
Isolation innovations close gap promise of higher reliability, 
between desired and actual per- improved electrical characteristics 
formance in integrated circuits. and lower cost. The impact will be 
These IC advances (such as this in military, industrial and con­
ceramic-isolated chip) hold the sumer IC applications (see p. 17). 



Gold-plated components 
conduct better, 
solder easier, 
reflect heat, 
and resist wear, 
corrosion, 
oxidation, 
galling. 

Now let us give you the details. 

The details are in our comprehensive reference guide-a voluminous encyclopedia 
of precious metal electroplating processes. Here you'll find charts, graphs, technical 
papers, magazine articles. A compendium of today's most advanced knowledge of 
gold-plating-the facts that have put gold into computers, communications 
equipment, jet aircraft, missiles, space probes. Write for your copy of 
''Gold Electroplating Processes.'' 

Sel-Rex Corporation, Dept. A-9 75 River Road, Nutle y, N. J. , 07110. 
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All the advantages of solid-state design and construction are 
yours in a wide variety of Hewl_ett-Packard 8¥2'' x 11" and 11" 

x 17" x-y recorders. Compact, rugged construction; solid-state 
reliability and long life; all with optional metric calibration and 
unprecedented performance characteristics. Check the list, 
then talk to your Hewlett-Packard field engineer about the 
models most useful for your task. Or write for complete infor­

mation: Hewlett-Packard , Palo Alto, California 94304, Tel. 
(415) 326-7000; Europe: 54 Route des Acacias, Geneva. 

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

*EXCLUSIVE, CARE-FREE, DFPENDABLE PAPER HOLDDOWN. 

featuring 
AUTOGRIP* 
electric 
holddown 

8-1 / 2" x 11 " X-Y RECORDERS 
• Bench/ rack model In one, portable, 0.5 mv-5 v/ ln., X-axis 

time base; Model 135, $1650. 
• 2-pen version of 135, 0.5 mv-50 v/ ln.; Model 136A, $2650. 
• High-sensitivity model, 1 MO Input impedance, time base 

either axis, 0.1 mv-20 v/ ln.; Model 7030A, $1895. 
• Economy model, 1 mv-10 v/ in.; Model 7035A, $895. 

11 " x 17 " X-Y RECORDERS 
• Versatile recorder, X-axis time base, 0.5 mv-50 v in., high­

Impedance, computer reference models avalla~le; Model 2D 
Series, from $1950. 

•Economy model of 2D Series, 0.5 mv-10 v/ ln.; Model 2D-4, 
$1490. 

• 2-pen version of 2D Serles ; Model 2FA, $3375. 
• High-sensitivity ac/ dc recorder, time base either axis, 0.1 

mv-20 v/ ln. de, 5 mv-20 v/ ln. ac; Model 7000A, $2495 (also 
available without ac Input, Model 7001 A $2175). 

• Automatic data plotting system, null detector and character 
printer built in, 0.5 mv-1 O v/ ln.; Model 7590C, $1985. 

HEWLETT 
PACKARD 'MOSELEY 

DIVISION 1790 
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It's the ideal marriage! The CMC 
616A frequency meter with the CMC 
410A digital printer. Each being 
half-rack size and rugged all-silicon 
design, these two perfect rack·mates 
cozily fit just about anywhere you 
want to put them. 

By blissfully joining these two instru­
ments, we offer you an unbeatable 
combination for measuring and re­
cording. The 616A measures up to 
225 me without plug-ins by means 
of a unique built·in pre-scale. With 
some clever plug-ins we added, you 
can even measure time interval, and 
frequency up to 1,000 me, 3000 me 
and (get this) 12 gigacycles! 
Keeping up with this whizzing counter 

is no problem for the 410 printer. It 
fires out up to 12·digit columns using 
electronic logic conversion and 35-
millisecond data-gathering. 

It's a first off-the-shelf "systems" 
thinking from CMC. Being first to 
offer you all-silicon instruments just 
wasn ' t enough . We have to make 
sure we are going to stay ahead of 
high-powered Hewlett·Packard and 
big, bad Beckman. 

Systems have been a part of our 
capability for a long time. So don't 

be surprised to see a lot more revo­
lutionary combinations from us in the 
future. And, isn't it about time you 
started thinking systems too? Be 
daring ... break that old habit of 
thinking one instrument at a time. 

Ask us for the specs on both these 
half-rack-size.go·togethers. And don't 
forget, we're still challenging all 
engineers to compare our specs 
to those of the other two "leaders." 

We'll send you the specs, so you 
can earn one of our glorious Cru­
sading Engineers' medals for think· 
ing double. If you don 't want to wear 
it ... have it framed or stuffed! It'll 
be great for your ego. 

12973 Bradley• San Fernando, California· Phone (213) 367·2161 •TWX 213·764·5993 

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL 

Speed Inquiry to Advertiser via Collect Night Letter 
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13 News Scope 
17 Better isolation boosts IC performance 

lntroducton of ceramic and refinement of dielectric improve microelectronic 
capability and reliability. 

24 NASA looks to Orbiter 2 for real close-ups 
Faulty camera in recent Lunar Orbiter mission foils planned look at future 
Apollo landing sites. 

28 Ions help determine spacecraft's attitude. 
28 Navy to communicate on a 'moon beam'. 
31 Washington Report 
34 Letters 
49 Editorial: Let 's pay more than lip service to matters of life and death. 

TECHNOLOGY 
52 Make your own thick-film ICs. Simple equipment and inexpensive materials 

suffice for you to evaluate your own circuit designs. 
58 Beat the heat in electronic systems by using this step-by-step procedure to 

design blower cooling setups. 
66 Try the hybrid-pi the next time you need an accurate transistor model that will 

operate over a wide frequency range. 
72 Read out magnetic shaft encoders with pulsed drivers. Systems using blocking 

oscillators draw less current than sine-wave types. 
78 Combine series and shunt diodes in diode modulators to generate fast and 

balanced RF pulses from high-frequency cw signals. 
82 Improve flasher designs, using solid-state circuits in place of motor-driven 

cam controls. Triacs and UJT make even medium-power flashers better. 
86 Ideas for Design 
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102 Test Equipment: Display converter works with any scope/recorder combination. 
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118 Systems 142 Microwaves 
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THE FIRST 
THE ONLY 

( Digital Differential Analyzer Integrator ) 
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The MEM 5021 is a Digital Differential Analyzer Adder Element constructed on a 

single monolithic chip utilizing MOS P-channel enhancement mode transistors. 

This element when used in conjunction with a dual shift register forms a 

complete Digital Differential Analyzer Integrator CODA) of ternary type_ The DDA 

is designed to be used in parallel operation and performs rectangular integration. 

The DDA integrator can be used in a variety of control system applications or to 

solve any differential equation. FEATURES: 

• Parallel, ternary integrator usable with any length shift register 

• Arbitrary scaling 

• Initial conditions easily inserted 

• Biased or unbiased R remainder 

• Adders are separate and can be used independently 

• ~ ~ y is possible using additional elements 

• Inputs protected against static damage 

• FDREMIA 
Write for " Appl ication Notes-MOS Integrated Digital Differential Analyzer. " 

GENERAL INSTRUMENT CORPORATION 
600 West John Street. H1cks111Ue. LI. N. Y. 
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We couldn't find these 
computer-quality relays on the market. 
So we had to design our own. 

Here's what they offer you. 

IBM Wire Contact Relays-200 
million operations at 45¢ per pole 

Solderless connections, multiple coils, 
compactness and standardized mount­
ings give you lower manufacturing 
costs, lower initial product costs, lower 
product servicing costs. 

Also high operate speed-as fast as 4 
ms; fast release time-under 5 ms; ver­
satile contact arrangements-4, 6 and 

6 

12 PDT, Form C, 4 and 6 PDT latch; 
maximum reliability-1 error per over 
400 million contact closures at 48 VDC 
is attainable; variable coil voltages­
up to 100 VDC. 

IBM 12-pole wire contact relays start 
at $5.40, 4-poles at $2.90, latch relays 
at $8.45 (even less in quantity). 

Permissive-Make Relays-high 
speed and virtually no bounce 
To design this kind of relay, we turned 
to a computer for help. 

The result was a unique contact 
spring configuration as a basis for 
assembly- the "permiss ive­
make". Its bounce is less than 
50 microseconds. Its speed 
is as fast as 2.0 milli­
seconds. What's more, 
Typical bounce characteristics 
of the IBM permissive-make 
relay appear at the right. Time 
base is 20 micru>econds per 
centimeter-amplitude base is 
0.5 volts per centimeter. 

ON READER-SE'RVICE CARD CIRCLE 108 

this relay has an exceptionally long, 
adjustment-free life-over 400 million 
operations. 

Permissive-make relays are well 
worth considering for counting, logic 
switching, switch registers and timing 
circuits. 

The cost: $6.50 for 4-pole, Form C 
permissive-make relays; $7.75 for the 
6-poles. Incidentally, IBM permissive­
make relays minimize maintenance 
time and costs. That's because they're 

pluggable-just 
like our wire 

contact 
relays. 
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Reed Relays-miniaturized 
and pluggable too 

Newest of the IBM relays, the reed re­
lays are especially suitable for interfac­
ing relay logic and transistor circuitry. 

They have an operate time of 1 ms 
or less, an operate time variation of 
0.5 ms, a release time of 100 micro­
seconds. And, every reed relay is elec­
tronically inspected after assembly to 
insure long, trouble-free life. 

These miniature relays are available 
in 1, 2, 4 and 6-pole Form A and B con­
figurations; plus various combinations 
with either single or double coils. Prices 
range from $3.00 to $8.55 for Form A 
packages (always lower in quantity) . • 

The IBM miniature dry reed switch 
serves as the heart of the reed relays, 
and is now double plated, rhodium 
over gold, to give you low noise char­
acteristics. 

They provide long life (up to 125 
million operations-mean time to first 

ELECTRONIC DESIGN, September 13, 1966 

error) and low contact resistance (less 
than 100 milliohms throughout life) . 

For highly consistent performance 
we d ynamically set the air gap between 

the reeds. This means a stable sensi ­
tivity of ± 7 NI (maximum) in every 
reed switch. 

For illustrated literature on any of 
these products, write : IBM Industrial 
Products, 1000 Westchester Avenue, 
White Plains, New York 10604. 

ON READER-SERVICE CARD CIRCLE 6 
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NEW hp 180A OSCILLOSCOPE 

DO 
MORE! 

More Performance Than Any Other High-Frequency Scope! Big Picture 8x lOcmCRT 

Display. Plug-In Versatility with 5 mv/cm, 50 MHz Dual Channel Amplifier; Time 

Base and Delay Generator with Mixed Sweep; Time Base with 5 nsec/cm Sweeps. Rugged, Easy-

30-Pound Package. 100% Solid State Circuitry. Convenient Snap-Off Covers 

for Easy-to-get-at Circuitry. Optional 514" Rack Mount. 

8 

Get the BIG picture! Call an hp field engineer for your 
demonstration, today!Orwrite, Hewlett-Packard, Palo 
Alto, California 94304, Tel (415) 326-7000. Europe: 
54 Route des Acacias, Geneva. Price: hp Model 180A 
Oscilloscope, $825.00; hp Model 180AR (rack) Oscil· 

loscope, $900.00; hp Model 1801A Dual Channel 
Vertical Amplifier, $650.00; hp Model 1820A Time 
Base, $475.00; hp Model 1821A Time Base and 
Delay Generator, $800.00, f.o.b. factory. 

ON READER-SERVICE CARD CIRCLE 7 
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NEW ERIE Low Pass FILTERS 

... LESS THAN 

ERIE'S NEW FILTER TECHNOLOGY PERMITS DRASTIC REDUCTION IN SIZE 

Now, from Erie's Project "ACTIVE" (Advanced Components Through Increased 
Volumetric Efficiency) comes a new line of subminiature high pass, low pass and band 
rejection L, 'lr and T Section Filters. 

Volume reduction of these high reliability filters ranges to 13 times smaller 
than conventional filters of equal capability. Weight is correspondingly reduced, thus 
providing ideal RFI (electromagnetic Interference) Filtering for equipment in 
aerospace, military and commercial markets. 

Erie's new filter technology permits insertion loss ratios of 67 DB @ .25A @ 150 KC 
... volumetric efficiencies which were never before possible. 

In addition to the standard line filters described at right, Erie offers a full line 
of compact Bypass Capacitor Systems for transmitting tubes. Also, if you have particular 
electromagnetic interference problems not covered by standard Erie filters, 
we will be happy to custom design a filter connector package to suit your application. 

Write TODAY for Bulletin 9000 and the name of your nearby Erie Field Sales Engineer. 

Erie's Project "ACTIVE" 

AIR FLOW SOCKET SYSTEM AND 
SCREEN GRID BYPASS CAPACITORS 
Erie now provides effective and reliable capacitive 
bypassing and coupling or filtering of all 
RFI signals in the range of 10 to 3,000 megacycles 
and beyond. Screen grid values from 1000 pf. 
to 10,000 pf. at 1000 WVDC. Variety of systems 
to meet your design requirements. 
Write for Bulletin 9800. 

Advanced Components Through Increased Volumetric Efficiency 

ON READER-SERVICE CARD CIRCLE 8 
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Actual Size 

100 Volts DC line Filter; For 
L, 'Tr and T Circuits; Inser­
tion Loss ... 67 DB at 150KC 
DC Current Ratings to 8.0 
Amp. V4·28 Thd . mounts in 
chassis. 

115 Volts AC @ 60 cycles; 
Insertion Loss. 12 DB @) 
150 KC and 60 DB @ 10 Mc. ; 
1,4 -28 Thd. mounts in chassis. 

SUBMINIATURE 
STRIPELINE FILTERS 

HERMETICALLY SEALED 
AIR DIELECTRIC STRIPLINE 
FILTER AND DIODE HOLDER 
Two components in one for 
1rcircuits ... 1. Precision 
capacitor values for selec­
tive bias . . . 2. Signal line 
Ii lter network. lsolati on 
shaped as required. 

SUBMINIATURE STRIPLINE 
T and 1r SECTION FILTERS 
Ribbon leads; 50 DB @ 1 Ge. 
Excellent VSWR. Effective 
filtering beyond 4 Ge. 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

Erie, Pennsylvania 
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New from Sprague I 

TYPICAL 

SWITCHING TIMES 

AS A FUNCTION OF 

COLLECTOR CURRENT 

AT 2SC WITH 

Ycc=3Y. 

50 
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T0-18 CASE 

MICROPOWER PNP 
SILICON HIGH-SPEED 
SWITCHING TRANSISTORS 

~ Fastest switching transistor avail-
"'1 able in the l to 100 µA range. 

l~ tr 
~ 

'Iii.: 
C;b = 0.7 pF typ., 1.5 pF max. ~ 

1. 
,...... 

~ ~ r-... 

-0.001 -0.0t -0.t -I -to Cob= 1.5 pF typ., 2.5 pF max. 
COLLECTOR CURRENT, le.IN MILLIAMPERES 

Sprague Electric also makes more than 200 standard SEPT® (Silicon 

Epitaxial Planar Transistor) Types, including 2N2218A-2N2222A, 

2N2904A-2N2907A, 2N2369A, and 2N3209. 

For complete information, write to Technical Literature Service, 

Sprague Electric Co., 347 Marshall St., North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

TRANSISTORS 

CAPACITORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 
4SS•6 121 Al 

10 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBB IN 1nd TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

ON READER-SERVICE CARD CIRCLE 9 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spraa:ue ' and ·@· are rea:istered trademarks of the Spraa:ue Electric Co . 
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News 

Future moon shots depend on close-up 
photography of Lunar Orbiter. Page 24. 

Better isolation techniques are expected to result in improved IC 
performance that may match discrete semiconductors ' . Page 17. 

Also in this section: 

Ions help determine spacecraft's attitude. Page 28. 

News Scope, Page 13 . .. Washington Report, Page 31. 

Editorial: Let's pay more than lip service to matters of life and death. Page 49 
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Did You Know 
Sprague Makes 51 Types 
of Foil and Wet 
Tantalum Capacitors? 

FOIL-TYPE 
RECTANGULAR 

TANT ALEX® CAPACITORS 

Type 3000 polarized 
plain-foil 

Type 3010 non-polar­
ized plain-foil 

Type 3020 polarized 
etched-foil 

Type 3030 non-polar­
ized etched-foil 

ASK FOR BULLETIN 3650 

ON READER-SERVICE CIRCLE 162 

SINTERED-ANODE 
TUBULAR 

TANTALEX® CAPACITORS 

Type 1090 elastomer seal 85 C 

Type 1300 elastomer seal 125 C 

Type 1370 hermetic seal 125 C 

ASK FOR BULLETINS 3700F, 3701B, 3703 

ON READER-SERVICE CIRCLE 165 

SINTERED-ANODE 
RECTANGULAR 

TANT ALEX® CAPACITORS 

Type 2000 negative 
terminal grounded 

Type 2020 both 
terminals insulated 

ASK FOR BULLETIN 3705A 

ON READER-SERVICE CIRCLE 168 

FOIL-TYPE TANTALUM 
CAPACITORS TO MIL-C-3965C 

CL20,CL21tubular125C polarized etched-foil 
CL22, CL23tubular125 C non-polar etched-foil 
CL24, CL25 tubular 85C polarized etched-foll 
CL26, CL27 tubular 85 C non-polar etched-foil 
CL30, CL31 tubular 125C polarized plain-foil 
CL32, CL33 tubular 125C non-polar plain-foil 
CL34, CL35 tubular 85C polarized plain-foil 
CL36, CL37 tubular 85 C non-polar plain-foil 
CL51 rectangular 85 C polarized plain-foil 
CL52 rectangular 85C non-polar plain-foil 
CL53 rectangular 85 C polarized etched-ioil 
CL54 rectangular 85C non-polar etched-foil 

ON READER-SERVICE CIRCLE 163 

SINTERED-ANODE 
CUP STYLE 

TANT ALEX® CAPACITORS 

~· 
Type 1310 85 C industrial-type 

Type 1320 85 C vibration-proof 

Type 1330 125 C vibration-proof 

ASK FOR BULLETINS 3710B, 3711 

ON READER-SERVICE CIRCLE 166 

SINTERED-ANODE TANTALUM 
CAPACITORS TO MIL-C-3965C 

CL14 cylindrical, Va" diam. 
CL16 cylindrical , Va" diam., threaded neck 
CL17 cylindrical , B's" diam. 
CUB cylindrical, l Ya" diam., threaded neck 
CL44 cup style, uninsulated 
CL45 cup style, insulated 
CL55 rectangular, both term inals insulated 
CL64 tubular, uninsulated 
CL65 tubular, insulated 

ON READER-SERVICE CIRCLE 169 

125 C FOIL-TYPE 
TUBULAR 

TANT ALEX® CAPACITORS 

-=-~ Jj;._sPRlllllJE [ i't 

Type 1200 polarized plain-foil 

Type 1210 non-polarized plain-foil 

Type 1220 polarized etched-foil 

Type 1230 non-polarized etched-foil 

ASK FOR BULLETIN 3602C 

ON READER-SERVICE CIRCLE 161 

85 C FOIL-TYPE 
TUBULAR 

TANT ALEX® CAPACITORS 

Type 1100 polarized plain-foil 
Type 1110 non-polarized plain-foil 
Type 1120 polarized etched-foil 
Type 1130 non-polarized etched-foil 

ASK FOR BULLETIN 3601C 

ON READER-SERVICE CIRCLE 164 

SINTERED-ANODE 
CYLINDRICAL 

TANTALEX® CAPACITORS 

Type 1400 
up to 175 Coper­
ation, Va" diam. 

Type 1410 
up to 175 Coper­
ation, 1 Ya" diam. 

ASK FOR BULLETIN 3800 

ON READER-SERVICE CIRCLE 167 

For comprehensive engineering bulle­
tins on the capacitor types in which 
you are interested, write to: 

Technical Literature Service 
Sprague Electric Company 
347 Marshall Street 
North Adams, Mass. 01248 

SPRAGUE® 
THE MARK OF RELIABILITY 

Spflcue' and · @· are re11slered tr1dem1rll.s of tha Spr11u• ( l«tric Co. 
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News scope 

Ford Foundation satellite: 
plan stirs controversy 

Officials of the Ford Foundation 
have stirred up a hornet's nest with 
their proposal to create a new non­
profit company to beam domestic 
television via satellite. At recent 
Con gr es s io nal hearings, Ford 
Foundation president McGeorge 
Bundy and TV advisor Fred 
Friendly were kept busy alternately 
dodging bouquets and brickbats. 

Most of the kind words for the 
satellite plan came from members of 
the Senate Communications Sub­
committee who viewed it, in the 
words of Chairman John 0. Pastore 
(D-R.I.), as "of tremendous mo­
ment to the public." As expected, 
though, existing carriers like Com­
sat, AT&T and ITT stopped fight­
ing each other long enough to make 
common cause against the proposal. 

The Ford Foundation plan (see 
ED 19, Aug. 16, 1966, p. 73) would 
embrace a satellite system to serv­
ice both commmercial radio and TV 
as well as educational TV. Actually, 
Ford Foundation officials feel that 
the term educational TV is inap­
propriate. The proposed plan, said 
Bundy, calls for programing of an 

information-cultural nature, not 
just educational. 

Regardless of what it is called, 
the noncommercial programing 
would be subsidized by profits 
realized from commercial users. A 
review board, to be established un­
der the plan, would decide on the 
types of programs and on who would 
be subsidized to show them. 

Although the Ford proposal was 
made to the Federal Communica­
tions Commission, which has the 
authority to authorize domestic 
communication satellites, Congress 
is extremely interested because of 
its involvement in educational TV. 
Under the Educational TV Facili­
ties Act, the Federal .Government 
has been providing money to the 
states on a matching-funds basis. 
The Act is due to expire soon and 
Congress is looking for ways to en­
sure the continued growth of educa­
tional television. 

According to Sen. Pastore, how­
ever the FCC acts on the Ford pro­
posal, "Congress can still step in." 

In opposing the Ford plan, Com­
sat, through its chairman, James 

TV industry awaits outcome of satellite debate . 

ELECTRONIC DESIGN, September 13, 1966 

McCormack, maintains that only 
Comsat can legally own satellites. 
Comsat bases this contention on the 
Communications Satellite Act of 
1962. Ford Foundation officials con­
tend, however, that the 1962 Act 
applies only to nondomestic sateJ2 
lites. Ford officials have stated, 
though, that they have no objection 
to Comsat supplying the satellites 
for the proposed system, provided · 
that it makes available the same 
funds to subsidize the noncommer­
cial broadcasting. There seems little 
chance of agreement on this ap­
proach, since Comsat and the other 
carriers are opposed to having com­
mercial broadcasters subsidize edu­
cational TV by paying artificially 
high rates to use satellites. 

U.S.A.F. to catalog 
spacecraft radar images 

The Air Force is making elec­
tronic portraits of spacecraft shapes 
for a catalog of radar images of pos­
sible future satellites. 

The portraits will be taken of 
some two dozen satellite models dur­
ing 2000 hours of tests between now 
and December at the Radar Target 
Scatter installation near Holleman 
Air Force Base, N. M. 

Col. Thomas 0. Wear, director of 
the Air Force's Space Track Pro­
gram, explained: "In attempting to 
identify objects in space, which may 
be from 80 miles high up to hun­
dreds of miles, radar signals reflect­
ed from completely symmetrical ob­
jects are not difficult to analyze. But 
irregularly shaped space vehicles 
which may be tumbling present 
difficult problems. There are five 
basic points of information that we 
need to pin down for space object 
identification." 

Col. Wear said these were body 
motion about the center of mass, 
size and shape, mass and distribu­
tion of mass, electrical composition 
of the body, and fin structure. 

NASA outlines costs 
of post-Apollo plans 

The National Aeronautics and 
Space Administration has made its 
first estimates of the funds required 
for five alternative programs that 

, might be used as follow-ups to its 
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News 
SCODBcoNTINUED 
Apollo man-on-the-moon project. 

An analysis of the five possible 
future space programs was given to 
the House Manned Space Flight 
Subcommittee by Dr. George E. 
Mueller, NASA associate adminis­
trator for manned space flight. His 
funding estimates did not include 
the costs of NASA's science, appli­
cations and research programs. 

The plan that seems most favored 
by NASA would be a long-term 
balanced program that would lead 
gradually to an operational Earth­
orbital station, a lunar station and 
Mars and Venus fly-bys with an 
ultimate goal of a manned landing 
on Mars. Its estimated annual cost 
could be a maximum of $4.2 billion 
after six years. 

