistance, and voltage variable capacitance This is 
a small parallel resistance (dotted lines), but at these fre
quencies (3000 me) it is negligible. Curve shows decrease 
of C with increase of back bias.plification. At each maximum of the 

signal sine wave, capacitance of 
diode is decreased by applying re
verse voltage from klystron. Voltage 
across diode increases. At jt and 2jt 
points capacitance increases to nor-

Fig. 2. Principle of parametric

for Hughes diode. Equivalent

mal. Work (shaded areas) is done by separating charged capacitors plates, but none is 
done by returning them. Klystron frequency must be twice that of the signal.

i, the 
low 

mple 
in a 
and

1 for 
Both

( ut-off frequency for the diode is 70 
kmc at maximum back bias. Series resist
ance is four ohms, constant oxer the 
range tested.

In a negative-resistance type amplifier 
designed by Hughes’ engineers the diode 
provided 30 db amplifications xvith txvo 
me bandwidth or 10 db amplification 
with 25 me bandxvidth. at three kmc.

Operation

\ typical parametic amplifier is shoxx n 
in block form in Fig. 1. The nexv diode 
is placed in a resonant cavity and micro- 
waxre power is fed into it at about twice 
the frequency of the signal to be ampli
fied. This power comes from a “pump"— 
a klystron local oscillator. When the local 
oscillator power is high enough (60 mxv) 
the cavity looks like a large negative 
resistance to the signal. The device is 
loaded heavily enough as to be stable in 
operation; too light a load xvill of course 
result in oscillation.

The ferrite circulator shown is used 
simply to make a four terminal netxvork 
out of what is basically a txvo terminal 
< levice.

A glance at Fig. 2 shows what hap
pens to (say) a sine wave signal fed 
nto the paramp. At each peak of the

signal cycle, power is fed into the diode, 
which acts as a voltage xariable capa
citor— the bias is increased by the pump. 
Since the total charge on the capacitor 
must remain what it xvas as the signal 
reached its peak, and since noxv the 
capacitance of the back-biased diode has 
decreased, Q CV dictates that the 
voltage must increase.

Another basic equation. E - 1 2 (CVp 
sufficient to show that the energy has 
been increased (the shaded areas in the 
draxving): this must come from the local 
oscillator. Work is required to pull the 
charged capacitor plates apart, in effect. 
At the “zero” point in the signal cycle, 
the pump reliexes the bias on the diode 
and the capacitance is returned to its 
normal value. No xvork is done here, 
since there is no charge on the “plates.”

Parameter x allies for the diode equiva
lent circuit are shown in Fig. 3. Stray 
capacitance and inductance are about 
0.1 ppf and four mph, respectively. Maxi
mum rexerse breakdown voltage is from 
five to seven volts. Nominal series resist
ance is four ohms from 100 me to 
greater than 3000 me.

For further information on this low- 
noise diode turn to the Readers Service 
Card and circle 107.
At IRE Show, Booth 2801-2807

high torque, fast

high quality... at low cost

SHADING

—H-

SIGNAL 
VOLTAM

3-Slage Vacuum Tube 
Amplifier for Controlling 
Barber-Colman Reversible Motors

“plus” features of Barber-Colman 
shaded pole motors
• low inertia rotors
• porous bronze or ball bearings
• hardened and ground stainless 

steel shafts
• long-life rugged construction

geared
double plate —open 
single plate —open 
enclosed
Barber-Colman shaded pole 
motors are available with both 
enclosed and open gear trains. 
Wide choice of models with wide 
range of gear ratios.

FREE CATALOG HELPS SELECT MOTOR NEEDED
Get the helpful condensed catalog of Barber-Colman shaded pole small motors 
Contains complete descriptions of above motors, shows typical specifications 
performance characteristics, control circuit diagrams. Write for your copy

BARBER 
COLMAN

for servo-mechanisms, 
remote switching and 
positioning devices, 
recording instruments, 
and voltage regulators

Barber-Colman shaded pole 
reversible motors are adaptable to a 
variety of control circuits and 
power requirements up to 1/25 hp. 
They meet the specifications 
of many applications requiring 
a compact, powerful motor.
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TYPE L (mph) C' (ppf) fc (kmc) C (0 bias) Max. Reverse
Volts

1PA 2800 4 0.1 70 2.5 ppf 5-7
1PA 2810 4 0.2 70 2.5 ppf 5-7
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^E How To Use

Motor Impedance Data

In Designing Servomechanisms
Frank E. Hagen

Daystrom Transicoil Corp. 
Worcester, Montgomery County, Po.

In this article, Frank Hagen shows how to use catalog information to optimize servo-
mechanism design. This is the second of a scries of servo articles being prepared by Mr. 
Hagen for Electronic Design. These practical articles will be reprinted in Daystrom 
Transicoil Corp.'s “Servo Slants.” Interested readers may get copies ol this bulletin by 
writing to the company.

Sell

an

WITHOUT a thorough understanding of in
formation in manufacturers catalogs, the 

servo system designer is seriously handicapped. 
His design can fall far short of the performance 
made available by the motor manufacturer if he 
doesn’t know how to use the hardware skillfully.

The heart of most servo systems is the two 
phase servo motor w hose transfer function is

A',
«II + TA

where A, is the velocity constant ol the motor, a 
1 unction of its free speed and rated control phase1 
voltage. T is the motor time constant, the ratio ol 
its rotor inertia and inherent viscous damping, 
and s is the1 Laplace operator. This transfer func
tion indicates that any servo motor is completely 
defined bv two variables.

Phase and Distortion

Many motor manufacturers list the transfer 
function constants in their catalogs. These manu
facturers publish curves of motor performance in 

ideal operating conditions. They test their motors 
on a two phase line with no more than one per
cent harmonic distortion. The two phases are 
within one degree of being 90 degrees out of 
phase. Both factors, accurate phase displacement 
and minimum harmonic distortion, contribute to 
optimum motor performance.

Source Impedance
Probably the most difficult condition to ap- 

proximate in system applications is low source 
impedance for both motor phases. Manufacturers 
gather their data when feeding a motor from a 
well regulated, two phase induction generator 
whose source impedance is effectively zero. Any 
deviation from near-zero source impedance re
sults in deviations from published performance 
data.

Most two phase servo motor applications find 
the* fixed phase energized directly from the line, 
while the control phase is powered from the out
put of an error voltage amplifier. Approximating 
low source impedance and low harmonic con- 
trait for the fixed phase presents little problem.

But it’s not so easy for the control phase.
Wherever possible, the 90 degree phase shift 

between the two motor phases should be estab
lished in the error amplifier. When this is done, 
the only remaining cause *for concern is the con
trol winding.

be 
fiei 
jec 
sta

Error Amplifier
T he task of the error amplifier output stage is 

greatly reduced if the motor control phase is 
tuned for unity pow er factor. This technique pro
vides several valuable functions. The effective 
impedance of the motor is increased by parallel 
tuning by an amount depending on the power 
factor of the specific motor. This reduces the cur
rent drain on the amplifier when delivering rated 
power.

the 
pii 
she 
a 9 
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Since impedance levels are relative, this in
crease in control phase impedance also increases 
the allowable amplifier source impedance. A by
product is the discrimination against harmonics. 
Tuning the control phase of the motor to the car
rier frequency presents a high impedance to this 
frequency but low'er impedance to all other fre-

Fig.
unit
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quencies. Fig. 1 show's the equivalent tuned cir
cuit of the motor control phase as viewed by 
the amplifier output stage. Values of Rm, Xm, and 
their vector sum Zm are available in motor manu
facturers’ catalogs.

In Fig. 1, Zin the impedance the amplifier sees 
looking into the motor can be expressed as

j IT.X

For unity power factor, 0<n, the phase angle of 
Ztn should be zero. For this condition, the re
actance of the tuning capacitor across the control 
winding must be

IT

Thus, for unity power factor, the impedance 
the amplifier sees is

(lumtl) = —" 
IT

I his is the effective resistance as seen from the 
error amplifier. It is more frequently calculated
from E~/P, where E is the rated voltage 
motor control winding and P is the rated 
per phase at stall.

of the 
power

Phase Shift

FOR REALLY BIG POWER JOBS

ln some applications, it is impractical to de-
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velop a 90 degree phase shift in the error ampli
fier The high degree of negative feedback neces
sary for gain and phase stability in transistor 
amplifiers minimizes the phase shift which can 
be built into this type amplifier. Likewise, ampli
fiers incorporating certain types of quadrature re
jection by using unfiltered voltage in the power 
stage, cannot tolerate phase shift.

When these problems are encountered, it is 
necessary to develop a 90 degree phase shift in 
the motor’s fixed phase. This is usually accom
plished by using a simple capacitive network as 
shown in Fig. 2. Here, the capacitor must provide 
a 90 degree leading phase shift between the line 
voltage Er. and the motor voltage em.

(Continued on following pagt

o--------*-------------x
Fig. 1. A servo motor control phase, parallel-tuned for 
unity power factor.

Honeywell Power Transistors
Here's a full line of High Power Honeywell Transistors de
signed for applications requiring low thermal resistance, low 
saturation voltage and high current handling capabilities.

• Highest current carrying capacity—capable of carry
ing collector currents up to 30 amperes.
• Lowest thermal resistance—0.7°C/watt maximum, 
O.35°C/watt typical.

These characteristics of the new Honeywell High Power 
Transistors make them particularly suitable for high ambient 
temperature applications.

For example, with a mounting base temperature of 85°C, 
this transistor is capable of dissipating 14 watts without 
exceeding the 95°C junction temperature limit. Assuming a 
circuit with a 75% efficiency, 42 watts of useful output power 
would be attainable.

The low saturation voltage makes these high power tran
sistors ideal high current switches. With a current of 15 amps 
passing through the device, a typical loss across it will be 
only 0.3 of a volt.

For information on these or other Honeywell Transistors 
contact one of Honeywell’s 112 sales offices in all major 
cities. Or, if you wish to discuss transistor applications with 
a Honeywell transistor specialist, contact one of the five 
offices at right.

UNION, N. J., MUrdock 8-9000, P. O. Box 161
BOSTON, ALgonquin 4-8730, 1230 Soldiers Field Rd.
MINNEAPOLIS, FEderal 2-5225, 2749 4th Ave., So.
CHICAGO, IRving 8-9266, 7350 N. Lincoln Ave.
LOS ANGELES, RAmond 3-6611 or
PArkview 8-7311, 6620 Telegraph Rd

Now available with both 60- and 80-volt
ratings.

Collector-to-base Typical Current Gain
Voltage Rating at lc = 10 amps

2N574 60 14
2N574A 80 14
2N575 60 25
2N575A 80 25
2N1157 60 48
2N1157A 80 48

Honeywell

CIRCLE 42 ON READER-SERVICE CARD
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New Transmitter-Receiver Unit of
the Bendix Radio RDRiD Airborne

Weather Radar System. Airtron's new
Mixer-Ferrite Duplexer substantially

aided Bendix Radio in designing
and realizing a . . .

a condition of series resonance is

tion.

If no effort is made to correct for this line

to be

indicates

ELECTRONIC DESIGN

THE MASTER BUILDER OF MICROWAVE COMPONENTS
St

HOOT«

#3913

advanced engineering departments
offer tomorrow's microwave designs

50 < reduction

48% input power reduction

40% weigh: reduction

while maintaining

Fig. 2. Fixed phase with a series capacitor to provide
90 deg phase head.

The reactance of the series capacitor turns out

which is identical to the value for the capacitor
required in parallel w ith the control phase to ad
just for unitv power factor.

In systems where the motor’s fixed phase is ad-
justed for 90 deg phase* shift bv a series capacitor

approached
where the fixed phase voltage exceeds the line
voltage. This is borne out in the following etnia

I ne / in this last equation signifies a 90 deg
leading phase* shift while the X,„ IR
that the voltage across the motor’s fixed phase

today!
Airtron, me., with one of the most advanced engineering departments and manufacturing

facilities in the microwave field, has recently designed, under developmental contract, a new
high-performance mixer-ferrite duplexer for the new transmitter-receiver unit of the Bendix
Radio RDR-1D Airborne Weather Radar System

The difficult assignment of designing and developing this assembly similar in design to the 
previous one developed by Airtron was undertaken at the extensive engineering facilities of 
Airtron. Inc. The highly skilled engineering staffs of all of Airtron’s facilities functioned as a
team in developing this new ferrite rotational duplexer and low noise figure mixer assembly.
Through the combined efforts of its advanced engineering teams, working closely with the 
skilled technical staffs of its manufacturing facilities, a new mixer-ferrite duplexer was
designed, developed and perfected which gave improved performance with a considerable
reduction in size and weight that met the stringent requirements set forth.

Production follows development and Airtron’s extensive manufacturing facilities are fully
equipped with the latest in production facilities, from compounding special ferrite materials 
to precision casting and dip-brazing final assemblies to meet and satisfy the needs of industry. 
It was Airtron, Inc. who pioneered in the development of one transmission line to carry both
“C” and “X’’ band frequencies ... the double-ridged waveguide. ARA-136 and produced it
in production quantities.

This is just one example of the confidence industry has placed in the creative abilitiy of 
Airtron’s exceptional engineering staff. Couple this with one of the most extensive manu
facturing facilities in the microwave field and you know why Bendix Radio and other leading 
manufacturers and users of weather radar systems and microwave components come to
Airtron. Inc., for prototype design — specify Airtron components for their microwave require 
ments ... and Look To Airtron Today For Their Microwave Designs Of Tomorrow.

E. LINDEN AVE., LINDEN, N. J. 200 E. HANO PLAINS, N J. I 5873 RODEO RD., LOS ANGELES, CALIF.

compares with the line voltage bv this ratio, the
() of the motor winding. In most 400 cps servo
motors, the value? of O e xceeds unitv.

Line Voltage Magnification

voltage magnification, the life expectancy of the
motor may be endangered by applying greater
than rated voltage to one phase.

Two methods of correcting this are obvious:
either the line voltage should be reduced, or the
rated voltage ol the motor winding should be in
creased. The magnitude of the correction must,
of course, be determined by the Q of the motor.

A third method, widely used, is to adjust the (4
of the motor to unity by shunting the fixed phase
with a resistor. This approach, as shown in Fig. 3,
affords a greater degree of flexibility at the ex-
pense of some wasted line power.

The value of this shunting resistor is

This shunting resistor makes it possible to shift
the line voltage a full 90 deg without changing
its amplitude.
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Fig. 3. The shunting resistor R, across the fixed phase, 
adjusts the Q to unity.
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Impedance vs Speed

Unfortunately, the» motor s fixed phase and con
trol phase impedances an* not constant with re
spect to rotor speed. This is an effect frequently 
overlooked, though data confirming it is available 
in manufacturers’ catalogs.

If the motor’s fixed phase is energized directiv 
from the line, this problem is greatly simplified. 
However, if a phase adjustment is accomplished 
in the fixed phase, the condition must be thor
oughly investigated. As the motor speed in
creases, the impedance of each phase increases 
>lightly, while increases considerably.

This increase in Q results in the fixed phase 
\oltage increasing with speed. This represents a 
negative damping or a reduction of the motor’s 
\ iscous damping as defined in catalogs. Carried 
to an extreme, it is possible to apply a voltage 
which would saturate the winding.

Obviously, the best way to avoid these prob
lems is to tie the control winding directly to the 
line and accomplish phase shifting elsewhere. 
Where this is impossible, each individual case 
must be treated separately. Usually, a shunting 
resistor will decrease the Q at stall, tending to 
stabilize the winding Q as the rotor speed in
creases. In many cases, velocity feedback can be 
used to damp the system. Any loss in motor 
ilamping can be compensated for or neglected 
entirely.

The variation of motor impedance with speed 
affects the design of the control winding circuit 
as well as the fixed. Ideally, the amplifier should 
present zero source impedance. This is not prac
tical. But if its source impedance is low enough 
to minimize the effect of motor impedance varia
tions with speed, the amplifier is performing its 
function adequately.

None of these practical conditions appear in 
the motor transfer function or in the linear dif
ferential equation defining servo motor operation. 
It is through the proper use of the practical data, 
provided by the motor manufacturer, that de
sired performance is realized. By improper han
dling or complete neglect of these simple factors, 
it is possible to reduce the effectiveness of an 
otherwise well designed system. ■ ■

ELECTRONIC DESIGN • March 4, 1959

NEW. Smaller, G-E dual-diameter 
magnet assembly gives same gap en
ergy . . . weighs far less.

OLD• Conventional magnet assem
bly is larger, heavier, and has a more 
complex soft steel pole tip.

Crystals in General Electric dual-diameter magnet 
line up in direction of magnetization — provide 
higher energy in the gap area.

G.E. designs dual-diameter 
directional grain magnets 

to cut loudspeaker size, weight, and cost

Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol
ume and simplified, lower-cost soft steel return paths.

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures.

MAGNETIC MATERIALS SECTION

GENERAL ELECTRIC
CARBOLOY" CEMENTED CARBIDES • MAN-MADE DIAMONDS • MAGNETIC MATERIALS • THERMISTORS • THYRITE* • VACUUM MELTED ALLOYS 

CIRCLE 44 ON READER-SERVICE CARD
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Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag
net is designed to do a specific industrial job . . . 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section. General Electric Com
pany, 7820 N. Neff Road. Edmore, Michigan.
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New Transmitter-Receiver Unit of
the Bendix Radio RDR-10 Airborne

aided Bendix Radio in designing
and realizing a . . .
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advanced engineering departments
offer tomorrow's microwave designs today!

Airtron, me., with one of the most advanced engineering departments and manufacturing 
facilities in the microwave field, has recently designed, under developmental contract, a new 
high-performance mixer-ferrite duplexer for the new transmitter-receiver unit of the Bendix
Radio RDR-1D Airborne Weather Radar System.

Weather Radar System. Airtron’s new
Mixer-Ferrite Duplexer substantially

Si7p reduction

48% input power reduction

40% weight reduction

while maintaining equa| performance

E. LINDEN AVE., LINDEN, N. J.

6m
Xm

Fig. 2. Fixed phase with a series capacitor to provide 
90 deg phase head.

The reactance of the series capacitor turns out 
to be

which is identical to the value for the capacitor 
required in parallel with the control phase to ad
just for unity power factor.

In systems where the motor s fixed phase is ad
justed for 90 deg phase shift by a series capacitor, 
a condition of series resonance is approached, 
where the fixed phase voltage exceeds the line 
voltage. This is borne out in the following equa
tion.

The ; in this last equation signifies a 90 deg 
leading phase shift while the Xm/Rm indicates 
that the voltage across the motor’s fixed phase 
compares with the line voltage by this ratio, the 
Q of the motor winding. In most 400 cps servo 
motors, the value of Q exceeds unity.

The difficult assignment of designing and developing this assembly similar in design to the 
previous one developed by Airtron was undertaken at the extensive engineering facilities of 
Airtron. Inc. The highly skilled engineering staffs of all of Airtron’s facilities functioned as a 
team in developing this new ferrite rotational duplexer and low noise figure mixer assembly. 
Through the combined efforts of its advanced engineering teams, working closely with the 
skilled technical staffs of its manufacturing facilities, a new mixer-ferrite duplexer was 
designed, developed and perfected which gave improved performance with a considerable
reduction in size and weight that met the stringent requirements set forth.

Production follows development and Airtron’s extensive manufacturing facilities are fully 
equipped with the latest in production facilities, from compounding special ferrite materials 
to precision casting and dip-brazing final assemblies to meet and satisfy the needs of industry. 
It was Airtron, Inc. who pioneered in the development of one transmission line to carry both 
“C” and "X” band frequencies ... the double-ridged waveguide, ARA-136 and produced it
in production quantities.

This is just one example of the confidence industry has placed in the creative abilitiy of 
Airtron’s exceptional engineering staff. Couple this with one of the most extensive manu
facturing facilities in the microwave field and you know why Bendix Radio and other leading 
manufacturers and users of weather radar systems and microwave components come to 
Airtron, Inc., for prototype design — specify Airtron components for their microwave require
ments . . . and Look To Airtron Today For Their Microwave Designs Of Tomorrow.

Line Voltage Magnification

If no effort is made to correct for this line 
voltage magnification, the life expectancy of the 
motor may be endangered by applying greater 
than rated voltage to’ one phase.

Two methods of correcting this are obvious; 
either the line voltage should be reduced, or the 
rated voltage of the motor winding should be in
creased. The magnitude of the correction must, 
of course, be determined by the Q of the motor.

A third method, widely used, is to adjust the Q 
of the motor to unity by shunting the fixed phase 
with a resistor. This approach, as shown in Fig. 3, 
affords a greater degree of flexibility at the ex
pense of some wasted line power.

The value of this shunting resistor is
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This shunting resistor makes it possible to shift 
the line voltage a full 90 deg without changing 
its amplitude.
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Fig. 3. The shunting resistor R, across the fixed phase, 
adjusts the Q to unity.

Impedance vs Speed
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Unfortunately, the motor’s fixed phase and con
trol phase impedances are not constant with re
spect to rotor speed. This is an effect frequently 
overlooked, though data confirming it is available 
in manufacturers’ catalogs.

If the motor’s fixed phase is energized directly 
from the line, this problem is greatly' simplified. 
However, if a phase adjustment is accomplished 
in the fixed phase, the condition must be thor
oughly investigated. As the motor speed in
creases, the impedance of each phase increases 
slightly, while Q increases considerably.

This increase in Q results in the fixed phase 
voltage increasing with speed. This represents a 
negative damping or a reduction of the motor’s 
v iscous damping as defined in catalogs. Carried 
to an extreme, it is possible to apply a voltage 
which would saturate the winding.

Obviously, the best way to avoid these prob
lems is to tie the control winding directly to the 
line and accomplish phase shifting elsewhere. 
W here this is impossible, each individual case 
must be treated separately. Usually, a shunting 
resistor will decrease the Q at stall, tending to 
stabilize the winding Q as the rotor speed in
creases. In many cases, velocity feedback can be 
used to damp the system. Any loss in motor 
damping can be compensated for or neglected 
entirely.

The variation of motor impedance with speed 
affects the design of the control winding circuit 
as well as the fixed. Ideally, the amplifier should 
present zero source impedance. This is not prac
tical. But if its source impedance is low enough 
to minimize the effect of motor impedance varia
tions with speed, the amplifier is performing its 
function adequately.

None of these practical conditions appear in 
the motor transfer function or in the linear dif
ferential equation defining servo motor operation. 
It is through the proper use of the practical data, 
provided by the motor manufacturer, that de
sired performance is realized. By improper han
dling or complete neglect of these simple factors, 
it is possible to reduce the effectiveness of an 
otherwise well designed system. ■ ■

NEW. Smaller, G-E dual-diameter 
magnet assembly gives same gap en
ergy . . . weighs far less.

OLD: Conventional magnet assem
bly is larger, heavier, and has a more 
complex soft steel pole tip.

Crystals in General Electric dual-diameter magnet 
line up in direction of magnetization — provide 
higher energy in the gap area. 

__________

G.E. designs dual-diameter 
directional grain magnets 

to cut loudspeaker size, weight, and cost

Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol
ume and simplified, lower-cost soft steel return paths.

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures.

MAGNETIC MATERIALS SECTION

GENERAL ELECTRIC
CARBOLOY- CEMENTED CARBIDES • MAN MADE DIAMONDS • MAGNETIC MATERIALS • THERMISTORS • THYRITE • • VACUUM MELTED ALLOYS 
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Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag
net is designed to do a specific industrial job . . . 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section, General Electric Com
pany, 7820 N. Neff Road, Edmore, Michigan.

ELECTRONIC DESIGN • March 4, 1959



LOW COST
NWL SHELL-TYPE 
DONUT TRANSFORMER

Fig. 1. Sarong, a film wrapped around 
Ihe cathode, replaces sprayed cathode 
coatings.

Skin-Tight Sarong
Boosts Cathode Performance

for isolating high voltages
The Shell-Type Donut Transformer (Secondary Floating) is used for 

isolating high voltages on filaments, cascaded high voltage power units, etc.

The low cost of this unit is achieved by eliminating ceramic bushings, 
oil and tank. Similar units, but of core type, have been manufactured for 

the past 15 years and have demonstrated reliable performance.

The new Shell-Type Donut Transformer has a much more 
compact design. In comparison with the conventional oil tank unit, 

its size and weight are reduced approximately 40%.

The NWL Shell-Type Donut Transformer, a new member 
of the well-known family of NWL custom-built Transformers, is made 

to fit the particular needs of the user. Each Nothelfer transformer 
is individually tested for core loss, polarity, voltage, corona, 

insulation breakdown and aging characteristics and must 
meet all customer’s requirements before shipment. We shall be glad 

to receive your specifications and quote you accordingly.

QUIETLY, for more than a year now, 
Sylvania has been selling a tube 

with a brand new cathode coating, a 
skin-tight wrap-around designed to over
come many basic vacuum tube weak
nesses. More than a million of these tubes 
were sold, and if customers noticed any 
thing. it was that they returned virtually 
none due to cathode defects, and that 
tube performance was better.

The Sarong, now available in lour TV 
tuner tubes is a highly uniform carbonate 
sheet, about two mils thick. It is wrapped 
around the cathode’s nickel alloy sleeve 
as shown in Fig. 1. In conventional tubes, 
the carbonates are sprayed on the cath
ode sleeve and form a relatively coarse 
and irregular surface as can be seen in 
Figs. 2 and 3.

At its Emporium, Pa., Electron Tube 
Division, Sylvania found many manufac
turing and performance advantages with 
the Sarong.

■ Weight variation from tube to tube 
can be held to less than two per cent. 
With conventional sprayed coatings, it 
can be as much as 20 per cent.
■ Coating thickness can be held to a tenth 
of a mil—five times better than with the 
spray.
■ Better diameter control paves the way 
for new, higher Gm tubes with closer 
grid-cathode spacing.
■ More uniform coating reduces noise 
and cathode-grid arcing. Noise level of 
the 6BZ7 is improved up to 0.6 db at T\ 
frequencies.
■ More uniform heat distribution (Fig. 
4) virtually eliminates hot spots, extends 
cathode life,. makes for more uniform 
plate current and Gw.
■ No active cathode material can get be
tween the cathode sleeve and the fila
ment, so there is less cathode-heater 
leakage, less hum. and less chance of 
cathode-heater breakdown.

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. »3, Trenton, N. J.
Specialists in Custom-Building
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Fig. 3. Sarong coating (left) is much smoother than conventional coating.
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eater

Plant, Marengo, Illinois.

networks and isolating the receiver from the
These magnets are also used

phase shifters and duplexers, and Arnold

SPECIALISTS In MAGNETIC MATERIALS
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ends 
form

easy with the 
with sprayed

microwave 
transmitter

c HFE MAGNETS FOR 
microwave applications

cathode* 
tion load 
■ Since t

* of Sarong 
shock and v

differential 
prepared to

ÌO1SC 
»I of 
t TV

C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
Transverse Field Isolators * Differential Phase Shifters * Duplexers

design and supply tubular magnets to provide axial fields 
in circular wave guides.

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES

Improved adherence
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Fig. 2. Close dimensional controls are 
wrapped cathode (left), very difficult 
cathode.

A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure.

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. • For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Main Offices and

Arnold C-type Alnico Magnets are available in a wide 
selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group.

The over-all size and gap density requirements of many 
prototype designs can be met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities

When used in transverse field isolators, Arnold C Mag
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between

is sharply terminated and clearly defined, 
resulting in improved cutoff characteris
tics. Cutoff current on a 6BZ7 with a 
Sarong is less than one pa; with a 
sprayed cathode, it can average four to 
live pa.

So far. the Sarong is used in only four 
tube types: the 6BZ7, 6BQ7A, 6BC8, and 
6BS8. In time, Sylvania plans to apply 
this coating to a complete line of re
ceiving tubes.

For more information, turn to the 
Reader-Service card and circle 103.
At IRE Show, Booth 2322-2332, 2415 
2425

Fig. 4. Since there are virtually no peaks and valleys 
m the wrapped coating (left), heat distribution is more 
uniform. Photos were made by the light of the cathodes, 
heated to about 850 C.
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20 AMP

Rs

Rg

Donald Moffat
Senior Electronics Designer 

Motorola Inc. 
Western Military Electronics Center 

Phoenix, Ariz.

—— or 0.1. Join 0.1 on the * scale to 2.2 on the 
150 e,
Ry scale and read 20.0 on the R, scale. Values on
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Ei O------ 1(-
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AND ANOTHER
Silicon Rectifier
FANSTEEL

Silicon Power Rectifier
The 6A—just added to Fansteel’s expanding line of dependable 
silicon rectifiers—carries a full 20 amp. load in half-wave circuits; 
up to 60 amps in bridge circuits. It has rated peak reverse voltages 
from 50 to 400 V. in 50-volt multiples.

The new 6A Rectifier operates at ambient temperatures up to 
165°C. and is unaffected by storage temperatures from —65°C. 
to 200°C.

This dependable, highly stable unit is especially suited to high 
temperature operation in all types of power circuits. It will give 
long, trouble-free performance consistent with other Fansteel elec
tronic components. The 6A unit is hermetically sealed and is of 
extremely rugged construction. It is the most compact unit of its 
rating and can be mounted in any position.

Writo for Lotosi Information

Visit Us at Booths 4021-4022
I.R.E. SHOW

FANSTEEL METALLURGICAL CORPORATION North Chicago. III., U.S.A.

Voltage Divider Nomogram
RAPID SELECTION of component value's for 

simple resistor or capacitor voltage dividers 
is offered by the nomogram presented. A resistive 
divider is shown in Eig. la, with its parameters 
expressed in Eq. 1; Fig. lb shows a capacitive 
divider relating to Eq. 2.

Although only two decades of each element 
are covered, the range can be extended bv multi
plying both outside columns by the same power 

of ten, leaving the * column unchanged. The 
c,

long lines inside of the first and third columns 
locate standard 10 per cent values, while the 
short lines locate 5 per cent values.

Typical Applications

Example 1: A blocking oscillator is to be held 
at cut-off by means of a resistive voltage divider 
between B— and ground. Cut-oil bias is — 15 v, 
the negative supply is 150 v and the grid-to- 

liround resistor should be 22,000 ohms. *" is then
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TWICE THE 
CAPACITY 
Capacity has been increased 
as much as 100% without 
increasing case size. Four 
convenient case sizes cover the 
broadest and most complete 
list of ratings available.

the Rÿ scale have been mu

on the Rs scale by 10K and the desired results 
are achieved with a voltage divider of 200K and 
22K ohms, respectively.
Example 2: An rf probe is to de designed with 
a 5:1 capacitive voltage; divider. Rotate a

BOOTHS 4021-4022

I.R.E. SHOW

rosses standard values of capacities on the othe 
calcs. CQ 30 mmf and Ct = 7.5 mmf wouh 
•c typical values. ■ ■

It’s another step by Fansteel to provide a complete 
range of Solid Tantalum Capacitors designed to meet 
the ever-increasing needs for greater capacity in sub
miniature sizes.

It’s available in capacity ranges of .0047 to 330 mfd 
... from 6 to 60 volts (wvdc).

Assures unfailing reliability where extremely small 
size, higher capacitance and extended operating tem
peratures are required.

S-T-A CASE SIZE

NOW...I25°C.
OPERATING TEMPERATURES

FANSTEEL METALLURGICAL CORPORATION North Chicago, ni. u s »

Writo for Lotti! Information

Series Length Dio.

5 .250 .125
6 .438 .175
7 .650 .279
8 .750 .341



BUG TH I NIGS 
are always happening 

AT 

FANSTEEL

Coax Cable

Operates At 500 C

IN SILICON RECTIFIERS
750 MILLIAMPERES

Carries 2H times more amperage at no 
increase in size. Complete reliability 
and dependability in applications 
requiring operating temperatures to 
165°C., ratings from 50 to 600 volts. 
Write for Bulletin 6.302.

hey*]
bridge

20 AMP.
The 6A carries a full 20-amp. load in 

half-wave circuits ... up to 60 amps, in 
circuits. It’s built to withstand operating

temperatures up to 165®C. with maximum reliability 
and dependability. Write for latest information.

HAVING a specially processed silica 
dielectric and a solid outer conduc

tor. this coaxial cable was developed to 
operate in temperature environments of 
from 300 to 500 C. Characteristics of the 
dielectric provide the cable with excel
lent attenuation-frequency properties at 
room temperatures with only minor 
changes at temperatures up to 500 C. 
The cable can be used in nuclear radia
tion fields, too.

Designed and produced by Thomas A. 
Edison Industries, McGraw-Edison Co., 
61 Alden St., West Orange, N.J., the 
coaxial cable meets the requirements of

the High Temperature Coaxial Cable 
Design Objective created by Wright 
Aeronautical Development Center within
the frequency range of 10 to 
Under development now is a 
frequencies up to 10,(X)0 me.

Characteristics

Attenuation of the cable is; 
100 ft at 400 me; 12 db per

1500 me. 
cable for

5 db per
100 ft at

1500 me. The cable has a vswr of less 
than 1.05 and the velocity of propagation 
is 79.6 per cent. It can be made with any 
characteristic impedance desired and it 
mates with Standard Type C or N rf

35 AMP.
The 4 A carries a full 3 5-amp. load 
in half-wave circuits... up to 100 

amps, in bridge circuits. It’s built to with
stand operating temperatures up to 165°C. with 

maximum reliability and dependability. Roth 20 and 
35 amp Rectifiers available with flexible lead. 

Write for latest information.

Sliderule Simplifies Complex

Math Computations

IN SELENIUM RECTIFIERS
OVER 400,000 DIFFERENT STACK 

COMBINATIONS AVAILABLE

Visit Us At Booths 4021-4022
I.R.E. SHOW E593A

FANSTEEL METALLURGICAL CORPORATION North Chicago. III., U.S.A.

Available in all standard cell sizes and circuit 
arrangements to meet any specific requirement— 
from a few milliamperes to power loads of many 
kilowatts. Write for Bulletin 6.400.

THIS SLIDERULE provides a direct 
reading of amplitude ratio and phase 

vs. frequency of all the terms in a com
plex transfer function. With one setting 
the desired information is presented for
20 per decade
through six decades.

Phase angles are printed in degrees 
accurate to ±0.5 deg. Amplitude ratios 
are directly read in decibels accurate to 
±0.05 db.

The slide rule can be used to evaluate:
■ The stability of closed loop systems.
■ The effects of variations in system 

parameters on performance.
■ The second order effects of high-fre

quency terms.
■ Nonlinear svstems.

Other uses include the design and op
timizing of compensating networks and 
controller functions.

Developed by Boonshaft and Fuchs, 
994 Byberry Road, Huntington Valley, 
Pa., the slide rule can handle up to ten 
terms at one setting. Individual terms 
are easily changed or moved as to the 
location of their break frequency. The 
frequency scale covers a useful range ot 
over 100,000:1 with one setting.

Eleven Channel Sliderule

There are eleven channels on this slide
rule. One channel holds a frequency scale 
covering six decades from 0.001 to 1000 
Each of the ten remaining channels holds

CIRCLE 49 ON READER-SERVICE CARD
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S-T-A SOLID 
TANTALUM CAPACITOR

Unsurpassed stability at operating 
temperatures from —55°C. to 12 5°C., with double 
the capacity rating in the same case size. Available 
in ranges of .0047 to 330 mid., 6 to 60 volts 
(wvdc). Write for Bulletin 6.112.

BLU-CAP
TANTALUM CAPACITOR

Provides maximum economy where 
wide capacity tolerances are permissible. The 
capacity tolerance for the BLU-CAP Capacitor is 
— 15%, +75%. Write for Bulletin 6.120.

¡able

made from

Sizes Available
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FANSTEEL METALLURGICAL CORPORATION North Chicago. III., U S A.

Fig. 1. This cable was

ithin 
me.

5 for

d op- 
! and

developed 
meet high 
in aircraft

primarily to 
temperatures 
and missiles.

Available in sizes from 6 to 30 ft in 
length at present, the semi-flexible cable 
can be bent around a radius of approxi
mately 4 to 5 times the cable’s diameter. 
The sheath of the cable1 has an outside

slide
scale 
1000 
holds

Visit Us At Booths 4021-4022
I.R.E. SHOW

complex mathematical analyses.
For mon* information on this direct 

reading frequency response sliderule turn 
to the Reader-Service card and circle 
number 101.

a scale which represents one term of the 
transfer function. Twenty-four such 
function scales are furnished.

Operation on the slide rule is simple 
enough for unskilled personnel to make

diameter of 0.17 in., and is 
copper and stainless steel.

connectors. Capacitance is 
per ft and weight is 5.5 lb per 100 ft.

IG THING
are always happening

FANSTEEL

> per 
ft at 

less 
ation
i any 
nd it 
N rf

'uchs. 
alley, 
o ten 
terms 
o the

The 
ge ol

This product will be shown for the 
first time at the IRE Show in Booth 
3505-07.

For more information on this high 
temperature coaxial cable turn to the 
Reader-Service card and circle number 
102.
At IRE Show, Booth 3505-3507

"PP” TYPE
TANTALUM CAPACITOR

Features new shock and vibration resist
ant construction (specially designed anode base sup
port) at no increase in price. Outstanding frequency 
stability and extremely low electrical leakage. 
Occupies minimum space yet provides extremely 
high capacity ratings. Write for Bulletin 6.100

Fig. 1. Unskilled person
nel can use this slide
rule for making complex 
mathematical analyses.

"HP” TYPE TANTALUM CAPACITOR
Gives exceptional performance in applications 
requiring high ambient temperature resistance 
(to 125°C.) and vibration resistance. Write for 
Bulletin 6.111.

CIRCLE 50 ON READER-SERVICE CARD
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Nature

TANTALUM. . .

Fansteel

Made it

difficult of all metalsam Al I M, one of the most

The world’s largest Sendzimir 
Mill used in tantalum 

production. This mill, in the 
Fansteel North Chicago plant, 

regularly produces 0.0003 inch 
thick Capacitor Grade Tantalum 

Foil in continuous strip.

Work

1 to produce, stayed tightly locked in its orc for 

101 vears following its discovery as an element. Al
most no acid would attack the material, yet almost 
any gas would readily combine with it at tempera
tures above a dull red heat. In fact, it was named 
Tantalum because it tantalized the nineteenth cen- 
turv chemists who tried to refine it.

But. in 1922, lansteel unlocked the door to exten
sive commercial use of this unusual metal. Il was 
then that Dr. Clarence \\ . Balke, l ansteel s Director 
of Research, perfected the first practical method foi 
commercially producing tantalum. Dr. Balke suc
ceeded where many other scientists had failed. He 
combined the techniques of chemistry, electrochem- 
istrv and powder metallurgy to separate tantalum 
from its orc compounds.

Now. the properties which caused tantalum to be

so difficult to make, have become the very properties 
so useful to the electronics industry . They were espe
cially significant in Fanstecfs development of the 
tantalum capacitor. I ansteel Tantalum answered the 
need for a material to provide high reliability , low 
leakage, long life and stability in capacitors.

Ont of the research at Fansted came a grade ol 
tantalum especially suited for use in tantalum capac
itors. I his grade has been undergoing independent 
development for several wars. and is still being im
proved. Today, lansteel Capacitor Grade Tantalum 
is used I>\ all leading manufacturers of tantalum 
capacitors to assure complete reliabilitv in their prod
ucts. This exceptional metal embodies a quality that

I ansteel .Metallurgical Corporation, Rectifier-Ca
pacitor Division, North Chicago. Illinois.

Visit Us At Booths 4021-4022 I.R.E. SHOW

W I R fSHEET • STI 
SINTERED

CAPACITOR GRADE

TANTALUM
A Premium Grade of Tantalum available to capacitor 

manufacturer* in these forms:

ROD ICATED WIRE 
POWDER

More

Military Contracts

Will Specify

Reliability Level
L. N. Tolopko 
Assistant Editor

MANUFACTURERS of military electronic 
equipment can expect to see more and 

more contracts with reliabilitv numbers in them 
\nd manufacturers will not onlv have to meet 
these reliability levels, but offet proof that thev

This trend was brought out at the Fifth Na
tional Symposium on Reliabilitv and Qualitv 
Control in Electronics, held in Philadelphia Jan
uary 12 through 14. Sponsors of the sympo
sium were tlx* Institute of Radio Engineers, the 
Electronic Industries Association, the American 
Society for Quality Control, and, the American 
Institute of Electrical Engineers.

Inclusion of reliability numbers into military 
contracts w as explained by Major General W. T. 
Thurman, Air Force Assistant for Production 
Programming. Deputy Chief of Stall, Material, 
in his Keynote Address. He said: "Reliabilitv 
prediction is a basic must in all contracts. Because 
if we do not include practical goals for it we 
will end up with so-called weapons systems 
which arc an Achilles heel rather than a weapon.

Reliability is now a quantitative requirement 
in at least three contracts: Minuteman, B-70 and 
F-108. Tin* reliability numbers lor these weapon 
systems include the electronic equipment.

The military realizes that demanding reliabil
ity is going to cost more money, the General 
conceded. But they will be willing to pay for it. 
Though the first costs will be higher, other costs 
such as maintenance, spare parts inventories and 
product improvement will be reduced.

General Thurman explained how money might 
be used as an incentive to gain reliability. "May
be we should be willing to pay a lot of profit to 
a company which turns out a guidance system 
which will hit the target every time and really 
stick those whose products don’t work when the
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hips are down.”
Contracts with reliability numbers will have 

the greatest impact on those contractors who 
ire still skeptical of predicting reliability by 
statistical methods, General Thurman said. These 
ompanies will be forced into the reliability' 
irena if they expect to stay competitive.

Reliability Through Monitoring

Reliability monitoring seems to be the most 
promising approach to achieve the desired levels 

>1 reliability. In essence, this means checking 
the reliability of a system at various steps in its 
< lev elopment.

The Department of Defense’s Ad Hoc Com
mittee lor Guided Missile Reliability developed 
i monitoring program based on this concept. 
This program said General Thurman, “is based 

on the premise that reliability is a parameter 
that can be quantitively specified, estimated, 
assessed, or measured at predesignated steps or 
monitoring points.’’

Meaning of this shift to contracts with reliabil
ity numbers was revealed by C. M. Ryerson of 
RCA. “Good engineering practices just aren’t 
enough any more,’ he said. “The space and mis
sile age has subjected electronic equipment to 
extreme environments. Equipment has become 
more complex and is expected to perform ex
tremely complex functions. And we must be able 
to guarantee in advance that the equipment will 
perform as expected.”

Feedback Loop Is Antiquated

“In effect,’ he continued, “the concept of the 
feedback loop from the field is outdated. This 
method of increasing reliability depended on 
failure reports in the field being sent back to 
the producer. On the basis of this data engi
neers and others modified the design or produc
tion methods. We can’t afford any failures any 
more.”

Electronic manufacturers, according to Ryer
son will have to concern themselves with prod
uct assurance. Product assurance is a formal 
management program that insures that a product 
will perform as required. It includes:
■ Reliability Engineering.
■ Quality Control.
■ Value Engineering Achievement.
■ System Integration.

Product assurance requires a constant feedback 
loop within an organization so that corrections 
md modifications can be made in the equipment 
before it leaves the manufacturers plant and is 
lelivered to the purchaser.

Proving that equipment meets the reliability 
number required is expensive. It takes, for in
stance, a test lasting three times the mean-time- 
between-failure rate to establish a 70 per cent

ELECTRONIC DESIGN • March 4, 1959

300% MORE FLEXIBLE
THAN SILICONE VARNISHED GLASS SLEEVING

300 BARCLAY STREET CONSHOHOCKEN
Telephone, Norristown, Pa.: TAylor 8-7600

2)
3)
4)

CO.
3, PA.

abrasion 
cut-through 
corona attack 
harmful radiation

BENTLEY, HARRIS MANUFACTURING

Available in standard wall thicknesses oi .015 and .035 in a com
plete color range. Special dimensions can be custom engineered. 
Write for samples and data or ask to see a Bentley, Harris 
representativ e.

Ben-Har '1258’ is the toughest, most flexible, most resistant and 
resilient unsupported tubing ever developed. It has high tensile 
strength — over 1200 pounds per square inch. It will withstand 
continuous operation from 85°C. through 26O°C. Ben-Har 
’1258’’ has a higher rated temperature performance than conven

tional Class H tubings that cost more. It is highly resistant to 
heat-aging, never losing its flexibility. Its elasticity permits a snug 
fit over wires and connections. Ben-Har ”1258” is resistant to

Ben-Har ”1258”, a completely new extruded 
silicone rubber insulating tubing, uses a new 
formula and a new (patent pending) extrusion 
process that permits accurate dimensional control.

700% MORE FLEXIBLE 
THAN TEFLON TUBING

BENTLEY, HARRIS
FLEXIBLE SLEEVINGS
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,n:\q high voltage npn 
'Transistors allow

TUBE REPLACEMENT AND
CIRCUIT COMPATIBILITY

GT's new high voltage germanium alloyed junction transistors now allow the same 
optimization as formerly could be realized only with vacuum tubes. These character
istics plus conventional "transistor” advantages offer new design opportunities in 
computers, magnetic memory cores, data processing equipment, gas filled indicator 
tubes and other applications where reduction of space, weight and high reliability 
are prime requisites.

The GT 1200 is particularly suited to drive gas filled display tubes, such as the 
Burroughs Nixie " and Pixie R, without changing existing circuitry other than alter
ing voltages so as not to exceed the rating of the transistor.

Collector to Base Voltage 
(Emitter Open) 

Emitter to Base Voltage 
(Collector Open) 

Collector to Emitter Voltage 
(Punch Through)

lc = 25 mA

Ie = 25 mA 

lt = 25 mA

GT 1200

90 Volts Min.

20 Volts Min.

90 Volts Min.

Supplied in 10*9 case

GT 1201 — GT 1202, in addition to driving gas filled display tubes, are ideally suited 
for driving high inductance loads, driving transformer coupled loads and allow more 
nearly perfect impedance matching. These transistors are fast devices capable of 
handling high impedance loads and large signal swings.

Collector to Base Voltage 
(Emitter Open)

Emitter to Base Voltage 
(Collector Open)

Collector to Emitter Voltage

GT 1201 
lc = 25 mA 75 Volts Min. 

Ie = 25 mA 20 Volts Min. 

h = 25 mA 75 Volts Min.

GT 1202
45 Volts Min.

20 Volts Min.

45 Volts Min.
(Punch Through)

Supplied in TO-9 case

Write today for Bulletin GT 1200

GENERAL TRANSISTOR
CORPORATION 
91-27 138TH PLACE JAMAICA 35. NEW YORK

IN CANADA' DESSER EE LTD . 441 ST FRANCIS XAVIER. MONTREAL I. QUEBEC. FOR IMMEDIATE DELIVERY FROM STOCK. CONTACT YOUR NEAREST AUTHORIZED 

TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP., St 17 I3STH PLACE, JAMAICA 35 NEW YORK. FOR EXPORT GENERAL TRANSISTOR 

INTERNATIONAL CORP., SII? I3STH PLACE, JAMAICA 33. NEW YORK. (^N

Se* us IRE Sooths 2205 & 2207. 
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confidence level. A 70 per cent confidence level 
means that the producer is 70 per cent sure that 
he has met the reliability requirements.

Where The Numbers Come From
The reliability numbers placed into defense 

contracts will be based on two factors. One is 
the 1957 report made by the Advisory Group 
on Reliability of Electronic Equipment, Office 
of the Assistant Secretary of Defense. The sec
ond factor is the operational requirements of 
military equipment. The purpose of the AGREE 
report was to establish quantitative numbers 
which could be assigned as minimum acceptabil
ity figures for different pieces of military elec
tronic equipment.

What The Military Must Do
E. J. Nucci of the Office of The Assistant Sec

retary of Defense explained in work-a-day terms 
what the inclusion of reliability numbers means 
to the military. He said:

“Military planners must determine their mili
tary mission needs, which are based on methods 
of weapon employ incut.

“Specifications and design personnel will have 
to write up and make certain that the design 
objectives are realistic in light of the state of 
the art. They must also consider ‘tradeoffs.’ This 
means making compromises between such things 
as reliability requirements, money available, and 
when the equipment is needed. They must also 
include the necessary test plans which will in
dicate an achievement level has been obtained.

“Procurement personnel must then contract on 
the basis set down and no other.

“Budget and management personnel in both 
the military and industry must recognize the 
high initial cost and accept it as necessary in 
view' of the ultimate savings.”

Component Data Needed
“The heart of any equipment,” Mr. Nucci said, 

“is component parts. The need today is for a 
better knowledge of parts with respect to theii 
failure rate under various environments and 
circuit applications. It is essential to have this 
information.” He expressed the hope that com 
ponent manufacturers would include such dat; 
in their specification sheets in the future.

Although component manufacturers recognize 
the need for this data, they balk at providing it 
It’s impractical for them to test their product 
for all the conditions they will be subjected to 
they say. The user should determine his need 
and test components accordingly. Another thing
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specific information 
lv that the Russians

7425-7750 Me 
7125 7425 Me 
6875-7125 Me 
6575-6875 Me 
6125-6425 Me 
5925 6225 Me 
6425-6575 Me 
7730 8100 Me 
7500-1500 Me 
7000 8000 Me

level 
that

VA-220A and VA 222A 
VA-220B end VA 2228 
VA 220C and VA-222C 
V A-2200 and VA-222D 
VA-220E and VA-222E 
VA-220F and VA 222F 
VA-220G and VA 222G 
VA 220Z and VA-222Z 
VA 22 5A......................  
VA 2258......................

Write for free comprehensive cat&log on Varian Microwave tubes 
produced by the world’s largest manufacturer of Klystrons.

The VA-225A and B are the newest additions to 
this group of efficient Klystrons. Each provides 
a 1OOO megacycle tuning range within the 7.0 
kMc to 8.5 kMc range. The electrical specifi
cations are similar to those of the VA-22O.

KLYSTRONS. TRAVfllNG WAVE TUBES. BACKWARD WAVE OSCILLATORS. HIGH VACUUM PUMPS, LINEAR ACCELERATORS. MICROWAVE SYSTEM COMPONENTS 
R f SPECTROMETERS. MAGNETS. MAGNETOMETERS. STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS. RESEARCH ANO DEVELOPMENT StRVICES
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they add, is that testing costs money and lots of 
it. And the only way they can cover these costs 
is by boosting the price of components.

The well known VA-220 Klystron series, long 
the accepted standard of the relay industry, 
is now guaranteed for 5OOO hours.
The VA222 series has all the desirable quali
ties of the VA-22O series but it is conduction 
cooled making possible added economies in 
equipment design...no cooling blower required.
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Conference Summed Up

Nothing world-shaking or dramatic happened 
at this conference,’ one person summed up. He 
preferred to remain anonymous. “Not too much 
usually happens in a one year interval,” he added. 
‘But that is not to say that these conferences 
don’t play a useful role. About half the people 
here were never to a reliability conference be
fore. It is here they get to know what’s been 
going on and where the state of the art is now.”

Close to 1200 persons attended the convention 
at which 40 technical papers were presented. 
Interest in reliability was shown by the high 
attendance at the tutorial session. Representa
tives of the United Kingdom, Iran, Poland, 
Canada, Sweden and the U.S.S.R. were at the 
convention.

The 1958’IRE Professional Group on Reliabil
ity and Quality Control award went to Dr. W. H. 
Pickering, Professor of Electrical Engineering 
at the California Institute of Technology.

Mr. Ralph Brewer of England was the recipient 
of the1 National Reliability Award given for the 
best technical paper presented at last year’s 
symposium in Washington, D. C. He is the first 
person outside the U.S. to receive this award.

Proceedings of this conference or any of the 
four prior ones on Reliability and Quality Con
trol in Electronics may be obtained at $5.00 each 
postpaid from the Editorial Department of the 
Institute of Radio Engineers, 1 East 79th St., 
New York 21, N.Y. ■ ■

terest in knowing the top temperature our Teflon 
could stand.

In an interview with Electronic Design, 
Messrs. A. W. Papirouski and V. Skripkin, both 
electronic engineers, said through an inter
preter that it was difficult for them to compare 
the state of the art as related to the reliability 
of electronic equipment. We have been here

Russians Interviewed

Julian K. Sprague, President of Sprague Elec
tric Co., spoke with the delegates from the 
U.S.S.R. When asked what his estimation of 
their capabilities in electronics were as compared 
to ours, he said: “My impression is that in some 
respects they seem to be ahead of us, and in

of them.” Asked for 
Mr. Sprague would 

had expressed an in-

VA 220

VA 225

RELAY TUBES

WITH FREQUENCY RANGES COVERING THE

GOVERNMENT BANDSCOMMON CARRIER, STL, AND



Printed Circuit Armature
Now in DC Motor

on HOLT Precision
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The 
age

ideal oscillator for A.C.volt
measurements

MODEL AO Audio Oscillator 
20 cycles to 20 KC
1 volt RMS Output with short 
term stability of 0.05% 
frequency stability 1% 
Distortion 0.1%

Fig. 1. Because of low mass, the printed circuit armature has a lower moment of inertia 
than conventional armatures.

Low mass of the printed circuit arma
ture is another advantage. Low mass 
means low armature inertia. Small motors 
may be designed to make 50 complete 
starts and stops per sec.

INSTRUMENT 
LABORATORIES

OCONTO • WISCONSIN

MODEL AVS 321
Precision AC Power Supply 
1 volt to 1000 volts AC 
35 cycles to 10 KC 
Digital set voltage to

Fixed voltage 
fixed voltages 
and 300 volts 
cies 35 cycles

MODEL AVS 320
regulator. Four 
between 1 volt 
at all frequen
to 20 KC. Will

make any power amplifier. A 
precision voltage supply.

A.C. VOLTAGE
INSTRUMENTATION

MODEL AVA 500 Power Amplifier 
500 Watts 2% Distortion 
Output 115 - 230 volts 
300 cycles to 2 KC

MODEL Power Amplifier 
30 Watts 0.1% Distortion 
Output 1 to 300 volts AC 
35 cycles to 20 KC

Complete details and specifications
AC Voltage Instrumentation are yours upon request . . . 
Write Today.

See These Instruments in Booth 3610-3612 at the IRE show

H

LAB

PRINTED CIRCUIT techniques are 
now being applied to the manufacture 

of armatures for de motors. Motors with 
these armatures are low in cost and have 
many advantages that make them at
tractive for use in the instrument, servo 
and control field.

Originally developed in France, the 
printed circuit armature was refined in 
the U.S. In the original armature, for in
stance, the wires on the board were con
nected by band soldering methods. But 
now they are joined with plated-through 
holes. Photocircuits Corp., Glen Cove, 
Long Island, N. Y., is the exclusive sup
plier of these printed circuit armatures 
and is geared up to manufacture the 
motors. A comparison of a printed circuit 
armature with a conventional armature 
is shown in Fig. 1., and a disassembled 
view of the motor s given in Fig. 2.

Low Cost
Unlike conventional cylindrical arma

tures, the printed circuit armature is in
expensive to produce because automa
tion can be used throughout its 
construction. In addition, the motor por
tion is easy to machine and assemble.

No Armature Reaction

Since the armature laminate contains 
no iron core, the armature is free from 
armature reaction. Absence of iron also 
reduces winding inductance and results 
in commutation that is without sparking. 
Smooth torque output is another benefit.

Like printed circuit boards, the arma
ture is well suited to high-temperature 
operation. Lack of conductor insulation 
permits heat to be dissipated easily. 
Current densities up to 30 or 40 amp per 
sq mm arc permissible. This is approxi
mately 10 times the usual figure. In 
intermittent usage the current density 
may reach 1(M) amp per sq mm.

Internal Damping Possible

For special applications these motors 
may be furnished with an internal damp
ing tonpie that is proportional to speed. 
This is accomplished by replacing the 
insulating core of the armature winding

CIRCLE 55 ON READER-SERVICE CARD
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MODEL 404 
LINEAR DETECTOR

Fig. 2. The armature is mounted in a planary air gap 
motor and the radial portion of each conductor lies 
within the flux field.

with a conductive one. Eddy currents 
in the conductive core provide the neces
sary damping action.

Proved in every type of serv
ice, these quality instruments 
are used by experts for FCC 
"proof-of-perforrnance” tests 
and supplied as original equip
ment with many broadcast 
station installations.
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Starting Time

I'inie required for this machine to 
reach full speed is extremely low. Theo
retical time is approximately 2 msec and 
the practical time, due to the time con-

One Disadvantage

Although the printed circuit motor lias 
many advantages it does have one dis
advantage. The air gap between the 
armature and the pole pieces is larger 
than it is in conventional motors. This 
requires the pole pieces to produce 
higher fluxes. With the advent of 
stronger and stronger magnetic mate
rials, however, the size of the airgap will 
not continue to be a drawback.

I he armature is mounted in a planary 
air gap machine and the straight radial 
portion of each conductor lies within the 
flux field. The curved portions of the con
ductors (near the outer edge and center) 
an* connected to corresponding curved 
sections on the opposite face. All the 
conductors are connected in the circuit 
equivalent of a multi-polar wave wind
ing. Many types of windings, however.

Low resistance silver-graphite brushes 
ride directly on the bare surface of the 
armature conductors. There are usually 
100 or more such conductors, which is 
large compared with conventional ma
chines.

stant of the windings, is about 1 msec. If 
60 cps ac is applied the motor w ill have 
time, within one cycle, to start in one 
direction, stop, reverse, start in the other 
direction, and stop. It can reach full 
normal speed in each direction.

Due to smooth torque and absence ol 
any preferred armature position, a servo 
motor of this type has excellent angular 
definition and can be used for accurate 
servo systems.

Shaft output power of printed circuit 
motors may be designed to range from a 
few watts to several kilowatts. And be
cause of low internal impedance, the 
motors are suited for operation with 
power transistors.

• RF detection and audio 
bridging circuits.

• 40 db pad adjusts in 10 db 
steps

• 400 kc to 30 me range with 
20-30 volt RF carrier

• Flat frequency response 
from 20 to 50.000 cycles.

• Approx. 1 db insertion loss
• Impedance as bridging 

transformer approx. 6,000 
ohms: with single-ended 
input approx lOOOOohms

Design Relationships

Torque available from machines at 
constant speed increases rapidly with 
armature size. In theory the permissible 
input power varies approximately' as the 
4.5 power of the armature diameter. This 
provides an economic advantage since, 
for most windings, the cost of the arma
ture parts varies approximately linearly 
with armature surface area.

Armature inertia varies approximately 
as the fifth power of the diameter. And 
the ratio of torque to inertia decreases 
approximately linearly. Machines rated at 
several kilowatts output, therefore, show 
a mechanical response that is many times 
faster than conventional motors.

For more information, turn t< 
Reader-Service card and circle 104.
At IRE Show, Booth 2201-2203

MODEL 200 AUDIO OSCILLATOR MODEL 400 DISTORTION METER

• Frequency Range 30 to 30,000 cycles
• Frequency Response Better than
i 1 db 30 to 15.000 cycles with 500 
ohm load

• Stability Better than 1%
• Calibration • 3.0% of scale reading.
• Voltage Output 10 volts into 500 ohm 

load.
• Distortion Less than .2% at 5 volts 

output-

• Frequency Range Fundamentals from 
30 to 15.000 cycles Measures Har
monics to 45.000 cycles.

• Sensitivity 3 volts minimum input 
required for noise and distortion 
measurements.
Calibration. Distortion measurements 
± .5 db. Voltage measurements: 
± 5% of full scale at 1000 cycles. 
Residual Distortion: .05%—30—15.000 
cycles.
Residual Noise: .025% or less.
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MODEL 300 FREQUENCY METER MODEL 600 DIP METER

Frequency Range. 0 to 30,000 cycles 
in 6 ranges
Sensitivity: 0.25 volts minimum input. 
Wave Form Operates on any wave 
form with peak ratios of less than 
8 to 1.
Calibration When referenced against 
60 cycle line frequency, all other 
frequencies will fall within 5%.

• Covers 1 75 to 260 me in 5 bands.
• Monitoring jack & B+ OFF switch.
• Shaped for use in hard-to-get-at 

places.
» Sturdy color coded plug-in coils.
• Adjustable. 500 microamp meter

Canal Street & Beaver Dam Road, Bristol, Penna.
Specialists in Designing and building equipment to operating specifications

SAW also design and manufacture flhar» for: ANTENNAS* RADIO INTERFERENCE* RADIO RANGE* UHF and VHF 
at well as many special types designed to performance specifications. Available to commercial or military standards.
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teristics.
Let us first consider methods of miniaturiza-

»
Ì Í

This is one of a series of papers presented at the
Symposium on Microminiaturization of Electronic
Assemblies sponsored by Diamond Ordnance Fuze
Laboratories late last year. Because symposium at-
tendance was limited to government personnel
only, ELECTRONIC DESIGN is publishing these papers
as a special service to our readers. In addition, all
of the symposium papers will be published in
their entirety in bound form available only from

these Proceedings, turn to Reader-Service Card and

Fig. 1. Standard monopole (left) and 0.072 wavelength
test monopole

ELECTRONIC DESIGN March 4, 1959

Antenna Miniaturization
John A. Seeger, Robert L. Hamson, A. W. Walters

Naval Ordnance Laboratory
Corona, Calif.

It is possible to considerably reduce the resonant length of linear antennas without
seriously degrading their electrical characteristics. In this article, the authors discuss
various loading methods and results obtained.

NE OF the more important problems con
fronting the designer of antennas for mili

tary applications is that of finding sufficient space*
for efficient radiating and receiving systems. The 
problem is particularly acute aboard ship, in air
craft and missiles. One phase in the solution of 
this problem is the investigation of methods of 
reducing the physical size of an antenna system.
without seriously degrading the electrical charac-

a series of inductively-loaded monopoles.
Fig. 3. Relative power dissipated in loading coil vs an
tenna height for a series of inductively-loaded mono-

Fig. 2. Resistance at resonance vs antenna height for 

tion of the dipole (or monopole) type of antenna.
The classical methods of reducing the length of 
linear antennas has been either inductive or ca
pacitive loading. Capacitive loading is accom
plished by placing a conducting surface at the 
extremity of the radiating element. When a large 
degree of loading is desired, the resulting config
uration is generally so ungainly that its use is lim
ited to a few special applications. Inductively 
loaded antennas are, in general, more compact.
since loading is accomplished by placing a coil in
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lished by Raymond and Webb.2 It can be seen 
that for heights less than 0.16 X, the loaded an
tenna, besides being resonant, has more than 
twice the resistance of its unloaded counterpart.

Sufficient turna to 
resonate individu
ally at 170

V777777777T7777?77777777777777777777>777

STANDARD

Fig. 5. (above) Capacitively-loaded, folded monopole.

STANDARD AND TWO FERROMAGNETICALLY- LOADED MONOPOLES

FIGURE

Fig. 7. Standard (left) and two types of ferromag 
netically-loaded monopoles.

Fig. 8. Resistance and 
reactance vs frequency 
for two ferromagnetic
ally-loaded monopoles 
and unloaded standard 
monopole.

series with the radiating elements. Inductive 
loading of the monopole was investigated experi
mentally.1 Several test monopoles between 0.065 X 
and 0.171 X were loaded to resonate at 100 ±1 me.

An unloaded monopole, 0.228 X high was used 
as a standard of comparison. It is shown in Fig. 1 
with one 0.072 X in length. Measurements show’ 
that as the antenna is successively shortened, the 
radiation and bandwidth are reduced. In Fig. 2, 
Curve A shows the radiation resistance of the an
tenna as a function of the antenna height in 
wavelengths. Also shown is the resistance of 
shortened unloaded antennas and, for compari
son, the radiation resistance of similar capaci
tively loaded monopoles plotted from data pub

Inductive Loading

There will be power dissipated in the windings 
of the inductor. This power loss, along with the 
decrease of bandwidth and resonant radiation 
resistance, limits the extent to which inductive 
loading can be employed in shortening the an
tenna. The position of the coil effects to some 
degree power dissipation and radiation resist
ance. It was found that coil losses were minimum 
when the distance from the top of the antenna to

Fig. 4. (left) Inductively-loaded, single folded mono 
pole.

the lowest terminal of the inductor is about one- 
third the total height of the antenna. The amount 
of power dissipated in the loading coils of the 
shortened antennas was determined by compari
son of their power radiated with that of the un
loaded standard. Results are shown in Fig. 3. The 
0.065 X loaded antenna radiates about 80 per 
cent of the power fed it, which is satisfactory for 
most practical applications.

Impedance and bandwidth of an antenna may 
be increased by folding. Fig. 4 shows a diagram 
of an inductively loaded, folded monopole.3 By 
varying the ratio of Df/Dd, the diameter of the 
folded element to the driven element, a range of 
radiation resistances is available. For example,
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Fig. 12. Impedance as a function of

Ferromagnetic materials may be similarly used. 
Experimental monopoles, (Fig. 7) were used to 
test ferromagnetic loading.1 Models 1 and 2 were 
loaded with a cylinder of ferromagnetic material 
around the metal radiator. Model 2 also had fer-

the resonant resistance of an antenna 0.072 k 
long, which was tested, had a range of resonant 
radiation resistance of from 20 to se\ oral hundred 
ohms.

romagnetic blocks stacked around the base which 
provided additional loading. Effects of loading 
are shown in Fig. 8. Resonant frequency is low
ered by 10 per cent and 20 per cent in the two 
models and radiation resistance is slightly low
ered. Ferromagnetic loading has been found to 
be particularly effective when used with loop an
tennas.

The capacitively loaded monopole, Fig. 5, al
though requiring more space, has advantages of 
no coil loss and better bandwidth. E. W. Seeley 
has reported that it is possible to build efficient 
antennas of this type w ith a length of only 0.03 X 
with a resonant resistance of 50 ohms and half

Slot Antenna
The slot antenna has application in flush 

mounted systems of missiles and aircraft. Here 
reduction in size is very important. The reduction 
of slot antenna systems can be approached in 
two ways: (1) shortening the slot length by load
ing, and (2) reduction of the cross-section or vol
ume of the transmission line or cavity associated 
with the slot.

The simple slot is operated at resonance where 
it is physically one-half wavelength. Methods of

tion aboard ship and at air stations where large 
vertical structures are prohibitive. For example, 
the main mast of a destroyer could be used as 
part of such a system, producing an antenna sys
tem resonating at about 1 me.

In addition to inductive or capacitive loading, 
it is also possible to decrease the resonant length 
of an antenna by surrounding it with a dielectric 
sheath.2 This, too, will reduce the radiation re
sistance by an amount proportional to the degree 
of loading. There will also be power losses due 
to the dielectric.

of the capacitively loaded monopole at low fre
quencies is the guy wire-loaded, folded mono- 
pole (Fig. 6). The antenna shown has a radiation 
resistance of 47 ohms at 11 me, although its

Fig. 9. Dumbbell slot parameters

Fig. 11. Resonant resistance vs folded slot 
width.

Fig. 10. Changing characteristics of standard slot an
tenna (a) is accomplished by deforming the shape (b) 
or folding (c).
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reducing the length of the slot antenna and mak
ing compensating changes in the electrical char
acteristics are suggested by considering methods 
which have been used with linear antennas.

One method used to load the slot is to deform 
the slot to a dumbell shape shown in Fig. 9. The 
length L for a particular frequency is shortened 
as the diameter of the end circles (a) is increased 
and the gap distance (b) is decreased. A dielec
tric cover used in practical applications also loads 
the slot and shortens its electrical length. The 
amount of shortening depends on the dielectric 
constant and the thickness of the cover. Similarly 
ferrites may be used to load and shorten the 
length of the slot. Loading of a slot antenna will 
in general increase the impedance.

Folding may be accomplished by cutting a slot 
parallel to the driven slot and connecting them 
at the ends. Folding will in general decrease the 
radiation resistance and can be used for match
ing purposes. Experimental investigations have 
been made at Naval Ordnance Laboratory to de
termine the possibilities of loading and folding 
methods applied to slot antennas.'

A slot was cut in a sheet of copper-clad. Teflon- 
impregnated fiberglass, Fig. 10(a). This was 
mounted in a copper ground plane and fed at 
the center with a 50 ohm transmission line. Im
pedance measurements were made to determine 
resonant frequency and radiation resistance. The 
90 per cent and 50 per cent power bandwidths 
were found by means of a Smith Chart. Due to 
the loading of the dielectric, the simple slot was 
resonant at 0.4 wavelength. At 50 per cent and 
90 per cent power, bandwidths were 32 per cent 
and 12 per cent respectively.

Then the slot was deformed to the dumbell 
shape keeping the physical length the same, Fig. 
10(b). Resonant length was reduced to about 0.24 
wavelength which is a reduction of over 50 per 
cent from the 1/2 wavelength of an unloaded 
slot. However, the 90 per cent power bandwidth 
was reduced to 5 per cent and the radiation re
sistance increased to 2000 ohms, too high for 
good matching.

Next, folding was tried, Fig. 10(c). For a folding 
slot of the same width as the driven slot, the 50 
per cent and 90 per cent power bandwidths were 
increased to 60 per cent and 14 per cent, i.e.. 
greater than the simple slot. Resonant resistance 
was 300 ohms and 30 ohms at first and second 
resonances. Variation of the Wf/Wd ratio, the 
folded slot width to the driven slot width, gives 
range of values for the radiation resistance as 
shown in Fig. 11. Efficient matching is therefore 
possible.

Varying Wf/Wd ratio has relatively little ef
fect on the bandwidth or resonant length of the 
slot. Loading and folding does now seem to have 
too great an effect on the radiation pattern. A
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Another Tinnerman Original...

Cost-cutting Tubular SPEED CLIP® 
takes positive’’bite" to hold assemblies tight!
In seconds, you can front-mount trim, name plates, 
grilles, knobs, insulation, with Tubular Speed 
Clips. And at interesting savings in assembly time 
and costs!

Snap these quality spring-steel fasteners into 
holes in metal, plastic or wood. Then press the 
mounting studs, nails or rivets into the clips to 
complete the attachments... anywhere along your 
assembly line.

As the Speed Clip is inserted, spring fingers 
compress, then expand behind the panel to lock 
tight. The rolled-in end permits easy entrance, but 
bites hard into the stud to prevent back-off or 
vibration-loosening.

Tubular Speed Clips are available for a full 
range of stud sizes and panel thicknesses. Perma
nent lock or removable types.

Check your Sweet’s Product Design File (Sec
tion 8/Ti) for data on Tubular Speed Clips and 

CANADA: Oimimm Fisttam LU.Namiltw. Butan« GREAT BRITAIN Simmonds AeretenoriK IM.TrtNmt Wales. FRANCE Simmals S 1,3 nie Salemei de Rothschild Suresnes (Seme) GERMANY Mtcano Bundy GmbH Neidelberf
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other Speed Nut brand fasteners. Then call your 
Tinnerman representative for samples and addi
tional information. If he isn’t listed under 
“Fasteners” in your Yellow Pages, write to:
TINNERMAN PRODUCT!», INC.
Dept. 12 • P. O. Box 6688 • Cleveland 1, Ohio

TINNERMAN
Sigici AAat

FASTEST THING IN FASTENINGS'®



PRECISION TWIN 
EXTENSION SPRING

Available in practically 
all sizes and capacities

1 

^HAilLLON , 

ISO-ELASTIC* \ 
makes this 
THE WORLD'S 
MOST ACCURATE 
SPRING

E X o

Manufacturers of Scales, 

Force Measuring Instruments 

and Precision Springs Since 1835

This type of Chatillon Iso-Elastic Twin 
Extension Spring is used by every leading 
manufacturer of computing scales 
in the world. Reason:—because it is 
accurate to 1 part in 2,000 I

This extreme accuracy has induced 
companies like General Electric, Bendix, 
Pitney-Bowes, Sperry and many others 
who make precision instruments, to 
incorporate Chatillon Iso-Elastic 
springs into their designs.

The hysteresis error of this remarkable 
spring is less than .05% of deflection. 
Drift does not exceed .02% of 
deflection in 5 minutes. Combine these 
characteristics with temperature 
compensation and you have what is truly 
a precision spring in every sense of 
the word. Chatillon makes Spiral, Torsion, 
Compression and Form Springs of 
Iso-Elastic material, as well as 
springs of all conventional alloys.

We can help make your product better. 
Let Chatillon’s Spring Division assist you. 
Write for engineering bulletins today.

*

Chatillon's exclusive temperature- 
compensated spring material.
U.S.A. Pat. No. 2174171.

JOHN ÇHAÎILLON Ô5ON5
85 CLIFF STREET 
NEW YORK 38, N.Y.

Fig. 13. (above) TEM slots in 
a 70 ohm rectangular coaxial 
transmission line.

Slol Tilt Anglr

Fig. 14. (right) Longitudinal * 
shunt slots in x-band ridge ; 
waveguide. Height 0.362 in., 7 
width ± 0.405 in. u

0. *7Q

0 0.02* 0.0*0 0.07* 0.100 0.12*
IXI - Slot Offset in Inches

check was made on the polarization. The maxi
mum E field was perpendicular to the loaded 
folded slot, with the cross polarization down 
30 db.

Being somewhat comparable to an elongated 
loop, the slot antenna would seem to offer good 
possibilities for ferrite loading. Experimental in
vestigation was carried out at NOLC using fer
rites to load slots. Commercially available IRN-8 
and IRN-9 ferrites were used. Strips were cut to

ELECTRONIC DESIGN • March 4, 1959
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be inserted in the slot. The slot was center fed 
and impedance plotted by the standing wave 
method, (Fig. 12). Loading reduced the resonant 
length of the slot by 39 per cent and 43 per cent 
lor the ferrites used. Bandwidth was reduced 
from 9.4 per cent to 3.9 per cent and 3.3 per cent.

Announcing Epsco's NEW

DVO ADVANCE IN
Decrease Cavity Size

As stated before, a slot antenna system may be 
reduced in size by decreasing the volume or 
cross-section of the associated cavity or trans
mission line used in practical applications. The 
cavity does not need to be resonant at the same 
frequency as the slot, so this dot's not restrict the 
size of the cavity. However, the cavity presents 
a parallel reactance to that of the slot, the value 
of which depends on the* cavity dimensions. 
Therefore, a reduction in cavity size could effect 
the resonant length of the slot. It has been re
ported that this effect is negligible if the cavity 
is about 1 4 Z deep. If cavity depth is reduced to 
less than this the slot will be loaded so as to in
crease its resonant length.

Two ways which have proved satisfactory in 
miniaturization of the transmission line section 
are: use of TEM line and use of ridge wave
guide. A series inclined slot can be used in TEM 
guide and the associated volume reduction as 
compared with the standard TE„rmode guide is 
as much as 100. Fig. 13 shows a dumbell slot 
cut in a TEM guide and the resonant radiation 
resistance as a function of the slot tilt angle. Vol
ume reduction is about 20.

Fig. 14 shows a ridge section using X-band 
wave guide at C-band with the resonant length 
plotted as a function of the slot offset. Maximum 
reduction in volume of the cavity has been 10 
lor this configuration.

More detailed information on the processes 
described in this article will be found in the com
plete paper to be published in our Proceedings 
of the Symposium on Microminiaturization of 
Electronic Assemblies. For further information 
on the Proceedings, turn to Reader Service Card 
and circle 1(H).

DIGITAL 
VOLT-OHM 
METERS

WSH.MT TUH

'/j ACTUAL SIZE

*
DIGITAL 

»OLTOMMMFTf „

FULLY TRANSISTORIZED
No Stepping Switches • No Relays

• VERSATILE accurately measures both re
sistances and AC-DC voltages and counts external events, 
too! Directly drives printers, punches and memory storage 
units and can be directly used as a bi-directional tele
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A microminiaturization feature

Many factors enter into the manufacture 
of very small capacitors. Working with ex
tremely thin films of high dielectric con
stant requires special care. This article 
discloses results of tests on experimental 
capacitor and suggests methods of manu
facture.

MICROMINIATURE electronic circuit pack
ages require physically small capacitors 

having capacitance values in the range of their 
larger counterparts. Capacitance may be in
creased by reducing the thickness ol the unit and 
bv employing as the dielectric a material of cx- 
tremek high dielectric constant.

Barium Titanate (BaTiOJ is a ferroelectric ma
terial1 having an extremely high dielectric con
stant, about IO3 at 25 C. The dielectric constant 
is, unfortunately, temperature dependent, ex
hibiting at the Curie point (120 C) more than a 
tenfold increase over its value at 25 C. Various 
additives, such as strontium titanate, can be used 
to lower the Curie temperature to as low as 
— 200 C- and thus relegate the strong tempera
ture dependence to a position outside the range 
of normal operating temperatures. Rare earth 
oxides also have a marked effect on the dielectric 
properties.3 barium titanate has a dielectric loss 
of 2 to 3 per cent which is slightly higher than 
that of most other materials in use although losses 
can be diminished by special firing techniques.4

When heated at high temperatures in a reduc
ing atmosphere, the Ti4, ion in the BaTiO3 is re
duced to Ti3* by removal of an oxygen atom. This 
reduced titanate has a very high dielectric con
stant and is a semiconductor due to the loosely 
bound electrons resulting from the lattice de
fects.5 That is, the Ti3‘ ion can be thought of as a 
Ti4* ion plus an electron. Under the influence of 
an electric field, this electron can move along the 
lattice from one reduced ion to an adjacent unre
duced site resulting in the latter becoming a re
duced site. The reduced material, even though it

•Graduate School, University of Chicago.
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Layerized High-Dielectric-Constant
Capacitors

Laurel H. Maxwell, David M. Freifelder* and Philip J. Franklin

Diamond Ordnance Fuze Laboratories 
Washington 25, D. C.

has a high dielectric constant, is useless as a di
electric because it is very conductive.

However, if the reduced material is fired briefly 
in air, a very thin film of unreduced titanate 
should be formed on its surfaces since the miss
ing oxygen atoms responsible for the lattice de
fects would be replaced in the structure. The 
body of the unit would still be a conductor and 
would consequently act like a small scries resist
ance. Two electrodes placed on the surface films 
would complete the capacitor. The entire unit 
would be relatively thick compared to the thick
ness of the actual capacitive layer. A model of 
such a unit is shown in Fig. 1. R, represents the 
series resistance due to the resistivity of the inner 
semiconductor and R,, represents the parallel re
sistance due to resistivity ol reoxidized films.

Losses of the layerized capacitors arc of three 
types: (1) intrinsic or polarization loss which is

SILVER

INSULATING FILMS

Fig. 1. (Above) Physical and electrical models of 
layerized high-dielectric-constant capacitors.

Fig. 2. (Right) Resistance vs. applied de voltage for 
type BA capacitors.

due to the nature of the dipolar structure of the 
film and is independent of the film thickness, (2) 
parallel loss which is due to the leakage resist
ance of the film and increases with decreasing 
thickness of the film, and (3) series loss which re
sults from the resistivity of the inner semicon
ductor and from the resistance of the electrodes 
themselves.

Dielectric constant, k, is normally calculated 
for a parallel plate capacitor using the formula 
k = tC/0.225 A, where t is the thickness in 
inches, C is the capacitance in micromicrofarads, 
and /I is the area in square* inches. For true* di
electric constant, the actual thickness of the in
sulating layer is used for t. When the site of ca
pacitive action and the associated thickness are 
not known exactly, an effective dielectric constant 
is often obtained by using the total thickness of 
the unit for t. Effective dielectric constant is not

to3

APPLIED VOLTAGE, VOLTS
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heated it from above, \fter fifteen minutes, the
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ml 
ml

Butyl CJellosolvc 
Toluene 
Resin solution 
\ portion of the

Table 1—Composition of Formulations

Formulation Compound Percent

BA BaTiO.i 81
SrTiO3 10
CaZrO.j 7
MgZrO:( 2

BB BA 99.5
Ce02 0.5

BC BA 99.8
Sm203 0.2

BD BA 99.5
Nd203 0.5

BE BA 99.5
La203 0.5

used in the work described here.

Experimental Techniques and Data

Formulating of specimens. Thin-film specimens 
were prepared by a doctor-blade technique: 
Ceramic powders were combined to make a mix
ture having a total weight of fifty' grams and 
then were mixed xvith the materials listed below 
and ground overnight in a ball mill.

onto a plate having edges raised 0.024 inch above 
the flat surface. A doctor blade was drawn along 
the raised edges of the plate forming a wet film of 
the desired thickness. Hot water passing through 
copper tubing attached to the bottom of the plate 
heated it from below while an infra-red lamp

capacitors'01; silver paint
layerized re
electrodes.

Varying firing 
unit area and 
duced titanate

time at 700 C vs the capacitance per 
the dissipation factor of

Table 2—Effect of Firing Time

Time, 
min.

Capacitance/area, 
|.ifd/in? 
(Avg)

Loss

(Avg)

1.5 2.1 21.1
2 1.9 20.0
4 1.01 14.6
8 0.86 24.1

(a) Formulation BA, film specimens, 0.1-inch squares. 
All samples reduced in dry hydrogen for 10 minutes 
at 1200 C.

lamp was removed and cold water was run 
through the copper tubing. When the film 
reached room temperature it was removed by 
passing a thin blade between it and the plate. 
This dried film was a flexible sheet 0.012 inch in 
thickness and was cut into 7/16-inch squares. 
Squares of larger size were impractical due to 
cracking during sintering, a result of nonuniform 
shrinkage.

The various ceramic powder mixtures that 
were prepared are listed in Tabic 1.
Firing procedure. The 7 16-inch squares were 
fired three times; first to sinter, second to reduce, 
and third to apply electrodes and reoxidize the 
surfaces of the bodies. Gold or silver electrodes 
were used on samples. Gold electrodes were vac
uum deposited in place without resorting to glow
discharge cleaning. Silver electrodes were ap
plied either by brushing or by screening a thin 
layer of silver paint onto the ceramic. After ap-

Fig. 4. Per cent change of capacitance of all types 
vs temperature. Per cent change is calculated from 
a reference point of 25 C. (Above)

Fig. 3. Capacitance and loss vs de voltage for 
type BD capacitors. (Left)

time at 800 C vs the capacitance per
the dissipation factor of 
capacitors’01; silver paint

layerized re
electrodes.

Varying firing 
unit area and 
duced titanate

Table 3—Effect of Firing Time

Time, 
Min.

Capacitance/area 
pfd/in? 
(Avg)

Loss

(Avg)

1.5 0.60 3.0
2 0.49 2.5
4 0.35 2.6
4.25 0.28 2.0
8 0.20 2.9

(a) Formulation BA, film specimens, 0.1-inch squares. 
All samples reduced in dry hydrogen for 10 minutes 
at 1200 C.

plying the silver paint to each side of the ceramic, 
it was dried for a few minutes at 100 C until it 
was not tacky and the units were then placed on 
20-mesh ZrO2 grains on a small steatite plate.

In order to determine optimum firing time, 
both at 700 and 800 C, in a furnace having an 
air atmosphere, sixteen reduced 7/16-inch 
squares were fired at various times from 1.5 to 8 
minutes. The results of electrical measurements 
on these specimens, after cutting to still smaller 
size arc given in Table 2 and Table 3.
Cutting to size. After application of electrodes, 
the 7/16-inch squares formed by the doctor bladi1 
technique were cut to 0.1-inch squares by a 
method analogous to that used to cut glass.
Measurements. A commercial capacitance bridge 
was used at 1 volt peak voltage and at 1 kc for 
determinations of capacitance and dissipation 
factor. The results of these measurements for each 
formulation can be found in Table 4. There was 
no de bias across the unit except when leakage 
resistance and capacitance as functions of de volt
age were measured. To measure leakage resist
ance, a de power supply was connected to the 
capacitor in series with an ultrasensitive micro
ammeter. The voltage across the unit was read 
on a vacuum tube voltmeter having an input re
sistance of 11 megohms and the resistance was 
calculated from Ohm’s law. A plot of leakage re
sistance versus de voltage for two specimens 
made from formulation BA is shown in Fig. 2.

The effect of variation of voltage on the resist
ance was determined by measuring the resistance 
first at 1 volt, then at a somewhat higher voltage, 
then again at 1 volt, and then at a voltage greater 
than the previous maximum. This procedure was 
continued to 9 volts, each time returning to 1 volt 
after the increase. The results of these measure
ments are given in Table 5 in the order in which 
they were determined. When capacitance and 
loss as a function of de voltage were measured, 
the power supply and a large inductor in series 
were placed across the unit. The purpose of the
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inductor was to prevent the bridge from being 
loaded by the bias supply. The results of these 
measurements on a unit of type RD (Table 1) 
can be found in Fig. 3.

The specimens were placed in an insulated box 
for measurement of the effects of temperature on 
the electrical parameters. The results of the tem
perature study (Fig. 4) indicate percentage 
change of capacitance as a function of tempera
ture for all formulations.

Resistance as a function of time at constant de 
voltage was measured with an automatic voltage 
recorder.

Capacitance as a function of time (aging) was 
determined simply by measuring the capacitance 
of a given unit at prescribed times up to 13(M) 
hours.

Capacitance and loss of several capacitors cut 
from the edges of the 7/16-inch squares are 
shown in the upper half of Table 6. After abrad
ing the edges of the capacitors, the same electri
cal properties are shown in the lower half of 
Table 6.

It was found that capacitors with a high ca- 
pacitance-to-volume ratio could be produced 
from ceramic formulations consisting predomi
nately of BaTiO3 by sintering, reducing, and re
oxidizing while firing on silver paint electrodes 
in air.

Gold electrodes applied by vacuum deposition 
did not produce capacitors but instead yielded 
low-value resistors. Neither gold nor silver reacts 
chemically with the ceramic. It is unlikely that 
the glass particles in the silver paint had any 
effect, since the paint normally produces low-re
sistance bonds, or that the organic binder in the 
paint had any effect because it would be com
pletely combusted. Therefore, the differences be
tween the capacitors bearing the two different 
types of electrodes must have resulted from the 
fact that the application of the silver electrodes 
required heating of the material. It was found 
that the reduced ceramic could be reoxidized 
throughout its volume by continuous heating in 
air for about 15 minutes at temperatures suitable 
for electrode firing.

It was concluded that the process of firing the 
electrodes resulted in formation of a thin film 

like the original unreduced ceramic, and having 
a high dielectric constant, and that it was this 
thin insulating film that became the capacitor di
electric. It is of interest that no previous theory 
has been found in the literature that explained 
the capacitive action of reduced titanate capaci
tors by means of such a reoxidized layer. W hen 
the units with gold electrodes applied by vacuum 
deposition were subsequently fired for 1.5 min
utes at 700 C, high capacitance and low loss re
sulted. as expected.

For the capacitor to have low series resistance, 
the inner layer of reduced titanate should have 
high conductivity. Since the conductivity is a re
sult of the reduction process, there should be an 
optimum reduction time and temperature. Over 
a broad range of reduction temperatures and 
times, there is no detectable difference in dielec
tric properties. Apparently the conductivity in
creases rapidly early in the reduction step so that 
further treatment produces no real improvement. 
It is important that the reduced units be cooled 
in the hydrogen atmosphere and not be permitted 
to come in contact with oxygen until near room 
temperature. If these precautions are not ob
served, uncontrolled reoxidation will occur.

Results were compiled for finished capacitors 
which were reduced in both wet and dry hydro
gen. The lower capacitance and higher loss of the 
wet-hydrogen-type compared with that of the 
dry-hydrogen-type suggests that the reoxidized 
layer of the former type is thicker and that the

Table 4—Effect of Additives

Type Additive Capacitance/area, 
pfd/in?

Loss
o/ Zo

BA None 0.48
0.59
0.50
0.54

4.1
2.4
2.5
2.3

BB Ce02 1.1
1.0
1.1
0.9

3.6
3.2
7.6
3.2

BC Sm208 0.82
0.76
0.87
1.1

2.7
2.9
2.8
3.0

BD Nd203 1.4
1.1
1.1
1.0

4.5
7.0
4.5

116

BE LajOs 1.1
1.2
1.0
1.0

4.2
4.1
4.1
7.3

Sintering conditions—1 hour, 1350 C.
Reducing conditions—10 minutes, 1200 C.
Reoxidation conditions—2 minutes, 800 C.

Effect of increasing voltage pretreatments on leakage 
resistance at one volt.

Table 5—Effect of Pretreatment

Type BA Type BC

Volts Resistance, 
megohms

Volts Resistance, 
megohms

1 10 1 10
3 3 3 3
1 6 1 9
48 0.06 5 1
1 1 1 8
5.8 0.06 6.2 0.7
1 1 1 1
7 0.03 7 0.6
1 0.03 1 5
8 0.01 8.2 0.5
1 0.03 1 4
9 0.01
1 0.2

Table 6—Effect of Abrasion

Condition of 
capacitor

Unit
No.

Capacitance/area 
pfd/in?

Loss 
%

Before abrasion 1 060 18.8
2 0.88 30.6
3 0.92 34.5

After abrasion 1 0.55 2.6
2 0.49 2.6
3 0.51 6.6

series loss is greater. The increase in parallel re
sistance due to the greater thickness is, however, 
overshadowed by the increase in series resistance 
and the net loss would increase.

Since the capacitance and also the loss due 
to leakage resistance are a function of the thick
ness of the film and, therefore, of the time during 
which the film is being formed, it was necessary 
to determine the optimum firing time. From 
Table 3 it can be seen that two minutes at 800 ( 
gives high capacitance without excessive loss. 
The magnitude of the loss of the poorer units is 
of no real consequence since these units would 
be rejected from the lot before a capacitor was 
chosen for a circuit. A high percentage of rejects 
is obtained with a firing time of 1-1/2 minutes 
with only a 20 per cent increase in capacitance 
above that obtained by firing for 2 minutes.

Therefore, on an economic basis, the two-min
ute firing time is more advantageous. Table 2 in
dicates that at 700 C the capacitance can be 
more than three times as great although this is at 
the expense of higher loss. It is clear that if a 
higher capacitance unit were desired, it could be 
made at the lower temperature although the ma
terial waste would be greater. The high loss for 
all rejects examined has been found to be due to 
decreased leakage resistance. Units having a loss 
of 25 per cent or greater invariably had a resist
ance of less than 100 kilohms at 1-1/2 volts; that 
of the normal units with lower loss was usually
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SWITCHING PULSE

1 OUTPUT

—M k lm m sec.

Breakdown Voltage 
@ 1 ma (volts)

Dynamic Resistance 
@ 10 ma (ohms)

Reverse Current 
@ BV -Vzv (xa)

Typ
8

Max
7.5

Max
20

SOUTH NORWALK. CONNECTICUT 
N. Y.. or Sperry Gyroscope offices in Brooklyn. 
New Orleans. Boston. Baltimore Philadelphia.

Visit our booth 1410-1416. Ì959 Radio 
Engineering Show. March 23-26.

I INPUT

'avalanche' mechanism in which one 
electron will cause many, many more 
electrons and holes to flow.

Designed for volume production, this 
new diode is available in limited num
bers for experimental use. Write for 
more information.

Junction Capacitance 

@ -3v (am()
Max 

3.0

Max
5.0

Typ 
1.8

Typ 

0.5

Maximum Power Dissipation 250 mw Maximum Operating Temperature 150 C

Reverse Current 
@ —3v (/«a)

Typ Max
0.005 0.10

on the order of several megohms.
It was found that when a silvered reduced 

sample was placed in a furnace at 700 C for a 
series of 15 sec exposures, little or no reoxidation 
occurred, as evidenced by no decrease in conduc
tivity’. From this, the conclusion arises that more 
than 15 sec is required for the unit to attain the 
reoxidation temperature. This time was increased 
by the addition of excess solvent to the silver 
paste.

Reoxidation conditions arc critical and may 
not remain constant from one batch to another. 
When difficulty is experienced, it is suggested 
that the optimum firing conditions be determined.

It was likely that each unit consisted of two 
capacitors, since both sides of the plate are re- 
oxidized in series with each other, and with the 
conductor between them. To verify this, one of 
the silver electrodes was ground away, removing 
as little of the surface as possible. The aim was 
to eliminate the insulating layer. \ gold electrode 
was then vacuum deposited onto this side. The 
capacitance was remeasured and was found to be 
nearly doubled, as would be expected if one of 
the two equal capacitors in scries were shorted.

The spread of values (Table 4) for supposedly 
identical units is still sufficiently’ great that a 
statement cannot be made to the effect that one 
additive produces a substantially greater increase 
than another. Hovuncr, a valid conclusion is that 
the capacitance can be increased considerably by 
addition of rare earth oxides to the original mix
ture.

It was of interest to determine whether the ca
pacitance of one of the 0.1-inch-square units was 
in any way dependent upon the part of 7 z16-inch 
square from which it came. It was found that 
edge pieces from the larger square were consid
erably more lossy that those in the body' of the 
square. It was found that often in the silvering 
operation some of the silver slipped around the 
edge and had shorted the units. However, there 
were many cases in which no silver on either side 
of the larger square reached the edge and the 
loss of these edge units was still excessive. In 
such cases the* high loss was usually accompanied 
by higher capacitance than normal. It was found 
that if the edge of the unit was abraded away, 
the loss and capacitance assumed the normal 
values. No explanation has as yet been given for 
this phenomenon. It is recommended that for pro
duction purposes the edge pieces be made very 
narrow and discarded.

Any usable capacitors must be relatively stable 
with time. Th»1 resistance of several units was 
observed at constant voltage for as long as 
eighteen hours. It was found that, up to two-volts 
bias, the leakage resistance never dropped below’ 
one megohm. For higher values, up to 4.5 volts,

SPECIFICATIONS

NEW “AVALANCHE” DIODE SWITCHES IN
LESS THAN 0.15 MILLIMICROSECOND

f astest switching device known to sci
ence is a new Sperry Semiconductor 
diode, developed in collaboration with 
the Umvac Division. Observations indi
cate this diode turns on a current pulse 
in less than 0.15 millimicrosecond. 
While calculations indicate even taster 
response is possible, measurement is 
limited by the rise time of present-day 
pulse generators.

Full significance of this Sperry 
achievement in the art of solid state 
switching is still to be explored. Imme
diate applications seen for the design 
engineer include advanced computers 
capable of processing data in three days 
that today takes a year . . . experimental 
UHF. TV and microwave circuitry . . .

navigation and guidance systems lor 
missiles and space vehicles. Prime fea
ture of this device is that its low dynamic 
resistance and capacitance do not limit 
its switching time.

The device, packaged as a subminia
ture glass diode, is designed to operate 
around the breakdown voltage oi an 
alloyed P-N junction utilizing the ava
lanche breakdown effect for switching. 
The P-N junction is formed by alloying 
a microscopically small (.0015" diam
eter) aluminum dot onto an N type sili
con wafer. This aluminum dot is biased 
negatively with respect to the silicon 
wafer near the breakdown voltage. A 
sudden increase or pulse on this negative 
voltage causes a current to flow by an

SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORAT ON
Address all inquiries: Marketing Department Great Neck
Chicago. Cleveland. Seattle San Francisco. Los Angele
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the leakage resistance often dropped to as low as 
200 kilohms.

The variation of capacitance with time with 
no applied voltage (aging) was found to be 2-3 
per cent per decade. This followed the typical 

exponential decreases with the most rapid de
crease occurring during the first few hours after 
the temperature of the unit was raised above the1 
Curie-point temperature.

More detailed information on the processes de
scribed in this article will be found in the com
plete paper to be published in our Proceedings 
of the Symposium on Microminiaturization of 
Electronic Assemblies. For further information 
on the Proceedings, turn to Reader Service Card 
and circle 100.
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Miniature Microwave Magnetrons
Arnold L. Winters

U. S. Army Signal Research and 
Development Laboratory 

Fort Monmouth, N.J.

Various types of miniature magnetrons 
have been developed under Signal Corps 
eontraets. In discussing the characteristics 
of some of these types, the author of this 
article also points out operating restric
tions and limitations in the use of these 
devices.

MINIATURE magnetrons, like standard-size 
magnetrons, can be divided into two types, 

the pulsed and the cw. At present, because most 
systems use the pulsed magnetron, many more 
tubes of this type have been developed.

TUNING U
ECMANlSM CATMODE ASSEMBLV

Fig. 1. General configuration of a pulsed miniature 
magnetron.

Pulsed Magnetrons

A tube of the type (Fig. 1) generally has a cy
lindrical geometry with no radial protrusions, 
thus making it ideally suitable for use with cylin
drical modules. The pulsed magnetrons to be de
scribed are the BL-211 and BL-212, manufac
tured by Bomac Laboratories, and the QK-362A 
and QK-530, manufactured by the Raytheon 
Manufacturing Co.

The BL-211 and BL-212 magnetrons are elec
trically and mechanically similar, both tubes 
having the same external configuration and the 
same size and weight. The essential difference 
between the two is one of fabrication technique. 
Closer controls during production of the BL-211 
and slightly different assembly procedures allow 
this tube to withstand more severe environmental 
conditions than the BL-212.

The QK-362 and QK-530 tubes are similar elec
trically, but differ mechanically. Besides being 

slightly larger and heavier than the QK-362, the 
QK-530 employs a more rugged tuner, which 
assures operation at a relatively constant fre- 
quency under extreme environmental conditions. 
Pulsed beacon magnetrons operate, in general, at 
a peak voltage of from 1.2 to 1.5 kv with pulse 
durations of 0.25 to 1.0 psec at repetition rates

Table 1. Significant Characteristics of Z5283 
Voltage-Tunable Magnetron

Tube Only

Frequency 200-3850 m

Peak Power Output 1 W (Min.)

Life 250 Hrs (Min.)

Weight 5 Lbs (Approx.
0.3 oz.*

Size

Length 5 In.
0.66 In*

Height 4 in.

Depth 3.50 In.

Diameter* 0.71 In.
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To perfect escape from supersonic aircraft, Coleman Engineer
ing Company, Inc., has created Hurricane Sam, an amaz
ingly real 6-ft., 180-lb. “man". Internally, a YARDNEY 
SILVERCEL" Battery—a power pack smaller than a human 
heart—runs strain gauges, accelerometers and a telemetering 
transmitter, that measure and transmit his almost-human 
reactions when ejected from a sled traveling at 1,500 m. p. h.

imaginative application, 
of standard YARDNEY

s of
i, 16

insi- 
tory 
arch

many new opportunities for 
There is a wide variety

Patent» granted and 
pending.

Copyright 1958
Yardney Electric Corp.

* Trade Mark

SILVERCEL® Batteries for such applications as remote
control work, communications equipment, portable power 
supplies, telemetering and instrumentation, as well as 
custom-built batteries for particular requirements.

In this dramatic application, where reduced 
size and weight, and increased power were 
prime factors, only YARDNEY SILVERCEL® 

Batteries could have been used. Up to 5 times smaller 
and 6 times lighter than any other battery of equal 
capacity, it offers the designer of electrical equipment

rica! 
mer.

on Utah's Hurricane Mesa. Throughout the high acceleration, 
supersonic travel, ejection and parachute fall to the valley 1 
floor 1500 feet below the mesa, Sam's YARDNEY 
SILVERCEL^ Battery heart must continue to power vital ( 
instruments to provide those necessary answers that will 
mean survival for human flyers under actual emergency 
conditions. I

M. 
lobe

ranging from 100 to 4000 pulses per second.
The BL-211 (Fig. 2) and the QK-530 (Fig. 3) 

tubes can be considered companion tubes, since 
they are both designed to operate in the same 
types of equipment and under conditions of ex
treme shock and vibration. The major differences 
between the two are their physical construction 
and frequency coverage.

One test used to evaluate the ability of these 
magnetrons to withstand extreme shocks was to 
place the tubes in a cylindrical package within 
an artillery shell, and fire the shell vertically. The 
tubes successfully withstood accelerations be
tween 12,000 and 13,000 g. They also survived 
centrifuge tests where the applied acceleration 
was in the order of 20,000 g, and have operated 
satisfactorily when subjected to vibrations at a 
30-g level from 50 to 2000 cycles per second. In 
addition, they also passed all tests simulating the 
environmental conditions to which they will be 
subjected when in actual use.

Like the BL-211 and the QK-530, the BL-212 
and the QK-362A can also be considered com
panion tubes with the same differences (physical 
construction and frequency coverage). These 
tubes have been found capable of performing 
satisfactorily when subjected to vibrations of 
from 55 to 2000 cps at a constant acceleration of 
12 g. When centrifuged, the tubes are capable of 
withstanding 100 g in a plane parallel to the axis 
of the tube.
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C\N Magnetrons

In general, cw magnetrons are not voltage tun
able; that is, the output frequency is essentially 
independent of the cathode to anode voltage. 
However, a unique tube, the Z5299 voltage-tun
able magnetron has been developed by the Gen
eral Electric Co. This tube utilizes an all-ceramic 
and metal sandwich, allowing operation in tem
peratures of 200 C without cooling. (It could 
probably withstand much higher temperatures.)

Ceramic sandwich construction provides a

Fig. 2. ßomac's BL-211 miniature beacon magnetron.
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... how to prevent heart failure at 1,500 m. p. h.

HURRICANE SAM’S 
IS A YARDNEY

Write for complete technical data today.

YARDNEY ELECTRIC CORP.
“Pioneers in Compact PoweP*

40-50 LEONARD STREET. NEW YORK 13. NEW YORK
Visit Us At The IRE Show—Booth #¿127

JYSTFM

MANUFACTURERS OF YARDNEY SILVERCEL^ YARDNEY SILCAD" AND YARDNEY ARCTIC* BATTERIES 
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Fig. 3. QK-530 miniature beacon magnetron made 
by Raytheon.

Want 
temperature

stable 
overcurrent 
protection? Fig. 4. Z5299 voltage-tunable magnetron and experi

mental 5283 package (General Electric Co.).

HEINEMANN CIRCUIT BREAKERS GIVE YOU CURRENT RATINGS 
AND TRIP POINTS INDIFFERENT TO AMBIENT HEAT AND COLD

Hydraulic-magnetic actuation is responsible for the 
Heinemann circuit breaker's exceptional temperature 
stability. This type of magnetic current sensing is 
completely independent of thermal effect. Result, 
the breaker will always trip predictably, according to 
specification . . . will always carry its full, rated 
nameplate current. De-rating — or any sort of tem
perature compensation — is absolutely unnecessary. 
The rating, is permanent. And because the circuit 
breaker does not have to be replaced, this rating be
comes a permanent part of the protected equipment

HEINEMANN ELECTRIC COMPANY O 156 PLUM ST., TRENTON 2, NJ.

. . . virtually a guarantee against mistakes or misuse.
Doesn't it seem reasonable that such thoroughly 

reliable, foolproof overcurrent protection might just 
be best for the equipment you make? This degree of 
protection permits you to reduce costs by engineering 
for normal operating conditions. Let the Heinemann 
circuit breaker worry about abnormal conditions.

Some further investigation on the subject could 
repay you handsomely. A good start: the Heinemann 
Circuit Breaker Engineering Guide, Bulletin 201. 
It contains much useful information. Send for a copy. 

very rugged tube. Unfortunately, the environ
mental capabilities of this tube* have not yet been 
thoroughly evaluated, although the standard 
tube vibration tests have been made with satis
factory results. The tube and an experimental 
package are shown in Fig. 4.

Unlike the pulsed magnetrons previously dis
cussed, the voltage-tunable magnetron does not 
contain the microwave circuit and magnet, but 
instead utilizes a microwave circuit which is ex
ternal to the vacuum envelope. The method of 
operation and the application determine the size 
of the microwave circuit. In some applications 
the total package size could probably be reduced 
to that of a baseball.

Significant characteristics of the Z5283 voltage- 
tunable package are given in Table 1. From this 
data it can be seen that the output frequency is a 
function of the applied cathode-to-anode voltage; 
in fact, the frequency actually approximates a 
linear function of the applied voltage. In appli
cations requiring a frequency-modulated micro-
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wave source, the voltage-tunable magnetron can 
be used to great advantage.

Operating Limitations

There are certain restrictions in the manner in 
which miniature microwave magnetrons may be 
used:
■ In order to avoid operating instabilities, the 
load to which a miniature pulsed magnetron is 
coupled should be as well matched as possible, 
and should not exceed a vswr of 1.5:1. There
fore, a load isolator should be used wherever pos
sible.
■ Because the shape of the voltage pulse applied 
to the minature pulsed magnetron is compara
tively critical, the rise time of this pulse should 
be very much the same as that required by large 
magnetrons (approximately 0.15 microsecond).
The top portion of the pulse should be as flat 
possible. While this requirement is also true 
larger magnetrons, it is even more critical 
miniature tubes since the cathodes, because

as 
of 
in 
of

CHECK THE OVERALL SIZE...

WHEN IT

■ Photos show side and rear views of a Stack- 
■ pole F Control with 2-pole switch. Dotted 
J lines indicate behind-panel space occupied 
2 by a conventional “miniature" control. J 
■ Notice how Stackpole's small switch size 
2 perfectly complements the miniature control 
■ ... saves precious chassis space where it's 
■ needed the most.

