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AIR VOLUME - CFM 

MORE AIR FLOW 
THAN ANY OTHER 
AXIAL FLOW FAN 

OF THE 
SAME SIZE! 

CE'NTAVR~M) 
FEATURES 
• A new breakthrough in the science of aerodynamics 
• Compact - 4 11 /16" square and ONLY 1112" deep 
• Lightweight - only 1.2 lbs. 
• Quiet - as low as 40 db (SIL) on 60 Hz power 
• Economically priced 
• U.L. Yellow Card Recognition (File No. E31293) 
• Impedance protected 

New aerodynamic principles by Rotron permit the Centaur fan to 
achieve greater aerodynamic efficiencies than ever before from axial 
flow fans - and with low acoustical disturbance and compact size. 

The Centaur with its computer designed five-bladed impeller 
molded of high impact polycarbonate is precisely matched to a 
powerful shaded pole motor - available with either oil-impregnated 
sleeve bearings or precision ball bearings lubricated for life. The 
recommended operating ambient temperature is -40°C to + 55°C 
with sleeve bearings, and -40°C to + 72°C with ball bearings. The 
motor is mounted to a spider of die cast aluminum which is in turn 

20 40 so so 100 120 assembled to a venturi of high temperature resistant black phenolic. 

The Centaur will deliver 120 cfm of air, free delivery operating at 
115 volts, 60 Hz, or 100 cfm free delivery at 230 volts, 50 Hz making it 
possible for the design engineer to select a fan to deliver the same 
cfm on European power sources as Muffin fans or 
Sentinel fans at 60 Hz power used in the U.S.A. 

The Centaur is designed to be physically interchange
able with the Muffin fan or the Sentinel fan. 

For complete technical details write today to 
Rotron Incorporated, Woodstock, N.Y. 12498. ® ROTRON 

INCORPORATED 
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Now from Sprague Electric I 

Your custom 
pulse transformer 
is a standard 
DST* transformer 

rm 
Some of the case styles in ll'hich Sprague DST Pulse Transformers are available . N ote the in -line leads. 

*Trademark 

You can select the transformer design you 
need from the new Sprague DST Family, a 
fully-characterized series of Designer Specified 
Transformers which Sprague Electric has pio
neered. It's easy. Start with the two basic 
parameters dictated by your circuit require
ments: primary (magnetizing) inductance and 
volt-second capacity. 

New Sprague engineering data gives basic in
formation from which all nominal sine wave 
parameters are derived. This data allows you to 
specify the one transformer from thousands of 
possibilities which will optimize performance in 
your application. 

Design Style A minimizes magnetizing induc
tance change as a function of temperature. 
Typically it's<± 10% change from 0 to 60C; 
< ± 30% from -55 to +85 C. 

SPRAGUE C OMP O N ENTS 

PULSE TRANSFORMERS 

THIN-FILM MICROCIRCUITS 

TRANSISTORS 

CAPACITORS 

Design Style B ancl C give you broad band
pass characteristics, and still keep magnetizing 
inductance change < ± 15 % from 0 to 60 C. 

Design Style D isfast . Associated leakage in
ductance and coupling capacitance are kept at 
a minimum. This style is just what you need 
for interstage and coupling devices in compu
ter drive circuits. 

The Sprague DST Series packs a lot of trans
former into minimum volume packages -
epoxy dipped for minimum cost, or pre-molded. 
The I 00 mil in-line lead spacing is compatible 
with integrated circuit mounting dimensions on 
prmted wiring boards. 

To solve your pulse transformer design, start 
now. Write for Engineering Bulletin 40,350 to 
the Technical Literature Service, Sprague Elec
tric Company, 233 Marshall St., North Adams, 
Massachusetts 01247. 

SPRAGUE® 
THE MARK OF RELIABILITY 

RESISTORS 

INTEGRATED CIRCUITS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 
' Spr11ue' •nd ·@ · .,. teaist"ed trademarks of the Spraaue Electric Co. 
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The Na va l A ir Development Center 
Johnsville , Po ., has recently com: 
pleted the evaluat ion of terminal 
iunctions for aircraft. NADC has per
formed extensive t esti ng and accumu
lated performance data which form 
the bas is of t he new all-service MIL· 
f-81714. These termina l junctions ore 
actually the first step towards a uni
versal connection system th at will 
spread rapidly into commercial ap
plications. Th e ohotoqrop h shows con
nectors by AMP and Burndy, plus a 
relay by Deulsch-Filtors that hos in· 
corporoted the new t erminals. You 
can al so see a couple of the type of 
connections they replace - terminal 
boards. Fo r more detail s, see p. 49. 
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Radiation or reliability: Which comes first? 
Hardening devices can have an effect on reliability. 

The engineer is a loner ... 
both in his relationship to his collea gues and to the community as a whole . 
This is one of the factors which must be understood-by himself and the 
community-before he can put his talents to use in solving the problems of the 
contemporary world. 

The engineers as a part of society 
The engineer has isolated himself from the rest of society. The creations of his 
technology have caused many social problems, yet he remains silent. Before 
he can solve these problems, however, he must first solve the professional and 
educationa·I problems of the engineering community. 

Terminal junctions make their debut 
Wherever you see a terminal today-whether it is on a terminal board , behind a 
meter, or on a relay, there is potential application for the new terminal junctions. 

Tel·emetry Course 
Part V: Displays-Techniques and Technology 
Here is a chance to learn about light type displays, both present and future. To 
better help you understand how they work, basic principles are included. 

Discrete components to solve your stripline problems 
Discrete components can improve your microwave stripline design. Here's how! 
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SHP shapes up 71 
It's pronounced "ship"-and it means easier sailing on the sea of naval 
elect ronic systems development. The Standard Hardware Program's fleet of 
standardized, functionally-specified modules lowers costs, eases maintenance, 
and is not technology-limited . 

IC Ideas 77 
• Sweep ci rcuit has trigge red, free-run modes 
• Bipolar current source 
• Low cost, high performance analog switch 
• Use a voltage regu lator as a lamp/relay driver 
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There is only 
ONE authentic 
method to 
measure 
Phase Angle • • • 

And this is it! 
An original technique for the measurement of 
phase angle has been developed by Dytron ics. 
It's recogn ized as an authentic "PRIMARY" tech
nique. Measurements are dependent upon funda
mental concepts, and not upon secondary con
siderations. The results .. . absolute unmatched 
performance. Hundreds of these instruments are 
1n use throughout the world . 
Dytronics also has Tunable Electronic Filters 
(d-c to lower rad io frequencies) for separat ing 
frequencies. 
For full deta i ls about these and other products, 
contact Dytronics Company, Inc., 4800 Evans
wood Drive, Columbus, Ohio 43229. 
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an industrial relay 
from the originator 

and world's most 
experienced producer 

of TD-5 relays 

(at industrial prices) 

TELEDYNE 

T0-5 Relay 

What we've learned about relay 
design, reliability, quality, new 
materials and methods from 
the relays Teledyne has pro
duced for the military market 
is now part of our everyday 
procedure. This experience 
added to breakthroughs in 
automated production enables 
us to economically produce 
sophisticated relays for the 
industrial market. 

The Electronic Engineer • April 1969 

Automated production doesn't 
mean a relaxation in the 
development of more advanced 
designs ••• this Teledyne 
philosophy has made us the 
leader in the aerospace market. 

In support of this philosophy 
our industrial relays are 
presently available with internal 
diode coil transient suppres-

sion.1) 

Effective May 1969, we will offer a DPDT T0 ·5 Relay 
with an internal transistor driver. ·0 These relay products will assure -· :::::S 
our leadership in the industrial -
market too! 

Phone, wire or write tor complete technical data. 

~~ 
TELEDYNE RELAYS 
A TELEDYNE COMPANY 
3155 West El Segundo Boulevard Hawthorne, California 
90250 Telephone : (213) 679-2205 
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EDITORIAL 

Where digital ends and linear begins 

.----Circle 7 on Inquiry Card 

Ever since the days of Samuel Morse , the trend in communications has been 
to rush analog equipment onto the path freshly plowed by digital means. No 
sooner had the inventor of the te legraph managed to digitize the E nglish alphabet 
a t a reason able speed, when the fledgling communications industry was already 
trying to tra nsm it the human voice by analog means. Once the electronic engi
neers of the turn of the century learned how to 01odulate a current, both telephone 
and radio communications were born. 

This trend has been repeated over and over again- as soon as a job can be! 
done digitall y, designers start to work on an analog so lution . Integrated circuits 
are no exception. They were first applied to digital computers (which process 
data ) and then to di gital comm unications systems such as PCMs (which transmit 
data digitally) , a nd proved so successful that 1cs dominate the applications of 
semiconductors to digital systems. These applications became so important tha t 
for a moment- back in 1964- we tho ught that integrated circuits wo uld never 
again find another market as big as computers. 

As it turns out now, it looks like they will. And the reason is the trend we de
scribed above, towards a nalog means of comm unications. Have you seen a Coast 
Guard helicopter contact its ground station , or someone get paged via a miniature 
two-way radio; or have you sa t down at a teletypewrite r to use a time-shared 
computer, or made a computerized reservat ion at ci. motel cha in? lf so, then you 
have seen some of the applica t ions for the new breed of linear integrated circuits 
being developed today. There a re so many potential app lications besides the few 
mentioned above, tha t the total ma rket for comm unications tcs may well surpass 
.the one for digita l JCS in the mid l 970's. What is even more interesting, it seems 
that most of the complex (medium-scale-integra tion) circuits of the 70's wi ll be 
linea r- rather tha n digita l. 

What is a communications 1c? How does it differ from the most popular linear 
1c: the operatio nal a mplifier? Why did it wait until now to be ready, when the 
applications existed before? A com munica tio ns 1c is bas icall y a gain bl ock that 
incorporates a ga in control function such as AG C. Mos t of its gain circuits are 
direct takeoffs fro m ci rcuits used in monoli th ic op amps. And it took so lo ng to de
velop for two reaso ns. First, communications circuits are complex, as far as 1cs 
go; most of those appearing in the market have complexities equivalent to medium
scale-integrated (Ms1) digital circuits. And second , when yo u consider that these 
circuits pack more than 80 dB o f: ga in in a chip about JOO mils square , you 
can see tha t to keep it stable is a p ro bl em that pl agues both the manufacturer and 
the user. According to J . L ightsey Wall ace, C hief Enginee r of the T eleproducts 
Dept. of A tlantic Research Corp ., you may have to spend a great deal of time learn
ing just how to mount the chip to keep it fro m osc illating. 

But communica tions ICs a re here, and we have o nl y seen the beginning of the 
exciting applicat io ns they will make possible. 

You do not have to design an op amp today, because yo u can buy very good 
ones that cost less tha n what it wo uld cost you to make them. Th e same will soon 
be true of i-f ampli fie rs for a-m, fm, video, and single-sideband ; for audio ampli
fiers built into micropho nes ; and fo r the myriad of applica tions that e lectronic 
engineers will fig ure o ut, and which we hope these pages will help spark. 

A f bu-f-o Soeolovs~ 
Edi tor ( 
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DELCO SILICON PEAK ENERGY RATING 
TRANSISTOR TYPES (Min.) 

DTS-103- 107 1.6 Joules 

DTS-402 540 mJ 

DTS-423 105 mJ 

DTS-424 228 mJ 

DTS-425 131 mJ 

DTS-431 300 mJ 

2N3902 105 mJ 

2N5241 300 mJ 

Ratings derived from safe operating curves. 

CONDITIONS 
(Volts) (Amperes) 

40V 4 A 

200V 9 A 

300V 3.5A 

325V 3.5A 

375V 3.5A 

200V 0.3A 

300V 3.5A 

200V 0.3A 

Joules of energy, that is. High en
ergy reliability is an extra ingredient 
found in Delco silicon power tran
sistors. It's because we design our 
transistors to have greater peak 
energy capability-to be able to 
withstand higher surges of voltage 
and current for a specified time. 
And we prove it. One hundred per
cent Pulse Energy Testing verifies 
all of our safe operating curves. 
That's why Delco triple diffused 
silicon power transistors have earn
ed a reputation for survival in the 
toughest of switching jobs. 

SEMI CONDUCTOR DISTRIBUTORS: EAST-BALTIMORE, MD. 21201, Radio Electric Service Co., 5 North Howard St. , (301)-539-3835 Bl NGHAMTON,N.Y. 13902, 
Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation , 312 Clifton Avenue, (201)-471-6600 NEWTON, MASS. 02195, The 
Greene Shaw Co., Inc., 341-347 Watertown St., (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St., (212)-582 -2590 PHILADELPHIA, PENN. 
19114, Almo Electronics, Division of Sterling Electronics, Roosevelt Blvd . at Blue Grass Rd ., Northeast Industrial Park, (215)-676-6000 PITTSBURGH, PENN. 15328, RPC Elec
tronics, 620 Alpha Drive, RIOC Park, (412)-782-3770 WOODBURY, L.1 ., N.Y. 11797, Harvey Radio Company, Inc., 60 Crossways Park West, (516)-921-8700 SOUTH-BIRMING
HAM, ALA. 35233, Forbes Distributing Company, Inc., 1416 Fourth Ave., South, (205)-251 -4104 MIAMI , FLORIDA 33142, Mountain Electronics, Division of Mountain National 
Co .. 3730 Northwest 36th St. , (305)-634-4556 RICHMOND, VA. 23220, Meridian Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH , FLA. 33402, 
Mountain Electronics. Division of Mountain National Co .. 1000 N. Dixie Highway, (305)-833-5701 MIDWEST-CINCINNATI , OHIO 45237, United Radio, Inc. , 7713 Reinhold 
Drive, (513)-761 -4030 CLEVELAND, OHIO 44125, The W. M. Pattison Supply Co. , Industrial Electronics Division, 4550 Willow Parkway, (216)-411 -3000 INDIANAPOLIS, IND. 
46225, Graham Electronics Supply, Inc., 122 South Senate Avenue, (317)-634-8486 KALAMAZOO, MICH. 49005, Electronic Supply Corp ., P.O. Box 831, (616)-381-4626 KANSAS 
CITY, MO. 64111 , Walters Radio Supply, Inc., 3635 Main Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401 , Stark Electronics Supply Co., 112 3rd Ave., North, (612)-
332-1325 SKOKIE. ILL. 60076, Merquip Electronics, Inc., 7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MO. 63144, Electronic Components for Industry Co .. 2605 South 

8 The Electronic Engineer • April 1969 

I 



• 

• 

-
• 

If your circuit involves inductive 
switching or is subject to transients, 
be sure to analyze the load line 
and specify your transistor en ergy 
requirements. Then, talk to the 
Kokomoans, the high energy 
people. They'll understand your 
need for Joules. 

For information on power tran sistor 
load line analysis, ask for our Appli· 
cation Note No. 41. 

For assured high energy capability 
in silicon power transistors, always 
specify Delco. 

Kokomoan's Regional Headquarters 
Union, New Jersey• 07083 
Box 1018 Chestnut Station 
(201) 687-3770 
Chicago, Illinois• 60656 
5151 N. Harlem Avenue 
(312) 775-5411 

Santa Monica, Calif.• 90401 
726 Santa Monica Blvd. 
(213) 870-8807 
Syracuse, New York 13203 
1054 James Street 
(315) 472-2668 

Detroit, Michigan 48202 
57 Harper Avenue 
(313) 873-6560 
Kokomo, Ind. 46901 
700 E. Firmin 
(31 7) 459-2175 Home Office 
"Off ice includes field lab 
and resident engineer 
for application assistance. 

DELCO RADIO 
DIVISION OF GENERAL MOTORS 

KOKOMO, INDIANA 

Hanley Road , (314)-647-5505 WEST-ALBUQUERQUE, N.M. 87108, Hyer Electronics Company, 130 Alvarado Drive, N.E., (505)-265-5767; 87106 Sterling Electronics Inc., 1712 
Lomas Blvd., N.E., (505)-247-2486 COLORADO SPRINGS, COLO. 80902, l. B. Walker Radio Co., 9 E. Vermijo St., (303)-636-1661 DALLAS, TEXAS 75201 , Adleta Electronics 
Company, 1907 McKinney Ave., (214)-742-8257 DENVER, COLO. 80219, l. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 ENGLEWOOD, COLORADO 80110, 
Hyer Electronics Company, 8101 E. Prentice Ave., (303)-771-5285 FORT WORTH, TEXAS 76102, Adleta Electronics Co., S. Expressway at E. Vickery, (817)-336-7446 HOUSTON, 
TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street, (713)-224-91 31 LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)· 
748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585 Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, 
(405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc., 3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 
22nd Ave., (602)-258-4531 SALT LAKE CITY, UTAH 84115, Hyer Electron ics Company, 1425 South 2nd West, (801)-487-3681 SAN DIEGO, CAL. 92101 , Milo of California, Inc., 
2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH . 98108, Kierulff Electronics, Inc., 5940 6th Ave., South , (206)-763-1550 TACOMA , WASH . 98402, C & G Electronics 
Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA-SCARBOROUGH , ONTARIO, lake 
Engineering Co., ltd., 123 Manville Rd. , (416)-751-5980 
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UP TO DATE 

Radiation or reliability: Which comes first? 

Hardening components so that they can function in a 
radiation environment often requires measures that 
conflict with high reliability practices. The accompany
ing table shows those areas where cross-purposes exist. 

Gary E. Schmitz, Univac advanced technology spe
cialist, maintains component selection should first be 
guided by the radiation requirement. Then, says Schmitz, 
reliability qualification testing should be conducted. 
Chances in processing or construction dictated by reli
ability standards can then be made, but in a way that 
doesn't compromise hardness. 

Speaking before the recently-held annual symposium 
on reliability in Chicago, Schmitz said that materials, 
resistors, capacitors, and diodes- in that order-are 
innately hard. But, he added special measures must be 
taken for switching transistors , digital res, power tran
sistors, linear transistors, and linear res. Within the 
latter group, switching devices that function between 
saturation and cutoff states are less critical because of 
the operating voltage margins between states. But power 
and linear devices exhibit less immunity. 

10 

Parameter 

Voltage 

Current 

Frequency 

Masking 

Base 
width 

Internal 
base 
resistance 

Bonding 

Materials 

(continued on page 13) 

Radiation hardening versus reliability 

Radiation Requirement 

High doping levels limit the effect of irradiation 
on material resistivity. Selection of the lowest 
useable voltage rating allows the use of low 
resistivity, highly doped materials. 

Maximum current density is recommended 111 

the radiation environment. 

The maximum f t available in a device has been 
found to correlate well with the device hard
ness level. Gain-bandwidth products greater 
than 1 GHz are recommended. 

Use of the smallest possible geometries is re
quired to minimize device response to both 
neutron and transient gamma environments. 
Both area and volume should be minimized. 

Minimum base width reduces the area in the 
base which contributes to the forward biasing 
exhibited in the base emitter junction during 
transient radiation. Also, the narrow base re
gion will aid post neutron beta, since there is · 
less chance for electron recombination before 
attaining the collector region. 

At some level of transient gamma radiation, 
the transient current thru the internal base 
resistance will develop sufficient voltage to 
forward bias the base-emitter junction and 
turn the device on. Low values of resistance 
will thus increase the radiation failure thresh
old. 

Use of aluminum bonding is recommended. 

Changes in packaging, packaging materials, 
and bonding may be required. 

Reliability Requirement 

Derating factors above operating voltages are 
recommended for all components in a high 
reliability system. Operating a device at too 
low a voltage level may cause marginal propa
gation times. 

Minimum current, properly derated, is recom
mended for high reliability systems. 

For power devices, a high ft unit is more likely 
to be unreliable because it is more vulnerable 
to secondary breakdown. 

The smaller the volume and area of the de
vice's construction, the greater the chance of 
a positioning or diffusion depth error. Thus 
reliability and yield may be reduced. 

Base widths on the order of 0.3 microns have 
been constructed. The danger of punch-through 
in a base of this magnitude is increased. In 
addition , the use of thin base regions in power 
devices increases the threat of secondary break
down by limiting current fanout. 

The base doping, which determines the internal 
base resistance, also affects the doping level 
of the emitter and collector. In some cases, the 
lowest value of base resistance may not allow 
optimum doping for collector and emitter re
gions. 

Full strength of aluminum bonds may be 
somewhat less than that of other techniques 
presently used. In addition, ball bonding is 
not useable. Whether these effects are signifi
cant to device reliability remains to be deter
mined. 

Existing materials have established reliability 
records. 
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#678 Series Three Phase 25 Amp Bridges 
#679 Ser ies Single Phase 25 Amp Bridges 

# 680 Series Single Phase 10 Amp Bridges 

# 681 Ser ies 15 Amp Doublers and 
Center Tap Pcctifiers 

PIV'S to 600V. 
4 different packages 

6 ci rcu it configurations 
A ll avai lable in regular , 

fast, or ultra-fast re covery 

The Electronic Engineer • April 1969 

The "inside-out" bridge -

the first 25 amp 
rectifier assemblies 

designed for reliability 
from the inside out ... 

and priced competitively 

• Aluminum package optimizes heat dissipation. 

• Every chip individually fused in glass in a complete 

Unitrode monolithic package, so . . . silicon is not 

exposed to possible contamination by plastic filler. 

• Only controlled avalanche rectifiers used. 

• Terminal pins directly connected to silicon make direct 

thermal path - not only to case, but to lead wires -

thus lower junction temperatures. 

THE MAGNUM RECm,ER ASSEMBLY b, [1W® 
UNITRDDE 
580 Pleasant Street, Watertown, Massachusetts 02172 • (617) 926-0404 

IN ITS HEART, YOU KNOW IT'S RIGHT . .. 

HERE 'S WHAT IT 
LOOKS LIKE INSIDE 

Even before it's potted, the 
Magnum has all the 
toughness , re liab i lity , and 
e I ectr i cal character istics 
of the unique Unitrode 
fused-i n-glass diode as the 
heart of its construction . 

TUIM INAL PJ lllS MCTALLUltGICALLY 
BONOf:O OIRECTLY TO SIUCON 

HERE 'S WHAT IT 
LOOKS LIKE INSIDE 
THE INSIDE 

With the silicon die 
metallurg ically bonded 
between terminal pins of 
the same thermal 
coeffic ient, the hard glass 
sleeve is fused to the 
entire outer si licon surface. 
Result - a voidless , 
monolith ic structure . 

For fast action, call Dave Greene COLLECT at (617) 926-0404. 

Circle 9 on Inquiry Card 11 



Adlake makes the size 
Adlake ' s new AWCM and AWDM Mercury 
Wetted Contact Relays - Sub-Miniature in size 
for printed circuit board use (see diagram) pro
vides the answer to the high component density 
question. Small in size, yet made to Adlake's 
stringent quality requirements. Depend on Ad
lake's reliability and this new product to help 
solve your space problems . Available as con
tact Form C or contact Form D. 

Write, please, for BULLETIN No. MW 5. See us at 
Booth No. 3342 Design Engineering Show, 
May 5th - Bth. 

.375 
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THE ADAMS & WESTLAl<E COMPANY 
A SUBSIDIARY OF ALLIED PRODUCTS CORPORATION 

ELKHART, INDIANA 46514 • 219 • 264·1 141 • TWX 219 · 522·3102 • TELEX 25-8458 • CABLE ADLAKE 

Mercury Relays/ Architectural Products/ Transportation Equipment/ Doors and Entrances/ Contract Manufacturing 
Circle 11 on Inquiry Card 
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UP TO DATE 

A stronger magnet at lower cost 

Seeking a substitute for platinum-cobalt magnets used 
in microwave tubes, Dr. Dilip K. Das has succeeded in 
developing the strongest permanent magnet material 
yet known. The material is based on cobalt and the 
"rare-earth" element samarium. It is said to be four 
times as strong as most alnicos and twice as strong as 
platinum-cobalt. 

These comparisons are based on the new material's 
energy product, a fi gure of merit for magnetic material 
that takes into account both its residual magnetism after 
a strong magnetizing fi eld is removed, and its ability to 
resist subsequent demagnetization in a magnetic field of 
opposite polarity. 

Samarium-cobalt magnets as manufactured by Ray
theon have energy products as high as 20 x 106 gauss
oersteds. In practice, samples run between 16 and 20 
MGOe (million gauss-oersteds) . By comparison, fer
rites are about 3, the common alnicos around 5, and 
platimum-cobalt nearly 10. 

The new material also exhibits good high-tempera
ture stability, with a Curie temperature exceeding that 
of platinum-cobalt. Magnets made of the new material 

Demagnetization characteristics of magnetic materials are 
compared . The product of B x II, called the "energy prod· 
uct" is a measure of the magnetic material, and is higher 
as the curve moves to the left. 

(Continued from page 10) 

Power transistors are difficult to harden because of 
their construction- large geometries, low doping, high 
voltages. Also, the large areas cause increased transient 
gamma photocurrents to fl ow, and the low gain-band
width products combined with thick base widths pro
duce post-neutron bombardment beta degeneration. Fi
nally, the higher V c1: 1;; •. 1T 1 values and large package size 
impede hardening too. 

Discrete and integrated linears cannot tolerate wide 
parameter changes as well as logic devices do. Linearity 
must be maintained, and element ratios and stage 
balances (as in a differenti al amplifier) must be closely 
held. 

Des ira ble component characteristics for hardening in
clude small geometrics : the smaller the device's active 
vol ume, the less the effects of photocurrent flow. High
level doping ra ises post-neutron resistivity . Low vol
tages accommodate higher doping levels . Gold doping 
st rength ens satura tion characteristics and lessens beta 
sensitivity to neutrons. High current densities and high 

The Electronic Engineer • Apri l 1969 

perform well in microwave tubes at 265 °C, temperature 
at which platinum-cobalt degrades 50 % . 

While the processing involved is similar to that used 
in preparing ferrite ceramic magnets , several steps are 
unique and proprietary. 

I. Samarium Cobalt 

2 . P lat inu m Cobalt 

3. Ferr ite 

4. A lni co VIII 

60 00>----

00 

3000 

o..__ _ _.___~--~-~~~-~~-~~~---' 
9000 6000 3 000 0 

H (o er steds) 

gain-bandwidth products improve the device's post
ncutron gain capability. 

Other hardening measures include dielectric isolation, 
minimum internal base resistance and base widths , and 
double-diffused epitaxial construction. Silicon is pre
ferred to germanium because of its higher resistivity . 

Testing al so presents some problems, depending upon 
hardness level requirements. For lab testing, high 
gamma dose rates may be simulated by fl ash X-ray 
equipment. Linear accelerators may be used for cases 
requiring moderate ga mma levels and steady-state 
neutron radi ation. And fo r high neutron delivery rates 
and hi gh steady-state neutron presence, pulsed reactors 
can be used. 

The rental of radiation test fac ilities may run $2000 
a day or higher, excluding the cost of sending an engi
neering team along for observation. And in most cases 
days and even weeks of tes ting are required . Schmitz 
advises des igners to therefore use hard components 
th at have already proved their mettl e, so th at the testing 
of new components be held to a minimum . 

13 



Monolithic logic today. 
Monolithic systems tomorrow. . 

We've got ideas to deliver. , 

• 



.. 

Many wafers ago Raytheon drafted a blueprint for success in the semiconductor 
industry. It's drawn around some very sharp idea men to nudge the state-of-the-art ever 
forwa rd. Plus a production line that can turn ideas into products and pour them out 
en masse and on time. Here's a roll call of results, delivered and on the way. 

Products for now 
DTL: Over 95 circuits in Series 200, 930 and 1000. 
TTL: More than 100 circuits in our industry's-fastest Ray III, and 
our SUHL-equivalent Ray I and IL 

MSI: We're booming in TTL types, with 18 production circuits based on Ray I and II , 
54/74 and 64/84 logic. And more coming fast. 

Li nears: Industry's broadest line of popular types. 1 7 circuits, including standard 
and 'A' versions of 100, 4 100, 700 and 4700 Series. 

Transistors: More than 400 standard and high-rel mil types. Switches, drivers, 
choppers. And amplifiers-general purpose, low level, high frequency, differential, 
dual and Darlington. 

Diodes: 1800 types of switching and general purpose diodes, ranging from IN91 
to IN4308, at speeds down to 1.0 nanoseconds. 

And ideas for tomorrow 
But the best is yet to come. Here's what's cooking for delivery within one year. 
Beam lead, of course. Plus 2-layer metal interconnects. 64-bit random access memories. 
256-bit read-only memories. Multi-chip memory arrays. Very high speed logic. 
High speed NPN and PNP single and quad core drivers. Monolithic diode arrays. 
RF transistors. 

And we've got even brighter things docketed for a little more distant delivery. 
Advanced packages-up to 78 leads, using beam lead and multi-layer substrates. 
Bipolar and MOS LSI. Computer-controlled LSI design. Radiation hardened circuitry. 
Low power ECL MSI. 

Just promises ? Not so. We're working on everything on that list, logging day-by-day 
progress toward production. So keep your eye on us. Because we intend to be 
getting the ideas-and delivering them-for a long time to come. 

Browse through one of our derailed, just-completed catalogs. Yours for the asking. 
Raytheon Semiconductor, Mountain View, California, ( 415 ) 968-9211. 

Circle 10 on Inquiry Card 
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Don't buy a surprise package. 
' 

When reliability counts, you can't afford to horse around. 
Most SCR's look the same from the outside. Start working with critical applica

tions though, and most SCR's aren't the same. 
For instance, if you're designing for aerospace or missiles, you can afford a bum 

SCR about as easily as you can afford a Trojan horse. Or in military designs, like 
critical ordnance applications, a "high-rel" SCR that really isn't, can unload an army 
of problems. 

Which is why SSPI for years has offered you a line of high-performance SCR's 
specifically designed for operation in critical applications - especially in the difficult 
low-level (under one amp) areas. 

We have always had 100% TX-type processing and planar passivation for long 
term reliability- essential in high-performance design. For delicate fuzing applica
tions, mi litary, spacecraft or missile systems, we now offer you a full -range of high
speed, low-leakage SCR's such as the 2N3027, 2N3030, JAN and JAN TX-2N2323 
series, and many others in the T0-46, T0-18, T0-5, and T0-59 packages. 

For complete data and prices on our high-performance SCR line, you 'll want our 
HP-LIT KIT. Just call Ralph Lowry at (617) 7 45-2900. And nag him a little. 

~SP:il SOLID STATE 
PRODUCTS 

ONE PINGREE STREET 
SALEM 
MASSACHUSETTS 01970 
PHONE: 617-745-2900 

DIVISION OF UNITROOE COR PORA TION TWX: 710-347-0226 

.. 
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FOREFRONT 

The EE Forefront is a graphical representation of the 
practical state of the art. You will find here the most 
advanced components and instruments in their class, 
classified by the parameter in which they excel. 

be improved at the expense of others. If there is no 
figure-of-merit available, w.e either include other signifi
cant parameters of the same products, or we provide 
additional bar graphs for the same products. 

A word of caut ion 
Keep in mind the tradeoffs, since any parameter can 

Do not use these charts to specify. Get complete 
specifications first, directly from the manufacturers. 

INSTRUMENTS 

Differential voltmeters (de) 

Fluke 885A 
Fluke 895A 

Fluke 883A Fluke 887A Medistor A-72 
Fluke 881A Pree. Standards 1002 H-P 3420 

"'''·'''''''''''''( '',.,., .. ,.,.,.,.,.,,,.,,,,,,;,:,:,,::;::,;J .,., ........................ , ... ,.,.,.,.,,,,,,f ,,,,,,,,,,,,, ,,,,,,,,, ............. ,.,.,.,.,.,., ''''''''''''i 
0.01 0.005 0.0025 0.002 0.001 

1375 1350 1300 1215 1125 1055 965 825 

General - purpose oscilloscopes 

H - P 180A Tektronix 454 Iwotsu SS21 I 

£:·:;:·:·: :-:·:·:·:·:·:···:·:·:·:·:·:-:·:·:·:::·:;::y:::;: :-:·:·:·:·:·:·:·:;.;.;:;.;:;.;.;.;.;.;.;.;.:l ·:-:-·.-.- ·.··.·.·.·.·.·.·.·.·.·.·.·.·.;.;.;.:-! <-:·:''·· ·.·.·.·.·.·.··:·:···:·:·:·:;:·:;:;:;:;:t 

Accuracy 
± % of reading 

Price 
$ 

50 100 150 200 

Real - time 
bandwidth 

MHz 

Pulse generators 
E-H Research 122 

Dotopulse 112 Dotopulse 11 3 E-H Research 129 

100 125 200 250 500 

Chronetics PG-13 
H-P 214A E-HReseorch 5112 

Highest PRF 
MHz 

i::: ,:,:,:;:;:,,,,,,,,,,,,,,,,, ,,,,,,,,,j t 1 Output pulse amplitude 
100 400 Volts (across 50!ll 

Chronetics PG-II CMC SP-066 

J·::;:;:;:;:;;:;:;::-:·:·:·:·:;:;:;:;:;:;:;:J :;:;:;:·:·:·:·:··········· .··.·.·.·.·.·.·.·.·.·.·.w.;.;.·.;.;.;.;.;.;.;.;.;-:;:;:;:;:;:;:;:;:;:;t 

±15 ±50 

X- Y Recorders 
Varian 

Offset voltage 
Volts 

F-80A H P-:.7000A Honey we ll 500 Honeywell 560 

1;;;;;;:,:;:·: ·:·:-:-:-:-:·:(·: :-:·:·:·:·:·:·:-*·:·:·* ·:·: :-:·:·:·:·:·:·:·:·:·:·:·:·:·:;:·:·:;:·:;::y ::;: :·:;:;:;:·:;:;:;:;:;.;::,f 

20 10 5 4 I 0.4 

WWVB Receivers 
H-P 117A Gertsch 'RLF-1 

;:;:;:;:;:::: ;:;:;:;:;:;:;; ;:;:;:;:;:;:;:;:;:;:; ::::::::::::::::::::::::::::::!::/:·:· .·.·:·:·.;.;.;.·-:·:-:-:-:·:·:·:·:-:-:-:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;! 

1300 875 

Circle 12 on Inquiry Card 

Sensitivi-ty 
µ.V/mm 

Price 
$ 
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FOREFRONT 

INTEGRATED CIRCUITS 
Operational amplifiers 

Fairch i ld Trans i tron 
µ.A741C TOA 7709 
Motorola National Radiation Union Carbide Nationa I 
MC 1539 LMIOI RA 909 UC 4000 LM IOIA 

+ ~· :·:·:=:=:=:=:·:=:·:=:~::::::::f;::i;:,:: :·:···=·=·=<<·:·:·>>:·:·:·:·:·:·:··=:=::·:::::::! .::::::::;;;;}: ::::::::::::::::1 

200 120 100 87 50 30 10 

Vo/loge regulators 
NPC LAIOO Transitron TVR 2000 
National LMIOO Fairchi ld µ.A723 Motorola Ml560R 

!:=} ::::::-:-:-·.·.·.·.·.·.·.·.·.·.·.··=·=·=<·:<<<<<=:=f ·:=:=·=·=·=·=···············································.·.·.·.·.·:·:·.·=<·:·:·:·:·:<·=·>:·:::·::::::! 
12 150 

Power amplifiers 
Amperex TAA 300 
G.Electrlc PA 234· 
Motorola MCl554 
RCA 3020A 

500 

Transitron 
TEC7809 

Input bias current 
(typ ical) nA 

Output current 
mA 

~:~=:=:=~====~=====4!~=r
0

~===~~,:~:e~==k~===T~===~~===:~==f~~~-,~~=::~,:~:~'.:~===~~,:~==;~,~~:~=~=====~===~====~=:=G~,"=~~·:=:~P::~,t~::,~:·=~=:~:~. ~~:~~1-------'' - Power output 
2 3 4 5 watts 

SEMICONDUCTORS 

Silicon power transistors (npn) 

Westinghouse 1441 Westingh-0use 1401 

:::::::::::::::y : ::::::::::::::::::::::::::::::::::::::::! :::::::::=:::=:=* =:=:=:::::::::::::; ·:::::::::::::::::: -=::;:;: ·:·:=:·:':':'i' ::::::::::::::=::::::::::::::::::::::::l ,,,: 
,_ Power dissipation 

Watts 200 350 400 600 625 
Delco DTS-425 
Sol i tron SDT-1164 Motorola f Ameerex A750 MJE8401 

E:;::y:;:-o:: ·l <<·:<·=:=f :=:=·=·=·=·=:=·; ·:·:·:·:·:::·:·:::::·:·:·:·:::::·:::·:::·:·:·· ···=·=·=·=···=···:···=·=·=·=·=·=·=·=<<<<<<::::;:;:::;: :·:<·:<<·:·:<<<·=·=·=-( ·· ·:·:·:·:::·:·:·:·:·:·:·:=:·:·:=::::::::::::::::::::::::==! ::::::::::::::::::::::::::,:J 

700 750 1200 1400 

Solitron 
2N4866 Tronsitron STl4011 Westinghouse 1441 

f:·:= ''t =·>:·:·:=:<·:·:-:-:=:·>>>>:·:·:·:t :·:·>>>:·:·:·f :· :·:·:·:·:·:·:·:·:·:···=·=·=·=·=·=·=·=·( ·=··· ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··=·=·=·=·=·:<<·:·:·:·>:<·=·=·=-=·=-=·t 
50 70 80 100 

(VcEO . I 2 0 V) ( Vc EO • IOOV ) 

Thyristors 
Westinghouse 282 ( 1500V) 

150 
( VCEO • 120V) 

General Electric International Rectifier 

Collector current 
Amps 

C790 (1200V) 470 P.A G.E. C500XI ( 1800Vl 

I= === ===============================·========r === ·======! ===1 =======r ==·=== =·====================:=:=:=~==================!===== ·=============================( ====== =·=<· ======================! Forward current 
475 740 850 1000 1200 Amps 

AIR-COOL ED WATER COOL ED 

International Rectifier 
71RAIOOS80 

GE C380 Westinghouse 272 Motorola 2N4199 

200 300 

Westinghouse 260 
GE C380 

100 200 

400 

National 
NL - F150 

500 600 

International Rectifier 
81RLBl20 

600 800 
(1 25A -1 200V) 

Microwave multiplier diodes 
Raytheon Raytheon 

Raytheon MS-5000 MS-5100 MS-5200 

f:::: := :;::::=: -o=:=:f :::::::::::::::::>:·:·:·.·,·, .... . ·.·.·.·.·.·.·.··:<·:·:·:·:·:·:·:::::::::l :::: .:::::::::.:=:;:::::: :·:·:·:·:·::::::::::::::=:=:=:=:! 
2 

( 2W) 
6 ' 

(0.5W) 
10 

( 25 0 mW ) 

Voltage rise 
dv/dt-V//Ls 

Current rise 
di/dt-A//Ls 

Frequency 
GHz 

For ·Leach Corp. Insert Circle No. 13----,~ 
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SPEAK UP 

Same logic, less gates 

Sir: 
After analyzing Mr. Wallace's gen

erally good article "High Speed Bi
nary-BCD Converter," [The Electron
ic Engineer, July 1968] I find that 
some reduction in the logic is possible . 

First consider the binary-to-BCD 
converter as shown in Figure 3 of the 
article. The K i!!Put of flop C1 is 
shown as (A1 B1 D 1 )'; in reality, this 
input need only be (A1 B1 )'. The re
moval of the literal Di. is, I admit, 
rather trivial, but notice that this is 
the only 3 input gate used in the 
decade, and we are now free to imple
ment the logic entirely with 2 input 
gates and flops. 

Now consider the BCD-to-binary 
converter shown is Figure 6 of the 
article. First, the K input of flop C 
is shown as: C(K) = (A B D)'. In 
reality, we may write C(K) =I> and 
eliminate the gate altogether. Second, 
the K input to flop B is given as B(K) 
= (C D + AC D)', whereas it can 
be shown that B(K) = (C + A D)' 
which would again eliminate a 3 in
put gate, simplify wiring, etc. Third, 
the K input to flop A is given as 
A(K) = (BIS +BCD), whereas it 
can be shown that A(K) = (B IS + 
8 D)' which is just two 2-input NAND 

gates with their outputs in the "wired
or" configuration. Finally, the inverter 
on the J input of flop B may be elim
inated if either (but not both) of the 
literals and its complement are inter
changed at the inputs of the gates. 
Consider the following diagram: 

v 

w 
z 

x 
y 

Now Z= (V W = X Y)' and if we 
let V = C ; W = D; X = C; W 
= D then Z = (C D + C D)' = 
C D + C D which is the desired in
put function, B (J). 

I have redrawn Figure 6 with the 
above changes shown in color. 

A 
J 

D 
R 

A K 

b 

' 

(continued on page 20) 
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HIGH FREQUENCY* 
BACKWARD-WAVE 
OSCILLATORS 
FOR NEW 
OR REPLACEMENT 
APPLICATIONS *12.4 to 40.0 GHz 

Watkins-Johnson now offers high frequency BWOs with a choice 
of side or end mounted waveguide outputs. Available in Ku-, K-, 
and Ka-bands, these magnetically/RFI shielded tubes are designed 
for both new and replacement applications. 

GUARANTEED SPECI Fl CATIONS 

Frequency Power 
Range Waveguide Output Dimensions 

Band Type (GHz) Position (mW min.) (inches) 

Ku WJ-2021 12.4-18.0 end 40 4x4x8 
WJ-2056 12.4-18.0 side 40 4x4x8 

K WJ.2022 18.0-26.5 end 20 4x4x6 
WJ.2057 18.0-26.5 side 20 4x4x8 

Ka WJ-2041 26.5-40.0 end 10 4x4x6 
WJ-2058 26.5-40.0 side 10 4x4x8 

• WATKINS-JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 326-8830 

Circle 14 on Inquiry Card 19 



THE FIRST SIGNIFICANT STANDARD 
REED RELAY IN THE INDUSTRY-THE 

WHEELOCK SIGNALS, INC. 
273 BRANCHPORT AVENUE 
LONG BRANCH, N.J. 07740 
(201) 222-6880 

502sY 

• Standard grids: 
(1.00" x .100") (1.00" x .150") 

• Low cost ... immediate delivery 

• Coil voltages: 6, 12, 24, 48VDC 

oa • Contacts: Forms A, B or True C 

20 Circle 15 on Inquiry Card 

SPEAK UP 

(continued from page 19) 
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Norman E. Tibbetts 
Staff Engineer-Instru
mentation Lab 
Massachusetts Institute 
of Technology 
Hanscom Field 
Concord, Mass. 

The author replies: 

After rechecking the truth tables of 
figures 2 and 5 in my article I must 
concur with Mr. Tibbetts' comments. 
The comment concerning the Binary 
to BCD Converter is especially useful 
since it allows a reduction in logic 
from three quad nand packages and 
one dual 3 input nand package to 3 
quad nand packages. 

Mr. Tibbetts comments have also 
pointed out the value of carefully 
checking a truth table where logic 
simplifications can be found that aren't 
readily seen when using Boolean 
Algebra . 

E. L. Wallace 
Westinghouse Space and Defense 
Center, Surface Division 
Baltimore, Md . 

Letters to the editor are published at the 
discretion of the magazine. Please say so 
if you do not want to be quoted . Signed 
letters have preference over anonymous ones. 

The Electronic Engineer • April 1969 
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Customize this HP Function Generator 
to fit your Measurements 

Start with the basic ability of the 
HP 3300A Function Generator-add 
the capability of its plug-ins-and 
you get a function generator that fits 
your specific needs. It's equally at 
home performing ordinary day-to
day lab tests or providing a sweeping 
signal that can be used to measure 
the impedance of an ape's brain . No 
matter what the task, you get the 
reliability and accuracy you need to 
get the job done. 

The HP 3300A Function Generator 
gives two simultaneous outputs (sine, 
square or triangle) across a fre
quency range of 0.01 Hz to 100 kHz. 
Mix or match your output signals 
with individually selectable function 
and amplitude controls. Price, $650; 
HP 3301A Auxiliary plug-in, $30. 

The HP 3302A Trigger I Phase -
Lock plug-in lets you phase-lock any 
two functions to an external periodic 
signal. Phase can be controlled over 
a 360° range. Control single or mul-

The Electronic Engineer • April 1969 

tiple bursts with an external signal 
or the front panel manual trigger. 
Price, $225. 

The HP 3304A Sweep/Offset plug
In provides a linear sweep adjustable 
in frequency and width within any 
decade over the entire frequency 
range. Variable de offset of ±16 Vdc 
is provided for each function includ
ing the internally generated sawtooth 
-makes hard-to-get driving func
tions readily available. Price, $265. 

The HP 3305A Sweep plug-In lets 
you sweep up to four decades without 
switching ranges. It sweeps logarith
mically in any of three overlapping 
ranges for narrow or wide band test
ing between adjustable start/stop 
limits. Use the manual sweep for 
close inspection of any portion of 
the trace or for accurate frequency 
identification. 

The 3305A's continuously adjust
able sweep time of 0.01 to 100 
seconds is slow enough for accurate 

response testing of high-Q devices 
and fast enough for good visual dis~ 

plays of wide band response. For 
ease of automated testing , either the 
frequency or the sweep trigger can 
be externally controlled. Price, $975. 

Get the function generator that 
best fits your measurements. Consult 
your catalog and order by calling 
your near.est HP order desk. For data 
sheets, write to Hewlett-Packard, 
Palo Alto, California 94304. Europe: 
1217 Meyrin-Geneva, Switzerland. 

099/1 5 

HEWLETT"' PACKARD 

SIGNAL SOURCES 
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We're in the business of extending man's senses. 
Watch inbound traffic from outer space. 
Talk safely in bits and pieces for 5,000 miles. 
Scan the ocean bottom for an exact fix. 
Tune in the fleet with two million watts of RF power. 
Control joint forces from an electronic command post 

20,000 feet above the action. 
Whatever the mission, no matter how impossible, how 

big, or how soon it's needed, LTV Electrosystems produces. 
We can turn a mission concept into sophisticated hard

ware faster, better, at lower cost than just about anyone. 

Our technological spectrum ranges from re-entry physics 
installations and international communications nets to high
reliability components. We have 15 production facilities 
countrywide and some of the best scientific and engineering 
minds anywhere. 

Our mission: Extending man's senses. 
What's yours? 

See the opposite page for a listing of current professional 
opportunities at LTV Electrosystems. 

LTV ELECTROSYSTEIVIS, I N C. 
PC> E3C>X 60:3 0 , DALLA!5, TEXAS 7 5222 

A quality company of Ling-Temco-Vought, Inc. LTV' 
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CALENDAR 

APRIL 

13 14 15 16 17 18 19 

20 21 122 23 1 24 25 26 

27 28 29 30 
April 15-18: lnt' I Computer Aided De-

sign Conf., Univ. of Southampton, 
Sout hampton , England . Addtl. Info. 
-IEE, Savoy Pl .. London, W.C. 2, 
England. 

April 22-23: 17th Annual Nat ' I Relay 
Conf., Ok lahoma State Un iv., Still · 
wat er, Okla . Addtl. lnfo.-Dr. Monroe 
W. Kriegel, Di rector, Eng'g and In
dustria l Extension, Oklahoma State 
Univ .. Stil lwater, Okla . 74074. 

April 22-24: Nat'I Telemetering Conf., 
Wash ington Hilton Hotel , Washing· 
ton , D. C. Addtl. lnfo.-Charles De· 
Vore , 2243 N. Trenton St .. Arli ngton, 
Va . 22207. 