The most costly program followed 
the same pattern, but for reasons of 
national prestige on an accelerated 
basis with a Martian landing by 
1980. It would cost at least $6 billion 
within five years. 

Dr. Mueller also cited a $3 billion 
project to concentrate on the build­
ing of space stations for economic 
benefits to Earth. A program with 
an early peak budget of $3.4 billion 
dropping later to $2 billion a year 
would push ahead with lunar ex­
ploration and related scientific ex­
perimentation. NASA's last alterna­
tive was a six-year program of 
planetary exploration with heavy 
emphasis on early manned landings 
to cost some $4.3 billion a year. 

Are UFOs really 
only ball lightning? 

Two Westinghouse scientists have 
a campaign that may clarify many 
unidentified flying object (UFO) 
sightings (see Editorial, ED 19, 
Aug. 16, 1966, p. 63 ). They are mak­
ing transmission gratings that can 
be used to indicate whether these 
strange lighted objects might be ball 
lightning plasmas. If so, they would 
appear as a series of spectral lines 
through the grating, including a 
bright red one due to hydrogen and 
a blue one due to nitrogen. A solid 
lighted object would appear as a 
continuous color spectrum. 

A strong argument that corona 
discharges generated at high-power 
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transmission lines are what is be­
hind many so-called UFOs was pre­
sented by Philip J. Klass in Avia­
tion Week, Aug. 22, p. 48. He 
attributes the increasing number of 
reported sightings in recent years 
to a combination of many more 
high-voltage lines and more pollut­
ants in the air that could induce 
breakdowns. 

Drs. Martin Uman and J. L. 
Moruzzi of the Westinghouse Re­
search Labs. who have been making 
a study of the ball lightning phe­
nomena, are producing the gratings 
in a home workshop. The public may 
buy them for $1 each by writing to 
their makers at 579 Lucia Road, 
Pittsburgh, Pa. 15221. 

Comsat will purchase 
satellite earth station 

The Communications Satellite 
Corp. (Comsat) has agreed to buy 
from the American Telephone and 
Telegraph Co. (AT&T) the satellite 
earth station at Andover, Me. Under 
the agreement, which requires Fed­
eral Communications Commission 
approval, Comsat will pay AT&T 
some $5 million. 

Comsat presently leases the sta­
tion from AT&T to transmit and re­
ceive signals to and from its Early 
Bird satellite for telephone, tele­
vision and data communications. 

The Andover station includes a 
giant horn antenna, 177 feet long 
and 94 feet high, and its associated 
equipment. A microwave transmit­
ter and 2-kW TWT beam signals to 
Early Bird, launched in April, 1965. 
Signals from the satellite are picked 
up at power levels as low as 1 pW 
and are amplified by means of a 
ruby crystal maser. 

Philco consumer articles 
may bear Ford's name 

The Ford Motor Co.'s name may 
soon appear on the countless com­
mercial and industrial electronic 
products manufactured by its sub­
sidiary, the Philco Corp. 

Authoritative sources say that 
the move is likely to be announced 
next month by Henry Ford II in 
person when he visits Philco's ad­
vanced research and development 
facilities at Blue Bell, P a. 

Philco has sought for some time 
to use Ford's name to help strength-

en its position in a highly competi­
tive field. Ford is engaged in a cam­
paign to associate its image with 
other than automotive products. 

Both companies, however, are at 
present reserving comment on the 
report of this latest move. 

High-speed computers 
to employ MOS arrays 

The "world's fastest computer" is 
the aim of a classified military proj­
ect now underway. The completely 
parallel machine would use 50,000 
MOS integrated circuit arrays. The 
limited speed of present MOS de­
vices would be compensated for by 
the parallel machine organization. 

In the late '50s a similar pro­
gram, called Project Lightning, in­
volved IBM, RCA and Remington 
Rand. Three techniques ( cryogen­
ics, tunnel diodes and thin films ) 
were explored with tunnel diodes 
eventually winning the nod. But 
there turned out to be major prob­
lems in building big TD machines. 
Now the MOS seems to be taking 
over the top spot for the "fastest 
computer" role. 

One obvious application for such 
large-scale, rapid computing would 
be the discrimination problem in 
anti-missile defense. Telling decoys 
from the real thing would have to 
be done PDG. 

Wescon engineers tap 
Nixon for President 

Lyndon Johnson was trounced as 
a candidate for election to the Pres­
idency in a public opinion poll 
among engineers visiting Wescon in 
Los Angeles last month. 

The poll, conducted by Motorola­
Cubic Corp. , gave Richard Nixon an 
edge over George Romney as the 
most popular occupant of the White 
House. 

Asked if a Presidential election 
were held tomorrow whom would 
they vote for, the engineers gave 
1864 votes to Nixon, 1730 to Rom­
ney, 932 to Robert Kennedy and 
817 to Johnson . 

Ballots were divided 4450 in fav­
or of bombing the area round Hanoi 
in North Vietnam and 651 against. 
A total of 3461 engineers voted 
against a national firearms control 
bill; 1810 were for it. 
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DYNAMIC 
Integrated Circuit 

TESTER 

MODEL 851 

Now test your circuits the same way you would use them in your own system! 

Nine independent dynamic and static tests programmable for all com­
monly used l.C. types. 

Less than 15 seconds required for complete functional testing of DTL, 
RTL, TTL, ECL, and linear circuits. 

TO cans, Hat packs, and dual-in-line elements accommodated. 

ConYenient handling of Hat packs proYided by Yacuum pick-up. 

Light-weight, portable, suitable for any incoming inspection, quality 
control, or engineering lab requirement. 

PHONE 215-646-8100 
TWX 215-646-9399 

FORT WASHINGTON, PENNSYLVANIA 

A SUBSIDIARY OF ~ 

ON READER-SERVICE CARD CIRCLE 1 0 
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NEWS 

Better isolation bo.osts IC performance 
Introduction of ceramic and refinement of dielectric 
improve microelectronic capability and reliability. 

ing speeds are limited by such para­
sitics as capacitances (see table). 

A minor battle may be in the 
making between the proponents of 
ceramic and dielectric isolation. Be­
sides Texas Instruments, RCA 1 and 
Motorola2 are also doing work on 
ceramic ICs but have not yet mar­
keted any of the circuits. And 
among the companies backing di­
electric isolation, Fairchild-in ad­
dition to Radiation, Norden and 
Westinghouse--is pursuing its own 
method of building extra-high-per­
formance logic ICs. 

Mark B. Leeds 
Technical Editor 

The day may not be far off when 
integrated-circuit performance will 
be on a par with that of discrete 
semiconductor circuits. This goal is 
being made feasible by innovations 
in IC isolation techniques. 

Major manufacturers are report­
ing advances. Among the develop­
ments are these: 

• Texas Instruments is isolating 
active integrated-circuit compo­
nents with ceramic. The company 
has produced and sold some of the 
ICs for evaluation. 

• The entire integrated-circuit 
line of Radiation, Inc., and "at least 
95%" of the ICs made by United 
Aircraft's Norden Div. are em­
ploying polycrystalline silicon di­
electric isolation. In both cases the 
companies have abandoned the 
standard p-n junction type of isola­
tion. A Norden spokesman says that 
the company expects its isolation to 
enable it to develop a 40-watt linear 
amplifier on a monolithic chip. 

• Westinghouse reports that it 
has overcome a key problem of di­
electric isolation by using a layer of 
silicon carbide. 

The improved integrated circuits 
that are emerging offer: 

• Voltage-handling capabilities 
suitable for operation in direct-line 
applications and higher. 

• Fast switching speeds in the 
same region as those now prevail­
ing in discrete logic circuits. 

• Radiation-resistance levels as 
high as those possessed by conven­
tional semiconductors. 

• Higher degrees of over-all cir­
cuit reliability. 

These advantages will be ex­
ploited not only in military, space 
and nuclear programs but also in 
advanced, high-speed computer sys­
tems, line-driven industrial proc­
essing and control complexes, and 
consumer entertainment equipment. 
Some of the new isolation methods 
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have already been employed in ICs 
for military programs. 

The major drawback of the new 
isolators" however, is their present 
relatively high cost. The new ICs in 
which they are employed cost from 
20 % to 50% more than standard 
integrated circuits. For this reason, 
most manufacturers warn, wide­
spread use of p-n isolation is likely 
to continue for some time. Further­
more, the innovations are still being 
evaluated individually; no compar­
tive study has even begun on ceram­
ic vs improved polycrystalline sili­
con dielectric isolation. 

Junction isolation has limitations 
Present p-n junction isolation­

in essence a back-biased diode that 
separates the chip's active compo­
nents-is inexpensive and compati­
ble with manufacturing processes. 
But it, too, has limitations-for ex­
ample, voltage limits typically do 
not go above 80 V; radiation im­
munity is considerably lower than 
that in discrete components; and 
operating frequencies and switch-

.Texas Instruments reports that 
its ceramic-isolation technique is 
less costly than standard dielectric 
isolation and offers high yields and 
improved capabilities (see table). 

The saving in costs is ascribed to 
the use of inexpensive starting ma­
terials and the elimination of the 
critical, expensive and lengthy p-n 
junction diffusion process. 

The insulating properties of ce­
ramic are both electrically and 
mechanically superior to those of 
conventional isolators. The better 
semiconductor surface that ceramic 
thus affords makes possible higher 
device yields per slice than are ob­
tainable with conventional isolation 

Table. Ceramic and junction isolation contrasted. 

With Junction With Ceramic 
Consideration Isolation Isolation 

1. Junction capacitance 2 pF 0.1 pF 
(collector to substrate) 

2 . Breakdown voltage 80V >200 v 
(collector to substrate) 

3. Gain-bandwidth (100)(100 MHz) (200)(200) MHz) 
product 

4. Speed-power product 50 mW-ns 20 mW-ns 

5. Radiation resistance 1-2 orders of 
Neutron type 1012 neutrons/cm 2 magnitude higher 
Transient gamma type 10 rads/s for both. 

6. Latch-up type hazard immunity 
destruction 

7. Leakage (collector 1-500 nA a few pA; usually 
to substrate) unmeasurable 
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(new isolation, continued) 

processes. As much as 75% of the 
area of a ceramic slice may contain 
usable devices, in fact. 

Because of leakage, breakdown, 
chemical resistance and similar fac­
tors, the conventional isolating 
diode junction limits the over-all 
reliability ·of standard ICs. But in 
the ceramic-isolated chip, as in dis­
crete designs, no special safeguards 
have to be taken with the diode 
junction, and the reliability of the 
circuit (Fig. 1) is consequently 
higher. The ceramic-isolated IC also 
resembles discrete designs, in that 
there are no parasitic capacitances 
across back-biased junctions. 

True complementary transistor 
units can be placed on the same ce­
ramic chip. With conventional mon­
olithic ICs, on the other hand, the 
pnp devices are comparatively low­
grade transistors, which are not the 
complete counterparts of the npns. 

Dynamic performance is higher 
Dynamic performance is also 

higher with ceramic ICs. Texas In­
struments reports that application 
of a standard loop test has shown 
that the circuits are dynamically 
equivalent to discrete designs and 
approximately 30% better than 
junction-isolated ICs. Propagation 
delays of 1.6 ns have been noted­
compared with the 6 to 10 ns typical 
of conventional ICs of this type 
(ECL logic circuits). 

Life, sho.ck and thermal tests con­
ducted by Texas Instruments on the 
ceramic ICs have demonstrated that 
"these units are as reliable or better 
than standard ICs," says Richard 
Abraham, manager of the compa­
ny's Integrated Circuit Engineer­
ing facility in Dallas, Tex. 

"TI, like many other firms," 
Abraham reports, "has investigated 
standard dielectric-isolation meth­
ods to supplement the junction-iso­
lated integrated circuit lines. We 
now lean toward the use of ceramic 
here as superior to conventional di­
electric techniques. Our intent is to 
market a line of premium-perform­
ance ICs, not to replace our existing 
junction-isolation IC products." 

This supplemental role for ceram­
ic res in new applications has been 
seconded by Motorola and RCA. 

Motorola's director of applied 
science, Dr. Arnold Lesk, considers 

18 

D -OXIDE ~ - N+ SUBSTRATE • - P-RESISTORS 

~ - OXIDE LAYER 

D-BASE 

~ - CERAMIC ISOLATION ~ - N EPITAXIAL LAVER 

• - METALIZATION LEADS IJIIIll - EMITTER 

1. Cross section of integrated circuit 
using ceramic isolation shows how 
ceramic layer separates the active 

a.DIFFUSIONS 
I T AND 2ND LEVEL CONTACTS 

n• F SEO SiOz 

5mils 

p 

c.CONTROLLED THINNING OF SLICE 
(BY HYDROFLUORIC ETCHING) 

G,LASS CARRIER 
1

/1~~~-S_L_l_CE_r~~--i-f~ 
ADHESIVE 1-3mils 

e.REPLACE AIR ISOLATION WITH CASTED 
CERAMIC CEMENT 

2. Ceramic isolation process is ac­
complished in six major steps, many 
of which resemble the processing 
techniques of conventional, junction­
isolated ICs. The result shows how 
the ceramic cement completely sur-

"the degree of isolation associated 
with ceramic to be almost perfect." 
He adds: "These near-ideal semi­
conductor surfaces will enable us to 
build very high-frequency linear in­
tegrated circuits, just to cite one 
area for new applications." 

Motorola's Semiconductor Prod­
ucts Div., in Phoenix, Ariz., has not 
yet begun to produce ceramic-isolat­
ed units in quantity. Lesk explains 
that this is because "we are not 

elements. The isolation yields electri­
cal properties superior to those realiz­
able with p-n junction-type isolation. 

b.MOUNT SLICE ON GLASS CARRIER 

I A"" """'" 
SLICE 

ADHESIVE 

d.ETCH ISOLATION PATTERNS 

OXIDE AND INTERCONNECTIONS 

f.REMOVE SLICE FROM CARRIER 
(AFTER CURING) 

rounds the sides and bottom of each 
active area (also see Fig. 1). Hydro­
fluoric etching is used to control the 
thickness of the thinned-down slice. 
Air pockets between active regions 
are filled in with the ceramic slurry. 

completely satisfied with the 
processing procedures, although we 
have no complaint with the concept 
itself." 

"One of the processing problems 
is along compatibility lines-name­
ly, that special diffusions are needed 
by the glass-like material," Lesk re­
ports. "A second difficulty relates to 
the thermal conductivity; ceramic 
matrices have a higher thermal re­
sistance than silicon units, thus get-

ELECTRONIC DESIGN, September 13, 1966 



con~ts for you I 

Consider these characteristics 
• Cermet reliability now available for power applica­

tions. 

• Compact modular packaging-overall dimensions are 
only 1.500" by 1.225" by 0.370" with heat sink. 

• High power-8 to 20 watts per module depending 
upon allowable operating temperature, air flow, duty 
cycle and number of pins used. 

• Low inductance-less than 10 nanohenries up to 200 
megacycles. 

• Layout flexibility-lip to 24 external pins on .125" 
centers can accommodate a dozen or more cermet 
resistors. 

• ± 1 % standard tolerance from 20 ohms to 1 megohm. 

• Special low resistance values available down to 10 
ohms. 

• Available in quantity NOW-over 250,000 already pro­
duced. 

• Available with copper heat sink bonded to alumina 
substrate. 

• Dual-in-line staked pins for rapid insertion-can 
withstand 7.5 lbs. tensile or compressive force. 

. . . 
Founded 1896 

Shown without normal 
insulative cover coat to 
illustrate resistor network. 

770 Series Environmental 
Specifications 

Load Life: 9 watts for 1,000 hours at 
55°C ambient in 300 fpm air flow 

Moisture Resistance: 95% R.H. at 70°C, 
10 days load, 10 days no load 

Standard temperature coefficient of 
resistance 

Thermal Cycling: 5 cycles, - 60°C to 
+ 125°C no load 

Samples are available off the shelf. 
Kit of three modules fo r $13.00. 

order yours today! 

0.4% 6 R max. 
0.1% 6 Rav. 

0.2% 6 R max. 
0.05% 6 Rav. 

- 50 to +350 ppm/°C 

0.10% 6 R max. 
0.03% 6 Rav. 

CTS RESEARCH, INC./LAFAYETTE, INDIANA 
Subsidiary of CTS Corporation, Elkhart, Indiana 

ON READER- SERVICE CARD CIRCLE 12 
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Now from Sproguel 

MET ANET® 
TRUE METAL-FILM PRECISION RESISTOR 

NETWORKS 
Save Space, Time, and Money 
• High packaging density-4 to 
8 times that of individual com­
ponents. 
• Fewer components to stock, 
handle, inspect, install. Entire 
module can be hand-inserted 
faster than one axial-lead com­
ponent. 
• Permit substantial savings over 
equipment assembled with indi­
vidual components. 
• Epoxy terminal board keeps 
pin terminals free of resin coat­
ing, unlike conventional dipped 
components, and provides uni­
form lead spacing. 

• Stand-off bosses permit effi· 

SPRAGUB COMPONENT• 

dent flux removal after solder· 
ing. Also prevent dirt and mois­
ture traps around leads. 
• Extremely stable and reliable. 
Meet performance requirements 
of Mll-R-10509E. Resistance tol­
erances to + 1 % . 
• Ceramic capacitors can be 
incorporated for further savings 
and size advantages over indi­
vidual components. 

• • • 
For complete information write to 
Integrated Circuit Application En­
gineering Department. Sprague 
Electric Company, 347 Marshall 
Street, North Adams, Mass. 01248 

RESISTORS PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
MAGNETIC COMPONENTS 

SPRnGUE" CAPACITORS 
TRANSISTORS 
INTEGRATED CIRCUITS 
THIN-FILM MICROCIRCUITS 
INTERFERENCE FILTERS 
4SM·4145 R4 
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PULSE TRANSFORMERS 
CERAMIC-BASE PRINTED NETWORKS 
PULSE-FORMING NETWORKS 

I 

THE MARK OF RELIABILITY 

'Sp11111t' 1nd ·~ 111 r11lsllrld tr•d..,rka GI tho Sp111ut El«trlo Co. 

ON READER-SERVICE CARD CIRCLE 13 
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(new isolation, continued) 
ting rid of excess heat may be a 
problem." 

Lesk says that "neither of these 
problems is insurmountable, howev­
er, although they are holding up our 
formal introduction of ceramic-iso­
lated chips." 

Significantly, Texas Instruments 
has no qualms about the diffusion 
cycle or the thermal properties. It 
avoids any special diffusions by 
completing the diffusion steps be­
fore the ceramic is added. Tight 
control of the thickness of the ce­
ramic layer also circumvents the 
problem of heat removal. Abraham 
points out that "the package itself 
is often more critical in terms of 
heat dissipation than the thermal 
properties of the chip materials." 

METALIZED 
CONNECTED INTERCONNECT DISCONNECTED 

DIODE LINE DIODE 

INTACT 
LINK 

FUSED 
LINK 

FUSIBLE-LINK SYSTEM 

COWMN 
CONNECTIONS 

POLYCRISTALLINE 
SILICON 

MONOLITHIC STRUCTURE 

® 
3. Monolithic diode matrix (a) is 
made by a dielectric-isolation process. 
This 6 x 8 array is suited for ap­
plications in coding, decoding and 
addressing-type networks. Each diode 
in a column (b) is connected to the 
line by a fusible link. 
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RCA, like Texas Instruments, is 
not troubled by the heat-removal 
problem. According to Arthur I. 
Stoller, research engineer at RCA 
Laboratories in Princeton, N.J., 
"we take the heat away from the 
top surface of the chip, instead of 
the usual practice of removing it 
from the back." B.ut as with Moto­
rola, RCA still looks on the 
processing with some concern, and 
this has delayed market introduc­
tion of the chips. 

New ICs for communications 
Stoller, however, expects "to see 

off-the-shelf ceramic-isolated cir­
cuits for communications applica­
tions within a year or so." He con­
tinues: "These will" be in areas 
where both the higher frequency 
and voltage properties are needed. 
The ceramic method will do this, 
and most of the resulting ICs will 
be of the linear and analog variety. 
Moreover these will be new inte­
grated product lines, rather than 
replacements for a significant num­
ber bf our standard ICs." 

Abraham anticipates that mili­
tary applications will be the practi­
cal testing ground for ceramic ICs. 
He said : "We have sent over 1000 
ceramic units to a military custom­
er [whom he declined to identify] 
that has tested and used them with 
success." A classified program was 
involved and high radiation-resist­
ance was a governing IC spe­
cification. 

Abraham also expects "ceramic 
units for industrial IC applications 
to be made available on an off-the­
shelf basis in 6 to 18 months." 

Part of the delay is attributed to 
the processing of the ceramic ICs. 
More careful handling than with 
conventional ICs is called for. But 
"once the ceramic is applied, the 
circuit becomes exceptionally dura­
ble, well beyond the level of 
junction-isolated units," claim Dr. 
Thomas H. Ramsey and Timothy 
Smith, engineers in Texas Instru­
ments' Integrated Circuits Dept. 

The physical structure (see Fig. 
1) and the manufacturing-cycle 
chart (Fig. 2) show how the active, 
isolated regions are separated by 
the ceramic. The lead and contact 
system is covered by a thick layer of 
Si02 • This helps to hold the air-iso­
lated components together before 
the ceramic is applied. The ceramic 
completely surrounds the bottom 
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and sides of each active region rath­
er- like a cement-lined moat. · Texas 
Instruments' manufacturing proc­
ess is "completely compatible with 
standard IC production procedures," 
Ram.sey (developer of the ceramic 
IC) notes. 

The starting material used for 
most ceramic-isolated IC devices has 
been single-layer expitaxial n on n +. 
Standard diffusions (base, emitter, 
buried resistors, etc.) are then made. 
Typically, these diffusions are shal­
low. This fact, coupled with the high 
isolation of the ceramic, is largely 
responsible for the final, high-speed 
characteristic ( Fig. 3a). Figures 
3b-3d shows how the slice is pre­
pared for the ceramic. 

A ceramic isolation medium in 
the form of a slurry is applied as a 
thin layer ( Fig. 3e). This cement 
has high thermal conductivity, high 
breakdown voltage, and high resis­
tance to chemicals and to mechanical 
and thermal shock. The ceramic 
medium is then cured to provide the 
necessary final rigidity (Fig. 3f) . 

{I l OXIDATION 

(2) PHOTOMASKING 

(3) GROOVE ETCH 

(4) OXIDE REMOVAL 

N-TYPE SILICON 
SUBSTRATE 
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{5)VAPOR GROWTH OF ~N N N 
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SILICON 

16 

- 15 
ID .,, 
; 14 

<i 
<!) 13 

12 

II 

10 

0.5 

Dielectric as alternative to p-n 

Off-the-shelf IC products em­
ploying dielectric isolation are a 
growing reality, whereas ceramic 
isolation is still largely in the ex­
perimental stage; an in-depth com­
parison of the two has therefore not 
yet been made. What can be stated 
with certainty, however, is that 
both isolation types have better 
electrical properties than p-n junc­
tion isolation. These properties in­
clude radiation hardening, higher 
breakdown voltage and lower ca­
pacitances. Moreover, dielectric iso­
lation is already considered superi­
or to junction isolation in certain 
specific applications3 • It is, however, 
costlier and relatively more critical 
in terms of manufacturing require­
ments. 

Radiation, Inc., of Melbourne, 
Fla., which is using the dielectric 
technique exclusively, reports that 
it is suitable for "linear and digital 
circuits and diode arrays, for both 
military and industrial IC use." 

(8) MECHANICAL 
POLISH WITH 
DIAMOND 

(9) REMOVE SURFACE DAMAGE ...._. ....... ...._......_ ............... .......,, 

0 

COMPLETED 
ISOLATION 
STRUCTURE 
BEFORE DIFFUSION ................................................... 

FREQUENCY {MHz) 

4. Silicon carbide is used in a dielec· 
tric type of isolation for integrated 
circuits. This innovation (a) serves as 
a shield during the critical removal 

@ 

of excess crystal material from the 
functional side of the wafer. To a 
linear IC, SiC oxide isolation brings 
a higher gain-bandwidth product (b). 
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Superior 
Pulse Response 

with Time Domain Crystal Filters 

Damon applies advanced insertion loss design techniques to 

realize Time Domain Crystal Filters with prescribed transient 

behavior. Overshoot and ringing can now be eliminated in 

pulse systems. Damon has supplied filters with Gaussian, Bessel 

and Thomson polynomial characteristics. Completely elimi­

nated are the pitfalls inherent in attempting to obtain desired 

pulse behavior from "equivalent" steady state design. Damon 

Time Domain Filters are aligned and tested under pulse cpn­

ditions simulating actual equipment operation. Applications 

include Pulse Doppler Radar, FM-CW Radar, Spectrum Analysjs, 

Pulse Interference Rejection, and Pulse Data Communications 

Systems such as PCM, FSK. 