COMES TO

including switch, if needed. For practical space-saving ability, 
Stackpole miniature “F” Controls lead the way — only 0.637" 
in diameter behind the panel for the entire length of both 
control and switch.
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en 
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their small size, must operate near the tempera
ture limited emission region. However, a signifi
cant advantage of the miniature tubes is that the 
pulsed voltage can be applied instantly, which is 
impossible in standard magnetrons because of 
their higher operating voltages.
■ In standard magnetron types it is often pos
sible, in fact necessary, to reduce the heater volt
age during operation and rely upon the back 
bombardment to supply the power to heat the 
cathode. However, we cannot rely on the back 
heating in miniature tubes because of their small 
cathode and because of the variation in the repe
tition rates during operation.
■ Since the mass of the permanent magnet in 
these devices is relatively small, the magnetic 
field is easily reduced to the point where it is 
impossible to operate the tube. Therefore, it is es
sential that all magnetic materials be kept as far 
away as possible from the tube while it is being 
handled or operated.

MINIATURE r 
CONTROLS..?

FEEL and HEAR THE SWITCH ACTION
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Future Trends
With the advent of more efficient magnet and 

cathode materials and new ceramics, great 
strides will be made in the field of miniature mi
crowave magnetrons. Magnetrons of this type 
will probably be developed with higher frequen
cies, output power, and efficiency. Improved con
struction techniques now under study will also 
make possible a “super rugged” magnetron.

More detailed information on the processes de
scribed in this article will be found in the com
plete paper to be published in our Proceedings 
of the Symposium on Microminiaturization of 
Electronic Assemblies. For further information 
on the Proceedings, turn to Reader Service Card 
and circle 100.

Printed wiring, wire-wrap, or standard lug termi
nals as well as fold-tab or threaded bushing mount
ings are available on all Stackpole miniature “F” 
controls. Both SPST and DPST switches can be 
supplied.

for the tease-proof, positive “feel” and audible 
“click” only a true snap-action switch provides. “B”- 
Series switches used on “F” Controls have the same 
time-proven mechanism as larger Stackpole control 
switches. They’re U.L. Inspected for 1 amp. @ 125v 
ac-dc; 4 amps @ 25v de.

CHECK THE COMPLETEHESS OF BOTH 
CONTROL and SWITCH LIHES

miniature ”F”-serles
ARIABLE RESISTORS

Electronic Components Division

STACKPOLE CARBON COMPANY, St. Maryt, Pa.
In Canada: Canadian Stackpole Ltd., 550 Evans Ave., Etobicoke, Toronto 14, Ont.

FIXED A VARIABLE COMPOSITION RESISTORS SLIDE A SNAP SWITCHES
FIXED COMPOSITION CAPACITORS

IRON CORES CERAMIC MAGNETS
CERAMAG” FERROMAGNETIC CORES

HUNDREDS OF CARBON, GRAPHITE, AND METAL POWDER PRODUCTS.
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A microminiaturization feature.

Miniature Incandescent 
Indicator Lamps

Donald J. Belknap and 
Lloyd R. Crump

Diamond Ordnance Fuze Laboratories 
Washington 25, D. C.

Very small incandescent lamps have been developed to operate on limited currents 
available in miniaturized transistor circuits. In this article, the authors discuss operating 
characteristics and construction details.

Microminiaturization has brought a 
small indicator lamp which will operate on 

the limited currents available in many minia
turized circuits. This need has been emphasized 
by the recent techniques developed within 
DOFL for incorporating transistors along with 
printed circuit components on small ceramic 
wafers. Light indicators have not yet been avail
able which are compatible in size with these 
miniaturized circuits and which will operate on 
the power available.

Two small incandescent lamps (Fig. 1) have 
been developed to meet this need. The minia
ture type shown at the right of the 1/2 in. square 
ceramic wafer and the microminiature type 
shown at the left contain identical tungsten fila
ments and have essentially the same operating 
characteristics; the main differences are in the en
velope and in the methods used in sealing.

Operational Characteristics

These lamps have been designed to operate in 
the range of 1 to 1-1/2 v and to draw currents of 
the order of 25 to 30 ma. Fig. 2 shows a current 
versus voltage plot of a typical lamp and also 
gives the color temperature in the region in 
which the lamp would normally be operated. The 
light from the lamp operating at 1 v and 35 ma 
is sufficiently bright to be easily visible from any 
point in a normally lighted room. For other pur
poses, such as use of the lamp for a very small 
source of illumination, the filament can be op
erated at higher temperatures to give greatly 
increased light intensity.

Additional information concerning operation 

of this microminiature lamp as a light indicator 
is given in Fig. 3. The upper trace shows poten
tial as a function of time for a 25 cps, 1.5 v 
square-wave used to switch the lamp on and off. 
A photomultiplier tube was placed close to the 
lamp and the combination enclosed in a nearly 
light-tight container in order to exclude room 
light. A dual beam oscilloscope was used to per
mit direct comparison of the output of the photo
multiplier tube with the corresponding voltage 
across the lamp. The lamp brightness indicated 
by the photomultiplier tube is shown in the 
center trace of the figure.

The bottom trace shows the current simul-

Fig. 1. Two types of minia
ture indicator lamps compared 
with 1/2 in. square ceramic 
wafer (center) containing a 
printed circuit.

taneously flowing through the lamp.
It is evident from the center trace that the 

rise time of the light output is somewhat shorter 
than the decay time. The upper limit of fre
quency at which the light will go completely on 
and completely out is about 100 cps. As the fre
quency is raised to successively higher values 
the light output continues to be modulated, but 
the difference between minimum and maximum 
brightness becomes successively smaller. The 
peak current indicated in the bottom trace will 
not in general be as high as the value given by 
the ratio of steady-state lamp voltage to cold 
filament resistance. This is because any electrical
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I85O*C

I65O*C

1450’C

1250-C

VOLTAGE ACROSS LAMP

typical miniatureagepractice, contains at least smallcircuit.

>rter Construction Details

The filaments of these lamps are made of/ on
tungsten wire wound on a 0.0010.00025

lues

A significant result of Induction Motors’ creative engineering program in recent
Sizes 8, 11

The high torque-to-inertia characteristic of these servo motor generators offers
I85O*C high acceleration and immediate accurate response error signals

SIZE

gm err

300
to Size 20 series of servo motors and servo motor-generators,
motors and dynamotors; axial, vaneaxial, and centrifugal blowers;

with the same precision and accuracy

160

CIRCLE 65 ON READER-SERVICE CARD
ELECTRONIC DESIGN
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mandrel. About twenty-five turns have normally 
been wound, although filaments with fewer turns 
and one with sixty turns have also been tested

Design characteristics of IMC’s Size 8 
well as full technical data on IMC DC 
hysteresis and torque motors; synchros

0.75
2.86

These units constructed to meet the latest applicable MIL specifications covering 
extreme environmental conditions incorporate the design objectives of light 
weight, high performance, and reliability at reasonable cost.

amount of inductance which prevents an ap
plied voltage from appearing instantaneously 
across the lamp.

years is the growing series of precision servo motor-generators 
18 (shown above) plus sizes 10, 15, and 20.

0.750
2-1/32
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37 OHMS 
HOT RESISTANCE

MOTOR CHARACTERISTICS 
Input: 18V 400 cps 4.7 watts 

per phase
Torque at Stall: 0.42 oz. in.
No Load Speed: 6200 rpm 
Power Factor: 0.875 
Theoretical Acceleration at

Stall: 39000 rad/sec2

cold 
rical

5 OHMS
COLO RESISTANCE

GENERATOR CHARACTERISTICS
Input: 18V 400 cps, 1.65 watts
Voltage gradient per 1000 RPM:

0.27V
Temperature range: —55CC. t” 

+150°C.
Null Voltage (max): noi5V rms
Phase shift: within 10’ of Reference

num 
The 
will

Fig. 3. Experimental data on 
lamp operation as a light indi
cator.

« ROOM
~ TEMP I- 

(APPROX)

and solenoids, can be obtained by writing on company letterhead 
to IMC’s Sales Engineering Dept. All IMC components can be designed to your particular requirements

lamp with approximate col
or temperatures given in the 
range of normal operation. 
Newer lamps draw 25 to 30 
ma at 1 v.

80 I2O
TIME IN MILLISECONOS

INSTANT 
ERROR-SIGNAL 

RESPONSE

' SERVO 
MOTOR-GENERATORS

Induction Motors Corp.
570 MAIN STREET WESTBURY LI, N Y. EDGEWOOD 4-7070 • 6058 WALKER AVE /MAYWOOD CALIF

Fig. 2. Current versus volt



w h ich

PNPnew
m 2N553

CIRCLE 66 ON READER-SERVICE CARD

80 E

V 
c 
e 
e

tH 
tú 
hi 
se

FILAMENT-20 TURNS OF
0.00033" TUNGSTEN WIRE
WOUND ON 0.002 MANDREL

Delco Radio announces

05' DIA
PLATINUM WIRE

LEAD GLASS
BEAD ANO ENVELOPE

Newark, New Jersey
1180 Raymond Boulevard
Tel: Mitchell 2-6165

in. diam wire on a 0.001 in. diam mandrel.

series—the 2N297A and 2N665.

tions. These transistors are ideal as

current characteristics. All are

ing data.

container. The meta! container with its contents is

To correct for differences in the rate at whichSanta Montra. California
726 Santa Monica Boulevard
Tel: Exbrook 3-1465

MILITARY
COMMERCIAL

tests with a combined acceptance level of 1 %.

BRANCH OFFICES

a car-
metal

DELCO POWER TRANSISTORS

TYPICAL iHAPÄUtRISTICS AT 25°C

EIA ¡2N297A* 2N297A 
I

T
2N665* *

L ____
2N553

Collector Diode Voltage (Max.) 60 60 80 80 
volts

HFE (lc=0.5A) (Range) 40-100 40-100 40-80 40-80

HFE (lc = 2A) (Min.) 20 20 20 20

Ico (2 volts, 25 C) (Max.) 200 200 50 SO^a

Ico (30 volts, 71 C) (Max.) 6 6 2 2
ma

Fae(Min.) 5 5 20 20 
kc

T (Max.) 95 95 95 95 C

Therm Res. (Max.) 2 2 2 2° 
c/w

germanium transistors

designed to meet military specifica -

voltage and current regulators be-
cause of their extremely low leakage

highly efficient in switching circuits
and in servo amplifier applications,
and all are in volume production!
Write today for complete engmeer-

♦Mil. T 19500/36 (Si0. C.)
♦♦Mil. T 19500/58 (Sig. C.)

NOTE: Military Types pass comprehensive electrical

DELCO RADIO
See you at IRE Show, Booth 1512 Division of General Motors • Kokomo, Indiana

Fig. 4. Construction details of early 0.1 in. lamp.
Newer lamps are wound with 25 turns of 0.00025

in experimental lamps.
The general shape of the larger lamps, which 

were constructed first, can be seen from the 
sample lamp shown at the right in Fig. 1. Each 
of these lamps has a length of about 0.200 in.
and a diameter of about 0.13o in. In constructing 
a lamp of this type, the envelope is first blown 
from Pvrex glass. A bead, also of Pyrex glass, is 
formed with the two kovar lead wires passing 
through it. After a filament is spot welded in 
position, titanium hvdride is painted on those 
surface areas ol the bead and envelope 
are to be sealed together.

The assembled lamp is then placed in 
bon crucible which is surrounded by 

placed in a bell jar and after evacuation is heated 
bv means of an rf induction coil surrounding 
the bell jar. When a sufficients high temperature 
is reached, a small piece of lead previously 
placed in contact with a painted area of the bead 
melts and Hows along all of the painted areas, 
making a solid lead bond between the bead and 
base of the glass envelope. This procedure has 
produced verv good vacuum-tight seals.

Fig. 4 shows construction details of the 
smaller lamps. Parts of the lamp are assembled 
in a jig. Several spot welding methods of attach
ing the very small filament wire to the platinum 
leads were tried on early lamps and found to 
be less satisfactory. After attachment of the 
filament an alignment of the parts is made in
cluding suitable spacing of the platinum leads 
to produce a small separation between turns.

Heating coils of about 0.080 in. I.D. wound 
from 0.009 in. diam tungsten wire and having 
seven turns are positioned around each end of 
the assembled lamp. The jig containing the lamp 
and heating coils is then placed in a vertical 
position in a small bell jar, which is pumped out 

Si

P 
O 
E 
o 
a

to a vacuum of about 5xl05 mm Hg. The voltage 
across the two heating coils, which are connected 
in series, is controlled with a variac.

the two ends of the lamp seal, the relative heat 
intensity of the two coils is controlled bv using
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a slide wire rheostat connected across the two 
coils with the slide connected to a point between 
the coils. Observation of the sealing process 
through a stereoscopic microscope aids in con
trolling the heat while the ends of the lamp are 
being fused.

Indications are that these lamps will have very 
long lifetimes, particularly when operated at the 
relatively low filament temperatures adequate 
for satisfactory performance as light indicators. 
Actual life tests under various types of opera
tion have not yet been made. Over a period of 
about three months, however, several lamps of 
both types have been operated at frequent inter
vals as demonstration items.

Lamps have also been subjected to voltages 
somewhat higher than normal during tests to 
determine electrical and temperature character
istics. The only lamp to burn out was one of the 
first ones constructed which was operated con
tinuously for two months in a repeated cycle of 
one second on and one second off.

As a consequence of their small physical size, 
these lamps also appear to be very rugged, al
though again, controlled tests have not yet been 
carried out. Lamps informally tested by dropping 
several times onto the laboratory floor from a 
height ol about six feet have suffered no notice
able damage.

1 hese experimental lamps satisfactorily meet 
the requirements of the transistorized circuits 
for which they were originally designed as light 
indicators. The requirements were (1) very small 
physical size, (2) operation on about 1.3 v, (3) 
a steady-state current drain of less than 50 ma 
and (4) reasonably rapid on-off cycling time. 
Ruggedness and long life were also desired and 
although tests on these qualities have not yet 
been made, it is expected that they will present 
uo great problem.

By suitably changing the size of the filament 
wire and the number of turns it is possible to 
design lamps of similar geometry to meet differ
ent voltage and current requirements. Undoubt
edly many other applications exist in which these 
lamps will also prove useful.

More detailed information on the processes de
scribed in this article will be found in the com
plete paper to be published in our Proceedings 
of the Symposium on Microminiaturization of 
Electronic Assemblies. For further information 
on the Proceedings, turn to Reader Sen ice Card 
and circle 100.
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synchros

in the popular Size 8 line
are now in production at Daystrom Transicoil.

The new size 8 Synchro Line includes high quality, 
top performance transmitters, control transformers, 

differentials, and repeaters. Frame size equal to BuOrd 
Size 8. Operation: 115V 400 cycles or 26V 400 cycles. 

Accuracies to ±5' are available. Corrosion resistant construc
tion throughout. Conforms to MIL-E-5272-A.

Write for complete specifications. Be sure to
ask about our 24 Hour Service for rotating components. 

Daystrom Transicoil, Division of Daystrom, Inc., 
Worcester, Montgomery County, Pa. Phone JUNO 4-2421.

In Canada: Daystrom, Ltd., 840 Caledonia Rd., 
k Toronto 19, Ont. Foreign: Daystrom International .

Div., 100 Empire St., Newark 12, N. J.
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SEE US AT THE I.R.E. SHOW—BOOTH 1808 
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The IRE Show—A Preview
This issue of ELECTRONIC DESIGN contains 

over 200 previously unannounced new prod
ucts—a new high according to our records— 
that will be displayed for the first time at the 
IRE Radio Engineering Show. More than 200. 
of course, will be shown. But we have weeded 
out those products reported in previous issues. 
(At the end of each product description is the 
number of the Booth at which the product can 
be seen.)

On display at the show will be a wide variety 
of products. They range in size from the transis
tor to a working model of a trailer truck de
signed for radio interference testing (Ace Engi
neering and Machine Co., Inc.)

Although there will be few. if any. "revolu
tionary" items on display, the industry has not 
been stagnant in the past 12 months. Imagina
tive minds have been at work. The result, in 
general, is a trend in products that may be sum
marized with three words: tiny, tough and tran
sistorized.

Tiny. Tough. Transistorized
Examples of tiny products are many. Included 

are microminiature capacitors, microminiature 
connectors, microminiature transformers and a 
slew of other microminiature units.

There are also many products that have been 
made tougher. International Rectifier Corp, has 
silicon rectifiers it claims to be more stable at 
150 C than those previously available. And an
other transistor company has now made their 
units meet the reliability requirements of Mil 
Specs.

Whenever possible, transistors are being de
signed into equipment: power supplies, digital 
voltmeters, delay generators . . .

There has been another type of activity too. 
Manufacturers have been broadening the scope 
of their operation and coming out with com
pletely different products. As a case in point, 
Photocircuits Inc. is now geared up to produce 
de motors using armatures completely made by 
printed circuit techniques. And Control. A Divi
sion of Magnetics Inc., has developed a control 
amplifier that can be used with solid state thyra
trons. like GE'S silicon controlled rectifier. Other 
companies are also introducing new or different 
lines of equipment.

NEW PRODUCTS

Typical rise time of the 2N1131 and 2N1132 pnp silicon transistors is 80 mpsec. Dissipation ratings are 
2 w at 25 C and 1 w at 100 C. These units closely match types 2N696 and 2N697. Circuits based on 
complementary summetry may be based on these closely related devices of opposite polarity.

Fairchild Semiconductor Corp., Dept. ED, 844 Charleston Road, Palo Alto, Calif.

PNP SILICON TRANSISTORS

Booth 3508 CIRCLE 68 ON READER-SERVICE CARD

WAVEGUIDE SWITCH
Designed for the 8.5 to 9.5 kmc frequency range, 
the NRK-X-40525 miniature waveguide switch 
works with waveguide size RG-67/U. Switching 
mode is spdt and the unit has a solenoid oper
ated drive operating from a 25 to 30 v source. 
Having a vswr of 1.1, its insertion loss is less 
than 0.1 db. Switching time is less than 50 msec 
and 1 amp is required to operate the switch and 
0.5 amp to hold it. It can handle 300 kw at 32 
psia.

N. R. K. Mfg. & Engineering Co., Dept. ED, 
4601 West Addison St., Chicago 41, Ill.
Booth 3702
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125' x .250
172 x .431
279* x .650
341 x .750

tinned brass shell.

Booth 2128
CIRCLE 71 ON READER-SERVICE CARD

HIGH VOLTAGE RECTIFIERS

Working voltage ratings of these 12 silicon recti
fiers range from 800 to 2000 v. All types have a 
maximum of 2 v at the rated working voltage. 
Types 1N120 through 1N2125 are in the 0.28 in. 
diameter case with wire-in construction. Current 
capacity is from 100 to 500 ma. Types 1N2140 
through 1N2145 are in small stud packages hav
ing a 10-32 thread and 7/16 in. hex nut. Current 
capacity is from 250 to HXX) ma.

Raytheon Mfg. Co., Dept. ED, 55 Chapel St., 
Newton 58, Mass.
Booth 2610-2614
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FEED THROUGH CAPACITOR

This feed through capacitor is designed for 
printed circuits and is thermal shockproofed to 
resist damage caused by high temperature solder 
dipping. The unit is 0.590 in. long and has a 
mounting diameter of 0.155 in. It has a high de
gree of stability from —55 to 150 C. Available in 
ratings up to 2200 uuf, at 200 wvdc, the capacitor 
is potted in an inert epoxy medium inside a

Telecomputing Corp., Dept. ED, 915 North
Citrus Ave., Los Angeles 38, Calif.
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SOLID TANTALUM capacitors

IMMEDIATE "OFF THE SHELF" DELIVERY
featuring highest capacitance Inthe smallest package yet!

Turning creativity with unlimited capacity! U. S. Semcor advanced 
technology in the semiconductor field has imparted typically 

"over spec" standards to a new line of Solid Electrolyte 
Tantalum Capacitors.

What this moans to you! A complete lino of these ell-new sub
miniature capacitors are immediately available "off the shelf in

quantity to fill your every requirement for a superior product.
in coupling, by-pass, low voltage filter and similar applications

competitively priced as always. They supersede the entire
production formerly offered by the U. S. Edcor Division.

These solid, inorganic, non-volatile electrolyte tantalum capacit
produce a low and linear temperature coefficient, low dissipation

factor, long shelf life, wide operating temperature
and no liquid electrolyte to create leakage problems

For new Solid Tantelum Catalog, or for 8 cell from our
nearest Field Engineering Representative, write, wire or
'phone COLLECT to the Sales Engineering Dept, toda;

Extreme stability at low temperatures in 
U. S. Semcor “over spec” standards

1 mfd/35V )• 4.7 mfd/6V
6.8 mfd/35V to 56 Mfd/6V
22 mfd/35V to 150 infd/éV
56 mfd/35V to 330 d/6V

Capacitance ranges from .33 mfd to 330 mfd; operating 
temperature —80°C to 125eC; capacitance ±20% of rated 
value et 25*C, 120 cps; dissipation factor not to exceed 0 06 
et 25®C, 120 cps; leakage current not to exceed 0.03 micro
amps/mfd/volt or two micro-amps, whichever is greater;
moisture resistance to Mil stenderò 202, method 106.



O PRODUCTS
T THE IRE SHOW

Gain

TEMP 
opérât» 
•nd at

Ambient Temperature: 
Noise (Referred to input):

Digital Printer

Performs many functions

Frequency Response 
Output Capability 

Common Mode Rejection

Input Impedance 
Source Impedance 

Drift

Totally transistorized—dissipates only seven ivatts 
Drift less than 2 microvolts per 200 hours.
Single ended or differential input.
19" panel accommodates eight instruments.
DC to 50,000 cps.
Noise less than 10 microvolts tvideband.
Operates to specifications from 0 to 50 C.
Self-contained power supply—operates on any 

line frequency from 50-400 cps.
Mil-type chopper gives unmatched reliability 

for the life of the instrument.

PLUG IN BOARDS easily 
changed by unskilled 
personnel — virtually 
eliminate downtime 
and maintenance.

Single Ended Input
Fixed gain set to any value from 10 to 100C 
inclusive by front panel plug in units. Gain 
switching plug in attenuator available with 
gains of 0, 10, 20, 50, 100, 200, 500 and 1000. 
Adjustable upward 21/2 to 1 (r more from 
setting with potentiometer
100 megohms shunted by 0.001 mfd (typical).

5K maximum.
Less than 2 microvolts in 200 hours at constant 
ambient temperature. Less than C 4 microvolt 
per degree centigrade.
0 to 50 C.
0-3 cps 5 microvolts peak to peak. 
0-750 cps 5 microvolts rms.
0-50 kc 10 microvolts rms.
± 3db to 50 kc (typical); ± 1 0% to 2 kc.

t 10 volts at • 100 ma DC or peak AC to 10 kc
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ALTITUDE — Non-operating A-12’» 
were subjected to 1.6 psi (50,000'1 
for one hour, and then operated a’ 
G 000' and at sea level pressures

Less than 4 microvolts in 200 hours at consta" 
ambient temperature Less than 0 8 microvolt 
per degree centigrade
0’ to 50°C.
0-3 cps 10 microvolts peak to peak.
0-750 cps 7 microvolts rms.
0-50 kc 14 microvolts rms.
±3db to 50 kc (typical); ± 1.0% to 2 kc.
± 10 volts at • 100 ma DC or peak AC to 13 k

lOOdb at DC; 72db at 60 cps for common 
mode voltage up to 50 volts DC or peak AC

*0 Degree Folding Handle

For side paneling
Designed for smaller equip- 

lents, this 90 degree folding han
le is especially suited for side 
aneling. Made of nickel plated, 
and-polished brass, it is available 
"om stock in a 4-1 4 in. size with 
/16-24 thread, furnished with nut 
nd washer. It can also be* supplied 
i other sizes and finishes.
Goe Engineering Co.. Dept. ED, 

19 S. Mednik Ax e., Los Angeles 
2, Calif.
'ooth 4528
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Model 400C digital printer auto- 
laticalh prints digital data from 
igh speed counting, timing, fre- 
uency measuring and data hau
ling equipment. Among its op- 
ional features are: Ten line output 
rom each digit for operating card 
nd tape punches and electric type- 
zriters. Analog output for driving 
trip chart and other pen type 
raphic recorders. Built-in in-line 
eadout for visual monitoring at a 
istance. Accumulator for final to- 
dizing or totalizing results over a 
eriod of time. Code conversion to 
ccept 1-2-4-8 or other codes. A 
ansistorized drive which accepts 

>w voltage input. An add-subtract 
denoid which will print plus num- 
ers and minus numbers on com- 
land of the basic instrument.
Computer Measurements Corp., 

)ept. ED. 5528 Vineland Ave., 
Jorth Hollywood. Calif.
ooth 1620-1622
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Differential Input
Fixed gain set to any value from 10 to 1000 
inclusive by front panel plug-in units Gam 
switching plug-in attenuator ava’.able with 
gains of 0. 10. 20, 50, 100, 200, 500 and 1000 
Adjustable upward 2^ to 1 or more fr<>m 
setting with potentiometer 

10,000 ohms.

Quality Control 
standards !



Coaxial Line Termination

Only Electro Instruments 
DC Amplifiers meet 
rugged military 
environmental tests!
Totally-transistorized Model A-12's picked

For 125 ohm cable

for ICBM Ground Support Equipment

F¡I

1
njT A-12s 

(50,000'1 
»erated *<
Misti res

ELECTRO INTERFERENCE-All 
tests conformed to RADC Exhibit 
2313A.

TEMPERATURE —The A-12’a were 
operated at 50°C. ±2° for 12 hours 
»nd at 0°C. for 12 hours, and after 
ttoraire at 70°C. and —40°C. for 24 
hours,

SHOCK—The A-12’s were subjected 
to 4" pivot drops and 1" free drops 
on all practicable faces for a total 
of five drops on each face.

The photogra phs below were taken while eight 
Model A-lSs were undergoing environmental gnatification 

fests by independent M1 L-approved laboratories.

Design and construction techniques of the Model A-12 Amplifier 
re fully two years ahead of the field! Totally transistorized circuits 

cive the A-12 unmatched reliability and performance, and minimize 
heat dissipation problems inherent in vacuum tube instruments. 
Plug-in etched circuit boards and modular internal construction 
make servicing and maintenance checks easy —the amplifier can 
•e disassembled and reassembled in less than 10 minutes. These 
dvanced features enabled the Model A-12 to meet stiff military 
nvironmental qualification tests and resulted in their being selected 
or use in the ground support equipment of the nation’s most 

advanced ICRM program.
Vhy not ask your E-I representative for the full story today!

PLUG-IN ATTENUATORS provide a choice of 
differential, single ended, or operational 
inputs for maximum operator conveni
ence, flexibility and economy. Special vari
ations, gain settings, etc., can be tailored 
to your system at no extra cost.

The A-12 is 
certified as 
incorporating 
no fungus 
nutrient 
material!

SMALLEST PACKAGE EVER!
Eight Model A-12’s can be 

mounted in standard 19" pane).

Electro Instruments, Inc
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This 125 ohm coaxial line termi 
nation is mounted in a uhf mall 
connector which can be used t< 
terminate RC 63 U, 125 ohm cable 
A 1% precision termination resisto 
is employed. The unit can serve a 
a termination in wideband pulsi 
systems from de to pulses of .’j 
musec rise time. Maximum rater 
pulse voltage is 200 v and averag« 
rated power dissipation is 1/2 w.

Electrical and Physical Instru 
ment Corp., Dept. ED, 42-19 27tl 
St., Long Island City 1, N.Y.
Booth 3240
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Vacuum Oven

For semiconductor components
For outgassing semiconducto I 

components and fusing or sealind 
them into subassemblies, this vac I 
num baking oven is a package uni I 
w ith its own vacuum pumping sysl 
torn. It has electrical heatin; I 
equipment with automatic control! 
to regulate temperature within th J 
chamber, cooling equipment to sei 
the braze for sealing crystals withhl 
their containers, and full instru I 
mentation for the pump-down anil 
other operations. The chamber ha I 
an insulated sliding door and il 
equipped with a flange designer I 
for attaching the unit to the inert I 
gas filled dry-box in which the com I 
ponents are usually made. In nori 
mal operation, it is evacuated to ¡1 
pressure of l(Ft{ mm Hg and heateil 
to about 250 C. I

F. J. Stokes Corp.. Vacuunl 
Equipment Div., Dept. ED, Philal 
delphia 20, Pa. I
Booth 4418 I
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THE NEW RUTHERFORD Q g 
PULSE GENERATOR KB>

DELAY

tut • STHC • °u’
O MO0« «

° -

our

built for HIGH PERFORMANCE 
WIDE VERSATILITY

LOWCOST
Today’s basic research demands the finest. 
The Rutherford B-7 Pulse Generator is pre
cisely engineered to meet the rigid standards 
of research and development —from biologi
cal research at low repetition rates, to tran
sistors, transistor circuits, and magnetic core 
research at high repetition rates.

The one-unit Rutherford B-7’s rack-mount
able dimensions are compact: 19% " wide, 
83/4" high, and 12" deep. Amplitude is 50 
volts delivered into a 50 Ohm load. Delay 
with respect to Sync. Out: 0-10,000 /«s. 
Width: .05 /zs-10.000 /zs. Repetition rate: 
20 c to 2 me. Cost : A budget-conscious $720

Your “space-age” research and development 
grows steadily more important, your equip 
ment more strategic. On the results of 
research performed with Rutherford equip 
ment rest many of America’s scientific 
achievements. If you play a part in those 
still to come, put Rutherford on your scien
tific team. Write for complete information.

co-

v pulse generators • pulse systems
accurate time delay generators

8944 LINDBLADE STREET, CULVER CITY, CALIFORNIA
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NEW PRODUCTS at the ire show

Backward Wave Oscillator

60 to 75 kmc frequency range

Backward wave oscillator model PM 1779 is 
designed for voltage tunable applications in the 
60 to 75 kmc frequency range. The tube utilizes 
a ruggedized metal-ceramic structure and will 
operate either with a permanent magnet or in a 
solenoid. It has an average power output of 3 
mw and a minimum power output of 1 mw. 
Tuning voltage is 800 to 2000 v; filament voltage, 
12.5 v ±5%; filament current, 1.2 amp maximum; 
and cathode current, 15 ma. The unit has an KG- 
99/U output waveguide and a UG-385/U output 
flange. The magnet is 6 x 4 in. and weighs 15 lb; 
the tube is 8x7/8 in. and weighs 8 oz.

Sylvania Electric Products, Inc., Special Tube 
Operations, Dept. ED, 500 Evelvn Ave., Moun
tain View, Calif.
Booth 2322-2332, 2415-2425
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Telemetering Filters

Miniature band pass type

These miniature band pass filters cover all
telemetering channels from 1.3 to 70 kc and come 
with bandwidths of 1.3 to 70 kc ±7.5% and 22 
to 70 kc ±15%. Flatness in the pass band is 
within 1.5 db and attenuation is greater than 
—30 db at 0.2 fo; —30 db at 2 fo; and —40 db 
at 3 f0. Characteristic impedance is 47 K, and 
insertion loss is less than 6 db from 1.3 to 3 kc, 
3 db from 3.9 to 70 kc. Voltage level is 2.5 v rms 
maximum. The units are provided in hermetically 
sealed metal cases with two diagonally located 
2-56 inserts and wire leads out the small end.
Dimensions are 1-9/32 x 57/64 x 7/16 in.

Polyphase Instrument Co., Dept. ED, 
Fourth St., Bridgeport, Montgomery Co., Pa. 
Booth 3105
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E.

This is the time of our annual sub
scription renewal.

Burroughs
NUMERICAL 

READOUT TUBE 

N I X I E®

lowest power 
any 

electronic
readout

HO.65O"-H 
r*—1.080'—*4 

------- 1.350"-------
BULB DIAMETERS

ALL ELECTRONIC IN LINE READOUT 
CONTAINING TEN DIGITS “0” THRU "9”

NIXIE TUBE EXCLUSIVE 
FEATURES:

MINIATURE STANDARD SUPER

0.2 watts 0.4 watts 0.5 watts

• LOWEST COST

LIGHTEST WEIGHT

• MOST READABLE FOR

NUMBER SIZE

• SMALLEST VOLUME ANY

NUMBER SIZE

MAXIMUM TEMPERATURE.

SHOCK AND VIBRATION

SPECS

ELECTRONIC CONTRIBUTIONS BY

Burroughs Corporation

Plainfield, New Jersey
Sm us at IRE Booth No. 1720-4 
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ELECTRONIC DESIGN • March 4, 1959



Parametric RF 
Preamplifier

Low noise

Model MA-IC parametric rf Harris type pre
amplifier can be coupled to conventional uhf re
ceivers operating in the 350 to 500 me band. 
Overall receiver noise figures below 1 db are 
achieved with bandwidths of approximately 1% 
in the tuning range. The varactor which is used 
as the working element is relatively insensitive 
to rf burnout and cross modulation effects. Each 
MA-1C provides 2 MA-460, one of which is a 
spare, and a resonant tank circuit with microm
eter tuning adjustment. Type N fittings are 
used for convenient connection of 50 ohm coaxial 
cable for the rf input signal, pump oscillator and 
output to receiver.

Microwave Associates, Inc., Dept. ED, Bur
lington, Mass.
Booth 2301-2303
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Recessed Blower

Has side exhaust

SEE US AT BOOTHS 1720-4 IRE SHOW

O N T R I B U

DC 106B DC 101 DC 105, DC 106A OC 130 — Mil Spec Counter

A recessed, two-speed, packaged blower, 
model ZEB610ESZ has a side exhaust and can 
be used to divert air into a duct system. It op
erates quietly and delivers 800 cfm at high speed 
and 600 cfm at low. Normally used for bottom- 
rack mounting, the unit is 8-3/4 in. deep and fits 
standard 19 in. racks. It is equipped with a per
manent filter and meets M1L-E-4158A require
ments.

McLean Engineering Labs, Dept. ED, P.O. 
Box 228, Princeton, N.J.
Booth 3825
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NO OTHER COUNTERS PROVIDE

DIRECTLY

TEN INDIVIDUAL OUTPUTS

MULTIPLE ÇSI REMOTE ^READOUT 1

Burroughs Visual and Electronic Error Free Decade Counters are 
based on the unique properties of the Beam Switching Tube 
wherein a single cathode controls an electron beam to 10 out
puts. In contrast to other types of counters, the Beam Switching 
Tube output is directly capable of driving an in-line indicator 
such as the Nixit^Tube. This complete line of seven counter 
types is designed for maximum reliability while providing ad
vanced electrical characteristics not readily obtainable with

Burroughs
Plainfield, New Jersey
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other components. Such features include:
• Ultra reliable operations at one megacycle awd over
• Electronic resetting in less than 1 microsecond
• Electrical output in each of its 10 positions
• Provisions for BOTH LOCAL AND REMOTE INDICATORS
• Extreme noise insensitivity
• Minimum components and power consumption

Write for eight pages of circuit information — Bui. 826A.

Corporation
DIVISION



NEW PRODUCTS at the ire showCopy
Strain Gage 

Plotting System

Has 96 separately 
controlled channels

A 96-channel strain gagci plotting system, 
model 96-451CD is supplied with a Datex en
coder and digitizing equipment for feeding an 
IBM summary punch. Other digital systems are 
also available. Channel number, range setting, 
polarity, and strain arc digitized for each chan
nel. The system is made up of 24-channel mod
ules with 60 to 5(X> ohm gage resistance. Each 
module has 2000, 5000. and 10.000 pin. per in. 
ranges accurate to 20, - 25. and -±50 pin., re
spectively. Individual gage factor and range se
lector controls arc provided for each channel. 
The system uses a continuous loop of paper 
which can be run automatically for scanning 
without operating the printing mechanism.

B & F Instruments, Inc., Dept. ED. 3644 N. 
Lawrence St., Philadelphia 40, Pa.
Booth 3059
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Electrometer

Measures I billion meg

all the news at the show
...and at no charge. You’ll find your copy of Electronic Daily either 
direct in major hotels, or at Hayden's booth #1727 at the Coliseum. 
I se the Daily to select the booths and products you want to he sure 
to see . . . plan your time to best advantage. I he Daily is printed 
overnight for distribution early each morning during the conven
tion. It's written by engineers for engineers; contains all the new 
products to he exhibited, lists booths by products, meetings, events, 
papers by subject, plus the significance of all the latest news, 
announcements, and hehind-the-scene trends at the show. There's 
a special section on job opportunities and interviews. This year, 
don't miss Electronic Daily, it’s free to all registered exhibitors and 
attendees.
‘Booth I "¿7 :
•d)th Street Side. 1st Floor rear of Coliseum under mezzanine.

88

Made by Electronic Instruments, Ltd., of Eng
land, the type 33 Vibron electrometer is a vibrat
ing condenser, general purpose de amplifier for 
measuring small de voltages and currents de
rived from a high resistance source. Because it 
neither generates nor absorbs any current from 
components under test, it can make measure
ments beyond the capabilities of conventional de
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tem, 
: en- 
g an 
j are 
ting, 
han- 
nod- 
íach 
r in. 
., re- 
B se- 
nnel. 
apcr 
ning

4 N.

amplifiers. It can detect currents down to 10 ’ 
amp and measure resistances up to 1015 ohms, or, 
in special circumstances, 1016 ohms. The instru
ment has input ranges of 10,30,100,300, and 1000 
mv and a basic accuracy that varies from ±0.3% 
on the 1 v range to 2% on the 10 mv range. The 
dc output is 1 ma full scale deflection on all 
ranges. The Vibron vibrating condenser unit, a 
highly stable dc to ac electromechanical con
verter, gives this electrometer a zero stability 
within ±100 uv over a 12 hr period, or 10 uv 
lor 1 hr. Two models are available: the 33B with 
an input resistance of 10u ohms, and the 33C 
with an input resistance of 10,G ohms. A special 
current and resistance measuring unit, model A 
>3-B, can be supplied for measurements beyond 
J billion meg. The V ibron electrometer can serve 
as a null detector for applications involving Hall 
measurements of semiconductors and the com
parison of ionization currents.

Herman H. Sticht Co., Inc., Dept. ED, 27 Park- 
Place, New York 7, N.Y.
Booth 3110
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Porcelain Capacitor

Has radial leads

Eng- 
brat- 
r for 

de- 
se it 
from 
sure- 
d dc

959

This radial-lead capacitor brings capacity 
values in the Radial series to 12(H) upf at 50 to 
300 vdcw. Designated the CY17C, it is 5/64 in. 
thick and has a lead geometry that permits axial, 
radial, or edge mounting. A monolithic porcelain 
construction makes it immune to humidity’ and 
resistant to high frequency vibration. The unit 
has a dissipation factor of less than 0.0005 with 
a Q of over 2500. Its insulation resistance is 
greater than 50,000. Capacitance drift is less than 
0.05% with a temperature coefficient of 115 ±25 
ppm per deg C from —55 to +125 C with abso
lute retrace, all units being within 5 ppm of one 
mother.

Vitramon, Inc., Dept. ED, Box 544, Bridge
port 1, Conn.
Booth 2401, 2403
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EPSESC ENGINEER

Inside ESC: Number Three

know their business...and yours!
The men who represent ESC in the field are all top-flight tech
nical people in their own right. Each is thoroughly conversant 
with the very latest developments in the fast-moving delay line 
field and each stands ready to apply the combined knowledge 
of the entire ESC organization to your particular problems.
Whether you want advice on a standard delay line application,

COMPONENTS SALES CORPORATION 
218 East Hartsdale Avenue 

Hartsdale. New York 
SCarsdale 5-1050 

New York State, New Jersey except 
Camden and Moorestown, Westchester 

County
44 Brattle Street 

Cambridge 38. Massachusetts 
UNiversity 4-1727 

New England

ELECTRODESIGN 
736 Notre Dame Street West 

Montreal. Canada 
UNiversity 6-7367 

Canada

KAY SALES COMPANY 
2600 Grand Avenue 

Kansas City 8. Missouri 
BAItimore 1-3800

7603 Forsyth. Suite 206 
Clayton 5, Missouri 

PArkview 7-3414
Kansas. Nebraska. Missouri, Oklahoma. 
Arkansas. Albuquerque. N. M. and the 
following counties in Illinois: Monroe.

Calhoun, Jersey, Madison and St. Clair

A L LIVERA AND ASSOC . INC. 
144-15 Hillside Avenue 
Jamaica 35, New York 

OLympia 8-1828
New York City, Long Island 

WRITE TODAY FOR COMPLETE TECHNICAL DATA
exceptional employment opportunities for engineers experienced 
in computer components... excellent profit-sharing plan.

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low power transformers • Filters of all types • Pulse forming networks • Miniature plug in encapsulated circuit assemblies

or something special from ESC's modern research laboratory, 
you can be sure of receiving top engineering talent, prompt 
delivery, and expert, local service. There’s an ESC engineer-rep 
very close to you, wherever you are. Why not discuss your cur
rent delay line problem with him now.

MAGNUSON ASSOCIATES 
3347 West Irving Park Road 

Chicago 18. Illinois 
KEystone 9-7555 Teletype CG 913 

Illinois (except Monroe. Calhoun. Jersey, 
Madison and St. Clair counties), Indiana. 

Iowa and S. Wisconsin
1359 West Maynard Drive 

St. Paul 16, Minnesota 
Minnesota and N. Wisconsin

HARRY J. WHITE COMPANY 
121 Covered Bridge Road 
Haddonfield. New Jersey

HAzel 8-2304
Camden and Moorestown, New Jersey; 

Eastern Pennsylvania and Delaware
Mr. Richard Trainor 
115 Greenbrier Road 
Towson 4, Maryland 

VAIley 3-6184 
Maryland, Virginia as far south as 

Alexandria, and Washington, D.C.

WEIGHTMAN AND ASSOCIATES 
4029 Burbank Boulevard 

Burbank. California 
Victoria 9-2435

1436 El Camino Real, Suite *5 
Menlo Park, California 

DAvenport 6-3797
Arizona, California, Nevada and 
New Mexico except Albuquerque

TEX-O-KOMA SALES COMPANY 
235 S E 14th Street 
Grand Prairie, Texas

Dallas: ANdrew 2-0866
Ft. Worth: CRestview 4-4530

Texas

See you at the I.R.E. Show, Booth #2If) 9
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NEW PRODUCTS AT THE IRE SHOW

Wideband Coaxial Connectors
For MAGNET CHARGING For ELECTRICAL INSTRUMENT CALIBRATION Have vswr of 1.25 to 1TREATING and CALIBRATION A Model for Every Purpose and Price Range

interlocks and high voltage discharge

DUAL POTENTIOMETER DC STANDARD Model 262B

quest, be individually calibrated at every 100 meFor CRYSTAL TESTING
FOUR MODELS developed for Signal Corps under national

reso
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Mercury Switch

Features high sensitivity

capa

meta
.480 mina250 DIA

Low-angle mercury switch type AS603AI
designed to meet the precise requirements of ver-

DIGIDECDIGIVERTER

Prices are FOB Boonton. N. J. $ subject to change without notice. Send for product literature.
over
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point. Both types can be supplied for specific

March 4, 195$

MODEL 541A (TS-710/TSM) for 10-1100 kc range crystals 
with resistances from 200 ohms to 0.5 megohms. An internal 
load capacitance is calibrated from 15 to 105 mmf with ac
curacy better than 2:0.5 mmf. Power dissipated in crystal 
measured by built-in VTVM and ohmmeter. For 115/230 v, 
50-1000 cps operation Price $860.

tacts. It operates from —65 to -f-225 F.

magnetize the new cobalt plat 
inum and barium ferrite ma

crystal testing standardization program to
nance and anti-resonance resistance of quartz crystals

angle of 0.15 deg maximum and a mass shift of

sile and precision equipment, they can, upon re

tical gyros, stable platforms, and rocket guidane

Types KA-11-06 and KA-51-05 are wideband

MODEL 829 checks AC and DC meters of all types and ranges. 
Compact cabinet contains power supply, special Weston standard 
meters, Wheatstone Bridge and all circuits for Quick, convenient 
instrument calibration to 0.5% accuracy by non-technicai per
sonnel. Automatic protection for both operator and instrument

MODEL 150 is a stable, 
single phase, 150 VA power 
source of laboratory quality. 
Output frequency is continu
ously adjustable between 380 
and 2400 cps with stability of 
0.1% ±2 cycles. Price 8575.

DIRECT READING, digital 
converter fits all vertical DCU 
system counters; changes ran
dom vertical numerals to easy 
reading "in-line" display, No 
modifications to counter. Re
mote readout also available.

under test is provided by 
circuits. Net price $2650

plugged into the front panel
through a safety interlock system providing maximum 
operator protection. Operates from 115-volt. 60-cycle 
line. Size 11 x 20 x 15; weight 125 lbs. Price $945.

msta] 
a fev

0.085 g cm, which makes it highly sensitive. The 
glass tube is hermetically sealed to prevent dust 
dirt, and corrosive vapors from fouling the con 
tacts. The switch is rated for 0.255 amp, 30 v ac, 
400 cps for an inductive load and has spdt con

Wesl
First

MODEL 531 (TS-683/TSM) Crystal Impedance Meter cov
ers range of 10-140 me for 10-150 ohm crystals. Twelve fixed 
calibrating resistors of 10, 22, 30, 40. 51, 60, 68. 82, 91, 100, 
120 and 150 ohms, plus a 100-ohm var. resistor for deter
mining crystal resistance. Anti-resonance adapter also pro
vided. Operates from 115/230 v, 50-1000 cps source. 
Price $590.

MODEL 1207 (AN/TSM-15) covers range of 75-200 me for 
10-125 ohm crystals. Crystal voltage at series resonance is 
measured within 10%, effective resistance within ±5 ohms, 
and the power calculated. 18 Co cancellation inductances 
and 1 uncompensated var resistor supplied; 5 compensated 
var. resistors available. 115/230 v, 50-1000 cps. Price $1245.

MODEL 1500 is designed for 
production, research and in
strument repair work. It will

terials as well as all the Alnicos. 
It will saturate large switch
board meter assemblies and all 
panel type instruments and 
uses most existing adapters de
signed for the Model 107A. 
Wire-wound fixtures are

MODEL 1295 is a stable, all trans- 
RBm istorized Gaussmeter which pro-
^B vides a conservative accuracy of

3% over nine full-scale ranges: 
■■ 0-100, 200, 500, 1 K. 2 K. 5 K, 10 K,

20 K and 20 K + gausses, using a 
single probe Two standard refer
ence magnets having %% accuracy 
are supplied. Weight is 12 lbs 

“ Operates from battery or 115-volt. 
's 50-400 cycle Line. Price $420.

Variable Frequency 
Power Supplies

systems. It weighs 3.8 g, including three 7 in. 
Teflon insulated leads, and features a differentia

espe 
circi

MODEL 889A de-magnetizes sat
urated magnets to any desired level 
of flux Provides a precision 
method for rapidly treating per
manent magnets, including the 
new core type instrument mecha
nisms. Used with Model 206A 
Booster or Model 107A Charger. 
Price $247.

eluding those covered by MIL-C-3098B. Capacitance, 
inductance and PI of crystal can be determined.
MODEL 459A (Improved TS-33O/TSM) covers 800 kc to 
15 me, for 0.002% crystals, 0-9900 ohms. Operates from 
115/230 v, 50-1000 cps. Price $1125.

MODEL 942 will saturate 
■ Alnico magnets weighing
B ' wHB^” up to 34 lbs. and high flux

. ceramic magnets of any
jr ** shapt or pole configura-
15 tion. Op* ratt ♦ On cundtnst r

discharge principle from 
ngular 115-volt. 60 cycle 

BSHR g Ip line. Produces c hargingfiHH outputs (depending on
I number of 100 uf condens

i^Ml ers employed) from 100.000
to 200,000 ampere-turns 

• through plug-in transform
ers, up to 3600 watt- 
seconds using w'ire-wound 
fixtures. Adapters for 

multi-pole rotors, rod, bar, ring and various other 
shapes available. Equipped with extensive system of 
safety interlocks for complete operator protection. De
signed for continuous production use with low power 
consumption. Price of basic unit is less than $2100.

MODEL 1221 is used for small 
magnets. Its 10,000 ampere-turn 
output will saturate about 27 of 
Alnico V. Operates by condenser 
discharge method thru plug-in fix
tures. Uses only 30 watts at 115 v. 
For continuous duty; charging 
cycle averages 3 sec. Price $180.

DIGITAL CONVERTER for 
individual decade counter 
units provides "in-line”read- 
ing for OEM installation, or 
in special purpose test and 
computing equipment DIG
IDEC mounts over neon strip; 
replaces mask.

MODEL 262B Dual Potentiometer Standards for call 
brating meters to 0.1% through a range of 1 millivolt 
to 1500 volts and 1 microampere to 150 amperes. Uses 
L & N Brooks Mod. 7 pot. and Weston Mod. 5 stand
ard cells. Voltage and current ranges are separate for 
the calibration of wattmeters. Operates on 105/125 
volts. 50/1600 cycles, 350 watts, with internal voltage 
regulator. Operator is protected by interlocks. Price 
$15.600.

Also available are MODELS 261B and 454 Stand
ards for calibrating AC meters to 0.5% through ranges 
of 10 millivolts to 1500 volts and 1 microampere to 
200 amperes; MODEL 260C Standards for DC meters 
to 0.5% over ranges of 1 millivolt to 1500 volts and 
1 microampere to 150 amperes. Accuracy of 0.25% 
using charts. These standards have been used for 8 
years by the government services and leading industrial 
organizations.

Micro Switch, Div. of Minneapolis-Honeywel 
Regulator Co., Dept. ED, Freeport, Ill.
Booth 2202-2210

well as broadband use.
Kings Electronics Co., Inc., 

Marbledale Rd., Tuckahoe, N.Y 
Booth 2718, 2720

TNC coaxial connectors in the 5 to 11 kmc range 
They have a vswr of 1.25 to 1. Designed for mis-

MODEL 107A is a versatile, 
condenser discharge magnetizer 

‘ tor most medium size magnets
1 C’ either simple or complex

B _ MV . pole configuration. It provides 
j ranges uf 12.000 and 24,000

^M « ** amp< re-turns and is capable of
saturating most instrument 
magnets, including the core 
type mechanisms, using the 

WMMV1 standard flat bar, adapters or
* wire-wound fixtures. Can be

used for continuous duty pro
duction magnetizing, average charging cycle is under 
5 sec. Weight is 75 lbs. Size 12 x 7 x 17. Operates from 
115-volt, 60-cycle line. Price $530.

reyuency
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Radiation Monitoring 
Equipment

Continuously samples air

Vith the Air Particle Monitor, 
air is continuously sampled through 
a i loving filter which lasts for 70 
da s. When contaminated, it trig
gers a warning light and bell alarm. 
Transistorized circuitry has reduced 
the size to 16 x 20 x 16 in., making 
the unit suitable for shipboard, 
submarine, laboratory, and indus
trial locations.

Fairchild Camera and Instrument 
Corp., Defense Products Div., 
Dept. ED, Robbins Lane, Syosset, 
N.Y.
Booth 3506, 3508

CIRCLE 96 ON READER-SERVICE CARD

150 Mc Alpha Cutoff
50 rriM sec.

Typical 10 ma puisa on 
EG&G TW oscilloscope

4-1.5V 
SG22

Li is 
ver

anee 
7 in. 
ntial 
ft of 
The 

dust 
con 
v ac, 
con

Miniature Metallized 
Paper Capacitors

Operate from —55 to 4-125 C
These miniature, 50 v de me

tallized paper capacitors are 
especially designed for transistor 
circuits. In a complete range of 
capacities, they operate from —55 
to 4-125 C. They are available in 
metal tubular styles with glass ter
minal seals, or in Rap-n-fil types.

San Fernando Electric Mfg. Co., 
West-Cap Div., Dept. ED, 1509 
First St., San Fernando, Calif.
Booth 3712

CIRCLE 97 ON READER-SERVICE CARD

Here’s a silicon logic transistor with the speed of the 
fastest germanium tyfies . . . PLUS POWER HAN
DLING ABILITY! Transitron’s 2N1139 represents 
a giant step forward in transistor technology, aug
menting the industry’s most complete line of silicon 
transistors. Typical total switching times average less 
than 30 milli-microseconds.

Transitron’s fast switching types now cover the en
tire current range up to 5 amjieres — offer a rugged 
silicon transistor for every switching application.

Ceramic Cartridge

Simplifies stereophonic conversion

A fully compatible ceramic ster
eophonic cartridge, the 10T can be 
installed in almost any tone arm in 
a f°w minutes. Its plug-socket de- 
sig!i eliminates terminal soldering. 
Th- unit provides a flat response 
over the entire recording range.

F ) notone Corp., Dept. ED, Elms- 
Drl, N.Y.
Bo th 3945

IRCLE 98 ON READER-SERVICE CARD
CIRCLE 99 ON READER SERVICE CARO >

m^sec. 
mMsec. 
m^sec.

Collector to Emitter Voltage — Vrr
Collector to Base Voltage — V( „
Emitter to Base Voltage — V, H
Total Power Dissipation: at 125°C Case Temperature

15 Volts
15 Volts
3 Volts 

.5 Watts 
0.5 Wattsat 100°C Amb. Temperature

SPECIFICATIONS AND TYPICAL CHARACTERISTICS AT 25°C ______ -
Min. Typical Max. Test Conditions

D.C. Current Gain hFe 10 20 — lc = lOma, 
Ver = 6V

D.C. Collector 
Saturation Voltage

V« — .5 0.6V lc = lOma, 
I. = 2ma

Collector Cutoff Current Ico — 2 5/13 Vc> = Rating

Output Capacitance Cob — 8 Vc. = 6V, 
lE = 0 mA

High Frequency 
Current Gain

hfe 5 7.5 — F = 20mc, 
Vet = 6V 
lE = 10 mA

6
12
10

Delay Time 
Rise Time 
Fall Time

b 
tr 
tf

electronic corporation • wakefield, massachusetts

VISIT US AT IM SHOW-BOOTH NOS. 2433-2417



NEW PRODUCTS
INDUSTRY'S MOST COMPLETE LINEAT THE IRE SHOW

siles, model 712:

Nickel-Cadmium Batteries

ED

CARD

amp hr, and the smallest 
1/2 x 1/4 in. unit rated
ma hr.

Sonotone Corp., Dept.
Elmsford, N.Y.
Booth 3945

CIRCLE 110 ON READER-SERVICE

Miniature Switch

Has 100 shorting positions

commutator type switch with 100 
shorting or 50 nonshorting posi
tions. Occupying 1-3/4 sq in. of 
panel space, it has molded wedge
shaped contacts set into epoxy with 
close spacing tolerances. It is 7/8 
in. deep. The commutator bars arc 
solid silver alloy, and the rotor is 
beryllium copper with a welded 
silver edge making contact with the 
stator. The switch is suited for use 
in Datalink receivers, telemetering 
systems, and high speed commu
tators.

The Da ven Co., Dept. ED, Liv
ingston, N.J.
Booth 2717-2719

CIRCLE 109 ON READER-SERVICE CARD

Provide constant drain

In 12 different sizes, these 
sealed, sintered-plate, nickel-cad
mium batteries provide a constant 
drain during most of the discharge 
cycle. They can be recharged 
thousands of times and permit 
high drain rates at low tempera
tures. All sizes are 1.25 v. The 
largest is an F model rated at 4.5

SILICON TRANSISTORS

SILICON DIODES

SILICON RECTIFIERS

JAN TRANSISTOR Minimum 
Current Gain 

(B)

Maximum 
Collector Voltage 

(Volts)

Typical
Cut >ff Frequency 

(MC)

Maximum 
Ico @ 25 C 
and Vc Max.

G»a)

1

FEATURES

fir JAN-2N118 10 30 10 1 • Only Jan Silicon 
Transistor

SMALL SIGNAL Minimum 
Current Gam 

(B)

Maximum
Collector Voltage 

(Volts)

Typical 
Cut off Frequency 

(MC)

Maximum 
Ico © 25°c 
and Vc Max. 

(m3)
FEATURES

2N333 18 45 7 50

• Low lCo
• Operation to 175°C
♦ 200 mw Power Dissipation

2N335 37 45 10 50

2N480 40 45 11 .5

2N543 80 45 15 .5_____
ST905 36 30 10 10

HIGH SPEED SWITCHING Typical 
Cut-off Freq 

(MC)

Maximum
Collector Voltage 

(Volts)

Maximum
Collection Saturation 

Resistance (ohms)

Max. Power 
Dissipation 

(a 100“C ambient 
(MW)

FEATURES

2N1139 150 15 60 500 • High Frequency Operation
■ - 2N337 20 45 150 50 • Low Saturation Resistance

2N338 30 45 150 ------------- 50 • Low lCo

MEDIUM POWER
Max. Power 

Dissipation (u 25°C 
Case (Watts)

Maximum
Collector Voltage 

(Volts)

Minimum DC 
Current Gam 

(B)

Typical 
Rise

Time
Gzsec)

Typical 
Fall 

Time 
G*sec)

FEATURES

2N545 5 60 15 .3 .5
• Fast Switching
. High Vc
• Rugged Construction

2N547 5 60 20

2N498 4 100 12

2N551 5 60 20

2N1140 3 40 20 .2 .1

Write for Bulletins IE-1353 and TE 1355

HIGH POWER
Maximum Power 

Dissipation .. 25°C 
Case (Watts)

Minimum DC 
Current Gam 

(B)

Typical
Collector Saturation 
Resistance (Ohms)

Maximum
Collector Voltage 

(Volts)
FEATURES

ST410 85 15 (m 2 Amps 1.5 (« 2 Amps 60 • High Current Handling 
Ability

• Low Saturation Resistance
• Rugged Construction

ST401 35 20 (a> 2 Amps 1.5 (o 2 Amps 45

2N389 85 12 @ 1 Amp 3.5 & I Amp 60

2N424 85 12 © 1 Amp 6.0 @ 1 Amp 80

Write for Bulletin TE-135O

—- —-—~~
Fast Switching and High Frequency Types 

Ratings (a 25°C
Military and High Conductance Types 

Ratings 0 150 C

FEATURES
Max. Inverse 

Voltage (Volts)
Max. Average 
Fwd. Current, 

(ma)

Inverse Recovery 
Time G«sec)

Max. Inverse
Voltage (Volts)

Max. Average 
Fwd. Current 

(ma)

Max. Inverse 
Current 
(Ma)©V

• Recovery Times Under 15psec
• High Conductance Combined 

With Fast Switching
• Subminiature Size

• High Inverse Resistance

1N808 100 100 .3 JAN 1N457 60 25 5@ 60

1N809 200 100 .3 JAN 1N458 125 25 5 @ 125

1N658 120 200 .3 JAN 1N459 175 25 5© 175

1N659 55 100 .3 1N485P 180 50 5 © 175

1N643 110 100 .3 1N488A 380 50 25 © 380

JAN 1N251 30 75 .15 1N464 175 40 30 @ 125

Write for Bulletin TE-1351

Ratings @ 150 C Case Temperature
Peak Recurrent 
Inverse Voltage 

(Volts)

Maximum Average 
Forward Current 

(ma)

Maximum Inverse 
Current 

(ma)
FEATURES

fl 
1 

' 
10

 
1 

I 
;

Subminiature Glass 1N689 
1N649

600
600

150
150

0.2
0.2 (@ 25°C)

• Reliability at High 
Temperatures

• High Efficiency
• Rugged Construction
• Hermetic Sealing
• Low Thermal 

Resistance

Miniature TJ60A 
TJ30A

600
300

200
200

0.5
0.5

Axial Leads SL715 
1N547

1500
600

100 
250

0.2
0.3

Military JAN 1N256 570 200 0.25 (© 135°C)

Stud Mounted TM155 
TM67

1500
600

400
3000

0.5
0.5

Medium Power TR4O2
TR601

400
600

Amps 
20 
10

5
5

High Power TH402H 400 50 15
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SILICON REGULATORS AND REFERENCES

Write for Bulletin TE* 1352

Voltage Range 
(Volts)

Maximum Dynamic 
Resistance 

(ohms)

Maximum Current 
@ 25°C @ 125°C
(ma) (ma)

FEATURES

Subminiature — SV-5 4.3-54 55 50 10

• Long-term stability
• Operation up to 150°C
• Small size, easy mounting
• Hermetically sealed

Miniature SV-815 13.5-18 120 40 8

Power — SV 924 20-27 8

55°C 
(amps)* (ma)*

.4 100

Stabistor — SG-22 .64 40 150 25

Reference — SV-3176 8-8.8 15
Temp. Coefficient 

*.001%/°C

Ref-Amp — 3N44 83-9.8 *.002%/°C

SILICON CAPACITORS

sipation

Write for Bulletin PB-45

Ultra High Frequency Types — Ratings (a 25 C
FEATURES

Cut-off
Freq, (me)

Capacity UmO 
® V Max ® -0.1V

Q ® —4V 
® 50Mc (oí 100Me

Maximum
Working Voltage

SCH 51 5000 35 2 100 50 10

• Subminiature Size
• High Q
• High Température Operation

SCH 52 5000 .8 4 100 50 7

High Frequency Types
Q (& -4V 

At 5mc At 50mc

SC-l 4.4 24 350 35 22

SC-5 25 120 350 35 11
SC-15 120 360 350 35 6

GERMANIUM DIODES

Write for Bulletin TE-1300 & TE-1319

Specifications and Ratings at 25°C
Forward Current 

® -I-IV 
(ma)

Inverse Current at 
Specified Voltage 

Ua @ V)

Max. Oper. 
Voltage 
(volts)

Description

JAN-1N270 200 100 (a, —50 80

JAN TYPES

JAN-1N277 100 250 ® -50® 75°C 
75® -10

100

JAN-1N281
40 500® —50

30® —50
60

JAN-1N126 5 500® -50 
30® -10

60

JAN-1N198 5 250 ® -50 ® 75°C 
75® -10

50

1N283 200 20® -10 20 COMPUTER 
TYPEST16G 40 100® -50 60

FEATURES

• Mill» Microsecond Switching
• Superior Forward Conductance
• High Inverse Resistance
• Uniformity and Stability
• Gold Bonded Construction

1N278 20 125® -50® 75°C 50
HI-TEMPERATURE 

TYPES
T22G 40 20® —10® 75°C 15

T9G 100 20® -50 
2® -10

60

HI RESISTANCE 
TYPES1N67A 5 50® —50 

5® —5
80

T8G 100 20© -100 
5 © —10

100

S57OG ¡0 30® 6

Recovery Time 
.002 

Usee)
MILLIMICROSECOND 

SWITCHING

GERMANIUM COMPUTOR TRANSISTORS
Minimum 

Current Gain 
(B)

Maximum 
Collector Voltage 

(volts)

Typical 
Cutoff Freq. 

(MC)
FEATURES

2N427 40 15 8
• High Frequencyswitching
• Low Saturation 

Resistance
• Uniform Input 

Characteristics
2N428 60 12 13

Digital Voltmeter

Minimizes stepping switch 
operations

An all transistorized stepping 
switch digital voltmeter, model 
V-34 automatically measures volt
ages from ±100 pv to ±1 kv. 
Digital logic keeps stepping switch 
operations to a minimum during 
the balancing process, thus reduc
ing reading time and increasing 
switch life. This logic also elimi
nates the necessity of a sensitivity 
control for measuring noisy or vary
ing signals. The stepping switches 
are sealed in oil in individual plug
in containers which are inter
changeable and can be removed 
instantly. Switch adjustments are 
accessible externally without dis
assembling the containers. Data 
printing can start instantly in these 
units without the normal 1/2 sec 
delay required by stepping switch 
meters. A snap-in digital readout 
permits access to readout bulbs 
through the front panel. For voltage 
measurements, the V-34 has four 
ranges from ±0.9999 to ±999.9 v 
de. Range changing and polarity 
indication are automatic. Linearity 
is ±0.01% of full scale; accuracy 
is ±0.01% of reading; and input im
pedance is 10 meg. For voltage 
ratio measurements, the range is 
±0.9999 ratio; linearity is ±0.01% 
of full scale; and input impedance 
is 10<X) meg.

Non-Linear Systems, Inc., Dept. 
ED, Del Mar, Calif.
Booth 3041, 3042

CIRCLE 112 ON READER,SERVICE CARO

Y our local authorized Transitron 
Distributor now carries in-stock 
inventories for immediate delivery.

Transitron’s TD series of rectifier stacks offer a 
wide range of ratings in seven standard circuit con
figurations. High voltage cartridges, quads, plug-in 
assemblies, and many other special encapsulations 
are also available. Your inquiries are invited.

Write for Bulletin TE-1342.

Tra natron
electronic corporation • wakefield, massachusetts

VISIT US AT INE SHOW-N)OTH NOS. 2433-2437

Rosin Flux

For printed circuit applications

Type 610 is an activated rosin 
flux that leaves a highly resistive 
residue after heating. Its qualities 
include instant wetting, good capil
lary action, and a moderate drying 
rate. The flux is especially suited 
for printed wiring applications.

Alpha Metals, Inc., Dept. ED, 56 
Water St., Jersey City 4, N.J.
Booth 4328

CIRCLE 113 ON READER-SERVICE CARD 
< CIRCLE 111 ON READER SERVICE CARD

93



Controlled phenolie dip 
avoids "rundown" of the 
phenolic on straight-cut 
leads. Assures 
always-uniform 
soldered connections

Crimped and Straight-Cut 
Leads for Automation.
These units are available in 600 and 1000 
VDCW units on types JA. JB. JC. BYA and 
other General Purpose capacitors. Leads are 
accurately spaced on these units for easy 
insertion into printed wiring boards. 
Crimped-lead units prevent bottoming on the 
printed wiring board assuring positive contact 
for soldering. Straight-cut leads save height off 
the board and may be inserted to 
circumference of disc.

SPECIFICATIONS
Capacitance Values Available 005, .Ol. .02. .05, and .1 mfd.

Working Voltage 50 VDCDiameters: .350" to .625""the ceramic with the 
million dollar body”

TINY

MIKE

NEW PRODUCTS at the ire show

Time Delay Standards

Have 1000 me bandwidth

Drift-Free 
measurements of 

D-C voltage, current 
and resistance...

Coaxially constructed from input to output 
connector, these wideband time delay standards 
contain bilateral passive networks which provide 
high stability and eliminate time jitter. Both in
put and output impedances are equal, and the 
low frequency limit can be extended down to dc. 
Bandwidth is 1000 me. Rise time, generally less 
than 4% of the time delay at any point, can be 
faster than 1 ppsec for small delays. The maxi
mum input voltage is over 500 v for all types, and 
accuracy is better than 0.5% with correction fac
tors. Six different models with characteristic im
pedances of 50, 75, and 93 ohms are available. 
Resolution time is less than 10-13 sec for units 
with 47.5 mpsec total delay; 10 ° sec for those 
with 1.11 |isec delay; and 10-8 sec for those with 
11.1 psec delay. Designed for calibrating delay 
lines and measuring the time delays of networks, 
these devices can also be used as signal delays in 
synchroscopes, color television systems, and other 
equipment.

Ad-Yu Electronics Lab, Inc., Dept. ED, 249 
Terhune Ave., Passaic, N.J.
Booth 3614

CIRCLE 115 ON READER-SERVICE CARD

with L&N’s Stabilized

Ohmmeter

Immediately available in production quantities !
Ideal for limited space and low-voltage requirements of portable 
radios and a variety of other miniature battery-powered and line- 
powered equipment. Excellent for bypass and coupling. Tough 
phenolic coating affords excellent insulation while protecting against 
severe humidity and vibration. For further information, write for 
Bulletin SEB-2 toCornell-Dubilier Electric Corp., So. Plainfield, N. J.

«
i ^Consistently cpendable

1CORNELL-DUBILIER
CAPACITORS

CIRCLE 114 ON READER-SERVICE CARD

Has 10 milliohm to 5000 meg range

Functions of the model 701 ohmmeter include 
measuring the forward and back resistance of 
semiconductors, performing capacitor leakage 
tests, and testing transformer winding and low 
voltage resistance. Because it applies no more 
than 30 mv to a sample, the 701 can test semi
conductors without changing their characteris
tics and can measure the resistance of moving 
coils in electrical indicating instruments without 
damaging them. The unit has a range of 10 
milliohms to 5000 meg and 2% accuracy. It meas
ures 7 x 10-1/2 x 9 in. and weighs 10 lb.

Mid-Eastern Electronics, Inc., Dept. ED, 32 
Commerce St., Springfield, N.J.
Booth 3009

CIRCLE 116 ON READER-SERVICE CARD

Now you can make fast, drift-free 
measurements of voltage, current and 
resistance with L&N’s 5620 R-I-E 
Meter. Applications include: voltage 
measurements of vacuum tube elec
trodes . . . current measurements in 
photo-cells, ion chambers . . . resistance 
measurements of high value resistors, 
volumetric or surface resistance of 
samples of small sizes, etc.
Ranges—Volts D-C (4) : 0-0.5 to 0-500. 
Current (6): 0-5 to (7-5x10 5 micro
amperes. Resistance (6) : 2x10- to 
2x10s megohms.
Limits of Error—Current and voltage 
range, ±3# of full scale. Resistance 
range, ¿=6% of reading for meter 
reading of 20 or lower.
Amplifier Output—For use as pre-ampli
fier for Speedomax" G or H 10 mv 
Recorders. Provides 10 mv across 100 
corresponding to full scale on any 
selected range.
Controls—Range Switch: 11 positions. 
Function Switch: 5 positions. Polarity 
Reversing Switch. Voltage Key: Inter
nal power supply, 10 or 100 volts.
Power Supply—120 volts, 50 or 60 cycles
Case—Metal, 7l2" (h) x 10‘2" (w) 
x 10 U" (d), with cover.
Price—$440.00, f.o.b. Phila. or North 
Wales, Pa. (subject to change without 
notice). Specify List No. 5620 when 
ordering from nearest L&N Sales Of 
fice or from Leeds & Northrup Co.
4908 Stenton Ave., Phila. 44, Pa.

LEEDS NORTHRUP
Instrument, M Automatic Controls • Furnace*

CIRCLE 117 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 4, 1959
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160 Ohm Coaxial 
Line Termination

For wideband pulse 
systems

This 160 ohm coaxial line termination is 
mounted with a BNC male connector, which 
can be used to terminate K-109, 160 ohm cable 
or equivalents. It incorporates a 1% precision 
termination resistor. The unit is particularly use
ful as a termination in wideband pulse systems 
from de to pulses of 1 mpsec rise time. It has a 
maximum rated pulse voltage of 200 v and an 
average rated power dissipation of 1/2 w.

Electrical and Physical Instrument Corp.,

free 
and 
I-E 
a^e 
•lec- 
s in 
ince 
:ors, 
! of

Dept. ED, 42-19 27th St, Long Island City 
N.Y.
Booth 3240

CIRCLE 119 ON READER-SERVICE CARD

1,

Combination 
Battery and 

Charger

Replaces carbon dry cells

5 03
3 -t

3

i —
=3 

< <P CD-----

In a case the size of two D cells, this 
sealed, sintered-plate, nickel-cadmium battery is 
equipped with its own charger. Available to re
place carbon dry cells in a wide range of ap
plications, it provides a constant voltage supply 
during the major portion of the discharge cycle. 
For recharging, the top unscrews, and the bat
tery plugs into a 110 v outlet. An overnight 
charge will bring the unit back to operational 
capacity.

Sonotone Corp., Dept. ED, Elmsford, N.Y.
Booth 3945

CIRCLE 120 ON READER-SERVICE CARD

SAUCER FAN
280 CFM

The Saucer Fan represents an 
entirely new design concept whereby 
the driving motor is built within the 
propeller hub limiting its axial 
length to the minimum measurement 
required by a highly efficient motor. 
Ideally suited for tightly packed 
electronic packages, where space is 
critical, the Saucer Fan will provide 
cooling air to the amount of 280 cfm. 
Power requirement is 115 vac 
50-60 cps, 1 0.
The fan’s pressure performance is 
tailored to the requirements of a modern, 
washable dustfilter. "Servo type" mounting 
flanges at each end of the venturi ring 
permit simplicity of mounting without loss 
of space. Direction of airflow may be 
easily reversed by turning the fan end for 
end. Electrical connections are made to 
a compact terminal block.

sa'

AIR VOLUME —CFM

For complete technical details write tn ...
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LAMBDA'S ALL-TRANSISTOR LINE
Delivered now • Guaranteed for five years

FOUR NEW POWER SUPPLIES

NEW PRODUC
AT THE IRE SHOW

Miniature Tra

For printed «

1-AMP and 2-AMP- CONVECTION COOLED
No internal blowers • No moving parts

0-32 VDC
0-1 AMP 0-2 AMP

Model LT 1095 $285

Model LT 1095M (metered) $315

Model LT 2095 $365

Model LT 2095M (metered) $395

• Ambient 50° C at full rating.
• High efficiency radiator heat sinks.
• Silicon rectifier.
• 50-400 cycles input.
• Special, high-purity foil, long-life 

electrolytics.

Compact. Only 3W panel height.
Short-circuit proof.
Protected by magnetic circuit breakers. 
Hermetically-sealed transformer. De
signed to MIL-T27A.

• All transistor. No tubes.
• Fast transient response.
• Excess ambient thermal protection.
• Excellent regulation. Low output impedance. 

Low ripple.
• Remote sensing and DC vernier.

CONDENSED DATA

Voltage Bands . . .0-8, 8-16, 16-24, 24-32 VDC
Line Regulation ...Better than 0.15 per cent or 20 

(whichever is greater). For input 
from 105-125 VAC.

Load Regulation. . .Better than 0.15 per cent or 20

millivolts 
variations

AC Input

(whichever is greater). For load 
from 0 to full load.
105-125 VAC, 50-400 CPS

millivolts 
variations

Electrical Over
load Protection . . .Magnetic circuit breaker, front panel 

mounted. Unit cannot be injured by short cir
cuit or overload.

Thermal Over
load Protection . . . Thermostat, manual reset, rear of chassis. 

Thermal overload indicator light, front panel.
Site .......................... 3l/j" H x 19" W x 143/b" D.

.LuJ 1959 CATALOG 

NOW AVAILABLE
New 36-page edition contains information and 
specifications on Lambda's full line of transis
tor-regulated and tube-regulated power supplies.

Send for your copy.

Alambda ELECTRONICS CORR
11-11 131 Street, College Point 56, N.Y.

These miniature 
designed for printer 
cations, come in 5 
sizes that range iron 
0.6 in. in height up 
0.94 in. in height. \u 
ultrasonic transform« 
tors in these sizes 
for transistor or 
circuitry. They mt 
Grade 5 Class R or S 
nals and inserts an 
0.1 in. grid multiple 
signs can meet 5(X) 
vibration.

Audio Developme 
ED, 2833-13th Ave 
apolis 7, Minn.
Booth 3837

CIRCLE 123 ON READER

Skived Teflc

Has - 250 to +500 
range

Type ET 3770 skiv 
has a low coefficient 
retains its toughness 
ox er a wide temperat 
inert to weathering, 
active reagents and c 
a component for di 
as a bearing surface c 
equipment, and as j 
surface covering. It: 
range is —2.50 to -|-5

Permacel, Dept. El 
wick, N.J.
Booth 4227

CIRCLE 124 ON READER

< CIRCLE 122 ON READER-S



PRODUCTS
IRE SHOW

IDAR OUTPUTS TO MORE THAN 5,000 KW
Extends range to radius of

Raytheon Trade Mark

122 ON READER-SERVICE CARD

When used with Raytheon's new high-gain 
40-ft. antenna, the QK-653 triples the 
detection range and the warning time of 
standard long-range search radars.

The Amplitron is a highly efficient (50% 
to 70%) liquid-cooled, integral-magnet 
microwave tube.

The exceptional phase stability of the 
QK-653 is particularly advantageous in 
MTI radar applications.

NEW AMPLITRON* BOO

$33-13th Ave. So., Minne 
L Minn.
Ì837
! 123 ON READER-SERVICE CARD
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Creative Microwave Technology A/WWW
Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON MANUFACTURING COMPANY, WALTHAM 54, MASS., Vol. 1, No. 3

ature Transformers

For printed circuits

250 miles at 80,000 feet

; miniature transformers, 
d for printed circuit appli- 

come in 5 standard case 
at range from 0.56 in. sq b\ 
in height up to 1.27 in. b\ 
in height, \ndio, power and 
lie transformers and indue - 

these sizes are availabli 
msistor or vacuum tube 
v. They meet Mil-T-27A 
5 Class R or S Life X. Termi- 
id inserts are on standard 
grid multiples. Special de
an meet 500 and 2(XX) cps
)D.

Now being incorporated in L-band ARSR 
systems for the C.A.A., Raytheon's new 
broad-band QK-653 pulsed-type Ampli
tron transmits ten times more power 
than maximum power levels of original 
RF drivers, increasing the detection 
range of these systems more than 60%.

Non-reentrant RF circuit permits con
trol of oscillation by frequency of RF 
input over the entire band, 1,280 to 
1,350 Me, at optimum gain and effi
ciency. without mechanical or electri
cal tuning. Changes in anode current 
or voltage have little effect on total 
phase shift. The Amplitron exhibits 
excellent reproduction of input spectrum 
even under high-ripple pulse conditions.

kived Teflon Film

250 to 4 500 F temperature 
range

: ET 3770 skived Teflon film 
jw coefficient of friction and 
its toughness and flexibility 
wide temperature range. It is 
) weathering, abrasion, and 
reagents and can be used as 
ponent for die-cut gask< 
aring surface on heat sealing 
lent, and as an antifriction 
! covering. Its temperatv re 
is —250 to 4-500 F.
lacel, Dept. ED, New Bruns

4227
E 124 ON READER-SERVICE CARD

50' 
RANGE in nautical 

MILES

AN/TPS-1D WITH WITH RAYTHEON’S NEW 
STANDARD ANTENNA HIGH-GAIN ANTENNA

RAYTHEON'S 
’AMPLITRON’

350

300% increase in cover
age and warning time of 
type AN/TPS-1D radar re
sults when Raytheon's 
new QK-653 Amplitron and 
40-ft. high-gain antenna 
are added to the system. 
With other radars of more 
limited range, improve
ment factor may be even 
greater.
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Excellence in Electronics
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PEAK POWER OUTPUT AND GAIN 
AS A FUNCTION OF PEAK POWER INPUT

Amplitron Installation

You can obtain detailed application information
and special development services by contacting

Manufacturing Company, Waltham 54, Massachusetts
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A HOFFMAN SEMICONDUCTOR APPLICATION CASE HISTORY

Ceramic Embedment 
Compound

For use to 2500 F
Developed for electronic potting 

and encapsulation and for general 
high temperature applications, Ec- 
coceram 21 can be used at tempera
tures to 25(X) F. It undergoes neg
ligible shrinkage on cure and has 
good electrical and physical prop
erties. It is supplied in two com
ponents. These are mixed to form a 
material that is handled as a con
ventional casting resin requiring a 
moderate temperature cure. High 
temperature exposure is possible 
immediately after cure. The mate
rial is preferably used in a metal 
or ceramic housing which remains 
part of the finished item.

Emerson & Cuming, Inc., Dept. 
ED, 869 Washington St.. Canton, 
Mass.
Booth 1923

CIRCLE 125 ON READER-SERVICE CARD

Portable Temperature 
Test Chamber

THIS 
VOLTAGE 

REGULATION 
PROBLEM 
HAD TO BE 

SOLVED
100 to - 350 F range

Mechanically refrigerated, this 
portable combination high and low 
temperature test chamber has an 
operating range from —100 to 

350 F. It can be set up for vibra
tion in all planes by direct exposure 

f the exciter head.
Tenney Engineering, Inc., Dept. 

ED, 1090 Springfield Rd., Union,

For new semiconductor application ideas, 
visit Booths 3242 3243 at the I.R.E. Show. FOR 

AUTOMATIC 
INSPECTION 
MACHINES

Booth 1516, 1518
CIRCLE 126 ON READER-SERVICE CARD

10 MC Pulse Generators

Single or double pulse
Series 4500 pulse generators are 

10 me units tended for computer 
nd video circuit test and design. 

! hey are completely transistorized 
md feature fast rise time output. 
\ single pulse and two double 
pulse versions are available.

Electro-Pulse, Inc., Dept. ED, 
1 1S61 Teale St., Culver City, Calif. 
Booth 3606, 3608

CIRCLE 127 ON READER-SERVICE CARD 
* CIRCLE 658 ON READER-SERVICE CARD

CIRCLE 128 ON READER-SERVICE CARD >

•ABAMCO.

Circuit applications of zener devices in Voltage Regulator Test Set:
1. As shunt voltage regulator.
2. As a reference element, regulated power supply.
3. As e current limiter to prevent saturation.

“Id-- -------- Wr
HREW DtOOC £

If you need a Job in electronics done quicker and better, contact

Design engineers of American Bosch Arma4, in 
order to develop a completely automatic VOLT 
AGE REGULATOR TEST SET, required extremely 
stable and close tolerance circuit components. 
Hoffman Zener Devices were chosen to solve 
three major circuitry problems: (1) as shunt 
voltage regulation in a rectifier circuit, (2) as 
a reference element in a regulated power sup
ply, and (3) as current limiters to prevent sat
uration in a transistor circuit
ABAMCO engineers, using Zener circuitry, were 
able to create a production test instrument 
which eliminates operator judgment error and 
decreases labor to 25% of previous require
ments.
Hoffman Semiconductor, who pioneered the de
velopment of Silicon Zener Devices, offers you 
the widest selection of voltage types and power 
dissipation ratings in the field.
Consult our Semiconductor Application Special
ists in your immediate area or write to Depart
ment ZD.

930 PITNER AVENUE EVANSTON, ILLINOIS



NEW PRODUCTS AT THE IRE SHOW

Hanger Switch

Rated at 3 amp, 120 v ac

Called the “Hook Switch,” this unit responds 
when an accessory such as a bead set or micro
phone is hung on a hook. It is available for two 
different types of mounting: series 11000 mounts 
by frame and series B14000 has a bracket for 
mounting on a panel behind the switch. The unit 
has relatively long springs assembled into a con
ventional stack assembly. They are insulated 
from each other by phenolic spacers with plastic 
tubing press fit through the stack, thereby insur
ing correct alignment of the contacts and provid
ing high insulation resistance. The silver contacts 
are rated at 3 amp, 120 v ac noninductive load.

Switchcraft, Inc., Dept. ED, 5555 N. Elston 
Ave., Chicago 30, 111.
Booth 2827

N

LI C

CIRCLE 129 ON READER-SERVICE CARD

Tri-Helix Antenna Array

Has 215 to 265 me range

For long and medium range missile tracking, 
type 80420 antenna array consists of three eight
turn helical elements mounted on a mesh ground 
screen, and fed in phase to provide a narrow 
beam with a gain of 19.5 db at the design fre
quency. It has a frequency range of 215 to 265 
me and a vswr of less than 2 to 1. Beamwidth 
is 20 deg ^2 deg at the center of the band. 
Polarization is right hand circular; input imped
ance is 50 ohms; and axial ratio is less than 1.5 
to 1. Standard input is a Type N jack. The rotator 
provides 180 deg elevation and 720 deg azimuth 
tracking with limit switches to prevent over-ride. 
Tracking speed is variable from 0 to 30 deg per 
sec. A remote control unit permits simultaneous 
control of direction and speed. Operation is from 
a 100 v, 60 cps, single phase, 10 amp source.

Andrew Corp., Dept. ED, 363 E. 75th St., 
Chicago 19, Ill.
Booth 1409-1411

CIRCLE 130 ON READER-SERVICE CARD

98

UNILITE...single-color light with one-inch 
diameter round button.

TRILITE... lights in 3 colors. Round but
ton is 1" in diameter.

TWINLITE... lights in 2 colors. Solid or 
split-color buttons %' x 1’. Mounts in rows or 
matrix using barriers.

Whate> 
standa 
a mod 
quickly

The i 
utilize 
simulta 
or light 
push-ol 
mdepei 
white. Z 
front of 
without 
button« 
or matr

DUALITE...lights in 2 colors. Square 
button may be split-color. Mounts without 
barriers on .875’ centers, both directions.

ELECTRONIC DESIGN • March 4, 1959



jackPress-Fit SKT-103 miniature

Flat-Mount Jack

For printed circuits

mounts Hat against a printed wiring board. It 
has a double-prong steep strap in front, and a 
connection lug in back which fit in three small 
holes forming a triangle in a grid coordinate lay
out. It is dip soldered from the underside of the 
board for mechanical and electrical require
ments. Made with a self-aligning Teflon hole, the 
unit takes a 0.08 in. probe w ith no strain on the 
contacts.

Sealectro Corp., Dept. ED, 610 Fayette Ave., 
Mamaroneck, N.Y.
Booth 2313

CIRCLE 132 ON READER-SERVICE CARD

Fire Detection Control

For aircraft

ELECTROSNAP CORPORATION

131 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 4, 195959 99

We would like to prepare a 
specification drawing to meet 
your requirements. For quotation 
or technical literature, please send 
application information to

4216 West Lake Street, Chicago 24, Illinois 
Telephone VAn Buren 6-3100 • TWX No. CG-1400

QUADLITE ..four bulbs, lights in 4 colors. 
Designed for matrix use, mounts on %' 
centers both directions. Mechanical 
interlocking for master resetting, mutual 
cancellation, or other special actions.

CIRCLE

Whatever your application requirement, we undoubtedly have a 
standard lighted pushbutton panel switch to fit your needs. If not, 
a modification, or a complete custom design, can easily and 
quickly be produced.

The units shown are the five basic standard models. They all 
utilize a pair of single pole, double throw subminiature, non
simultaneous switches. Models are available with positive-feel 
or light-touch Momentary Action, or Alternate Action (push-on, 
push-off). Switches and lamps may be interwired or terminated 
independently. Choose from six standard illumination colors, plus 
white. All lamp and light filter assemblies are removable from the 
front of the panel. For indicating use only, any unit can be supplied 
without switches. Round-button models are available with square 
button caps. Models are available for either sub-panel, flush-panel, 
or matrix mounting.

Designed for use with the company’s continu
ous cable aircraft fire detection system, the model 
297-115-3 magnetic amplifier control assembly is 
1-3/4 in. in diameter and 3-5/32 in. long. It 
weighs 0.8 lb. Ruggedly constructed, it does not 
require a shock mounting and can be placed al
most anywhere in the aircraft. The unit consumes 
1 w for either standby or alarm and will carry a 
load of 170 ma at 28 v de. Controls capable of 
carrying larger loads are also available.

I homas A. Edison Industries, Instrument Div., 
McGraw-Edison Co., Dept. ED, 61 Alden St., 
West Orange, NJ.
Booth 3505, 3507

CIRCLE 133 ON READER-SERVICE CARD



GLOBE MODEL VS / O C. MOTOR

---------- 1 «75 -

875

2 250--------

TYPICAL MOTOR PERFORMANCE DATA

1.200 120001

1.000 10.000 —

8,000

2.000

TORQUt INCH

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 1% 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 size available. Mui 
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.

CIRCLE 134 ON READER-SERVICE 
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I R E. Booth 3915

NEW PRODUCTS AT THE IRE SHOW
Automatic Marking Machine

For tops and sides of JETEC 30 cases

The Markem model 122A is designed to im
print trademarks and codes on both the tops and 
sides of JETEC 30 and similar cylindrical cases 
with reasonably straight wire leads. Components 
are loaded into a vibrator drive unit for auto
matic bowl feed along a trough to a dial fixture 
for top and side printing. Ejection is automatic. 
Where components are more than one size, vi
brator bowl, trough, and dial fixture are inter
changeable. Top markings may be up to 2 x 3 in., 
while side markings are limited only by the size 
of the case. The unit marks 45 components a min
ute and operates on 110 v ac, 60 cps. It measures 
30 x 36 x 47 in.

Markem Machine Co., Dept. ED, Keene, N.H. 
Booth 4210, 4212

CIRCLE 135 ON READER-SERVICE CARD

Magnetic Amplifier Control

For solid state thyratron systems
Known as the Control Amplifier, this unit pro

vides the necessary signal to control solid state 
thyratron systems which, in turn, can drive in
ductive as well as resistive loads without com
plicated circuitry. Combined with solid state 
thyratrons, it affords a complete solid state sys
tem from logic input to power handling output 
and provides proportioning and switching con
trol as well as isolation of multiple logic inputs. 
Circuits for the unit may be used for static 
switching, temperature control, automatic weld
ing control, variable de and constant current 
supply, pulse width modulation, and similar ap
plications. Essentially a low power, high speed 
magnetic amplifier, the device is designed so 
that it self-adjusts to input needs of the thyra
tron’s power requirements. It is self-clipping and 
cannot burn out the thyratron.

Control, Div. of Magnetics, Inc., Dept. ED, 
Butler, Pa.
Booth 2339, 2533

CIRCLE 136 ON READER-SERVICE CARD
CIRCLE 657 ON READER-SERVICE CARD >
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...I mean, really! Maybe you think that’s 
too deep lor 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?

rfI just wish we housewives could pick the 
magnet wire that goes into the motors and coils 

of every one of these things. I mean, really! 
Because Id pick Roebling Magnet IFire. It s 
always way higher than the NEMA Specifications. 
And if you think that’s not important to a girl 
Electrical W ire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, N. J.



Bourns offers the world’s largest

This cutauay of Model 224 is typical of the design of all Bourns potentiometers though some features vary from model to model

TRADEMARK

formane« under extreme shock 
vibration and acceleration

SHAFT 
locked

SHAFT INSULATOR - Hign-dielec- 
tric-strength, ceramic insulator 
isolates shaft head from in
ternal circuits.

SHAFT HEAD - Stainless steel 
with machined slot for screw
driver adjustment Meets mili
tary salt spray requirements.

ELEMENT - Special ceramic element card for 
maximum reliability is precision wound with 
low-temperature-coefficient resistance wire.

LEAD SCREW - Stainless steel 
lead screw for low noise, high 
performance during rotation.

O-RING — Silicon rubber O-Ring seals poten 
tiometer against humidity Prevents flash
over to shaft head for high voltage operation.

SPRING - Carriage spring provides positive 
no-slip performance during rotation plus a 
reliable idling feature at mechanical limits 
of travel.

PICK OFF - Gold-plated beryllium cop
per pick off maintains constant pres 
sure on lead screw.

WIPER CARRIAGE - Gold-plated car
riage is welded to precious metal 
wiper for low noise.

RETAINER - Shaft is 
In place for top per-

Exclusive manufacturers of TRIMPOT^. TRIMITPioneers in potentiometer transducers for position, pressure and acceleration

SOLDER TERMINALS - Tinned 
terminals are compact, yet 
large enough for easy sober
ing Teflon insulated leads snd 
printed circuit pins are also 
available.

The many advance design features of the 
Trimpot have proved themselves repeatedly in 
major aircraft missile systems and in com
mercial electronic equipment where reliability, 
accuracy plus miniature size are of prime 
importance. Pinpoint settings made on the 
Trimpot remain stable under the most severe 
environmental conditions. And —these units

ACTUAL SIZE 
Most models available with insulated 
stranded leads, solder lugs or printed cir
cuit pins In resistances from 10ft to 1 Meg.

selection of leadscrew actuated potentiome
ters... over 500,000 units in distributors’ 
warehouses across the nation to fill your 
orders. Before specifying, investigate Bourns 
Trimpot, the original leadscrew actuated po
tentiometer. Write for our new Model Summary 
Brochure #4 and list of stocking distributors.

Laboratories, Inc.
P.O. Box 2112A, Riverside, California 

Plants: Riverside, Calif and Ames, Iowa

SILVERWELD* TERMINATION - ExclU
sive with Bourns potentiometers. Un
equalled in ruggedness. A metal-to
metal bond from the terminal to the 
resistance wire



EITEL-McCULLOUGH, INC

CIRCLE 139 ON READER-SERVICE CARD

19594 101

Field-Proved External Cavity Design
Extra wide tuning range with single set of 
tuning cavities. Lower original cost.
Tube replacement cost much lower since ex
ternal tuning circuitry need not be replaced.

20 Amp Silicon Power 
Rectifier

Operates to 165 C

Type 6A silicon power rectifier 
is a 20 amp unit for high tempera
ture service at voltages from 50 to 
400. It is available in 50 v mul
tiples within these ratings and will 
carry a full 20 amp load in half 
wave circuits, and up to 60 amp in 
bridge circuits. It is suited for gen
eral service in all types of power 
circuits, and may be operated at 
ambient temperatures up to 165 C 
and stored at temperatures from 
—65 to 4-200 C. It is ruggedly con
structed and hermetically sealed. 
The unit has a standard 14-28 
threaded mounting stud and can be 
mounted in any position.

Fansteel Metallurgical Corp., 
Dept. ED, 2200 Sheridan Rd., 
North Chicago, Ill.
Booth 4021-4022

CIRCLE 137 ON READER-SERVICE CARD

EIMAC Klystrons are used in most tropo-scatter installations

Helical Antenna

400 to 500 me range

A broadband, helical ground-to- 
air antenna, type 19110-N5 covers 
the 400 to 500 me band. It has 50 
ohms impedance, less than 2 to 1 
vswr across the band, and right 
hand circular polarization. Power 
rating is 150 w; gain, 13.5 db. Both 
standard and hurricane construc
tions are available.

Andrew Corp., Dept. ED, 363 E. 
75th St., Chicago 19, Ill.
Booth 1409,1411

CIRCLE 138 ON READER-SERVICE CARD 
< CIRCLE 667 ON READER-SERVICE CARD 
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NOW, 400 TO 905 MEGACYCLES
SPANNED WITH JUST TWO EIMAC 1OKW KLYSTRONS
Exceptionally wide frequency coverage, 400 
to 985 megacycles, is now available with just 
two interchangeable klystron amplifiers using 
the Eimac 4KM50,000LA and LQ 10 KW 
klystrons. This important tropo-scatter and 
I HF-TV range can now be covered with a 
single transmitter. In addition, both tube 
types offer exclusive design advantages that 
have made Eimac klystrons the most widely 
used power tubes in tropo-scatter networks.

Uniform bandwidth through inductive tun
ing plus greater broadbanding by external 
cavity loading.

Wide Range Load Coupler
One coupler covers entire frequency range.

Modulating Anode
Provides simplified overload protection.
Protects cathode from internal arc damage.

EMA Cathode
Combines ruggedness and long life of a pure 
metal emitter with the high efficiency of an 
oxide cathode.
Extra large area cathode conservatively rated 
for exceptional reliability.

EIMAC 4KM50.000LQ klystron

Eliminates need for high voltage bombarder 
power supply, reducing system cost and total 
power consumption.

Series Connected Body Magnet Coils
Permits use of single power supply and con
trol for body magnets.

Performance Proved Reliability
In tropo-scatter service, individual Eimac 
klystrons have logged more than 25,000 hours 
air time.

San Carlos, California



NEW PRODUCTS at the ire show FOR BETTER WIRE TERMINATING
Miniature Rectangular Connectors

Have center screwlock

AMP TAPER TEC

AMP PATCHBOARD TECHNIQUE

AMP-Lok MULTIPLE CONNECTORS

Series 1900 miniature rectangular pin and 
socket connectors have a center screwlock and 
are available with 104 or 34 contacts. Designed 
for heavy duty applications in aircraft and elec
tronic equipment, they have high dielectric and 
mechanical strength and feature reinforcing 
stainless steel channels which are riveted to the 
long sides of the plug and receptacle. The body 
material is molded from glass filled diallyl 
phthalate. The closed entry socket contacts are 
spring temper with gold over silver plate. They 
maintain a low millivolt drop under constant and 
uniform insertion pressure. The pin contacts are 
gold over silver plated brass. Positive polariza
tion is assured with reversed male and female 
guide pins and guide sockets. The units have a 
current rating of 10 amp continuous, 13 amp 
maximum, and a voltage breakdown rating of 
1800 v rms, 2500 v de at sea level and 500 v rms, 
700 v de at 60,000 ft. Pin diameters are 0.062 in. 
and contacts are 0.15 in. center to center. Mini
mum creepage path between contacts is 0.11 in.; 
minimum air space, 0.05 in. Hoods and protective 
shells are available.

Continental Connector Corp., Dept. ED, 34-63 
56th St., Woodside 77, N.Y.
Booth 2307, 2309

CIRCLE 140 ON READER-SERVICE CARD

(A) A-MP "53'' SERIES TAPER PINS 
... insulated solid, screw machined 
or uninsulated formed pins to mate 
with tapered receptacles. Both types 
provide noise-free, low resistance elec
trical characteristics.

(B) A-MP "53" SERIES TAPER 
BLOCKS . are available in either 
solid blocks or two piece blocks... 10 
or 20 cavity series... single or dual 
insert.

(C) A-MP TAPER TAB RECEPTACLES 
...accommodate flat tabs employing 
the taper key principle... feature 
standardized tapered section to fit 
relays, stepping switches, multiple 
connectors and other electronic com 
ponents.

(D) A-MP MINIATURE TAPER PIN RE
CEPTACLES . . . eliminate tedious and 
costly operations of soldering leads to 
miniature connectors .. use A-MP 
‘‘37” Series Pins.

Bulletin Number 77

A-MP PATCHCORD PROGRAMMING 
SYSTEMS ANO PANELS offer tremen
dous versatility and flexibility. Ex
clusive feature of A-MP Systems is 
wiping action of pins against springs 
for clean contacts. A-MP Universal 
Patchcord Programming Systems and 
Panels are excellent for digital com
puters, data processing equipment and 
automatic test equipment. A-MP 
Shielded Patchcord Programming 
Systems and Panels are excellent for 
analog computers, telemetering equip
ment, test equipment and other low 
level applications where reliable shield
ing is required. Patchcords are made in 
a complete series for all programming 
requirements.

A-MP "240” SYSTEMS . . . offer 
complete reprogramming in seconds in 
airborne applications. The compact 
"240” System weighs 3% pounds and 
features 240 patchcord receptacles for 
maximum program combinations. It, 
too, features the exclusive wiping action 
to assure optimum electrical contact at 
all times.

Bulletin Number 58

WRITE IN 669 ON READER-SERVICE CARD

Information concerning any 

termination problem will be 

forwarded on request. For literature 

on the above products, ivrite, giving

AMP-LOK CONNECTORS... are made 
in 3,6,9, or 12 circuit units... the most 
versatile multiple connectors available 
to the electronics industry. Self anchor
ing units require no extra mounting parts 
for through-panel applications. All con
tacts ar£ identical and self cleaning... 
recessed for safety. Finger grip engage
ment and disengagement of housing 
which is polarized to eliminate circuit 
error. AMP-lok will accommodate a 
wide range of panel thicknesses...may 
be color coded. AMP-lok may also be 
used with complete safety as a free 
hanging multiple connector.

Bulletin Number U5

Word Generator WRITE IN 668 ON READER-SERVICE CARD

For computer and logic system testing

Word generator model 5500 is designed for
computer and logic system testing. It provides 
recycling of serial arbitrary words with a word 
length variable to 40 bits.

Electro-Pulse, Inc., Dept. ED, 11861 Teale 
St., Culver City, Calif.
Booth 3606, 3608

CIRCLE 141 ON READER-SERVICE CARD

bulletin numbers desired, to:
WRITE IN 670 ON READER-SERVICE CARD
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TECHNIQUES
PRINTED CIRCUIT TECHNIQUE

(A) AMP-EDGE TERMINALS . . . 
assure excellent electrical contact with 
friction grippage and positive wiping 
action... apply easily to any section 
of the perimeter of the printed circuit 
board... reduce cost of application 
to wire conductor and to board.

<B) AMPin TERMINALS ... eliminate 
loose leads during solder-dip operation 
... promote good capillary action 
during solder dipping... accommodate 
solid or stranded conductors... are 
self retaining and self-aligning.

(C) AMP COMPONENT TIPS . . . pre
vent movement of components during 
solder dipping cycle... permit bridging 
or effsetting of components... protect 
semi-conductor leads from solder dip
ping heat... eliminate need for eyelets 
and thru-plating on two-sided boards, 
by excellent solder wicking charac
teristics and uniform solder deposit.

Bulletin Number 81

WRITE IN 671 ON READER-SERVICE CARD

A-MP products and

Dual Preset CountersSPECIFY 2, 3, or 4 digit capacity

TERMINALS AND SPLICES

euiri ncn wide

(A) TERMASHIELD SHIELDED WIRE 
FERRULES .. . assure positive ground
ing of wire shield ... eliminate solder, 
danger of burning insulation and un
certain attachment. . . feature one- 
piece construction . . . accommodate 
one or more grounding wires.

(B) TERMASHIELD SHIELDED WIRE 
SPLICES join sections of shielded wire 
so that both the inner conductors and 
outer shields are firmly spliced, with 
the two effectively insulated They 
eliminate multi-stage assembly or 
soldering ... color coded for match- 
mating with application tooling and 
wire sizes.

(C) TERMASHIELD 7MM SHIELDED 
CABLE FERRULES permanently 
ground shielded high tension cables 
... prevent wire damage during attach
ment ... won’t loosen or vibrate to 
cause poor ground or rf noise... re 
move danger of sparking ... offer easy, 
four-step attachment... seat precisely 
into applicable joints.

Bulletin Number 24

WRITE IN 672 ON READER-SERVICE CARD

engineering assistance are
owned subsidiaries in: Canada • England •

ELECTRONIC DESIGN • March 4, 1959

(A) STRATO-THERM TERMINALS ANO 
SPLICES ... for high temperature and 
heat resistant requirements... accom
modate a wide range of wire sizes either 
solid or stranded or both... with or 
without fully circumferential wire in
sulation support as desired.

(B) CERTI-SEAL MOISTURE PROOF 
WINDOW SPLICES .. . seal out vapors 
and fluids even at altitude to assure 
dry splice... accommodate over 100 
insulation thicknesses... resist heavy 
vibration and shock.

(C) OTHER A-MP TERMINALS ANO 
SPLICES . . . designed for the most 
diverse circuitry requirements... strin
gently tested for corrosion resistance, 
vibration resistance, conductivity and 
long life... ideal for all types of elec
tronic equipment.

Bulletin Number 37

WRITE IN 673 ON READER-SERVICE CARD

available through wholly- 
France • Holland • Japan

For control applications requiring a warning 
signal or for digital time interval generation, 
series 7600C dual preset counters are provided 
in 2, 3, or 4 digit capacity, with or without batch 
counters.

Electro-Pulse, Inc., Dept. ED, 11861 Teale 
St., Culver City, Calif.
Booth 3606, 3608
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DC Null 
Detector

Covers 10 pv to 
100 v

I he model 56A de null detector is designed for 
rapid production testing of close tolerance com
ponents normally tested on de bridges. It has 
eight ranges of sensitivity covering from 10 pv 
to 100 v full scale. A variable sensitivity control 
makes it possible to relate any desired percentage 
tolerance to the limits marked on the panel me
ter. The input resistance is 10 meg. With the am
plifier output available at front panel binding 
posts, the unit can serve as a de amplifier with a 
gain of 100 db. Two modes of operation are pro
vided. In the hunt mode, 60 db of meter scale 
comparison virtually eliminates the need to 
switch sensitivity ranges. In the calibrate mode, 
the meter scale is linear over a range of —1.2 to 
0 to -f-1.2. The mode of operation may be selected 
by either a front panel switch or a foot switch.

Boonton Electronics Corp., Dept. ED, 738 
Speedwell Ave., Morris Plains, N.J.
Booth 3114

CIRCLE 143 ON READER-SERVICE CARD
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NEW PRODUCTS AT THE IRE SHOW

Signal Environment Simulator

Has 8 channels

Design better products with

S1LSSTIE RTV cures at room temperature
] SILICONE RUBBER

CIRCLE 144 ON READER-SERVICE CARD

... protects against moisture and shock
■ ■ . retains electrical properties at high temperatures

This signal environment simulator generates a 
realistic high density signal environment in the 
200 to 350 me band, L band, or S band. It simu
lates eight non-voice radiators, each tunable over 
a 100 me range. On all of the eight channels, 
azimuth bearing of the simulated arriving signal 
is arbitrary and adjustable. Various antenna pat
terns may be used on each channel, and each 
channel has adjustable prf, pulse width, and 
scan rate. Eight single channel outputs and one 
mixed output are provided.

Haller, Raymond, and Brown, Inc., Dept. ED, 
Science Park, State College, Pa.
Booth 1425, 1427

Compatible with IBM systems, the F411 digi
tal magnetic tape handler will take 5/8 in. tape 
and provide for up to 12 tracks. It is ruggedly 
constructed to insure continuous service. The de
vice incorporates a bad spot detector and an end 
of tape sensor, and has a 2500 ft capacity.