April 23·25: Southwestern IEEE Conf. & 
Exhibition , San Antonio Conv. Ctr. & 
Palacio Del Rio Hotel, San Antonio, 
Tex. Addtl. lnfo.-S.W. Seale, S.W. 
Res. Inst .. Box 2296, San Antonio, 
Tex. 78206. 

April 30-May 2: Electronic Components 
Conf ., Shoreham Hotel , Washington , 
D. C. Addtl . lnfo.-Electronics Ind . 
Assoc., 2001 " I" St., N.W .. Washing
ton , D. C. 20006. 

MAY 
1 2 3 

4 5 6 7 8 9 10 

11 12 13 I 14 15 16 J 17 

18 19 20 21 22 23 24 

25 26 27 28 29 30 31 
May 5-8: Design Eng'g Show and Conf., 

Waldorf-Astor ia Hotel and Co liseum , 
New York, N. Y. Addt l. I nfo.-Ban-
ner & Greif, Ltd .. 369 Lexington 
Ave .. New York, N. Y. 10017. 

May 5-8: lnt' I Microwave Symp. , Mar· 
riott Motor Hotel, Dallas , Tex . Addtl. 
lnfo.-Julius Lange, Texas Instru 
ments Inc., Dallas, Tex. 75222. 

May 6: Digital Communications Symp .. 
Los Angeles, Calif. Addtl. Info.
IEEE Office, 3600 Wilshire Blvd ., Los 
Angeles, Calif. 90005. 

May 6-8: 23 rd Annual Frequency Con
t ro l Symp .. Shelbourne Hotel, Atl an· 
tic City, N. J . Addt l. lnfo.- Direc
tor, Electronic Components Lab., 
U.S. Army Elect ronics Command, 
Att : AMSEL-KL·DT (Mr. M. F. Timm), 
Fort Monmouth , N. J. 07703 . 

May 14-16: Spring Joint Computer 
Conf., Sheraton Boston Hotel, War 
Mem. Audit .. Boston, Mass. Addtl. 
lnfo.-Norman Bryden, Honeywell 
EDP, 60 Walnut St .. Wellesley, Mass. 

May 19-21: Nat' I Aerospace Electronics 
Conf. (NAECON), Sherat on Dayton 
Hotel , Dayton, Ohio. Addtl. lnfo.
M. G. Coleman, Gen'I Precision Inc .. 
33 W. 1st St .. Dayton, Ohio 45402. 

JUNE 
1 2 3 4 5 6 7 

8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 

June 6-7: Product Assurance Cont. & 
Technical Exhbt., H ofstra Un iv., 
Hempstead, N. Y. Addt l. lnfo.-B. 
Held, Grumman Ai rcraft Eng'g Corp., 
Bethpage, N. Y. 11714. 

June 9-10: Chicago Spring Conf. on 
Broadcast & TV Receivers, Marriott 
Motor Hotel, Des Plaines, 111. Addtl. 
lnfo.-Larry Maloney, Philco-Ford, 
1820 Pheasant Trail , Mt. Prospect, 
Ill. 60634. 

June 9-11: lnt'I Communications Conf., 
Univ. of Co lorado, Boulder, Colo. 
Addtl. Info. - A. J. Estin, Radio 
Standards Eng'g Div., NBS, Boulder, 
Colo. 80302. 

'69 Conference High lights 
WESCON- Western Electric Show and 

Conv., August 19-21; San Fra ncisco, 
Calif. 

NEREM - Northeast Electronics Re
search and Eng'g Meeting, Nov. 5-7; 
Boston , Mass. 

Call for Papers 
October 22-23, 1969: 2nd Annual Con

nector Symp., Cherry Hill N. J. Sub
mit three copies of 200-400 word 
abstracts by May 1, 1969 to Tech· 
nical Papers Committee, Electron ic 
Connector Study Group, Box 31 04, 
Phil adelphia, Pa . 19150 . 

October 26-30, 1969: Joint Conf. on 
Mathematical and Computer Aids to 
Design, Anaheim, Calif. Su bmit a 
workin g t itle by May l, 1969 to 
SIAM- 1969 Joint MCAD Conf. , 33 
S. 17th St., Philadelphia, Pa . 19103 . 

A new bulletin of 
professional 
opportunities at 
LTV Electrosystems. 
Greenville Division 
(Systems fo r strategic and tactical 
survei lla nce, recon naissance, detection ; 
tracki ng; comm and a nd contro l; 
a irborne light ing systems; a rtificia l 
intelligence ; tactical warfare.) 
Digital Systems Ana lysts 
Digital C ircuits Designe rs 
Electro-Optics Systems Ana lysts 
RF Systems Analysts 
RF Circuits Designers 
Scientific Programm ers 
Business Program mers 
Facilities - Greenville, Texas; Greenville. 
South Carolina; Roswell, New Mexico 

Garland Division 
(Long-range d igita l communicati ons; 
fluid mechani cal systems for aircra ft , 
mi ssiles, spacecraft ; high-precision 
an tennas: guida nce and navi gation 
systems; space systems.) 
RF Ci rcuits Designers 
RF Systems Anafysts 
Digita l Circui ts Designe rs 
Digital Systems An afysts 
Antenna Design Engmeers 
Scientific Programm ers 
Facilities - Garland and A rlingto11, Texas 

Continental Electronics 
(Thi s subsidiary compa ny bu ilds 
super-power RF transmitters fo r radio 
commun ications, broadcasti ng, re-e ntry 
physics ra dars, radi o as tronomy, 
nuclear accele rators.) 
Transmitter Design En gineers 
RF C ircuit Designers 
RF Systell)S Engineers 
Facilities - Dallas, Texas: 
Waltham, Massach usetts 

Memcor Division 
Porta ble a nd stat ionary TA CAN systems, 
tactical radio syste ms. gyro systems, 
nucl ea r co ntrols, res istance products.) 
Project Engineers (T A CAN Systems) 
Electroni c D esign Engineers 
Instru mentati on Enginee rs 
Mecha ni cal Engi nee rs 
Digital Systems Enginee rs 
Facilities - Huntington, Indiana; 
Boyne City, Michigan and Salt Lake City, 
Utah 

Please call or write: Bill Hickey, 
Supervisor of Professio11al Placement. 
L TV £/ectrosystems. Inc .. P. 0 . Box 6118, 
Dallas, Texas 75222, Telephone (2 14) 
276-7111. A 11 equal opportunity employer. 

LTV Electrosystems: 
extending man's senses. 

Circle 18 on Inquiry Card 
(Ple a se Use Home Address on !he Ca rd ) 



Electrical 
Engin~ers: 

Join a small, hard
hitting logic design 
team at IBM. 

Here's yo ur chance to really get involved with 
designing the logic for sophisticated new sys
tems for both military and commercial projects. 

New Engineering Center 
Here at IBM's new Communications and En

gineering Sciences Center, near Washington , 
D.C., we work in small groups. This allows each 
member to dig into the project from the very 
beginning-from sitt ing down with the cus
tomers before we begin to conducting the 
maintenance training after we finish . 

The entire group is involved with everything 
from hardware design to systems acceptance 
and program management. 

You should have a degree in electrical engi
neering. Experience in logic design, digital sys
tems or some other data processing area would 
be help ful. 

Projects now underway 
Several high-priority projects are already un

derway. They ran ge from an advanced reserva
tions system for commercial airlines to highly 
classified ground-based military systems. 

W e are also helping to develop greater mis
sion capabi lity for the post-Apollo period. 

Why choose I BM ? 
Today's major growth industry is information 

handling and control. And IBM is a leader in 
that field. This growth environment can bring 
out the best of your talents and abilities, be
cause in a growth company like IBM you can 
work constantly toward greater achievement. 
Thi s means more opportunities to achieve 
distinction and personal recognition. 

So if yo u' re a problem-solver who wants a 
personal se_nse of achievement and recognition 
for your hard work in an exciting growth com
pany, consider IBM. 

Call or write 
If you are an Electrical Engineer and want to 

join a small, hard-hitting team, call Jim Dunn at 
(301) 921-7724 collect any weekday between 
9 and 4 :30. Or, send a brief letter or resume 
to him at IBM Corporation, Federal Systems· 
Division, Dept CD I 068, 18100 Frederick Pike, 
Gaithersburg, Maryland 20760. 

An Equal Opportunity Employer 

IBM. 
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CAREERS 

EE Opinion 

The engineer is a loner ... 

both in his relationship to his colleagues and to 

the community as a whole. This is one of the factors 

which must be understood- by himself and the community

before he can put his talents to use in solving the 

p~oblems of the contemporary world. 

By Rocco F. Ficchi, Engineer, Systems Assurance 

RCA Defense Electron ic Products , Camden, N. J. 

You engineers never get involved in the community! 
You avoid key issues! You don't care what effects your 
designs have on the community! You don't give a damn 
about the urban crisis! 

How often of late have you heard these admonish
ments? Engineers are not the only ones singled out, but 
since they are the ones involved in such key issues as 
air and water pollution, traffic problems, space appro
priations, and so forth, they have often borne the brunt 
of John Q. Citizen's ire. 

But there is a more basic; reason . The engineer is 
generally considered a loner- one who likes to be left 
alone to solve his detai led problems. He is fascinated 
by "how things work," and, in all fairness , has come up 
with some pretty clever gadgets which have done away 
with boring manual tasks. The community thinks of him 
as a "nice guy" who likes all the "good" things such as 
education, books, and Little League baseball- but also 
as one who never speaks up in his community on 
important issues or gets involved. 

To understand the engineer as a total person, and 
his relationship to the contemporary world, we must 
first understand the motivational forces which govern his 
behavior. Once these forces are properly identified and 
understood, reasonable men can get to work to do some
thing about their effects. If only we can motivate the 
engineer to involve himself, considerably more intel
lectual power will be brought to bear on the solution of 
our contemporary problems. 

Why is the engineer a loner? 

Before we can answer this question, we must first ask: 
"What is an engineer and what are his identifying char-
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In defense of concern 
A stereotype exists of the engineer. You're 
probably familiar with it. This stereotype says 
that he is unaware of-and unconcerned about 
-contemporary problems. That his main in 
terest is the special little job he's working on 
in the lab. 

In the May 1968 issue of The Electronic En
gineer, we asked our readers to tell us what 
they, as engineers, think about this stereotype. 
Are engineers really concerned with the world, 
and how, or is the stereotype frighteningly ac
curate? 

On the following pages you ' ll see comments 
from two of our readers. Do you agree with 
them? Whether you do or don't , we would be 
interested in your comments. By creating a 
dialogue among engineers on contemporary 
problems, hopefully we will stimulate a greater 
concern for these problems. Indeed, since 
techno logical achievements have created many 
of our problems, it may be that the engineers 
are the only ones equipped to solve them . 

acteristics?" But this is a difficult question to answer, 
since compared to other professional men, the engineer 
is completely lacking in identity. The physicist identifies 
with such giants as Clerk Maxwell or Newton or Heisen
berg; the chemist with Davy or Lavoisier or Faraday; 
the physician with the American Medical Association 
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or the ancient tradition going back to Hippocrates. The 
engineer, in contrast, has no real identity as a profes
sional. The only common experience which he does have 
with other engineers is educational, and, since this oc
curs early in life, before his career has begun, it is a 
poor substitute for a real identity. The engineer then 
does not have such identity except in a most general 
way-as an "amorphous professional." 

The term "amorphous professional" has been applied 
because the engineer lacks those identifying character
istics which one associates with other professionals. 
There are no engineering solutions to problems but 
economic solutions to engineering problems. The 
"loner" works on a little piece of a problem, often with 
great relish , and someone else decides whether his design 
will "fly." 

Unlike other professionals, the engineer has only one 
client-his employer. He needs this client because it is 
the only one he has. A physician, on the other hand, 
may tell some obviously obese patient that he is simply 
too fat, lose the patient as a result and think nothing of 
it, because he has many more patients. He regards him
self in a total relationship to his patient- economic, 
technical , and humanistic. 

The identity problem of the engineer is also magni
fied by the various attempts on the part of engineers to 
form professional organizations. There are some great 
technical societies, such as the IEEE with over 100,000 
members, but the average engineer develops no 
camaraderie with other engineers through them. Every
one has seen the "loner" walking through the vast areas 
of the New York Coliseum. 

The only common professional experience of engi
neers-their educational experience-still does not bind 
them together professionally. Engineers seem to have a 
much poorer connection with their colleges and uni
versities than do other professionals. They generally are 
not active alumni ; they do not serve on college boards of 
trustees ; they do not receive many honorary degrees; 
and they do not make substantial financial contributions. 
And yet the engineer could use his college or university 
as the primary source of his intellectual activity. In this 
way, his identity could begin to take shape and the ele
ments of a true professionalism could arise. 

But it would have to start with a drastic revision to 
the engineering curriculum. Engineers would have to 
take many more courses in the humanities. They would 
have to be trained as people in the hope that their 
inherent "loner" complex could be eliminated. After all , 
that is what education is all about-to teach people to 
live in civilized society. 

The "thing" complex 
What impels people to become engineers in the first 

place? In a 1965 survey1, about 100 engineers were 
asked if they decided to study engineering because they 
enjoy taking things apart to see how they work, and then 
putting them together again ; about half of the respond
ents agreed that this was their motivation . This "thing 
orientation" tends to make you impatient with situations 
that cannot be handled in this fashion ; movements in
volving people certainly do not fit into the "thing" 
category. 

26 

"Everyone has seen the 'loner' walking through the vast 
area of the New York Coliseum." 

This "thing orientation" perhaps may explain why 
engineers cannot find their identity by associating with 
large movements, be they political, social, economic, or 
intellectual. The very notion behind any movement is 
common interest within a group, and while I don't con
tend that an engineer is an individualist, he definitely is 
a "loner." 

The lines of logical development are not clear, but 
it seems that his scientific approach to the world inhibits 
the engineer's involvement with "people" movements. 
People simply do not follow the expected clean-out rules 
of cause and effect. A single action of a person has 
many causes; multiply these by an interplay of forces 
within a group of people and cause and effect relation
ship gets blurred. 

The social sciences have attempted to put scientific 
order into this people interplay, and engineers have 
usually drifted to these courses in colleges as electives . 
Social science courses appeal to the engineer because 
they are somewhat scientific in their approach . There is 
very little of the philosopher in the social scientist and 
this gives little humanistic flavor to his endeavors. 

What can we then conclude? The judgment is harsh, 
but the evidence indicates that engineers are lacking 
in identity as a professional group. They are indeed 
"loners." Their lack of identity, the absence of cohesive
ness, and an amorphous professionalism form the base 
upon which all the attitudes of the engineer and his place 
in the contemporary world are built. 

Once the community understands the basis for his 
attitudes, they'll have a more accurate-and charitable 
-view of the engineer. And once the engineer himself 
gains some insight, he may find his view of himself and 
the community widening-and he can put his consider
able talents to work in solving the many technical and 
social problems facing contemporary society. 

1 Techni~al Progr a m , 1965 Annua l Mee ting , New J er sey A cad
em y of Sciences. 
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Today at Hughes, we're 
developing digital radar signal 
processors for a variety of 
important airborne applications. 
An engineering model of one of 
these processors has been 
developed for real-time operation. 
It uses the Cooley Tukey, or fast 
Fourier transform algorithm, to 
form a bank of 512 narrowband 
doppler filters, together with 
their associated detectors and 
threshold circuits. 
The scope photographs show a 
processor input signal 12 db 

The Electronic Engineer • April 1969 

st 
Time 

NOISE EMBEDDED SIGNAL 

below wideband input noise, and 
the resulting processor output 
signal 15 db above rms noise in 
one digital filter output. 
Several programs are now starting 
to carry this technique and others 
further toward operational radar 
systems . 
It's a rapidly expanding field. 
And Hughes wants to grow with 
it. That's why qualified engineers 
and scientists are needed now. 
Particularly those with digital 
circuit design experience, signal 
processing analysis and 

subsystem design experience, 
and microelectronic circuit 
applications background. 

Interested? Please airmail 
resume today to: 

Mr. Robert A. Martin 
Head of Employment 
Hughes Aerospace Divisions 
Dept. 97 
11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 
An equal-opportunity employer 
-M&F 
U.S. citizenship is required 

r------------------, 
I I 

: HUGHES: 
I I L __________________ J 

HUGHES AIRCRAFT COMPANY 

All:lt08PACll: DIY1810HS 
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ENGINEERS, SCIENTISTS, MATHEMATICIANS: 

Rate your job against 
the career opportunities 

at AC Electronics. 
r----------------~-------------------------------------1 

Confidential. The material 
contained in AC Electronics 
Career Evaluation Form will 
be held in strictest confidence. 

Name :. ______________________ Arca of job interest: _____________ _ 

Company: _______________ H ome address & phone number : _____________ _ 

How long on present job: ______________ Current experience: _____________ _ 

D egrees :. _____________________ Year: _______ Present salary : ______ _ 

1 Is your company making full use of your 
talents and abilities? 

2 Are you happy d oing the type of work 
currently assigned to you? 

3 Do your supervisors listen when you offer 
constructive ideas? 

4 Are you given opportunities for learning on 
a nd off the job? 

5 Is your salary commensurate with your 
abilities? 

No Yes 

DD 
DD 
DD 
DD 
DD 

If you answered "no" to two or more of the 
questions above, maybe you should be looking 
into the career opportunities at AC Electronics. 

Who are we? We're the AC Electronics Divi
sion of General Motors Corporation. We make 
the guidance, navigation, control and computer 
systems for many of today's most advanced 

• Electronics Systems Design 
Engineer 

• Programmers-Scientific and 
Commercial 

• Systems Analysis Engineer 
• Advanced Systems 

Requirements Engineer 

• Reliability Circuit/Failure 
Analysis Engineer 

• Space Systems Requirements 
Engineer 

• Sea Systems Requirements 
Engineer 

6 Does your company enjoy a high reputation 
in the industry? 

7 Are you able to contribute meaningfully to 
the state of the art where you are? 

8 Are the people you work with of high caliber? 

9 Would you rate your company high in terms 
of stability and job security? 

projects in space, air, land and sea. 

No Yes 

DD 
DD 
DD 
DD 

Just fill out the Career Evaluation Form, 
above, and mail to: Mr. R . B . Schroeder, Dir. 
of Professional and Scientific Employment, AC 
Electronics Division, Milwaukee, Wisconsin 
53201. We'll get right back to you with some 
answers that may shed new light on your career. 

AC ELECTRONICS 

l~IYMI 
flllStll u~1c1101s '~'°UCll l!fll\ •~ D SP~( MIU Of lltlll(llU 

• Optics Engineer • Systems Mechanization Engineer MILWAUKEE • BOSTON •SANTA BARBARA 
An Equttl Opportunity Employer 

~------------------------------------------------------~ 
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CAREERS 

An Opinion 

The engineer as a· part of society 
The engineer has isolated himself from the rest of society. 

The creations of his technology have caused many social problems, 

yet he remains silent. Before he can solve these problems, 

however, he must first solve the professional and educational 

problems of the engineering community. 

By Robert A. Sears, Section Head 

Sylvania Electronic Systems, Western Div., Mounta in View, Calif . 

Think about what it would be like if you didn't have 
a car, or a television, or the other "necessities" of 
modern life. And can you imagine the modern American 
housewife without her' electric can opener, electric 
mixer, electric carving knife, vacuum cleaner and host 
of other gadgets that make her job manageable? 

Perhaps even more important, what would your job 
be like if there were no such thing as the transistor, or 
the integrated circuit (or, for some, no MSI or LSI)? 
What if you had no such tools as the computer? 

Civilized man has now "advanced" to the point where 
he considers these and other engineering triumphs, in
deed even his gadgets, as necessary to his well being. 
Yet though the marvels of engineering are many, the 
engineer is usually not considered a serious voice in the 
affairs of mankind. He traditionally labors on while 
remaining oblivious of the world around him, as well 
as of the use and misuse of his creations. 

The silent community 

The engineer helped create all these "marvels" of 
technology. 
• Why did he not speak out when the radio and TV 

first began to "control" our society? 
• Where was he when computers began threatening to 

replace man's ingenuity as well as to pry into his 
private affairs? 

• Where was he when electronic devices began eaves
dropping on his neighbors? 

The Electronic Engineer • April 1969 

• Where was he when water and air pollution first 
began forming? 

• Where is he now when all of these problems and 
countless more threaten our very existence on this 
earth? 
The works of his genius have become the servants of 

man, yet he himself has been less than that. He has been 
silent, and while an occasional voice can be heard today, 
the engineering community in general remains detached 
from life. Unbelievable, but true; no success can com
pensate for such a failure. So silent are engineers, in fact, 
that fewer young people join their ranks each year. 

Surely our non-technical leaders have been unable to 
solve the many problems created by the inventions of 
our technical community. But before engineers can fully 
come to grip with these problems, they themselves must 
first solve two basic problems: how to provide the 
engineer with the type of education he should (but 
does not) receive, and how to develop a stronger pro
fessionalism at the working level. 

Profile of a half-education 

With some notable exceptions, the average engineer 
has had a narrow education. When he receives his BS 
degree after four or five years of college, he has usually 
had. little more than technical courses in the basic sci
ences and math plus added courses in his specialty. The 
few other courses that he has had are usually slanted 
toward his technical background (e.g., "Technical 
Writing and Speech," "Engineering Economics," or 
"Industrial Psychology"). 

If he doesn't go on for his masters or Ph.D., he 
usually takes a job with a company that employs many 
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people like himself. That is to say, he does not often 
deal directly with the public as a medical doctor does, 
for instance. From this point on, besides working 
actively on his company assignments, he must deal with 
the problem of obsolescence. Within ten years after his 
graduation, technology will have advanced so far that 
none of the applied courses he studied in college will be 
applicable to his work. Most engineers realize that they 
must spend a large portion of their leisure time in 
technical study if they are to maintain their usefulness 
on the job. 

This, then, is the educational picture of the majority 
of engineers. I have condemned them for not voicing a 
strong protest about the misuse of their technical 
achievements. But note that the unthinkable silence of 
the engineer has even extended toward the way in 
which he himself may be treated, for he himself may 
lose his job despite his training. A tragedy of his own 
making. 

But is the engineer really educated in the classical 
sense? If you were to check the many definitions of 
education, you would not be able to find one that 
includes such a person. As a result of engineering 
training alone, he clearly has not been educated. Unless 
he has gone out on his own-this while just keeping up 
with the latest developments in his field-the engineer 
has remained narrowly oriented. 

Professional status seeker 
Partly because of his "limited" education, the engi

neer is not seriously considered outside of his own 
technical world. In fact, it is often non-engineers who 
point out where he has erred. Ralph Nader's docu
mentary about automobile safety is a classic example. 

All too often, however, the engineer himself- by his 
silence-abdicates his judgment on the use of his 
achievements to others. The professional attitude, there
fore, is gone and, while the average engineer would 
dearly love to be thought of as a "professional" in his 
community, he is in fact only a toy-maker, too absorbed 
in his own tinkering even to be a part of the game. 

It is becoming increasingly necessary that those who 
are responsible for the technological revolution also 
acknowledge its effect upon society. The time passed 
long ago when the engineering community could live 
in its own cocoon. 

But what can the individual engineer-who in most 
cases merely "works for" a large industrial concern
do to exercise his social conscience? First, he should try 
to identify himself with a company whose higher man
agement is concerned about the social consequences of 
its objectives. If he does not agree with his employer, 
or with the aim of the work he is doing, he has already 
abdicated that which his conscience objects to. It may 
be impossible for him to find any satisfaction in his 
work. (How many engineers do you know that never 
really like their jobs?) In a larger sense it is hoped that 
those industries that operate without regard for, or to 
the detriment of, the real needs of society will one day 
be set right by their employees. Second, and even more 
important, the engineer must himself show some 
commitment to the world. 
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Bob Sears, a Sylvania engineer since 1953, believes that 
" we won't be able to consider ourselves as professionals 
until we see the results of what we do." 

The engineering profession cannot change simply by 
having the technical societies alone become a part of 
the transition from technology to life, although this must 
take place also. The change must come from the engi
neering community itself and, therefore, from each 
engineer. 

Relevancy 
Why should technology be set apart from society at 

all? Unfortunately, technology has become so special
ized, so difficult for those outside it to comprehend, 
that it has segregated itself from the rest of society. 
(Indeed, it is very much compartmentalized within 
itself. For proof of this one need only look at the 
monstrous organization charts of many engineering 
companies.) In this form it continues to flourish and to 
become ever more separate, and almost entirely 
controlled from outside of itself. 

The word is relevance. Either the engineering com
munity understands, and is sympathetic to, the real 
needs and desires of society, or it will remain as it is
a closed segment of society in need of a consc1ence. The 
problems of our modern technological world are many, 
yet the unbelievable silence of the engineering 
community remains. 

By first solving its own problems-both educational 
and professional-the engineering voice will gradually 
come to be heard-and respected-by the rest of the 
world. And then, hopefully, we will see real progress 
toward the solution of modern society's urgent 
problems. 

INFORMATION RETRIEVAL 
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No~ s~itch a~alog 
at digital speeds ... 

... and leave the driving to us 

"Logic really turns us on", say our Hybrid FET Analog Gates with built·in driv· 

ing circuitry. And turn on they do, in as little as 20 nanoseconds with a 108 ON/ 

OFF ratio. It I I I I lt1l I I I I I I If you need a gate that operates in a nanowink and 

has an ON /OFF rati~0like a knife switch, ~ we have stock Hybrid FET 

Analog Gates that fit this description to a ~~ Five types are available, with 

R0 N as low as 6 ohms and speeds to 20 nanoseconds. [Shown above is our CAG13 

direct operation from DTL or TTL. They're fully described in our 24·page 

''Condensed Compendium Containing Comprehensively Characterized Hybrid 

JCs". • • • • [I] It's yours for the asking. 

4~ CRYSTALONICS 

~~ A TELEDYNE COMPANY 
147 Sherma n St.• Camb ridge, Mass.• 02140 
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CALL YOUR LOCAL CRYSTALONICS OFFICE FOR DETAILS 

(201) 835-0332 
(206) 323-5100 
(213) 466-6201 
(213) 469-5871 
(214) 348·4283 
(301) 668-4646 
(303) 798-8439 

(305) 647-4000 
(305) 531-0200 
(312) 547-6200 
(313) 474-0661 
(315) 446-5920 
(317) 546-4967 
(319) 363-6425 

(415) 349-6316 
(416) 751-5980 
(505) 268-0928 
(513) 299-4144 
(514) 331-4884 
(516) 593-2628 
(602) 277-9739 

Circle 20 on Inquiry Card 

(609) 784·5000 
(6 12) 488-6634 
(617) 491-1670 
(617) 891-4582 
(816) 471-2850 
(914) 452-5730 
(919) 226-8053 
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Do you measure up? 

If you are an Electronic and/or 
Simulation Specialist, you' re invited 

to "measure" your talents 
against our needs ... 

Aerodynamics • Circuit design 
Reliability engineering • Components 

engineering • Systems engineering 
Scientific Programming 

Manufacturing engineering 
Contract administration 

Math modeling 
Send us your resume today. Write: 

Mr. D. H . Besgrove, Professional 
Employment, Conductron Corpora
ati on, P.O. Box 426, St. Charles, 
(near St. Louis), Mo. 63301 

CONDUCTRON 
CORPORATION 

r • ' . An equal opportunity 
employer 

Circle 21 on Inquiry Card (Please Use Home Address on the Cord) 

PRODUCT SEMINARS 

As a service to you, this new column 
will list product seminars that elec
tronic companies offer to users of 
their products. For more details, 
simply circle the appropriate reader 
service number on the inquiry card. 

"Industrial Hygiene," Apr. 15-1 7, 
Cleveland. $50. Introduction to sound 
and vibration dynamics, scaling and 
presentation of measurement results, 
units of measurement, measurement 
transducers, definition of waveforms, 
magnitude measurements, signal proc
essing, calibration procedures, typical 
measurement systems, noise reduction, 
etc. B & K Instruments, Inc., 5111 W. 
164th St., Cleveland, Ohio 44142. 

Circle 400 on Inquiry Card 

"Process Automation," April 21-May 
2 and June 9-20, Phoenix. Tuition
free. Theory, application , and opera
tion of automated process control sys
tems. Motorola Instrumentation and 
Control Inc., Field Service Office, Box 
5409, Phoenix, Ariz. 85010. 

Circle 401 on Inquiry Card 

"Microelectronic Soldering & Braz
ing," Apr. 21-22 (New York), May 
12-13 (Palo Alto). New York seminar, 
$175; Palo Alto, $225. Alpha Metals, 
Inc., 56 Water St., Jersey City, N. J . 
07304. 

Circle 402 on Inquiry Card 

"Series 500 Integrated Circuit Test 
Equipment," Apr. 28-May 9, Sunny
vale, Calif. Tuition-free for customers 
(up to two employees-$300 for each 
additional person). R. D . Warner, Sys
tem Training Manager, Fairchild In
strumentation, 974 E. Arques Ave., 
Sunnyvale, Calif. 94086. 

Circle 403 on Inquiry Card 

"Repair and Maintenance Training 
Session," May 5-9 and June 2-6, Am
sterdam, N. Y. Tuition-free. Covers 
EMC-25 and EMC-10 receivers, EFC-
1 25 programmer, SPD-125 spectrum 
display, various antenna models, and 
FSS-250 spectrum surveillance system. 
Dale Samuelson, V.P., Fairchild Elec
tro-Metrics Corp., 100 Churc h St., 
Amsterdam, N . Y. 12010. 

Circle 404 on Inquiry Card 

"Series 5800 (50'00) Dynamic Tester 
Programming Seminar," May 12-16, 
Sunnyvale, Calif. Tuition-free for cus
tomers (up to two employees-$150 
for each additional person). R. D. 
Warner, System Training Manager, 
Fairchild Instrumentation, 974 E. 
Arques Ave., Sunnyvale, Calif. 94086. 

Circle 405 on Inquiry Card 
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"Current and Coming IC Applica
tions," May 14, Chicago. $15. Volt
age regulators, Mos in memory appli
cations, opera tional amplifiers, analog 
switches using MOS circuits, voltage 
comparators, communication circuits. 
Regis P. McKenna, Mktg. Services 
Mgr. , N ational Semiconductor Corp., 
2975 San Ysidro Way, Santa Clara, 
Cal if. 95051. 

Circle 406 on Inquiry Card 

"Series 600 Transistor Test Equip
ment," May 19-23, Sunnyvale, Calif. 
Tuition-free for customers (up to two 
employees-$150 for each addition al 
person) . R. D. W arner, System Train
ing Manager, Fairchild Instrumenta
tion , 974 E . Arques Ave., Sunnyvale, 
Calif. 94086. 

Circle 407 on Inquiry Card 

"Operations and M aintenance," May 
19-23, Anaheim, Calif. $150. Sine and 
random fundamenta ls, study of cir
cuits, sine and random vibration ap
plications. School Registrar, Ling 
Electronics Div., LTV Ling Altec, 
Inc ., 1515 S. Manchester Ave., Ana
heim, Calif. 92803 . 

Circle 408 on Inquiry Card 

"Operation and Maintenance 7600 
Magnetic Tape System," May 19-23, 
Denver, Colo. $180. Introduction to 
magnetic tape recording, system oper
ation and appl ication , circuit analysis, 
calibration. C. F. Creswell, Training 
Center Services, Honeywell Inc., Test 
Instruments Div., 4800 E. Dry Creek 
Rd ., Denver, Colo. 80217. 

Circle 409 on Inquiry Card 

"Series 600 Expanded Capability Test 
Equipment," May 26-28 , Sunnyvale, 
Ca lif. Tuition-free for customers (up 
to two employees-$90 for each addi
tional person). R . D . Warner, System 
Training Manager, Fairchild Instru
mentation , 974 E. Argues Ave., Sun
nyva le, Calif. 94086. 

Circle 410 on Inquiry Card 

"DC Testing of Power-Apparatus In
sulation," May 26-30, Willow Grove, 
Pa. Part 1, $100; Part 2, $ 150. Part l : 
ph ys ical characteristics of insulation 
systems, test methods and techniques, 
basic test circuits, interpretation of 
test results; Part 2: electrical charac
teristics of i n s ul a tion systems, test 
methods and techniques, interpretation 
of test results. Biddle Technical School , 
Township Line & Jolly Roads , Plym
ou th Meet ing. Pa. 19462. 

Circle 411 on Inquiry Card 
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HElP~ 

• •• ---••• 
HELP 

Since man became man , he has had one overr iding desire : 
a more effective way to holler "Help!" It has led him 
into speech. Then writing. Then into technology , where 
information is delivered "pure" at the speed of light. 

One product of this continuing effort-a chain of 
consequence that has led men into technology rather 
than early graves-is a system of side-look ing radar, 
developed at Motorola, which produces a degree of 
resolution that challenges direct photography. 

But the work has just started , and it's going to take 
good men with creative talent to carry it on . It'll be done 
at Motorola ; so if you ' re such a man , there's a valuable 
career spot for you here . . . where both the working 
and the living is exceptional. 

Specific opportunities are: 

Space Communications 0 Radar Systems O Tracking & Telemetry 
Fuzing 0 Digital Data Transmission 0 Gu idance & Navigation 
Radar Transponders 0 ECM & El int 0 Coherent Transponders 
Integrated Electronics 0 Antennas & Propagat ion 0 Advanced RF 
& Microwave Techniques 0 Ground Support Equipment O UHF/ 
VHF Commun ications Equipment 0 Display 0 Digital Multiplex 
Troposcatter 0 Readout 0 Mechanical Design O Reliability & 
Components D Offshore Geophysical Explo rat ion Navigation 

Write : Paul Ahler, Recruitment Manager, Dept. 69, Box 1417, Scottsdale, Ari zona 85252 

An Equal Opportunity Employer Mi F 

Circle 22 on Inquiry Card (Pl ea se Use Home Address on the Cord) 33 
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SOLVES THEM WITH 

SPARKIAPS 
Here are a few applicati ons where Signal ite 
Spark Gaps protect components against 
overvoltage damage ... 

• Computer Input Voltage 

• Broadcast Transmitters 

• Power Supplies 

Sol id State Circu itry 

• Magnetrons 

• Pulse Transfo rmers 

• Pulse Forming Networks 

• Charging Chokes 

• High Powered Klystrons 

• Fi lter Chokes & Capaci tors 

11eed a 9,arli Qqo ... 
(Two Elect rode or Triggered) 

It's probably listed in the SIGNALITE 300 BROCHURE with 
over 300 others ... complete with application notes, char
acteristics, mounting arrangements, photographs, etc. 

IF NOT, WE'LL MAKE IT! 

~:...ii__...-'-41 ~ INCORPORATEO 

A General , ..... , 
Instrument l:ll 

company __ ., 
NEPTUNE, NEW JERSEY 07753 

(20t) 775 - 2490 

Circle 23 on Inquiry Card 

EEs GET AHEAD 

Liquid crystals make possible 
better reflective displays 

Dr. George H. Heilmeier 
Outstanding young engineer 

Only 32 years old, George H. Heil
meier has a record of achievements 
that any seasoned engineer would be 
proud of. Recognizing this, Eta Kappa 
Nu has just honored him as the Out
standing Young Electrical Engineer of 
1968. The award is mainly for his 
work on the electro-optic effects in 
liquid crystals, as well as for his con
tributions to community and church 
affairs. 

Dr. Heilmeier and his team at RCA 
Labs, Princeton, N.J., discovered three 
such effects. The first, called "dynamic 
scattering," allows electronic control 
of reflected light, and makes possible 
flat, low cost, low power displays (see 
The Electronic E ngineer, Aug. 1968, 
p. 17). Such displays use nematic type 
liquid crystals. 

The second is a storage effect found 
in mixed nematic-cholerestic liquid 
crystal displays (see The E lectronic 
E ngineer, Nov. 1968, p. 15), and the 
third deals with color switching by 
means of guest-host interactions in 
certain classes of nematic crystals. 

Dr. Heilmeier and his associates are 
now working with RCA's components 
division in Somerville to "transfer this 
technology to the factory," so we can 
look forward to reflective displays that 
use these liquid crystals in the not-so
distant future. 

Liquid crystals are not his only 
forte. When he first joined RCA in 
1958, Dr. Heilmeier worked on such 
devices as parametric and tunnel diode 
amplifiers, mixers, and harmonic gen
erators, and was awarded several pat
ents in this area. He also holds some 
patents on thin-film devices, including 
a field-effect transistor with a ferro
electric gate that can be used as a 
storage device. 

The head of device concepts re
search at the Labs, George Heilmeier 
earned his BSEE from University of 
Pennsylvania and his M.S., A.M. and 
Ph.D. from Princeton. 
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Dale Metal Film Resistors provide precise voltage attenuation in the Brush Mark 200 Recorder. 
This highly accurate direct writing system is now in use in the Apollo Deep Space Program. 

"Piece by piece selection to insure 
low noise was eliminated when we began 
using Dale Metal Film Resistors': .. c. M. Jeffries, Works Manager, Clevite Corporation 

Brush Instruments 01V1s1on, Cleveland, OhJO 

Getting optimum va lue from a resistor may hinge on a single performance characteristic. For Brush 
Instruments, this characteristic was the outstanding low noise construction of Dale Metal Film Resis
tors. For you, optimum va lue may come from Dale's ability to supply metal film parts with tightly 
controlled TC.; or from the excellent stability of Dale MF resistors in critical high frequency applica
tions. Optimum value can also result from the assured fast delivery made possible by Dale's expanded 
metal film facilities. • Check metal film suppliers from every angle - including price and the ability 

to provide special parts tailored to your special needs. Then call Dale. 

for optimum value in precision resistors 

Dale Electronics , Inc. 1300 28th Avenue, Columb us , Nebraska 



We're really rolling 
on metal film delivery! 
Erase delivery from your procurement problems! Ex
panded metal film production facilities in Norfolk, 
Nebraska, have enabled us to slash delivery schedules 
to the bone. Production increases daily on all types 
listed below. Call Dale for the best all-around value in 
metal film resistors. The number is 402-564-3131. 

QUICK DELIVERY REFERENCE 
DALE METAL FILM RESISTORS 

TYPE MF 

TYPE MFF 

TYPED -' 

,'. ~ 
/ 

Epoxy-molded metal film resistor. Meets 
MIL-R-10509F (Char. C, D and E). 
Combines high stability with low noise and 
offers exceptional moisture protection. 

Epoxy roll-coated metal film resistor. De
signed primarily for commercial applica
tions. Meets electrical and environmental 
specifications of MIL-R-10509F. Small 
size. Low cost. 

Precision power film resistor molded 
into an aluminum housing for complete 
environmental protection and high 
stability. Wide resistance range, low 
reactance at high frequencies. 

Epoxy-molded metal film package with 
from 2 to 6 elements. Meets MIL-R-
10509F. Available with matched T.C., 
matched resistance ratio. Excellent H.F. 
characteristics. Very low noise levels. 

Gard Testing is available to meet Established Reliability 
requirements at significant time/cost .savings over typical 
100 hr. burn in. Write for Test Report #19590. 

WTlt• lo' Cata/011 A-complete information on precision~ 
film, precision wirewound and industrial wirewound ~ 

Power: 1/20, 1/10, 1/8, 1/4, 1/2, 
1 and 2 watt sizes 

Resistance Range: 10 I! to 10 Megohms, 
depending on size and T.C. 

Resistance Tolerance: .1 %, .25%, .5%, 1 % 
T.C.: ±25, ±50, ±100, ±150 PPM standard 

Power: 1/8, 1/4, 1/2, 1 and 2 watt sizes 
Resistance Range: 10 fl to 10 Megohms, 

depending on size and T.C. 
Resistance Tolerance: .1 %, .25%, .5%, 1 % 
T.C.: ± 25, ± 50, ± 100, ± 150 PPM standard 

Power: 4, 8, 12 watt sizes 
Resistance Range: 50 fl to 2.6 Megohms, 

depending on size 
Resistance Tolerance: .1 %, .25%, 

.5%, 1 % and 2% standard 

Power: 50 milliwatts per element at 125° C 
Resistance Range: 30. l fl to 80.6K ll 

each element 
Resistance Tolerance: .1 %, .25%, 

.5%, 1 %, 2%, 5% 
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"Nonlinear Programming," Apr. 16-18 
(Washington), May 14-16 (New 
York) , June 9-11 (Minneapolis). $250 
for first student and $225 for others 
from the same organization. Review 
of mathematical background; intro
duction to nonlinear programming; 
applications; gradient, concave, and 
convex functions ; Kuhn-Tucker con
dit ions; economic interpretations; 
duality and convergence theories; un
constrained methods; linear and non
linear constraint methods; etc . Regis
trar, Institute for Advanced Technol
ogy, C-E-1-R Inc., 5272 River Rd., 
Washington, D. C. 20016. 

"Project Management Seminar," Apr. 
28-30 (Boston), May 26-28 (Washing
ton), June 23-25 (San Francisco). 
$300. Why project management; the 
project manager; the nature of elec
tronic engineering projects; project 
management organization; project 
definition; network systems (PERT/ 
CPM) ; project management functions 
and tools; work authorization; resource 
management; multi-project manage
ment; project management systems; 
time, cost, and performance evalua
tion; applications and problems; out
look for the future; case studies. Co
sponsored by The Electronic Engineer 
and Booz, Allen and Hamilton Inc. 
John E. Hickey, Jr., Seminar Coordi
nator, The Electronic Engineer, 56th 
and Chestnut Streets, Philadelphia, 
Pa. 19139. 

"Semiconductor Models for Computer 
Analysis," Apr. 29-30, Univ. of Wis
consin-Madison. $70. 
"7th Seminar on Recent Advances in 
Solid State Circuitry," May 5-6, Univ. 
of Wisconsin-Madison. $70. 

For more information on the above 
two courses, contact University Ex
tension, University of Wisconsin, 
Dept. of Engineering, 432 N . Lake St., 
Madison, Wis. 53706. 

"Maximizing Proprietary Rights," 
May 12-13 (Williamsburg), May 15-
16 (Detroit) , May 19-20 (Palo Alto) , 
May 22-23 , (New York). NSIA mem
bers and government personnel, $125 ; 
non-members, $150. Subcontractor 
strategy, modes of protection, per
spective on patents, commercial fall
out from government-sponsored R&D, 
data rights and data banks, economics 
of industrial security, the inventor as 
an employee, the free-lance inventor. 
National Defense Education Institute, 
11 Arlington St., Boston, Mass . 02116. 
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SI NE= 
(Silicon Hydride): 

Ten reasons for its 
growing popularity .. 
sorre interesting 
mixtures you should 
know about ... free 
'state-of-the-art" article 
for your 
files. 

The advantages and versatili ty 
of silane have stimulated in
creased attention in the semi
conductor industry. Why the 
switch to silane? There are ten 
fast reasons: 

1. Higher resistivity, 500 ohm
cm. N Type. 

2. Waste gases are not cor
rosive. No scrubber neces
sary. 

3. Cuts down auto -doping 
from substrate . 

4. Lower deposition tempera
ture. 

5. When growing mult i-layer 
devices there is less diffu 
sion into the epitaxial layer. 

6. Ab ility to grow through 
oxide holes since there is 
no HCI vapor to deteriorate 
the oxide. 

7. No back etching . 

8. Ability to grow on alum i
num oxide without getting 
P Type layers. 

9. Ideal for depositing silicon 
nitride. 

10. Ability to grow low temper
ature glass (SiO:J 

Use this handy coupon for any 
of our helpful literature or if you 
need technical service. 

Silane mixtures? Matheson has them! 
Many of our customers in the semi-conductor indus
try find advantages in using silane mixtures. We pro
vide silane in the diluent gas of your choice , e. g ., 
H2 (U HP), He (UHP), Ar (UHP) 
We're prepared to furnish each of these at any con
centrat ion, from p p m to percentage. 
Details and prices are in ou r new Catalog E-1, 
"Matheson Gases and Systems for the Electronics 
Industry'.' Don 't have one? Just ask. 

Handy summary for your files .. . free! 
Our Allen Armirotto recently authored an excellent 
article , "Silane: Review and Applications'.' Solid State 
Technology thought enough of it to publish it in the 
October, 1968 issue. 
Some of the areas covered include: 
• Properties of silane 
• Silicon Epitaxial Deposi tion Process 
• Low Temperature Silicon Dioxide Deposition 
• Silicon Nitride Vapor Deposition 
• Silane- Bad Actor? 
• Precautions in Handling and Storage 

The article includes some useful diagrams (i .e., an 
automatic si lane epitaxial manifold and a si li con 
nitriding manifold) and generally ties the entire si lane 
story up in a tidy-five-page bundle. 

MATHESON GAS PRODUCTS 
A Div ision of W ill Ross , Inc., East Rutherford . N . J .; 
Cucamonga , Calif .; Gloucester. Mass., Joliet, Ill. ; LaPorte , 
Texas ; M orrow, Ga.; Newark , Calif .; Wh itby, Ont . -----------
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Sillall w-onder! 

ACTUA L SIZE 

New air variable capacitors 
only 0.31 O" in diameter for vertical or horizontal tuning. 

Johnson introduces these new Type 
"T" subminiature air dielectric 
capacitors for trimming applica
tions that call for small size (0.310 11 

diameter) , high Q (greater than 
1500 at 1 mHz), low TC, and low 
cost. Mounting dimensions of ver
tical mount "T" are identical to 
common Vs" diameter PC mount 
ceramic disc trimmers. 

Nominal capacities available range 
from 1.3 pF minimum to 15.7 pF 
maximum. Minimum voltage 
breakdown is 250 VDC. End frame 
is 953 alumina, grade L624 or 

better, DC200 treated . Metal parts 
are silver plated and Iridited to 
inhibit discoloration. 

Plates are precision machined 
from brass extrusions and offer 
exceptional uniformity, stability, 
and absolute freedom from mois
ture entrapment. Temperature co
efficient is plus 30 ± 15 ppm/ 0 C. 
Retrace characteristics are excel
lent. Outstanding stability during 
vibration from 10 to2000Hz. These 
new capacitors meet or exceed 
EIA-RS 204 and MIL Standard 
202C Methods 204A and 201A. 

D Please ru sh a sample of your new Type ""T" ca pacitors. detailed specs and pri ces . 
D Include Catalog 701 covering the entire E. F. J ohnson componen t line. 

NAME _ _ ___________ TITLE _ _ _________ __ _ 

FIRM _ _____________ ,AODRESS ___________ _ 

CITY ______________ STATE _____ _ ZIP ______ _ 
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(IJ. 
E. F. JOHNSON COMPANY 

1404 Tenth Ave nu e S. W .. Waseca. Minnesota 56093 

Providing nearly a half-century of communications leadership 

Circle 25 on Inquiry Card 

"Non • destructive Testing: X-ray 
Course," May 12-16 and June 9-13, 
Cleveland. $300. Picker Industrial, 
Marketing Dept. , 1688 Arabella Rd ., 
Cleveland, Ohio 44112. 

"R&D in Venture Management," May 
15-16, Univ. of Wisconsin-Milwau
kee. Venture manage ment , R&D's 
responsibility in initiating new prod
ucts, new design techniques and capa
bilities as they affect R&D, planning 
an R&D project, how to rate the effec
tiveness of research, financial control 
of venture man.agement, transfer of 
new ventures to profit centers, and so 
forth. John G ammell , Asst. Dir. , Dept. 
of Engineering, The University of Wis
consin, 600 W. Kilbourn Ave., Mil
wa ukee, Wis. 53203 . 