Write for Data on Time Domain Crystal Filters. 

DAMON ENGINEERING, INC. 
240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS. 

( 617) 449-0800 
ON READER-SERVICE CARD CIRCLE 14 
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(new isolation, conti nued ) 

Warren V ergason of the compa­
ny's Marketing Services Dept. cites 
monolithic diode matrics (Fig. 3), 
a high-gain amplifier, a broadband 
operational amplifier and three 
complete DTL logic series as repre­
sentative of Radiation products 
that employ the new isolation tech­
nique. Vergason says: "In addition 
to the extremely low parasitic ca­
pacitances and radiation hardening, 
our circuits also feature uncondi­
tionally stable amplification." 

40·W linear amplifier forecast 
The Norden Div., of United Air­

craft, Norwalk, Conn., another com­
pany heavily committed to dielec­
tric isolation, began the conversion 
from p-n junction isolation about a 
year ago. 

According to Herschel Hochman, 
chief of Solid-State Research and 
Development, "at least 95 % of our 
off-the-shelf monolithic integrated­
circuit chips are now made with the 
dielectric isolation process." 

Of a 40-watt linear amplifier that 
Norden is developing, Hochman 
says : "We hope to market this 
amplifier and an integrated, 10-
ampere power-switching circuit in 
a year or thereabouts. 

"Without detracting from the im­
proved radiation hardening that ac­
crues with the dielectric technique, 
we are at least equally interested in 
the high breakdown voltages and 
lower parasitics that also result. 
We feel these are the keys to a new 
generation of high-performance lin­
ear ICs." 

Meanwhile dielectric-isolation pro­
duction headaches are receiving 
treatment. Westinghouse's Molecu­
lar Electronics Div., Elkridge, Md., 
is using a layer of silicon carbide 
(SiC) to solve the problem of excess 
single-crystal material. The layer is 
vapor-grown on the n-type silicon; 
silicon dioxide is grown on top of 
that; and all three layers are then 
covered with polycrystalline silicon 
(see Fig. 4). The SiC provides a 
shield or stopping layer during the 
etching and lapping of the slice to 
permit selective removal of excess 
single-crystal material from the 
functional side of the silicon wafer. 
The stopping layer can also be used 
as a heavily doped semiconductor 
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region to improve the high-frequen­
cy characteristics of the circuit. 

A pilot line of SiC dielectric-iso­
lated ICs has been developed. It is 
bein,g applied in high-speed digital 
circuits, high-frequency linear cir­
cuits and for military ICs requiring 
radiation hardening. 

T. V. Sikina, an engineer in the 
Thin-Film and Surface Develop­
ment Dept. at Westinghouse, be­
lieves that this isolation technique 
will make its presence felt in com­
plex subsystems and systems. Pre­
dicting that "large-scale digitar ar­
rays, with greater numbers of dig­
ital junctions, will become common 
in monolithics," Sikina points out 
that "because of the superior isola­
tion, there will be less cross-talk 
and far fewer unwanted interac­
tions between logic circuits." 

He continues: "The initial costs 
will be higher here, largely because 
of the processing complexities and 
the fact that the new technique is 
more suitable now for special de­
signs and custom circuit functions." 
But, he adds, "in the long run di­
electric-isolation forms may well 
become cheaper than the junction 
isolation that is prevalent today." 

Radiation resistance a plus 

A different form of dielectric iso­
lation is being used by Fairchild 
Semiconductor, Mountain View 
Calif. Fairchild has developed and 
produced a DTL line of custom ICs 
in which radiation resistance is a 
critical factor. 

As reported by Dr. Gordon 
Moore, director of R&D at Fair­
child, "these were specially manu­
factured for a military user, but 
both the technique's details and the 
identity of the customer are pro­
prietary." Dr. Moore goes on: "We 
are also considering this isolation 
means for some new linear circuits 
and a basic line of ICs containing 
high-voltage transistors." • • 

References: 

1. "Ceramic insulation isolates IC 
elements," ELECTRONIC DESIGN, XIV, 
No. 5 (March 1, 1966), p. 13. 

2. Present work is based on experi­
ence gained during development of 
yotoro.la's EPIC isolation process. 

Isolat10n advances may end parasitic 
plague," ELECTRONIC DESIGN, XII, No. 
13 (June 22 , 1964), pp. 80-81. 

3. "Oxide barrier boosts dual-tran­
sistor performance," ELECTRONIC DE­
SIGN, XIII, No. 21 (Oct. 11, 1965), 
pp. 76-77. 
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Field-proven 4038 AC Voltmeters 
Battery-operated portability, ac operation for bench use 

Accurate, fast measurements 5 Hz·2 MHz, 0.001-300 v full scale 

Special version for increased resolution in db measurements 

Case isolated for above-ground measurements 

Individually calibrated taut-band meter for increased accuracy 

Use them for: 
Sub-audio to rt voltage measurements 

Measuring amplifier gain, filter response 

Power line measurements 

Measuring voltages in portable equipment 

These solid-state voltmeters are battery­
operated for portable field use, and allow 
accurate measurements where ground 
loops are troublesome. Accuracy is 
±2%, 10 Hz to 1 MHz and ±5%, 5 Hz 
to 10 MHz. 

Model 4038, Option 01, $335 puts 
the db scale uppermost for increased 
resolution. The basic 4038 is priced at 

$310. H22-4038 is available with faster 
response time of one second full scale. 
Ask your Hewlett-Packard field engineer 
for a demonstration or write for complete 
specifications: Hewlett-Packard, Palo 
Alto, Calif. 94304, Tel. (415) 326-7000; 
Europe: 54 Route des Acacias, Geneva. 
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NEWS 

NASA looks to Orbiter 2 for real close-ups 
Faulty camera degrades recent Lunar Orbiter 
mission, but useful data still obtained. 

crometeori tes. 
With the launching of Lunar Or­

biter A earlier last month, the U.S. 
entered the final phase of a four­
year unmanned program to scout 
the Moon's surface and environ­
ment prior to the first manned 
Apollo landings. 

Ralph Dobriner 
West Coast Editor 

Despite assertions by NASA that 
the Lunar Orbiter mission was 
75 % successful, one of the space­
craft's primary objectives-to take 
high-resolution photographs of pos­
sible future Surveyor and Apollo 
landing sites- was apparently not 
accomplished. 

Engineers are now looking to Lu­
nar Orbiter 2, slated for launching 
in November, to provide the de­
tailed close-ups. 

Scientists had not only planned to 
obtain photos of features on the lu­
nar surface as small as one yard 
across but had also hoped to obtain 
stereographic close-ups of the land­
ed Surveyor I spacecraft. Instead, a 
malfunction in Orbiter's high-reso­
lution camera system resulted in 
transmission of unusably smeared 
and blurred photos of the sites. 

Close-ups essential to Apollo 
Leon Kosofsky, NASA program 

engineer, said that the one-yard 
resolution objective was not an 
official goal. "The primary objective 
of the Orbiter mission was to get 
topographic information useful to 
the Apollo program," he said. 

A spokesman for Boeing Co., Se­
attle, Wash., prime contractor for 
the Lunar Orbiter spacecraft, said 
that high-resolution close-ups of the 
landing areas were absolutely nec­
essary before an Apollo lunar land­
ing would be attempted. 

Engineers at Eastman Kodak Co., 
Rochester, N. Y., builders of the 
camera system, are trying to pin 
down the cause of the camera mal­
function. They hope to redesign the 
camera in time to meet the Novem­
ber launch schedule for Orbiter 2. 

Despite its camera problems, Or­
biter is said to have provided as­
tronomers with more revealing in­
formation about the Moon than had 
been gathered from Earth in the 
last half century. So far, Lunar Or­
biter has: 

• Transmitted back to Earth 
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numerous high-quality, medium­
resolution photos showing terrain 
features as small as 8 meters across. 

• Photographed the back side of 
the Moon-essentially a carbon copy 
of the front side. 

• Provided scientists with their 
first look at Earth from a distance 
of about 240,000 miles. 

• Revealed that the Moon appar­
ently bulges by one-fourth of a mile 
at its north pole while it is de­
pressed by one-fourth of a mile at 
the south pole. 

The spacecraft is also continuing 
to send back useful information on 
the lunar gravitational field, radia­
tion levels and the presence of mi-

Ranger and Surveyor came first 

Rangers VII, VIII and IX provid­
ed the first close-range views of the 
lunar surface and clues to its char­
acter. The Ranger spacecraft were 
guided to a selected area on the 
Moon's surface. The multiple televi­
sion camera payload was activated 
minutes prior to impact and signals 
were relayed back to Earth show­
ing the impact area in detail. 

The remarkably successful Sur-

Targets photographed by Lunar Orbiter are the nine dark areas on the Moon 
shown above. The spacecraft can photograph an area of the Moon roughly 
equal to a continuous strip one mile wide extending from Seattle to Cape Ken­
nedy and with enough clarity to show objects as small as a card table. The 
outline of Texas matches the Moon's scale and shows relative size. 
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Who says 1-amp epoxy rectifiers can't stand humidity? 

Write for free water-soaked 
samples from ITT: 
Choose the PAV rat ing that fits your appli­
cation best and write for samples. We'll 
ship them immersed. You'll find that ITT 
epoxy rectifiers exceed the humidity re­
quirements of MIL-STD-750. While you're 
at it, check for cool operation , low thermal 
impedance and extreme stability. All are 
made possible by ITT's patented * ''double 
nail-head" design. Send for your free bottle 
of ITT rectifiers today I •patent No. 3081374 

ITT SEMICONDUCTORS 
3301 Electronics Way 
West Palm Beach, Florida 

Please send me a pair of water-soaked 
1- amp silicon epoxy rectifiers with the 
PRV rating I hav9 indicated. 

0 100 v 0 200 v 0 300 v 
osoov 0600V oaoov 
NAME . .. . , .• . .. . .. . , , .• .... . .. . . .. TITLE ...... . . . . . .. .. ... . . 

COMPANY .. . . . . . .. . . .. .. ..• . . .• .•... . . •.. . .. . ... . . . .. .... • . .. 

ADDRESS . ..... . . .. . .. .. . .. . . .• ... • . . ..• . . . . . .. . . . .•.... . . .... 

CITY .......... .. .. .. .. ... STATE ........ .. .... ZIP .... . .. . .. 

ITT 
SEMICONDUCTORS 

ITT SEMICONDUCTORS IS A DIVISION Of INTERNATIONAL TELEPHONE AN D TELEGRAPH CORPORATION, 3301 ELECTRONICS WAY, WEST PALM BEACH, FLORIDA. 
FACTORIES IN WEST PALM BEACH. FLORIDA. PALO AL.TO. CALIFORNIA. LAWRENCE. MASSACHUSETTS. HARLOW AND FOOTSCAAY. ENCL.AND. FAEIBURG AND NURENBEAC. CERMANV 
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NEWS 
(orbiter, continued) 
veyor I spacecraft made a soft land­
ing at a predetermined area on the 
Moon earlier this year. During 
landing, television cameras scanned 
the landscape and sent back to Earth 
11,237 close-up pictures of the 
Moon's surface. 

Lunar Orbiter, after completing 
a series of tricky maneuvers in 
space, was placed in an elliptical or­
bit around the Moon. At its closest 
approach (perilune), within 25 miles 
above the lunar surface, Orbiter be­
gan photographing the nine poten­
tial landing sites with its dual-lens 
camera system. 

V /H sensor causes photo blurs 
The cause of the high-resolution 

camera's failure to send back clear 
pictures has been tentatively as­
cribed to the V /H (velocity over 
height) sensor, an image compensa­
tion device designed to prevent 
blurring of the image at the space­
craft's high orbital speed (about 
4500 mph) and the relatively low 
film exposure rate. NASA scientists 
believe that the sensor is sending 
some spurious impulse to the high­
resolution camera, causing the shut­
ter to click at an improper sequence 
in the camera cycle. 

The Lunar Orbiter's mission is 
commanded and controlled from the 
Jet Propulsion Laboratory, Pasad­
ena, Calif., and NASA's Langley 
Research Center, Hampton, Va. 

Here's how it works 
As shown in the illustration, the 

850-pound spacecraft is about 5-1/ 2 
feet high and 5 feet in diameter, ex­
cluding the solar panels and anten­
nas. The span across the deployed 
antenna booms is about 18-1/ 2 feet. 

Lunar Orbiter carries a conven­
tional solar panel-storage battery 
type of . power system with provi­
sions for voltage regulation and 
charge control. 

The primary source of power is 
an array of four solar panels, each 
slightly more than 13 ft 2 in area. 
There are 10,856 n-on-p silicon so­
lar cells on the spacecraft panels, 
2714 per panel. 

In full sunlight the panels pro­
duce about 375 watts. While the Lu­
nar Orbiter is in shadow, the ener­
gy produced is stored in a 20-cell 
nickel cadmium battery rated at 12 
Ah. The battery consists of two 
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identical 10-cell modules. 
Early in the mission a shorted 

transistor. ·in the solar array caused 
some concern; however, the array 
was found to produce more than 
enough power for the mission re­
quirements and the short posed no 
problem. 

Tracker problem overcome 
The star Canopus and the sun are 

the primary references for space­
craft attitude orientation. When 
these references are occulted and 
during maneuvering, a strap-down 
gyro system is used. 

During the mission, the Canopus 
tracker had some difficulty in lock­
in.g on to the star. This was attrib­
.u ted to light reflected from some 
unknown source falling across the 
Canopus sensor's field of view. 

Proper locking was achieved, 
however, when the spacecraft was 
on the dark side of the Moon and 
the probiem was overcome by sim­
ply switching to the inertial system 
when Orbiter was in sunlight. 

The "brain" of the spacecraft is a 
programer which accepts inputs 
from Earth via the command sys­
tem. The programer is essentially a 
digital data-processing system con­
trolling about 65 functions within 
the spacecraft. 

Dual lens system used 
To achieve the extremely high­

resolution photos required, the Lu-

nar Orbiter uses a film-exposing 
camera system instead of a televi­
sion system like that used on the 
Ranger and Surveyor flights. 

The Orbiter camera system em­
ploys two lenses which take simul­
taneous pictures on a 200-ft roll of 
70-mm-wide aerial film. One of the 
lenses has a 24-in. focal length and 
can take pictures of 12,000 km2 of 
lunar surface from an altitude of 46 
km with a resolution of about 1 me­
ter. The other lens, which has a fo­
cal length of about 3 inches, will 
take pictures of 200,000 km2 with a 
resolution of about 8 meters. 

A NA SA spokesman estimated 
that about one million standard 
commercial TV pictures would be 
required to photograph that area 
with comparable resolution. 

The film is developed on board the 
spacecraft by a method that presses 
the film into contact with a web 
that contains a single-solution 
processing chemica l. Af ter the film 
has been dried, it is ready for read­
out and transmission to Earth. 

The film-scanning read-out proc­
ess is accomplished in small in­
crements by a very narrow light 
beam projected through the film 
negative on to a photomultiplier 
tube. The resulting electrical signal 
is condit ioned and mixed with syn­
chronous and blanking pulses and 
fed to the communication system 
modulator fo r t ransmission back to 
Earth.•• 

VELOCITY CONTROL 
ROCKET ENGINE 

SOLAR 
PANEL 

INTER I AL 
REFERENCE 
UNIT 

GAS 
JETS 

Lunar Orbiter, an unmanned lunar reconnaissance satellite built by Boeing 
Co., is designed to take high-resolution close-up photographs of large areas 
of the Moon's surface. 
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Our DTL offers one 
feature we didn't license 

~ 
~ 

on-time delivery 

ITT is licensed to build all DTL integrated circuits from 
the 930 series. Quantity production is a real ity in ITT 
Semiconductors' facility in West Palm Beach, Florida. 

Doubtful? Ask your ITT Semiconductor distributor, 
who ha5 plenty of DTL circuits in stock. Ask your 
ITT Stmiconductor factory salesman, who can arran ge 
two-week ARO shipment of your quantity orders. 

It's easy to recognize the DTL circuits that come 
from ITT in West Palm Beach. They're the ones you 

don't have to wait for. 
ITT Semiconductors is a division of International 

Telephone and Telegraph Corporation, 3301 Electronics 

Way, West Palm Beach, Florida. 

Type Number 

MIC930 

MIC932 
MIC933 
MIC944 
MIC945 
MIC946 
MIC948 
MIC949 
MIC950 

Circuit Function 

Dual 4-input Gate with 
Expander 

Dual 4-input Buffer 
Dual 4-input Expander 
Dual 4-input Power Gate 
R-S or J-K Flip-Flop 
Quad 2-input Gate 
R-S or J-K Flip-Flop 
Fast Quad 2-input Gate 
Pulse-triggered Binary 

ITT 
SEMICONDUCTORS 

,ACTOAtfS ,.. W!S1' l'AlM ft!ACH nOAIDA PALO ALTO. CALlrOANIA. LAWR(NC.E . MASSAC.HUSCTTS. HARLOW ANO FOOlSCRAV ENCLAt"D F'RCIBUAC ANO NUAENBERC GERMANY 
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NEWS 

Ions help determine 
An unusual control system that 

senses attitude by collecting ions 
proved so successful in initial tests 
on Gemini 10 that it will be used 
again on Gemini 12 in November. 

The system, developed and built 
at the Air Force Cambridge 
Research Laboratories, Bedford, 
Mass., was not a part of the pri­
mary Gemini control system. But 
future versions, competitive with 
present gyro-stabilized attitude 
systems, are expected to be particu­
larly useful in spacecraft docking 
maneuvers. 

The new attitude sensor system 
collects ions rammed at high veloc­
ity into collector plates. More than 
20 million charged particles per cu­
bic inch are found at altitudes of 
about 160 nautical miles above the 
.earth, where Gemini 10 was in or-

ION 

(A) 

NULL 
POSITION 

(B) 

UNBALANCED 
, ... --,/POSITION 

' __....~ 

_......., .,..<rJ;,;;-" 
1',.. ,....;.p:'i-\S 

Two collector disks mounted 90 ° 
apart form the ion-attitude sensor. 
When the angles between the disks 
and the reference axis are equal (A) 
-that is, without pitch or yaw-the 
output currents are nulled. When 
spacecraft pitches or yaws (dotted 
outlines, B), unequal currents are 
produced proportional to the angular 
deviation. 

spacecraft's attitude 
bit in July. 

Sensor assemblies on two booms 
extend out three feet from the craft 
to intercept the particle streams, 
which act as the attitude reference. 

The sensors use the positive ions 
because the spacecraft speeds along 
at more than eight times the ran­
dom velocity of these charged parti­
cles. The spacecraft, in fact, moves 
through the ions much as an auto 
moves through rain. Electrons, be­
cause of their relative speed (25 
times greater than that of the 
spacecraft), move too fast to be 
used as the attitude reference. 

With a spacecraft ion-stream ref­
erence axis established, attitude can 
be determined by measuring varia­
tions of the spacecraft from the 
axis. As charged particles impinge 
on collector disks, currents are pro­
duced. Disks placed normal to the 
particle stream produce maximum 
currents and disks with their planes 
in the spacecraft's direction of mo­
tion in the particle stream produce 
minimum current. Current from the 
disks at intermediate positions be­
tween maximum and minimum 
changes sinusoidally. 

The sensor assemblies that ac­
tually determine pitch and yaw 
make use of pairs of disks set 90 de­
grees apart. Two identical sensor 
assemblies are used: one for yaw 
determination and one for pitch. If 
the assembly is positioned so that 
each disk is 45 degrees from the 
pitch or yaw reference axis of the 
spacecraft, the flow of current from 
each disk is equal, and a null is 
achieved. 

Navy to communicate on a 'Moonbeam' 
A new communication system that 

uses the Moon as a relay for ship-to­
shore messages has been delivered to 
the Navy. Called Moon Bounce by 
the Lockheed Electronics Co., which 
developed it, the system will beam 
teletype messages from ships at sea 
to the Moon. The signals will then 
be reflected back to Earth and re­
ceived by shore-based stations. 

The initial Moon Bounce equip­
ment consists of a 16-foot-diameter 
dish antenna for mounting on the 
deck of a ship, and transmitting, re­
ceiving and control equipment for 
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installation below deck. An analog 
computer gives tracking orders 
which keep the antenna aimed at the 
Moon whenever the system is in use. 
The tracking system is passive. It 
does not require return signals from 
the Moon to verify correct aiming. 

The passive tracking is accom­
plished by programing the computer 
to include the Moon's position and 
direction of m~tion. The course and 
speed of the ship are fed automati­
cally into the computer, which then 
computes antenna directional or­
ders.•• 

Since the current flow in each 
disk depends on the alignment of 
the assembly with respect to this 
reference axis, angular variations 
result in unequal currents from the 
disks. The differences between cur­
rents are a measure of the space­
craft's angle of pitch or yaw. 

The project was under the direc­
tion at the Air Force Laboratories 
of Dr. Rita Sagalyn, a physicist 
specializing in upper-atmosphere 
studies. 

In addition to the collector disks, 
each sensor includes grids to reject 
impinging electrons. The collector 
pairs and the electronics for the 
system are packaged in two protec­
tive cases, each the size of a shoe 
box. Subtraction and ratio circuits 
are mounted on five circuit boards 
within each case. 

Electronic circuitry is also used 
to bias the system, reject electrons, 
enhance ion collection and reduce 
emittances from the grids and the 
collectors. 

Each complete sensor assembly 
weighs seven pounds ; the complete 
system weighs 14 pounds. Power 
consumption for the system is 16 
watts, compared with 750 watts for 
a conventional gyro-stabilized atti­
tude system. 

The next step in the evolution of 
a prime attitude system, according 
to Dr. Sagalyn, is the inclusion of 
automatic pilot controls. Using the 
present experimental open-loop sys­
tem, the astronauts must perform 
spacecraft attitude corrections 
manually. 

Dr. Sagalyn believes that the sys­
tem concept may be useful not only 
for attitude control of interplane­
tary spacecraft but even for super­
sonic transport aircraft. • • 

Antenna for the Moon Bounce system 
is a 16-foot-diameter dish. 
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Would you use 
Dual Transistors if 
~ 
~theYwere 

50% cheaper? 

Now you can. 
Sixty-Six new device types - plus a 50% saving 

for Motorola's Twins* transistor line - offer the 
designer new opportunities for space-saving econom­
ical designs. 

And, Motorola's rugged ceramic flat package -
now available with most Twins types, gives added 
design potential to space-conscious engineers. 

132 individual Twins types -
including 79 Twins differen-
tial amplifiers .. . 41 Twins 
dual transistors ... 6 Twins 
complementary pairs ... and 
6 Twins Darlington amplifier 
types! 

Your local Motorola semi­
conductor distributor or 
nearest district office can pro­

Now you can get virtually every dual combina­
tion of high-speed, high-voltage PNP or NPN silicon 
annular transistor ... and select devices using a new 
numbering system for easier cross reference to dis­
crete counterparts. 

Send for the new Twins Selection Guide covering 

vide complete information (or units for prototyp­
ing). Or write: Motorola Semiconductor Products 
Inc., Dept. TIC, Box 955, Phoenix, Arizona 85001. 

• 
• T rademark of Motorola Inc . 

MOTOROLA Semiconductors 
wlrew tk p!'lii!&M · vzdient ~ eMe.I 

Speed Inquiry to Advertiser via Collect Night Letter ~ 
ON READER- SERVICE CARD CIRCLE 18 
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• SWITCH TO THE SWITCH 
WITH THE MOST ST ABLE 
TRIGGERING VOLT AGE 

Try a new G-E Silicon Unilateral or 
Silicon Bilateral Switch. SUS's and 
SBS's are kind of like 4-layer diodes 
except that they are actually planar in­
tegrated circuits rather than "stacked" 
structure devices. 

How do they differ? The SUS 
switches on in only one direction 
whereas the SES- actually two SUS's 
integrated on the same pellet- switches 
in either polarity . .. and with excep­
tionally good symmetry. Both feature 
triggering voltages in the 6- to 10-volt 
range that are virtually unaffected by 
temperature changes. 

SUS's and SBS's are excellent de­
vices for triggering SCR's and bi­
directional thyristors (Triac's). Light 
dimmer and speed control circuits are 
naturals for them, as are simple ring 
counters that can be designed to count 
up to 50 kHz. Circle Number 811 on the 
Reader's Service Card if you'd like 
more product a nd application facts. 