Fairchild Camera and Instrument Corp., De
fense Products Div., Dept. ED, Robbins Lane, 
Syosset, N.Y.
Booth 3506, 3508

CIRCLE 145 ON READER SERVICE CARD
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Digital 
Magnetic 

Tape 
Handler

Has 2500 ft 
capacity

L_
Potted with Silastic RTV, a component can 
(center) is ready for use in Southwestern 
Industrial Electronics' geophysical amplifier. 
Silastic RTV protects and seals circuits 
against many hazards.

TYPICAL PROPERTIES OF SILASTIC RTV

Temperature range . . . . . . . . . . .—100to480F
. . . . . . . . . . . -70 to 250C

Dielectric strength, volts mil . . 300 to 500
Surface resistivity at 50%

Relative humidity, ohms . ... 2.8 x 1013
Dielectric constant, 

10 cycles per second. . . . . . . . . . . . . . . 2.5
Dissipation factor, 

105 cycles per second. . . . . . . . . . . . . . . . . 0.003

Protect and seal sensitive electronic instruments this new, 
“do-it-yourself” way. Silastic" RTV, the Dow Corning 
silicone rubber, vulcanizes at room temperature to form a 
rubbery silicone solid overnight. Simply apply with calking 
gun or by hand — no processing required. Parts made with 
Silastic RTV withstand temperatures from —70 to 250 C, 
resist moisture and oxidation, cushion vibration and shock. 
Dielectric properties are excellent. Use Silastic RTV for 
encapsulating, potting or calking. Free literature available.

// you consider ALL the properties of a silicone rubber, 
you''ll specify SILASTIC.

Circle 529 on Reader Service Card

Dow Corning corporation
MIDLAND. MICHIGAN
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Trop-Arctic temperature-test chamber

Circle 530 on Reader Service Card

cc

Circle 531 on Reader Service Card

105

eled wire is suitable for use in 180 C insu-

trated brochure.

merals.

Booth 2509-2515
CIRCLE 146 ON READER-SERVICE CARD

CIRCLE 147 ON READER-SERVICE CARD

Multiturn

Circle 532 on Reader Service Card

Dow Corning Silicone Dielectrics Electronic Counter

West Coast Electrical Manufacturing Corporation solenoid

SILICONE VARNISH GIVES
LONG LIFE IN HIGH AMBIENTS
Impregnated with Dow Corning Silicone Varnish,
the insulating components of miniature coils, servos,
motors, transformers and other assemblies are
bonded into moisture resistant insulation systems
having high dielectric strength. Combined with other
silicone components, silicone varnishes assure maxi-
mum reliability, permit operating temperatures up
to 250 C . . . aid miniaturization . . . increase life
while protecting against many chemicals, corrosive
itmospheres, other environments.

Fo further information on these products, write Dept. 169 scription renewal.

LECTRONIC DESIGN • March 4, 1959

SIL CONE-GLASS LAMINATES SURV VE
DEEP FREEZE, OVEN HEAT
Virtually unaffected by temperatures as high 
as 250 C, silicone-glass laminates are ideal 
insulating and structural materials. They are 
lightweight, strong, moisture and arc resist
ant . . . have low loss factor, low moisture 
absorption. Can he drilled, machined, sanded, 
sawed. Supplied in various finished shapes bv
leading laminators.

SYLKYD ENAMELED WIRE
AIDS MINIATURIZATION

Precision Potentiometers
Heat-stable Svlkvd enameled magnet wire
makes it possible to design smaller and
more reliable electronic equipment. Equal
in diameter to Class A wire, Svlkvd enam-

lation svstems; resists moisture, corona,
most chemicals; has good shelf life and
handling properties. Write for new illus-

American Machine and Manufacturing Co. miniature coils

Measures 10 cps to 1.1 me frequencies

Model 523D electronic counter is a versatile 
instrument for measuring frequency, frequency 
ratio, events, time interval, period, and many 
other related phenomena. Sinusoidal frequencies 
from 10 cps to 1.1 me are measured and directly 
displayed, and time interval is measured and dis
played in increments of 1 usee to 1 sec as desired.
Measurement and display are automatic and 
repetitive, and display is in clearly lighted nu-

Hewlett-Packard Co., Dept. ED, 275 Page Mill
Rd., Palo Alto, Calif.

These multiturn precision potentiometers have 
all metal construction with welded terminals and 
provide high stop strength, accuracy, and re
liability. The helical slip ring and dual slip ring 
wipers reduce contact wear, eliminate backlash, 
and provide low contact noise. The type 906 is a 
3-turn, 7/8 in. diameter unit 0.85 in. long. Types 
931 and 934 are 10-turn and 3-turn 1-3/4 in. di
ameter versions, respectively.

Fairchild Controls Corp., Components Div.,
Dept. ED, 225 Park Ave., Hicksville, N.Y.
Booth 3510, 3512

This is the time of our annual sub



1/4 in. long, 1/8 in. in diameter

AN ULTRA-HIGH SENSITIVITY
DUAL-BEAM OSCILLOSCOPE OFFERING
A GREAT VARIETY OF DISPLAYS

CIRCLE 148 ON READER-SERVICE CARD

Discone Antenna

maximum vswr me
of panel. Weight

THROUGHOUT

1, 1 andVISION switch settings .001
CIRCLE 149 ON READER-SERVICE CARD

< CIRCLE 641 ON READER-SERVICE CARD

WRITE FOR COMPLETE

The Du Mont DUAL (Type 411) is a dual-beam oscilloscope of high sensitivity embodying 
an unusually varied selection of displays. It is a true dual-beam scope employing a multi
gun cathode-ray tube. Each vertical channel may be operated independently of the other, 
with complete amplitude calibration facilities on both.

rating of
H19050-2, it

ULTRA-HIGH-SENSITIVITY X-Y PLOTTING - At 
the turn of a front panel control, outputs of 
the two deflection amplifiers may be applied 
to the X-Y axes of one channel, providing 
the most sensitive identical X-Y amplifier 
scope available. In this condition there is 
still an unused channel to display either of 
the above signals against time.

215 to 420 me frequency range

This unity gain omnidirectional 
discone antenna covers the 215 to 
420 me frequency range. It has a

10 with MULTIPLIER switch settings x .1 
x .5, x 1, x 2, and x 5.

l3/4" protrusion in front 
approx. 70 pounds.

HAND CRAFTED WIRING

NEW PRODUCTS
AT THE IRE SHOW

of 2 and a power 
kw. Designated

is a hurricane model

DUAL-BEAM DISPLAY — Outputs of the ultra- 
high-sensitivity deflection amplifiers of each 
channel are applied on identical time bases 
for clear and accurate comparison.

$99500
PRICE: Type 411 & 411-R 
FOB. Clifton, N.J., U.S.A.

EXPANDED TIME BASE DISPLAY - With a sig
nal from one channel applied on a calibrated 
time base, that same signal (or a different 
one) may be displayed on an expanded time 
base through the other channel. X5 expan
sion is available on either channel.

SENSITIVITY (both channels identical): 
Through amplifier, ac or de—100 uvolts/ 
major scale division (1 mv full scale).

FREQUENCY RESPONSE: de to 100 kc

SYNCHRONIZATION SOURCE: External, 
power line or internal pickoff from either 
Y-amplifier; syncs on either polarity.

SWEEP SPEEDS: Calibrated sweeps, 19 fixed 
steps ranging from 1 sec/cm to 1 usec/cm 
in a 1-2-5 sequence. Uncalibrated sweep 
(through amplifier), continuously variable 
from 1 sec/cm to 2 usec/cm.

SWEEP EXPANSION: Up to five times full 
scale on either channel independently with 
no on-screen distortion.

VERTICAL EXPANSION: Up to three time 
full scale.

VOLTS/DIVISION RANGES: VOLTS PER DI-

Precision Wirewound 
Resistor

with a wind load rating of 40 psf 
with 1 in. of radial ice. It mounts to 
1 in. standard pipe and is suitable 
for use in corrosive atmospheres.

Andrew Corp., Dept. ED, 363 E.
75th St., Chicago 19, Ill.
Booth 1409,1411

Measuring 1/8 ±1/64 in. in di
ameter and 1/4 ±1/32 in. in length, 
the type 1282 precision wirewound 
resistor meets all the requirements 
of MIL-R-93B except those for 
physical size. This resistor has axial 
leads, but is also available with 
radial leads as type 1282-R. The 
unit has a minimum resistance of 
10 ohms and a maximum resistance 
of 100 K. Available tolerances are 
0.5% from 10 to 100 ohms; 0.25% 
from 100 ohms to 10 K; and 0.1% 
from 10 to 100 K. Maximum voltage 
is 100 v, and wattage rating is 0.05 w 
at 125 C derated to zero at 145 C.

The Da ven Co., Dept. ED, Liv
ingston, N.J.
Booth 2717-2719

POWER SOURCE: 115/230 volts ± 10%, 
single phase 50 — 400 cps. Transistorized 
heater regulation on all critical amplifier 
circuits.

CATHODE-RAY TUBE: 5 ARP , operating at 
2500 volts.

MECHANICAL: Size: Type 411, 17%" x 
13%" x 23%" overall. Type 411-R, 17%" x 
19" (panel), 13%" (behind panel) x 21",

OUMONf III
»field Ave., Clifton, N. J.  - ""



During World War IL Eastern Industries pio

Experience has been a springboard to new de
▼elopments compactness, simplification, re

COOLING UNIT

Test Board Kits

For servo use

HE THERMAL FRONTIE1

INDUSTRIES
CIRCLE 152 ON READER-SERVICE CARD ►

aircraft electronic 
installations later, 
challenging held.

neered cooling systems for 
systems. Now, thousands of 
and as the leader in this 
Eastern is still pioneering.

frigeration cycles. Research and development 
continue to play then vital parts in perfecting 
systems to overcome the new problems as ex
panded aircraft performance produces fantastic 
rises in temperatures.
If you have a challenging problem, come to the 
leader in the field for complete and creative 
engineering help.

Custom-made units, with or without refrigeration 
cycles, provide a method of maintaining safe 
operating temperature limits in electronic equip
ment. Standard sub-assemblies and components 
normally are used to create a custom-made de
sign to fit your exact needs. Costs are minimized 
for these completely self-contained units by com
bining heat exchangers, fans or blowers, liquid 
pumps, reservoirs, flow switch, thermostat and 
other common components.
Write for Eastern AVIONICS BULLETIN 340

Power Supplies

High voltage

Built with a simplified circuit for 
easy installation, power supply 
model PS15-5M60S provides an 
output of 15 kv dc at 5 ma from an 
input of 118 v ac, 60 cps. Ripple is 
less than 1% at full rated output. 
The unit is hermetically sealed in 
an oil-filled housing 4-9/16 x 3-3/4 
x 9 in. and operates in tempera
tures to 85 C. Either silicon or 
selenium rectifiers may be used in 
assembly, and circuit configuration 
ranges from half wave to full wave 
doubler and full wave tripler. Ap
plications include airborne radar, 
electrostatic precipitation, infrared, 
irradiation, and x-ray machines.

Condenser Products, Dept. ED, 
140 Hamilton St., New Haven, 
Conn.
Booth 3923

CIRCLE 150 ON READER-SERVICE CARD

For testing out servo assemblies, 
these sets contain rotary component 
mounts, bearing mount assemblies, 
stands, transfer gear assemblies, 
spur gears, clamps, dial assemblies, 
friction clutch assemblies, adjust
able limit stops, cases, and other 
parts. -

Waldorf Instrument Co., Dept. 
ED, Wolf Hill Rd., Huntington 
Station, N.Y.
Booth 1626

CIRCLE 151 ON READER-SERVICE CARD

cooling 
avionic 
systems



is available.

CIRCLE 153 ON READER-SERVICE CARD
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Model 63A is available either in a case or for

Booth 3114
CIRCLE 155 ON READER-SERVICE CARD

ESsex 5-6000

NEW PRODUCTS at the ire show

New all-epoxy
system 

drastically cuts 

encapsulation costs!
Assembly Time and 

Reject Rate Greatly Reduced

Soldering of leads
is quick, simple, safe—

never a cracked glass or
broken seal because it's all epoxy. And

with rugged epoxy covers, your lead
wires can be made of any metal.

No coefficient-of-expansion problem.

The entire package

Write today for complete information and samples.

Oscillator

Drift less than 1/108 per day

After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
are then inserted into 
the shell.

You now have a solid,
chemically-inert seal
from within; there is
no solder, no flux, no
acid to endanger
component reliability.
Your component is
hermetically sealed

cured epoxy forever.

EPOXYPRODUCTS. INC
A Division of Joseph Waldman & Sons

137 Coit Street, Irvington, New Jersey

Using a quartz resonator under proportional 
oven control, the Model RD-146 furnishes a 1 me 
output stabilized to better than 1 part in 108 per 
day. The unit has a calibrated trimmer control 
for making accurate frequency adjustments 
against crystal aging at various periods without 
comparison to WWV or other standards. Read
ability accuracy of the dial is better than 2 parts 
in 109. Output frequency may be varied and ac
curately set over 6 cycles.

Manson Laboratories, Inc., Dept. ED, Box 
1214. 375 Fairfield Ave., Stamford, Conn.
Booth 3225

CIRCLE 154 ON READER-SERVICE CARD

Inductance Bridge

Measures 0.002 uh to 100 h

The model 63A inductance bridge measures
inductance from 0.002 uh to 100 mh with an ac-
curacy of 0.25%. It also measures series resistance
in the range of 0.01 ohms to 10 K. Good stability
and a resolution of approximately 0.01% make the
unit suitable for temperature coefficient and in-
ductance matching work. An internal oscillator
with several frequencies between 1 and 100 kc is
provided along with an internal detector and a
null indicator. The instrument also has a switch-
ing arrangement which allows the use of external
oscillators and detectors. The inductance and
series resistance balances are noninteracting

rack mounting.
Boonton Electronics Corp., Dept. ED, 738

Speedwell Ave., Morris Plains, N.J.

ELECTRONIC DESIGN • March 4, 1959
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PUTTING MAGNETICS TO WORK
50 V Miniature Capacitors

For transistor circuitry

These four series of 50 v miniature capacitors 
are intended for transistorized circuits where 
space is critical. They are available in capa
citances from 0.001 to 1 pf and in tolerances to 
±1%. Types 626G and 627G are of extended foil 
construction, while types 628G and 629G have 
tab construction. All employ Mylar dielectrics 
and are designed for operations at 85 C without 
derating, and to 125 C with 50% derating. There 
is no military specification to cover 50 v Mylar 
capacitors, but the units can be produced to speci
fications comparable to those of MIL-C-14157 
and MIL-C-26244. Metal enclosed and herme
tically sealed, they are available in all case style 
variations in MIL-C-25A. They have a life of 
500 hr at 85 C and 125% of rated voltage. Di
ameters vary from 0.173 to 0.56 in.; lengths, from 
1/2 to 1-19/32 in.

Good-All Electric Mfg. Co., Dept. ED, Ogal
lala, Nebr.
Booth 3716

CIRCLE 156 ON READER-SERVICE CARD

Tunable Magnetron

Has high voltage rise rate
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Model 7111 is a tunable X band magnetron 
with an 1100 me tuning range and a peak power 
output of 200 kw. It features a voltage rise rate 
of up to 225 kv per psec. The tube is designed to 
permit mounting either from above or below the 
equipment chassis.

Sylvania Electric Products, Inc., Special Tube 
Jperations, Dept. ED, 500 Evelyn Ave., Moun- 
ain View, Calif.
Booth 2322-2332, 2415-2425

CIRCLE 157 ON READER-SERVICE CARD
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Want a billion-position switch?
Magnetic amplifier manufacturers turn to Orthonol® tape cores 

for precise proportioning control or switching action
Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision.
The rectangular B-H loop of the 50% nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 
least a billion) number of steps from full off to full on.
Full off and full on can be achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a very low saturated impedance. Thus, when the am
plifier is on, it is on; when it is off, it is off. On-to-off imped
ance ratios of at least 1000 to 1 provide complete assurance 
of this absolute characteristic.
Should your manufacturing facilities prevent the use of 

Visit our booth 2533 at the IRE Show

Orthonol in tape wound core form, you can still take ad
vantage of this excellent material in laminations. An 
Orthonol laminated tore has characteristics almost identical 
to those in toroidal form.

Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations arc Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. ED-60, 
Butler, Pennsylvania.

mncnETics ine.
CIRCLE 158 ON READER-SERVICE CARD
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DM5000 and DM9000 series miniature con-

Transmitters

• ENVIRONMENTAL TO 30 PSI

...see them demonstrated at the IRE Show-Booth 3907

For industrial measurements

Deutsch Miniature
Connectors with

Booth 2509-251o
CIRCLE 160 ON READER-SERVICE CARD

CIRCLE 161 ON READER-SERVICE CARD
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NEW! NEW! NEW!

completely reliable
Snap-In Contacts

• CRIMP-TYPE TERMINATIONS
HI-TEMP SILICONE INSERTS

• SIMPLE, FOOL-PROOF TOOLS

Available m a wide range of shell-sizes with
either pm or socket arrangements - all of
them interchangeable with existing Deutsch

nectors. “DS senes plugs have the exclusive
Deutsch designed and developed ball-lock
coupling-ring... just push-m to connect; pull
back tn disconnect.

For complete information, see your Deutsch
representative or write for data file 3C.

The Deutsch Company
7000 Avalon Blvd., Los Angeles 3, Calif.

NEW PRODUCTS AT THE IRE SHOW

Electronic Counter

Model 521D industrial electronic counter ac
curately measures frequency, speed, rpm, and 
rps, and counts events occurring regularly or at 
random within a selected period of time. With 
transducers converting machanical into electrical 
phenomena, it also measures such quantities as 
weight, pressure, temperature, and acceleration.
The unit features a single line readout and pro
vides a simple conversion to recorder operation.

Hewlett-Packard Co., Dept. ED, 275 Page Mill
Rd., Palo Alto, Calif.

Locating
Beacon

nose cone recovery

These locating beacon transmitters are housed 
in drones or in missile nose cones and act as bea
cons for homing devices to aid in recovery. The 
three versions available are a uhf free-running 
oscillator model, a uhf single frequency crystal 
controlled model, and a uhf and vhf dual trans
mitter, crystal controlled model. The beacons arc
designed to operate with standard communica
tions and ADF equipment.

Fairchild Camera and Instrument Corp., De 

sii 
se 
co 
eq 
ch 
pc 
W< 
pu 
ca

fense Products Div., Dept. ED, Robbins Lane.
Syosset, N.Y.
Booth 3506, 3508
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Coaxial Connectors

Modular

are terminated
on

SODEREZE

BONDEZE

GRIP-EZE (solderable self gripping)

Any time magnet wire is your problem, consult Phelps Dodge for the quickest, surest answer.

ire
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’ (solderable); FORMVAR (square and rectangular) 

(self-bonding); S-Y BONDEZE' (solderable self bonding)

Phelps Dodge Applied Research has developed many outstanding magnet wires 
that are designed to anticipate the requirements for advanced insulation 
system designs. This widely diversified group of Phelps Dodge “firsts” includes

DAGLAS ° (flexible glass)

DAGLAS* H (flexible glass)

Television Battery

Maintenance free

THERMALEZE " F (round, square and rectangular film)

NYLEZE ° (solderable); THERMALEZE® B (round film)

same location. They are

Magnet Wires that pace the Industry 
come from Phelps Dodge!

Maintenance free, the Silcad battery is de
signed to power a completely portable television 
set. It is also applicable to civilian and military 
communications systems, to remotely controlled 
equipment, and to space satellites, where it is re
charged by solar cells. A 12 v, 5 amp hr power 
power package, this silver cadmium battery 
weighs 3-1/2 lb. It combines the high power out
put of silver with the long-hfe of cadmium and 
can be recycled as many as 200 times.

Yardney Electric Corp., Dept. ED, 40-50 
Leonard St., New York 13, N.Y.
Booth 2127
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designed to MIL-T-7928-C and MIL-STD-202 
specifications.

Burndy Corp., Omaton Div., Dept. ED, Nor
walk, Conn.
Booth 3107, 3109
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INCA MANUFACTURING DIVISION
FORT WAYNE, INDIANA

“Modulok*’ coaxial connectors withstand a min
imum of 50 g and temperatures from —55 to 
4-120 C and have crimp type, tool installed con
tacts. The male and female contacts, previously 
installed on the coaxial wire, are easily snapped 
in or removed from the connectors. The modules 
can take three coaxial connectors and can be 
used in conjunction with the standard Modulok 
where both single conductor and coaxial wires

PHELPS DODGE COPPER PRODUCIS
CORPO RAT I O N

FIRST FOR

LASTING QUALITY

FROM MINE

TO MARKET!



NEW PRODUCTS AT THE IRE SHOW

let your imagination

run wild

Acheson'sEMRALON

kard Co., Dept. ED, 275 Page Mil)
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Four-portOEFFICIENT OF FRICTION an

an

sec

IDEAL FOR LIGHT LOAD MECHANISMS

av;

TITLE
ma

STATE

CIRCLE 165 ON

n Check enclosed 
I I Please have youi 

engineer calls

and can als< 
lines.

Hewlett-P;

EMRALON' 310 (bake type)
EMRALON' 320 (air dry) 

Bill me on Order No.

Acheson Colloids Company
Port Huron, Michigan

revolutionary new dispersion 
“opens the door“ to a host of 
“restricted“ applications

Wave Analyzer 
Operates from 20 cps to 50 kc

Rd., Palo Alto, Calif. 
Booth 2509-2515

Gentlemen- Your new ‘EMRALON surface 
possibilities for a current design problem, 
to me promptly

operate from 115 or 230 v power

Evaluate ‘EMRALON’ 310 or 320 in your plant and 
be among the first to “open the door” to new design 
possibilities. Send for an introductory package com
plete with data sheet. Enough to coat 5,000 sq. in. of 
surface is yours for $4.25 prepaid ($4.50 west of the 
Rockies). Write today.

ELECTRONIC DESIGN • March 4, 1959

MAY BE APPLIED TO
HEAT SENSITIVE MATERIAL

The model 302A waveform analyzer separates 
an input signal into its individual components 
so that the fundamental, harmonic, and inter
modulation products may be individually meas
ured and evaluated. It is completely transistor
ized, has a low power consumption, and requires 
no warm-up time. This versatile unit is suited for 
portable operation from an external de source

Five years in development, ‘EMRALON’ surface coat
ings now make possible the application of Du Pont 
Tetrafluoroethylene (TFE) to heat sensitive materials 
such as aluminum, rubber, wood and plastic. Applied 
by spray, these versatile resin-bonded lubricating films 
exhibit the low-friction properties of the TFE pig
ment together with the durability of their specially- 
selected binders. Thus, hundreds of potential uses 
which heretofore were impractical because of the high 
fusing temperature of other processes, can now be re
considered as workable applications.
First in the Acheson family of TFE dispersions is 
‘EMRALON’ 310,* employing a phenolic binder. Re
quiring a one-hour cure at only 300"F., it provides an 
unparalleled combination of low-friction coefficient, 
toughness, flexibility, adhesion and corrosion resist
ance. Substrates even more sensitive to temperature, 
or those where a bake cure is not practical, can be 
coated with ‘EMRALON’ 320t air-drying counter-

•EMRALON* 210 Is manufactured under exclusive license from E.T. du Pont de Nemours A Co. (Tne.^ 
under U. S. Patent 2.K25,706. Not licensed for use or for sale for use in providing electrical Insulation» 
f EMRALON* 320 — Patent applied for

Model FD-TC-501 is a four-port ferrite T cir
culator for the 5.925 to 6.425 kmc frequency 
range. The device handles an average power of 
20 w and provides 22 db of isolation with 0.5 db 
of insertion loss. Other three- and four-port fer
rite circulators are available to cover the fre
quency range from 5 to 26 kmc with band widths 
up to 10%.

Sylvania Electric Products, Inc., Special Tube 
Operations, 500 Evelyn Ave., Dept. ED, Moun
tain View, Calif.
Booth 2322-2332, 2415-2425
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coatings suggest themselves as 
Send on introductory package

ACHESON Colloids Company 
PORT HURON, MICHIGAN

A division of Acheson Industries, Inc.
Also Acheson Industries (Europe) Ltd. and affiliates, London, England

READER-SERVICE CARD

NAME:

rOMPANY

ADDRESS:

CITY:

APPLICATION

with this coating

WOOD

PLASTIC

RUBBER

ALUMINUM



Quartz Thread 
Has high tensile 

strength at 180 F

Suited for reinforcing the plastics used in air
craft and missiles, quartz yarn and cloth can 
also be used for filters, insulation in flexible or 
irregular form, safety devices, and heat resistant 
plastic structural forms for industry. Made from 
continuous quartz monofilaments, the thread re
tains a high degree of strength in extreme heat. 
At 1800 F, the basic 200-filament, 0.008 in. 
diameter yam has a tensile strength of 15,000 psi. 
At room temperature, its strength is 100,000 psi. 
Owing to its low coefficient of thermal expan
sion, the material also has high temperature 
dimensional stability, and, for short periods, it 
can withstand 3000 F. Because of the chemical 
inertness of quartz, the textile is weather re
sistant Other advantages include low thermal 
conductivity, high softening point, and high 
viscosity. The basic thread can be twisted into 
heavier yams with any multiple of 200 filaments, 
and these can be further processed into tape or 
cloth on commercial textile equipment.

General Electric Co., Lamp Glass Dept., Dept. 
ED, Campbell Rd. and Euclid Ave., Willoughby, 
Ohio.
Booth 2924-2928-2932
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Lacing Tapes

For high temperature use

These tough, flat-braided Teflon lacing tapes 
are designed for high temperature use and come 
in two forms. The first, Temp-Lace H, has a coat
ing of synthetic rubber that provides good knot 
security and high fungus resistance. The second, 
Pre-Shrunk Temp-Lace, is treated to reduce 
high temperature shrinkage. Its maximum shrink
age after 16 hr at 200 C is 3%. Both types are 
available in a wide number of sizes and have a 
temperature range of —40 to 4-220 C. They re
main completely flexible within this range.

Gudebrod Bros. Silk Co., Electronic Div., Dept. 
ED, 225 W. 34th St., New York 1, N.Y.
Booth 4025
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Production-testinq with Sperry-designed equipment assures that your product 
meets specifications and quality standards.

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER.

To assure reliability...

Sperry electronic 
test equipment
designed to your 

specifications

Maintenance of critical avionic systems is fast and accurate with compact 
automatic check-out equipment.

In-use monitors continuously check and report system status, alert operator 
to malfunctions and provide maintenance data.

Every engineer knows how relentless is the pressure 
from both military and industrial customers for 
increased reliability. And making sure a new weapon 
system, for example, is operable at an instant’s notice 
calls for test equipment as advanced as the system 
itself.
You’ll be glad to know that now you can obtain ad
vanced test equipment tailored exactly to your needs 
I rom Sperry’s new Microwave Electronics Company. 
You will save valuable design and development time 
. . . free your engineering stall for other jobs-and 
enjoy the benefit of Sperry’s 20 years ot experience 
in designing, developing and producing complex 
radar and other electronic test equipment.

Whether you need equipment for production testing, 
maintenance or in-use monitoring, Sperry can meet 
even the most rigid specifications. Built into it will be 
the newest Sperry concepts of dynamic system eval
uation and signal simulation . . . the precision meas
uring techniques that today are providing reliable and 
accurate automatic testing of the B-58 Hustler super
sonic bomber and similar complex systems.

With the pressure on for electronic-system reliability, 
now is a good time to turn over your testing equip
ment research and development problems to the 
specialists Sperry Microwave Electronics Company. 
Write today for details.

Visit our booth 1410-1416, Radu
I .ngineerine Show. Man h 23-26.

sPfflRV
FLORIDA • DIVISION OF SPERRY RAF >C NATION

Address all inquiries to F.un.i.i, or St any Gyroscope offices tn Ncn/ Yu/k • Ch. veiroo" CH ed/h • ; -'noeles* S in r' r 0* S99tt 9
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PIN ON 
ARMATURE 

PLATE

CLUTCHES and BRAKES 
(When Modified for Straight Pull)

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

SWITCHES • ROTARY SOLENOIDS • CHOPPERS 
VIBRATORS • TUNERS 

SUBASSEMBLIES

have you checked this
Remote Actuator for jobs SI
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Snap-action

MODEL 5E
SHOWN ACTUAI SI2L

stationary Ratchet

MA. TI

: d ETC
- DRAIN
* FILL

under Shock and Vibration ?

ROTARY SOLENOIDS
(Mid. under license from G. H. LELAND, INC.)

/ 7 | \ 5-WIRE CABLE CONTROLS
/ I fill \ 12 SWITCH POSITIONS

start STW DRAIN OVER DISTANCES UP TO
SEVERAL HUNDRED FEET

MASTER-SLAVE DEVICES 
(Incremental Positioning)

A B C & D ARE DRIVEN BY SOLENOIDS

H C

PRESETTABLE COUNTING DEVICES

4 DECADE COUNTER
ADDED SWITCHING ALLOWS 

PRESETTING A FUNCTION TO OCCUR 
AT ANY COUNT SUCH AS SHUT OFF 

WATER AT 397 COUNT, ETC.

TRIPPING DEVICES

rotary'
SOLENOID

SOLENOID 
ARMATURE 

PLATE

PRECISION 
TYPE SWITCH

VALVE

«-SOIENOIO

ACTUATORS

ROTATION

CUSTOM 
ARMATURE PLATE

CAM uns

o push
O BUTTONS

12 WIRE CABLE 
INSTANTANEOUS POSITIONING OF 

SLAVE BY PUSHING A BUTTON

AUTOMATIC SWITCHING

COUPLING AND 
SOLENOID BRAKE

LOAD 
SHAFT

MOTOR

O O 
SI ART STOf

stepping torques from 6.4 to 64 inch-ounces
If you’ve been searching for an actuator that meets such specs as 
MIL-S-4040A. and is remarkably small for the amount of work it can 
do, investigate Oak Rotary Solenoids. They operate on DC and are 
designed for intermittent service. Standard models give steps of 25°. 
35°, 45°. 67.5C . or 95° in either a left or right-hand direction. Self-stepping 
or externally pulsed units are also built. Oak Rotary Solenoids find wide 
use in both commercial and military equipment. Why not evaluate their 
unusual capabilities for your next project. We will be glad to help you 
engineer the job. Just send us a short description and sketch.
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NEW PRODUCTS at the ire show

IO-Turn Potentiometer

Operates from —65 to -f-200 C

Available in ranges from 25 ohms to 120 K,
10-turn potentiometer model 590 has a standard
linearity tolerance of ±0.3%. Tolerances to
±0.025% may be obtained on special order. The
unit will operate over a temperature range of
—65 to 4-200 C and in a relative humidity of 95%
It functions above 20 g vibration from 55 to 2200
cps, withstands 30 g shocks, and meets all speci-

S;
B

torque in 
steps

Body remains

mechanism is 
added to 

provide 
stepped 

progression 
of an 

"output" 
shaft.

Armature plate rotates 
through predetermined 
angle then springs back 
to original positron.

'‘Solenoid’’ shaft oscil
lates with armature... 
can be supplied at front 
or rear... other power 
take-off arrangements 
also possible.

EXTREMELY ADAPTABLE

ROTATES IN 
BOTH DIRECTIONS

fications to an altitude of 30,000 ft. Featuring all 
metal construction, the 1 in. diameter unit is 
made of machined aluminum with the helical coil 
directly against the case for maximum heat dis
sipation. The fused glass sealed terminals are 
flashed with precious metal and the shaft is sup
ported at both ends by ball bearings. Up to 45 
extra terminals may’ be added to the three stand
ard terminals to meet special requirements. Non
linear functions arc also available.

Spectrol Electronics Corp., Dept. ED, 1704 
S. Del Mar Ave., San Gabriel, Calif.
Booth 3064, 3065
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DC Voltmeters

Four and five digit
HERMETICALLY 

SEALED

WITH SEALED 
DUST CAP

BUILT INTO 
COMPLETE SUBCHASSIS

MFG.
CO.

Available in a four digit model, the V-41, and 
a five digit model, the V-51, these transistorized 
dc voltmeters measure, display, and record a 
wide range of voltages. Used with the company’s 
PA-1 preamplifier, they can measure ±10 uv. B< 
tween ±0.0001 and ±0.999.9 v, the meters have 
an accuracy of ±0.012% ±1 digit. Their edge 
lighted readout has automatic decimal position 
ing and numerals 1 in. high. It includes a polarity
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HERE IS SOLID TANTALUM
smaller size

0.1 mv de. A rectifier is used for control from ac

CIRCLE 174 ON READER-SERVICE CARD

Booth 1801
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Have adjustable contacts

sign and also has provision for AC and A/B sym- 
bols. The units have a two-section input filter 
that eliminates the effect of ac ripple. They are 
powered by the company’s C-l control unit 
which is separately housed and includes a power 
supply, precision reference, and differential am
plifier. Shock-mounted stepping switches turn off 
the drive circuit part way through its cycle and 
coast to a stop, thus preventing overdrive and 
minimizing impact wear. The meters are plug-in 
units that fit into standard cases with rear con
nection points for normal or programmed input.
Outputs are provided for printers or remote in
dicators and optional configurations.

K, 
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of 
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>00 
ici- 
all 
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are 
ip- 
45 
id-

Cubic Com., Dept. ED, 5575 Kearnv Villa Rd.,
San Diego 11, Calif.

Meter Relays
capacitance stability
low dissipation factor
low de leakage
indefinite shelf life
rugged construction

To permit casv changing of either control 
points or calibration, the model 13/ VHS nqnin- 
dicating meter relax is provided with adjustable 
contacts. Except for dial indication, the unit of
fers all tlie advantages of a standard locking coil 
meter relay and is more resistant to shock and 
vibration. Highly sensitive, it will trigger control 
action on signal changes as small as 0.2 ua or 

signals. Control begins when a contact on the 
signal pointer touches another on a limit pointer.

CAPACITY AND DISSIPATION FACTOR VS. TEMPERATUR 1

temperature range. The smallest capacitor is only
1/8* in diameter and 1/4* long—the largest is only
11/64* in diameter and 7/16* long.

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

For complete technical information on Astron Solid
Electrolyte Tantalum Capacitors, write for

Eor more positive action, a separate locking coil 
increases the contact pressure. For reset, either 
manual or automatic, the locking circuit is 
opened and a spring snaps the contacts apart.
The unit has a clear plastic case which is 1-3/8 
in. square and 2 in. long. Total length including 
the 9-in plug-in base is 2-1/2 in.

Assembly Products. Inc., Dept ED. Chester
land, Ohio.
Booth 3815, 3817
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Astron Solid Electrolyte Tantalum Capacitors are 
small in size, rugged and designed to resist severe 
environmental changes (meets MIL-C-3965). They 
have a wide range of applications in transistorized 
equipment, computers, aircraft and missiles, 
networks, power supplies, portable equipment and
hearing aids.

Astron Solid Electrolyte Tantalum Capacitors, type
TES, can be operated over a temperature range of 
-80° C to 4-85° C ... and at 125° C at 75% of the 
rated voltage. The maximum capacity variation 
averages less than ± 5% over the entire operating

Engineering Bulletin E-675

flSTÖÖN

255 GRANT AVENUE, EAST NEWARK, NEW JERSEY

IN CANADA: CHARLES W POINTON. • ALCINA AVENUS. TORONTO. ONTARIO

EXPORT DIVISION: ROCKS INTERNATIONAL CORP.. IS EAST 4OTH STREET, NEW YORK. N Y



LAX

NUMBER THREE * in a series of candid camera
studies planned, frankly, to impress you with the efficient

510 S. FULTON AVE., MT. VERNON, N. Y. • MOUNT VERNON 4-7530 
WASHINGTON. D C »WALTHAM, MASS.» UPPER DARBY, PA • SYRACUSE, N Y 

---------------------- EASTERN FIELD ENGINEERS FOR:-----------------------  

ADVANCED ELECTRONICS • ALLISON LABORATORIES • BRUSH INSTRUMENTS 
• CARDINAL INSTRUMENTS • DEMOLAB • DONNER SCIENTIFIC CO • 
ELECTRO INSTRUMENTS • ELECTRO -PULSE • EMPIRE DEVICES PRODUCTS 
• HOLT INSTRUMENT LABORATORIES • LEVINTHAL ELECTRONIC PRODUCTS •
MAGNETICS RESEARCH • NARDA MICROWAVE • NJE 

WAYNE-KERR LABORATORIES.

^Dick Bulloch is traveling again. Every BA field engineer 
makes an annual 8000 mile pilgrimage to visit the factories 
and laboratories in u'hich his instruments are designed and 
built. Special training seminars highlight these visits, and 
Dick does as much of the talking as the factory engineers 
— giving them the benefit of field experience and customer 
reaction . . . priceless ingredients in any design. One more 
reason to “Get the Burlingame Habit'’

116
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NEW PRODUCTS AT THE IRE SHOW
Clock and Divider

Provides jitter free output

.01 db precision for
20 db measurement 

with changes of .1 db 
in level of r. f. source

The model 113X is a combination clock and

WEINSCHEL
dual channel

INSERTION LOSS

TEST SET

frequency divider that accepts a stable 100 kc 
frequency input and provides an essentially jitter 
free tick output. Thus, it is possible to compare 
the tick, which represents the stable 100 kc fre
quency, with a standard time signal in a time 
comparator. The unit has a 3-1/2 in. clock face, 
and includes minute and second hands. The 
minute hand is adjustable in 1 min steps, and 
the second hand is continuously adjustable with 
a differential tracking link to the minute hand. 
The instrument is designed to rigid military 
specifications.

Hewlett-Packard Co., Dept. ED. 275 Page Mill 
Rd., Palo Alto, Calif.
Booth 2509-2515
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Systems Accuracy .02 db/10 db 
20 db attenuation range, direct.

40 db range with partial r.f.
substitution. Frequency Range: 

20 MCS to 90,000 MCS
KEY INSTRUMENTS

Frequency Generator

For L band

SYSTRON

Attenuation Calibrator, 
Model BA-5

Combines Precise Audio Sub
stitution Attenuator, Bolo
meter Preamplifier and Level 

' Indicator.

Frequencies from 1.095 to 1.405 kmc are gen
erated and held stable to better than 1 part in 
108 per day by Model RD-175 frequency gen
erator. Output is turnable over the range in steps 
of 10 me, and the unit delivers 50 mw minimum 
to a 50 ohm load. Output frequency can be set 
with zero error with respect to the reference. 
Measurements of the unit are 5-1/4 x 10 in. and it 
can be mounted on a 19 in. rack or used on a 
bench. B-J- and filament power are required.

Manson Laboratories, Inc., Dept. ED, 375 
Fairfield Ave., Stamford, Conn.
Booth 3225
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Differential Null Detector, 
Model ND-1

(Specifically designed for two 
channel loss measurements.

For theory, method, required instruments 
and recommended accessories, request Ap
plication Notes —4-.

Weinschel Fixed Coaxial Attenuators 
cover the frequency range of DC to 12 KMC

Write for complete cotolog 
specifying frequency 

range of

Wünschei Engineer  in
KENSINGTON, MARYLAND



IN A SQUEEZE?
1 in. long, 1/2 in. in diameter

Series 341 miniature 10-turn potentiometers
diameter and 1

DIPPED
MICA CAPACITORS

with
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Shaft Position Encoders

For variety of digital codes
supply

ACTUAL SIZE

4, 1959

costs 
tech ■ 
T ube

Bourdon 
square .

High operating temperature — 55°C to 
+ 125°C.
Excellent long-life characteristics.
Improved temperature coefficient range.
Radial-leads for automatic insertion and 
plug-in assemblies. Ideal for printed-wiring 
applications.
Reduced physical sizes.
Excellent performance and stability charac
teristics.
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To serve you better... Aerovox components are stocked and sold 
by Aero vox Parts Distributors in all major cities.

Available in a complete range of standard capaci
tance values. Other values and close tolerances sup
plied on request. Conventional molded mica and 
silvered-mica units are also available from Aerovox 
in a complete selection of types and sizes.

Now...from Aerovox! Plastic-coated, dipped-mica capacitors that exceed 
many of the advantages of molded mica units, and at the same time are 
smaller than conventional units.

Meeting all the applicable EIA and Military Test Standards for molded 
mica units, these unique dipped-mica capacitors offer the following out
standing features:

In Canada: AEROVOX CANADA LTD., Hamilton, Ont 
CIRCLE 183 ON READER-SERVICE CARD

bronze ond nickel silver Preci
supply it. Whether you need 
round, rectangular, oval or 
. preformed to special shapes

GET THIS NEW 

TUBING DATA 

CATALOG . . FREE!

or Coaxitube-Precision can ! 
it to your specifications

For improved quality at lower 
specify Precision Tubing Write for 
nicul data to Dept. 10, Precision 
Company, Inc., North Wales, Pa.

weigh a maximum of 10 g. To eliminate back
lash and ensure stability, they are equipped with 
V guides and spring-loaded rods. Double wipers, 
one on either side of the resistance element, 
eliminate intermittents caused by shock and vi
bration and double the effective resolution. A 
separate means for positioning the wiper car
riage independently of the winding does away 
with resistance element wear and lengthens 
service life. Suited for extreme environmental 
conditions, the units are available in resistance 
values from 1 to 200 K.

Daystrom Pacific, Dept. ED, 9320 Lincoln 
Blvd., Los Angeles 45, Calif.
Booth 1801

These shaft position encoders are available in 
true binary, binary" coded decimal, and Gray 
code. They have capacities ranging from 7 to 19 
bits binary’, and 2000 to 360,000 counts binary 
coded decimal. Algebraic and transcendental 
functions are also available. The units have mini
mum life expectancies of 300,000 to 4 million 
cycles at speeds to 120 rpm. They have a tem
perature range of —55 to + 85 C and operate 
under ±10 g, 0 to 500 cps vibration.

Librascope Inc., Dept. ED, 808 Western Ave., 
Glendale 1, Calif. ,
Booth 1501,1503
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HERE'S YOUR ANSWER
FOR PRECISION TUBING 
AT REGULAR TUBE PRICES

Quality specifications and profit margins 
have you in a squeeze on tubing? Preci
sion Tubing assures you unsurpassed 
quality of temper, straightness, accuracy, 
finish and roundness at regular mill 
prices . and test results prove it.

Whatever the type of allay tubing you 
need from 010 ' to 1125 O.D in cop 
per brass, aluminum, up to 'g O.D in 
nickel ond nickel alloys, Ni-Span C ,

PRECISION 
TUBE

MUI —-AAAAAr— «° 
wwn —* c*



DETECTIVEESSEX EPOXY-ENCAPSULATED, HIGH RELIABILITY

MODULAR

Germanium Transistors

750 me alpha cutoff

► Ava 
disi

NEW PRODUCTS at the IRE SHOW

ESSEX DELAY LINES ARE NON-RAMMABLE!

Essex modular Delay Lines provide greater freedom, versatility, and 
latitude because these compact units can be mounted both hori
zontally and vertically — stacked in series on common mounting 
screws for higher delays.

Essex provides lines from a fraction of a microsecond to several 
thousand microseconds delay . . . impedances from 50 to several 
thousand ohms . . . bandwidths up to 25 MC.

CIRCLE 187 ON READER-SERVICE CARD
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For every one of our customers, 
our personalized service is as 
important as the precision of our 
products.

Why not take advantage of this ?

There was only one logical answer 
and two of our top men flew down 
to the customer’s plant to verify it. 
As we had suspected, they found 
that the customer’s testing equip
ment was inaccurate. Examining it, 
component by component, our men 
proved that the equipment was 
simply not equal to the task of test
ing the close tolerance (.5% or 
.25% peak-to-peak accuracy) of our 
2" sine-cosine pots.

After explaining the problem to 
our customer’s quality control and 
engineering departments, our men 
recommended the necessary 
changes in the equipment. The 
"rejected’’ pots (personally deliv
ered by us) were accepted and the 
customer was able to resume 
production.

The case was closed.

550 SPRINGFIELD AVE., BERKELEY HEIGHTS, N. J. • CRestview 3-9300
Available in Canada from Essex Electronics of Canada, Ltd., Trenton, Ontario, Canada
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We had a mystery on our hands. 
Our customer said that our initial 
shipment of sine-cosine potentio
meters did not meet their specifica
tions ... but our quality control 
review proved conclusively that it 
did.

High Frequency Transformers

0.3 cu in.

MICRO-LECTRIC DIVISION 
OF MICRO MACHINE WORKS 
M19 debevoise avenue 

ROOSEVELT, L. I , N.Y. 
FReeport 8-3222

Designers and Manufacturer» of: 
SWITCH POTS 
POTENTIOMETER GEAR TRAINS 
ELECTRO-MECHANICAL ASSEMBLIES 
NOISE RESISTANCE TESTING INSTRUMENTS

Occupying a volume of less than 0.3 cu in., 
these low power transformers are designed for 
wide band, high frequency use. Applications in
clude matching impedances between rf equip
ment and a coaxial line and interstage coupling. 
Standard units are designed for use at primarx 
impedance levels of 50 and 100 ohms, and stand
ard turns ratios are 1 to 1, 1 to 2, 1 to 3, 1 to 5, 
1 to 8, and 1 to 10. Special designs can also be 
supplied. The units are available in commercial 
types and also in military types made to meet 
MIL-T-27A specifications.

Aladdin Electronics, Dept. ED, Nashville 10, 
Tenn.
Booth 3938
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Type 2N1141, 2N1142 and 2N1143 germanium, 
pnp transistors have alpha cutoff frequencies up 
to 750 me. Power dissipations are 750 mw and 
they provide minimum current gains of 12, 10 
and 8 db at 100 me. The units operate at junction 
temperatures up to 100 C with 750 mxv power 
dissipation at 25 C case temperature. Enclosed 
in welded Jetec TO-5 outline packages, the units 
exceed Mil-T-19500A reliability specifications.

Texas Instruments Inc., Dept. ED, P. O. Box 
312, Dallas, Tex.
Booth 2812-2820
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available for

BASE
MOUNTING

STACKED
MOUNTING

PRINTED
CIRCUITS

Write today, on your 
company letterhead 
for detailed specifi 
cation sheet describ 
ing ESSEX high- 
reliability modular 
Delay Lines.



MORE Television Camera

For closed circuit systems

OF EVERYTHING 
YOU WANT IN A 

V-O-M
• New Mirrored Scale Plate 
• Wider Frequency Response AC Ranges 
• New DC Polarity Reversing Switch
• 59 Extended AC and DC Ranges

...and at
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Designed for closed circuit systems, the model 
TVC-1B television camera features stability in 
the counter circuits, effective 600 line resolution 
in the scanning system, and precise optical fo
cusing of the camera tube. The unit incorporates 
an interlace defeat switch which permits con
tinuous operation at 300 line resolution if the 
counters fail. The frequency divider potentiome
ters have positive locking settings. The camera 
head measures 5-3/8 x 3-1/4 x 10-3/4 in. and 
weighs 5 lb; the separate sync generator is 
9-1/4 x 12-1/2 x 8-5/8 in. and weighs 22 lb. The 
unit draws 100 w from a 117 v ac source.

Blonder-Tongue Labs, Inc., Dept. ED, 9 Alling 
St., Newark 2, N.J.
Booth 1210

NO INCREASE 
IN PRICE

THE NEW 

PRECISION 
MODEL 120 

20,000 ohms/volt DC • 5,000 ohms/volt AC 

plus: 
all the famous features of 

the original PRECISION 120.

• An Extra-Low Resistance Range:
2 ohms at center scale.

• An Extra-Lcrw Voltage Range:
12 volts full scale, AC and DC.

• An Extra-High Voltage Range:
6.000 volts full scale, AC and DC.

• An Extra-Large 5’/4" Meter
with wide-angle, easy-reading scales.

Model 120: Complete with batteries, test leads 
and tech manual. Overall case dimensions:
53e" x 7" x 31/8" Net Price 144.95

Model 120M: For special applicat ons which 
require a V-O-M approaching laboratory
accuracy Net Price $52.95

► Available and on display at leading electronic parts 
distributors. Write for complete pkf:<Isio.\ catalog.

PRECISION
Apparatus Company, Inc.

70-31 84 St., Glendale 27, L I.. N. Y.
Export: 458 Broadway, New York 13
Canada: Atlas Radio Corp., Toronto 19

Crystal Can Relay

Has internal reinforcing bracket

To improve reliability, Style 6 miniature crys
tal can relay has been equipped with an internal 
bracket that supports the relay mechanism and 
positions it relative to the header, reinforcing the 
can in this function. The bracket results in im
proved performance uniformity in environmental 
exposures and also adds to contact life. Style 6 
does not require an armature hinge pin and thus 
eliminates the need to precision fit the armature 
hinge. It is hermetically sealed, operates from 
—65 to 4-125 C, and withstands 50 g shock for 
11 msec. It will also withstand vibration of 10 
to 55 cps at 0.12 in. double amplitude and 55 to 
2000 cps at 20 g acceleration. It has dpdt con
tacts with 0.05 ohm resistance that are rated at 
2 amp, 26.5 v de or 115 v ac resistive. Insulation 
resistance is 10,000 meg at 25 C, 1000 meg at 
125 C, and life expectancy is 100,000 operations.

Amazing ¡/ff[-DUCTOR
The R. F. Choke that’s so small 

you can pack 200,000 to a cubic foot
Tiny, new WEE-DUCTOR covers a full range of in
ductances from 0.10 mH to 1,000 mH, yet it measures 
only 0.150" x 0.375" and occupies a volume of less 
than 0.0066 cubic inch!

Unique, new, ferrite sleeve and core construction 
provides 10,000 to 1 inductance range in a tiny pack
age ... yet it still allows for a high current rating at 
125 C operating temperature.

WEE-DUCTOR is the latest addition to the Essex 
Electronics line of standard R.F. Choke Coils . . . 
write today for detailed data sheet describing this 
amazing new miniature choke with the expanded range 
of inductances!

Essex Electronics Standard Line of R.F. Chokes

Essex 
Part Number

L 
mH

Max. Res. 
Q

1 Max. 
ma

Dia. Length

The unit weighs 5 oz and meets 
and MIL-R-5757C specifications.

Price Electric Corp., Dept. ED, 
St., Frederick, Md.
Booth 2407

MIL-R-25018

1500 Church
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WEE-DUCTOR
RFCS
RFC-M
RFC-L

0.10 - 1,000
0.10 - 100
1.0
1.0

- 1,000
- 10,000

CHOKES

0.035 - 14.9
.02
.04
.03

- 6.0
- 21.0
- 80.0

LINES

3000 - 150 0.157 0.375
4000 - 220 0.188 0.44
2700 - 125 0.25 0.60
4000 - 80 0.31 0.90

555 SPRINGFIELD AVE , BERKELEY HEIGHTS, N J « CRestview 3-9300

Available In Canada from Essex Electronics of Canada, Ltd., Trenton, Ontario, Canada
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10,000,000 PERFECT OPERATIONS: 
reliability. . . achieved by the 
remarkable A.P.I. meter-relay

Suitable for any electrically-measurable variable, the A.P.I. meter-relay 
gives you sensitive monitoring, reliable control, combined in a single com
pact unit. It is an essentially simple instrument, yet a highly accurate 
and dependable one.

HERE'S HOW IT WORKS

1. Basically, the A P I meter-relay is 
an indicating meter with built-in con 
tacts. One contact is on the moving 
(signal-indicating) pointer; the other, 
on the adjustable (set-point) pointer. 
The indicating pointer is a free-mov
ing element. The meter-relay has the 
high sensitivity inherent in a well- 
designed D’Arsonval movement.

2. At the instant of contact, a lock
ing coil, wound integrally with the 
armature coil, supplements the torque 
developed in the meter movement. It 
is this locking coil — exclusively fea
tured by A.P.I. — that assures posi
tive contact every time. It holds the 
contacts together, maintains firm pres
sure to provide a good control circuit.

NEW PRODUCTS AT THE IRE SHOW

Audio Transistors

Dissipate 400 mw at 25 C

TELONIO 
/ F TEST SET 

SSX-2/PAM-2

MOmOWL 
tmRù$T iron 
L0CAIH6 COIL 
MQklDU POSITIVI comacr

3. "Making” of the contacts loads the 
flexure spring on the set-point contact 
arm. When the contacts are released, 
they are immediately pushed apart by 
the force of the spring-loaded arm. 
[here is no teasing or sticking: the 
break is decisive. Wiping action keeps 
contacting surfaces clean.

// you need fully-reliable,
ought to have a look at our

stable control
Catalog 4E. A

nt a practical cost, you 
copy is yours on request.

ASSEMBLY PRODUCTS, INC
Chesterland 17, Ohio
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Designed for use as power transistor drivers, 
type 2N-008, 2N1008A, and 2N1008B transistors 
can be applied to Class A and B amplifiers, audio 
oscillators, relay drivers, servo controls, and me
dium level audio amplification. They are capable 
of dissipating 400 mw at 25 C or 67 mw at 75 C 
and have a low saturation resistance with typical 
values of 1 ohm at 100 ma. Maximum voltage 
ratings are 20, 40, and 60 v, and maximum cur
rent ratings are up to 300 ma. Current gain, hfe, 
ranges from 40 to 150. Contained in JEDEC 
TO-9 packages, the units are of welded construc
tion with a vacuum tight seal.

Bendix Aviation Corp., Semiconductor Prod
ucts, Dept. ED, 201 Westwood Ave., Long 
Branch, N.J.
Booth 2222-2232-2331
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Zippered Wire Harnesses

Polyvinyl

These three zippered tubings provide a quick 
low cost way to harness wire and custom cable 
to any length. Type ZIP-44, high flexible, is de
signed for aircraft and low temperature applica
tions to —67 C. It is constructed of polyvinyl 
sheet made from MIL-I-7444A materials. ZIP-50 
is a shielded tubing designed for 100% rf shield
ing applications to 105 C. This type is a sand
wich of aluminum foil laminated between two 
sheets of polyvinyl. Type ZIP-90 is constructed 
of polyvinyl bonded to woven fiberglass sheet 
per MIL-I-3190A.

Alpha Wire Corp., Dept. ED, 200 Varick St., 
New York 14, N.Y.
Booth 4103

A COMPLETE SIGNAL 
SOURCE FOR TESTING 
IF AMPLIFIERS AND 

SIMILAR DEVICES
A leading manufacturer of radar 
and communication crpiipim nt 
originated the specifications lor this 
instrument. By combining a num
ber ol functions including an Bl' 
swept signal, CW signal source, 
variable marker, video pulse, CW 
pulse, audio modulated CW and 
high level audio voltage, the pro
cedure lor testing IF amplifiers and 
similar equipment has been simpli
fied. I he engineering and check-out 
time formerly required has also 
been considerably reduced

I he exceptional electrical < har- 
aclcrislics ol this instrument has 
resulted in more accurate" measure
ments and improved alignment and 
space required for a test set-up has 
been reduced to a fraction of the 
.space formerly required.

I'.nthifsiastic response to the 
SSX-2 l’AM-2 has made it stand
ard equipment in many plants for 
both engineering and production 
applications.

SPECIFICATIONS:
Sweep Generator: 25 to 75 me.
Sweeping: 0 • 40%. Level within 5% 
CW Generator: Tuning: 25 to 75 me

Accuracy: ± .25%
Attenuation: 'sweep and CW' Steps to I : 1 db 
Vernier: 0 - 10 db Output: 1 uv to 1.0 .
Variable Marker: Accuracy + 25% 
Calibrations: Every 250 kc to 40 me

Every 500 kc to 75 me.
Pulse: 05 to 10 microseconds width

50 to 5000 cps rep rate 
.02 microseconds rise and fal 

Audio: 50 - 5000 cps.
100 volts P. to P output

Bequest Bulletin i-2ut>
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Telemetry Antennas 

Have circular polarization

For vehicular or ground mounting, model G- 
1154 telemetry antenna is designed to cover the 
940 to 980 me frequency range. Circularly po
larized, it has a vswr of 1.3 or less over the band 
with a gain of 21.5 db over an isotropic source. 
The nominal beam width is 14 deg. Transmission 
line feed is through a type N connector with a 
terminal impedance of 50 ohms. Mechanically, 
the unit is fully balanced and has an azimuth 
adjustment of 360 deg and an elevation adjust
ment of —5 to 4-95 deg. Positioning is accom
plished with a hand operated clamping device, 
and degree markers are provided for both azi
muth and elevation readings. The units are avail
able with 4, 6, 8, and 10 ft diameter reflectors 
and may be used for TV remote pickup and re
transmission when supplied with the proper 
feeds.

Technical Appliance Corp., Dept. ED, Sher
burne, N.Y.
Booth 1104
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Alumina Ceramic Parts

In thicknesses down to 0.005 in.

For use in a variety of equipment including 
transistor platforms, micromodules, and electron 
tubes, these alumina ceramic parts are thin, 
strong, and precision made. They can withstand 
high temperatures and frequencies, and, in some 
ases, have thicknesses as low as 0.005 in.
American Lava Corp., Dept. ED, Manufac- 

’urers Rd., Chattanooga 5, Tenn.
Booth 3901
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)on't forget to mail your renewal 

orm to continue receiving ELEC- 
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WE 
POINT 
WITH 
PRIDE

INNESOTA JOINING AND JVI AN UF AC TURING COMPANY ... WHERE RESEARCH IS THE KEY TO TOMORROW
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We point with massive and pardonable pride to our latest 
achievement— the new, reliable Mkcom Model r i r 
Instrumentation Recorder/Reproducer. Six speeds record 
frequencies from 50 cps to 100 kc. Only 500 watts input 
for 14 track system (all-transistorized electronics). No 
cooling necessary. No mechanical brakes. Only 0.1% 
flutter and wow. Instant push-button speed control, no 
belt changes. Interested? Write for specifications.

Soo us at I.R.E. Show—Booth 3903

2049 SOUTH BARRINGTON AVENUE 
LOS ANGELES 2 5. CALIFORNIA 
TELETYPE: WEST LOS ANGELES 6742



Shielded Phone Jacks

Have small OD's

troi

AC Ratio Standard

Accuracies to 0.0001 %

CUSTOM MACHINED
• zero suppression up to 100 times full scale

• optional floating or grounded input

>tru<

• rugged construction, relative insensitivity, 
to vibration, 60-cycle fields, or thermal EMFs

• short term noise within 0.03 microvolt 
peak to peak (0.006 microvolt RMS).

dielectric 
components

pow 
load 
absc

3roc
Boot

m micro volt-ammeter

NEW PRODUCTS at the IRE SHOW

Functions and measurement spans of (he 
150 are: de voltmeter, 1 microvolt to 1 volt 
full scale; ammeter, 10 to 10"'ampere full 
scale; de amplifier, gains of 10 to I07; and 
null detector, with 0.5 to 2 second response. 
Features include:

• zero stability as a voltmeter within 0.1 
microvolt per day; as an ammeter, within 2 
x 10 " ampere per day.

auxi 
mat 
sort 
pow

test
on
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The Keithley 150 sets a new standard of 
sensitivity for de voltmeters. Typical uses 
include output measurements from strain 
gages, thermopiles and ion chambers, as 
well as Hall effect studies, corrosion work 
and molecular weight analysis.

Write today for your copy of Keithley Engi 
neering Notes, Vol. 7 No, 1 describing the 
Model 150.

175-177 I.U. Willets Road • Albertson, L.I., N.Y. • MAyfair 1-5800
PIONEERS in TEFLON Extrusion... PLASTICS Machining 

CIRCLE 199 ON READER-SERVICE CARD

These phone “Extension Jax” have built-in 
cable clamps that serve both as a cable support 
and as a sleeve terminal. They are nigged, com
pletely shielded, and equipped with solder lug 
terminals. Two-conductor Part 121 has a 1/2 in. 
OD and fits the company’s 1/4 in. diameter 
phone plugs; two-conductor Part 125 has a 13/32 
in. OD and mates with “Tini-Plugs”; and three- 
conductor Part 131 has a 1/2 in. OD and matches 
1/4 in. diameter, three conductor phone plugs. 
Handles and housings are nickel plated brass; 
sleeve terminals are cadmium plated steel; and 
tips and ring springs are spring tempered nickel 
silver.

Sw’itchcraft, Inc., Dept. ED, 5555 N. Elston 
Ave., Chicago 30, Ill.
Booth 2827
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impossible components foi leading electronics manufacturers 
Get details and quotations, promptly, from Pat Ruggier

Model 1000 RatioTrans standards are precision 
ac voltage dividers that provide ratio accuracies 
to 0.0001%. They have a dual range with both 
high and low voltage operation, and frequencies 
between 30 cps and 10 kc. The six decades of 
transient suppressed switching afford ratios up 
to 1.11111.

Gertsch Products, Inc., Dept. ED, 3211 S. La 
Cienega Blvd., Los Angeles 16, Calif.
Booth 3701, 3703
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KEL-F'1, Styrenes, Nylons, Phenolics, others
«Registered trademarks

Your prototype and production microwave insulators can be 
machined best by a specialist in machining plastics for the 
electronics industry... 1 ’RI-POINT.
Tri-Point machines only plastics... has developed special tech
niques to obtain high precision consistently and economically. 
In machined Teflon. Tri-Point is the leader.. .extrudes its own

KEITHLEY ISfil
INSTRUMENTS. INC.
12415 Euclid Ave., Cleveland6, Ohio



designed

Transducerized Tank NT-1505 Generator G-1501
Capacity: 5 gallons 200 watts

printer, and

Dept. ED
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Dry Dummy Loads

Three units available

51325

volt

average power of 600,000
the
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different 
process.

questionnaire to help 
Address: Dept ED-19.

For floated rate 
gyro test data

details now and we’ll include a free 
determine the precise model you need.

hermetically sealed 
Radiating face: 27 
(approximately 10"

Generator G -25001 
2500 watts

C insult with Narda for all your ultrasonic requirements. The SonBlaster 
catalog line of ultrasonic cleaning equipment ranges from 35 watts to 
2.5 KW, and includes transducerized tanks as well as immersible trans
ducers which can be adapted to any size or shape tank you may now 
be using. If ultrasonics can be applied to help improve your process, 
Narda will recommend the finest, most dependable equipment available 
— and at the lowest price in the industry!

No matter what you need in ultrasonic cleaning equipment, 
you’ll find Narda’s complete line of production size units have 
the quality, power, performance, capacity and appearance of 
cleaners selling up to three times their price! Write for more

tronic timer, an acceleration unit, 
the necessary power supplies.

Northeastern Engineering, Inc.
Manchester, N.H.
Booth 3103, 3104

For custom-designed cleaning systems, write to our Industrial 
Process Division; for information on chemical processing appli
cations, write to our Chemical and Physical Process Division; 
both at the address below.power of 15 x 10° w. The WR4073-15 dummy 

ioad to mate with WR1500 transmission line can 
absorb an average power of 250,000 w with a 
peak power of 7.5 x 106 w. All units are con
structed of VHP lossy material.

Bogart Mfg. Corp., Dept. ED, 315 Seigel St., 
Brooklyn 6, N. Y.
Booth 3226
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’most any mechanical, electrical or horological part or assem 
bly you can think of —and clean faster, better and cheaper

Transducerized Tank NT-5001 Generator G-5001
Capacity: 10 gallons 500 watts
Generator features standby switch for longer life and load selector

What do you want to clean? Transistors, semi-conductors, 
other electronic, automotive, missile and avionic components, 
instruments, timing mechanisms — Narda’s SonBlasters clean

being cleaned require 
solutions or a two step

ajr" Submersible Transducer NT-605
F ” Heli arc welded stainless case,

for safe, leak proof immersion
Effective plane of radiation: 40-50 sq. in

Digital Recording 
System

Generator G-202 Transducerized Tank NT-202 
35 watts Capacity: % gallon

An amazingly efficient, yet inexpensive, ultra
sonic cleaner. Duty cycle timer permits opera
tor to turn the unit on, set it, and leave; the 
SonBlaster will turn off automati
cally at the end of the cycle. Four 
choices of timers —from 0-15 min. a A 
to 0-120 m>n. Also available with- XI 
out timer at slightly lower cost 4r Su 
(G-201). kLU

The WR4073 series of dry dummy loads have 
auxiliary liquid cooling. WR4073-18 dummy load, 
mating with WR1800 transmission line, can ab
sorb an average power of 350,000 w with a peak 
power of 11 x 106 w. WR4073 dummy load, mat
ing with WR2100 transmission line, can absorb

switch on the front panel to operate up to 8 submers
ible transducers or 8 NT-602 or 2 NT-1505 transduc
erized tanks at one time Larger tanks available on 
special order.

primarily for recording data obtained from the 
testing of floated rate gyros. The data, printed 
on punched tape, is ready for computer process
ing. The system consists of a rack which includes 
a table angle indicator, a control panel, an elec-

with a peak

Generator G 601 Transducerized Tank NT-602 
60 watts Capacity: 1 gallon

A more powerful production-type unit, with a 
special circuit and selector switch 
permitting operator to alternate "firn 
between two tanks, when items

Narda’s mass-production techniques assure you the most 
complete line of ultrasonic cleaners at the lowest prices in 
the industry! From the smallest 35 watt to the amazing 
2500-watt unit with a tank capacity of 75 gallons, Narda's 
SonBlasters are available now—off the shelf—for immediate 
delivery. And with a full 2 year warranty besides!

The lowest price in the industry for a tank of 
this capacity and activity. Gener
ator also will operate 2. 3 or 4 4» a am 
submersible transducers at one 
time with just a turn of the load 4*1^ 
selector switch on the front panel. UW

Transducerized Tank
NT-25001
Capacity: 75 gallons
Powerful unit drives the 
largest mass produced 
industrial-size transduc
erized ultrasonic cleaning 
tank made! Also energizes 
up to 40 Narda 60-watt 
submersible transducers 
(NT-604 or -605). Capable 
of energizing tanks meas
uring upto 150square feet 
of area by 2' or 3' high.

*4360

x 5"). Effective cavitation of volumes up to 1200 cu. in. at 24 in. tank 
height (5 gal.) and 2400 cu. in. at 48 in. tank height (10 gal.). Bulkhead 
electrical fitting on back allows all wiring connections to be made on 
outside of tank. For use in any arrangement or location 
in any shape tank you desire to use. Also available—
model NT-604, identical with NT 605, except for pipe X I ’J I I
thread instead of bulkhead fitting, permitting electrical *r I-f II 
connections inside of tank. I W V

ultrasonics corporation

Narda SonBlasters offer the most complete line 
of lowest-cost mass-produced ultrasonic cleaners



newa

worth interchanging!

10 New Features

4. Captivated Coupling Nuts

5. Captivated Contacts

6. Corrosion-Resistant Plating

7. Teflon Dielectrics

8. Firm Cable Strain Relief

124

ipc family!

MM microminiature
RF connectors

IPC introduces Series MM—a complete 
line of microminiature RF connectors 
available in screw-type and slide-on 
coupling, and in three impedances: 
50, 73 and 90 ohms. Interchangeable with 
existing subminiature RF's, Series 
MM connectors offer ten new reliability 
features which make them well

1. Simplified, Positive ('able Clamp

2. Crimped with Standard T & B Tools

3. Tough Beryllium Copper Contacts

9. Exact Electrical Match to RG- U Cables

10. Cable Assemblies, Including Potting

A Catalog is ready for your use—write

• INDUSTRIAL PRODUCTS COMPANY jy jyDanbury, Connecticut
a division of

- AMPHENOL-BORG ELECTRONICS CORPORATION

CIRCLE 206 ON READER-SERVICE CARD



NEW PRODUCTS at the ire show
SOLUTION 

TO A PRINTED 
CIRCUIT DESIGN 

PROBLEMI

Microdot printed circuit to 
coax connectors are available 
to mate any of the standard 
Microdot micro-miniature 
coaxial fittings. Designed with 
“long” or “short” mounting 
pins to fit standard .100" grid 
pattern on panels 1/16" to 
3/16" thick. Available in 50, 
70 and 93 ohm for quick, easy 
connect and disconnect—screw 
or slide-on style, in straight or 
right angle types. Proven in 
commercial and military appli-

Time Delay Relay

Provides delays from 15 sec to 24 hr

Type 471 time delay relay provides an ac
curate1, adjustable time delay between the opera
tion of a control circuit and the subsequent 
transfer ol one or two load switches. Through 
selection of external wiring connections it can 
be used to control machine tools, batch proc
esses, heat treating, automatic mixers, electronic 
devices, and signaling equipment. With delays 
from 15 sec to 24 hr, the units have an adjust
ment range from 10 to 1007 of full scale. Repeat 
accuracy is within 27, and reset time is approxi
mately 1/2 sec. Switch ratings are 10 amp, 125 v 
or 5 amp 250 v ac, resistive load; and motor and 
clutch ratings are 115 and 220 v, 25, 50, and 60 
cps. Direct clutches are standard; reverse 
clutches optional.

Cramer Controls Corp., Dept. ED, Center
brook, Conn.
Booth 2527

JOO

JOO
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Microwave Field Intensity Receiver

Measures interference and susceptibility

Model FIM is a calibrated microwave field 
intensity receiver that permits absolute measure
ments of microwave power within the 1 to 10 
kmc frequency range. It measures the absolute 
level of radiated or conducted interference, and 
also the susceptibility of other instruments and 
components to such interference. Combining a 
calibrated antenna system, a calibrated receiver, 
and an internal calibrated signal generator, the 
unit can be used for propagation studies, antenna 
pattern analysis, r-f leakage measurements, and 
analysis of the characteristics of transmitters, 
receivers and other microwave components.

Polarad Electronics Corp., Dept. ED, 43-20 
34th St, Long Island Citv 1, N.Y.
Booth 3210-3214

Immediate delivery.cations.

JOO
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“THINK SMALL- 

THINK MICRODOT’’

Write for
BULLETIN 44A

Our sales engineers are located in all 
major cities to readily assist you in 
special design and standard applica
tions. “Think Small—Think Microdot.”
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MICRODOT INC.
220 PASADENA AVENUE 

SO. PASADENA, CALIFORNIA 
CIRCLE 209 ON READER-SERVICE CARD 
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tures. TFE resins are outstanding dielectrics
•ven at super-high frequencies

TEFLON

COAXIAL CABLES made with TFE-fluoro
carbon resins resist extreme conditions such 
al those encountered at arctic installations 
They remain flexible at lowest tempera

NUMBER 1 
IN A SERIES 

ELECTRICAL
DESIGN 

RF PROPERTIES

Microwave components of TFE resins withstand 
severe operating conditions ... provide low losses
TEFLON TFE-fluorocarbon resins provide extremely 
low dielectric losses and high dielectric strength. In addi
tion, they offer almost unlimited life under severe environ
mental conditions. Recognition of these features has led 
to the rapid adoption of TFE resins for microwave and 
other radio-frequency applications. More than a decade 
of outdoor testing has proven the complete resistance of 
TFE resins to weathering—to sunlight, moisture, tropical 
heat and arctic cold. Applications demanding years of 
contact with the most violent corrosives have demon
strated the resistance of TFE resins to virtually all chemi
cals. The resins also have excellent mechanical properties 
—resilience, impact strength, flex life, low coefficient of 

friction, anti-stick properties. With all these characteris
tics, it is clear why TFE resins are often considered ideal 
insulators, especially for crucial RF applications. In ra
dar, aviation, guided missiles, TFE resins have become 
indispensable. This issue of “Engineering Facts" will de
scribe some of the RF properties of TFE resins and their 
applications.

BETTER THINGS FOR BETTER LIVING 
...THROUGH CHEMISTRY



fflPOD Properties of TFE resins aré i 
dielectric components used f

TFE resins provide exceptionally low 
attenuation ... low dielectric constant
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No solid exists which provides lower losses at high re- 
quencies than Teflon TFE-fluorocarbon resins. Aun qud 
feature is that these losses do not vary with frequencv- 
or with temperature.

Better radio and microwave designs are made possible 
by the dependably low losses of TFE resins under all 
conditions. The low dielectric constant of TFE resinsl 
makes possible designs with low attenuation and lod 
VSWR. Dielectric constant, too, does not vary with 
frequency or temperature, considerably simplifying de
sign problems. In fact, the electrical characteristics oil 
TFE resins are essentially invariant from low audio fre-l 
quencies to the highest microwave frequencies, and froml 
the lowest temperatures attained bv liquefied gases tol 
above 260 C.
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TFE resins have good high-frequency dielecfl 
strength . . . permit higher RF voltages
The dielectric strength of TFE resins drops off less u i 
increase in frequencs than for any other material testJ 
to date. Published data show that at 100 megacycle'! 
is 130 volts per mil. Ordinary glass has a dielectric strend 
of only 20 volts per mil at 100 me; and polysty rene drod 
to below 5' , of its 60 cps value. Low RF heating duel 
low loss factor is thought to be the basis of the supend 
performance of TFE resins . . . all materials have <4 
tinuous voltage stress ratings below their short-term 1 
electric-strength values to avoid the erosive action d 
corona. High-voltage operation is practical will anl 
low-loss material like TFE resins, provided volt-pcr-nil 
stress is below corona initiation. The chemical-thermi 
properties of TFE resins give them longer life at voltaM 
of any frequency, in absence of corona, than othl 
materials. Their high-frequency dielectric strengt sui 
gests TFE resins need not be derated as much as othi 
plastics at high frequencies.

TFE r 
rapi

TFE resins make possible miniaturization 
. . . space and weight savings
Because of the high dielectric strength and heat 
ance of TFE resins, center conductors can oper 
higher temperatures and carry much more power f 
same cross section. For example, at room tempe 
the substitution of a coaxial cable with a core of; 
______ resin permits a 4-to-l weight saving a

COAXIAL CABLE SIZE COMPARISON 8-to-l space saving for equivalent 
over a polyethylene core. The resin 
solve the problem of getting more a 
turns into a winding. Finer wire can b 
so that miniaturized coils are possible 
electronic components benefit in the 
way. Thus, a complete electronic < 
can be reduced in size and weight 
use of TFE resins.

Cor*
Core 

Diameter 
(in.)

Core 
Material

Relative 
Power 
Rating

RG 58 A/U 0.116 Polyethylene 2

RG-174 U 0.06 Polyethylene 1

RG 188 U 0.06 TFE resins 4*
♦factor of improvement higher above 2000 MC
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TFE resins are rated for operation 
at extreme temperatures

TEMPERATURE, °C

TFE resins provide the best performance of any plast ic 
at both very low and very high temperatures. Impact 
strength of the TFE resins even at liquefied gas tempera
tures is good. The resins are elastic and can be used at 
-70°C. in services where they undergo constant flexing. 
They are rated for continuous operation at 260°C. The 
resistance of TFE resins to high temperatures makes 
them particularly suitable for use at high power levels. 
Heat aging, which results in the cracking and embrittle
ment of most other high-grade insulations, is completely 
eliminated at temperatures to at least 260°C. TFE resins 
are among the few insulators that remain effective at 
microwave frequencies under severe conditions of cli
matic and mechanical shock. This is especially useful in 
designing airborne components.

TFE resins can withstand continuous application of a 
soldering iron or dip soldering. This facilitates assembly 
especially in densely wired equipment or where shielded 
wiring or thin-walled insulation is required. In thicker 
sections, parts made of TFE resins are relatively stiff. 
For RF applications where extreme rigidity is required, 
the use of special fillers such as quartz or a glass is possi
ble with some loss in electrical properties. The elasticity 
of the resins is also useful in assembly; feed-through in
sulators can be snapped into place in slightly under
sized drill holes. Complex microwave parts can be ma
chined from basic shapes such as rods, sheets and tubes. 
A variety of special processes is available for bonding 
TFE resins (normally non-adhesive) to other materials. 
One heat-bonding resin has electrical properties like 
those of TFE resin. Additional information is available 
on request.
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TFE resins simplify assembly of components 
for high-frequency use

TFE resins have practically unlimited 
resistance to aging and weathering
TFE resins, unlike most other plastics, are completely 
unaffected by weather. After 12 years of Florida expo
sure, no deterioration in properties could be detected. 
Water does not wet a clean surface of TFE resin. Thus, 
standoff insulators do not short out. No water is ab
sorbed, so that volume and surface resistivities remain 
at their normal, extremely high level—well beyond the 
measurable range of ordinary instruments. Freezing cold, 
ultraviolet rays and salt spray are harmless to TFE 
resins. They are unaffected by microorganisms and soil 
chemicals of any nature. Heat aging at 250° C. showed 
no effect. Their resistance to aging makes TFE resins use
ful in applications such as environmental 
test chambers for component testing.

I 
-40
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200 240

TFE resin« can ba compounded with inorganic malarial« (glass fibers, quartz, mica, 
graphite, copper, aluminum, etc.) to increase mechanical properties as follows:

INCREASE IN MECHANICAL PROPERTIES BY USE OF FILLERS

PROPERTY FACTOR OF 
IMPROVEMENT

2 to 6

1.25 to 4

2 to 3
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Resistance to creep

Resistance to initial 
deformation under load

Stiffness

Thermal conductivity

Resistance to wear 
by rotating shafts
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Dielectrics that

Typical RF Uses of TEFLON TFE-fluorocarbon resins

Microwave printed circuits
Duplexers and other waveguide components

Standoffs, feedthrough bushings, spacers

nu

TEFLON me

In Canada: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec

domes • 
switches

absorb moisture, 
mains stable.

• Antenna horns 
Rotary RF joints •

(Photo courtesy of Dressen-Barnes Corp.)

STANDOFF INSULATORS of TFE resins replace 
component mounting boards because they snap 
into metal chassis. Low leakage of the resins even 
in moist air and use of grounded metallic terminal 
board prevent cross talk and stop leakage cur
rents from reaching adjacent circuits. Especially 
useful in low-level, high-impedance circuits, chassis 
design costs no more, permits ease of fabrication.

Teflon is Du Pont's registered trademark for its fluorocarbon resin: 
including tht TFE (tetraftuoroethylene) resins discussed herein

(Photo courtesy of Thompson Ramo-Wooldridge, Inc )

TV TRANSMITTER SWITCH used with 3W rigid 
coaxial line handles 55 KW in the UHF band with 
very low loss. Both high frequency rating and higl 
temperature performance are made possible bv 
use of TFE resins. They end the problem of ini 
pact cracking of the dielectric and eliminate mam 
tenance. Insulating layer is machined from a sheet 
ofTFE resin.

Discover how Du Pont TFE-fluorocarbon resins can help you im
prove your products both electrically and structurally. For property, 
design and end-use information, contact a processor of fluorocarbon 
resins (listed in the Yellow Pages under “Plastics”) or write to: E. I. 
du Pont de Nemours & Co. (Inc.), Polychemicals Department, Room 
2524, Nemours Building, NN ilmington 98, Delaware.

(Photo courtesy of Diamond Antenna & Microwave Corp.)

RADOME for K-band antenna matches impedance 
of feed horn to space and provides protection 
against weather. Wave-guide impedances at input 
and output of ferromagnetic rotator in the feed 
are matched with minimum insertion loss by in
ternal cones of TFE resins. Since the resins do not

Coax, RF connectors • Flush antennas

WEIGHT SAVINGS AND ECONOMIES are possible with 
TFE resins in industries such as the aircraft industry. 
For example, the dollar savings per foot of cable made 
possible by the higher power-to-weight ratio of TFE res
ins becomes vital in aircraft and missiles where every 
pound of load requires several pounds of air frame and 
engine to carry it. Another area of savings results from 
the ready soldering of cable to connector, since TFE resins 
will not melt, shrink back or be sliced through by heated 
conductors during soldering. Furthermore, in high-speed 
aircraft where skin temperatures sometimes exceed 200°C. 
and ambient temperatures in electronic devices run very 
high, the savings in refrigeration equipment can be sub- 
tantial. Components can be made much smaller and lighter 
with TFE resins with no sacrifice in performance.

least costly in the long run. TFE-fluorocarbon resins are 
the most dependable organic insulating materials known. 
They simplify assembly operations and lessen their cost. 
They minimize rejections. They reduce or may entirely 
eliminate maintenance costs. TFE resins help engineers 
meet the most stringent MIL specifications.

Insulators of TFE resins save costs ... 
increase compactness and safety of equipment
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CIRCLE 213

In a wide range of sizes

planes. Available
nickel plate or black oxide, the 
handle has a brass grip and brass 
mounting studs. It is 4-5/8 in. 
long and 1-13/16 in. deep.

Cambridge Thermionic Corp., 
Dept. ED, 445 Concord Ave., 
Cambridge 38, Mass.
Booth 2219

CANNON ELECTRIC CO.. 3208 Humboldt St.. Los Angel«« 31. C«lif. Factor»«» in Loe Angel««, Sal«m, Mass.. Toronto, 
Melbourne, London, Manufacturing tiænsRAS in Fan« and Tn4wi R^esentatiM*« and MhMom m wifnfmrin+t

Write for U-pag», 
2-color Plug Geida, 
Builetm CPG 3

Improvements are constantly being made in Cannon connectors to give you 
maximum reliability in circuitry under constantly increasing highly critical 
vibration conditions. New lines... improvements on the MS-E design... 
include the EX, the CT, the EA, and the EB Series.

You’ll find Cannon vibration and moisture-proof resilient-insert lines 
extensive and complete, in hundreds of carefully designed layouts. Inter
facial sealing. Improved grommets and grommet followers. Styles with extra 
strong coupling nuts. Telescoping rubber bushings. Strong clamps. Means 
for safety wiring. Grounding lugs. Every facility to give solutions to vibration, 
moisture condensation, flashover, and corona problems.

Vibration-proof Series include MS-E, CA-F, EA, EB, EX, and CT. Write 
TODAY for full information.

EX 06 
Plug Assembly 

Ask for 
EX Catalog

CA 3100 F 
Wall Mounting Receptacle 

Ask for 
AN/MS Catalog

MS-E (Series CT) 
Socket Assembly 

Ask for 
MS-E Catalog

MS-E (Series ME) 
63 Inserts Available 

Ask for 
MS-E Catalog

CIRCLE 212

< CIRCLE 210

Folds against the panel

Because it folds against the 
panel in only one direction, fold
ing handle model 1900 is espe
cially suitable, for lifting purposes. 
It is equipped with spring loaded 
detents which position the grip in 
both the upright and horizontal

Centrifugal Blowers

Many sizes, many uses

ON READER-SERVICE CARD 

ON READER-SERVICE CARD 

ON READER-SERVICE CARD ►

types, these centrifugal blowers 
perform a variety of cooling jobs in 
the electronics and aviation indus
tries. Model FBT 6000B, shown, is 
a 60 lb unit designed to maintain 
required ambient temperatures for 
complex airport ground control 
equipment. It delivers 2000 cfm at 
1 in. static pressure. Miniature 
model BC 910B, also shown, keeps 
miniaturized transistor equipment 
from overheating. This unit weighs 
7 oz and delivers 5 cfm at 1 in. 
static pressure.

Induction Motors Corp., Dept. 
ED, 570 Main St., Westbury, N.Y. 
Booth 2229

CIRCLE 211 ON READER-SERVICE CARD
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Precision Potentiometer

CIRCLE 215 ON READER-SERVICE CARD

Fuse Blocks

Modular

Lace

Reg TM of E. I. DuPont de Nemours & Co CIRCLE 216 ON READER-SERVICE CARD

CIRCLE 214 ON READER-SERVICE CARD
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Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

WRITE ON BUSINESS STATIONERY 
for copy of latest catalog and free 
subscription to TERMINALOGY that keeps 
you posted on terminal techniques.

(J) Insertion tool in drill press (power off) 
or hand arbor, holds terminal G and 
indexes it over countersunk hole A.

meets the most
severe requirements lor 
fungus-resistance It is non
toxic, knots tightly, is un
affected by most chemical 
solvents. In five sizes.all with 
high dielectric strength

All due to critical specifications, 
tight tolerances, rigid quality control, and 
the unmatched "know-how” of the pioneer. 
Ail yours when you insist on genuine 
Sealectro "Press-Fit” terminals.

TEFLON*, Temp-Lace is 
the latest addition to the 
Gudebrod line. Chemical!} 
inert, it is available in nat
ural finish, with a fungistatic 
rubber coating or with a sil
icon dispersion finish. In 
five sizes, it is flexible from 
-40°C to 22O°CTIME, because here is the simplest, 

quickest installation known today. 
MONEY, because here is the one-piece 
terminal that eliminates screws, 
nuts, washers, lockwashers. TROUBLE, 
because here is the stay put terminal 
proved by millions in daily use. 
And here’s the "Press-Fit” 
principle at a glance:

CIRCLE 217 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 4, 1959

C GUDE-GLASS
Flat braided of glass fibers, 
Gude-glass is recommended 
for use where high tempera
ture is a factor. Available 
with special finishes for non
slip characteristics, it is non
toxic, resists fungus and is 
flexible within its complete 
range: -4O°C to 375°C.

C GUDELACE
The original Gudebrod lac
ing' tape, flat braided of 
nylon with special wax fin
ish, Gudelace has become 
the standard where excessive 
high temperatures are not 
encountered. In seven sizes, 
Gudelace also comes in six 
colors for circuit coding.
Write for new Data Book with 
complete specifications of All 
Gudebrod Lacing Tape^

k 'Du Pont’s trade mark for its 
A TFP fluorocarbon fiber

"Du Pont's trade mark for its 
W polyester fiber
’ See Gudebrod t Booth ¿74025 
_____ At the IRE Show

C STUR-D-LACE H
Flat braided of DACRON** 
with non-corrosive rubber 
finish or wax finish. Stur-D-

Designed to simplify protection of solenoids, 
small motors, or control apparatus on multiple 
circuit equipment, Add-On blocks may be assem
bled into a unit fuse block of one or any num
ber of poles. The single pole blocks interlock 
by means of a boss that slips into a recess in the 
bottom side of the adjacent block. Each unit is 
secured by a single screw. Poles may be added 
or removed without disconnecting terminal leads 
on other units, and there are no retaining rods 
or mounting channel straps to remove, cut, or 
modify. The clips are designed so that fuses can 
be raised at right angles to the block and still 
be held firmly in place. This identifies the open 
circuit of equipment being worked on and as
sures return of the fuse to the proper circuit.

McGraw-Edison Co., Bussmann Mfg. Div., 
ED, University at Jefferson, St. Louis 7, Mo. 
Booth 2739

>i Applying pressure, the “Press-Fit” 
terminal slides easily and smoothly 
into hole, because of resiliency and 
self-lubrication of Teflon body.

i* "Memory” factor of Teflon causes 
body to regain diameter and shape 
within the confines of the hole, for a 
tight, sealed, permanent installation.

220°C TEMP-LACE
Manufactured c

Operates from —55 to 4~200 C

Available in resistances from 10 ohms to 50 
K ±5%, model 313 Squaretrim precision poten
tiometers operates from —55 to 4-200 C and dis
sipates 1 w at 95 C. The 1.5 in., 1.5 w unit meets 
MIL-STD-202 Method 202 shock and vibration, 
and has 710 noise specifications.

Daystrom Pacific, Dept. ED, 9320 Lincoln 
Blvd., Los Angeles 45, Calif.
Booth 1804

CORPORATION 
«10 FAYETTE AVENUE • MAMARONECK, N.Y,

SEALECTRO

lacing tapes 
ENGINEERED for 
TEMPERA TURE 

by GUDEBROD

TEFLON 
TERMINALS

TIME 
MONEY 
TROUBLE

GUDEBROD 
BROS. SILK CO., INC.

ELECTRONICS DIVISION

225 Wes’ 34’h S’ree» New York 1, N Y. 

EXECUTIVE OFFICES

' 2 So«”» ' 2”» S’ree’, Ph.ladelph'O 7, Pa.
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Miniature Silicon Bridge Rectifiers

50 to 600 piv ratings

These miniature silicon bridge rectifiers are 
1/10 the volume and 1/60 the weight of the vac
uum tube units they replace. They measure 1.22 x 
1.03 x 0.75 in. and weigh 1/2 oz. Designed for 
miniature missile, airborne, and ground system 
circuitry, they are rugged and shock resistant 
and may be operated at temperatures to 165 C. 
The units are assemblies of silicon diodes which 
may be varied to provide many designs and volt
age ratings in a single package size. These bridge 
rectifiers are available with ratings from 50 to 
600 piv and de output currents from 50 ma to 
1.2 amp. Other rectifier types, including half
wave, center-tap doubler, and full-wave, can be 
supplied.

International Rectifier Corp., Dept. ED, 1521 
E. Grand Ave., El Segundo, Calif.
Booth 2901, 2903

CIRCLE 218 ON READER-SERVICE CARD

Pushbutton Switches

Mount on 5/8 in. centers

Designed to save panel space, these locking 
type pushbutton switches mount easily on 5/8 in. 
centers. They are ruggedly constructed with 
plated steel frames and have nickel silver con
tact leaves and silver contacts. The finger tip 
pushbutton is molded plastic. Rated at 3 amp, 
the units are available in a wide variety of cir
cuits.

Richards Electrocraft, Inc., Dept. ED, 4432 N. 
Kedzie Ave., Chicago 18, Ill.
Booth 3810

CIRCLE 219 ON READER-SERVICE CARD
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FIRST IN PLASTICS

ELECTRONIC DIVISION
HOOK-UP WIRE—EXTRUDED in sizes A.W.G. 10 through 

A.W.G. 32, per MIL-W-16878B Type E and EE, and NAS 703, 

Type U Class A and C. Available in fifteen colors and one, two 

or three stripes. Request Bulletin T-500 for engineering data.

HOOK-UP WIRE—FUSED WRAPPED in sizes A.W.G. 8 

through A.W.G. 32 per MIL-W-16878B Type E. Available in 

ten solid colors and one or two stripes. Request Bulletin T-505 

for engineering data.

HOOK-UP WIRE—MINIATURE THIN WALL extruded or fused 

wrapped insulation of .004 to .007 A.W.G. 22 through A.W.G. 

32. Available in ten solid colors and stripes. Request Bulletin 

T-510 for engineering data.

SHIELDED LEAD WIRE extruded or fused wrapped in sizes 

A.W.G. 8 through A.W.G. 30 per MIL-W-16878B Type E and 

EE, and NAS 703, Type S Class A and C. Request Bulletin T-520 

far engineering data.

LEAD WIRE—HIGH TEMPERATURE tape wrapped “Teflon”* 

impregnated fiberglass braid. In sizes A.W.G. 6 through A.W.G. 

28 in both 600 Volt (R.M.S.) and 1000 Volt (R.M.S.). Ten solid 

colors and various braided stripes. Request Bulletin T-530 for 

engineering data.

Trade Name for Du Pont's Tetrafluoroethylene Resin. IRE Show Booth 4506

HAVEG
900 GREEN BAN K ROAD • WILMINGTON 8, DELAWARE 

CIRCLE 220 ON READER-SERVICE CARO
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wire and cable specialists
MINIATURE CABLES SINGLE OR MULTI-CONDUCTOR ex
truded or fused wrapped primary insulation, shielded and 

jacketed with “Teflon'', lacquered nylon braid, extruded nylon, 

silicone, or Teflon lacquered fiberglass or extruded vinyl. Avail

able in sizes A.W.G. 18 through A.W.G. 30. Request Bulletin 

T-540 for engineering data.

AIR FRAME WIRE tape wrapped with a “Teflon” impreg
nated fiberglass braid per MIL-W-7139A. Available in sizes 

A.W.G. 6 through A.W.G. 22 in ten colors. Requesf Bulletin 

T-550 for engineering data.

COAXIAL CABLE—Haveg Industries, Inc., Electronics Division, 
coaxial cables are manufactured in a wide variety of standard 

and special types. Standard items are prepared in accordance 

with the requirements of MIL-C-17B, but many individual cus

tomer requirements can also be produced. All Haveg cables are 

based on extruded “Teflon” dielectric.

MAGNET WIRE—Haveg Industries, Inc., Electronics Division, 
insulated magnet wire products fall into four categories covering 

four ranges of temperature from -90°C. to 350°C.

MICA INSULATED MAGNET WIRE—Mica insulation has been 

developed to withstand a minimum of 350°C. for 200 hours. 

Continuing development is expected to improve the temperature 

rating and length of operating time.
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WIRES > CABLES Curve Tracer

Displays transistor characteristics

« Ti*

Supei-lénep

DUAL

BUTTERFLY

DIFFERENTIAL

DuPont's TFE Resin

CIRCLE 224 ON READER-SERVICE CARD
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Parts aa't 
break loose... 
capacity can't 
fluctvate!

D 
N
B

Supetfeuip
American Super-Temperature Wires, Inc.

20 West Conal Street, Winooski, Vermont • University 2-9636
General Sales Office: 195 Nassau St. • Princeton, N. J. • Walnut 4-4450

Agents in principal alactronic manufacturing araat

Soo U* at the IRE Show- Booth 4424
CIRCLE 221 ON READER-SERVICE CARD

THESE RUGGED 
JOHNSON VARIABLES 
WITHSTAND TERRIFIC 

VIBRATION 
and SHOCK 1

| Ceramic-soldered 
for greater 
strength1. /

The MW-1 curve tracer displays families of 
characteristic curves for pnp and npn transistors 
and provides for the selection of input and out
put current or voltage as components of the 
curves. A switch for selecting common emitter 
or common base configurations also has an off po
sition where all voltages are removed from the 
transistor. Another switch provides A and B se
lection of either of two transistors connected to 
the test set for comparison purposes. The tracer 
has full scale deflection sensitivity ranges from 
100 pa to 50 amp for collector current, 0.1 to 
1000 v for collector voltage, and 0.1 to 10 v for 
input voltage. Observable impedances range from 
0.001 ohms up to 10 meg. Exclusive of individual 
crt error, the curve tracer is accurate within 
db 2.5%. Vertical and horizontal amplifiers are 
identical, and the trace may be reversed or in
verted. External input position permits the use of 
the instrument as a conventional 0.1 v sensitivity 
oscilloscope.

Baird-Atomic, Inc., Dept. ED, 33 University 
Rd., Cambridge 38, Mass.
Booth 3219, 3221

CIRCLE 222 ON READER-SERVICE CARD

These ceramic-soldered Johnson Type 
“L” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct
ly to the heavy thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can't break loose . . . 
capacity can’t fluctuate.

MAGNET WIRE 
LEAD WIRE 

MINIATURE CABLES 
JUMBO CABLES 
LACING CORDS 

TUBING 
SPECIALTY WIRE 
TEFLON TAPES

Sand For 
Valuable 
NEW 64 

Page 
Catalog

Fastest delivery . . . highest quality . . . opti
mum reliability . . . these are the qualities 
that make Super-Temp’s TEFLON* insulated, 
high temperature wires first choice all the 
time. Super-Temp has the right wire, cable or 
tubing, designed for specific applications, or 
can fabricate them to your particular require
ment.
NEED IT FAST? ... SEE SUPER-TEMP FIRST!

Metallized Capacitors

Bathtub type

In drawn metal cases, type 143P and 144P 
bathtub metallized capacitors will operate at 
125 C. They show good performance with regard 
to self-generated noise, and can be used in most 
low noise level circuits. The 144P units have a 
dual dielectric consisting of both metallized paper 
and polyester film.

Sprague Electric Co., Dept. ED, 347 Marshall 
St., North Adams, Mass.
Booth 2416-2424
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SPECIFICATIONS 
Plate spacing is .030* 
rated at 1500 volts 
peak nt sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel... other 
platings available on 
special order. Requires 
1 H*xl %* panel mount
ing area.

• For complete infor
mation on Johnson Type 
”L" Air Variable* or 
other quality Johnson 
components—write for 
your free copy of our 
newest catalog today!

SINGLE

190» SECOND AVE. S.W. • WASECA, MINK
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Square Pulse Generator
Multi-impedance unit

Tensolite facilities are devoted exclusively to the engineering and manufactur
ing of miniature plastic insulated wire and cable—featuring Teflon insulation for 
high temperature (—90 deg. C. to ¡-250 deg. C.) applications. 100 percent 
inspections before, during and after manufacture, part of the most rigid quality 
control program in the industry, assures reliability of the finished product.

"TEFLON” INSULATED CABLE

The model 350 is a multi-impedance and out
put connector quadruple square pulse generator 
especially designed to permit calibrating and 
testing of fast pulse systems containing many 
combinations of standard cable impedance levels 
and standard connectors. Millimicrosecond rise 
time pulses of variable amplitude and width are 
delivered matched to seven standard impedances 
of coaxial cable and connector combinations. 
These standard values are from 50 to 200 ohms 
and can be varied to meet individual require
ments. Pulse amplitude is varied by calibrated 
attenuators from 0.005 to 100 v. Pulse width is 
continuously variable in steps from 1 m^sec to 
several microseconds.

Electrical and Physical Instrument Corp., 
Dept. ED, 42-19 27th St., Long Island City 1, 
N.Y.
Booth 3240
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From large sizes using 6 AWG wire down to subminiature cables with 36 AWG 
single conductors, Tensolite makes multi-conductor cables to your specifications. 
Tensolite cables utilize the maximum number of conductors in a minimum of 
area—saving weight and space. They’re available as ribbon cable or in standard 
round configurations. For demanding applications, we recommend individual 
conductors of our FLEXOLON wire.

TYPE E-EE TO MIL-W-16878
FLEXOLON WIRE

A new concept in high temperature insula
tion developed by Tensolite’s research and 
development laboratories FLEXOLON wire 
provides the best properties of wrapped and 
extruded fluorocarbon insulation. Important 
features of this versatile hook up and lead 
wire are:

• Solid colors and striped combinations.
• Most flexible of all hookup wire con

struction.
• High temperature range of —90 deg. C. to 

+250 deg. C.
• Greatest miniaturization in MIL-SPEC hook

up wire (smallest hook up wire in the world).
• High dielectric strength (far exceeds re

quired 600 V and 1000 V ratings).
• Consistent concentricity.
• Superior cut through resistance.

AIRFRAME WIRE

Delay Networks

Precision built

TENSOLON AIRFRAME WIRE
Insulated with high-temperature resin, it is 
manufactured in compliance with MIL-W- 
7139A. Important features are:
• —90 deg. C. to ^250 deg. C. temp, range.
• 600 Volt and prescribed overload operation.
• Rugged, abrasion resistant construction.
• Short-time operation in event of fire.
• High resistance to chemicals.
• Excellent flexibility.

HOOK-UP WIRE

TENSOLON WIRE
Insulated with TFE fluorocarbon high tem
perature resin.

Choose from:
Spiral wrapped .with special cross-lapped 
construction and unlimited color coding; 
striping that meets commercial and military 
specifications.
Extruded... featuring an extruded homoge
neous Teflon TFE resin (solid and inked stripe 
combinations).

TENSOLEX WIRE
Insulated with extruded vinyl plastic.
Types H and C meet MIL-W-16878. They are 
high temperature hook-up wires rated for 
continuous use from —55 deg. C. to +105 
deg. C. with or without nylon jackets.

COAXIAL CABLE

TENSOLON MINIATURE COAXIAL CABLE
Designed to meet MIL-C-17B, it is ideal for 
high frequency operation from —90 deg. C. 
to -250 deg C. Insulation assures extremely 
low loss, high dielectric strength, and com 
plete resistance to moisture and chemicals. 
A great variety of outer jackets permits the 
selection of cable well suited for many ap
plication requirements.

TENSOLEX WIRE
Types WL and SRIR are manufactured in 
accordance with the joint Army-Navy specifi
cation JAN-C-76 (Qualification approval Cer
tificates Nos. 13725 and 13606A).
Types LW and MW are general purpose hook
up wires specifically designed for radio, 
instrument, and military electroYiic applica
tions. Designed to meet MIL-W-76A, they are 
recommended for use at temperatures up to 
80 deg. C. in the internal wiring of electrical 
and electronic equipment.

TENSOLITE
WRAPPED VINYL WIRE

Super flexible wire designed for miniaturb 
ration applications at operating tempera« 
tures from —40 deg. C. to -t-60 deg. C.

MAGNET WIRE

TUFFLON MAGNET WIRE
High temperature Teflon insulated magnet 
wire — designed to meet MIL W 19583 — is 
ideal for coils and windings requiring high 
temperature application. It is supplied in 
wall thicknesses ST, HT, TT and QT and AWQ 
sizes 18 through 44.

21 
HH.

These precision delay networks are built to 
stringent requirements and meet or exceed mili
tary or difficult customer specifications.

Polyphase Instrument Co., Dept. ED, E. 
Fourth St., Bridgeport, Montgomery Co., Pa.
Booth 3105
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OTHER PRODUCTS

Ignition Cable
Asbestos Wire 

to MILC25038
Antenna Wire
Thermocouple Wire

See usât
Booth 4330 
at the I.R.E.Show

Low Capacitance Cable
Air Dielectric Cable
Low Noise Cable
Tempered Magnet Wire 
Double Quad Lead Wire

Wire Coated with Teflon 
100X FEP Resin

100% Shielded Wire

Ribbon Cable Shielded 
and Unshielded

Teflon Inks
Bondable Wire
Etched Wire
High Flex Wire and Cable 
Nickel Plated Conductor

INSULATED WIRE CO., INC.
West Main Street, Tarrytown, New York • Telephone: MEdford 1-2300 

Pacific Division: 1516 N. Gardner Street, Los Angeles, California

FLEXOLON i* a trademark of Tensolite Insulated Wire Co., Inc. • TEFLON is a registered trademark of th» dj Pint Company
CIRCLE 227 ON READER-SERVICE CARD
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Where only the best 
is good enough ...

MODEL 330 M

NEW PRODUCTS AT THE IRE SHOW

Miniature Vibration Pickup

Has flat response over full range

Characteristic “G”

jo we if 
RESJSTW 

o fi».

Krohn-Hite filters are used

In basic electronic instruments for lab or test work, less than 
the best may be a dangerously bad bargain. Unexpected limita
tions — of range, reliability, precision — can throw out weeks 
of work on today's jobs, and can make tomorrow's tougher jobs 
untouchable.
The best instrument of its type is prohabh a bit more expensive, 
but it's worth buying . . . because you can believe in it today, 
and will rely on it tomorrow. An example is the Krohn-Hite 
Model 330-M tunable electronic band-pass filter, for critical 
low-frequency applications. Here are some facts about it.
frequency RANGE: continuous coverage from 0.2 cps to 20 kc. 
with independent control of high and low cut-off frequencies.
CUT-OFF FREQUENCY ACCURACY: plus OF minus 5G.
INSERTION LOSS: zero db plus or minus 1 db in pass band.
attenuation SLOPE: nominal 24 db per octave outside pass band, 
with peaking circuit to reduce corner-frequencv loss.
MAXIMUM ATTENUATION: greater than 80 db.
INPUT IMPEDANCE: approximately 22 megohms plus 20 mmfd.
EXTERNAL LOAD IMPEDANCE: 500 ohms or greater.
HUM AND NOISE: less than 100 microvolts rms.
There’s a lot more you should know about the 330-M . . . and 
about the other Krohn-Hite tunable electronic filters, oscilla
tors. power supplies and amplifiers. In all of them, you'll find 
the same far-ahead engineering, design and construction. Be
cause K H instruments are good enough even for tomorrow’s 
most critical work, they are increasingh chosen today where 
true reliability and precision are essential.

Called the Vibramite type 11, this miniature 
vibration pickup is an eddy current damped unit 
with a flat response curve over its full operating 
range. Its characteristics include self-generation 
with no cathode follower or impedance matching 
amplifier, and good temperature stability with 
high electrical output. The unit has a sensitivity 
of 96.3 mv per in. per sec and operates under 
50 g acceleration over a temperature range of 
—85 to -/500 F. Positioning is omnidirectional. 
The Vibramite is 1.42 x 1.42 x 1 in. and weighs 
2.75 oz.

MB Mfg. Co., Dept. ED, P.O. Box 1825, New 
Haven 8, Conn.
Booth 1723,1725
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Helical Connector

For airborne harnesses

Write for your free copy of the new Krohn-Hite Catalog.

Krohn-Hite corporation
580 Massachusetts Avenue, Cambridge 39, Mass.

Quickly connected and disconnected with a 
special tool, this helical connector provides an 
otherwise tamper proof connection for aircraft 
and missile harnesses. Called the Helicon, the 
unit is fully preinsulated and resistant to mois
ture, corrosion, vibration, and shock. It is 
equipped with positive wire stops to prevent 
over-insertion of the stripped conductor; serra
tions inside the barrel to assure maximum crimp
contact between barrel and conductor; and in
spection ports to permit examination of conduc
tors in the barrel.

AMP, Inc., Dept. ED, Harrisburg, Pa.
Booth 2234-2238
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R^Distlnct 
Advantages

Repeated temperature 
cycling during the Sage coating 

process relieves winding 
strainsand stresses. Resistors 

thus achieve virtual operating 
stability even at the peaks 

of full rated load.