"Market Research Tools," M ay 19-21 , 
Hopatcong, N . J . $225. Practical mar
ket research techniques with which to 
compete in today's electronic indus
try . Registrar, The Center for Profes
sional Advancement, Box 66, Hopat
cong, N . J . 07843 . 

"Selected Applications of Computers 
in Engineering," M ay 19-30, Univ. of 
Michigan. Will teach a problem-ori
ented computer language, the mathe
matical methods commonly used in 
programming engineering problems, 
and will program and solve on a com
puter several typical engineering prob
lems. $400. Engineering Summer Con
ferences , The University of Michigan 
-Dept. ER, Chrysler Center, Ann 
Arbor, Mich. 48105. 

"Analog Si mulation and Computa
tion," May J 9-23 (Princeton , N . J .), 
June 9- 13 (Day ton , Ohio and Albu
querq ue, N . M.). $250. Basic tech
niques of problem-solving by means 
of si mulation and computation with 
the analog computer; operation of EAI 
desk-top analog computers. Ed Sharpe, 
Electronic Associates, Inc ., 185 Mon
mouth Pkwy., West Long Br a nch , 
N . J . 07764. 

"Scientific Management Techniques," 
M ay 20-23, Washington Univ., St. 
Louis, Mo. $165. Model building, 
linear programming, simulation , criti
cal path analysis, and basic concepts 
of operations research as applied to 
management decision making. Joseph 
Movshin , Washington University, Box 
I 048, St. Louis, Mo. 63130. 
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Dream OP AMPS 

-~ --

Here are your dreams come true. 
MIL hybrid FET AD0-1 018 
Metal can DIP 
400,000 gain 
20,000 CMRR 
3 µ. V rms noise 

0.5 pA bias current AD0-32 
Junction FET input 
1012 n input impedance 
12 µ.V rms noise 
20,000 : 1 CMRR 

100 VI µsec for $55.00 AD0-60 
FET input 
2 ftsec settling time (0.01 % ) 
1,000,000 gain 
1.5 MHz full power frequency 

2 µV/°C FET AD0 -268 
100,000 gain 
20,000 : 1 CMR R 
100 µ.VIV supply rejection 
5 µ.V p-p noise 

0.5 µV/°C bipolar AD0-72A 
500,000 gain 
250,000 : 1 CMRR 
5 µ.V/V supply rejection 
10 1tV/week drift (typ) 

Milliwatt power drain AD0-39 
200 µ.A supply current 
FET input 
75,000 gain 
+ 4.5 to + 20 V operation 

These specifications are guaranteed. For complete details on these and other 
dream-fu lfilli ng op amps, consult your local Fairchi ld Controls representative. 

FAIRCHILC 

<=CJ r--..J.-~ C) L-E3 
A DIVI SION OF FAIRCHILD CAMERA & INSTRUMENT CORP., 423 National Ave., Mountain View, CA 94040 (415) 962-3833 

REPRESENTATIVES Illinois Massachusetts Stemler Associates, Inc. Ohio Washington 
Fiat Engineering Associates Vector Sales, Inc. (609) 966-4070 WKM Associates, Inc. Brett Engineering Associates 

Arizona (312) 547-6200 (617) 489-1400 (216) 885-5616 (206) 935-1062 
PLS Associates New Mexico (513) 434-7500 
(602) 258-0067 Ind iana Mich igan PLS Associates Canada 

Fiat Engineering Associates WKM Associates , Inc. (505) 255-2330 Pennsylvan ia BRH Associates, Limited 

California 
(317) 282-5676 (313) 892-2500 Stemler Associates, Inc. Montrea I (514) 733-5331 

CDH Associates New York (215) 644-3477 Ottawa (613) 728-0113 

(213) 345-1644 Kansas Missouri H. R. C. Associates WKM Associates, Inc. Vancouver (604) 985-6221 

Jack Pyle Co. 
Technical Marketing Technical Marketing (516) 627-4644 (412) 892-2953 Willowdale (416) 223-4008 

(4 15) 349-1266 
Associates, Inc. Associates, In c. Ossmann Component 
(913) 831-2888 (314) 427-3600 Sales Corp. Europe 

(315) 454-4477 Texas Fairchild Controls 
Colorado Maryland New Jersey (607) 785-9949 Dannemiller-Smith, Inc. Seestrasse 233 
PLS Associates Stem ler Associates, Inc. H. R. C. Assoc ia tes (716) 442-3290 (214) 357-8249 8700 Kusnacht 
(303) 771-0140 (301) 944-8262 (516) 627-4644 (914) 297-7773 (713) 668-4461 Zurich, Switzerland 
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5 revealing questions to 
ask hybrid manufacturers: 

2 How large is your 
selection of hybrid 

components? Back to the 
Fairchild stores, where 
we've got those 10 mil
lion dice. They include 
everything from simple 
diodes to complex LSI 
functions. If you need it, 
you can get it right now. 
From Fairchild. 

1 Do you manufacture your own chips? Fairchild 
does. We're the only manufacturer that manufac

tures, tests and stores our own chips. We test over 
three million dice in our hybrid facility every month. 
And we store over 10 million dice, ready to be used 
right now. Response to any demand is quick and in 
volume. From Fairchild. 

3 Can you offer computer-aided design? Fairchild not only offers, but delivers. 
If those 10 million single chips in our facility won't do your job best, we give 

your problem to our CAD group. With our new computer-aided design tech

40 

nology, the whole design procedure 
-choosing the logic elements to 
implement your function, gener
ating diffusion and metalization 
masks, even setting up functional 
and electrical test sequences for 
checking out the completed device 
-is all handled by the computer. 
It's just one of the things that 

The Electronic Engineer • April 1969 
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makes our prices the lowest in the industry. Your special functions are available 
fast and economically. From Fairchild. 

4 Are you limited to any spe-
cific technology? Not at 

Fairchild.We use the technique 
that's best for you. Thick film 
for economy. Thin film for accu
racy and radiation resistance. 
Thin film on silicon if the func
tion calls_ for a lot of active 
devices-discretes, MOS or LSI 
,._and few passive ones. What
ever's right. From Fairchild. 

5 Can you make hybrids in production quantities? At 
Fairchild, we make so many hybrids we've even got a 

line of standard hybrid functions priced like discretes. Hybrid 
production is on an assembly line basis, with the lines split 
according to the complexity of the functions being manu
factured. Skills and equipment are matched exactly to the 
products. The products are right on price, performance and 
reliability. From Fairchild. 

When all the answers are in, you'll find that Fairchild is the 
only manufacturer that qualifies as a complete hybrid source. 
For everything. Packages. Products. Substrates. Volume. 

If there are more questions, 
you can get one brochure that FA I RC H I L CJ 
has all the answers. Only from 
Fairchild. Write for it today! SEMICONDUCTOR 

Fairchild Semiconductor I A Division of Fairchild Camera and Instrument Corporation 
313 Fairchild Drive, Mountain View, California 94040 (415) 962-5011 I TWX: 910-379-6435 
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san fernando 
electric manufacturing company 

Electronic components 
of proven reliability 

INTRODUCES 
AN OUTSTANDING RFI FILTER 

Actual Size 

TYPE CF MINIATURE RFI LOW PASS 
FILTER SERIES DEVELOPED BY WEST-C AP® 

~ PACKS MORE INSERTION LOSS IN A 
, SMALLER UNIT THAN EVER BEFORE 

Plus all these features: 

MINIATURE SIZE • LOW WEIGHT • LOW D.C . RESISTANCE • HIGH 
ATTENUATION • HERMETICALLY SEALED • BROADER RANGE OF 
VALUES • GOLD OR SILVER PLATED , STEEL CASE • HIGHER CUR
RENT RATINGS (TO 15 AMPS. ) 

Dimensions (inches) 

@
OSOj:~F 11<-28UNF -2A ----i 

REF 109 0 0 .l7S d•• . r- m•x . . ~ l .soJ L S60 ! 020 1~50 · 670 • 020 --. isoJ 
NOTE Supplied w11h nut ilnd lockwasher 

Ordering information Voltage 

CF 4 A P06 1 G 

-r T -.-- T -,- T TYPE VOLTAGE MOUNTING 

A 50 voe 
s 100 voe 
c 200 voe 

CIRCUIT CURRENT STYLE TERMINAL (115 VAC) 

Circuit 

L- IN 

2 L- OUT 

3 TI' 

4 T 

STYLE 

Mounting Style C"rent in Amperes 
~ 

t 1 .312 NO FLATS 
2 .312 2 FLATS 

~ 3 .190 NO FLATS 

~ 4 .190 2 FLATS 

P06 .06 Amps. 
P15 .15 Amps. 
P25 .25 Amps . 
P50 .50 Amps. 

~ 
~ ~ Terminal Style 

~ G 90° LUG ~ L LEADS 

1 PO 1 .0 Amps. 
2PO 2 .0 Amps . 
3PO 3.0 Amps . 
5PO 5.0 Amps. 

lOP 10.0 Amps. 
15P 15.0 Amps . 

Cal I your representative o f West-Cap high-reliabi I ity 
products or contact West-Cap Division - where service 
and qua I ity count . 

WEST-CAP DIVISION 
1501 First Street , San Fernando, California 
Telephone : (213) 365-9411 TWX (2 13) 764-5963 

STANWYCK WINOING 
NEWBURGH , NEW YORK 

WEST-CAP ARIZONA 
TUCSON , ARIZONA 

GENERAL SCIENTIFIC 
SAN FERNANDO , CALIFORNIA 
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FANOUT 
MARK B. LEEDS, Features Editor 

Hard line. Raytheon Semiconductor, 
which holds a profitable position as a 
second source of integrated circuits, 
has developed a healthy attitude to
wards innovation. Aside from being 
the prime advocate and a pioneer of 
the beam-lead technology, the com
pany will soon announce a number of 
proprietary products in other "hot" 
areas. 

Scheduled for introduction later 
this year is a catalog line of radiation
hardened linear and digital 1cs (see 
EE, Aug. 1968, p. 12). Also on the 
boards: an emitter-coupled-logic line, 
high-speed sense amplifiers, and bi
polar memories. By mid-year it plans 
to introduce multilayer 64- and 265-
bit bipolar random access memories. 

Reed no more. The days of the reed
relay programmed amplifier may be 
numbered. A Dana Laboratories mar
keting official predicts the advent of 
a fully solid-state unit by mid-year. 
More compatible with other digitized 
instruments, the amplifier will report
edly sell for $1200-$1500. Its specs 
include a voltage gain of 1000, a band
width of 50 kHz; also, less noise, a 
faster overload recovery time, and a 
shorter settling time than with the 
reed unit. 

Frequency synthesizer. Dana will soon 
unveil a bargain digiphase frequency 
synthesizer. The instrument, a precise 
sine wave source, reportedly offers 
more flexibility per unit of cost than 
comparable equipments. Designated 
the series 7000 model, it covers de to 
I I MHz in 1-Hz steps and de to 100 
kHz in 0.01-Hz steps. Pricing is about 
$4800-$6000, depending on options. 

A marketing spokesman says the 
key to the instrument is its simplistic 
design , which uses solid-state rf cir
cuitry and 1c digital logic in place of 
complex frequency dividing and 
counting stages. The unit will compete 
with Hewlett-Packard's Model 5103A, 
and simil ar models from General 
Radio and Fluke. 

The HP synthesizer, priced at about 
$7000, goes up to 10 MHz in 1-Hz 
steps. Its switching speed is under 20 
µsec and operating temperature range 
is 0 °-55 °C; with D ana's model the cor
responding figures are 200 µsec and 
0 °-50 °C. Stability is also superior in 
HP's-2 x 10-10 per °C against 1 x 10-7 

for the 7000. 
Looking ahead, Dana is planning 

to add a JOO-MHz source and a com
patible tunable tracking voltmeter to 
the line. 
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It's a new kind of connecting. 
The little connectors above are 
really one connector. You take as 
many pieces as you need, mix them 
together, and use them to connect 
any size of p.c. board to a mother 
board. 

That's not spectacularly new. 
Connector modules for use in 
bread-boarding have been around 
for a while. 

But these new Mojo™ Series 
6308 p.c. connector modules* are 
not just for bread-boards and 
prototypes. 

Not hardly. 
When used with plated-through 

holes on the mother board, they are 
one of the slickest production 
tricks to come along in quite a 
while. Contact tails combine a 
square wire-wrapping post with a 
specially designed locking feature 
which, when press-fitted into a 
plated-through hole, provides a 
gas-tight and reliable electrical 
connection. 

No, you don't have to solder. 
Yes, you can wire-wrap if you 

want. 
And, yes, you'll save time and 

money in moving from prototype 
into production. Because connectors 

• Patent pending 

of virtually any size can be built 
up economically from just two 
sizes of modules, you don't need a 
large inventory. Or custom con
nectors. And you only have to 
insert modules where connectors 
are required, saving a few more 
pennies. 

And, no, you don't give up a bit 
of connector reliability. The ex
clusive swaged single-beam design 
of the dual-readout contact provides 
optimum spring rate and deflection 
characteristics. A preload applied 

OJO p.C. E~COM 
·™ 

Connectors 

to the contact nose in the insulator 
makes sure that the contact really 
holds on to the card, while keeping 
the contacts well apart when the 
card is removed from the connector. 

Mojo™ p.c. connector modules: 
Specs in brief 

Material 
Glass-filled DAP 

Contacts 
Cantilevered-beam, dual read
out, bifurcated nose .. 150" 
centers. Center modules have 6 
contacts. End modules have 4 
contacts, molded-in card guide. 

Tails 
.031" square wire-wrapping 
type 

Mounting 
Press fit, in .048" dia. plated
through holes, 3/ 32" to 1/8" 
thick board. 

For more information, write, 
wire, call, or TWX us for our 
Mojorn p.c. connector module 
data sheet. Elco Corporation, 
155 Commerce Drive, ·-
Fort Washington, Pa. ~ 
19034. (215) 646-7420; 
TWX 510-661-0. 



Now you can revise your thinking 
about the size of latching relays! 

New P&B magnetic latching relay 
cuts mounting space in half 

Our new KUL takes up only about half the chassis area of 
mechanical interlocking latchers. Only one relay is used. not 
two. The price (starting at $6.05) is a lot less. too. 

The secret? A unique magnetic circuit design. Voila ! A small 
latching relay with excellent memory stability .. . one 
designed for continuous duty but which will stay latched 
without power on the coil. And remember. there are no 
mechanical interlocking members to wear out. 

Single or dual-wound (polarized) coils are available for DC 
operation to 110 volts. Single coil. two-input. AC units 
(to 120 volts) employ diodes for pulse separation. Contact 
arrangements up to 3 Form C are available for switching 5 or 
10 amperes. Quick-connectjsolder terminals fit nylon 
socket rated for 10 amperes. 

KUL relays are recommended for a host of commercial 
applications such as process controls. business machines. 
alarm systems. battery chargers and the like. 

Wide Choice of Other Pa.B Latching Relays 
KUB SERIES. Latching relay employs two KU relays. 
Quick-connect/solder terminals. Coils operate on same or 
different voltages. Exceptionally rugged. die-cast zinc base. 

KB/KBP. Two KA relays with mechanical interlocking 
feature. Solder terminals (KB) or octal-type plug 
and nylon case (KBP). 

Need more information? Call your local P&B sales engineer 
or the factory direct. Potter & Brumfield Division American 
Machine & Foundry Company. Princeton. Indiana 47570. 
Telephone: (812) 385-5251. 

PDTTER&BRUMFIELD 
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WELCOME 

Here we welcome new companies or 
new divisions in the electronics indus
try. For more information, circle the 
appropriate numbers on the reader 
service card. 

Optoelectronics opener. Dedicated to 
the production of "electronic products 
for the growing computer industry," 
Optron, Inc. was recently formed in 
Carrollton, Tex. (near Dallas). The 
firm's basic product-the OP-600-is 
an npn silicon light sensor for char
acter recognition, tape and card reader, 
velocity indicator, and encoder appli
cations. This sensor is presently avail
able in production quantities. 

Optron's product line is expected to 
include silicon photo transistors and 
diodes, optical detector arrays, light 
emitters , and custom products. 

Circle 412 on Inquiry Card 

Measurement instruments. Incorporat
ed this past December, Scientific 
Measurement Systems, Inc., Moores
town, N .J. , is ready to market its first 
product line-medium-priced, semi
automatic integrated circuit testers. 
Priced between $12,000 and $20,000, 
the basic Mica 150A tests most stand
ard digital circuits. It is modular in 
concept, so you can add various func
tions and significantly change the types 
of tests it makes. 

This IC test line was purchased 
from Computer Test Corp. The first 
units are expected to be shipped by 
early spring. 

The new firm's second produc;,t line 
will consist of a statistical averaging 
computer, whose function it is to re
cover signals from noisy environ
ments. The prime user of this device 
will be the biomedical field . Alexan
der Baker, SMS's president , explains, 
"If you're able to differentiate a per
son's nervous system response, for 
example, against the other extraneous 
variables (such as noise) that creep in, 
then you can make some reasonable 
decision as to how this person is re
sponding as a function of a given 
stimulus." 

This computer, which also has 
many applications in the physical 
sciences, is expected to be in pro
duction by the end of this year. A 
third product group-still in the de
sign stage-will be a line of sample
and-hold instruments. 

Circle 413 on Inquiry Card 
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IC testing for hire. Systems manu
facturers who are torn between in
house testing or not testing at all now 
have an alternative. Logic Electronics, 
formed about four months ago in 
Malden, Mass ., tests and screens mi
croelectronic devices, and integrated 
circuits in particular. The company 
uses Fairchild's 5000/ 5800 test system 
to perform the testing (both ac and 
de) . Both linear and digital 1cs-in 
fact, all presently available integrated 
circuits-can be tested by the new 
firm. The cost varies according to de
vice complexity. 

The one big problem the facility 
has encountered is alerting the indus
try to the alternative of in-house test
ing. Previously, overloaded companies 
would just not test at all. With Logic 
Electronics they have a way out. 

Circle 414 on Inquiry Card 

Memories and computers. Since its 
formation almost two years ago, Data
craft Corp. has been making a line of 
magnetic core memories, and has just 
recently gone into the computer busi
ness. Its DC 6024 digital computer is 
probably one of the highest-speed units 
(600-ns full cycle time) in the medi
um-price range. 

Particularly noteworthy is the com
pany's software policy. It agrees with 
Uncle Sam, Control Data Corp., and 
Data Processing Financial & General 
Corp.-all three are suing IBM-that 
the basic cost of a computer should 
not be "inflated" with software. Data
craft sells, therefore, only a minimum 
amount of software with its computer, 
making the unit very competitive. 

Says Jon Momberger, the firm's 
director of marketing, "We have a 
basic set of software included in the 
original price. Optional software is 
priced separately as a product in it
self. Thus the user only pays for the 
software he requires." 

Datacraft didn't formulate this 
policy with IBM in mind , maintains 
Momberger. "We did it purely because 
we thought that's what the customer 
wants." 

Based in Fort Lauderdale, Fla., the 
company also makes a wide range of 
high- and medium-speed magnetic core 
memories for applications involving 
complex computer systems, data trans
mission storage systems, and CRT dis
plays. 
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This 4PDT Power Relay 
enables you to fit 4 poles 

where 2 fit before 

This compact, heavy-duty 4PDT 
power relay is designed to oc
cupy about the same space as a 
conventional 2-pole relay. It 's 
available with a wide range of 
operating voltages for a host of 
single phase and polyphase 
heavy-duty switching applica
tions. There are three versions: 
The PM standard series with 
screw type terminals, the PMT 
with quick-connect terminals , 
and the PMC with plast ic dust 
cover. 
Mechanical life is in excess of 10 
million operations at a maximum 
of two cycles-per-second with 
50% dwell time. Buzz-free oper
ation throughout the life of the 
relay is assured by a unique arm
ature design. Standard coil oper
ating voltages range from 6 to 
480 volts AC, 50/60 Hz or 6 to 
11 O volts DC. The standard PM 
series relays are listed by Under
writers ' Laboratories and Cana
dian Standards Assoc iation. 

PMC, with plastic dust cover . 
Also available with metal cover. 

PLUS P&B Capabilities and 
Facilities that insure 

•Controlled Duality •Reliability 
• Long Life• On Time Deliveries 

A~F 
PDTTER&BRUMFIELD 
Division of American Machine & Foundry Co . 

Princeton, Indiana 47570 
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55 =20 contacts, =22 shell. 
Area-2.44 sq. in 
Weight - I 3 oz. 

55 =23-22 contacts, 
.=!6 shell . Area - 1.58 sq. in. 

Weight-.9 oz. 

Metal clips stood in the way of better 
connectors. They limited the number 
of contacts, scratched plating and 
robbed essential dielectric wall thick
ness. So we tossed them out. 

Our Astro/348®, MIL-C81511 con
nector design replaced them with a 
contact retention system integral to the 
dielectric. And an interesting thing 
happened. Originally developed as a 
high-density subminiature, Astro/348 
turned out to be a better miniature and 
standard design, too. It packs more 
contacts into less space than retention 
devices with metal clips permit. 

This simplification created other ad
vantages, too. For example, Astro/348 
connectors cost less per circuit than 

other present-day connectors. We ex- • 
pect Astro/ 348 to become the standard 
connector family for the next decade. 

We'd like to demonstrate how the 
Astro/348 is smaller in size, bigger in • 
performance. Call or write Bob Meade 
for an appointment. Amphenol Con
nector Division, 2801 S. 25th Ave., 
Broadview, Ill. 60153. ( 312) 261-2000. 
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Terminal junctions make their debut 
Wherever you see a terminal today-

whether it is on a terminal board, behind a meter, or on a relay, 

there is a potential application for the new terminal junctions. 

Staff report, The Electronic Engineer 

A concept of terminating wires that eliminates the haz
ards of exposed screws or lugs may be the answer to the 
aircraft industry's interconnection problems. There can 
be benefits for other industries, too. 

Most interconnections are made with terminal boards; 
but, more than a dec?de ago, the automotive industry 
started using terminations that require only crimping and 
insertion. Their objective was to reduce assembly costs. 

This method of termination is satisfactory for pri
vate planes, but the high performance commercial planes 
need a device that offers protection from contaminating 
environments and accidental shorts , plus reliability . 

In a terminal junction, a small metal contact crimped 
onto a wire fits into a receptacle that provides electri
cal continuity with positive, mechanical connection; in 
the sealed version, the wire passes through a resilient 
silicone or ftuorosilicone plastic grommet, bonded to the 
receptacle holder, before making contact. 

Weight and space conscious aircraft builders have 
good reason to be interested in terminal junctions; the 
table shows the savings offered by a typical sealed 
system . 

Term inal junctions are not new 

As far back as 1962, M atrix Science Corp. proposed 
an integrated system that used a device intended to re
place the standard lug type terminal strip . And Burndy 
Corp. was marketing Crablock, a terminal strip replace
ment product of its English affiliate. 

In 1966, the Navy initiated a program to evaluate 

terminal junctions as a replacement for boards. But only 
within the last two years have the majority of OEM's and 
the military considered the concept on a total program 
basis. 

In 1967, the Defense Supply Agency started the 
wheels turning on a procurement document for sealed 
terminal junctions. (A procurement document elim
inates the time and expense of a development program 
because it requires the availability of an off-the-shelf 
item.) To achieve tri-service interchangeability, DSA 
wanted a single design. Because of its 1966 experience, 
the Navy was se lected to evaluate the available 
products. 

The Naval Air Development Command initiated the 
program by setting up desirable criteria and inviting 
interested manufacturers to review them for recommen
dations. When the criteria were finalized AMP 
Amphenol , Burndy, Deutsch, and Matrix s~bmitted 
samples. 

The evaluation included the standard military tests 
and emphasized voltage stability. The latter consists of 
monitoring the voltage drop change through a junction 
while the wire is wiggled in a set pattern . The test out
come was a key factor; the selected contact design-by 
Matrix- changed less than 1 m V while the others varied 
6 or more millivolts. 

Some manufacturers trace this superior performance 
to the rigid electrical connection achieved at the cost of 
a high insertion force , about 7 lb. In multi-conductor 
connector design, this force would be too high; but it is 
perfectly satisfactory for single wires. 

Weight and space comparison (approx.) 
Terminal board vs. sealed terminal junction 

Wire size 

20- 24 

16- 18 

"'l • • 
10- 14 
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Weight Volume 
(grams/connection) (cubic inch/connect ion) 

Number of ----- ----- - -------- ----------
connections Terminal Terminal Terminal Terminal 

40 
80 

40 
80 

40 
80 

Board * Junction+ Board * Junction+ 

1.90 
1.80 

1.95 
1.90 

3.3 
3.2 

1.45 
1.35 

1.95 
1.85 

3.55 
3.40 

0.140 
0.125 

0.150 
0.140 

0.190 
0.175 

"' Includes term inal boa rd ha rdwa re a nd wire t e rminals. 
+Includes mounting frame, modules, a nd wire contacts . 

0.075 
0.060 

0.095 
0.080 

0.160 
0.140 
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Most redesigns entail a separate, stronger mechanical 
connection that provides the needed rigidity and permits 
the use of copper in the receptacle contact for higher 
conductivity. 

A preliminary, undated specification, designated 
MIL-T-81714, is now in editorial review; it should 
appear in final form in June 1969. The word "system" 
is used in the specification because the military sees this 
arrangement as having application on relays, switches, 
splices, and some connectors as well as replacing 
terminal strips. 

The critical detail for an integrated system (i.e., one 
in which relays, switches, and other devices have 
receptacles similar to those in the modules replacing the 
terminal strips) is the wire contact. The specification 
establishes the exact terminating contact configuration 
for the various wire sizes. 

One manufacturer, Deutsch , has already started on 
such a system . A relay, made by its Filtors Relay Div., 
is offered with receptacles that accommodate the firm's 
proprietary wire contact, although this does not have 
the same configuration as that detailed in the specifi
cation. 

The spec allows for various circuit arrangements 
among the receptacles in a module; i.e., different 
combinations of receptacles can be connected in com
mon. After analyzing their needs, however, some air
craft builders find that their requirements can best be 
satisfied by using one type of module, both to simplify 
the assembly and to reduce the inventory. 

Noteworthy use of terminal junctions includes the 
Apollo program and the F-111. Preliminary testing to 
anticipated SST stress requirements, however, exposed 
failure modes in existing designs. Latest advice from 
Boeing is that the problem will not have to be solved. 
The junctions will be in a pressurized atmosphere under 
no greater stress than that which the passengers experi
ence. 

Marketwise, conservative estimates show the ter
minal junction system challenging 50% to 60% of the 
terminal board business, but no more than 10% to 15 % 
of the connector field. 
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INFORMATION RETRIEVAL 
Connectors, Packaging, 

Wires and cables 

The military specification permits use of modules accommo
dating different wire sizes in the one mounting frame (left); 
however aircraft manufacturers prefer to standardize on one 
wire size and one type of module. (Photos courtesy of Matrix 
Research and of Microdot.) Microdot is sole licensee of 
Matrix. 

Weight and volume savings rendered by terminal junctions 
(when compared with terminal strips) become appreciable 
as the wire becomes finer. The protective grommet's sealing 
action on the terminal junction (right) eliminates the con
tamination and shorting hazards of the exposed terminals. 
Terminal junctions on relay offer fast connection and en 
vironmental protection. It is the first step towards an inte
grated termination system. (Photo courtesy of Deutsch
Filtors.) 

Terminal junction modules provide feedback or a feedthru 
capability for terminating wires; splices are also available. 
(Photo courtesy of AMP, Inc.) 

Plastic tool helps the operator to insert the terminated wire 
properly into the socket, and to remove it wit~out damaging 
the junction. (Burndy is developing a metal -tipped t?ol that 
will last longer than the plastic one). Note the plastic plugs 
that cover the unused holes to keep the system sealed. 
(Photo courtesy of Burndy). 
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Innovation in IC packaging panels 
Let Augat provide nexibility, reliability and fast turn around time you need 

You con hove increased flexibility - and save time, 

space and money - with Augot's unique 2-dimensionol 

approach of packaging IC's on a point-to-point basis. 

And regardless of the size of package, Augot can 

design and produce the panels and peripheral hardware 

to solve your most difficult packaging problem. 

In addition to standard panels, modi fl cations con be 

mode to your specification without premium charge: 

Standard sockets and connectors, providing excellent 

lead retention, low contact resistance, and long 

life reliability ore used on all panels. 

The Electronic Engineer • April 1969 

Illustrated ore four methods of input-output 

connections. These ore available on virtually any size 

or shape panel required to fit your existing cabinets, 

racks and drawers. Variations in contacts and 

ma teri als permit unusual pricing flexibility. 

Why wait. Call Augot for fast proposal and delivery. 

Tel: 617 / 222-2202 or write 

for our complete IC folder. Augot, Inc., AUG l'J. 
39 Perry Ave., Attleboro, Moss. 02703. jl 1Nc. 
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Circle 34 on Inquiry Card 
The most choices. The most combinat ions. 

The most reliable connectors to meet your toughest rack and panel specifications. You can 
choose from the industry's biggest selection of connector types and sizes, pin and socket 
combinations and related hardware. You also get the most in savings. Because our connectors 
and our automatic too ling right in your own plant give you the lowest total installed cost. 

Our AMP-0-MATIC* Stripper-Crimper Machine, for example, strips each cabled wire and cri mps 
on pins or sockets - up to 1000 an hour. And ou r AMPOMATOR * Automatic lead-making 
machine feeds, strips and crimps at speeds up to 12,000 finished terminations per hour. 
That's what we call ECONOMATION ... economy, rel iability and range of choice. 

For complete " M" Series Connector information, write to 
INDUSTRIAL DIVISION, AMP INCORPORATED, HARRISBURG, PA. 17105. 

p 
INCORPORATED 



Bracelets by J . E. Caldwell Co., Philadelphia-$13,200 

Amplifiers by Clifton 
Clifton care and know-how 

combine to make a line of ampli
fiers which offer you superb 
quality and reliability-and at a 
price you can afford! 

In Clifton amplifiers, all sol
dering and welding meet or ex
ceed the requirements of NASA 
NPC 200-4 and SP-5011. All 
amplifier components meet the 

requirements of MIL-S-19500. 
Rigid quality control in-line and 
final inspection assure top work
manship. Extensive temperature 
testing is performed to verify 
end product performance. In ad
dition, our over all quality pro
gram meets MIL-Q-9858. 

The result is predictable! 
Clifton servo amps, booster re-

52 Circle 35 on Inquiry Card 

solver amps and electronic mod
ules make your system look 
good! 

Call your Local Clifton Sales 
Office or 215 622-1000 for 
prompt service. 

Why not buy the best? 

~Sl~!F~!l~S~ rn 
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A five-part course 
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S t o roo• L--------------------- Data: 

acquisition, processing, and display 

This last installment of the Teleme
try Course tells how the data is 
presented for use by a human being. 
Some type of display is the best 
method to present alphanumeric or 
graphic information for quick input 
to the brain. Various types of dis
plays, from typewriter to very 

Informat ion 
sensed 

oOd 
Doto link prepared 

'°' 1ronsm1ssion 

sophisticated "light" displays are 
discussed. The heavy accent is on 
quick changing, light type displays. 
Current displays and those still in 
early development are covered along 
with background information about 
basic physical effects being applied 
to new systems. 

Dal o 
received 

ood 

0010 
presen tat ion 

10 
humans 

• Aud ible 

As do all good courses, this one 
has an examination included with 
this month's installment. All readers 
who successfully pass the exam will 
receive a certificate of successful 
completion that is suitable for fram
ing. So, don't forget to do your exam 
and send it to us for marking. 

_ _____ {0__,_ 

'' '' ---
Mechonocol outputs - - / / / 

processed .. , 
• Vi sual 

pre sento1ion 

/ 
/ 

• V isual · " Lic;iht" dev ices 

The two most likely senses of the human being to use 
for putting data into the brain are hearing and sight. 
Hearing is very time limited and not practical except 
in " alarm" situations. This leaves sight as the fastest 
means. As a display for our eyes, there is the mechan-

ical types such as typewriter displays or plotters, and 
the light types like a cathode ray tube. Because the 
mechanical types are speed limited and often display 
limited for some applications, light type displays are 
the best solution for high speed brain input. 
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Telemetry course-Part V 

Displays-
Techniques and Technology 

Here is a chance to learn about light type displays, 

both present and future. 
To better help you understand how they work, 
basic principles are included. 

Harry C. Morgan, Project Leader 

Autonetics, divi sion of North American Rockwell , Anaheim, Calif. 

A data acquisition system-to become an information 
system- must translate the encoded data flow into 
symbols that can be understood by the receiver. These 
symbolic elements (for humans) could be tactile or 
aural, but the fastest route to human understanding 
is visual. A picture is indeed worth a thousand words. 

The creation of any display involves three principal 
elements: 

• A source of light, 
• Manipulation of the light to form des ired visual 

information, 
• Information to be displayed . 

This article discusses the basic techniques which imple
ment these three elements, together with representative 
practical systems. 

T he first displays were paintings, laboriously hand
d rawn by the pai nter. Uniform illumination "reads out" 
the picture information by a process of selective specular 
absorption and reflection. Such a display technique was 
almost universally used during World War II for battle 
display boards, updated by hand with chalk or crayon 
on area maps. 

E ven in most earlier telemetry systems, the PCM 
binary data was demultiplexed and then decoded 
directly to electrical analog signals that were connected 
to chart recorders, meters, or other simple single param
eter output devices. The present trend is to leave the · 
data in PCM form until it gets to the final display trans
ducing element to preserve accuracy, and permit more 
complex information displays. 

54 

Basic display techn iques 

Two of the basic elements in display creation-a light 
source and its manipulation- are usually achieved by 
physical or physical-chemical effects . 

Electrostatic and magnetic effects: Because light is 
electromagnetic in nature and atoms are positively 
charged heavy nuclei with orbiting negative charges 
(electrons) , an interaction occurs between them. This 
is the refraction, diffraction, reflection, etc., of light by 
material objects such as glass . Strong magnetic or elec
tric fi elds applied to the objects affect their optical 
properties . Some optical effects that have been observed 
are : 

• Faraday effect 
• Kerr effect 
• Cotton-Moulton effect 
The Faraday effect is the rotation of the plane of 

polarization of light transmitted parallel to the lines of 
magnetic force in a material. The amount of rotation 
is very small and is greatest in ferromagnetic materials 
(iron, nickel , cobalt) . It is best observed in magnetic 
materials by reflection from magnetic thin films on 
glass and has been used to aid in the manufacture of 
digital shift registers. 

The Kerr effect is the rotation of the plane of polar
ization of light transmitted by transparent isotropic 
materials such as glass, water and carbon disulphide by 
an electric field. In solids such as glass, response time 
may be in the order of several seconds, while the on-off 
time constant in many non-polar liquids may be less 
than I0-11 seconds. The Kerr electro-optical shutter is 
based on this principle and can modulate a light beam at 
frequencies of 1010 Hz or more. 
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The Cotton-Moulton effect is a magnetic field analog 
of the Kerr effect. It is much smaller than the Faraday 
effect and light must be perpendicular to the magnetic 
lines of force to separate the two effects. 

Electroluminescence: Electroluminescence is the 
direct interaction of electrons with atoms to produce 
light. Examples of such light sources are "electro
luminiscent" light panels, gaseous glow tubes (neon 
lights, mercury arc lights, Nixies®), cathode ray tubes 
and light emitting diodes. Electroluminescence occurs 
when an electron orbiting an atomic nucleus is excited 
into a higher energy orbit (further away from the 
nucleus). This is an unstable state, and after a very 
short time (if not interfered with by atomic collision) 
the electron falls back into its lowest energy state and 
emits an electromagnetic quanta (visible light, infrared, 
etc.). In a gaseous light source, this is an accurate 
description of the interaction. 

In electroluminescent solids or liquids the nearness of 
adjacent atoms distorts the electron orbits so that the 
interaction of adjacent atoms complicates this simple 
picture and multiple energy transitions can occur. These 
multiple transitions usually broaden the frequency of 
the light output so that it is no longer a single frequency 
color. 

Laser light sources: In a laser light source, a source 
of energy (termed "pump source") excites a large 
number of atoms so that one of their orbital electrons 
is raised to a higher energy state and then all of the 
atoms are triggered by a second energy means to emit 
light at the same time. When the electrons fall back to 
their original energy level, light is emitted. The electro
magnetic waves in the emitted light are in exact phase 
with each other, and the light is called "coherent". The 
laser output may be modulated in much the same way 
as radio waves. 

Electron beam deflection: The most common display 
system today is the cathode ray tube (CRT) . A fine 
electron stream generated by an electron gun is manip
ulated in two dimensions (x and y) by two orthogonal 
pairs of electrostatic reflection plates. The manipulated 
electrons "paint" a picture on a layer of fluorescent 
material. The brightness of the image may be controlled 
by varying the number of electrons reaching the screen, 
so it is possible to produce tonal images with this 
method. 

Mechanical deflection: If a pencil thin beam of light 
is reflected from the surface of a mirror or refracted 
by passing through a glass prism, it can be moved 
around on a screen by mechanically moving the mirror 
or prism. Two mirrors or two prisms disposed so that the 
light spot on the screen can be moved in two directions 
constitute the elements of early TV systems. Mechanical 
deflection systems are seldom used in modern display 
systems except where a simple movable element or 
symbol is overlaid on a more complex display screen. 

Electrochemical photographic techniques: photo-
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graphic techniques are frequently used in display 
systems. They economically implement the display of 
large quantities of fixed or slowly changing data, such 
as area maps. An image is first formed on light-sensitive 
emulsion by means of a lens and light source. The latent 
image in the film, consisting of ions generated by the 
interaction with light quanta, is chemically developed. 

Electromechanical: An electrostatic field applies a 
mechanical stress to any dielectrical material in which 
it exists. If the material is a solid, little atomic movement 
takes place. If the material is a liquid, or can be made 
a liquid temporarily, enough material displacement 
occurs to change the optical path of light which passes 
through it. Sheets of thermoplastic materials or oil films 
distorted by electrostatic fields have been used in sev
eral practical display systems. This system is often called 
the Schlieren projection display system. 

Special elements: There are several more complex 
physical effects that have been used in displays. The 
photochromic display, developed by NCR, (RCA also 
has done work, see page 13, June 1968 EE) is in a 
sense similar to the photographic technique except that 
the information can be erased at will. A photochromic 
material is one which is transparent in its low energy or 
normal state. Upon exposure to ultraviolet light (300-
400 mµ, wavelength) the material becomes relatively 
opaque to visible light. This opaque state is unstable and 
gradually changes back to the normal transparent state 
in any time from a fraction of a second to an hour, 
depending on the particular photochromic material. The 
application of heat of 500-600 mµ, wavelength illum
ination switches the material back to the transparent 
state. As generally used in displays, the photochromic 
material is a thin film on a glass or plastic slide which 
can be optically projected upon a screen. Information 
can be written upon this slide in time serial or in time 
parallel analogous to photographic techniques. 

A new material for displays was announced by RCA. 
As recorded in the November 1968 issue of The Elec
tronic Engineer, liquid crystals are used in experi
mental alpha-numeric displays. A quasi-emulsion of two 
liqu id crystals (nematic and cholesteric) has two optical 
states: transparent or reflective. The normal condition 
is reflective. Under the influence of an electric field 
(audio frequency AC), the nematic molecules line up 
in an orderly manner, permitting the trapped clumps 
of emulsified material to break up and turn transparent. 
While further development is needed before this prin
ciple can be used, simple and inexpensive alpha-numeric 
and two-dimensional "matrix" style displays are antici
pated. 

Display systems 

Fig. 1 shows the elements of a conventional multiple 
display system. The telemetry digital data is decoded 
to an analog electrical voltage, then distributed to the 
various output meters, chart recorders, or multi-channel 
recording oscillographs by a demultiplexer. Each output 
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display device is manually observed and data recorded 
for computation, often a very laborious process. 

Many present telemetry data systems preclude the 
observers scanning several different display elements 
because data are rapidly changing real-time information. 
In the continental air defense command display, for 
example, many data sources are integrated onto a map 
of North America. Potential aircraft or missile threats 
are displayed in real time on the map, together with data 
concerning their altitude, speed, identity, etc. 

A great deal of information must be displayed so 
that decisions can be made rapidly based on · timely 
information. 

Some of the techniques 

A very basic display technique is the projection of 
a photographic transparency optically. (Fig. 2). This 
is nearly always used for non-real-time data, where the 
time used in developing and processing the photographic 
film is tolerable. Many display systems use this optical 
projection system but, for the transparency, substitute 
an element which can be developed in real time. Some of 
the most common systems are: 

• Iconorama 
• Kalvar film 
• Eidophor oil film 
• G .E. thermoplastic film 
• Photochromic systems 
• Pockel-electro optical crystals 
The Iconorama system uses a slide covered with an 

opaque metal coating. A servo actuated scriber traces 
lines and symbols through the coating in real time. 
Brightness and contrast are excellent, and Iconorama 
has been used for aircraft tracking applications . Up
dating requires that the slide be changed and the new 
information be written on the new slide. 

Kalvar film is one of several dry diazo materials used 
instead of photographic film to shorten the develop
ment time. Ultraviolet light creates a latent image in 
the form of microscopic pressure centers in the diazo 
material which is on a transparent film base. To develop 
the image, the diazo material is softened by heating to 
about 240°F. The pressure centers expand into gas 
pockets, permanently distending the material. These 
gas pockets refract and scatter the light from the light 
source and create a dark spot on the screen. 

Fig. 3 shows a typical Eidophor oil film display. A 
pattern of electrical charges is put on the oil film by 
scanning a stream of electrons over its surface, as in a 
CRT. The oil film is illuminated from the side by a 
mirror disposed at 45 ° to the projection system. A 
series of reflective and transparent strips on the mirror 
perform the function of the light stop. 

The areas of the oil film that received the charge 
are distorted (see section on electro-mechanical tech
niques) and reflect light through the transparent strips 
of the mirror onto the display screen. Reflections from 
uncharged (and undistorted) areas of the fi!m are 
stopped by the opaque strips. 
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Due to the vapor pressure of the oil, a vacuum must 
be maintained at all times, making this an expensive 
system. 

Fig. 4 shows the elements of a GE thermoplastic film 
projection system that is similar to the Eidophor 
system. The pattern of reflective bars and transparent 
strips here is on the hypotenuse of a right-angled glass 
prism. The already deformed thermoplastic film is 
separated from the prism by a specific thickness of 
transparent material. This buffer material must have 
a refractive index near that of the prism and the film 
and must be in optical contact with both to prevent 
total reflection. The thermoplastic film can either have 
an electric charge pattern put on it by an electron gun 
or in a manner similar to the Xerox printing process, 
using a uniform electric charge changed by light. Heat
ing immediately after exposure deforms the thermo
plastic to fix the latent image. 

Pockel electro-optical crystals twist the plane of 
light passing through them when they are stressed by an 
electric charge on their surfaces. The effect is similar 
to the Kerr effect but has a short time constant and 
larger twist angle for the same applied voltage. The 
material most often used is potassium dihydrogen phos
phate (KDP) . Fig. 5 shows how an electron beam 
scanning system places a charge pattern on the surface 
of a plane parallel KDP crystal. Polarized light from 
a light source illuminates the KDP crystal. . A second 
polarizing screen between the KDP crystal and the 
projecting lens is optically turned 90° from the first 
screen to stop all of the light passing through a crystal 
with no charge pattern upon it. A charge pattern causes 
the crystal to twist the plane of polarized light varying 
amounts depending upon the charge density, resulting 
in an enlarged visual image of the charge pattern upon 
the screen. One major drawback of this system is that 
the vapor pressure of the KDP requires a vacuum pump 
running continuously. 

Varian has just announced an experimental new 
photographic film or paper whose latent image can be 
developed electrically instead of chemically. While few 
details were released, Fig. 6 shows how such a system 
might work. The "film" could consist of three layers, two 
electrodes and an electrolyte. Light would release photo
electrons into the electrolyte. Under the emf of the bat
tery, the electrolyte would plate material from the back
ing electrode upon the transparent surface electrode to 
form an image. Since an image could develop only with 
an electromotive force present, no shutter would be 
needed. The film could be immec ately projected. While 
not mentioned in the press release, it would seem that 
the process should be reversible. If the polarity of the 
applied voltage were reversed at the same time that the 
fi!m is flooded with uniform illumination, the developed 
image should plate back upon the backing electrode. 
This process should therefore have considerable display 
potential. 

Fig. 7 shows the basic elements of a 3D optical 
projection system that has been used for both slide 
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Fig. 1: Here are the elements of a conventional mul· 
tiple display system that you can expect to see with 
some systems. 
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Fig. 2: A very basic display technique is the projection 
of a photographic transparency. This is a 20 system 
for non·real -time data . 
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Fig. 3 : This shows, basically, the Eidophor oil f i lm 
display system. Because of the vapor pressure of the 
oil, a vacuum must be maintained. 
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KDP as the "optical" material. Electrical charges on 
the surface of KDP control the light passing through. 
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Fig. 6: An experimental system by Varian has a new 
photographic film or paper whose latent image is 
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and movie projection. In essence it consists of two 
duplicate projectors side by side. One transparency 
is illuminated with vertically polarized light, the other 
with horizontally polarized light (polarized 90° with 
respect to the other) . (The screen cannot be of a dif
fusing or scattering type of surface or the image polar
ization is lost.) Viewing is with special polarized glasses, 
with the polarizer in one lens vertical, in the other 
horizontal. Each eye sees only one projected image, 
but the brain fuses the two into a single three 
dimensional view. To take the pictures, two identical 
side by side cameras are used, with the center line of 
the two lenses the same separation as the distance 
between average eyes. There has been little or no use 
of 3D in display systems, but a feasible system would 
increase the information content of displays tremen
dously. 

Multiple optical overlays 

In complex displays, it may be necessary to combine 
several different displays into a single view. Fig. 8 
shows how a beam splitter can combine three black and 
white color separation transparencies into a single color 
display. The 3 way beam splitter is made up of four 
precision right angle glass prisms cemented together. 
The two small sides of both the right and left prisms are 
coated with a 50% transmiss ion coating. One problem 
with this arrangement is the large light loss (75%) in 
the transmission path between the transparency and the 
screen. In spite of low efficiency, this arrangement has 
been used for color pictures, and is being used reversed 
in color TV cameras (with transparencies and lights 
omitted and TV camera tubes used where the lights are 
indicated in Fig. 8) . With the addition of 50% mirrors, 
the arrangement of Fig. 8 can be used to project six 
overlay images, as shown in Fig. 9. 

A similar arrangement (Fig. 10) combines an elec
tronic TV type of display with a projected display, map, 
drawing board, etc. The TV screen and the display 
screen should be at the same distance from the 50% 
mirror. 

Electronic displays 

Investigations are being carried out today into the 
use of matrix displays. These would use arrays of 
individual light sources, like neon tubes, electro
luminescent panels or light emitting diodes. Each light 
source would be individually addressable by x and Y 

lines. At present, these arrays are too costly and the 
addressing too complex for most applications, but 
they're not too far off in the future. 