• WHAT'S THIS? A 40¢ 
POWER TRANSISTOR? 

That's just what you get 
when you specify new 
G-E 2N4054 through 
2N 4057 devices . . . 
from 150 to 300 volts in 
G.E.'s newest compact, 
silicon economy pack­
age for prices as low as 
40 to 59¢ (in lots of 
100,000 or more) . 

Actual size Looking for indus-
G-E 027 trial uses? Try these 
device new NPN transistors 

as high-voltage differential and oper­
ational amplifiers ... or as Nixiet 
Tube drivers . . . or as high-voltage 
power supplies. Operating temperature 
ranges from -55 to +150 C. Beta is 
between 30 and 90 at 50 milliamps, 10 
volts. And the new transistors can 
amplify up to 25 Megahertz. 

What about commercial applica­
t Trademark of Burroughs Corporation . 
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IN SEMICONDUCTOR PRODUCTS 

Over 400 pages on the 
industry's broadest SCR line 
Everyone needs a standard refer­
ence manual. And this is the one 
when you're looking for facts 
about Silicon Controlled Rectifiers. 
Already G.E.'s well-known SCR 
Manual is in its Third Edition, 
and over half its content is pre­
viously unpublished application 
information. 

Use the G-E SCR Manual to 
look up useful circuit and applica­
tion information. Special related 
devices are covered in detail, too 
... devices such as G.E.'s light­
activated SCR. And there's a 
special chapter on the reliability 
aspects of SCR's. 

If you haven't already gotten 
one for yourself, order your copy 
now. The price is just $2.00. Circle 
Number 813 on the Reader's Ser­
vice Card. 

+ 68V 

% watt output ( 100 mv Input) 

TV audio circuit using new 2N4056 transistor 

tions? Look how easy it would be to 
mount this package in a printed cir­
cuit board! No extra hand-soldered 
leads to waste assembly time. You can 
use them to deliver 1 wa tt to the loud­
speaker of TV receiver Class A audio 
output stages, phonographs, t a pe re­
corders, intercoms or radios. Circle 

Number 812. 

1i11 n .11 ·w • t•\111 
...,.n.i..-....,so 

ww..r_..s,,,... 

"-·/• ... ·/--......... -r .. -. .......... i..., ......... __ ... ......, 

G-E 2N4054 Serles Minimum Electrical Ratings 

1 ________ 1_4_0_54 4055 4056 4057 2N- 2N- 2N-=~N-
VeES (le = 10ma) volts 300 300 240 180 
1--------1--------

VeEo (le = I.Oma) volts 300 250 200 1 uo 
1--------1--------

VEo o (I• = lOOµo) volts 7 7 7 7 
1----- ---,1--------

le ma 100 100 100 200 
1--------,1------·r---

PT(70 C case tempera­
ture) watts* 

4 4 4 4 

1--------1------r---
hFE (le = 50mo, VeE = 30 30 30 30 

10v)t 
1--------1------·r--

Ve <(SAT) (IE =2.5ma) 2 .5 2 .5 2.5 2 .5 
volts 

* Derate 50 mw /°C increase in case temperature 
above 70 C. 

l Pulsed conditions at 23 duty cycle 300 µsec 
pulse width . 

More information on all G-E semiconductor 
products-one more example of General 
Electric's total electronic capability-can be 
obtained by calling your G-E engineer/ 
salesman or distributor. Or write to Section 
220-41, General Electric Company, Schenec­
tady, N. Y. In Canada: Canadian General 
Electric, 189 Dufferin St., Toronto, Ont. 
Export: Electronic Component Sales, IGE Ex­
port Division, 159 Madison Ave., New York, 
New York. 

GENERAL. ELECTRIC 
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New draft plan means more teaching aids 

Draft regrading needs electronics 
The Pentagon's plan to regrade as many as 
100,000 draft rejects a year will entail the 
immediate purchase of considerable hardware 
and software, Defense Department officials 
indicate. These will supplement the electronic 
simulators, programed teaching techniques and 
audio-visual systems that were pioneered by the 
armed forces. 

Officials add that since basic education rather 
than on-the-job training is involved, Defense 
Secretary Robert McNamara's plan will also 
require development of new systems and 
techniques that will be applicable later to 
civilian education. These aids, they point out 
with an eye to Congressional reaction, would 
have been needed eventually anyway. The plan 
to recategorize young men not accepted for 
service because they cannot meet the draft's 
educational requirements will merely accelerate 
development and procurement of such 
equipment. 

DOD runs nation's largest school 

The Defense Department is the nation's largest 
educator with some 400,000 military and civilian 
students attending class at any given time. The 
department's system of schools for dependents 
is the ninth largest system in the nation, 
employing 6800 teachers using advanced 
equipment to give lessons to 166,000 students in 
327 schools. It is into this vast system that 
McNamara says he can integrate his program 
to teach the so-called unteachables. Through 
the use of advanced techniques, observers in 
Washington contend, he probably can. 

Of the program's many aspects of importance 
to the electronic industry, two are paramount. 
One obviously is the boost that the Defense 
Department's influence, budget and ubiquitous 
presence will give to advanced teaching 
techniques. Thomas D. Morris, Assistant 
Secretary of Defense for Manpower, has 
made it clear that every form of "teaching 
machine" and programed device presently 
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washinaton 
Report S. DAVIDPURSGLOVE 

WASHINGTON EDITOR 

in existence or shortly to become available will 
be brought into play. The other major 
consideration is that the program will not be 
experimentation, it will be application. By 
using many techniques and devices still 
considered experimental, the department is 
likely to induce many school systems to buy 
them also. 

McNamara's new plan has carefully 
circumvented the political pitfalls that beset 
his earlier STEP program. The Special 
Training Enlistment Program required 
Congressional approval because it involved 
setting up a special school system for a special 
category of volunteer. It failed to get it. 
The new proposal needs no Congressional 
approval. The Pentagon says it will simply 
stop rejecting so many undereducated men, 
will induct them into the service, and will 
teach them within the framework of the existing 
military school system. About 40,000 men will 
be enlisted between now and next June 30; 
thereafter some 100,000 men a year will be 
taken on. 

Little Capitol Hill opposition is foreseen for 
McNamara's plan, but some observers anticipate 
some objection from Sargent Shriver's Office 
of Economic Opportunity and Harold Howe II's 
Office of Education. 

This could be the reaction to a wave of 
popular enthusiasm for the Pentagon plan 
and demands that it take over running the Job 
Corps centers. Office spokesmen-and Howe 
himself-believe that many of the advanced 
techniques that are likely to be publicized 
are not yet ready for public school use. 

Plan will need more than just teaching aids 

Apart from the actual teaching devices, the 
Pentagon plan will also require other electronic 
equipment. Just test-scoring and record-keeping 
for such a huge, widely dispersed school will 
be a colossal task. A spokesman for Morris' 
office says an adaptation of the highly 
successful Air Force system is likely to handle 
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washinuton 
Report CONTINUED 

this part of the program. At Maxwell A.F.B., 
Ala., an RCA Videoscan Optical Reader with 
an RCA 501/ 301 computer complex keeps 
track of more than 300,000 U.S.A.F. test 
papers a month. 

Scheduling of special elementary education 
mixed with military training may be handled 
similarly to how the Air Force arranges flight 
training for personnel scattered all over the 
U.S. who have only a limited number of aircraft 
to use. The automated air-training scheduling 
system was developed at Vance A.F.B., Okla., 
last year with the aid of an IBM 1401. 
The program is currently undergoing an 
Air-Force-wide test and employs a network 
of Burroughs 263 computers installed . at 
all undergraduate pilot training bases. 

Actual teaching will depend heavily on 
closed-circuit TV, even to the point of 
administering many tests by TV, according to 
one Army official. The Army has been impressed 
by the multi-channel closed-circuit TV system 
that is being tried out at seven Army schools. 
Soon-probably by year's end-all Army 
schools are expected to have at least a TV 
playback capability by this system. 

Pollution R & D need confirmed 
The House Committee on Science and 
Astronautics has reported its findings on 
the requirements for the nation's ambitious 
air- and water-pollution control programs 
(see ED 18, Aug. 2, 1966, p. 29). At the end 
of the hearings, Emilio Q. Daddario, (D-Conn.), 
chairman of the Subcommittee on Science; 
Research and Development drew three 
conclusions: present technology is inadequate; 
new research and development must be 
undertaken; and many such programs should 
be turned over to industrial contractors. 

Pollution abatement interests electronic firms, 
not only because it involves such traditional 
measures as electrostatic stack precipitators, 
but also because the growing amount of 
monitoring, reporting and evaluating 
equipment is largely electronic. 

Daddario's conclusions were predictable 
for they re-echoed the findings of a blue-ribbon 
panel of scientists and industrialists called 
in by the subcommittee to help it plan its 
investigations. Both Daddario and the panel 
dwelled at length on the role of industry in 
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research and development for pollution control. 
Both urged the Federal agencies to turn more 
work over to industry in the form of contracts 
and reverse their present preference for 
doing the work themselves or resorting to 
universities and nonprofit bodies. 

Daddario laid particular emphasis on the need 
to find ways of reducing the cost of abatement. 
He noted that the cost of "catching up in 
pollution abatement" over the next decade or 
two would be on the order of $100 billion, let 
alone "several billion dollars each year" just 
to operate treatment plans and devices. 

Police shy of needed electronics 
The most heavily electronically equipped 
man in the U.S. is likely to be the cop on the 
beat, if the Federal agencies have their way. 
But he doesn't want to be. The consensus of 
police chiefs interviewed at a recent Washington 
meeting was summed up: "Keep your gadgets, 
just give us more men." 

But Sen. Jocob Javits (R-N.Y.) and other 
members of Congress agree with the Justice 
Department and White House officials who say 
privately that most police departments would 
not be equip.ped to handle larger forces even 
if they had them. Coniressmen have been 
urging increased funds to provide new 
communications and advanced data-processing 
equipment for police departments, even 
cascaded image intensifiers for better night 
vision, portable radars and similar aids. The 
Justice Department's Office of Law 
Enforcement Assistance has accelerated its 
program of grants for these very things. 
Even the Army, primarily through the 
Institute for Defense Analyses, is ready to 
offer police departments the results of 
its research and development work on 
counterinsurgency and "sublimited warfare" 
devices. 

Despite the lack of police enthusiasm, word is 
being passed that industry should go ahead 
with development of "gadgets" and then be 
prepared to teach the police how to use them. 
It is even suggested that the present system 
of awarding grants only to cities, states and 
regional groups of police departments may 
be extended to include giving cont:r.acts directly 
to electronic firms to produce devices and train 
police in their use. 

Meanwhile, J avits has introduced a bill to 
provide $10 million a year for the next three 
years for the Justice Department to hand to 
police departments specifically for the purchase 
of "computers and electronic systems." 

Speed Inquiry to Advertiser via Collect Night Letter :11>-
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To ma"-P'212~q YQ~ of trnn'1•to' E!~lY.,h.~~any nranWao-
transistors with identical electrical marching steadily toward the machine turing problems solved at Amperex 
characteristics, you have to pay atten- that bonds the jumper wires to the along the road to mass-producing the 
tion to very small details of manufac- collector and emitter pellets. Precision world's most advanced line of silicon 
ture. For example, precise positioning placement in this jig guarantees that planar epitaxial RF transistors. 
of the jumper wires between base and all the wires are presented to the bond- It's easy once you know how. 
emitter pellets is critical. ing machine in exactly the same orien- Amperex Electronic Corporation, 

Getting one right is no trick. Getting tation, every time. Semiconductor and Receiving Tube 
thousands right is an art. Repetitive bonding with perfect pre- Div. Dept. 371, Slatersville, R. I. 02876 

Ask Amperex about 
Silicon Transistors for your 
RF amplifier applications 

Ampere» 





New C02 laser 
delivers 500 watts 

A 500-watt carbon dioxide laser, 
believed to be the highest cw output 
available commercially, has been 
announced by Raytheon Company's 
Laser Advanced Development Cen­
ter, Waltham, Mass. 

The new unit, known as model 
LG16, is capable of a minjmum of 
500 watts and Raytheon expects it 
to perform in the 750-watt-to-1-
kilowatt output range. It is 44 feet 
long, and has an efficiency of ap­
proximately 15 per cent. 

The de-excited system has an out­
put beam diameter of 1-3/4 inches 
and a beam divergence of less than 
2 milliradians, with multimode out­
put at 10.6 microns. The discharge 
tube is water-cooled from ordinary 
tap-water sources. 

Output at 10.6 microns takes ad­
vantage of a favorable "window" 
for transmission of the beam. At­
mosphere attenuation at this wave­
length is low relative to other 
middle and far IR wavelengths. 

The LG16 is a flowing gas system 
utilizing an N 2 COeHe mixture at 
100 cubic feet per minute. • • 

At least 500 watts of cw power is 
delivered by Raytheon's C0 2 laser. 
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Dress up 
your product 

It's handsome, now, sure. But wouldn't your product have even 
more sales appe . .I if you fit it out in some new finery? Like, 
maybe, General Electric glow lamps? 

Whether you're in coffee makers or computers, G-E glow 
lamps add utility and value. Their long life, rugged design and 
unique color make them ideal as indicators. Designed into 
circuitry, they're widely used as triggering devices to control 
power for resistance or low induction loads. 

Chances are you'll reduce cost for mounting fixtures, too, 
because glow lamps are compact, simpler, easier to fit in. 

Economy? They operate off line voltage 
f0r an average rated life of 25,000 hours. 

For complete information on glow lamp 
theory, circuits and ratings, write for the 
117-page, revised Second Edition of G-E's 
Glow Lamp Manual. Our most recent 
Glow Bulletin #3-5337 describes how 5AH 
lamp types serve as economical triggers 
for SCR AC phase control. Both are 
yours, free. Write the General Electric 
Co., Miniature Lamp Department, M6-3, 
Nela Park, Cleveland, Ohio 44112. 

'l+-ogms Is Ovr Most lm}JIN'Nnf 'l+oivd 

GENERAL. ELECTRIC 
ON READER-SERVICE CARD CIRCLE 19 
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LETTERS 

Power supply ratings 
are more useful in ac 
Sir: 

I have just had an opportunity to 
examine your April 19, 1966, issue 
of ELECTRONIC DESIGN [ED 9] de­
signed as a guide for power supply 
selection. You have apparently con­
tacted quite a number of power 
supply manufacturers and have 
done an excellent job in doing that. 

There is one particular problem 
which I would like to bring to your 
attention, and perhaps in this way 
to all power supply manufacturers'. 
This is the problem of the use of the 
power supply. All ratings given for 
the use of a supply are based on de. 
Yet, for the user, the de is just a 
means to an end since, for informa­
tion transfer, he has to use ac. 

The simplest example would be a 
Class-A audio power amplifier. Let 
us say it required 30 V de at 2 A de. 
If you buy a power supply rated at 
30 V and 2 A, you would be auto­
matically in trouble since the peak 
demand at the crest of the ac wave 
is 4 A. For a simple supply, the gate 
tubes or transistors are now over­
loaded by a factor of 1.4 to 2, de­
pending on wave shape. And for a 
complicated, current-limiting sup­
ply, the output wave shape would be 
horribly di storted and the power 
output cut by a factor of 2 to 4. 

A more complicated example 
would be the use of a power supply 
for, say, a radar transmitter. If the 
de requirements are 300 V de at 10 
mA de, and the power supply is 
purchased to this specification, we 
find the actual peak current demand 
at 1000 times 10 mA-10 A. 

The regulator of the power sup­
ply cannot supply this peak, so the 
current comes from the storage ca­
pacitor whose voltage drops much 
more t han the "rated" ripple in a 
typical case. This sudden large drop 
in turn overloads the feedback am­
plifier whose de operating point 
shifts. I have seen cases where this 
de shift amounted to 30 % of the no­
load voltage for a supply rated and 
tested for less than 0.25 % load reg­
ulation under the power supply 
manufacturers' "load regulation" 
test. 
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The user is thus generally left 
with the choice of testing a number 
of the manufacturer's designs to 
find one whose units by chance be­
have acceptably, or providing his 
own filtering, or both. None of 
these choices is good nor the net 
regulation anywhere near published 
data. 

The no-load/ full-load test used by 
the power supply manufacturers is 
highly unrealistic and does not give 
the user a true appraisal of the unit 
in the user's circuits. As a mini­
mum, I would recommend testing 
under audio-load conditions at full 
modulation with rated de voltages 
and current. Pulse test equipment 
should be available at the manufac­
turers' test stations for specialized 
tests by users using pulses. 

William Kestenbaum 
Sr. Research Section Head 
Sperry Gyroscope Co. 
Great Neck, N. Y. 

A case of 
color blindness 
Sir: 

In your extremely interesting 
article, "Major advance in wafer­
making forecast " [ED 15, June 21, 
1966], you say on page 18: 

"The organic photoresist used in 
processing semiconductors is (like 
panchromatic photographic emul­
sions) most sensitive to the blue­
green and ultraviolet portion of the 
spectrum." 

This is characteristic of "natu­
ral" photographic emulsions that do 
not incorporate any sensitizers. 
These emulsions are also called "col­
or-blind." The incorporation of var~ 
ious dyes led to orthochromatic, 
panchromatic and finally to in­
frared-sensitive photographic emul­
sions, each representing a step in 
light wavelength from the short 
wave toward the longer wave­
lengths of the light spectrum. 

Most panchromatic emulsions 
have a higher sensitivity to red 
than to blue and ultraviolet. Kodak 
photoresist is blue-sensitive and so 
are the other resists of this group, 
particularly Kodak Ortho-Resist, 
which will respond to most of the 
visible spectrum but not to red. 
This rules out the use of ruby lasers 
for the purpose discussed. 

I therefore believe that you ac-

tually wanted to write nonpanchro­
matic. 

Kaye Weedon 
Gamledrammensvei 135 
Blommenholm, Norway 

Editor's reply: 
Mr. Weedon's point is well taken. 

My principal statement was correct, 
but as he points out, the parentheti­
cal simile should have read "non­
panchromatic or orthochromatic," 
not "panchromatic." 

Roger Kenneth Field 

Roadworthiness depends 
in part on design 
Sir: 

I would like to comment on a let­
ter to the editor by D. M. Myers 
[ED 15, June 21, 1966, p. 64] . 

He apparently bases his argu­
ment that most accidents are 
caused by poor driving rather than 
unsafe automobiles on the premise 
that an automobile must have a 
mechanical failure in order to be 
faulty . I would like to introduce 
the idea that it is not necessary to 
have a mechanical failure in order 
to have a faulty automobile. Poor 
handling characteristics resultin g 
from improperly designed or con­
structed braking, suspension, or 
steering systems can contribute to 
the accident rate even though 
there is no mechanical failure. 

Unfortunately relatively few 
drivers have driven an automobile 
having good handling characteris­
tics. These are the characteristics 
that enable a driver to maneuver 
his automobile quickly and accu­
rately at speed and under adverse 
conditions. This is not to be con­
fu sed with driving skill, but is 
merely a measure of the capability 
of the a utomobile. 

All too often a smooth ride on 
the freeway in quiet, cool comfort 
is considered the ultimate in per­
formance for an automobile . These 
are worthwhile objectives, bu t 
they should not receive higher 
priority than good handling ch ar­
acteristics. 

I feel very strongly that in the 
design of an automobile more em­
phasis should be placed on a capa­
bility of a voiding an accident. The 
next step would be to improve 

(continued on p. 36) 
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You can hove Curler-Hammer positive action switches in all standard pole configurati ons, in mini ature and standard sizes. 

No"in between'' 
action here. 

ltS positive. 
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We designed and built this line of military 
switches to give you the positive make-and­
break you must have. There's no "maybe" about 
the way they work. They've proven themselves. 
In projects Mercury and Gemini. 

You get butt-wiping contact action, too. Great 
for low-level switching circuits where the action 
wipes the contact clean first. 

There's more. High shock, high vibration, bet­
ter arc tracking resistance. And better sealing. 

Cutler-Hammer military switches give you 
the truly "big" reliability you must have in 
aerospace and ground support. The kind you 
can't get in standard MIL-S-3950 switches. 
Our positive actions are built to MIL-S-8834. 

You can choose exactly the military switch 
you need from the thousands we make. Just call 
your local stocking distributor or local Cutler­
Hammer sales office. Or write us for a catalog. 

Cutler- Hammer 
Milwaukee, Wis. 53201 



LETTERS 

( continued from p. 34) 

one's chance of survival in the 
event of an unavoidable accident. 
These actions along with a vigor­
ous compulsory driver training 
program should reduce the acci­
dent rate as well as the death rate. 

H. Yates Holleman 
Engineer 
Systems Development Office 
U.S. Department of Commerce 
Washington, D. C. 

Professionalism cannot 
be taught, only learned 
Sir: 

I am writing in reference to your 
editorial in ELECTRONIC DESIGN, 
July 5, 1966 [ED 16, p. 35]-"An 
Ill Wind Blows for the Baccalau­
reate." The question of when an 
electronic engineer, or for that mat­
ter any engineer, is a professional 
is one that has been of considerable 
interest to me in the past. I feel 
that many recent surveys have 
missed some very basic facts. 

No university can educate a per­
son to be a professional anything 
except to be a professional student. 
An engineer is a person who makes 
practical application of basic scien­
tific principles. If a university is ca­
pable of instilling these basic scien­
tific principles and exposes a few 
practical applications to the "engi­
neer in training," it has done an ex­
cellent job. A BEE or BSEE is 
merely a certificate that indicates 
this exposure to a program with a 
certain set of minimum standards 
and that the student was tested sat­
isfactorily for knowledge. It takes 
many years' experience in the prac­
tical application of this basic scien­
tific knowledge before the holder of 
a degree can be considered a profes­
sional. 

I have known quite a few men 
who received their BS and MS in 
engineering, spent a very short pe­
riod of time in engineering practice 
before going into management, and 
have done quite well for themselves. 
None of these men considers him­
self, nor could anyone else consider 
him, a professional engineer; they 
are professional businessmen. 

I cite this instance merely to 
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point up the fact that a training 
program alone does not make a 
professional. 

Paul D. Keser 
Development Engineer 
Speer Carbon Co. 
Research & Development Labs. 
Niagara Falls, N. Y. 

Sir: 
Your question; "When is an elec­

tronic engineer a professional ?" has 
been often debated and never · re­
solved. 

One thing is certain-four, five, 
six or even seven years of college 
training do not make a profession­
al! They certainly help-but much 
more is needed. 

Professionalism requires a ma­
ture attitude, requires one to do his 
best in every job, to practice ethics 
in every contact, to participate ac­
tively in his professional society, 
and to continue his education by 
courses, seminars, technical meet­
ings and published reports. This 
last is a must if we are to keep up 
with technology. 

The original issue--whether a 
four- or five-year engineering cur­
riculum-only defines the base. My 
feeling is in favor of a four-year 
base and then specialization, prefer­
ably by graduate training, but on­
the-job training also has definite 
merit. 

George F. Chadwick 
Development Supervisor 
Speer Carbon Co. 
Research & Development Labs. 
Niagara Falls, N. Y. 

Sir: 
You are entirely right in saying 

that contemplated actions would 
have far-reaching impact. 

There is already great disagree­
ment about what a "professional" 
is. In many states the designation is 
reserved for those who have passed 
a state licensing examination. The 
National Society of Professional 
Engineers, it seems, would like the 
term restricted to its paid members. 
But this is a minority organization, 
drawing most of its members from 
the few self-employed, not the mass 
of engineers in industry. The for­
mer are the only engineers whose 
conditions of work justify in any 
way the designation "professional," 
in the sense that it is commonly 

connected with physicians and at­
torneys. 

If it becomes necessary to have a 
master's degree in order to enter 
the engineering profession, then ob­
viously the master's degree will be 
debased until it is no more valuable 
than the bachelor's at present; the 
doctorate will fall to the position of 
the master's; and some kind of 
postdoctoral work will be necessary 
to achieve the distinction that now 
attends the PhD. Thus nothing will 
be gained; only the names will be 
changed, and an engineering educa­
tion will become that much more 
expensive. 

The writer would like to advance 
the suggestion that identifiably ho­
mogeneous work in industry be al­
lowed to count toward an advanced 
degree. This would take truer ac­
count of experience and contribu­
tions than ignoring them does at 
present. 

What is needed is more generali­
zation-not in the academic sense 
of having taken one or two courses 
in every specialty, but in the sense 
of being able to come abreast of the 
current state of the technology in 
any field, as well as being able to 
pick up a soldering iron or a draft­
ing pencil and implement ideas. 