The Sage manufacturing 
process avoids temperatures 

damaging to the resistance wire. 
Thus temperature coefficients 

of Sage Resistors are 
uniformly held within the 

nominal limits of :t20p.p.m./oC.

Heat damage to metal 
structures and connections is 

both avoided in process and 
precluded in operation by the 

275°C. "hot spot” limit of 
Characteristic "G.” Thus the 

essential "built in” qualities of 
Sage Resistors are safeguarded 

throughout life—. a major 
contribution to reliability.

When You Order
Power Resistors

Specify

Specify

Specify

Axial Lead Units per MIL-R-26C 
(Insulated) . . . Chassis-Mounted 
Units per MIL-R-18546B (Ships)

Write for Descriptive Literature

k

1
ELECTRONICS CORPORATION
P.O. Box 126, Rochester 10, N. Y.

RELIABILITY

CHARACTERISTIC “G”

SAGE “SILICOHMS”

SAGE
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Electrical Tape

Rayon reinforced
A pressure-sensitive electrical film tape, type 

246 is rayon reinforced. A high shock resistance 
combined with a high tensile and tear strength 
enable it to withstand breakage caused by the 
stresses prevalent in heavy duty electrical equip
ment. It also has high insulation resistance and 
dielectric strength and is resistant to the attack 
of solvents. A Class A tape, it can be used for 
anchoring heavy gauge electrical wiring in equip
ment coils, banding armature coils prior to form
ing and affixing yokes to coils.

Permacel, Dept. ED, New Brunswick, N.J.
Booth 4227
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Impedance Bridge

Checks inductors, capacitors, resistors

introduces
a
new
dimension
in
power
supplies 2=^

WITH VOLTAGE RANGE OF 

125-325 VOLTS 
200-400-600 MA. MODELS

Type 1650-A impedance bridge measures the 
inductance and Q of inductors, the capacitance 
and dissipation factor of capacitors, and the ac 
and de resistance of all types of resistors. These 
quantities are indicated directly on dials with 
logarithmic scales. Completely self-contained 
and portable, the unit has five separate circuits 
and a mechanical-ganging device that simplifies 
low Q measurements. It has eight ac or de re
sistance ranges from 1 to 10 meg; seven series 
or parallel capacitance ranges from 1 jA|xf to 
1000 pf; and seven series or parallel inductance 
ranges from 1 uh to 1(MX) h. To measure dissipa
tion factor, it has a series capacitance D range 
of 0.001 to 1 at 1 kc, and a parallel capacitance 
D range of 0.1 to 50 at 1 kc. For Q measure
ments, there is a series inductance range of 0.02 
to 10 at 1 kc, and a parallel inductance range of 
1 to 1000 at 1 kc. Accuracy is about ±1% on the 
first three ranges, and alxmt ±5% on the last 
four.

General Radio Co., Dept. ED, 275 Massachu
setts Ave., Cambridge 39, Mass.
Booth 3302-3312
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the 
new F 

HB
SERIES

F REGULATION 
O and STABILITY

MODEL 1 VOLTAGE MA.CURRENT RIPPLE

HB-2 I 125-325 200 1 0.003V

HB-4 "125-325 400 0.003V
HB-6 *

125-325 ' 600 I 0.003V

0.01% MODELS AVAILABLE ON SPECIAL ORDER

C OU 131-38 SANFORD AVENUE 
me.

All this adds up 
to MAXIMUM:

■ SPACE ECONOMY

■ OUTPUT CAPACITY

■ QUALITY PERFORMANCE
Write for 

complete specifications.

FLUSHING 55. N Y INDEPENDENCE 1 7000

VISIT OUR BOOTHS 2636-38 • I.R.E. SHOW • N.Y. COLISEUM • MARCH 23-26 
CIRCLE 234 ON READER-SERVICE CARD
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STL-1OOSTP-49

From SPERRY

for cu radar and communications, their characteristics

applications.

Booth 1708
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NEW PRODUCTS at the ire show

FM Radio Terminal

35 in. high

Up to six simultaneous conversations from suit
able multiplex equipment may be handled by the 
type 896 fm radio terminal. Transmitter, receiver, 
and power supply are housed in a single relay 
rack-mounted enclosure 35 in. high and weigh
ing 110 lb. Frequency range is normally 148 to 
174 me; transmitter power is 50 w; radio gain is 
119 db; and receiver noise figure is 7 db.

Radio Engineering Labs, Inc., Dept. ED, 
29-01 Borden Ave., Long Island City 1, N.Y.

Inductance Bridge

Highly accurate

Type 1632-A inductance bridge is designed 
for precise measurement of either series or paral
lel components of two-terminal grounded in
ductors at audio frequencies. It has full scale 
ranges from 1111 uh to 1111 h for inductance 
and 1111 umhos to 1111 mhos for conductance.
Minimum inductance indication is 0.001 uh, 
which permits balances precise to 0.1% for an in
ductance of 1 uh. Designed for use at 1 kc and 
lower, the unit can be used to 10 kc at reduced 
accuracy. The 1012 to 1 range in inductance is 
covered by a six decade control, and inductance 
dials indicate directly either series or parallel 
inductance. The 10~n to 1 range of conductance 
uses four decades and an air capacitor. Resist
ance, either series or parallel, is the reciprocal of 
the conductance setting. An eight position multi
plier automatically indicates both the decimal 
pont andi the units for inductance and conduct
ance. Suitable for standardization measurements, 
the unit has an in-line readout and provides an 
accuracy of ±0.1% for inductance and ±1% for 
conductance.

General Radio Co., Dept. ED, 275 Massachu
setts Ave., Cambridge 39, Mass.
Booth 3302-3312
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6 New Traveling Wave Tubes
Combining road Frequency
New in design and new in performance, this line of
Sperry traveling wave tubes presents frequencies from 
240 to 11.000 me—together with high power for ampli
fier service in microwave systems. Particularly suitable 

Frequency Range 24-0 to 510 me 500 to 1OOO me 1OOO to 2000 me

Rated Output Power (CW) 200 w (min) 200 w (mln) 200 w (min)

Input Power at Rated 
Output Power 500 mw (max) 500 mw (max) 200 mw (max)

Small Signal Gain 30 db (min) 30 db (min) 32 db (min)

listed belou will suggest their use tor many other

Data sheets on any or all of these new tubes arc

'•p 
Cc

yours upon request. There are two electronic tube 
facilities to serve vou: Spern Electronic Tube Division

ELECTRONIC DESIGN • March 4, 1959
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PHILADELPHIA

SAN FRANCISCO

BOSTON

BROOKLYN

Intercommunication Cable

Color coded

is arc 
tube 

vision

«I

Range With High CW Power
Sperry Electronic Tube Division of Sperry Rand 

( orporation. Gainesville. Florida.
Yon can see all these tubes at oar booth 1410-1416. ¡050 Radio 

’ nginecf ing Show. \ fau lt 23-26.

This intercommunication cable has color coded 
paired copper conductors in size 22 AWG. It is 
designed for use in the manufacture of inter
communication, annunciator, telephone, and call 
systems, and also for data processing equipment, 
industrial automation, and similar applications. 
It is available in conductor pairs of 6, 11, 16, 26, 
and 51. The Flamenol polyvinyl chloride insula
tion provides permanent, solid color coding so 
that each pair can be easily identified and se
lected from all other pairs in the cable. The over
all jacket is a tough Flamenol. Stripping is made 
easy by the use of a nylon rip cord under the

General Electric Co., Construction Materials 
Div., Dept. ED, Bridgeport 2, Conn.
Booth 2924-2928-2932
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Panel Meters

Have interchangeable dials

STX-1O4 STX-1O5

2000 to 4-000 me 7000 to 8750 me 8650 to 11.000 me

200 w (min) 1OO (min)-15O w (Av) 1OO (min)-15O w (Av)

200 mw 630 mw (max) 630 mw (max)

40 db 40 db (nom) 40 db (nom)

CIRCLE 237 ON READER-SERVICE CARD
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The 4 in. Unimeter series affords a variety of 
panel meters obtained by combining any number 
of dial component sections with a separate basic 
movement. All units are provided with mirror 
scales to eliminate parallax and are available with 
or without a quick change instrument stand. 
Error-proof assembly is accomplished by sliding 
two sections together and locking them with a 
thumbscrew on the back. Available in standard 
kits, the units are accurate and dustproof and 
have self-shielded Bar-Ring movements and ac 
and de linear scales.

The Triplett Electrical Instrument Co , Dept. 
ED, Bluffton, Ohio.
Booth 3613

CIRCLE 239 ON READER-SERVICE CARD
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NEW PRODUCTS at the ire show

Crossbar Switch

Handles 1200 circuits

Combination Materials

STUB

North Electr

Silicon Rectifiers

4-4381

metal envelopelicon rectifiers enclosed

de forward

oiw ‘
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7-193:
1-063;

..VALLEY 3-0391
TWinbrook 4-350Í

LEnnox
AVenue

3-363;
8-1301

Toronto. 
Montreal

IN CANADA;
National Fibre Co. of Canada, Ltd.

parts. The unit embodie

In Canada:
NATIONAL FIBRE COMPANY OF CANADA, LTD., TkhK

... AUstm 
. . . GArfield 
. . ERieview 
.... DAvis 
.... MAin 
UNi versity

Baltimore ... 
Boston.............. 
Chicago...........
Cincinnati. 
Cleveland 
Dallas................  
Dehver.............. 
Detroit.............. 
Griffin, Ga.. . 
Indianapolis . 
Los Angeles. . 
Milwaukee. . 
New Haven.. 
Newark.............  
New York. . . . 
Philadelphia. . 
Pittsburgh.... 
Rochester. . .
St. Louis...........
St. Petersburg 
San Francisco. 
Seattle.............  
Wilmington. .

Pm Norn I , Rubber-Fibre; Wood-Fibre 
Metal-Fibre; Asbestos-Fibre; Pi i ku 
Phenol.it e.

IN 1763 has a piv rating of 400

connector division ¿ AMPHENOL

SHORTEST
MS CONNECTOR

asbestos, gl¡ 
iss mat bas 
olyester, ene

Have 400 and 500 piv ratings
IN 1763 and 1N1764 are diffused junction

and is designed with single axis wiring to reduce 
connection multiplicity. It has double-wound 
hold coils, and select coils may be released for 
operation without releasing the previous connec
tion. The switch has a wide variety of uses and 
can be applied to analog and digital computer 
functions, programming and sequencing, or high 
traffic communications. It can also serve as a 
memory device. Overall size is 23 x 8-3z4 x 5-3/8

CHOOSE FROM THESE MATERIALS...
Vulcanized Fibre: 10 standard grades 
many special grades.
Phenolite ■ Laminated Plastic: over s
Standard ami modified grades; paper

BACKED BY THESE SERVICES
Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment

BY CALLING THESE OFFICES

or silicone resins.
Peerless Electrical Insulation: coil str: 
corrugated.
Extruded Nylon: 2 grades; rod, str 
pressure tubing, special shapes.
Polyester Glass Mat: I standard she 
grades; custom molded shapes.
Phenolite Copper-Clad Laminates:
10 standard grades.

This crossbar switch handles up to 1200 cir
cuits in several hundred combinations and has a 
life expectancy of over 50 million operations 
under normal load conditions. It requires mini
mum maintenance, having virtually no moving

current rating of .500 ma and a maximum re- 
verse current of 1(X) pa and operates directly 
from a power line at ac secondary voltages up to 
140 v.

The IN 1764 has a maximum piv rating of 500 
v and is intended to operate from a power line 
through a step-up transformer at ac secondary 
voltages to 175 v. The units are designed for 
operation up to 100 C.

Radio Corporation of America, Semiconductor 
and Materials Div., Dept. ED, Somerville, N.J. 
Booth 1602-1707
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Meeting or exceeding the environmental resistance require
ments of the latest issue of MIL-C-5015, amphenol Stub E 
connectors provide three bonus advantages that make them 
the finest standard “E” connectors now available.

1. Short Length—shorter than MS maximum and all 
competitive MS connectors in comparable shell sizes.

2. Unitized Grommet—grommet, compression nut and 
ring form a single unit for easier assembly and dis
assembly.

3. New Grommet Material —improved over standard 
resilient material to provide more “slip” of wires dur
ing assembly.

Silver-plated contacts have pre-filled solder pockets for 
easier soldering; tamper-proof socket contacts resist test 
prod damage per MIL Specifications.

Stub E connectors are available in 3100, 3101, 3102 and 
3106 shell styles. Insert configurations per and drawings 
range from 8S-1 to 36-10. Full cataloging of amphenol’s su
perior Stub E connectors is yours for the asking!

St., Galion. Ohio.
Booth 2125
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AMPHENOL BORG ELECTRONICS CORPORATION
Chicago 50, Illinois

with welded hermetic seals. They are designed 
for use in the power supplies of television re
ceivers and other electronic equipment. The

cotton fabric, nylo 
fabric, cotton and 
phenolic, melamine

. .WAlnut 3-6381 

. RAymond . -0391 
BRoadway < 699! 
... .LOcust 2-3594

Mitchell -óO^ 
.COrtlandt “-389! 

SHerwood 0 6( 
.. FAirfax '3935 

. . .Hillside '(W 
.PArkview "'•957 
................... 5-55g 
DAvenport ' -466 
.. MElrose -7291 

. .OLympia 63

Phenol.it
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Booth 4401. 4403

CIRCLE 244 ON READER-SERVICE CARD

Portable

nal 1 kc source. It can also be

calibrated

and 890 to 960 me and has a fre-

ohm termination.

Booth 3501-3503
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Teflon Tubing

In 1000 sizes

This extruded Teflon tubing is 
available in more than 1(X)O sizes 
with a selection of wall thicknesses 
from 24 to 250 mils and ID’s be
tween 0.012 and 1 in. High molecu
lar weight Teflon 5 and 7X resins 
are used for all extrusions. The line 
includes rods, coaxial cable cores 
designed to MIL-C17B specifica
tions, and aircraft and industrial 
hose liners.

Driver-Harris Co.. Dept. ED,
Harrison, NJ.

Corona-Free Transformer

Rated at 200,000 pv

Intended for research purposes,
these high voltage transformers fea
ture corona-free operation and are
rated at 200,000 pv at 10 ma.

Del Electronics Corp., Dept. ED,
521 Homestead Ave., Mount Ver-

• j
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fromPHOTOSENSITIVE DEVICES DEPARTMENT 
Several photocathodes have been d 
the need for high ultraviolet resi_„ 
presence of white light and are now 
in a series of multiplier

HIGH RESOLUTION CATHODE-RAY TUBES
from

CATHODE-RAY TUBE ENGINEERING DEPARTMENT
A family of cathode-ray tubes, practical to operate, 
low in price and consistently able to produce a spot 
size of less than .001” are now available 

5- and 7-inch diameter tubes.

SI0M“
lipment

FICES...
LEY 
irook 4-35C 
Istin 7-193 
rhe Id 1-063 
view 1-024 
Avis 4-438 
(Ain 3-20 
rsity 3-363Í 
........ 8-130 
dnut 5-638 
nond . -039 
way 6-699 
□cost 2-35 
hell 2-6 
landt '-389
Rood ^'07 
rfax 1-393 
llside 5j 
:view ^-95'

Signal Generator

Portable standard signal genera-
tor model 560-FM, provides fre-
quenev modulation from an inter-

modulated externally up to 15 kc.
The unit is equipped with direct
reading individually
scales cove/ing frequency’ ranges of
25 to 54. 140 to 175. 400 to 470,

quency control capable of varying
carrier frequency ±8 kc. Peak de
viation to ±rl6 kc is read directly
on a meter. Output can be y’aried
from 0.1 to lOO.(XX) uv across a 50

Measurements, Div. of McGraw-
Edison Co.. Dept. ED, Box 180,
Boonton. N. J.
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ULTRA-FINE GRAIN SCREEN 
from

PHOSPHOR RESEARCH AND DEVELOPMENT ENGINEERING
An extremely fine grain phosphor screen capable 
of resolving a .001" spot with minimum conical dispersion 
and electrically stable has been created to take 
advantage of new Du Mont electron gun design.

...These are just a few of many new Du Mont developments. 
Tell us your specific tube requirements...

¡A MM
U ItIUNT Precise PHOTOELECTRONICS

INDUSTRIAL TUBE SALES, ALLEN B. DU MONT LABORATORIES, INC., 750 Bloomfield A«e„ Clifton, New Jersey, U.S.A



ELECTRONICS EXPANDING THE FRONTIERS OF SPACE

Lockheed

Significant contributions to the advancement of the state of the art 
in electronics have been made by Lockheed engineers and scientists. 
As manager of important missile and weapon systems, the Division 
has solved a variety of problems in the electronics field. These 
include: computer development; telemetry; radar and data link; 
transducers and instrumentation; microwave devices: antennas and 
electromagnetic propagation and radiation; ferrite and MASER 
research ; solid state electronics, including devices, electro-chemistry, 
infrared and optics; and data reduction and analysis

Over one-fifth of the nation s missile-borne telemetering equip
ment was produced by Lockheed last year. Its PAM/FM miniatur
ized system provides increased efficiency at one-fourth the weight of 
FM FM missile-borne systems.

Advanced development work in high-energy batteries and fuel 
cells has resulted in a method for converting chemical energy directly 
into electrical power that promises a fuel utilization of almost 100% 
and an energy conversion efficiency of 70% or better.

Areas of special capability in computer development include the 
design of large scale data handling systems; development of special

purpose digital computing and analog-digital conversion devices: 
development of high speed input-output equipment; and advanced 
research in computer technology, pattern recognition, self-organizing 
machines, and information retrieval.

Other major developments are: a digital flight data recorder able 
to record each of 24 channels every few seconds; digital telemetry 
conversion equipment to reduce telemetered test data to plotted 
form rapidly and inexpensively; advancements in the theory of 
sequential machines; and a high speed digital plotter that can handle 
some four thousand points per second with the finished plot pro
grammed into the data tape as a continuous curve.

Lockheed Missiles and Space Division is engaged in all fields of 
the art —irom concept to operation. Its programs reach far into the 
future and deal with unknown environments. It is a rewarding futuic 
which scientists and engineers of outstanding talent and inquiring 
mind are invited to share.

"The organization that contributed most in the past year to the 
advancement of the art of missiles and astronautics” — wtiowl 
MISSILE INDUSTRY CONFERENCE AWARD.

SANTA CRUZ. SANTA MARIA. CALIFC

CAPE CANAVERAL FLORIO»

ALAMOGORDO. NEW VE» ZZ



NATIONAL CONVENTION

AND RADIO SHOW
i

ENVIRONMENTAL TEST
CHECKOUT EQUIPMENT-TEST

XCE
FLIGHT CONTROLS
DYNAMICS ANALYSIS
INSTRUMENTATION
TELEMETRY

SOLID STATE ELECTRONICS
GROUND SUPPORT
OCEANOGRAPHY
COMMUNICATIONS SYSTEMS 

AND INFORMATION THEORY

ANALOG-DIGITAL 
PROGRAMMING

DIGITAL SYSTEMS COMPUTER 
APPLICATION AND 
DEVELOPMENT

MICROWAVE-ANTENNA 
DEVELOPMENT

ELECTRONIC SYSTEMS AND 
DEVELOPMENT

FLIGHT TEST PLANNING 
ANALYSIS

New York • March 23-26

Mr. \ incent lannoli and members of our Professional 
Staff will be available at the Convention Hotei. For 
personal interview while at the convention, phone 
PLaza 9-721 I If you are not attending the convention, 
send resume to Research and Development Staff, Dept 
( -21.962 W. El Camino Real. Sunnvvale, California.

(top right) Automatic Checkout and Readiness Equipment (“AC Rf' 
system developed by I ockheed combines outstanding performance 
at lowest cost in the industry. It includes internal, stored programs: 
magnetic drum memory and internal self-verification and has wide 
commercial application as well as for weapons systems.

(top left) 6" miniaturized TV camera, a Lockheed first in both the 
missile and television fields.

(left) I he Division's $3.500.000 advanced 
computer center is the most modern in the world 
Equipment includes X analog computers 
and 2 Univac I 103A digital computers 
with complete support equipment

Electronics research and development represents one 
of Lockheed 's most intensive activities. I isted below 
are unusual opportunities that exist for experienced 
scientists and engineers with advanced degrees or 
equivalent experience.



BRUBAKER ELECTRONICS. INC.
subsidiary of
TELECOMPUTING CORPORATION

spectrum 
of advanced 
electronics

CIRCLE 253 ON READER-SERVICE CARD 

< CIRCLE 251 ON READER-SERVICE CARD

expanding the 
frontiers of
technology... 
over the full

ï ’ ' u.

NEW PRODUCTS
AT THE IRE SHOW

Brubaker scientists and engineers 
are dynamically attacking 
and overcoming the highly 
specialized electronic harriers 
associated with space-age technology. 
A skillful blending ol 
technical ability, 
competitive production capabilities, 
and extensive testing facilities has 
established Brubaker Electronics 
as top-flight experts 
in the research, design, 
and development of complex 
electronic systems and components 
for both military and 
industrial applications.
Brubaker's experience, 
personnel, and capabilities, 
together with a well-integrated 
research program, are the reasons 
why Brubaker equipment is 
operational on so many of 
the nation's vital weapons systems.

Past achievements show why 
Brubaker is superior in the area 
in which it operates: 
coding and decoding systems, radar, 
radar beacons, IFF, telemetering, 
communications and 
custom test equipment, 
highly classified military 
electronic systems — 
and such components as networks, 
delay lines, pulse transformers, 
sw itches and relays.
It you have a problem 
in advanced electronics, 
Brubaker engineers have a solution! 
Hire, write or phone :

Royal Keeran
Berne Fisher
Gene Fredericks
BRUBAKER ELECTRONICS INC
subsidiary of
TELECOMPUTING CORPORATION
3652 Eastham Drive
Culver City, California
Telephone: TExas 0-6441
I WX Culver City, Calif. 7239

Teflon Film Tope

Chemically inert to active reagents
Type 422 Teflon film tape has a 

silicone adhesive which, together 
with its backing, gives the tape 
good electrical, physical, and chem
ical characteristics. The tape is 
chemically inert to such reagents 
as aqua regia and hydrofluoric, sul
phuric, and nitric acids. It can be 
used for protection against abrasion 
and as a self-lubricating surface. 
Weather resistant, it is suitable for 
outdoor insulation for large power 
installations.

Permacel, Dept. ED. New Bruns
wick, N.J.
Booth 4227
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Dummy Loads

For low power applications

Models 4068-4069 dummy loads 
and inserts are designed for low 
power applications. Constructed of 
vhp material, these terminations 
are intended to supplant the use 
of polyiron epoxy resins and other 
brittle and non-standard termina
tions. The 4069 series of inserts 
offers terminations suitably pre
pared for direct mounting in wave
guide. The 4068 series of dummy 
loads offers the insert already 
mounted in a short section of wave
guide.

Bogart Mfg. Corp., Dept. ED, 
315 Seigel St., Brooklyn 6, N. Y. 
Booth 3226
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elec ironies as Inertial ( Guidance 
and ( ontrol. Radar and Coun-

E. Bosch, ceniti, th.wiissts aUvwablt 
gating configurations with 

di, n 6 Graves and If Steward.

Or the convenience of logic 
lesigners, as well as engineers 
nd scientists interested in

ground-based decision-making are concerned 
with the interlocking capability of man with the 
capability of the system.

Further, at Litton Industries the logic designer 
sees the fruition of his ideas, for his support 
groups include those sciences necessary for 
micro-miniaturization, and departments devoted 
to the production of complete systems.

Logic designers should write to C. T. Petrie.

earliest stages of a project, a 
ith systems designers and cn 
c call this "strategic logic de

compact airborne attack, navigation, and tactical 
data processing systems.

All staff members in this held ol airborne and



NEW PRODUCTS
AT THE IRE SHOW

Crystal and Oven

For extreme environments

This precision-matched crystal 
and oven, called the JK023 Thermy- 
stal, is designed to meet extreme 
environmental and performance re
quirements. Accuracy of frequency 
calibration is ±2 ppm and fre
quency stability is better than ±1 
x 10-7 per 24 hr over ambient tem
perature range of — 55 C to within 
5 C of specified temperature. Sta
bility is better than 1 x 107 per week 
after the first 3 months usage. The 
unit meets applicable military 
specifications and weighs 7 oz.

James Knights Co., Dept. ED, 
Sandwich, Ill.
Booth 2708
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High Temperature 
Casting Resin

Has low dissipation factor

Over the 100 cps to 10,000 me 
frequency range, Stycast TPM-4 
casting resin has a dielectric con
stant of 2.2 and a dissipation factor 
below 0.0003. Stable at high tem
peratures, it remains completely
rigid at 
thermal 
sulation 
specific

500 F. It also has good 
shock characteristics. In
resistance is 101G ohm-cm; 

gravity, 1.2; flexural
strength, 9000 psi; and modulus of 
elasticity, 3 x 105.

Emerson & Cuming, Inc., Dept. 
ED, 869 Washington St., Canton, 
Mass.
Booth 1923
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General Kleetric Semieondurtor Netrs

One-million unit-hours without failure

G-E 2N43A LIFE-TEST DATA OBTAINED AT 1000-HOUR POINTS. Upper < hart shows results of 
100°C storage test (25°C storage test not shown). Lower chart shows results of 200 mw 
operating test. Broken lines in each chart indicate ho. Solid lines indicate IrBn in micro
amperes. After 1000 hours of testing, there were no failures. The 2N43A transistor’s high 
Standard of quality is inherent in all G-E germanium PNP audio and switching transistors.

Dick Welch (left). Transistor Evaluation Engineering, 
and Lee Leinweber. Transistor Production Engineer
ing, take readings at cycled-life-test rack. In addition 
to electrical testing, G-E 2N13 A transistors are sub
jected to all mechanical-test requirement- specified 
in MIL-T-19500 18.

20% Safety Factor for silicon rectifiers 
aids designers
Designers who now apply their own safety factor to the published 
peak inverse voltage rating may avoid this step by using G-E low- 
current silicon rectifiers.

General Electrics PI \ figures are set by allowing a 20G safety 
margin at —65 C. This margin is applied at the point of sharp 
breakdown voltage and increases with temperature until a maxi
mum safety factor of 33 rr is reached at 150 C.

If you are derating published PIV figures to provide over
voltage protection, you may be buying costlier cells than you 
need, or. in series applications, more cells than necessary. Thus 
the built-in safeh margin of G-E low-current silicon rectifiers 
could save you money. Note: This safety factor is provided for 
over-voltage protection only. Designs should, in all cases, be 
maintained within published maximum ratings.

This is only one reason why you should consider G-E low- 
current silicon rectifiers for all your power requirements. You’ll 
find these devices more attractive to use than ever before—both 
in quality and price—with equally fine values in low-current 
silicon stacks. Stud-mounted units are also available. Ask your 
G-E semiconductor representative for the “big news” on low- 
current silicon rectifiers.

Maximum Ratings and Specifications

wv Volta««
K«v«r>« 
D-C Volt

D-C 
Output 
<150*C 
Ambi

D-C 
Output 
(5O*C 
Amb 1

Amb««nt 
Ofxr*Tt,rg 

Temp

INSILO 
INIO95 »

50 600 35420 50 600 250 750 165

IN440B 100 600 70 420 100600 300 500 
(100*0

300 750 (50 165

100 600 70 420 I0O600 250 
(125*0

750 
05*0

140

INI*« »5 ••»*» 100 400 70?®0 100 400 250 
(100*0

600 
(WO

115

»dh »«It» »olh ma mo •c
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the* limit
these transistor

GENERAL ELECTRIC

2X123 and 2X250) h 
collector currents. Tl

n recent 
Random

Booth 2711
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germanium 
ubjected to

'lv accepted 
application

shown on 
are now

sisters 
hermet 
w ithin

Types 2X123. 2X150 
at 1 <M> C for 96 hour

Dry Batteries

For wide variety of uses

This line of dry batteries is com
prised of a variety of types for 
portable electronic communications 
equipment, transistorized research 
instruments, and transistor and tube 
type portable radios. It includes 
wafer cells and also reserve type 
power units designed to provide 
one-shot high power from a small 
source.

Burgess Battery Co., Div. of 
Servel, Inc., Dept. ED, Freeport,

ELECTRONIC DESIGN • March 4, 1959

Preprinted Sleeves and 
Tubing

Variety of materials and sizes
In many sizes and precut lengths, 

Shur-Code sleeves and tubing are 
preprinted to specifications in one,

General Electric Company Semiconductor Products Dept., Section S23359, Electronics Park Syracuse. N Y

sleeve. A variety of low to high 
temperature materials are available 
packaged and ready for immediate 
application. These materials are re
sistant to fluids and chemicals.

Western Lithograph Co., West
line Products Div., Dept. ED, 600 
E. Second St., Los Angeles 54, 
Calif.
Booth 4402
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Telemetry Data Reduction 
Systems

Modular

These system building blocks can 
be combined to provide complete 
integrated data reduction systems 
that will automatically reduce fm, 
pam, pdm, and pcm telemetry data 
into a magnetic tape format com
patible with digital computers. The 
entire operation is automatic. The 
systems operate without calibra
tions or adjustments, and perform 
with high accuracies.

Epsco, Inc., Dept ED, 588 Com
monwealth Ave., Boston 15, Mass. 
Booth 3106-3108

CIRCLE 257 ON READER-SERVICE CARD

more places around the

oduction line. These units are affected 
and the 2X396 series. I nits are aget 
to stabilize characteristics. All tran 

o a high-pressure detergent test foi
* warranted to be 
heels. As a result.

d-c beta al higher 
gain and improve 
currents.

Kefinements in 
into practice on th

requencv switching 
ave improved their 
he result is higher

i.e., all the MIL-T-19500 18 mechanical test
requirement-). Then a total of 10.50 Type 2N43A transistors were put on Life Test, with 
the following results:

3.50 (10 lots, 3.5 units each) were given a 100°C storage test for 1000 hours. No

life-test results exhibited by G.E.’s line ol 
samples of Type-2N43A transistors were 
drop-shock, detergent-bomb, lead-fatigue (

îailure-.
Engineering test data indicate that, without exception, parameters remainet 
curves at left).

RATINGS: AUDIO AND LOW-FREQUENCY SWITCHING TRANSISTORS

2N10572N43 2N43A 2N44 2N44A 2N1056
Collector-to-base Voltage 25°C VCB 46 45 — 45 — 45 — 60 45 volts
Collector-to-emitter V 25 ’C VCE — 30 — 30 — 30 — 30 — 75 — 45 volts
Total Dissipation (25°C 
Forward D-c Current Gain, 

Common Emitter lc/h

Pl 240 240 240 240 240 240 mw

(Vet 1 v; Ie 20 mn
(Vet lv; lc 100 ma

Collector Cutoff Current

hFF 

hFE
53
48

53
48

31
25

31
25

32 58
52

(Vc«o- 45v) •co — 8 — 8 — 8 — 8 — 18 Lia
(Vci 75v; h 0 • co NOTE All figures represent design center ratings — 18 pa
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output meter and 
calibrated attenuator
on front panel
portable-tiltable - rackable
RANGE: 2 cps-200 keps 
ACCURACY: 2%
OUTPUT: 1 volt 
DISTORTION: less than 1%

Another in the line of SIE 
human engi

neered for operating efficiency. Easier to set
up • 
angle

Easier to read • Adjustable viewing
Parallax free vernier

Large, easily set control knobs
tuning • 
Protected

front panel • Convenient carrying handle.
BENCH OR 
RACK MODEL f.o.b. Houston, Tex

P. O. Box 13058 
CIRCLE 259 ON READER-SERVICE CARD

Houston 19, Texas

NEW PRODUCTS AT THE IRE SHOW
Relays

Have molded spring assemblies

Model TT and TS relays incorporate a stand
ard spdt spring combination molded into a single 
compact assembly. Rigidly held in a matrix of 
tough plastics, the springs are permanently 
aligned and remain in adjustment for a long time. 
Up to six modules can be incorporated into a 
relay. The units are highly sensitive and will op
erate in ambient temperatures up to 125 C. Model 
TT is designed to meet military specification
MIL-R-5757C and model TS meets 
6106C. Model TS is larger than Model 
will transfer heavier currents.

Ohmite Mfg. Co., Dept. ED, 3678 
St., Skokie, III.
Booth 2427-2429

CIRCLE 261 ON READER-SERVICE CARD

MIL-R-
TT and

Howard

TRANSFORMERS
(antav. Meldrd

F
I

M 
E
N
T• •

■

o 
w 
E 
*

Ripartii Cort*

Cat. 
No.

Stcondery 
Veit*

Secondary 
Amp*

Rm*. V 
ln*uletien

Primary 
Veit*

Meld 
Sire

Meiimem 
Operating 
Ambient

Lift
Trite

4C1 6 3 OS 1500 115 SM3 100"C 16.50

4C2 «.3 12 1500 115 SM2 100“C 16 50

4CJ 6.3 CT 6.75 1500 110/115 120 2 100’C 26 50

4C4 6 3 
6.3

4 9 
2.7

1500
1500

115 3 90‘C 23.70

4C5 6.3 7.2 1500 115 35 120’C 27 50

4C6 6 3
6.3
6.3

1
7
15

1500
1500
1500

120 35 so-c 26 SO

4C7 6.3 CT
6.3 CT

7 
7

1500
1500

120 4 100’C 31.90

4C8 6.3
6 3
6 3

13 7
2 93 
0 3

1500 
1500
1500

US 4 90'C 31.90

4C9 6 3 CT 12.3 1500 115 5 100’C 29 50

4C10 20 CT 06 1500 115 SMI 100-C 21.00

4C11 6.3
63
63

2.4
2.5 
2 7

1500
1500
1500

115 3 100’C 29 50

4C12 14 1 3 1500 115 3 100-C 22 50

4C13 21 9 1500 115 4 65‘C 25.00

4C14 26 0 5 1500 115 SMI nt 20 50

4C15 26 CT 1.5 1500 115 3 65-C 21.20

4CIS 21 CT
6.3 CT

0 75 
74

1500
1500

115 2 65’C 31.S0

4C17 52 CT .192 1500 115 SMI 100-C 22.75

4C1> 90 CT 45 1500 115 9 100-C 43.00

4C19 11$ .05 1500 115 SM2 100-C 16 80

4C20 105 115 125 04 1500 109 115 12S 2 90-C 24.30

4C21 115 2. S3 1500 115 S 100-C 35.00

4C22 334 .025 1500 115 SMI 120-C 19.30

ENCAPSULATED

400 CPS TRANSFORMERS 
CLIPPER SERIES

FOR MINIMUM SIZE AND MINIMUM WEIGHT

Note 1— SM tuiet «re two holt maanttnq with holet on 
ctnttr line. »4-40 Fem nuts ore fattened to Ihe brocket. | 
Note 2—~6 J? Fem note on brocket are standard. I

MOLD 
NO.

OVERALL DIMENSIONS
MTG.

DIMENSIONS
APP.
WT.

(LBS.)
MTG. 

METH.
L W H F C

SM3 1 1% 1-3/16 1 Nate 1 0.06 Note 1

SM2 VA V/« 1-11/16 1 Note 1 0.10 Note 1

SMI IV» 1W 1-11/16 1W Note 1 0.16 Note 1

1 1-13/16 VA 1-13/16 1% 1-7/16 0.25 Neto 2

1A 1-11/16 1-17/32 1-13/16 1-5/32 V4 0.25 Note 2

2 2 1-15/16 2 Mi 1-9/32 1% 0.40 Note 2

3 2-5/16 1-13/16 2'/* 1-9/32 1-7/16 0.45 Note 2

35 2-1/16 2H 2-3/16 1-17/32 1-11/16 0.70 Note 2

4 2-5/16 2H 2-9/16 1-17/32 1-11/16 0.90 Note 2

5 2% 2H
J

2W 1-17/32 2-3/16 1.20 Nolo 2

6 2H 2% 3W 1-17/32 2-3/16 1.50 Note 2

7 3 T/t 3H 1-25/32 2W 2.00 Note 2

1 3H n 3H 1-25/32 2'/» 2.50 Note 2

13 3% 3% 3H 2% 3 3.25 Note 3

a* 3% 3H 3H 2U 314 4.25 Note 3

9 4-1/16 3H 3h 2-3/16 3W 5.00 Note 3

10 4W 3-15/16 3-15/16 2% 314 6.00 Note 3

Microwave Milliwattmeter

For X band

-
F -

• All primaria* 310-1000 <pt • Epeiy min vied at ancoptulant

Dielectri* tati valiagat: PRIMARIES 1000 Volt* RMS • Fri*** lubjut ta change withavt natica 
SECONDARIES 1S00 Volt* RMS

Naie J—-I 32 Fem nvh an bracket ore ttandortf.

Our industrial and government custom de 
partment is noted for its ability to solve 
special problems No run is too small

Write for Complete Catalog
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STERLING
TRANSFORMER 

CORPORATION

297 North 7th St. Brooklyn 11, N Y 
STagg 2-4200

The type U-281 is a resistive film bolometer 
wattmeter that measures power in the 1 to 100 
mw range with an accuracy of ±3% and covers 
the frequency band from 8.4 to 10.2 kmc. Abso
lute measurement is obtained by dc calibration
reference, and the losses inherent in thermistor 
mounts are minimized. Terminals are provided 
for calibrating the instrument against dc power, 
and a micrometer adjustment permits a short
circuiting termination to be set for a vswr near 
unity at any frequency within the specified range.

Wayne Kerr Corp., Dept. ED, 2920 N. Fourth 
St., Philadelphia 33, Pa.
Booth 3044-3045
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NEW HORIZONS

143

There is no substitute for Hudson quality and 
service in the manufacture of instrument cases 
ranging from sub-miniature transistor closures to 
large transformer housings. Here, large scale, 
continuously modernized facilities are geared with 
the latest production techniques to meet your 
most rigorous requirements promptly, efficiently 
and economically. In addition Hudson offers over

in Mu Metal, Aluminum, Steel, Stainless 
Steel, Brass, Copper and Nickel-Silver

ELECTRONIC DESIGN • March 4, 1959

1500 standard items for use “as is” or with modi
fications. These, along with Hudson’s MIL-T line, 
offer speed of delivery and potential economies 
too important to overlook on any closure job. 
Why not investigate today — then do as most 
companies across the nation have done — make 
Hudson your first source of supply for quality 
closures and covers. Send drawings or “specs” for 
quotations on relay closures, transformer hous
ings, transistor and diode closures, instrument 
cases, sub-assemblies, metal stampings, etc.

and DIE COMPANY • INC
18-38 Malvern Street, Newark 5, New Jersey 
Telephone: MArket 4-1802 — Teletype: NK 1066 

VISIT BOOTHS 4408 - 4410 
RADIO ENGINEERING SHOW!

Power Supply

Has built-in protection

Model 105 semiconductor power 
supply has complete, instantaneous, 
built-in protection and is cooled by 
air drawn through a grill in the 
front panel and forced across alum
inum heat sinks. It has an input of 
105 to 125 v ac, 50 to 60 cps; an 
output voltage of 0 to 36 v de, con
tinuously variable; and an output 
current of 0 to 5 amp, continuous 
duty. Regulation for line or load is 
—0.25"; ripple and noise are 1 mv; 
and recovery time is 50 psec. The 
unit operates from 0 to 40 C and 
measures 19 x 7 x 15 in. Output is 
completely floating, and either the 
positive or negative side may be 
grounded.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 Commerce St., 
Springfield, N.J.
Booth 3009
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Tape Programmer 

13 channel
Designed for missile guidance 

systems, model MLPR-13 tape 
programmer has a tape storage 
capacity of up to 160 ft, thus pro
viding a program duration of 10.6 
min at a transport of 3 ips. An 
electromechanical device designed 
to control up to 13 functions at 
precisely timed intervals, the unit 
operates by providing electrical 
pulses at predetermined, con
trolled intervals through 13 inde
pendent channels. A sensing de- 
vice reads pulses through slots 
punched in*a 35 mm Mylar insu
lating tape which is drawn past 
the sensing device. Operating 
from 115 v, 400 cps current, the 
entire unit is housed in a dust
proof metal case 8 in. long, 5 in. 
high, and 3 in. deep. It weighs 
less than 5 lb and is easily re
moved from the panel for loading.

Beattie-Coleman, Inc.; Dept. 
ED, 1000 N. Olive St., Anaheim, 
Calif.
Booth 1629
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HUDSON



and components for
aircraft, missiles and industry

EDISON SIZE 8 SERVO MOTOR

SPECIFICATIONS

the art now from Edison,

For more information, write for Bulletin #3046

MODEL 250

55 LAKESIDE AVENUE, WEST ORANGE, N.J < CIRCLE 266 ON READER-SERVICE CARD

EDISON SIZE 15 MOTOR 
GENERATOR MG-15001 11

EDISON GEAR HEADS 
SIZE 8 TO 18

Edison also manufactures a quality line of synchro control transformers, synchro 
transmitters, synchro receivers, synchro resolvers, and synchro differentials.

EDISON FACTORY OFFICES ARE LOCATED IN: PARK RIDGE. ILL.: DALLAS. TEX.: DAYTON. OHIO: SHERMAN OAKS. CALIF

NEW EDISON MINIATURE 
TIME DELAY RELAY-MODEL 250 SPECIFICATIONS:

1. Virtual elimination of contact chatter up to 1500 cps at 10 g’s.
2. No resonance to 500 cps.
3. Ambient compensation between —65°C and 4-85°C . . . 

nperation at higher temperatures when necessary.
4. Contacts rated for 1 ampere at 27.5V d-c or

3 amperes at 115 volts a-c.
5. Extra-rigid construction for exceptionally high contact pressure.
6. Can be mounted in any position without affecting operating 

characteristics. 7-pin plug-in or solder hook base.
7. Hermetically sealed.

STANDARD AND CUSTOM- 
DESIGNED MINIATURE, 

HI-TEMP SERVO SYSTEMS 
AND COMPONENTS

new miniature time delay relay 
specifically designed for missile 
and ¡et aircraft applications. This 
vibration resistant unit incorpo
rates many design features.

One of the oldest names in relays 
continues to improve the state of

SPECIFICATIONS:
1. Type of motor: Two phase servo
2. No load speed (min. RPM): 6500
3. Stalled torque (min. oz. in.): 30
4. Power input at stall (nom. watts/phase): 3.1
5. Speed at max. power output (RPM): 4000
6. Torque at max. power output (oz. in): .18
7. Theoretical acceleration at stall: 20,60) radians/sec.2
8. Time constant: .036 sec.
9. Duty: Intermittent at stall

The Edison Instrument Division is 
now offering design engineers an 
extensive line of miniature and 
subminiature Hi-Temp Servos 
Motors and Servo Components... 
in addition to a complete facility 
for custom designed units and 
servo sub-systems.
Precision production and rigid 
quality control inspection have 
made these “customized" com
ponents possible. In addition to 
these special units, Edison also 
manufactures an extensive line of 
standard servo motor and servo 
motor-generator combinations 
from size 8— up.

The 1 me model CCO-7 oscillator 
provides precise frequency control 
in a compact transistorized pack
age. Under adverse operating con
ditions, it has a stability of 4 parts 
in 10 million. Its features include a 
glass sealed cry stal unit, printed cir
cuitry, and a built-in temperature 
control. The entire unit is her
metically sealed.

Bliley Electric Co., Dept. ED, 
Union Station Bldg., Erie, Pa.
Booth 2736
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9. Power input to generator at stall 
(nom. watts): 5.4

10. Output vults at 0 RPM (max. RMS): .013
11. Output volts at 0 RPM (max fund): .008
12 Output volts per 1000 RPM: 3 1
13. Phase Shift: 4.5 degrees ± 1 degree 

lagging
14. Max speed for linear output (RPM): 

5500
15. Duty: Continuous at stall
16. Government designation: MK12 Mod. 0
17. Applicable specification: MIL-S-17806

SPECIFICATIONS
1. Type of motor: Two phase servo 

motor-tachometer generator
2. No load speed (min. RPM): 4500
3. Stalled torque (min. oz. in.): 1.45
4. Power input to motor at stall

(nom. watts/phase): 6.5
5. Speed at max power output (RPM): 2600
6. Torque at max. power output (oz. in.): .8
7. Theoretical acceleration at stall:

19,500 radians/sec.T
8. Time constant: .024 sec.

Voltage Regulator Control

Provides ±1 per cent accuracy

Designed for use with the com
pany’s Industrol voltage regulators, 
the Kettler control responds to volt
age changes in two cycles or less. 
It is temperature compensated over 
a range of —60 to -f-60 C and pro
vides operational accuracy of ±1 
per cent. The unit is available for 
use on regulators with ratings from 
850 va to 1000 kva and can be used 
for integral or remote mounting. It 
meets MIL-E-16400B specifications 
and withstands up to 30 g nonoper
ational shock.

General Electric Co., Voltage 
Regulator Product Section, Dept. 
ED, Pittsfield, Mass.
Booth 2924, 2928, 2932
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Crystal Control Oscillator

Stable to 4 parts in 10 million

NEW PRODUCTS
AT THE IRE SHOW

A. Edison Industries 
INSTRUMENT DIVISION

CHARACTERISTICS STANDARD EDISON GEAR HEADS
Site • 10 11 15 14
Port Number
Pinion Dota.

Number of Teeth 
Diametral Pitch 
Pretsure Anqle 
Pitch Diameter

12 
no
20* 

.1050**
+.0 
-0005

13 
no
20* 
.1093"

♦ 0 
-.0005

13 
no
20* 
,1053"

♦> 
- 0005

15 
04 
20* 
,1542"

-0005

15

20 
1542"

♦ 0 
— .0005

Gear Ratio to 
length "L"

Ratio *-1** Ratio
17 0.750 31
42 0.112 03

104 1008 250
293 1070 440
415 1 204 2521

1494 1.347 7545
3420 1.421 22,404

"1** Ratio
0.741 34
0.054 105
1.054 324
1.114 072
1.244 2014
1400 4744
1500 24,244

Ratio "L" Ratio
40 0.412 40

140 1.000 240
490 1.100 040

1715 1.142 3440
4000 1.324 15,340

21,000 1.447 41,440
73,500 1 400 245,740

Moment of Inertia 
GM CM* .01 .OIR .02 05 •M

Maximum Rutmtaf 
Turque ta. et. 15 15 20 25 25

Maximum Stoll Torque 
ta. OB. 35 35 40 50 50

Broaltdewii Torque .01 .01 Alt .015 .014

Backknh maximum 30 30' 30* >0 30'
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PARABOLIC 
ANTENNAS

Visit ANDREW 
booth 1409-1411 

at I.R.E. Show

absolute mechanical and electrical 
reliability.
Microwave engineers have found 
Andrew a valuable partner in plan
ning their communication systems. A 
parabolic antenna computer for 
calculating system performance is 
available to you upon request. Write 
today for information and expert ad
vice relative to your microwave an
tenna system requirements.

All ANDREW parabolic antennas 
conform to the newly proposed 
RETMA-FCC standards governing 
radiation patterns and side lobes, and 
they are guaranteed to give specified 
pattern and VSWR in your micro - 
wave system.

From a selection of over thirty 
stocked parabolic antennas, you can 
choose the type and size that will give 
optimum system performance with

on- 
iri

Booth 1210
CIRCLE 270 ON READER-SERVICE CARD

This busy metropolitan area is the 
termination of over 1000 miles of 
microwave systems, providing relia
ble communications across town and 
country for the Western Union Tele
graph Company. Andrew’s experience 
in research, development and manu
facturing is the reason why the de
pendable performance of an Andrew 
PS8-37, eight-foot Parabolic antenna 
was selected fox* this installation.

cir 
un 
ler-

ver

ANTENNAS • ANTENNA SYSTEMS 
TRANSMISSION LINES

ors

Cathode Ray Tubes

High resolution
These high resolution cathode 

ray tubes are supplied in a choice 
of screen sizes, phosphor screen 
characteristics, and levels of reso
lution.

CBS-Hytron, Dept. ED, Danvers, 
Mass.
Booth 2501, 2503
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Central Computer Supply

Has 6 de power levels

Designed for military and com
mercial use, this central computer 
power supply has six levels of 
closely regulated de power.

Bogue Electric Mfg. Co., Dept. 
ED, 52 Iowa Ave., Paterson, N.J. 
Booth 2115, 2117
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Frequency Compensator

Suppresses noise
On an octave by octave selec

tion basis, model B-9 frequency 
compensator provides virtually 
unlimited audio response control. 
Called the Audio Baton, it em
ploys bandpass type audio circuits 
and provides up to 28 db total 
amplitude change for each of the 
nine octaves. Some of its applica
tions include: emphasis of the 
presence frequencies, attenuation 
of intermodulation distortion, 
elimination of loudspeaker boom 
and public address system feed
back, improvement of speech 
clarity, and suppression of noise 
and other undesirable audio re
sponses. The unit measures 17-1/4 
x 6 x 7-3/16 in. and weighs 11 lb. 
It draws 23 w from a standard 117 
v ac source.

Blonder-Tongue Labs, Inc., 
Dept. ED, 9 Alling St., Newark 2,



NEW PRODUCTS
AT THE IRE SHOW

AND VARIATIONS OF THIS tASIC STRUCTURE SHOWN BELOW

ENGINEERING

Ohmmeter

Measures 100 million megMaterial

min.

special applica

Megohmmeter model 31 gives diP&B STANDARD RELAYS AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

rect resistance readings seven

Shown with printed 
circuit terminals

Power: 
able 
2 5 °C

REQUIRES J?DI*
UURi»a HOLE

variations we’ve evolved for 
tions. Write or call today.

MC FOR RF SWITCHING
For RF switching where intercontact 
capacitance losses must be minimized. 
Ceramic contact spacers.

MA LATCHING
Electrical latch, mechanical reset. Small, 
versatile and offered with selection of 
contact arrangements.

MH SEAL-TEMF
Features sealed coil to minimize contact 
contamination Available as hermetically 
sealed relay only

1 00 milliwatts per mov- 
minimum to 4 watts at

dium or gold alloy.
Load: Dry circuits to 5 amps 

@1 15V AC resistive.

COILS:
Resistance: 22,000 ohms max.

max. (200

MB CONTACTOR
Contacts rated 60 amp. 28 volts DC 
non inductive. Will carry 150 amp. surge 
for a duration of 0.3 seconds.

Insulation: Laminated phenolic.
Insulation Resistance: 1 00 meg

ohms minimum.
Krrakdown Voltage: 50J volts 

RMS between all elements.
Shock: Up to 30g.
Vibration: Up to 10g from 55 to 

500 cps.; .065" max. excur
sions from 10 to 55 cps.

Ambient Temperature: — 45 C. 
to +85°C. — (65°C. to 
+125°C. on special order).

Weight: oz. max. (openrelay)
Pull-In: Approx. 75% of nominal 

voltage.
Pull-In Speed: Approx. 15 ms.
Drop-Out Speed: Approx. 10 ms.
Terminals: Pierced solder lugs; 

special lugs for printed circuits, 
taper tab (AMP #78).

meet max. shock/vibration 
spec.)

Duty: DC: Continuous. AC: Inter
mittent (2 pole relay max.)

Voltages: DC: Up to 110 volts.
AC: Up to 230 v. 60 cycles.

Current: 2.5 ma to 10 amps DC.

ranges that cover 107 to 1014 ohms 
It has an accuracy' of ± 1% in each of 
the five lower ranges anti ±2% ii 
the other two. The instrument, mad< 
by Electronic Instruments, Ltd. ol 
England, consists of two units: th( 
measuring unit which contain
< CIRCLE 273 ON READER-SERVICE CARD

VERSATILITY and adaptability 
are prime reasons why designers have made 
the MH a P&B best seller. This relay series, 
for example, does yeoman duty in such diverse 
applications as jet aircraft, street lighting 
equipment, computers and missile ground 
controls.

When multiple switching is required... when 
size, weight, long life and reliability are critical 
...our MH relay can usually fill the bill. It’s 
RIGHT for countless jobs, often at countable 
savings.

Let us send you complete information about 
this miniature telephone-type relay and the

FOR oc 
- -

FOR iC4- RfiarS

Magnetic

Tape Search Unit

Locates data for playback

The model 202 magnetic tape 
search unit is used in conjunction 
with the company’s model 201 digi
tal timing generator to provide high 
speed access to selected data in mul
tichannel magnetic tape instrumen
tation systems. It operates during 
data reduction periods to locate and 
select for controlled playback data 
which is included between a se
quence start time and a sequence 
end time. The unit is adapted for 
programming with a Flexiwriter 
punched tape typewriter. The Flexi
writer punches a tape which is later 
used to sequence the 202 auto
matically for several sets of start 
and stop times.

Hycon Eastern, Inc., Dept. ED, 
75 Cambridge Parkway, Cambridge, 
Mass.
Booth 3038, 3039
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DATA/MH RELAY
CONTACTS:
Arrangements: Up to 9 springs 

per stack.

HERE'S WHY 
SO MANY 
ENGINEERS 
SPECIFY 
P&B’s 
MH RELAY*
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an accurate bridge, the main amplifier, and 
the indicating galvanometer; and the resistor 
unit which contains the resistor under test, a 
preamplifier, a set of reference resistors with 
a selector switch, and the Vibron unit. The 
Vibron is a variable capacitor to which a de po
tential can be applied. The lower plate is vi
brated under the control of a solenoid, energized 
by the 6.3 v heater supply, and the output is a 
sinusoidal alternating current proportionate to 
the input. The high resistance and low leakage 
of the Vibron make it possible to produce an 
electrometer with a virtually neutral input cir
cuit. On the internal supplies, the model 31 uses 
test voltages of 10 and 100 v. With an external 
supply, any voltage between 1 and 100 v may be 
used. With either the internal or external test 
supply, a 10 to 1 ratio between the upper and 
lower test voltages can be arranged to observe 
the effects of any voltage coefficient.

Herman H. Sticht Co., Inc., Dept. ED. 27 Park 
Place, New York 7, N.Y.
Booth 3110
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Transistorized Switches

Plug-in

Now from CLEVITE

2

ven 
ms 
i ol 
> ir 
ad* 
, os 
th* 
tin 
D

Transistorized plug-in circuit models T-120, 
T-121, T-122, and T-128 will switch a 400 ma 
load with 50 ua input current. They are normally 
operated directly from T-Series germanium plug
in digital circuits which have standard signal 
levels of —11 v for 0 and —3 v for 1. The units 
have a 7/8 in. diameter and a 2-3/16 in. seated 
height. They weigh approximately 1 oz and plug 
into standard 9-pin miniature tube sockets. Input 
signal frequency range is 0 to 1 kc for a 400 ma 
resistive load. Range of operation for model 
T-122 is from 400 ma maximum at 6 v or less to 
35 ma maximum at 110 v maximum. The power 
curve for the other models is identical, except 
that T-128 has a maximum of 24 v; T-120, 48 v; 
and T-121, 84 v.

Engineered Electronics Co., Dept. ED, 506 E. 
First St., Santa Ana, Calif.
Booth 3838
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Clevite offers new types with improved reliability 
and power handling capacity.
EIA REGISTERED TYPES WITH:

• Improved seal for long life.

• Saturation voltage less than 1 Volt 
at increased maximum rated current of 15 amperes.

• Average thermal resistance 0.7 C per watt.

• Current gain controls: 60-150 at 5 amperes.
• 100% test for resistance to transient burn out.

• Either standard pins or solder lugs.

CLEVITE

TECHNICAL DATA
Typical Electrical Characteristics at 25°C

2N1147 Series has solder lugs
2N1146 Series has standard pins

2N1147
2N1146

2N1147A
2N1146A

2N1147B
2N1146B

2N1147C
2N1146C

Collector to Emitter Voltage
Shorted Base (IC = 1 amp) 30V 

(Min)
40V 

(Min)
60V 

(Min)
75V 

(Min)
Saturation Voltage 

(IC = 15 amps)
1.0V 

(Max)
1.0V 

(Max)
1.0 V 

(Max)
,1.0 V 

(Max)
DC Current Gain 

(IC = 5 amps) 60-150 60-150 60-150 60-150
DC Current Gain 

(IC = 15 amps) 35 35 35 35
Absolute Maximum Ratings

Collector Current
Collector to Base Voltage 
Collector to Emitter Voltage
Power Dissipation at 70°C 

Case Temperature
Junction Temperature

15 amps 
40V 
40V

25W 
95°C

15 amps 
60V 
60V

25W 
95°C

15 amps 
80V 
80V

25W 
95°C

15 amps 
100V 
100V

25W 
95°C

OTHER CLEVITE DIVISIONS:
Cleveland Graphite Bronze • Brush Instruments 

Clevite Electronic Components • Clevite Harris Products 
Clevite Ltd • Clevite Ordnance • Clevite Research Center

Intermetall G.m.b.H. • Texas Division

TRANSISTOR PRODUCTS
241 Crescent St.,Waftham 54, Moss. TWinbrook 4-9330

DIVISION OF

ELEVITI
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NEW PRODUCTS AT THE IRE SHOW

Teflon Terminals

Miniature

Three Press-Fit Teflon terminals have been
added to the line. Type RST-SM-1 TUR-C1 is a 
reversed-mounting standoff that fits into a 0.1 in. 
chassis hole and has a turret lug to simplify 
soldered connections. Type FT-SM-702 is a 
miniature feedthrough with a holed turret lug to 
facilitate feedthrough and wrapped connections 
in small assemblies. It fits into a 0.125 in. di
ameter hole. A larger version of this unit, type 
FT-SM-703, has a sturdier holed turret lug to 
take heavier wires. It also fits a 0.125 in. diame
ter hole.

Sealectro Corp., Dept. ED, 610 Fayette Ave., 
Mamaroneck, N.Y.
Booth 2313

CIRCLE 280 ON READER-SERVICE CARDHIGH POWER VERSION FOR 

COUNTERMEASURES APPLICATIONS

NARROW BAND- 

IMPROVED CHARACTERISTICS FOR RADAR

Model
Power average - 400 w
Peak -10 kw
Insertion loss (max) 1.0 db
Isolation (min)-10 db

D44L 2 950-2350 me
D 44 S 2 - 2000-4000 me
D 44 S 22 - 2000-4000 me
D 44 C 22 — 4000-7000 me
D 44X 22 7000-11.000 me

Model - 44 L 1 - 1250-1350 me
44 S 1-2700-3100 me
44 C 1-5200-5900 me

Insertion loss (max) - 0.6 db
Isolation (min) - 12 db
Power average 10 w

The isolators shown here are typical of 
the wide variety ol new territe and solid 
state devices developed and manufac
tured by Sperr\ Microwave Electronics 
Company. All ol these components rep
resent the latest technical advances all

are the result of more than six years of 
intensive research devoted to this highly- 
specialized field.

I or additional information, w rite to 
Sperry Microwave Electronics Com
pany. Clearwater. Elorida.

Visit our booth 1410-1416. 1050 Radio 
Engineering Show, March 23-26.

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER FLORIDA • DIVISION OF SPERRY RAND CORPORATION
Address At! inquiries to < '/e ir¿ ale. / ¡or ca or St <■ Ty Gyr ¿scope offices in New Ywk • Cevemnd• /Ven Orleans • Los Angeles • San Franc sco • Seattle
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Trimming Potentiometers

Have air suspension resistance element

Series 308 Decatrim miniature trimming po
tentiometers feature an air suspension resistance 
element; no cements or potting compounds are 
allowed to contact the resistance wire. Thus, the 
possibility of damage from stressing the wire is 
eliminated, and the low temperature coefficient 
winding is able to retain its characteristics from 
one duty’ cycle to the next. The units have a 
double wiper designed to keep settings locked 
in place under severe vibration and shock. Ar 
extra length of element provides good resolution 
in all resistances, and a solid copper mandre 
dissipates heat evenly throughout. In resistance 
values from 10 ohms to 50 K, these rectilinear 
units measure 9/32 x 5/16 x 1-1/4 in. and weigl 
2 g. They are protected against humidity and re 
main stable in environmental extremes.

Daystrom Pacific, Dept ED, 9320 Lincob 
Blvd., Los Angeles 45, Calif.
Booth 1804
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Call it what you will, this is a

condensed listing of our complete

Absorbers, Adhesives, Imprégnants
Ave, Coatings, Ceramics and Reflectors

in Electronics
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quencies
Eccosorb AN is non-flammable

Lincolr

Supplied to cover frequency range 
30,000 MC.

conditions
200 MC to

energy v 
a ntenna

A omplete building constructed at Lockheed Aircraft. Marietta. Georgia, by Emerson 4 Cuming Ii 
Absorber is Eccosorb CHW 570 useful from below 100 me thru microwaves

Absorption properties 
flammable; waterproof

■ . < I up
(CHW 580). The latter
is .1 while surfaced foam absorbe^^^F 
which can be stacked as a self-supporting struc
ture or applied to walls and ceilings to present

50,000 me

which are 40 db down over their designated 
frequency ranges. Eccosorb CV 6 is tor X 
band frequencies and above.
Eccosorb CV 9 is for S band and above.

can be readily moved from place to place and 
erected within minutes. They can be locked to 
adjoining ones to present a continuous absorber 
wall and electrical screen.

Eccosorb HF, MF, MF 500 F and LS 
are series of plastic rod and sheet used in wat 
guides as absorbers, attenuators, terminatia 
and loads. Over the entire microwave frequen 
range, these materials have a high total dissiE 
tion factor. Attenuation per unit length is hid

Eccosorb CAPS * -
Individual Housings for Radiating Antennas
T hey are metallic housings lined with an appro
priate Eccosorb product. Used to cap or cover 
a radiai mg antenna 11 ) to confine the radiated

A series of broadband absorbers for use in 
"free space” rooms. Each piece of absorber is a 
rigid foam block. They can be laid into a wall 
to form a continuous light reflecting surface; or 
can be stacked to form a self-supporting baffle.

Eccosorb FR
Rigid Foam for \fi

Antenna measurements
are in progress 
in this room at 
North American Aviation 
Cclumbus. Ohio. It is 
lined with Eccosorb FR.

Eccosorb Anechoic Chambers
Emerson & Cuming, Inc. offers the absorber itself 
or complete Eccosorb Anechoic Chambers. They 
are designed and built for the utmost in conven- 

yience, efficiency and attractive appearance. They are 
v readily assembled from prefabricated panels to a 

" room of any size or shape required. Portable and
quickly relocated if need be; they are completely guaranteed 
both mechanically and electrically to maintain specified rat
ings. Rooms are as well lighted and ventilated as the finest 
laboratory facilities. Non-reflcctive floors will support per
sonnel and equipment. Shielding and power filtering can be 
supplied to completely eliminate externally-caused electrical 
disturbances.

Although excellent electrically 
physically in many respects to 
absorbers.

Eccosorb CH
Enmeshed Fiber

Eccosorb HT
lltra High Temperature (1200' F i
A broadband microwave absorber. Supplied as 
light weight ceramic blocks. Because of us high 
temperature capability, Eccosorb HT can be 
used where high power levels must be absorbed.

Eccosorb PM and CR
arc series of "do it yourself” absorbers. Ed 
sorb PM is bulk resistive material which canl 
packed in place and cured to exact size d 
shape Eccosorb CR is a casting resin wit] 
high, but controlled magnetic dissipation faci 
It can be cast in molds to exact size. I

Eccosorb RM
High Femperature Flexible
A flexible sheet absorber broadbanded through
out X band and can be used at 600 1 . It can be 
contoured to compound curves.

Eccosorb Paneling
Portable and prefabricated fo
Offered in convenient sizes,

Eccosorb CV
40 db down Microwave Absorbe

Eccosorb CHW
L HF, I HF and Micro\ 
rooms
A series of absorbers 
u.h.t. and microwave 
this series (CHW 560)

Write for this 
Brochure . .

Eccosorb AN
Flexible Foam
A senes of broadband 
flexible foam absorbers. 
Pieces can be contoured 
to compound curves or 

■ draped over equipment; 
loose pieces are often 

- used as floor coverings 
to eliminate reflection at tie-



Eccofoam

FOAM

addition ol

2100

DPT

Eccofoam Hi K Flexible i xtrcmch Eccofoam PS
and flexible

Eccofoam LM-43A and WC 8

suppl ied

They
high temperature

compounds for 
caulking com-

0.001
0.009
0.020
0.031

ECCOFOAM LM 43A high 
temperature ceramic foam only 
18 lbs /cu ft density A bio* toich 
directed at a molded piece has no 
adverse effect.

Powdered foams 
ompletely fill an

used in precision 
applications.

offer the 
intricate 
not flow

dependent upon density

Eccofoam FP. an isocyanate foam in place 
resin, is used to embed electronic circuitry in 
the Navy Vanguard satellite Circuit modules 
are embedded in blocks of foam and stacked 
together in the unit just above the containing 
canister Similar foam embedment techniques 
are used tn the Army Jupiter C satellite

Dissipation Factor
8600 me

Both series 
re used as

is quite low
to 1.5 and

1 1 * 0 10 
2.0*0.20 
3.0*0 30 
6.0*0 50

D'scs of f cofoam Hi K 625 D 
drilled to produce a radial variation 
m effective dielectric constant and 

assembled to produce a microwave lens 
Lens is encapsulated in Eccofoam FPH

Unit made for Melpar, Inc

n a typical application 
lectiK constant is (L 
.pedal care in molding. .

supplied in a 
is a one-part

Eccofoam PT, DPT and LM 
foams. Bulk densiiv is about 20 lbs

cavity. Foam-in-place liquids often will 
sufficiently to accomplish this.

microwave lenses, as 
domes and for other 
following dielectric

I )ata is at 8600 me;

are of extremely low loss, 
microwave dielectrics where 
capability is a requirement.

applications which demand low weight, but not 
structural rigidity. I lectromagnetic lenses have 
been made from this material. It has been used 
to line the inside surfaces of radomes to adjust

Artificial Dielectric 

Eccofoam Hi K 625 D

Iempetature Range 
Density lbs /cu ft 
Compressive Strength

»foam Hi K 625

ing due to the very low exotherm developed during cure. 1 ccofoam FPH. when cured, is usable at 400 F. 
I ses include void tilling tor light weight structural reinforcement, core material for double walled fiberglass 
laminate radomes, embedment ot electronic components and circuits, electromagnetic lenses and heat insu
lation medium. I ccofoam FP and Eccofoam FPH can be produced in any bulk density, 2 through 26 lbs. per 
cubic foot <a

structural applications. I hey are supplied in a 
form resembling damp sand. I hey are pushed 
tamped, or packed in place into the cavity tv 
be tilled The tilling process is essentially the 
same as that used with moulding sand at a 
foundry. Cure is readily effected.

Foam-In-Place Powder

Eccofoam GL An electronic circuit is 
readily embedded in a foam-in-place powdered 
foam. I he powder completely fills the mold;

Foam-In-Place Liquids 
Eccofoam FP and Eccofoam FPH arc 
rigid polyurethane foam-in-place liquid resins. Upon

and electrical properties. Eccofoam S and SH 
are rigid, unicellular materials from 3 to 25 lbs 
cu. ft Eccofoam SH is usable to 4(H) F. Ecco
foam FS is a low weight flexible and compress
ible foam. Loss tangent of all of these foams

Foam Sheet Stock 

Eccofoam S, SH and FS an

electrical wall thickness 
to complex contours.

Dielectric Constant
8600 me

the core material in ra- 
antenna applications, the 
constants are available, 
however, properties are es

sentially the same at .ill microwave frequencies. )
Dielectric Constant 2 5 3 0 3 5 4 0 5 0 6 0 7 0
Dissipation Factor 0 013 0 016 0 018 0 019 0 023 0 027 0 03



Stycast
There are more than 25 different Stycast 
Casting Resins at least one for every appli
cation. Included are low loss tv pes for R F and 
microwave use. high temperature materials 
for use to 500 F., room temperature curing 
systems, one part materials for production 
case, low viscosity types, flexible and rigid, 
clear and in a wide range of colors, low weight 
resins for airborne applications. Chemically 
represented are epoxies, styrenes, polyesters, 

urethanes, polysulphides. Plastic
bag packaging is available on 

most, if required. The chart 
here tabulates characteristics, 

suggests uses and makes 
possible the straightforward 
selection of proper material

Precision resistor embedment k'r the job at hand,
in Stycast 2662

Eccomold
These are distinguished from other laminating resins by having 
superior electrical properties, for example. Eccomold L 65 is 
the only truly low loss laminating resin commercially available. 
Other materials have temperature capability in excess of 500 F. 
Several epoxy compression and injection molding compounds 
are also included in the 1 ccomold series.

This transformer is 
embedded in tccoseal 
W28G using Filler A21 
around the transformer 
winding An extremely 
rugged Class H Md T 27 
unit.

Eccoseal
Low electrical loss, high volume resistivity and 
high dielectric strength characterize the Eccoseal 
impregnants. Motor windings, transformers, 
coils and capacitors are among the items effec
tively treated Unique schemes for impregnating 
and embedding simultaneously are available. In
finite "pot life" one-component systems are fea
tured. High temperature materials permit Class 
H operation.

---------------------- Eccobild---------
Tooling Resins

A complete line for every
Plasfics t 

for Tooling

Write for the Black Brochure

6eee are tie famous IE m ersi

Eccoceram
CERAMIC DIELECTRICS

Ultra High Temperature Service (2000 — 3OOOF.) 

Eccoceram CS Imbedment Compounds • Adhesives • Sealants

Ceramic Bonding, Sealing and Potting Compound

A silicon diode circuit 
embedded in Stycast 
2850 GT — almost 
indestructible.

Test specimen showing shear strength 
of Eccobond 88 to exceed 6000 psi at 300 F

Final test at TOO’F after 3000 hours 
shows failure of aluminum rather than Eccobond

Underwater thermistors sealed 
against high sea water 

pressure and protected from 
shock by Stycast 2651.

An Eccomold L 28
Fiberglass reinforced antenna reflector 
used with a Ka band radar 
for airport surveillance.

A completely inorganic materiaL Cured, it is 
usable from — 70°F. to +2000oF. Adhesion 
to other ceramics, glass and metal is out
standing.
Typical uses are potting of electrical com
ponents or circuits, cementing metal or 
ceramic parts for high temperature service 
and as a sealant for high temperature wiring.

Eccoceram 21
2500°F. Ceramic Embedment Compound

It undergoes negligible shrinkage on cure. 
Electrical and physical properties are out
standing compared with other materials of 
this type. Eccoceram 21 is supplied in two 
components. Mixed, the resulting material is 
used like a conventional casting resin. After a 
moderate temperature cure, immediate high 
temperature exposure is possible.

Three small transformers 
dip coated in Stycast 2651

Eccocoat Wri,e ,or br<
Each has electrical excellence I hin transparent coatings for 
printed circuit boards and components; heavy build-up types 
for dip coating transformers, coils, etc. Usage to 500 I . flexi
ble or rigid. Vv ide range of colors. There is no electronic coating 
job that cannot be handled by an Eccocoat product. *

Eccobond
High insulation resistance or conductive types available. Conductive 
types eliminate soldering or welding an electrical connection is 
made at low temperature. One part systems and or room temperature 
cures. Non-flowing pastes or of water thin consistency. Flexible, semi
rigid or rigid. High strength at 500 F. but not brittle at -70 F. Used 
to bond metals, plastics, ceramics, etc. Sealing, patching, cementing 
jobs in great variety. Unique squeeze tube packaging.

Eccoceram SM 25
Inorganic Ceramic Encapsulent 

for 2000°F. Service

Eccoceram SM 25 is an inorganic encapsulent 
for electronic components and circuits. Elec
trical properties are excellent; physical prop
erties are those of a typical ceramic. Usable 
from — 70°F to 4-2000°F. The material is 
used in a manner similar to that of a conven
tional casting resin. Volume resistivity at 
1000°F is above 107 ohm-cm.
Eccoceram SM 25 is supplied in two com
ponents; a powder (Part A) and a liquid 
(Part B). These are mixed to produce a flow
able material which can be poured into a 
cavity. Vibration and/or vacuum may be used 
for improved filling. A cure schedule with

ECCOCERAM SM 25

highest temperature about 25O°F. is followed 
after which it can be immediately subjected 
to 2000°F. In most instances, thermal shock 
of embedments between +2000°F. and 
—70 F. will not cause cracking. Eccoceram 
SM 25, of course, will not burn; it is highly 
resistant to nuclear radiation.



Cuming Standard
rrite for brochures

»ics Y

Plastics 
fot Etectiwics

Plastics
for Electronics J 

j

Physical Properties Electrical Propertie

Trade Name/General Use
Designation

Specific 
Gravity 
GM CM

Viscosity 
(with Catalyst) 

Centipoises 
R T. (75 F)

Thermal 
Expansion 
Coefficient 
x 10*/ C

Thermal 
Conductivity 

BTu/tt /hr/ r/m

Izod Impact 
fi il. /

in. of Notch

Water Absorption 
Wf y Gain 24 hrs Machinability

Dissipation 
Factor 

60cy 10KMC

Dielectric
Constant

60c y tOKMC

I Volume Resistivity!
Ohm Cm 1

70C/150C

Stycast TPM? 0.95 1,200 60 14 3 0.5 Fair 0.0006 2.32 10”

" TPM-3 0.95 3,000 60 1.1 3 0.5 Fair 0.0006 2.32 10”

" TPM -4 1.2 5,000 45 1.2 2.0 0.02 Good 0.0003 2.2 10”

" 2850 GT 1.8 16,000 (100°F) 15 2.4 0.24 0.1 Must Grind 0.02 4.7 5xl0”/lxl0”

“ 2340 M 1.25 2,000 (150°F) 50 1.3 11 0.2 Good 0.05 3.5 10”

" 1090 0.7 10,000 19 0.8 0.25 0.3 Good 0.015 1.9 10”

“ 1095 0.7 8,000 19 0.8 0.2 0.2 Good 0.015 1.9 10”

Stycasth - 2741 1.3 40,000 28 1.2 4.0 0.3 Fair 0.02 3.5 10”
Casting Resins i 1.55 20,000 25 1.5 0.3 0.1 Fair 0.02 4.4 5xl0”/lxl0”

(Yellow Brochure) “ 2651 M*4 1.55 4,000 25 1.5 0.2 0.15 Excellent 0.02 42 4xl0”/7xl0”

“ 2662 1.4 14,000 28 1.4 0.44 0.01 Fair 0.011 3.4 10”

" 2762 1.6 30,000 15 2.5 0.3 0.02 Grind 0.012 3.5 10”

" 2980 €> 1.5 8,000 (120°F) 25 1.5 0.5 0.03 Excellent 0.01 3.5 2x10”

" 2982 € 1 1.5 7,000 (120°F) 25 1.45 0.9 0.02 Excellent 0.01 3.5 10”

" 3020 1.5 5,000 18 1.9 0.8 0.2 Excellent 0.03 4.5 2x10”

" 3050 1.45 1,000 30 1.5 1.0 0.1 Excellent 0.03 4.4

" 3070 1.5 10,000 20 1.6 1.0 0.1 Excellent 0.02 42 2x10”

Eccocoat
Plastic Surface Coatings 

(Purple Brochure)

Eccocoat EC200 500 0.2 0.01 2.9 10”

PCA 1,000 (15O°F) I Any of those E 4 C Resins 
ran hp Hnlnr Cndad ■ 0.1 0 008 3.0 10”

“ C26 2,000 I to meet your requirements I 0.01 0.01 3.0 5x1^»

Ec-oseal HiQ 5,500 0.1 0.0004 2.55 2.1 x 10”

Eccobond 55 1.1 8,000 55 0.1 Excellent 0.015 3.3 5x 10”

Eccobond
Adhesives, Cements, 

Sealants 
(Maroon Brochure)

• 51 1.5 4,500 30 1 0.1 Excellent 0.02 3.5 10”

45 1.4 40,000 28 Technical Service and 0.2 Fair 0.02 3.2 3x10”

" 45LV 1.4 5,000 28
Customized Formulation

are readilv available
0.2 Excellent 0.02 3.5 10”

“ 56C 3.7 Paste 12 c onsult your nearest Representative. Good 0.1
58C Ç1 3.7 ■ i 12 Good 0.1

Eccobond Paste ) 1.6 15 Oil Must Grind 0.02 4.2 10”

Eccoseal W28G 1.22 10 (300°F) 04 Excellent 0.02 3.4 2 3xl0”/4xl0”

Eccoseal Stycast 62 1.05 0.9 0.15 Good 0.0003 2.6 10”

Impregnating Reeins Eccoseal W44HT 1.35 4,000 AaA This indicates a 0.05 Good 0.005 3.9 10”

(Gray Brochure) Eccoseal W66 1.2 12,000 ^v^One Part System 0.05 Good 0.02 3.2 10”

Eccoseal W19 1.2 1,500 0.2 Good 0.02 3.5 10”

Eccomold Lrmmotó 165 1.0 2.900 0.2 u.utOo 2.6 ‘°"

Laminating Resine Ecaffiotó LM 14 tZOOO I 3.4

(Brown Brochure) ►rrowM j
______________

001 nn? 3 3

Eccoceram Eccoceram SM25 1.8 10,000 12 2.6 0.2 0.15 Grind 0.004 4.2 lO^/lO’fc 1000°H

Ceramic Encapsulents " CS 2.8 PASTE 15 3.0 0.2 0.15 Grind 0.01 5.0
10” 1

(Gold Brochure) • 21 2.4 20,000 12 2.8 0.2 0.15 Grind 0.006 7.0 io’/io7^ joetfI

Eccomold



ALL EPOXII

:al Properties Electrical Properties Interesting Feati

1 r
1 1

Thermal 
Conductivity 

BTU/ft /hr/ F/in

1.1

Izod Impact 
fl I' / 

in of Notch

3

Water Absorption 
Wt % Gain 24 hrs

0.5

Machinability

Fair

Dissipation 
Factor 

60cy 10KMC

0.0006

Dielectric 
Constant 

60cy 10KMC

2.32

Volume Resistivity 
Ohm Cm

20 C/150 C

10”

Dielectric 
Strength

Volts/MIL 20 C

450

Maximum Use
Temperature F Minimum Use 

Temperature T

—94

Major 
Physical 

Characters!

Imigh Waxy

Continuous
*

250

Intermittent

350

1.1 3 0.5 Fair 0.0006 2.32 10” 450 250 350 -94 Tough.Waxy

1.2 2.0 0.02 Good 0.0003 2.2 10“ 450 450 550 —70 Tough, Hi Temp

2.4 0.24 0.1 Must Grind 0.02 4.7 5xl0“/lxl0” 455 350 400 -100 Extremely Rugge

1.3 11 0.2 Good 0.05 3.5 10” 500 300 400 -100 Rubbery

0.8 0.25 0.3 Good 0.015 1.9 10” 300 300 400 -100 Light Weight

0.8 0.2 0.2 Good 0.015 1.9 10” 450 450 600 —100 Hi. Temp /Light *

1.2 4.0 0.3 Fair 0.02 3.5 10” 400 300 375 -90 Flexible

1.5 0.3 0.1 Fair 0.02 4.4 5xl0”/lxl0” 455 400 500 —100 Very Strong am 
Easy to Handle

1.5 0.2 0.15 Excellent 0.02 4.2 4xl016/7xl0” 440 400 500 -100 Exceptional 
Handtaabdity

1.4 0.44 0.01 Fair 0.011 3.4 10“ 420 500 600 —55 High Temperatu 
& Moisture Resista

2.5 0.3 0.02 Grind 0.012 3.5 10“ 410 500 600 -90 Fur Thermal 
Conductivity

1.5 0.5 0.03 Excellent 0.01 3.5 2x 10“ 400 400 450 -65 Low Viscosity 
»1 Moderate Tern

1.45 0.9 0.02 Excellent 0.01 3 5 10” 450 450 500 —80 riuHlent Low Ten 
Sfabakty

1.9 0.8 0.2 Excellent 0.03 4.5 2 x 10” 450 350 400 -65 low Viscosity 
No Shrinkage

1.5 1.0 0.1 Excellent 0.03 4.4 400 350 400 -100 Very Low Viscosit
Very Low Shrinka

1.6 1.0 0.1 Excellent 0.02 4.2 2x 10'* 550 450 600 -100 High Temperatut 
Easy Machining

02 0.01 480 30U 400 -70 Char

Lny of those E4C Resins 1 0.1 0.008 3.0 10“ 480 350 450 -70 Mmstwt Res M
can bp Color Codpd

p meet your requirements fl u.01 0.01 3.0 5 X 10“ 500 450 600 -70 High Temperafi

■ 1 MMMM 0.0004 2.55 2.1x10“ J 2200 150 200 -70 Clear

0.1 Excellent 0.015 3.3 5x 10“ 440 350 400 -70 *ign

0.1 Excellent 0.02 3.5 10“ 450 400 500 -80 Rigid

Technical Service and 0.2 Fair. 0.02 3.2 3x 10” 410 300 400 -70 Flexible
Customized Formulation

are readilv available
0.2 Excellent 0 02 3.5 10“ 400 350 450 -80 Flexible

Consult your nearest Representative. Good 0.1 350 450 -70 Cunductive

GOO" 0.1 1000 -65 Cmductiw

0.1 Must Grind 0.02 4.2 10“ 410 400 500 -70
' - *•

0.1 Excellent 0.02 3.4 2.3x10“/4x10” 412 400 482 -70 Resilient

0.15 Good 0.0003 2.6 10“ 500 302 400 -67 Rigid

k This indicates a 0.05 Good 0.005 3.9 10“ 450 400 -90 Easy to Hendh

üne Part System 0.05 Good 0.02 3.2 10“ 500 450 600 -55 very Herd

I 1 0.2 Good 0.02 3.5 10” 400 300 350 -55 Low Viscosity

■■MH MUM 2.6 zuo | Mw
____ ___________

0.09 I
____________ ,

MM 3.4
415 i

<5« «OU tOU«"_____________
3 3 j km

2.6 0.2 0.15 Grind I 0 004 4.2 10“/10’f 1000T 2000 5000 -70 Resistant to

3.0 0.2 0.15 Grind I 0.01 5.0 10“ 2000 5000 —80 Adiinteble Visco»

2.8 0.2 0.15 Grind | 0.006 7.0 10”/10’(in 1000 F 150 | 2500 5000 -70 No Shrinkage



AU EPOXIES EXCEPT
**Defined as Minimum Temperature at Which 

it Exhibits no Cracking in its Maior fields ol Use

Defined a, 1000 Hours Without loss in 
Volume Resistivity

5sting Features Major Uses

J se 
e ’F

Major 
Physical 

Characteristics

Outstanding 
Properties

1 General

Cost 
Range

T rans- 
formers

Coils Circuitry Component 
Protection

Metal
Adhesive

Plastic 
Adhesive Important Specific Applications GENERAL REMARKS

Electrical Can be used as impregnantTough. Waxy Excellence High V** ^x" Hi Q Coals

Tough. Waxy
Electrical

Excellence High ^Z ^z Low Loss Embedments — Delay Lines Class A MIL 1 I6923C Type Material

Tough. Hi Temp. Electrical Excellence High gX g' ^z Low Loss Embedments — Hi. Temp
Class A. MIL 1 1692K Type Material with 
Class D Temp capability

Entr^mely Rugged
Dimensional 

Stability Medium ^X %Z VZ" Potting td Impregnated Transformers
Practically indestructible within its temp limits 
Amazing vibration resistance

Rubbury Impact Strength Medium AN Connector Potting Also used successfully as tooling resin

Light Weight Adhesion Low %x Instrument Transformer Potting Thixotropic M room temp., needs lots of stirring

Hi. Temp /Light Wgt Law Specific Gravity Low |Z Airborne Instruments Same aa 1090 but pours easier

flexible Adjustable Flexibility Low ^Z ^X ^x Mtl-T27 Transformers Widely used n adhesive

Very Strong and Adhesien -ft Capacitor End Filling
Thw resin has solved countless production

Easy to Handle Shock Resistance ^X ^X problems Best all-around material available RA
Exceptional Low Viscosity and

Pottmg Amphher Circwls
Really flows at room temperature1 <wAwr

Hand lee brlity Ek Temp. Resistance ^Z Machines like brass
High Temperature 

A Moisture Resistance 1. R at Hi Temp. High %xz' ^x* ^z Resistor Embedment
Complex') moisture resistance, hard to use. 
Not for amateurs.

Fair Thermal 
Conductivity Thermal Shock Rmstaoce High •z ^x Hi. Temp. Rigid Connectors Thixotropic, lots of hard stirring

Low Viscosity 
at Moderate Temp

Adhesion 
Non Flammable Medium +z ^x ^z f/ Transformer Potting Will also impfegnete'

Excellent low Temp 
Slablrty

Thermal 
Shock Resistance Medium Jx ^z Transformer Potting Will also impregnate Class 

D Type maCI Mil 1 16923C
Low Viscosity 
No Shrinkage Low gZ Diode Sealing Very simple to use. a junior grade 2651

Very Low Viscosity 
Very Low Shrinkage Low Magnetic Clutch Coil Embedment Impregnates and pots simultaneously

High Temperature 
Easy Mechi rang High fZ y Motor Stator Potting Easy lo use hi temp material

Clear Easy to Spray Low IS' Foam Coatmg General purpose — good adhesion

Moisture Resista Medium jz gZ Pi uitad Circuits Try it — you H Hm K. Smooth Gloss Coa«

Hign Ti tperaturt 1. R at HL Temp High Jx z Dipped Capacitors
« ' -WUltWWtl It 

Very high morstiue rasMtMcr

ftetrw»
F-Mto-r Low Z” Coil Dope Low temperature limits; polystyrene

-Rigid Adhesion Medium ^X Pots All pot mfgs. should use it; most dc

Rigid Adhesion low Vise Low ^z ^x Metal to Metal, Metal to Ceramic Very Easy To Use. general purpose, packaged m Kits

Flexible Hi Peel Strength lew Indicates an ^z gx TV Tube Bas*< (Nylon la Gins Seal) Best nyton-adhesnre we know

Flexible Adhesion Low Outstanding Product for Jz $z Polyethylene Adhexive Excellent general purpnee plastic Adhesnrt

taxnouctivr Low Cunrg Temp High this Specific Application Printed Circuits Not easy to Me—Mt what else is like it' except -

Conductive Hi. Temp Resistance High H 'feme De-Icers -This stuff (lOOOf)

9luw?ttreneth Hi Temp Res*taw* op :»i »rator A le Zh 
Dissimilar Metal Bonding CapsProperties Medium Long fife (5000 hr« at WF,

Resilient thermal 
ShocK Resister» Medium ^X* ^X ^X Class H Transformers-various Best epoxy impregnant on marker

Rigid
Electrically 

Excellent Low fX^ fz' Capacitors Low temperature capability but will maintain Q

Easy to Handle Non-Flammable Low Z gx^ Stacked Motel Lamination Adhesive This will not burn' (believe us)

Very Herd Hi-Temp. High gx sort to brittle but good tot 500*

Low Viscosity Eaeetf Uee Medium 1 Capacitors Like «rsti«, when warm

H* i a -- - TW.1

MMW>
¡HM | 1 IW VJ "Ï

Resistant to 
Nuclear Radiation'

Adjustable Viscosity

2000'1 Thermal Shoe* | 
Resistance

Adhesion'

low ^z Ceramic Resistors Very easy to cure

Cerari. with gwd adhesion — what the world
Low ^X Metal — Metal Adhesive has been waiting for

No Shrinkage Electrical Excellence LOW •z
gz J

Transformer Potting Let us repMt — 5000*1 Electrically tornfk'



and

Silicon diode sealed against moisture with 
Stycast 3020 passes .ill Mil Spec humidity 
cycling. This new technique paves tne way 
for a more ruggedized productton unit.

An ultra-precision choke 
assembly molded in Stycast 

2651 by Cossor, Canada, Ltd., 
another of the many 

production applications of 
this most versatile resin.

Amplifiers such as the one shown 
require a high temperature 
and extremely low-loss material. 
Stycast TPM-4 is perfect for such a job.

controlled quantities of 
Plastic at exact temperature 

for production use.। Stycast 2662, readily used as a 
dipcoat, gives these transformers

< complete moisture-proofing 
and Class H performance.

Ecco Dispenser automatically 
proportions, mixes and dispenses

Terminal leads of an Electro 
Snap Switch potted in 
Stycast 2850 GT. The only 
resin found to completely 
resist jet aircraft vibration in 
this landing gear 
switch application.

STYCAST 2741
A Flexible Resin
— is poured for embedment 
of a resistor assembly 
in an electronic system by 
W. L. Maxson Company.

*

High temperature resistor 
embedded in Eccoceram SM 25 
Under test, metallic components 

of the resistor melted 
with no adverse effects 

to the ceramic

Stator impregnated with Stycast 265 1 
for mechanical protection 
and moisture sealing.

r, . f
Instrument pick off 
coils embedded in 
Stycast 2980.
Close tolerance casting 
in a rugged high 
impact strength resin.

ECCOSTRIP 57
a powerful solvent which removes 
cured epoxies and other plastics. 

One of our many specialty products.

STYCAST TPM-4

a general purpose 2-part epoxy adhesive 
in a unique package. 

Simple to use.
"Sticks anything to anything forever."

ECCOBOND 26



Ecco Reflector
Mi,del

2B103
2B 1 12
2B 1 36
2B 148

X Band 
(3 2 cm)

The Ryan Firebee drone uses two Ecco Reflectors 
m each win*; pod which make it appear, radar wise, 
like a giant bomber It is thus an excellent target 
t a nnssilf tostiii,' B,- n.se of the wide .-»ogle ie 
sponse of the Ei co Reflectors, the F irebee provides 
a good target from ev§ry viewing aspect

Two Ecco Luneberg Lenses are used in 
the antenna of this highly successful dop 
pier navigation system by Sanders Asso 
ciates of Nashua, N. H.

Lens Sue
Nominal Dia

almost 
to 48" 
a thin

3 sq. ft.
700 ■ b ft 

56,000 sq. ff.
180.000 sq. ft

18" Ecco Luneberg Lens 
under test. Frequency 9 
Kmc. Feed 114"x 1 !4"horn 
(12 db). Both E & H plane 
antenna patterns are shown. 
Overall gam is about 32 db.

fr Clusters of reflectors 
as a passive beacon 
for radar navigation ANGULAR COVERAGE d three types ol Ecco Reflectors are com 

pared with a currier reflector and a metal sphere All are 12" in 
diameter Frequency is 9375 me (3 2 cm) Type 90 Ecco Reflector 
utilizes .. reflective cap which subtends a conical angle of 90 . 
Type 140 subtends 140" Type 180 180 Special caps can be pro 
vided for other reflectivity patterns.

3 inches 
12 inches 
36 inches 
48 inches

Hector is compact, rugged, light in weight and 
easily installed. It is broadbanded throughout 
the microwave frequency range.

I he reflector is based on the I cco I uneberg 
Leris. Energy incident upon the lens is focused 
.tnd re-radiated in the direction from which it

corner reflector. I he Ecco Reflector is far su 
perior to the corner reflector for wide angh 
coverage; it has a radar cross section approve 
mutely eight times that of a circular corner re

its surface, or conversely produces a plane wave from 
a point source. There are many unique applications 
for the I cco 1 uneberg Lens For example, rapid w ide- 
angle scanning of a radiation beam results from the 
motion of a small feed over the surface of the sta
tionary lens; multiple stationary feeds can be used to 
scan all of space with a single lens; many frequencies 
can be used simultaneously with the same lens. In 
general, beam width and side lobe level of the Ecco 
Luneberg Lens, when used as an antenna, are ap
proximately the theoretical values.

Lenses from 3” to 48 diameter are made, each en
closed in a thin, rugged, fiberglass laminate radome.

The Ecco Reflector with 
mounting cap .Hid st.ind 
which can be eliminated for 
minimum weight, and the 
reflector mounted using the 
flange of the enclosing 
radome 12" unit weighs 
about 10 lbs.

Hector of the same radius.
Ihe I cco Reflector is available in 

any specified size in the range from 3

temi



Eccofoam
LIQU IDS

FOAM

94"F to -6500°F

2100

Eccofoam PT, DPT and LM
and uniform

DPT

Eccofoam Hi K Flexible I xiremily

the

0 10
0.20
0 30
0 50

compounds for 
caulking com-

ECCOFOAM LM 43A high 
temperature ceramic foam only 
18 lbs /cu ft density A blow toich 
directed at a molded piece has no 
adverse effect.

extremely low 
accurately ad- 

sheet stock.

and are usi 
light-weight

1 as potting 
adhesive or 
l-weight

d with moulding sand at 
readily effected.

d dielectric 
Both series 
re used .is

Eccofoam FP an isocyanate foam in place 
resin is used to embed electronic circuitry in 
the Naw Vanguard satellite Circuit modules 
are embedded in blocks of foam and stacked 
together in the unit just above the containing 
amster Similar foam embedment techniques 

are used in the Army Jupiter C satellite

to line the inside surface 
electrical wall thickness, 
to complex contours.

Dielectric Constant
8600 me

cavity. Foam-in-place liquids often will not flow’ 
sufficiently to accomplish this.

below O.tMMH ) 
constant foam

Discs of E . ifoam Hi K 625 D 
drilled to produce a radial variation 
in effective dielectric constant and 

assembled to produce a microwave lens 
Lens is encapsulated in Eccotoam FPH 

Unit made tor Melpar, Inc.

Eccofoam PS 
loss (loss tangent 
justed dielectric

microwave lenses, as 
domes and for other 
following dielectric 
I Data is at 861 )O ntc;

applications which demand low weight, hut not 
structural rigidity. Electromagnetic lenses have 
been made from this material. It has been used Eccofoam LM-43A and WC 8

series of ceramic foams usable in ex

to a rigid thermosetting unicellular loam of specified density. 1 hey can be processed completely at room 
temperature. Volumes of several cubic feet ol I ccofoam I P of excellent structure can be made in one pour
ing due to the very low exotherm developed during cure. I ccofoam FPH, when cured, is usable at 400 F. 
Uses include void tilling for light weight structural reinforcement, core material for double walled fiberglass 
laminate radomes, embedment ot electronic components and circuits, electromagnetic lenses and heat insu
lation medium. Eccofoam FP and Eccofoam FPH can be produced in any bulk density, 2 through 26 lbs. pi 
cubic foot. |*

.ystem. It is merely 
w tilled and cured 
ured material are:

Temperature Range
Density lbs /cu ft.
Compressive Strength, psi

Foam-In-Place Powder
Eccofoam GL — An electronic circuit is 
readily embedded in a foam in-place powdered 
foam. 1 he powder completely fills the mold; 
on heating, the discrete powder particles weld 
together into a foam. Powdered foams offer the

In a typical application 
elei UK constant is * 0 
speiial care in molding. .

Foam-in-Place Liquids
Eccofoam FP and Eccofoam FPH an 
rigid polyurethane foam-in-place liquid resins. Upon

Foam Sheet Stock
Eccofoam S, SH and FS are series of 
plastic foam sheet stocks produced in a wide 
range of densities and. therefore, of physical 
and electrical properties Eccofoam S and SH 
are rigid, unicellular materials from 3 to 25 lbs. 
cu ft. Eccofoam SH is usable to 400 I . Ecco
foam FS is a low weight flexible anil compress
ible foam. 1 oss tangent ol all of these foams

Dielectric constant range is from 1.02 to 2.4. in 
steps of about 0 1. Point-to-point accuracy is less 
than 0.02. These materials are uscii in precision 
antenna, lens and waveguide applications.

Eccofoam Hi K 625 D 
place” use or as sheet stock.

sentially the same al all microwave frequencies.)
Dielectric Constant 25 30 35 40 50 60 7.0
Dissipation Factor 0 013 0 016 0 018 0 019 0 023 0 02? 0.03

> D is uscii in making 
the cote material in ra- 
antenna applications. The 
constants are available.

structural applications. I hey are supplied in . 
form resembling damp sand. They are pushed 
tamped, or packed in plan- into the cavity t< 
be filled. I he tilling process is essentially thi

Dissipation Factor
8600 nil 
ñoñi
0 009
0020
0 031



Eccostock

Nuclear Radiation Shielding

Tear Out and Keep this Short Form for Ready Reference

This brochure is prepared 
file-folder style for your convenience 
and permanent reference.

4.4
Low Loss Adjusted Dielectric Constant 

from 1.6 to 25.0

Low Weight High Temperature Use
Thermosetting No Cold Flow

Eccoshield
for RF, VHF, UHF and 

Microwave Systems

Stycast Lo K
Lowest K, Lowest B eight

Frequency 60 to 10 J cps
Dielectric Constant

K
Loss Tangent

tan &

1.67

For Machined Parts . Heat-Sta

,S
va vê
tions 
lency 
.Sipa- 
hib

Ecco- 
can be 
X and 
with a 
factor

/cs

Used as the insulator in coax connectors,
below 0.0009 

and wave-
guides. Low K means low VSW R. Weighs less than 35 
lbs. cu. ft. Actually a completely unicellular foam.

Eccostock HT 0003
Usable at 500°F. 2.2 below 0.0003
Ihe lowest loss, and highest temperature thermosetting 
material available anywhere. Has an extremely low co- 
eflicient of friction, yet can be bonded.

Eccostock R 19
Free Machining High Temperature
Featured by machining ease and moderately high 
temperature properties. The material is usable con
tinuously from —100 F to 4-350 F. Physical and 
electrical properties are outstanding.
Used for bobbins, insulators, terminal strip, physical 
supporting structures and even gears. Embedment of 
windings on Eccostock R 19 is readily accomplished 
with casting resin to produce hermetically sealed 
structures. Bonding of Eccostock R 19 can be done 
readily. Machining is done on conventional equip
ment, including automatic screw machines. Volume 
resistivity is IO15 ohm-cm. Dielectric strength is 410 
volts, mil.

Sheet Stock
Casting Compounds

For N uelear Reactors i n Aircraft,

Submarines, Ships, Power Plants

Eccoshield L
Lead-Containing Nuclear Shielding

Stycast 0005
Gene ral Purpose — Copoly Type 2.55 below 0.0005
Used for a variety of machined parts. Non-gumming, 
clear, non-crazing.

Stycast Hi K
Adjusted Dielectric From 3 thru 15 in 

steps of 1.0 below 0.001
A complete series of low loss materials. Sheets up to 2' x 
2' are made. Used in countless electronic systems. Easily 
machined, cemented. Rugged, high strength.

Eccostock R 20
Foamed, Free Machining, High Temperature 
Combines light weight, machining ease, good dimen
sional stability and good high temperature properties. 
Completely unicellular, moisture absorption is negli
gible. Operating temperature range I00 F. to 
+ 35O°F.
Eccostock R 20 i . used for machined parts for both 
electrical and mechanical applications. Parts can be 
embedded in a foam casting resin to produce integral 
structures. Light weight makes it of interest to air
craft designers and manufacturers of airborne elec
tronic equipment. Dielectric constant and loss are 
lower than for conventional epoxide stock. Bulk 
density is 38.0 lbs. cu. ft.; Dielectric Constant is 
below 2.0. Strength is comparable to solid epoxy 
stock.

loaded with lead used for nuclear shielding, particu
larly gamma radiation. Eccoshield L is available as 
rod and sheet stock and as casting resins. I he casting 
resins are compatible with certain other Eccoshield 
casting resins, containing boron, iron, etc., so that 
the user can tailor-make a composition.
Eccoshield L can be cast to exact contour by simple 
procedures. Insertscan be embedded. Resultant cured 
compositions are non-flowable and non-sagging even 
at elevated temperatures. They are machineable. 
Large panels 6 ft. by 6 ft. can be cast and used at high 
temperature. Cast lead would require extensive sup
porting frames. On a weight basis, Eccoshield L out
performs 100% lead as a gamma shield. Eccoshield 
L-3 is usable to 350 F and to 450 I for short periods. 
It can be cured at room or elevated temperature.

Eccoshield I Eccoshield B

Stycast Hi K 500 F
High Temperature Adjusted Dielectric

From 3 thru 25 in 
steps of 1.0 below 0.0009

Extends the Dielectric Constant and Temperature Range 
of Stycast Hi K. Usable to 5OO°F.

Eccostock R 25
Ultra High Temperature
Has a heat distortion temperature under 264 psi load 
in excess of 500 F. (260 C ). Volume resistivity at 
500 F. is above IO12 ohm-cm. Dimensional stability 
is excellent; thermal expansion coefficient 20 x 10* 
in in C. Weight loss at 500 I . for one month less 
than 1%. Withstands — 70'C. ( — 94 F.) without ad-

Iron and Boron-Containing Nuclear Shielding 
Eccoshield I and Eccoshield B are similar to Ecco
shield L. Eccoshield I contains a high percentage of 
iron in a radiation resistant epoxide. Eccoshield B 
is high in boron content. The latter is particularly 
effective in shielding against thermal neutrons.
Rod and sheet and casting resins are available. These 
are compatible with one another so that it is possible 
to tailor-make materials.

verse effects. Chemical resistance 
Machineabiiity is good.

excellent.
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This shows how a low weight casting resin is 
made using Eccospheres. At the left is a clear 
epoxide resin plus curing agent, whose density 
is about 1.1 when cured. The amount of Ecco
spheres which can be conveniently loaded into 
the amount of resin shown is in the center

105 5 fait Walnut Street 
Patodeno, CaMorma

34 1 No. Robert Blvd 
Doy ton 2, Oh»o 
Boldwm 2 1 254

Stoddard Building 
Cocoa Beach, Florida 

Sunset 3 2438
San Dtego 1, California

Belmont 9-401 5

129 5 South Bannock Street 
Denver 23, Colorado 

Pearl 3 3

SAN DIIGO
McCarthy Associates

I 206 Bank St 
Ottawa, Ont , Canada 

Central $-993 Ì

ROMI
Stanley Fuhne-

CHICAGO
Cozzem and Cudahy, Inc

DALLAS
Lawrence Sales Company 

P O Bob 13026 
Dallas 20, Te*as 

Fleetwood 2-7484

SEATTLE
Ray Johnston Company 

I OH East 69th St

beaker. At the right is the mixture, a pourable 
resin of density 0.6. If an equivalent volume 
loading of silica had been used, the resultant 
density would be 1.8.

WICHITA
meenng Services Company 
8325 East Indianapolis

CHARLOTTE
James L Highsmith & Co 

3733 Monroe Rd 
Charlotte 5, North Carolina 

franklin 7-2546
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Cuming. Inc.
Canton, Massachusetts

Hollow Glass Microspheres

Light Weight
Dielectric Constant

Dissipation Factor

High

Low Thermal Conductivi

Molding Compounds 
Radomes
Heat Barriers
Foams

Temperature Stability

emhle very finely divided white sand

pheres
table below :

Thermal Conductivity of Eccospheres L ts 0.015 BTU/sq. ft., hr./ F./ft.

lor

'P

Ax

EL

Casting Resins
Light Weight Ceramics

size distribution ranges from about 30 to TOO microns The resultant material, therefore. is a very light-

are available in several grades as indicated in the

Average
Grade

Designation
Type

Ttue Density 
Eccosphere

Particle

Bulk Densit, 
Free Flow mg 
Eccospheres

High
Temperature 
Capability

Didte frir 
Constant 

60 to 1

DlSSip.lfwn 
Fact” 

)1 • cps

Eccospheres 
R

Borosilicate 
Glass

0.4 grams/cc 18.0 lbs/cu. ft 1200 F. 1.4 belo*

Eccospheres 
L

High Silica 
Glass

0.25 9.5 2800

Eccospheres 
Si

Pure Silica — — 3100 1.2
to 1.8

below , 
0.0005

Eccospheres 
VT

Surface treated 
for

Organic Systems
0.25 9.5

Limited Dy 
surface treatment 

to about 800' F
1.2 0.001

Eccospheres can be bonded into completely inor
ganic foams. Loading of other materials into the 
foam can also be accomplished. At the left is a 
block of ceramic foam consisting of Eccospheres 
and an inorganic bonding agent. In the center is a 
block which contains metallic particles for dielectric 
constant control. Loss is low. the material is non- 
conductive. At the right, additional metal is loaded 
to produce a cylinder of electrically and thermally 
conductive foam.



Vacuum Ovens

Ranges to 300 C

Molded Cable Assemblies

COMPANY.

ADDRESS.

CITY. .ZONE___ STATE.

Your KE problems aie solved faster, more economically when 
you call on the engineering and production experience of Metal 
Textile—originators of knitted wire shielding for RF suppres
sion. As the oldest and largest company in the field today — 
Metal Textile first introduced METEX knitted wire shielding 
back in 1943... applies its accumulated knowledge, technical 
experience, production and research facilities to the solution of 
your particular problems. Our engineers are equipped and 
ready to help you solve your specific shielding problems with 
complete design assistance. Write or call without obligation: 
Metal Textile Corporation, Electronics Division, Roselle, N. J.