The principal display element used today is the 
cathode ray tube. The deflecting system for the electron 
beam scans the rectangular fluorescent screen in a series 
of non-overlapping horizontal lines. A control grid 
regulates the intensity of the beam and the resulting 
fluorescent spot. The control signal is the time serial 
picture information which determines the light intensity 
of one picture element at a time. The persistence of the 

58 

phosphorescence of the spot after excitation should be 
long enough to prevent image flicker but not long enough 
to interfere with the generation of the next picture 
element in the same position. 

Radar displays do not use this basic scan pattern, but 
are constrained by their basic "time of echo return" to 
a radial or polar scan. Scan converter tubes are used 
to convert their picture information to the TV scan by 
means of a double electron gun arrangement in opposite 
ends of the same vacuum tube. The guns scan opposite 
sides of a common charge storage screen in the center 
of the tube. 

A charge storage screen can be used between the 
electron gun and the fluorescent screen. The picture 
can be written on this screen, and then continuously 
read out by a lower voltage "read" electron gun. The 
picture can be erased by this same "read" gun if pulsed 
at a higher potential. A dark-trace half tone storage 
oscillograph tube of this type has been made by Hughes 
Aircraft Co. 

TV style displays are limited in size because of 
resolution and accuracy. Pictures as large as 12 by 16 
feet have been obtained by using a projection system, 
but the brightness is Vs that of the average motion 
picture display. Further, the fluorescent screen has to 
be water cooled, and there is an x-ray hazard due to the 
use of 75 kV electron beam to get the brightness neces
sary. 

Color TV style displays are presently obtained using 
three different types of tubes. Fig. 11 shows the basic 
elements of the RCA color tube. The electron beams 
from three separate electron guns are deflected and 
focused by a common deflecting and focusing system. A 
metal mask with precisely arranged holes in it is placed 
close to the fluorescent screen. Each hole in the mask 
corresponds to a set of red, green and blue fluorescent 
spots on the display screen. The electron guns and spots 
are with their centers on the circumference of a circle 
in a plane vertical to the plane of the paper and at 
120 intervals. The geometry of the arrangement is such 
that if only the beam from the red gun hits the mask 
and screen, the electrons go through the hole in the 
mask at an angle that causes them to hit the red spot. 
The same geometrical arrangement holds true for the 
green and blue guns and spots. At normal screen 
viewing distance the spots combine to create a full 
~pectrum of colors. 

The Lawrence color TV tube (Fig. 12) uses a single 
electron gun and deflection system. Parallel wires are 
arranged in a plane vertical to the plane of the paper 
in front of the screen. Red, green and blue fluorescent 
strips are arranged in a similar plane. Alternate wires 
are connected to common electrodes. If there is no 
potential between two adjacent grid wires, the electron 
stream hits the green strip. Tf the upper wire is suffi
ciently positive with respect to the lower wire, the elec
tron stream is deflected up to hit the red strip. If the 
polarity between the wires is reversed, the electron 
stream hits the blue strip . Enough wires and strips are 
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Fig. 7: This is a basic 30 optical projection system 
that has been used for both slides and movie pro
jection. There has been very little use of this in 
disp lays, but it would increase information content 
in some app li ca tions . 
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Fig. 8 : Optical overlay for converting black and white 
transparencies to color, and displaying several sources 
on the same viewing surface. 
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Fig. 9: With the addition of 50 % mirrors the arrange
ment in Fig . 8 can be used to project six overlay 
images. 
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Fig. 10: An electronic TV type display can be com
bined with a projected display, map or a drawing 
board, etc . With this system changing information 
can be combined with more permanent data . 
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Fi g. 11: Colored CRT displays are becoming common 
for presenting data . This sketch shows the basic 
elements of an RCA color tube, such as used for TV. 
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Fig. 12: The Lawrence color tube uses a single gun 
and deflection system. A potential on the wires in 
the grid determ ine which color is activated. 
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used so that at normal viewing distances the different 
excited spots on the fluorescent strips combine as in 
the RCA tube to produce the full color spectrum. 

The recently announced Sylvania color tube uses only 
one electron gun and no mask or wires in front of the 
screen. Phosphors of two different colors, dielectrically 
separated, are used in the fluorescent screen. A low 
electron beam voltage excites one phosphor, and a high 
voltage excites both phosphors. Midrange voltages mix 
the bas.ic phosphor colors to produce colors in between. 
Four or more specific colors can be produced for dis
play purposes. 

A sign.ificant development in displays is their marriage 
to computers. (More about this later this year in several 
planned feature articles.) A computer has been used to 
generate a normalized perspective of the ground under 
an aircraft. Radar, altimeter, and navigation aids 
supply input information to a computer which then 
generates the natural appearing display for the pilot. 

Permanent or "hard copy" displays 
The most useful displays are inherently self-erasing, 

but there are many display situations where a permanent 
and continuing record is desired, or periodic updating 
or display replacement is not objectionable. In these 
instances, films of various types or printers are used. 
Ink and Xerox process printers reproduce both pictorial 
and alpha-numeric data; most used with digital data 
systems output alpha-numeric information only. 

Advanced display technique 
There are many new displays under development at 

the present time. Nearly all of the major aerospace and 
computer companies have very active programs. Two 
display areas that are receiving research and develop
ment are 3D color TV and display memories (to reduce 
bandwidth) . 3D color TV has received little or no 
attention, but has the potential of adding considerable 
information and realism to displays. There is one 3D 
color TV display tube design which does not require any 
extra devices by the viewer to get the 3D effect, but it 
requires much development. 

Redundant information in TV systems can be elim
inated, and only new information transmitted. At any 
one instant, much of the information on a TV screen is 
static and does not need to be continuously transmitted. 
Relatively simple logic circuitry has been designed to 
recognize, send and accept only new information. This 
reduces power and bandwidth requirements by a large 
factor , but is still expensive. 
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Checklist for Displays 

In the design or selection of a display, 
the hardware designed or bought is dic
tated by a great number of factors. Use 
this checklist to match your requirements 
to the hardware: 

Data Rates & Response Times 
1. Updating response time 
2. Rates of change of display data 
3. Display access time 
4. Display request rates 

Quantity of Data 
1. Amo.unt of display information 

needed/available 
2. Number of display units required 
3. Display size 
4. Audience size 

Type of Display 
1. Required coding 
2. Symbology needed 
3. Display format 

Visibility of Display 
1. Luminance 
2. Ambient lighting 
3. Contrast 
4. Resolution 

Quality of Display 
1. Accuracy 
2. Distortion 
3. Flicker 

INFORMATION RETRIEVAL: 

Transducers, Instruments and 
measurements, Data acquisition 

and processing, Computers and peripherals 
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How to qualify for your telemetry course certificate 
We will send you a certificate of successful completion for 
this Telemetry Course if you pass the examination below 

Indicate your answer by blackening the box that corresponds 
to t he statement you consider correct for each question. All 
9f these questions are based on information presented in 
the five installments of the Telemetry Course series. After 
you have completed all the questions, tear out this page 
and mail to: 

Telemetry Course Examination 
The Electronic Engineer 
56th and Chestnut Streets 
Philadelphia, Pa. 19139 

Don't forget to fill in your name and address at the end of this exam. 

1. The most popular transd ucer type for tempera· 
ture measurement is the: 
(a) variable capacitor. (b) variable inductor. 
(c) t hermocouple. (d) thermistor. 

a. D 
b. D 
c. 0 
d. D 

2. A true form of digital transducer a. D 
(a) doesn't exist. (b) is the shaft-angle encoder. b. D 
(c) is the strain gage. (d) is the linear potenti- c. D 
ometric transducer 

3. Which isn't a common signal -conditioning step: 
(a) excitation of passive sensors. (b) calibration 
and balance. (c) functional end -to-end testing. 
(d) noise suppression. 

d. D 

a. D 
b. D 
c. D 
d. D 

4. Wh ich is not a characteristic of frequency divi - a. D 
sion multiplexing? b. D 
(a) sampled rather than continuous data from c. D 
all sources. (b) close time correlation among d. D 
channels. (c) accommodation of time division 
multiplexing. (d) preservation of de response. 

5. Desirable VCO characteristics do not include 
(a) a floating input. (b) a high common mode 
rejection rat io. (c) a high input impedance. 
(d) audio limiting. 
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a. 0 
b. D 
c. D 
d. D 

6. Which of the folowing is not a common source 
of data degradation in VCOs: 
(a) impedance mismatch. (b) output noise. 
(c) intelligence distortion . (d) amplitude modu
lation and distortion. 

7. The key to demultiplexing is: 
(a) filtering. (b) limiting. (c) calibration. 
(d) detection . 

8. Which , the pulse averaging detector or the 
phase-lock loop detector, is preferable for 
threshold performance. 
(a) the phase-lock loop. (b) the pulse averag
ing. (c) either, since they are equal. (d) neither 
one. 

9. Which of the following is not an important dis
criminator specification: 
(a) dynamic signal input range. (b) harmonic 
distortion . (c) tape speed compensation . 
(d) output impedance. 

10. To prevent aliasing errors in TDM systems, the 
sampling rate must be: 
(a) 1/10 the signal bandwidth. (b) 5 times the 
signal bandwidth . (c) controlled by a high im
pedance device such as a FET. (d) equal to the 
signal bandwidth. 

a. 0 
b. D 
c. ·o 
d. D 

a. D 
b. 0 
c. D 
d. D 

a. D 
b. ·o 
c. 10 
d. D 

a. D 
b. D 
c. D 
d. D 

a. D 
b. D 
c. D 
d. D 
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11. For high resolution , high speed, accurate en 
codin g, which would you choose? 
(a) optical encoder. (b) CRT spacial encoder. 
(c) time parallel encoders. (d) synchro to digital 
encoder. 

12. Which of the following sets of errors does not 
perta in t o multiplexing systems? 
(a) digitizing, staticd, dynam ic and aging. 
(b) static , dynam ic, aging and RMS. (c) aging, 
vironmental, dyna mic and digitizing. (d) en
environmental , digitizing, static and dynamic. 

13. Synchronization in PCM decommutators is done 
t o the 
(a) bit, word , frame and sub -frame . (b) bit , 
wo rd, frame , and clock. (c) bit. frame , sub 
frame and clock. (d) bit, frame, channel and 
c lock. 

14. The prime contributor to bit errors in detectors 
is 
(a) bit j itter (b) additive input noi se . (c) base 
line variation . (d) amplitude change. 

15. A method not used t o optimize the transfer of 
data from decomm utator to computer is 
(a) temporary storage. (b) redundancy removal. 
(c) direct interface. (d) PCM simulation. 

Please send my Certificate to: 

a. D 
b. D 
c. D 
d . D 

a. D 
b. D 
c. D 
d . D 

a. D 
b. D 
c. D 
d . D 

a . D 
b. D 
c. D 
d . D 

a. D 
b. D 
c. D 
d . D 

16. Which of the following is typically not a PCM 
data waveform 
(a) non-return to zero . (b) return to zero . 
(c) bi-phase. (d) integrate and dump. 

17. The lconorama and Eidophor systems are basi 
cally similar because: 
(a) they require heat to work. (b) they are a 
film technique . (c) light passes through them. 
(d) both require a vacuum . 

18. Audible input of data to the brain is not used 
primarily because: 
(a) sounds are difficult to generate. (b) the eye 
is faster input "device." (c) not practical in 
noisy areas. (d) none of the above. 

19. A photographic transparency display is nearly 
always used for: 
(a) severe environments. (b) high ambient light 
levels . (c) rapid data processing. (d) non-real 
time data . 

20. Arrays of individual light sources (such as neon 
tubes, light emitting diodes) are not used much 
at present because: 
(a) they require too much space. (b) they are 
too small to see with good clarity. (c) of com
plex addressing and cost. (d) they are too slow. 

a. D 
b. D 
c. D 
d . D 

a. D 
b. D 
c. D 
d . D 

a. D 
b. D 
c. D 
d. D 

a. D 
b. D 
c. D 
d. D 

a . D 
b. D 
c. D 
d. D 

Name: ______________________________ Title : ______________ _ 

Company: ____________________________________________ _ 

Street: _____________________________ City :----------------

State: ________________________________ ZipCode: _____________ _ 
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Surprise package 
(1'' x y;' x Y,~) 

It's a completely new way to display digital information. The 
Hewlett-Packard solid state numeric display packs everything 
in one, small unit only l"x 0.5"x 0.16". Gallium arsenide phos
phide diodes and an IC driver I decoder chip deliver bright red 
numerals-bigger than life, visible for yards. 
This new "total package" also gives you the edge on cost. You 
don't have to buy driver elements, or anything else. No special 
interfacing is needed. Only four line 8-4-2-1 BCD input and less 
than five volts to drive it. The modules are available in three
character packages, too. 
The Hewlett-Packard solid state numeric display is ideal for in
struments requiring smaller, tighter display panels. Or any ap-

The Electronic Engineer • April 1969 

plication demanding either low power or resistance to shock 
and vibration , without catastrophic failures. 
Get more information about the new technology for numeric 
indicators. Call your local HP field engineer or write Hewlett
Packard, Palo Alto, California 94304; Europe: 1217 Meyrin
Geneva , Switzerland . 

HEWLETT~ PACKARD 

SOLID STATE DEVICES 

Circle 36 on Inquiry Card 
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MICROWAVES 

Discrete components to 

so~ve your stripline problems 

Discrete passive components can improve your microwave stripline 

design. Here's how! 

By Tom Osiecki, Eri e Technological Products, Erie , Pa . 

The Microwave Integrated Circuit is currently receiving 
much attention. But, however beneficial MICs may be, 
many serious problems must still be solved before they 
can be produced in volume. Until then, for production 
requirements, engineers will be more likely to use a 
proven stripline technique. Thus, the development and 
availability of passive devices compatible with such 
technigues is important- not only to solve today's strip
line shortcomings, but also to provide the basis for de
signing smaller, better performance devices for MIC ap
plications. 

When designing strip transmission line equipment, 
you can use discrete passive devices as: 

• de blocks (coupling capacitors) 
• rf shorts (bi-pass capacitors) 
• rf terminations (resistors) 
• bias circuitry 
When used in place of normal strip transmission line 

techniques in these applications, they have certain ad
vantages: 

• higher nominal values because of increased volu
metric efficiency, which results in a further reduction in 
equipment size 

• excellent electrical performance because you have 
a wider choice of dielectric material s and inherent de
sign subtleties 

• more design freedom (you can quickly and easily 
change component values), and increased reliability 

DC blocks 

In this application the capacitor blocks the de signal 
and passes rf energy with a minimum of insertion loss 
and a low voltage standing wave ratio (VSWR) . The 
insertion loss is a function of the loss tangent of the 
dielectric material , the device's complex impedance, 

~Circle 37 on Inquiry Card 

and its physical construction. The device's impedance 
and geometric configuration determine its VSWR. 
Typical stripline techniques for achieving the de blocks 
are shown in Fig. 1. 

With a discrete device, the requi red surface area for 
a given capacitance value can be greatly decreased. 

RF short 

An rf short provides a low impedance path to ground 
for unwanted rf energy. Thus, the inductance associated 
with the capacitor must be at a minimum and the ca
pacitance must be large. Various methods for achieving 
the rf short are shown in Figs. 3 and 4. 

A large reduction in the required surface area can be 
obtained if you use the discrete rf short instead of the 
stripline approach. For example, if you wanted a capac
itance value of 300 pf, you would need 33 in.2 with the 
stripline method (Fig. 3), 0.05 in.2 with the discrete 
rf short for stripline (Fig. 4a), and 0.01 in. 2 with the 
rf short for microstrip (Fig. 4b ). 

RF termination 

The rf termination dissipates the unwanted rf energy 
in the form of heat. (A typical appl ication may be to 
terminate one port of a stripl ine di rectional coupler). 

Prime features of an rf termination are its VSWR 
and its power handling capabilities, with VSWR being 
a measure of the impedance match between the stripline 
center conductor and the rf termination. A mismatch 
results in reflected power-all rf energy is not dissipated 
in 1he load. 

In a stripline structure, the resistive element cannot 
be fired directly on the substrate (typically teflon-glass ) 
because of the high temperatures involved in the firing 
cycle. 
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Stripline 
Strip transmission lines are being widely used in 
today's microwave industry. They are cheaper, 
more reliable, lighter, and smaller than conven
tional microwave design techniques. 

"Stripline," the first strip transmission line tech
nique, consists of a center conductor and two 
outer conductors, with a dielectric in between. 
This material has a relatively low dielectric con
stant (typically 2.5-3.5) and a low loss tangent 
that is stable at high frequencies . 

In stripline, capacitance and inductance depend 
upon the running length and width of the center 
conductor, and upon the dielectric constant. Thus, 
the center conductor is etched to the desired cir
cuit configuration. Reasonably large values of 
capacitance and inductance can be obtained to 
provide the passive functions of the de block, rf 
short, and inductance. 

In the illustration, if the top half of the strip
line is removed, we have what is commonly 

However, discrete rf terminations exist which elec
trically and mechanically match the stripline. Such a 
termination is shown in Fig. 5. VSWR of the rf termi
nation is a function of the : 

• width of the center tab lead with respect to the 
stripline's center conductor 

• resistor's resistance and response to frequency 
and temperature 

• geometric configuration of the resistor pattern on 
the substrate 

• reactance of the resistor pattern 
• method of terminating the resistor 
• physical configuration of the outer case 
The microwave device manufacturer can control 

these variables and match the impedance of the rf ter
mination to that of the stripline (500, 750, 1000, and 
so forth). Typical VSWR of the devices is 1.1 : 1 up to 
4 GHz. Wattage can be as high as 20 W when a device 
is properly heat-sinked. 

Mechanically, the devices can match the stripline's 
geometry. If an aluminum coverplate is used on the 
stripline, the rf termination is provided with a spring to 
make contact to the coverplate. 

Bias circuitry for stripline 

When designing active components (diode switches, 
frequency multipliers , and so forth) in the stripline ap
proach, you must find a way to effectively feed the bias 
signal to the active devices. The result is often a spe-
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Ground plane Dielectric 

Center conductors 

Dielectr ic 

Ou ter conduc tor 
(ground) 

termed "microstrip"- essentially one-half of the 
stripline. Microstrip is the basic building block 
for what is often referred to as "Mrc's" or Micro
wave Integrated Circuits (thin-fi lm hybrids, thick
film hybrids, or monolithic integrated circuits). 

cially designed device that is unique to that particular 
application. However, devices can be made that will 
meet the requirements of most applications. The fol
lowing explanation is for one application of these bias 
networks. 

Parallel diode switch 
Two important parameters or characteristics of the 

electronic switch are its isolation and insertion loss. 
Isolation is a measure (in decibels) of the attenua

tion of the signal when either leg is in the OFF or non
conducting state. 

Insertion Joss is a measure (in decibels) of how much 
the signal is attenuated when either leg is on the ON or 
conducting state. 

Ideally, isolation is infinite and insertion loss is zero. 
This means that if the circuit is in the OFF state, abso
lutely no power should be transmitted and when the 
circuit is in the ON state, maximum power should be 
transmitted. 

One way you can achieve electronic switching is to 
use a parallel diode switch . In the actual switch design, 
the positioning of the diodes in the switch are very im
portant, as is the use of 'A/ 4 stubs. However, my intent 
here is only to describe the bias circuitry and diode 
characteristics in conjunction with the switch . A simple 
circuit of the parallel diode switch is shown in Fig. 6. 
To keep it simple I have not shown capacitors and other 
necessary circuit elements. 

The Electronic Engineer • April 1969 

.. 



, 

i•i tz 7 7 I I I A&; I I I I I I I I I I ~ 

Fig. 1: Coupling capacitance techniques in stripline. The de 
block (la) is achieved by inserting a thin sheet of dielectric 
between the center conductors of the stripline. A disad
vantage of the method is that only low capacitance values 
are possible if you want to keep a reasonable size. 
Also, this method is not reliable because there is pressure 
contact between the center conductor and the dielectric 
sheet- during temperature cycling the dielectric tends to 
crack. Another way to achieve the de block is shown in (lb). 
The capacitance is attained simply by putting a gap in the 
center conductor. Here again , only a low capacitance value 
is possible. 

Tabs make conta c t 
wi th center conduct or 

and match it in width 

(ol 

::::::: 
( bl 

Fig. 2: Discrete passive device (de block) mounted on strip· 
line (left). This type device has soft copper tabs which 
match the stripline's center conductor. The tabs can be 
either soldered or spot welded. Low inductance is inherent 
in the design and the insertion loss is typically 0.25 dB max. 
from 0.5 to 4 GHz. VSWR is typically 1.1:1 up to 4 GHz. 
Discrete devices for microstrip de blocks (right) . 

Fig. 3: Stripline method for achieving the rf short. The 
center conductor's width is increased and the rf short is 
essentially the capacitance between the center conductor 
and the outer conductor (grou nd plane). In this approach, 
due to the large separation between plates (typically 0.0625 
or 0.125 in.) and the dielectric material 's low dielectric 
consta nt (2 .5·3 .0), the capacitance attainable is small. 
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Fig. 4(a): Two discrete rf shorts (one encapsulated and one 
not encapsulated) for stripline (left). They have low induct· 
ance, high capacitance spring contacts or tab terminals to 
the ground plane, and are much smaller than the stripline 
approach . (4b) Some rf shorts for microstrip (right) . 

11 
0 .250 in. 

~ 

i"e" I 
,____.__Gold p la te d 

contac ts 

_J ~0.00 3in . Gold plate d 
copper tab 

Fig. 5: Discrete rf termination electrically and mechanically 
matches the stripline. Typical d imensions are A= 0 .080 in. 
and B= 0.125 in. 

de bias •2Vm 

Fig. 6: Simple parallel diode switch. DI and D2 in leg AB 
are forward biased and will conduct. Ideally, in this state, 
they will short any signal in leg AB to ground. D3 and D4, 
on the other hand, are reverse biased and, as such, will not 
conduct. In this state D3 and D4 are ideally an open circuit, 
and the signal will be transmitted through leg AC. 

However, the diodes are not an ideal open or short circuit 
and circuit modifications must be made. Let's analyze leg 
AB. (The analysis of leg AC is exactly the same.) 

Dl and D2 will be alternately reversed and forward biased 
at a prescribed rate (switching speed of the circuit) , causing 
leg AB alternately to conduct and not to conduct. 

When forward biased , Dl and D2 should be a short circuit. 
However, they are more aptly represented by a series 
indu cta nce and series resistance as shown in Fig. 7 . 
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de bias 

Ground plane 

Cen ter conductor 

~1g. 7: Diodes Dl _and 02 are represented by the series 
inductance and series resistance. The inductive reactance 
(XLD1 and XL02) increase with increasing frequency and 
result in ~ high impedance path to ground, rather than in 
a short circuit. The circuit which overcomes this problem 
is shown in Fig. 8 . 

dc =-2Vm dc=- 2Vm 

Fig. 8: This circuit overcomes the problems found in the 
c1rcl!1t of Fig. 7. The c_apacitor (Cat a.) resonates with the 
self·1n_duc~ance of t~e diode _at the transmitting frequency, 
resultin.g in an effective rf resistance. A low impedance path 
now ex1s~s. between the center conductor and ground. 

In add1t1on, L and c, form a low-pass filter which prevents 
the shorted_ rf signal from enterin~ the power supply or 
from rad1at1ng. At the same time 1t allows the switching 
frequency to pass with minimum insertion loss. 

Filter network 
It has been difficult to achieve C2, L, and CBias with 

stripline techniques, but a discrete passive component 
such as the one shown in Fig. 9 can accomplish this. 

The input capacitance value is such that it will reso
nate with the self-inductance of the diode at the trans
mitting frequency, resulting in an effective shunt resist
ance and eliminating the diode's self-inductance effects . 
The complete filter network has a cut-off frequency 
above the diode switching frequency and an insertion 
loss of > 50 dB across the transmitting band, keeping 
rf energy from entering the power supply. Thus, it 
passes the diode switching frequency while blocking 
(attenuating) the transmitting frequency. 

Conclusions 

The classical component houses are placing greater 
emphasis on design and development of passive devices 
for microwave applications. Prime attention is being 
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Fig. 9: Filter/bias capacitance network is used to achieve 
C,, I, and Cat .. (top). It is essentially a low-pass filter with a 
closely controlled input bias capacitance (bottom). 
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Fig. 10: Typical insertion loss curve of filter /bias capacitor 
network. 
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Fig. 11: Typical isolation per diode pair of switch using the 
filter /bias capacitor network. 

given to: 
• improving device performance at microwave fre

quencies by developing and investigating new materials 
for the internal construction of the devices. 

• developing critical fabrication techniques to con
trol the parameters needed for good microwave per
formance. 

• solving the interface problem (electrically and 
mechanically) between the devices and strip transmis
sion lines. 

Because of this trend, you can use discrete passive 
components to make your design more economical re
liable, and efficient than with typical stripline ' and 
microstrip techniques. 

INFORMATION RETRIEVAL 

Microwaves and microwave products, Passive 
components, Circuit design 
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They're Small and Reliable* 
EL-MENCO OMS - DM10- DM15 - ONE COAT DIPPED MICA CAPACITORS 

STYLE WORKING CHARACTERISTIC VOLTAGE 
CAPACITANCE 

RANGE 
Where space and performance are critica l, more and 
more manu facturers are finding that El-Menco minia
turized dipped mica capacito rs are the re li ab le solu
tion . The single coat is available in three sizes: 1-CRH, 
1-CRT and 1-C E. 

c 
OMS SOVOC 0 E 

F 
c 

OMS 0 E 
F 
c 

OMlO lOOV OC 0 E 
F 
c 

OM15 0, E 
F 
c 

OMS 0 E 
F 
c 

OMlO 300VOC 0 E 
F 
c 

OM15 0 E 
F 
c 

OMlO 0 E 

SOOVOC 
F 
c 

OM15 0 E 
F 
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lpF thru 400pF 
27pF thru 400pf 
8~ th ru 40Q£_F 
@" th ru 20QQF 

2ZQF thru 20QpF 
8SpF thru 200pF 

lpF thru 400PF 
2ZQ_F thru 40()QF 
8~ th ru 40QQF 
fJ)F th ru lSOOj)F 

2ZP_F thru 150~ 
8~F thru 150~ 

1QF thru 120pF 
27pF thru 120pf 
85pF thni 1 2~ 
lQF th ru 30QQF 

2ZQ_F thru 300pF 
85pF thru 300pF 
!Jl_F thru 120QQF 

2ZQ_F thru 1200pF 
85pF thru 1200pF 

!Jl_F th ru 25ll:Q:F 
2ZP_F thru 2SQpF 
8~ thru 2SOpF 

!Jl_F thru 75QQF 
2ZP_F thru 75QpJ 
85pF thru 750pF 

The 1-CRH DM "space save rs" easily meet all the 
requirements of MIL and EIA spec ificat ions, includ
ing moisture resistance. The 1-CE and 1-CRT units 
also meet the requirements of MIL and EIA specifica
ti ons, except that they have less moisture protecti on 
because of their thinner coat ing; these capacitors, 
therefore, are ideally suited where potti ng will be 
used. Note: DM10 and DM15 units are st ill available 
in the standard 4-CR size. 

Specify "El-Menco" and be sure . . . the capacitors 
with proven reliability. Send fo r complete data and 
information. 

*No rmall y, El -Menco 39 pF capaci tors wi ll yie ld a failure rate of less than 
0.001% per thousand hours at a 90% confidence level when operated with 
rated voltage and at a temperature of 8S 0 C. Rati ng for specific applications 
depends on sty le, capaci tance va lue, and operatin g conditions. 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC, CONNECTICUT 06226 

Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmers & Padders 
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubular Paper 

West Coast Manufactu rers contact: COLLINS& HYDE CO. , 900 N . San Antonio Rd ., Los Altos, California 94022 
5380 Whittie r Blvd., Los Angeles , California 90022 

ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS 
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shapes up 

It's pronounced 11ship"-and· it means easier sailing on the sea 
of naval electronic systems development. The Standard Hardware Program's fleet 
of standardized, functionally-specified modules lowers costs, 
eases maintenance, and is not technology-limited. 

By Richard W. Kowaliw, Proj ect Engineer, 

Cha llenger Resea rc h, Inc., Rockville , Md . 

H istorically, military electronic systems always have 
been built with the circuit technologies that happened 
to be available at the time. The technologies used to 
construct these systems were designed and packaged to 
perform no new or unique functions at the individual 
circuit level- their only differences were in their man
ner of hardware implementation and overall system 
packaging approach. 

As a result, electronic equipments sitting side by 
side, containing basically the same circuitry and per
forming basically similar functions, are too often com
pletely incompatible, bearing li ttle if any physical resem
blance to each other. Even when these equipments are 
part of the same system, but designed and manufactured 
by different vendors or even different departments of the 
same company, the incompatibility is still almost 
inevitable. This reinventing of the "electronic wheel" 
has occurred so often in the past that the evils of this 
philosophy will still be around for a good many years. 
These evils arise from a general indifference to system 
hardware and its packaging, and normally result in sys
tem support problems such as these: 

• Maintenance costs increase because the large and 
complex functional packages require complete and 
expensive maintenance faci lities. This systems ap
proach, because of non-modular construction, pro
hibits expendable or "throwaway-upon-failure" 
maintenance philosophy, and creates added de
mands for more training aids, personnel, docu
mentation, facilities, and so forth . 

• Spare-parts costs for these system equipments in 
many cases exceed the equipment cost over the 
system life cycle. 

.. .-----circle 39 on Inquiry Ca rd 

• Often you can't replace electronic components, 
because advances in technology can obsolete what 
was initially used (once the original supply is used 
up). As a result, special sources usually must be 
established to produce needed replacement com
ponents. 

• Since much of this equipment may be a one-of-a
kind design of a single supplier, getting replace
ment equipment from a competitive market is, in 
most cases, impossible. 

Such are the problems that result when you imple
ment systems with a dependence upon the electronic 
technology of the time, and without any concern for 
the reuse of existing equipment designs. 

SHP steps in 

In the early s1xt1es the Navy began a study at the 
Naval Avionics Facility, Indianapolis (NAFI) to deter
mine what could be done to stop continuous reinvention. 
The principles of functional , modular standardization 
were pioneered on a predecessor, the MK 84 Polaris fire 
control system. It had proved that you could successfully 
implement modular systems by electronic function , re
ducing the total number of unique module types to a 
minimum, and thus provide substantial benefits in de
velopment, design, and logistical support. 

As a result of this study, the Navy started the NAFI 
Standard Hardware Program ( SHP) . The goal of the 
SHP is to develop a family of functi onal electronic 
plug-in modules. These modules are to serve as the 
building blocks from which sys tems engineers can con
struct a variety of complex electronic systems, thus 
also forming a base from which they can build future 
systems. 
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Fig. 1. The basic module configuration in the Navy's Stand
ard Hardware Program is the single-span, single-thickness 
(lA) module. The functions of the 225 modules in the SHP 
span both linear and digital applications. Of this number, 
87 are Standard modules of which 60 are already docu
mented, qualified (or in process of being qualified), and 
multi-sourced. The remaining 138 modules are Specials, 
carried temporarily for information purposes, and aren't rep
resentative of the program's objectives. 

Module fin 

(There ore three fin 
types ; marking, 

extract io n , and heat . ) 

Modu le 

1.95" 

Module contact pin 

F longe 

(The group in g of a II contact 
pins on a module increment 
is referred to as a module 
connector, and each connector 
must consist of one 20- pin row 
min . , or two 2 0- pin rows max. 

Extraction hole 

Guide 

pin 

Fig. 2. Module component identification. Each identified 
part above is required by specification, and serves a pur
pose _pertinent to the mechanical integrity of the module. 
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Properly implemented, a standardization program 
such as the SHP provides considerable cost savings, 
because of: 

• Improved logistics-A smaller inventory of spare 
parts and components reduces cost because all 
systems using SHP modules have common logistics 
support. 

• Design directio11r-Multi-function devices and an 
established design direction lower costs. 

• Common documentation-Being able to use the 
same design and documentation eliminates new 
documentation efforts and their costs. 

• Testing standardization-A centralized testing fa
cility can service all systems that use SHP mod
ules, thus lowering testing costs. 

• Smaller maintenance costs-Fewer instructors, 
shorter training periods, and fewer training aids 
help lower costs of training maintenance personnel 
for servicing SHP modules and SHP systems. 

• Less design time-The use of SHP modules in a 
new system can reduce the time needed to go from 
its development phase to its production phase. 

• Increased reliability-The SHP systems promise 
to be more reliable because of the concentration 
of resources, uniform testing, and mass production. 

The purpose of the SHP is to reduce the number of 
similar electronic functions, and to increase the inter
changeability of a select family of modular functions 
among many Navy systems. The SHP strives to have 
such modules functionally specified by a comprehensive 
specification control drawing (SCD) . The SCD does 
not dictate the manner of construction or the tech
nology, but only the input/ output characteristics of 
that function. This ensures that the function is not 
dependent upon any one technology, and is thus ob
tainable regardless of the progress in the state of the 
art. 

A secondary factor of this functional approach is 
that it ensures a competitive and innovative environ
ment within industry, because makers have a wide 
latitude in the design of SHP modules. The SHP ap
proach, in effect, encourages state-of-the-art advances 
rather than being limited by technological change. 

It was known and accepted at the start of the SHP 
development phase that every circuit function could 
not be standardized. However, an attempt was made 
to standardize on as many potentially wide-usage func
tions as possible. In the program's initial phase, analysis 
of past systems gave a fallout of mathematical expres
sions and electronic functions that showed commonal
ity, or potential commonality, in various system appli
cations. Those which could be combined to form more 
complex functions and mathematical expressions were 
selected as part of a family of standard electronic 
functions. 
Mechanizing the modules 

The basic SHP module configuration is the single
span, single-thickness ( lA) module increment, shown 
in Fig. 1. The amount of circuitry needed to perform 
a specific electronic function, the maximum number 
of interface connections required, the size of the key
ing and retention mechanism, and the maximum toler
able cost for the module to be considered as a throw
away item, determined the dimensions of the module. 
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Electronic standardization: pros and cons 
The Standard Hardware Program (SHP) is, basi
cally, an effort to standardize electronic modules. 
Past resistance to it and other, similar standardiza
tion programs has for the most part come from the 
builders of military electronic systems. This resist
ance has resulted from a fear that such programs 
will either stifle advances in technology, threaten 
a proprietary position, compromise system per
formance, or create an added burden on system 
developers because of the greater coordination in
volved. These, however, are all realistic factors which 
must be evaluated before we implement any hard
ware scheme, let alone a standardization policy. 

Also, resistance to standardized electronics often 
comes from design engineers themselves. Highly 
trained and skilled personnel, they are primed with 
the latest facts on the newest, fastest, and most 
sophisticated electronic technologies-and want the 
opportunity to use them. So they feel that the selec
tion of modules from a catalog lessens their per
sonal design challenge. This is understandable, but, 
from the viewpoint of military procurers, not justi
fiable . The fact is that in many cases, you do not 
need the newest, fastest, and most sophisticated (and 
probably the most expensive) electronic technology 
to implement system hardware requirements. 

Even military-program managers themselves, in 
some cases, resist standardization. They often see it 
as a threat to the control of their programs, a cause 
of higher acquisition costs, a possible reason for 
schedule slippage, or just a general burden because 
more coordination and interfacing may be needed. 

The program organization itself for mil itary sys
tems presents an obstacle, since the program mana
ger does not, in most cases, have to live with and 
maintain the equipment he develops, once it is de
ployed. Thus, he may be reluctant (or actually un-

Such factors led to the development of a basic module 
with overall dimensions of 2.62 in. in span, by 1.95 in. 
high , by 0 .29 in. thick. The SHP also accepts modules 
of multiple-span and multiple-thickness, provided that 
they maintain standard growth increments of 3 in. in 
span and 0.3 in. in thickness. 

Figure 2 identifies the component parts of a SHP 
module. The fin structures serve the purposes of mark
ing, extraction, and heat diss ipation. Pin skirts are 
protective shields for the module connector contacts, 
and offer a convenient marking surface for orienting 
and identifying the module. Specially-configured keying 
pins uniquely key the module by their radial orientation . 
Module male contacts in rows of 20 contacts each (on 
a 0.1-in. grid system) form module connector incre
ments. 
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able) to implement a standard which may be more 
costl y at the acquisition phase, in order to reduce 
the overall system life cycle cost. 

Collectively, the possible drawbacks may seem 
formidable, but few will stand analysis . For stand
ard ization, if properly planned for and implemented, 
will normally offset most negative factors . Resistance 
to standardization comes about basically because 
there's a lack of understan9ing of its principles and 
of the program to which it can be applied, or simply 
because the planning for it is too little and too late. 

The Navy is fully aware that across-the-board 
electron ic standardization is not going to be the 
panacea for all development programs. By its very 
nature, standardization itself requires many trade-offs 
to widely distribute its benefits . These benefits are 
improved logistics, better use of facilities and per
sonnel, and more reliable and easily maintained 
equipment at a more cost-effective price. These are 
not only the general goals of standardization and of 
the Standard Hardware Program; they are proven 

goals, established by precedent. The SHP will reach 
its goals because it is not oriented to any one sys
tem, it allows for the introduction of new functional 
modules, it encourages proprietary designs but 
limits them to areas that will not create noncom
petitive procurement, and it selects and specifies 
modules in a way by which they need not become 
obsolete because of changes in the state of the art. 

To date, SHP implementation has been left largely 
to the various Navy commands and development 
activi ties. The recent progress of the SHP, there
fore, has been accomplished mainly on a voluntary 
basis-giving credence and justification to such 
progress. To further advance the goals of SHP, 
however, a heightened spirit of cooperation must 
exist between the Navy and the electronics industry. 

The basic module configuration ( lA) must have 
either 20 min. or 40 max. contacts. Multiple increment 
modules may have more contacts with the number in
creasing in increments of 20 pins. 

Each module increment has guides at both ends of 
the module. These guides assist the mating and inser
tion of the module connector into its interfacing con
nector and mounting structure. Module guides of ap
propriate materials also help to conduct heat from the 
module to the mounting structure. 

To provide modules with i;i potential for wide usage 
in a variety of systems, it was necessary to reduce the 
spectrum of military environments to two basic inde
pendent classes. Each class consists of requirements 
for four parameters: fin temperature, humidity, vibra
tion, and shock. Modules that fall into either of the two 
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Limits o f Environmental Classe s 
Environmental 
Characterist ics Closs I limits Closs I I l imits 

Fin Temperature 
Range {opero- 0 °C to 6 0 °C - 40 °C to 10 0 °C 
t i n g ) 

Hum i dity 95~~ % relative humidity at 44°C for 96 h ours 

Vibration Frequency Range 
(cps) 

5 
16 
2 6 

t o 
t o 
t o 

15 
25 
3 3 

Tobie Am pli
tu de (plus or 
m i nus inch) 
0 .030±. 0 .006 
0 .020 :!. 0 .00 4 
0 .0 10±. 0 .00 2 

5 to 2000 cps 
from 0 . 20 in ch 

double ampl i tude 
to ! 30 g peak , 
si nus oid al ; and 

Sh oc k 
1
; 2 s i n e p u I s e fo r I I m s a t 5 0 g . 

50 to 2000 cps at 
0 . 2g2/cp s, ra nd om. 

Fig. 3. Module environmental classes: independent of one another, they are sepa rate and disti nct entiti es . 

classes are applicable to most military systems. Figure 
3 lists the limits of the two environmental classes to 
which you may design modules . 

Assuring quality 

The SHP modules have a high degree of reliability 
because there is a compl ete quality assurance program. 
T his QA program has three qualification phases which 
lead to the acceptance of the module design and of its 
man ufact urer. The fir st phase is design qualification: 
you must submit each new module des ign for qualifica
ti on testing at the SHP Quality Assurance Activity. 
This is to confirm the design relative to its specifica
tion control drawing. 

The second phase is production qualification. As new 
modul e designs go into production , their makers must 
periodica ll y submit samples from the line to the SHP 
Quality Assurance Activity for production qualification . 
Thi s is to initially establish that the manufacturer is a 
SHP qualified module vendor for the module type, and 
to confirm his continued ability to produce the module 
to SHP requirements. 

A cceptance testing is the third and final phase: go/ no
go tes ting at the suppli er's fac ility, of a limited number 
of module parameters, to finally ensure reliability. 
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Functionally specified vs design disclosed 

The SHP Design Review Activity (DRA) accepts 
new module designs fo r approval and qualification. It 
classifies them in to one of two categories. T he first 
and most desirable classifica tion is as a SHP standard 
module. This category is for des igns that are expected 
to be used widely in military electronic systems. The 
modules are usually f unctional/y-specified and non-re
pairable. A functionally-spec ified module specification
control drawing shows only the electronic functional 
inputs and outputs of the module and its electrical char
acteristics. Thus the manufac turer can choose the tech
nology approp riate for implementing the function ( oscil 
lator, amplifier, shift-register, and so forth ). 

As a result, a module has a greater chance of being 
prod uced through the enti re life cycle of the system 
in which it is used. Thi s method of specification also 
provides a more competitive environment in which 
to procure that module function, and gives a more 
reasonable module cost. 

T he other SHP category is the special module. This 
is for SHP proposed modules that do not meet the 
wide-usage criterion of SHP standard modules. Also, 
they may deviate in some manner from the require
ments of design, documentation, or qualification. The 
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module in this category usually is design-disclosed, and 
repairable, because it has limited system applicability. 

A design-disclosed module SCD shows all design 
and manufacturing requirements including circuit de
sign and schematics, circuit artwork, parts list, as well 
as electrical, QA, and test requirements. A SHP special 
module, however, may be transferred to the SHP stand
ard category if extended system usage occurs. 

It 's a bull market 
Because the Navy strongly supports and endorses the 

NAFI Standard Hardware program, the application of 
the SHP to other programs has far surpassed its initial 
application on the MK 88 Poseidon fire control system. 
As an example, here is a list of programs which are 
currently committed to implementing system hardware 
requirements with SHP modules . 

• Mk 88 Mod 0 Poseidon fire control system 
• AN/ BQR-2 Dimus sonar system 
• Mk 113 Mod 9 torpedo fire control system 

AN/ BQS-13 sonar system 
• AN/ SQS-26 sonar system 
• AN/ BQG-2A, 4A sonar system 
• AN/ SKQ-2XAN-1 weather station 

AN / SMQ-7XAN-1 telemetry receiver 
• Helcar III radar system 
• Scanner radar system 
• Advanced shipboard interior communications sys

stem 
• Advanced digital resolver (USAF) 
• Walleye missile system 

The quantity of SHP modules for use in these systems 
is expected to increase from 75,000 at the end of fiscal 
1969, to more than a million by fiscal year 1975 . A nd 
this is a conservative projection : it does not account 
for any new systems currently in the planning stages 
and tentatively committed to use SHP modules. 

Module makers 
To date, the following vendors are either qualified, 

or in the process of becoming qualified, for production 
of electronic modules according to Standard Hardware 
Program requirements : 

Ballastran Corp., Fort Wayne, Ind. 
Globe-Union Inc., Centralab Electronics Div., 
Milwaukee, Wis. 
American Time Products, Woodside, N. Y. 
Sylvania Electric Products, Inc. , Muncy, Pa. 
Texas Instruments, Inc. , Semiconductor Comp. 

Div., Dallas, Tex. 
E lectro Networks, Caledonia, N. Y. 
OECO Corp. , Portland, Ore. 
Accutronics , Inc., Geneva, Ill. 
Polyphase Instrument Co., Bridgeport, Pa. 
R aytheon Co. , Comp. Div., Quincy, Mass . 
Struther-Dunn, Inc. , Pitman, N. J. 
Giannini-Voltex, Whittier, Calif. 

The Electronic Engineer • April 1969 

Fig. 4. Not technology-limited, the modules' circuit con
struct ion can take any form . For instance, this view of a 
module's innards shows an LSI device used to fulfill a speci
fied function, whereas the modu le of Fig. 1 uses ordinary 
discrete components and PC board construction. 

Fig. 5. Packaging evolution of an electronic subsystem. At 
the upper right is the initial design, while at the upper left 
it's seen redesigned into transistor page-card modules. 
The foreground unit shows its final repackaging into Stand· 
ard Hardware Program modules by NAFI engineers. 

If you want more information on the requirements 
of the Standard Hardware Program, simply address 
your request to: 

Naval Avionics Facility 
21st Street & Arlington Ave. 
Indianapolis, Ind . 46218 
Attention: Code D924 

INFORMATION RETRIEVAL 
Semiconductors, Passive components 

Packaging 
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What this country 
needs is a good 
nickel cigar ... 
and a~ sguare 
industrial 
cermet 
trimmer. 

Beckman® 
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IC IDEAS 

Bipolar current source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 912 

Low cost, high performance analog switch ... 913 

Sweep circuit has triggered , free -run modes . 914 

Use a voltage regulator ·as a lamp/ relay driver . . . . . . . . . . . . . . . . . . . . . 915 

Vote for the one you like best. 

Send US practical, reproducible ideas that are 
original with you and have been implemented with 
linear or digital ICs. 

• If we publish your idea you win a check for $25.00. 

• If our readers vote yours the best of the issue in 
which it appears , you have your choice of a Simpson 
270 or a Triplett 600 multitester. 

• After 12 issues our readers will vote on the best 

Here's how you voted 

The winning Idea for t he November 1968 issue is , 
" Bi -directional ripple counter counts up or down." 
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Write the number of the Idea you like best in the box 
on the Inquiry Card, and send to us. 

idea for all 12 issues. The winner gets his choice of 
either a Hewlett-Packard 1206A or a Tektronix 310A 
oscilloscope. 

Submit your IC Ideas to: 
Alberto Socolovsky 

Editor 
THE ELECTRONIC ENGINEER 

Chestnut & 56th Sts. 
Philadelphia , Pa. 19139 

Robert G. Burlingame, the 
author, is Section Man
ager, Standard Digital Cir
cuit Applications , at Mo
to ro I a Semiconductor 
Products , Phoenix, Arizo
na. Mr. Burlingame chose 
the Simpson 270. 
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912 Bipolar current source 

Richard C. Gerdes 
Optical Electronics, Tucson, Ariz . 

If you need a current source of 
either polarity to use with a ground
ed load, try this single-ended cir
cuit. The output current is mon
itored by sensing the voltage drop 
across the resistor R 8 • One-half of 
a Motorola MC1435G (b) dual op 
amp converts this differential sense
voltage into a single-ended voltage, 
and applies it as negative feedback 
to section (a) of the 1435. 

The controlling de input voltage 
effectively cancels the feedback 
voltage, so the residual error volt
age is small due to the high open
loop gain of amp lifier (a). Section 
(a) supplies an output voltage of 
either polarity, forcing a current 
through R , and the load. 

The circuit monitors the output 

IOO k!l IOOk!l 

Input 
voltage 

ein 

IOOk!l 

-GV 

current and governs the output volt
age of am plifier (a) for regulation. 
Output-current linearity vs input 
control vo ltage is good, with erro rs 
of less th an l % . Frequency re
sponse is limited to that of the open-

913 Low cost, high performance analog switch 

Reuven Peri 
Moore Assoc . Div. 
The Rucker Co., San Carlos, Calif . 

For driving D I A converter ladder 
networks, this switch has an offset 
voltage similar to that of bipolar 
chopper transistors, it doesn't load 
the reference voltage source, and it 
has a negligible output impedance. 
Thus, it compares favorab ly not 
only with bipolar chopper transis-
tors, but also with low Rnsr o.i· J 

FETS. 