Make no mistake : It is no degra­
dation or underutilization for an 
engineer to do laboratory work. In­
herent in the definition of the engi­
neer is that his work concerns the 
practical, and if he declines to work 
in the laboratory, as already seems 
often to be the case with holders of 
advanced degrees, he will never un­
derstand what "practical" means. 

A hasty perusal of the help-want­
ed columns can easily lead to incor­
rect conclusions. Examination will 
show that in only a few employers 
of engineers do the holders of ad­
vanced degrees make up any more 
than a small minority. Often the 
splashiest advertisements are try­
ing to fill a few specific posi­
tions, in which a PhD would lend 
luster to a specific program. When 
the same companies go out to hire 
just plain engineers, baccalaureates 
are welcome enough. 

The writer believes it is improper 
to label as "professional" the col­
lege graduate who embarks on a 
professional career, no matter what 
his degree. Professionalism is 

. (continued on p. 41) 
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NEW 
EMA-910 analyzer will still be -

In 1 to 22 GHz EMI measurements 

Model EMA-910 is the ultra-sensitive, automatic 
Noise and Field Intensity Analyzer designed with the 
features and performance characteristics to fulfill 
your present and future EMI measurement needs: 

• Solid State reliability • Sensitivity guaranteed 
to -100 dbm • Remote programming • Sector 
sweep over any range with completely automatic 
band switching • Four accurate bandwidths • In­
ternal impulse calibration • 120 db case shielding 
• 1 to 10 GHz and 1 to 22 GHz versions • Compact 
• Lightweight • IMMEDIATE DELIVERY. 

For detailed information, contact your local 
SINGER Instrumentation representative, or write to 
The Singer Company, Metrics Division, 915 Pem­
broke St., Bridgeport, Conn. Phone (203) 366-3201. 
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The Fairchild 6200 
shows what happens 
inside a MOS-FET, 
Bipolar, SCR, or that new 
device you're working on. 

It used to be the best curve 
tracer on the market. Now 
there is a better one. 
The Fairchild 62008. 

Write for information: 

FAIRCHIL.C 

INSTRUMENTATION 

FAIRCHILD INSTRUMENTATION I A Division of Fairchild Camera and Instrument Corporation • 475 Ellis Street, Mountain View.Ca lifornia , 14151962-2011 • TWX : 910 -379 -6944 

ON READER-SERVICE CARD CIRCLE 20 
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From the manufacturer of 
the world famous 260® 

NEW SOLID STATE. 
DIGITAL VOLTMETER 

ACTUAL SIZE DISPLAY 

fast, accurate, decisive ... all day ... every day 
READOUT-Unique, high intensity, wide angle view; 3 digits 

MAXIMUM TIME FOR READOUT-One second 

RANGES-0 to 0.999, 9.99, 99.9, and 999. volts DC 

ACCURACY-0.1% of reading ±1 digit/1 volt range, 0.1% of full scale ±1 digit 

*INPUT IMPEDANCE-11 megohms except 1.1 megohms on lowest range 
(employs nuvistor input amplifier) 

REFERENCE SOURCE-High stability, temperature compensated zener diode 

PRINTER OUTPUT-Optional; add $50 Model 111 ... for only 
AC INPUT CONVERTER-Available soon 
SIZE-5%" x 12%" x 10}'2" . Rack mounting optional; add $25. 

WEIGHT-Sixteen pounds ssoo 
AVAILABLE THROUGH YOUR SIMPSON INSTRUMENTATION REPRESENTATIVE ..... 
• • • CONTACT HIM FOR A DEMONSTRATION IN YOUR PLANT ~ 

l:t:I 
SIMPSON ELECTRIC COMPANY 
5202 W. Kinzie Street, Chicago, Ill. 60644 • Phone (312) EStebrook 9-1121 
Export Dept.: 400 W. Madison St., Chicago, Ill. 60606 • Cable, Simelco 0 
In India: Ruttonsha-Simpson Private Ltd. Vikhroli, Bombay 
In Canada: Bach-Simpson Ltd., London, Ontario 

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT 
ON READER-SERVICE CARD CIRCLE 21 
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SIMPSON 
REPRESENTATIVES 

CALIFORNIA. San Francisco 
W. J . Purdy Associates 
312 Seventh St. (415) 863-3300 

CALIFORNIA, South Pasadena 
Simpson Sales 
205 Pasadena Ave.(213) 254-5136 

COLORADO, Denver 
R. G. Bowen & Co .• Inc. 
721 S. Broadway (303) 722-4641 

DISTRICT OF COLUMBIA, Washington 
S. K. Macdonald. Inc. 
217 Riggs Bank Bldg. (202) 265-3938 

GEORGIA. Atlanta 
Murphy & Cota 
2110 Peachtree St .• N. W. (404) 355-0472 

HAWAII, Honolulu 
Earl Associates 
156 Mokauea St. (808) 815-649 

I ND IA NA, Indianapolis 
Thomas & Sukup. Inc . 
2060 E. 54th St. (317) 251-4574 

MASSACHUSETTS. Chestnut Hiii 
Paul R. Sturgeon & Co., Inc. 
1330 Boylston St .(617) 734-7710 

MICHIGAN, Detroit 
R. C. Merchant & Co., Inc. 
18411 W. McNichols Rd . (313) 535-6000 

MINNESOTA, Minneapolis 
Mel Foster Co .• Inc. 
228 S. Cedar Lake Rd. (612) 374-2612 

MISSOURI, St. Louis 
Norman W. Kathrinus & Co., Inc. 
2427 Brentwood Blvd. (314) 962-5627 

NEW MEXICO, Albuquerque 
C. T. Carlberg & Associates 
2611 Quincy St. N.E. (505) 265-1579 

NEW YORK, Great Neck, Long Island 
Simpson Instrument Sales & Service, Inc. 
130 Cutter Mill Road 
( 212) 683-0674 & (516) 482-3103 

NEW YORK. Liverpool 
Leonard D. Allen, Inc. 
115 Luther Ave. (315) GR 1-3108 

NORTH CAROLINA, Greensboro 
Murphy & Cota 
2407 Runningbrook Dr. (919) 288-1923 

OHIO, Cleveland 
Baehr. Greenleaf & Assoc .• Inc. 
14700 Detroit Ave . (216) 221-9030 

OREGON, Portland 
Don H. Burcham Co. 
510 N. W. 19th Ave. (503) 226-4148 

PENNSYLVANIA, Philadelphia 
S. K. Macdonald, Inc. 
1531 Spruce St. (215) 545-1205 

TENNESSEE, Memphis 
Cartwright & Bean 
560 S. Cooper St. (901) 276-4442 

TEXAS. Dallas 
J. Y. Schoonmaker Co .• Inc. 
5328 Redfield St. (214) 631-8480 

UTAH, Salt Lake c(1y 
A.G. Bowen & Co., Inc . 
31 S. 3rd East (801) 364-4632 

WISCONSIN, Milwaukee 
E. A. Dickinson & Assoc iates 
3612 N. Greenbay Ave. (414) 264-1080 
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gained only by experience. For that 
matter, it may be said that one does 
not come out of college an engineer; 
one merely has learned the lan­
guage, so that, with experience, one 
can become an engineer. 

Anthony H. Perles 
Scientific Data Systems 
Santa Monica, Calif. 

Sir: 
Reference your editorial: "An ill 

wind blows for the baccalaureate." 
An ill wind indeed! I am glad some­
one takes a stand for professional­
ism instead of scholastic status. In 
our ever increasing specialization 
and quest for engineering detail we 
sometimes neglect to pause and re­
flect where we have been and what 
we will do with our newly acquired 
achievements. 

It is not a question of whether a 
master's degree would be useful. 
Many colleges teach specialized sub­
jects in the undergraduate program 
and offer master's degree courses of 
a generalized nature. Most so-called 
engineering schools offer for a mas­
ter's degree courses which were 
taken by seniors in first-rate col­
leges. Why drag the level of the 
bona fide engineering schools 
through the mud by requiring grad­
uates of second-rate schools to ac­
quire a master's degree, so that 
they may more effectively compete 
with a first-rate college graduate 
who has a bachelor's degree? 

A baccalaureate should entitle a 
person to an engineering appren­
ticeship. Few practicing engineers 
use a significant percentage of 
their undergraduate work. There­
fore the BS degree should provide a 
good foundation for future growth. 
A master's degree should be in the 
specialty most closely related to the 
particular engineering practice and 
then only if absolutely necessary. 

Look at some of the degrees we 
now have-BE, BEE, BSEE and 
even the BS for physics or chemis­
try. One can graduate in anywhere 
from 24 to 60 months depending on 
college and course. Degrees by 
themselves do not seem to be the an­
swer. An apprenticeship followed 
by a professional registration 

would more closely regulate profes­
sionalism and therefore quality. 
Degrees by themselves do not indi­
cate ethical behavior or solidify 
moral obligations to both employers 
and the public. Competence is better 
indicated by the graduating college 
rather than by the degrees held. 

I believe the answer lies in a 
four-year degree from an accredited 
institution followed by an appren­
ticeship similar to the preceptor 
philosophy followed in law practice. 
After successful completion of the 
above first two steps, a technical 
test can be given (verbal or writ­
ten) and evaluated by a board. 
Upon passing, the candidate is given 
the title of engineer, and not before. 

Improvements can be effected by 
increased professional registration, 
by legally defining the position and 
title of an engineer and by educa­
tion of present and future profes­
sional candidates. Every state has a 
professional engineering program. 
This is a good place to begin to ele­
vate the engineering profession 
while at the same time standard-
1zmg engineering undergraduate 
curricula. 

D. Lawrence George 
Southampton, Pa. 

Sir: 
In her editorial of 5 July, Maria 

Dekany ignores the real point of 
making the master's degree the 
minimum qualification for an engi­
neer. 

Firstly, the EE is hardly a 
professional when he receives hi s 
BS. He is not allowed to call him­
self one legally in most states_::_he 
must receive a PE license before 
he can call himself a professional 
engineer, or even an engineer fre­
quently. The main object of t he PE 
license is to cut down on t he com­
petition with established consul ting 
engineers like me. Notice that en­
gineers not in competition with 
the consultants are allowed to ca ll 
t hemselves engineers, but would­
be consultants are not. 

The main point is one t hat I im­
plied above-that most· "engi­
neers" are really pretty incompe­
tent. As both a student and a pro­
fessor, I know t hat from half to 
two-th irds of BS graduates 
couldn't design their way out of a 
paper bag. Most graduates haven't 

(continued on p. 42) 
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HA ROWE 

INTEGRAL GEARED 

SERVO MOTORS 

Built together, 
Housed together, 
To work together 
Harowe builds servo motors 
and prec ision gearheads 
(AGMA class 11 or better) in 
the same facility . .. then 
houses them in one -piece 
stainless steel cases. 

One-piece case eliminates up 
to 14 coupling parts; guaran­
tees accurate alignment; con­
ducts heat better for cooler 
operation. And one -source 
responsibility gives you indus­
try's shortest lead time on 
geared servo motors . 

New catalog lists 61 standard 
ratios for sizes 8, 10, 11, 15, 
and 18 motors and motor· 
generators. (Any other ratio 
readily available .) Request 
your copy from~ 

Servo, Stepper & 
Synchronous Motors 

Motor Generators • Synchros 
Resolvers • Pancakes • Gearheads 

HAROWE SERVO CONTROLS, INC. 
22 Westtown Road 

West Chester, Pa. 19380 
(215) 692-2700 
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the foggiest idea of the basics of 
physics and mathematics. Put it 
this way: How many of your class­
mates would yo u trust to design 
something that your life depended 
ori? 

Raising the ante to MS from 
BS serves the same function as 
the PE license-it separates out 
the gross incompetents, more or 
less . Actually it doesn't, but per­
sonnel men, who are unable to tell 
the difference between a good en­
gineer and Bela Lugosi, jump on 
the MS as a convenient handle. It 
saves thinking. They are not alone 
in this. Try to convince the ad­
ministration of a college on the 
make that there is no particular 
relationship between possession of 
a PhD and teaching ability. Or for 
that matter, between possession of 
a PhD and common sense. 

As far as professional status 
with the public is concerned, why 
do physicians and lawyers have it 
and not engineers? Firstly, nobody 
can call himself a physician or law­
yer without a license, but the driver 
of a garbage truck can call himself 
an engii::ieer, and so can the janitor. 
Anybody can fix a TV set, but just 
you try· splinting a finger of some­
one you find lying in the street or 
inventing a cure for cancer. Also, 
the engineering "profession" tries, 
unsuccessfully in general, to ex­
plain what it is doing. The medicos 
and lawyers surround themselves 
with vast quantities of ritualistic 
mumbo jumbo designed to keep the 
public out. 

Engineering can become a 
profession in the sense of medi­
cine or law by adopting the tactics 
used by them. Make what you are 
doing incomprehensible to the 
general public, restrict the compe­
tition, and never admit a mistake. 
Upgrading to the master's is a step 
in this direction. This is now vol­
untary; eventually it will become 
compulsory, and we will have no 
more Edisons. Carry it far enough, 
continue resurrecting the guild 
system, and we will have no more 
progress either. 

Yale Jay 
Consultant Engr. 
Lubkin Associates 
Port Washington, N. Y. 

Lu bk-in 

Sir: 
Maria Dekany's editorial on the 

need for advanced degrees struck a 
sensitive nerve in my own feelings 
on engineering as a profession . I 
agree with her general thesis that 
each industry and discipline an­
swers the question by its hiring 
practices, albeit that some insist on 
hiring PhDs to be dissatisfied ad­
ministrators. The single sentence 
that causes my demurrer is, "But 
would any engineer with an ad­
vanced degree deign to do down-to­
earth hardware-oriented work?" 

Miss Dekany seems to misidenti­
fy engineers with physical scien­
tists, who might be more likely to 
prefer the ivory tower. A real engi­
neer, no matter how highly educat­
ed, gets his greatest kicks from 
seeing his own designs in produc­
tion. I don't mean to minimize the 
scientists' accomplishments, but 
many of their raw concepts gath­
ered dust for a century, until an en­
gineer developed the down-to-earth 
hardware that metamorphosed a 
pipe dream into a product. 

Miss Dekany is far from alone. 
Too many "engineers," who would 
never rank Buonarroti or ·Breughel 
with house painters, avoid opportu­
nities in hardware design because 
they don't want to be considered 
draftsmen. These men, whose aca­
demic and industrial experience has 
been all philosophy and no hard­
ware, are deluding themselves when 
they title themselves engineer. 

Leonard S. Horner 
Project Engineer 
Littleton, Colo. 

Neo-Nazis' patriotism 
is questionable 
Sir: 

Paul Doerr, in a letter entitled 
"People who live in glass houses 
... " appearing in ED 15, June 21, 
1966, [p. 50], took issue with an 
editorial that described a group of 
"neo-N azi" hecklers on the side­
walk during a peace march. Doerr 
questions whether these people 
were "neo-Nazis" or just patriots. 

Firstly, on the date in question, 
I was returning from a hospital 
visit at Mt. Sinai Hospita l on New 
York's Fifth Avenue, when I wit­
nessed the parade-and the 
brown-shirted Nazis shouting 

(continued on p. 44) 
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orse 
Four reasons why Westinghouse WC 200 IC's are a clear first choice for trouble-free computer and control systems. 

The Westinghouse DTL line has been 
designed into so many successful 
computer and control equipments 
that it has won the supreme 
endorsement: It is being second· 
sourced by four major integrated 
circuit producers. 

Reasons? First - reliability. WC 200 
series designs have been proved by 
5 million hours of life testing since 
their introduction in 1962 and have 
been continually improved since 
then . Major users report a 20 to 1 
improvement in system reliability 
over previous discrete-component 
circuits. Just try to find any other 
digital line backed by such massive 
proof of reliability! 

ELECTRONI C D ESIGN' September 13, 1966 

Second reason - speed. WC 200's 
six volt design with or without built 
in collector resistors increa_ses speed 
and flexibility , keeps power 
dissipation down. And the use of the 
single-stage JK flip-flops rather than 
a master-slave arrangement makes 
WC 200 inherently fast. 

Third reason - the greatest versatility 
in commercial DTL. Circuits are 
available in all 3 industry accepted 
packages. The line includes 15 gate 
circuits with 1 to 6 gates per package 
in a variety of input arrangements, 
2 RS flip-flops , 2 JK flip-flops , 
1 pulse binary counter , plus diode 
expanders and a large variety of 
interface circuits. 

Fourth reason - immediate local 
availability at competitive prices. 
Behind the Westinghouse WC 200 
line are both the most advanced IC 
plant in the industry and the longest 
production experience in integrated 
DTL. Result: high yields, and the 
greater production, increased 
reliability, and lower costs that you 
would expect to go with them. 

These should be all the reasons you 
need to investigate WC 200 
series DTL now. For immediate 
delivery, call your Westinghouse 
electronic distributor. For technical 
data, write Westinghouse Molecular 
Electronics Division, P.O. Box 7377, 
Elkridge, Maryland 21227. 

You can be sure If it's Westingh~~'~: @ 
ON READER-SERVICE CARD CIRCLE 23 
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A FREE 
SERVICE 

FOR 
ENGINEERS 
If you can't keep up with all your 
technical magazines each month, 
POWER FACTORS will keep you current. 

Behlman -lnvar's POWER FACTORS is a 
4-page newsletter containing about two 
dozen 80-100 word abstracts of technical 
articles, selected from over 30 of the most­
read electronics and design magazines ­
magazines like EON, MICROWAVE JOURNAL, 
PRODUCT ENGINEERING, EEE, l&CS, ELEC­
TRONICS , CONTROL ENGINEERING , and 
many others. If you design circuits or elec­
tronic systems, use power supplies, or test 
equipment, don't take a chance on missing 
a new development or breakthrough, get 
POWER FACTORS! 

Here are just a few of the abstracts which 
appeared in the July issue: 
ADDING SCR'S TO GET HIGH POWER MEANS 
SMALLER TRANSMITTERS I GAIN INSIGHT 
INTO FET AMPLIFIERS I HOW MUCH CW 
POWER CAN STRIP LINES HANDLE? I FACT 
AND FICTION ABOUT PLASTIC TRAN­
SISTORS I FEEDBACK CHOKE REDUCES 
POWER SUPPLY RIPPLE I A NEW METHOD 
FOR PREDICTING RELIABILITY I CURVES 
OPTIMIZE LEAD IMPEDANCE I A SURVEY OF 
FREQUENCY-SELECTIVE VOLTMETERS I 
PUSH-PUSH CIRCUIT "PUSHES" MULTI­
PLIER POWER LIMITS I NONLINEAR DESIGN 
YIELDS LINEARITY 
To start your free subscription to POWER 
FACTORS , send the coupon below to 
Behlman-lnvar. Do it now so you won't miss 
the next issue. 

MORE POWER TO YOU , FROM 

BEHLMAN-INVAR 
ELECTRONICS CORP. 

---- --- - ----DoitNDW ----------­
Behlman-lnvar Electronics Corp. 
1724 Cloverfield Blvd. 
Santa Monica, Calif. 90404 

Send me FREE B-l 's monthly POWER FACTORS 
Newsletter. 
Name ___ _ _______ _ 
Firm ________ Tel. __ _ 
Title _ __________ _ 
Address _ _______ Zip __ 

I use power suppl ies in-- -----
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anti-Semitic and anti-Negro slo­
gans at the marchers. 

As a "stable, considerate engi­
neer with a cold, reasoned ap­
proach" who has already served 
three years in the U.S. Army, I 
question the reasons why these 
Nazi-uniformed "patriots" are not 
joining the service and fighting 
for their country. 

"Practice what you preach" 
works both ways, Mr. Doerr. 

Donald Davidson 
Consulting Engineer 
Chase Consulting CompanY, 
Jamaica, N. Y. 

Engineers cannot 
govern quality 
Sir: 

As a reader of your magazine, 
I must express disappointment at 
your interviews with the men of the 
green beret [ED 18, Aug. 2, 1966, p. 
36 ff.]. This is not because of the 
content of their remarks, which are 
obviously true and important, but 
because your article may have given 
them the impression that their 
opinions might lead to some results. 

The article addresses engineers. 
Engineers are not the people whom 
the Army deals with. They are 
wage-earning employees of manu­
facturing companies. As employees, 
they have no choice but to do as 
they are told. If the company orders 
a quick:and-dirty design job, the 
employee has no choice but to do it 
or quit. The management controls 
the quality of the engineering job, 
and there is absolutely nothing that 
any engineer can do about it. 

An article of this sort should be 
addressed solely to owners, manag­
ers, and stockholders in electronics 
manufacturing companies. The De­
partment of Defense deals solely 
with businesses, mainly big busi­
nesses. As an employee of sucli 
businesses, an engineer should real~ 
ize that he is nothing more than !:\ 
unit of labor, being bought and sold 
at the prevailing market price. It is 
unfair to our armed servicemen to 
give them the impression that such 
units of labor are in any position to 
influence the quality of the materiel 

upon which their lives depenu. Ad­
dress such interviews, rather, to tne 
businessmen who make the rules 
their employees operate under. 

Dr. B. Martin Steeger 
Design Engineer 
San Marino, Calif. 

UlllllllillllUllllllUIUIUUJllllllllllllllllllllllllllllllllUIUllllllllllJlllllUllllllllllllUlllllllllllllllllllllllUIJllJ 

Accuracy is our policy 
In the schematic of "SCS and 

UJT form count generator," in ED 
13, May 24, 1966, p. 82, the compo­
nent designation of R 0 should have 
appeared next to the 100-n resistor 
in the cathode of SCS0 • 

In "Ultra-stable resi~tors" in the 
components list of the Products 
Section of ED 17, July 19, 1960, p. 
126, the manufacturer, Vishay Re­
sistor Products, states that the line 
of resistors covers a range of 10 n 
to 30 kn (not 30 n as printed ) in 
the case style illustrated, and up to 
120 kn in other cases. 

In "BCD counter uses ICs to min­
imize component count," ED 17, 
July 19, 1966, p. 89, the supply volt­
age to the K inputs of the J-K flip­
flops should have been + 4 V and 
not -4 V as shown in schematic. 

In "Touring the exhibit areas," 
ED 19, Aug. 16, 1966, WESCON­
USA section p. Ul02, the caption 
under the bottom righthand picture 
should read: "Find burn-outs and 
hot-spots of up to 1000° F . 
(not 100° F as shown)_. 

In "Clues to Gemini's wake lost 
during undocking," ED 18, Aug. 2, 
1966, p. 13, the name of the compa­
ny responsible for the NASA-con­
ducted experiment was accidentally 
omitted. The wake experiment was 
designed by Electro-Optical Sys­
tems, Inc., of Pasadena, Calif. 

In "Microwave parley sees room 
for IC growth," ED 15, June 21, 
1966, pp. 21-22, the price of the In­
ternational Microwave Symposium 
digest was omitted. For IEEE 
members, it is $3.00; for nonmem­
bers, it is $6.00; and for schools and 
libraries, $4.50. 
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Mounting, connecting and 

Solder t9 TeriniftatS Use Quick· Connectors Plus into P.C. Board Socket Mount 

maintenance are easier 
:\/ERSATILE 

Terminals Thteup-Chulll Terminals Above Ch111is Octal ~ Plus Socket for Std. Terminals 

with OHMITE GPA relays ... 
EXCLUSIVES 

Exclusive Enclosed 4-Pole Unenclosed 4·Pole Exclusive Enclosed Lltchins Unenclosed Latching 

s & 10-amp contacts ... catalog 700 
RHEOSTATS• POWER RESISTORS• PRECISION RESISTORS• VARIABLE TRANSFORMERS• RELAYS 

TAP SWITCHES • TANTALUM CAPACITORS • SEMICONDUCTOR DEVICES • R.F. CHOKES 

OH MITE MANUFACTURING COMPANY 
3643 Howard Street • Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 
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Announcing the Brush Mark 250, 
first strip chart 
recorder for 
the perfectionists cLEVITE l>rus1 

of the world. 
Meet the fastest, most accurate strip chart recorder on record: 
The new Brush Mark 250. When you read about all the features 
you'll know why we call it the first recorder for the perfectionists 
of the world! 

1 Unmatched frequency response. 
Flat to 10 cycles on full 4 !/2 " 

span! Useful response to lOOcycles. 
Nobody has a strip chart recorder 
in the same league. 

2 Wide selection of signal condi-
tioners. Choose from 21 inter­

changeable preamps. Use one to­
day; plug in a different one when 
your recording requirements 
change. 