METEX
GENTLEMEN:

Please send me your fact-filled METEX data 
file today.
NAME_____________________________________________

METAL TEXTILE CORPORATION 
...world’s largest and oldest producer of knitted wire products

K DIVISION OF GENERAL CABLE CORPORATION

CIRCLE 292 ON READER-SERVICE CARD

These molded cable assemblies are available 
in standard 1/4 in. ID sleeve types and in two 
md three conductor designs. They incorporate 
types ST-121, ST-125, and ST-131 shielded phone 
Extension Jax which have OD’s of 1/2 and 13/32 
m. The units have nickel plated brass housings 
>r sleeves, molded Tenite handles, and paper 
base phenolic insulation. They are supplied with 
standard shielded or unshielded cable to desired 
lengths. Special assemblies are furnished to 
pecifi cations.

Switchcraft, Inc., Dept. ED, 5555 N. Elston 
Ave., Chicago 30, Ill.
Booth 2827

CIRCLE 291 ON READER-SERVICE CARD 
< CIRCLE 289 ON READER-SERVICE CARD 

ELECTRONIC DESIGN • March 4, 1959

For testing and conditioning transistors, ca
pacitors, and other electronic parts, these vac
uum ovens have ambient ranges to 200 and 300 
C. Standard units may be equipped with through 
wall connectors, lead wires, or terminals for the 
test article, or with doors on both sides of the 
cabinet for use on production lines. The entire 
chamber can be seen through the door window.

Electric I lotpack Co., Inc., Dept. ED, 5074 
Cottman Ave., Philadelphia 35, Pa.
Booth 1726

CIRCLE 290 ON READER-SERVICE CARD

Radio Frequency Shielding' Gaskets

METEX 
THE FIRST 
NAME 
THE LAST 
WORD 
IN KNITTED 
WIRE FOR 
RF* 
SHIELDING
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faster than normal conversation. In future com-

Transistor driven

These

through

CIRCLE 295 ON READER-SERVICE CARD

CIRCLE 294 ON READER-SERVICE CARD

CIRCLE 29 1 ON READER-SERVICE CARD

Booth 2201, 2203

Magnetic

Capable of reception at speeds of 750 words a minute, new
Kleinschmidt unit Is world’s fastest message printer and code puncher

Shift Register

A major breakthrough in mechanical printing! De
veloped in cooperation with the U.S. Army Signal
Corps, this new super-speed teletypewriter is ten 
times faster than “standard equipment, five times 

mercial use it could speed operations such as the 

KLEINSCHMIDT
DIVISION OF SMITH-CORONA MARCHANT INC DEERFIELD, ILLINOIS
Pioneer in teleprinted communications systems and equipment since 1911

transmission of telegrams, stock market quota-
tions, and weather reports. It has important appli-
cations in the held of integrated data processing.
In recognition of its quality, Kleinschmidt equip
ment is manufactured for the U.S. Army under 
the Reduced Inspection Quality Assurance Plan.

NEW PRODUCTS AT THE IRE SHOW

Miniaturized Printed Circuits

As small as components will allow

printed circuits
through the incorporation of landless plated

holes on two-sided boards. With this 
technique, most packages can be miniaturized 
just as far as the components being placed on 
the board will allow. Tests indicate that a 1/32 
in. line with a 1/32 in. hole can withstand 10 
amp current without failure.

Photocircuits Corp., Dept. ED, G

Transistors drive this magnetic shift registei 
buffer storage. A one core per bit unit, it accepts 
inputs from IBM punch cards and reads out seri 
ally to tape. It offers parallel input and output 
from every bit; packing densities of over 10CM’ 
bits per 12 in. of relay panel space including 
driving circuitry; large width tolerances; and low
power drain.

Magnetics Research Co., Inc., Dept. ED, 255
Grove St., White Plains, N.Y.
Booth 3941

ELECTRONIC DESIGN • March 4, 1959



10% tolerance factor

ACCURATE
RELIABLE AND
AVAILABLE

coupling capacitor. Designatedscaled bypass
capacitance tolerance

Telephone type

make available off-the-shelf

available with contact

ELECTRONIC DESIGN March 4, 1959

type 111, the unit h 
factor of ±10%.

terns of outstanding accuracy and 
reliability.

Pyramid Electric Co., Dept. ED, Darlingto

MISSILE AND AIRCRAFT 
TELEMETERING
MISSILE AND DRONE 
GUIDANCE
DATA ACQUISITION AND 
HANDLING SYSTEMS 
SYSTEMS DESIGN AND 
MANAGEMENT 
ENVIRONMENTAL TEST 
FACILITIES
COMPUTING SYSTEMS 
COMMUNICATIONS

components, assemblies

One of the world’s largest and old 
est suppliers of telemetering equip 
ment. Tele-Dynamics continues t(

djustment controls, built tn output filter and isolation from inter
ction in multi-channel operation. Service proven.

Type 1108A 100-Watt RF P->wer Amplifier—New maximum
efficiency unit for miniature telemetry systems. Covers full telemetry 
range (215-260 me), and adaptable to guidance bond (430-520 
me). Ceramic tube provides 100 watts with 3 watt drive arid 
850V BT- Utilizes internal blower Has built-in low pass output

5000 PARKSIDE AVENUE • PHILADELPHIA 31. PENNSYLVANIA
Western Regional Offices: 15016 Ventura Blvd., Sherman Oaks, Los Angeles, California

305 Washington Avenue, S.E., Albuquerque, New Mexico
CIRCLE 298 ON READER-SERVICE CARD

Booth 2832
CIRCLE 296 ON READER-SERVICE CARD

Tele-Dynamic* Inc.
5000 Parkside Ave., Philadelphia 31, Pa

Please send me complete technical data and spec 
fications on telemetering equipment listed below

Type 1004 Crystal-Stabilized FM Transmif ter 
Type 1108A 100-WATT RF Power Amplifier 
Type 1213A Voltage-Controlled Oscillatorcombinations up to 8pdt for operation from de 

voltages to 230; up to 4pdt for operation from ac 
voltages to 440; and up to 8pdt with full wave 
rectification for operation from all frequencies 
including 25, 50, 60, and 400 cps. It is capable 
of sensitive adjustment and can be furnished to 
operate with 50 mw coil power with spdt con
tacts. Nominal de power requirement is 3 w; the 
maximum for continuous duty is 5 w. Nominal 
ac volt-ampere requirements are 5 va. The units 
can be supplied with a wide selection of con
tacts ranging from bifurcated gold alloy for low 
level signal circuits to 15 amp heavy duty con
tacts for power switching. Approximate dimen
sions are 2-1/16 x 13/32 x 1-1/2 in.

Magnecraft Electric Co., Dept. ED, 3352 W. 
Grand Ave., Chicago 51, Ill.
Booth 3906

CIRCLE 297 ON READER-SERVICE CARD

filter, and power an 
ference specifica* u-n 
ditions. Power tube 
excitation does not

The dielectric of this Mylar Gold Standard 
ipacitor approximates that of a hermetically

At Tele-Dynamics Inc. the systems 
concept, long in operation, offers 
many advantages to the user of 
telemetric components and hard
ware. Integrating their specialized 
knowledge in the search for system 
reliability and compatibility. TD1 
specialists have developed out
standing equipment with wide us
age* in telemetry and other instru
mentât ion applicat ions.

NEW Type 1004 Crys*n|-Stabilized FM Transmitter—5-wa*t output 
from 22 ounce package. True frequency modulation for first time 
in telemetry attained by diode capacitance variation (circuit 
patent applied for). 215-260 me in one unit. Crystal stabilization 
holds center frequency to 0.01% accuracy through —55 to 
+ 100° C, 15g-2000 cps, 80g shock. 8 tuning adjustments. Has 
built-in output filter. Meets MIL 1-6181B. Available with 6.3 and 
28 v filaments.

Class 22 telephone type relays have a heavy 
duty, full yoke type armature hinge with large 
bearing surfaces. These surfaces are precisely 
reamed to fit a centerless ground stainless steel

id pla*e leads are RF filtered. Meets inter- 
MIL-I-6181B and missile environmental ccn 
protectively biased—detuning or loss of 

burn out tube or external power supply.

Type I213A Voltage Controlled Sub-Carrier Oscillator—Accepts 
either AC or DC transducer inputs. Conditioners converting ac to 
de no longer needed. Single ended or balanced input. ±1.5 or 
0 *o 3 volts, ±7/2% deviation all channels, - 15 deviation 22 70 
kc. Available in all IRIG channels. Plugs into standard TDI pre
wired mounts forming system subassemblies. Meets missile environ-



D. C. MILLIAMPERES

Bet Je Elcctnc.il Instrument Co Im 
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.
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%
\ DC MILLIAMPERES

Model 230 
Width 4 Vb ” 
Height 3 %

BEEDE

Model 70
Width 7"
Height 5 /j

Model 1 40
Width 3 3/s ' 
Heigth 2 5b

»7 leaf f ••

PANORAMA
Gives you better, clearer vision and 

longer scales, with easier readability.

The plastic panel provides excellent natural 
illumination, top, sides and front.

Available frosted or color of your choice.

The ultra modern beauty of the PANORAMA 
will add much to your product.

ELECT

NEW PRODUCTS AT THE IRE SHOW

Molded Cable Assemblies

Have straight and right angle plugs

ST-750

ST 740

ST 7)0

st rob

■a no

74.-700

hi these cable assemblies, a pear-shaped, one 
piece tip rod goes from the tip into the assembly 
directly to the soldered connection of th<^ cable 
conductor, thus assuring that no tips can drop 
off inside the equipment. A cable clamp connects 
the cable shield or second conductor to the plug 
sleeve. The assemblies are available with the 
company's type BA-700 and RA-710 right angle 
Tini-Phigs, and with straight Tini-Plug types 
ST 700, ST 710, ST-740, and ST-750. The plugs 
have brass nickel plated sleeves and tips; and the 
cable clamps are of cadmium plated steel. The 
assemblies are insulated with linen base phenolic 
and have Tenite molded handles, Various lengths 
and terminations are available.

Switchcraft, Inc., Dept ED,. 5555 N. Elston 
Ave., Chicago 30, 111.
Booth 2827

CIRCLE 300 ON READER-SERVICE CARD

Ceramic Bonding and Potting 
Compound

Usable from -- 70 to 4 2000 F
Once cured, Eccoceram CS is usable from —70 

to 4-2000 F. The material is completely inor
ganic and adheres well to ceramics, glass, and 
metal. It is furnished as two components: Part A, 
a fine powder, and Part B, a mobile liquid. Both 
components and the cured material are non
flammable. Typical uses are potting of electrical 
components or circuits, and cementing metal or 
ceramic parts for high temperature service. The 
material can also be used as a sealant for high 
temperature wiring.

Emerson & Cuming, Inc., Dept. ED, 869 Wash 
ington St., Canton. Mass.
Booth 1923

CIRCLE 301 ON READER-SERVICE CARD
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Narda Coaxial Couplers

is absolutely the flattestFLATTEST on the market; the specs

are here; the prices

are here. And you knowCOAX COUPLER! Narda’s reputation

for quality! If you need

contact your

Narda representative, or

write to us directly

CIRCLE 304 ON READER-SERVICE CARD
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FR Power System

Tests microwave tubes

THE INDUSTRY’S

Only 0.2 db variation 

over full octave!

SEND FOR FREE 
1959 CATALOG
Write for your free 
copy of Narda’s new 
1959 catalog.
Address: 
Dept. ED-14.

Transistorized Delay Generator 

Crystal controlled

magnetron driver unit and power supply, a 
modulator and power supply, a trigger genera
tor, a field exciter, a tank assembly for a high 
power pulsed microwave tube, and a complete 
oil and water cooling system. Operating as a 
modulator, - it provides full facilities for micro
wave tube testing. Equipped with various types 
of microwave tubes, it becomes suitable for test
ing microwave components, for powering experi
mental radar transmitters, or for driving accel
erators. Using the Litton L3035 klystron, it 
delivers 3 megawatts in the L band. With the 
L3250 it delivers 10 megawatts. Driving the 
Varian VA87, it gives 1.3 megawatts in the S 
band, and the VA820 results in 5 megawatts 
peak and 10 kw average. The equipment can also 
be used with Sperrv SAC 42 klystron.

Levinthal Electronic Products, Inc., Dept. ED, 
Stanford Industrial Park, Palo Alto, Calif.
Booth 1617

CIRCLE 303 ON READER-SERVICE CARD

What more is there to say 

The new series of

Any delay from 10 to 10,000 psec may be 
switch selected on the 1104 crystal controlled de
lay generator. Input pulses may be positive or 
negative from 5 to 40 v, and output is a 10 v 
standardized pulse of both polarities. A 1 me 
crystal controlled oscillator keeps jitter to ±0.5 
psec at the maximum range.

Navigation Computer Corp., Dept. ED, 1621 
Snyder Ave., Philadelphia 45, Pa.
Booth 1311

CIRCLE 302 ON READER-SERVICE CARD

0.2 db

Calibration Accuracy

Calibration points at 5 frequencies

microwave
corporation

Coupling Characteristics 
Frequency Response

Connectors: Series N female 
others on special order.

Deviation of Mean Value 
from Nominal

118-160 HERRICKS ROAD, MINEOLA. L. I., N. Y. • PIONEER 6-4650

Note 5 calibration 
points and the 
flat curve they form

Frequency 
(me)

Nominal 
Coupling

NARDA 
Model

VSWR Primary, 
VSWR Secondary

Minimum 
Directivity 

(db)
FORWARD 

(watts)

Power Rating 
REV.

(watts)
PK. 
(Aw) Price

240-500 20 3040-20 1.1/1.2 20 1000 100 10

$200

500-1000 20 3041-20 1.1/1.2 20 1000 100 10

950-2000 20 3042-20 1.1/1.2 20 1000 100 10

2000-4000 20 3043-20 1.15/1.2 20 1000 200 10

4000-8000 20 3044-20 1.2/1.25 17 1000 200 10

7000-11,000 20 3045-20 1.25/1.3 15 1000 200 10
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NEW PRODUCTS at the ire show

Miniature Relay

Has 200 to 250 mw sensitivity

with 200 to 250 mw sensitivity 
withstand shocks of 50 g and

Shock cannot impair the smooth functioning of Grant Slides. The bearing 

surfaces of Grant Slides are capable of successfully withstanding shock of up 

to 30 g’s. Mobile units, as pictured, must travel over rough terrain. Rugged 

Grant Slides perform efficiently under such adverse situations because 

they are fabricated of the highest quality material and are produced by the 

most experienced personnel. All Grant Slides are precision fitted and tested 

at every stage of assembly... assuring you of dependable operation, 

wherever the application. Write for your copy of the Grant Catalogue.

ELECTRONIC DESIGN • March 4t 1959

Called the Cross Patch, this printed circuit 
programming plug-in unit is 4-3/8 x 4-3/4 x 1-1/8 
in. It has 11 inputs and 11 outputs which can be 
interconnected in any combination by inserting 
banana plugs through the plated-through holes 
provided. Specifications include operation condi
tions up to 350 v de at 10 amp with a resistance 
of 0.01 ohms from input to output. The units can 
be used at temperatures to 100 C.

Photocircuits Corp., Dept. ED, Glen Cove, 
N.Y.
Booth 2201, 2203

CIRCLE 307 ON READER-SERVICE CARD

t 20 to 2000 cps at 20 g. Maximum 
? is 10 K; maximum contact resist-

ivs arc 0.4 in. wide, 0.8 in. long.

nee different header combinations.
Kunnan Electric Co., Dept. ED, 191 Newel 

t., Brooklyn 22, N.Y.
'ooth 2134

CIRCLE 306 ON READER-SERVICE CARD

The nation’s first and leading manufacturer of slides

GRANT INDUSTRIAL SLIDES
High Street, West Nyack, New York 

GRANT PULLEY AND HARDWARE CORPORATION Beaeh’Avenue Lo, Angeles 21, Cal.

See the Grant exhibit Baath 1118 IRE Shaw.
CIRCLE 305 ON READER-SERVICE CARD



Radar Simulator

the right angle for
printed circuit connections

printed circuitry are now possible with

action unit actuated by movement of a dia PAT. NO. 2,746.02?

:m or
a l iable

CIRCLE 309 ON READER-SERVICE CARD

CIRCLE 310 ON READER-SERVICE CARD

Cover 0.5 to 
4000 psi

snap ; 
phragi piston. The internal components arc 

modular increments and can be used

65 to 
provides

Pressure 
Switch

Transducers

Various contact arrangements and molding compounds increase the 
flexibility of use. Guide pins in the plug and guide bushings in the 
socket provide ease of insertion and prevent bending of contacts. 
Stainless steel mounting screws on the plug insure positive mounting 
and eliminate stress on dip soldered connections between pins and 
printed circuit board.

itch construction incorporates

Continental Connector’s new line of right angle pin and socket con
nectors. Computers, data processing units and ground support equip
ment for guided missiles, communications and commercial use have 
proven the high reliability of these precision miniature connectors.

New application

system. The 
an enclosed

Other design variations include positive-locking polarizing screw
locks* and dual terminations for solderless taper tab wiring.

as initial positioi 
and target width
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Generates six moving targets
lar moving target simulator system can

any type of pressure

interchangeably. Selection of these components 
permits the sensing of pressure levels from 0.5 
to 4000 psi, with eight switches covering the 
complete span. All moving parts are contained 
in a rugged aluminum housing sealed by O rings 
at each end. The assemblies meet MIL-E-5272A
pecifications an 
lia. They weigh 
! 250 F. An opt

For complete technical details on Continental Connector’s line of right 
angle connectors, write today to Electronic Sales Division, 

PeJUR-AMSCO Corporation, 45-01 Northern Boulevard, 
* Long Island City 1, N. Y. (Exclusive Sales Agent)

VISIT US AT IRE SHOW BOOTH 23O7-23O9

vibration isolation up to 2(XX) cps and 50 g. Ex
act calibration of each switch assembly is ob
tained by rotating the external pressure setting 
adjustment which is locked by two set screws. 
Switch rating is 30 v, 2.5.amp inductive at 100,
000 ft.

Haydon Switch, Inc., Dept. ED, Waterbury 
20, Conn.
Booth 3922

)\ an operator 
. speed, head- 
mav be varied

by the operator. Applications include testing and 
analysis of radar and guidance systems, and 
training of personnel.

Fairchild Camera and Instrument Corp., De
fense Products Div.. Dept. ED, Bobbins Lane, 
Syosset, N.Y.
Booth 3506, 3508
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MANUFACTURED BY CONTINENTAL CONNECTOR CORPORATION 

AMERICA S FASTEST GROWING LINE OF PRECISION CONNECTORS

You're 
always

DedUR
Electronic Components



COI

To help you think, to help you generate new
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Microwave Absorbers

Useful from 70 to 4-1200 F

ele 
pu

NEW PRODUCTS at the ire show

Coaxial Rotary Joint

1.15 to 1 maximum vswr

ARE NEEDED FOR THIS YEAR OF PROGRESS

You are unique. You are a one-of-a-kind man 
needed to think for a new world of tomorrow. 
Your greatest gift to progress can be your 
ability to apply your inherent differences in 
thought and background to your field of spe
cialty in radio electronics.

1

lU 
S 
LU 
a

THE IRE NATIONAL CONVENTION

Waldorf-Astoria Hotel

AND THE RADIO ENGINEERING SHOW

Coliseum, New York City

THE INSTITUTE OF RADIO ENGINEERS
79th STREET, NEW YORK 21, N.

ideas, come see The Radio Engineering 
Show that requires all 4 floors of New York 
City's Coliseum. Come hear your choice of 
more than 200 papers to be given during the 
Convention. You are needed. Yes, it takes a 
coliseum to hold this great electronic show. 
Phen, it takes you to have the great thought, 
the Inspiration in Radio Electronics.

MARCH 
2 3-24 
2 5-26 

Frequency range of the 1-5 8 in. D1C-2050 
coaxial rotary joint is 2100 to 2400 me. Maximum 
vswr is 1.15 to 1, wow is less than 0.05 db, and 
insertion loss is negligible.

Diamond Antenna & Microwave Corp., Dept. 
ED, 7 North Avc., Wakefield, Mass.
Booth 3237, 3239
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Series I IT broadband Eccosorb microwave ab
sorbers have a temperature range of —70 to 
4-1200 F and can be used where high power 
levels are involved. A power handling value of 
50 w per sq in. is typical, although the exact 
value is dependent upon the heat transfer situa
tion. The material is supplied in the form of 
lightweight unicellular foamed ceramic bricks 
with thicknesses that vary from 1-1/2 to 3 in. ac
cording to the frequency coverage. The other 
dimensions are 11 x 17 in. These absorbers are 
particularly suited for lining metal housings used 
to cap radiating antennas.

Emerson & Cuming, Inc., Dept. ED, 869 
Washington St., Canton, Mass.
Booth 1923
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Miniature Variable Inductors

Inductances of 0.1 to 10 mh

cans

Nashville

WITH IMAGINATIONCIRCLE 314 ON READER-SERVICE CARD

CIRCLE 315 ON READER-SERVICE CARD

vacuum impregnated with higl
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are suited
0.535 in.

15,000 degrees, literally melting the particles to a 
fluid or plastic state. Inert gases, flowing continu
ously, deposit them at near-sonic speeds on the work
piece. Jets of CO2 cool the particles instantly to form 
heat-and-erosion-resistant material. Coatings, even 
on graphite, have an excellent bond. Shapes are 
built up on machined mandrels which are then etched 
away to leave the finished parts.

There are no known limitations on size or complex
ity of shape. Accuracy of ± .002in. can be maintained. 
The Plasmarc Torch has been used to make high- 
density tungsten crucibles, special parts for nuclear 
work, sensitive electrical contacts, and electronic 
components and x-ray targets. Linde will also pro
vide a wind-tunnel materials testing service based 
on this device.

For information on this extension of Linde’s well- 
known Flame-Plating service, write Dept. ED-31, 
Linde Company, Division of Union Carbide Cor
poration, 30 East 42nd Street, New York 17, N. Y. 
In Canada: Linde Company, Division of Union Car
bide Canada Limited.temperature wax to withstand high humidity 

conditions. The leads are both soldered and 
mechanically fastened internally, and the cores 
are treated to provide uniform torque. Tunable

Three-Level Ruby Maser -The Maser is a 
microwave amplifier utilizing energy stored in a mo
lecular or atomic system. Emission of this energy is 
stimulated by the input signal. Masers operate at 
liquid helium temperatures and have incredibly low 
noise levels approaching zero db. Recently a Uni
versity research laboratory* used Linde single crys
tal synthetic ruby (A12O3 with Cr2O3 additive) in a 
■MMH three-level solid state Maser. The ruby 

crystal was placed at the center of the 
“ Maser's tuned cavity and a magnetic 

field of 4200 gauss was applied. To 
bring electrons from a around state

a pumping frequency of 24 kMc was 
used and the Maser successfully am
plified signals at 9.3 kMc.

New Piasmarc Torch Service for Production 
Parts from Refractory Metals — By harness
ing the highest controlled temperatures ever used in 
industry up to 30,000 degrees F.,—the new Plas
marc Torch makes possible the fast and accurate 
mass production of ultra-hard materials that have 
been virtually unworkable by any previous means.

With the patented Plasmarc Torch, Linde is 
equipped to supply parts made of. or coated with 
refractory metals, or made of a vari
ety of metals con 
mt l.il • o int .rod This

■ 1 ■
■ K

n. ii.i i jid i ,n I,mi j! m. ml- wHB
in the highest temperature range), _
hard carbide materials and even

' 1 " 1 1 u 11 ' HIM

and palladium.
In powder or wire form, the metal being worked 

is fed into the torch chamber where a non-trans
ferred electric arc generates temperatures above

Linde also supplies other crystals including rutile, 
spinel and sapphire (A12O3). Sapphire is used in infra
red optical systems, windows for high power micro
wave tubes, spacers and supports in vacuum tubes, 
radiation pipes. It has strength at elevated tem
peratures, melts at 2040°C, is hard, inert, non-porous 
and can be sealed to metals and glasses. Sapphire is 
currently available in the shape of domes, windows 
up to 4Lz inches in diameter, rods and special con
figurations.

For further data write to Crystal Products De
partment ED-31, Linde Company, Division of 
Union Carbide Corporation, 30 East 42nd Street, 
New York 17, New York.
“Maser Action in Ruby,” by G. Makhov, C. Kikuchi, 

J. Lambe.and R.W.Terhune.“Physical Review,” Volume 109, 
Number 4, Page 1399, Feb. 15, 1958.

The type RD-13B Digisyn is a 13 digit, photo
electric shaft position encoder that delivers out
puts of 10 v :±10% over a temperature range of

40 to 4-165 F. It provides a signal to null or 
one to zero ratio in excess of 100 to 1 over this 
range. The unit is ruggedly built for resistance to 
shock and vibration.

Wayne-George Corp., Adcon Div., Dept. ED, 
1117 Commonwealth Ave., Boston 15, Mass.
Booth 1417

Useful in filters, oscillators, and impedance 
coupling networks, these miniature, continuously 
variable inductors have a minimum tuning range 
of ±2(Yi from nominal inductances of 0.1 to 10 
mh. High Q units suitable for use with transistors, 
they are designed primarily for printed board 
applications, although they can be mounted 
otherwise. Encased in cadmium plated brass

from either end, these inductors 
breadboard designing. They arc 
diameter and 0.64 in. high.

Aladdin Electronics, Dept. ED 
Tenn.
Booth 3938

The terms“Linde,'*“Union Carbide*'and “Plasmarc”are trade-marks of Union Carbide Corporation. T *° M**K
CIRCLE 316 ON READER-SERVICE CARD

Shaft Position 
Encoder 

Photoelectric

UNION 
CARBIDE



NEW

Portable model

For oscillographs

PATENT PENDING

Diameter

A 1010 30 table

A-1020 60 arm

96 armA-1020

ELE158

Model
No

CENTRIFUGES

transmission based on the

achieves highprinciple

curacies of a hardened steel-

CIRCLE 319 ON READER-SERVICE CARD

Booth 3220
CIRCLE 318 ON READER-SERVICE CARD

electronic counter built into the console.

the use of a

Provides 250 va continuous output

ELECTRONIC DESIGN

'■Mi* ■ RMA. LOS ANGELLS

NEW PRODUCTS AT THE IRE SHOW

GENISCO Variable Frequency Power Supply

have 10 times greater accuracy, larger centrifugal
capacity, greater flexibility, yet are priced lower than
any other centrifuges now available

These new precision centrifuges feature a unique, high-torque,
ball-disc integrator drive system. Constancy of boom rotation, includ-
ing wow and long-term drift, is better than 0.05'4 at any speed set
ting—approximately 10 times more accurate than currently available
machines. Boom speed is infinitely variable and is measured by an

Exceptional flexibility ifc'hchieved in the new centrifuges through
building block” design concept. Machines are assembled

from six basic off-the-shelf components: drive system, drive motor.
boom, test compartment, console and accessories. You simply select
components to meet your specific requirements. Component inter-
changeability permits easy modification as requirements change. Kits
are available for modification bv the customer.

2233 fE2 RA A\ f N t

PR/EF SPECIFICATIONS
Test

Test 
Object 
Weight

Capacity 
G-pounds

RPM 
Max.

GRange 
Max.

Object 
Dimen
sions

50 lbs. 
dead 

weight
2.500 800 .1 to

200 g's

100 lbs 
dead 

weight
10,000 600

.1 to
250 g's 12" cube

100 lbs. 
dead 

weight
10,000 400

.1 to
175 g's 18" cube

CIRCLE 317 ON READER-SERVICE CARD

Entirely New Drive System
An integral, variable-speed

new Rouveral ball-galaxy

torque characteristics while
maintaining the inherent ac-

to-steel ball-disc integrator.

coinnlete i>i t orma f ion todai/.

VFS 300 variable frequency
power supply provides continuous output power
ol 250 va and may be used intermittently at 300

Output frequence is continuously variable
from 45 to 2000 cps with a variable output volt
age of 0 to 140 v rins. The unit is completely
self-contained and operates with 105 to 130 v ac,
50 to 60 cps input. It has dual negative feedback
networks in the power ütiinpliher, all triode am-
plification, and dual output. It is suitable for
lesting airborne electronic systems, servo and
selsyn systems, transformers, and inductors. It
can also be used for powering choppers, vibra-
tors, and magnetic amplifiers, and for controlling
processing equipment and synchronous motors.

Itek Corp., Dept. ED. 1583 Trapelo Rd.,
Waltham 54, Mass.

Time Mark Generators

I he 5700 time mark generator scries includes
a unit tor generating oscillograph timing marks
with 10 msec to 10 sec spacing. Also in this series
arc two laboratory time and frequency standard
units with ranges of 10 sec to 100 kc and 10 see
to 1 me obtained in decades.

Electro-Pulse, Inc., Dept. ED, 11861 Teale St.,
Culver Citv, Calif.
Booth 3606, 3608
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Radar Beacong

For C band

CIRCLE 321 ON READER-SERVICE CARD

0

CORPORATION Bala Cynwyd. Pennsylvania.DECKER

CIRCLE 322 ON READER-SERVICE CARD
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Duplexer

Has reject attenuation of over 100 db

Designed for operation in the 755 to 985 me 
band, this duplexer has a reject attenuation 
greater than 100 db. Especially suited to tropo
spheric scatter applications, it enables the same 
antenna to be used simultaneously for both 
transmitting and receiving. It is made of high 
strength aluminum alloy. The transmitter and 
receiver ports are equipped with transitions 
w hich are fitted with coaxial inputs.

D. S. Kennedy & Co., Dept. ED, Cohasset. 
Mass.
Booth 2532, 2637

The type 469 high powered C band radar 
beacon is a.pulse type tracking aid for missile 
applications. The equipment includes a transis
torized power supply. It operates over a fre
quency range of 5400 to 4900 me and a tempera
ture range of —35 to +70 C.

ACF Industries, Inc., Avion Div., Dept. ED, 
11 Park Place, Paramus, N.J.
Booth 1107

Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

contact

output

Now—measure pressure, temperature, vibra
tion . . . any physical quantity you can convert 
to a change in capacitance . . . without fuss, 
muss, or bother. Decker's Delta Unit takes the 
output from the simplest A capacitance sensors 
you can devise, converts it to an analagous 
phase sensitive differential DC voltage for in
dication and recording.

The new 902-1 Delta Unit is based on Deck
er's patented T-42 Ionization Transducer. It 
provides all the advantages of the T-42 ready 
to use in a simple, compact package as versa
tile and flexible as your own imagination.

Accepting initial capacitances from I to 50 
m<F, the 902-1 provides maximum signals of 
±30 VDC. Sensitivity in the 5-20 imF initial 
capacitance range is approximately 0.2V A 
A C. Unit is provided with a single measuring 
probe and cable assembly: however, two meas
uring probes may be operated simultaneously. 
Complete information is provided in Instru
ment Data Sheet 902-1, available on request.

1



NEW PRODUCTS AT THE IRE SHOW

BROWN 
MOTORS

... for chart drives, servos, balancing circuits

Miniature 
Machine 

Screws

Molded nylon

In sizes 2-56 and 3-48, these molded nylon 
machine screws have precise mechanical dimen
sions that stand up to continual resetting. The 
units are electrically stable and do not contribute 
to drift in electronic use.

Gries Reproducer Corp., Dept. ED. 125 
Beechwood Axe.. Nexx’ Rochelle, N.Y.
Booth 4108

CIRCLE 324 ON READER-SERVICE CARD

STACK-TYPE MOTORS
These newly designed motors have 
such maintenance saving features as: 
sectional housing . . . wick-tyjx? lu
brication . . . printed circuits .. . ball 
bearings < . . shock absorbers . . . 
alignment keying rings. Any major 
part replaceable in txvo minutes.

OIL-SEALED MOTORS
These field-proven motors feature 
self-lubrication, have shock absorb
ers, are totally enclosed and oil 
sealed.

MILITARY MOTORS
These are oil-sealed-type motors 
modified to comply with MIL-M- 
17059. Housing is treated as specified 
in MIL-C-5541, and leads are furnm 
resistant as per MIL-V-17.3.

Resistance Set

Has 21 precision resistors

...All motors are available in two phase and synchronous models

SPECIFICATIONS (applicable to all motors described above) 
Two Phas* Induction Motor Synchronous

*1 6 less at 50 cycles
(Field winding 11 0 watts, balance m amplifier binding
Note Some speeds available at 25 c vt les

Nominal 
No Load 
RPM •

Goar 
Ratio

Intermittent 
Rated Load 

(oz -in.)

Maximum 
Starting 
Torque 

(oz.-in.)

Power 
(Watts) 
Loaded

Current 
(amp.) 

(Loaded

Temp 
Rise 

F

330 44:1 4 10 n.5 0.11 70
144 10:1 5 20 11.5 0.11 70

48 30:1 15 60 11.5 0.11 70

23 601 30 no 11.5 on 70

R P M ' Gear Poll-lo Continuous Power Current Temp
Ratio Torque Torque (Watts) (amps.) Rise

Minimum (OZ -IR ) Loaded Leaded F
(oz.-ln.)

180 10:1 12 12 24.0 0.21 100
180 10:1 2 2 11.5 0.11 65
90 20:1 14 12 11.5 0.11 65
60 30:1 21 18 11.5 0.11 65
30 60:1 42 36 11.5 Oil 65

Minneapolis-Honeywell. Wayne and Windrim Aves., Phila. 44. Pa.

Honeywell
HOHfvwm

Model BDR resistance set consists of 21 precise 
and stable resistors scaled in a modified binary- 
decimal sequence of 1, 2. 2. 4 by decades xvith an 
extra units digit. It permits synthesis of aux 
resistance from 0 to 100 K in 1 ohm steps. Ac
curacies and stabilities are 0.0015V of the maxi
mum value. By appropriate switching, this set. 
in combination with an appropriate external ref
erence standard, permits digital-to-analog con
version to better than 0.01%. I’nit’s dimensions 
are 5 x 4.25 x 1-13 16 in., plus 1 2 in. terminal 
extension.

Julie Research Labs., Inc., Dept. ED, 556 W 
168th St., Nexv York 32, N. Y.
Booth 3238

CIRCLE 325 ON READER-SERVICE CARD
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Power Supply

0 to 18 v, 0 to 4 amp

NATIONAL ELECTRIC REPORTS

Model SC-18-4 power supply delivers 0 to IS 
v . 6 to 4 amp. Regulation for line or load is less 
than 0.1% or 0.003 v . whichever is greater. Ripple 
is less than 1 mv, rms. Recovery time is less than 
50 psec. Stability for 8 hr is less than 0.1% or 
0.006 v, whichever is greater. Operating ambient 
temperature is 50 C, maximum. Temperature 
coefficient is less than 0.05% per C. Output im
pedance is less than 0.005 ohm. Power require
ments are 105 to 125 v. 60 to 65 cps. 400 cps 
units are available. Dimensions are 19 x 3.5 x 
13 in.

Kepco Labs Inc., Dept. ED, 131-38 Sanford 
Ave., Flushing 55, N. Y.
Booth 2636-2638
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Frequency and Deviation Meter

Has 0.0001% accuracy

PROPERTIES OF MYLAR"
“Mylar” offers a unique combi
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation.

HIGH DIELECTRIC STRENGTH: Aver
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles.

SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents.

Tapes of Du Pont MYLAR help improve building
wire performance... cut manufacturing costs

Model FM-7/DM-2 frequency and deviation 
meter generates frequencies from 20 to 1000 me 
with 0.0001% accuracy. Used as a signal source, 
it provides internal a-m modulation of 30% at 
1000 cps, and internal fm modulation variable 
to a maximum of 1 kc deviation in the funda
mental 20 to 40 me range, and to 40 kc deviation 
at 1000 me. The internal 1 me standard has a 
stability of better than O.tXlOOK. The unit in
corporates the company s DM-2 peak modulation

PROBLEM: National Electric Products 
Corp., Pittsburgh, was seeking a higher- 
quality material to replace rubber-filled 
cotton tape used in their building wire. 
At the same time, they were looking for 
ways to cut manufacturing costs.
SOLUTION: Du Pont “Mylar”* polyester 
film. And “Mylar” costs less on a square 
foot basis than rubber-filled cotton tape. 
Tests proved n tape of “Mylar” im
mersed in water for 12 hours absorbed 
less than 1 rf of its weight vs. 32 7c for

rubber-filled cotton tape. Building wire 
using 1 mil “Mylar” had 4 times the 
abrasion resistance of wire using 10 mil 
rubber-filled cotton tape.
RESULTS: Reduced wire diameter and 
weight. In manufacturing,“Mylar” per
mits additional savings because reduced 
cable diameter requires less braided 
outer covering material. The physical 
toughness of “Mylar” gives extra safety 
against damage by flexing, pinching, 
bending and abrasion. Resistance to

moisture and normal atmospheric oxi
dation is improved.
HOW CAN “MYLAR” HELP YOU? Whether 
you use heavy duty cable, motors, trans
formers or miniaturized capacitors, it 
will pay you to investigate the per
formance benefits of “Mylar”. Com
ponent makers find this tough, thin 
film often costs less on an area basis 
than present insulation, l'or detailed 
information, send in the coupon.

Visit the Du Pont Film Department Exhibit at the I. R. E. Show

IPO®
Booth #4237-4238

"MYLAR" is Du Pont's renistcred trademark 
for its brand of polyester film .

deviation meter which has full scale ranges 
15 and 7.5 kc.

Gertsch Products, Inc., Dept. ED, 3211
La Cienega Blvd., Los Angeles 16, Calif.
Booth 3701, 3703
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BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY

DU PONT

MYLAR
POLYESTER FILM

E. I. du Pont de Nemours & Co. (Inc.)
Film Dept., Room ES-3, Nemours Bldg., Wilmington 9H. Del.

Please send booklet listing properties, applications 
and types of “Mylar” polyester film available.
Application 
Nomo_____ 
Company__  
Address___ 
City______

Till*

Slat«

CIRCLE 328 ON READER-SERVICE CARD
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Electronic Products NEWS
by CARBORUNDUM

Registered Trade Mark

QUAIL” Contact Arc Suppression Problems
solved with GLOBAR silicon carbide varistors

NEW PRODUCTS at the ire show

Miniature Connectors

Have reinforced retainers

High Purity MgO 
Swaging Tubes for 

Thermotoupie Insulation

To prevent breakage, series SMI-C miniature 
precision connectors have a stainless steel rein
forcing retainer under each scrcwlocking cle
ment. These retainers remove all tonpie stresses 
from the molded bodies. Positive re-entrance of 
the male pins is assured each time by a flanged 
guide female contact and a wider countersink 
on the upper end of the contact. The* units are
designed to withstand critical environmental

N

in

B

Less publicized than its more spec
tacular cousins, the “Quail” decoy 
missile, shown above, nevertheless 
represents an important development 
of the missile art. It is designed for 
air launching from bombers such as 
the B-47 and B-52 and, once in flight, 
is under continuous radio control.The 
Quail is powered by a GE J-58 engine 
and is manufactured for the Air Force 
by McDonnell Aircraft of St. Louis.

The electronic control circuits in
volve many relays. Contact arc 
suppression and suppression of RF in

terference are achieved with GLOBAR 
silicon carbide varistors. Choice of 
these components results from their 
extreme ruggedness, small size, reli
ability and excellent performance 
characteristics — all essent: .1 in mis
sile applications.

Catalogs on types, ratings and other 
characteristics of varistors and other 
forms of silicon carbide resistors arc 
obtainable by writing to Globar Plant. 
Refractories Division, Dept EDR-39, 
The Carborundum Company. Niagara 
Falls, N. Y.

NEW HIGH TEMPERATURE RESISTORS
handle up to 25 watts at lOOOF. with no de-rating

Insulation of thermocouple wires, 
used in such equipment as gas tur
bines and nuclear reactors, involves 
str inging them through a tube of sin
tered magnesium oxide, inserting in 
a stainless steel sheath and then 
swaging.

For correct packing of the MgO 
insulation, which is crushed in the 
swaging operation, close tolerances 
apply to diameters and location of the 
holes in the swaging tubes. MgO must 
be of high purity, particularly for 
nuclear work.

These tubes are typical of the many 
examples of magnesia, alumina and 
zirconia insulating ware made by 
Carborundum and widely used in 
electronic components. For informa
tion. write Latrobe Plant. Refracto
ries Division, Dept. EDM-39, Carbo
rundum Company, Latrobe, Pa.

conditions and are available 
26. or 34 contacts. Custom 
also be supplied.

U. S. Components, Inc., 
148th St., New York 55, N.Y. 
Booth 2706

with 7, 11. 14, 20, 
configurations can

Dept. ED, 4.54 E.

CIRCLE 330 ON READER-SERVICE CARD

Limited quantities of high temper
ature resistors developed by Carbo
rundum are now available. These 
answer a definite need in many de
fense and possible commercial elec
tronic applications. They may be well 
suited to equipment where nuclear

radiation is present, since the mate
rials from which they are made have 
relatively low sensitivity to induced 
radio activity.

NEW BOOKLET AVAILABLE 
ON GLASS-TO-METAL SEALS

Watts 

0.5 
1.0 
2.0 
5.0 

10.0 
25.0

RESISTANCE
Size

li" x W
’X*" x 
IX*" x

RANGE

11/4" x X*" (i.d. 0.168") 
2 x .4125" (i d. .288 ')
4" x 1/2" (i.d. %")

Resistance Range 

0.2 - 2 K 
0.4 - 4 K 
0.8 - 8 K 
0.1 - 1.8 K 
0.2 - 2.3 K 
0.1 - 1.1 K

Terminations are suitable for spot 
welding or brazing. Fuse clip termi
nations are also offered in the larger 
sizes. Write to Globar Plant. Refrac
tories Division, Dept. EDM-39. The 
Carborundum Company, Niagara 
Falls. N. Y.

Glass-to-metal 
seals are essen
tia] in many types 
of electronic 
equipment. This 
is a complete 
catalog of types, 
specifications

and applications. For your copy, 
write Latrobe Plant, Refractories 
Division, Dept. ¿DS-39. Carborun
dum Co., Latrobe. Pa.

=£ UI
CERAMIC PARTS ANO METALLIZED ASSEMBLIES GLASSTO METAL SEALS KOVAR ALLOY CERAMIC RESISTORS

[IIIIIIIIIIIIHIIIII

VARISTORS THERMISTORS

Epoxy Glass Laminate

Self-extinguishing
Grade 11559 Textolite is a self-extinguishing 

epoxy glass laminate suited for computer and 
military printed circuits and for structural elec
trical insulation. It has a high flexural strength, 
two thirds of which it retains at 150 C, and low 
moisture absorption. Insulation resistance is over 
10 million meg at 50 C; .500,000 meg at 150 C. 
Flame-out time is about 3 sec. The material is 
available as a copper-clad or an unclad laminate. 
Both types exceed NEMA G-ll requirements, 
and the unclad also surpasses MIL-P-18177 type 
GEB specifications. The base laminate and ad
hesive system withstand the effects of concen
trated nitric acid and all conventional etching 
and plating solutions.

General Electric Co., Laminated Products 
Dept., Dept. ED. Coshocton, Ohio.
Booth 2194
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INSTRUMENTS FOR INDUSTRY, Inc.

101 New South Road, Hicksville, L. I., N.Y.

CIRCLE 334 ON READER-SERVICE CARD

They 
ment

This is the time of our annual sub 

scription renewal.

See Us 
At The 

I.R.E. Show 
Booth 2830

FORMIDABLE, INDEED, IS THE HORRENDOUS HAGFISH

Mitronics, Inc.. Dept. ED. 1290 Central A 
Hillside, N.J.
Booth 3950

A small drone, equipped with devices to make it 
appear as one or more bombers when viewed on radar 
scopes, could very well carry an atomic warhead cap
able of delivering a devastating blow to a secondary 
target. Instruments For Industry has for many years 
been actively engaged in the development and perfec
tion of many types of countermeasures for the Army, 
Navy, Marines and Air Force. All have reaped the fruits 
of I F.I s specialized engineering know-how.

ELECTRONIC DESIGN • March 4, 1959

Metallized Ceramic Diode Housings

Provide good heat dissipation

Transistorized Servo Amplifie

Provides 10 w output

Seventeen inches of devastating destruction are repre 
sented in the pictures above. Appearing to be no more 
than another small eel, this specimen can, in a matter 
of hours, eat his way through the skin of his victim 
and then proceed to devour everything except bone 
Things are not always what they appear .a theme 
common to countermeasures .
Certain types of countermeasures under development 
also might be said to have hidden teeth

Made of steatite and high alumina, these met- 
dlized ceramic diode housings offer good heat 
lissipation, good thermal and mechanical shock 
haracteristics. and low assembly temperatures.

Developed for 400 cps airborne equipment, the 
model 510-2 transistorized servo amplifier pro
vides an output of 10 w and a voltage gain of 
1000. It has an input impedance of 10 K and 
serves a motor load which requires a 35 to 40 v 
center-tap supply. The unit employs silicon tran
sistors, measures 2x2x1 in., and weighs a max
imum of 8 oz. It has a temperature range of 55 
to +100 C.

Librascope Inc.. Dept. ED, 808 Western Ave., 
Glendale 1, Calif.
Booth 1501, 1503

CIRCLE 333 ON READER-SERVICE CARD
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Pulse Code Generators
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Engineers For Advanced Projects
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40/20

115/57.5

52/26

Lia.% 
to 

3600 RPM

Phase 
Striti 

«u 25 C

is 3%. This 
tht1 unit is

Calorimeter Bridge

Covers de to 10,000 me

36/18

115/57.5

40/20

115/57.5

115/57.5

57.5

115/57 5

115/57.5

±10'

±10'

±10

±10

±10'

±10

alibrated bv means of

Interesting, varied work on designing transistor circuits and 
servo mechanisms. Contact Mr. Robert Burns, Personnel 
Manager, in confidence.
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‘These units designed for 85 C ambient but same characteristics can be designed for 125 C. fAdditional 21.4 watts for heater, the values given are independent of ambient temperature.

For pem control systems
Series 5600 complex digital pulse code genera 

tors are designed for pulse code modulation con 
trol system development. They are fully transis 
torized and feature plug-in printed wiring mod

laboratory type wattmeter.
Electro Impulse Lab, Dept. ED, 208 Rix er St 

Red Bank, N.J.
Booth 3514
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connected to one to three digital triple 
code group generators.

Electro-Pulse, Inc., Dept. ED, 11861
St., Culver City, Calif.
Booth 3606, 360S

CIRCLE 337 ON READER-SERVICE CARD

Direct reading calorimeter bridge model CB- 
16 is completely self-contained with its own cir
culating system, cooling system, and radio fre
quency dummy load. A regular power line is the 
only connection it requires. The rf poxver is read 
directly in watts on a 4-1/2 in. meter. A single 
coaxial dummy load is available to coxer the 
frequency range from de to 10,000 me and the

MOTOR
Rated VolUgu

) 1000 xv. Overall accuracy
■an be improved greatly if

tiles for flexibility. Equipment is available for 
providing from 2 to 6 digitally positioned sync 
outputs in each cycle, which may be arbitrarily

/
5333 So. Sepulveda Blvd 
Culver City, California 
Phones EXmonf 1-5742 TExas 0-1194 
TWX S. Mon 7671Z

237 North Main Street 
Hempstead, L I., New York 
Phone: IVanhoe 3-4653 
TWX Hempstead N. Y. 705

COMPLETE LINE 125° C

SERVO MOTOR TACH GENERATORS
Both Damping and Integrating types available with parameters to your requirement

Complete size range: 8, 10, 11, 15, 18 Can be designed with gear tram

54 C to j-125 C ambient temperature range

Designed to MIL E 5272

Assembled under closely controlled environmental conditions

400 CPS SERVO MOTOR-TACHOMETER GENERATORS

Other products include servos, synchros 
resolvers, motor gear trains, AC dnvx 
motors, 1)0 motors, mtui mechanism as 
semhlies, reference ami tachometer gener

MANUFACTURING CO.

yon/ Rotating Equipment Xpt

Avionic Division

Racine. Wisconsin



Transistorized Power Supply

Transient free How can you use SPRING-LOCK?
THE FASTENER WITH USES UNLIMITED

As a roller axle

A 6 to 36 v de, 15 amp transistorized power 
supply, model MTR636-15 is transient free. It is 
especially designed for testing transistorized cir
cuits where transistor failure occurs with con
ventional statically regulated supplies due to line 
and load transients. The unit has a regulation of 
±25 mv; a ripple of 5 mv rms maximum; and 
dynamic impedance of 50 milliohms maximum 
from 0 to 20 kc. Equipped with an automatic cur
rent limiting circuit, it needs no output fuses and 
operates uninterruptedly at 15 amp, even when 
there is a transistor failure.

Perkin Engineering Corp., Dept. El). 345 Kan
sas St., EI Segundo, Calif.
Booth 3709, 3711
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As a standard removable 
fastener or a blind rivet

A quarter-turn locks, un
locks. Load-carrying steel 
arms lock securely, don’t 
loosen under vibration. 
One-piece (no receptacle) 
simplifies blind fastening.

Now used on range draw
ers, kitchen cabinets, file 
cabinets, desks. Cuts in
stallation costs, saves 
time. Designed to suit. 
Available with or without 
roller.

As cup hooks
High-strength polysty
rene or chrome-plated die 
cast zinc. Inexpensive, 
sturdy and good-looking. 
Simply and quickly in
stalled with a twist of the 
wrist.

Trimming Potentiometers

Provide infinite resolution

Series 991 Micropot trimming potentiometers 
have a resistance range from 20 K to 1 meg and 
a temperature coefficient of 800 ppm. They pro
vide infinite resolution. Measuring 1-1/4 x 17/64 
x 5/16 in., the units are available with printed 
circuit, lug type, and flexible lead type terminals.

Amphenol Borg Electronics Corp., Borg 
Equipment Div., Dept. ED, 120 S. Main St., 
Janesville, Wis.
Booth 2713, 2715

CIRCLE 339 ON READER-SERVICE CARD
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As a cabinet door strike
Millions in use on kitchen 
cabinets, automatic dish
washers, etc. Standard 
strikes available from 
stock, or custom designed 
for special contour re
quirements.

As a plastic shelf support
. . . with the heart of steel 
for extra strength. Mil
lions now used by all 
major refrigerator man
ufacturers. Complete flex
ibility of head design.

What is your application for

SPRING-LOCK?
Send us your application in
quiries. Our engineers will 
answer you specifically and 
promptly. Or, write today for the 
Simmons Catalog. SPRING-LOCK 
samples are available upon 
request.

SIMMONS FASTENER CORPORATION
1763 North Broadway, Albany 1, New York

QUICK-LOCK SPRING-LOCK ROTO-LOCK LINK-LOCK DUAL-LOCK

Se® our 8-page catalog in Sweat's Product Design Filo.

CIRCLE 340 ON READER-SERVICE CARD
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See us at the I.R.E. Show 
Booths 1516 and 1518
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You name the environment

Altitude, heat, cold, explosion, vacuum ... whatever 
environment you need, there is an extensively- 
tested Tenney prototype already built that is very 
near your specifications. By adjusting the proto
type to fit your particular requirements, we can 
make delivery in a surprisingly short time. In 
operation, your Tenney chamber will reach ideal 
environmental conditions quickly, maintain them 
efficiently throughout the test run, and pro- 

i
ENGINEERING, INC. f 

1090 SPRINGFIELD ROAD, UNION, N. J
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PLANTS UNION. N J ANO BALTIMORE. MD . THERE IS A TENNEY CHAMBER TO SIMULATE ALTITUD HEAT 

COLD HUMIDITY. VACUUM EXPLOSION SAND DUST. EOG, AND MOST OTHER ENVIRONMENTAL CONDITIONS.

CIRCLE 341 ON READER-SERVICE CARD

vide accurate data for quick, simple evaluation.

Tenney, pioneer in the science of environmental 
testing, is today the world’s largest, most experi
enced creator of environmental testing equipment. 
Write today for literature describing Tenney’s com
plete line of prototype chambers, or for informa
tion on Tenney’s research and development, 
engineering consultation, and design services.

NEW PRODUCTS at the ire show

In-Line Servo System

Modular

This in-line subsystem consists of a size 10 
servo motor, a gear head containing a clutch, 
and two precision potentiometers. Composed of 
modular units, the system can be supplied with 
other motor and gear head sizes. It can also be 
furnished with any component adaptable to ro
tary operation, including resolvers, synchros, 
and tachometer generators.

Thomas A. Edison Industries, Instrument Div., 
McGraw-Edison Co., Dept. ED, 61 Alden St.. 
West Orange, N.J.
Booth 3505, 3507
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Epoxy Molding Powder

Heat distortion point exceeds 150 C

A one component epoxy molding powder, H\ 
sol 8610 offers long storage stability, low shrink
age on cure, good electrical characteristics at 
high temperatures, and good dimensional sta
bility. It cures quickly at moderate temperatures 
and has a heat distortion point exceeding 150 C. 
It can be used for coil and resistor bobbins, elec
trical component shells, relay assemblies, con
nector plugs, and switch gear.

Houghton Labs, Inc., Dept. ED, Olean, N. Y. 
Booth 4213

ELECTRONIC DESIGN • March 4, 1959
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Tubeaxial Fan

Miniature

van
8 inchBuilt to all MIL-Esource.

it can withstand ambient

765 Main Avenue, Norwalk, Conn.

167

vith the
Genera

ators, a. c. potentiometer! 
able ratio transformers.

Aircraft Range Compute

Calculates target distance

, 3 phase, 400 cps 
272 specifications,

Vernistat Adjustable Function

ELECTRONIC DESIGN • March 4, 1959

For spot cooling electronic equipment in re
stricted areas, model S2223-3 tubeaxial fan de
livers 40 cfm at 16,500 rpm and 0 in. SP. It has 
a 1-in. diameter motor and operates from a 200

temperatures of up to 125 C with a minimum 
life of 2000 hr. The unit is 2 in. long and has a 
2-1/4 in. square mounting flange.

Air-Marine Motors, Inc., Dept. ED, 369 Bay
view Ave., Amityville, N.Y.
Booth 2315
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played graphically on

Write now for full details on 
Vernistat Adjustable Function Gener-

tor. In addition, the Function Gen
erator enables nonlinear system 
characteristics to be corrected with a 
minimum of time and effort. The 
Function Generator, a variation of the 
unique Vernistat a. c. potentiometer, 
can generate mathematical or empiri
cal functions, even those with multiple 
slope reversals. The function is dis-

\Ic(haw Edison 
West Orange.
Booth 3505, 3501

Nonlinear servo s 
inputs are easily

Perkin-Elmer
See The Complete Line of Vernistat Products at the IRE Show—Booth 3812.
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panel which allows for instant visuali
zation and adjustment.

Connected to a 34-pole printed cir
cuit switch are 101 voltage levels. Any 
of the 34 poles can be connected to 
any desired voltage level to within 
0.5%. The Generator's X-axis repre
sents shaft position of an interpolat
ing Vernistat potentiometer, and the 
Y-axis represents percentage of input 
voltage.

Linear interpolation between each 
adjacent pair of the 34 selected volt-

\n aircraft panel instrument, this launch range 
computer solves triangulation problems electro
mechanical ly . It is designed to help pilots calcu
late the distance from aircraft to target and to 
aid in launching air-to-ground missiles. The unit 
contains two control transformers, a servo motor, 
a transistor-magnetic amplifier, a gear train with 
a slip clutch and pushbutton reset, and an indi
cator and indicator light. The complete package 
weighs 44 oz.

Thomas A. Edison Industries. Instrument Div.,

age levels is provided hy a Vernistat 
interpolating potentiometer. Mini
mum slope of voltage output curve is 
zero, with a 20-volt maximum 
between adjacent poles. Maximum 
output impedance is 130 or 470 ohms. 
Units are designed for operation over 
a wide range of frequencies.

* vernistat-a new design concept that unites in one compact device the best features of 

both the precision autotransformer and the multiturn potentiometer.

ngsnineon inissi

1 Vernistát*am

Since different types of pilot balloons have different rates of rise, and 
wind effects vary with each type of missile, signal inputs to the computer 
must be easily and quickly adjusted. That’s one reason why USASRDL 
engineers chose two Vernistat Adjustable Function Generators Only sec
onds are required to change from one function to anothe

Near-surface winds at a launching can easily force a missile off 
course, with the result that the missile lands outside the target 
area. To counter the effect of such surface winds, the missile 
launcher is tilted to a corrective angle. Calculating the wind effect 
and the proper angle of tilt of the launcher, however, can be 
mathematically quite complex and a time-consuming operation. 
The United States Army Signal Research and Development Labo 
ratory at Ft. Monmouth, New Jersey has developed a compact 
computer for this job. Quickly and accurately, from pilot balloon 
data, the computer calculates both wind displacement on the 
missile and the proper tilt of the launching stand.



NEW SHOCKLEY TRANSISTOR DIOD
COMBINE FAST SWITCHING WITH HIGHE OWER HANDLING

TYPE D

TYPE AO

Universal Inverters

Provide 110 v ac at 60 cps

Available in production quantifie.

at 60 cps

168

See our Exhibit 
BOOTH 2606 

IRE Show

Our engineering staff, under 
the direction of Dr. William 
Shockley, will assist in solving 
circuitry problems using 
standard transistor diodes; 
also, will develop custom units 
to meet individual specifi
cations. Write to Dept. 2-2.

frequency, 
graphs. It

ENGINEERING DATA 
AND ASSISTANCE

to 600 w, all units provide 110

current
6-chanuel

NEW PRODUCTS at the ire show
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• more directly to high 
galvanometer oscillo- 
3-stage transistor de

A combination of four inverter designs in one, 
these units are suited for operating electronic 
test equipment from de voltages in vehicles and 
de districts. They also operate ac tape recorders, 
television sets, electric drills, and many other 
devices. With output wattages ranging from 80

Equipped with a built-in power factor corrector 
using a simple toggle switch, they require no 
auxiliary power factor correction condensers. The 
units provide rf frequency interference suppres
sion, instant starting, and frequency stability.

American Television & Radio Co.. Dept. ED, 
300 E. Fourth St., St. Paul 1, Minn.
Booths 2834, 2836

CIRCLE 349 ON READER-SERVICE CARD

Galvanometer Amplifier

For use with galvanometer oscillographs

Faster switching ... 
determined by an “on” time 
constant of approximately 
0.1 /aS and an “off” time 
constant of approximately 
0.2 /aS ... coupled with 
increased power handling 
ability, are now available 
with the Shockley 4-layer 
transistor diode — a two- 
terminal, self-actuated 
silicon switch with operating 
characteristics based on the 
principles of transistor 
action.
This new device is solving 
critical solid-state circuitry 
problems in many fields, 
requiring close tolerances 

and unfailing reliability.

TYPICAL APPLICATIONS

PULSE GENERATORS
PULSE AMPLIFIERS
OSCILLATORS
RELAY ALARM CIRCUITS
RING COUNTERS
DETONATOR FIRING CIRCUITS
MAGNETRON PULSING
SONAR PULSING
TELEPHONE SWITCHING
COMPUTER CIRCUITS

Shockley Transistor Corporation
Stanford Industrial Park, Palo Alto, Calif.

A SUBSIDIARY OF UECKMAN INSTRUMENTS. INC 
CIRCLE 347 ON READER-SERVICE CARD

amplifiier with ox erload protection at both input 
and output. Voltage gain is adjustable from 0 to 1 
and output into 37 ohm is 2.4 \ at 65 ma de 
to 8 kc, limits at 2:100 ma. Output impedance 
is 2 ohms de to 10 kc. Input impedance is 47 K. 
Noise is less than 3 mv peak-to-peak and it oper
ates from 115 v • 10 v, 50 to 440 cps, 45 w.

Minneapolis-Honeywell, Boston Dix Dept. 
ED, 40 Life St.. Boston, Mass.
Booth 2202-2210
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TYPE 
NO.

Switching 
Veltage 

(Vs)

TY PE 0

4N20D 20 ± 4
4N25D 25 ± 4
4N30D 30 ± 4
4N35D 35 i 4
4N40D 40 ± 4
4N45D 45 ± 4
4N50D 50 ± 4
4N55D 55 ± 4
4N60D 60 ± 4
4N80D 80 ± 8
4N120D 120 ± 12
4N200D 200 de 20

TYP E AD
4N30AD 30 d: 4
4N40AD 40 dz 4
4N50AD 50 ± 4
4N2O0AD 200 dt 20

OTHER CHARACTERISTICS OF ALL UNITS

TYPE 0 TYPE AD

Holding Current (lid
3 ± 2; 10 dz 5; 20 ± 5 and
35 ± 10 ma.
< 1 or > 50 on special order.

15 ± 10 and 35 ± 10 ma.

Holding Voltage u h) 0.5 to 1 volt 0 5 to 1 volt

Switching Current (/„) < 200 amps. < 200 ß amps.

“On" Time Constant 0.1 ps (Circuit will deter
mine specific switching timet

0.1 ^s (Circuit will deter
mine specific switching time)

Capacitance
Generally < 100 unf. Exact 
value dependent on Vs and 
applied voltage.

Generally < 100 ßßt. Exact 
value dependent on l, and 
applied voltage

Ambient Temperature —60°C. to 100°C. —60°C. to 100°C.

Current Carrying 
Capacity

50 ma. steady d.c. or 2 amp. 
pulse current-50 ps (nr less) 
pulse duration.

300 ma. steady d.c. r 20 amp. 
pulse current-50 ß$ (or less) 
pulse duration.

Resistance
Roff • > 1 megohm 
Ron - < 1 ohms at lh + 25 ma. 

- < 2 ohms at 2 amps, 
(typical value 0.2 ohma)

Roff - > 1 megohm
Ron • < 7 ohms at /a + 25 ma. 

. < 1 ohm at 3 amps.
(typical value 0.06 on ma)



Dielectric Powder

For temperatures to 1550 F

RELAY
YOU CAN
STAKE YOUR
REPUTATION ON

WARD
grades. This material

live Bmm . E/ear/cally
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“Eccospheres” are minute glass bubbles shown 
here at X37.5 magnification. In the aggregate, 
they form a lightweight, free-flowing powder 
with good dielectric properties and a low dissi
pation factor which drops to 0.0008 in certain Ward Leonard “HR” relays are engi

neered for industrial and electronic 
applications requiring: ultra-long life, 
high speed, high reliability, compact
ness and versatility.
Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar-

every aspect of Ward Leonard bulletin “HR” relays is designed tor maximum 
reliability. . . these are components you can buy, install and then forget

mature is free-floating and self-align
ing to minimize noise level. DC solenoids 
feature exceptionally fast operation. 
Nylon armature guides minimize oper
ational friction. All AC and DC power 
plants are readily interchangeable.
2 to 8 pole “HR” relays are but one of 
five W/L lines of industrial power re
lays ... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co., 77 South 
Street, Mount Vernon, N.Y. o i 
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mulation with a closely controlled sodium to 
silica ratio. Although it is thermoplastic, its vol
ume, consistency, and electrical properties show 
little change at 1550 F. Its particle size distribu
tion ranges from about 30 to 300 microns.

Emerson & Cuming, Inc., Dept. ED, 869 
Washington St., Canton, Mass.
Booth 1923
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Hysol series 6700 single component epoxy 
compounds are ready to use without the addition 
of hardening agents. Stable at room temperature, 
the compounds meet MIL-T-27B requirements. 
Filled and unfilled systems are available with 
several degrees of flexibility and heat resistance 
to 150 C. The filled compounds are for encapsu
lation of transformers, toroidal coils, capacitors, 
and complete circuits. The unfilled are for im
pregnating transformers and coils.

Houghton Labs, Inc., Dept. ED, Olean, N. Y. 
Booth 4213
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Epoxy Compounds

Ready to use

+ LEONARD 
ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK

tigged steel bast plates

simple, fast, easy installation sp< < ds asst mhly into your 'equipment
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Coaxial Connectors

Miniature

With new PHOTACT® Polyester Films you can make

Name & Title

Company & Address
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th anv of six different termi
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scribed for easy separation into fifths. All 9-11/16
t terminal boards are

inventory — less cost — simpler operation. 
With these new films you get all these 
other advantages...
... Blacker blacks, because Photact film has 
a higher silver concentration than compar
able film.
... Durability, wrinkle-proof — you can ac
tually crumple a drawing on new Photact 
Polyester Film into a ball, smooth it out, 
and still make a perfect reproduction.
... Won't yellow with age — or from re
peated trips through the machine.

KEUFFEL A ESSER CO. ED 3' Hoboken, N. J.
Send me free samples and literature on new PHOTACT Polyester Films 

□ Contact-409 □ Direct Positive-411 □ Projection-419

... Quick drying because these films are vir
tually waterproof.
... Faster prints due to greater transparency.

... Better than original copy — reproducibles 
from old yellowed drawings drop out 
stains, creases — strengthen detail.

These exceptional new films are part of a 
complete line by K&E — specialists in re
production films, papers and cloths. See 
them now’ at your K&E dealer’s. Or send 
in the coupon below for free samples and 
literature.

Available in 3 types:
PHOTACT Polyester Film, Contact — 409
PHOTACT Polyester Film, Direct Positive —411 
PHOTACT Polyester Film, Projection — 419 
... all three with excellent drafting surface 
on both sides.
Now, for the first time, you can make pho
tographic second originals on film without 
the fuss and bother of using special, short
lived, expensive developers. With new 
Photact Polyester Films your regular 
paper developer does the job perfectly. 
Think what that means in terms of lower

ELECTRONIC DESIGN • March 4, 1959

second originals—USING ORDINARY PAPER DEVELOPER

available in three widths. 5/16 
. The first has one row of termi- 
have two. Each of the boards 
i paper-base phenolic, a cloth

Shown beside the company’s microminiature 
line, these coaxial connectors are about 3/5 the 
size and 1/3 to 1/5 the weight of the standards. 
Typical applications are miniature relays and 
accelerometers where small size and coaxial leads 
are necessary. In rf applications, vswr at 4 kmc 
is less than 1.2 to 1, and voltage rating is 600 v 
rms.

Microdot Inc., Dept. ED, 220 Pasadena Ave.. 
South Pasadena, Calif.
Booth 2101, 2103
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in. long, they are 
7/8, and 1-1/8 in

X2040, X2041, X2042. X2043, and 
are provided without mounting, 

gle mounting brackets, or with 4-40 
i doffs.

Cambridge Thermionic Corp., Dept. ED. 44.
Concord Ave., Cambridge 38, Mass.
Booth 2219
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X2O44. They 
with right-an 
threaded stai



Drilling-Layout Machine

Has micrometric accuracy

Designed to produce templates and layouts 
rapidly and accurately, the Flex-o-Drill model 
25A is a table type machine for drilling, ream
ing, center punching, and scribing. The unit has 
a capacity up to 24 x 24 x 1/4 in. and eliminates 
the necessity for base line drawings or the use of 
vernier height gages. Two adjustable steel tapes 
position the bridge and drill carriage, setting up 
the coarse part of the dimensions. The fine di- 
mensions are accomplished by micrometric gages 
on the left and right sides of the machine. These 
set to a tolerance of ±0.002 in. and make pre
cision compensations for metal thickness and 
bend allowance. They lock in place and require 
no magnifying glass or optical devices.

Wales Strippit Inc.. Dept. ED, Akron, N.Y. 
Booth 4010
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Radar System 
Tester

Portable

Portable model AN, GPM-25 aircraft radar 
tester can be used to check bombing, navigation, 
and weather radar systems. It can also be modi 
lied to test fire-control radar. The unit requires 
no physical connection with the aircraft.

General Mills, Inc., Mechanical Div., Dept. 
ED, 1620 Central Ave., Minneapolis 13, Minn. 
Booth 1900

CIRCLE 357 ON REAQER-SERVICE CARD

HIGH VOLTAGE SILICON RECTIFIERS

Peak 
Invar*« 
Voltage

Maximum Average 
Rectified Current(ma)

Maximum 
Surge Current 

Amp*

Forward Voltage at 
Specified Current at 

MOC

Inverse Current 
at Rated Voltage

50° C 150° C 25 C(Ma) 125 C(Ma)

1N560 800 500 250 5 1.3v at 250ma 10 300

IN 561 1000 500 250 5 1.3v at 250ma 10 300

1N588 1500 25 10 lOv at lOma 5 100

1N589 1500 50 25 5v at 50ma 5 100

Don’t forget to mail your renewal 
form to continue receiving ELEC
TRONIC DESIGN.

NORTH AMERICAN ELECTRONICS, INC
Massachusetts
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UTILITY, APPEARANCE, AND TO LOWER COST
Coaxial Connectors

FREE!

Sandwich Material

For heater elementsSizes.

©1957

CIRCLE 359 ON READER-SERVICE CARD
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BLIND 
RIVETS

ANCHOR 
NUTS

DOOR 
LATCHES

RETAINING 
SPRINGS

NEW PRODUCTS at the ire show

PRE-ASSEMBLED 
PAWL ADJUSTS TO 
DESIRED THICKNESS 
AND PRESSURE

QUICKLY INSTALLED 
SOUTHCO CAPTIVE 
PANEL SCREWS END 
MISALIGNMENT 
PROBLEM . . .

FAST, HAMMER- 
DRIVEN BLIND RIVETS 
CUT INSTALLATION 
TIME

applications, they 
shorting front on

Simplicity of design contributes to 
clean, distinctive appearance and fast, 
low-cost installation. Stand-off is 
slipped into panel hole and secured by 
flaring. Screw is passed through stand
off and made captive by vinyl o-ring.

Floating” screw design eliminates 
costly close tolerance manufacture and 
permits easy engagement regardless of 
panel distortion encountered under 
adverse use conditions.

M TURN ADJ. PAWL 
FASTENERS I FASTENERS

SPECIFICATIONS
Knob: Cadmium or chromium plated 

steel.
Head Styles: Protruding ribbed or knurled 

knob; flush screw driver 
slotted for large size only.

outer connector sockets provide closed entry.
Bumdy Corp., Omaton Div., Dept. ED, Nor 

walk, Conn.
Booth 3107, 3109

CIRCLE 360 ON READER-SERVICE CARD

constructed with a non- 
eceptacle side. Inner and

Send for your free copy of 
Handbook No. 9, just released. 
Gives complete data for de
signers on these and many other 
specialty fasteners. 48 pages, in 
two colors.

Write on your letterhead 
to Southco Division, South 
Chester Corporation, 235 
Industrial Highway, Lester,

Model ME7X-1 coaxial connectors are crimp 
type units suitable for use in missile ground con
trol systems, business machines, and general rf 
circuit applications in electronic equipment. De
signed to withstand shock and vibration per 
MIL-STD-202A and humidity per MIL-C-5015C. 
they operate from —55 to q-120 C. They also 
meet the requirements of MIL-C-8384A, MIL-T- 
7928C, and MIL-S-2160B. Qualifying for 1000 v 
between contacts, these units can be used at un
limited altitudes with proper derating of voltage 
breakdown values. Suitable for shielded cable

Made of glass cloth coated on one side with 
an unvulcanized silicone rubber, PSR 2700 is 
available in widths up to 36 in. It lends itself 
readily as an overlay material for electrical heat
ing elements and can be bonded to itself when 
subjected to heat and pressure, either rubber to 
rubber side, or rubber to glass cloth. The unvul
canized rubber is soft and will flow easily during 
the bonding procedure, completely enveloping 
the heating element. Chemically inert, the mate
rial will resist ozone, corrosive chemicals, mois
ture, and most acids.

Permacel, Dept. ED, New Brunswick, N J. 
Booth 4227

CIRCLE 361 ON READER-SERVICE CARD
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Fastener

Handbook

This neat, compact Southco panel and 
door fastener is supplied assembled, re
quires but two rivets or bolts for low cost 
installation. It is available in three mod
els—large, intermediate and midget

The unique feature of Southco Pawl 
Fasteners is the fact that, by merely 
turning the knob, the pawl is adjusted 
to a wide range of frame thicknesses. 
This assures a tight grip without pre
cision setting regardless of variations 
tn frame or door dimensions or changes 
that are produced by wear or warping 
of sheets.

Pressure exerted by the pawl on the 
frame is controlled in the same way, by 
merely turning the knob. Against 
gasketed frames, pressure can be easily 
applied to compress the gasket.

SPECIFICATIONS
Material: Screw is brass, chrome plated 

can be supplied in stainless steel 
O-ring is vinyl plastic.
Overall length of screw: ihe" 
Depth of screw head: 14 "

«GLLlZZAJUI 

RETAINING
SCREW STAND-OFF KINO

You "hit-the-pin” and the rivet’s in. 
No special tools to limit production or 
require maintenance, no bucking, no 
finishing. For blind or open applica
tions, Southco Drive Rivets save time, 
reduce costs.

Automatic pull-up” action assures 
uniform, tight grip.

Southco Rivets are madeof aluminum 
or cadmium plated steel with cadmium 
plated or stainless steel pins. Diameters 
are from 14" to 14", grip range is from 
he" to H".

Increased widespread use is due to 
low installed cost and elimination of 
down time and maintenance associated 
with fasteners requiring special tools.

SCREW HUD DIAMETER THREAD SIZE

%" W-20
%*" ’4-20, 12-24

10-24,10-32

Screw head is supplied plain, a,* 
shown, or slotted for screw driver

URGE INTERMEDIATE MIDGET

Knob diameter
Total width 2K" iy4" 1 '4 "
Total height H*
Back of panel

depth %"
Knob length 1’4" %"



W-07

Motor

R-03

With the development of these two new power ferrites, it is now 
possible for you to gain the advantages of high-efficiency opera
tion at the lower frequencies. These new ferrites are available 
in a wide range of shapes and sizes. A-B engineers will be glad to 
assist you in the application of these new ferrites.

Allen-Bradley Co., 222 W. Greenfield Ave. 
Milwaukee 4, Wis.

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

HF Fluorescent Lighting 
Ballast

Transistor DC Power 
Supply Transformer

' DC-DC
Power Supply

WNEW POWER FERRITE with maximum flux density
* • in excess of 5000 gauss — Here’s an A-B ferrite 

that opens new fields for the use of ferrites in continuous 
power applications at frequencies between 400 and 15,000 
cps—where even special laminated iron alloys are imprac
tical. And its lower material costs bring tremendous savings 
in high-frequency fluorescent lighting ballasts, power trans
formers, motors, and high-frequency converters.

RNEW POWER FERRITE has rectangular hysteresis loop
“ “ —The many unique properties of this R-03 fer

rite offer unusual opportunities for designing intermediate 
frequency magnetic amplifiers, static switching devices, 
transistorized inverters, and power supplies. At operation 
above 500 cps, the cost and weight of this new ferrite is less 
than one half that of square loop, metallic tape wound 
cores . . . and core losses are much less. In addition, the ex
treme squareness of the hysteresis loop minimizes transient 
spikes which can damage transistors.

ALLEN-BRADLEY
Power Ferrites for 
Audio Frequencies (400 to 15,000 cps)



Nevi Allen-Bradley Power Ferrites 
Open New Design Horizons
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-------- Magnetizing Force (Oersted) ---------------->

W-07 MAGNETIZATION CURVES show the extremely 
high flux density available. Also, it reveals that the 
maximum flux density does not decrease appreci
ably in increasing temperature. Technical Bulletin 
5655 has complete specifications—send for your copy.

------------------- Magnetizing Force (Oersted) ----------------►

R-03 HYSTERESIS LOOPS show the high flux density 
provided with low levels of drive. The reduction in 
area with temperature shows that the loss per cycle 
is less at higher temperatures. For complete specifi
cations, write for Technical Bulletin 5658.

TABLE OF MAGNETIC PROPERTIES (TOROIDAL)TABLE OF MAGNETIC PROPERTIES (TOROIDAL)

Property Symbol Unit
Nominal 

Value
Test 

Current

Sat. Flux Density 
@ 10 Oersted Bs Gauss 5,200 1.5 Keps

Residual Mag. Br Gauss 1,000 1.5 Keps

Coercive Force Hc Oersted .24 1.5 Keps

j Initial Permeability "O — 1,300 1.5 Keps

Maximum Permeability Mmax — 4,000 1.5 Keps

Curie Point CP + °c 280 —

1-59-E

Property Symbol Unit
Nominal 

Value
Test 

Current

Sat. Flux Density 
0 10 Oersted

Bs Gauss 3,900 D.C.

Residual Mag. Br Gauss 3,360 D.C.

Coercive Force Hc Oersted .37 D.C.

Initial Permeability ^0 — 325 1.5 Keps

Maximum Permeability Mmax — 3,500 1.5 Keps

Maximum Differential
Permeability

"d - 40,000 D.C.

Switching Time 
| &2.5HC *s Msec 2.9 —

Curie Point _______ CP + °c 315

Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
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Laminate

Flame-retardant
A paper-based laminate with a flame-retardant 

resin binder, Grade FR-2 laminate is suited for 
use in printed circuits, computer components, 
television transformer parts, or arc barriers. It is 
self-extinguishing and arc resistant and has good 
electrical and mechanical characteristics. Suitable 
for use over wide humidity ranges, it features 
low cold flow and low moisture absorption. It is 
furnished either plain or copper-clad, with cop
per cladding on one or both sides.

Synthane Corp., Dept. ED. Oaks, Pa.
Booth 4503-4505
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MISSILE- 
PROVED 

RELIABILITY

4.95' L x 3.58' W 
x 1.69' H

INCREASED
SIGNAL
POWER

F ONLY 1 
+ SIX MICROVOLT 
INPUT DRIFT OVER 

AN EIGHT HOUR 
PERIOU

SIZE
2 15/16 " x 6 15/16

AC Differential 
Voltmeter

For 0.7 mv to 300 v 
differential 
measurements

Differential vtvm model MV-212C is designed
for ac differential voltage measurements from 
0.7 mv to 300 v in the frequency range from 20 
cps to 500 kc. Dual range attenuators are pro
vided. They are easily balanced by a common 
mode rejection control for common mode rejec
tion ratios up to 100 to 1. The accuracy of the 
instrument is 3%. Conversion to a single input ac 
voltmeter is accomplished by shorting one input 
terminal, and an amplifier output permits simul
taneous measurement and monitoring by an 
oscilloscope. Input impedance for each input is 
500 K shunted by 20 puf. The portable unit is 
13 x 7 x 9 in. A 7 x 19 x 9 in. rack mounted model 
is also available.

Millivac Instruments, Div. of Cohu Electronics, 
inc., Dept. ED, P.O. Box 997, Schenectady, N.Y. 
Booth 3409, 3411
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in the 215 me 
to 245 me 

telemetering band

The Model REL-09-HF is a 
ruggedized miniature R-F power 
amplifier. With a solid history 
of reliability in current missile 
systems, the unit has proved 
capable of withstanding the 

most rigorous airborne applications. 
The 5-inch, 1-pound amplifier 

delivers an 11-watt output to a 
52-ohm load with a 1.4-watt 

input drive.

For full specs, write for

Data File ED-504-2 »

The REL-09 
functioned smoothly 

as a part of the Vanguard 
satellite successfully 
launched into orbit.

Don’t forget to mail your renewal 
form to continue receiving 
ELECTRONIC DESIGN.

Visit KHEEM at 
the IRE Show: 

Booths 3917 * 3 919 

in the 215 me 
to 260 me 

telemetering band

The Model REL-10 R-F Power 
Amplifier is a high-output unit 
for airborne applications. With 
power outputs from 10 to 100 

watts, it dramatically increases 
the range of missile and aircraft 
telemetering systems... teams up 

with presently available FM 
transmitters...meets missile 
environmental requirements.

For full specs, irríte for 
Data File ED-500-3

' The REL-10 functioned perfectly /

during 1,760 mile ride on 
Thor missile, on 75,000 
mile journey into space 

in U. S. Lunar Probe, 
and in orbit as part 
of the Atlas Project

. Score satellite. / 

high input 
impedance with 

extremely low drift
The Model REL-120 is a 
completely transistorized, 

direct-coupled, instrumentation 
d-c amplifier featuring:

(1) long life resulting from the 
use of such passive elements 

as transistors and diodes;
(2) low heat generation from 

an average required input power 
of only 10 watts; and

(3) a self-contained power 
supply that works directly 

from either 00 or 100 cycles.
Write for Data File ED-501-3 / 

> RHEEM MANUFACTURING COMPANY / 
» Defense and Technical / 
' Products Division ‘
\ 11711 Woodruff Ave. /
\ Downey, Calif. I

/ 
/ 

/ 
/
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THE RAW MATERIALS OF PROGRESSCHEMICALS

scale indicating meter and

separated for

USING FLUOROCHEMICALS, TRANSFORMER

ANUFACTURING COMPANY

Measures dc current 
from 10 upa to 

10 amp

panel and a 
is equippedmirror 

with a n chopper. The power supply is 
improved maintenance and better

Micromicro 
ammeter

Our age of miniaturization drops a challenge to the makers 
of electrical components—size and weight must go down. 
By using a 3M fluorochemical inert fluid, FC 75, as a 
dielectric coolant, the Raytheon Manufacturing Company 
has developed a transformer of improved electrical per
formance-reduced in volume by 75% and by 50% in 
weight. The miniaturized transformer is shown above, 
dwarfed by its old-fashioned counterpart. The reason? FC 
75 permits the use of a much smaller transformer core and 
coils. And it reduces the space needed for insulation.

Digital Logic 
Components

For computer 
development

Computers and data handling systems can be 
constructed simply and at low cost with the 
Logic Unit Board. This component contains 24 
logic units which can be used singly or in pairs 
to form almost any circuit required in a digital 
computer. The boards, about 18-3/4 x 6-3/8 x

It has high dielectric strength, high heat transfer capability, 
is self-healing. It has wide liquid range with a pour point 
of — 148°F and low viscosity. It is thermally stable in 
excess of 800°F. As an evaporative coolant it is all these: 
nonexplosive, nonflammable, nontoxic, odorless, non
corrosive. Check the other properties at the right—then 
investigate FC 75, as well as the other 3M Chemicals mad< 
for the electronics industry: KEL-FR Molding Powders 
KEL-F® Dispersions, KEL-F® Elastomers, Cardolite N( 
513, KEL-FR Oils, Waxes and Greases, Acids and Alkanes

CIRCLE 367 ON READER-SERVICE CARD ■
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shielding. A rack mounted version, the RM- 
11D, is also available.

Millivac Instruments, Div. of Cohn Electronics. 
Inc., Dept. ED. P.O. Box 997, Schenectady, N.Y. 
Booth 3409, 3411

CIRCLE 368 ON READER-SERVICE CARD

Capable of dc current measurements from 10 
ppa to 10 amp, the MV-11D micromicroammeter 
has 23 ranges and 23 calibration controls for ac
curate range adjustment. All ranges arc left zero 
and no biasing to a mid-zero is required. Only 
one range selector switch is used. Polarity in
dication is controlled by a plus-minus switch, 
eliminating lead changing. An amplifier output 
provides 2.5 v at 0.5 ma for full scale deflection 
of any range. The 25 lb unit is portable and meas-

3M
COMPANY



3/4 in., are printed circuits on a glass epoxy base. 
Electronic parts and taper pin input and output 
terminals are soldered directly to the printed cir
cuits, and connections between logic units are 
made with short jumper wires. Taper pins are 
used for patching, and soldering is not required. 
Thus, extensive changes in logic can be accom
plished with ease. Plastic masks over the front 
and back of the board obscure all parts except 
the patching terminals and indicator lights. Pa
per duplicates of the masks can be used to de
velop the entire logic of a computer, enabling 
unskilled personnel to assemble the machine. 
The logic units require an input pulse of -J-7.6 v 
with 5 psec positive duration and 3 psec zero du
ration, thereby providing an operating frequency 
of 100 kc.

General MiUs, Inc., Mechanical Div., Dept. 
ED, 1620 Central Ave., Minneapolis 13, Minn. 
Booth 1900.
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3M FLUOROCHEMICAL FC 75 pours at 
— 148°F. It has a wide liquid range of 
— 148°F to 212°F at atmospheric pres
sure, with low viscosity. In addition, it 
offers these useful properties: high di
electric strength of 37KV;self-healing, 
maintaining dielectric strength after 
repeated high voltage arcing. Com
patible with most materials used in 
high temperature equipment. Ther
mally stable in excess of 800°F, it pre
vents development of hot spots in 
equipment. Prevents sludge formation 
due to hydrolysis or oxidation.

For PURE POWER
THE CURTISS-WRIGHT 

DISTORTION ELIMINATING 

VOLTAGE REGULATOR

60 CPS
DEVR

400 CPS 

DEVR

Digital Magnetic 
Tape Handler

High speed

DWARFED 75%

For free literature write on your 
company letterhead, specifying prod
uct interest, to 
3M Chemical 
Division, Dept.
WO-39, St. Paul
6, Minnesota. “1Z3

3M CHEMICAL DIVISION, MANUFACTURERS OF: 
Acids • Resins • Elastomers • Plastics 

• Oils, Waxes and Greases • Dispersion 

Coatings • Functional Fluorochemicals 

• Inert Liquids and Surfactants.

Completely transistorized, model 908 is a 
digital magnetic tape transport with wide pro
gram capability and character transfer rates up 
to 45 kc on 1/2 in. tape, 90 kc on 1 in. tape. The 
reel servo drives impose no limitation on block 
feed cycles with 10-1/2 in. reels of 1 in. tape at 
150 ips. The unit is equipped with a folding 
vacuum tank slack loop system which accommo
dates a total of 160 in. of tape for each reel. This, 
combined with 200 w mechanical output brush
less, ac servo motors, affords a high safety margin 
in the servo system. A channel type tape guide 
system controls the tape path over the read-write 
head with a precision that permits high pulse 
packing density. Forward and reverse capstans 
are independently driven, allowing selection of 
different speeds in two directions without motor 
acceleration delays.

Potter Instrument Co., Inc., Dept. ED, Sunny
side Blvd., Plainview, N.Y.
Booth 1912-1914
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Solve two important problems—regulate voltage and eliminate 
distortion—with the Curtiss-Wright DEVR. In both 60 and 400 
cycle use, the DEVR corrects deviations up to ±20% from the 
pure sine wave.

By furnishing 1.4 KVA distortion-free ± 1% electronically 
regulated power and, simultaneously, 4 KVA of ± 1% electro- 
magnetically regulated power, the DEVR provides the cure for 
the obstacles that line fluctuations and distortion present.

Remember that the DEVR is a vital tool on the production 
line as well as in the laboratory. Use it in conjunction with 
missile systems, servos and computers, transformer or mag
netic amplifier measurement.
For more information on the DEVR writ« to the address below.

ELECTRONIC INSTRUMENTS DEPARTMENT

ELECTRONICS DIVISION 

B CURTISS-WRIGHT
CORPORATION • C A RLSTA DT. N. J.

Advanced engineering In the service of Industry

CIRCLE 371 ON READER-SERVICE CARD
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Rack and Panel Connector

Has 100 positions

COUCH... TYPE

RUGGED ROTARY RELAYS
IMPORTANT 

SPECIFICATIONS

Contacts: 4PDT (4 form C) 
Size: 1%" D x 1)4" H

Weight: 3.2 oz.
Pull-in power: % watt

Ambient Temperature:
—65®C to + 125°C 

Vibration Resistance:
20G, 5 to 2000 cps

Shock Resistance: 
75G operating 
200G non-operating

You can count on Couch relays 
to measure up whenever the 
ultimate in reliability is de
manded under severe environ
mental conditions. A unique, 
patented, rotary armature de
sign, and exacting quality con
trol procedures are but two of 
many reasons why the Couch 
family of relays meets or ex
ceeds the requirements of MIL- 
R-5757, MIL-R-6106, and MIL- 
R-25018.

This light, compact, 100 position rack and 
panel connector is designed for use in airborne 
computers. In application, one half of the unit 
mounts on the end of the rack drawer which con
tains the computer electronic circuitry, while the 
second half mounts to the fixed panel and thereby 
connects the electronic circuits to feeder cables 
attached to the rear of the panel. The units have 
gold plated crimp-on, snap-in pin and socket 
contacts which are supplied separately from the 
plug and receptacle. These are crimped onto the 
customer’s wiring by any of several tools and then 
inserted into the plug or receptacle by hand. An 
effective environmental seal is built into the con
nector through the use of rubber peripheral and 
face seals in the mating area of the plug and re
ceptacle and through individual rubber grom
mets inserted into the rear of either pin or socket 
cavities. Use of individual grommets for rear 
sealing permits repositioning of any pin or 
socket without affecting the seal of the remainder 
of the contacts. The pins and sockets will crimp 
to one 20, one 22, or 24 AWG wire size.

AMP, Inc., Dept. ED, Harrisburg, Pa.
Booth 2234-2238

CIRCLE 373 ON READER-SERVICE CARD

A subsidiary of S. H. Couch, Inc.

3 Arlington Street North Quincy, Mass.

CIRCLE 372 ON BEADER-SERVICE CARD

Write for our new catalog on the full Couch 
line of rugged rotary relayt.

ORDNANCE INC.

Magnetostrictive 
Ferrite

Activates ultrasonic power 
transducers

A ceramic activating element for ultrasonic 
power transducers, this magnetostrictive ferrite

CIRCLE 362 ON READER-SERVICE CARD
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TUBE PROBLEM
An amplifier 
manufacturer was 
plagued by noise, 
microphonics and hum 
that developed in the 
high gain stages of his 
amplifiers. Sonotone

has a high electroacoustic efficiency. It can gen
erate useful cavitation over long periods with a 
minimum of self-cavitation and maintain high 
piezomagnetic activity in ambient temperatures 
up to 400 C. The ferrite is particularly suited 
for electroacoustic power transducers used in 
ultrasonic reciprocating drills, emulsifiers, ultra
sonic cleaning equipment, and applications in
volving nonconductive and conductive detergent 
or solvent systems. For frequencies from 20 to 
40 kc, it is available in square tube and I-bar 
shapes.

Ferroxcube Corporation of America, Dept. ED, 
Saugerties, N.Y.
Booth 2530
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engineers were 
consulted on the 
problem.

Temperature Test Chamber

— 100 to 4-300 F range

SONOTONE
SOLVES IT:
Sonotone engineers 
discovered that they 
could correct all three 
complaints by 
redesigning just one 
tube.

RESULTS:
The heater element 
was changed to a coil 
heater, eliminating 
the hum. And rigid 
controls on the mount 
structure and 
processing reduced 
microphonics and 
noise. This resulted in 
the Sonotone reliable 
type 7025. It’s now 
available for initial 
equipment and 
replacement purposes.

Temperature testing chamber model FB-30-5-5 
has a 40 x 38 x 36 in. interior and a standard 
range of —100 to 4-300 F. Optional ranges ex
tend to 4-500 F. The chamber incorporates a 24 
x 24 in. viewing window; a patented cascade sys
tem; adjustable input controls for heating and 
cooling; and an interlocking disconnect switch. 
All plant facilities connections terminate exter
nally on the chamber. The unit provides heat 
dissipation up to 2 kw at — 70 F and attains a 
temperature of —100 F in less than an hour. 
Control within 2 F of set point is standard. In
struments are optional to customer specifications.

Conrad, Inc., Dept. ED, 141 Jefferson St.. Hol
land, Mich.
Booth 1424-1426
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Let Sonotone help 
solve your tube 
problem, too.

Sonatone.!
Electronic Applications Division, Dept. TGG-391

ELMSFORD. NEW YORK
Leading makers of fine ceramic cartridges, speakers, micro
phones. tape heads, electron tubes.

In Canada, contact Atlas Radio Corp., Ltd., Toronto

DC Ratiometers

Have automatic print out

Equipped with automatic print out, these tran
sistorized de ratiometers consist of a universal 
power module, a four or five digit switch module, 
and a printer control module. They adjust to one
digit gain for any applied reference voltage 
within their specifications, and have front panel 
reading-hold-control and power on-off standby 
switches. The four-digit model, DRC 401, has a 
range of 0 to 0.9999 v and ±1 digit accuracy. 
External reference voltage is 1 to 100 v, nominal. 
Five-digit model DRC 501 has a range of 0 to 
0.99999 and an accuracy of ±0.01% and 1 digit. 
External reference voltage is 10 to 200 v, nom
inal.

Electro Instruments, Inc., Dept. ED, 3540 Aero 
Court, San Diego 11, Calif.
Booth 3616
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n° b«

polarized magne«» latching

_le or d°

SO mw.

for

Siamo Series 32 Reloy

. . . and it’s

NOW AVAILABLE ACTUAL SIZE

. hco^

Sigma Series 32 DPDT polarized mag
netic latching relays are now in full 
production and for sale actual size. Your 
incoming inspection dept, no longer need 
maintain postage stamps, paper clips, 
coins, matchbooks, loupes, grapes and 
other popular size standards; Sigma 
manufacturing tolerances and an elec
tronic sanforizing process hold max. ' 32 
dimensions to 0.800° x 0.400° x 0.900° 
high (including wiring diagram printed 
on side). You can even measure a 32 
today and come back a week later and 
it will still be the same size. That’s uni
formity you can work with!

Now that the problem of dimensional 
parameters has been conquered with 
characteristic Sigma efficiency, other 
32' facts of general interest deserve 

mention. If you’re looking for vibration 
immunity, a "32° probably has more in 
its favor than any other presently avail
able relay of this type (if we’ve correctly 
gauged the rest of the field). Associated 
shock tests show that the contacts won’t 
open, with the relay energized or de
energized, under 100 g wallops. Operate

timeof the°32°is2to 20 milliseconds, de
pending on overdrive, and max. contact 
bounce is 300 microseconds. Standard 
operating sensitivities are 50 mw. for a 
single-coil relay, 100 mw. for each coil 
of a dual-coil relay.

Choice of either single or dual coil ver
sions gives you some freedom in circuit 
hook-up: where the single-coil type 
must have a signal of both the correct 
polarity and magnitude to cause arma
ture transfer from one fixed position to 
the other, a dual-coil 32 can be made 
to trip simply by changing the power 
level (assuming the presence of a refer
ence bias and that you’ve got the 4" 
and — on the right pins).

Production of the Series 32 is now going 
full blast and they’re all coming through 
with a circuit diagram instead of Merry 
Christmas “ printed on the side. Goodly 
quantities are deliverable right now and 
nothing would please us more. If you’re 
still not clear on the size reference 
problem, write for the 32° bulletin.

it’s bigger than both of us —we’ll be there at booth 2631 -33.

SIGMA
SIGMA INSTRUMENTS, INC.

91 Pearl St., So. Braintree 85, Mass.
AN AFFIUATC OF TH« FISHKR-FieRC« CO.
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display storage tube, modelA direct-view 5-in.

CORPORATIONMETALS & CONTROLS
General Plate Division 703 Forest St., Attleboro, Mass,

ELECTRONIC DESIGN • March 4. 1959

Among the many advantages in using General 
Plate Clad Contact Materials are better electrical 
performance, longer operating life and lower fab
ricating costs.

Single and double inlay, overlay and toplay 
make it possible to manufacture complete contact 
assemblies to close tolerances by single blanking 
and forming operations. Compare this to multiple 
operations whereby the contacts and supporting 
members are fabricated separately and then as
sembled by brazing, welding or staking methods 
and you readily see the savings in production 
costs alone.

But that’s not all . . . here at General Plate we 
specialize in supplying you with complete fab
ricated clad contact assemblies ready for installa
tion. They will save you money, time and trouble 
. . . problems of precious metal inventory and 
scrap disposal are eliminated.

Why not find out how you can cut costs, in
crease performance with General Plate Clad Con
tact Materials and fabricated assemblies. Write:

You Can Profit By Using General Plate 
Clad Contact Materials

Use General Plate Clad 
Contact Materials

Typical example of how General Plate 
Clad single and double inlay reduces 
fabrication and assembly costs by simple 
one-step stamping.

FIELD OFFICE*. NEW YORK • CHICAGO • DETROIT • INDIANAPOLIS • MILWAUKEE • PASADENA 
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7315 has a space-saving envelope, no external 
high voltage lead, and relatively slow writing 
speed. All connections to the tube are made 
via standard envelope caps or the conventional 
type diheptal base. The unit has two guns, a 
writing gun with electrostatic deflection and 
focus, and a viewing gun. Its performance when 
operated with 10 kv on the screen is character
ized by a 3.8 in. diameter display with a bright
ness of 2750 ft-L and good half-tone resolution. 
The unit is suited for long range radar display, 
transmission of data including half-tones, and 
visual communications requiring narrow band 
width transmission over telephone lines.

Radio Corporation of America, Electron Tube 
Div., Dept. ED, Harrison, N.J.
Booth 1602, 1707
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5-lnch Display 
Storage Tube

Has space saving 
envelope

Analog and Operations Recorder

Meets MIL-E-4158, MIL-E-4970 Specifications

Built to MIL-E-4158 and MIL-E-4970 speci- 
fications, this recorder permits simultaneous re
cordings of two types: analog recording of the 
de to 1(X) cps range with wide amplitude and 
writing speeds; and on-off go no-go, and se
quential operations recording on 10 separate 
channels. The unit provides instantaneous loca! 
or remote selection of eight chart speeds and a 
sequence response of up to 500 signal changes 
per sec. It can be used to measure voltage output 
of an aircraft generator while loads are being 
switched on and off, or to measure missile vibra 
tions in equipment under test while loads an 
added and removed. Power requirements ar» 
120 v, 60 cps, and 185 w; dimensions are 19 x 
12-7/32 x 18-3/4 in.; and weight is 78 lb.

Brush Instruments, Div. of Clevite Corp 
Dept. ED, 37th and Perkins, Cleveland 14, Ohi< 
Booth 2616-2626
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How to Cut 
Contact Costs 
Maintain High 
Performance
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New
Dymec Voltage-to-Frequency Converter

Ceramic Foams

CONDENSED SPECIFICATIONS

pation factor below 0.003 and

See us at I.R.E. Booth 3019*3020
CIRCLE 383 ON READER-SERVICE CARD

< DIRECT VOLTAGE TO 
FREQUENCY CONVERSION!

iw-x.

10.000 
CPS

10,000 
CPS

Multiple input ranges, either polarity 
Inherent noise-averaging characteristics 
Output frequency 0 cps to 10 KC 
1 megohm input impedance 
0.1% accuracy
Easily used in remote and automatic 
programming applications

Clamp

For waveguides

(formerly Dynac, Inc.)
5168E Page Mill Road • Palo Alto, Calif., U.S.A 

DAvenport 6-1755

Field representatives in all principal areas

LECTRONIC DESIGN • March 4, 1959

** W M-*» * 
»»•»

The TQ64001 Quick Clamp is designed to pro
ide positive lock for the operation of wave- 
;uides with up to 60 psig internal gas pressure

mounts on UG-40A/U
UG-40/U, or equivalent choke flanges, and can 
also be used with UG-39/U or equivalent cover 
flanges. It may be placed so that the handle lies 
parallel to either the narrow or wide side of a 
waveguide with adequate clearance for rigid or 
ilexible types. This eliminates interference be
tween handle and waveguide if mounting is ad
jacent to a sharp E-plane or H-plane bend and 
also reduces the likelihood of interference with 
surrounding objects. Supplied fully assembled, 
the clamp is secured by two screws. Mating 
flanges are held in alignment by two dowel pins 
which arc supplied with the clamp. The threaded 
dowels lock in place and are designed to prevent 
clamping of improperly aligned flanges.

Technicraft Labs, Inc.. Dept. ED, Thomaston- 
Waterbury Rd., Thomaston, Conn.
Booth 3021
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Can be used above 1000 F

Eccofoam LM-43A and Eccofoam WC-8 arc 
light weight materials that can be used above 
1000 F, maintaining a high flexural strength at 
this temperature. LM-43A has a dissipation fac
tor below 0:001 and is supplied at dielectric con
stants of 1.3, 1.4, 1.5, and 1.6. WC-8 has a dissi-

Input Voltage Ranges: 0 to 1, 10, 100 and 1,000 v de, manual selection

Input Impedance: 1 megohm, 200 shunt, all ranges

Input Polarity: Positive or negative Polarity automatically sensed.

Output Frequency: Zero to 10 000 cps.

Accuracy Within 0.1% full scale.

Calibration: Against internal mercury cell oi external voltage standard.

Power: 115 v ± 10%, 60 cps, 35 watts.

Dimensions: Cabinet model, 7y/J wide, 11’//’ h>gh, IO'/«" deep Rack mount 
model, 19 wide, V/i" high, 103/x deep.

Price: $650 00 ¡Rack) $660.00 (Cab.net).
Data sub/ect to change- without notice Prices f.o.b. factory.

dielectric constants of 1.7, 1.8, 1.9, 2, 2.5, 3, 4, 
and 5. The LM-43A materials weigh less than 20 
lb per cu ft, and the WC-8 weigh from 20 to 70 
lb per cu ft, depending upon the dielectric con
tant. These foams, fabricated readily with 
tandard tools, are used in antennas, radomes, 
md lenses. They are also used as dielectrics in 
nicrowave systems.

Emerson & Cuming, Inc., Dept. ED, 869 
Washington St., Canton, Mass.
looth 1923
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Here is a compact new instrument which embodies a truh 
unique approach to the analog-to-digital conversion 
problem. You can now make accurate, dependable voltage 
measurements with your standard electronic counter, 
viewing results in direct, digital form on the counter. The 
instrument and its associated counter also serve as an 
electronic integrator permitting direct measurement of 
the time integral of de voltages and other variables without 
time-consuming manual data reduction and analysis. 
These characteristics make the DY-2210 an ideal basic 
component for data handling systems.
The new DY-2210 converter generates output pulses at a 
rate proportional to the de signal voltage. This renders 
the instrument virtually insensitive to noise, and makes 
possible average measurements of pulsating voltages and 
currents. The voltage measuring interval is determined by 
the associated counter. Either positive or negative voltages 
can be measured without reversing leads or switching. 
Immediate shipment from stock. For complete details or 
demonstration see your Dymec representative or write 
direct for information.

••••» input 

rx. ©

1.0 0

DC INPUT, VOLTS

NOW!

Use your electronic counter as an accurate digital 
voltmeter and integrator

Cab.net


ENGINEERS

Why engineering staff turnover

at General Electric’s

Heavy Military Electronics Dept

is less than 31/2%

A Success Story of 
Particular Interest

To The Engineer 

Capeble of More 

Creative Productivity

There are many reasons for Heavy 
Military’s remarkable turnover 
record. We believe that the pre
ponderant factor is Heavy Mili
tary’s policy of advancement based 
solely on individual contributions. 
Where a man goes —how fast 
he goes—is not determined by arti
ficial standards: degrees, “salary

norms,” age, seniority. Recognition and renumeration, under our 
Salary Administration Plan, increase directly with accomplishment. 
And there are two parallel paths of advancement : as specialist consult
ant — or as manager-supervisor, with equal compensation and status.

The result? Professional achievements that have steadily enlarged 
Heavy Military’s responsibilities. This has meant a 5-fold growth 
of the professional staff; a 4-fold increase in number of engineering 
management and supervisory positions in just 4 years.

Does this environment of vigorous accomplishment appeal to you?

If so, look into Heavy Military’s openings on long-range projects in 
all the areas listed to the right:

Radiometry
3-D Radar Systems
Ultra-Range Radars
Data Processing
Sophisticated Display
Digital Detector Trackers
Integrated Air-Defense Environments
Air-Space Management Systems
Unconventional Communications Systems
Synchronous and Scatter Systems
Secure Communications
High-Speed Data Links
Space Communications
Advanced Sonar Systems
Long-Range Search Sonar
Doppler Sonar
Secure Underwater Communications
Mine Warfare Sonar

Your confidential resume will receive careful attention.
Write to: Mr. George B. Callender, Div.76-SMI

HEAVY MILITARY ELECTRONICS DEPARTMENT

GENERAL^ ELECTRIC
Court Street, Syracuse, N. Y.

* A 4-y»f 
average including 
transfers to other 
G-E components, 
retirements, etc.
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Wirewound 
Potentiom

eters 
Gangable

The design of series 319 wirewound gang type 
potentiometers makes possible full 360 deg phas
ing and rephasing of individual resistance wipers 
without disturbing the resistance settings of ad
jacent cups. Thus a unit can contain numerous 
individual cups that can be phased individually 
after installation, saving hours of calibration and 
phasing time. Available in resistance values from 
100 ohms to 50 K, the units are highly rigid un
der extremes of temperature, altitude, and vibra
tion. Supplied in servo and panel versions, they 
have a 7/8 in. diameter and a 9/16 in. case 
length. They are highly stable and require no 
clamping rings.