The FETS, 0 3 and 0 4, swi tch 
either ground or the reference volt
age, V ,.c1, to a voltage follower. 
With the input LOW, 0 1 saturates , 
causing o~ to saturate as well. The 
FET 0 4 then operates with Va s 

near zero, and with a low R nsrosJ · 

On the other hand , 03 is OFF with 
15 V on its gate. Thus, the input 
of the voltage follower is virtually 
grounded , and the output of the cir-

5 Gk!l 

cu1t 1s at reference ground. 
With the input to the ci rcuit 

HIGH , 01 and 02 are OFF, and FET 

0 4 is also OFF, with 15 V on its 
gate. At the same time, 0 3 is ON 

with Va s at zero. The output of 
the circu it is now at the reference 
vo ltage, v,.ef• 

VOTE: for the one 
you like best. 

Ou tput current 10 

Load 
IOOkil 

loop 1435, so the circuit operates 
fro m de to 100 Hz. It is short
circuit proof, and you can get more 
output current if you use a booster 
at the output of the (a) amplifier 
section. 

MC1439G 0 uf put 

The reference voltage may be 
positive or negative. The most posi
tive value is 15 V - V asr oFFJQJ· 

This guarantees that Oa is OFF when 
the input is LOW. The breakdown 
voltages of 0 2, O:i, and 0 4, and the 
common mode spec of the op amp, 
set the negative limit of V,·et· 
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First 200 MHz 
IC Amplifier 
Array 

RCA-CA3049 lor-55° to 125°C operating temperature , $1 .95 (1 ,000 units) 

ROii 
Integrated 
Circuits 

The Electronic Engineer • April 1969 

Here's another of RCA"s growing famil y of " building 
block" !C's-usable as high-speed sense ampli fiers, 
low noise IF and RF amplifiers, balanced mixers , 
wideband ampli fiers, oscillators , and many more . 

It's the RCA-CA3049-a pair of differential or 
cascode amplifiers on a single chip. Each ampli fier 
provides a transducer power gain of 23 dB (typ.) in 
a cascode connection at 200 MHz with a curre nt of 
only 2 mA. This unit - useful to 500 MHz - marks 
anothe r " first " for RCA stemming from new high· 
frequency IC design and production techniques. 

Ask your local RCA Representative or your RCA 
Distribu tor for details. Or for comple te technical 
information, write RCA Electronic Components, 
Commercial Engineering, Section ICJ-4, Harrison, 
N. J . 07029. 

RCA Linear Arrays for Design Flexibili ty 

RCA-CA30 18 Two isolated transistors 
plus Darlington pair $ .98 (1000 units) 

RCA-CA3018A Same unit with perform-
ance characteristics con-
trolled from 10 ,,.A to 1OmA1 .35 (1000 uni ts) 

RCA-CA3026 Dual independent diff 
amps for DC to 120 MHz 1.25 (1000 units) 

RCA-CA3045 3 isolated transistors and 
1 diff pair for -55 ° to 
+ 125°C operation, DC to 
VHF (DIC package) 1.50 (1000 units) 

RCA-CA3046 Same as CA3045 but in 
dual-in-line plastic pack 
age (0°C to + 75°C 
operation) .98 (1000 uni ts) 

RCA-CA3050 Two Darlington
connected diff amps with 
diode bias st ring : -55° to 
+ 125°C,DC to20 MHz 
operation (DIC) 2.25 (1000 units) 

RCA-CA305 1 Same ci rcuit for 0°C to 
+ 75°C operation(D tP) 1.65 (1000 units) 
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914 Sweep circuit has triggered, free-run modes 

Chuck Ulrick 
Collins Radio , Cedar Rapids, Iowa 

This linear sweep circuit has many 
of the features of sweeps used in 
lab-type scopes. It consists of a 
control flip-flop, a capacitor charg
ing circuit, a voltage comparator, 
and a hold-off multivibrator that 
prevents triggering of the sweep 
during its recovery time. 

H alf of the Sylvania SG143 is 
wired as a set-reset control flip
flop . During standby, it holds the 
cathode of the clamp diode (D1 ) 

near ground, preventing C 1 from 
charging through R1. The RCA 
CA3018 operates as a Darlington 
buffer and differential comparator. 
During standby, it sends a HIGH 

RESET input to the flip-flop . 
If you set the stability control 

so that input A of the first NANO 

gate is just below threshold, then 
positive triggers cause it to set the 
flip-flop, releasing the clamp. C1 

then charges through R 1 . When the 
comparator sees that this sweep 
voltage is at the desired amplitude 
(set by the sweep length control) , 
it resets the flip-flop. C1 discharges 
through D 1, forming the retrace. 

At the same time, the reset action 
of the flip-flop sends a positive 
pulse through C2 to the hold-off 
circuit. This gives a LOW output un
til C2 discharges through the 1 kO 
resistor. Thus, trigger pulses are 
not effective during this interval, 
and each sweep starts only when 
the circuit is fully recovered. 

470 

# 

k-SG\43 

Stability 
lkJ1 

lk J1 

f
w 
CJ) 

w 
a:: 

If you set the stability control 
so that input A is above the gate 
threshold, the circuit free-runs . It 
gives you a continuous train of 
sweep pulses, each with a period 
equal to the sweep time plus the 
hold-off interval. 

C1 and R 1 determine the sweep 
rate, and, in general , C2 = 0.1C1. 

For very long sweeps that need a 
large C1 , replace D 1 with a pnp 
transistor emitter-follower. You 

lkJ1 

Sweep 
out put 

will have to do this when the gate 
cannot discharge the timing capaci
tor in the desired time. Connect 
the transistor's base to point x, its 
emitter to y, and ground the col
lector. 

Sweep linearity depends on the 
values of V + + and Ri. both of 
which can be very high . The 1c's 
see only the charging current (pro
duced by V + + and R1 ), never the 
high v++. 
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915 Use a voltage regulator as a lamp/ relay driver 

Richard A. Sorensen 
Genera l I nst rument Corp . 
Hicksvi ll e, N. Y. 

You can extend the application of 
General Instrument's NC53 I volt
age regulator into the areas of lamp, 
relay , and motor drivers- in most 
cases without adding any compo
nents. 

For example, you can connect 
the 531 as a TTL-compatible lamp 
and relay driver, as shown in the 
top d iagram. With such a circuit, 
the input characteristics are similar 
to those of TTL from the standpoint 
of voltage, as well as current , levels. 
A logic 0 input causes the input 
transistor to conduct, clamping the 
base of the D arlington amplifier to 
the logic 0 level + V r:Esat· This 
turns the D arlington pair OFF . 

. In applications where you must 
apply a voltage to the load, the 
zener diode clamps the output o f 
the TTL driver to about 6.2 V, pre
venting a high dri ving voltage (such 
as 28 V) from damaging the gate. 

You can further enhanc~ the cir
cuit's versatility by adding another 
TTL gate (TTLb) . Now you can per
fo rm the logic operations shown in 
the truth table. Note that the load 
is energized when either an open or 
a logic 1 is at the input. 

As a second example of the cir
cuit 's usefu lness, you can make it 
MOS-compatible by connecting the 
input as shown in the lower dia
gram. The differences between this 
and the top circuit 's operation are 
in the input logic levels, and the 
function of the zener diode. Here. 
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B ---------
8 

+ 5V 

Ust e ither the 

in ternal pu ll -r---r-t---t"'-::====~~-----< 
res is tor or 
an other oate . 

NC 

NC 

the zener provides the necessary 
logic levels (noise i mmun it y): 
logic 0, ~ 6 V; logic I , ? 6.5 V. 

Along with these uses, you can 
apply normal regulator techniques. 
For instance, you can add an ex
ternal pass-transistor fo r high e r
cu rrent applications (hi gh -power 

C~ Vee 

Load ca n be 
in e ith er te9 

c 

D 
6 

A 

0 

0 

I 

I 

A 

0 

I 

I 

0 

B c 

0 0 

I I 

0 0 

I 0 

A · B=C 

A· B = 5 

B c 
0 0 

0 I 

I 0 

I 0 

A · B = C 
A · B = D 

D 

I 

0 

I 

I 

D 

I 

0 

I 

I 

solenoids, de motors, and so fo rth ). 
An external current-limiting circuit 
would limit h igher currents met 
during "cold-lamp surge." This lets 
you use higher-current lamps, or 
multiple lamps, without exceeding 
the current or power rating of the 
pass transistors. 
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Fused Quartz of highest purity is pro
duced by General Electric with the most 
complete technical resources available 
today. You'll find G-E fused quartz used 
in crystal pulling ... zone refining ... 
semiconductor diffusion ... research 
labware . Many new and varied applica
tions are continuously being developed . 

G-E Type 151 Fused Silica, for critical 
optical applications, is a schlieren grade 
material offering the highest ultraviolet 
transmission. Type 151 is ideal for use in 
laser optics . .. absorption cells ..• 
spectophotometer optical elements . . . 
schlieren photography. Now used in 
many innovative and exciting applica
ti ons, Type 151 is the newest and highest 
quality optical material within General 
Electric's numerous grades. 

""orld-wide Service 
and P r ompt Delivery 
f o r Quartz, Lucalox® 
a n d E lectronic 
G l ass Products 

Lucalox®, a highly versatile polycrystal
line alumina ceramic, has an extensive 
number of applications in the chemical, 
electronic, microwave and high tempera
ture fields . Easily fabricated to complex 
specifications, Luca lox applications in-
clude use as insulators ... guides .. . 
microwave windows . .. bearings .. . 
gyros. Luca lox has high dielectric strength, 
purity, plus transmission capabilities of 
up to 903 of total light in the visible 
spectrum. Standard tubing, rod, plates 
and discs are available from stock. 

Electronic Glass from General Electric 
is available in a wide variety of shapes. 
Applications for the electronic and asso
ciated industries include TV repair necks. 

. .. electronic tubing ... miniature bulb 
blanks ... subminiature radio tube 
blan ks ... recei ving tube blanks ... 
beads and brazing pellets ... electronic 
tube flares .. . pressed ware ... re- draw 
tubing. General Electric research and 
technical representatives are always 
ready to work with customers on speci fic 
applications. And at Genera l Electric we 
welcome new challenges. 

WO RLDWIDE SERVICE. For sales and application 
assistance, contact your nearest regional office: 
CALIFORNIA, Los Angeles . .. ... ... 213 723·2541 
ILLINOIS , Chicago ............ . . 312 282-7905 
MASSACHUSETTS, Boston ....... . 617 332-6200 
NEW JERSEY, Newark ... . ..... .. 201 824-5200 
OHIO, Cleveland ................ 216 266-4001 
CANADA, Toronto .... .. .. ....... 416 537 -4481 

Write for illustrated technical literature 

LAMP GLASS DEPART M E NT 

GENERALf/j ELECTRIC 
24400 Highland Road • Richmond Heights, Ohio 44143 
MANUFACTURERS OF LUCALOX® CERAMI C - ELECTRONIC GLASSWARE -
FUSED QUARTZ PRODUCTS- JET-TEMP® AND JET-B .O.P. TH ERM OCOUPLES. 
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ABSTRACTS 

Feature article abstracts 

Published information is vital to your job. 

To save time in finding this information, 

we have abstracted the important technical features 

from .eight electronic engineering publications. 

Should any of these ·articles interest you, contact the magazine

names and addresses are listed below. 

Reprints of articles with an asterisk are available free. 

Save this section for future reference. 

Amplifiers 

Des ign ing de amplifiers, Part I : Ampl ifiers with 
zero input and output leve ls. Thomas Mollinga, 
Holondse Signaalapparaten (Holland). "EEE," 
Vol. 17, No. 2, Feb. 1969, pp. 46-51. The article 
teaches how to design de-coupled amplifiers using 
discrete transistors and res isto rs. Assu ming no 
base resistance, emitter resistance, or ico, it in 
cludes pract ical design equations for special 
cases such as power, high frequency, and :i iffer· 
ential amplifiers. 

Charts and Nomographs 

Nomographs so lve determinants, C. D. Dow, 
Westinghouse, "EON," Vol. 14', No. 5, Mar. I , 
1969, pp . 41-45. Determinan t theory permits a 
square a rray of numbers to rep resent an equa
tion of linear variables a nd be equated to 
zero. This determinant ca n be linked to a 
graphical presentation. The author shows how 
to construct nomographs based on such deter
minants . With these nomographs, you can 
rapidly determ ine the effects of a des ig n 
change on, say, the input-output relationship for 
o blackbox network. 

Quickly compute rms noise, W illiam N. W ag
gener, EMR , " EON ," Vol. 14, N o. 5, M or. I , 
1969, pp. 53-55. This art icle shows you how to 
compute rms noise in a given bandwidth , by 
using two nomographs . One no mog raph is for 
shot noise, while the other is for thermal noise. 

Circuit Design 

Expand basic loaders into complex networks, 
Monty Walker, Litton Doto Systems, " EO N," 
Vol. 14, No. 5, Mar. I , 1969, pp. 47-51. Com
bining resistor-ladder configurations g ives you 
more flexibility i n ladder design. To il lustrate 
this point , the author shows you how to apply 
the advantages of R-2R ladders to BCD ladders. 
Other examples shown are mixed rad ix, BCD 
bipolar, Excess-3 ladders, and so forth. 

Desig n notch networks the easy way , Charles F. 
White, Electronic Consu ltant , " Electronic De
siqn," Vol. 17, No. 6, M arch 15, 1969, pp. 210-212. 
RC twin-T not ch network desig n often requires 
odd valued components. This article describes 
how these filters con be desiqned using six 
standard 10% components. Basically, the de
siqner selects four components then fi ne tunes 
with the last two parts. 
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Circuits 

Which output ci rcuit ry should you use? David C. 
Dovies, A melco Sem iconductor, " EEE," Vol. 17, 
No. 2, Feb. 1969, pp. 68-71. This article di sc usses 
five types of output circuits used in integrated 
circuits; pullup res is tor (or pass ive pullup) for 
common emitte r c ircu its, complementary (pn p 
npn) transistors, totem po le (npn-npn) or cas
cade c ircuits, and two improvements on t he 
totem pole circuit-diode clampi ng and transis
tor clomping. In addition to describing t he c ir
cuits, the author gives a succinct and practical 
list of advantages and d isadvantages for each 
circuit. 

Components 

*Term inal junctions make thei r debut, Staff Re
port, "The Electronic Eng ineer," Vol. 28 , No. 4, 
A pril 1969, pp. 47-48. Due to the a mou nt and com
plexity of electronic equipment be ing squeezed 
in to today's military and commercial aircraft , 
and the need for reliability, even more dense 
interconnection systems are requ ired . The newest 
method or system, accepted in t he past few 
mo nths, has been the term inal ju nction system 
before accepting t his method of interconnect ion 
Johnsville Noval A ir Develo pment Center ran 
extensive tests. The acceptance of t his type of 
connection by John sv ille NADC wi l l ulti mately 
lead to its wide acceptance by other military 
groups and also commercial aircraft. Wh il e the 
main impetus for refining this type of connec
tion system wa s for aircraft, the system is sui ted 
for otlier dense interconnection syste ms or equip
ment, such as computers. 

How to ruin snap switc hes, Daniel Schwarzkopf, 
Unimox Sw itch Div. of Maxso n Electronics, "EEE," 
Vol. 17, No. 2, Feb. 1969, pp. 62-65. In a tongue
in-cheek style, the author covers a number of 
ways to abuse and destroy a snap switch, rang
ing from a user who bends the operating lever, 
to the one who speci fi es the wrong snap switch 
for his applications . 

Transistor respon ds to magnetic fields, Robert H. 
Cushman, Eastern Editor, " EON ," Vol. 14, No. 4, 
Feb. 15, 1969, pp. 73 -78. H ere is a description , 
with some possible applications, of a transistor 
that is sensitive to magnetic fields. The device 
has two collectors wh ich divide their currents 
unequally in the presence of a magnetic fie I:!. 
Sensitiv ity appears to be similar to that of dis
cret e Holl-effect devices. The invento r believes 
the current- split (or "bendi nq") is caused by 
Lorentz-force action of the fie ld on the elec 
t rons. 

Magazine publishers 
and their addresses 

EON 
Cahne rs Publishing Company 
3375 S. Bannock Street 
Englewood, Colo . 80110 

EEE 
Mactier Publishing Co. 
820 Second Avenue 
New York, N. Y. 10017 

Electronic Design 
Hayden Publishing Co. 
850 Th ird Avenue 
New York, N. Y. 10022 

Electronic Products 
United Technical Publi cations 
645 Stewart Avenue 
Garden City, N . Y 11530 

Electronics 
McGraw·Hill , Inc . 
330 W. 42nd St1 eet 
New York, N. Y. 10036 

Electro-Technology 
Indu strial Research Inc. 
Indu strial Research Bldg. 
Beverly Sho res, Ind. 46301 

IEEE Spectrum 
Institute of Electrical & Electronics 

En gineers 
3-15 East 47th Street 
New York , N. Y. 10017 
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Chilton Company 
56th & Chestnut Streets 
Philadelphia, Pa . 19139 

83 



ABSTRACTS 

Solid-stale optoeledronics in '69, Robe rt E. 
Koeper, Sr. Editor, " EDN ," Vol. 14 , No . 4, 
Feb. 15, 1969, pp . 49·64. Optoelectron ic devices 
now appear with increasing frequency i n many 
types of equipment, and their p rices , especially 
for high-density applicatio ns, are droppi ng. 
Manufacturers claim that users still do not un
derstand optoelectronic terminology, or how to 
effectively use these components. A fte r suc h in
troductory remarks, the article goes o n to sur
vey th is new do mai n, and :fesc ribes its large 
variety of emitters, sensors, and assemblies. 

Computers and Peripherals 

Computer-controlled vehicular traffic , Gord o n D. 
Friedla nder, Burndy Library, "I EEE Sp ect rum," 
Vol. 6, No. 2, Feb, 1969, pp. 30-43. Man y o f 
our major cities are so choked by motor ve
hicles, and so defic ient in alte rnative means o f 
mass transportation-that the to ta l iam-u p o f 
urban t ravel has evolved from prospective nigh t
mare to g rim real ity. The answer t o this p ressi ng 
problem may we l l be co mpu terized t raffic con
trol. The author mai nly looks at t hree com p ute r
controlled traffic systems- in Toron to, Sa n Jose , 
and W ichita Falls-and a lso b riefly covers some 
others. 

Speed inverse Laplace transform solutions, R. 
G . Durna l, Westinghouse Defense & Space, " Elec
tronic Des ign, " Vol. 17, No. 6, Ma rch 15, 1969, 
pp. 240-245 . By using a time-sha red computer, 
Lap lace transforms can be neatly reso lved . Th is 
article te lls who! you have to do to ha ndl e 
these types of calculations in a computer. The 
attack is a little d ifferent than if you d id t he 
work manually. 

Computer tuning of hybrid audio oscillators, 
Frederick H. H intz man, J r., Weste rn Electric, 
"IEEE Spectrum," Vol. 6, No. 2, Fe b . 1969, pp . 
56-60. The advent of push-button t elephone 
d iali ng systems has created the need fo r preci
sion audio tone generators and a rap id , o n-lin e 
method of accurately tuning th e m. The aut hor 
desc ri bes an unusual tun ing system th at is 
driven by a small process-contro l computer. 

Integrated Circuits 

An IC me d ium -power voltage regulator, W. H . 
Willia ms & J. H. Parker, Westinghouse, "IEEE 
Spectrum," Vol. 6, No. 2, Feb. 1969, pp. 72-78. 
Th is art ic le descr ibes a monolithic integrat ed 
circui t vo ltag e regu lator for "on-card" a ppli
cations . The device combi nes, on a si ng le chip, 
a temperature-co mpensated reference voltage, 
a sense and compariso n amplifier , a Darlington 
series contro l element, a constant curren t pre
regula t or, a curren t-l imi ting transistor, a nd on 
SCR . 

Typical consu me r IC applications , Staff Report, 
"Electro-Technology, " Vol. 83, No . 3, Marc h 
1969, pp. 62-66 . Var iou s consumer IC applica
t ions are discussed and shown schematically . 
So me recently introduced circuits are also cov
ered. 

Integrated ci rcuits in consumer products, 
Tho mas J. Robe , RC A Electronic Components, 
"Electro-Technology," Vol. 83, No . 3, March 1969, 
pp. ~9-62. The author compares some o f the 
advontages of mo nol ithic and hybrid ICs for use 
in consumer products . Present and future a ppli
cations ore al so d iscussed. 

Materials 

Fire-re ta rda nt pla stics , Mel Mande ll , Editoria l 
Director, "Electronic Products ," Vol, II , No. 10, 
Feb . 1969 , pp. 18-32. New demands o n the e lec
tronics in dustry-mainly from NASA , the FAA , 
Underwriters Laborator ies, and the Nation a l FirE 
Protect ion Associa tion-require plastics in e lec
tron ic equipment be fire retardant. Ne ither must 
they create heavy smoke, or dr ip or em it f la minq 
plastic . Thus , the electronic designer who specifies 
pla stics or assembles contain ing plastic, mus t re
educate himsel f to what these new materials can 
and cannot do. 
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Microwaves and Microwave Products 

•Discrete components to solve your stripline 
problems, Tom O siecki, Erie Technologica l Prod
ucts , " The El ectro nic Engineer," Vol. 28, No. 'I, 
Ap ri l 1969 , pp. 65-68. Discrete passive compo
nents con imp rove your microwave striplin e de
sign. You ca n use passive devices a s de blocks 
(coup ling ca pa c itors), rf sh o rts (bi-poss capoc
itors), rf te rmina t ions (resist ors) and bias cir
cuitry. The a uthor describes these devices and 
te ll s why it is advanta geo us to use them in 
place of co nventiona l stripl ine and microstrip 
t echn iques, for c ertai n ap plications. 

Packaging 

*SHP shapes up, Rich o rd N. Kowal iw, C hallenger 
Resea rch, " The Electronic Eng ine er," Vol. 28, No . 
4, A pril 1969, pp. 71-75 . The Navy ha s a pro
gram t o stand a rd ize circ uit modul es fo r elec
tronic equ ipment. The g oa l o f t his prog ram is 
to develop a la rge number o f p lug -in mod ules, 
each classified by its fu nction (amp lifi er, oscil
lator, flip-fl o p, an d so fo rth). The SHP mod ules 
ore d iffe rent e lectrically , but similar mecha n
ica ll y. Thu s, la rg e compl ex electro nic systems 
can be built from a relatively limited number 
o f basic modules, much as buildings are formed 
from ma ny indivi du al b ric ks . 

Semiconductors 

There are many ways to fire an SCR , Part II, 
Wendell W . Ritchey & Ro nald H . Randall, Acme 
Electric, "E lectronic Desig n," Vol. 17, No . 6, 
March 15, 1969, pp. 234-237. Par t 2 describes 
how to select a n SCR fo r spe cific applications 
and g ives a run down o n fi ri ng c haracteristics 
a nd requireme nts for proper operation, You 
con lear n how to t est th e devices yourself, a nd 
what type o f circuitry should be used to prevent 
b urn-out. This article does not cover the newer 
avalanche types. 

Select the right FET, Sam M. Weover, Sr. Engr., 
Texas Ins tr uments, "Electronic Design," Vol. 17, 
No. 6, March 15, 1969 , pp. 194-200. Selecting 
a n FET for your appl icatio n is no mystery, pro
vided you know whot to look for. This article 
descr ibes the parameters that shou ld be deter
mined prior to final izing your selection. 

Systems 

Reduce radar display clutter, Alan J . Brown & 
A lbert Haeberle , Hazelt ine Corp., " Elect ronic 
Desian," Vo l. 17, No. 6, Morch 15 , 1969, pp. 
204-207. Normally clutter has to be eliminated 
by a manual control. Here is a method t hat 
con handle clutter a utomatically. The co mbina 
t io n of a logarithmic receiver with video proc
e ssin g gives you the ga in time control needed . 

*Telemetry Course , Part V: Displays-Techn iques 
and Technology, Ha rry C . Mo rqan , Radiot io n, 
"The Electronic Eng ineer," Vol. 28 , No . 4, April 
1969, pp. 53-62 . Part V tells how the data are 
processed for comp utation or temporary sto rage, 
or for use by a human being. In the latter case, 
the d o.ta must be converted to either alpha 
numeric or graph ic form. This area o f ma n-ma
ch ine interface will be covered in detail with a 
description of severa l new developments. An ex
am ination is included in this month's install
me nt . A ll readers succe ssfu lly pass ing the exam 
will receive a ce rt ifica te tha t is suitabl e for 
frami ng. 

Build stable rf servo loops, A rpad D. Vincze , 
Philco -Ford, " Electronic Design," Vol . 17, No. 6, 
March 15 , 1969 , pp. 216-224 . Part .2 o f this 
article further describes how to des ign stable 
loops to reduce both linear and non linear 
te mperature drifts. Th e bos ic philosophy is l o 
maximize the samp led signal. The des ig n here 
is b etter suited to amplifier/multiplier chains 
than to simple power am p li fi ers. 

Test and Measurement 

Measuring wi de- ban~width Im dev iation , C . N. 
Charest , Philco- Ford , " EDN ," Vol. 14, No. 5, 
Mar. I, 1969, pp. 33-40. The useful measure of 
deviation bandwidth is th e spa n of freque ncies 
over whic h there are significan t amou nts of 
sideband energy. The author defi nes "sign ifi 
cant" as sidebands wit h a mplitudes at least 1% 
of tho! of the unmoduloted carrie r. To simplify 
computation and let you use a spectrum a na lyzer 
more eas ily, he has e xtracted data from tab les 
of Besse l functions , and plotted curves of t he 
nu m ber of significant sid e bands vs modulation 
index, for indices as high a s 50. The author a lso 
expla ins the practical a pp licatio n of his method 
for low and high indices. 

Measure the sweep linearity of Im pulses, Richard 
F. Cutler & Ray mond C. Monk, Goodyea r Ae ro
space, " Electronic Design," Vol. 17, No. 6, 
March 15, 1969, pp. 228-230. He re is the sol ut io n 
to measuring the linearity of short, freque ncy
swept Im pulses . Block d iagrams aid in making 
t he test setup. 

Miscellaneous 

Lethal electric cu rrents, Charles F. Da lzie l, 
Un iv. of Ca lifo rn ia, Berkeley, a nd W. R. Lee , 
Un iv . of Monch ester, "I EEE Spectrum," Vol. 6, 
No . 2, Feb. 1969 , pp. 44·50 . The key cr iter ia in 
establishing safe-current requirements a re the 
mi nim um "let -go" current ( in excess of whic h a 
person cannot release his grasp on a live con 
ductor) and the mi nimum current that will cause 
ventricula r fibrillat ion to occur. This art icl e 
discusses investigations o f both let-go and fi b· 
rilloting current and presents some o f t he ex
perimental data p resently available . 

Trade secrets and th e technica l man , C harl e s 
M. Carter, Warwick Electron ic s, "I EEE Spec
trum," Vol. 6, No. 2, Feb . 1969, pp. 51 -55. In 
the ele ctro nics industry, engineers move arou nd 
quite a bit-taking trade secrets with t hem. 
Do you know that if you breach a compa ny 
confidence (whether intentionally or uninte n
t ion all y), you moy be subiect to prosecut ion? 

i~~en°r/;~~e i:e~~!r;daendd 1
t°he bt~dci~ict~le ri~~ fhe~ 

greatest dama ges, however, may be collected 
from a r ival fir m that kno wingly encourages 
unauthorized d iscl osures. The article thus points 
out that corporate progra ms which incl ude e a rl y 
legal consultation must olso be instituted t o 
prevent trade secret t ransgressions. 

Redesigning for profit, Robert Holli ngsead , Ho l
li ng se ad-Pr io r Enterprises , " EDN ," Vol. 14, No. 
2, Jan. 15 , 1969, pp. 51-52. Money saved in ma n· 
ufacturing cost s ofte n mea ns more profit to t he 
producer t ha n does increased sales. Profit stu d ies 
of items in conti nu ing production poin t the way 
to reduced mo nufacturing costs. Although suc h 
product rev iews are ofte n better don e by out
siders , sometimes you must do it yourself . If so , 
th is article will start you on your way . II te ll s 
how to se t up a review board and a p roduct 
analysis study. 

• 
On p rofessional salaries, Richard P. Howe ll, 
Stanford Research In stitute, "I EEE Sp ectrum," 
Vol . 6, No. 2, Feb, 1969, pp. 22-29. How much 
are you worth to your compa ny? Are you satis
fied with what you're being paid? This art icle 
interprets salary data on about 50,000 scientists, 
eng ineers , and faculty members, and outli nes 
so me of the naturally-evolved (o s opposed l o 
arbitraril y-evol ved) forces that determine th e ir 
salary levels. The author shows how salary is a 
functio n of such factors as these: age , d egree 
level, specialty stud ied , indu st ry, geographica l 
location, sex, num ber of jobs he ld, reason for 
applying for work , marital statu s, univers ity 
graduoted fro m, and so forth. One prob lem 
pointed out in the article, however, is that its 
salary figu res are too low- the data are three 
or four years old, and engineering salaries have 
been increasing about 7% per year since 1964 . 
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·NEW PRO.DUCTS 

New packaging 

enhances diode performance 

Physical and electrical benefits 

of fused metal oxide recti fiers are both significant. 

Semtech has unveiled its new line of 
"Metoxilite" rectifiers. The metal ox
ide mixture, "Metoxilite", is fused to 
the internal assembly, which consists 
of tungsten pins metallurgically bond
ed to the silicon junction. The fused 
metal oxides now replace metal cans, 
plastic encapsulations, and other cases 
used in the manufacture of rectifiers. 

Figures 1 through 5 illustrate vari
ous methods of encapsulating silicon 
rectifiers. The immediate physical re
sult of the "Metoxi lite" package is a 
reduction in volume by two-thirds. 
The electrical benefits are even more 
striking. 

Reverse current leakage has been 
reduced an order of magnitude to 1 
:;.A, or lower, at room temperature. 
At 100 °C, it is 25 µA max. Reverse 
recovery time for the 3-A fast re
covery diodes is less than 150 ns. The 
diodes operate without long-term 
degradation in the range of - 65 ° to 
200°C, and can withstand the thermal 
shock of being dumped from boiling 
water into LN~. 

The good electrical performance is 
due to a sharp reduction in junction 
surface leakage, which is the largest 
contributor to reverse current. The 
new packaging technique protects the 
surface so that leakage currents can 
approach theoretical values. Existing 
surface leakage is stable , an d the in
creased leakage at higher tempera
ture is du e mostly to bulk effects. 
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The cost of the 1-A fast recovery 
diode ranges from $0.50 to $5.00 for 
a PlV of 200 V and 1,000 V, respec
tively, in lots of a thousand. The 3-A 
would be slightly more. Production 
quantities are available immediately. 
Semtech Corp., 652 Mitchell Rd., 
Newbury Park, Calif. 91320. (805) 
498-2111. 

(continued on page 86) 

11 ! r 
Silv er L eod Silico n Ju n c 11o n E p o Ky 

Fig. 1: Epoxy encapsulation. Epoxies 
have higher thermal expansion coeffi· 
cients than do the junction assemblies. 
Thermal stress to the internal construc
tion can cause catastrophic or degra
dation failures by letting contaminants 
(moisture) penetrate between the lead 
and the case into the junction area. 
The silver leads are soldered direct ly to 
the junction, creating another thermal 
mismatch. Temperature excursions can 
cause relative movement between them 
or crystallization of the solder. The em
brittled solde r can crack off the lead 
(or the base in Fig. 4). With thermal 
cycling the ohmic resistance of the sol
der increases, so crystallization mani
fests itself as an increased forward 
voltage drop, with a consequent tem
perature rise at the junction, until fail
ure occurs. 

This is one of the new 3·A rectifiers 
showing the "Metoxilite" encapsulation 
prior to painting and marking. It is 
0 .165 in . long and 0.180 in. at the 
widest point. 

Silv er L ea d Silico n Ju nct io n E p o 11.y 

Fig. 2: Si licon rubber added. This con
struction overcomes some of the de
ficiencies in Fig. 1 by encapsulat ing t he 
junction area in silicon rubber befo re 
final epoxy encapsulation. The silicon 
rubber protects the junction from con
tamination and absorbs thermal stress. 
But during the initial transfer molding, 
the rubber can be misplaced, leaving 
the junction unprotected. The rubber 
also may contain air bubbles, which 
cause corona failure, especially when 
the devices are encapsulated in a series 
string for high voltage applications. It 
is sometimes recommended that a pair 
of pliers be used as a heat sink be· 
tween the case and the silver lead 
when the lead is soldered into place. 
Otherwise, heat conducted up the lead 
can melt the solder at the junction. 
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NEW PRODUCTS 

(Continued from page 85) 

" °'' T~\ "" 
Si lv er Alloy or Sd1con J u nction Wh isker 
Mol y Pin 

Fig. 3 : Glass encapsulation. Silicon rub
ber is aga in used to protect the junc
tion . The whisker aids in construction 
and is used to take up thermal expan
sions. An inert gas fills the cavity. The 
high temperature expansion coefficient 
of the potting material can crack the 
glass body, destroying the hermetic 
seal. Other encapsulation problems are 
glass stra in and peripheral cracks at 
the lead entrance. Coronal failure can 
occur when the gas ionizes in high volt· 
age gradients . The Dumet lead is an 
iron core, and is copper clad and tin 
plated. 

Fig. 4 : Typical "top hat" rectifier. The 
wh isker is soldered to the junction, 
forming a "T" assembly. The junction 
is soldered to the mounting base , which 
is welded to th e top hat assembly, the 
whisker extending into the tube . The 
fin al hermetic seal is made by sea ling 
the tube to th e whisker. The base 
metal usually does not thermally match 
the silicon. Durin g therm ~ I cvcling, 
there is relative movement between the 
junction and the base which can crack 
or crysta llize the solder. The inert at· 
mosphere agai n li mits the voltage gradi· 
ent because of corona possibilities. 

....... , ,~ ~~:;:;",, 

T::i~~tolold 

Silv er L ead M1t oi1 l1 h Silver Lead 

Fi g. 5: Semtech "Metoxilite" rectifier. 
The meta l oxide mixture is fused to 
the internal assembly, consisting of 
tun gsten meta llurgica lly bonded to the 
silicon ju nct ion. It is a relatively high 
te mperat11 re process where the fused 
metal oxide hermetically seals to all 
surfaces a nd is thermally matched to 
the body assembly. It is used in place 
of expoxy, inert gas, metal cans, silicon 
rubber, and glass. The new solid pack· 
age provides good environmental pro· 
tection against shock, humidity, vibra· 
tion, a nd temperature. 

Circle 285 on Inquiry Card 
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DC-TO-AC INVERTERS 
Man y versions available. 

m • • I 
Batac series SS inverters can con

vert 12, 28, and 32 Vdc and other de 
voltages to 60 Hz and 400 Hz ac. 
Units bring the long life of brushless 
ac fans and blowers to de operations, 
function reliably in amb. between 
- 30° and + 71 °C. Rotron Inc., H as
brouck Lane, Woodstock, N. Y. 
12498. 

Circle 286 on Inquiry Card 

PLATE CONNECTORS 
For solderless wrap. 

Two new connectors are the 1000 
series, for 0.100-in . grid spacings, and 
the 1200 series, for 0.125-in. grid 
spacings. Each series includes tuning 
fork components (types SI 000 and 
SI 200) and male blade contacts 
(types M 1000 and M 1200) . The wrap 
posts are 0.025 in2 . Teradyne Com
ponents, 900 Lawrence St. , Lowell , 
Mass . 01852. (617) 454-9 195. 

Circle 287 on Inquiry Card 

STRIP CHART RECORDER 
Event and speed mark pen are built in . 

"' OmnigraphicT~J Model 10, a 10-in. 
recorder, offer's 17 input ranges as 
standard , with the ability to read de, 
mV, V, 0 , iJ.A , and mA. Five chart 
speeds range from 0.05 to 20 in / min . 
Houston Instrument , 4950 Terminal 
Ave., Bella ire, Tex. 77401. (713) 
667-7403 . 

Circle 288 on Inquiry Card 

MINIATURE TRANSFORMERS 
There a re 242 basic units ava ilable. 

Pico transistor transformers and re
actors have about 900 configurations 
ava ilable. Each features high effi
ciency plus a wide range in freq . re
sponse ( - 5 dB to - 4 dB at 300 H z, 
and + 0.5 dB to + 1.5 dB at 50 kHz). 
E~sex International, Inc., Controls 
Div., Stancor, 350 l W . Addison St., 
Chica1w. Ill. 60618 . 

Circle 289 on Inquiry Card 

ELECTRIC COUNTER 
With 25-ips counting speed . 

Sodeco ES4, a single-digit, high
speed impulse counter, has •a 10-pos. 
readout switch, a transfer contact, a 
zero reset contact, and a predetermin
ing switch. It performs many func
tions including programming, impulse 
storage, predetermining, counting, and 
control. Landis & Gyr, Inc., 45 W . 
45th St., N ew York, N .Y. 10036. 
(212) 586-4644. 

Circle 290 on Inquiry Card 

ISOLATION TRANSFORMERS 
Increase CMR 100 times to 190 dB. 

Nanotran transformers are good 
for high performance isolation uses, 
including chopper and geophysical 
aoolications. The N anotran shielding 
principle can also be applied to small 
power supply transformers. Stevens
Arnold , Inc., 7 Elkins St. , South 
Boston . M ass. 02127 . 

Circle 291 on Inquiry Card 
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We fallowed up 
our jumbo with 
a short-form. 

Get one free. 
We've gathered information on all our 

coaxial connectors in the standard series 
from low-cost UHFtypesto newMIL-C-39012 
versions plus subminiatures, crimps, and 
adapters of all sorts (over 7000 connectors 
in all) and combined it in brief form with 
details on Amphenol RF switches. We call it 
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our SF-1 Short-Form Catalog. You'll call it a 
complete, concise reference on connectors, 
switches and cable. 

For your free copy, circle the reader serv
ice number, or write Amphenol RF Division, 
33 E. Franklin St., Danbury, Conn. 06810. 

@. e:~K~R~O~O~Ogl~ 
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HOW LONG IS 428 BITS? 
About 1/10th of an inch square. 

Or, at AMI it is 2571 transistors 
in a T0-5. 

• Longest off-the-shelf shift register ' 
• Directly bipolar compatible 

• Shift rates to 5 MHz 
• Meets full Mil. Specs. 

For more information about the 
426-the RD15 (Mil. Specs.) or 

RD65 (commercial/industrial)
and over 60 other AMI MOS standard 

products, contact: 

111ri111 lioro-111t111.111. 
3800 Homestead Road, Santa Clara, California 95051, Tel : (408) 246-0330 

TWX: (910) 338-0018 

Circle 44 on Inquiry Card The Electronic Engineer • April 1969 



NEW MICROWORLD PRODUCTS 

FM STEREO DEMODULATOR 
Separation is 40 dB (typ.) at 1 kHz. 

L+R ~~.,,, 1.- R . ~ . 
Pit.OT ' T-
The monolithic MC1304 separates left and right audio, 

activates a stereo-indicator lamp, mutes interstation hiss, 
and automatically converts weak stereo to monaural sig
nals. $4.80, 100-up. Technical Information Center, Mo
torola Semiconductor, Box 20924, Phoenix, Ariz. 85036. 

Circle 201 on Inquiry Card 

ULTRASONIC WIRE BONDER 
For continuous production of hybrids to 4 in.2• 

Model 8-151-01 has manual search control for multi
level bonding, adjustable wire looping, and a micromanip
ulator (x, y, and rotation). Patented bonding mechanism 
assures flat tool delivery. $3400 fob . Unitek, Weldmatic 
Div., 950 Royal Oaks Dr., Monrovia, Calif. 91016. 

Circle 202 on Inquiry Card 

DUAL POWER SUPPLY 
For one or more op amps. 

Operating from 115 Vac, either 60 or 400 Hz, Model 
1784 delivers ± 100 mA at ± 15 V. The output is regulated 
against both line and load variations. For PC board 
mounting. Price: $78 ea., from stock. Melcor Electronics 
Corp., 1750 New Highway, Farmingdale, N. Y. 11735. 

Circle 203 on Inquiry Card 
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ANALOG COMPARATORS 
Four new models . 

A TTL-, DTL-, RTL-compatible output and 3-µs response 
put Model 5233 at $255. Model 5372A has 10-V output, 
15-µs response, is $145. A 300-µV comparison error, 10-V 
out Model 5378 is $44; Model 5385 is $74. Optical Elec
tronics, Box 11140, Tucson, Ariz. 85706. 

Circle 204 on Inquiry Card 

RADIATION-TOLERANT ICS 
A level shifter, two 70_9 op amps, and five DTL circuits. 

These JCS have active elements protected by a "tub" of 
silicon dioxide, and interconnected with tantalum thin-film 
resistors. The five DTL circuits are the 930, 932, 944, 
945, and 962. Philco-Ford Corp., Microelectronics Div., 
Blue Bell , Pa. 19422. 

Circle 205 on Inquiry Card 

HOLLOW FRAMES AND RECESSED LIDS 

For packaging JCS, resistor networks, etc. frame portions 
can be as narrow as 0.02 in., with 0.01 in.-thick material. 
High strengti1. Pre-glassed edges available . Can be silk
screened. Custom manufactured (2-3 wks.). Cermetron 
Corp., 10475 Roselle, San Diego, Calif. 92121. 

Circle 206 on Inquiry Card 
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Because this network ... and only this network •.. 
offers this spec combination: • TC Tracking: ± 1.5-
ppm/°C. (using Vishay Resistors externally) • Abso
lute TC: 0± 1ppm/° C. • Shelf Stability: 25ppm/yr. 
• Noise: Non-measurable. • Other specs include -
Rise Time: < 10 ns . .• • Settling Time: < 100 ns ••. . 
Non-inductive (no ringing.) 

Cost, speed, size and reliability of A-D and D-A con
version are all im proved dramatically with Fairchild's 
new µA722 Converter Current source. For optimum 
performance in conve rsion, function generation, 
multiplication, division, etc., Fairchild recommends 
the Vishay 310474 network. Put the two together in 
any circuit you' re planning ... for long, low cost, re
liab le operation. 

For full spec data on this network and the complete 
line of Vishay Precision Resistor Networks, write 
Vishay today. For µA722 data, contact Fairchild Semi
conductor o r any Fairchild distributor. 

® ~~.~~t~.~.~~~!~"' ~™®~OO~lf~ 
64 Lincoln Highway • Malvern, Pa. 19355 
(215) 644-1300 • TWX : 510-668-8944 
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NEW MICROWORLD PRODUCTS 

FLAT-PACK SOLDERING SYSTEM 

Has x-y table.positions within 0.001 in. accuracy. 

A visible tooling template gives fast positioning of the 
circuit board (to 8 x 8 in.) under the soldering head. There 
is a magnetic transfer system for placement. Dual power 
supplies. $4900. Development Associates Controls, 725 
Reddick Ave., Santa Barbara, Calif. 93103. 

Circle 207 on Inquiry Card 

THICK-FILM CERMET THICKNESS GAGE 
Indicates thickness to ± 0.0001 in. 

The S-1097 has a total thickness rang~ of 0.025 in . and 
an accuracy compliant to all Federal regulations. Its con
tact point is hardened , precision-ground and plated tool 
steel. Flat, serrated, and domed anvils. Starnetics Co., 
10639 Riverside Dr .. North Hollywood, Calif. 91602. 

Circle 208 on Inquiry Card 

HYBRID-CI RCUIT POWER DRIVERS 
For lamp/ relay drivers, pulse amplifiers, etc. 

Useable also as a dual-gate function, these hermetically 
sealed T0-8 devices operate between 4 and 35 V . Control 
inputs may be DTL or TTL. Series 850 provides 700 mA 
output; Series 851, 350 mA; both operate -55° to 125°C. 
CTS Microelectronics, West Lafayette, Ind. 47906. 

Circle 209 on Inquiry Card 
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How to build a 
$1000 A/D converter 

for less than $200. 

Start with the Fairchild µ, A722 10-bit A/D-D/ A Converter Current 
Source at $65. Add $30 for ten precision resistors*, $15 for a 
comparator and $25 for logic, then spend $10 tying all these 
together and testing the completed assembly. For $145 you've just 
built a successive approximation A/D Converter that will give 
you a conversion accurate to 8 bits in 1 Oµ,s. If you need more accuracy 
and can give up some speed, tailor the resistors and cut your 
clock rate -you'll get 10-bit accuracy with a 20µ,s conversion time. 

The µ,A722 is our first linear MSI IC. The chip contains a reference 
supply and 10 current sources connected to a single summing 
line through 10 current-steering switches. The built-in reference 

D TO A CONVERTER 

PARALLEL DATA IN 
SERIAL DATA IN 
RESET 

FULL-SCALE ADJUST 

saves you money; the current steering prevents 
ringing and yields a switching time of 600ns. 

11------------- 2 

Besides A/D conversion, you can use the 
µ,A722 Current Source for D/ A conversion, 
logarithmic D/ A conversion and high-speed 
hybrid multiplication and division. It will handle 
more data faster than any comparable system. 
You can get the µ,A722 from your stocking 
Fairchild distributor. Or, if you're not ready for 
it yet, send for the complete specs and appli-

+ 6.0V +---< 12 

200pf 13 
- 6.0V 14 

15------------24 

/tA722 

cation notes. They'll give you all the design 

Accuracy: 0.25% 
Linearity : 0 .01 % 

PART NUMBER 

U3M7722333 

U3M772 2334 

PACKAGE 

Flatpak 

Flatpak 

information you need. 
To order the µ,A722, ask for: 

PRICES 
ACCURACY TEMPERATURE 1-24 25-99 

8-bits ± Y, LSB 0°C to +55°C $97. $79. 
7-bits ± V2LSB -20°c to +85°C 

7-bits ± Y, LSB 0 °c to +ss 0 c 75. 60. 
6-bits ± V2 LSB -20°C to +85°C 

*Packaged precision networks compatible with the µA722 are available off the shelf from 
major resistor manufacturers. 

FAIRC:::HILCJ 

SEMICONDUCTOR 

100-999 

$65. 

50. 

FAIRCHILD SEMICONDUCTOR A Division of Fairch ild Camera and Instrument Corporati on Mountain View, California 94040, (415) 962-5011 TWX : 910-379-6435 
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Povverful 
Values from 

HEATH 

$89.95* 
Heathkit lP-17 Variable Regulated High Voltage Power 
Supply will deliver 0 to 400 VDC with better than 1 % regulation 
at current loads up to 100 mA, 0 to - 100 V bias at 1 mA max., and 
both 6 and 12 VAC at 4 A and 2 A respectively or any combination 
to a maximum of 25 VA load. Separate panel meters monitor 
B+ output voltage and current. High voltag e and bi as may be 
switched " off" w ith heater voltage sti l l " on" for maximum ef
ficiency in testing and for safety. Ripple is Jess than 10 mV. 