3 Crisp, clean rectilinear writing. 
Patented, pressurized inking 

system puts smudge-proof trace 
into the paper not just on it. 

4 Contactless, non-wearing feed-
back system. Same one used in 

our multi-channel Mark 200 re­
corders. (No slide wires !)Accuracy? 
Better than l/2% ! 

5 Multiple chart speeds. Push-
button choice of twelve ... from 

5 inches/second to 1/10 of an inch/ 
minute (up to 8 days of continuous 
recording). · 

6 Portable or Rack mounting. And 
either way you get the exclusive 

new dual position writing table. 

7 Removable chart paper maga-
zine. Great for desk top record 

reviews. Man-sized manual wind­
ing knobs let you roll chart forward 
and back. Chart reloading is a 
cinch. 

See what we mean? The Mark 250 
is for the perfectionists of the world. 
Ask your Brush Sales Engineer for 
a demonstration. Or, write for chart 
sample and specifications. Clevite 
Corporation, Brush Instruments 
Division, 3633 Perkins Ave., Cleve­
land, Ohio 44114. 

brush 
CLEVITE 

INSTRUMENTS DIVISION 
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Up to 72% smaller than MIL-C-25C paper capacitors I 

MIL-C-199788/2 reduces capacitor size drastically­
down to .125" diameter by X" long. At the same time 
electrical characteristi cs are upg raded sharp ly. 

Ml L-C-199788/2 hermeticall y sealed mylar* capacitors 
are available now from TRW with immediate de livery 
in production quantities. 

• REDUCED SIZE-35% to 72% smaller than MIL-C-25C. 

•VOLTAGE CHOICE-GOV, 50V, 100V, 200V, 600V, 1000V. 

• CAPACITANCE CHOICE-.001 mfd through 10.0 mfd. 

• TOLERANCE CHOICE- ±10%, ±5%, ±2%, ±1 %. 

For ful l information contact: TRW Capacitors, 112 W. First St., 
Ogal lala, Nebraska. Phone: 308-284-3611 • TWX: 910-620-0321. 

Th~se capacitors-when designated TRW Type 693-are available to high reliability specifications, and in 
custom capacitances and tolerances beyond the range of MIL-C-199788/2. 0

DuPontrcgistered trademark 

TRW cAp_Ac1roRs 
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EDITORIAL 

Let's pay more than lip service 
to matters of life and death 

More than 30 years ago, workers who painted luminous 
watch dials died from irradiation. An investigation disclosed 
that the fine numbering on the dials required a pointed brush, 
and for this the painters touched the brush tip to their tongues 
before making a stroke. The paint they applied glowed in the 
dark: its active ingredient was radium. These deaths taught us 
a painful lesson. Or did they? 

In 1949, the manufacturers of fluorescent lights agreed to 
stop using beryllium in their products. But this was more than 
six years after the first known death from beryllium poisoning. 

Many brilliant researchers have prematurely lost their lives 
because they did not understand or concern themselves with 
the personal dangers associated with their work. But there is 
no such excuse for design engineers and production workers. 
They don't tread the perilous frontiers of knowledge. Their 
safety can be assured with money and care. 

Guards and cages around moving machinery cost money. 
Fireproof doors cost money. This is money most wisely spent. 
But safety is not merely a question of money. A little thought, 
concern, compassion for workers who must handle equipment 
that you design may help to preserve their lives. This is not as 
unnecessary a plea as you may be tempted to think. 

Within the last year, two technicians died in New Mexico 
after inhaling soldering fumes. Doctors were puzzled because 
one of the victims mentioned that he had cleaned the work 
beforehand with ammonia, but both autopsies linked the 
deaths to cadmium fumes from silver solder. The solder was 
labeled with a warning that the product contained cadmium 
and could emit "dangerous fumes if overheated." 

We believe that state and federal governments are not doing 
enough to protect workers from such dangers. For example, 
betanaphthylamine, a chemical used .in dye-making, is out­
lawed in almost every European country. Inhaling it causes 
cancer of the bladder with such certainty that no one has ever 
established a safe limit of exposure. Yet it is legal in every 
state except Pennsylvania. 

Information is readily available on dangers associated with 
metals and organic materials. The Superintendant of Docu­
ments, Government Printing Office, Washington, D. C. 20025, 
will send you a 375-page book entitled Occupational Diseases: 
A Guide to Their Recognition (Public Health Service Publica­
tion no. 1097) for $2.25. The same office also publishes a bib­
liography of available monographs indexed by material. It is 
Bibliography of Occupational Health (PHS Publication no. 
300) and it costs 35 cents. 

Our industry does remarkable things with exotic materials. 
But it must learn of the dangers of these substances, and it 
must develop new ways to handle them safely. Right now. 
Before they claim another life. 

ROGER KENNETH FIELD 
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VHF/UHF FET 

Highest Performance Available 

CHARACTERISTICS 2N4416 2N4417 Frequency Small Signal, Common Source @ 25°C T0-72 CC-3 

Forward Transconductance RE (Y,.J (min.l 4000 4000 400 MHz 

Input Capacitance, C;., (max.) 4.0 pf 3.5 pf 1.0 MHz 

Output Capacitance, Co .. (max.) 2.0 pf 1.0 pf 1.0 MHz 

Reverse Transfer Capacitance, C.., (max.) 0.8 pf 0.8 pf 1.0 MHz 

Spot Noise Figure 
(Neutralized), NF (max.) 4.5 db 4.5 db 400 MHz 

Spot Noise Figure, NF (max.) 

y 
1 0 f-i-----!co-Fo•-••-,d..!.-fo-n•"'""f.,-'--.l---!--+-!--+-l--7+-!--+-!--!--

Admittance vs. Fr~uency 17 
~ Yos=+lSv -+----!f-!-+.Jl-Y--+--f-l-l-

1---- ~.~·=~0 ~~~--+--+---h'l--+---+--+---+--+4 v 
(Neutralized) 2.0 db 2.0 db 100 MHz 

Power Gain, G •• (m in.) 
(Neutralized) 12.0 db 12.0 db 400 MHz 10 100 1000 

FREQUENCY MHz 

Available through authorized distributors. 
For additional data, use reader service card. • ELECTRONICS 

UNION CARBIDE CORPORATION 365 Middlefield Road , Mountain View, California 94041 TWX: 910-379-6942; Telephone: (415l 961-3300 
Speed Inquiry to Advertiser via Collect Night letter 
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Techno1ou1 

Thick-film hybrids like the summing circuit 
above may be built in the laboratory simply 

Modulators combining shunt and series di ­
odes yield fast, balanced RF pulses. Page 78 

Also in this section: 

and inexpensively. The technique affords high 
flexibility and quick results. Page 52. 

Pulsed drivers offer advantage in reading out 
magnetic shaft encoders. Page 72 

Blower cooling setups will beat the heat in electronic systems. Page 58 

Try the hybrid-pi for an accurate broadband transistor model. Page 66 

Flasher designs are improved if solid-state circuits are used. Page 82 
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Make your own thick-film ICs. Simple 
equipment and inexpensive materials suffice for you 
to produce your own circuit designs. 

Reducing the size of your present circuit may 
not be too difficult, if you use thick-film techniques 
to do it. The flexibility and low cost associated 
with this process provide the freedom to experi­
ment with your own special circuits right in your 
lab. The circuitry discussed here consists of thick­
film resistors and interconnection patterns used 
with discrete components. A few of the advan­
tages of this technique are: 
• Immediate results. The equipment and materi­
als required to produce evaluation quantities are 
readily available. 
• Simple process. Relatively unskilled persons can 
quickly learn how to process and manufacture 
thick-film circuits. 
• Low cost. Since the thick-film process lends 
itself to mass production and automated machin­
ery, high-volume requirements would reduce costs 
sharply. 
• High ftexibility. Inks can be easily changed to 
vary resistor and conductor characteristics. De­
sign changes are also made easily. Different active 
components can be substituted and the thick-tilm 
resistors can be trimmed without difficulty to 
achieve high precision. 
• Easy circuit design. Because the thick-film 
hybrids are ~ssentially an extension of existing 
circuitry into a smaller dimension, the circuit 
designer's job becomes much simpler than with 
more "exotic" types or microcircuitry. He can use 
exactly the same circuit as he would have desigrn~d 
using discrete components. 
• Excellent circuit qualities. Good isolation prop­
erties, coupled with smaller size, allow high oper­
ating frequencies. Low substrate thermal resist­
ances make nossible extremely high power dissi­
pations (20 W / in. 2

). Greater ruggedness, because 
of fewer solder joints and hanging components, 
leads to increased reliability and lower mainte­
nance costs. 

Thick-film process is described 

As background information, let's first briefly go 
over the process of making thick films, and later go 
into the details on each of the process steps. 

Leonard I. DeGennaro, Senior Development Engineer, Hon· 
eywell, Inc., West Covina, Calif. 
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Thick films, as their name implies, are layers of 
resistive, dielectric, and conductive inks that are 
deposited on a substrate. The deposition process, 
similar to graphic silk screening, employs a fine 
mesh screen to hold the pattern for the compo­
nents that are to be deposited. The pattern is 
produced by photographic means and wherever 
the inks are not to be deposited, the holes in the 
mesh are blocked by an emulsion. 

Substrates, usually ceramic, are cleaned and 
then screened with conductive inks to provide the 
first pattern-hole locations. The substrates are 
then drilled out and cleaned. A second screening 
with conductive inh provides the conductor 
pattern, terminal points, bonding pads, and the 
bottom plates of capacitors, if used. Though these 
first two screenings could be combined, they are 
performed separately to ensure that the drilling 
and cleaning operations do not damage the circuit 
patterns. A third screening provides the resistor 
elements. 

If capacitors are included in the circuit, a fourth 

Table. Materials for thick-film circuits 

Material Mfr. & # Characteristics Price 

Resistive DuPont. 
inks 7826 500n/sq. 

7827 3.5 kn/sq. $10 to $20 
7828 10 kn/ sq . per oz 
8020 1 kn/ sq. 
8021 lOOn/sq . 
8024· 10 kn/sq . 
8025 20 kn/sq . 

Conductive Dupont, $10 to $20 
inks 7553 platinum.:_g__old per oz 

6320 silver $2To~ 
6730 silver per oz 

Dielectric Electro- e,= 100 $10 to $20 
inks Science, per oz 

4747 

DuPont e,=400 
-- (experimental) 

Substrates American 1 in. square 40¢ to $1 
Lava, unglazed per square 

CT60401-L 96% AIO-AISiMg 

Mesh Dorn 400 mesh- $20 per fF 
screen stainless steel 

200 mesh- $6 per ft2 

stainless steel 

Ruby mask Dorn high stability 40¢ per ft 2 

ELECTRONIC DESIGN, September 13, 1966 



and fifth screening must also be performed: one 
for the dielectric material, the other for the sec­
ond capacitor plate. After each screening, the 
substrate is first air-dryed and then oven-dryed. A 
number of screening inks are available and only a 
few of them, together with some of the other 
materials required for thick-f\lm circuits, are 
listed in the accompanying table. 

When screening is completed, the substrates are 
fired in a high-temperature oven. Afterwards, the 
components can be measured and trimmed by an 
abrasive technique to bring them into tolerance. 
Discrete components are then attached, and the 
substrates dipped in a solder bath. After final cir­
cuit testing, the units are ready for encapsulation 
or other packaging. 

This is essentially the thick-film process. 
Though materials or equipment can get more 
expensive and more sophisticated, the process will 
follow the same steps. Let's take a closer look at 
each of the manufacturing steps. 

First step is the layout design 

Utmost care should be exercised in designing 
and making the layout. Since we use 1-in-x-1-in. 
substrates, we have found that a five-to-one (5 in. 
x 5 in.) layout is ideal to work with. If the layout 
becomes too large, additional reduction may be 
required and this can introduce dimensional 
errors. Printed and discrete components are 
located according to design needs and within the 
limits of practicality. In fact it is like laying out a 

Basic design formulas 

Resistors: 

R = p(l/w)t, 
and 

lw= P / D, 

where 
R = resistance, n; 
w = width, in.; 
l = length, in.; 
t = thickness, mils; 
p = surface resistivity, n / sq. per mil; 

( 1) 

(2: 

D =allowable dissipation, W / in. 2 per mil ; and 
P = power rating, W. 

Capacitors: 

C = 225 E,. A / t,. 

where 

C = capacitance, pF; 
E,. = dielectric constant ( relative to air ) ; 
A = area of one side of one plate, mil 2 ; and 
t = dielectric thickness, mils. 
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(3) 

printed-circuit board: thick-film conductors, resis­
tors, capacitors and discrete, components like flat­
packs are placed on one side of the substrate; dis­
crete components with axial and radial leads are 
located on the other side. 

The design equations for thick-film resistors are 
given in the accompanying box. Combining the two 
equations gives: · 

w = (pP/ RD) 112 • (1) 

This equation is used to determine the width of 
the resistor. Once w is known, l can be found by: 

l = P / wD. (2) 

Let's take a practical example. Assume t = 1 
mil; if the processing is consistent, the thickness 
of the mesh screen determines the thickness of the 
resistor. Also, assume that the allowable power 
dissipation is 10 W / in. 2 per mil. This value is used 
where the ink-substrate combination has been 
tested to 20 W / in. 2 per mil. If we wished to con­
struct a 20-kn, 1/ 8-watt resistor using a 5-kn/ 
square resistive ink, we get: 

W 20kn = [5000(0.125) / 20,000(10)],1L2 =0.056 in., 

and 

Z20kn = 0.125/ 0.056(10) =0.223 irt. 

The resistor layout is shown in Fig. la. If a 
dimensional limitation existed, the pattern could 
be bent, as in Fig. lb, to conform to the available 
space. The corner squares would then possess 
half-square resistive values and this effect would 
have to be taken into account in calculating the 

s 1: ['"' 

...---- 0 .223"----'"1 

© 

1/2 

I 112 
I 

1. Thicl<-film 20-kn resistor is deposited with 5000 n I 
square ink (a). Should space be at a premium , the re· 
sistor can be folded (b); the corner squares then have 
half the resistance of the in-line squares. 
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effective length. As a rule, resistor lengths and 
conductor pads are made larger than required. 
This allows for registration errors, without affect­
ing the resistance tolerance. In order to allow 
enough material for trimming, the minimum 
resistor width should be 0.060 inch. 

Conductors are naturally simpler to design: A 
minimum conductor width of 0.030 inch is recom­
mended and conductor spacing should be at least 
0.020 inch. With these dimensions, conductors will 
safely carry up to one ampere; the 0.02-inch 
spacing allows a maximum voltage rating of 60 
wvdc. The conductor width and spacing, however, 
should be made as large as possible. If the unit is 
subsequently to be encapsulated, the conductor 
separation can be reduced below the suggested 
minimum. To reduce registry problems and be­
cause the conductive inks are cheaper than other 
inks, the drilling information is marked on the 
substrate by putting circles of conductive material 
over each hole to be drilled. 

Capacitors require considerably more care and 
are, unfortunately, still none too easy to manufac­
ture. One of the major problems is the scarcity of 
usable dielectric inks. The capacitor design equa­
tion, given in the accompanying box, is straight­
forward, but making the capacitor can be quite 
tricky. Improper registration and thickness 
variation can greatly affect the final capacitor 
value. Trimming by abrasion (see section on 
trimming resistors) can offset some of these 
effects as long as the capacitor is a higher value 
than required. If the process is well controlled, the 
thickness of the screen determines the thickness 
of the dielectric. As an example of what can be 
accomplished, a 47,000-pF, 25-wvdc capacitor can 
be constructed, using the experimental DuPont 
ink listed in the Table, in a 30-by-30-mil area. 

Artwork is generated from layout 

Once the layout has been decided on, ruby mask 

HOLDER 

2. Set-up for screening is simple and economical. Various 
holding jigs are used to guarantee alignment from screen 
to screen. Screens can be stored for some time and used 
again at a later date. 
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masters are cut from the layout. One master is 
required for each screening. For a circuit with 
just resistors and conductors, three masters are 
used: one for hole location, one for conductors, and 
one for resistors. When capacitors are included, 
two more masters are required. 

The masters are photographically reduced by a 
factor of 5 to 1 to produce a positive print. This 
print is then used to expose (emulsion to emul­
sion) the screen film, a thin film with backing that 
is used especially in screen-making. After 
processing, the screen film is attached to the screen 
(emulsion side to screen). The screen is dryed, the 
backing is removed and the screen is mounted on a 
frame, as shown in Fig. 2. Actually, though we do 
t:mr own photographic processing, the ruby mas­
ters could be sent out to any industrial photogra­
pher for processing. Such people are usually 
qualified to perform the work. 

Inks must be uniform for screening 

Inks should be mixed just prior to application. 
This ensures a uniform consistency and viscosity. 
Since viscosity is related to the ohms-per-square 
value (the inks are a mixture of solid materials 
with a liquid carrier), · the viscosity should be 
carefully measured, and the measurements 
recorded. These can be used to control and gener­
ate future design in order to achieve correct 
resistor values. 

The selected ink is placed on one end of the 
screen. The squeegee picks up the ink and spreads 
it across the screen pattern and on to the sub­
strate. Screen height and tension, and squeegee 
pressure, length, angle and speed, are all impor­
tant factors that affect the quality of the screened 
components. Though an automatic screen printing 
machine takes a lot of the guesswork out of the 
operation, it is not necessary. The screen is be­
tween 0.025 in. and 0.040 in. above the substrate 
and the screen tension is such that the weight of 

~-----------J : \ 
0 

© 
3. Proper method of trimming thick-film resistors (a) re­
quires a fine hand, but ensures a constant current con· 
centration through the resistor. Improper method (b) cre­
ates a hot spot at the center. 
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4. Four thick-film hybrids (I to r: summing amplifier, 
switching circuit, one-shot multivibrator, integrator-and­
switching circuit), that were built by the author, are 
shown in these back (a) and front (b) views. Note the 

the squeegee causes the screen just to touch the 
substrate. The squeegee overlaps the substrate by 
at least 1/ 2 in. on each side. Best performance 
requires that the squeegee be passed at a 90° angle 
over the pattern with a consistent, medium pres­
sure. 

After each screening, the substrate must be air­
dried for 10 to 15 minutes to eliminate screen 
impressions, and subsequently oven-dried at 
150 °F for another 10 to 15 minutes. 

Once all the patterns have been screened and 
dried, the substrate is placed in a furnace for 
firing. The firing enables the glass frit binder, 
contained in the inks, to react with the substrate 
to form an intermediate oxide binder between the 
metal particles in the inks and the substrate. To 
make a really strong bond, only unglazed ceramics 
should be used. 

Though the firing is generally done in a temper­
ature-profile furnace, any regular furnace that 
reaches 1700 ° F can be used for low-volume work. 
The important thing is to maintain a flow of 
oxygen into the oven that sustains the oxidation 
process. This is a simply done by leaving the 
furnace door ajar. The firing should continue for 
45 minutes. The 1700 °F temperature is not criti­
cal and can vary as much as 10%. 

Firing is followed by dip soldering. The solder 
coats the conductor paths but does not adhere to 
the resistor patterns. To eliminate substrate 
breakage, the substrates should be preheated to 
the solder bath temperature. 

Since this process is reasonably crude, we can 
only expect a tolerance on resistors of 10 % at 
best. Should finer tolerances be needed, the resis­
tors have to be trimmed. Trimming is performed 
by abrading material away from the resistor. 
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use of monolithic ICs in two of the circuits and discrete 
resistors in one of them. (Equivalent resistances, in 
thick film, would require too large a surface area to 
dissipate the required power.) 

Since this changes the l:w ratio, the initial layout 
has to be made with this consideration in mind, 
and the resistors designed on the low side. Care 
should also be taken to preserve the power rating 
of the resistor after abrading. Trimming is done 
either with an abrasive tool or by the electric-arc 
method.1 Among the possible abrasive tools are air 
abrasive equipment, a dentist's drill, an emery 
drill, or even an electric eraser. (This last is 
rather large and clumsy in comparison with the 
thick-film resistors and consequently less effec­
tive.) Figure 3 demonstrates the proper and 
improper methods for trimming resistors. The 
improper method results in excessive current 
concentrations and causes hot spots. 

The next step is to mount and solder the dis­
crete components and terminal leads. The leads 
may be mounted in any configuration; however, 
mounting them perpendicular to the substrate 
provides greater packaging efficiency. The photo­
graphs in Fig. 4 demonstrate a number of circuits 
that have been built. Note the use of standard, off­
the-shelf integrated circuits; making your own 
circuits is fine, but if circuits are already availab~e 
that fulfill your requirements, these will almost 
alway be far better from the point of view of 
price, quality, size, and reliability. 

Once the components are mounted, all circuit 
tests can be performed. Though the circuit can be 
used in the unencased package, it is recommended 
that a conformal coating or encapsulant be used to 
prevent moisture and contaminants from shorting 
the closely spaced conductor patterns. • • 

Reference: 
1. Fired-on Resistors-Manufacturing Procedures (Wil­

mington, Del.: E. I. du Pont de Nemours & Co., Inc., Pub­
lication No. A29656). 
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II vou work with AC··work with ACton 
PRECISION PHASE 

MEASUREMENT 

PRECISION PHASE METER 329-8. 
Delivers almost unlimited use and 
application flexibility in measuring 
phase directly 0 °-360° full scale; 
twelve 30° scales for precision read­
ing. Frequency range 30 cps-500kc. 
Three standard plug-in modules: 
Buffer amp - accuracies up to ± 
0.5°; Hi-gain preamp-1mv sensitiv­
ity; Precision phase shift generator. 
Special plug-ins available. All solid 
state. 

PRECISION DIGITAL PHASE METER 
331. Large, four-digit presentation 
provides direct reading o· -360° to 
accuracy of ±0.5°. Frequency range, 
30cps-40kc. Provisions available for 
printer output, AC and/or DC out­
puts for voltmeter reading. Inputs 
directly usable, 0.2-150 volts. Solid 
state throughout. 

PRECISION DELAY 
MEASUREMENT 

RECEIVER 

PRECISION DELAY SET 460. Sepa­
rate transmitter and receiver facili­
tate either open or closed loop uses. 
±5µs accuracy 0-4ms, in each of 
twenty 200µ s ranges. Standard car­
riers 0.5-50kc, others available. Ap­
p Ii cable to telephone and data 
transmission lines, filters, networks 
and many communications systems. 
Solid state throughout. 

PRECISION DELAY EQUALIZER 
475-A. Six cascadable modules each 
provide 0-2.5 ms of delay equaliza­
tion and a series total of 15ms, con­
tinuously adjustable. Six standard 
frequencies are 1 kc, 1.4kc, 1.6kc, 
2.0kc, 2.4kc and 2.8kc. Others on 
special order. Applicable to most 
compensation requirements ; ideal 
companion to 460-A Delay Set 
above . 

• • • AND MAKING NEW HISTORY 
IN SCIENTIFIC INVESTIGATION• 
ELECTRON MICROPROBES, FAR 
INFRARED SPECTROMETERS. 
ACton starts with AC. If you work 
with it, call us. 

531 Main Street • Acton, Massachusetts 
a subsidiary of BOWMAR INSTRUMENT CORPORATION 

ON READER-SERVICE CARD CIRCLE 29 

·"'• • I 
. •• · 1 · •• . . . . . . ... : 
• •• • i ••• •. 

• •• • • ••• ·-··. . ... 
PRECISION PHASE STANDA,RD 
70NO. Self-calibrating instrument 
provides accuracy of ±0.03° in con­
tinuously variable phase settings 0° -
360°. Up to twelve standard crystal 
controlled frequency selections, 
30cps-50kc; others available. For the 
comprehensively planned labora­
tory or standards department in cal­
ibrating all types of phase devices 
and instruments. All solid state. 

RAYSPAN SPECTRUM ANALYZER 
SERIES 100. Real-time analysis of all 
types of physical, doppler and 
medical signals with analysis band­
widths to 100kc. Utilizes 100, 250 
or 500 magnetostrictive filters with 
selectable 3db bandwidths. Up to 
100,000 samplings per second; pre­
serves all spectral events as they 
occur. Chart type recording illus­
trated; scope accessories equally 
applicable. All solid state. 

ON READER-SERVICE CARD CIRCLE 214 """ 



Be Prepared 
Building digital systems can be tricky bus iness. The 
parameters may change. Preliminary results may call 
for equipment modifications. It happens all the time. 

It's best to be prepared. 

There are 101 different standard modules available 
from DIGIT AL in the Flip Ch ip TM line. Each is elec­
trically, physically, and logically compatible with all 

Flip Chip is a trademark of Digital Equipment Corporation 

the others. Result: guaranteed compatible add-ons, 
guaranteed available spaces. Each module is guaran­
teed for 10 years . 