Daystrom Pacific, Dept. ED, 9320 Lincoln 
Blvd., Los Angeles 45, Calif.
Booth 1804
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Digital In-Line Indicators

Plug-in

These digital indicators provide illuminated 
in-line numerical displays of any physical quan
tity which can be converted into corresponding 
contact closures or voltages. Type 35 operates 
from panel switches, stepping switches, relays 
and any type of contact closures. Type 36 in
cludes switching transistors to turn on at any 
voltage down to 1 v positive at 1 ma. Standard 
units have 3 to 8 readout digits 5/8 or 7/8 in 
high. They use Nixie neon tubes and provide 
wide viewing angles. Visibility is up to 40 ft for 
the medium size or up to 75 ft for the large.

Dynapar Corp., Dept. ED, 5L50 Church St 
Skokie, Ill.
Booth 3116
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RF Connectors FREQUENCY STANDARDS

30’C
Input, 115V (50 to 400 cycles)

Have control panels

American Time Products, Inc.
Watch MasterTelephone: PLaza 7-1430

*3 %" high 
400 - 1000 cy.

*3^" high 
400 to 500 cy. 

optional

Cooling 
Blowers

FREQUENCY 
STANDARD
TYPE 211 IC

Size, with cover 
10” x 17” x 9” H. 
Panel model 

10” x 19" x 8%" H.
Weight, 25 lbs.

-For low frequencies 
multi-vibrator type, 40-200 cy.

•For low frequencies 
counter type, 40-200 cy.

For high freqs, up to 20 KC.
-Power Amplifier, 2W output.
-Power supply.

ACCESSORY UNITS 
for TYPE 2001-2

WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER

FREQUENCY 
STANDARD
TYPE 2121A

Size 
x 19" panel

Weight, 25 lbs.
Output: 115V 
60 cycles, 10 Watt
Accuracy: 
±.001% from 20’

Frequencies: 50 to 1000 cycles
Accuracy: (±.002% at 15* to 35°C)
Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

PRECISION FORK UNIT 
TYPE 2003

Size 1 %" dia. x 4W H.* Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:—

Type 2003 (±.02% at —65’ to 85’C)
Type R2003 (±.002% at 15’ to 35°C)
Type W2003 (±.005% at —65’ to 85’C)

Double triode and 5 pigtail parts required 
Input and output same as Type 50, above

Size, 8" x 8" x 7\4" High 
Weight, 14 lbs.

Frequencies: 50 to 400 cycles 
(Specify)

Accuracy: ±.001% from 20’ to 30’C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles)

FREQUENCY STANDARD
TYPE 2005

ELECTRONIC DESIGN • March 4t 1959

FREQUENCY STANDARD A/m -
TYPE 2007-6

TRANSISTORIZED, Silicon Typ^
Size 1 %" dia. xSW H. Wght. 7 ozs. 

Frequencies: 400 — 500 or 1000 cycles 
A pen•

2007-6 (± .02% at —50° to 4-85’C) 
R2007-6 (±.002% at 4-15° to +35°C) 

W2007-6 (±.005% at —65’ to +125’C 
Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms

These cooling blowers are equipped with elec
tronic control panels which have appliance out
lets, circuit breakers, and pilot lights. Two models 
are available: a double outlet unit with a high 
speed delivery of 800 cfm and a low speed de
livery of 600 cfm, and a single outlet unit with a 
speed of 1200 cfm. The air discharge design can 
be built to individual specifications, vertical, 
horizontal, or diagonal. Panel depths are 10-3/4 
and 14 in. to fit 19 in. electronic racks. The units 
have permanent filters and stainless steel grilles.

McLean Engineering Labs, Dept. ED, Prince
ton, N.J.
Booth 3825
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PRECISION FORK UNIT
TYPE 50

Size 1” dia. z3%" H* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
Accuracies:—

Type 50 (±.02% at —65* to 85’C)
Type R50 (±.002% at 15’ to 35°C)

Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 
Output, approx. 5V into 200,000 ohms

FREQUENCY STANDARD 
TYPE-2001-2

Size 3*k”x4W x 6" H., Wght. 26 oz..

Frequencies: 200 to 3000 cycles
Accuracy: ±.001% at 20’ to 30’C

Output: 5V. at 250,000 ohms
Input: Heater voltage, 6.3-12-28

B voltage, 100 to 300 V., at 5 to 10 ma.

FREQUENCY STANDARD 
TYPE 50L

Size 3 %" x 4W x 5W High 
Weight, 2 lbs.

Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:—

Type 50L (±.02% at —65’ to 85’C)
Type R50L (±.002% at 15° to 35°C)

Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)Series MM rf connectors are miniature crimp

type units that match standard miniature RG-/U 
coaxial cables. They are available in impedances 
of 50, 70, and 93 ohms. The line is comprised of 
plugs, jacks, bulkhead jacks, right angle plugs, 
hermetically sealed receptacles, bulkhead adapt
ers, bulkhead receptacles, printed circuit re
ceptacles, and caps in screw-on and slide-on 
coupling.

Industrial Products Co., Div. of Amphenol- 
Borg Electronics Corp., Dept ED, Danbury, 
Conn.
Booth 2517-2519
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^This organization makes frequency standards'^ 

n ithin a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern
ment departments, armed forces—where maxi- 

\mum accuracy and durability are required,
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lowest ripple • widest useable range super-regulated

fully transistorized frequency counter, theA

Transients:

r

Berkeley Div..

182

POWER

Cc
Bo

Series 40A transistorized digital totalizers 
designed for high speed industrial totalizing 
plications. They can also operate recording

at ambient tem- 
A 1-2-4-8 binary 
drive data con-

rc
ic
io

The transient performance of a power supply is assuming ever 
increasing importance. Yet there is lacking a standardized method 
for measurement, and no meaningful definition is agreed to by all.

For a discussion of this matter, including a suggested approach 
to a definition, write for Technical Bulletin No. 2004. It is free 
of charge.

under 25 lb, the unit operates 
peratures from —4 to ¡150 F. 
coded output is available to 
verters.

Beckman Instruments, Inc.,

Ub

iis

are 
ap- 
de-

^REGATRON
voltage regulation

Dept. ED, 2200 Wright Ave., Richmond 3, Calif 
Booth 3416, 3418
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'Has Modulation 
Input.

1 MODEL

OUTPUT REGULATION MAXI
MUM 

RIPPLE 
IN MV MOUNTING

DIMENSIONS WEIGHT 
IN 

POUNDS
NO LOAD 

TO

H w D

Voltage Current

LINE 
105—125 V AC 

50—40 CPS FULL

%

LOAD

r o V V

212A1 0—100 V DC 0— TOO MA 0.15 0 05 0.1 0 05 MAY BL USED IN 3',2 19 9'4 14

2-212A‘ EQUIVALENT TO TWO MODEL 212A's. OUTPUTS MAY BE USLD IN SERIES, RACK OR ON TABLE. 9U 19 9'4 27
PARALLEL, OR INDEPENDENTLY.

224A' 0-100 V DC a- 200 MA 0.15 0.05 0.1 005 1 19 9'4 16

22OA 0 -50 V DC a 500 MA 0.1 0.05 0.1 0.05 1 5’4 19 12’ 2 30

221A 0—TOO V DC 0—500 MA 0.1 0.05 0.1 0.05 Ì 5’4 19 12» 2 30
. — — 1 —« ■ — —. - — - — - — . — — - —

213A 0—50 V DC 0—1 AMP 0.1 0.05 0.1 0 05 1 7 19 11 35

214A O—T00 V DC 0—1 AMP 0 1 0 05 0.1 0.05 1 7 19 11 35
—— - —— -- . 1 ■

215A 0—50 V DC 0—3 AMP 0.1 0 05 0 1 0 05 1 10’/2 19 16 75

218A 0—TOO V DC 0—3 AMP 0.1 0.05 0.1 0 05 1 10’/2 19 16 75

—

-------- _ . ____ ._____

Moem ur m»
MV OBMmMM '

Model 212AM $129 F.O.B. (meters extra)

REGATRON TRANSISTOR POWER SUPPLIES

te*»nnx» - wmi

The name ' Regatron on your power supply 
indicates that regulation is provided by a 
patented, super regulating circuit This circuit 
employs a balanced zero-potential comparator 
in on elementary bridge-like configuration. 
Together with a high-gain loop amplifier it 
provides increasing gain with decreasing volt
age, with full loop gain available at zero 
output. The superior control and stability pro
vided by this circuit results in a d-c power 
source that will give a degree of performance 
exceeding that of a battery.

Digital Totalizers

High speed

Phc nine Regatron Transistor Power Supplies listed above are specially 
designed to furnish the ultra-smooth de required for optimum transistor 
performance. I hey may be used at an\ voltage within their range . . . even 
at a fraction of one volt . . . with the assurance that rated current can be 
drawn without upsetting regulation or introducing ripple.

Ask your local representative for a demonstration. Better still, compare 
the performance of a Regatron against sour present d-c power source, 
battery or otherwise, ou'll be pleased to find a power supplv that does what 
it says it will.. . besides, Regatrons like to be compared.

Registered U.S. Patent Office. U.S. Patents Issued and Pending.

IRE BOOTHS
2338 2340

Another Servie* of 
ELECTRONIC MEASUREMENTS 

COMPANY, INC.
*1959

INCORPORATED

EATONTOWN • NEW JERSEY
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vices. Standard counting rate is zero pulses or 
10 cps to 5 kc; optional, to 200 kc. Sensitivity is 
1 \ or 10 mv rms at 1 ma, and standard numerical 
readout is 3 to 6 digits. The units operate from 
contactors, photocells, magnetic pickups, or any 
sensing device which counts bottles, cans, and 
other objects at any speed. They are of plug-in 
construction and can be connected to the com
pany's Rotopulser or Photo-Mite signal sources 
without any modification.

Dynapar Corp., Dept. ED, 5150 Church St., 
Skokie, Ill.
Booth 3116
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Frequency Counter

Accurate to 1 part in 10 million

EPUT meter will measure frequencies from 10 
cps to 200 kc with an accuracy of up to 1 part 
in 10 million. It will accommodate any signal 
amplitude from 100 mv to 100 v rms. The in
ternal time standard is a 100 kc oven-controlled 
crystal which is kept at an even temperature un
der standby operation so that measurements of 
maximum accuracy can be made immediately. 
The internal time base is generated by digital 
circuits requiring no adjustment, and all circuits 
except the power supply are mounted on easik 
replaceable plug-in modules. For portable use. 
the power supply is replaced by batteries. Oc
cupying 5-1/4 in. of rack space and weighing

March 4. 1959
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Resistance Meter

Range of 5 billion meg

The model 710 Megatrometer measures resist
ance values to 5 billion meg. Accuracy in the 
upper half scale is ±3%. The unit is portable and 
incorporates its own transistorized power supply 
for test potentials to 1 kv de, continuously vari
able. Mercury cells provide voltage stability with 
less than 0.0005% change per hr at 1 kv, and re
peatability' is better than 0.2% with the company’s 
certified standard resistors. The unit measures: 
insulation resistance in electronic components, 
motors, transformers, and ceramic transducers; 
capacitor leakage; volume resistivity of epoxies; 
and the effects of ion migration and radiation. 
Front panel controls and built-in circuitry per
mit rapid stabilization of low-leakage capacitors, 
thus expediting production testing. The Mega
trometer is safe under all operating conditions 
and cannot be damaged by short circuits or se
vere mechanical shock. It weighs 40 lb and meas
ures 13 x 21.5 x 15 in.

Mid-Eastern Electronics, Inc., Dept. ED, 32 
Commerce St., Springfield, N.J.
Booth 3009

CIRCLE 394 ON READER-SERVICE CARD

ENGINEERS

MOVE FORWARD

FAST

AT LINK

Variable Polarization Antenna

Remotely controlled
The model 157 variable polarization antenna 

features motor-driven remote control of polariza
tion. Stop positions, located at 0, 45, 90, and 135 
deg, are selected by a switch connected to the 
unit with a 5-wire cable. A mechanical index lo- 
ates and locks the feedhorn accurately at the 

selected position. The unit covers 8500 to 9600 me 
md handles 50 kw peak power. An 8-1/2 in. 
liameter parabola, it has a 10 deg beam width 
ind provides 24 db gain. The positioning mecha- 
lism is in a weather resistant case 8-3/4 x 10 x 
>-3/4 in.

California Technical Industries, Div. of Tex- 
ron Inc., Dept. ED, 1421 Old County Rd., Bel- 
aont, Calif.
tooth 1111, 1112
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Talented engineers who are looking for
ward to careers with genuine opportunity 
will find that they can keep moving for
ward at Link Aviation.

Located in Binghamton, in the heart of 
Upstate New York’s all-season vacation
land. Link’s activities are steadily expand
ing. New positions exist for men with 
productive experience in several fields:

• Staff scientists, for advanced work on 
analog computers, airborne instrumenta
tion, industrial controls and precision 
measurements

• Mechanical engineers, for electronic and 
electro-mechanical packaging

• Design engineers, for work on analog 
computers, systems, and components

• Senior optics development engineers
• Applied mathematicians

Link Aviation, Inc., is engaged in projects 
whose scope far exceeds its long-standing 
reputation for flight-simulation equip
ment. Engineers are stimulated by this 
diversity. And they like the recognition 
given them, in such forms as excellent 
salaries, exceptional insurance and retire
ment plans, and tuition-free advanced 
university courses.

If you want to progress in this direction 
contact us at once.

Write to : Mr. A. S. Wieland, 
Link Aviation, Inc., 

Binghamton, New York

LINK AVIATION, INC.
A subsidiary of General Precision Equipment Corporation

CIRCLE 882 ON READER-SERVICE CARD
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SOME HAVE EVEN WITHSTOOD 
A SUDDEN 460°C CHANGE

The CERAMASEAL molecular bond between the ceramic 
tubes is stronger than the high alumina ceramic.
Easy to install too, by conventional brazing, heli-arc welding or soldering techniques. 
FOR COMPLETE INFORMATION, catalog and spec sheets, write Ceramaseal, Inc.. 
New Lebanon Center, N. Y. or phone: West Lebanon 3-5851.

With an alumina content up to 99%. 
CERAMASEAL terminals are not 
only mechanically strong, but some 
have even been transferred directly 
from liquid nitrogen into hot solder 
without cracking!

CERAMASEAL 
HERMETIC TERMINALS

and metal flanges, caps or

Hermetic Ceramic Terminals, Magnetron Wells, Sapphire-to-Metal Seals

CERAMASEAL, inc.
CIRCLE 397 ON READER-SERVICE CARD

NEW PRODUCTS AT THE IRE SHOW

Printed Circuit Board Connector

For airborne computers
This 27 position printed circuit board con- 

nector is designed for airborne computers. The 
plug half is mechanically mounted and solder 
dipped to the encl of a printed board and the re
ceptacle half is mounted in a guide rack which 
permits easy insertion of the board and plug. The 
plug half is furnished completely assembled with 
right angle, gold plated pins molded into the 
glass filled diallyl phthalate insert dielectric. The 
gold plated crimp-on, snap-in socket is supplied 
separately from the receptacle. For environmen
tal protection the units have rubber face seals 
and individual rubber grommets in the rear of 
the socket cavities. The sockets will crimp to 
either two 22 or two 24 AWG wire sizes.

AMP, Inc., Dept. ED, Harrisburg, Pa.
Booth 2234-2238
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Backward Wave Oscillator

Voltage tunable

Phase Sensitive Demodulator
Provides three phase sensitive channels 

and one a-c reference channel. Units 
for 400 cps, 1,200 cps, or special refer

ence frequencies. All outputs limited.

A proven pr
6.000-------------

PHASE SENSITIVE CHANNELS
Input: 1 to 3 volts rms, adj., at 1 
megohm ±20%
Output: 0 volt in phase, 5 volts out of 
phase, referenced to input, at 100 
ohms. Optional ± 2.5 volt output 
available
Ripple: Option of 40 mv peak-to-peak 
for modulation bandwidths of 25 cps, 
or 25 mv for bandwidths of 8 cps

•oom atei» 
xro 

- B

Linearity: ± 0.5%
Stability: 2% for line voltage variations from 105 to 125 volts I
1% for ± 5% frequency change I

REFERENCE CHANNEL *

Input: 100 to 130 volts
Output: 0 to ± 5 volts

POWER REQUIRED
105 to 125 volts rms, single phase, 380 to 420 cps at 60 volt-amperes

and Power Supply
I

, for missile 
and aircraft 
telemetry

Auction unit

For complot« literatura and tptciflcafioM, wrtf:

HOOVER ELECTRONICS COMPANY
110 WEST TIMONIUM ROAD, TIMONIUM, MARYLAND 
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Rugged, 
Transistorized 
Demodulators 
Also Available

Model QK634 is an M type, voltage tunable, 
cw backward wave oscillator with an 8150 to 
11,000 me bandwidth. It provides a minimuni 
power output of 150 w, and a nominal powc 
output of 200 to 250 w over the band. Tunin' 
sensitivity is approximately 1 me per v, and i 
output is into a standard 1/2 x 1 in. waveguid* 
provided with four tapped holes. The tube ha 
an integral permanent magnet, weighs about 2 
lb, is liquid cooled, and may be mounted in an 
position. Suited for countermeasure application 
and fm cw operation, it can be amplitude an 
frequency modulated at rates up to and exceec 
ing 10 me per sec.

Raytheon Mfg. Co., Microwave and Powe 
Tube Div., Dept. ED, Waltham 54, Mass.
Booth 2610-2614

CIRCLE 400 ON READER-SERVICE CARD
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Oscilloscope

For high-voltage applications

Designed primarily for high-voltage surge 
testing, the Type 507 oscilloscope has a vertical
deflection factor of approximately 50 v/cm at 
24 kv accelerating potential. Viewing areas is 6 x 
10 cm. The 10-step input switch selects attenua
tion of 10% of the input signal per step and has 
a 72 ohm characteristic impedance. The vertical
input system will withstand crest voltages of 3 
kv of the standard 1.5 by 40 usee surge testing 
waveform. Eleven calibrated sweep rates are 
provided: 20, 50, 100, 200, 500 musec/cm, 1, 2, 
5, 10, 20 and 50 p.sec/cm Unit consists of three 
parts: indicator unit power supply and scope- 
mobile.

Tektronix Inc., Dept. ED, P.O. Box 831, Port
land 7, Ore.
Booth 3027-3030
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Flexible Printed Wiring

Can duplicate any circuit

every period 
of 

tough selling

SOMEBODY HAS DONE GREAT! 
this time 

why not you ?

Called Flexprint, this flexible printed wiring 
can duplicate any wiring cable, harness, or cir
cuit. High density interconnections on the fully 
insulated flexible matrix are achieved by spot 
welding of fine etched conductors. These circuits 
include hookup wire, multiconductor cables with 
feeder arms, shielded cables, matrix assemblies, 
and complex, high-component-density circuits. 
They offer considerable weight, space, and cost 
savings as well as high circuit reliability.

Sanders Associates, Inc., Dept. ED, Nashua, 
N.H.
Booth 3842

CIRCLE 402 ON READER-SERVICE CARD
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It happened in the thirties! And in 
the early fifties! It’s happening again 
today!

While others cut back and drag out 
the crying-towel, the fighters roll up 
their sleeves and go to work! Maybe 
it’s a new sales pitch—or a harder 
one! Maybe it’s a new and different 
promotion. Maybe it’s as simple as 

re-arranging store displays and mer
chandise on the shelves. Maybe it’s 
a new ad campaign! But some way ... 
the smart boys go right on SELLING!

Look at the facts and figures! Be
tween now and 1975, there will be 
more people, more jobs, more income, 
more production, more research, more 
savings, more needs of all sorts than 

ever before in our history! People will 
want... need . .. and buy! Somebody 
will do the selling . . . why not you?

FREE! Get going today! Write at 
\ * once for illustrated “How To

Turn the Tide” booklet offering 
valuable and vital selling ideas. The 
Advertising Council, 25 West 45th Street, 
New York 36, New York.

YOUR FUTURE IS GREAT IN A GROWING AMERICA



NEW PRODUCTS AT THE IRE SHOW

Rack Cabinets

For varied uses

CIRCLE 405 ON READER-SERVICE CARD

Miniature Differentials

Have low breakaway torque

trailers, or as sensing devices for mechanical com
many servo

ire used

quipment. Furthe
CIRCLE 406 ON READER-SERVICE CARD

Eclipse-Pioneer Division

Teterboro, N. J.

CIRCLE 408 ON READER-SERVICE CARD
CIRCLE 404 ON READER-SERVICE CARL

LABORATORY QUALITY AT 
MASS-PRODUCTION PRICES

Helipot Div. 
Fullerton, Calif

parison or 
systems the

Dept. ED, 2500 Fullerton Rd 
Booth 2602-2604

basic computing ele- 
r subtraction of two

r OMPOm^ 
FltTURtO AT THt

BENDtX , 
SUPERMARKET

three models, these miniature dif

RADAR DEVICES
Airborne Radar Antennae 
Ground Antenna Pedestals

Available it 
ferentials are

... with Bendix temperature- 
compensated tachometer generators

error measurement

temperature-compensated over

Zener voltage tester model DT100 gives direct, 
accurate readings of zener voltage and tests for 
other parameters over a wide current and volt
age range.

Electronic Research Associates, Inc., Dept. ED, 
67 Factory Place, Cedar Grove, N.J.
Booth 2705

TRY THESE 
PRECISION COMPONENTS 

FEATURED AT THE

BENDIX 
supermarket'

MOTORS AND GENERATORS
Gear Head Motois and Motor 
Generators • Low-Inertia Servo 
Motors • Motor Generators • 
Rate Generators

Trimming Potentiometers

For printed circuits

GYROS
Directional, Free, Rate, Roll 
and Vertical Gyro Transmitters 
• Stable Platfoi ms

Zener Voltage Tester

Covers 0 to 300 v de

range from —55°C to -j-125oC.
Bendix I achometer Generators are available in frame sizes

400-CYCLE SYNCHROS
(Frame sizes: 8, 10, 11, 15, 22) 

Control Transformers • Differ
entials • Receivers • Resolvers 
• Transmitters

CIRCLE 409 ON READER-SERVICE CARD
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ments for the addition 
shaft movements.

Beckman Instruments

THE STEP THAT PAYS. Find out today how the Bendix 
“Supermarket” gives you more tachometer generator for your 
money—how it can meet your needs promptly, efficiently and 
economic ally.

Model FT-192 standardized rack cabinets are 
designed for a wide variety of uses with or with
out accessories. They are of formed construction 
to allow for heavy loads and afford stable anchor
ing points for components and chassis.

The Falstrom Co., Dept. ED, 301 Falstrom 
Court, Passaic, N.J.
Booth 1327

P.S. and don't forget these 
other quality products at the

BENDIX 
“SUPERMARKET"

With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. Wc feature fast 
delivery and mass-production 
economy—plus die highest pre
cision quality.

WBS
You Can't Beat The Bendix 

"Supermarket”. Try us.

For printed circuit applications, Squaretrim 
series 318 trimming potentiometers are rated for 
operation up to 200 C. They mount base down 
so that they will remain securely fastened to the 
board under severe vibration and shock loads.

Daystrom Pacific, Dept. ED, 9320 Lincoln 
Blvd., Los Angeles 45, Calif.
Booth 1804
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Eclipse-Pioneer Division
Teterboro, N. J.

District Offices: Burbank and San Francisco, Calif.;
Seattle, Wash.; Day ten, Ohio, and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y.

Bendix has the facilities to give you all the precision and accuracy 
you want in tachometer generators—nt volume production prices. 
And our volume production means delivery it hen you want it.

Most important of all, Bendix Tachometer Generators feature 
laboratory quality because of unique, high-precision manufac
ture and extensive test facilities. For example, these generators 
deliver accuracies within 1 10 of 1(i over a wide speed range 
due to calibration by specially built Bendix production test

PACKAGED COMPONENTS
Analog-Digital Converters • 
Azimuth Counters • Cam Com
pensators • ( lutched Synchros • 
Dual-Speed Synchros • External 
Slip-Ring Synchros • Follow-Up 
Mechanisms • Miniature Dif
ferential Gear Assemblies • 
Servo Assemblies

AVIATION CORPORATION

AVIATION CORPORATION

■ nin z
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Speaking of service . 
have you heard what 
PRICE is doing?
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long term drift 
warmup. It meets 
tion requirements 
stations, shipping 
lion, oil and gas

of 0.002% after 
the communica- 
of aircraft base 
and transporta
pipe line com-

panies, press and wire services, 
communications services, civil de
fense, electronic and industrial lab
oratories, and municipal, state, and 
federal communications. Operating 
controls and indicators on the front 
panel; external connections and test 
jacks on the rear.

National Co., Dept. ED, Malden, 
Mass.
Booth 1401-1407
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Angularly Adjustable 
Couplings

For phasing synchros

Type T-9 and T-10, adjustable 
couplings are designed to provide 

■ a medium for precision angular ad
justment between synchros or other 
rotary components. The couplings 
eliminate the need for rotating a 
synchro in its mounting to zero in 
with its companion synchro. One 
turn of the coupling adjusting 
screw rotates one coupled shaft 
through only 12 deg with respect 
to the other.

A continuous rotational adjust
ment through 360 deg in either di
rection is another feature of these 
couplings. A screwdriver is the onh 
tool required for adjustment. The 
units are 1.862 in. long and have 
51/64 in. diameter.

PIC Design Corp., Dept. ED, 477 
Atlantic Ave., East Rockaway, N.Y. 
Booth 3061
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Once activated, the PM Silvered 
battery can stay in a missile as long 
as two months without losing ca
pacity. This allows for launch
ing cancellations without discard 
of already prepared components. 
Through an external feed line, the 
unit can be filled with the activating 
electrolyte only minutes before the 
missile is fired. It offers specific 
energy as high as 70 w-hr per lb 
and can be recharged as many as 
15 times, permitting extensive pre
firing tests for reliability. Utilizing 
the silver-zinc couple, it provides 
as much power as ordinary bat
teries five times larger and six 
times heavier.

Yardney Electric Corp., Dept. 
ED, 40-50 Leonard St., New’ York 
13, N.Y.
Booth 2127
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Communications Receiver

Has 16 kc to 150 cps selectivity 
range

Model NC-400 is an 18 tube com 
munications receiver with a fre
quency range of 540 kc to 31 me in 
seven bands. Its selectivity range 
w ith the i-f and crystal filter sup
plied is 16 kc to 150 cps. With ac
cessory filters, it has a selectivity 
range of 16 kc to 500 cps. Its sensi
tivity is approximately 1 pv for a 
10 db signal to noise ratio. The unit 
has a high frequency stability with

Missile Battery

Reusable

Price Electric has created a new service department 
within their sales organization ... to give you fast, 
personalized service from inquiry to delivery.
As you know, Price has always had an enviable 
reputation for quality and reliability. Their relays 
are everywhere . . . flashing across the sky in our 
satellites, in missiles, telephones, car radios, business 
equipment, and a thousand other precision uses. 
Now . . . Price offers you reliability AND improved 
service.
Why not give Price Electric a try on your next relay 
requirement ?

Random Noise Source

Gives direct readings
The Mega-Node 240-B calibrated 

landom noise source gives direct 
noise figure readings and provides 
a choice of balanced or unbalanced 
output, each with several imped
ances. Unbalanced output imped
ances are 50, 75, 150, 300 ohms and 
infinity; balanced are 100, 150, 300, 
600 ohms and infinity. The unit max 
be used for the rapid measurement 
of receiver gain or noise figure and 
for the indirect calibration of stand
ard signal sources.

It has a frequency range of 5 to 
220 me and a noise figure range of 
0 to 16 db at 50 ohms, 0 to 23.8 db 
at 300 ohms. Meter calibration is 
logarithmic in db noise figure and 
linear in de ma. Designed for 50 w, 
117 v, 60 cps operation, the unit 
measures 19-1/4 x 10-3/4 x 9-1 2 
in. and w’eighs 28 lb.

Kay Electric Co., Dept. ED, 14 
Maple Ave., Pine Brook. N.J.
Booth 2608-2609
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SEE THE NEW 1959 LINE 
OF PRICE RELAYS at the

IRE SHOW
BOOTH 2407

PRICE ELECTRIC CORPORATION
Frederick, Maryland Monument 3-5141



NEW PRODUCTS
AT THE IRE SHOW

new FORK
OSCILLATOR

0.9 to 8750 ohms

+ 85°C; Class B

115 volts, 60 to 400 cps, AC. Built-in rectifiers in AC relays

Also furnished without oven

about 0.1 psec. 
and Instrument

Stability 1 part 

in 10,000,000

Union 
Miniature 
Relays

uses i
and 5 
shutte

Booth 3506, 3508
CIRCLE 416 ON READER-SERVICE CARD

See us at Booth #2122-24 at IRE Show-Mar. 23-26

I YPES AND MOUN FINGS—6PDT or 4PDT; plug-in or solder-lug 
connections. All usual mountings.

TEMPERATURE RATING—Class A -55 to 
to +125 °C.

SPl ( IAI.S—Slow-acting relays if you need a differential between 
operating time of various relays. Plate-circuit relays—operate on less 
than 8 milliamperes; double-coil relays—-either coil operates relay. 
Write tor complete information.

CIRCLE 418 ON READER-SERVICE CARD
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Improvements in the amplifier circuitry have minimized frequency 
excursions caused by variables such as temperature, plate supply 
voltage, tube aging, etc.
Fork employs compact oven developed for this unit.
Fork FK5-A Standard frequencies

(1600, 1800 or 2000 cps). $350.00

Coil Winding Machines

Automatic
Made by Micafil, Ltd. of Switzer

land, this precision coil winding

md can be applied to radar 
video recording. Used as a

Corp., Defense Products Div. 
Dept. ED. Bobbins Lane. Syosset

Indicator Light Assemblies

Have replaceable lamp cartridges
The DSV-7538-10 Data Strip and 

the DM-7538-18 Data Matrix are 
compact indicator light assemblies 
ready for mounting in computers, 
program boards, and readout 
panels. They contain, respectively, 
10 and 18 lampholders on alumi
num channels for vertical or hori
zontal reading. Each lampholder is 
on 1/2 in. centers and every adja
cent strip has 1/2 in. spacing. Units 
with any number of lampholders

I sed in seven successful missiles. Union Miniature Relays originally 
were developed for air-borne and guided missile electronic equipment; 
they meet or exceed the requirements of MIL-R-25018. MIL-R-6106C, 
and MIL-R-5757C. They are now being utilized in the following mis
siles: The Matador, Thor, Talos, Vanguard, Atlas. Titan, and the 
Jupiter C.

I he excellent reliability and small size of the Union Miniature Re
lays have led to their use in traffic control systems, computers, resist
ance welders, and other equipment.

equipment covers almost the entire 
field of automatic coil winding. The 
line includes automatic winding 
machinery for universal wound 
coils, bobbins, solenoids, precision 
resistors, armature and stator wind
ings, toroidal cores, and multi
layered magnetic coils with or with
out interleaved insulation.

Carl Hirschmann Co., Inc., Dept. 
ED, 30 Park Ave., Manhasset, N.Y. 
Booth 4023
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TIMES FACSIMILE 
CORPORATION

540 West 58th Street, New York 19, N.Y.DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY-------
PITTSBURGH 18. PENNSYLVANIA 
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COII RESISTANCE—In standard case, from 
long case, from 1.6 to 13,000 ohms.

Ultrasonic Light 
Modulator

Improves crt resolution and 
dynamic range

This ultrasonic light modulator 
overcomes limited resolution and 
low dynamic range in crt displays. 
Operation is based on the diffrac
tion of light at ultrasonic wave
fronts. The unit has many classified

HI-LO (ON'l ACTS—Permit high and low load handling in same 
relay. Dry-circuit contacts available for extremely low-level loads.



company s

Dept. ED,

189

heights of 7 and 8-3 '4 
in two depths, 12
14-3/4 in.

Alden Products Co

may be provided. The basic indi
cator light consists of a lampholder 
with a replaceable plug-in lamp

and come 
in. and

Compact! Easy to Read 
Union Data Display 

Indicators

T-l-3/4 incandescent lamp in a volt
age range from 1.35 to 28 v, or the 
NE-2E neon lamp for 105 to 125 v 
circuits. The lampholders have two 
terminals and are completely insu
lated without the use of insulating 
shoulder washers.

Dialight Corp., Dept. ED, 60 
Stewart Ave., Brooklyn 37, N.Y. 
Booth 2729-2731
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117 N. Main St, Brockton 64, Mass 
Booth 1613, 1615

CIRCLE 421 ON READER-SERVICE CARD
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ELECTRONIC DESIGN • March 4, 1959

Rack Adapters

Standardize small chassis
Designed to adapt chassis less 

than 17 in. wide to standard relay 
racks, these rack adapters have a 
picture frame front which provides 
neat alignment of panels on indi
vidual chassis. They are equipped 
with slotted holes for mounting and 
vents for air circulation. The units 
are available for modular panel

DIVISION OF WESTINGHOUSE AIR HRAKE COMPANY-------  
PITTSBURGH 18, PENNSYLVANIA 
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Free At Your Request
Contains up-to-date information on a wide range 

of quality gun mounts for use with a great variety of 
cathode ray tubes. Send for your copy NOW.

Depend On the world s leading electron gun mount 
manufacturers, Superior Electronics Corporation, for uniform 
product performance, dependable service and fair prices.

Multibias Supply

For breadboard use
An aid in transistorized power 

supply development, model 106 
multibias supply eliminates the 
need for batteries and permits in
stant bias changes. It speeds ex
periments and reduces breadboard 
clutter. From an input of 105 to 
125 v ac, 50 to 60 cps, it provides 
three separate continuously vari
able outputs at 0.5 to 60 v de and 
150 ma. Regulation is ±0.1% for

both line changes and load changes 
from 0 to full load. Ripple and 
noise are less than 1 mv; recovery 
time, less than 500 usee. Ambient 
temperature range is 0 to 40 C.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 Commerce St.. 
Springfield, NJ.
Booth 3009
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Union Switch & Signal makes two types of electro-mechanical, DC- 
operated data display indicators: digital types, displaying 10, 12, or 16 
characters on a wheel; and alpha-numerical tyjies, displaying up to 64 char
acters on a Mylar* belt. Character assignments can be furnished as required. 
TRANSLATION Both Digital and Alpha-Numerical Indicators operate 
directly on binary codes on a null-seeking basis. This eliminates the need 
for external equipment for translation from binary to decimal code, as 
required with other display devices.
VISUAL READ-OUT Indicator packages are designed for quick, easy 
readability, even when indicators are mounted in rows.
INFINITE RETENTIVITY The indicators require power only during the 
response time, because they are of the null-seeking type. Once positioned, 
the indicators retain the data visually and electrically until a new code 
is transmitted.
ELECTRICAL READ-OUT The design of the decoding and control por
tions of the indicators provides electrical read-out of data in the same form 
as the input. The data can be read continuously or periodically without 
erasing the stored information.
USES These indicators can be used in the output of digital computers, 
in teletype receiving equipment, in telemetering systems, or wherever data 
needs to be displayed. Bulletin No. 1015 gives you complete information.

*Dupont’s synthetic fiber

See us at Booth #2122-24 at IRE Show—Mar. 23-26

NOW AVAILABLE

the NEW Superior Catalog
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SUB-MINIATURE

switches
Successfully tested to MIL-S-3786 with 

deviations for dimensions only.

Ideal in miniaturized and transistorized 
test, communication and control equip
ment, this complete line of low-resistance 
switches provides maximum performance, 
requiring minimum space. Quality con- 

__£ struction throughout... features silver 
alloy, double-wiping contacts, wafer of 
plastic material with high insulation 
resistance. Rotary Switches are available 
in shorting or non-shorting type. Series 7000, 
1 to 6 decks ... up to 12 single pole positions 
per deck ... Series 5000, 1 to 4 double 
decks (2 wafers per deck) up to 11 single pole 
positions per wafer ... positive detent 
mechanism. Both types also available 
with spring return. Lever Switches, with or 
without spring return, single or double throw 
types, available with 1 to 6 decks.

WRITE NOW FOR ENGINEERING DATA SHEETS ... 
on Sub-Miniature Switches and also our 1" and 
IW Panel Meters, l1^ Ruggedized Meters, 
Side Indicators, Multitesters and Special 
Instruments. P. O. Box 2954, New Haven 15, 
Connecticut. Cable: “INTERINST”
VISIT OUR BOOTH NO. 2811 AT THE IRE SHOW.

MINIATURIZATION HEADQUARTERS 

international 
instruments inc
P.O. BOX 2954, New HAVEN 15, CONN.
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NEW PRODUCTS
AT THE IRE SHOW

Junction Transistor

Has 5 db noise factor
The 2N1010 is an npn germa

nium alloy-junction transistor for al 
amplifier service. It is designed to 
operate from small input signals 
and can be used in the input stages 
of high-fidelity preamplifiers, tape 
recorders, microphone preampli
fiers, and hearing aids.

Radio Corporation of America, 
Semiconductor and Materials Div., 
Dept. ED, Somerville, N.J.
Booth 1602, 1707
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Trimmer Potentiometers

Stack on printed circuit boards
For maximum density packaging, 

series 315 Squaretrim trimming po
tentiometers can be stacked side by 
side on printed circuit boards in 
areas of 0.114 sq. in. per unit.

Daystrom Pacific, Dept. ED, 
9320 Lincoln Blvd., Los Angeles 45, 
Calif.
Booth 1804
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Ceramic Microphone

Has 50 cps to 13 kc frequency range
For recording music or voice, 

this omnidirectional, high imped
ance microphone reproduces from 
50 cps to 13 kc within ±3 db. Its 
sensitivity is 57 db below 1 v per 
microbar.

Sonotone Corp., Dept. ED, 
Elmsford, N.Y.
Booth 3945
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Totalizers

Have glow transfer units
Series TICK) totalizers feature glow 

transfer counting. Of plug-in modu
lar design, they can be provided 
in 2 to 6 digit single and double 
units, with and without mechanical 
registers.

Electro-Pulse, Inc., Dept. ED, 
11861 Teale St., Culver City, Calif. 
Booth 3606, 3608
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NOW- 48-56 Gauge Wire Coils 
built to YOUR specifications

Whatever your application—from hearing aids to missile sys
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need . . . built to your specifications for precision and 
accuracy.

Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components.

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away.

DELUXE COILS, INC.
POST OFFICE BOX 318 • WABASH. INDIANA

CIRCLE 429 ON READER-SERVICE CARD
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30-turn 
±0.01% 
imped-

A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION
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Sealing Compound

For dip type Mylar capacitors

Compound XR 5005 can effect a 
hermetic seal on a dip type Mylar 
capacitor when constructed under 
certain procedures. A high degree 
of moisture resistance is obtainable.

Southern Electronics Corp., Dept. 
ED, 150 W. Cypress Ave., Bur
bank, Calif.
Booth 2305
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ELECTRONICS IN THE HOME. Now you can regulate home heating with new 
electronic controls! The new heating system has an outdoor thermostat which 
senses temperature changes before they are noticeable indoors, then signals 
them to an electronic “brain center” in the home. The brain center then takes 
over—calling for either more or less heat as needed. In addition, an indoor 
thermostat automatically turns heat up in the morning and down at night.

A POWER SCOREBOARD. Of the world’s 12 atomic reactors now producing 
civilian power, eight have been built by the U. S., three by Great Britain, 
and only one by the USSR. Total A-reactor capacity is 200,000 KW, with 
Great Britain having the largest: 114,000 KW. Largest U. S. reactor is 81,000 
KW. Russia’s is 5000 KW.

The first operating A-power plant in the U. S.- at Shippingport, Pa.—used 
almost 10 miles of Rome Cable’s highest-quality station control cable. This 
cable represents the ultimate in control cable design and performance, links 
man to atom reliably and with utmost sensitivity. You might find it interest
ing to examine a folder on this installation. Address IMPULSE, c/o Romo 
Cable Corp., Rome, N. Y.

HOW SOVIETS DO IT. Engineering education is planned as an integral part 
of the USSR economy, reports a group of engineering educators recently 
returned from there. New seven-year plan calls for 90% increase of engi
neering grads over previous average rate. A Master Plan outlines number 
of students entering engineering schools, number to receive specialized train
ing, and number of jobs to be available for graduates.

Another educator to return from there reports that the Russians are mak
ing production use of numerically controlled machine tools operating from 
punched tape or magnetic tape. In the field of automatic controls, he also 
noted that the Russians have a tendency to put a system into full-scale pro
duction use as soon as it’s in reasonably good working state.

ELECTRONIC “SPACE MEMORY.” A tiny but rugged tape recorder able to 
store three million pieces of scientific data as it travels through outer space 
has been developed. It’s small enough to be held in one hand, yet can record 
and store vital data during long intervals when spacecraft is out of direct 
radio contact with earth, then transmit them at an accelerated rate on a 
command signal when back within range.

NYLON “OVERCOAT” FOR CABLE. A thin nylon outer covering over insulated 
conductors provides outstanding resistance to temperature effects, acts as 
a sort of “overcoat.” As developed by Rome Cable, it also proves to be 
resistant to abrasion. Rome has developed many other insulating and jacket
ing compounds to meet specific operating requirements—high-temperature 
and arctic rubbers are good examples. To get a brief rundown on what’s 
available to meet your operating requirements for instrumentation cable, 
write to Rome, ask for Bulletin RCD 400, “Instrumentation Cables.”

CABLEMAN’S CORNER. The old adag(j “Don’t get the cart before the horse” 
was never so true as it is in these days of automation and instrumentation. 
With all the intricate pieces of equipment being designed these days, it is 
important that careful consideration be given to the wire and cable that may 
be employed in any system. Often forgotten is the unromantic aspect of the1 
connecting links of the system. Cables are the arteries through which must 
flow the power and informational pulses necessary for reliable performance

Don’t take a chance on being able to obtain a cable that will fit into what 
is left. Many times, important characteristics such as conductor size, insulat
ing walls, protective sheaths, flexibility and flex-life have to be sacrificed. 
Don’t sacrifice reliability in your cables for an existing space or connector 
fittings.

For 100%, reliability in multi-conductor cables, call on a cable specialist 
and call on him as soon as possible. Our number is Rome 30(X).
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Battery Charger-Tester

Automatic
For 24 v aircraft lead acid or 

nickel cadmium batteries, the 
BC24-25T charge-tester automati
cally follows a programmed charge 
and test sequence. It provides au
tomatic control of charging current 
and voltage regardless of ac supply 
voltage variations.

Christie Electric Corp., Dept. 
ED, 3410 W. 67th St., Los Angeles 
43, Calif.
Booth 2738
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±0.01 % linearity

Model 3B Vernistat is a 
ac potentiometer with 
linearity, 40 ohm output

PUBLISHED BY ROME CABLE CORPORATION. ROME, N . Y.
PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

Germanium Transistor
Has maximum junction temperature 

of 100 C

The type 2N700 germanium pup 
diffused junction transistor is 
suited for a wide range of high fre
quency applications including am
plifier and oscillator service and 
pulse and switching circuitry.

Motorola Inc., Semiconductor 
Products Div., Dept. ED, 5005 E. 
McDowell Rd., Phoenix, Ariz.
Booth 1105-1106
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MICHIGAN MAGNETICS, INC.
Vermontville, Michigan 

EXPORT DIV., MORHAN EXPORTING CORP., NEW YORK CITY

DYNAMIC GROWTH IN „ 
MAGNETIC TAPE RECORDING 
HEAD PRODUCTION

ance, and low phase shift. A BuOrd 
size 18 unit, it effects accurate con
trol of voltages by shaft angle po
sitioning.

Perkin-Elmer Corp., Vernistat 
Div., Dept. ED, Emerald St., Nor
walk. Conn.
Booth 3812
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A dependable source serving the 
industry with precision quality 
magnetic heads created individually 
to your exact specifications and 
quantity requirements Let our design 
engineers and production people 
solve your tape recording head 
problems . . . write, wire or call 
for details.
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diammount into 0.20534-chord

to 0.04.

Cambridge Thermionic
Concord

CARD

AC to DC Converter

Phase sensitive

more than 1,800but their weight
put them in the lead balloon class

PRODUCTS COMPANYMONITOR
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press 
holes

/MYTHEON-DEMGNEO, H/GH VOLTAGE 
DC MAGNETRON POWEN SUPPLY

Have any weighty problems 
We’ll be glad to lighten 
your load.

Corp 
Ave.

able, 
pounds

terminal boards. The

with wire lead diam

Dept. ED.

An aircraft manufacturer recently called 
on Raytheon to design a 10,000-volt, 60-kva 
400-cycle, filtered DC magnetron power 
supply for high-temperature airborne-radar 
application. Several designs were avail-

Outstanding quality low and high frequency crystals for high 
vibration and shock! Frequency range: 3.2 KC to well over 
100 MC. Shock: 10u G. Vibration: 2000 cycles vibration at 5 
to 30 G, depending on frequency. Series frequency tolerances 
are from -40°C to +70°C, ±.025% to —55°C to +90°C, 
±.005%. (Tolerances to ±.0025% available upon request). 
Units will meet specified military requirements of MIL-C-3098 
Special units available upon request.

Hava a problem? Write, wire or call us, TODAY! 
Send for NEW, detailed literature!

Adjustable Function 
Generator

Simply write to:
Raytheon Manufacturing Company 
Magnetic Components Product Dept 
Section 6120
Waltham 54, Massachusetts

815 Fremont Ave. • South Pasadena, Calif. 
RYan 1-1174

Our engineers 
the field of 
design, were

Weight, in one form or another, seems to 
be a concern of most of us today. While 
astronauts contend with the problem of 
"none at all", designers of electronic 
components continually face the problem 
of "too much".

, thoroughly experienced in 
fluorochemical transformer 
able to get the "lead" out, 

about 1,200 pounds of it, 
and to come up with a unit 
(shown above) weighing 
only 650 pounds.

Designed to permit measurement 
or analysis of ac signals with de in
struments, the model 401 precision
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Cambridge 38, Mass.
Booth 2219
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. . . with a “j 

performance 
record for 
reliability!

Diode Clips

Teflon insulated

These spring loaded, Teflon in
sulated Cambion diode clips are 
fed through units designed to

MONITOR 
TYPE MC-V 
HIGH VIBRATION

CRYSTALS i

A PROBLEM OF 
UTMOST GRAVITY

Teflon overlaps at the top and 
bottom, thus securely mounting 
the clip while providing it with 
insulation. Processed from brass, 
the clips are finished in a durable 
electroplate. Models 2424, 2422, 
and 2405 will accommodate diodes

This adjustable function gener
ator combines the Vernistat po
tentiometer principle with a 7 x 8 
in. function adjusting panel and 
may be used as an adjustable non
linear potentiometer. Any desired 
nonlinear curve may be produced 
with 34-chord accuracy, and peri
odic functions may be generated 
without discontinuity by continu
ous shaft rotation. The unit can be 
used as a design aid in determin
ing empirical nonlinear functions; 
as a linearizing element in a sys
tem; as an input device for analog 
computers; or as a programmer. It 
is available for ac or de operation.

Perkin-Elmer Corp., Vernistat 
Div., Dept. ED, Emerald St., Nor
walk, Conn.
Booth 3812
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RAYTHEON
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spice of lifeVariety is the
food manufacturer tells us

in a great many fields
few studies are as fascinating as

stabilizer unit. It center-of-

here

and ambients

Box NJ-486, Newport
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true 
tics

The best solution to date 
custom magnetic-amplifier

nutronic Systems, Inc 
Beach, California.
Positions Open:
Systems Engineers
Logical Designers -
Magnetic Memory

Engineers
Communications

Engineers
Digital Computer 

Programmers
Circuit Engineers
Mechanical Engineers
Optical Engineers

Robinson Aviation 
ED, Teterboro, N.J. 
Booth 2506, 2508

SOME NOT SO
PLEASANT VARIATIONS

is a Raytheon 
voltage regulator

". a canned 
This holds
In mathema'

Excellence in Electronics

VOLTAGE REGULATOR MAN
Raytheon Manufacturing Company 
Magnetic Components Product Dept 
Section 6120
Waltham 54, Massachusetts

gravity type suspension system 
which reduces rocking modes to 
simple translational modes of vibra
tion. Utilizing the company's Met- 
L-Flex resilient cushions, the 
mounting has a natural frequency

Areas of Interest:
Computers &

Data Processors 
Storage Units 
Display Devices 
Computer Components 
Solid State Devices 
Memory Systems 
Flight Data Entry 
Digital Circuit Design 
Advanced High Speed

Computer Systems

nor music is of much help

Raytheon engineers have 
solved a variety of 
such voltage regulation 
problems. Why not 
tell them yours?
Simply contact:

Protective Coating

Stands mechanical strains

A flexible, adhesive protective 
coating, HumiSeal type 2B13 is an 
air drying, two component system 
for applications where electronic 
components are subject to excessive 
handling and twisting. Applied 
either by dip, spray, or brush, it 
can be used from —60 C to +130 C 
and meets the humidity specifica
tions of MIL-STD-202A.

Columbia Technical Corp., Dept. 
ED, 61-02 31st Ave., Woodside 77, 
N.Y.
Booth M-21
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Vibration Mounting System

Low frequency
An all metal, resilient mounting 

system designed to protect a 975 lb 
Naval shipboard radio transmitter 
from shock and vibration, model 
W583 is comprised of a low fre
quency dual stage base and a twin the calculus of variations. In music, 

what could be more pleasant than Brahms 
"Variations on a Theme by Haydn"?

which, in a weather radar,successfully 
stabilizes single-phase line variations 
ranging from 105 to 125 volts, and holds 
them to within ±1% of 115 volts. This is 
in spite of the fact that line frequency

phase-sensitive ac to dc converter 
has an output linearity of 0.05%. It 
provides either single or double 
ended output proportional to the 
rms of the fundamental or to the 
in-phase or quadrature component 
of the ac input.

North Atlantic Industries, Inc., 
Dept. ED, 603 Main St., Westbury, 
N.Y.
Booth 3951
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But in electricity, equipment designers are 
often faced with some not so pleasant varia
tions in line voltage. Neither mathematics

of about 5 cps in all directions. It 
limits vibration amplification at 
resonance to less than 2 and pro
tects equipment against severe 
shock in accordance with MIL-T- 
17113.

variations are as much as 
from —45 F to +45 F.
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Positions are open for computer engineers capable 
of making significant contributions to advanced 
computer technology. These positions are in our 
new Research Center at Newport Beach, California, 
overlooking the harbor and the Pacific Ocean —an 
ideal place to live. These are career opportunities 
for qualified engineers in an intellectual environ
ment as stimulating as the physical surroundings 
are ideal. Qualified applicants are invited to send 
resumes, or inquiries, to Mr. L. R. Stapel, Aero-

COMPUTER DIVISION 

• AERONUTRONIC 
a subsidiary of FORD MOTOR COMPANY 

Newport Beach • Glendale • Santa Ana • Maywood, Cauf u/miii^ RAYTHEON



New G-E Glow Lamp 
permits less critical biasing 
... provides wider margin 

in circuit designs

This General Electric NE-97 (and its first 

cousin, the NE-96) look exactly like 

the familiar NE-2 . . . but each of these 

General Electric Glow Lamps has a wider 

differential between starting and operating 

voltage. This feature provides a margin 

of safety against false starting caused bv 

transients in the circuit, since ar least a 

30-volt pulse is needed to put the lamp 

in operation.

NE-97

DIRECT CURRENT CHARACTERISTICS NE-97 NE-96
Starting Volts...................... .... .......................... 125+15 135+15
Operating Volts......................................................... 70 + 10 70 + 10
Design Current.......................................................... 0.5 m.a. 0.5 m.a.
Life—Change in Starting and Operating Volts at 0.5 m.a.—5-Volts in 1,500 hrs.

MEMORY CIRCUIT

APPLICATIONS— Because of the wide spread between starting and 
operating voltage, the General Electric NE-96 and NE-97 are well 
suited for use in switching circuits and counters, where the lamp may 
function both as the transfer element and an indicator of state or 
sequence. For full information on G-E Glow Lamps, write for "G-E 
Glow Lamps As Circuit Control Components ’. General Electric Co.. 
Miniature Lamp Dept., Nela Park, Cleveland 12, Ohio.

Progress Is Our Most Important Product

GENERAL ELECTRIC

194

NEW PRODUCTS
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Backward Wave Oscillator

For S band

Backward wave oscillator model 
7096 is designed for S band appli
cations. The tube has a 100 mw 
power output with a nearly flat 
power versus frequency curve be
tween 2300 and 3900 me.

Sylvania Electric Products, Inc., 
Special Tube Operations, Dept. 
ED, 500 Evelyn Ave., Mountain 
View, Calif.
Booth 2322-2332, 2415-2425
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Terminal Lugs

For slip-on and permanent 
connections

Designed specifically for testing 
and easy servicing, terminal lugs 
1011 through 1014 are turret type 
solder terminals with the tops 
beveled to permit slip-on connec
tions. Permanent wiring can be 
connected to the bottom turret.

For various board thicknesses, all 
the units mount in a 0.093 in. hole. 
Type 1011 projects 0.113 in. above 
its top turret; type 1012, 0.25 in.; 
type 1013, 0.153 in.; and type 
1014, 0.281 in. A coating of water
dip lacquer keeps all surfaces 
chemically clean and ready for 
soldering.

Cambridge Thermionic Corp., 
Dept. ED, 445 Concord Ave., Cam
bridge 38, Mass.
Booth 2219
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Computer Transistors

Meet MIL-T-19500A specifications

These pnp germanium transis
tors, designated 2N425 through 8 
and 2N315 through 7, are now sup
plied to MIL-T-19500A specifica
tions. They are designed for use in 
medium and high speed switching 
and computer applications.

Industro Transistor Corp., Dept. 
ED, 35-10 36th Ave., Long Island 
City 6, N.Y.
Booth 3829
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ONLY 
$3.25

ELECTRONIC DESIGN BINDER
. . KEEPS YOUR BACK COPIES FOR HANDY REFERENCE

These strong, 12%, 12% x 5" binders offer an easy means 
of filing your back copies of Electronic Design. Each binder 
holds 13 normal size issues, and permits substitution of maga
zines if desired. Cost to Electronic Design subscribers is only 
$3.25.
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Silicon Solar Cells

3-Pole Commutator Switch

STROMBERG-CARLSON
CORPORATION

1959

NEW INSTRUMENT PANEL 
GIVES ACCURATE FUEL DATA 

AT A GLANCE

CIRCLE 686 ON READER-SERVICE CARD
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UNITED STATES RADIUM CORPORATION
MORRISTOWN, N J. Offices: Chicago, Illinois and No. Hollywood, Calif. Subsidiaries: Radelin Ltd., 

Toronto, Canada and United States Radium Corp (Europe), Geneva, Switzerland
CIRCLE 678 ON READER-SERVICE CARD

Graphic Recorder

Plots rms level of ac voltages
Completely transistorized, the 1521-A graphic 

level recorder plots the rms level of ac voltages 
from 20 cps to 200 kc. The servo type unit pro
duces permanent ink records of the response of 
electrical systems as a function of either fre
quency or time and can be used as a recorder of 
absolute level.

General Radio Co., Dept. ED, 275 Massachu
setts Ave., Cambridge 39, Mass.
Booth 3302-3312
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Has 450 contacts on a 3 in. diameter plate

There are 4.50 contacts on the 3 in. diameter 
plate of the 3-pole C.P. 427 commutator switch. 
The contact system includes three slip rings and 
three circling rows of contacts including a 90- 
point inner row, and two 180-point outer rows.

Mycalex Corporation of America, Dept. ED, 
Clifton Blvd., Clifton, N.J.
Booth 2741-2743
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Secondary standards

Providing accurate radiation measuring refer
ences, these secondary standard silicon solar 
cells are specifically designed for calibration of 
artificial light sources in terms of solar energy 
radiation. They permit evaluation of production 
solar cell efficiency without the use of a pyro
heliometer or other light-measuring device.

International Rectifier Corp., Dept. ED, 1521 
E. Grand Ave., El Segundo, Calif.
Booth 2901, 2903
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Square Wave Generator

Covers 1 cps to 1 me

Square wave generator model 1715 provides a 
rise time of 0.02 psec for pulse work and a fro 
quency coverage from 1 cps to 1 me. The fre
quency range is covered in 6 decade bands, 
which, in conjunction with the main frequency 
dial, allow a constantly variable frequency 
throughout the entire range.

The Hickok Electrical Instrument Co., Dept. 
ED, 10525 Dupont Ave., Cleveland 8. Ohio. 
Booth 3516-3518
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A DIVISION OF GENERAL DYNAMICS

Telecommunication Industrial Sales 

116 Carlson Rd. • Rochester 3, N.Y.

. . . available immediately for any 
part of your operation that depends 
on electromechanical switching.

Proven by many years of meeting 
the exacting requirements of the 
telephone industry, these twin-con
tact relays of unsurpassed reliability 
are available in many types. The 
following are representative:
Type A: general-purpose relay with 
up to 20 Form “A” spring combina
tions. This relay is excellent for 
switching operations.
Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 
Type BB relay accommodates up to 
100 Form “A” springs.
Type C (illustrated): two relays on 
the1 same frame. A “must” where 
space is at a premium.
Type E: has the characteristics of 
Type A relay, plus universal mount
ing arrangement. Interchangeable 
with many other makes.

Complete details and specifica
tions on all Stromberg-Carlson re
lays are contained in our new relay 
catalog. Contents include: spring 
combinations, table of equivalents, 
contact data, variations and special 
features, plus complete mounting 
and cover information.

The catalog is available on request.

Pilots of Boeing’s 707 jet liners rely on new USR- 

engineered fuel system panels for quick, clear, con

cise information. The ready legibility inherent in the 

design of these integral edge-lighted panels makes it 

comparatively simple for the pilot to keep track 

of fuel load levels in jet flight where fuel manage

ment and control arc always-critical factors.

In designing the Boeing fuel system panels, as in 

production of its entire line of edge-lighted dials and 

panels employing the Lackon’ process, U. S. 

Radium utilizes experience and facilities unsur

passed in more than 30 years of service to com

ponent fields. The company offers a complete 

selection of “light-engineered” dials and panels for 

military and non military applications. Technical 

consultation is available on request.

Request Bulletin 10.30 D-3.

Stromberg-Carlson 
"TELEPHONE QUALITY” 

Relays
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SEMI LINE

Power Supplies
Outputs from 2.5 to 1000 v de

Rugged, heavy duty de units 
with magnetic voltage regulation, 
model MD power supplies cannot 
be damaged by output shorts.

Sorensen & Co., Inc., Dept. ED, 
Richards Ave., South Norwalk, 
Conn.
Booth 2627-2629
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lection of all types of thermistors, 
including beads, rods, wafers, 
discs, and washers. It has center 
scale ranges of 5, 50, and 500 ohms, 
5 and 50 K, and 0.5, 5, and 50 meg.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 Commerce St., 
Springfield, N.J.
Booth 3009
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Precision Switches

Compressed and profiled high strength 
100 C polyethylene or 250’C teflon di
electric structure providing the highest 
transmission efficiencies for any imped
ance desired.

ADVANTAGES of SOLID and AIR 

DIELECTRIC LINE COMBINED by
in revolutionary All-Aluminum Cable and Connector

Spir-O-linc — Prodelin’s latest contribution to air-dielectric transmission 
— combines the low loss of air dielectric with the high power of solid 
dielectric lines by using dielectric tubes compressed and profiled into a 
symmetrical supporting structure. Spir-O-lim is available in continuous 
lengths up to 1000' with reliably low VSWR and 50, 70, 75 ohm, and other
impedances; the 50 ohm line usable up to these cut-off frequencies
Kmc ; - 10.0 Kmc; 7h" -5.0 Kmc; 1%" - 2.8 Kmc
The normally non-corroding aluminum-alloy outer conductor i

%" - 15.0 
1.5 Kmc. 
available

with a non-contaminating polyethylene jacket for caustic environments.

1

• Nt special techniques er teels required te 
make up cable connector assembly
No metallic welds or dielectric splices are 
used regardless of cable length
Continuous high-conductivity aluminum sheath 
assures maximum pressure tightness and 
weather protection
Uniform straight lay tubular support through
out keeps inner conductor smoothly centered 
on bends

PATENTS 
PENDI NG

Specify Spir O line HI TEMP 
with Teflon for 250° C operation

Reconsider your cable requirements 
now and ask how Spir-O-line can 
provide new life with added econ
omies in your service! WRITE FOR 
TECHNICAL BULLETIN TODAY

URE S-----------------------

• Pressure-tight and high tensile cable connector 
assembly can be made with only hand tightening

• Dielectric structure makes continuous and 
intimate Jine contact with both conductors 
without spiraling - yielding best broadband 
performance, highest power handling capacity, 
lowest attenuations, and VSWR smoothness

• Both cable and connector available for 90 C 
to ‘250 C operation

• Terminates in standard EIA (RETMA) dimensions

- —
Spir-O-lok Connector

Aiteou.tely preuune-tlKht 
l#e when hand-tightened 

for field service when wrench-
S,.enrie.lly ,

,se with soft aluminum 
rovide highest tensile strengths with 
it tul>e distortion. No specia 
ones, bulky fixtures, or non-standard 
,1s required. Maw bt or

replacing connector parts . 
and money! RETMA dimensioned.

19Ó

NF W JERSEY

DEPT. ED-3, 307 BERGEN AVE., KEARNY, N.J.

Spir-O-line! — the only All-American Semi-Flex Aluminum Cable and 
Connector Conceived, Engineered, and Manufactured in the U SJ
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Thermistor Analyzer
Has 0.5 ohm to 500 meg resistance 

range
The model 702 analyzer covers 

the entire thermistor resistance 
range from 0.5 ohm to 5(H) meg 
with an accuracy of approximately

1% of the scale length. Using a 
small amount of energy for meas
urements, it prevents self-heating 
of even the smallest thermistor. The 
unit is suited for incoming inspec
tion or production checking and se-

Have 20 amp rating

Rated at 20 amp, 125 or 250 v ac, 
series S2A snap action precision 
switches have rugged, ammonia 
free phenolic cases which enable 
them to withstand excessive actuat
ing pressures. They are constructed 
with a one-piece beryllium copper 
blade, solid silver contacts, and 
molded-in barriers. They are avail
able with any of eight actuator 
mechanisms.

Hetherington Inc., Dept. ED, 
Folcroft, Pa.
Booth 3805

CIRCLE 682 ON READER-SERVICE CARD

ELIMINATE COSTLY 
COLOR CODING A

with a

KINGSLEY Wire-Marking Machine 
The Kingsley Machine will permanently mark each wire 
or piece of plastic tubing with its own individual circuit 
number, at any desired spacing... at a speed of 11,000 
stampings per hour!

You need only one color of wire for as many codes as 
necessary. Simplify your assembly methods and speed your 
production time with the same machine that has proven so 
successful in the entire aircraft industry.

Write for complote information

KINGSLEY MACHINE CO. • HOLLYWOOD 38 • CALIFORNIA

LE(
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Multitester

For mechanical quantities

With the plugging in of appro
priate transducers or strain gages, 
the model 1650 Poly-Gauge pro- 
sides direct measurements of pres
sure, load, force, displacement, and 
strain. It indicates displacement in 
thousandths of an inch, strain in 
pounds per square inch, or load in 
pounds, dependent on the transdu
cer in use. The range factors of 100, 
25, 10, 2.5, 1, or 0.25 are selected by 
the range control. An output which 
can be used for recording or control

is provided along with facilities for 
direct or remote indication of meas
urements. The instrument is port
able. self-contained, and powered 
by 117 v ac. It weighs 22 lb and 
measures 15 x 9 x 6 in. Additional 
controls include a selector switch, 
zero set control, gage factor control, 
and quad test.

Telechrome Mfg. Corp., Dept. 
ED, 28 Ranick Drive, Amityville, 
N.Y.
Booth 1811-1813
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Pulse Transformers

Miniature

These miniature encapsulated 
transformers are designed for block
ing oscillator circuits. They are three 
winding units with a ratio of 1:1:1. 
Pulse widths range from 0.5 to 7 
psec.

Chicago Standard Transformer 
Corp., Dept. ED, 3501 W. Addison 
St., Chicago 18, Ill.
Booth 3707

CIRCLE 456 ON READER-SERVICE CARD

T-.
Space
WT1H

SPECIFY
PRECISION

Problem?

PACE-SAVE!

RESIS
... the Complete 
Line of Flat and 
Stack Mounting 

Wire Wound, 
Power Resistors

TYPE BRM MEDIUM

TYPE BRS SMALL

Available In Wattage Ratings 
from IO to 7S W
Resistance Range from .IO to 
100,000 Ohms

POWER SUPPLY
Operating from 115V, 60 cps power, the 
Model 1452C is one of a series of CML 
Electronic Generators designed for pro
duction testing of gyro spin motors and 
similar devices.

Catalog "M" describing this unit as well 
as other CML generators in the power 
range of from 50 VA to 80 KVA in single 
and three phase units and frequency 
range of 20 cps to 60 KC with all speci
fications listed, is yours on request.
Our design engineering department is at 
your service to design and custom-build 
a power supply unit for your specific need.

OUTPUT • 250 V.A. 
DISTORTION - 2% 
REGULATION - 1% 
FREQ. STABILITY - .001% 
SIZE: 23" W X 18" D X 22" H. 
ALSO AVAILABLE 
AS A VARIABLE 
FREQUENCY UNIT.

COMMUNICATION MEASUREMENTS LABORATORY, INC.
350 LEMND 4VENUE. PLAINFIELD, NEW JERSEÏ

PRECISE FIXED FREQUENCY 
THREE PHASE

.WHERE
* DEPENDABILITY 

IS OF PRIME 
CONCERN

VISIT 
BOOTH 
3848 
IRE. 
SHOW!

These High Reliability Space-savers feature matched co
efficient of expansion with gray vitreous enamel covering for 
complete protection from overloads and environmental con
ditions. Aluminum thru-bracket improves heat 
dissipation, minimizes hot spots, allows a {mm N 
higher wattage rating per unit of space. [
Bracket construction facilitates stacking and •ÿwn 
saves additional space.

For Complete Specifications 
Blue Ribbon Resistors, call

and illustrated bulletin 
or write, today!

on H H

RHEOSTATS
Complete range 
from 25 to 1000 
watts. Shock resis
tant construction. 
High temperature 
enamel bonding 
withstands greater 
overload.

RESISTORS
Fixed, adjustable, 
ferrule and axial 
lead types for all 
commercial and 
military applica
tions. Super-rugged
ized for complete 
reliability.

The Mark of Quality since 1924

HARDWICK, HINDLE • INC
40 HERMON ST., NEWARK 5, NEW JERSEY

CIRCLE 458 ON READER-SERVICE CARDCIRCLE 457 ON READER-SERVICE CARD
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When Top Quality Capacitors Are Required 
Specify Pyramid Mylar’ or Tantalum

UP TO 1000 MFD-VOLTS IN LESS THAN 2/100 

OF A CUBIC INCH
•‘«SM

...PYRAMID TANTALUM CAPACITORS

NEW PRODUCTS
AT THE IRE SHOW

Silicon Rectifiers

Rated at 1500 pivz 300 ma

Miniaturized to provide maximum space economy.

New Pyramid Tantalum slug capacitors have cylindrical cases and contain a non-corrosive electrolyte. 
Due to the special construction of materials used in the manufacture of Pyramid Tantalum slug capacitors, 
these units are both seep and vibration proof. In addition, this type of capacitor assures long service life 
and corrosion resistance—made to meet MIL-C-3965 Specifications.

Commercially available immediately, these new Pyramid Tantalum capacitor units have an operating 
range between —55° C to 100° C for most units without any de-rating at the higher temperature.

stud mounted for optimum heat dis
sipation and may be operated at 
temperatures to 150 C. They with
stand severe shock and vibration 
and are suitable for missile and 
airborne equipment applications. 
Proper selection of polarity elimin
ates the need for high voltage in
sulation between stud and chassis.

International Rectifier Corp., 
Dept. ED, 1521 E. Grand Ave., El 
Segundo, Calif.
Booth 2901, 2903

CIRCLE 460 ON READER-SERVICE CARD

PYRAMID MYLAR...
- 30 C to +125°C

SMALLEST FILM CAPACITORS MADE!

These stable silicon rectifiers are 
mted at 1.5(H) piv, 300 ma and offer 
reverse leakages as low as 100 ua at 
75 C. Maximum forward voltage 
drop at 25 C and 150 ma is 4.5 v. 
Designed primarily for high tem
perature operation, these units arc

Capacitance Bridge

Measures 0 to 1000 puf
Model AB-5 Auto-Bridge meas

ures capacitance from 0 to 10(H) 
ppf at 1 me. It has two ranges. Ac
curacy is 1 0.57 to 500 ppf, +1% to 
1000 ppf.

industrial Instruments, Inc., Dept. 
ED, 89 Commerce Rd., Cedar 
Grove, N.J.
Booth 3233, 3235

CIRCLE 461 ON READER-SERVICE CARD

Pyramid new Mylar capacitors have extremely high insulation resistance, high dielectric strength and 
resistance to moisture penetration.

Commercially available immediately, Pyramid Mylar capacitors have an operating range between 
—30° C to + 125° C with voltage de-ratings above +85° C. Pyramid wrapped Mylar capacitors—Series 
Nos.: 101,. 103,106 and 107 have the following characteristics:

a r r a *iT L i n e 
FLAT DIRECTIONAL COUPLER

Construction Styles: FEATURESShapeBasic No. Type Winding
101 Inserted Tabs Flat
103 Extended Foil Flat
106 Inserted Tabs Round
107 Extended Foil Round

Tolerance: The standard capacitance tolerance is * 20%. Closer tolerances can be specified.
Electrical Characteristics: Operating range for Mylar capacitors—from 55° C to +85° C and to +125° C 

with voltage de-rating.
Dissipation Factor: The dissipation factor is less than 1% when measured at 25° C and 1000 CPS or referred

to 1000 CPS.
Insulation Resistance: Temperature

25° C
85° C

125° C

IR x mfd 
50,000 

1,000
50

Maximum IR Requirements 
15,000 megohms 
6,000

300

• Low insertion loss.

• May be made bi-directional for 
Reflectometer setups.

• Connectors: Type N Female, 
(others on request)

• Coupling Tolerance: —1.0 db

• VSWR: 1.20 max. on primary

• Available for high aVerage 
power applications in excess of 
600 watts average power.

Pyramid Mylar capacitors are subject to the following tests:
Test Voltage-Mylar capacitors shall withstand 200% of rated D.C. voltage for 1 minute at 25° C.
Life Test—Mylar capacitors shall withstand an accelerated life test of 250 hours with 140% of the voltage 

rating for the test temperature. 1 failure out of 12 is permitted.
Humidity Test—Mylar capacitors shall meet the humidity requirements of MIL-C-91 A specifications.

Complete engineering data and prices for Pyramid Mylar and Tantalum Capacitors may be obtained 
from Pyramid Research and Development Department.

DUPONT REGISTERED TRADEMARK

eouipmeht- PYP A M ELECTRI c CO.
FOB REPLACEMENT * , - NORTH BERGEN, N. J.

EXPORT: 458 Broadway, N.Y. 13, N.Y.* CANADA: Wm. Cohen, Ltd.-7000 Park Ave., Montreal

Coupling values of 10, 20, and 30 db standard.
(Indicate coupling value by dash number following model number For 
example: 1114-20 indicates a 20 db coupler, 250-500 Me., etc.)

* For 10 db couplers odd $25.00

Model No.
Frequency 

MC
Directivity 
db (min.) Sise

Unit 
Price*

1114 250-500 20 7x3 x V#" $125.
2114 500-1000 20 5"dia.xVi" $125.
3114 1000-2000 17 4"dla.x7a" $125.
4114 2000-4000 15 4"dia.x7a" $110.
5114 4000-7000 15 4"dia.xVs" $125.
4114 7000-11000 15 3"dia.x%" $225.

1 Bond St., Westbury, N.Y
ANTENNA and RADONE 
RESEARCH ASSOCIATES

CIRCLE 459 ON READER-SERVICE CARD CIRCLE 462 ON READER-SERVICE CARD
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Precision Potentiometers

Have two bulbs, two switches

ARD

precision, high performance

Servo Data Conversion

Equipment designed

to accommodate

any

CIRCLE 463 ON READER-SERVICE CARD:ard input and output

requirement.

1959

SERIES 400 SERVO REPEATER

For general purpose repeater and 
digitizer applications where visual 

readout is not required.

t dis- 
d at 
with
ation 

and 
dons, 
imin- 
e in- 
assis. 
’orp.,

El

meas- 
1000

s. Ac- 
1% to

Dept. 
Cedar

For

Lighted Pushbutton 
Switch Modules Have resistances from 85 ohms 

to 146 K
Equipped with two bulbs and two 

switches, series C-20 lighted push
button switches are 7/8 in. square 
and especially suited to matrix ap
plications. Of modular construction, 
they require no barriers, and any 
number of them can be mounted side 
by side in a common hole. The en
tire assembly is removable from the 
front of the panel for easy relamp
ing. The bulbs can be of different 
colors, and each can flash or remain 
steady. Thus, up to six conditions 
can be monitored by the steady or 
Hashing light of either or both bulbs. 
The units have series T3 switches, 
each spdt, with wire lead termina
tions. They are rated at 6 amp, 125 
v ac; 3 amp, 30 v de inductive; or 6 
amp, 30 v de resistive.

Electrosnap 
4218 W. Lake 
Booth 2131

Corp., Dept. ED, 
St., Chicago 24, Ill.

Series 5500 single-turn precision 
potentiometers are all metal, 1-3/4 
in. units with a standard power 
rating of 6 w at 40 C, derated to 0 
at 150 C. They have standard re
sistances ranging from 85 ohms to 
146 K and standard linearity down 
to ±0.15%. The 4 in. coil provides 
resolution up to 0.042%. Available in 
a variety of mounting and bearing 
styles, these rugged units stand up 
to shaft speeds of 240 rpm and have 
a standard torque of 0.6 oz-in., with 
as little as 0.2 oz-in. provided on 
special order. They meet MIL-E- 
5272A, NAS-710, and JAN-R-19, 
and other military requirements. Up 
to eight sections can be ganged, and 
up to 15 taps per section can be 
used.

Beckman Instruments, Inc., Heli
pot Div., Dept. ED, 2500 Fullerton 
Rd., Fullerton, Calif.
Booth 2602-2604

CIRCLE 464 ON READER-SERVICE CARD

AVAILABLE NOW

Scu/o I tubumtetdafion

A complete line of

DATA 
CONVERSION

SERIES 200 SINGLE POINTER INDICATOR 
For applications requiring accuracies and res
olutions of less than .2% and high speed 
of response.

SERIES 200 DUAL POINTER INDICATOR
For high resolution and accuracy application 
where readability and dynamic response are 
important.

AumPaW oa

RATIOMETERS

MIL1VOLTMETERS

SERVO DATA 
CONVERTER

SERVO READOUT 
SYSTEMS

A TO D SERVO 
CONVERSION SYSTEMS

TEMPERATURE 
MEASURING SYSTEMS

SERIES 300 DIGITAL DISPLAY INDICATOR 
For highest accuracy and resolution.

AD E Lune
SUPPORTS 

designed for every application 1

CLAMPS • BLOCKS • HARNESS STRAPS 
for military & industrial systems & equipments

DISTRICT OFFICES-:

CIRCLE 466 ON READER-SERVICE CARD

Direct inquiries to 
Huntington Division 
1444 Washington Ave. 
Huntington 4, 
West Virginia

• Wichita • Dallas • Toronto

CIRCLE 465 ON READER-SERVICE CARD
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603 main street, westbury, n.y. EDgewood t-ust
JSl 

RODUCT
11 c**rmti(a 

eo

They cut maintenance and replacement costà 
.. . performance and reliability far beypnd 
specifications of any other Line Support, j 

, CLAMPS provide cushioned, vibration 
± J absorbing support for cables, tuning 

and piping.

* BLOCKS provide resilient support for 
multiple grouping of lines to eliminate 
failures. /

___ HARNESS STRAPS embody heat and cold 
resistant material for temperatures far 
above ±550°F to well below -90’F.

For safety, flexibility, durability and economy SPECIFY 
ADEL and be certain of getting tha best possible service 
from products that are the result of advanced engineer
ing design and the most modem production techniques^

A COMPLETE LINE . . SERViÓf-FITTED, TESTED AND 
APPROVED. SPECIFICATIONS''ARE AVAILABLE TO AIR
CRAFT, MISSILE AND OftfClNAL EQUIPMENT MANUFAC
TURERS . . . WHAT ARE YOUR REQUIREMENTS?

199



> SHIELDED
CABLES

for complete 

specification* for these 
and other 

Lent Wire» and Cables 
write today for 

the new Lent Catalog.

STEREO

NEW PRODUCTS
AT THE IRE SHOW

Shaft Rotation 
Sensing Devices

For industrial measurements

Transistorized zero speed Roto- 
pulsers are rugged sensing devices 
for heavy duty industrial use. They 
measure length, rpm, linear or an
gular position, belt speed, motor 
slip, or virtually any physical quan
tity which can be converted into 
shaft rotations. Type 80 Rotopulsers 
have speeds to 20,000 rpm and pro
vide from 0 to 1200 counts per revo
lution with constant output at all 
speeds; type 81 units are equipped 
with interchangeable internal pulse 
disks for simplified modification of 
counts per revolution; and type 82 
are add-subtract units for bidirec
tional applications. All models are 
3-1/2 in. in diameter and 1-3/4 in.

long. They operate to 120 F and are 
available with the company’s Photo
Mite light cell sensing unit.

Dynapar Corp., Dept. ED, 5150 
Church St., Skokie, Ill.
Booth 3116

CIRCLE 538 ON READER-SERVICE CARD

Self-Balancing 
Servo Instruments

For airborne indicating and telemetry

These self-balancing servo instru
ments use off-the-shelf elements to 
provide customized systems for air
borne indicating and telemetry. The 
basis of the series is a miniature, 
panel-mounted position servo which 
provides a visual reading or shaft 
position proportional to the input 
voltage. Fully self-contained, the 
system is 7 in. long and 3 in. in di
ameter. It operates on primary' 
power and a signal input. Through 
the use of suitable scales, output po
tentiometers, synchros, or encoders,

]

ELECTROMETER AMPLIFIER

CABLESWIRES

CIRCLE 537 ON READER-SERVICE CARD
ELE

These low capacity cables are especially de
signed for use as leads between amplifiers, 
speakers and record changers of Stereo HI-FI 
units. Standard Two Conductor and Single 
Conductor cables are available and, where 
required, modifications of these cables can be 
developed to satisfy specific requirements.

LENZ ELECTRIC MANUFACTURING CO.
1753 No. Western Ave., Chicago 47, III.

P 
n 
st

MODEL 201 B
F. O. B. Oakland, Calif. ^525

STEREO RECORD CHANGER TO SPEAKER CO-AXIAL 
SINGLE CONDUCTOR LOW CAPACITY CABLE

Single Stranded Copper Conductors with polyethylene insu
lation, tinned copper full coverage shield and black or gray 
plastic insulation. Three styles available with shield to con- 
durtor capacities of M, 31 aid 33 uuf per foot respectively.

flectrometer Amplifiers • Millimicrosecond Coincidence Units • Millimicrosecond Pulse Generators

CIRCLE 539 ON READER-SERVICE CARD
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LOW CAPACITY HI-FI AMPLIFIER INTERNAL SIGNAL CABLE

Two Solid Conductors in parallel with red and clear poly
ethylene insulation and spiral wrapped tinned copper shield 
with black extruded plastic jacket with 24 uuf per foot 
shield to conductor capacity.

»tSEARO»
3A,,Mt 4M» J

LOW CAPACITY RECORD CHANGER TO AMPLIFIER EXTENSION CABLE

Two Stranded Conductors with clear polyethylene insulation 
extruded in parallel with a spiral wrapped tinned copper 
shield and a black extruded plastic jacket. Two styles avail
able, with .030" wall insulation, 24 uuf per foot shield to 
conductor capacity and .017" wall insulation, 39 uuf per 
foot shield to conductor capacity.

from 
E* H research 

laboratories
for AC and DC measurements in 

the ultra-low current region

PRINCIPAL FEATURES OF THE E^H MODEL 201 B ARE:
• High sensitivity; 16 ranges, 3 x 1014 to IO 6 amps full scale
• Fast Response; Time Constant 40 Msec at 10-6 amps, 250 Msec at

IO 9 amps, 400 millisec at IO*1? amps full scale
• Exceptional de stability, ultra low grid current
• Multiple outputs; 10 and 100 mv recorder outputs, scope output 

for additional information, write or wire .. . ---------

E«H RESEARCH LABORATORIES 
nil PARK BLVD. . CLEHeOURT Mm • OAKLAUD D, CDIIFDBHI*
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SYNCHROSmeasure
a zener

MIL-S-20708
SIZE 11 26 VOLT

CIRCLE 468 ON READER-SERVICE CARD
ACTUAL SIZE

mixers
ators

For uhf and microwave circuits

STOCK DELIVERY
Dept 26V 11CDX4a

Primary Voltage iNominal 26 volts in 2 volts26 volts

cost. CIRCLE 469 ON READER-SERVICE CARD Energizing Primary Current (Max 280 milliamps 280 milliamps 155 milliamps

1.2 watts 1.2 wattsEnergizing Power (Max 35 watts

Transformation Ratio + 2'

60°C 60°C

No Load Temp. Rise (Max

0079 oz inTorque Gradient (Mm 0079 oz-in deg

Electrical Error (Max

t 60 minReceiver Error (Max)

Minimum Voltage Total (Ma 19 millivolts 26 millivolts

12 millivolts 17 millivolts

055 oz in 055 oz in

ZRo (Nom) 14.4 + J 107

ZSo *Nom) 4.5 + J 19 1

Outline Drawing AY 1107 0 AY 1137 o

and Service Office

Montrose Division
SOUTH MONTROSE, PA

CIRCLE 470 ON READER-SERVICE CARH CIRCLE 471 ON READER-SERVICE CARD
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Weit Coast Sales 
Canadian Affiliate

1.5 sec
2.5 sec.

SIZE IS
CX6-XN.
CDX6-XN

SIZE 15
CX6-XN, 
CDX6-XN

+ 10 mm.
+ 10 min

SIZE 30
TXB6-XN, 
TRB6-XN, 
TXB4-XN, 
TRB4-XN

See the 
Montrose 
Exhibit 
at the 

New York 
IRE Show 

March 23-26

transmission. For absolute 
ments the system includes

quickly assembled, they are espe
cially suited for developing bread
board packages. Components in
clude directional couplers, hybrid

, variable and fixed attenu- 
power dividers, bends, and

TYPE 6
HG, HDG

OTHER
SYNCHRO
TYPES 
AVAILABLE

Fund. Component of Min 
Voltage (Max)

Friction 1 orque Max Room
Temp at 3 RPM

WRITE FOR LITERATURE . . .
Latest Kulka Terminal Block Catalog sent 
on request Let us have your terminal block 
problems and requirements. Our specialty!

SIZE 37
TX4-XN.TR6 XN.
TX6-XN.TDX6 XN

SIZE 31 
TR4a, TX4».
TR4-XN, TX4-XN
TDX4-XN, 
TDR4-XN, 
TDR6-XN, 
TDX6-XN, 
TR6-XN, TX6 XN

Max. Temp Rise Under
Load (Max)

TYPE 5
HG, HDG, HCT, F

TYPE I
HCT, HDG, F, HG

TYPE 3
HG, HDG, HCT, F

SIZE 11
CT4b,CX4b, TR4a
TX4a 26V-CT4b 
26V-CX4a

Sanders Associates 
ED, Nashua, N. H. 
Booth 3842

Electrical Error (Rotor Max 
(Stator Max i

Synchronizing Time 30" Max 
179° Max

designed by the Bureau of Ships and covered by applicable MIL specs, these boards 
or blocks are ideal for other heavy-duty assemblies and services. Available in several 
different lengths and number of terminals. Supplied in MAI-60 glass-filled Alkyd as per 
MIL-M-14 with latest revision. Threaded studs of manganese-bronze, molded in plastic. 
Slotted brass nuts. Other Navy types also available.

SIZE 23
CDX4a. CT4, 
CT4a, CX4a CX4 
TDR4a, TDX4a, 
TR4. TR4a, TX4, 
TX4a, CT6, CT6a. 
TR6, TR6a, CX6.
CX61, TX6. TX6a

Made to Navy drawing 9000 
S6505 B, 73214. Rev. H.

Modular Strip-Line 
Components

Aviarían Electric Limited, 200 Laurentien Blvd., Montreal, Quebec

KULKA ELECTRIC CORP, 
633-643 So. Fulton Aventw 

Mount Vernon, N. Y.

cuits. Versatile.

In compact, modular form, Tri 
Plate strip transmission line compo 
nents permit building block con 
struction of uhf and microwave cir

special fittings for interconnecting 
individual units or adapting them to 
coaxial line and crystal mounts. 
These modules provide flat, photo
etched transmission lines for broad
band operation in 250 to 4000 me 
frequency range.

diode reference and provides maxi
mum accuracies of 0.05% of full 
scale, with highest full scale re
sponse time of less than 0.25 sec.

North Atlantic Industries, Inc.. 
Dept. ED, 603 Main St., Westbury, 
N.Y.
Booth 3951

which are incorporated in the unit 
to suit the need, the system can 
meet virtually any aircraft or missile 
requirement for indication or data

KULKA
AVIATION CORPORATION



use

nly provide a strong

CIRCLE 473 ON

202

offers these advantages to designers and 
producers of wire harness assemblies!

Write today for 
additional information 
and tamplet.

quadrature 
five ranges 
and a fre-

NEW PRODUCTS
AT THE IRE SHOW

...simplified AUG AT 
SOCKET ASSEMBLY 
eliminates use of 
separate crystal 
holder and socket

The Augat Crystal Holder 
Socket Assembly is especially 
designed for military-type HC- 
6/U and HC-13/U standard size 
crystal cans. Its unique, compact 
unit construction reduces over
all package size and weight by 
eliminating use of separate 
socket and holder.

Clip is fabricated of beryllium 
copper alloy, cadmium plated 
per military specs. Teflon jacks 
are press fitted into the assembly 
to receive crystal pins. Socket 
assembly designed for horizontal 
or vertical mounting. Available 
with extra long contact tails 
formed at right angles for use on 
3/32" max. printed circuit 
boards. Also obtainable with 
anti-rotate tab.

from 0.01 to 1000 cps

. . many times 
Provides a sig-faster than any other methods now 

nificant savings in time and labor . .

Printed Circuit Laminate 

Flame resistant

Primarily for printed circuit ap
plications, Phenolite grade XXXP- 
475 is a flame resistant laminated 
plastic with good electrical proper
ties and high insulation resistance. 
It has a low moisture absorption ex
ceeding all NEMA required values 
for grade XXXP, and it yields ex
cellent punching results with a 
minimum of heating in the 130 to 
150 F range. Suited for electronic 
applications where fire danger 
exists, it is self-extinguishing and

quency calibration accuracy of 
±3%. The three phase output is 10 v 
rms behind 600 ohms in each phase, 
and the four phase output is 5 v 
rms. Output power is 167 mw per 
phase into a three phase load of 600 
ohms per phase.

General Radio Co., Dept. ED, 275 
Massachusetts Ave., Cambridge 39, 
Mass.
Booth 3302-3312

CIRCLE 474 ON READER-SERVICE CARD

vibration-free method of anchoring and binding 
wire harnesses but also provide greater ventilation for the 
cables. Cradles hold cables free of panel walls for excellent 
air circulation and heat dissipation. Provides a better cable 
rating with the possibility of using smaller diameter cables or 
the same diameter with a higher load.

ALL BACKED UP BY FACTUAL PROOF 
IN THIS TIME STUDY REPORT . ..

ELECTRONIC DESIGN • March 4, 1959

Tests conducted by an independent Time-Study Organiza
tion provide positive proof of the time and material savings 
that can be realized through the use of ' Cradleclips." 
This report could show you how to save your firm thou
sands of dollars each year. Write today for your free 
copy of the Cradleclip" Time Study Report plus a free 
kit of Cradleclip" samples.

economical. No need to 
change as with other

Cradleclips" not

puts. An adapter which provides 
four phase output is available for 
applications requiring 
signals. The unit has

reclose the clip . . . it’s fast, easy and 
use new fastening devices for each 
methods. Saves time and materials.

Low Frequency Oscillator
Has three phase output

Primarily a source of vlf sinusoi
dal signals, type 1305-A oscillator 
can also be used to measure the 
gain and phase shift of four terminal 
devices and to determine the trans
fer characteristics of amplifiers and 
servomechanisms. It has a three 
phase output and includes a phase 
shifter with an output continuously 
variable in phase from 0 to 360 deg. 
Three independent RC networks 
are used in the phase shift oscil
lator circuit. The amplitude regu
lator provides a high stabilization in
dependent of frequency, and the 
cathode follower circuits provide 
low distortion, low impedance out-

BROS. me.
31 PERRY AVENUE • ATTLEBORO, MASS 

READER-SERVICE CARD

p/ry/ffigf . . . ideal for the harnessing of any type of elec
trical or electronic wiring system. In case of design 

changes wires may be quickly and easily removed or re
located . . . merely open the clip, remove the wire and then

a product ofütcwMi INC."--”“
CIRCLE 472 ON READER-SERVICE CARD
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ase,

per

Fibr

les

small or largeproblem Air-Marine for yourcommand. Contact
the finest moneythe best motors skill can produce

115V 400CY 1PH 1.0MFD

Air-Marine's Seawolf Motor

CARD

Whatever your 
engineering sto 
motor needs-I 
can buy.

Amityville, N. Y.
Lot C«tw.

Dept. ED, 1059 Beech 
ton 99, Del.
Booth 4423, 4425

CIRCLE 478 ON READER-SERVICE CARD
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in. or 39 in. sq.
National Vulcanized

K CORPO RATIO N 
• Pasadena, California 
PRINCIPAL r 1 T I r

peratures from 65 to -¡-125 C and 
vibration of 20 g from 55 to 2000 
cps, they can be used at altitudes 
to 350,000 ft. Insulation breakdown 
voltage is 500 v rms at 70,000 ft, 
14(X) v at sea level. Designed to ac
commodate a wide range of wires, 
the units have solderless, tool in
stalled contacts, closed entry sockets, 
nonshorting fronts, and hardware 
mounts. The removable, snap locked 
contacts are self-insulated.

Burndy Corp.. Omaton Div.. 
Dept. ED, Norwalk. Conn.
Booth 3107. 3109

CIRCLE 476 ON READER-SERVICE CARD

Resistance Bridge

Has ±0.1% accuracy
For resistance measurements at 

de, model AB-4 Auto-Bridge has a 
range of 10 ohms to 10 meg and 
^0.17 accuracy.

Industrial Instruments, Inc., 
Dept. ED, 89 Commerce Rd., 
Cedar Grove, N.J.
Booth 3233, 3235

CIRCLE 540 ON READER-SERVICE CARD

SAILS ENGINEERING REPRESENTATIVES

CIRCLE 477 ON READER-SERVICE 
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Relay Sockets

For missile use
Designed for use in missiles, mis

sile ground guidance and control 
systems, and missile launching and 
handling equipment, type MT20R 
relay sockets meet MIL-C-8384, 
MIL-M-14E, and MIL-T-5042 speci
fications. Built to withstand tem-

prevents the spread of flame. At 
1 me, dielectric constant is 4.6 and 
dissipation factor is 0.035. The ma
terial is a paper base laminate 
with a modified phenolic resin. It 
can be used in computers, aircraft 
equipment, telephone1 equipment, 
and television and radio sets. It is 
available in thicknesses from 1 32 
to 1 4 in. and in sheets sizes 39 \

Air-Marine Motors go to sea on USS Seawelf, Navy's newest 

atomic-powered submarine.

SEAWOLF'S VITAL ELECTRONIC 
EQUIPMENT/OOLED BY 
AIR-MARINE MOTORS

15,000TQ,OOO HOURS UNDER THE SEA!
When the U.S. Navy's atomic-powered submarine—miracle of modern 
engineering — churns through the waters at 50 fathoms down, its vital 
electronic equipment is constantly protected day and night by a bat

tery of the most rugged blowers ever devised.

Incorporating into its design equipment never before mounted for 
undersea service, Navy engineers were confronted with a critical 
cooling problem, for the Seawolf was to stay submerged week after 
week and month after month. And such equipment must be depend

ably and constantly cooled.
Tough project? Not at all for Air-Marine. It's highly trained staff of 
engineers pooled their knowledge and promptly designed, to rigid 
Navy specifications, blowers that could run continuously toward a 
10,000 hour life — more than u solid year—delivering uninterrupted 

cooling for the A-sub's vital installations.

photo courtesy Consolidated Electrodynamics Corp.

WELDMATIC PRECISION WELDING ASSURES 
RELIABILITY IN CEC PRESSURE PICKUPS 
Breaking the temperature barrier for pressure pickups, Consolidated Electro 
dynamics Corp, now manufactures transducers that operate continuously above 

• 600 F without damage. It’s the new all-uelded internal construction that makes 
this possible. Spot welding metal-to-metal bonds under binocular microscopes re 
quires reliable, easy-to-operate equipment. That’s why CEC chose Weldmatic — 
why don’t you? Write for our new, complete General Catalog.

vs at the IRE Show • Booth 231

15,000 hours at 55°C 
without servicing or oilin'*



HOW TO USE
INSTRUMENT

CHOPPERS
JOHN A. KENNEDY

JAMBS VIBRAPOWR CO.

DOUBLE POLE DOUBLE THROW 
COPPERS can be used to simplify cir
cuit design and improve performance.

A DPDT chopper can be used as both 
the modulator of the input signal and 
as the demodulator or rectifier in the 
output. The unique JAMES design drives 
both sections of a DPDT chopper from 
a common reed. As a result both sections 
track together. The designer need only 
insure his circuit phase relationships 
are correct.

Signal isolation between the two pole 
sections of a JAMES chopper is good, 
interpole capacity being less than 7 
MMFD. Since both poles have the same 
phase lag, system gains of 10s may be 
used safely.

The maximum continuous rating for 
JAMES instrument choppers is 10 volts 
at 1 MA. Input sections rarely approach 
this voltage and current level, however, 
in some cases output design requires 
higher values. Voltages on an intermit
tent basis (i.e. less than 10% of the 
time) up to 50 volts at 1 MA can be 
applied to the JAMES chopper with no 
component deterioration.

A common design practice where higher 
amplifier D.C. power outputs are desired 
is to use a straight D.C. amplifier after 
the demodulation of the chopper.

Another use of a JAMES DPDT chopper 
is dual input where one chopper feeds 
two separate channels. Either straight 
chopper amplifier design or chopper sta
bilized circuits can be used with assur
ance of negligible cross talk.

The problem of balanced input to the 
amplifier can be eliminated by using a 
DPDT chopper as a full wave modulator.

Where two D.C. levels are to be com
pared and yet must be at all times iso
lated, the DPDT circuit with a standard 
comparison voltage can be conveniently 
used.

The reliability and common tracking 
characteristics of JAMES DPDT chop
pers give added flexibility to the circuit 
and equipment designer. Consult us here 
at JAMES with your chopper problems,

CIRCLE 479 ON BEADER-SERVICE CARD
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JAMES 
10 pv
AT 400 CYCLES

LOW NOISE 
CHOPPERS

£ 1

io io' io1 icr io' io* 

C*CUH RESISTANCE in ohms

10 MICROVOLT D.C. INSTRUMENTATION 
NOW POSSIBLE WITH JAMES 400 CPS CHOPPERS

• Double pole double throw switching for 
dual input or input/output circuits.

• New miniature packages.

• Both make before break and break be
fore make closures.

• Models for driving frequencies of 5 to 
450 Cps.

• Low driving power—less than .2 watts 
at 400 Cps.

• Operations unaffected by shock, tem
perature and vibrations.

JAMES is the complete source of critical 
components for low level D.C. amplifica
tions, supplying choppers, transformers and 
chopper drivers.

Write for engineering literature.

JAMES
VIBRAPOWR [COMPANY

4050 N Rockwell St, Chicago. Ill COrnelio 1 6333

NEW PRODUCTS
AT THE IRE SHOW

Connectors

For computer programming
With an insert arrangement of 14 

no. 16 contacts, these quick-discon
nect, miniature connectors are de
signed for programming various 
circuits in digital computers, data 
processing equipment, and auto
matic test equipment. There are a 
total of 60 plugs, prewired and 
coded for particular circuitry, and 
three standard receptacles. The 
various wiring arrangements in the 
plugs are indicated by code on col
ored tenite caps. The pressurized 
receptacles incorporate a rubber O 
ring and seal and have aluminum 
shells and diallyl phthalate dielec
trics. Withdrawal forces are 5 to 
10 lb; insertion force is 15 lb maxi
mum.

Amphenol-Borg Electronics Corp., 
.Amphenol Connector Div., Dept.

SPECIALISTS IN RESEARCH, DESIGN, DEVELOPMENT AND PRODUCTION

ALL PRODUCTS

ED, 1830 S. 54th Ave., Chicago 50. 
Ill.
Booth 2321-2327

CIRCLE 480 ON READER-SERVICE CARD

Numeric Readout

Single plane presentation
Featuring single plane presenta

tion, model N-101 numeric readout 
provides wide-angle viewing and 
good readability. Occupying 1 x 
1-3 4 in. of panel area per digit, it

¿3456759
------------ * -- 1 -------- ---------------

displays characters 1/2 by 7/8 in. 
Composed of a resistor matrix and 
neon bulbs, the unit can accommo
date an input voltage range of 150

CIRCLE 481 ON READER-SERVICE CARD
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to 350 v. It uses a printed circuit 
plug-in connector. Because power 
consumption is small, it generates a 
minimum of heat. The high speed 
readout can be used for digital me
ters, counters, and other numeric 
displays. Multiple units can be ar
ranged in line.

I.D.E.A., Inc., Electronic Equip
ment Div., Dept. ED, 7900 Pendle
ton Pike, Indianapolis 26. Ind.
Booth 1520

CIRCLE 482 ON READER-SERVICE CARD

Miniature Selenium 
Rectifiers

Operate to 125 C
Series SP7K selenium rectifiers 

are low cost, miniature units for 
radio, television, and computer use. 
They have piv ranges from 37 to 
296 at 1 ma, with 0.2 ma reverse 
leakage at 25 C. Their spring load
ing design assures constant contact 
pressure. The units withstand shock 
and vibration, perform efficiently to 
125 C, and have nylon seals which

resist humidity, salt spray, and 
fungus growth. They can be stored 
at temperatures from —65 to -J-135 
C. Case length is 3/8 in. for 10 to 
30 v units and 17/32 in. for 40 to 
80 v, with 1-1/2 in. leads.

Bradley Semiconductor Corp., 
Dept. ED, 275 Welton St, New 
Haven 11, Conn.
Booth 2922

CIRCLE 483 ON READER-SERVICE CARD

DC Power Supplies

Transistorized

Available in outputs to 150 v de 
and wattages to 30 w, these tran
sistorized regulated power supplies 
can be provided in hermetically 
sealed cases designed to Grade 4, 
MIL-T-27A specifications.

Chicago Standard Transformer 
Corp.. Dept. ED, 3501 W. Addison 
St, Chicago 18, Ill.
Booth 3707

CIRCLE 541 ON READER-SERVICE CARD

SAMPLE.PROTO-TYPE INSTRUMENTS
Available from this department within one week ARO, or sooner, if 
necessary, for small quantities.
The men in this department are highly skilled instrument technicians 
using the best standards and equipment available.
Phone or wire Sun Electric Corporation, Instrument Division, Collect 
for your immediate requirements of either standard or military types 
of panel meters.
Phone—Newcastle 1-6000 XT293,306 • TWX—CG 2341 • FAX—Chicago, III.

sinusoidal AC 
from DC

Ji-”*" * a truly unique transistorized power
source offering, for the first time,
clean sine-wave power from any d-c 
source without bulky filtering.

INPUT VOLTAGE Up to 50 volts DC

OUTPUT VOLTAGE: As required

OUTPUT FREQUENCY: 50 to 1500 cps as required

TOTAL HARMONIC CONTENT: Normally less than 5 %, 1 % 
if desired

REGULATION:

FREQUENCY STABILITY:

POWER OUTPUT:

±2 % or less for normal 
line changes. 2 % no load 
to full load.

Normally ±1 %. To .001 % 
if desired

Up to 1 kva

IMPORTANT: Sineverters are open- and short- 
circuit stable. In contrast with some inverters, a 
Sineverter cannot be damaged by open or short cir
cuits and is immediately operative upon removal 
of an output short. . . . Yet output wave shape, 
voltage, and frequency are unaffected by load 
variations within ratings.

Write today for further details.
Q/ye&fy POWER SOURCES 

POWER SOURCES, INC.
Burlington, Massachusetts

VISIT US AT THE I.R.E. SHOW BOOTH 3016
CIRCLE 485 ON READER-SERVICE CARDCIRCLE 484 ON READER-SERVICE CARD
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93 Thurbers Ave 
Providence 5, R. I 

Principal Cities

(Test count-life over 70 million) 

Offered in TWO STYLES: 
1. Quick PUSH-BUTTON RESET 
2. Electric REMOTE RESET

high-speed electric counting applications 
rate at high, low or intermediate speeds 
DURANT MANUFACTURING CO.
1993 N. Buffum St.
Milwaukee 1, Wis.

Representatives in

First high-speed electrically actuated counters with 
added advantage of electric reset. Clean cut, leg> 
ble 3/16" figures, white on black. Ideal for all

Model “YE” by

ALASKA GRAY 
AND SEAL BROWN

U ni ted 
States 
G asket

Compact, with grea* rigidity — en 
tirely enclosed against dust and 
moisture. Base or panel mount 
Speeds to 1500 C.P.M.

Good quality fluorocarbon parts require special processing techniques. 

This is why Garlock’s United States Gasket Plastics Division is called 

upon so often to fabricate parts of fluorocarbon plastics. They have the 

personnel, the facilities, and unequalled experience in handling Teflon

Gating Unit

Multipulse

Model MPG-2 multipulsc gating 
unit, for use with the company’s mi
crowave spectrum analyzers, pro
vides a means for analyzing the in
dividual pulses in the rf multipulse 
trains used in complex missile guid
ance radar systems. Gating circuitry 
follows the microwave rf head, gat-

CIRCLE 206 ON READER-SERVICE CARD
ELECTRONIC DESIGN • March 4, 195?

Phase Angle Voltmeter

Measures 1 mv to 300 v

NEW PRODUCTS
AT THE IRE SHOW

close tolerances, intricate shapes, delicate wall sections, inserts, molding 

around metal, and threaded parts are involved.

If you have a difficult fluorocarbon problem, why not send it to your 

local Garlock office for quotation? Guarantee ycurscif the best in parts,

In one unit, the model 301 volt 
meter combines a conventional volt
meter, a phase meter, and a voltme
ter that measures both quadrature 
and in-phase components with re
spect to a reference. It is adjustable 
to any frequency in the 10 cps to 
100 kc range and covers 1 mv to 
300 v full scale in twelve range 
steps. The unit provides independ 
ent nulling of in-phase and quadra 
ture components; harmonic rejec-

Power requirements are 115 v ± 107 
50 to 400 cps, 50 w. Designed to fit 
the standard 19 in. rack mount, the 
MPG-2 can also be used with regu 
lar bench top models by the addi 
tion of side panels supplied as op 
tional equipment.

Itek Corp., Dept. ED, 1583 Fra 
polo Rd., Waltham 54, Mass.
Booth 3220

CIRCLE 487 ON READER-SERVICE CARD

THE DIFFERENCE IS 
IN THE MAKING

For Prompt Service, contact one of our 50 sales 
offices and warehouses throughout the U. S. and 
Canada, or write The Garlock Packing Com
pany, Palmyra, New York.
*DuPont Trademark

Trademark

"Du/Zua* mi Uk

0 0 0 0 0

PRODUCTIMETERS 
SINCEX1879 EuVWtfatA
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tion of 55 db; and nulling sensitivity 
of 5 pv. It can be used as a phase 
sensitive null indicator, ratiometer, 
or detector for synchro bridges. It 
can also be applied to amplifier 
alignment and transducer calibra
tion.

North Atlantic Industries, Inc., 
Dept. ED, 603 Main St., Westbury, 
N.Y.
Booth 3951

CIRCLE 488 ON READER-SERVICE CARD

Miniature Coaxial 
Switches

Operate through 100,000 cycles
Designed in accordance with 

MIL-R-8012 specifications, model 
2NI80RC-100 and —200 miniature 
coaxial switches operate from 0 to 
6000 and 6000 to 11,000 me, respec
tively. Contact deterioration is vir
tually eliminated by a contact wip
ing action provided by the alternate 
lifting of each output contact dur
ing switching, and the units last

6 14 1

through 100,000 cycles. Crosstalk is 
60 db at 3000 me, 50 db at 6000 
me; vswr with type N connectors is 
1.3 to 1 for the —100 model, 1.4 to 1 
for the —200 model. For specified 
narrow band operation, switches 
can be provided with still lower 
vswr. Vibration resistant, the units 
have low input impedance and low 
insertion loss.