W ired IPW -27 

$119.95* 
Heathkit lP-27 Solid-State Regulated Low Voltage Power 
Supply features Zener reference voltage, immunity to transients 
and protection against short circuit and overload. The IP-27 will 
supply 0.5 t'o 50 V with better than 1 !:) mV regu lation under 
current loads ranging from 0 to 1.5 A. Current can be limited 
from 30 to 100% on each of four ranges from 50 mA to 1.5 A 
as a safety factor. Panel meter shows output voltage or current. 
Ripple is less than 150 microvolts. 

Heathkit I P-18 Low Cost 
Solid-State 1-15 VDC Power 
Supply is ideal for working with 
transistor circuitry. Current limit
ing is adjustable from 10 to 500 
mA, line regulation is Jess than 
50 mV and ripple is less than 
5 mV. 

Kit IP-18 

$19.95* 
r-------------r@':: ~id=S4¥h4Q-, 

HEATH COMPANY, Dept.520-25 , ~ ••• •••••••-~ I Benton Harbor, Michigan 49022 I 
I D Please send my FREE 1969 Heathkit Catalog. I 
I D Enclosed is$ plus shipping. I I Please send model (s) I 
I Name I 
1~~ I 
I City State Zip I I Prices & speci fi cations subject to change without notice. I 
L-------..:.~1..2!,d!!:,E.!.!,C~-~..O.:.~:..!!C~L_ _____ Ti:,l.2!,..J 
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NEW MICROWORLD PRODUCTS 

CHIP CAPACITOR KITS 

To 0.1 µF; for hybrid microcircuits. 

Kit No. 1 has 300 ceramic capacitor chips; ten chips 
each of all standard EIA values between 1.2 and 270 
pF, ± 10% , 50 V. Kit No. 2 is set up in the same way, 
but values range from 330 pF to 0.1 µF . $49.50 ea. Mono
lithic Dielectrics, Box 647, Burbank, Calif. 9 1503. 

Circle 210 on Inquiry Card 

SOCKET CARDS AND CARD FILES 

High-density, wire-wrap types for DIP 1cs. 

Socket cards hold 24 (4.5 in. sq. unit) or 64 re sockets'4.5 
x 9.25 in.). $46.50 to $100.40 ea., 10-24 pcs. Card fi les 
are assembled for automatic or hand wiring. The 19-in. 
file holds 728 1cs. $48.80 to $177 ea., 10-24 pcs. CTC, 
445 Concord Ave., Cambridge, Mass. 02138. 

Circle 211 on Inquiry Card 

DC VOLTAGE REGULATORS 

Hybrid, cermet units have 750-mA load capability. 

Series 809 (positive output), Series 859 (neg.) h ave 
fixed outputs from 5-28 V. Load regulation , 0.003 % I mA. 
Ripple attenuation, 34 dB. 1/ 0 differential, 2 V min. 
$13.50 ea. Tech. Info. Sect., Helipot Div., Beckman 
Instr., 2500 H arbor Blvd., Fullerton, Calif. 92634. 

Circle 212 on Inquiry Card 
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NEW LAB INSTRUMENTS 

VISICORDER OSCILLOGRAPH 
24-channel analog recorder. 

Model 1508A has dc-13 kHz re
sponse, remote operation capability. 
Improvements include high-accuracy 
timer, additional transmission unit 
(better speed range), etc. $2575. Hon
eywell Test Instr. Div., Box 5227, 
Denver, Colo. 80217. 

Circle 213 on Inquiry Card 

REAL-TIME PROCESSOR 
Modular, expands with needs. 

~ .- h;?l 

• I • • • • -·-. . rfo • • 
Model UPS-6 universal processing 

system is built around UA-6A spec
trum analyzer (photo). Expand facili
ties at any time for power spectral 
density, cross-correlation, etc. Federal 
Scientific, 6 15 W. 131 St ., New York, 
N . Y. 10027. 

Circle 214 on Inquiry Card 

DIGITAL VOLTMETER 
BCD outputs, remote programming. 

_,,, ...... ~- - - -... 

·13558 
· . • { 1: ._,, 

: "\ It . . ,- -

Four de voltage ranges span 1 to 
1000 V. Sensitivity, 1-V range, is 100 
µ.V. Resolution, 0.01 % f. s. Accuracy, 
0 .02 % reading ± l digit at 0-100 % 
f. s. Overranging, 130% . Model 404, 
$595. Tyco Labs., Bear Hill , Waltham, 
Mass. 02154. 

Circle 215 on Inquiry Card 
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FREQUENCY SOURCE 
To synchronize oscillators. 

Frequency stabil ity and accuracy 
are 0.005 %. Model SS400 gives sync 
pulses at 200, 400, 800, 1600, and 
9600 Hz. Options avai lable include 
frequency changes. $98, from stock. 
Polyphase Instrument Co. , Bridgeport, 
Pa. 19405. 

Circle 216 on Inquiry Card 

DIGITAL PANEL METER 
Front-mounting in seven sq. in . 

WESTON VOLTS DC 

1.9: 619' 

DPM 1290 specs include three
digit plus 100% overrange display, 
0.1 % ± 1 digit accuracy, 1-2-4-8 BCD 

positive output logic, and plug-in read
outs. Less than $200, 100-pc. lots. 
Weston Instr., 614 Frelinghuysen Ave ., 
Newark , N. J . 07114. 

Circle 217 on Inquiry Ca rd 

DIGITAL PRINTER 
Up to 8 columns at 4 lines/ s. 

Adjustable to accept either 1-2-4-8 
or 1-2-2-4 BCD, positive or negative 
true. Start Model 51 OA's print cycle 
manuall y or by pulse. Inhibit-com
mand output. $995. Monsanto, 620 
Passaic Ave., West Caldwell, N . J. 
07006. 

Circle 218 on Inquiry Card 

DIGITAL LOGGER 
Basic unit is 50-channel scanner. .I ..... -.. 

-?. 
~ ii.. 

Input voltages, 0-1 , 0-10, 0-50 mV. 
Three-digit print-out, plus two spaces 
for channel cail-out, four for time, 
three more for external data . Options 
available. Model DL-1210, $1575. E n
tex , Box 770, Friendswood, Tex. 
77546. 

Circle 219 on Inquiry Card 

WORD GENERATOR 
Up to nine plug-ins. 

O o 
·i :Qi ii ·: 

Each plug-in gives a serial word 
of data to 16 bits, has up to four 
repeat controls. The 3903 can deliver 
up to 16,320 bits , repeatable 225 
times. Basic cost, $2150. Cimron Di v. 
Lear Siegler, 1152 Morena Blvd., San 
Diego, Calif. 92 110. 

Circle 220 on Inquiry Card 

NTSC TEST GENERATOR 
Lockable to external sync source. 

T ype 140 is for 525-line, 60-cycle 
field video systems, Generates color 
bars, modulated staircase, convergence 
crosshatch, VITS signals, and E IA 
color standard and sync. $1600. T ek
tronix , Box 500, Beaverton , Ore. 
97005. 

Circle 221 on Inquiry Card 
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NEW LAB INSTRUMENTS 

DIFFERENTIAL VOLTMETER 

A 5-in-1 instrument package. 

·a:\ 1~: 1 ~a~ o 
-· -·"- _, .. _ (') 

. C-3'. 0 ° 0 "l'J 0 O 6 ~ 
w - --- --- - w - -Model 1000 gives de accuracy of 

± 0.0025 % of reading as a differen
tial voltmeter; ± 0.001 % as a decade 
voltage divider; de ratio to ± 0.001 % . 
Reference source and null detector. 
P recision Standards, Box 8361, San 
Marino. Calif. 91108. 

Circle 222 on Inq ui ry Card 

TEMPERATURE INDICATORS 

Single- and multichannel units . 

lolQOU l'll ~-°"*•-..,q-- O..,<tt»#IW:f~ ....... 

Measurements are accurate to 1 % 
of range (0-500 °F, single-channel; 0-
500 0F , - 60 to 140 °F dual-channel). 
Uses I 00-Q CP sensors. Recorder out
put. Prices start at $120. Rd F Corp., 
23 Elm Ave .. Hudson , N . H. 03051. 

Circle 223 on Inquiry Card 

FREQUENCY METER 

Totalizes to 15 MHz. 

I 6 ? 4 0 

~ $&\CG 

• 

The 225A has BCD output; gate 
times of 1 ms, 1 s, and 10 s. Single
fu nction switch has manual control 
of totalizing count gate. Automatic 
trigger control. $450. Eldorado Elec
tronics, 601 Chalomar Rd., Concord, 
Calif. 94520. 

Circle 224 on Inquiry Card 
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UNIVERSAL STRAIN GAGE 

With conditioning module. 

The thermocouple conditioning 
module plugs in , has bridge comple
tion and calibration network cards. 
Ten channels, side by side. Switches 
for power, input/ output, remote/ lo
cal, etc. Incor, 29 Newtown Rd., P lain
view, N. Y. J 1803 . 

Circle 225 on Inquiry Card 

PANORAMIC PLUG-IN 

YlG-tuned scope module, 1.8-25 GHz. 

Model PN I 013 changes Tektronix 
560 and letter-series scopes to single
sweep panoramic receivers. High sen
sitivity, broad di spersion, no images 
or spurs . $2795. Electro/ Data, 3121 
Benton St., Garland, Tex. 75040. 

Circle 226 on Inquiry Card 

MULTICHANNEL ANALYZER 

Very fast A-to-D conversion. 

A 200-MHz converter clock- rate 
and an 8192-channel memory prices 
the Model 540IA at $17,950. With 
the standard I 024-word memory, its 
cost is $11,950. Inquiries Mgr., Hew
lett-Packard, 1500 Page Mill Rd., Palo 
Alto, Calif. 94304. 

Circle 227 on Inquiry Card 

FM SIGNAL GENERATOR 

Metered dev iation, 0-250 kHz. 

. ·-:'- l , _., 

Mode] 61 's frequency range is 85-
135 MHz; additional band with adapt
er, 1-35 MHz. Short-term stability, 
0.005 % . Output level, 0.1 µ.V-to-3 
mV, metered. $695 . Radio Research, 
189 Mt. Pleasant Ave ., Rockaway, 
N . J . 07866. 

Circle 228 on Inquiry Card 

RESISTANCE DECADE 

50 W continuous dissipation . 

Three units (four decades ea.) pro
vide ranges of 1-9999, 10-99 ,990, 
l 00-999,900 Q with 1 % accuracy. Di
electric strength, 2 kV. D issipates 100 
W intermittently. Dale Electronics, 
Box 609, Columbus. Neb. 68601. 

Circle 229 on Inquiry Card 

MICROWAVE NOISE SOURCES 

Blackbody standards. 

Series 180 sources, precisely tem
rerature regulated, have true black
body emission spectra. Emissivity, 
0.999 ± 0.00 I (VSWR less than 1.04). 
300 - 500 °K . Individual calibration. 
Insco, Box 3770, Santa Barbara, Calif. 
930 15. 

Circle 230 on Inquiry Card 
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Tired of tweaking up your oscillator level 
every time you change frequency? 

With the HP 654A Test Oscillator you don 't have to adjust 
the output when you change frequencies. The auto
matically controlled 0.5% level flatness across the entire 
frequency range of 10 Hz to 10 MHz eliminates repetitive 
output level adjustments. And , with your system input 
automatically controlled , you are free to concentrate on 
system performance measurements. 

Pushbutton selection of any of the balanced outputs 
of 135, 150, or 600 n eliminates the necessity of an 
external balance transformer - and the error due to 
transformer response. You have the additional advantage 
of 50 and 75 n unbalanced outputs when required . 

The combination of an expanded meter scale (- 1 
dBm to +1 dBm) and a sensitive output level control 
assures you of extremely accurate output resolution . 
Put all these capabilities and more into a lightweight 
portable instrument that combines laboratory precision 
with field mobility, and you have the HP 654A-the ideal 
general -purpose test oscillator. 

For specialized television applications - Ask for 
information on the HP 653A. It has the inherent accuracy 
and ease of operation of the 654A - plus special built-i n 

The Electronic Engineer • April 1969 

OUT.M'l.l'lll.-
' . 

- -

video capabilities required for A2 type television systems 
measurements. 

Do your part to stamp out unnecessary knob twisting 
and superfluous equipment - call your local HP field 
engineer for more information . Or, write for data sheets 
to Hewlett-Packard, Palo Alto , California 94304. Europe : 
1217 Meyrin-Geneva, Switzerland. Prices : HP 654A, $875; 
HP 653A, $990. 

HEWLETT"' PACKARD 

SIGNAL SOURCES 

Circle 48 on Inquiry Card 
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NEW LAB INSTRUMENTS 

PRIMARY PHASE ANGLE STANDARD DIELECTRIC CONSTANT ANALYZER 
Continuous frequency coverage, 30 Hz to 10 kHz. Measures complex properties at microwave frequencies . 

This instrument shifts/ measures phase angle to an ac
curacy of 0.015 ° at most frequencies within the equip
ment's range. Model 311 / RT-1 / 717 isn't affected by har
monics. Self-calibrating principle. 125-Vrms max. out . 
Dytronics, 4800 Evanswood Dr., Columbus, Ohio 43229. 

Model PR-I OJ analyzer measures dielectric constant and 
loss factor of sample materials that have an E of 26 or 
less. Accuracies are better than 2% absolute and 0.2% 
relative. Direct-reading output. Pacific Radionics, 581 
Division St., Campbell , Calif. 95008. 

96 

Circle 276 on Inquiry Card Circle 277 on Inquiry Card 

Programming, sequencing, data processing, control or communications 

Ideal for applications in: 
• Digital switching with solid state control of 

crossbar switches. 

• Data storage and reduction. 

• Memory device programming and 
sequencing. 

• Digital to analog conversion. 

• Automatic DC test programming. 

• Machine tool control and programming. 

•Voice and broadband communications 
switching. 

Circle 49 on Inquiry Card 

SWITCHING PROBLEMS? 
Can't be, with North Electric's 
versatile, economical crossbar switch. 

North Electric 1200-point crossbar switches are the 
most economical means of providing maximum switch
ing capacity (inputs to outputs) with telephone-type 
reliability. Your cost is less than 24 cents per contact. 

Standard 24, 48 and 110 VDC operating voltages. 
Switch exceeds 1200 VRMS breakdown to frame or 
between contacts. Bifurcated springs with silver or gold 
contacts. Up to ten Form A contacts at each crosspoint. 
Contact life in excess of 50 million operations. Both 
1200 and 600-point switches available; can be modified 
for special applications, including pre-wiring, if ordered 
in quantities. 

RELAYS • SWITCHES • CONNECTORS • MAGNETIC COMPONENTS 
CUSTOM ENGINEERED AND STANDARD POWER CONVERSION SYSTEMS 
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IR RESEARCH THERMOMETER 
Makes non-contact measurements. 

This infrared thermometer can measure the temperature 
of objects both near and far. It will also monitor fast
moving objects, or transient heat phenomena as short as 
3 ms (55 Hz). Total temperature range is from -20° to 
3200°C, in four overlapping ranges. Sensitivity at 20 °C 
is 0.5 °C; absolue accuracy is ± 1 % o.f.s. 

The optical head of the Model 12-521 weighs 12.5 lb ., 
while the electronic unit weighs in at 28 lb. The Cassegrain
type reflecting system gives non-parallax target sighting 
to precisely define the measured area. Input IR energy 
focuses on a germanium-immersed thermistor detector with 
a bandpass of 6.5 to 20 µm. The sensitive field of view is 3 
milliradians (0.2 ° ); th is is about 0.1 in. at 3 ft. A built-in 
black-body reference cavity gives high measurement ac
curacy. 

The temperature is read out directly in °C on the 
panel meter. Focus range is 3 ft. to infinity. Model 12-
521 costs $9920, with delivery in 60 days. Barnes Engi
neering Co., 40 Commerce Rd., Stamford, Conn. 06902. 
(203) 348-538 1. 

Circle 278 on Inquiry Card 

A JOB OFFER 
To a personable electronic engineer: would you like to 

keep up to date with the rapidly advancing field of 
electronics, attend the best technical meetings, and 
discuss practical developments with the most progressive 
companies? The Electronic E ngineer, the professional 
magazine for EEs, needs & competent, hard working EE 
or physicist with two or three years design experience 
or familiar.ity with electronic equipment. Based in New 
York, you will keep your finger on the pulse of elec
tronics in the East. Although t he job involves writing, 
engineering experience is more important than writing 
experience. 

Send resume to 

The Editor 
THE ELECTRONIC ENGINEER 

Chestnut and 56th St., Philadi;lphia, Pa. 19139 
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ELCON 
ELECTRONIC COUNTING 

MODULES AND SYSTEMS 
YOUR BEST BUY ... BY FAR! 

ELECTRONIC COUNTER 
SERIES 685 

Designed for Performance, Versatility and Ease of Application 

• Complete unit with up to 6 decades, including input 
pulse-shaper and power supply . 

• For totalizing and / or pre-set capabilities . 

• Specifically designed for industrial applications. 
Low susceptibility to interference or noise . 

OR Build your own System with 

COUNTING MODULES! 

Pre-set M odule, Series 4 72 Totalizing M odule. Series 471 

• Plug-in units with front access ; receptacles 
interconnected for complete systems . 

• Uni and bi -directional with totalizing and pre-set 
capabilities. With or without visual and / or electric read-out. 

• Pre-set deca de with unique integral push-button switch . 

• Control modules and power supply available as plug-in 
components for interfacing up to 6 decades 

&/J;~ 
ELCON DIVISION 
Hecon Corp . 31 Park Road New Shrewsbury. New Jersey 07724 
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Here's the skinny: 
The 1177 H series of traveling-wave tube 

amplifiers from Hughes. 
Weight: Twenty pounds. (Some reduction.) 
Measurements: 33~"xl6%"xl B~". (Some 

shape.) 
The series covers the 2 to 18 gigahertz fre

quency range with a minimum power output of 
10 watts CW. (That's power without any fat.) 

Each amplifier contains a PPM traveling
wave tube, a regulated solid state power supply, 
and a complete air cooling system. All scientifi
cally crammed into the case. 

The 1177 H is perfect for bench or rack 
mounting in a lab. There's also a handle so you 
can carry it if you want to. (Try carrying most 
TWTA's.) 

The traveling-wave tube is protected 
by a space age solid state power converter. 

It's non-fat protection. Because this type 
gives you well regulated TWT electrode 
voltages without using the large filter capacitors 
found in 60 hertz power supplies. 

If you like your power lean. And your pack
age on the slender side. Write. 

We found a diet that works. 
Write Electron Dynamics Division of 

Hughes, 3100 West Lomita Blvd., Torrance, 
California 90509. r------------------, 

I I 

: HUGHES : 
I I 

L------------------J HUGHES AIRCRAFT COMPANY 

ELECTRON DYNAMICS DIVISION 



SYSTEMS EQUIPMENT 

DISPLAY SYSTEM 
Is computer-driven. 

This television d is p I a y system 
(TDS) can store and simultaneously 
display up to 128 different TV pic
tures. Basically, it consists of a disc 
memory, a time-shared control unit 
containing addressing logic and a char
acter generator, a control terminal , 
and video terminals. The terminals 
(photo) can be used for computer 
data entry and retrieval and for data 
display. Each picture has over 1,1,i mil
lion dark and bright picture elements 
(a 512 x 480 picture-element matrix) 
on which alphanumeric and graphic 
images can be written. Data Disc Inc., 
Display Div., 1275 California Ave., 
Palo Alto, Calif. 94304. ( 405) 326-
7602. 

Circle 231 on Inquiry Card 

HIGH SPEED TERMINAL 
"Ink" printer is now available. 

High-speed termi nal prints at speeds 
up to 1200 wpm. The Inktronic® units 
operate 12 times faster than conven
tional data communications equip
ment. Since only a vo ice grade tele
phone line is required, the Inktronic 
terminal is viewed as a "natural" for 
computer time-sharing applications. 
Unlike regular typewriters and tele
printers, the Inktronic sets do not rel y 
on "impact" printing. Instead, char
acters are formed on ordinary paper 
by electronically deflecting spurts of 
ink. Teletype Corp., 5555 Touhy 
Ave., Skokie, Tll . 60076. 

Circle 232 on Inquiry Card 

... 1(1--- Circle 51 on Inquiry Card 

COMPACT CORE MEMORY 

The RGX is a complete memory 
system avai lable in capacities of up to 
4096 words by 48 bits or 8192 words 
by 24 bits. The new memory offers a 
cycle time of 900 ns and a data access 
time of 350 ns. The memory, power 
supply and an optional self-testing unit 
are in a single module 514 x 19 x 21 
in. Other optional items include ad
dress register outputs, data parity gen
eration and check, zone control and 
sequential sequenti al-i nterface opera
tion. Unit is equally adaptable to do
mestic or international use, offering 
the choice of 115/ 220 Vac, 50/ 60 or 
400 Hz input power. Contact Gregg 
Parry, Ampex Corp., 401 Broadway, 
Redwood Citv. Calif. 94063. 

Circle 233 on Inquiry Card 

LOW LIGHT LEVEL TV 
No image smear. 

Model MB-25 is a B&W closed-cir
cuit TV camera for use under low 
light levels. It has a single stage image 
intensifier in front of an SEC vidicon. 
It guarantees complete lack of image 
smear from scene motion and negli
gible halation around bright spots. The 
camera has an AGC system which pro
duces good images with light levels 
ranging all the way from starlight to 
daylight . Integration on the SEC target 
is possible, facilitating use of the 
camera in lieu of film . Commercial 
Electronics Inc., 1271 Terra Bella 
Ave., Mountain View, Calf. 94040. 

Circle 234 on Inquiry Card 

MEMORY SYSTEM 
System contained on single PC board . 

The Memcardnr system is a 1024 
by 8 core memory with plug-in con
venience for easy maintenance or re
placement. The compact system is 
complete- including address registers, 
power on / off, core memory and asso
ciated electronics-all on one 12 x 12 
in . board only 1/ 2 in . thick. System 
features cycle times of 1.5 µs. Auto
matic power-on, power-off protection 
is a data save feature if power is in
terrupted . The 3-wire, 3D memory, 
contained on a plane in the center of 
the PC ca rd is comprised of 8 mats, 
each containing 1,024 cores. Memory 
Products Dept ., Sanders Associates, 
95 Canal St., Nashua, N . H . 03060. 
( 603) 885-2816. 

Circle 235 on Inquiry Card 

GRAPHIC COMPUTER TERMINAL 
Self-contained, desk-top display. 

\ 

All of the elements to communicate 
with a computer are housed within the 
T4002 console. System components 
are: display unit , terminal control, 
character generator, keyboard and in
put/ output interface. An 11 in. direct
view, storage tube is the display media. 
High-density, alphanumeric and com
plex graphics are presented without 
flicker or drift. Screen will accommo
date up to 35 lines of alphanumeric 
characters with 80 symbols/line. Ini
tially 2 types of interfaces are availa
ble . Tektronix , Inc ., Box 500, Bea
verton. Ore. 97005. 

Circle 236 on Inquiry Card 
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NEW PRODUCTS 

REED RELAY 
Driven directly by ICs. 

Series 442S 5-V relays require about 
60 mW per pole to operate. They oc
cu py only 0.05 in3/ pole , and are only 
0.258 in. high. Available in 1- to 4-
pole models with contacts rated at a 
full 7 W, they weigh 1.9 g/ pole. Op
erating temp . range is - 65 ° to 
+ 85 °C. Wheelock Signals, Inc., 273 
Branchport Ave., Long Branch , N . .I . 
07740. (201) 222-6880. 

Circle 237 on Inquiry Card 

WAVEGUIDE ADAPTORS 
VSWR of 1.25 from 2.6 to 18.0 GHz. 

Series WCA waveguide-to-coaxial 
ada ptors have zero transi tion loss from 
recta ngular to coax ial connectors of 
·,, " to 3 111111 (S MA) types. There are 
18 models covering six frequency 
ranges . 1-TEL Inc ., I 0504 Wheatley 
St., Kensington , Md. 20795. (30 1) 
9-J.6-1 800. 

Circle 238 on Inquiry Card 

Nd YAG LASER 
H as continuously adj. output. 

Model 610 is for use where a high
power, cw, 1.06-micrometer source is 
needed. It emits > 1 W in the TEM00 

mode and > 5 W in multi-transverse 
mode operation. Optical length of the 
cavity is about 38 cm. Output beam 
dia . is 3 mm. Sylvania Electronic Sys
tems-We s tern Div., Electro-Optics 
Orgn., Box 188, Mountain View, Calif. 
94040. (415) 966-2312 

Circle 239 on Inquiry Card 
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ILLUMINATED SWITCH 
Weighs just 0.8 oz. 

~ -
"'" less than 

l \ . 

New line of miniature swi tches arc 
l Yi in. from the front of the panel to 
the rear of the contacts. They come 
in momentary action up to SPDT and 
operate with either I 15 Vac or 30 Vele 
at l A res. or 1/2 A ind . Lens take 
either a std . T 1 ¥i or ALC-100 neon 
bulb. Electro-Mech Components Inc .. 
I 039 East Vall ey I3l vd., San Gabriel. 
Calif. 91776. (2 13) 283-92 13. 

Circle 240 on Inquiry Card 

TOGGLE SWITCH IC CARD 
Contains six DPDT switches. 

MTS-6 eliminates the need for front
p;i nel mounted switches in sma ll sys
tems. A II con t ro 1 w i r i n g can be 
mounted on the back plane, provid ing 
s;1v ings in space and cost. Computer 
Products Div., Wyle Laboratories, 128 
M:1ryland St.. E l Segundo, Cal if. 
90245. (213) 678-4251. 

Circ!e 241 on Inquiry Card 

METAL FILM RESISTOR 
Dia. 0.050 in., length 0.130 in. 

Type MRE- 1/ 20 molded resistor 
conforms to all environmental require
ments of MIL-R- 10509F in tolerances 
to ± 0.1 % and temp. coeff. as low as 
O ± 25 ppm/ °C. Resistance range is 
250 to 25 KO . Wattage rating is 1/20 
W at 100 °C and 1/ 40 W at 125 °C. 
American Componen ts, Inc ., Eighth 
Ave. at H arry St., Conshohocken, Pa. 
19428. (215) 828-6240. 

Circle 242 on Inquiry Card 

DIP SOCKETS 
Have solid 0.025-in 2. terminals . 

These 14-Iead sockets have large 
tapered entry channels for quick lead 
insertion into dual leaf contacts. Poly
su lfone body provides anti-rotate pock
ets for hex nuts for easy assembly to 
the chassis. Contacts are beryllium 
copper with std . gold and tin contact 
plating. Plastic Mold and Engineering 
Co .. 265 Wampanoag Trail , Box 4265, 
East Providence, R. I. 02914. 

Circle 243 on Inquiry Card 

LIGHTED PUSHBUTTON 
H andles 6 A at 125 Vac. 

Snap-action switches have DPDT 
acti on enclosed in a miniature case, 
but separate connections to the lamp 
ca n still be made. Standard T-1 ~ 
grooved lamps are replaceable from 
the front without tool s. Alco E lectronic 
Products, Inc., Box 1348, Lawrence, 
Mass . 01 845 (61 7) 686-3887. 

Circle 244 on Inquiry Card 

RFI LOW PASS FILTER 
Low de resistance, high attenuat ion. 

Minialure CF filter series is avail
ab le in the working voltage range of 
50 to 200 Vdc and 0 .06 to 15 A . 
H crmeticnl ly sealed steel case is 0.560 
x 0 .375 in. Operating temp. is - 55 ° 
to + 125 °C. Pl at ing is gold , sil ve r, or 
tin with various mounting sty les avail
able. San Fernando Electric Mfg. Co., 
150 l First St ., San Fernando, Calif. 
9l341. (213) 365-94[ 1. 

Circle 245 on Inquiry Card 
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If you thought all 
Daystro · 
were q reS/ 

• t 

Rectilinear components are still a neces
sary requirement in many circuit appli
cations. That's why Weston has rounded 
out its high-performance potentiometer 
line with two new rectilinear models. 
RT-12 styles 534 and 535 are designed 
for both general-purpose and military 
applications. They feature the same 
± 5% tolerance, 10 ohm to 50K range, 
and slip clutch stop protection that are 
standard with Daystrom Squaretrim® 
units, plus 24-turn adjustability and 

humidity proofing. Also new this year 
... models 553 half-inch and 543 three
eighth-inch Squaretrim potentiometers 
in military and commercial versions. 
Save board space as well as money with 
our field proven 501 Series multi-turn 
and 504 Series single-turn o/.o" Square
trims offering values to 20K in a 0.02 
cubic inch case. All Squaretrim Diallyl
Phthalate cased pots give you Weston's 
patented "wire in the groove" construc
tion and your choice of flexible leads, 

ain! 
pin and screw configurations. Whether 
your trimmer needs are military, indus
trial or commercial, you'll find the answer 
in this complete new low-cost line. 
Write today for data sheets and evalu
ation samples. DAYSTROM potentio
meters are another product of WESTON 
COMPONENTS DIV., Arch bald, Pennsyl
vania 18403, Weston Instruments, Inc., 
a Schlumberger company 

WESTON® 

\ 



NEW PRODUCTS 

SINGLE & DUAL ALARMS 
With 0.1 % accuracy. 

Single and dual current and voltage 
alarms have a relay contact that is 
actuated when the input voltage or cur
rent signal reaches the value of an 
adjustable internal set point. Units 
have good temp. stab. and are immune 
to line fluctuations. Deltron Inc., Con
trol Div., Wissahickon Ave., North 
Wales, Pa. 19454. 

Circle 246 on Inquiry Card 

SOLDERING TOOL 

This 30-day, no-cost kit permits in
plant evaluation of Model W-TCP low 
voltage soldering station. The EK-1 
evaluation kit contains six interchange
able tips of various sizes and tempera
ture ranges, as well as a customizing 
guide. Weller Electric Corp., 100 Well
co Rd ., Easton, Pa. 18042. 

Circle 247 on Inquiry Card 

RESISTOR KIT 
Forty resistance values. 

:><:-- • 

~ . . ,$:>~·· 
~+,,/f 

"Tinychip" resistor kit contains 400 
resistors with values ranging from 56 
0 to 100 kO. The chips are packed 
in individual compartments in a stor
age/ selection tray with the resistance 
values marked on each envelope. Com
plete kit costs $ 149.50. Mepco, Inc., 
Columbia Rd. , Morristown , N . J. 
07960. 

Circle 248 on Inquiry Card 
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OP AMP POWER SUPPLY 
Dual 15-volt PC plug in. 

Model SEI-15 / 15-100 is an all sili
con SS device. Basic unit provides I 00 
mA on each output; is short circuit 
proof; has 1-mV pk-pk ripple voltage; 
and is regulated to ± 0.01 % line, 105 
to 125 Vac 60 Hz, and ± 0.02 % load , 
no load to full load. Salient Electron
ics , Inc ., Blue Barns Rd ., Rexford. 
N . Y. 12148. (518) 393-4590. 

Circle 249 on Inquiry Card 

HV COAX CONNECTORS 
Deeply recessed center contact. 

New series features a center contact 
deeply recessed in Teflon dielectric 
that withstands 7500 V rms at 60 Hz. 
H and ling safety is provided by the 
polarized and deeply recessed center 
contacts. Star-Tronics, Inc., Moulton 
St ., Georgetown , Mass. 01830. (617) 
774-0577. 

Circle 250 on Inquiry Card 

OIL REED RELAY 
Available as SPST. 

~~ ~ 
Input of the 14-pin GB81 l is 5 Vele 

for direct transistor logic drive. Pack
age contains a reed relay, and a diode 
to suppress back emf. Contact rating 
is 3 W and breakdown volt. 200 V de. 
Electrostatic shielding is provided be
tween coil and reed switch. Grigsby
Bar ton , Inc., 107 N. Hickory, Arling
ton Heights, Ill. 61312. (312) 392-
5900. 

Circle 251 on Inquiry Card 

INDICATOR LIGHTS 
Standard line expanded. 

"Bright-Eye" high intensity series 
now has lamps that increase life ex
pectancy average from 60,000 to 100,-
000 hours . Ratings range from 1.5 to 
28 V, with current ratings as low as 
0.0 10 A. New high temp. epoxy heat 
barrier is also avai lable. Shelly Asso
ciates, Inc., 111 Eucalyptus Dr., El 
Segundo, Calif. 90245. 

Circle 252 on Inquiry Card 

SNAP-ON SOCKET 
Engages and disengages easily. 

.=t 'k [j 

~r1 
Self-mounting snap-on KlipsocketT~t 

fits all T-134 midget flanged based 
lamps from 1-28 Yac or de. It clips on 
quickly and fits snugly. Universal 
brackets can be ordered to fit in any 
one of four ways. Chicago Switch, Inc., 
2035 Wabansia Ave., Chicago, Ill. 
60647. (312) 489-5500. 

Circle 253 on Inquiry Card 

ACCELERATION SWITCH 
Zero to 100 g. 

Model AS-1 instantaneous accelera
tion switch is for use with 12- to 40-
V dc supplies. It combines a basic iner
tial element with integral SS logic 
circuitry . Circuits are opened or closed 
within 1 ms, when peak acceleration 
exceeds the set point. Tavis Engineer
ing Co., Boot jack Rd., Mariposa, Calif. 
95338. 

Circle 254 on Inquiry Card 
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Camera Shy? 
Don't be. Here's a truly compact CCTV camera (2 Vs" head) 

that delivers over 1,200·line horizontal resolution. 

The Fairchild TCS-950B 
It's ideal for those who have shied 
away from high resolution cameras 
because of their large sizes and 
price tags. Fairchild's new TCS-
9508 gives the sharpness and 
clarity of over 1,200-line horizontal 
resolution and 700-line vertical 
resolution. With the smallest head 
on the market and exceptionally 
compact design, the TCS-9508 is 
perfect for data transmissJon, 
microscopic component inspec
tion, flight simulation, photo 
interpretation, medical observa
tion and a multitude of other 
applications. 

If your CCTV needs are varied and 
sometimes unusual, you should 
also consider the versatility avail
able with the TCS-9508: 
•Switchable scan rates (either or 

both scan directions). 
• Interlaced or sequential frame 

scan. 
• Video polari ty reversal. 
• Scan polarity reversal. 
• Militarized construction. 
Reliability of the TCS-9508 is 
ensured by Fairchild's solid-state 
Micro logic® circuitry. For its size 
and high resolution performance, 
it's one of the lowest priced 
cameras on the market. 

For specifications ••••••••••••••• 
and performance data, 

contact: l=A.I RC HI LCJ 

SPACE AND DEFENSE SYSTEM S 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

30 PARK PLACE , PARAMUS , NEW JERSEY 07652 
TEL . 201-262-7000 I TWX 710-990-6610 

New: The TC-177. You ' ll get 
remarkably stable, crisp, high
contrast video signals from this 
self-contained camera. Features 
Micro logic® circuitry, 800-line 
resolution (standard); 2: 1 inter
lace, EIA sync remote control, 
high resolution (over 900-line), 
video polarity reversal and other 
options available . 
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NEW PRODUCTS 

MINIATURE SWITCHES 
Optional snap-in mounting. 

Rocker switches and paddle switches 
are simply pressed into the opening 
and held in place by snap-in hard
ware tension . Besides speeding and 
simplifying installation, the snap-in 
design provides for a cleaner panel 
appearance, with no exposed fasteners. 
McGill Mfg. Co., Inc. , Electrical Div., 
Valparaiso, Ind. 46383. 

Circle 255 on Inquiry Card 

MAGNETIC TAPE CLEANER 
Cleans at the rate of 200 ips. 

Model 27 provides a way to re
habilitate either new or used tape 
where particles of dirt, lint, dust, or 
threads may cause "dropout," costly 
error, and time loss. Tension is con
stant throughout operation. Tape is 
automatically stopped at end of 
censor. Virginia Panel Corp., Box 
1106, Waynesboro, Va. 22980. (703) 
942-8376. 

Circle 256 on Inquiry Card 

IC PLIERS 
For JO- and 14-lead flatpacks . .,.....,,_, __ ~ .. 

ft 

Coated fulcrum jaws of #4916 
pliers allow them to be used freely 
with live circuits . Jaws permit instant 
removal of 1cs when de-soldering; 
eliminate bent leads and short circuits, 
and handle all IC ftatpacks with pre
cision and speed. Techni-Tool, Inc., 
1216 Arch St., Philadelphia , Pa. 
19 J 07. (215) 568-4457. 

Circle 257 on Inquiry Card 
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ULTRASONIC AMPLIFIER 
A I 0-kHz to 100-kHz freq. range. 

Model No. 40A-300, with a contin
uous output up to 300 W of power, is 
especially effective in R&D. The 
switching device allows you to change 
impedance to match a wide range of 
transducers. Input source can be any 
signal generator with an output of 
about 1 V. DuKane Corp., St. Charles, 
Ill. 60174. 

Circle 258 on Inquiry Card 

THYRISTOR 
All-diffused design . 

Type 282, "Full Capacity" thyristor 
is to replace parallel scRs. Because of 
the all-diffused design, the thyristor's 
full inherent capacity is realized. 
Characteristics include a guaranteed 
dv/ dt, low thermal imp., high surge 
current capability (to 7000 A), and 
high transient voltage capab ili ty. West
inghouse Semiconductor Div., Young
wood, Pa. 15697. (4J2) 255-3693. 

Circle 259 on Inquiry Card 

DC POWER SUPPLY 
Operates up to 500 IC logic gates . 

Model 903 is an encapsulated PC 

card mounting unit. It develops a 5-V, 
500-mA output and is 2.5 W x 3.5 
L x 1.25 in. H. The supply's output 
voltage will recover to the full 5 V 
within microseconds of step changes 
in load voltage . Analog Devices, Inc., 
221 Fifth St. . Cambridge, Mass. 
02142. 

Circle 260 on Inquiry Card 

REFERENCE JUNCTION 
For extreme environmental uses . 

Self-powered thermocouple junction 
eliminates the need for ice baths and 
ovens. A pair of external "switch" 
leads provides instantaneous opera
tion . Model XCJ comes in 16 different 
cal ibrat ions. Cases are cylinders 3 in. 
long by 3.4 in. in dia. All leads are 
14 in . long. Omega Engineering Inc., 
Box 4047, Stamford, Conn. 06907. 

Circle 261 on Inquiry Card 

PLASMATOMIC SPUTTERING 
Triples coating rates . 

Physics of the plasma has been 
changed to intensify the generation of 
ions which cause the sputtering proc
ess. Three advantages are higher de
position rates, greater uniformity in 
coating and films , and a "getter" ef
fect which enhances film purity and 
process equilibrium. Materials Re
search Corp. , Scientific Instruments 
Div., Orangeburg, N .Y. J0962. 

Circle 262 on Inquiry Card 

CRYSTAL OSCILLATORS 
Temperature compensated . 

Two oscillators for std time base 
frequen cies at 1 MHz (Type TCC0-
26M-5) and JO MHz (Type TCC0-
26NC-6) have guaranteed stab. of 2 
ppm over 0-60 °C range. Low cost std 
module has pin terminals for PC board 
mounting and operation on 12 V de 
supply. Bliley Electric Co., 2545 W . 
Grandview Blvd., Erie, Pa. 16512. 

Circle 263 on Inquiry Card 
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FREON® dielectric 
liquids eliminate heat in 
miniature electronic 
components 1,000 times 
more efficiently than air. 

And we put it in writing. 
Our comprehensive 

technical bulletins describe the 
exceptional properties of Du Pont 
FREON dielectric liquid coolants 
and their relationship to the 

The Electronic Engineer • April 1969 

problems of miniature electronic 
design. 

FREON liquids are the 
most effect ive heat transfer agents 
because they have the highest 
cooling capacity per unit of volume. 
They are, for example, 1,000 times 
more effective t han air. Further
more, F REON coolants can be used 
just about anywher e because: they 
have high dielect ric strength and 
resistivity; t hey are safe, being 
nonflammable, nonexplosive and 
low in toxicity; they are stable, 
both chemically and thermally; and 
they are compatible with construc
tion materials in u se today. 

Find out how FREON 
dielectr ic coolants can help you. 
Send for your free set of technical 
bulletins. Du Pont Company, 

\ Room 1602, Wilmington, Delaware 
19898. 

~ 
QfG U S P.AT Off 

FREON 
Products 
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when you think 

HIGH 
VOLTAGE 

think 

KEPCO 
Hybrid 

The Kepco hybrid technique for 
taming high voltage uses high volt
age tubes in high voltage control 
circuits and low voltage transis
tors in small signal gain circuits. A 
natural division of labor that 
places no undue strain on any 
component - the secret of high 
reliability. 

Model HB 4AM - $365.00 

We also get reliability by using 
hermetically sealed metal can 
T0-5 transistors plugged into ny
lon sockets, on coated glass epoxy 
plug-in circuit boards. Filter capac
itors are all high temperature alu
minum types; rectifiers are of sil
icon and all wiring is harnessed. 
HB models are available from 
0-250 volts at 1 ampere to 0-525 
volts at a half amp. All have built
in coarse/fine voltage controls and 
are, additionally, programmable. 

For complete specifications, 
write Dept. BY-19 

with KEPCO 
IT'S CONTROL! 

(k.eP-c---) 
--------------- ® 

131-38 SANFORD AVE. • FLUSHING. N.Y. 11352 
(212) 461-7000 • TWX #710-582-2631 

Circle 55 on Inquiry Card 

NEW PRODUCTS 

DIELECTRIC MATERIALS 
For microwave stripline cicuitry. 

Heavy, aluminum-backed Z-Tron 
material consists of a "sandwich" of 
copper cladding over Z-Tron lami
nated to aluminum. Designed to be 
photoetched by standard procedures, 
it comes in any practical thickness 
from 1I 32 in. The Polymer Corp., 
Reading, Pa. 19603 . 

Circle 264 on Inquiry Card 

IC SORTER 
For incoming/ outgoing inspection. 

Type 852 sorter, operating with 
suitable test equipment, automatically 
tests and sorts over 5000 DIL 1cs/ h, 
magazine to magazine. Devices fed 
from the magazine are transferred to 
an index table, then advanced to a 
probe station for de or dynamic test
ing. Daymarc Corp., 40 Bear H ill 
Rd. , Waltham, Mass. 02154. (617) 
894-2105. 

Circle 265 on Inquiry Card 

ELAPSED TIME METERS 
Costs <$2 in quantity. 

The "Indachron" indicator with an 
active 1-in. scale is only 1 o/s in. long 
by 0.160 in . high. The L-Series can 
be mounted either on PC cards or to a 
chassis. Any time scale is available 
in either ac or de models. Curtis In
struments, Inc., 200 Kisco Ave., Mt. 
Kisco N.Y. 10549. (914) 666-2971. 

Circle 266 on Inquiry Card 

PREAMPLIFIER 
Micro powered micro-module. 

This Cybertran preamplifier has 
fixed and variable gain from 0 to 40 
dB, low noise, quiescent current 
drain < 10 µA with ext. battery, input 
impedances to 1000 MO, and freq. 
response to 500 kHz. American Ma
chine & Foundry Co., 1025 N. Royal 
St.. Alexandria, Va. 22314. 

Circle 267 on Inquiry Card 

HIGH TEMP. OVENS 
Feature low-skin temp. 

New LST (Low Skin Temperature) 
ovens have a safe ext. temp. of < 50°C 
even when operating at 300°C. The 
ovens provide over 5 ft3 of load area 
in a stainless steel chamber. The Temp. 
range is from 40 ° to 350°C. Elec
tronic control is accurate to within 
± 0.15 % . Hotpack Corp. , 5137 Cott
man Ave., Philadelphia Pa. 19135. 
(215) 333-1700. 

Circle 268 on Inquiry Card 

MINIATURE POWER SUPPLY 
Has plug-in IC cards, ±0.01 % reg. 

PVC de supply with 50-W oputput 
is for a stable source of regulated de 
power in the low current line. Rated 
from 0 to 10, 20, and 50 V and 4, 2, 
and 1 A output, respectively, it's ideal 
for IC development through relay driv
ing. NJE Corp., 20 Boright Ave., Ken
ilworth, N. J. 07033 . 

Circle 269 on Inquiry Card 
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How to save money and avoid headaches 
in transformer and inductor design. 

STEP 1. Mental attitude is important. Don't think you 
have to use laminated metal cores just because Stein-
metz did. He didn't know about ferrite cores. STEP 2. 
Reflect on the advantages of ferrite cores: s e If-
sh i e Id i ng for complete packaging freedom... easy to 
wind and assemble, miserly of space ... wide range 
of stand- ard sizes, shapes and magnetic character-
ist ics ... tvvo-way economy 0 -lower direct costs 
of manu- facturingyour product and indirect sav-
ings in tight tolerance control, which often "unburdens" 
associated circu itry. STEP 3. Update your knowledge 
of ferrite cores and their advantages. Read our Design 

Manuals 220 and 330. They cover the application 
of Ferroxcube ferrite cores 

to the design of optimum inductors 
and transformers. STEP 4. With 
Ferroxcube cores and accessories, a 

pad and a slide rule, go ahead and design all 
manner of pulse, HF and power transform-
ers, fi lters and tuned ...: circuits. 

> If you don 't have Bullet ins 220 and 330 (Step 3), 
wri te fo r them today. They' ll help you breeze through 

etch of the other stages. FERROXCU BE ~ 
Atlanta-Cartwright & Bean, (404) 237 -2273; Baltimore-Eastern Components, (301) 322-1412; *Burbank, Cal. -(213) 849 -6631; Columbus, Ohio-Mulligan & Mathias, (614) 486-2976 ; 
* Dallas- Gillett Industries, (214) 363 -0107; Fayetteville , N.Y.- R. P. Kennedy Co ., (315) 637-9531; Huntsville , Ala .-Cartwright & Bean , (205) 852-7670 ; Hyde Pa rk, N.Y.-R. P. 
Kennedy Co ., (914) 229-2269; Littleton , Col. - Wm . J. Purdy Agents, (303) 794 -4283; Minneapolis- (612) 920-1830; • New Yo rk- Kahgan Sales, (5 16) 538-2300; • Nort hlake, 11 1.
(31 2) 261 -7880 ; No. Miami Bea ch- Cartwright & Bean, (305) 945-2962; Orlando- Cartwright & Bean, (305) 425-8284; Ormond Beach, Fla .- Cartwright & Bean, (904) 677-3480; 
* Philadelph ia- Eastern Components, (215) 327-6262; Phoeni x- (602) 264-3129; Rochester , N.Y.- R. P. Kennedy Co., (716) 271-6322; • san Francisco- Wm . J. Purdy Agents, 
(415) 347-7701; Saugerties , N.Y. - (914) 246-28 11 ; Union , N.J.- (201) 964-1844; •w al t ham , Mass .-(6 17) 899-31 10; Winston Salem- (919) 725 -6306; • w oodstock, N.Y.-Elna Ferrite 
Labs, (914) 679-2497; • Toronto , Ont.-Phi I ips Electron Devices, Ltd. (416) 425-5161. • Denotes stocking distributor. 
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Circle 57 on Inquiry Card Circle 57 on Inquiry Card 

The Complsts Line of Fu8t18 For 'h 
p,, of Semi-Conductor RBt:tHiers 

For use on. computers, microwave units, communication equipment, 
al l electronic c1rcu1try. ~ 

ocfl:-~ -
BUSS GLD-Y. x IY4 in. 
Visual-Indi c ating, BUSS . Grass h_opp er 
Alarm-Activating. Fuse, V1s u ~l- lnd1cating, 

BUSS·GBA·Y. x I Y. in. Alarm-Ac!Jvating. 