We also guarantee the counsel of an experienced 
DIGIT AL field representative who is trustworthy, loyal, 
helpful, friendly ... 

Write for a free DIGIT AL handbook. 

MODULES· COMPUTERS 

DIGITAL EQUIPMENT CORPORATION. Maynard, Massachusetts 01754. Telephone: (617) 897·8821 • Cambridge, Mass . • Washington, D. C . • Parsippany, N. J .• 
Rochester, N.Y. •Philadelphia• Huntsville• Orlando • Pittsburgh• Chicago . Denver. Ann Arbor. Los Angeles. Palo Alto. Seattle. Carleton Place and Toronto, 
Ont. • Reading, England • Paris, France • Munich and Cologne, Germany • Sydney and West Perth, Australia • Modules distributed also through Allied Radio 



Beat the heat in electronic systems 
by using this step-by-step procedure for designing 
and specifying blower cooling setups. 

An engineer drafts his designs, fabricates the 
breadboard and tests the equipment, only to find 
that it isn't dissipating heat properly. At this 
stage he tacks on a fan or blower, in the hope of 
solving his problem. Can this be called good design 
procedure? 

Obviously not, particularly today when minia­
ture, high-component-density systems are com­
mon. Heat problems must be attacked early in the 
design process to ensure that the cooling system 
delivers maximum performance at minimum cost, 
space and weight. 

Let us, then, use a step-by-step approach that 
brings the theory of fluid flow and thermodynam­
ics to bear on the practical problem of providing 
the right cooling system for your design. 

Optimum cooling-system design can be broken 
down into three stages: 

• Choose the type of coolant. 
• Determine the amount of coolant (flow rate) 

and static pressure needed to keep it circulating. 
• Select the pump or blower that will deliver 

the most efficient coolant circulation. 
We will analyze each of these three design 

stages in detail and then apply them to two spe­
cific cooling system problems. 

Air is the best coolant 

The best type of coolant for a given application 
depends both on the nature of the cooling system 
and on the physical properties of the cooling fluid 
itself. The nature of the cooling system is affected 
by the design of the equipment being cooled and 
by factors in the operating environment, such as 
ambient temperature and altitude. Coolant char­
acteristics that should be considered include: 

• Heat transfer properties. 
• Ease of handling. 
• Electrical properties. 
• Compatibility with the materials used in the 

electronic equipment. 

Berard J. Braganza, Project Engineer, The Torrington 
Manufacturing Co., Torrington , Conn. 
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• Cost and availability. 
Air is the most commonly used fluid in elec­

tronic cooling systems. While other fluids (such 
as water or special refrigerants) are inherently 
superior heat-transfer media, air cooling is gener­
ally pref erred because it answers the four other 
considerations that we have listed. We shall, 
therefore, concern ourselves specifically with air­
cooling systems. 

Air flow rate (Q): The temperature of the 
electronic elements is the prime factor that deter­
mines the mass flow rate of air. The higher the 
efficiency of heat transfer for a given power 
dissipation, the smaller the quantity of air re­
quired. 

Heat transfer from electronic components to 
the cooling fluid is mainly through convection. 
The amount of heat transmitted and the tempera­
tures of a cooled component depend on the mass 
flow rate of the air, the specific heat of the air, its 
heat transfer coefficient, and the temperature 
differential between the components and the air. 
It is difficult to define precisely the actual heat 
transfer equation for a particular cooling system. 
It is usually more satisfactory to monitor and 
evaluate component temperatures through actual 
test of the equipment when operating at rated or 
design loads. These tests can be conducted with 
any convenient air supply available, and the air 
flow for satisfactory cooling measured. 

A good starting point for these tests is a proven 
design for a flow rate in a system similar to the 
one being designed. This flow rate can then be 
adjusted to provide the desired cooling in the new 
system. 

Heat flow (kW): Lacking such a starting point, 
the designer can make a rough calculation of heat 
flow from Eq. 1, which is based on an average 
specific heat of 0.24 Btu/ lb: 

where 

kW= Qp(T0 - T ;) / 237, (1) 

kW = heat removed by air flow, kilowatts, 
Q = air flow rate, ft3 / min, 
p =air density, lb/ ft 3 , 

Ti =air inlet temperature, °F, and 
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T0 =air discharge temperature, °F. 
To find the amount of heat that must be re­

moved, kW, Eq. 2 is used and the results substi­
tuted into Eq. 1. 

Heat transfer (W): The heat dissipated from a 
single circuit element by forced convection cool­
ing is given, in watts, by: 

w = 0.293 h eA(Te- T), (2) 

where 
he = forced convection heat transfer coefficient, 

Btu/ hr/ ft2/° F, 
A = cross-sectional area through which heat 

flows, ft 2
, 

Tc =maximum surface temperature of the heat 
source, °F, and 

T = mean circulating air temperature at the 
heat source, ° F. 

The independent variable in Eq. 2 for a given 
flow system is the heat-transfer coefficient,. he, 
which is a function of the Reynolds number, the 
Nusselt number, the thermal conductivity of the 
fluid, and some dimension of the object being 
cooled. 

By restricting the problem to a particular 
object being cooled by air under a particular set of 
conditions, we find he = yr Btu/ hr-ft2 °F, since 
all other terms have become constant. The varia­
ble V is air velocity in ft / min, and r is an expo­
nent that changes with the type and orientation of 
the heat transfer surfaces (r = 0.6 is commonly 
used for electronic cooling systems) . 

Since V is directly proportional to air flow rate 

TURN LOSS 
0 3=k 3 (P53l2 

EXIT LOSSES 

04 • k4(P54)2 

LAMINAR FLOW 0 1= k1(P51l 1 

TYPICAL SYSTEM : 0 = k ( Ps ,x 
WHERE X = I .e:x .e: 2 . 

TOTAL PRESSURE= SUM OF 
INDIVIDUAL LOSSES (I Ps l . 

AIR HEATED BY HEAT 

DISSIPATION FROM 
ELECTRONIC ELEMENTS 

TURBULENT FLOW 
02 = k2( P52 l2 

BLOWER DISCHARGING UP 

LAMINAR FLOW FILTER 

1. This hypothetical cooling system includes both turbu­
lent and laminar air flow. As shown, each part of the total 
system can be described by the pressure-flow equation 
and the results summed to provide a quantitative indica­
tion of system requirements. 
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and inversely proportional to the cross section of 
the air flow path, it may be changed by varying 
either Q or A. The coefficient he, however, varies 
more slowly than V (doubling V only increases he 
about 50 per cent). Once the flow cross section, A, 
has been established, the heat transfer problem of 
holding the maximum surface temperature, T c, to 
desired values requires a certain V and then 
becomes simply a blower-system problem of pro­
ducing Q cubic feet per minute ( Q = AV). 

Static pressure (P,): Power required for cool­
ing is directly proportional to the quantity of 
circulating air and the static pressure that the 
cooling blower must introduce to overcome system 
losses. Treating air as an incompressible fluid, the 
basic relationship between static pressure and air 
flow rate is given by the pressure-flow equation: 

P, = kQ", (3) 

where 
P , = static pressure loss, in. of water, and 

k, x = constants for a given air flow system. 
Air flow rate, Q, is usually determined as pre­
viously described. 

The value of static pressure, P,, for a given flow 
rate is a function of air density, p, and the aero­
dynamic losses in the cooling system. The expo­
nent x is a function of the type of air flow, lami­
nar or turbulent or a combination of these, and 
may vary from point to point across and along a 
cooling system path. For pure laminar flow, x = 
1; for pure turbulent flow, x = 2. For a given flow 
rate, Q, and exponent, x, it can be seen from Eq. 3 
that the value of the constant k is fixed by the 
system pressure loss, P,, and includes the effect of 
density. To minimize the static pressure needed to 
maintain the desired flow rate, the designer must 
do the utmost to reduce the aerodynamic losses 
and so reduce the value of k. 

Since heat transfer is higher with turbulent 
flow, P, = kQ 2 for most cooling systems. But 
rarely is air flow either purely laminar or purely 
turbulent, and therefore the value of x may vary 
between 1 and 2. The hypothetical cooling system 
in Fig. 1, for example, includes both turbulent and 
laminar regions and can be represented in total by 
a pressure-flow equation with x between 1 and 2. 

With the cooling system thus defined, the de­
signer can select the circulating blower that is 
matched to application needs, with minimum 
blower size, weight and power input. 

What to consider in selecting the blower 

The blower type, size, weight and power can be 
estimated early in the design process. The blower 
specialist can then refine the blower design at the 
same time as the electronic engineer is completing 
the equipment development. An off-the-shelf 
blower unit, either as it is or with some 
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A-NARROW BACKWARD-CURVED CENTRIFUGAL IMPELLER 
B-WIDE BACKWARD-CURVED CENTRIFUGA L IMPELLER 
C-NARROW FORWARD-CURVED CENTRIFUGAL IMPELLER 
D-RADIAL- BLADED CENTRIFUGAL IMPELLER 
E-MIXED-FLOW IMPELLER 
F-VANE-AXIAL IMPELLER 
G- AXIAL IMPELLER 

H-WIDE F1RWARD-1URVj° CrTIFU1Al 117LLER 

2 3 5 10 20 30 50 100 200 300 500 1000 

SPECIFIC SPEED (N5 in rpm) 

2. Blower selection is simple with the use of this plot of 
static efficiency vs speed. Seven basic types of blower 

modification, may do the job. On the other hand, 
the blower specialist may find that an entirely new 
design is needed to meet the heat transfer require­
ments. The electronic designer should specify only 
critical limits on air-system or blower characteris­
tics, and should make them as realistic as possible, 
since tight limits often mean higher cost, greater 
weight, increased size, more power. 

Here are the main design factors to be consid­
ered when selecting a blower: 

60 

units are represented. Design examples in the text dem­
onstrate the ease of using these curves. 

A. Air flow rate, Q, and air density, p (in 
lb/ ft3

): In airborne applications, Q and p should 
be given at sea level and at maximum altitude. 

B. Space available: If available mounting space 
is too small, improperly shaped, or poorly located, 
the blower may be mismatched to the system or 
its output may be inadequate. Inlet and discharge 
conditions, ductwork or proximity of other compo­
nents, for example, can have a significant effect on 
performance and must be accommodated in the 
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blower design. 
C. Weight allowable: A smaller, lighter blower 

can be used if the blower speed is increased, but 
the increased speed will shorten its useful life. 

D. Power available: The blower should be 
, allotted as much power as possible. If the available 
power is too low, the blower type and rotational 
speed necessary to obtain the required efficiency 
may be incompatible with other specifications. An 
elaborate, costly unit may result. 

E. Environmental specs: While military spec­
ifications are beyond the designer's control, 
applicable portions of the specification should be 
clearly defined to avoid costly overdesign. For 
example, stating that the blower must meet the 
environmental requirements of MIL-E-5272 
without specifying the appropriate procedure 
leaves the designer with no choice but to design 
for the worst conditions. Cost and possibly weight 
are then higher than necessary. 

F. Noise: A blower that was 100 per cent 
efficient would produce sound. This is obviously 
unrealistic and therefore the designer should have 
some familiarity with acoustical noise require­
ments and specifications. This is helpful in estab­
lishing realistic noise levels for blowers. It would 
be absurd, for instance, to specify a minimum noise 
level for a blower located near another component 
that is generating a higher sound level. Noise 
levels should be specified only as targets, since 
sound level is usually far too difficult to estimate 
accurately. 

G. Operating life: Minimum acceptable useful 
life of bearings and brushes may be specified by 
the electronic designer. The span is controlled in 
large part by the equipment's duty cycle ( continu­
ous or intermittent) and the operating environ­
ment, both of which must be accepted as they are. 
The rotational speed of the blower unit, which 
also very much affects bearing and brush life, is 
selected by the blower designer for optimum life­
usually the lowest speed that will do the job in the 
space available. 

What type of blower unit? 

The most efficient type of blower unit for a 
particular application can be determined through 
the parameter, specific speed (N, ): 

_ NQ1 ;2 
N , - p,aJ4 (p/ 0.075) 3/4 , (4) 

where 
N = rotational blower speed in rpm, and 

p =air density, lb/ ft 3 (p = 0.075 lb/ ft3 at sea 
level). 

The required specific speed of the blower can then 
be calculated for a desired blower speed N and the 
values of P , and Q defined by the application. 

The curves in Fig. 2 give static efficiency as a 
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function of specific speed for each of seven basic 
types of blower units. The blower designer's 
objective is then to match the required value of N, 
with a blower unit that is efficient at that value. 

What does the designer do when all types of 
blower units that are otherwise acceptable are 
relatively inefficient at the calculated N , ? It's 
evident from Eq. 4 that he can shift the system N , 
proportionately by changing the blower speed. 
With sufficient freedom in speed selection, he can 
then arrive at or near peak efficiency for the type 
of blower that best fulfills other requirements. 
Failing flexibility in speed, the blower N , can be 
shifted by: 

• Parallel staging-dividing the total Q among 
two or more blower units generating the same P ., . 
The N , of each blower is then reduced. 

• Series staging-dividing the total P, among 
two or more blower units delivering the same Q 
(passed from ·one to another). The N , of each 
blower is then increased. 

Since staging is more expensive than changing 
the speed, staging is used only where the desired Q 
and P, cannot be otherwise obtained or where the 
added cost is justified by a significant application 
advantage. 

Determining blower size 

After the most efficient type of blower unit has 
been selected for specific speed, the unit's dimen­
sions can be determined, or at least approximated, 
for air flow rate and static pressure. The perform­
ance capability of a blower unit is represented by 
its pressure coefficient, tf;, and flow coefficient, 'f', 

which are given in the Table for each of the seven 
types of impeller found in blower units. 

Impeller tip diameter, in inches, is given by the 
equation: 

D = (l.53 x 10•) (P./t/;) 1! 2 / N (5) 

where P, is static pressure at standard air density 
(p = 0.075 lb/ ft 3

), and t/; is defined as the ratio 
of the potential energy developed by the impeller 
to the kinetic energy corresponding to the impell­
er tip velocity. 

The widths of centrifugal impellers, W, and hub 
diameters, DH, for axial impellers are: 

Centrifugal W = 175Q/ 'f'ND2 = impeller 
width, in.; (6) 

Axial DH= D(l - 700Q/ '('ND3
)

112 

= hub diameter, in.; (7) 

where 'f' is defined as the ratio of mean air velocity 
leaving the impeller to impeller tip velocity. 

Since the pressure and flow coefficients are 
established by the geometry of the particular 
impeller model, their values are given in the table 
as ranges for each type. It can also be seen that 
these dimensionless coefficients are indirectly 
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Table: Constants needed for calculating blower size. 

Single-stage 
high-efficiency 

range (N8 ) Pressure Flow 
Impeller type (rpm) coefficient (<f) coefficient (cp) 

Narrow backward-curved 5000· 15,000 1.0 ·0.5 0.04-0.15 
Centrifuga I Wide backward-curved 8000· 45,000 1.0 -0.45 0.03·0.2 
Impellers Narrow forward-curved 5000· 15,000 1.33-1.0 0.03·0.09 

Radial-bladed 1000· 45,000 1.8 -1.3 0.3 -0.7 

Axial 
Mixed-flow 25,000· 55,000 1.1 ·0.6 0.3 ·0.5 

Impellers Vane-axial 45,000-130,000 0.6 ·0.25 0.4 ·0.6 
Tube-axial 90,000-250,000 0.2 ·0.06 0.1 ·0.35 

related to specific speed, shown in the table as a 
range for high static efficiency. At high specific 
speeds, cp is relatively high and if; is low. Converse­
ly, cp is low and if; high at low specific speeds. The 
values of cp and if; should be selected at the same 
positions in their ranges as the position of the 
calculated N , in its given range. 

The impeller dimensions in Eqs. 5, 6 and 7 do 
not, of course, represent the total outside dimen­
sions of the cooling blower package. Centrifugal 
units are mounted in housings, and axial units 
may include orifices and guide vanes. In addition, 
the space occupied by the motor must be consid­
ered. While the size and shape of blower units 
vary widely, the approximate outside dimensions 
of single-stage centrifugal blowers· are given in 
Fig. 3 in r elation to the impeller diameter. In 
staged centrifugals, the axial widths are added. 

The dimensions of axial units are far more 
difficult to estimate. The outside blower diameter 
normally is just slightly larger than the impeller 
diameter. The axial length of a vane-axial or pure 
axial unit can be roughly assumed to be about 1.5 
times the impeller diameter. 

Calculating blower unit power 

The required power input to a blower unit at 
standard air density (0.075 lb/ ft3) is given in 
brake horsepower by: 

hp = QP,/6356v. (8) 

where v = static efficiency at the calculated N , 
(Fig. 2). Since P. is directly proportional to 
density, hp also varies directly with density and so 
must be adjusted for application conditions. 

Design examples illustrate method 

Two sample design problems will show how a 
cooling system can be designed. 
Example 1: 

A cooling blower for a military device is re­
quired to deliver air at a minimum rate of 18 
ft 3/ min when P. = 4 in. of water and air density 
is standard. The significant limitations on the 
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D= IMPELLER DIAMETER 
W= IMPELLER WIDTH 

3. These are the important blower dimensions that must 
be considered when selecting a blower to fit into your 
cooling-system design. 

blower, as listed by the user in decreasing order of 
importance, are: 

1. Power-a maximum of 25 watts from a 7.7-
volt de supply. 

2. Operating li f e-1500 hours to a major over­
haul, 300 hours total service life. 

3. Size-must fit into a space envelope 5-1 / 2 in. 
)n diameter by 5 in. long. 

4. Weight-a maximum of 9 ounces. 
Specific speed is calculated with Eq. 4: 

N , = N(18) 1 t 2 / [(4) 314(0.075/ 0.075) 31•] = l.5N. 

Since the power supply is de, the value of N . is 
established by free choice of rotational speed. The 
size and weight limitations indicate a high speed; 
the life requirement suggests a low speed. To 
achieve the desired service life, the motor manu­
facturer states that S:(>eed should not exceed 12,-
000 rpm. At this speed, the specific speed is 18,000. 

Both forward-curved and backward-curved 
impellers operate efficiently when N , = 18,000. 
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However, the backward-curved type is more 
efficient than the forward-curved for the given 
performance and speed (Fig. 2). On the other 
hand, a forward-curved impeller would be smaller. 
Since power is a higher priority limitation, the 
choice is clearly then backward-curved impeller. 

The pressure and flow coefficients are first 
determined from the table. When N . = 18,000 in 
a specific speed range of 8000-45,000 for a wider 
backward-curved impeller, the values of if and cp 

are interpolated in their tabulated ranges as 
follows: 

"'= 1 - (18,000 - 8000) 
x (1-0.45) / (45,000 - 8000) =0.85 ; 

'P = 0.03+ (18,000-8000) 
x (0.2-0.03) / (45,000-8000) =0.08. 

The dimensions of the impeller itself are calcu-
lated from equations ( 5) and ( 6) : 

D = (l.53 Xl04 / l2,000) (4/ 0.85) 112=2.8 in.; 
W = 175(18) / [ (0.08) (12,000) (2.8) ]2=0.42 in. 
Referring to Fig. 4, we see that the outside 

housing dimensions are: 
Height: 2x2.8=5.6 in. or 5-5/ 8 in.; 
Width: l.5 x2.8=4.2 in. or 4-1/ 4 in.;· 
Depth: W +0.2D=0.42+0.2(2.8) =1 in. 
Weight is roughly 6 ounces, and the motor is 

rated at 0.02 hp (15 watts) at 12,000 rpm. 
In this case the motor efficiency would have to 

be 60 % to produce 15 watts output for 25 watts 
maximum allowable input power. According to the 
motor manufacturer, the best motor efficiency 
that can be expected is around 50 to 55 % , requir­
ing a power input of 27 to 30 watts. A motor that 
would handle this amount of power weighs, about 
9 ounces, and it is 1to1-1/ 2 in. in diameter and 2-
5/ 8 in. long. Complete package size would then be 
5-5/ 8 in. x 4-1/ 4 in. x 3-5/ 8 in., and estimated 
weight 15 oz. 

It is evident that some compromise must be 
made in the design. An increase in allowable 
power and weight is apparently necessary. 
Example 2: 

A blower is required to deliver a minimum of 4 
lb/ min of air varying in density from 0.075 lb/ ft3 

to 0.04 lb/ ft3
• The estimated total system resist­

ance at 0.075 lb/ ft 3 density is 4 in. of water. An 
estimate of blower type, size and power is re­
quired for a blower whose rotational speed N 
10,000 rpm. 

The volume flow rates for 4 lb/ min are: Q1 
53.4 ft 3 / min at 0.075 lb/ ft3 density and Q2 = 100 
ft 3 / min at 0.04 lb/ ft3 density. 

If we assume a system equation P, = kQ 2 

(exponent x = 2), then the tota1 system resist­
ance P .2 where Q2 = 100 ft3 / min would be: 

P .2 = (Q2/Q1)2 P si 
= (100/ 53.4) 2(4) 
= 14 in. of water. 
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It is evident that the blower must be capable of 
delivering Q2 = 100 ft 3/min of air (0.075 lb/ ft3 

standard density) with P. = 14 in. of water to 
furnish 4 lb/ min of air at 0.04 lbs/ ft 3 density. 

On the other hand, if the system equation is, 
instead, P. = kQ i.s, then P.2 where Q2 = 100 
ft 3 / min would be: 

P.2 = (Qd Q1)i. 5 Pn 
= (100/ 53.4)1-5 (4) 
= 10.6 in. of water. 

When exponent x = 1.5, the blower must be 
capable of delivering Q2 = 100 ft3 / min of stand­
ard air with P .2= 10.6 to furnish 4 lbs/ min at 0.04 
lbs/ft3 density. 

Specific speeds when the exponent x=2 and x= 
1.5 are: 

(a) x = 2:N. = 10,000(100) 1! 2/ (14) 314 

= 10,000/ 7.25 = 13,700. ' 
(b) x = 1.5: N, = 10,000(100)112/ (14) 314 

= 10,000/ 5.87 = 17,000. 

Both blowers then will use backward-curved 
centrifugal impellers efficiently. Using the same 
calculation procedure as in Example 1, we find the 
approximate blower housing dimensions are: 
(a) 11.5 in. x 8.6 in. x 2 in. 
(b) 10 in. x 7.7 in. x 1.8 in. 

The approximate power inputs required are: 
(a) 0.35 hp @ standard density; 

D.18 hp @ 0.040 lb/ ft3 density. 
(b) :0.24 hp @ standard density; 

0.13 hp @ 0.040 lb/ ft3 density. 

Based on the same motor efficiency, the power 
input at 0.075 lb/ ft3 is then in the ratio 1.46:1 
for x=2 and x=l.5; at 0.040 lb/ ft 3 , in the ratio 
1.39: 1. Motor weights furnished by the manufac­
turer are about: 

(a) 2.5 lbs: (b) 6 lbs. 
Over-all widths of the blower unit including motor 
length are about: 

(a) 8.0in. (b) 5.8in. 

The estimated power is based on the speed 
remaining constant at 10,000 rpm. Since the 
blower is essentially a constant-volume device, the 
volume flow will be independent of density. As a 
result, the mass flow rate at 0.075 lb/ft3 density 
will necessarily be almost twice the required 
value. • • 
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~L OFFERS for IMMEDIATE DELIVERY 

1/2" ROTARY SWITCHES 
WIRING TO SWITCHES NOW POSSIBLE "IN-THE-FLAT" 
Up to 12 positions per deck ... up to 6 poles per deck ... shorting and non-shorting poles 
can be grouped in any combination on one deck ... individual deck parts self-contained and 
permanently molded into place. Extremely low and uniform contact resistance: .0025!1 average. 
Life expectancy: 100,000 mechanical operations. 

Speed Inquiry to Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 30 

Available With: 
.. Spring Return 
.. Adjustable Stops 
.. Coned Terminals 

for critical space 
requirements, etc. 
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Who needs coaxing? 
When it comes to RF connectors, we don't have to coax 
our customers. The facts speak for themselves. 

First, AMP makes a complete line of coaxial connectors 
for RF applications up to 10 GHz ... the only line 
utilizing solderless crimp application techniques exclu· 
sively. This reduces noise and eliminates heat damage, 
while offering the lowest applied costs in the industry. 

Second, our line of applicable COAXICON* Connectors 
meets and exceeds specification MI L·C-23329 for design 
and materials, and ... they've been developed or re·de· 
signed to the new performance requirements of 
MIL·C-39012, as well. That means you're assured of 
minimal VSWR, superior dielectric characteristics, broad 
operating temperatures, and the electrical/mechanical 
integrity you need for the most critical applications. 