General Communication Co., 
Dept. ED, 677 Beacon St., Boston 
15, Mass.
Booth 3063

CIRCLE 489 ON READER-SERVICE CARD

TRANSISTOR 

1OO MEGOHM 
D-C MICROVO 
MODEL 1362

L T M E T E R

7.2" Scale Length 
avoids errors and 

eyestrain

Accuracy ±1% 
of full scale

PRICE $550.00 
f.o.b. South Pasadena 

complete with special probe 
and detachable line cord

w
»0
ion
1*0 

inno

vous

Soof^U ^O^OITMI Tl

STANDARD RELAY

HAS DRY CIRCUIT TO 10 AMP VERSATILITY

ELIMINATES THE POWER LINE FROM 

LOW-LEVEL MEASUREMENTS IN SENSITIVE 

CIRCUITS. TWO-YEAR WARRANTY.

— 0.001 volts full scale to ±1000 volts full scale.
Over 100 megohms input impedance on all ranges.
12 hours continuous operation from permanent storage 

battery.
Automatically recharges while operating from power line. 
1,000,000 : 1 overload protection. Withstands 1000 volts 

on 0.001 volt range.

Completely new Babcock BR-7 miniature DPDT relay, ruggedly 
designed for diversified MIL-SPEC airborne and missile appli
cations, will permit contact loads from dry circuit conditions 
to 10 amperes. Single size for all uses with 0.2" grid spaced 
header supplied for interchangeability. Specifically engineered 
for greater reliability, extended life and extreme sensitivity. 
Minimum life at 10 amps — 300,000 operations at 25°C and 
100,000 operations at 125°C. Meets or exceeds applicable speci
fications for life, temperature, vibration (30 g min. to 2,000 cps), 
and shock. 480 mw pull-in for 10 amp contacts, 80 mw for 2 amp 
contacts, lower for SPDT and special adjustments. Can size: 1.26 x 
1.07 x 0.56 in. Complete header arrangements, mounting methods 
and special mountings available. For Technical Bulletin, write 
BABCOCK RELAYS, INC., 1640 Monrovia Ave., Costa Mesa, Calif.

DYNAMICS
INSTRUMENTATION COMPANY

DIVISION OF ALBERHILL CORPORATION

1118 MISSION STREET, SOUTH PASADENA, CALIFORNIA • RYAN 1-3318

We manufacture a wide variety of A-C and D-C instrumentation amplifiers and related 
devices such as electronic filters and laboratory test equipment. Inquiries are invited.

CIRCLE 490 ON READER-SERVICE CARD
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NEW LITERATURE

MAKES YOUR LOAD 
A REFLECTIONLESS 
TERMINATION

PRECISE COAXIAL TUNERS 
TUNE TO VSWR 1.000

200-4000 MCS.

DESIGNED FOR USE whenever extremely accu
rate RF power terminations are required. This 
laboratory type Coaxial Tuner will tune out dis
continuities of 2 to I in coaxial transmission line 
systems or adjust residual VSWR to 1.000 of 
loads, antennas, etc. May also be used to intro
duce a mismatch into an otherwise matched 
system.

M. C. Jones Coaxial Tuner is designed for 
extreme ease of operation, with no difficult 
laboratory techniques involved. Reduces tuning 
time to a matter of seconds. Graduations on 
carriage and probe permit resetting whenever 
reusing the same termination.

Impedance 
Frequency Range

SPECIFICATIONS RF Connectors

Power Rating 
Range of Correction

50.0 ohms
Model 151N 200-1000 Mcs.
Model ’52N 500-4000 Mcs.
EIA^b" 50.0 ohm Flange plus adapters 
to N female connector 
100 watts
VSWR as high as 2 may be reduced 
to a value of 1.000

Mercury Plunger Relays 493

An Engineers’ Fact File on mercury 
plunger relays has been revised and 
made available. This publication has be
come the standard reference manual for 
engineers seeking information in regard 
to these items. It includes load ratings, 
contact data, coil characteristics, mount
ing dimensions, diagrams, illustrations 
and technical articles on application en
gineering. Relays with load ratings from 
20 to 60 amp or 5 hp at 115 v ac are 
pictured and described in detail. Typical 
applications where mercury relays have 
proven their worth are in air condition
ing, heating, alarm and call systems, au
tomation equipment, communications 
equipment, control panels, computer 
power supplies, lighting-stage and street, 
motor and valve control ovens, furnaces, 
outdoor signs, maintenance and welding 
equipment. Ebert Electronics Corp., 212- 
Jamaica Ave., Queens Village 28, N.Y.

MINIATUM 
~ tlKTRONIC 
TIMt MUY MUYS 

]I2M SUtU

AMMAYDON
NOBTH ELM STRUT, WATf «BURY Î0,CONNECTICUT

W SUB-MHHATURf 
~ UKTMNIC
YUM MUY MUYS 

a JI JOO SHItS

Miniature 
Series

Sub-Miniature 
Series

17m" x I %” 
V/a" long 
6 ounces 
Bulletin 
AWH TD-503

W x W 
2" long 
3 ounces 
Bulletin 
AWH TD-504

Sw u* in Booths 2702-2704 at the 1959 IRE Show
CIRCLE 496 ON READER-SERVICE CARD
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Cross Section
Length
Weight

WRITE FOR:

MEET

REQUIREMENTS

OF MIL-E-5272A

Deilgn ond Manufacture of Electro Mechanical Timing Device!

TEST-PROVED PERFORMANCE!
High Temperature: 125°C (250° F)
Vibration: 2000 CPS at 15 g
Contact arrangements up to 4 pole double throw
Unique transistorized R C. time constant network
Time Delays from 50 MS to 120 seconds Longer Delays available
Hermetically sealed housings

ROWED .nd RELIABLE 

New!
TRANSISTORIZED

M. —*   *-
A. W. HAYDON COMPANY’S 
TRANSISTORIZED SUB-MINIATURE 
ELECTRONIC TIME DELAY RELAYS!
SAVE SPACE AND WEIGHT!

Synchro and Resolver Testing 494

With block diagrams, and in detail, 
this bound catalog describes the theory 
and method of synchro and resolver test
ing. It attempts to remove the mystery 
of these complex tests through complete 
coverage of both the measurements and 
the test equipment. Theta Instrument 
Corp., 48 Pine St., East Paterson, N.J.

Thermoplastic Knobs 495

This 4-page fully illustrated catalog of 
standard thermoplastic knobs—available 
in polystyrene and acetate—features com
plete photographs, diagrams and dimen
sions of twenty-eight different knobs. 
The knobs range in size from 5/16" to 
2-7/8" diam. and include types suitable 
for a wide variety of applications. Wa
terbury Companies Inc., 528 Washing
ton St., Waterbury 20, Conn.

for more information on Tuners, Directional Couplers, R F. Loads, etc., please write for 
68-page Catalog No. 12 or see Electronics Buyers Guide or Electronic Engineers Master.

MX JONES ELECTRONICS CO., Inc
BRISTOL, CONNECTICUT

CIRCLE 492 ON READER-SERVICE CARD
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Electrolytic Capacitors 498

Analog Computation 501
Transformers 499
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Problems!

Now... Tecknit offers

P9-523

Title

209

metal f ei oricsLtion

MAKE THE DIFFERENCEHANDS

I>n
Mass.

48 Brown Avenue, Springfield, N. J.
Phone: DRexel 6-3010.

CIRCLE 503 ON READER-SERVICE CARD

cubiclescabinets consoles

FALSTROM COMPANY
1 07 Falstrom Court
Passaic, New Jersey
PRescott 7-0013
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ELECTRONIC DESIGN

Name
Department
Company
City

M 

til, 
ry 
st- 
ry 
*te 
nd 
nt

Programmable Power Packs 497

A revised, up-to-date version of the 
original bulletin “A New Approach to 
Practical Control.” This eight-page, color 
bulletin 765A, gives complete engineer
ing data and describes typical applica
tions of Regatron Programmable Power 
Packs. New Models and revised specifi
cations are included. Electronic Meas
urements Co., Inc., Eatontown, N.J.

Bulletin ME-58, 4-pages, describes 
various models of dry electrolytic capaci
tors. Dimensional drawings, mounting 
details, capacity, wvdc, diam, and length 
of the units are given. Syncro Corp., Ox
ford, Mich.

Styles, electrical characteristics, di
mensions and prices of transformers and 
related magnetic components are de
scribed in this catalog. The units are de
signed and manufactured for airborne 
electronics applications. Minitran Corp., 
5 Oliver St., Newark 2, N.J.

panelboards

At FALSTROM — under one roof — you will find all the precision facilities
and trained manpower to produce the equipment enclosures you need
. . . rapidly and economically. In many ways it may pay you to call your
FALSTROM man—for design assistance or a quotation.

WHERE SKILLED

Telescoping Antenna Mast 500

The first practical portable telescoping 
antenna mast—a major advance for Army 
field communications—is described in a 
four-page bulletin, the fourth in a series 
of reports on antenna system and wave
guide engineering accomplishments. The 
literature describes in detail the design 
and performance features ol the pneu
matically operated telescoping micro
wave antenna mast, developed after 15 
years of industry and government effort. 
Performance features include stability, 
portability, rapid operation, mechanical 
lock-up, all weather operation. I-T-E Cir
cuit Breaker Co., 1900 Hamilton St., 
Philadelphia 30, Pa.

This 4-page folder entitled “The 
Lightning Empiricist” contains items of 
interest and value on applications, tech
niques, and new or improved compo
nents in the field of analog computa
tion. George A. Philbrick Researches,

285 Columbus Ave., Boston 16,

g» I «JB 0

H* TECKSTRIP

Solves
Installation

ECKNIT

Technical n ire
Products. Inc.

TWX: Millburn. Y. J. 40

* Radio Frequency Interference 

the first new development in Rr I
shielding material since the introduction of knitted wire mesh.
Resilient Tecknit RFI Strip is now joined mechanically to a solid
aluminum extrusion, making a compact, rigid, easy-to-install
assembly. This means one component to mount instead of two
or more, cutting installation time and reducing costs. Basic con-
structions are simplified. Because the extrusion can act as a stop,
there is no longer any limit to applied pressure. The knitted
bidding strip functions as it always has, but the extrusion adds

structural strength—it is no longer a wobbly link.
Tecknit RFI Teckstrip can he made in any specified length

up to 30 feet, with resilient Tecknit RFI gasketing material sup
plied in Monel, aluminum or silverplated brass. These
Teckstrips can be pre-drilled or punched on order with accurate
location of centers. They are also available as pre-assembled
gaskets made to specifications.

Use the coupon below to get your copy of Bulletin RF-8 that
lists complete specifications and tolerances on new Teckstrip or
ask for a complete Designers Data File.

Technical Wire Product», Inc.
48 Brown Avenue, Springfield, N. J.

□ Please «¡end me Bulletin RF-8 describing
New RFI Teckstrip.

□ Send complete De-igners Data File.

FREE GUIDE to Consoles and Cabinets
gives informative details. Write for it today!

See us at booth # 1327 at the I.R.E. Show in New York

March 4, 1959

See Uj at Booth 4129 IRE Show, New York, N.Y. and Booth 106 Southwestern IRE Show, Dallas, Texas
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INSTRUMENTS for the 505 506Design Data

507Transmission Lines

508Environmental Chambers

Fourth Av

PE Octal Plug in
Tubular Sto:

UMP Twist Prong
UMS Molded Terminal

Anode SMT

UMT Clamp Mount
IHC Replacement Types

that we
IHT Tubular Pigtails

ITC Ceramic Cased Paper

BT Electrolytic and Paper

CG3
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Dual Ann 'n 
ir Cathode S1

LN Flexible Lead Types, 
Screw Neck Mounting
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whether ii 
paper tape

► laboratory
► production line
► antenna pattern range This 

pies

above systems, 16 db coupling 
tivity, 0. 1 -db tracking accuracy.

MS Motor Starting

Illini “300” Bantam

UMC Energy Storage and 
Photo Flash

Remington 
Remington 
Rand, 315

Two data sheets called “Telehint” No. 
7 and 8 give ways of calculating induc
tance, determination of Q and complete 
design of final output circuits. Illumi- 
tronic Engineering, 680 E. Taylor, Sun
nyvale, Calif.

ew York 10

1 ""wma 
Movr o » wv 

«M T-3«03

Log-Linear Amplifier
With an input accommodating bolometers or 
crystal detectors, the Log-Linear Amplifier pro
vides both a logarithmic d-c output, permitting 
the use of conventional recorders to plot db 
response on a linear scale, and a linear output 
for precise location of antenna half-power 
points. Includes AGC to correct for transmitted 
power changes

Publication of a new brochure describ
ing the functions of Univac data process
ing equipment illustrates a broad range 
of basic data processing functions and

orded in card 
H* used over

VISIT BOOTH #2310 AT I.R.E. SHOW
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616 N. Throop Street • Chicago $2, Illinois • ph^ne: EVerglade 4-1300

Magnetron R-F Supplies
Ideal as tuneable r-f sources for antenna testing 
ranges, the Magnetron R-F Supplies feature 
remote control of frequency. PRF is 1,000 pps. 
adjustable Exclusive: r-f sample for amplifier 
AGC. Units are available for S, C. X. Ku. and 
Ka bands.

Typical «pacification*:
Model 154A 8500 to 9600 me, 35 kw nom. pk pwr.
Model 154B 2845 to 2905 me, 15 kw nom pk pwr

magnetic tape. Once re
: or tape, these facts can 
nd over again. They are

new brochure explains the 
of processing unit facts 
punched cards, perforated

Catalog of 28 pages lists available en
vironmental chambers. Also included are 
atmospheric and high altitude charts, 
technical information and environmental 
applications. Webler Mfg Co, Inc, P. O. 
Box 217, Indianapolis 6, Ind.

and prospective users of 
Rand equipment. Write to 
Rand, Division of Sperry

A new catalog #501J-l of open wire 
transmission lines describes the six types 
of ladder line which can serve as an
tenna elements, transmitter feed lines, 
television lead-in, or community T.V. II- 
lumitronic Engineering, 680 E. Taylor. 
Sunnyvale, Calif.

Variable-Polarization Antennas
Polarization of these motor-driven antennas can 
be remotely controlled in 45° steps. Reflector 
size, frequency range, power ratings, and con
tinuously variable control can be made to your 
requirements.

See this equipment at the

TT3 “C"» New York City
March 23-26

SHOW Booths 1111-1112

More than a quarter century of re- * 
search and development is backed by 
the production facilities of four factories

processed automatically by high-speed 
equipment to prepare accounting or sta
tistical reports. Fifteen functions and 
the basic equipment which performs 
them are explained clearly and concise!) 
in layman’s language. Some of these are: 
card punching, verifying, interpreting, 
reproducing, tag converting, tape perfo
rating, and tape processing. Copies of 
brochure V-1363 are available to users

Direct-Reading VSWR
For instantaneous reading and recording of 
broadband VSWR characteristics, CTI VSWR 
Measuring Systems offer simplest operation and 
highest accuracy. Sweep-frequency systems have 
both meter and oscilloscope, output for re
corder, and variable sweep width

Model 160: Sweep-frequency, 8.4 to 12.0 kmc
Model 125 Sweep frequency, 8.5 to 9 6 kmc
Model 110. Manually tuneable, 8.5 to 9 6 kmc
Calibrated Loads: Micrometer-type, 8.5 to 12 kmc 
Bi-Directional Couplers: Dual couplers as used in

PLUS many~other advantages worthy ol 
y>ur consideration. \ \

Catalog Literature Upon Request \

MM CONDENSER 
lUthUMcomNY

to produce electrolytic capacitors of any 
and every~type~tcrmeet your require-’ 
m^nts. Whether you need a small qüqn- 
tity of highly specialized types ... dr, 
large production quantities, you will find

,.j can offer you* better service,

ILLINOIS CAPACITORS KNOWN THE WORLD OVER 
for their TIME TESTED QUALITY!___________  

[there is an Illinois Electrolytic Capacitor

CALIFORNIA TECHNICAL INDUSTRIES 
DIVISION OF TEXTRON INC 

BELMONT 2. CALIFORNIA



37

)8

ts, 
tai 
o.

06
<o.
JC- 
ete
ni-
m-

ire
)es
lu
es,
II-
or.

512510

511Servo Motors

513

NEW, LOW COST ANSWER TO

Industrial Controls

o o

ORD

211

0
O

O

O
O

o

o
o
o
o
o

o
o
o

o
o
o
c
o

o
o
o
o
c
o

o
o
o
o
o
o

o
o
o

o
o
o
c
o

o
o
o
o
o
o

RELAYS

circuits the fast, easy way

into the pre-punched terminal
board. Six patterns available
with .062 and .093 holes, in XXXP
Phenolic, G-7 GlassSilicone,G-10

o o
o o
o o

arc

O

o
o
o
o
o

. o
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CIRCLE 515 ON READER-SERVICE CARD

and a minimum of 1500 volts AC dielectric

containsi leers
standard and custom servo motors in-

o
o V

o

Stock types are DPDT
on octal plugs; and
DPDT plus two nor-

operating coils.
Dimensions

14th111-01 Avenue,

O

o
o

Write for complete information to

VECTOR ELECTRONIC COMPANY
1100 FLOWER STREET, GLENDALE 1, CALIFORNIA

TELEPHONE: CHapman 5 1076

CIRCLE 514 ON READER-SERVICE CARD

Testing Insulating Tubing

Illustrated brochure of Companys en
vironmental testing laboratory facilities, 
describes its provision for the complete 
evaluation and testing of all types of 
commercial and military equipment. The 
scope of the laboratory, where the bulk 
iest shipboard installation to the smallest 
airborne missile subassembly can be sub 
jected to rigorous testing, is indicated in 
the 25-page booklet. Belock Instrument

College( .orp.,
Point, N.Y.

A servo motor bulletin for design engi- 
applications data for

cluding schematics of servo motors oper
ating direct plate to plate, with transis
torized amplifiers and with magnetic 
amplifiers. Characteristics and installa
tion drawings are included in units from 
size 08 to size 23. Gear servo motors are 
included. Bulletin 385A from: Merchan
dising, Ketay Dept., Norden Div., United
Aircraft Corp., Commack, N.Y.

O Q O O O o o o o a o

□ o ó o ö oo o o o o □ o o o o o
o o O

Visit our Booth - 4050 at tho I.R.E. Show, March 23 thru 26

ELECTRONIC DESIGN • March 4, 1959

Technical data on its line ol new Tso- 
tube” and ‘Tsolastube” insulating tubing 
and sleeving is provided in a 4-page bul
letin issued by Suflex Corp. The booklet 
includes detailed tables and charts of the 
thermal, electrical, physical and chemical 
haracteristics of both products which

• flexible isoevanate Class F tubings, 
rated for continuous service at tempera
tures up to 155 deg. centigrade. As an 
aid to selection for particular require
ments, the bulletin also provides tables 
which compare the characteristics of the 
new insulation with those of other avail
able tubings and sleevings. Bulletin 60T 
is available from Dept. 1111, Suflex
Corp., 33-40 57th St.. Woodside 77, N.Y.

Lighted-Panel Switches

In 6 pages, with pictures, this brochure 
covers the dimensions and operating 
characteristics of lighted pushbutton 
switches. Also included are accessories 
and parts, how-to-order information and 
prices. Electrosnap Corp., Switch Div., 
4220 West Lake St., Chicago 24, 111.

0 0 0 0-0 p o o a o o

FRAME 219

mally-open on 12-pin
octal plugs. AC or DC

wide x 2 %
deep x 2 %" high ex-
clusive of octal plugs.

.simply insert Vector Push-in
Terminals and component wires

Glass Epoxy and Paper Epoxy.

“Over-Relayed

Smaller, requiring less operating power and 
reasonably priced, Struthers-Dunn 219 Frame
Relays are a big aid to economizing complex 
industrial panels that are often “over-relayed” 
with larger, more costly contactor-type con
trol units than are actually needed.

Accepted standards of insulation include 
spacings of Vs through air; Va over surface.

test. Other features are long life (20 million 
operations ) ; plastic covers for good mechan
ical protection and easy servicing with plug-in 
construction. Contacts have 10 ampere cur
rent carrying capacity. Plug and socket com
binations are the limiting factors on ratings.

Struthers-Dunn Bulletin 2219 giving full 
details is available on request.

STRUTHERS-DUNN, Inc

Makers of the world’s largest selection of relay types

Sales Engineering Offices in. Atlanta • Boston « Buffalo « Chicago • Cincinnati 
Cleveland • Dallas • Dayton • Detroit • Kansas City • Los Angeles • Montreal • New
Orleans • New York • Pittsburgh • St. Louis • San Francisco • Seattle • Toronto
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Bypolarity Gate
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components of the incoming are

today specifiedacknowledged fact

kintronic BOOTHS
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I.R.E.
SHOW

Channel ?
GATE

Rotational speeds • 
to 3,500 R.P.M.

Wo suggest you also consider those single him precision 
potentiometer characteristics:

division of 
CHICAGO AERIAL INDUSTRIES, INC

in response to the channel gating 
forms. Thus, when channel 2 gate i

5,000,000 cycle life • 
2,000 cycle life at 30 O’s • 

Linear or functional windings—0.2% maximum • 
standard linearity, 0.1% maximum standard 

linearity for larger sixes

All stainless steel metal parts * 

Matched coefficient of expansion —all • 
metal and insulating components

Glass to metal seal terminals •

Spring loading *

Exclusive Dynamic Balance—arm • 
balanced on shaft; contact 

assembly balanced on arm.

Patent No. 2,851,617. Watson F. Walker. 
(Assigned to General Dynamics Corp.)

Convenient separation of distinct sig
nals of a multiplex system are offered in 
circuitry shown. Mixed signals on line 6 
are separated into channels 1 and 2 by 
periodically short circuiting the channels

filtered to ground through diodes 13 and 
15. Likewise channel 1 gate voltage iso
lates channel 1 signals from channel 2.

Now "Unitized” construction provides greatest 
resistance to all environmental extremes! Kintronic’s 

new design means extremely high temperature per
formance added to the advanced design abilities 
of Dynamic Balance Precision Potentiom

eters! Kintronic’s reliability through 
severe shock, vibration and acceleration is

plate 16 falls to ground and cathode 11 
rises to ground; negative and positive

111 CEDAR LANE • ENGLEWOOD, NEW JERSEY 

CIRCLE 517 ON READER-SERVICE CARD
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for innumerable military and commer
cial applications. When these new high 
temperature operating characteristics 
are added, Dynamic Balance Poten
tiometers permit much wider latitude 
of design plus assured equipment 
dependability.

New "Unitized” arm ...engineered for 
maximum simplicity, efficiency, reliability :

Channel i 
OUTGOING

CHANNEL 2 

OUTGOING

$475

MAKE NO MISTAKE

to 10M

Model 
868A

Dual l requency, Ike & Hike. 400 cps to order 

Built in Oscillator and tuned VTVM Detector 

Variable Bridge Voltage, meter-monitored.

...this New Universal Bridge is DIRECT READING 
on all 21 ranges. Results are obtained without 
calculation, the balance is sharp but easily 
found, the design is functional. Mistakes are 
almost impossible with Model 868A—a bridge you 
will enjoy using.

?1 R.mops:
1 H t>> 1U0H. Iw/iF to 100 F



biased beyond cutoff, the signal input

and see the
OUTPUT

U3

$ R1
e

)-

MODEL 400
Cot. No. 867-À

SPECIFICATIONS

13".

Write for New Kay Catalog

CIRCLE 519 ON READER-SERVICE CARD
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at the IRE Show, 
Booths 2608-09 

and 3025-26Dept. ED-3 Maple Avenue Pine Brook, N. J. CApital 6-4000

March 23-26

lated.
Dimensions: 9’/," x 19'//' x
Weight: 34 lbs.
Price: $795.00 f o.b. factory

sweep and entire range to + 0.5 db 
Attenuators: Switched 20, 20, 10, 6 4 3 db plus 
cont. variable 6 db.
Sweep Output: Reg sawtooth in sync with 
oscillator. Amplitude 7.0 V approx.
Power Supply: input approx. 100 watts, 117-V 
(±10%) 50-60 cps ac. B-|- electronically regu-

Device for Supplying a Signal to One of 
a Plurality of Output Conductors

Patent No. 2,860,261. Arie Ferdinand 
Verkruissen. (Assigned to North Ameri
can Philips Co., Inc.)

Low base-emitter impedance of a con
ducting transistor enables selection of a 
particular signal path.

When transistors 1\, T2 and are

couples through capacitors Ci and C3 to 
output Si. However, when control volt
age Bi is applied, transistor T\ conducts 
and the signal passes exclusively to out
put S_> since the base-emitter impedance 
of transistor Tj shorts output Sj to 
ground. In the same manner, when B\ 
and B2 control voltages are applied si
multaneously. transistor /’_• couples the 
signal to output S;t since outputs S, and 
S2 are grounded.

VISIT THE NEW YORK COLISEUM

OOTH 1522-24

e
d

OUTPUT OUTPUT

S2

U2

.3

SIGNAL 
tiSPUT

C4

----IP--- T011 SUCCEEDING 
TRANSISTOR

«6

CONTROL 
VOLTAGE

“ CONTROL 
VOLTAGE

CONTROL 
VOLTAGE

NEMS * CLARKE

ana

Special Purpose

KAY
Vari-Sweep

WIDER RANGE, ALL-ELECTRONIC SWEEPING OSCILLATOR, OR 
(with sweep off) CONTINUOUSLY TUNED CW SIGNAL SOURCE
The new Kay Vari-Sweep Model 400 is a highly versatile laboratory sweeping oscillator 
and signal source. Its wider range of continuous frequency coverage is combined with 
accuracy and performance standards previously associated with limited, fixed-frequency- 
band sweeping oscillators. The high RF output is held constant over the range by a fast 
acting AGC circuit. A variable sweep rate down to 10 cps permits checking of high-Q 
circuits.

Freq Range (CW or Sweeping): Fundamental 
frequency, 15-470 me, cont. variable in 10 
switched overlapping bands. Direct-reading fre
quency dial.
Sweep Width: 60% of center freq to 50 me; 
at least 30 me max 50-400 me; approx. 20 me 
max above 400 me.
Sweep Rate: Cont. variable, 10-40 cps; locks to 
line freq.
RF Output: 1.0 V rms (metered) into nom 70 
ohms (50 ohms on request) to 220 tnc; 0.5 V 
rms to 470 me. AGC'd constant over widest

CIRCLE 518 ON READER-SERVICE CARD
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We will display a complete line of 
Telemetry equipment and auxiliary units

Preamplifiers
► Spectrum Display Units

► Multicouplers

5 1OOO
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TRANSFORMERS
FOR

Transistor

Ape CIRCUIT
APPLICATIONS

Voltage Magnitude Comparison Circuit

BOOTH 2827

VISIT

Send for Bulletin No, S-595

INFORMATIONWRITE TODAY FOR COMPLETE
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BOOTH 
NO. 3837 
AT THE 

IRE SHOW

Canadian Rep..- Atlas Radio Corp

5529 N Elston Ave., 

Chicago 30, III

50 Wingold Avenue. Toronto, Ontar o

HOOK SWITCH 
DESIGH

*ND PRINTED

Patent No. 2,851,638. Roland C. Witten
berg and Harold Sandler. (Assigned to 
Reeves Instrument Corp.)

Voltage comparison, independent of 
polarity, is made in the emitter-base cir
cuit of a transistor and jitter-free display 
is achieved by means of a glow discharge 
tube.

The reference voltage applied to base 
36 is set by potentiometer 38 and the volt-

CIRCLE 521 ON READER-SERVICE CARD
ELECTRONIC DESIGN • March 4, 1959

Radio Engineering Show
N. Y. Coliseum a 

March 23-26

age to be compared is applied across the 
series-connected, back to back diodes 32 
and 33. The transistor will conduct to fire 
glow tube 44 whenever the magnitude of 
the input voltage makes the emitter nega
tive with respect to the base (reference 
voltage). Thus when the input is negative 
to ground, diode 32 conducts; when the 
applied voltage exceeds the reference 
voltage, the transistor will conduct to 
cause visual display of this condition.

Custom transformers for printed circuits are now available 
from ADC in five standard case sizes with terminals and 
inserts on 0.1" grid multiples. Audio, power, and ultrasonic 
transformers and inductors with maximum electrical per
formance for each size are being custom designed for tran
sistor and vacuum tube circuitry. Raised mountings prevent 
moisture from being trapped. Available in Mumetal cases. 
They meet MIL-T-27-A Grade 5 Class R or 8 Life X, and 
can be designed to meet 500 and 2,000 cps vibration.

An entirely new concept in a "Hook 
Switch" made possible by many new 
engineering features. Requires a 
minimum of depth behind panel; 
available in 2 series for different 
types of mounting, and in standard 
circuits.

AUDIO DEVELOPMENT COMPANY 
2835 -13th Avenue South • Minneapoli» 7, Minnesota
TRANSFORMERS • REACTORS • FILTERS • JACKS A PLUGS . JACK PANELSADC

LOOK TO SWITCHCRAFT FOR NEW PRODUCTS—NEW DESIGNS

Not»-: Other combinations are available with 400 cps max. volt ampere ratings up 
Fig 1, 10 for Fig. 2, 6 for Fig. 3, 4 for Fig. 4, and 1 for Fig. 5

TYPICAL RATINGS
AUDIO Descriation Primary Secondary

Maximum 
Level

Response 
(CPS)

1 Output P P collectors 
100 ohms CT

600 1 50 ohms 4"33 dbm 
(2w)

±2db 
250-10,000 cps

2 Output 5000 ohms 
5ma DC

50 250 600 ohms 4-10 dbm 
( 1Omw)

db 1 db
100-10,000 cps 1

3 Output P P collectors 
1000 ohms CT

4 8 '1.6 ohms 4-25 dbm 
(300mw)

± 1 de 
250-10,000 cps

3 Interstage Collector, 
5000 ohms
1 ma DC

P P bases 
3000 ohms CT

4-5 dbm ±ldb
250-5,000 cps

4 Input 50 250 600 
ohms

50,000 ohms 4-2 dbm rfc’db
250-10,000 cps

5 Output P P collectors 
500 ohms CT

4 8'1 6 ohms 4-20 dbm
( 10Omw)

±1db
250 10.000 cps

5 Interstage Collector 
7500 ohms 
1 mo DC

P P bases 
5000 ohms CT

0 dbm ±ldb 
250-10,000 cps

INDUCTORS «9 Description Rating
3 Audio 200 hys lv 1000 cps 0 DC
$ Power

WAVE FILTERS F«9 Description Rating
3 Low pass 600 ohms

600 , hms
input +1 Odbm
output

f cutoff 50icc
Attenuation 1 8db per octave

3 High pass 1 0,000 ohms 
10,000 ohms

input 4*1 Odbm
output

f cutoff 2kc 
Attenuation 1 8 db per octave

POWER Fig Description Primary Secondary VA Regulation
4 Filament 1 1 5v

380.420 cps
6.3v ,6-> 4.0 10%

5 Dual filament 26v
380 420 cps

( I) 6v 5ma 
(2) 6v 5ma

.2 2%

F- 8'5 —
600 —

<9> .• ' 
• •

1

1062

Ù
 » is
 

Tl

3• • 703
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SEL-REX CORPORATION
NUTLEY 10, NEW JERSEY
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transistor 8, feedback is sufficient to pro
vide low distortion output. The peak-to- 
peak output is nearly equal to the direct 
current supply voltage.

Transistor Integrator

Patent No. 2,860,260. Langthome Sykes. 
(Assigned to the United States of Amer

pnp transistor

Semiconductor Amplifier Circuit

Patent No. 2,860,195. Thomas O. Stanley 
(Assigned to Radio Corp, of America')

Stability, efficiency and distortion- 
free power amplification are obtained by 
means of a class A direct-coupled transis
tor stage driving a pair of complementary 
type class B transistors. For the typical 
circuit and components, 150 mw output is 
produced for 85 pa input. Quiescent cur
rent drain is 8 ma.

Transistor 8 operates class A as a com
mon emitter amplifier with collector elec
trode 14 at about one half battery 38 
voltage. The direct coupling to transistors 
18 and 28, though load resistor 40, de
velops the necessary forward bias to 
maintain a low quiescent current. With 
load 44 in series with the load resistor of

rent reverses

Complementary symmetry high-alpha 
silicon transistors provide time constants 
as high as 1000 sec in a noninverting 
voltage integrator. When the waveform 
applied to the input is positive going, ca
pacitor 22 charges through resistor 20; 
npn transistor 24 diverts a portion of 
the input current to effectively increase 
the circuit capacitance. For a negative 
going input waveform, capacitor 22 cur-

conducts to reduce the charge on this 
capacitor.

First and Finest in Shielded Enclosures 
ACE ENGINEERING & MACHINE CO., INC. 
Tomlinson Road • Huntingdon Valley • Pennsylvania 

See Us At The IRE Show—Booth 1728 
CIRCLE 523 ON READER-SERVICE CARDCIRCLE 522 ON READER-SERVICE CARD
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Sel-Rex Bright Gold is used on a 
variety of electronic parts at Federal 
because, to quote Mr. William F.
Boyle, Chief Metallurgist, the deposits 
are “... fine grained and dense, giving 
exact duplication of the surface 
plated... (it) eliminates galling in 
sliding electrical contacts” and has 
“effected a tremendous saving” 
over previous materials and methods.
The Federal Telephone story, other 
case histories and technical 
data FREE on request.

Now you can get the reliability and the outstanding performance of 
ACE Shielded Enclosures on wheels! . . . complete with self-contained 
power source and living accommodations . . . custom designed to your 
specific requirements.

1. ACE SHIELDED TRAILERS A TRUCKS
Fabricated to ACE’s patented RFI* design, using one, two or 
three shields, these enclosures provide over 100 db attenuation 
at all frequencies from 15 kc through 1,000 me and will closely 
approximate 100 db at 10,000 me . . . exceeding the attenuation 
requirements of MIL-E-4957A (ASG). Provisions can be made 
for mounting antennas, shock-mounting test equipment, install
ing intercom systems and coaxial connector panels.

2. SELF-CONTAINED POWER SUPPLY
The mobile unit can be equipped with a power control panel 
and a diesel driven generator, having outputs up to 20 kw. 
External power connections can also be furnished.

3. LIVING QUARTERS
Complete living quarters having all the facilities necessary for 
the comfort of operating personnel can be furnished. The entire 
trailer can be air conditioned or heated.

ACE handles the entire mobile shielded enclosure package — from 
the wheels on up. Every detail is carefully engineered to give the 
highest attenuation and the most efficient performance. The trailer is 
designed to meet the legal specifications of all states. Write to ACE 
outlining your mobile shielded requirements. Be sure to request a 
copy of ACE’s standard enclosure catalog.
’Lindsay Structure

SHIELDED ENCLOSURES

Federal Telephone & Radio
uses SEL-REX bright gold

POWER 
SUPPLY

LIVING 
QUARTERS
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CHICAGO 
STAND A 111)

sistor circuits, presents an introduction 
to active circuit theory. This study is 
closely correlated with that of passive 
circuit theory; in fact, it is an extension 
of passive circuit theory to include active 
circuits. The methods employed in char
acterizing the active devices make it 
both feasible and desirable to treat tubes 
and transistors simultaneously.

The general techniques for developing 
piecewise-linear and incremental linear 
equivalent circuits, or network models, 
for physical devices are presented in con
siderable detail. Modern circuit theory, 
augmented by certain new concepts re
lated directly to electronic devices, is 
then used to develop a systematic theory 
for electronic circuits.

Among the important concepts and

Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y 
See us at the New York IRE Show in Booth 3707.

CIRCLE 524 ON READER-SERVICE CARD

CHICAGO STANDARD

All of the transformers listed m these catalogs are available 
for immediate delivery through your CHICAGO STANDARD 
distributor. Write now for your free copies.

Electronic Circuits. A Unified Treatment of 
Vacuum Tubes and Transistors

E. J. Angelo, Jr., McGraw-Hill Book Co., 
Inc., 330 West 42 Street, New York 36, 
N.Y., 450 pp, $9.00.

Study of electronic circuits is unified 
by developing and exploiting certain 
basic concepts common to large classes 
of tube and transistor circuits. The first 
half of the book is primarily concerned 
with the development of linear and piece
wise-linear circuit characterizations for 
tubes and transistors and with examining 
the behavior of these devices in basic 
amplifier configurations; thus it involves 
properties of active devices and circuit 
representations for such devices.

The second half of the volume, which 
treats almost solelv linear tube and tran-

These two reference books are invaluable aids to design 
engineers. They list over 1,100 CHICAGO STANDARD stock 
transformers . . . hermetically sealed and open mounting 
units, for a wide range of military and industrial applica
tions . . . with detailed electrical and physical specifications 
given on each one.

CIRCLE 525 ON READER-SERVICE CARD
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New! New!

SOLID STATE ELECTRONIC
CHOPPERS

■ - TRANSISTORIZED

«

ACTUAL SIZE

Model: 50 60 70
Type: Germanium Germanium Silicon

Temperature Range -55° C to -55° C to -55° C to
+85° C 4-90° C 4-130° C

Sq. Wave Drive Volt.: 1 to lOv p-p 1 to 15 v. p-p 5 to 20 v. p-p
DC Input Voltage; 200pv to 12 v 25|iv to 15 v 300|xv to 20 v
Chopping Freq.: DC to 20 keps DC to 25 keps DC to 40 keps
Alpha Cutoff Freq.: 900 kilocycles One megacycle 5 megacycles
Temperature Drift: .04% per °C .02% per °C .03% per °C
Random Noise: 25pv rms lOpv rms 50pv rms
Weight: 3 grams 1 gram 2 grams

SOLID STATE ELECTRONICS CO.
8158 ORION AVE. • VAN NUYS, CALIF. STATE 2-6059



techniques developed are the controlled 
source, the logarithmic amplitude and 
phase characteristics, and the pole-zero 
patterns for voltage and current transfer 
ratios. The book provides fresh, new 
treatments of many of the important 
topics in the study of electronic circuits 
such as: graphical analysis of basic am
plifier circuits; design of amplifiers for 
maximum load power; pentode equiva
lent circuits; network theorems; fre
quency characteristics; Miller effect; 
pole-zero diagrams in steady-state sinus
oidal analysis; tuned amplifiers; transient 
response; and properties of feedback 
amplifiers.

Numerous illustrative examples are in
cluded and problem sets follow each 
chapter.

International Radio Tube Encyclopedia 
(Third Edition 1958-59)
Bernard B. Babani, Bernards (Publishers) 
Limited, The Grampians, Western Gate. 
London W. 6, 768 pp, $15.00.

Data is provided on more than 27,500 
tube types in this up-to-date, revised edi
tion of the world famous Encyclopaedia.

IM DUO-SEAL. VACUUM PUMP 
TWO-STAGE CONSTRUCTION

with VENTED-EXHAUST PATENT PENDING

Removes Vapors Speedily and Effectively
LARGE CAPACITY • HIGH VACUUM

Get rack-mounting VERSATILITY 
with Chassis-Trak Slides

FAT.

NO. 1402-B

NO. 1 337 849

1402B. DUO SEAL VACUUM PUMP, Motor 
Driven. For 1)5 Volts, 60 Cycles, A.C.

Each. $310.0<>
1402C. DUO-SEAL VACUUM PUMP, Motor 

Drrven. For 230 Volts, 60 Cycles. A.C.
Each $310.00 

The scope of the volume has been vastly 
increased due to the rapid development 
in the field of microwave reception and 
transmission for industrial and defense 
purposes. Also included are many new 
types of receiving tubes of greater effici
ency and capacity for ultra high fre
quencies necessitated by TV and vhf 
domestic programs all over the world. 
Data is provided covering some 10,000 
more tubes than found in any compara
ble work.

The Encyclopaedia covers all receiving 
tubes including diodes, triodes, tetrodes, 
pentodes, heptoes, hexodes, tuning in
dicators, regulators, thyratrons, rectifiers, 
sub-miniature tubes, TV cathode ray 
tubes, industrial and military type trans
mitting triodes, tetrode’s, pentodes, 
cathode ray tubes, klystrons, magnetrons, 
TR tubes, ATR tubes, coaxial velocity 
modulators, travelling wave tubes, pulse
gas switching tubes, noise sources, micro
wave oscillators, reflex velocity oscilla
tors, cavity tubes, pre TR tubes, counter 
tubes, forward wave amplifiers, magnet 
focused amplifiers, continuous wave 
amplifiers and frequency multipliers.

Many unique features include: tubes

★ Eliminates Use of Traps 
or Oil Separators

★ Reduces Number of Oil 
Changes Required

GUARANTEED VACUUM
Vent closed, 0.1 micron.
When the vent is open, only 
slightly higher ultimate pres
sures result—usually in the 
range of I micron.

fication in Chassis-Trak-equipped 
cabinets anywhere.

Chassis-Trak Slides come in nine 
stock lengths and support loads up 
to 275 lbs. More than 200 standard 
models meet every installation need. 
Approved for military use.

FREE AIR CAPACITY
140 liters/mmute 

(5 cubic feet)

H02D. DUO SEAL XACUUM PUMP, Motoi 
Driven. For 115 Volts, D.C. Each, $416.50 
For attached Belt Guard, add 917.M 

to above price.
1W2. DUO SEAL VACUUM PUMP. Un 

mounted. With pulley, but without motor.
belt, or base. Paeh. $210 00

Ease of installation . . . space-saving 
design . . . smooth, trouble-free op
eration—these are sound reasons for 
specifying Chassis-Trak Slides. Still 
another reason is versatility.

Suppose you want to transfer a 
piece of equipment from one cabinet 
or rack to another. Nothing to it 
with Chassis-Trak. Simply press a 
push button spring and the entire 
chassis comes out. Then slip it into 
another rack equipped with Chassis- 
Trak Slides and the changeover is 
complete. Because C hassis-Trak 
parts are interchangeable (even on 
different models and sizes), equip
ment fitted with slides in one work 
area can be mounted without modi-

W. M. WELCH SCIENTIFIC COMPANY
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

------------------------ ESTABLISHED 1880-------------------------
1515 Sedgwick Street, Dept. ED, Chicago 10, Illinois, U. S. A.

For further information coniati:

525 South Webster/ Indianapolis 19, Indiana 
CIRCLE 527 ON READER-SERVICE CARD

Chassis Trak "Detent” slide, shown in 
one of seven different tilting positions.

CIRCLE 526 ON READER-SERVICE CARD
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adaptable to any marking device 
They can be used to stamp on 
every surface, metal, wood, 
fabric, paper, plastic, etc.

COMMAND 
SIGNAL 

RECEIVER

COMMAND 
SIGNAL 

GENERATOR

* ENGRAVED Deep-Kut Stamping gives 
Razor-Sharp impressions every time

AUTO PILOT 
CONTROL

SYNCHRO 
POSITIONER

ZONE . STATE

Please check the following
FREE ENGRAVED Deep Kut I------1
Sample 4 Price List I—>
Please have salesman call r~~|
for appointment I___ |

NAME . .

COMPANY

STREET. ..

CITY.......

CIRCLE 534 ON READER-SERVICE CARD
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manufactured in the major countries of 
the world, all tubes of U. S. S. R. design 
included with comprehensive data, and 
all types of tubes used by the Armed 
Services of the British Commonwealth, 
U. S. A.. Russia and Europe as well as 
the comprehensive tables of C. V. and 
normal civilian patterns. For receiving, 
transmitting and industrial tube types 
the base connections are given in con
tinuation columns immediately follow
ing the tube characteristic columns, or 
by base diagrams on the same page as 
the data, thereby completely obviating 
repeated reference to other sections. All 
receiving tubes are classified according 
to electrode structure and for the pur
pose for which they are used, simplifying 
the designer or service engineer’s need 
for data in any one section. A new fea
ture completely cross-indexes equivalents 
tables—covering every receiving tube pro
duced throughout the world with equiva
lents. In addition, a comprehensive table 
of industrial and transmitting types with 
their equivalents is included and an ex
tensive equivalents table covering Gov-

INSPECTION POCKET STAMP THE PIN & PEG

SYNCHRO I
Accuracy: Within 6 min. of arc 
when driven by either motor.
Incremental shaft rotation: 2 
degrees. NEW! ENGRAVED

Deep-Kut 
----------------------------- -- ®

PIN & PEG STAMPS 
are better than 
ordinary rubber /
3 \ 'yJr
■* ENGRAVED Deep-Kut is Acid-Proof

ernment and Armed Services tubes 
together with commercial equivalents is 
provided. Finally, the section containing 
technical matter and instructions for us
ing the data tables has been translated 
into 14 languages in addition to English.

Tools For Machine Literature Searching

J. W. Perry, Allen Kent, John L. Melton, 
Interscience Publishers, Inc., 250 Fifth 
Ave., New York 1, N.Y., 972 pp, $27.50.

The first volume of a new series, this 
manual initiates a comprehensive study 
of an important approach to the problem 
of bibliographic organization. Three sec
tions cover the following topics: machine 
literature searching, engineering of ma
chine literature searching systems, and 
procedures for analyzing encoding and 
searching of recorded information. Chap
ters 1-3, in particular, devote attention to 
the value of developing a comprehensh e 
mathematical formulation of the pro
cedures for analyzing, selecting, classify
ing, and correlating recorded informa
tion. The semantic code dictionary 
comprises Part IV, A Thesauraus of Sci-

into accurate, bi-directional, incremental shaft dis
placements.

The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function.

* ENGRAVED Deep-Kut has 
cushion-like resilience

Engraved Deep-Kut stamp faces are

KRENGEL MANUFACTURING CO., INC Tel CO 7 5714

227 Fulton St. New York 7, N Y

Subsidiary of California Eastern Aviation

WEST COAST 1 1879 W FLORENCE AVE CULVER CITY, CALIF



entific and Technical Terms. This tabu
lation of words and terms with their 
codes in “machine language” and also the 
reverse tabulation, permits finding the 
meaning of any code—together with an 
account of the why and how of using the 
semantic code in literature searching. 
Valuable for those engaged in the infor
mation services, advanced students of 
library science, and professional libra
rians and information specialists.

Fundamentals of Advanced Missiles

Richard B. Dow, John Wiley & Sons, 
Inc., 440 Fourth Avenue, New York 16, 
N.Y., 576 pp, $11.75.

With maximum concentration on su
personic missiles, the author comprehen
sively treats the fundamentals of ad
vanced missiles in broad perspective. 
Emphasis is placed on basic principles in 
science and engineering that are applica
ble to and prerequisites for estimating 
the performance of guided missiles, bal
listic missiles, and space vehicles. Oper
ational characteristics and functions ol 
the component parts of missiles and 
weapons systems are discussed in gen
eral. Applications of the basic principles 
are presented from the viewpoint of

theory, experimentation, and typical ex
amples encountered in practice, rather 
than from the standpoint of detailed de
sign of particular missile types. The 
reader seeking background in the ele
ments of the several subjects will find 
numerous equations given for each topic 
and explanatory' reference and footnotes 
helpful. A logical, rather than formal, 
presentation of subjects clarifies the in
terrelationships between similar or re- 
lated subjects and maintains a continuity 
of development in a concise treatment.

The reader is introduced to the notion 
of flight paths and the geometrical re
quirements on missile motion without re
gard to missile response; the concept of 
relative motion, which is basic to subse
quent discussion. Characteristic reactions 
to flow are studied and dynamical princi
ples are reviewed, establishing the foun
dations of fluid and solid mechanics. 
\pplications of probability’ and statistics 
including three illustrative applications 
to missiles precede microwave, infrared, 
and radar applications. Guidance is con
sidered with respect to the operational 
features of the different types, conclud
ing with system concepts and operational 
interrelationships.

CUSTOM AN

DELAY

A»itenna, Test Facility

Scientific-Atlanta, Inc. will accept full responsibility for the complete 
design, construction and instrumentation for any antenna test facility 
to meet your requirements.
Instrumentation includes
★ ANTENNA PATTERN RECORDERS * SIGNAL SOURCES

* TRANSMITTING ANTENNAS
* MODEL RANGE TOWERS

Write for our Handbook on 
Antenna Measurements 
or pick one up at our booth 
at the IRE Show.

★ ANTENNA POSITIONERS 
it WIDE RANGE RECEIVERS

See ua at 

Booth 1226 

the IRE show

Scientific-Atlanta, Inc.
2162 PIEDMONT ROAD, N.I. TR. 5-7291 ATLANTA 9, GA.

A SECOND 
IS AN

where

microtime
manipulation 

is at an
advanced state 

of the art
•< - • < .

STANDARD >>

LINES
Control Electronics Co., Inc., is a leading designer and mass 
producer of electromagnetic Delay Lines. A representative group 
is shown here with the available ranges of delays, bandwidths 
and impedances. Further information is readily available from 
our Engineering Dept.
BUILT TO MIL SPECS. FAST PROTOTYPE SERVICE... DELIVERY 1 TO 3 WEEKS

Distributed Constant
Delay Lines

CEC DISTRIBUTED CONSTANT DELAY 
LINE FEATURES
• Lowest cost — reliable performance
• Maximum delay to rise time ratios
• Maximum delay per cubic inch
• Delays to 30 secs.
• Impedances: 200 to 10,000 "
• Bandwidths to 20 mcs
• Linear phase shift

Variable Delay Lines

Infinite, incremental or decade 
variable delay lines available in 
any range of delays and impe 
dances.

NOTE: Data Sheets on request

Lumped Constant 
Delay Lines

Multi tapped Lumped 
Constants available in 
many configurations

DELAYS TO 20,000 MICROSECONDS 
BANOWIDTHS to 500 MCS 

Zo FROM 50 TO 10,000 OHMS

Over 275 standard 
Lumped Constant Delay 

Lines available

System Delay Lines

Complete delay and pulse systems 
designed to your needs.

Specialists in Microtime
Sw u* at th« IRE Shew—«oath 311«

CONTROL ELECTRONICS CO., INC.
Ten Stepar Place, Huntington Station, New York

CIRCLE 535 ON READER-SERVICE CARD
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IDEAS FOR DESIGN

Shielded Wire Terminations
Simple, Fast

and Reliable

Termination Is Cast

Electrons

temperature of the solder reservoir

(ITU

ELE<220

anism 
voir.

there isn’t 
time.
Military j

I with 
much

Dwell 
mech- 
rcsei

uitotransformer control

vent excessive 11 ish and detrimental distortion of 
the dielectrics.

rted into 
•Ider from 
e molds ;

casting operation 
Fiu. 1 shows

ELECTRONIC DESIGN • March 4, 1959

the braid and the junction is in
split mold. \ charge of molten

2. The mass of solder is small in relation to the 
mass of the mold, so there is rapid heat transfer 
and cooling.

3. The mold is under the heated reservoir for 
no longer than a second or two.

Dimensions of the mold cavity are some 
critical in that the dimensions embracin

polyethylene dielectrics as 
latitude in temperature and 

John T. LaForte, Light 
Equipment Dept., General 
N. Y.

Fig. 1. Shielded wire, terminated by casting solder 
around the connection.

Solder Temperature

I he solder temperature should be determined 
by the particular type of shielded wire used. Too 
high a casting temperature results in excessive

flashing caused by heat distorting the insulation 
and permitting the solder to run out of the cavity. 
The optimum solder temperature is usually about 
400 F.

At first glance one might suspect that unless 
this method is used with extraordinary care it 
will result in melted insulation or a cold solder 
joint. But this is not so.

Firstly, it is not intended that the solder cast
ing result in a fused joint. The solder is merely 
a conductive encapsulant filling the interstices of 
the coaxial braid and the ground lead. Just as 
steel is kept rigidly in place in reinforced con
crete, the shield and wire are rigidly embedded 
to maintain electrical continuity.

Secondly, the molten solder does not melt the 
insulation for several reasons.

molten solder.
The procedure is somewhat more critical

molding and after molding. A length of sleevin 
can be used to insulate the termination.

A SIMPLE, fast, inexpensive, and reliable 
method of connecting a ground lead to the 

shield of coaxial cable and shielded wire consists 
of casting molten solder around the junction. This 
avoids the disadvantages of the three most popu
lar methods.
■ Using the braid as a ground lead is a slow and 
cumbersome procedure.
■ Soldering the ground lead to the braid is un
reliable and requires great care and precision.
■ Using crimped ferrules is costly and requires 
special tools and materials.

In the new method, the shielded wire, if jack
eted, is stripped to expose about 1/8 in. of braid. 
Two turns of the stripped ground lead are

inner conductor and the jacket should equal 
nominal di imeters of the wire within about

i a heated hopper is gravity fed into 
and allowed to cool, completing the

Types of Insulation

For the most part, this termination method has 
been used with nylon jacketed polyvinyl chloride 
wire. The nylon jacket protects the pvc to a 
certain extent. Teflon and silicone insulated 
shielded wire are, of course, not hurt by the

The casting machine is shown in Fig. 2. 
time is minimized b\ the fact that the slide

SOLDER RESERVOIR

TO HEATERS

STOP MOLD

SLIDE

AIR 
PISTON

Fig. 2 Casting machine for terminating shielded wire



HOW

HIGH

RELIABILI
RELIABILITY TESTUnique Leach Production

Reliability Center

offers the ultimate

in active component

testing

industr

2000 4000 JO 48,000
corn number of cycles at which failure occurredmu

LOOK TO LEACH
RELAY DIVISION LEACH CORPORATION
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HEAT TEST subjects components 
ti specified temperatures ranging

from h-25°C 
heat chamber.

LEAK DETECTION TEST subjects 
components Io minute inspection 

of hermetic sealing with a mass 
spectrometer type leak detector

APPROXIMATELY 3,000 LATE TYPE 
RELAYS MASS PRODUCED 
FOR CRITICAL APPLICATIONS

APPROXIMATELY 22.000 
STANDARD RELAYS 
ASSORTED TYPES

VIBRATION TEST checks units from 
5 cps to 3,500 cps up to 50 G’s. 
This test normally is performed 
with direction of vibration applied 
thrjugh each of three mutually 

perpendicular axes

ACCELERATION TEST places com 
ponents in a centrifuge for accel
eration testing to 500 G’s While 
undergoing this test, units may 
be subjected to electrical testing 

as well.

part of the Leach assembly- operation.
Its purpose: testing to customer re

quirements — up to a checkout of 100*

SHOCK TEST in each of three 
mutually perpendicular planes is 
available up to 150 G’s - with 
concurrent electrical testing

Reliability' Center — first

COLO TEST is conducted in a 
chamber where temperatures may 

be specified in a range of -100 C 
to -+-25°C.

n the relay 
an integral

new $100,000 Leach Production

DISTRICT OFFICES AND FIELD REPRESENTATIVES IN PRINCIPAL CITIES OF
CIRCLE 583 ON READER-SERVICE CARD

ELECTRICAL TESTS fall into many 
categ-ries These are typical: 
measuring coil resistance, testing 
pickup and dropout current, check
ing dielectric characteristics, and 
testing millivolt drop across 

contacts.

• a-.f cana A • ■ PORT: LEACH CORPORATE '. ia . r, .

Write today for 
information and design 
and construction details 
on Leach Balanced
Armature Relays. Ask for 
Reliability Brochure.

ponents.
This laboratory checkout system y\ as 

created to meet the ultimate in critical 
reliability requirements. Its facilities 
and equipment arc available for test 
ing to exacting customer specifications. 
Any customer may specify the types 
of testing and the sequence of testing 
procedures he requires within the tol
erances and* limits of the capability of 
the Leach equipment described and 
pictured here.
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New Lower Prices, 

Tighter Specifications

It follows 
that

SS-10-10.
5'4" panel, 
17'4" deep Paint roller applies flux to printed circuit 

smoothly and evenly.

ELECTRONIC DESIGN • March 4

Write for complete catalog

your best buy in a transistorized power supply 

NJE SOLID STATE.

Ground Your Fused Plugs

A logical place to fuse most electronic test 
equipment is in the power plug. One such plug 
the “Elemco” plug, uses 3AG or 3AB fuses.

But modern safety standards require that 
equipment be grounded. A third prong is re 
quired, but no three-prong fused plug appears tc 
be on the market.

One solution is to make a third prong out o 
sheet copper or brass, about 0.04 to 0.05 in 
thick, and fasten it to the outside of the “Elem 
co” plug, using a longer center screw. The end 
of the prong is bent into a “U” shape to fit th-1

CORPORATION
345 Carnegie Avenue, Kenilworth, New Jersey
CH 1-1500 TWX-Roselle, N.J. 51 FAX-FFP

CIRCLE 584 ON READER-SERVICE CARD

Paint Roller For P-C Board Flux

When making prototype or short runs of 
printed circuit boards, it is often desirable to coat 
the boards with flux. There are several commer
cial fluxes on the market for this purpose.

The problem is how to coat the boards evenly. 
The standard method for production is to spray 
the boards with a spray gun. In short runs (2 to 
12) this is a time consuming process.

A good approach is to use any of the liquid 
fluxes and roll the solution on the printed circuit 
boards with a small paint roller. An even coating 
can be obtained with very little effort or practice. 
Cleaning the roller can be kept to a minimum as 
the dried flux on the roller dissolves quite nicely 
when the roller is dipped into fresh flux.

Daniel J. Strauss, Electronics Engineer, Radio
plane Div. of Northrup Aircraft, Van Nuys, Calif.

The design of an NJE SOLID STATE transistorized power 
supply permits no compromise with quality;

every transformer and choke is a MIL-T-27-A style unit; every 
resistor is wire-wound', every capacitor is the finest of its type; 
every component is significantly derated at the worst combination 

of line, load, and ambient conditions, including repeated short 

circuits and critical partial overloads;
NJE “regulation” is the total of the ivorst simultaneous com

bination of line and load effects, static and dynamic;
NJE circuitry provides stability, against both time and tempera
ture, better than the rated regulation;

we build all 14 standard models from three mass-produced 
“building blocks”, very competitively, despite higher quality,

i/IIUII 
i irmi

ILiNIUI
■».nil

SS-32-20, 
rear view, 
showing swing-out pa

MODEL J

SS-7-151
SS-10-10

~~ VOLTS

°’7 _ 
0-10

amperes

0-15
0-10

MODEL

SS-36-1__
SS-1603

VOLTS

0-36 __
0-160
0-160

AMPERES

0-1
0-1.5
0-3.0

SS-10-50
SS-1B-2
SS-32-3 __

°'10 __
0-11__
0-32 _

0-50 ___
0-2_____
0-3

SS-3600
SS-1503
SS-3003

10-36 
100-150 
200-300

0-50 
0-1-5 
0-1-5

SS-32-10
SS-32-20

_____
1 0-32 0-20 SS-1505 100-150 0-3.0
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NEW 400 CYCLE MOTORS
iMK.

Three-prong fused plug can be made out of stand
ard two prong unit.

new NEMA sockets, as shown in the photograph.
A more elegant design would have the third 

prong on a spring loaded hinge so it could be 
bent out of the way when the plug is inserted 
in a two-hole outlet. The prong would snap back 
when the plug is removed.

Marriott Dickey, Richmond, Calif.

Long Delay With Fast Attack

In delay circuits it is often necessary to have 
very short attack times. In transistor circuits, 
this often poses problems because of the low 
resistance values involved.

In one case, it was necessary to have a delay 
time of 5 seconds with an attack time less than 
2 msec. The timing capacitor had to be very large 
(50 pfd). Even with an emitter-follower driver, 
the attack time was 5 msec.

The solution consists of adding a small resist
ance in series with the timing capacitor as shown 
in the diagram. The capacitor charges quickly 
and provides the required delay upon discharge.

John T. Lamb, Research Engineer, The 
Tappan

NEGATIVE STEP
INPUT ~

Mansfield, Ohio
-20v

-lOv

RESISTOR 
ADDED

33K

300n

50//f

HIGH SPEED

RELAY

dding the 300 ohm resistor in series with the 
ming capacitor allows this long delay circuit to pro- 
ide very fast attack time.

LECTRONIC DESIGN • March 4, 1959

Exceptionally high starting torque and low starting 

current in a compact motor for a wide variety 

of aeronautical applications.

Designed to operate off Type I power per MIL-E-7894 and to 
operate continuously at ambient temperatures per curve I of 
MS33543 as follows (a) full load at 50,000 ft. (b) 60% full 
load at 65,000 ft.

Also available as 7^2 HP Motor for intermittent duty.

Division of The Scranton Corporation

HORSEPOWER

RPM 7600

VOLTS INPUT 115/200 4 wire

FREQUENCY

POWER FACTOR

% EFFICIENCY

WEIGHT

400 cycles 

.70 min.

.82

28.5 lbs.

STARTING TORQUE . . 160% (Par.4.5.9.2.

MIL-M-7969a)

STARTING CURRENT. . 290% full load.

FLANGE AND SHAFT per ANDI0455, Type I

4063 WEST NORTH AVE., CHICAGO 39

CIRCLE 585 ON READER-SERVICE CARD
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OFF1 3 ***** - M
KEARFOTT TACHOMETERS

...compact, light-weight, high-performance

Size 1) ( R860)

Kearfott offers one of the broadest lines of precision tachometers in the industry. Light, 
compact and resistant to temperature, vibration and shock, they are available for a 
wide variety of applications.

integrating Tachomatara, special types of rate generators, are almost invariably provided in
tegrally coupled to a motor. They feature tachometer generators of high output-to-null ratio 
and are temperature stabilized or compensated for highest accuracy integration, rate compu
tation, etc. In addition to reducing the in-phase null level toward zero, errors due to tempera
ture effects are minimized over a wide ambient range. Linearity, in some cases as low as 
.01%, is usually better than ±.1%, while phase shift is 0±l°. For extreme accuracy, models 
with low temperature coefficient drag cups are also available.

Rata Generator* feature high output-to-null ratios and are designed for application as rate 
servos and to provide damping in very high gain systems. These Kearfott units offer high 
linearity, high output and low inertia and are often integrally coupled to a low inertia motor; 
in this design the in-phase null is virtually reduced to zero. Quadrature null is as low as .25% 
of the 1000 rpm outputs while harmonics seldom exceed .1% of the output at 1000 rpm.

Damping Tachometera have relatively low output-to-null ratios and are designed primarily 
for damping purposes. They feature extremely low inertia and power consumption, linearity 
which is normally within ±.5%, and phase shift within 10° of reference. Kearfott damping 
tachometers are usually integrally coupled to a low inertia motor.

TEMPERATURE

IDEAS FOR DESIGN
High Input, Low Output Impedance 

Phase Shifter

The usual procedure for designing a phase- 
lead network for a vacuum-tube phase-shift os
cillator results in a circuit having low input im
pedance and high output impedance, and is 
therefore not suitable when a transistor is used 
instead of a tube. The usual design is based on 
phase-shifting a voltage; each section of the net
work has a higher impedance than the preceding 
section to avoid loss of voltage bv loading. See 
Fig. 1.

C C/a C/a2 C/a3

LOW 
IMP

HIGH
IMP.

Fig. 1. Typical phase shift network in a vacuum tube 
oscillator has low input impedance, high output im
pedance.

INTEGRATOR TACHOMETERS
/Typical Characteristics)

Size 11 Sire 15 Size 18
(R860) IT816) (V892)

Excitation Voltage (400 cps) 115 115 115
Volts at 0 rpm (RMS) .020 .020 .010
Valis at 1000 rpm (RMS) 2.75 2.7 2.00
Phase shift at 3a00 rpm 0* 0* 0*
Linearity at 0-3600 rpm .07 .05 .07
Operating Temperature Range -54* 4- 125’ -54’ 4- 125’ -54’ 4- 125' 2Ü 40 

AMP FNT TEMPfRAtUn *C

FREQUENCY

If the transistor is properly regarded as a cur
rent amplifier, and the phase-lead network is de
signed to phase-shift a current, a design is ob
tained which has high input impedance and low 
output impedance, as in Fig. 2. This network 
provides a much better match to the transistor 
characteristics.

1 —►
RATE TACHOMETERS I DAMPING TACHOMETERS

/Typical Characteristics)

Size 15 Size 18 Size 8 Size 10 Size 11
(R800) 1V806) (M824) (P822) (R809)

Excitation Voltage (400 cps| 115 115 26 115 115
Volts al 0 rpm (RMS) .013 .026 .015 .019 .019
Volts at 1000 rpm (RMS) 3.1 30 .234 .450 .5
Phase shift at 3600 rpm 5* 4.5* 10’ 5* 5*
linearity at 0-3600 rpm .25 .25 .3 .3 .3
Operating Temperature Range -54* 4- 100° -54’ 4- 125* -54° 4- 125’ -54* 4- 125’ -54* -J- 125’ —1

HIGH 
IMP.

INTEGRAL SERVO MOTOR DATA 
(Typical Characteristics)

Size 8 Size 10 Size 11 Size 1/ Size 18
No Load Speed (RPM) 5400 6600 5500 8000 8000
Stall Torque (oz. in ) .3 .35 .55 .45 1.30
Excitation Voltage (400 cos) 18-40 26-40/20 115-40/20 115-40/20 115-115/57 5
Rotor Moment of Inertia (Gm.CM?) 1.3 .76 7 7 7.0 35

Operating Temperature Range -54* 4- 100* -54* 4- 125* -54’ 4- 125* -54’ 4- ’25* -54* 4- 125’

Unit Weight (incl tachometer)—oz. 3 1 4 6 9.0 14.0 30

SPEED
4|: 

i'«

Write 
for 

technical 
data

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J
A subsidiary of General Precision Equipment Corporation 
ales and Engineering Offices: 1378 Main Ave , Clifton, N J

Midwest Office 23 W. Calendar Ave , La Grange, III.
South Central Office 6211 Denton Drive, Dallas, Texas

West Coast Office 253 N. Vinedo Avenue, Pasadena, Calif.

GENERAL 
PRECISION 

COMPANY

Fig. 2. This phase lead network has a high input im
pedance.

It will be noted that /i, leads I, I? leads /1, etc. 
Here it is desirable to make each section of the 
network have lower impedance than the preced
ing section to keep the current through each ca
pacitor as high as possible.

This network is combined with a transistor in 
Fig. 3 to produce a transistorized phase shift os
cillator. The phase-shifted current is fed directly
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BRITAIN’S
LEADING
25W
OUTPUT
PENTODE

and here are the reasons why
Other Mullard Hi Fi audio tubes

Tl-

CIRCLE 589 ON READER-SERVICE CARD
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GZ34
5A34

ECL82
6BM8

EL84
6BQ5

)W 

IF

EF86 
6267

ECC83
I2AX7
EZ81
6CA4 sj: very high slope of 11,000 ohms re

sulting in high sensitivity with low drive 
requirements

JjC modern construction — an all-glass 
bulb with a pressed glass foot on an octal 
base

Fig. 3. High input impedance phase lead network in a 
transistorized oscillator.

34W of high fidelity stereo output per 
channel from two tubes in ultralinear 
push-pull

in
IS-
ly

Supplies available from :
In the U.S.A.

International Electronics Corporation,
Dept. D3, 81 Spring Street, N.Y. 12, 
New York, U.S.A. Worth 6-0790

In Canada
Rogerts Electronic Tubes & Components,
Dept. JC 116 Vander hoof Avenue, 
Toronto 17, Ontario, Canada.
Hudson S-8621
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into the base. Ri and R2 are used to bias the base, 
and should be kept as high as possible to avoid 
loading the phase-shifted current.

A suitable ratio of input impedance to output 
impedance is 10 to 1. The value of “a” will then 
be the cube root of 10. In practice, R and C are 
selected to have equal impedances at the desired 
frequency of oscillation so as to produce 45 deg 
phase shift per section; the nearest commercial 
values are used for R/a, aC, etc.

R. E. Salzman, Tube Applications Engineer, 
Raytheon Manufacturing Co., Bristol, Tenn.

Lossy Capacitor Regulates Voltage
In designing a transistorized tachometer for 

use in automobiles, it was found that, proper cir
cuit design could compensate for some fluctua
tion in supply voltage, but the fluctuations of the 
battery voltage of a car under normal conditions 
were too severe to handle. A cheap means of 
regulating the voltage was required. Zener diodes 
were much too expensive.

The requirements on the regulator were not 
severe, so nonlinear, voltage sensitive circuit ele
ments were investigated. Thermistors could regu
late, but their response was too slow and they 
were too expensive.

It was found that Centralab produces a low 
voltage capacitor (Type UK) which becomes in
creasingly lossy as the applied voltage increases. 
Tests using this capacitor were conducted and 
it was found that the output of a shunt regula
tor using this capacitor as the nonlinear element 
had less than a 5 per cent variation in output 
voltage when the battery voltage varied from 
10 to 14. The circuit used was conventional, with 
a resistor in series with the load and the capac
itor across it.

The dynamic resistance of this regulator is 
about 53 ohms. In our application, it was nec- 
ssary to have a capacitor bypass on our power 

source. The capacitor used in this regulator cost 
io more than the normal bypass capacitor yet 
erved a double function.

Roy P. Foerster, Baltimore 14, Md.

This is

AF input pentode with exceptionally 
good microphony and high gain.

Double triode, low hum, low micro
phony, low noise, high gain input tube.

Miniature full wave cathode type rectifier 
wth high voltage and with good regula
tion supplying up to 150mA.

Bantal full wave cathode type rectifier, 
supplying high voltage with good regula
tion and with currents up to 250mA.

Miniature triode pentode for use as audio 
amplifier and output tube. Two tubes in 
ultralinear push-pull can supply up to 
7 watts of stereo power per channel.

Miniature 12 watt high slope pentode. A 
medium power high fidelity tube particu
larly suitable for compact stereo circuits, 
up to 17 watts per channel. may be operated at high anode 

voltage

Abridged Data

Heater

vh ............ 6.3V
Ih ............ I.5A
Characteristics
V. ..................... ... 250 V
V.2 ..................... ... 250 V
V,3 ..................... 0 V
la ..................... ... 100 mA
I«2 15.9mA
V«| ............ ... —12.2V
gm ••• 11 mA/V
r* ............ 15 kD

..................... II

Typical performance details for this tube are given here—for further information 

and supplies write to one of the distributors listed

Mullard
ELECTRONIC TUBES used throughout the world
“Mullard" is the trade mark of Mullard Ltd. and is registered in most r~—• i
of the principal countries of the world. ■■ I

MULLARD OVERSEAS LIMITED, MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND
MEV85
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IDEAS FOR DESIGNsyA^iCA/' k 
SELENIUM 

BECTIHERS 
designed for your application

Industrial Power Rectifier Stack* high efficiency, low maintenance.
Designed for orc welders, heavy d c power supplies, etc.

Cold Cathode Thyratron Oscillator

Cold cathode thyratrons, which do not require 
any heating power, can be used to design com
pact and efficient oscillators, especially ii the sub
miniature type Z70U or an equivalent is used. 
The accompanying diagram is a circuit pub
lished in the French Electronique Industriclle, 
last June.

The two thyratrons are coupled by a capacitor 
from anode to anode. When the first one fires, 
the anode pulse is transmitted to the other anode 
and switches the second tube off. After a time 
constant determined by the anode circuit ele
ments, the second thyratron will fire and switch
off the first one, and so on.

The frequency-determining time constant is 
2RC. The square wave is not perfect, and the fre
quency is limited, but for low or very low fre
quencies, the circuit is very interesting in its sim
plicity and ruggedness.

Dr. A. V. J. Martin, Carnegie Institute of Tech
nology, Pittsburgh. Pa.

Cartridge Rectifier Stack* — low current, high 
voltage. Maximum 25 milliamperes, maximum 
input 15,000 RMS. volts.

Commercial Rectifier Stack* Designed for 
business machines, elevotor controls, magnetic 
chucks, brakes, clutches, vibratory equipment.

47K

R|22K O.^f Rf22K

2.2meg
♦ 230 V—WV-

2X
Z70U

!500n Z6meg !500n.

+ I30V

provide higher d-c output for given a-c input 
because of lower forward drop

SYNTRON Selenium Rectifier cells are manufactured by a 
unique vapor deposit vacuum process and quality control meth
od to provide rectifiers of extreme uniformity, long life and 
stability.

Years of successful industrial and commercial application 
have proven their dependability and quality.

SYNTRON Selenium Rectifiers are noted for these outstand
ing characteristics—low voltage drop, low leakage current, low 
temperature rise and cell uniformity for long stack life.

SYNTRON builds rectifier stacks for every application—from 
industrial Power Stacks with 12" x 16" cells, down to low cur
rent, high voltage cartridge type stacks.

SYNTRON Selenium Rectifiers provide high efficiency, low 
maintenance and longer life to every application.

Specify SYNTRON for all your d-c power needs.
Write for free informative literature

Thyratron oscillator is compact and efficient

Simple Cable Checker

The circuit shown in Fig. 1 will check a five 
wire cable with connectors at each end for open, 
shorted, and interchanged leads. With proper

SYNTRON COMPANY
283 Lexington Avenue Homer City,Penna.

DC-AC 
CHOPPERS

Extreme reliability.

Eleven types, 
both single and 
double pole.

Long life.

Low noise level.

Write for

117 AC

-o--------o

STEVENS
INCORPORATED

ARNOLD

Fig. 1. Five wire coble checker. With SJ closed, lamps | 
will light for shorted or interchanged wires.

CIRCLE 590 ON READER-SERVICE CARD

7 ELKINS STREET 
SOUTH BOSTON 27, MASS.

S/A 14

Sm u* at th« IRI Show- Booth 2934 
CIRCLE 591 ON READER-SERVICE CARD
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HIGH FREQUENCY

/Lepel induction
heating equipment represents

the most advanced thought in
the field of electronics the most

practical and efficient source of heat developed 
for numerous industrial applications

You are invited to send samples of work with 
specifications Our engineers will process and return 

the completed job with full data and recommendations 
without cost or obligations

HEATING 
UNITS

FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 
A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials. Purifica
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro
duction purposes, Model HCP also pro
vides great flexibility for laboratory 
studies.

transformer phase relationships and SI closed, 
none of the lamps will light unless the cable is 
shorted or if two or more leads are interchanged. 
If these defects are present the lamps in series 
with the leads in question will light.

To check the continuity of the cable, SI should 
be open. All the lamps will light if the cable is 
good as in Fig. 2. If a lead is open the lamp in 
series with it will not light.

Two Triad F-34A transformers were used in 
the five lead tester though individual transformers 
would have been satisfactory had the unit re
quired a larger or smaller number of lamps. Brief 
lamp overloads can be tolerated because of the 
intermittent nature of the cable check.

Michael S. Robbins, Project Engineer, Anchor 
Products Co., Los Angeles 35, Calif.

NEW RECTANGULAR C-R Tube

... 41/2" x 5^2", gives raster area 
of a 7" round tube. Bezel adapters 
for all standard cameras.

INDIVIDUAL INTENSITY & 
FOCUS CONTROLS 

... for both channels.

HIGH SENSITIVITY

. . . to 200 microvolts/centimeter 
on both channels.

IDENTICAL VERTICAL 

AMPLIFIERS
. . . with differential inputs.

HORIZONTAL DISPLAY

Selects: Calibrated Sweep.
Expanded Sweep.
Calibrated Sweep on Channel A

Model HCP
OPEN

and Expanded Sweep on Channel B.

-

r Wwi

HIGH

2-Channel Oscilloscope J
Fig. 2. Continuity check. With SI open, the lamp in 
series with an open wire will not light.

features
* A smooth, positive mechanical 

drive system with continuously 
variable up, down and rota
tional speeds, all independ
ently controlled.

• An arrangement to rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
-water-cooled end plates. Place
ment of the quartz tube is ra
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro
cess bars.

• Continuous water cooling for 
the outside of the quartz tube 
during operation.

• Assembly and dis-assembly of 
this system including removal 
of the completed process bar 
is simple and rapid.

electronic Tube Generators from 1 kw to 1OO kw. 
Spark Gap Converter, from 2 kw to 3C kw.

, ■ . WHIff fO» IHf NFW if«l CAFA1OC

* “ lJt; —IB- I- I,' II *• I ■ — * I lepel »quipmrM . err
. " If . e I r.f.rd to inmgl, with IK*

'*-¿7 7 reputeeawnti of Mw ' C C

LEPEL HIGH FREQUENCY LABORATORIES, INC 

SSfh STREET and 37th AVENUE WOODSIDE 77. N Y

Low Voltage, High Current Clamps
A typical 3 volt clamp, with 5 ampere capabil

ity is shown in the figure. At inputs below 3 volts, 
QI and Q2 are nonconducting.

As the input rises above the reference potential, 
the base potential of QI is raised, forcing it into 
conduction. Conduction starts at 3 v and reaches 
a current of 5 amps at 3.5 v. The circuit imped
ance is about 0.1 ohm during conduction.

In the figure, the approximate currents and 
voltages are shown for 5 amps conduction. This 
circuit can also be used at higher voltages as a 
voltage limiter for power converters, or at low 
voltages as a shunt regulator.

Elbert S. Kennedy, Chief Eng., E. S. Kennedy 
& Assoc., Leawood, Kansas.

3 5V@5A - o

INPUT
QI

2N290

160 ma

■o- 3 0v@*4ma

REF V

Zener-like transistorized clamp.

, 1959

Priced scarcely higher than professional single-channel scopes, 
the ETC K-260 brings true 2-channel oscilloscope versatility to 
industrial and scientific work at lowest cost. Heart of the K-260 
is a unique rectangular cathode ray tube that gives the raster area 
of a 7" round tube—but in less space and with more convenient 
viewing qualities.

Write today for complete specifications.

INDENTICAL VERTICAL AMPLIFIERS
Sensitivity: 200uv/cm, dc-coupled.
Bandwidth: de to 500 kc.
Differential Input Attenuation: to 100 
millivolts per centimeter.

HORIZONTAL AMPLIFIER

brated sweep on Ch. A with ex
panded sweep on Ch. B.

only $815 f.o.b. Philadelphia

Re,ponte: de to 200 kc, ±3db.

LINEAR SWEEP — 3% accuracy 
Calibrated: 100 msec/cm to 1 nt»c/cm. 
Uncalibrated: 1 sec/cm to 2 ^sec/cm.
Linearity: 5%

INTERNAL CALIBRATOR 
1,000 cps square wave at 0.2 mv to 10 
volts in 12 steps.

12OO E MERMAID LANE, PHILADELPHIA 18. PENNA

HiaHMritrs far Siafie- Md MNtiChMNl Scopes ani dependabla C R Tahas... siaca 1937. 

See Us At The IRE Show—Booths 3112-3113 
CIRCLE 593 ON READER-SERVICE CARDCIRCLE 592 ON READER-SERVICE CARO
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RUSSIAN TRANSLATIONS

Nonlinear

Parametric

Phenomena in
THE NEW

Rad

Engineering

Part 13

A. A. Kharkevich

(Translated by J. George Adashko)

AGC Chapter 2

AH these features at a new, low price $765.00
Generation of Oscillations

17. Condition for Self-Excitation of an
Ten AIL Type 70 Noise Generators pro

Oscillator

CIRCLE 594 ON READER-SERVICE CARD

228

30 MC
60 MC

Automatic Operation 
Manual Operation 
Input Frequency . .

Bandwidth
Recorder Outputs

50 microvolts at 
100 microvolts at
6.0 MC minimum 
Noise figure and

The AIL Type 74 provides continuous, auto
matic noise figure measurements. Its design 
permits the adjustment of receiver parameters

Noise Figure Range, RF or IF ... High Scale—23 to 36 db with extension to infinity

ELECTRONIC DESIGN • March 4, 1959

vide continuous coverage from 30 MC to 
40,000 MC . . . most complete line of noise 
generators available for automatic noise 
figure measurements.

to minimize noise figure. No special training 
is required for use on the production line, in 
the laboratory, or in the field.

Low Scale—0 to 25 db
Automatic: Low Scale—1/2 db 

High Scale— ±1 d|?
Manual: ±0.1 db with AIL 

Type 30 Attenuator
AGC range—65 db minimum 
Front panel IF gain control 
30 or 60 MC standard plug-in units 
Other frequencies available

If we disregard the problem of the magnitude 
of the steady-state amplitude, and if we are in
terested only in whether self-oscillations will be 
excited in a given system or not, the problem 
becomes linear. In fact, we are interested in this 
case only in the initial stage of the process, in 
what happens at the very onset of oscillations in 
the generator, i.e., when the amplitudes are very 
small.

Nonlinearity’, on the other hand, manifests it-
MYrlle 2 6100

noise figure 
measurement

1345 New York Avenue, Huntington Station, L. I 
A DIVISION OF CUTLER HAMMER, INC



Fig. 58. A basic tuned- 
grid oscillator.

self only at considerable amplitudes. The mathe
matical formulation of the self-excitation problem 
leads therefore to a linear differential equation. 
Let us write down such an equation for the os
cillator shown in Fig. 58.

Let I be the current in the tank circuit, Ia the 
alternating component of the plate current, and 
U = Ug the voltage across the tank circuit, equal 
to the grid voltage. We then obtain the following 
equation for the voltages in the tank circuit

Wit]i Cubic DIGITAL OHMMETER — for rapid, precise resistance measurement

THE DIFFERENCE IS IN THE QUALITY

Cubic’s rigid quality control standards, years-ahead design, and careful attention 
to construction detail are combined to produce the superior resistance measur
ing instrument.

L — + RI 4- — 
dt C

Idi = M 
dt

The right-hand side represents the voltage in
duced in the circuit by the coupling coil. On the 
other hand, we have

I a — I T f 1/ —

where So is the transconductance of the 
Taking these relations into account, we 
from (1)

triode, 
obtain

THE NEW CUBIC DIGITAL OHMMETER offers automatic range selection, 
four and five digit display, wide range capability, and high accuracy on all 
ranges ( mid-range accuracy: .OUV and one digit). Four input leads (two cur
rent leads and two voltage leads ) eliminate the effect of lead and contact resist
ance. An AC rejection filter prevents induced hum pickup. Special bridge design 
and highly sensitive null detector give meter readings with a minimum of 
current applied to resistance under test. In the Cubic Ohmmeter the addition 
of a resistor in the digital bridge permits calibration against standards up to 
10G over full scale ( 1.0999). Precision resistors and quality components 
assure excellent stability — drift is .003% per year maximum. Cubic’s unique 
controlled drive” stepping switch turns off the drive circuit part way through 

the switch cycle, and the switch "coasts” to a stop, reducing mechanical impact 
and preventing overdrive.

LC — + HC — + V = MS, — 
dt* dt dt

d^_(9 2M*SdU> 2H n— — {hot — Wo2 JI/Sq)------ r Wq2 U = 0
dt2 dt

where, as usual,

CUBIC DIGITAL SYSTEMS can be developed easily to fit any requirement — 
with unit construction, featuring inter-c^ wiring and standard-size plug-in 
units. Every Cubic system is "customized” through standard construction. Cases 
provide rear and front-panel connections for input. Outputs are provided for 
printers or remote indicators. Other Cubic instruments — AC Converters, Volt
meters, Scanners, Pre-Amplifiers, Printer Control Units and Ratiometers — can 
be combined as "building blocks” to produce digital systems of "Cubic-custom
ized” versatility. The Cubic Digital Ohmmeter is easily incorporated into a 
system that designs itself.”

ide 
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em 
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y/LC

denote respectively the attenuation factor and 
the resonant frequency. We see that in the pres
ence of feedback the damping factor diminishes, 
since the quantity is positive. The term a 
characterizes the rate of damping of the oscilla
tion, i.e., the rate at which the energy stored in 
the resonant circuit is dissipated. By increasing 
the feedback, it is possible to attain

2 a - wo2 MS« = 0
The resultant damping factor (i.e., taking into 
t ecount the effect of the feedback) now vanishes, 
□lis means that its oscillations will no longer be 
lamped. On the other hand, a negative damping 
actor denotes that the oscillations will increase

Cubic Corporation's electronic tracking systems 

keep tabs on U S defense agency missiles The 
skill and experience responsible for the accuracy 
of these Space Age Cubic systems are also im
portant engineering and production components 
of high-quality Cubic instruments. For a fast, 

prove-it-yourself demonstration of Cubic Digital 
Systems, write or call us or our nearest 

representative

ELECTRONIC ENGINEERING

BIC CORPORATION

Display: 4 or 5 digits, decimal point, 9, KU, MU, and "over-range” symbols. 
Meter Ranges, Model 0-41, Four Digits:

SPECIFICATIONS

Range Accuracy Max Test Current
00.009 to 99.999 ± 0.02% 4 two digits 13ma

100.09 to 999.99 ± 0.01% 4 one digit 1.3ma
1.000.K9 to 9.999K9 ± 0.01% 4 one digit 130/ia

10.00K9 to 99.99K9 ± 0.01% 4 one digit 13/1 a
100.0K9 to 999.9K9 ?: 0.03% 4 two digits 1.3/ia

1.000M9 to 9.999M9 ± 0.03% 4 five digits
Meter Ranges, Model 0-51, Five Digits:

Range Accuracy

1.3/ia

Max Test Current
000.009 to 999.999 ± 0.01% 4 two digits lOma

1000.09 to 9999.99 ± 0.01% 4 one digit Ima
10.000K9 to 99.999K9 ± 0.02% 4 one digit 100/13
100.00K9 to 999.99K9
1.0000M9 to 9.9999M9

± 0.05% 4 one digit
± 0.01%

10/13 
l//a

Sensitivity: 100 /iV per digit, decreasing to 1 mv per digit
Balance time: Typical, 3 seconds
Power: From Control Unit Model C-2 (or Model C-l when used in systems requiring reference)

5575 Kearny Villa Road, San Diego II, Calif. 

WITH « DIMENSION FOR THE FUTURE 

CIRCLE 595 ON READER-SERVICE CARD
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RUSSIAN TRANSLATIONSNEW CONCEPT

U>o »'O

ENGINEERED ELECTRONICS COMPANY

230

TRANSISTOR 

RIOULATOR

ÍKIMffKD 
(IK/tOHKS

Write for specifications, operating range 
charts, and prices. And remember, we’re 
always ready to work on your specials.

ERA’S Magitran designs combine the properties of a 
special magnetic controller with the fast response charac
teristics and advantages of the transistor regulator. Pre
regulation and line transient protection is achieved by 
the magnetic controller. The transistor regulator accom
modates all fast line or load variations and transients, 
and provides for ripple reduction. This unique combina
tion results in minimum heat dissipation for all transis
tors independently of line voltage variations. Under short 
circuit conditions, zero voltage appears across the tran
sistors and unlike conventional designs complete protec
tion is obtained under the most extreme conditions.

Combines The Advantages Of 
Transistor and Magnetic Regulators

as if the feedback 
a negative resist-

and the self-excitation condition, from this point 
of view, consists of having the net resistance be
come negative, i.e.,

SOLID-STATE 
POWER 

SUPPLIES.

Hew Transistor- 
Magnetic Designs 
Obsoletes Conventional 
Transistor, Vacuum 
Tube and Related 
Types

We can now view the situation 
inserts in the resonant circuit 
ance

(a subsidiary of 
Electronic Engineering Company 

of California)

506 EAST FIRST STREET 
SANTA ANA, CALIFORNIA

Writ« for Era's Naw 
Magitran Solid Stat« 

Power Supply Catalogue 

and Companion Technical 
Bulletin #591

SEE THESE PRODUCTS AT THE 1959 I.R.E. CONVENTION BOOTH NOS. 2705 — 2707 
CIRCLE 596 ON READER-SERVICE CARD

MAGITRAN 
SOLID STATE 

POWER SUPPLIES

. . . with built-in high-sensitivity tran
sistorized driver circuits to operate 
directly from low-level signals, where 
signal excursion is too small for di
rect operation of neon or incandescent 
lamps. Most Minisigs have adjustable 
operating characteristics controlled by 
bias voltage.

WIDE SELECTION
New Minisigs now include filament-type, high- 
temperature-type, memory-type, and plug-in-type 
units, as well as miniature and subminiature 
designs. Here are some typical additions to the 
growing Minisig family:

FILAMENT TYPE
Model R-441 is a high-gain indicator employing 
a low-voltage plug-in incandescent lamp. Gives 
bright light when input level is 11.0 volts.

HIGH-TEMPERATURE TYPES
Models R-561 and R-661 incorporate silicon tran
sistor circuits for operation in the temperature 
range -55°C to +100°C.

MEMORY TYPE
Model R-901 employs a Raytheon CK-1050 lamp. 
Anode current of 3.0 ma yields much brighter 
light than an NE-2 glow lamp at max. rating.

PLUG-IN TYPE
Model R-1004 assembly includes outer shell and 
R-1005 encapsulated plug-in insert for easy 
servicing. Provides basic flexibility of applica
tion of R-101 and R-201. Extends WC behind 
panel; mounts in Vi" hole.

MINIATURIZED DESIGNS
Models R-121 and R-221 require only m"x ^2" 
diam. over-all behind panel and mount in %" 
hole.
...AND NEW LOWER PRICES on R-101 and R-201.

CIRCLE 597 ON READER-SERVICE CARD 
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Thus, for the generator to become excited at a 
given damping, for a given tuning of the tank cir
cuit, and for a given triode, it is necessary to in
crease the feedback (i.e., the coefficient of self
induction Af between the tank-circuit coil and 
the feedback coil).

The self-excitation conditions can be inter
preted also in a somewhat different manner. Let 
us rewrite eq. (2) as

This approach is very widely used in radio engi
neering.

18. Complex Feedback
In an oscillator, the feedback introduces a pure 

negative resistance into the tank circuit. This type 
of feedback is called positive to distinguish it 
from negative feedback, widely used to modify 
the characteristics of amplifiers and other elec
tronic devices and to reduce distortion. However, 
feedback can also be considered in a more gen
eral form.

Take, for example, the circuit of Fig. 59 with 
its resonant LCR network. The amplified voltage 
is picked off a resistance in the plate circuit of 
the triode and is fed back, through phase shifter 
PS, to the resonant circuit. The additional voltage 
U' due to the feedback can have any phase and 
any amplitude. This indeed is the most general 
case of feedback.

is a condition lor the production of oscillations, 
i.e., the self-excitation condition (the system is 
assumed to be “soft”). Introducing the damping 
d of the tank circuit, it is possible to rewrite this 
equation as

RECOVERS INSTANTLY

WITHOUT DAMAGE TO UNIT

ELECTRONIC RESEARCH ASSOCIATES, INC
CEnter 9-3000 TWX NJ1 144

Short It Intermittently! 
Short It Continuously!
Flick It On and Off!

COMPLETE 
SHORT-CIRCUIT 
PROOF 
DESIGN N

No Fuses . . .
No Circuit Breakers . . .

No Thermal Relays

SUBSIDIARIES 
Era Electric Corporation • Nutley, N J Era Pacific I

Modtli luted trt stock units normelly eviileble for quick delivtry. 400 cycle models tlso 
eveileble Also sp«ci«l desifns mede to customers specifications. Write for quotetlons.

STANDARD MODELS (100-130 VAC Input. 60 CPS)

MM«I N« V«ltA(« 
voc

Current 
Amps

Re«uleti»n 
IÍM

RtnlAtiM 
Lam

Ripl« 
V RMS

«rice 
FOB tMtery

TR36 4M 0 36 0-4 t 0 05% 0 1% 001% $495
TR36 4M 0-36 C 8 - 0 05% 0 1% 0 01% 545
TR36 12M 0 36 0 12 - 0 05% 0 1% 0.01% 655
TR36 20M 0 36 0 20 ± 0 05% 0 1% 0.02% «95
TR160-1M 10-160 0-1 - 0 05% 0 05% 0.01% 495
TR300 IM 150 300 0 1 3 05% 0.1% 0 02% 595



Recent Raytheon developments in microwave ferrite devices

I SOLATION

1 20

INSERTION LOSS

Excellence tn Electronics

CIRCLE 598 ON READER-SERVICE CARD

The first successful high-power UHF iso
lator commercially available has recently 
been developed at Raytheon.

Transitions can be supplied from the re 
duced-height waveguide to either full 
height waveguide or coaxial line.

WITH TRANSITIONS TO 

3^ .neh DIAMETER COAXIAL LINE

FOR FURTHER INFORMATION on this unit or other ferrite 
devices covering microwave frequencies, please write 
to the address below.

FREQUENCY MC/S

IUH2 ISOLATOR CHARACTERISTICS

ELECTRONIC DESIGN • March 4, 1959

The new unit brings greatly improved oper
ating stability and extended life to UHF- 
power tubes. The isolator reduces or elim
inates frequency pulling. The model IUH2 
is capable of operation at average power 
levels exceeding 10 kilowatts. Peak power 
capacity is estimated at 10 megawatts.

Fig. 60. Voltages and impedances in the resonant 
circuit of Fig. 59. The phase relationships are shown in 
(a), while the impedance relationships appear in (b)

RAYTHEON MANUFACTURING COMPANY
Special Microwave Device Group Weltham 54, Massachusetts

NEW HIGH-POWER UHF ISOLATOR
— Raytheon’s Model IUH2 — operates over a frequency range 
of 350 to 450 Me. Size and weight have been minimized through 
use of reduced-height waveguide. Dimensions, with transitions 
10 in. high, 27 in. wide, 90 in. long.

340 350 360 370 390 400 410

Microwave System Designers:
NEWEST RAYTHEON DEVELOPMENT EXTENDS 

HIGH-POWER ISOLATOR OPERATION DOWN TO 350 MC

340 350 360 370 380 390 400 410

IUH2 ISOLATOR CHARACTERISTICS

RAYTHEON

Fig. 59. A typical oscillator with feedback through the 
tuned grid circuit.

Fig. 61. Equivalent circuit of the resonant 
circuit of Fig. 59.

Fig. 60a shows the phasor diagram of the volt
ages in the resonant circuit. If we divide all the 
voltages by the total current, we obtain a similar 
impedance diagram, as is done in ac theory.

The impedance diagram is shown in Fig. 60b. 
It corresponds to the equivalent circuit of Fig. 61, 
on which all the voltages are also marked. We 
now see that the effect of the feedback can be in
terpreted in general as the insertion of an arbi
trary complex impedance into the circuit. The 
character of this impedance depends on the phase 
of the feedback. When $ = 0 we have Z' = R' 
and the net pure resistance increases; this is 
negative feedback. When 9 = -t we get Z' = R', 
i e., the negative feedback introduces a negative 
pure resistance; this is positive feedback. If the 
absolute value of R' is greater than that of R, 
the net resistance is negative, and self-oscillations 
are generated in the system. Thus, in the case of
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positive feedback the condition

| R' | > R 

is the self-excitation condition.
Let us now consider the case of an arbitrary 

angle Let the value of $ range from x/2 to it 
(Fig. 62). Then the impedance Z' due to the feed
back is complex and can be represented as

Z' = R'+jX'

which, from the geometric point of view means 
that Z' has the two components shown in Fig. 62.
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Fig. 62. Impedance rela
tionships in the tank circuit. 
If the feedback is not to af
fect the frequency, its phase 
cp must be in phase with R'.

If the absolute value of |R' is greater than R, 
the system becomes self-excited. As to X', as can 
be seen from the diagram, its presence is equiv
alent to increasing the inductive reactance 
(or reducing the capacitive reactance Xc).

In other words, under the conditions described, 
the feedback, so to speak, increases either the in
ductance or the capacitance. The result is a de
tuning of the tank circuit, and if oscillations are 
excited in the system, their frequency will be 
lower than the resonant frequency
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Wo = I/V
of the tank circuit itself.

If the feedback will increase the
frequency. It follows that if the feedback is not 
to affect the frequency, its phase in the oscillator 
must be exactly equal to jt($ = 180 degrees; 
“pure” positive feedback).* On the other hand, 
all the equations given can be used to design a 
frequency modulation circuit. If the phase ranges 
between —n/2 and :t/2, then the effect of the 
feedback on the tuning remains the same, but 
self-oscillation is no longer possible, since the 
component R' gives rise to negative feedback, 
i.e., it increases the net resistance of the tank 
circuit.
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° This condition is satisfied in the circuit of Fig. 58. If 
the circuit does not oscillate, the first thing to do is to 
reverse the connections to one of the coils (without 
changing its position), for the coil may have been in
correctly connected, and negative feedback may have 
been produced instead of positive feedback.

BOOTH 16
SEE GREIBACH METERS 

PERFORM 
UNDER "IMPOSSIBLE" TESTS
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iterion, based on

* We refer in this section and henceforth to a gen 
crator with soft excitation.

determinants that are made 
cients Ak.

19. Engineering Stability Criteria
In radio engineering we are interested in the 

possible self-oscillations of a certain circuit not 
only from the point of view of oscillator design. 
The oscillator is our source of oscillations, and 
self-oscillations are its principal function.

Other elements of electronic apparatus, such 
as amplifiers, frequency converters, or detectors, 
operate in the driven-oscillation mode and in

where Ak is a constant of integration, determined 
from the initial conditions, and yk is the root of 
the characteristic education. The system will be 
stable, if the real parts of all roots are negative. 
Physically this means that all the oscillations 
arising in the system for some reason or another, 
will be damped.

It is possible to establish whether the above 
requirement is satisfied without solving the char-

. . . now enables you to develop circuitry through the 
use of transmission dials and selector switches. It com
pletely eliminates the need for soldering, wiring, or any 
other method now being used for experimental work.

Basically, this saves hours of engineering time by 
switching in optimum values of resistors or capacitors,

a reliable 
signal source 
for microwave

necessary to obtain maximum circuit performance. Meters 
are incorporated into the unit so that the engineer can 
immediately read the efficiency of any circuit he designs.

To insure maximum reliability, Daven rotary switches 
are used throughout.

Find out now about this entirely \ ?
new concept in the development of 
electronic circuitry. Write for com- /
plete information. xF । pK.

This problem is treated as a stability problem 
in the sense that the circuit is stable if no self
oscillations occur in the normal mode, and vice 
versa. Thus, any oscillator * should, in principle, 
be unstable, and any other circuit, not designed 
to generate oscillations should be stable.

It must be explained that we deal here with 
the stability of the initial state of the system, 
and not with the stability of existing self-oscilla
tions, as discussed in Section 16.

The general problem of stability, i.e., of wheth
er self-oscillations can be excited in a given 
system, is solved by determining certain stability 
criteria. There exist several stability criteria, each 
representing in its own manner a certain unique 
property of the system. All known criteria are 
based on an investigation of the roots of the 
characteristic equation of the system.

In fact, the solution of an ordinary differential 
equation with constant coefficients

Of0Í0 0'z • ' ' /T i
'0 0* — -

* ♦ < •' X» f.*' fX 7/ sr' ’er (
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Fig. 63. (a) An amplifier considered as a two-port
which there is feedback from output tonetwork

pendent

that self-oscillations will
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start oscillating 
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Let ns note that if steady-state self-oscillations 
actually exist in the closed circuit of Fig. 63a, 
the alternating voltage at the output is exactly 
equal to the alternating voltage at the input, for 
the very simple reason that the input and the 
output are directly connected to each other. If 
the circuit generates sinusoidal oscillations, 
equality of the voltages denotes equality of the 
complex amplitudes. In other words, the ampli
tudes of the voltages are equal, and the phase 
shift is zero. This condition is known as the con
dition of phase and amplitude balance.

Let us now open the feedback loop and at
tempt to duplicate the same mode that prevailed 
in the closed system. For this purpose it is neces
sary to apply to the input a variable voltage from 
an independent oscillator.

At the output end it is necessary to load the 
two-port network with an impedance equal to 
the input impedance of the two-port network. 
If now the oscillator voltage has the same fre
quency as was generated by the circuit in the 
presence of feedback, then the previous operating 
conditions will be fully retained, so that Ut = 
Vg (U represents the complex voltage amplitude).

which are given in graphical form and are thus 
more convenient for engineering practice. We 
shall cite here, without proof, the two best 
known and most widespread stability criteria, 
namely the Nyquist and Mikhaylov criteria.

Consider, for example, the amplifier shown 
in Fig. 63a as a two-port network in which the 
input and output are connected together as 
shown in the diagram, so that there is feedback 
from the output to the input. Under these con
ditions it is quite possible that the amplifier will

CIRCLE 606 ON READER-SERVICE CARD 
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(b) The same amplifier, fed by an inde
oscillator and terminated in an impedance
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Fig. 64. This amplitude-phase plot shows the 
locus of the amplitude ratio in the complex plane.
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It is important to note first, that these equations 
are exact, and second, that both equalities must 
be satisfied in the steady state.

Let us now plot X as a vector in the complex 
plane and follow the path traced by the end of 
this vector as the frequency is varied. This path 
is called the amplitude-phase characteristic. The 
construction is shown in Fig. 64.
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Design

tude-phase characteristic forms a closed loop. 
The start and finish of the contour are at the 
origin. Each point on the amplitude-phase char
acteristic corresponds to a fixed value of the 
frequency.

If steady-state self-oscillations are possible, the 
amplitude-phase characteristic passes through 
the point whose polar coordinates are k = 1 and 
$ = 0, [called the “(1> 0) point”] corresponding 
to the phase and amplitude balance condition. 
At the same time the frequency of the oscillations 
will correspond to the position of the vector k

$ the phase shift between the input and the 
output voltages.

The phase and amplitude balance condition is 
expressed in terms of these two quantities by 
the two equations
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Let us now assume that the frequency of the 
oscillator in the circuit of Fig. 63b is varied con
tinuously from zero to infinity. For each value of 
the frequency, it is possible to determine the 
complex relation

K (w) = k 
the real ratio of the amplitudes, and

This ratio, in the case of an amplifier, is none 
other than the voltage gain; in the case of an 
arbitrary two-port network, the quantity K is 
called the transfer function. The transfer func
tion, being the ratio of complex amplitudes, is 
itself a complex quantity, which can be written as
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MArKOT 
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HERMETIC
SEAL CORPORATION
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Fig. 65. The amplitude-phase characteristics of stable 
and unstable systems according to the Nyquist criterion.
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Microseconds in any 5000 Microscc »nds Interval 
3000 Max. Volts 

100 Max. Volts

along the real exis ($ = 0).
If k < 1 when $ — 0, this means that only 

damped oscillations can be produced in the 
system. If, however, k > 1, oscillations will not 
only be excited, but will also grow. This leads 
to the following Nyquist criterion:

A closed system will be unstable, i.e., 
subject to self-oscillations, if the open
loop amplitude-phase characteristic of 
the' system encircles the1 point (1, 0).

Fig. 65 shows examples of amplitude-phase 
characteristics of stable and unstable systems.

The amplitude-phase characteristic can be 
plotteel experimentally using the circuit of Fig.

parameters of the two-port network are known.
The amplitude-phase characteristics not only 

tell us whether or not the system is stable, but 
permit determination of the frequency and the 
amplitude of the steady-state oscillations. So far 
we have not touched upon the problem of input
voltage amplitude at which the amplitude-phase 
characteristic is plotted.

If the two-port network under investigation 
were linear, the transfer function K would be 
independent of the amplitude. Under these con
ditions, k > 1 when $ = 0 would mean an un
limited increase in the self-oscillation amplitude, 
since a steady-state mode with constant ampli
tude can occur only when k — 1.

Actually, any system is nonlinear, and there
fore as the amplitude increases, the transfer 
function diminishes. The contour of the ampli
tude-phase characteristic becomes contracted 
(dotted lines of Fig. 65), and if initially the point 
(1, 0) were encircled by this contour (k >1), 
then sooner or later the contour would pass 
through the point (1,0).

The amplitude at which this takes place is 
precisely the steady-state value of the amplitude. 
This determines the steady-state frequency of 
the system.
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We can now refine the formulation of the 
Nyquist criterion in the sense that if we deal 
with the stability of the system in the quiescent 
state (i.e., before oscillations are generated), 
then the amplitude-phase characteristic should 
be plotted at the lowest input-voltage amplitudes.

By way of example, let us derive, with the aid 
the Nyquist criterion, the self-excitation condi
tion for the tuned-grid oscillator already con
sidered in Section 15. (ED, Feb. 4, 1959). Fig. 
66a shows the closed loop form of the oscillator, 
and Fig. 66b the same circuit in open loop form 
(the feedback loop is open at the points marked 
by crosses on Fig. 66a.)

Fig. 66. (a) A tuned-grid oscillator in closed 
loop form.
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Let us find the transfer function of the circuit 
of Fig. 66b. We have Ia = Sl t, c —
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handling is the latest step, pioneered by 
Electronic Design toward better communica
tion between reader and advertiser.