~ ~ ~x111 I 
in. Visual-Indicating, B_USS ACH . 
Alarm-Activating. ¢1~~~~!\;dk~\~~· . 

BUSS MIN -13/ 32 x !Y, g 
in. Visual-Indicating. 

FN A FUSETRON Fuse 
13/ 32 x I Y, in. slow
blowing , Visual - I ndica
t i ng, Alarm-Activating. 
(Also useful for small 
motors, sole noids, 
transformers in ma
chine tool industry.) 

BU SS GMT and HL T 
holder, Visual-Indica
ti ng, Alarm-Activating. 

TR 0 N Rectifier Fuses 
Provi de extremely fast opening 
on overload and fault currents, 
with a high degree of restriction 
of let-th ru current. Many types 
and sizes available. Ampere rat
ings from 112 t o 1000 in voltage 
ratings up to 1500. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 

BUSS: The Complete Line of Fuses and .... 

RESISTANCE SENSOR 
For close tolerance control. 

This resistance sensing relay can he 
operated by resistance temperature 
detectors, thermistors, strain gauges, 
pressure transducers, accelerometers, 
photo cells, position indicators, or any 
other resistance-type transducer with 
an operating point or range between 1 
0 and 95 0. It is an adjustable set
point trip relay and is available with 
either an electro-mechanical relay (2 
form C contacts) or SS switching 
(with zero cross-over switching to 
eliminate RF!). Prices range from $70 
to $98 R. Corbett, Sales Mgr., Mag
Con Engineering Co., 85 Richardson 
St. S.E., St. Paul, Minn. 55112. (612) 
633-8820. 

Circle 270 on Inquiry Card 
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SPEEDY FASTENER 
For many applications. 

Spr ing Steel - Heat Treated · 
. 014 pnd .017 Th ock 

Special latch-type Speed Clips® 
were developed to secure PC boards 
to chassis in radio, TV and other ap
plications. These one-piece, self-retain
ing fasteners are attached to the chas
sis by merely snapping the lip and 
catch into a hole in the panel, anchor
ing it securely to the panel. The 
board is then snapped into the recessed 
part of the upper leg where it is held 
fast. The long lip provides a lead for 
easy insertion of the board and also 
simplifies removal for servicing. This 
clip serves the dual purpose of fas ten
ing and spacing. Tinnerman Products, 
Inc., Dept. 14, Box 6688, Cleveland, 
Ohio 44101. 

Circle 271 on Inquiry Card 

WAVE FILTER 
For 600 0 line-to-line applications. 

The INW-2, a 600 0 dual-section 
filter for line-to-line service, is for 
communications equipment. The elec
tric wave operates between -55°C 
and +85 °C, and is rated to carry 
150 mA of current at either 250 Vac 
or 600 Vdc. It is intended for appli
cations in telephone, Teletype, audio 
and digital transmission lines and 
high-speed data circuits, and can be 
provided in a wide choice of pass
bands to suit specific requirements. 
The INW-2 meets the electrical, me
chanical and environmental require
ments of MIL-F-18327. Aerovox 
Corp., Filter Dept., New Bedford, 
Mass . 02741. 

Circle 272 on Inquiry Card 
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NEW PRODUCTS 

POWER CONTROLLERS 
Interference free. 

' ,,,~\ ~ 

,,\\'\>~ 
•\\''t>.. ,,·\~ 

'\ \ "" \\ .,....,,.,-.. ~,.,., 
, ,·\''~ ,,. 

/ ,/ 

These ac power level controllers use 
zero crossover switching to prevent 
large current transients which occur 
with phase switched scRs. H alf cycles 
of power passed to the load are so 
evenly spaced that light dimmer ap
plication is possible with 400 Hz pow
er. P anel- mounted Model SPC-300-1 
(left ) can dim 1000 W of 400-Hz 
lighting. It comes in both airborne 
($23 3 ) and commercial versions 
($204 ). Model CS0 -300-1 ($1 73) is 
an SCR tri gger, mountable on 1.5-in. 
centers. Omnionics vercor, 111 1 
Mountain View D r., N .E ., Marietta, 
G a. 30060. (404) 427-8259. 

Circle 273 on Inquiry Card 

PC BOARD RACKS 
They are adjustable . 

This new line of racks facil itates 
storing, stocking and transporting PC 
boards and/ or assemblies. Racks come 
in 6, 8 and 20 inch widths, designated 
respectively as Models No. SMI-74-6, 
SMl-74-8 and SMI-74-20. Each rack 
has grooved guide rails which hold up 
to 45 cards and are adjustable from 
one inch to fu ll width. Plastic guide 
rails are mounted on an aluminum 
base for strength. A card index slot 
on the aluminu m frame permits all 
racks to be unifo rmly indexed by con· 
tent and history. Siks Manufacturing 
Inc., 143 East 233rd St., Bronx, N. Y. 
10470. (2 12) 892-8566. 

Circle 274 on Inquiry Card 

FREQUENCY-TO-DC CONVERTER 
Solid state, operates - 55 to +85°C. 

The Freqmeter linearly converts 
frequency or repetition rate of signals 
to a proportional de voltage. This is 
accom plished with 4 standard models 
over an input frequency from zero to 
I 00 kHz. Output is virtually insensi
tive to supply voltage, temp., input 
amplitude or waveforms. Units will 
also indicate the average freq. of ran
dom signals. The output may be used 
to drive meters, galvanometers, re
corders, oscilloscopes, computers, digi
tizers or other indicating devices. 
Contact Edward Y. Politi, Solid State 
Electronics Corp. , 15321 Rayen St., 
Sepulveda, Calif. 91343. 

Circle 275 on Inquiry Card 

.. Fuseholders of Unquestioned Higb. Quality 

Ideal for space tight applications, light weight. vibration and shock 
resistant. For use as part of miniaturized integrated circuit, large 
multi -circuit electronic systems, computers, printed circuit boards, 
all electronic ci rcuitry. 

TR 0 N Sub-miniature Pigtail 
Fuses - Body size only .145 x 
.300 inches. Glass t ube construction 
permits visual inspection of element. 
Hermatically sealed. Twenty-three 
ampere sizes from 1/ 100 thru 15. 

BUSS Sub-miniature GMW 
Fuse and HWA Fuseholder 
Fuse s ize only .270 x .250 inches. 
Fuse has window for visual inspec· 
tion of element. Fuse may be used 
with or without holder. 1/ 200 to 5 
amp. Fuses and holde rs meet Mili· 
tary Specifications. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 
Circle 57 on Inquiry Card 

THE COMPLETE LINE OF Sma• Dimension FUSES 

For The Protection of All Types of Electronic 
and Electr · ' "· its and Devices ... 

... includes dual-element 
"slow-blowing", s ingle-ele
ment "quick-act ing" an d 
signal or visual indicating 
types . . . in sizes from 1 /500 
amp. up. 

For special fuses , clips, 
blocks or holders, our staff 
of fuse engineers is at your 
service to help in selecting 
or designing the fuse or fuse 
mounting best suited to your 
requirements. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 
Circle 57 on Inquiry Card 



.250" L. x .090 " Dia. 

Republic Electronics makes a broad 
line of Mucon Subminiature Ceram ic 
Capacitors to meet any requi rement. 

write fon CATALOG 

REPUBLIC ELECTRONICS CORP. 
176 E. 7th St. PATERSON, N. J. 07524 
201 - 279-0300 TWX 710-988-5908 
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NEW PRODUCTS 

WIREWOUND TRIMMER 
Several lead configurations available. 

Type 60 has many features of the 
more expensive MIL types. It meets 
MIL Std . 202 tests for load life, hu
midity, shock, and vibration. It has a 
res. range from 10 0 to 50 kO; to!. 
is ± l 0% with a power rating of l W 
at 70 °C, derated to 0 at 125 °C; temp. 
range is - 55 ° to + 125 °C. IRC Div. , 
TRW Inc., 2801 72nd St., N., St. 
Petersburg, Fl a. 33733. 
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SILICON BRIDGES 
Sizes as small as 0.5 x 0.5 x 0.250 in . 

11-

New 2-A single phase, full wave 
rectifier bridge features controlled 
avalanche and reverse recoveries from 
50 to 400 ns. Each leg of the bridge 
has a double glass seal for hermeticity. 
Available in mechanical form factors 
for PC boards, cordwood, and other 
mountings . MicroSemiconductor 
Corp., 11250 Playa Court, Culver 
City, Calif. 90230. (213) 391-8271. 
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X-BAND CIRCULATOR 
Weighs about 1 oz. 

New compact coaxial circulator 
(MA-7KJ 64) has high isolation of 
20 dB minimum, with ,.._, low loss of 
0 .3 dB maximum over the frequency 
range of 8.5 to 9.6 GHz. Peak power 
is I kW and VSWR 1.2 maximum. 
Microwave Associates, Burlington, 
Mass. 01803 . (617) 272-3000. 
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ACOPIAN 
DUALS ... 

POWER SUPPLIES 
IN THE SPACE OF 

Where your equipment or system requires 
more than one regulated DC output, con
sider Acopian duals. They consist of two 
independent regulated power supplies 
housed in a single module . You can 
select two like outputs (such as for op 
amps) or any of 80,000 combinations 
of different outputs. 

Acopian duals cut mounting space re
quirements roughly in half , cost less than 
two individual modules and , like all 
Acopian power supplies save you time 
because they 're shipped three days after 
receipt of you r order . 

For information on the complete line 
of 82 ,000 different Acopian power sup
plies , including singles and duals, regu
lated and unregulated , and rack mounted 
assemblies, ask for our new catalog. 
Write Acopian Corp ., Easton , Pa . 18042 
or call (215) 258-5441 . 
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NEW PRODUCTS 

GAS-FILLED DIODES 

Metal diodes protect elements in 
applications where fas t firing, low 
leakage current, and relatively low 
firing voltage are needed. Inherent 
firing voltage is 80 to 89 V. While the 
puncture voltage of MOS-FETs is gen
erally lower than 85 V, this 85-V 
diode protects lower puncture volt
ages by appropriate biasing of the 
diodes. Victoreen Instrument Div., 
10101 Woodland Ave., Cleveland, 
Ohio 44104. 
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PHOTOGRAPHIC DUPLICATOR 
For PC boards. 

This printer makes it practical for 
small quantity users to make their 
own high quality multiple silk screen 
positives for PC boards. Using a nega
tive or Mylar fi lm, it prints five auto
matic exposures per minute on a roll 
of paper or film. Klann Inc., Box 
2398, Waynesboro, Va. 22980. (703) 
942-8351. 
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X-BAND TRANSMITIER 
It's crystal-controlled. 

Model 4202 transmitter provides 
200 mW output at 9.0 GHz. Fre
quency stab. is ±0.003% over temp. 
range of -20° to +65 °C; input is 
7 W at 28 V. All spurious and har
monic outputs are 75 dB below the 
carrier. Zeta Laboratories, Inc., 616 
National Ave., Mountain View, Calif. 
94040. (415) 961-9050. 

Circle 284 on Inquiry Card 
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200 Series 
Crystal Time Base 
Display Storage 
Panel Mount 
100 kHz: 4 digit $325 
15 MHz: 5 digit $395 
1 µs Time Interval: $395 

1400 Seri es 
Universal Counter/ Timers 
15 MHz $ 950 
Preset $1,050 
150 MHz $1,450 
500 MHz $1 ,825 

1600 Series 
Counter/ Timers 
with Display Storage 

25 MHz: 5 digit $ 550 
25 MHz: 7 digit $ 650 

200 MHz: 6 digit $1,050 
200 MHz: 8 digit $1,250 
500 MHz: 8 digit $1 ,650 

6 4 9 8 6 7 3 y 8 900 Series 

• Microwave Frequency Counters 
Fast Sample, Optional Offsets 

••• 

600 Series 
Digital Delay Generator 
Remote Programming 
500 kHz Rep Rate 
l Ons Steps $3,500 
lns Steps $4,500 

................ ... . -
_, 

· """" r • 

• 
• 
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Remote Programming 
e 6.5 GHz: 7 digit $4,250 

• 

"· .... .,.,,.. ....................... ..... 
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• 

700 Series 
Time Interval Counter 
Full Input Conditioning 
TIM, Period, Width, 
Rise Time 
lns $6,500 
lOns $1 ,750 

r;;u 
\JY 

ELDORADO 
Send for 
Free Catalog 

601 Chalomar Road 
Concord, California U.S.A. 
( 415) 686-4200 
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An important announcement 

to the engineer 

who is on the way up 

in his company 

Under the direction of 

Booz · Allen & Hamilton, Inc. 
Because of a wide and enthusiastic response to the 
Project Management Series which has appeared in 
the pages of this magazine, the editors have arranged 
a series of professionally directed seminars which 
will take place in key cities throughout the country. 
These Seminars on the "Management of Engineering 
Projects" are open to all qualified engineers who 
wish to participate. 

The purpose of the Seminars is to develop within 
each participant an improved capability to manage 
effectively both large and small electronic projects. 
The Seminars will provide the practical knowledge 
to those responsible for electronic projects to do a 
better job of planning and executing those projects. 
There will be particular emphasis on the methods 
used to reach an objective while remaining within 
the prescribed product specifications, budget and 
schedule. The tested methods used in the Seminars 
will help the individual electronic engineer or man
ager increase his personal skills, sharpen his capabil
ity and broaden his understanding of Project Man
agement problems. 

Electronics engineering projects require the use of 
new management concepts which are often difficult 
for the traditionally-oriented manager to understand 

and accept. Because they cut across many func
tional (specialist) and organizational lines, these 
projects do not fit comfortably within the lines of 
authority in the traditional organizational structure. 
Even more important, these projects are scheduled 
to achieve certain specified results at a particular 
point in time. 

WHAT TH E PROJECT MANAGEMENT SEMINAR 
CAN MEAN TO YOU 

These new Seminars in Project Management offer 
the electronic engineer an opportunity to broaden 
his knowledge and responsibility and to acquire 
skills similar to those of the general manager. These 
courses are unique in that they help the engineer 
solve the severe complexities inherent in the project 
assignment which in turn places an unaccustomed 
burden on the project manager. 

Because the project manager's job is not easy nor 
even well-defined , he is in urgent need of profes
sional management guidance and training to help 
him perform his mission successfully. The forth
coming Seminars in PROJECT MANAGEMENT 
will provide a practical insight into the concepts, 
techniques and tools necessary to succeed. Actually, 
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About a new 

management discipline 

of 
. . 

growing importance 

Sponsored by 

The Electronic Engineer Magazine 
these form the content of the Seminars and that is 
why they are being made available to those engineers 
who wish to participate. 

The Seminar material is based on Booz • 
Allen & Hamilton's extensive consulting 
experience in project management which 
included the development of project plans 
and control systems for over 1,000 projects 
involving the expenditure of many billions 
of dollars. Active participation in the Semi
nars can not only improve your own skills 
but will also make you a more valuable 
asset to your company. 

INQUIRE NOW 

Seminars are now being formed for the following 
locations and dates: 

Boston April 28-30 at Somerset Hotel 

Washington May 26-28 at University Club 

San Francisco June 23-25 at Fairmount Hotel 

Reservations are very limited, so please register 
early to avoid disappointment. 

The Electronic Engineer • April 1969 

Professional personnel from Booz • Allen & H amil
ton, one of the world's largest management consult
ing organizations, will personally instruct and su
pervise the Seminars which are sponsored by The 
Electronic Engineer. For further information re
garding dates, fees and other pertinent particulars, 
please write to: 

J. E. Hickey, Managing Editor 
The Electronic Engineer 
Chestnut & 56th Streets 
Philadelphia, Pa. 19139 

A brochure containing all the important details will 
be sent to you by return mail. 

The Electronic Engineer 
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READ THESE BOOKS 

Introduction to Automata 
By R. J . Ne lson. Publ ished 1968 by John Wiley 
& Sons , Inc., 605 Th ird Ave ., New York, N. Y. 
10016. Price $12.95. 400 pages. 

A unified scientific discipline has 
emerged from mathematical inquiries 
related to digital computer circuits, 
programming, language translation, 
and nerve networks. Its name: Auto
mata. It deals with the mathematical 
ideas which underlie such subjects as 
the abovementioned in terms of one 
central model. 

This book, an introduction to Auto
mata, is mainly for mathematicians 
and philosophers, as well as for sci
entists and engineers. Yet, the detailed 
mathematical treatment is self-con
tained, and hence non-mathematicians 
will be able to follow it. One limi
tation of the book, however, is that 
it does not discuss empirical ques
tions. 

Transmission Lines for Digital and 
Communication Networks 
By Rich ard E. Malick . Publ ished 1969 by Mc
Graw-H il l Book Co., 330 W . 42nd St., New York, 
N. Y. 10036. Pr ice $14.50. 360 pages. 

This is a comprehensive book for 
engineers who are seriously involved 
in transmission lines for high fre
quency and high speed pulse applica
tions. Even so the author's approach 
allows those not acquainted with trans
mission lines to easily acquire the basic 
concepts using nothing more than sim
ple ac circuit analysis. 

It is a good reference source for 
those who are already operating in 
this field. At the end of each chapter 
are few questions with the answers 
supplied to help you find the high 
points of that chapter. 

Non-linear Systems 
By Dragoslav Sili ak. Published 1969 by John 
W il ey & Sons , Inc., 605 Third Ave ., New York, 
N. Y. 10016. Price $22.95. 618 pages. 

The book presents new analytical 
and graphical methods for parameter 
analysis design of high-order non-lin
ear systems common in practical situ
ations. This text is for graduate-level 
courses on system analysis and design. 

It presents, in self-contained form, 
results of research on parameter anal
ysis and design of non-linear dynamic 
systems. The results are based upon 
methods developed in Russian and 
Belgrade school of Automation and 
System Analysis. 

By applying the nrooosed methods, 
in this book the designer is able to 
choose the parameter so that the non
linear system has the desired response 
characteristics. 

Principles of High Resolution Radar 
By August W. Rihaczek. Published 1969 by Mc
Graw-Hill Book Co. , 330 West 42nd St., New 
York, N. Y. 10036. Price $19 .50. 487 pages. 

While the book develops a compre
hen ive theory covering this subject, 
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it is written so that it can be readily 
understood by the non-specialist also. 
The author avoids the use of compli
cated mathematics so as not to mask 
the underlying principles, hence mak
ing the book even more meaningful. 
T hose involved in radar development 
works will find this a useful publica
tion A'or their own library. 

Introductory Topological Analysis of 
Electrica l Networks 
By Shu·Par k C ha n. Pub lished 1969 by Hol t, Rine· 
hart & W inston , Inc ., 383 Madiso n Ave ., New 
Yo rk, N. Y. 1001 7. Price $ 15.95 . 482 p a g es. 

The introduction in this book to 
topological analysis electrical net
works requires only a first course in 
circuits as a prerequisite . 

A large number of illustrative sam
ples are included throughout the book 
to aid the reader in understanding con
cepts involved. Definitions and theo
rems are precisely stated with proofs 
included within the scope of the ma
teri al. 

Most chapters contain an introduc
tion outlining the coverage of that 
chapter and have a summary section 
which tabluates the important results 
for your future reference. 

Designing with Linear Integrated Cir
cuits. 
Edi ted by Ge rry Eim b inde r. Pub lished 1969 by 
J ohn W iley & Sons, Inc., 605 Third Ave ., New 
Yor k, N . Y. 10016. Price $10 .95 . 30 1 pages. 

The book is a collection of chapters 
written by various recognized leaders 
in the integrated circuit application 
field . It covers large numbers of linear 
circuit applications that an engineer 
is likely to encounter. 

Semiconductor Power Circuits Hand· 
book 
Compil e d b y t he A pplications Eng inee ri ng Dept. 
of Motorola Semicoductor Products Inc., P.O. 
Box 9555 , Phoe nix, A ri z. 8500 1. 264 p ages. Price 
$2.00 . 

Semiconductors: From A to Z 
By Philip Dahle n. Published 1969 by Ta b Boo ks, 
Blue Ridg e Summit, Pa. 172 14. 272 pages Price 
$7.95. 

Transistor and Diode Laboratory Course 
By Harry E. Stockma n. Publish e d 1969 by Hayde n 
Book C o., Inc., 116 W . 14 th St., New York, N .Y. 
10011 . Price $3.95. 11 7 pages. 

Handbook of Coaxial Microwave Meas
urements 
By Davi d A. G ray. Pu blished 1968 b y Genera l 
Radio C o ., W est C o nco rd , Ma ss. 0178 1. Price 
$2.00. 163 pages. 

Electronics Reference Data Book 
By Norman H. Crowhurst. Published 1969 by Tab 
Books, Blue Ridge Summit, Pa. 1721 4. Price $7.95. 
227 pages. 

Mechanics: Point Objects and Particles 
By Terry Tiffe t. Published 1968 by John W iley & 
Sons, Inc ., Pu b lishers, 605 Third A ve., New 
Yor k, N . Y. 10016. Price $ 14.95. 546 pa g es . 
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This 
1oamprelay 
meets the AC 
groun~ed case 
requirement. 

The Conelco Style 7 DPDT 10 amp relay 
meets the following specifications: 
MS 27245, MS 27247, MIL·R5757/23. 

You can't get a better 10 amp 
re lay for your money than the 
Conelco Style 7. It was deve loped 
speci fi ca ll y for t he aerospace 
ind ustry. 

We've got a Sty le 7 Relay 
designed specifically for you r 
needs. Send for our exc; lusive 
Select and Specify Chart. 

FEATU RES : 

All welded constructi on for positive 
con tamination control. 

20% smal ler than similar relays. 

So it 's durab le and depend
able. For 3-phase AC require 
ments, an arc cham ber is used to 
assure trouble free operat ion to 
100,000 t imes, minimum. And all 
we lded const ruction makes it 
abso lute ly reliab le for the most 
stringent avioni c appli cati ons. 
Independent tests have proven 
that the Style 7 Relay stand s up 
against the effects of alti tude, vi
bration andtemperatureextremes. 

Arc chamber : -1 0 amp AC ratin g 115 volts 
single and three phase with case grounded . 

CHARACTERI STI CS: 

DPDT 10AMP 28V DC/ 115VAC res. 
Coil: 565 MW typical: 26.5VDC 300 ohms 
Ambient temp: -65 to +125 C 
Vibr: 20G up to 2000 Hz 

Shock: 50G 11 msec 
Mil-Spec: MS 27245 MS 27247 MIL·R 5757/ 23 

PRICE ELECTRIC COMPANY 
A Division of North American Phillips Corporation 

relays and electromechani ca l devices I Cone lco switching devices 
Frederick, Maryland 21 701 I (301) 662-5141 I TWX (710) 826-0901 
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Light measurement 
Application Note 580-3, titled 

"Light Measurement Terminology," 
provides simplified formulas and defi
nitions of photometric and radiometric 
ter:ns. The note deals with source con
figurations ( line, point, or plane) and 
the various types of photometric and 
radiometric measurements th at can be 
made of these sources. EG&G, Elec
tron ic Products Div., 160 Brookline 
Ave., Boston , Mass: 02215. 
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Semiconductor source 
A 32-page buyer's guide covers 

standard and industrial semiconduc
tors. The 1968/ 69 cata log provides 
data on a range of semiconductors 

fro m silicon and germanium devices 
to H all effect devices and digital 1cs. 
Complete specs are included. Siemens 
America Inc. , 350 Fi ft h Ave., New 
York , N. Y. 10001. 

Circle 322 on Inq uiry Card 

Digital instrumentation 
A literature package, titled "Ortec 

Digital Modu les-Economical Route 
to Computer-Compatible D ata Collec
tion ," discusses digital data handling 
ins.trum P. nts. An applications note and a 
selection guide are included in the 30-
page package, as are several spec 
sheets. Ortec r ncorporated, 219 Mid
land Rd ., Oak Ridge, Tenn. 37830. 
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Templates 
A line of time-saving drawing, de

signing, and sketching templates for 
engineers is desc ribed in a 1969 cata
log. Included are prices, descriptive 
lite rature, and an order form. Plasti
coid Products , Inc., Powder H ollow, 
H azardv ille, Conn. 06036. 
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Wire and cable glossary 
This 1969 ed ition of a wire and 

cable glossary wi ll he lp you in dealing 
with wire and wire problems. The 66-

WlRE & CABl..E 

TERMINOLOG Y 

rl~ 
SffCIM.l~SafxrtfUfoN:s 

page pocket-size booklet alphabetica l
ly lists terms, expressions , and units 
used in the electrical wire and cable 
industry. A wire data chart is a lso in
cluded. Standard Wire & Cable Co. , 
3440 Overland Ave ., Los Angeles, 
Calif. 90034. 
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Flu idic switches 
The "Sensift.ex F luidics Manual" de

scribes a line of fiuidic switches and 
their applica tions. It provides deta ils 
on how to utilize the proved advan
tages of fluidics , gives complete specs, 
and includes a series of case histories. 
Gagne Assoc iates, Inc ., 50 Wall St. , 
Bin gha mton, N. Y. 13901. 
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Power ICs and discretes 
This 25-page condensed catalog 

makes it easy to select the best power 
integrated circuit or discrete power 
device for a particular application. 
Product descriptions, specs, and out
line drawings are given for both lines 
of power devices. Bendix Semicon
ductor Div., South St. , Holmdel , N .J. 
07733. 
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Transistor and dice guide 
A handy 4-page guide features dice 

and wafer specifications. It provides 
electrical specs, dice geometrics, and 
substitution recommendations for a 
line of silicon, pl anar, epitaxial unen
capsul ated transistors. Packaging tips 
are included. National Semiconductor 
Corp., 2950 San Ysidro Way, Santa 
C lara, Calif. 95051. 

Circle 328 on Inquiry Card 

DTL integrated circuits 
A handy DTL interchangeability 

guide cross references the par t num
bers of ITT's hermetically-sealed DTLs 
with the part numbers of five major 
manufacturers. The listings are di
vided into three main sections by 
package types : 14-lead ceramic dual 
in-line, low profile T0-5 style, and 14-
lead \4 by 1/.i ceramic flat packs. ITT 
Semiconductors, Inquir y Services 
Dept. , 3301 Electronics Way, West 
Palm Beach , Fla. 33407. 
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Control systems 
The Series 16 data acquisition sys

tem is a standard hardware-software 
package which performs basic data ac
quisition functions . Its contemporary, 
the Series 16 direct digital control 
system, is a modular hardware-soft
ware functional package for the proc
ess control industry. System descrip
tions, function data, and software and 
application information are supplied 
in two 12-page brochures . Honeywell, 
Computer Control D iv. , Old Connecti
cut Path , Framingham, Mass. 01701. 
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Silicon transistors 
This 74-page catalog covers almost 

400 types of high -reli ability silicon 
transistors. T ab ul ated specs of tran
sistors for a variety of applications 
are given in the 1969 edition. Also in
cluded are new listings and specs of 

196\l TRANSISTOR CATALOG 

poly chip dev ices, npn/ pnp compli
mentary duals , uhf high power ampli
fiers, and NASA approved types. 
Maxim um ratings and electrical char
acteri st ics a re provided for each unit. 
Rayth eon Co., Semiconductor Opera
tion , 350 Ellis St. , Mountain View, 
Calif. 94040. 
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Traveling wave tubes 
A short-form catalog describes the 

division's products. High-power and 
med ium-power traveling wave tubes, 
TWT amplifiers, backward-wave oscil
lators, solid-state devices, and lasers 
are covered. Hughes Electron Dy
namics D iv. , 3100 W. Lomita Blvd., 
Torrance, Calif. 90509. 
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Component applications 
This 8-page booklet contains ab

stracts of over 50 application reports 
and notes related to solid-state device.s 
~ind integrated circuits. All literature 

• Tuxas Instruments 

• 

• 

lntegrnb."tl Circuits und 
Di'icretc Components 

is cross-referenced both by circuit type 
and product type. Texas Instruments 
1 ncorporated, Inquiry Answering Serv
ice. Box 5012, MS 308, Dallas, Tex. 
75222. 
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Analyzers and generators 
Featured in a 28-page catalog are 

several plug-in spectrum analyzers, 
with various ranges of operation. 
Sweep generators, audio two-tone gen
erators, a signal alternator, and a plug
in power supply are also covered. 
Nelson-Ross Electronics Inc., 5-05 
Burns Ave., Hicksville, N.Y. 11801. 
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Transistor selection guide 
A complete rundown of the com

pany's power transistors is given in 
an 8-page folder. Selection is facili
tated by the use of charts which are 
set up according to construction of 
the transistors. Outline drawings, a 
numerical listing of the devices, and 
characteristic curves are included. 
Transitron Electronic Corp. , 168 Al
bion St., Wakefield , Mass. 01880. 

Circ le 335 on Inquiry Card 
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LITERATURE 

Nut fasteners 

"How to select the proper nut 
fastening . . . " is the subject and 
title of this 12-page pocket-size guide. 
The b;)oklet features a handy index 
which describes various app lications 
and their requirements and explains 
the best nut fastening for the purpose 
and the reasons why. Reference AS
l l 0 l also reviews the company's many 
nut products. Shakeproof Div., llli
nois Tool Works Inc ., St. Charles Rd., 
Elgin. lll. 60120. 
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Microminiature relays 

Bulletin No. 90 provides details on 
T0-5 size micrommiature relays. 
These hermetically sealed DPDT rel ays 
a re rated I A at 32 Vdc and meet ap
plicable requirements of M lL-R-5757. 
Specifications, along with environ
mental and quality contro l procedures, 
are discussed in the 4-page bulletin . 
Hi-G Inc ., Spring St. and Route 75, 
Windsor Locks, Conn. 06096. 
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Power supplies handbook 

You'll find the complete HP line of 
de power supplies listed in this 82-
page catalog. To help you choose the 
supply that best meets your needs , a 
selection guide and condensed listing 
are incl•Jded in the 1969 catalog and 

handbook. The handbook portion dis
cusses power suppl y circuit principles, 
operating fe atures, performance meas
urements, and speci al applications of 
regulated de power supplies. Hewlett
Packard Co., Jersey Div ., l 00 Locust 
Ave., Berkeley Heights, N . J. 07922. 
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Lock-in amplifiers 

A 4-page application note describes 
four applications of lock-in amplifiers. 
T hese include amplifier crosstalk 
measurement, sensitive bridge null 
detection , op-amp open-loop gain 
measurement, and low-level impedance 
measurement. Note T-192A also 
covers the theory of operation of the 
lock-in ampli fier. Princeton Applied 
Research Corp., Box 565, Princeton, 
N .J . 08540. 
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Frequency components 

A 6-page condensed catalog de
scribes the manufacturer's capability 
in the frequency control field and its 
frequency components now available 
to the electronics industry. Listed are 
a variety of precision quartz crystals, 
crystal oscill ators. crystal filters , and 
tone-code modules. Motorola Com
munications and Electronics, Inc., 
1301 E . Algonquin Rd ., Schaumberg, 
Ill. 60172. 
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CERMET TRIMMERS 

Series 340 Top Adjust 1/4" x 1/ 4" x .220" 
Cermet Trimmer 

NEW FROM CTS 
$1.25 ea. in 1 ,000 lots down to 

93c ea. in 50,000 lots. 

50 n throu gh 500K n . 

+ 20% tolerance. 

3 / 4 watt @ 25°C; 1/2 watt @ 85°C, derated to no load @ 150°C. 

Single turn . 

Prototype Qu a ntities From Stock. 
Production Qu a ntities : 4-6 weeks. 

Order from: CTS of Berne, Inc., Bern e, Indiana 46711. 

A ®cTs CORPORATION W Founded 1896 
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Series 360 Side Adjust 7 / 16" x 17 / 64" x 25/ 64" 
Snap-in Type Cermet Trimmer 

NEW FROM CTS 
$1.04 ea. in 1,000 lots down to 

80c ea. in 50,000 lots. 

50 n throu gh 1 megohm. 

± 20% tolerance . 

1 watt @: 25°C; 1/ 2 watt @ 85°C, derated to no load @ 125°C. 

Single turn. 

Prototype Qu antities From Stock. 
Produ ction Quantities: 4-6 weeks. 

Order from: CTS of Berne, Inc., Berne, Indiana 46711. 

A ®cTs CORPORATION W Founded 1896 
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Pressure transducers 
Detailed in an 8-page brochure is a 

fami ly of absolute, gage, and differen
tial pressure transducers. The devices 
are available over the pressure ranges 
from 1 to 10,000 psi. A selection 
guide, data on construction and op
tions, and illustrations are included. 
Genisco Technology Corp., Instru
ments Div., 1533 26th St., Santa 
Monica , Calif. 90404. 
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Static relays 
A static relay is an all-electronic de

vice used to perform many of the 
functions of conventional electro-me
chanical relays, but at an increase in 
speed and operating life. Catalog 169 
covers a line of static relays. Especially 
useful in the 4-pager is a performance 
comparison chart, which objectively 
compares the features of these devices 
to those of conventional types of re
lays. Flight Systems, Inc., Box 25, 
Mechanicsburg, Pa. 17055. 
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Semiconductors 
This 16-page condensed catalog is 

color-coded to help you quickly select 
from among the manufacturer's semi
conductor products and modular am
plifiers. Four product sections cover 

field effect transistors, dual transistors, 
integrated circuits, and modular op 
amps. Especially helpful is a color
keyed transistor guide which visually 
relates all products listed to specific 
applications. Union Carbide, Semi
conductor Dept., Box 23017 , 8888 
Balboa Ave., San Diego, Calif. 92123. 
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Power sources 
A 12-page catalog briefly describes 

a product line of high and low voltage 
de regulated power sources. Included 
is a group of NIM configuration power 
sources for those using nuclear instru
mentation. Power Designs, Inc., 1700 
Shames Dr., Westbury, N.Y. 11590. 
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Fasteners 
If you buy fasteners to MS, NAS, 

or AN specs, this 102-page price book 
will be a handy tool. Prices are listed 
for bolts, screws, clamps, clips, grom
mets, handles, hinges, keys, nuts, pins, 
retaining rings, rivets, spacers, springs, 
studs, terminals , and washers. Items 
are arranged numerically according to 
spec number. Supplementary data in
clude tables of government specifica
tion materials , platings, and finishes ; 
illustrations of screw head and point 
styles; and a table showing weights of 
rivets. Century Fasteners Corp., 20 
Grand Ave., Brooklyn, N .Y. 11205. 
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CERMET TRIMMERS 

Series 165-3/8" x 3/8" x 13/64" Cermet Trimmer 

NEW FROM CTS 
$3.25 ea. in 1,000 lots down to 

$2.56 ea. in 50,000 lots. 

50 r! through 1 megohm . 

± 20% tolerance. 

1/2 watt @ 85°C derated to no load @ 150°C. 

25 turns. 

Prototype Qu antities From Stock. 
Production Quantities: 4-6 weeks. 

Order from : CTS of Berne, Inc., Berne, Indiana 46711. 

A ® CTS C908RP1

0RATION W Founded 1896 
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Series 190-3/ 4" x .160" x .310" Cermet Trimmer 

NEW FROM CTS 
$1.24 ea. in 1,000 lots down to 

98c ea. in 50,000 lots. 

50 r! through 500K r!. 

± 20% tolerance . 

1/2 watt @ 85°C derated to no load @ 125°C. 

20 turns. 

Prototype Quantities From Stock. 
Production Quantities: 4-6 weeks. 

Order from : CTS of Berne, Inc., Berne, Indiana 46711. 

A ® CTS (CORPORATION W Founded 1896 
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Need Volume Production 
or Short Run? Specify KEYSTONE 

CUSTOM FABRICATED 
TERMINAL BOARDS 

We are equipped to produce economically 
short and long runs of special assemblies 
made to your specifications. 

Also a complete line of Standardized 
Components or modification of our 
standard line. Inquiries promptly quoted. 

• TERMINAL BOARDS • BATTERY 
HOLDERS • TERMINALS • PRE-PUNCHED 
BOARDS • PLUG-IN HOUSINGS • BUSH· 
INGS • STAKING TOOLS 

I NEW FREE CATALOG ON REQUEST I 
KEYSTONE ELECTRONICS CORP. 

49 Bleecker Street • New York, N.Y. 10012 
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LITERATURE 

SS frequency sources 
This 20-page 1969 catalog covers a 

line of microwave solid-state sources. 
These include voltaged tuned, cavity 
stabilized , crystal controlled, mechan
ically tuned, crystal stabilized (phase 
lock), and avalanche diode sources. 

The catalog gives specs for more than 
80 models, as well as application in
formation and curves useful to the de
sign engineer. Frequency Sources, Inc., 
Kennedy Dr., Box 159, North Chelms
ford , Mass. 01863 . 
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underestimate 
the power of 
appearance . .. 

RF components 

A 6-page catalog gives specs and 
applications of double-balanced mix
ers, hybrids, power dividers, single
balanced mixers, switches, and bal
anced transformers. A spurious chart 
shows the relative amplitude of inter
modulation products, and a two-tone 
graph shows third order products as a 
function of input level. Relcom, 2329 
Charleston Rd ., Mountain View, Calif. 
94040. 
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Electrolytic capacitors 

Bulletins 2237 and 2239A (16 pages 
each) discuss axial lead aluminum 
electrolytic capacitors. Design and 
perform ance data and several pages of 
standard listings are given for the 
Type 056 capacitor and the Type 556 
computer grade capacitor. Sangamo 
Electric Co. , Capacitor Div., Box 128, 
Pickens, S.C. 29671. 
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MET-L-WOOD panels add beauty and backbone 
to machine housings 

\ 

120 

First impressions often influence final 
decisions. To compete in today's market
place , even sophisticated machinery cries 
out for housing design that says .. . beauty 
. . . purpose . .. versatility . And nothing 
says it better than unique MET-L-WOOD. 
MET-L-WOOD is a laminate, consisting of 
a core of plywood or other lightweight 
material with metal or other durable fac
ings structurally bonded to both surfaces . 
The result is a panel of great durability 
and versatility that lends itself to dra 
mati c design, withstands abuse and con
tinues to look like new for years . 
MET-L-WOOD panels are easy to work 
with , requiring no special tools , or may 

Circle 69 on Inquiry Card 

be prefabricated for easy assembly . Learn 
for yourself how MET-L-WOOD fits into 
your housing plans . Write for brochure 
to : MET-L-WOOD CORPORATION , 6744 
West 65th Street, Chicago 60638 . 

MET-L-Wooo 
Corporation 

STRUCTURAL LAMINATES SINCE 1925 
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Delay line serial memories 
"Serial Stores Using Delay Lines" 

is the title of a guide to delay line 
types of serial memories. The book
let presents the theory of operation 
and covers the capabilities and limita
tions of glass, quartz, and wiresonic 
type digital stores for specific appli
cations. Factors to consider for choos
ing the correct type of ultrasonic 
store for buffer applications are listed. 
Tables provide data such as delay shift 
versus temperature and price per bit. 
Andersen Labs., 1280 Blue Hills Ave., 
Bloomfield, Conn. 06002. 
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Terminal systems 
Ten pages of tech data cover three 

different terminal systems: integrated, 
standard, and relay terminal systems. 
Application information, advantages, 
physical and electrical characteristics, 
and illustrations are given for each. 
Dorne & Margolin, Inc., General Com
mercial Products Div., 1735 Goldbach 
Ave., Ronkonkoma, N.Y: 11779. 
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High current rectifiers 

Characteristics and application con
ditions for a series of high current 
rectifiers are discussed in a 6-page 

• HIGH CURRENT 
REC TIF IER 
APPLICATION NOTES 

appl ication note . Included in the note 
are ratings, specs, mechanical outlines, 
and operating curves. KSC Semicon
ductor Corp., KSC Way (Katrina 
Rd.), Chelmsford , Mass. 01824. 

Circle 351 on Inquiry Card 

J Power controls 

SCR power control units using two 
different methods of proportional con
trol-phase angle and synchronous 
firing-are discussed in a 9-page cata
log. Their respective advantages and 
disadvantages are explained through 
text, tables, schematics, and illustra
tions. Magnetics Inc., Industrial Con
trol Div., Sandy Lake, Pa. 16145. 

Circle 352 on Inquiry Card 
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Closed-loop modules 
Circuit design using closed-loop 

modules vs open-loop modules is dis
cussed in a 6-page data sheet. De
scribed is a module line compatible 
with monolithic dual in-line packag
ing. Operating and performance char
acteristics are included . Redcor Corp., 
Box 1031 , Canoga Park, Calif. 91304. 
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Mill er MS. No. Inductance Rated DC 
Part No. 90537 M!crohenries Current 

9250 ± 10% Milliamps 
-101 -1 0.10 2900 
-121 -2 .12 2800 
-151 -3 .15 2750 
-181 -4 .18 2200 
-221 -5 .22 1700 
-271 -6 .27 1500 
-331 -7 .33 1300 
-391 -8 .39 1100 
-471 -9 .47 1000 
-561 -10 .56 900 
-681 -11 .68 750 
-821 -12 .82 600 
-102 -13 1.00 1900 
-122 -14 1.20 1600 
-152 -15 1.50 1300 
-182 -16 1.80 1200 
-222 -17 2.20 1100 
-272 -18 2.70 950 
-332 -19 3.30 800 
-392 -20 3.90 750 
-472 -21 4.70 650 
-562 -22 5.60 550 
-682 -23 6.80 500 
-822 -24 8.20 475 
-103 -25 10.0 450 

-123 -26 12.0 400 
-153 -27 15.0 620 
-183 -28 18.0 610 
-223 -29 22.0 600 
-273 -30 27.0 500 

Connectors and splices 
Catalog No. 441-7 describes Coaxi

clamp'nc connectors and splices for 
50-0 semi-rigid coaxial cable. The 6-
page folder presents design features, 
performance data, assembly drawings, 
spec tables, tooling data, and so forth. 
AMP Incorporated, Harrisburg, Pa. 
17105. 
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MS 90537 
Molded 
Shielded 
RF Chokes 

Miller MS. No. Inductance 
Part No. 90537 Microhenries 

9250 ± 10% 
-333 -31 33.0 
-393 -32 39.0 
-473 -33 47.0 
-563 -34 56.0 
-683 -35 68.0 

-823 -36 82.0 
-1 04 -37 100.0 
-124 -38 120.0 
-154 -39 150.0 
-184 -40 180.0 

-224 -41 220.0 
-274 -42 270.0 
-334 -43 330.0 
-394 -44 390.0 
-474 -45 470.0 

-564 -46 560.0 
-684 -47 680.0 
-824 -48 820.0 
-105 -49 1,000.0 
-125 -50 1,200.0 

-155 -51 1,500.0 
-185 -52 1,800.0 
-225 -53 2,200.0 
-275 -54 2,700.0 
-335 -55 3,300 .0 

-395 -56 3,900.0 
-475 -57 4,700.0 
-565 -58 5,600.0 
-685 -59 6,800.0 
-825 -60 8,200.0 
-106 -61 10,000.0 

Rated DC 
Current 

Milliamps 

490 
410 
400 
380 
370 

360 
325 
290 
275 
260 

250 
240 
225 
200 
180 

174 
168 
152 
135 
115 

110 
105 
99 
83 
80 

67 
63 
56 
54 
52 
49 

CALL OR WIRE FOR SHIPMENT TODAY 
Get factory prices from your local distributor in quantities 
to 750; ask for new full line cata log. 
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Why engineers 
take specialized 
courses by mail. 

Because most engineers find they 
need additional training in specific 
subjects. (See partial list in coupon 
below.) 

Because they can get what they 
need from ICS, be it technical or non
technical. 

Because units can be selected from 
any ICS course to meet their special 
needs. 

Because independent study is 
often the fastest , most effective way 
to master a subject, particularly for 
th e busy engineer. 

Becau se ICS is a recognized leader 
in off-campus education with more 
than a million students trained in 
engineering subjects alone. 

Because a 11 the fac ts needed to 
make a judgment are so readily avail 
able. Just mail the coupon. 

----------psmmf=' 
lnternati on<>! Correspondence Schools 
Dept. L7644 D, Scranton, Penna. 18515 
( In Ha waii : P.O. Box 418, Honolulu. Canadian resi
dents send coupon to Scranton address-further 
servic e handled by ICS Canadian Ltd .) 

I'm interested in a program of inde
pendent study. Send me, without cost, a 
ca ta log that deta i Is the subject I've 
checked together with a sample lesson 
demonstrating the ICS method. 

D Electronics for Computers 
D Electronic Controls 
D Quality Control 
D Numerical Control 
D Computer Programming 
D Nuclear Energy 
D Production Management 
D Product Design 
D Vibration Analys is and Control 
D Safety 
D Structural Design 
D Business Administration 
D Economics 
D Sales Management 
D Accounting 
D Marketing Management 
D Business Law 
D Other ________ _ 

(please specify) 

Address- ------------

City _____ sta te ____ Zip ___ _ 

Occupation _ _ ___ ______ _ 

Employed by _ __________ _ 

ICS courses are veteran approved 
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LITERATURE 

Power supply technology 
"Operational Power Supply Tech

nology," a 12-page monograph, dis
cusses the capabilities of modern de 
regulators for the control of voltage 

• 

OPIRAT~DMAl. 

POWt:ft 

80PPlY 

Tl!CMNO\..OO'f 

or current. It reviews the operational 
analogy for power supplies and con
tains many illustrations on the appli
cation of feedback theory for the pur
pose of control. Kepco, Inc. , 131-38 
Sanford Ave., Flushing, N .Y. 11352. 
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Electronic components 
An 18-page general line catalog 

covers a variety of components, in
cluding connectors, sockets, coaxial 
cable, switches, and twin lead. All are 
standard, off-the-shelf products. Photo
graphs, line drawings, electrical char
acteristics, and mechanical specs are 
given in Catalog GL-1. Amphenol 
Distributor Div. , The Bunker-Ramo 
Corp., 2875 S. 25th Ave., Broadview, 
Ill. 60153. 

Circle 356 on Inquiry Card 

Miniature rotary switches 
A 16-page catalog covers several 

series of miniature rotary switches. In
cluded are recent modifications such 
as units designed for printed circuit 
applications, plus switches with spe
cially coded outputs. Technical specs 
are given for switches ranging from 
single-pole, 24-position to 12-pole, 2-
position types . RCL Electronics, Inc ., 
700 S. 21st. St., Irvington, N .J. 07111. 
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Computer catalog 
The SPC-12 automation computer 

is the subject of a 20-page technical 
bulletin. The publication is written 
to aid automation engineers and sys
tem designers in configuring automatic 
control systems from functional off
the-shelf building blocks. Data on 
the computer's functions, options, and 
specs are given. Automation Products 
Div. , General Automation, Inc., 706 
W. Katella, Orange, Calif. 92667. 
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For a true record 
of temperature 

1n service ... 

~ 0 

Tempilabel 
Easy to use . . . 

: TOOOOEMPERATURE MONITOR~ 
~ ~ - . 
' 0 c z 
.. 1so· F 200· F 2so· F 300•F 'i 
,. CENTERS TUAN BLACK AT RATING SHOWNa. 

BEFORE 

Easy to read 

~ TeeeoEMPERATURE MONITOR~ . ~ 
i 0 
c z 
~ 1so·F 200·F 2so·F 300•F 5 
~CENTERS TURN llLACK..t.T RATING SHOWNa. 

AFTER 

Self-adhesive Ternpilabels 0 as 
sure dependable monitoring of 
attained f_emperatures. Heat-sen 
sitive inr icators, sealed under the 
little round windows, turn black 
and provide a permanent record 
of the temperature history. 
Ternpilabel 0 can be removed 
easi ly to document a report. 

IJtl;Mmtml 
~ 0 ~ 
!'I 100° F t: 
~ n~UTUM: llOlllTIM :_ 

AVAILABLE 
Within the range 100° to 500°F Tempi· 
labels" are avail able to indicate a 
single temperature rating each - and 
a lso in a wide choice of four-temper
ature combinations per Tempi la bel 0

• 

JUST A FEW OF 
THE TYPICAL APPLICATIONS 

• Electrical Apparatus 
• Electronic Assemblies 
• Appliance Warranties 
• Aircraft and Rockets 

• Machinery and Equipment 
• Storage and Transportation of 

Heat Sensitive Materials. 

For descriptive literature an d a sample 
Tempilabel 0 for evaluation . .. (please 
state temperature range of interest). 

~t:>E.R~~ 

"'o/ (..'\> 

{ Tem~tz 0 
G 
\, t;IJ) DIVISION OF 

0 BIG THREE INDUSTRIAL 
.,.,,, " ,,,,, 0 10° GAS & EQUIPMENT CO . 

132 WEST 22nd St .. NEW YORK. N.Y. 10011 
Phone 212 • 675 -6610 TWX 212 • 640 ·5478 
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LITERATURE 

Data compression 
An 18-page booklet contains three 

separate bibliographies covering the 
published literature on data compres
sion. The first bibliography cavers ma
terial on pretransmission compression 
(data compression prior to transmis
sion). The second covers pre-process
ing compression (data compression 
after transmission but prior to proc
essing), and the third lists literature on 
error correction coding. SDS Publica
tion 988019 is available from Scientific 
Data Systems, 701 S. Aviation Blvd., 
El Segundo, Calif. 90245. 
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Microwave absorbers 
This 6-page folder will provide the 

design engineer with a variety of in
formation on high loss dielectrics and 
electromagnetic absorbing materials. 
Product and application descriptions 
are given for the full Eccosorb® line. 
Especially useful are a properties chart 
and an application selector table. Em
erson & Cuming, Inc., Microwave 
Products Div., Canton, Mass. 02021. 

Circle 360 on Inquiry Card 

Time-delay relays 
A 24-page guide offers information 

for selecting the right solid-state time
delay relay. Engineering data, selec-

- -- - ---. 
l'llrlHihll!UMHl~D 

Si.11 l'l "l-'"I C !'111.'fll(:i~ 
,j,:.,,1 · tiu.•i1;., '" 

tion tables, and dimension diagrams 
for relays, voltage sensors, and dry 
reed time delays are included, as are 
schematics and specs. Potter & Brum
field , Princeton, Ind. 47570. 
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Delay lines 
A 12-page catalog gives definitions 

and formulas for delay time, rise time, 
pulse attenuation, pulse amplitude, 
characteristic impedance, and band
width. Intended as a manual for spe
cifying delay lines, it covers a variety 
of the manufacturer's standard de
vices. JFD Electronics Co., Compo
nents Div. , 15th Ave. at 62nd St., 
Brooklyn, N.Y. 11219. 
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MS Environmental Dynamics 
Anayls1s Instruments · Signal Conditioning· Electrohydraulics • Pressure Measurement ·Vibration Systems 

. . 
Zero Drive::~ system ideal for quieting studies and 
on-board monitoring applications 

The Zero Drive data acquisition system was developed to overcome the limitations 
of conventional data transmission systems utiliziffg charge and voltage amplifiers. By 
effectively eliminating impedance, it eliminates cable noise and makes it possible to 

Series 500 systems measure 
pressure accurately, electronically 

obtain signals over a broader frequency 
range than ever before. Because cable 
effects are eliminated ordinary two wire 
cable can be used. 

Incorporating high accuracy ( ± 0.5%) Data from any self-generating trans-
Series 500 transducers and N928 or N929 ducer-pressure, shock, vibration, acoustic 
indicators, MB pressure measuring sys- -can be transmitted wi thout loss of signal 
terns are all electronic. Employing the strength. All that is required at the trans
bonded strain gage principle, Series 500 ducer is a small, solid state "Line Driver" 

transducers have no moving parts , no link
ages, no silicones or other fluids. As a re
sult there is no wear, no maintenance. 
The systems measure static and dynamic 
pressures - without snubbers. They have 
proved ideal for pressure measurements in 
the laboratory as well as in OEM and field 
applications. 

The N928 and N929 have built-in solid 
state transducer power supplies and oper
ate on normal AC lines. An additional fea
ture of the N929 is a high/ low alarm set
ting which also permits it to be used as a 
controller. 

Reader Service No. 103 

Spectrum analysis described 
A new, basic- to-advanced technology 

description and application review will be 
found in an MB brochure which describes 
the T-1000 Spectrum Analyzer. Credited 
as the world's most accurate analyzer, the 
T-1000 offers broad applications in deter
mining Fourier Series; PSD Analysis; 
Fourier Spectrum; and Random, Transient 
and Complex Signal Analysis, all of which 
are covered in Bullet in No. 214. 

Reader Service No. 104 

which eliminates the need for live equip
ment or amplification at or near the signal 
source. No power is used, no noise is in
troduced, no cable problems arise. At the 
console, the N400 amplifier-a standard, 
off-the-shelf unit--provides a high level, 
calibrated output for use with control 
systems, tape recorders and/or other data 
acquisition/reduction equipment . 
•Patent Pending 

I Reader Service No. 101 

Use of small vibration test 
systems considered unlimited 

The range of known materials and prod
ucts being tested and evaluated on MB PM 
Systems is so vast that no limit is foreseen 
on their expanding use. Wire, automotive 
transmissions, human arteries, plas tics -
these are but a few of the known test sub
jects. Any R&D lab can es tablish its own 
vibration test facility for under $1 ,500 with 
a PM shaker and amplifier. 

Reader Service No. 102 

MB ELECTRONICS 
A textron I coMPANY 

P.O. BOX 1825, NEW HAVEN, CONNECTICUT 06508 

Tel. (203) 389-1511 Twx 710 465-3283 Telex 0963-437 
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more0.02% 
regulated power 

(at lowest cost 
in the industry) 

ZJell'ran 
"C" SER/ES 

SILICON POWER 
MODULES 

300 MODELS 
to 262V .. to 36A •. 700W 

The "C" Series features 
most power at lowest 
cost and smallest size 
in the industry, and 
offers superior quality 
and specification excel
lence. 

MEETS THESE MIL SPECS ••• 
Reliability: 
MTBF up to 100,000 hours 

Environmental: 
Shock-E-4970, T-4807 
Vibrati on-T-4807, E-16400 
Humid ity-STD-810 
Altitude-E-4970 
RFl-EMl-1-16910, 1-6181 

II PERFORMANCE SPECS 
• 0.02% regulation 
• 500 microvolts ripple & noise 
• Convection cooled to 71 • c 

~· - 0111 

Dell'rari 
WISSAHICKON AVENUE~S, PA. 19454 
PH ONE: (2 15) 699-9261 •TWX: (510) 661-8061 

Circle 73 on Inquiry Card 

LITERATURE 

Instrumentation guide 
Electronic engineers will find this 

308-page hard-cover book a useful 
guide for selecting instrumentation. 
Along with photographs, diagrams, 
and spec lists, the 68 169 h andbook 
provides product descriptions, techni7 
cal data, and application notes on the 
company's wide range of instruments. 

;----- -- -- ------- --- --- - ---i . . 
' ' : . 

E1n) 

Dual Slope OVM 

Signal sources, signal conditioning in
struments, signal monitoring instru
ments, analog recording instruments, 
data acquisition systems, and precision 
measuring instruments are described . 
There is also data on biomedical moni
toring and recording systems, RFI/ EMI 

surveillance and analysis units , and 
instrumentation cabinets. Honeywell 
Inc., Test Instruments Div., 4800 E. 
Dry Creek Rd ., Denver, Colo. 

Circle 363 on Inquiry Card 

Ultrasonic cleaning 

The principles of ultrasonic cleaning 
are outlined in an 8-page booklet. 
The publication discusses various 
cleaning methods and the equipment 
needed for each. It describes ultra
sonic generators and transducers and 
explains cavitation, frequency selec
tion, power density, modulation, and 
automatic tuning. Guides to the pur
chase and eva luation of cleaning 
equipment are also included. National 
Ultrasonic Div., Phillips Manufactur
ing Co., 7334 N. Clark St. , Chicago, 
Ill. 60626. 

Circle 364 on Inquiry Card 

FET selection guide 
A complete line of field-effect tran

sistors is listed in a 6-page fo ld-out 
guide and cross reference chart. The 
more than 100 JFET and MOSFET 

types are categorized by application : 
multi-purpose amps, rf amps and mix
ers, general switching devices, chop
pers, matched pairs, and tight (2: l 
ratio) I nss ranges. A handy chart 
cross-refe rences the industry's types 
to the company's nearest equivalent. 
For bulletin SG-15, write on your 
company letterhead to Motorola Semi
conductor Products, Inc., Box 20924, 
Phoenix, Ariz. 85036. 

mite-size relays with 
macro-size contacts 
Couch 2X relays are true 17-size, yet the 
contacts are as large or larger than 
many full and half-size crystal can units. 

Couch 2X relays meet MIL-R-5757D/19 
and/30 specs in lh 5th of a cu . in . Design 
simplicity and oversize contacts as
sure the ultimate in performance. Each 
relay is fully tested . Ideal for missile 
and aerospace switching applications 
or wherever reliability in small space is 
of prime importance. Available in many 
terminal styles and a wide choice of 
mountings. 

Size 

Weight 

Coil 
Operating 

Write for Data Sheets No. 9 
and No. 1 O today. 

2X (DPDT) 

0.2" x 0.411 x 0.5" 

0.1 oz. max. 

1X (SPOT) 

same 

same 

Power 100 mw or 150 mw 70 mw or 100 mw 

Coil 
Resistance 60 to 4000 ohms 125 to 4000 ohms 

Temperature -65°C to 12s• c same 

Vibration 20G same 

Shock 75G same 

RUCClO ROTARY /lf/AYS lllfJ Oyn.1miull)' Jnd StJ/iCJ//f 81/,,nctd 

191~1 
S. H. COUCH DIVISION 

ESB INCORPORATED 
3 Arlington St, North Quincy, Mass. 02171 

Circle 74 on Inquiry Card 



JMC 46'40 

New Miniature Series 
Variable Air Capacitors 

High capacity in a small package 
- exclusive round nut permits in
stallation in tight places or minia
turized packaging. Ultra-rugged 
construction. 

Specifications 

•Small Size: .220" dia. 15/ 32" length 
•Q@ 100 me: > 5000 
•Capacity Range: .4 pF - 6 pF 

(> 8 Turns) 
•Working Voltage: 250 VDC 

(Test Voltage 500 VDC) 
•Insulation Resistance: > 106 Megohms 
• Temperature Coefficient: 50 

±50 ppm/°C 
•Temperature Range: -65°C to + 125°C 

700 Solder. Pre
features 5 . Not affected 
vents distort!on. I oldering 
by convent1ona s 
temperatures. 

Call or write for complete information. 

~ 
MANUFACTURING 

CORPORA T/ON 
400 Rockaway Valley Road 

Boonton, N. J. 07005 • (201) 334-2676 
Electronic Accuracy Through Mechanical Precision 

Circle 75 on Inquiry Card 

LITERATURE 

Video transmission 

"Video Transmission Techniques ," 
a 51-page booklet, will fam iliarize you 
wit h the technicalities of video distri
bution. It describes the problems en
countered in routing video through 
cab le, and presents the solutio ns. Dia
grams, text, photos, charts, and tables 
are included, as is an appendix con
tai ning a handy 6-page glossary. Dyn
air Electronics, Inc., 6360 Federal 
Blvd., San Diego, Calif. 92 114. 

Circle 365 on Inquiry Card 

Condensed keyboards 
"Condensed Keyboard Guide," a 

15-pager, reviews the major features 
of the division's new wired and en
coded solid-state keyboards. The book
let describes the use of the Hall ef
fect to produce an analog control 
voltage. Product descriptions and a re
view of encoding techniques and in
terface outputs are included. Micro 
Switch, a division of Honeywell, Inc., 
1 l W. Spring St., Freeport, Ill. 61032. 

Circle 366 on Inquiry Card 

Antenna systems 

Antennas and ante nna systems cov
ering the frequency range of 2 MHz 
to l 100 MHz are the subject of a 64-

page cata log. Most of the items are 
available for off-the-shelf delivery, in 
kit form, as systems, or install ed. H y
Gain Electronics Corp., Box 868, Lin
coln , Neb. 68501. 

Circle 367 on Inquiry Card 

Industrial fasteners 

This 8-page bulletin gives descrip
tions, specs, and special features of a 
line of die cast, zinc alloy industrial 
fasteners . These fasteners come in a 
range of sizes and threads in wing nut, 
cap nut, thumb nut, thumb and wing 
screw types. Their adva ntages, along 
with the die casting method itself, are 
also di scussed . Gries Reproducer Co., 
400 Beechwood Ave., New Rochelle, 
N. Y. 10802. 

Circle 368 on Inquiry Card 

Offer true hermetic sealing 
-assure maximum stability and life! 
Delays: 2 to 1 80 seconds •• Actuated 
by a heater, they operate on A.C ., D.C., or Pulsating 
Current . . . Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes . . • 
SPST only- normally open or normally closed ... Com· 
pensated for ambient temperature changes from -55° to 
+ 80° C .... Heaters 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 

PROBLEM? Send for Bulletin No. TR-B 1 

0 

AM PE RITE 
BALLAST 

REGULATORS 
Hermetically sealed, they are 
not affected by changes in alti
tude, amb ie nt temperature 
(-50° to +70° C.), or humid
ity . .. Rugged, light, compact, 
most inexpensive. 

List Price, $3.00 
Write for 4-page Technical 

Bulletin No. AB·51 

Circle 76 on Inquiry Card 
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Purpose 
Open Frame 

'.t>: ~ 
' Ill" I 

CBI Mechanical 
Latching 

CAD 
General Purpose 

Plug-in 
RA Miniature RT Rotary 

Plug-in Stepping Switch 

Schrack relays meet specifications 
far in excess of those required by 
the most exacting standards - and 
are priced much less. 

Schrack has available a complete 
line of sockets , plugs and dust cov
ers for custom modular construc
tion to suit all your requirements -
including accessories. 

Send for complete catalogs today 

1140 Broadway , New York, N.Y. 10001 

Circle 77 on Inquiry Card 

VLCHEK® 

LITERATURE 

Computer catalog Sample-and-hold circuits 
The Nova, a I 6-bit word general 

p;.1rpose computer priced at $'1950, is 
the ~; ubject of a 16-page brochure. 
Over half of the machine's circuits are 
MSI. The booklet includes a discussion 

This app:ication r.:Jte exp ia ins the 
terms used in defining sample-and
hold circui ts. Aperture time, dielec
tric a bso rp~ ion , and settling time are 
covered , and the interrelation of ac
quisition time, drift , and capacitance 
is shown graphically. Data Device 
Corp .. 100 Tee St. , Hicksville, N.Y. 
I 180 I. 

of new small compu ters and describes 
the hardware, input, output, facil ities, 
instruction set, and software for the 
Nova . Data General Corp., 275 Cox 
St. , Hudson , M ass. 01749 . 

Circle 369 on Inquiry Card 

Circle 370 on Inquiry Card 

Crystal controlled oscillators 
Photographs , line drawings, electri

cal characteristics , and mecha:iical 
specs for a line of miniature precision 
crystal controlled oscillators are given 
in a 12-page catalog (50 1-SM-1268). 
Also included is a cross-referenced 
selection chart. McCoy EI e ctr on i cs 
Co., a subsidiary of Oak Electro / 
Nectics Corp., Mt. Holly Springs, Pa. 
I 7065. 

Circle 371 on Inquiry Card 

flip chips 

integrated circuits 

hybrid circuits 

thick films 

thin films 

Rent a factory new 
micro-soldering system for a one month intensive 
production evaluation , immediate delivery. Com
plete purchase price $995. Evaluation Rental $95. 
System shipped complete including: 10 x binocular micro· 
scope and light, multiple-lead flatpack soldering tip, alloy
loop soldering tips, thoriated tungsten resistance tips, 
micro-loop hand probe, and hydraulic foot actuator. 

B ROWNE 
ENGINEERING 
1727 State Street, Santa Barbara, Calif. 93101 

Telephone (805) 965-9600 
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condenser products 
has capability, 
reliability, versatility ... 

Special OEM designs to suit customer 
applications and space limitations. A 
wide ' range of voltages, capacities 
and constructi.onal styles available to 
meet your specifications. 

for all your high voltage 
component needs. 
DC FILTER CAPACITORS 

Miniature glass - 1 to 50 KV 
standa rd; Rugged bakelite - 40 
to 150 KV standard; CP70 type 
- 600 V to 50 KV standard . 

TRANSMITTING CAPACITORS 
Pulse or RF Series - 1 to 30 KV 
standard. Temperature ranges up 
to 210°C without derating. 

LABORATORY AND 
INSTRUMENTATION CAPACITORS 

Glass or CP70 containers to 60 KV 
at 0.1 mfd. 

HIGH VOLTAGE POWER SUPPLIES 
Modular compact and capacitor 
charging - output from 1 to 
75 KV standard . OEM specials 
promptly quoted. 

PULSE FORMING NETWORKS 
Designed to your specifications 
and applications. 

ULTRA LOW INDUCTANCE 
CAPACITORS 

For laser, simulation and spark 
discharge technology. 

Call or write for complete technical 
information. Special requirements 
tailored to yoor applications and 
specifications are promptly quoted. 

CONDENSER 
PRODUCTS 
CORPORATION 

Box 997, Brooksville, Florida 
Phone: 904-796·3562 

California : 213-391·1641 
New York: 212-245-3866 

Circle 80 on Inquiry Card 

LITERATURE 

AC induction motors 
A line of compact aerospace induc

tion motors for aircraft, missiles, 
ground support, and industrial appli
cations is the subject of Bulletin A-
5 138 (10 pages). T ab les and drawings 
show specifications and variat ions for 
several types, and photos and notes 
illustrate a wide range of applications. 
Kearfott Products Div. , Singer-Gen
era l Precision , Inc., 12690 Elmwood 
Ave., N.W. , C leveland, Ohio 441 11. 

Circle 372 on Inquiry Card 

Metal plate connectors 
This 1969 " Metal Plate Connector 

Guide" describes the lines of standard 
components in the VariplateT~r back 
panel interconnecting system. It also 
gives valuable hints on back panel 
design. There is an in-depth discus-

sion on the plate concept and a ca
pability profile on the company's in
house wiring service. Components 
covered in the 32-pager include volt
age planes, power bus bars, ground 
planes, input/ output connectors, .P.c 
card-edge connectors, herm aphrod1t1c 
contact connectors, fork and blade 
connectors , and PC card guides. Elco 
Corp., Willow Grove, Pa. J 9090. 

Circle 373 on Inquiry Card 

Thermoplastic fabrication 
A new thermoplastic fabrica ti on 

service is the subject of a 4-page fold
er. The publication lists typical mod
ern thermopl astic resins and discusses 
the company's capabilities . Synthane 
Corp .. 12 River Rd .. Oaks, Pa. 19456. 

Circle 374 on Inquiry Card 

CLASSIFIED ADVERTISING 

GROWTH POSITIONS $12,000-$25,000 
MANAGEMENT - ENGINEERING - SALES 

RESEARCH - MANUfACTURING 
Nationwide Covera ge 

Fees company paid . Include present sa lary , mini 
mum sa lary requirement and locati on fl exi bil ity 
with resume . l on gberry Employment Ser \l ice, Inc .. 
910 Nil es B•nk Bldg ., Nil es, Ohio 44446. (2 16) 
G52·587 1. 

High 
Voltage 

CRT 
Power 

Supplies 
Custom 

Designed 

Th is custom designed Head ·Up Dis· 
play power supply met the require· 
ments listed below and sol ved a 
unique space and weight problem 
as well . 

• Outputs: 
15 KVDC, 400 µ.a pk. 
1.7 KV (adj . 1.4 to 2.0 KV), 

±30 µ.a 
300 voe, ± 15 µ.a 

• Rippl e: 0.5% 
• Regulat ion ±0.1 % 
• Volum e: less than 50 cu. in. 
• Weight: 3114 lbs. 
• Temperature: 

- 55°C to 110°c 
• Ref. to MIL·STD·826 
• MIL-E·5400 
• Input: 

11 5 V, 400 cps MIL·STD-704 
Try stumping us with your problem . 
We' ll put everything we have into 
solving it and probably come up 
with a design that saves weight and 
space. Write or call for details today. 

Capitron Division 
Elizabethtown, Pa. 17022 

717-367-1105 TWX: 510-675-4561 

AIVIP 
INCORPORATED 

Circle 81 on Inquiry Card 
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Coil Bobbins 
Gears & Pinions 

• Combine different col
ors, physical, chemical 
properties of different 
plastics in a single tiny 
component. 

• Movable-e lement parts, 
separable parts, two
color parts, numbered 
and lettered parts, com
bination -o f - materia Is 
parts. 

• Saves assembly costs, 
enhances appearance, 
performance of your 
product . . 

Write today for "inter
mold " samples and de
tailed bulletin . 

GRIES REPRODUCER CO. 

DiviJion of CoatJ & Clark Inc. 
World's Foremost Producer of Small Die Castings 

165 Beechwood Ave .• New Rochelle, N. Y. • (9 14) 633-6600 
Plants in: New Rochelle, N.Y.; Warren, R. I.; Toccoa, Ga. 

Circle 82 on Inquiry Card 

SILICONE RESIN 

"SOO" 
SLEEVING 

So flexible you can get it 
on spools or in coils! 

FLEXIBLE-at -70° to +soo• F. without crack
ing or checking. Dielectric strength remains. 
DIELECTRIC STRENGTH up to 7000 V., even 
when knotted. Meets MIL-1 -3 190, revised. 
RADIATION RESISTANT - remains noncon 
ductive under hig her random intensit 1es. 

LITERATURE 

Designers' aids 
In this handy 32-page booklet you"ll 

find descriptions of a variety of time
saving devices and reference books. 
Listed in the 1969 catalog are design 

slide rules and calculators, drafting 
templates, handbooks, manuals, tech
nical books, curves, kits, converters, 
and other aids to make your job easier. 
Tad Products Corp., 639 Mass
achusetts Ave., Cambridge, Mass. 
02139. 

Circle 375 on Inquiry Card 

Coaxial attenuators 
Criteria for selecting the right mi

crowave attenuators for a particular 
application is the subject of this 12-
page issue of "Narda Probe". The 
prime article describes how to select 
and specify coaxial attenuators and 
the various trade-offs that may be 
made to get the optimum component 
at the lowest cost. The Na rd a Micro
wave Corp., Commercial St., Plain
view, N.Y. 11803. 

Circle 376 on Inquiry Card 

Microwave systems 
This 4-page brochure (ETD-5208) 

is aimed at helping design engineers 
meet the challenge of new generation 
microwave systems. It discusses some 
of the capabilities and applications of 
GE microwave devices, an<l describes 
several of these units. General Electric 
Company, Bldg. 6, Rm. 206, Schenec
tady , N . Y. 12305. 

Circle 377 on Inquiry Card 

POGO CONTACTS 

LAST 
' LAST 

LAST, 
LAST 
LAST, 
LAST 

' • LONG LIFE 

GOLD-PLATED 

• SPRING-LOADED 

• SIZES FROM .030'' O.D. 

STANDARDS & SPECIALS LAST, 
LAST, • SINGLE OR BOARD-MOUNTED 

LAST. 

• SOLDER-POT OR PIN TERMINATION 

• CONCAVE, ROUND, CONICAL&FLAT TIPS 
SIZE AND COLOR CODES-.010" to 3" I. D., 
in 12 brilliant, non-fade colo rs . Ideal where miniatur
CHOICE OF LENGTHS-continuous lengths to ization increases heat 
5000'; 36 " lengths where preferred. and dielectric load an 
IMMEDIATE DELIVERY an standard items from II . 
stock ... 48 hr. for new production . sma wires. 

128 

• Send for free test 
~1~_., samples 

~SALES CO., INC. 
'Never Satisfied Until Yau Are" 

Manufacturers ol Electrical Insulating Tubing and Sleeving 
308 H. Jay St .• Rome, N. Y. 

Circle 83 on Inquiry Card 

Also: 
Custom Designed 
Connectors & Sockets 

Pylon Company, Inc., Attleboro, Mass. 02703 

57 Newcomb Street - Tel. (617) 222-3726 

Circle 84 on Inquiry Card 
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Drafting aids 

Electrical and electronic component 
drafting aids are listed in Catalog 104. 
Included in the 68-page publication 
are shapes, symbols, and tapes for use 
in master artwork preparation, assem-

hly layouts, and schematic drawings. 
Printed wiri ng artwork techniques and 
a variety of other aids are described. 
Bishop Industries Corp., 7300 Rad
ford Ave. , North Hollywood , Calif. 
91605. 

Circle 378 on Inquiry Card 

• • ... 

Some of the BUILT-IN features include: 

Computer products 

This quick-reference pocket catalog 
(No. C095) covers a full line of com
puter products. The 18-page guide will 
provide you with description and specs 
of magnetic tape drives, core memo
ries, memory stacks, and bulk cores. 
Ampex Corp., Mail Stop 7-14, 401 
Broadway, Redwood City, Calif. 
94063. 

Circle 379 on Inquiry Card 

Visual image processing 

An informative 12-page brochure 
si mplifies the subject of visual in
formation processing using examples 
of image analysi s operations. Some of 
the applications discussed are inter
preting seismograms and oscill oscope 
traces, reading cinetheodolite fi lm, and 

· enhancing photos that have indistinct 
shapes. Information International, 
11161 W. Pico Blvd. , Los Angeles, 
Calif. 90064. 

Circle 380 on Inquiry Card 
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, .... y···t ... , .... , .... , .... , 
11(' .4 .6 , ... "/. < '.2- & .. 7 
' MILLIAMPERES <"o 

"""' DIRECT CURR ENT 

11'2 in . AM-1 (actual size) 

Distinctively 
Styled high torque, 
self-shielded panel meters 
Smart, sophisticated styling ... easy 
reading scale ... sizes 11h to 41h". 
Rugged, hi gh torque mechanism 
offe rs 1 % linearity, 2% accuracy and 
sensitivity to 20 ua. Completely 
shie ld ed to eliminate error from 
magnetic panels. Mounts bezel
to-bezel on any material without 
interaction or effect on calibration . 
Choice of colors or finishes, custom 
dials -ASA/MIL 4-stud mounting. 

AMMON 
AMMON INSTRUMENTS, INC. 
345 Kelley St., Manchester, N.H. 031 05 

• Precision Pulse Generator, Variable-Freq .. Ampl. and Width . • Variable 
Power Supply. • Neon Lamp Display with Drivers. 

Affording such ADVANTAGES as: 
• Total breadboardil'lg without soldering. • Complete breadboard inter
connections with solid #22 wire. • Breadboarding with any combination of 
IC's and Descrete's . • Convenient desk-top operation. 

Use the elite 1 for all DESIGNING, TESTING, and BURN-IN ; and 
reduce your breadboarding to merely - inserting components, inter
connecting wnh #22 wire and monitoring circuit responses via built
In display. 

Circle 85 on Inquiry Card 

TECKSTIK • Installs in seconds • 
Easily positioned • No glue ... no 
welding • Moisture proof • Avail
able in strips 25 and 50 feet rolls 
or custom-shapes • installation cost 
as low as 35¢ per ft. • Write for 
data #430, and FREE sample. TECKSTIK fits between 

flange and enclosure 
lid. 

QECKNITm I TECHNICAL WIRE PRODUCTS, INC. 

East Oivi sion • 129 Oermody St., Cranford , N. J. 07016 (201 ) 272-5500 
We st Division • 427 Olive St .. Santa Barbara, Calif. 93101 (805) 963-1867 

Circle 87 on Inquiry Card 129 



RF and POWER 

S\NITCHES 
A complete line of rotary, high 
voltage and high current ce
ramic-type switches for RF and 
low frequency applications_ 

Write for catalog, containing in
format ion on the mechanical and 
electrical properties of our 
standard line of switches. 

MARLBORO, NEW JERSEY 
Telephone: HOpkins 2-6100 (Area Code 201) 

Circle 88 on Inquiry Card 

ABC MANUFACTURING CO. 
RE SEARCH DIVISION 

VALLEY STREAM, N.Y. 

TITLL 

DRAWN BY DATE 

CH£C t<£0 BY SCALE 

APPR OV ED BY OWG. NO. 

PROJECT NO. 

LITERATURE 

Frequency synthesizers 
Application Note 96 describes the 

theory, performance, and applications 
of fast-switching "direct" frequency 
synthesizers. These devices can derive 
up to 5 billion spectrally-pure discrete 
frequencies from a single standard
freq uency oscillator. One section of 
the 26-page note discusses spectral 
purity and how to measure it. Another 
section covers the programmable fast
switching capabilities of direct syn
thesizers, and what limitations there 
are on switching speed. Inquiries Mgr. , 
Hewlett-Packard Co., 1501 Page Mill 
Rd ., Palo Alto, Calif. 94304. 

Circle 381 on Inquiry Card 

Motor generators 
An 8-page brochure describes the 

adva ntages of using motor generators 
as computer power sources. Product 
description, photographs, and per
form ance curves are provided. Geo
rator Corp. , 315 Tudor Lane, Manas
sas, Va. 22110. 

Circle 382 on Inquiry Card 

Standard components 
A 40-page catalog covers a line of 

standard components. These include 
shielded, non-shielded, and variable 
inductors; delay lines; ceramic, film 
and paper, and tantalum capacitors; 
wire-wound and thin-film resistors; 
and precision potentiometers. Nytron
ics, Inc., 550 Springfield Ave., Berke
ley Heights, N .J. 07922. 

Circle 383 on Inquiry Card 

DC operational amplifiers 
A 16-page catalog (CI 008) gives 

detailed specs and typical applications 
for a complete line of de solid-state 
op amps. There are also sections on 
terminology and measurement tech
niqt!CS. Products described include 
high performance economy models, 
microminiature units, high voltage and 
current models, minimum bias cur
rent and minimum drift models. Mel
cor Electronics Corp., 1750 New High
way, Farmingdale, N. Y. 11735. 

Circle 384 on Inquiry Card 

LET STANPAT PREPRINT ALL 
YOUR REPETITIVE SYMBOLS 

sharp, crisp reproduction every time! 
STAN PATS are made specifically for use on draw
ings. Inferior imitations create endless prob
lems. STANPAT will preprint your own repetitive 
items for instant drafting. Every sheet is guaran
teed to meet your exact requirements. Adhesion 
is instant ... reproduction is always perfect. 

Send a 
copy of 

your own 
repetitive 
details ... 
we'll send 

Single responsibility
Laminated plastic sheets 

Unbelievable? Send today for free samples-judge 
for yourself. Use quick-reply coupon below. 
-----Telephone: 516 883-8400 ------

you a 
quote! 

faithfully ser ving the architec t and engineer fo r over 25 y ears 

(Jt] ~J. ~~ ~~ ln~t~£~a~iS!.~-~-~1S~ 
O Send free samples and literature. O Quote on my attached art . 
Name Titl e _____ _ 
Company _________ _____ _____ _ 

Address ___________________ _ 

City, State, Zip Code ________________ _ 
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or finished parts. 
Starting with res in -impregnated the rmoset sheets in 
over 81 grades, and in thicknesses up to 8", we fabricate 
mec ha ni cal , e lec tri cal, e lec troni c and chemica l 
equipme nt parts to order . Each Synthane grade offers 
an ideal combination of prope rties for a particular 
application, and we make sure you get the grade you 
need . 
Fabricati on facilities are among the nation's larges t. .. our 
know-how second to none. Many sheet sizes and g rades 
ava ilable for immediate deli ve ry. Write or call today. 
Sy nthane Corporation (215) (i(j(i-5011, 18 River Road 
Oaks, Pa . 1945u. 

~ 
laminaled Pla stic Sheets Rods Tubes and Fabricated Parts 

Circle 90 on Inquiry Card 
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IC applications 
The Series 5400/7400 integrated 

circuits-comprised of high speed TTL 

1cs and complex functions-are the 
subject of a 32-page booklet. The ap-

• 

• 
"'~l:><l'.;'l~·'"''"' 
l"l"rk""·.:r.,~\.llT 
,.._ .. -,.:ro<:....,e..; 

plication guide (TP 68-24) describes 
standard gate and flip-flop circuits m 
the series and explains their basic 
operation. It also includes a section 
on how to get the most from an in
tegrated circuit technical data publi
cation. Sprague Electric Co. , Technical 
Literature Service, Marshall St., North 
Adams , Mass. 01247. 

Circle 385 on Inquiry Card 

Temperature transducers 
Kit 4500 contains six bulletins ( l 6 

pages in all) on a fami ly of tempera
ture transducers. The bulletins de
scribe design features and perform
ance specs of immersion and surface 
type temperature transducers, each 
individually configured for specific 
applications. Electronic Instrumenta
tion Group, Bell & Howell Co., 360 
Sierra Madre Villa, Pasadena, Calif. 
91109 . 

Circle 386 on Inquiry Card 

Standard relays 
The SC-4 RBM Standard Controls 

Catalog, a 20-pager, lists over 450 
electronic rel ays and contactors. Re
plete with pictures, prices, technical 
data, and specs, it covers ac and de 
general purpose relays, power con
tactors, industrial contactors, glass reed 
relays, and time delay relays. Essex 
International, Inc. , Controls Div. , 131 
Godfrey St., Logansport, Ind. 46947. 

Circle 387 on Inquiry Card 

New 3" A.C. & D.C. 
COOLING FANS 

Globe 's economical PAX-3 fans are the only units 
th is size available for 28 v.d. c. We also make 200 
v.a .c., 400 cps un its in 2 and 4 pole versions. We 
specialize in custom design; we' ll meet your specs. 
A servo ring at each end permits easy mounting in 
a 3Yi 6 " dia . hole for airflow in either direction. PAX·3 

blowers meet MIL specs. Request Bulletin PAX. 

GLOBE INDUSTRIES DIVISION OF TRW INC. 
2275 Scan /ey Ave., Oaycon. Ohio 45404, Tel: 513 222-3741 

MAGNETIC VISUAL CONTROL 
BOARDS SIMPLIFY WORK 

COLORFUL 
MAGNETIC ELEMENTS 

• show facts instantly 

• organize for action 
• eliminate mistakes 

• get the job done 

MAGNETS MOVE FASTEST
AND EASIEST-OF ALL 

WRITE FOR FREE 28 PAGE 
ILLUSTRATED CATALOG E14 

METHODS RESEARCH CORP. 
54 Willow Ave. 

Staten Island , N. Y. 10305 

Circle 92 on Inquiry Card 

Circle 91 on Inquiry Card Circle 93 on Inquiry Card 131 



DISTRICT SALES MANAGERS 
EDWARD G. SHAUD 

PHILADE LPHIA 19 13 9-56th & 
Chest nut Sts. 

(Area Code 2 15) SHerwood 8 ·2000 

JOSEPH DRUCKER 
NEW YORK 100 17-100 East 4 2 nd St. 

(Area Cod e 2 12) OXford 7 ·3 40 0 

JOHN UPHUES 
THOM AS A. MORIE 

CHI CAGO 60 6 0 6- 120 S. Rive rside 
Pla za 

(Area Code 31 2) 782 ·1400 
GIL L. ALFANO 

NE ED HAM HEIGHTS. MASS. 02 194-
570 H illside Ave . 

(Area Code 617 ) 444·00 10 

TERRENCE D. BUCKLEY 
LOS ANGELES 900 15- 1543 W . 

Olympic Blvd . 
(A rea Code 2 13) DU n k irk 7 -1271 

RALPH PETERSEN 
SAN FRA NCISC0- 839 Mitten Rd . 

BURLIN GAME 940 10 
(Area Code 4 15) 697 ·8703 

LEONARD PREYSS 
CLEVELAN D 44114-60 1 Roc kwell Ave . 

(Area Code 2 16) SU perio r 1·2860 
FRANK A. SMITH 

HOLLYWOO D, FLA . 3 3020-
24 19 H o llywood Blvd . 

(Area Code 305) 9 2 7 ·7829 

JOSEPH CORSILLO 
ATLANTA 30309-1776 Peac htree St . 

NW. 
( Are a Co d e 4 04) 872-4723 

HAROLD E. MOTT 
DALLAS 75206- Mead ows Bldg . 

Expressway at M i lto n 
(Area Cod e 2 14) EMerso n 3 ·6 4 26 

JOHN F. WALLACE 
HOUSTON 7702 7- West Loop Bldg . 

Rm. it 209 . 4848 Gu it o n 
(Area Co de 71 3) 6 2 1·34 28 

European Sales Offices 
MAX F. HOLSINGER 

LONDON, SW. ( 1)- 67 / 68 Jermyn St . 
St . James 

Tel : TRafa lg a r 6 3 18 / 9 
4 DU SSELDORF- RATH . Germ any 

Un ited In t ernat iona l Indu stri al Pre ss 
Ei te lstrasse 32 

Tel : Du sseld o rf 63203 1 
STEPHEN BROWN -JOUSSARD 

PAR IS 8 e. France 
70 Rue d e Pont hie u 
Tel: EL Ysees 65-7 7 

Far East Sales Office 
CLARENCE T. SAKAGUCHI 

TOKYO , MARUNOUCH I, Japan 
C.P.O. Box :t l 572 . Room 8 14 

Tel : 2 l l ·3506 ·3 50 9 
Togi n B ld g . 

BUSINESS STAFF 
K. ROBERT BRINK 

P .• ~ sher 

STEPHEN A. FARKAS 
M , , , pi -,... ,,, Se ·. P ~ M 1n~ ri @ r 

BERNARD GITTELMAN 
. r rp, r r.es M ;no tJe r 

DENNIS J. PERKINS 
Pr c-o • ·o,., M -:,,--:o er 

PAT PIEHL 
A d .1er 1 ·s·na Pr C>r!~r f' o n 

WILLIAM M. COFFEY 
r ·, ._, j ; 

0

0 1') Q, N •( f Q f 

JAMES F. NAGY 
C ·rcufof ·on M noaer 

JOSEPH P. BABCOCK 
Reeder Serv ice Manager 
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AC ELECTRONICS DIV., 
GENERAL MOTORS CORP. 28 
D. P. Brother & Co. 

ACOPIAN CORP. .. . .. .. .. .. .. .. .. • .. . 110 
Mort Barish Assoc., Inc. 

ADAMS & WESTLAKE CO. 12 
A sh Advert ising Inc. 

AMELCO SEMICONDUCTOR 
Steven Jaco bs Design Assoc. 

AMERICAN MACHINE & FOUNDRY CO., 
POTTER & BRUMFIELD DIV ... .......... . 44, 45 
Grant, Wright & Ba ker, Inc. 

AMERICAN MICRO-SYSTEMS, INC. 88 
Cook ley/Heagerty, Inc. 

AMMON INDUSTRIES, INC . ........ .... . .. 129 
Cu lver Adve rti sing, Inc. 

AMP INC ... ... .. ..... .. .... ........ . .... .. 50, 51 
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AMP INC., CAPITRON DIV. .. .. .. . . . .. .. .. . 127 
Garcea u, Hal lahan & McCul lough, Inc. 

AMPERITE CO. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 125 
H. J . Gold Co. 

AMPHENOL CONNECTOR DIV. OF BUNKER 
RAMO CORP. .. .. .. .. .. .. . 46 
Marstel ler Inc. 

AMPHENOL RF DIV. OF BUNKER 
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Marsteller Inc. 

AUGAT, INC. .. .. .. .. .. . 49 
Horton, Church & Goff, Inc. 

BECKMAN INSTRUMENTS, INC., 
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H ixson & Jorg ensen, Inc. 

BROWNE ENGINEERING .. .. .. .. . .. . 126 
Ad vatec 

BUSSMANN MFG. DIV, .. .. .. .... .. .. . 108, 109 
Henderson A :Jv. Co. 
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Ivey Advert ising In c. 

CONDENSER PRODUCTS CORP. 
Bill Reed & Assoc., Inc. 

CONDUCTRON CORP . .... . 
J. Walter Thompson Co. 

COUCH ORDNANCE, INC. 
Culver Advertising , Inc. 
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Impact Advert ising, Inc. 
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Reineke , M eyer & Fin n 
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32 
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DALE ELECTRONICS, INC.. Insert Fol. p. 34 
Swanson , Sinkey , Ell is, Inc. 

DATA TECHNOLOGY, 
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ELDORADO ELECTRONICS 111 
Techn o Met rics , Inc. 

ELECTRO MOTIVE MFG. CO ., INC., THE 69 
Reynolds & Foster , Inc. 

E L INSTRUMENTS, INC. 129 
Norber t Van Houten Design Assoc. 

FAIRCHILD CONTROLS 39 
Hal La wren ce Inc. 

FA IRCHI LD SEMICONDUCTOR .40, 41 , 91 
Ch ia t/ Day Inc . 

FAIRCH ILD SPACE AND 
DEFENSE SYSTEMS . . . . . . . . 103 
Keyes, Mart in & Compa ny 

FERROXCUBE CORP. . . . 107 
W. H. Schneider, Inc . 

GENERAL ELECTRIC CO. , 
LAMP GLASS DEPT. 
Dix & Eaton Inc. 

GLOBE INDUSTRIES DIV. OF TRW INC. 
Od iorne Indus t rial Adv. , Inc. 

GRIES REPRODUCER COMPANY 
Harold Mars hall Adv. Co. , Inc. 

HEATH COMPANY .. .. ...... 
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Shevlo Inc. 

HEWLETT PACKARD ASSOC. 
Lennen & Newe ll , Inc . 
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Foote, Cone & Beld ing 
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Og i lvy & Mather Inc. 

INTERNATIONAL CORRESPONDENCE 
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N. W . Aye r & Son , Inc. 

JOHAN SON MFG. CO RP. 125 
Josephson , Cuffari & Co. 

E. F. JOHN SON ELECTRONICS 3B 
Martin-W il lia ms, Inc. A:J v. 
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KEYSTONE ELECTRONICS CORP. 120 
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LEACH COR P. .. .. .... Insert Fol . p. IB 
Chia t/ Day Inc. 

LTV ELECTROSYSTEMS, INC., The Wyatt & 
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Codella Savage Peck Inc. 
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Drew & C a rr, Inc . 
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Sch aeper Industr ial Adverti si ng 

MOTOROLA, GOVERNM ENT ELECTRONICS 
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Jenning s & Thompson 

NATVAR CORP ...... 
Sanger· Funnel I Inc. 

NORTH ELECTRIC COMPANY 
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MACH IN E & FOUNDRY CO. . .. .. .44, 45 
Grant, Wright & Baker , Inc. 

POWER DESIGNS, INC ....... Inside Back Cover 
Le scarbou ra A d vert ising, Inc . 

PRICE ELECTRIC CO RP. 115 
Schaefer Advert ising Inc. 

PYLON CO., INC. .. .. .. 12B 
American Line-A -Graph Corp. 
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Al Pau l Lefton Compony Inc . 

RCA, POWER TU BES DIV. . Back Cover 
A l Paul Lefton Company Inc . 

RADIO SWITCH CORP. . . . . 130 
Carpen ter , Matthews & Stewart , Inc. 

RAYTHEON SEMICONDUCTOR .... ....... 14, 15 
Botsford , Constant ine & McCarty , Inc. 

REEVES-HOFFMAN DIV., D.C.A. 114 
Adams Assoc., Inc. 

REPU BLIC ELECTRONICS CORP. 110 
Ka rdonne Advert ising Agency 

WILL ROSS, INC., MATHESON 
GAS PRODU CTS . .. . .. . .. .. . .. . .. 37 
Coope r St rock & Sca nnell, Inc. 

ROTRON ' MFG. CO ., INC ... Inside Front Cover 
Lescarboura Adve rtis ing , Inc. 

SAN FERNANDO ELEC. MFG. CO. 
West-Ad Com mun icat ions 

SCHRACK ELECTRICAL SLS. CORP. 
Fran klin Advert ising Agen cy, Inc. 

SEMTECH CORP. 
burress/ adve rt isi ng 

SIGNALITE-GEN ERAL INSTRU MENT 
McCarthy, Scelba, DeBiasi, Inc. 

SOLID STATE PRODUCTS, 
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SPRAGUC: ELECTRIC COMPANY 
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STANPAT PRODUCTS INC. 

42 

126 

34 

16 

130 
Morton Ad ve rt is ing , Inc. 

SYNTHANE CORP. . .. . . . . .. . .. .. .. .. . .. .. 130 
Arndt, Preston , Chapin, Lamb & Keen, Inc. 

TECKNIT .. .. .. .. .. .. .. .. .. . 129 
Doug las Brush A :J vert ising Agency 

TELEDYNE RELAYS 
S. Miche lson Advertising 

TEMPIL CORPORATION .. .. .. .. .. . .. 122 
Black, Russe ll , Morris 

UNITRODE CORP. ii 
Silton Bro t hers , Inc . 

VARFLEX SALES CO., INC. 12B 
Barlow/ John son Inc. 

VARIAN ASSOC ., TWT DIV. .. .. .. .. 64 
Botsford , Cons tantine & McCarty, Inc. 

VISHAY RESISTOR PRO DUCTS 90 
A lp e rn Communica tions 

VLCHEK PLASTICS COMPANY 126 
Pa lm & Patterson Inc. 

WATKINS-JOHNSON COMPANY . . . . 19 
W ill iam C. Est ler, Publ ic Relat ions 
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McCa rthy , Scelba , DeBias i , Inc. 
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MODEL 
UPM-16 

INTEGRATED CIRetllT 
HIGH STABILITY 

ROWER SC>URCES 

WITH BUILT-IN OVERVOLTAGE CROWBAR 
MODEL UPM-16 MODEL UPMD-56 

Output: 5 or 6VDC at 5A 5 or 6VDC at lOA 
0-6V remotely programmable 0-6V remotely programmable 

Stability: 

Regulation: 

Operating Temp.: 

Ripple & Noise: 

t Price: 

t ALL PRI CES FOB WESTBURY 

(current derated) 

lMV per 8 hours 

0.01 % + 2MV 

0-50°C (to 80°C derated) 

lMV peak-to-peak 

$169.00 

Front Loading Power Supply Bin 

Accommodates up to 5-UPM modules or 
2-UPMD modules plus 1-UPM module or 
any combination thereof. The bin may be 
mounted within a standard 19 inch equ ip
ment cabinet. 

(current derated) 

l MV per 8 hours 

0.01 % +2MV 

0-50°C (to 80°C derated) 

lMV peak-to-peak 

$225.00 

POWER DESIGNS PACIFIC, INC. 
3381 .JUNIPERO SERRA • PALO AL TO, CALIFORNIA 

415-321-6111 TWX: 910-373-1251 

POWER DESIGNS, INC. 
1700 SHAMES DRIVE • WESTBURY. N . Y. 

!516 ECgewood 3-6200 TWX: !510-222-6!561 

Circle 2 on Inquiry Card 
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