HAYDEN PUBLISHING COMPANY, INC.
830 Third Avenue, New York 22, N. Y Telephone PLaza 1 5530
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The equation of the amplitude-phase characteris
tic in polar coordinates is of the form

RC \/1 -f- tan2 </> HC

Thus, a plot of the amplitude-phase charac
teristic in this case is a circle passing through the 
origin and symmetrical about the real axis (Fig. 
67). The diameter of the circle is

= Ml
RC

SANDERS
Model 2 Phase 

Comparator

It is easy to see that the condition that the 
point (1,0) be encircled is satisfied when 

and this is indeed the condition for self-excita
tion, obtained by another method in Section 17. 
To find the generated frequency, it is necessary 
to set cp = 0. This yields [see eq (3)]

1
CV — CVo — . ■—Vlc

In the most general case we have a non-linear 
expression, in which k is a function of both the 
frequency and the amplitude. In this case writ
ing the two equations that express the phase 
and amplitude balance conditions, i.e.,

k = 1, 0 = 0

we obtain the two unknown quantities, the 
amplitude and the frequency of the steady-state 
oscillations.

Let us turn now to the Mikhaylov criterion. It 
differs from the Nyquist criterion mostly in that 
it is suited for the investigation of the stability of 
closed systems. The equation of this system, with 
the feedback taken into account, is written in op
erator form and is reduced to the form

D (p) x = 0

where x is the oscillating quantity (current or

...can be used as a 
modulator,

demodulator 
or switdi

This compact, rugged comparator is 
hermetically sealed in an inert gas and 
packaged for mounting in a standard 
octal socket. Two full-wave bridge rec
tifiers are used to obtain a high degree 
of stability and balance.

As phase sensitive comparators, these 
units can be used to measure the ampli
tude or phase of an input signal with 
respect to a reference signal. As de
modulators, DC output can be obtained 
either single-ended or push-pull with 
respect to ground. Suitable for all 
military applications.

SPECIFICATIONS
Frequency Response: 0 to 5000 CPS; 
Max. Reference Voltage: 120V. RMS; 
Alox. Output Voltage: ± 50V. DC;
Dynamic Range: 46 db; Load: Max. 200K 
ohms, — Min. 20K ohms; Input 
Impedance: Approx. 200K ohms with 
200K ohms load and 1:1 transformer.
Size: 1" dia. x 3"; Weight: 2 ozs.

Fig. 67. The amplitude-phase plot of the tuned-grid 
oscillator of Fig. 66.

RC

Write for data thoett to Dept. ED

» Vltlt Booth 3842, 
V MB IHE. Show
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SANDERS 
MINICUBE 

BLOWER

n=2

n^3

n* 1

n=4
ruggedly 

constructed 
tor use on aircraft 

and guided 
missiles

Fig. 68. Mikhaylov hodographs for stable systems of 
various orders.

voltage), with respect to which the equation is 
written.

The complex quantity D (/co) is then formed 
by putting p = /co. This quantity is represented 
by a vector in the complex plane. The frequency 
is assigned all values from zero to infinity. This 
causes the end of the vector D to describe a tra
jectory called the Mikhaylov hodograph. The 
form of this hodograph determines the stability 
of the system on the basis of the following rule:

The Sanders Minicube Blower contains 
both miniature blower and motor in a 
rugged, 1" cube. A single package, it is de
signed for use on aircraft and guided missiles 
operating under severe environmental condi
tions. It is operable over wide ranges of 
vibration, acceleration and temperature, and 
is suitable for many exacting applications.

The Sanders Minicube Blower can be used 
to:

Eliminate hot spots in subminiature 
equipment

Prevent fogging of lens or viewing glasses 

Cool Klystrons and other electronic tubes 
and devices

For the system to be stable, it is neces
sary and sufficient that, as the frequency 
changes from zero to infinity, the vector 
D, starting aligned with the positive real 
axis, rotate only counter-clockwise, and 
that it never vanish. Furthermore, if the 
system is describable by an nth order 
equation, the vector rotates by an angle 
n ji/2 as the frequency changes in the 
indicated interval.

This rule is the formulation of the Mikhaylov 
criterion.

Fig. 68 shows the hodographs for stable sys
tems of various orders.

Let us illustrate the application of the Mik
haylov criterion with an example, in which we 
shall take again the same generator shown in 
Fig. 66a. For this generator we derived in Section 
17 the following equation

Maintain uniform flow of air in restricted 
space

d2 U 1 
dt? + L

MS0 dU I a rz n-------- f- o>o2 b = 0 
dt

SPECIFICATIONS

Output: 22 cubic feet of 
air/minute

Input: 400 cps, watts
Voltage: Model 1 ; 6 volts 

.Mode! 2; 26 volt*

Spwd: 22,000 RPM 
Slml’^rxi’
Weight: 1 ^or

or in operator form

(p2 4- 2&p + U = Dtp) U = 0 

where for brevity we denote

For detailed specifications 
write Dept. ED

- Visit Booth 3142, 
I.R.E. Show

NASHUA, NEW HAMPSHIRE
Dayton, Ohio • Inglewood, Californio • Wathmgton, D C.
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MS0 
C

2ß = -ÎR-

The physical meaning of (3 is the overall damp
ing factor (i.e., taking into account the effect of 
the feedback). Replacing p by /to we obtain

D(jcc) = wo2 — + j ^0 ~ + j v
In this case the equation of the hodograph is

ROGO

GenRes Precision

“GO-NO-GO” 
WHEATSTONE

BRIDGE
.0035% ACCURACY!

.0005% SENSITIVITY 6-DIAL DECADE 
POWER SUPPLY AND DETECTOR 

INCLUDED UP TO ±.01% FOR FULL 
_ SCALE DEFLECTION

Operates as Go-No-Go Limit Bridge 
from 100 to 11,111,100 ohms with 
full scale tolerance selection of 0.01, 
0.02, 0.05, 0.1, 0.25, 0.5, 1.0, 5.0, 
and 10%. Wheatstone Bridge from 
1 ohm to 111 megohms. Write for 
Bulletin P-100.

SSI IT AT BOOTH 3839 
I.R.E. CONVENTION

GenRes Instrument Division

GENERAL RESISTANCE INC.
577 East 156th St. • New York 55, N. Y. • CY 2-1500

CIRCLE 599 ON READER-SERVICE CARD

Rack-Mounted •

Ready-To-Use •

High Efficiency

The 
WORLD'S 

Most Practical 
COOLIHG UNIT

From the World Leader in Packaged Cooling!
McLean’s Model 2E408A popular cooling units are the 
industry’s standard . . . there are no better packaged 
blowers available. Over 10,000 of them are in use. 
cooling transistors, power supplies, and electronic 
tubes in systems all over the world! They provide 
high velocity, and fast cooling in a minimum of 
space (7 inches x 19 inches, 300 CFM.) McLean has 
a complete line of fans and blowers in every size 
for every cooling application. Mil. Spec, equipment 
for packaged cooling also available.

EAN ENGINEERING 
HICLEAN LABORATORIES

World Leader in Packaged Cooling
Princeton, New Jersey — WAInut 4-4440 

TWX Princeton, New Jersey 636

■j”fnçjean“'

PJ2EE TECHNICAL DATA
• 24 Page Catalog

• 12 Page Article 
Forced Convection Cooling

• Specification Sheet on 
Reversible Fans

See us at the IRE Show, Booth 3807 
CIRCLE 618 ON READER-SERVICE CARD
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articular manner

List Price, $3.00.light, compact, most inexpensive
Write for 4-page Technical Bulletin No. AB-51 one of
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Write for 
details

Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—55 to 4-90° C), or humidity... Rugged,

All Guardian Relays Shown Here Are Available 
in Many A.C. and D.C.Versions

The above featured relay— 
Series 695-T with Guardian's 
twin-precision bifurcated contacts 
is the preferred standard for 
complicated circuitries of com- 
putors and business machines. I 

Selected for greater reliability, 1 
extra long life, adaptability to 
multiple contact combinations and 
speed of operations on both 
attract and release cycles.
The Guardian Series 695-T and 
its companion relays, all available 
with bifurcated contacts, multiple 
switching and time delays 
are so finely adjusted, 
so sturdy, they surpass the 
most critical control needs 
of communications, radar, 
instrumentation, sound equipment, 
timing, signaling, lighting, 
motor driven devices, 
and many others.

The curves below the axis already correspond to 
negative values of (3. Applying the above rule, we 
see that these curves represent unstable states of 
the system, since the vector D rotates clockwise 
as its end traces the cun e.

1 622-C W WALNUT STREET CHICAGO 12, ILLINOIS
CIRCLE 620 ON READER-SERVICE CARD
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Fig. 69. In this hodograph (in rectangular coordi
nates), when the damping factor (3 is positive, the sys 
fem is stable. When (3 is negative, the system is un 
stable.

a function of the oscillation amplitude 
the parameters of the equation.

However, for a constant amplitude

Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 
af a definite value (for example, 0.5 amp) 
... For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C., or Pulsating Current.

evaluate only one branch of the parabola, that 
corresponding to positive values of w. Taking this 
into account, we obtain the family of curves 
shown in Fig. 69. The curves above the real axis 
satisfy the stability condition; they correspond to 
positive values of (3. The system loses its stability 
when [3 — 0, i.e., when

namely bv using the average transconductance 
of the triode, which is not a constant quantity but

undamped and non-increasing oscillations, the 
average transconductance is also constant. It fol
lows that in the steady state it is possible to 
treat the average transconductance as a constant

20. Steady-State Mode of an Oscillator
In this section we shall use elementary quasi

linear theory to analyze the steady-state mode of 
a vacuum-tube oscillator.

The essence of quasilinear oscillator theory is 
that the nonlinearity which limits the amplitude 
of the self-oscillations is taken into account in the

VOLTAGE or MV • WITH AMPERITE
BATTERY 6 CHARGER ! VOLTAGE VARIES 

VARIES APPROX ( ONLY

2 to 180 Seconds
Actuated by o heater, they operate on 
A.C., D.C., or Pulsating Current.
Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 
SPST only—normally open or closed. 
Compensated for ambient temperature 
changes from —55° to -|-70 ‘ C Heat
ers consume approximately 2 W and 
may be operated continuously. The units 
are rugged, explosion-proof, long- 
lived, and—inexpensive!

TYPES: Standard Radio Octal, and 
9- Pin Miniature . . List Price, $4.00.

Standard Delays
PROBLEM? Send for 
Bulletin No. TR-81

expressed more conveniently in the rectangular 
coordinates p and v. We have

Series 695

Series 795 Booths 2502-2504
I.R.E. Show

«UP w
Also — Amperite Differential Re
lays: Used for automatic overload, un 
dervoltage or under current protection.

Awm

AMPERITE
REGULATOR,

AMPERITE

BALLAST REGULATORS

^mperit 
delay 
relay

THERMOSTATIC

DELAY RELAYS

AMPERITE

561 Broadway, New York 12. N. Y.... CAnai 61446

In Canada. Atlas Radio Corp., Ltd., 50 Wmgold Ave., Toronto 10



asilinearthe name “quasilinear theory’

tuned

the influence ofinduced in the tank circuit.

Voltmeter

0 to 1000 V de in 3 ranges

or, introducin

we getHow BIG should a
soldering iron be?

ob ta ii

BRIDGEPORT

CIRCLE 622 ON READER-SERVICE CARD

quantity, making the oscillator equation, so to 
speak, linear with constant coefficients. Hence

Assume that the voltage and the current in the 
tank circuit are sinusoidal (the usual assumption 
in quasilinear theory). This means that we neg
lect the influence of the harmonics of the voltage

ject of the investigation will again

Here Iai is the amplitude of the first harmonic of 
the plate current. Using the following definition 
for the average transconductance

The smaller the better. . . and here's why. 
On production lines the light weight of 
Ungar's small pencil type soldering iron re
duces worker fatigue. Small size tips balanced 
with the right amount of heat produce perfect 
soldered connections . . . avoid damaging heat 
radiation.

Any way you look at it. your soldering 
irons need be no bigger than Ungar’s . . . they 
insure accuracy, greater reliability of the 
finished system.

Write for free catalog and new solder
ing booklet.

All-Electronic Model 410 . . . $490

equation.
It follows that quasilinear theory is most suit

able for the investigation of steady-state modes. 
Incidentally, it can be used also to solve more 
complicated problems.

We shall use the methods of quasilinear theory 
to calculate the steady-state amplitude of the 
oscillations in a vacuum tube oscillator. The ob-

grid oscillator. Let us write the voltage equation 
for the tank circuit

CIRCLE 621 ON READER-SERVICE CARD
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the harmonics of the plate current.
In practice this assumption is justified be

cause the tank circuit of the oscillator, having a 
high figure of merit and consequently high selec
tivity, filters out the harmonics. We can thus re
place the plate current in the right half of the 
equation by its first harmonic.

It is then possible to rewrite eq (1) in complex 
form by (replacing differentiation with respect 
to time with multiplication by /w).

Franklin’s new Model 410 Digital Voltmeter is 
designed with the manufacturer in mind. Com
pletely electronic, the Model 410 eliminates reading 
errors . . . provides a degree of accuracy that can’t 
be matched by conventional instruments.
Use it in the lab, on the production line or in the 
field . . . you’ll find the 410 tough, reliable under 
all conditions. And remember . . . only Franklin 
instruments carry a one year unconditional guar
antee. Write for data sheet 2002.

IRE SHOW BOOTH 3035

This equality can be considered as the equa
tion lor the frequency. Solving for the frequency, 
we obtain a complex root. A complex value for 
the frequency represents oscillations that either 
rise or fall exponentially.

(Continued on following page)

UngarElectric TooU.Inc.

4101 Redwood Ave. Los Angeles 66. Calif

BRIEF SPECIFICATIONS

Instrument will read over scale up to approximately 10%. 
Readings of 1000 and over are presented as three digits 
with the first digit understood.

RANGES 0 to 10, 100, and 1000 V* de positive or 
negative.

ACCURACY ABSOLUTE: ±0 3% full scale, 0 to 10 V 
range. +0 5°o full scale, all other ranges. 
COMPARATIVE: ±0 1% full scale, all 
ranges.

INPUT 
IMPEDANCE

20 megohms, all ranges.

LONG TERM 
STABILITY

±1.5% full scale, over an 8-hour period 
with a room temperature range of 25° F.

DIMENSIONS 10%" W x 11" H x 15’A" D.
WEIGHT 26 lbs.
POWER
REQUIREMENTS

107 to 123 V ac, 60 cps, 200 watts 
(approx.).
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it would be enough to differentiate (4) with re 
spect to U. But we must find the average trans 
conductance. For this purpose we put

The last relation is very similar in form to for 
mula (6) of Section 17, but has an entirely dif 
ferent significance. The inequality

Positive lead in
sulation as inte 
gral part of the 
bobbin.

See our latest developments in high purity metals 
and metallic compounds for semi-conductor and other 
uses.

WRITE 
FOR 

SAMPLES
AND 

CATALOG

CIRCLE 625 ON READER-SERVICE CARD
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COLISEUM NEW YORK, N. Y

«MD

LJ
rW,

But we are considering a steady-state mode, in 
which the amplitude of the oscillations is con
stant. In this mode the frequency can only be 
real. This means that the imaginary term in eq 
(2) should vanish. From this we immediately ob
tain the frequency of the steady-state oscillations.

derived in section 17 expresses the self-excitation 
condition. The quantity So in this expression is 
the initial transconductance, or the transconduct
ance at the operating point, defined as

VISIT 
OUR EXHIBIT 
BOOTH 4229 

IRE SHOW

Available in 
molded nylon.

where Eo is the abscissa of the operating point 
on the characteristic of the tube.

On the other hand eq (3) represents an equal
ity that must be satisfied by steady-state oscilla
tions of finite amplitude. The quantity Sc in eq (3) 
is the average transconductance, which depends 
not only on the choice of the operating point, but 
also on the amplitude.

But if Sf is a function of the amplitude, then 
eq (3) can be considered as an equation whose 
solution yields the steady-state amplitude. This is 
indeed what we shall do now.

The first step is to choose a suitable approxi
mation for the tube characteristic. For our pur
pose it is enough to represent the characteristic 
b\ a fifth-order polynomial

Entirely elimi
nates washers 
and taping leads

Adaptable to 
automatic wind-

+ Os I’m5 cos6 0)1
a table for the powers of trigonometric

Io = cto 4- Ui U d- as U3 4- L 6
To obtain the differential transconductance

CIRCUITRY

circuit con

THODE AMERICAN MOLDED PRODUCTS CO

31 different 
figurations.

COIL WINDERS & MANUFACTURERS! 
SAVE ON LABOR AND MATERIAL BY 
USING OUR NEW BOBBIN DESIGN

2725 W. CHICAGO AVE., CHICAGO 22. ILL

4 Close mechanical taler 
ances.

5 Duo-metal electroplat 
ing, gold and solder. 

Running changes

too many 
means.
39 printed boards per

Problems:
1 82 Kits of Parts, too few
1 for production tooling.

Manufacturing Carp.
7447 W. Wilson Ave., Chicago 31,111

METHODE
has the same solutions for YOU . . . 
for further information address: 

MILITARY CONTRACTS
\ COORDINATOR

Custom Printed

MISSILE

Aproblem in management organization, 
engineering coordination, and produc 

tion skill.............. ...

Solutions:
1 A separate precision cir
' cuit organization.

2 Close customer liaison.

_ Personnel and know-how 3 geared to military qual
ity requirements.

4 Outstanding plant and 
equipment.

5 Large tooling and pro
duction resources.

6 High production momen
tum.
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biquadratic equation, readily solvedThis
with respect to the amplitude Um of interest to

9143
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the values of Sc andthe left half of eq (6)

INCH-OUNCE

MOTOR

Keene, N. H
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total 
than
total 
than

as well 3$ torque. Solve many 

other ' package problems. 

Details from MPB. Inc., 

903 Precision Park,

impurity
1 ppm.

impurity
1 ppm.

Need More “Room' 
Package Assembly 
Design?

suitable 
pounds

APPLICATIONS
Chart Drives 
Large Clocks 
Alarm Systems 
Railway Signaling 
Voltage Regulators 
Process Controls 
Traffic Signals 
Paging Systems 
Aircraft Training Devices

Write for our new bro
chure on TADANAC 
Brand High Purity 
Metals.

expression tor 
a function of

MPB special bearings 

integrated with shafts or 

housings are real space savers 

. . . reduce tolerance troubles

no single impurity in excess of 0.1 
ppm also other grades with a wide 
range of preform shapes and sizes.

for your free copy of our 
NEW 4 page brochure . . 
showing complete line.

functions we obtain

average transconductance is by definitici

Fig. 70. Average tube transconductance and the feed 
back function RC/M, both plotted as a function of volt
age amplitude for the case where the coefficients a, 
and a5 are negative.

Without stopping to do so, let us represent 
q (6) in graphic form. We plot both terms of

INQUIRIES ARE INVITED regarding preforming 
these metals to your specification.___________
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Hence the amplitude of the first harmonic (i.e 
io coefficient of cos is

zinc and tell- 
than 0.01 ppm. 
content of less

INDIUM ANTIMONIDE mereiai purity

total impurity content of less 
than 1 ppm.
total impurity content of less 
than 1 ppm.
no single impurity in excess of 
1 ppm.
total impurity content of less 
than 2 ppm.

RC/M, as the ordinates with the voltage Um as 
the abscissa.

RC/M is independent of Um, and is therefore 
represented by a horizontal line. This line will be 
called the feedback line, for its position depends 
on the depth of the feedback, expressed in terms 
of the self-induction coefficient M.

The average transconductance depends on the 
amplitude, and a plot of this dependence will be a 
certain curve, the shape of which depends on the 
signs and magnitudes of the coefficient 0*- Let us 
assume for the time being that both coefficients 
u3 and a5 are negative. Then the average trans-

Thus, we have obtained < 
average transconductance 
amplitude. From (3) we get

intermetallic com

SPECIFICATIONS
Dimensions: 2’/>" dia., 
1%” depth.

Torque: 80 inch 
ounces at 1 RPM.

Output Speeds: Vt to 
1800 RPM.

Duty: Continuous.
Weight: 12 oz.
Shaft Length: Optional.
Mounting: 3 No. 6 

holes spaced 120*.
Power: 60 cy. AC, 

125 V., 7 watts.
Rotation: Right or left 

hand—instantly ’
reversible.

Operate Temp.: — 40°C 
(—40°F) to +121.1’C 
(+25O*F).

Can be furnished with 
brake to control coast 
on output shaft at high 
speed.

THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED
Metal Sales Division: 215 St. James Street W., Montreal 1, Quebec. Canada — Phone AVenue 8-3103

PRINCETON, INDIANA

AVAILABLE AT ELECTRONICS ANO ELECTRICAL DISTRIBUTORS 

— _ M TOOL ANO MFG. CO.

TADANAC BRAND

HIGH PURITY METALS



the ordinate axis. In this case S and this

ELASTIC STOP NUT CORPORATION OF AMERICA

CIRCLE 630 ON RcAD^R-StRVlCc CARD
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MOTOR SPEED CONTROL

for missile, aircraft and 
electronic applications

★ Rated Torque at any motor speed from rated to stalling

★ NO torque pulsations
★ Practically instantaneous Start-Stop-Reverse 

with ONE switch

the Variac

NEW 
MINIATURE 

AGASTAT 
time delay relay

is better for
P D-C MOTORS 

from A-C LINES

1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pntumafic timing

Fig. 71. Average tube transconductance and feed 
back functions as a function of voltage where the co 
efficient 03 is negative and «5 is negative.

cold-cathode glow 
transfer counting 

TUBES 
up to 20,000 

counts/ sec

DELTA
When developing this high speed Automatic 
Counting Machine, evaluated many preset 
counters Delta decided on an electronic count 
control using Baird Atumic Dekatrun counting 
tubes. The machine can tally up to 5-million 
manufactured parts an hour with an accuracy 
of 1/10 of 1% — an application requiring the 
extreme reliability and performance gained by 
Dekatron’s more than 10 years of service.
For full details on Dekatron glow-transfer tubes 
and patented drive circuits, write to... .
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position corresponds to the limit of self-excita
tion. In the latter case the amplitude vanishes, 
and a further decrease in the feedback causes the 
self-excitation condition not to be satisfied and 
no self-oscillations will occur.

This entire picture applies to a soft system. In 
fact, since

RUSSIAN TRANSLATIONS
conductance, the value of which at Um = 0 is

crew 265 Main Street, 
Bartlett, Illinois

FOR FAST AND 
ACCURATE 
COUNTING

instantaneous hcycung .
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—
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.

For specific information on the new AGASTAT relay for 
your application, write to Dept. A32-324

then, if the self-excitation condition is satisfied, 
self-oscillations of fixed steady-state amplitude 
must occur.

Consider now another case, where a3 > 0 and 
< 0. At small amplitudes the quadratic term 

[in eq (5)] predominates, and therefore Sc first 
increases with increasing amplitude. Subse
quently, however, the term containing the fourth 
power of the amplitude (and which therefore 
increases more rapidly than the quadratic term) 
predominates and the average transconductance, 
after reaching a maximum, starts diminishing.

The plot of the average transconductance for

\ GREATER 
HOLDING 

4W POWER at 

H LESS COST
with Setko 
SLABBED HEAD 
SET SCREWS! 

NU-CUP POINTS add even greater holding power! 
• Takes 50% more torque than comparable hexagon 

socket set screws
• Costs Less than hexagon socket set screws of same 

metals
• Holds Better, tighter, won t slip
• Fully Threaded, can be flush mounted
• Standard Points available 
O Self Locking with Zip-Grip thread, or Crest-Lok, 

if needed
You Cut Costs Way Down When You Automate 
Experience has proven that insertion rates of Slabbed 
Head Set Screws can be greatly increased when auto
mated by Seiko’s revolutionary Hopper Feeding Systems. 

WRITE TODAY for full .. 
_ information . . . and ask for M 

Catalog 23. f/"t

ir No warm-up required —no electron tubes—extra-long life

★ S-m o-o t h, almost stepless speed variation
★ Dynamic braking on most models

★ Installation simple - low maintenance low first cost
★ Fifteen models from 1/15th hp to 1-1 2 hp. Illustrated 

is Type 1701-AK for 1/15th hp dc motors: $85.00
Write for VARIAC MOTOR SPEED BULLETIN

GENERAL RADIO Company

will diminish monotonically with increasing Um. 
The graph for this case is shown in Fig. 70.

If the feedback line lies above the Sc curve 
(dotted in Fig. 70), equality (6) cannot be satis
fied for any value of the amplitude, and self
oscillations are impossible. If, however, we in
crease the feedback, then the feedback line drops 
and intersects the S, curve at a certain point, as 
shown in Fig. 70.

The point of intersection corresponds to eq (6). 
The abscissa of this point gives directly the 
steady-state amplitude Ao. If the feedback is in
creased, then the feedback line drops even lower, 
and the intersection point shifts to the right. This 
means that the amplitude of the1 steady-state oscil
lations increases.

If, however, we decrease the feedback, the in
tersection point shifts to the left until it reaches

Broad Avenue at Linden Ridgefield. N J NEW YORK AREA 1000 N. Seward St LOS ANGELES 3» 

8055 13th St. Silver Spring, Md WASHINGTON, 0. C. 1150 York Road. Abington Pa. PHILADELPHIA 

1182 Los Altos Ave Los Altos Calif SAN FRANCISCO 6605 ft North Ave Oak Park III. CHICAGO

In CANADA: 99 Floral Parkway TORONTO IS
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Won 
advancement 
in instrument 

design

at IRE Show
Visit us at 
Booth 2126

INDUCTION 
SOLDERING 
UNIT

FOR SMALL PARTS AND ASSEMBLIES

Simplifies, improves and speeds up 
component production. Provides local 
heat to otherwise inaccessible spots. 
Safe and simple. Max. power input 
775 watts, 100 watts standby; 115 
volts, 60 cycles. 15^4” x 21)^’ x 15’. 
150 lbs. Bulletin on request. Marion 
Instrument Division, Minneapolis-Honey, 
well Regulator Company, Manchester, 
N. H., U. S. A.

Copyright ' 19.5 m Murlon

manon 
tí titCtsoNiCí tsttrs na tro 

meters
CIRCLE 632 ON READER-SERVICE CARD

A NEW FASTENER... A NEW TYPE OF FASTENER

DIE CAST ROUND-HEAD 
THUMB NUTS 8 SCREWS 
with GRC’s exclusive

J wide grip feature

Head Diameters 
thru 1%" 

Thread Sizes 
# 4 thru 7/16"

Mass producer] in rustproof zinc 
alloy at low cost, with eye ap
peal to help sell your product 
. . . generous-widths tops have 
deep fluted edges for firm, com
fortable grip. Closed or open 
end nuts. 1-pc. die cast or 2- 
pc. assembled screws with and 
without shoulders.

Be sure to see GRC ot the 
IRE Show—Booth 4108

Other GRC Fasteners

Die Cast 
Zinc Alloy 
Winsr Nuts 
Cap Nuts 
Wing Screws 
Rivets

Molded 
Nylon 
Screws
Washers 
Screw

Insulators

CRIES REPRODUCER CORP.

Write NOW fur prices and 
t.Rt.’s New fastener Catalog.

World's Format) 
Producer of Smeli 
Die Cestinzs

40 Second St. New Rochelle. N. Y. • NEw Rochelle 3-8600 
CIRCLE 633 ON READER-SERVICE CARD 
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this case is shown in Fig. 71. Let the feedback 
line occupy the position shown by the solid line 
of the diagram. The self-excitation condition 

is not satisfied in this case, and no self-oscillations 
take place. However, there are two points at 
which the Sc curve intersects the feedback line.

To evaluate the states of the system at these 
points, let us introduce the terms transconduct
ance margin and transconductance deficiency, 
pertaining to the inequalities

These terms are directly connected to the 
energy relations: the transconductance margin 
(S,. > RC M) denotes that the system acquires 
energy faster than it loses it, and a transconduct
ance deficiency (Sr < RC A/) denotes, to the con
trary. that more energy is used up than received.

Consider the state of the system at the point a. 
II the amplitude is for some reason greater than 
I 1, we have a transconductance margin, and the 
amplitude will increase even more.

If, however, the amplitude becomes less than 
I 1, then as a result of the transconductance de
ficiency, the amplitude will diminish even 
further until it is damped out.

Thus, the point a is unstable. At the point b, 
however, an increase in amplitude leads to a 
transconductance deficiency, while a decrease in 
the amplitude produces a transconductance 
margin, so that b is a stable point. The abscissa 
of this point determines the steady-state ampli
tude.

The plots of Fig. 70 show the properties of a 
hard system: in order to obtain a steady-state 
oscillation, it is necessary to subject the system 
to an initial shock such as to produce oscillations 
with an amplitude greater than Uj. A further 
amplitude buildup to the steady-state value Uo 
will then take place automatically.

The plots of Figs. 70 and 71 represent essen
tially the same energy relations as the graphs of 
Figs. 56 and 57 (ED, Feb. 18, 1959). If the feed
back is increased to such an extent that the self
excitation condition is satisfied (dotted line of 
Fig. 71), the system becomes soft, regardless of 
the shape of the curve of average transconduct
ance.

It is possible to obtain both soft and hard 
modes with the same triode, by a suitable choice 
of the operating point. If the operating point is 
chosen where the characteristic

la = f(U0)

has a point of inflection, then the average trans
conductance will diminish monotonically with in-

Tkermal 
Stability

low noiSe

»VB2W«««■«■to

■ SSB

low-noise, low-thermal 
Syncroverter* choppers

In solving the above equation, Bristol has 
paved the way for new advances in low level switching. 
New performance standards are being 
established by these latest models of the external coil 
Syncroverter chopper.
For complete specifications, write: 
Aircraft Components Division, The Bristol Co., 
151 Bristol Road, Waterbury 20, Conn.
*T. M. Reg. U. S. Pat. Off. 9.1

Dni^TAI FINE PRECIS,0N INSTRUMENTS■SKI W I UL FOR SEVENTY YEARS
Come see us in Booth 3832 a* the I.R.E. Show 
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Qî What con it be used for?

Q* How can I get the facts about

availabilities, and the like?

Write to:

Apparatus and Optical Division

Cambion

Plugs
Ideal for
computer patchwork panels JACKS
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THE Read CHAIN MFG. CO.

FRICTION 
CONTACTS

i.e.. the coellicient a:i (in eq (4)]. w hose sign de
termines the softness or hardness of the system, 
is proportional to the third derivative of the func
tion f (lJ) at the operating point ( = Ea.

The equation

Renbrandt, Inc. 
6-B Parmelee St. 
Boston 18, Mass, 

telephone: Highland* 5-8910

A. For such applications as an 
infrared sensor in weapons 

systems, and in instrumenta
tion for process control, anal
ysis, end safety.

A. By writing for a new bro
chure called "Kodak Ektron 
Detectors."

A« It is a semi-conductive resistor. The photosensitive 
area can be laid down in any pattern. Response extends 
to 3.5 microns in the infrared. Unaffected by vibration; 
high signal-to-noise ratio.

EASTMAN KODAK COMPANY, Rochester 4, N. Y.
CIRCLE 636 ON READER-SERVICE CARD

58 Mountain Grove St., Bridgeport 5, Conn.
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BEAD CHAIN

RUSSIAN TRANSLATIONS

Renbrandt offers n complete line of ultra
compact, precision-made couplings featur
ing zero backlash, low inertia and high flex
ibility
Typical is the newest shown above which 
is Life Saver size. Specifications: bores in 
any diameter from A" through com
pensates for misalignments of ±5° angular 
and ±.015" linear, torque 30 inch ounces, 
weight .19 ounce, moment of inertia as low 
as .000 ounce inches2, materials and finishes 
to applicable government or MIL sjiecs.
Long-life Renbrandt Couplings will solve 
many problems where space and weight are 
at a premium. Others available in a wide 
variety ot sizes for i'g" through Ys" shafts.

Tinymite Coupling 
Actual Size

Low cost for general ap
plication. Thousands of 
uses. */z" din. k U" long. 
For and/or A" shafts. 
No backlash. Insulating 
nylon center piece.

MINIATURE 
FLEXIBLE 
COUPLING

Life Saver size - only 7/16 x %

Send tor catalog or tend your requirement» lor quote». Prompt delivery.

CIRCLE 651 ON READER-SERVICE CARD

Fig. 72. Boundaries between hard and soft modes of 
oscillations are determined by points of inflection of 
the characteristic of the transconductance.

It, however, the operating point is taken at the 
bend ol the characteristic, the average transcon
ductance will first increase and then diminish.

Analytically, the condition lor obtaining one 
mode or another is determined by the sign ol the 
coellicient of the third power in the polynomial 
expansion of the characteristic. Denoting the bias 
voltage bv E„ (abscissa ol the operating point), 
we have, from Tav lor s theorem

Miniature
Jacks and

Shown actual size

Take your pick from the large selection of Cambion minia
ture jacks and plugs. Varying widely in types, these top qual
ity, precision made units are ideal for quick, tight, space-saving 
patchwork on panel boards.

The jacks make perfect electrical connections, thanks to 
their special beryllium copper compression springs, floating D 
keys and solid fronts. Jacks are available in shank lengths for 
varying panel thicknesses. Pin diameters of the plugs are 
.080", .062"' and .045 ".

For full information, write Cambridge Thermionic Corpora
tion, 452 Concord Avenue, Cambridge 38, Massachusetts.

CIRCLE 635 ON READER-SERVICE CARD

determines the bomidarv between the soft and 
hard modes. But when f” 0, f" has a maximum 
or a minimum, corresponding to a point of in
flection of f. On the other hand, /'(( <,) is merely 
the differential transconductance. Thus, the 
boundaries between the* soft and hard modes are 
the points of inflection ol the characteristic of the 
transconductance as shown by vertical lines in 
Fig. 72. (To be continued)

What is a Kodak 
Ektron Detector?

tun

Detectors

BEAD CHAIN DRIVES

Multi-Swage Parts
CONTACT 

PINS

TERMINALS 

este

Low-speed positive drives or motion transfer 
... at far less cost!

also PRINTED CIRCUIT 
MINIATURE PARTS

Contact pins, terminals, jacks or 
any small tubular parts. Maximum 

diameter x 1%" length.
Send sketch for quotations.

Send for Multi-Swage or 
Bead Chain Drive Catalogs!
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MEETINGS
Calendar of Events

March

5 6

5-7

9-12

14 15

16 20
3olH

16 20

17-21

18 20

23 26

24-27

26

27-28
Write lor catalog on your letterhead TODAY.

29 2

30-1

31-2

31 2

BREEZE SLIP RINGS

1-29

350-12000 MCS

Seminar

BREEZE PRODUCTS ACTUATORS • HOISTS • TRANSMISSIONS

CORROSION 
RESISTANT

BELLOWS 
TUBING

lor military or other critical uses, 
Breeze Slip Rings are custom de
signed and built to “perfectionist” 
standards. They offer high perform
ance in the most exacting service.

S'ud Bolh 
Toper P>n- 
lAfoshm

World Meteorological Organization, 3rd Session of 
Congress, Geneva, Switzerland.

Electrically Exploded Wires Conference, Boston, Mass.
* Indicates meetings described herewith.

Flight Propulsion Meeting, Inst, of Aeronautical Sci
ences, Cleveland, Ohio

2nd Western Space Age Conference, Los Angeles, 
Calif.

Cop, Socket 
Head 
Cotter Pins 
Dowel P,ns 
Hinges 
Nuts
Machine Screws 
Set Socket 
Sheet Metol

Stainless Stan says 
Star screws have clean, 

bright'n shiny heads.”
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TAMAR ELECTRONICS, INC
1805 COLORADO AVE. • SANTA MONICA, CALIF. GENERATORS • STARTERS • STARTER GENERATORS • 

SLIP RINGS • HOSE CLAMPS • HITEMP FLEXIBLE
CIRCLE 640 ON READER-SERVICE CARD

6ET
STAINLESS STEEL 
300 & 400 Series 
• AN Or ♦ 11 « H

m 663 Union Blvd., Paterson 2, N. J. 
Telephone CLifford 6-2300

q Direct New York City phone Wisconsin 7-90-0 
Direct Philadelphia phone: WAInut 5-3660

CIRCLE 638 ON READER-SERVICE CARD

STAR’S CATALOG OF
Right -off-the-Shelf ®

STAINLESS STEEL
FASTENERS
Sove time . . . save money. This book lists over 
7,000 stainless steel fastenings available for 
immediate delivery RIGHT OFF THE SHELF”’

>2 Star stainless screw co.

ds
•n;

SCIMITAR 
ANTENNAS

These extremely broadbanded antennas 
(with exceptionally low VSWR character
istics), are representative of TAMAR’s 
numerous operational transmission line 
system’ components.

SPEC. SHEETS AVAILABLE UPON REQUEST

Aviation Conference (ASME), Los Angeles, Calif.

4th Annual Southwestern Society of Nuclear Medicine, 
New Orleans, La.

National Meeting AICE, Atlantic City, N.J.

Annual Conference National Assoc. Corrosion En
gineers, Chicago, III.

8th Electrical Engineers' Exhibition, London, England 

Electronic Industries Assoc. Conf., Washington, D.C. 

IRE National Convention, New York, N.Y.* 

American Meteorological Soc., Chicago, III.

15th Annual Quality Control Clinic, Rochester, N.Y. 

Michigan Academy of Sciences, East Lansing, Mich. 

21st Annual Instruments and Regulators Conf. (ASME), 
Cleveland, Ohio

Electrical Industry Show, Chicago, III.

21st Annual American Power Conference, Chicago, III. 

9th Symposium on Millimeter Waves (IRE), New York, 
N.Y.

IRE National Convention, March 23-26

W aldorf-Astoria Hotel and Coliseum. New York. 
N.Y. More than 55.000 engineers and scientists 
.ire expected to attend this technical convention. 
Program includes papers covering the most re
cent developments in the fields of all 28 IRE 
Professional Groups and three special symposia. 
For information contact E. K. Gannett. I RI'

March 19: Thermistor Seminar. Sheraton Hotel. 
Philadelphia. Pa. Representatives of manufac
turers. users, and the Militar)’ Services will have 
an all day program with the objective of achiev
ing voluntary, industry-wide agreement on 
terminology and test procedures associated 
with temperature-sensitive (thermistor) ele
ments. Contact: Mr. B. R. Schwartz, RCA, Bldg.
1-6, Camden, X.J.

From 2-ring to 500-ring assemblies 
. . . currents as high as 350 amps 
continuous at 220 volts and 700 
amps overload at 220 volts Special 
high voltage designs . . . radio 
frequency assemblies ... high speed 
rotation for thermocouple and 
strain gage applications. Also seg
mented ring assemblies for ac
curate sequencing and timing. 
Consult us or write for literature.

CORPORATIONS, INC.
700 LIBERTY AVE., UNION, N.J.
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(, E RII is tin ensilv applied potting anti < n< upsulatin g material. Touch, heat-resistant. r<

New KTV nUieon e rubber from b.E
CURES WITHOUT HEAT • LOW VISCOSITY •

CURES WITHOUT HEAT G.E.'s KT\ (room tempera
ture vuleanizing) silicone rubber cures at room 
temperature in any time yon select up to 18 hours, 
it comes in a wider viscosity range than any similar 
compound from 250 poises (pourable) to 15.000 
poises (spreadable). Easily applied by pouring, 
dipping, spreading or with a pressure gun.

WON T SHRINK, VOID-FREE RTV compounds are 
100G solids (no solvents). They cure without 
shrinkage: form no void-: provide resilient, shock- 
absorbent protection against physical damage or 
moist and corrosive atmospheres. Tensile and tear 
strength exceed those of previously available mate
rial- and are retained after prolonged heat aging.

RESISTS HEAT ABOVE 300 C General Electric RT\

Silicone Products Dept.

SOLVENT-FREE • NO VOIDS OR SHRINKAGE

silirone rubber keeps its high dielectric strength 
at temperatures above 300 C. It ha- the well-known 
properties of -ilicom* rubber, -uch a- ability Io with
stand moisture, weathering, ozone, corona, oxidation 
and exposure to fuel- and solvent-.

IDEAL FOR POTTING AND ENCAPSULATING General 
Electric KT\ compounds flow easilv into and around 
complex shapes. They are ideal for potting and en
capsulating. Other uses include caulking and -eal- 
ing in hard-to-reach place-, performing ’’on-the-spot’’ 
rubber repair-, model making and molding in low- 
cost pla-tie tooling.

For complete application data, check Reader Service 
Card. If you’d like a sample for evaluation, drop us 
a note telling us about your proposed application.

GENERAL
(linailiterate

ELECTRIC
Waterford. N Y.

GERMAN ABSTRACTS
E. Brenner

Linear Two-Ports
With

Complex Image Impedance

IN MODERN network theory a two-port is 
defined as “passive if the power output does 

not exceed the power input. This definition al
lows energy sources within the two-port; older 
literature required that all the elements he pas
sive.

The conditions which a linear two-port must 
satisfy to be passive can be expressed in terms 
of the image impedances

ZH = Zi < ZI2 = Z2 c1*- 

and the image transfer parameter y a - 
II the two-port satisfies the reciprocity theorem, 
then it is passive if

I ) ros 0i cog 02 > 0
1 -f- cos 2d sin 0i sin <£2 

2 । o a, where cosh 2a COS 01 COS 02

In the symmetrical case ($i $), the crit
ical value of a, ac is given by

sinh dF = | sin d tan 0 |

Similar conditions for networks which do not 
satisfy the reciprocity theorem can be deduced. 
In such cases, two image transfer parameters are 
defined and a condition for minimum attenuation 
is determined. If Y12 = Y — Y1 and y21 = Y + Y1 
this condition is

cosh 2 a* — cos 2 d sin 0i sin 02 cosh =
COS 0| COS 02

Where a = Re y and a1 = Re y1
Equivalent conditions which deal with the na
ture of the singularities of the image network 
functions are also discussed in the original paper.

Abstracted from an article by E. R. Berger, 
Archiv der Elektrischen Uebertragung, Vol. 12, 
No. 4, April 1958, pp 149-157.
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Measurement of►

er

Complex Dielectric
Constant

circuited, unfilled line of length d \. propaga-is-

ist

m,

K02

City
•it-

twice, for

College Degree

RESEARCH P R < > I » 11C T E N GIN E E RIN G SYSTEMS
2 A H

I DEVELOPMENT FIELD TESTTECH.ADMIN.

CIRCUIT ANALYSIS
where R-F CIRCUITS

DIGITAL COMPUTERS INDUSTRIAL DYNAMICS RELIABILITY OTHER:

GUIDANCE DEVICES MATERIALS

MICROWAVES SYSTEMS ANALYSIS INSTRUMENTATION

/ have had a total of years of experience.
CIRCLE 881 ON READER-SERVICE CARD
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and m is 
If the

ATOMIC AND OR SOLID 
STATE PHYSICS

of different lengths are used.
If a transmission line is short circuited at the 

receiving end and filled with the material whose 
property is under measurement, the driving point 
impedance depends on the length d. the propaga-

the reciprocal of the vswr. 
measurement of A is made

and characteristic im- 
same driving point imped-

Be1» = Ki

(Xc = guide wavelength)

(Xc = cut-off wavelength)

It’" = A\; 

t = \Oi Xa 

I? = Xo Xc

tion constant.

lengths (I and 2d, then correspondingly two com
plex numbers K} and K2 are obtained from Eq. 2, 
It can be shown that the complex dielectric con
stant, f = f' it" is determined from

ance, then the complex dielectric constant is de
termined from the formula of Roberts and Von-
Hippel:

tanh (y d) A

2 AB . , A2
- sin 4- 3'

C2 C2

We promise you will receive a reply within one week!

COMPLICATED calculations, associated with 
the complex dielectric constant al micro

iot 
3d.
ire
on

na- 
)rk
er.
er, 
12,

Abstracted from an article by E. Biller, Zeit
schrift fuer Angewandte Physik, Vol. 10. Nov. 10, 
October 1958, pp 458-459.

NEW OPENINGS 
AT HUGHES 

RESEARCH & 
DEVELOPMENT 

LABORATORIES

Please airmail to:
Mr. Robert A. Martin, Supervisor, Scientific Employment

Hughes Research and Development Laboratories
Culver City, California

Name

Address

Zone State

Year

I am interested in one of the following types of assignment:

OTHER:

I have had professional experience in the following specific areas:

EL EC TRO- M EC H A N IC A L 
DESIGN

249

Hughes has several hundred openings for 
engineeers and physicists whose training 
and experience are applicable to the re
search, development, design and testing of 
airborne electronic equipment for use in 
supersonic military aircraft; in solid state 
physics, nuclear electronics, industrial dy
namics, and related areas.

Use of the following form will, we hope, 
reduce to a minimum the inconvenience of 
submitting an employment inquiry, yet will 
still permit us to give you a reasonably defi
nitive reply.



STANDARDS
AND
SPECS

NEW

Enclosures

Connectors

Microphone Cables

Title

CIRCLE 646 ON READER-SERVlCE
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See us at the IRE Show. March 23 26, N V Coliseum — BOOTH 4328

For: Automatic switching, circuit selec
tion, and timing-control

Society for Testini 
Philadelphia 3. Pa.

CIRCLE 648 ON READER-SERVICE CARD 
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Featuring: • 80 steps per second on im
pulse drive • 30 contacts per bank 
• maximum 12 banks »only 17 oz. in 
weight • unique sequence switching

1916 Race St.,

Name___
Company 
Address_ 
City____ Zone____ State.

In Chicago, III. |
ALPHA-LOY CORP.
2250 S. Lumber St ।
Other ALPHA products: | 
Solder Preforms.
Wide Range of Fluxes. . 
High Purity Metals. JLIVINGSTON, NEW JERSEY

World's Largest Manufacturer of Attenuators

ALPHA METALS,INC., 58CWaterSt., Jersey City 4, N.J. । 
Send me free your New Tips on Soldering. .

FREE!
From ALPHA METALS

Sherman H. Hubelbank

1958 Book of ASTM Standards

photo % actual 
size

HIGH-SPEED, MINIATURE 
STEPPING SWITCH

Write today for complete technical data on the unique 
Miniature Uniselector — ALSO on the Two-Way and One Way 

Stepping Switches.

11 University Rd., Cambridge 38, Mass.

U.S. AGENTS FOR GENERAL ELECTRIC COMPANY. LTD. OF ENGLAND 
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COMPLETELY 
HERMETICALLY SEALED 
IN SMALLEST SIZE

Davohm Series 850 
Precision Metal 
Film Resistors...

Consist of a small glass tube with metal 
caps soldered to each end. The precious 
metal resistor element is deposited as a 
spiral on the inner surface of the glass. 
Completely sealed, they are available in 
three sizes in ohmic ranges from 2 ohms 
to 4 megohms in accuracies of *:.5oo, 

• 1%, ±2% and + 5%. The positive 
temperature coefficient is the same for 
any resistance value.

Use these in your critical applications-— 
write for complete information.

Now carried in stock by your local distributor.

• I uQT COMMERCIALLY IIU I AVAILABLE

B-A SEMICONDUCTOR 
MINORITY CARRIER LIFETIME 

TEST SET
Baird-Atomic Model JJ a basic tool for the 
TRANSISTOR LABORATORY 
Provides a reproducible measure of minor
ity carrier lifetime of both germanium and 
silicon samples. Measurement evaluates 
performance characteristics to be expected 
of devices made from the sample material. 
Range: MCL above 10 microseconds 
Accuracy: t 10% 
Method: conductivity modulation

For complete technical information request Bulletin TP 103

rhe first part of 10 parts of the 1958 Book of 
ASTM Standards has recently been published by 
the Society. The first book is Part 2. entitled Non- 
Ferrous Metals Specifications (except test meth
ods). Electronic Materials. This 1386-page book 
covers 251 standards and is complete with a de
tained subject index. Copies ot this publication 
are available for $10.00 each from the American

MIL-E-2036C(N av v ), Navai Shipboard Enclo 
si res ior Eli ( trk vnd Elec lronk Equipment. 
30 September 1958

This spec covers materials and detail design 
and test requirements for electric and electronic 
equipment intended for use where conditions ot 
mechanical shock and salty atmosphere are en
countered. Associated details pertaining to ven
tilation. cooling, and mechanical protection are 
also included.

CIRCLE 647 ON READER-SERVICE CARD

MIL-O21367(Ships), Cunnecrirs and \ssocia- 
ated Fittings for Flexible, Solid-Dielectric, 
Radio-Frequent v (.abi.es. 20 October 1958

Covered in this spec are submersible recepta
cles, stuffing tubes, adapters, and end seals for 
use in conjunction with flexible solid-dielectric 
radio-frequency cable, and suitable for use in 
submarine hulls.

Ue«1 
1WS

EI A KS-215, Basic Reqi irf mi n is for Broad
cast Microphonf Cables, November 1958

The cable described by this standard consists 
of two or three conductors of stranded, annealed, 
and tinned copper wire insulated w ith sy nthetic 
or natural rubber, covered with a cotton wrap 
and a shield, and protected w ith an outer sheath 
of neoprene. This cable will be used primarily 
as a microphone cable in radio broadcasting serv - 
ice. Copies of this standard are available from 
the Electronic Industries Association. 11 W. 12nd 
St., New York 36, N.Y., for 25 cents.

This handy ALPHA soldering guide contains valuable 
technical data. Included are:

• Prevention of silver scavenging
• Effects of rare metals in soldering
• Effective soldering of joints requiring high creep strength

Get your copy . . . Act now!



Calculating Current Ratings

60 cents per copy.

Write for Catalog

In this brochure—complete facts on DIALCO's

¿3¿rL ¿3 M
«

Electronic In-
YorkSt.

Component Parts Testing

EIA RS-186A, Standard Tesi Mei hods

Electronic Component Parts, November

OPERATION

<11 inrilsic >ll.i I

complete
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Replaceable 
Lamp Cartridges

Switches 
Shown 
Actuol

TWIN LAMP 
ASSEMBLY 

No. 248-6939-1437

8. High-Frequency Vibration, and Seal Test 
(Static Seals). Copies ol this standard are avail
able from Electronics Industries Association, 11 
W 42nd St., New York 36, N.Y., for $1.70 per 
copy.

FC )K

195S

all applicable military specifications. Integrated units 
are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 

SAMPLES ON REQUEST —AT ONCE —NO CHARGE

From normal, conventional size to 
ultra-miniature — the Grayhill line of 

push button switches can meet vir
tually every requirement. Rated capa

cities range from 10 amp. to 1/10 amp.
115 V. AC resistive — and single or double pole, 

single throw, — silent or snap action styles and a 
solderless terminal style are available.

For the Computer-Automation Industries
DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 
the computer-automation fields. Made in 2 basic styles: 
Lamp Holders with DlALCo’s own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in 3/s" clearance hole; the twin-lamp 
assembly mounts in %” cleai:.nce hole.

See the Model 590 in Booth 3064 at the New York IRE show.
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t-ter 590 is available in langes troni 25 to 120.000 ohm-

this standard arc available from 
dustries Association. 11 W. 12nd 
36, N.Y., at $1.50 per copy.

Foremost Manufacturer of Pilot Lichts

DIALIGHT
CORPORATION

Senes 2000
Serie* 35 • * Senes 39

Series 30

THINKS
MINIATURE*

r Grayhill 
Push Button

L Switches j

’'PION

SPECTROL PRECISION POTENTIOMETERS

Meet the SPECTROL

Copies of caption card 
available on request

E E R 5 IN MINIATURIZATION 

CIRCLE 649 ON READER-SERVICE CARD

piaMRS
Phone: Fleetwood 4-1040

565 Hiligrove Ave., LaGrange, Illinois

South Del Mar Avenue, San Gabriel. Calif1704

SPECTROL

METAL 
MULTI-TURN

New type 
construction 
provides

EIA RS-214. Method fob Calci lai ion of Cub- 
rent Rati nos on Hookup Wire. November 1958

Ihe method described in this standard is based 
on the fact that under certain conditions of ther
mal equilibrium the rate at which heat is pro
duced in the conductor is equal to the rate at 
yvhich the heat is conducted thronyh the insula
tion. The latter also equal the rate at yvhich heat 
is transferred from the outer insulation boundary 
to the surrounding air and walls. Currents are 

by solving simultaneously the equations 
d. A graphical method is actually em

ployed in this standard, Copies of this standard 
are available from the Electronic Industries \s-

Interelectrode Capacitance

E1A RS-191-A, Measuremen i of Direct Inieb- 
I EECTRODE (.APAC H ANC ES, OCTOBER 1958

I his standard covers the measurement of di
rect interelectrode capacitances of tube's in th«' 
following classes: receiving, cathode rav, yas. 
phototubes and multiplier phototubes, and high- 
power vacuimi tubes. In this standard interelec
trode capacitance is measured directly rather 
than derived from combinations of two or more 
individual capacitance measurements. Copies of

Uniform methods for testing electronic com
ponent parts are established by this standard. 
These test methods provide a number of test 
conditions of varying degrees of severity so that 
appropriate test conditions may be selected for 
any component. Nine test methods are estab
lished: 1. Steady-State Humidity, 2. Moisture 
Resistance (Cycling), 3. Steady-State Humidity 
(Severe Test), 4. Dielectric Test, 5. Salt Spray 
(Corrosion), 6. Mechanical Robustness of Termi-

Don’t forget to mail your renewal 
form to continue receiving 
ELECTRONIC DESIGN.

AtAUTE
.. —----- - -----»O. * »

**• «U«

249-7840-1431

(¡Huit appro*.

DATALITES have fully insulated terminals and

LAMPS USED:
T-PA wire-lead 

incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic 
lenses (7 colors).

DATALITES 
with 

Built-in NE-2E 
Neon Lamps

No. 249-7841-931 
with 

built-in resistor

No. 250 7840 1431 «

With 
Rotatable 

Lenses

conform to

No.
250-7841-1431 

with
built-in resistor

46 STEWART AVE., BROOKLYN 37, N. Y. • HYacinth 7-7600
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Thermal Evaluation of Power Transistors

CIRCLE 653 ON READER-SERVICE CARD
CIRCLE 655 ON READER-SERVICE CARD

For centuries

ma

in digital form

CIRCLE 654 ON READER-SERVICE CARD

252

9p, microfilm $4.50, photocopy 
from Library of Congress, PB

d. This 
of the 
matrix 
t works

HIGH TEMPERATURE 
CAPACITORS

they can be read 
photoelectrioally 
and the information 
transmitted

angles have been 
read directly 
Now

J. Carlin. 
Microwave 
Mar. 1954

I networks 
)asic non

Ct • - send for the 
I l*Cv most widely used

ELECTRONIC SUPPLY GUIDE

38th y»ar

Theory and Application of 
Gyrator Networks

Theoretical investigation of I

Operate Continuously from -70° C. 
to 250°C. Without Derating!
• No reliability deterioration 

' ■'p 1 1 ->nq hours at 250 C and nl
140% rated voltage V J

• Retrace within .2% after ^HL 
repeated temperature cy- 
clmqs from - 70 f to 
250° C

• Insulation resistance greater than 1014 ohms.
• Temperature coefficients of approximately 100 PPM, 

50 PPM, and less.
• Dissipation factor less than .05%.
• Minimum (lowest dielectric) absorption .01%.
• Exceeds MIL shock and vibration requirements.
• Low capacitance tolerances to .1%.
• Transistor sizes.

WRITE TODAY FOR COMPLETE TECHNICAL DATA

Write for Bulletin 8600-E
CIRCLE 656 ON READER-SERVICE CARD
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Polytechnic Institute of Brooklyn 
Research Institute, Brooklyn, N. Y.

is treated from a networks point of view. Equiv
alent circuit representations are given. Theory 
and Application of Gyrator Networks, Herbert

send for it!

your buying guide to the world’s largest stocks of 
ELECTRONIC SUPPLIES FOR INDUSTRY

• Transistors & Diodes • AN Connectors
• Relays A Switches • Transformers
• Receiving & Power Tubes • Racks, Cabinets, Chassis
• Tools & Hardware • Test Equipment

• KNIGHT Public Address A Paging Systems
.simplify and speed your purchasing of electronic sup
plies and equipment at allied. We make fast, expert 
shipment from the world’s largest stocks of everything 
in Electronics. OEM prices are available on quantity pur
chases. Send today for your free 1959 allied Catalog 
- the complete Buying Guide to Electronic supplies for 
Industrial and Communications use.
One Complete Dependable Source for Everything in Electronics

ALLIED RADIO
100 N. Western Ave., Dept. 69-C9 

Chicago 80, Illinois

BAKO CAPACITORS
50 EDISON PLACE • NEWARK, NEW JERSEY 

Telephone Mitchell 3-5200

An outline of the problems associated with 
heat removal from junction transistors. Neces
sary design information for circuit users is also 
presented. Thermal Consideration in the Use and 
Evaluation of Power Transistors, Bernard Reich, 
U. S. Signal Corps Engineering Laboratories, 
Port Monmouth, N. J. Sep. 1956, lip, microfilm 
$2.40, photocopy $3.30. Order from Library of 
Congress, PB 132568, Washington 25, D. C.

having no impedance or admittance matrices is 
then treated by an extension of the* synthesis 
technique in terms of scattering parameters. The 
operation of ferrite devices employing directional 
elements such as circulators, duplexes, one way

is followed by a complete1 presentation 
synthesis of an assy metric impedance 
with complex elements. The class of n

New Approaches to Printed Circuitry

Research studies have been continued in four 
special fields related to the printing of electronic 
circuits. Basic research into the formation of cir
cuit elements by vacuum evaporation has led to 
new results in soldering to vacuum deposited 
films and in the formation of resistors. Basic 
processes required for a new circuit forming 
technique have been proposed and tested A new 
material from which stencil screens can be cut 
has been developed and tested. Additional in
formation has been obtained, experimentally, on 
electric printing with conductive materials. Per
forming Besearch on New Approaches to Printed 
Circuitry, Haloid Co., Rochester, N. Y. For re
ports 1, 2 and 4 order from Library of Congress, 
PB 126122, 126412 and 131366, Washington 25, 
D. C. Scientific report no. 3 for the period 1 Sep. 
1956 thru 30 Nov. 1956, Dec. 1956, 34p, micro
film $3.00, photocopy $6.30. Order from Library 
of Congress. PB 127212, Washington 25, D. C.

send for catalog no. 106 

kurz-kasch 
1415 South Broadway, Dayton J. Ohio

The Gurley Shaft Position Encoder

send for 
FREE 

catalog

ALLIED’S
COMPLETE 452-PAGE 

1959 CATALOG



Beam Switching Tube
Increased requirements for reduc

tions in size and complexity of digi
tal machinery prompted an investi
gation into the design of a compo
nent to directly perform the opera
tion of decoding. Theoretical and 
machine solutions were made for a 
proposed method of switching by 
the action of longitudinal magnetic 
fields on an electron beam. Labora
tory experiments were performed to 
determine tin* feasibility of the prin
ciple of operation indicated by 
tlicorv. Construction details for a 
prototype component, the Lopro- 
tron, are given. Possible applica
tions discussed include hill binary 
addition, analogue-to-digital con
version, and digital-to-analogur con
version. Limitations and require
ments affecting the future of the 
I .oprotron an1 discussed. Loprotron. 
\ New Beam Snitching Tube, 

Charles B. Prohaska, Air Force In- 
stitute of Technology, Dayton, Ohio, 
Mar. 1958, 46 pp, microfilm $3.30, 
photocopy $7.80. Order PB 134692 
from Lilfrary of Congress, Photo- 
duplication Service, Publications 
Board Project. Washington 25, D.C.

Thin Film Resistance Elements
Physical characteristics affecting 

the stability of metal film resistors 
evaporated on ceramic were inves
tigated by direct and indirect meth
ods. Most ol the work was con
ducted with Nichrome films, but 
some measurements were made w ith 
evaporated nickel-titanium ¿md 
evaporated carbon films. Results in
dicated that the instability of Nich
rome films is due to slow oxidation 
and strain caused by unequal con- 
t ractions of film and substrate on 
cooling from the1 deposition temper
ature. There appeared to be little 
chance of improving the oxidation 
stability of Nichrome films. The 
strain problem might be solved 
either by change of substrate or bv 
deposition at temperatures other 
than 10(10 F. Study of Physical Char
acteristics of Thin Film Resistance 
Elements, D. Moore, Servo
mechanisms, Inc. for Wright Air De- 
i elopment Center, U. S. Air Force, 
Dec. 1957, 48 pp. $1.25. Order PB 
1 M703, OTS, Washington 25, D.C.
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WHY
Amperex

FRAME GRID TUBES
ARE PREFERRED FOR RADaR

TEST INSTRUMENTS 

MICROWAVE COMMUNICATIONS 

OSCILLOSCOPES

• HIGHER GAIN 
BANDWIDTH 
PERFORM 
ANCE

• 
UNIFORMITY

THE AMPEREX FRAME GRID CONSTRUCTION IS UTILIZED
IN A LINE OF PREMIUM QUALITY TUBES FOR MILITARY SYSTEMS 
REQUIREMENTS AND EXACTING INDUSTRIAL APPLICATIONS.

THE FRAME GRID IS 
APPLIED TO THE CONTROL 

GRID WHERE IT REALLY 
COUNTS. WHERE IT PROVIDES: 

• TIER VHf 
AND UHF 
TUBES

AMPEREX FRAME GRID TUBES — 
PROVEN FOR RELIABILITY BY 
MILLIONS OF TUBE HOURS 
(LESS THAN 0 1% PER 1000 
HRS. FAILURE RATE) - ARE NOW 
IN FULL PRODUCTION TO 
MILITARY SPECIFICATIONS IN 
ONE OF THE WORLD S MOST 
MODERN TUBE MANUFACTURING 
INSTALLATIONS - AMPEREX 
HICKSVILLE, LONG ISLAND. N. Y.

AMPEREX 5847 (MIL E-1 467)
Reliable Broadband Amplifier Pentode
• plug-in replacement for Type 404A in existing equipment
• high figure of merit

AMPEREX 6688A (MIL E-1 1218 NAVY)
Reliable, Ruggedized. Broadband Amplifier Pentode
• for similar applications as the 5847, but with improved 

base pin arrangement and higher transconductance
• figure of merit of 250 Me as broadband amplifier
• saves entire stages in IF and video amplifiers
• improves signal to noise ratio
• preferred for new equipment design, particularly 

airborne applications
• long life cathode

The frame grid is the closest approach to the ideal 
"Physicist's grid "-electrical characteristics but no 
physical dimensions.

It results in:
• higher transconductance 

per milliampere
• tighter Gm and plate 

current tolerance
• low transit time
« low capacitances
• lower microphonics
* rupped construction

determined by the carefully controlled 
diameter of grid support rods (centerless 
ground) and by frame crossbraces between 
these rods. Extremely fine grid wire 
eliminates the "island effect” usually 
encountered in conventional tubes with 
equally close grid to-cathode spacing. Rigid 
support of fine wires reduces mechanical 
resonance and microphonics in the grid.

CONVENTIONAL GRID
Grid to cathode spacing tolerance depends 
on accuracy of grid dimension, obtained by 
stretching on a mandrel, and on tolerances 
of holes in top and bottom mica rod 
supports. Diameter of grid wire must be 
large enough to be self supporting.

✓zi t

xm» amr tmiuni c mps.rx vA\\vAu;f/s/"z

AMPEREX 6922 (MIL E-1 1168 NAVY)
Reliable, Ruggedized. High Gain Twin Triode
• for reliable radar cascode stages
• for high speed computer operation
• for HF, IF, mixer and phase inverter stages
• high transconductance (G... = 12,500 ‘ 2000 )

• low noise
• long life cathode
• new ‘"dimple” anude

AMPEREX 5842 (MIL E-1 466)
Reliable. High Gain Single Triode
• plug in replacement for type 417A in existing equipment
• for grounded grid amplifiers
• high figure of merit
• low noise
• high transconductance (Gm 25,000 5000)

ask Amperex
about applications assistance for 
reliable Premium Quality (PQ) frame grid tubes,

For additional data write to Semiconductor and Special Tube Division 
Amperex Electronic Corp., 230 Duffy Avenue, Hicksville, L. I., N. Y. 

In Canada: Rogers Electronic Tubes & Components, 116 Vanderhoof Avenue, Toronto 17, Ontario



Transistorized 
Inverters 

k for Missili

THI MASK OF QUAUTY
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Stock No. Rating Phase Weight

AU0048 150 VA

AU0049 100 VA

AU0082

Also available to your specifications

Other solid-state devices, DC-DC converters, 

frequency sensors, voltage sensors, 

time delays and programmers, etc.
for complete information, write

ELECTRONICS

3025 West Mission Road, Alhambra, Calif. a división of THE VICTOREEN INSTRUMENT C0.

500 VA 11.8 Ib.

3.9 Ib.

5.0 Ib.

SINE WAVE 
STATIC 

INVERTERS

can you use this
11111 

BARBER 
COLMAN 

11111

miniature d-c motor
in your product ?

i

INCHES '

inexpensive, yet high in 
quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c. it is ideally 
suited for many applications such as: drive mechanisms 
in photographic equipment . . . marine navigation equip
ment . . . portable dictating machines . . . signal-seeking 
radios . . . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too?

WRITE FOR BULLETIN F-8792 for specifications and 
performance data.

Dept. O, 1883 Rock Street, Rockford, Illinois
CIRCLE 662 ON READER-SERVICE CARD

REPORT BRIEFS
Microwave Network Theory 
and Applications

Reflection and transmission by a single dielec
tric interface is considered first. Application is 
then made* to the important special case of plane 
wave modes in free space. The relevance of this 
discussion to the Fresnel reflection relations and 
Brewster’s angle in optics is brought out. The 
dielectric slab of finite thickness is treated next 
and its properties examined as a function of 
thickness and frequency. Microwave Network 
Theory and Applications, by N. Marcuvitz and 
A. A. (diner. Polytechnic Institute of Brooklyn. 
Microwave Research Institute, Brooklyn. A. ). 
Sep. 1957. IS p. microfilm 82.40, photocopy 83.30. 
Order from Library of Congress, PB 133803. 
Washington 25. D. C.

Microwave Applications of Ferrites
Two ferrite waveguide components w ith many 

applications have been developed. \ mag
netically tuned klystron is described for applica 
tions requiring very wideband frequency modu
lation. The microwave permeability of a ferrite 
in the direction of the applied field was deter
mined from frequency shift measurements of a 
transmission-type cavity . \lso described is an 
extremely simple duplexer-detector for micro
wave systems using a common antenna for trans
mission and reception. Topics in the Microwave 
Applications of Ferrites, J. Cacheris, G. Jones, 
anil R. Van Wolfe, C. S. Ordnance Corps, Dia
mond Ordnance Fuze Laboratories, Washington, 
D. C. Jul. 1955, 19p, microfilm 82.40, photocopy 
$3.30. Order from Library of Congress. PB 
132809, Washington 25, D. C.

Ultra High Temperature Miniaturized 
Power Transformers and Inductor Materials

Development of electronic power transformer.' 
capable of operation in a 500 C. ambient tempera
ture and in intense nuclear radiation. Steps to 
accomplish this involved (1) evaluation of the 
transformer basic materials alone (2) evaluation 
of combinations of the basic materials in trans
formers and (3) tin development of ceramic 
processes and supporting members to give me
chanical and moisture protection to the trans
formers. The feasibility of an encapsulated pro- 
tective technique using a thin ceramic coating in 
conjunction w ith a stainless steel mesh was (s- 
tablished. I Ura High Temperature Miniaturized 
Power Transformers and Inductor Materials. 
Harold B. Harms and James C. Fraser, Genera1 
Fleetric Co., Schenectady, N.Y. May 1958. 452pp. 
OTS I .S. Dept, of Commerce, Washington 21 
DC. 86.00. PB 151141.

PLASTIC MOLDED KNOBS
FOR INSTRUMENTS, CONTROL PANELS, ETC.

••• •••
From Stock Molds No Tool Charge Fast Delivery

Huge selection of shapes, sizes and colors available from Rogan's
stock molds. No tool charge, fost delivery. Markings can be
branded to your specifications. Save time, save money, use 
Rogan's stock molded plastic knobs Send for free catalog

ROGAN BROTHERS
8015 N. Monticello Ave., Skokie, Illinois

CIRCLE 663 ON READER-SERVICE CARD

O Short Shaft Lock 
fits under knob

Friction drag 
prevents acci
dental rotation

-no unlocking 
or relocking to 
reset shaft.

FOR DATA SHEETS 
dheon’s line of single- 
tment shaft and knob 
locks, please write to

Excellence 
in Electronics

Dirt and 
moisture 

seal

RAYTHEON, Dept. 6120,
Commercial Equip. Div., 

Waltham 54, Mass.

CIRCLE 664 ON READER-SERVICE CARD
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Unusual, infrequently offered, high level positions for:

ELECTRONIC ENGINEERS 

AERONAUTICAL ENGINEERS 

MECHANICAL ENGINEERS 

PHYSICISTS

Please reply to Mr. John North, Engineering Dept.

Rarely does a corporation of United Aircraft's stature 
make available such key positions. Ordinarily these 
openings would be filled from within, but as the other 
divisions (Pratt & Whitney, Sikorsky, Hamilton 
Standard. Norden) cannot spare additional valuable 
staff men, these openings must be filled from the 
outside. You will work beyond ordinary boundaries on

A Division of

13d Mam Street, East Hartford, Conn.

CIRCLE 871 ON READER-SeRVICE CARD
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ENGINEERS-SCIENTISTS

At MOTOROLA in PHOENIX . . . 

it's YOUR PROJECT all the way through

Ideas are the life-blood of an operation devoted exclusively 
to diversified electronics research, development and produc
tion. So it’s logical, we think, for the project engineer to see 
his idea to completion ... from design through construction 
through field testing (and sometimes, alas, back to the draw
ing board). The effectiveness of this project approach is 
illustrated by our achievements in military and industrial 
electronics. If you generate sound ideas and would like the 
opportunity to follow through on them ... and if you like the 
idea of living beneath bright, sunny skies the year around . .. 
write to Mr. Kei Rowan, Department B-3.

MOTOROLA

8201 E. McDowell Rd. Phoenix, Arizont

OPPORTUNITIES

Electronic Engineers, Mechanical Engineers, Physicists —SYSTEM ANALYSIS, DESIGN 
AND TEST—Radar • Missile Guidance • Navigation • Combat Surveillance •
Communication» Field Engineering • Data Processing and Display — CIRCUIT
DESIGN, DEVELOPMENT AND PACKAGING - Microwave • Pulse and Video • 
Antenna • Transistor • R-F and I-F • Servos • Digital and Analog 
TECHNICAL WRITERS AND ILLUSTRATORS, QUALITY CONTROL ENGINEERS, RELI
ABILITY ENGINEERS
Motorola also offer» opportunities a* Riverside, California and Chicago, Illinois

NEW CONCEPTS 
IN COMBAT SURVEILLANCE OFFER 
YOU A MORE PROMISING CAREER

Over »25 Million in New R&D Contracts for SWALLOW 
Awarded Missile Systems Division of Republic Aviation

It has been the drcam of every combat commander to possess accurate 
information concerning tactical disposition of enemy troops and ma
teriel, before, during and after the battle. One of the telling answers 
to this vital problem is the Swallow SD-4. Engineers joining this 
program will find challenge in:

... new sensing techniques (infrared, optical, radar and other)

... sophisticated, split second guidance

... optimum aerodynamic solutions for high velocity, 
ground-controlled vehicles

The Swallow SD-4, and the SD-3 are two of many expanding 
programs — ECM, anti-ICBM and missile guidance —that offer unusual 
openings in the following areas:

MICROWAVE ENGINEERS Design of microwave antennas and compo
nents for airborne navigation systems

COMPUTER ENGINEERS Digital data transmission, digital and pulse cir
cuitry, and digital computer logic and storage

FLIGHT CONTROL ENGINEERS Automatic flight control systems, iner
tial guidance and stable platforms

Send resume in complete confidence to:
Mr. Paul Hartman, Engineering Employment Dept. 12C-1

MISSILE SYSTEMS DIVISION

223 Jericho Turnpike, Mineola, Long Island, New York

CIRCLE 872 ON READER-SERVICE CARD
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With MELPAR

Communication & Navigation 
System«
Detection & Identification Systems 
Chemistry Laboratory
Antenna & Radiation Systems 
Applied Physics Laboratory 
Analysis & Computation
Laboratory

Reconnaissance Systems Engineer
ing Department

Airborne Equipment
Ground Data Handling 

Equipment
Ground Support Equipment

Simulation & Training Systems

^MELPAR Incorporated 
A Subsidiary of Westinghouse Air Brake Company 

3009 Arlington Boulevard, Fall» Church, Virginia 
J 0 miles from Washington, D C.

For details about these openings and 
facts on a dynamically growing organization, write to: 

Technical Personnel Representative

Probing 
Electronic Frontiers

Our mission is simply stated: advancing the state of 
the art in electronics to satisfy the demands of the 
space age and the increasingly complex problems 
of defense.

To the experienced engineer with an inquiring 
mind we extend an opportunity to blaze new techno
logical trails and to constantly explore the para
meters of his personal ability.

DURING IRE SHOW, members of our technical 
staff will be available for interviews.

Opportunities are available in the following 
area« of Melpar's diversified activities:

Send brief resume to:
R. E. EARY 

Technical Staffing Director 
The Magnavox Company 

2131 öueter Road 
Fort Wayne, Indiana

Government and industrial elec

tronics is— and has been—a part 

of normal operations—not a side 

line at Magnavox.

Engineers and scientists with their 

eyes on the stars and their feet on 

the ground are cordially invited to 

investigate present opportunities 

existing in long range projects now 

underway at Magnavox.

Magnavox
CIRCLE 875 ON READER-SERVICE CARD«(Cie (74 ON READER-SERVICE CARD
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ADVERTISERS’ INDEX

A Remarkable 
Opportunity

limited to 
a few scientists 
and transistor
engineers

If you are one of them, you will join this 
young organization, small enough to guarantee 

recognition, yet already widely known for 
its advanced semiconductor products. A firm 

founded by, and headed by, working 
scientists, engineering, and production experts.

Our top calibre staff has developed and is 
producing new high quality silicon transistors.

The enthusiastic acceptance of these 
transistors, plus new semiconductor devices 

now in development, has made necessary the 
building of a new plant, now under construction.

Fairchild has need of a few scientists and 
transistor engineers to work on research and 

development, design, engineering, 
and manufacturing.

Our location in Palo Alto, California, only 32 
miles from San Francisco, is especially attractive 

to good family living... with its matchless 
climate... ideal for year-round outdoor 

activities. Outstanding schools ... including 
world-famous Stanford University... beautiful 

homes... and quiet, pleasant shopping.

FREE $1,000 March 4, 1959

Relocation expenses paid. Please forward resumes to:

SEMICONDUCTOR CORPORATION

844 Charleston Road 
Palo Alto, California

AN AFFILIATE OF THE FAIRCHILD CAMERA & INSTRUMENT CORP.
CIRCLE 876 ON READER-SERVICE CARD
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ENGINEERS
Senior Project æ Staff Positions in D< velopment of

ADVANCED CELESTIAL NAVIGATION SYSTEMS
Qualifications should include previous responsible 
experience in analog and digital computers, advanced 
electronic techniques and navigation concepts.

FIELD ENGINEERS
For Development and Flight Evaluation Work.

PRODUCT ENGINEERS
For Design of Field Test Equipment tor 

Electro in echa ni ca l S y st em s.

Enjoy unusual opportunity for growth ... a stim
ulating professional environment . . . with one of
America’s finest developers 
flight instrumentation.

Send resume, in confidence, to

and manufacturers of

T. A. DeLuco.

—worth of professional service, 

because you are an electronics engineer

CADILLAC, for thirty years the nation s largest Executive 
and Professional Placement Service, represents every 

Blue Book Electronics firm in America, over 350 in all.
Their BEST jobs, at salaries from $6,000 to $75,000, ap
pear monthly in our Electronics Opportunities Bulletin. 
Because you are an Electronics Engineer, BOTH the Bul
letin and our COMPLETELY CONFIDENTIAL Placement 
Service are available to you absolutely FREE OF 
CHARGE

For your free Bulletin, each month listing America s BEST 
Electronics jobs, send your name and address to:

29 East Madison Building— 

Dept. E-2
X Chicago 2, III.

EUGENE B. SHEA
Electronics Division

Cadillac Associates, Inc.

CIRCLE 878 ON READER-SERVICE CARD

HOW TO USE
THE

HOME REPLY FORM

If you wish to inquire about any of the employment 
opportunities listed in the “Career Section" simply 
circle the appropriate Reader Service number in the 
grey (shaded) area of your Reader Service card. Be 
sure to include your home (or non-business) address 
in the space provided at the bottom of the card. In 
this way, the privacy of your inquiry will be pro
tected while still providing the speed and efficiency 
of ELECTRONIC DESIGN'S Reader Service card system.

kollsman INSTRUMENT CORPORATION

10 01 «5th AVENUE, EIMHURST, NEW YORK • SUBSIDIARY OF Stcislda’ld COIL PRODUCTS CO. INC.

Last year ELECTRONIC DESIGN processed more than 
120,000 individual reader cards. ELECTRONIC DE
SIGN'S confidential inquiry form (the first in the field) 
speeds communications between reader and adver-
tiser.

AGA Div.. Elastic Stop Nut 
Wil’. IlH ....................................
Ace Electronics Associates ............. 
Aw Engineering A Machine t <>. 
Acheson Colloids Co. . 
Adel Precision Products ... 
Aeronutronic Systems, Inc. . 
Aerosox Corp...............................
Air-Marine Motors, Inc.......................  
Airborne Instrument Labs, Im .
Airtron, Inc..................................................
Alexander Hamilton Institut« 
All Products Co.....................
Allen-Bradley Co....................
Allied Radio Corp.......................  
Alpha Metals, Inc....................  
Almmimm Company of Ahivikm 
American Molded Product* Co. 
American Super-Temperature A 
American Time Products 
Amperex Electronic Corp. 
Amperitr Co....................
Amphenol Electronics Corp. 
Andrew Corp..................... . .
Antara Chemicals ........  
Arnold Engineering Co. 
ARRA 
Assembly Products, Im . 
Astron Corp......................  
Audio Development Co. 
Augat Bros., Inc

. 24
L io

20
23

. . 252

. . 250

. .. 240
121. 131

145

19« 
120
11 "> 
21 I 
202

Babcock Relays, Im. . 207 |
Baird-Atomic, Inc................. 211, 250 I
Halen Research Laboratorit 252 I
Ballantim Laboratories - I
Barlier-Colman Co. ... 10. 17. 254 I
Barkl r A AA dh.moon. Im . . . 01 I
Bead < b.un Mte Co. 246 I
Beede Electrical Mf«. Co 155 ;
Bendix Aviation Corp., Eclipse Pioneer

Do. . . . . . .......................... 186 I
Bendix Aviation Corp., Montrose Die. 201 I
Bendix Aviation Corp.. York Div. 2*>'i I
Bentley, Harri* Mfg. Co. I
Berkeley, Die. ol Beckman Instruments, I

Im . . . I
Bomac Laboratories, Inc........................................20<t I
Bourns Laboratories, Im 10! I
Breen Corps., Im 247 I
Bristol Co. .................   . 2D I
Burlingame Associates ..................................... 116 I
Burndy Com................................................................. 2« H
Bin i, I ■ ’I
Burroughs Corp.. Electronic Tube Dis. SR. s j

CBS-Hytion

ambridge Thermionic 
annon Electric Co.
arborundum Co., Th<

2 lb

Chassis-Trak Corp......................
Chatillon, John & Sons..................
Chicago Aerial Industries, Inc.
Chicago Standard Transformer Corp.
Clrvite Transistor Products ................
Communication Measurements Laboratori

Inc............................................................................
Computer-Measurements Coni.
Consolidated Mining A Smelting Co. 242
Control Electronics Co., Inc...............
Comell-Dubilier Electric Corp. . .
Corning Glass Works ..................
Couch Ordnance, Inc...............
Cubic Corji....................... . . . .
Curtiss-Wright Corp.

Daystrom Transicoil Corp.
Decker Corp. 
Dejur Amsco 
Delco Radio, 
Deluxe Coils, 
Deutsch Co.,

Corp. ..........................................
Div. of General Motors
Im...............  .......................
The ............................................

Dialight Corp. ....... . ................• •
Dow Coming Corp. ............................   . 104.
DuMont. Allen B. Laboratories, Inc., In

dustrial Tube Div....................................... ■■
DuMont, Allen B. Laboratories, Inc., In

strument Div........ .. .............................. ..  • ■ ■
DuPont, E. I. de Nemours & Co., Mylar

Div.............................................................................
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DuPont, E. 1. de Senioui' A < o., Plastics
Div..............................................................  124, 125

Durant Mfg. Co............................. . . 206
Dymec, Inc............................................ 179
Dynamics Instrumentation Co 207

. .. 24 i 
102. 10

45 
. . 215 

112 
19'» 

... 19
117 
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228. 23 

. . 50 
... 13

201 
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. . 250 
21. 25

242
Im 12s 
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251 

. .. 240 
121. 134 

145

198 
120 
115 
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. . 202

Corp.

astman Kodak Products

itel-MeCullougb.

Dectrosnap Corp.
Electros < rt, Inc.
Emerson & Cuming, ln< . 
Enid Research Laboratories 
Enuineered Electronics 
Eimelhard Industries. Im

200
89

107
2 16

Div I 14
22 i
101

84, 85 
ay
33

. 182
• 230

98,^99

202
148, 149 
.. . 233

230
20, 21

108
69

118, 119

offers the opportunity 
and the challenge of 
key assignments in...

ENGINEERS... PHYSICISTS

opportunities at 
Motorola in Chicago

give yourself and your family 
all the big city advantages at a 
relaxed midwest pace, while you

ADVANCE YOUR CAREER

I ancliild Controls Corp. 12
hairehild Semicon<luetor. Ini. 258
Falstrom Co. 209
I .insti ci Metallnivu al C<ap. 5 1, 55. 56, 57, 58 
federai Tool & Engineering Co. 234
Formica Corp. ..................... IO
I ranklin Elei tmiiies, Ini 241

GUIDED MISSILE 
ELECTRONICS

2 (Ml 
101 
247 
215 
116

26

SR. 87

104.
.. In- 
.... 1

,, In- 
.... 1

Mylar

f.-V Controls, Im.
General Elei trie Co., Heals Militais Elei 

tronic Equipment Dept
Cimerai Electric Co., > 

Dept. ........ ................
Cenerai Electric Co.. Metallnri'ii al Prod 

ini- Dept. .
Cenerai Electric Co.. Silicone 

I 8 pt .
(•••neral Electric ('n., Scmii ondm tor Prod 

til ts Dept. . I 16.
General Mills. Inc. .
< lenenti Plate ....
General Radio ...
General Resistance. Im.
General Transistor ("orp
Genisro. Inc..........................
Globe Industries, Inc. .
(.rant Pnllei & Hardware ( mp
Gravitili, Inc...............................
Greibach Instrument Corp. . 
fines Reproducer Corp...............
Guardian Elec tric Mfg. Co.
Gudebrod Rros. Silk Co., Inc 
Curici. W òr L. E.

I

] 80

194

51

248

1 >1
11 

178 
244 
239

60 
158 
100 
1 54 
251 
232 
245 
240 
126
2 52

ELECTRONIC
ENGINEERS

MECHANICAL
ENGINEERS

Hardwick. Hindle. Im. . . 197
Haveg Industries, Ine. . 127
Haydon, A. W, Co., Ini-. 208
Heinemann Electric Co. 76
Hermetic Seal Corp............  . 235
Hewlett-Packard Co. . . 31
Hoffman Semiconductor Du.. Hoffman

Electronics 'Corp..................... 97
Holt Instrument Laboratory 62
Híxrver Electronics Co...............  184
Hudson Tool & Die Co.. Inc 143
Hughes Aircraft Co. . 249
Hurst Tool & Mfg. Co. 243
Hvdro-Airc........................ 16

Illinois Condenser Co. 210
Imtra Corp. ........................... 250
Induction Motors Corp. ... .79
Institute of Hadio Engineers 156
Instruments for Industry. Ini. 163
International Instruments, Inc. ' 190

lames Vibrapower Co. . . 204
lohnson, E. F. Co. ..... 128
Innes, M. C. Electronics Co., Ini. 208
Iordan Electronics ............................... . . 254
lulie Research Laboratories, Im. 237

Here ü your chance to prove your 
ability doing important work on mis
sile fuzing, beacons, guidance, pack
aging and related test equipment. We 
have key openings that offer you the 
opportunity to move ahead rapidly in 
your profession. At Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you’ll enjoy the “good life’’ in our 
beautiful suburban community. 
Good salaries, all employee benefits.

Drop us a card, briefly stating 
your education & experi
ence. We’ll act im- / 
mediately to get to- J 
gether with you if ADD* 

and talk it over. If ddocc

AVIATION CORPORATION f York Division 
York, Penna. / York 47-2611

Outstanding career opportunities are 
waiting at the many Motorola research 
and development laboratories in the 
Chicago area. This is your opportunity 
to advance your career with a swiftly - 
expanding company, working in the most 
modern and well instrumented labora
tories . . . with liberal employee benefits, 
including an attractive profit sharing 
plan and association with men of the 
highest technical competence.

You’ll like living in one of the beautiful 
suburbs of the playground of the mid
west, where there are endless social, 
cultural, and educational activities to 
choose from the year-round. Exciting life 
or quiet life — Chicago offers either.

MILITARY
POSITIONS OPEN

• Radar transmitters and receivers
• Radar circuit design
• Antenna design
• Electronic countermeasure systems
• Military communications equipment 

design
• Pulse circuit design
• IF strip design
• Device using kylstron, traveling wave 

tube and backward wave oscillator
• Display and storage devices

■fl

CIVILIAN
POSITIONS OPEN

2 WAY RADIO COMMUNICATIONS
• VHF & I IF Receiver • Transmitter 
design & development • Power supply 
• Systems Engineering • Selective 
Signaling • Transistor Applications • 
Crystal Engineering • Sales Engineers
PORTABLE COMMUNICATIONS
• Design of VHF & UHF FM Commu
nications in portable or subminiature 
development.
MICROWAVE FIELD ENGINEERS

Write to:
Mr. L. B. Wrenn Dept. B 
MOTOROLA, INC.
4501 Augusta Blvd.. Chicago 51, III.

ALSO . . . there are excellent opportunities in
PHOENIX, ARIZONA • RIVERSIDE, CALIFORNIA

MOTOROLA
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191

National ( o.. hit

1 1 I

pyramid Electric Co 19*-

90

192. 19-

Kanus City • Los Anjtlts .

187
190

1 46
6 

205 
119Precisión Apparatus Co,, Ini .

Precision Tube Co........................
Price Electric Corp. 
Prodelin. Inc.............................

Radio ( orp. of America, Designers’ 
Entertainment ...........................................

Radio Corp, of America, Semiconductor 
A- Materials Div.................................... <

Radio Frequency Laboratories. Inc.
Raytheon Mfg. Co., Magnetic Com

ponents ...............................................

Scmii ondili tor Prodni ts
. Cover 3

M25C

Adi i rtiwr

Kay Electric Co.......................................
Kearfott Co., Inc., Little Falls Div 
Keithley Instrument Co. ........ 
Kepco Laboratories ..........................

Kingsley Machine Co.......................
Kleinschmidt, Div. of Smith-Corona

Marchant, Inc.......................................
KolLsman Instrument (.’orp...............

Krohn-Hitt« Co. . .
Kulka Electric Corp.

Lambda Electronics Corp.

Lenz Electric Mig. Co. . . . .
Lepel High Frequency Laboratories, Inc.
Linde Co.....................................................................
Link Aviation, Inc. . . . ...............................
Litton Industries ..................................................
Lockheed Aircraft, Missiles Systems

1 36.

new

a major breakthrough !
Machlett 1 aboratc 
Magnetics, Inc. 
Magnavox Co.
Mallorx. P. R. ( io.

Metal I i xtde ( orp.
Methodi Mfg. Co . 
Michigan Magnetics.

I Minnesota Mining &

......... 49,
Minnesota Mining A Mig. Co., Chemical

Moton >l.i.
Moton da.

Products . . . 
» Chemical Co. .

213
224
122
131
170
196
150
258
218
130
201

96
221

94 
200 
227 
157
18 1
139

137

239
236
109

212

25

1 49

160

192
39

259

55 C
American Electronics 

Xorth Xtlantic Industries, | 
Xothelter W inding Labórate

BOMAC extended temperature gas switching
tubes operate from-55°C to +125°C

for the first time
Fully reliable operation at all temperatures from -55 C to *125 C 
Excellent recovery time even at extremely low temperatures 
Leakage rate safely within specs even at extremely high temperatures 
Eliminate external heating or cooling systems: save power, weight, space 
No sacrifice of electrical charatcerlstics
Fully life tested: meet all requirements
Complete line for all frequencies: physically interchangeable with present tubes

- BOOTHS MM -ÂÎ1

Averli, Massachusdtf

Philco 
Potter 
Potter 
Power

Dodge Copper Products Co 
Corp., Lanusdale Tube Diy 
A Brumfield .............................
Instrument Co. ..................
Sources. Inc............................

Raytheon Mfg. Co., Microwave A Power 
Tubes ................................................ .. 96- 9.

Raytheon Mfg. Co., Semiconductor Div. .
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now available locally

200

168

1 I«

for dependable regulation limiting and clipping service
1 89

OFF THE SHELF" DELIVERY FROM
THESE DISTRIBUTORS

Units are available with either anode or cathode connected to base203

For complete technical information contact.distributors

listed , the nearest regional office

or Motorola, Inc., Semiconductor Products Division.

5005 East McDowell, Phoenix. Arizona

REGIONAL OFFICES

CIRCLE 666 ON READER-SERVICE CARD >

122
236

236
188

169
116

150
258
218
130

213
224
122
131
170
196

High Power Ratings, both 10 
and 50 watt types

2 19
236
109

206
195

1 18 
151 
120 
166 
129

RIDGEFIELD, NEW JERSEY
540 Bergen Boulevard 
WHitney 5-7500

Mepp, r Motors. 
"• rling Transit 
''i> vetis-Arnold, 
'troni berg-Carls

Dynamics 
Struthers Dunn. 
5un Ek • trn <

Wide Voltage Range up to 200 
volts in both series with toler
ances of 5%, 10% or 20%

Raytheon Mfg. Co., 
Devices ...............

laytheon Mfg. Co., 
Div...........................

íenbrandt, Inc. . . 
epublic Aviation C.

Iheein Mfg. Co. 
loeblings, John V 8 
logan Bros. . . . 
lome Cable Corp.
otron Mfg Co. 

.utherford Electronic

CHICAGO 44, ILLINOIS
4900 West Flournoy Street 
ESterbrook 9-5200

Controlled Forward Character 
istics for applications requir 
ing conduction in both direc 
tions

Soft or Unstable Zener Knees 
eliminated by impedance limits 
at 5 MA for 50 watt types... 
at 1 MA for 10 watt types

MOTOROLA INC., 5005 E. McDOWELL, PHOENIX, ARIZONA

''iiperior Electre 
Switchcraft, Inc 
'»intron Co

Operating & Storage Tempera 
ture —65°C to 175C.

b-chnical Wire Products,
•ihnologi Instrument C<

Telecomputing Corp. . . .
r. le-Dvnamics. Inc.
I clonic Industries. Ine.
Tenney Engineering, Inc.

HOLLYWOOD 28, CALIFORNIA
1741 Ivar Avenue 
Hollywood 2-0821

’ ■ -vas Instruments, Inc
I henna! American Fused Quart 
I unes Facsimile Corp.
Fitmennan Products, Inc.

<1 Leonard Electric Co....................
c hrl Engineering A Mfg. Com.

< h. W. M Mfg. Co.......................

50 WATTS 
50MZ SERIES

welded, hermetically 
sealed, metal to glass 
Jedec D0-4 package

For reverse polarity and some 5% tolerance 
units allow two weeks for delivery

Typical Applications: regulation 
of DC voltage, DC level chang
ing and coupling, surge protec
tion, arc suppression, regula
tion of vacuum tube heaters 
... whenever a constant DC 
voltage independent of current 
is required. Units are designed 
for military usage.

WASHINGTON, D. C
Electronic Industrial Sales. Hudson 3-5200

JAMAICA, N. Y
Lafayette Radio, AXtel 1-7000

•t Screw Mfg. Co. 
'hell Chemical Corp, 
'lockley Transistor Co 

Instruments. Inc. .
'igma Instruments, Im 
mimons Fastener Cor 

Solid State Electronic'.inwn Brass Co..

10 WATTS 
10MZ SERIES

Airbrake Co. .....................
•itrd Aircraft Products. S
I ' rsonml..........................

S. Gasket Co.. Plastics I
8 Radium Corp.
S. Semiconductor Product

age Electronics 
' anders Associati 
' adres Tarzian,

lentifk-Atlanta, 
alectro Corp.

i 1 Hex Precious

sonotone Corp.........................................................
Southco, Div. of South Chester Corp, 
southwestern Industrial Electronics Co 
Spectrol Electronics............................................  
sherry Electron Tube A Sperry Gyroscope

Co., Div. of Sperry Rand Corp. 1 32
S|ierry Microwave Electronics Co., Div. of

Sperry Rand Corp 1 I ;
Sperry Semiconductor, Die of Sperrt

Rand Cbtp.
Sprague Electric Co.......................
stackpole Carbon Co.
standard Electrical Produits Co 
star Stainless Screw Co.

LOS ANGELES
Kierulff Electronics, Richmond 7-0271

BOSTON
Cramer Electronics, COpley 7-4700

NEW YORK
Milgray Electronics, REctor 2-4400
Radio Wire Television, WOrth 6-5300

CHICAGO
Allied Radio Corp., HAymarket 1-6800
Newark Electric Company, STate 2-2944

Plug-in or solder-in 
Jedec T0-3 package with 
.052" diameter pins and 
series interlock construction 
for protection against 
overvoltage on load.

OAKLAND
Elmar Electronics, Hlgate 4-7011

MOTOROLA 
SEMICONDUCTORS

CAMDEN
General Radio Supply Co., WOodlawn 4-8383

f"n l. In. . . . .
Lansitron Electronic Cori)

Point Mfg Co
1 riwec Transformer . . 
Tung-Sol Electric, In<

Conservatively rated, they offer excellent long-time stability. Inquiries 
invited on AC clippers and on your special requirements.

Motorola silicon junction zener regulators are versatile components with 
a wide range of applications. Produced to extreme quality standards, they 
offer ratings and characteristics not previously obtainable. Incorporate 
them in your circuits for greater design flexibility... greater reliability.

nistat Div.. Perkin-Elmer < orp 
toreen Instrument Go....................
1 >rv Engineering Corp



^new

Silicon
Transistors

... with excellent beta stability from —65°C to +175°C 
and exceptionally low saturation resistance!

• 2N1O92 — low power
• 2N1O67—medium power
• 2N1O68 — medium power
• 2N1O69 —high power
• 2N1O7O—high power

RCA’s new n-p-n silicon transistors offer significant reduc
tions in saturation resistance, and feature excellent beta stabil
ity over the entire operating temperature range.These features 
result from use of RCA’s advanced diffused-junction mesa 
technique. These transistors are designed to meet stringent 
military environmental, mechanical, and life test requirements.

RCA silicon transistors offer the equipment designer a wide 
choice of power-switching capability in preferred industry

cases (JEDEC TO-3, TO-8, and TO-9).
RCA SILICON TRANSISTORS are commercially avail

able in limited quantities. Your RCA Field Representative has 
complete information on these units and will be glad to dis
cuss with you other silicon transistors now under develop
ment. For technical data on the 2N1092, 2N1067, 2N1068, 
2N1069, and 2N1070, write RCA Commercial Engineering, 
Sec C-18-NNI, Somerville, N. J.

Type

2*1092 
ZHI MT 
»1068 
2*1069 
2*1079

note 
Outline

10 3
TO 3

ABSOLUTE MAIIMUM 
BATIRAS

CHARACTERISTICS
At Case Temperature of 25°C At Case Temperature «1 175°C

Saturation Resistance DC Current Cam (Beta) 0C Collector Cutoff Current (lebo)
Transistor 
Orssip s 

(wans)

(ohms) (|4 1)

I volts I (volts) (amp I Typical Mai Conditions Typical Mtn. Conditions Typical Mu. Conditions

60 30 0 s 1 ï 10 ic 200 ma 70 10 Ic 200 ma 75 1000 Vcbo= 30 volts
60 30 05 25 10 Ic 200 ma 39 15 (c 200 ma 75 1000 Veto-30 volts
60 30 1 5 5 2 67 IC 750 ma 3( 15 Ic 750 ma 75 1000 Veto = 30 volts
60 4S 4 25 07 » Ic 1 5 amp 20 10 Ic 1 5 amp 150 2000 Vcbo 30 volts
60 49 4 n 04 0 67 Ic 1 5 amp 70 10 ic i 5 amp 150 2000 veto 30 volts

a Collector t emitter breakdown volta|e with base open 
S Al a case temperature of IOOCC

EAST 744 Brood St., Newark, N J., HUmboldt 5-3900

NORTHEAST ¿>4 "A” Street, Needham Heights 94, Mass. 
Hillcrest 4-7200

EAST CENTRAL 714 New Center Bldg., Detroit 2, Mich. 
TRinity 5-5600

"WM-SH*" «watrnR damp saypued
Collector to emitter breakdown voltate mtn base connected to emitter

CENTRAL Suite 1 <54, Merchandise Mart Plaza 
Chicago, III. WHitehall 4-2900

WEST ¿355 g Washington Blvd., Los Angeles, Calif. 
RAymond 3-8361

RADIO CORPORATION OF AMERICA
Semiconductor & Materials Division 

Somerville, N. J.

GOV T 224 N. Wilkinson St., Dayton, Ohio 
BAIdwin 6-2366
1625 ‘‘K” Street, N.W., Washington, D C. 
DI strict 7-1 260

Visit the RCA Exhibition at the New York IRE Show__  
Booths 1602-4-6, 1701-3-5-7
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	WITH VOLTAGE RANGE OF 125-325 VOLTS 200-400-600 MA. MODELS

	the new F HB

	SERIES
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	Panel Meters

	Teflon Tubing

	Corona-Free Transformer

	CATHODE-RAY TUBE ENGINEERING DEPARTMENT

	Signal Generator

	PHOSPHOR RESEARCH AND DEVELOPMENT ENGINEERING


	U ItIUNT Precise PHOTOELECTRONICS

	Teflon Film Tope

	Dummy Loads

	NEW PRODUCTS

	AT THE IRE SHOW

	Crystal and Oven

	High Temperature Casting Resin

	140


	One-million unit-hours without failure

	20% Safety Factor for silicon rectifiers aids designers
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	Ml

	ID

	output meter and calibrated attenuator

	on front panel

	portable-tiltable - rackable

	NEW PRODUCTS AT THE IRE SHOW

	Relays



	TRANSFORMERS

	ENCAPSULATED

	400 CPS TRANSFORMERS CLIPPER SERIES

	I 42



	STERLING
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	Transistorized Switches


	Now from CLEVITE

	TRANSISTOR PRODUCTS
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	NEW PRODUCTS AT THE IRE SHOW

	Trimming Potentiometers
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	for RF, VHF, UHF and Microwave Systems

	For Machined Parts . Heat-Sta



	Cuming. Inc.

	NEW PRODUCTS AT THE IRE SHOW

	Miniaturized Printed Circuits
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	BEEDE


	PANORAMA

	Gives you better, clearer vision and longer scales, with easier readability.

	The plastic panel provides excellent natural illumination, top, sides and front.

	Available frosted or color of your choice.

	The ultra modern beauty of the PANORAMA will add much to your product.

	ELECT

	NEW PRODUCTS AT THE IRE SHOW

	Molded Cable Assemblies

	Ceramic Bonding and Potting Compound
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	NEW PRODUCTS AT THE IRE SHOW

	Variable Frequency Power Supply

	have 10 times greater accuracy, larger centrifugal

	capacity, greater flexibility, yet are priced lower than

	any other centrifuges now available

	Time Mark Generators
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	Do to DE

	Duplexer

	Don't forget to mail your renewal form to continue receiving ELECTRONIC DESIGN.




	BROWN MOTORS

	Resistance Set

	Honeywell

	Frequency and Deviation Meter


	Tapes of Du Pont MYLAR help improve buildingwire performance... cut manufacturing costs

	solved with GLOBAR

	silicon carbide varistors

	Miniature Connectors

	handle up to 25 watts at lOOOF. with no de-rating

	Epoxy Glass Laminate

	Transistorized Power Supply



	THE FASTENER WITH USES UNLIMITED

	As a standard removable fastener or a blind rivet

	As cup hooks

	Trimming Potentiometers

	As a cabinet door strike

	As a plastic shelf support

	In-Line Servo System
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	Drilling-Layout Machine

	Radar System Tester

	ELECTRONIC COMPONENTS

	Laminate

	AC Differential Voltmeter
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	Digital Magnetic Tape Handler

	Rack and Panel Connector




	COUCH...

	TYPE

	Magnetostrictive Ferrite

	Temperature Test Chamber


	A Success Story of Particular Interest

	To The Engineer Capeble of More Creative Productivity

	GENERAL^ ELECTRIC

	REGATRON TRANSISTOR POWER SUPPLIES

	Digital Totalizers

	Frequency Counter

	March 4. 1959

	Variable Polarization Antenna

	CERAMASEAL HERMETIC TERMINALS

	NEW PRODUCTS AT THE IRE SHOW

	Printed Circuit Board Connector

	Backward Wave Oscillator

	Oscilloscope

	Flexible Printed Wiring




	SOMEBODY HAS DONE GREAT! this time why not you ?

	YOUR FUTURE IS GREAT IN A GROWING AMERICA

	NEW PRODUCTS

	AT THE IRE SHOW

	NOW- 48-56 Gauge Wire Coils built to YOUR specifications

	DELUXE COILS, INC.



	GENERAL ELECTRIC

	Computer Transistors

	ELECTRONIC DESIGN BINDER
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	NEW PRODUCTS

	AT THE IRE SHOW

	Power Supplies

	Precision Switches

	ADVANTAGES of SOLID and AIR DIELECTRIC LINE COMBINED by

	19Ó

	Thermistor Analyzer

	ELIMINATE COSTLY COLOR CODING A

	LE(

	Multitester

	Pulse Transformers




	RESIS

	NEW PRODUCTS

	AT THE IRE SHOW

	Silicon Rectifiers

	Capacitance Bridge

	Lighted Pushbutton Switch Modules

	AVAILABLE NOW

	199

	Shaft Rotation Sensing Devices


	HOW TO USE

	CHOPPERS


	LOW NOISE CHOPPERS

	NEW PRODUCTS

	AT THE IRE SHOW

	Connectors

	Numeric Readout

	Miniature Selenium Rectifiers

	DC Power Supplies



	SAMPLE.PROTO-TYPE INSTRUMENTS

	sinusoidal AC from DC

	Miniature Coaxial Switches

	NEW LITERATURE

	MX JONES ELECTRONICS CO., Inc
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	OOTH 1522-24

		IP	T0


	NEMS * CLARKE

	Special Purpose

	KAY
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	W. M. WELCH SCIENTIFIC COMPANY



	DELAY

	Scientific-Atlanta, Inc.


	LINES

	Long Delay With Fast Attack

	KEARFOTT TACHOMETERS

	IDEAS FOR DESIGN

	High Input, Low Output Impedance Phase Shifter

	Lossy Capacitor Regulates Voltage


	This is

	225

	Cold Cathode Thyratron Oscillator

	Simple Cable Checker

	HIGH





	2-Channel Oscilloscope J

	Low Voltage, High Current Clamps

	H SERIES

	RUSSIAN TRANSLATIONS

	SARKES TARZIAN, INC., Rectifier Division


	RUSSIAN TRANSLATIONS

	A NEW FASTENER... A NEW TYPE OF FASTENER


	DIE CAST ROUND-HEAD THUMB NUTS 8 SCREWS with GRC’s exclusive

	low-noise, low-thermal Syncroverter* choppers


	MINIATURE FLEXIBLE COUPLING

	What is a Kodak Ektron Detector?

	STAR’S CATALOG OF


	STAINLESS STEEL

	FASTENERS

	CORPORATIONS, INC.


	Linear Two-Ports

	With

	Complex Image Impedance
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	We promise you will receive a reply within one week!

	HIGH-SPEED, MINIATURE STEPPING SWITCH

	Davohm Series 850 Precision Metal Film Resistors...



	METAL MULTI-TURN

	can you use this

	miniature d-c motor

	in your product ?


	REPORT BRIEFS

	PLASTIC MOLDED KNOBS

	ROGAN BROTHERS

	NEW CONCEPTS IN COMBAT SURVEILLANCE OFFER YOU A MORE PROMISING CAREER




	Magnavox
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	FREE

	$1,000