Specifically, this line includes BNC, TNC, TPS, plus a 
new "N" Series Connector which is fully intermatable 
with UG/U types. Four threaded versions and single 
and twin UHF plugs for various RF applications not 
requiring MIL specifications, round out the COAXICON 
connector line. Matched single-stroke crimping tools are 

available for all of these of course, and a varie'ty of 
adaptors to fit your panel needs. 

Finally, extending the coaxial connector line, we've 
developed a family of COAXICLAMP* Connectors and 
Splices for semi-rigid coaxial cable. Not only does their 
unique design provide outstanding performance with 
half the bulk usually required, but they can be assem· 
bled in less time than other semi-rigid cable terminating 
techniques. 

When you compare the advantages of these RF products 
with any others on the market, we feel sure you'll need 
no coaxing. Why not get all the facts today. 

•Trademark of AMP INCORPORATEO 

AMP 
INCORPORATED 
Harrisburg, Pennsylvania 

A-MP* products and engineering assistance are available through subsidiary companies in: 
Australia • Ca~ada • England • France • Holland • Italy • Japan • Mextco • Spain •West Germany 

Speed Inquiry to Advertiser via Collect Night Letter 

ON READER- SERVICE CARD CIRCLE 31 
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Try the hybrid-pi the next time you need 
an accurate transistor model that must hold 
over a wide frequency range. 

Many engineers tend to use the same transistor 
models over and over, without giving much thought 
to which might be best for the job at hand. Such 
adherence to habit may seem to save them time and 
worry, but from the standpoint of efficiency, it 
could be costly. They could, .for example, be passing 
up the outstanding versatility of the hybrid-pi 
method. 

The hybrid-pi offers a compromise between the 
so-called "block-box" parameters (h, y and z) on 
the one hand, and complex and cumbersome equa­
tions derived from semiconductor physics on the 
other. 

At its best in broadband analog applications, the 
hybrid-pi (Fig. 1) is a relatively simple, linear 
model usable from near de to the cut-off frequency 
of the transistor.* It is thus particularly applicable 
to stability analysis of broadband feedback ampli­
fiers. The designer can also use low frequencies to 
measure the model's parameters. And as an added 
advantage, he can easily relate these parameters to 
transistor variations intrQduced in manufacture. 

What are the parameters? 

The parameters are shown in Fig. 1. Each will 
be examined in detail to demonstrate how they can 
be related to easily measured quantities. 

First is rw, the base spreading resistance. This 
is the resistance from the transistor's base con­
tact to the base-emitter junction. It is dependent 
upon the base resistivity and geometry. As such'. 
it is practically constant for a given transistor 
type and does not vary significantly with the tran­
sistor's operating point. Typical values for small­
signal transistors are from 5 to 50 ohms. 

Next is the base-emitter resistance, which can be 
expressed as: 

rb'e =re (1 + hie ) = r . hre· 

The emitter-diode resistance, r., shown above, is 

*The model must be modified to include the base-to-emitter 
voltage drop in order to go completely to de. 

Robert A. Mammano, Assistant Program Manager, ARINC 
Research Corp., Santa Ana, Calif. 
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fundamentally related to emitter current, for: 

r. = kT / ql. , 

where 
k = Boltzmann's constant = 1.38 x 10·23 

watt/ s/° K, 
T = Absolute temperature in °K, and 
q = electronic charge = 1.6 x 10·19 coulombs. 

This simplifies to r. = 26/ I . in ohms, where I . is 
inmA. 

The term hre is the low-frequency, ac, common­
emitter current gain, often designated as {3. 

The third parameter Cb·e , is an artificial capaci­
tance used to account for the decrease in transistor 
gain and increasing phase shift with frequency. 
It is defined as the frequency-determining param­
eter. The time constant Cb'• rb' e is the 3-dB point 
on the current-gain-vs-frequency curve. If Cb'e is 
defined in terms off r, the gain-bandwidth product, 
and r., as: 

c b'e = 1/ 21Tfr r . , 

then the effect of h,. variations will be included in 
the frequency-response calculations by modification 
of the value of rb' e· The half-power frequency then 
becomes: 

W actB = 21Tf r/ h,.,, . 

Note that Cb'• also varies with the operating point 
such that the Cb' e r b·e product remains constant. 

The fourth parameter is r b'c• the feedback factor: 

rb'c = [r. (1 + h1e )] / h,. = r b·e/h, •. 

b' 

'ce 

1. The hybrid-pi is simple and versatile. It is at its best 
in broadband analog applications because of its near-de 
to cut-off accuracy. 
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This factor in most modern diffused transistors is 
usually greater than one megohm and so may be 
neglected. This is particularly true as the operating 
frequency is raised and the collector-base capaci­
tance begins to bypass rb'c· 

The fifth parameter is Cb·c, the capacitance of 
the reverse-biased collector-base junction, and it is 
usually defined as Cob on the data sheets. For dif­
fused-base transistors, this capacitance is a func­
tion of the area of the collector-base junction and 
the cube root of the collector-base de voltage: 

Cb·c =A (k/ V) 113
, 

where k is a constant related to the dielectric con­
stant of silicon and the impurity profile of the 
junction. 

The sixth parameter, current gain of the hybrid­
pi, is equal to the voltage from b' to e times the 
transconductance, which is defined as: 

Um = hre/ [re (l + hJe )] = l / r 0 • 

This means that u,,,, is also directly proportional to 
the de operating current so that the current gain, 
Urn Vb· e, is constant. 

The final parameter, re,, is related to the com­
mon-emitter output impedance as: 

r ce = 1/ (hoe - h,./r . ). 

This parameter is quite large and is often neglected 
without much loss of accuracy. 

Model accuracy is easily verified 

To determine the accuracy of the hybrid-pi mod­
el, several transistors were characterized by ac­
curate measurement of their parameters. These 
units were then inserted in the circuit shown in 
Fig. 2, and their performance was measured as a 
function of frequency. An exact analysis was then 
performed mathematically, by use of the equivalent 
circuit of Fig. 3, and the calculated results were 
compared with those experimentally obtained. Both 
calculated and measured data for 2N918 and 2N-
3507 transistors are plotted in Fig. 4. 

The curves of Fig. 4 show a high degree of cor­
relation between theory and practice. Slight dif­
ferences .that do exist can be attributed to instru­
mentation error and the 5 % resistors that were 
used for the laboratory tests. 

Putting the hybrid-pi to work 

To use the hybrid-pi in parameter variation 
studies or worst-case analysis, tolerances must be 
determined for each of the parameters, which may 
then be used in any combination to provide realistic 
performance characteristics. A reasonable toler­
ance for each of the parameters that must either 
be measured or taken from the data sheets is as 
follows: 

rw + 10 % due to primary dependency 
upon geometry and resistivity. 
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.--------.---16Vdc 

RI 
IBK 

R2 
2K 

R3 
IOK 

R4 
IK 

Co 
2.0pF 

2. Check the hybrid·pi's accuracy with this circuit. C0 rep­
resents the test equipment input capacity. 
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V2 rb'e 

Rl//R2 l ______ _ 
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R4 
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3. Here's the equivalent circuit of Fig. 2. It can be 
analyzed by computer to obtain the circuit's frequency 
response. 

Jllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll llllll lllllllllllllllllllllllllll llllllllll lllllllllllllllllllll lllll llllll~ 

20 

15 

"' ,, 
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0 

-5 
IOkHz IOOkHz I MHz 

FREQUENCY 
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COMPUTER 
CALCULATIONS 

IOMHz IOOMHz 

4 . The hybrid-pi's accuracy is demonstrated in this 
graphical comparison of the calculated and measured 
values of frequency response for two different transistors 
connected in the circuit of Fig. 2. 
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~ho said 
quality 
plug board 

• programming 
systems 
have to be 
expensive? 

not 
MAC Panel 
engineers! 
All they say is that they have to be better than all 
the others at less cost. And they are-all seven­
teen standard sizes of them. 

MAC design engineers take pride in designing 
flexible and fixed plugboard programming sys­
tems that perfectly mate with your racks, that 
give you the most reliable program control of 
your electronic equipment. 

Special attention is given to the design and engi­
neering of each component in MAC systems: re­
ceivers, plug boards and plug wires. Meeting your 
precise requirements for number of circuits, in­
stallation space limitations, environmental con­
ditions, signal levels, frequency range, and relia­
bility is their prime objective. 

Whether one of the standard systems meets 
your needs or you require a custom designed 
system, MAC Panel is the source. See your MAC 
representative, or write for MACs full line 
catalog today. 

NII 1.1 ..... 
O.E.M. DIVISION 

MAC PANEL CO. High Point, N. C. 
ON READER-SERVICE CARD CI RCLE 32 

re -+-5 % due to fundamental relationship 
with de current. 

hre specification limits. 
fT -+-20%, since the major bandwidth 

variability is due to both geometry and 
diffusion depths. 

cb' c -+-5 % due to the major dependency 
upon geometry. 

hre and h0 e + 100 % and - 50 % , since these are 
the most dependent parameters and 
are also the most loosely controlled. 

The parameter that best describes unit-to-unit 
variations between transistors is hre· This results 
from the dependence of h1e on both the base width 
defined by diffusion depths and on the resistivities. 
Dase width and resistivity are, in turn, functions of 
the manufacturing process. Possible variations in 
these physical characteristics within a particular 
process are roughly: 

Geometry control: -+- 1 % 
Resistivity: -+-10 % 
Diffusion depth: -+-20 % 

Note that different manufacturers of the same 
transistor type often use different geometries; 
therefore units from each should be measured be­
fore the rough tolerances are assumed to apply 
equally to all. 

The procedure for defining the model parameters 
for a given application, whether the computations 
are performed by hand or with the aid of a com­
puter, should be as follows: 

1. Obtain values for h 0 e and hrei either by meas­
urement or from manufacturers data, and compare 
with the circuit impedances to determine whether 
they need be considered. 

2. Determine values for rw, fT, and Cb· c, again 
either by measurement or from data sheets. 

3. Determine the de emitter current from -which 
the value of r. may be calculated with the use of 
r, = kT/ qI •. 

4. Calculate rb' e = reh fe · 
5. Calculate c b'e = 1/ 27rf Tre. 
6. Calculate g,,, = 1/ r •. 
7. If necessary calculate rb' c = rb·e/h re and r ce = 

1/ {hoe - hre / re). 
If the parameters in steps 4 through 7 are cal­

culated from the more independent quantities in 
steps 1, 2, and 3, the tolerances may be applied in 
any combination to obtain worst-case performance 
while still describing realistic transistors. A high­
gain transistor then automatically has high input 
impedance, since r b'e is calculated from the ap­
propriate value of h1• • • • 
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• From the instant of "blast-off'' this guidance com­
puter set the course of the space vehicle. The ultimate in 
precision was essential, for even the slightest misdirection 
could mean total failure. Reliability had to be maintained 
under hardly believable conditions of shock and vibra­
tion. Given such conditions, it is small wonder that the 
A-B hermetically sealed hot molded resistors were se­
lected for this assignment. 

All Allen-Bradley resistors are made by an exclusive 
process-pioneered and perfected by A-B-in which 
the resistance element and the insulating jacket are hot 
molded into a solid integral element. For the ultimate 
in environmental protection, this unit is then hermeti­
cally sealed in a ceramic tube. The hot molding process 
results in such exact uniformity from one resistor to the 
next-and from one year to the next-that long term 
resistor performance can be accurately predicted. Fur­
thermore, unlike film resistors, no A-B hot molded resistor 
has ever been known to fail catastrophically. 

For more complete specifications on the Allen-Bradley 
hot molded resistors, please write for Performance Speci­
fications 5003: Allen-Bradley Co., 1344 South Second 
St., Milwaukee, Wis. 53204. In Canada: Allen-Bradley 
Canada Limited. Export Office: 630 Third Ave., New 
York, N.Y., U.S.A. 10017. 

TYPE BB 1/8 WATT MIL TYPE RC 0!5 -TYPE CB 1/4 WATT MIL TYPE RC 07 

TYPE EB 1/2 WATT MIL TYPE RC 20 

!YPE GB 1 WATT = MIL TYPE RC 32 

TYPE HB 2 WATTS MIL TYPE RC 42 

These are the same hot molded resistors as used in the hermetically 
sealed construction described above. Shown actual size. 

ALLEN- BRADLEY 
1165-lAPSBJ QUALITY ELECTRONIC COMPONENTS 

ON READER-SERVICE CARD CIRCLE 33 
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® 

... single crystal silicon, 
solvents, etchants (including 
new premixed types) and all the 
other Mallinckrodt TransistAR® 
chemicals for the electronics 
industry. 
More semiconductor devices 
have been processed with 
TransistAR chemicals than 
with any other brand. 
That's why this new 
Mallinckrodt catalog belongs 
in your file. Send for a copy. 
Write Mallinckrodt, Industrial 
Chemicals, St. Louis, Mo. 63160 

Mallinckrodt Chemical Works/ Electronic Chemicals/ St. Louis/ New York/ Los Angeles 
ON READER-SERVICE CARD CIRCLE 34 
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Dial Direct-and Save 
Introducing the direct-dialing Bourns KNOBPOT® Model 3650 
- a d igital dial, knob, and 10-turn precision potentiometer in 
a single assembly. At $25, this integrated unit costs you less 
than a precision potentiometer and digital dial bought sep­
arately, yet gives you greater accuracy. Correlation between 
dial and wiper output isguaranteed accurate to 0.1 per cent! 
There are no phase-it-yourself problems with the Model 3650, 
either. Each unit is phased at the factory. You save time, trouble 
and expense! 
Settings are fast and easy, thanks to the large, clear numerals 
that show turns, tenths of turns and hundredths of turns. Cali ­
bration marks beside hundredth-turn numerals allow settings as 
fine as 1/1000 turn . 
Reliability is enhanced by extensive in -process inspection, 100 
per cent final inspection, the Bourns Reliability Assurance Pro­
gram, and by such outstanding construction features as the 
exclusive SILVERWELD® termination-the strongest in the 
industry. For value you can count on, specify Model 3650. Write 
today for complete technical data. 

MODEL 3650 11/.i" dia., 10-turn 
STANDARD SPECIFICATIONS 

Dial accuracy 
(correlation of dial 
reading and output. 
including linearity) 

-Repeatability 
of dial reading 

Power rating 

Humidity 

Resistance Range 

± 0.1% 

± 0 .05 % 

2.5W at 25°C 

MIL-R·12934C 
cycling 

10011-500K 

s 

unit shown l 4 actual size 

BOURNS , INC . . TRIM POT DIVISION , 1200 COLUMBIA AVE . . RIVERSIDE , CALIF. 

PHONE 684·1700 •TWX: 714· 682 9!582 •CABLE : BOURNSINC 

TRIMPOT® AND PRECISION POTENTIOMETERS - RELAYS - MICROCOMPONENTS : TRANSFORMERS , INDUCTORS, RESISTORS AND CAPACITORS 

Speed Inquiry to Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 215 



Read out magnetic shaft encoders with 
pulsed drivers. Systems using blocking oscillators. 
draw less turrent than sine-wave types. 

Pulsed drivers are selOom used to read out 
information from magnetic shaft-position enco­
ders. Yet they off er advantages over the common­
er, simpler sine-wave driver$. 
• They require no demodulators at the code-wheel 
output. 
• They impose a smaller current drain because 
they run only when interrogated. 
• They produce an output only when required to. 

Because they use blocking oscillators, pulsed 
drivers are more difficult to design than sine-wave 
types. This drawback is compounded by a paucity 
of information on the pulsed technique in the 
literature. 

But design need not be a great problem. Take, 
for example, a pulsed driver that was designed to 
read out a magnetic shaft-position encoder used in 
underwater tracking equipment. It is pulsed, or 
interrogated, every time a digitized output i~ 
desired, the repetition rate synchronized with th~ 
clock running the over-all digital system. 

Robert Bruce, Senior Engineer, Sperry Gyroscope Co., 
Great Neck, L. I., N. Y. 

\TRIGGER 

\ ONE­
SHOT 

MULTI I 

ONE­
SHOT 

MULTI 2 

B+ 

OUTPUT 
STAGE 

H 

B-

OUTPUT 

1. Typical pulse-driver circuit (a) uses separate one-shot 
multis to produce bipolar square wave to interrogate code 
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Usually the repetition rate is chosen so that 
successive outputs differ only by a small amount-­
the change of the least significant bit. In general, 
the code wheel should be pulsed every T seconds to 
fulfill this criterion: 

T Q !Q__ x l r(1) ~ rpm 2" 1 I 

where rpm = revolutions per minute of ~he shaft 
and n = number of bits in the code wheel. 

Figure la shows one of the more obvio,us aircuits 
for a pulse driver. In the schematic (Fifi. ib), Q1 
and Q2 constitute a one-shot multi, whiefi f_fceives 
the input pulse and generates a gate ~'t fixed 
interval. Q3 raises the current level tp . ive Q4, 
which supplies a positive pulse of (typiCa r¥) 1/ 2-
A-peak to the code wheel. The trailing edge of· 
the pulse at Q. triggers the second one-shot multi, 
consisting of Qs and Qs. The output of Qs drives 
Q1 , which supplies the proper current level for 
Q8 • Q8 puts out a negative 1/ 2-A current pulse 
to the code wheel. 

Both positive and negative pulses feed to the 
same point and are, in effect, one cycle of a bipolar 
square wave. The positive half cycle sets all the 
cores in the code wheel; the negative half cycle 

DRIVE COILS 

a, . Oz }- ONE - SHOT 
a5 ,a6 MULTIS 

a3 • 07 : BUFFERS 

04.0e' HIGH-CURRENT 
DRIVERS 

wheel. Too complicated, the bipolar drivers (b) require two 
power supplies and eight transistors. 
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resets them. The RC network at the output ab­
sorbs the inductive energy stored in the code 
wheel at the end of the negative pulse, preventing 
overshoots. 

Blocking oscillation simplifies driver 

The shortcoming of the circuit of Fig. lb is that 
it requires two power supplies and eight transis­
tors. A far simpler circuit can be built around a 
blocking oscillator (BO). " 2

• 3 Such a two-transis­
tor circuit (see Fig. 2) requires only one power 
supply. Its most critical part is the pulse trans­
former and the RC damping network across the 
primary. The pulse width is determined by the 
primary inductance, turns ratios, the alpha of Q2 
and load resistance. In general: 

L [ 
ni ( ) n .,

2
] T = -- a-n1 - -- , 

R. Ri, 
(2) 

where 
T = BO period, L = J;>rimary inductance, 

ni, n 2 = turns, a = alpha of Q2, 
R. = emitter resistor, Ri, = code wheel drive 

coil resistance. 
This equation can also be used to determine 

whether there is enough feedback to support an 
oscillation. If T comes out negative, there is not. In 
this case, the circuit would become a regenerative 
pulse amplifier with the period of the output 
determined by the input. 

This equation does not account for the core 
losses and magnetic nonlinearities in the code 
wheel. Th~se have the effect of an even heavier 
load than the code-wh.eel coil resistanr:::e; they 
shorten the pulse width. The proper pulse duration 
depends on the switching time of the cores in the 
code wheel and on the amount of surplus current 
they receive over and above the minimum required 

Oz 
2N2297 

~---'-- +22 v 

5 

+22V 

Tl•I : 112:113 
1:1: n1: n 2 

TO CODE 

2. Blocking oscillator driver needs at least two transistors 
and a single power supply. Inductive kick of BO resets the 
cores in the code wheel. Signal-to-noise ratio of the wheel 
output was better than 20 dB before thresholding, 30 dB 
after thresholding. 
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NEW 
Low 
Frequency 
Ceramic 
Band Pass 
Filter. 

50 TSR-llB 
TYPICAL RESPONSE 

45 
CURVE 

40 

al 35 
0 

en 
~ 30 
..J 

z 
~ 25 
a: 
LL.I 
en 
:!': 20 

a: 
LL.I 

~ 15 
Cl. 

10 

~ 0 .95 KC 

0 8 9 10 II 12 13 14 15 
FREQUENCY KC 

Big performance in a 
quarter ounce package. 

16 

Looking for something better in a low frequency filter? Look no 
more. Clevite's new generation of fixed-tuned ceramic band pass 
filters combine narrow bandwidths and high performance with 
surprisingly small size and low weight. 

Check the specs and see for yourself : 
Center Frequency - from 9kc to 50kc 

Bandwidth(% fo) - @ 3db-1% ;@ 20db-13% 

Stability - Within 0.2% for 5 years 
Within 0.2% from - 40 ' C to +85 ' C 

Dimensions-HC-6/U case %"x%"x.34" (hermetically sealed) 

Shock - 20g any axis 20-2000 cps per mil std. 202B . 

As we said, look no more for a high performance. low frequency 
filter. This new one from Clevite is the perfect choice. Write for 
free Technical Bulletin 94023. Clevite Corporation, Piezoelectric 
Division. 232 Forbes Road, Bedford. Ohio 44014. 

CLEVITE 
Speed Inquiry to Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE . 35 
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to switch them.4 
With a rectangular pulse of 500 mA peak, most 

cores will switch in 2 µ.s. Between 4 and 8 µ.s for a 
half cycle leaves margin for variation in circuitry 
and cores. The circuit in Fig. 2 has a pulse dura­
tion of about 5 µ.s, but the inductive kick, used to 
reset the code wheel cores, is only 2 µ.s. This means 
that the code wheel cores are not completely reset 
and thus put out a lower voltage. The S/ N ratio of 
the code wheel output is therefore poorer with a 
BO driver than with a true bipolar pulse driver 
(Fig. lb). 

The inductive kick at the end of a blocking­
oscillator cycle can cause a voltage spike that will 
destro'Y the transistor! To prevent this, many BO 
circuits have a catching diode across the trans­
former primary which permits the primary cur­
rent to flow after the transistor cuts off. It also 
prevents the transistor collector voltage from 
going more positive than B + . The code wheel, 
however, needs a bipolar drive pulse to set and 
reset it. Without a catching diode, the BO ouput 
spike can go as high as 150 volts. The energy in 
the inductive kick could be used to reset the cores 
in the code wheel, but this part of the pulse has too 
short a duration to be effective. A catching diode 
would only clip the negative portion of the pulse. 

The RC network across the transformer pri­
mary in Fig. 2 controls the rise and fall times, 
limits the voltage amplitude and spreads out and 
decreases the pulse from the inductive kick. The 
RC values are best determined empirically. 

A word of caution is necessary. It is very easy 
to turn this circuit into a free-running oscillator. 
The circuit must have enough damping to prevent 
it from free-running. The 1-n resistor in series 
with the code wheel is used to monitor the drive 
current. 

The circuit in Fig. 2 yielded a signal-to-noise 
ratio better than 20 dB before thresholding except 
in the 2°, or least significant, digit of a Librascope 
model 813 code wheel. The 2° bit had 15-dB S/ N 
ratio before thresholding. After thresholding, all 
outputs had a S/ N ratio better than 30 dB. 

Unipolar driver for less square cores 

It is clear that most magnetic code wheels must 
have a bipolar drive pulse, and that most of the 
design effort goes into obtaining a sufficiently 
simple circuit with bipolar output. However, not 
all magnetic code wheels need a bipolar driver. 

SPECIAL 
CODE 
WHEEL 

3 . Unipolar driver can also be used if cores in code wheel 
have low squareness ratio (0.8 or less) so that they put 
out large signals. 
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Some have cores with low squareness ratios ( 0.8 
or less), so that they put out large signals with a 
unipolar drive. 

The circuit in Fig. 2 will put out an essentially 
unipolar pulse if the 5600-pF capacitor is replaced 
with a catching diode. A simple pulse amplifier 
with no transformer at all can do the same thing 
(see Fig. 3). The cores in the code wheel must, 
however, be specified to have squareness ratios of 
0.8 at most. • • 

Shaft encoders: how they work 

Shaft-position encoders are used to translate a 
shaft angular position- an analog quantity-into 
digital form. Most familiar is the brush encoder 
with concentric annular tracks, each with alternat­
ing conducting and nonconducting segments.s, G, 7 

The operating principle of the brush encoder 
applies to the magnetic type: each output lead 
puts out either a voltage to indicate a one or no 
voltage to indicate a zero. However, there is a 
basic difference. The brush encoder uses conduc­
tion to put out its de s ignals; the magnetic en­
coder relies on magnetic induction to put out ac 
pulses .7· 8 

With inductive coupling, there is no physical 
contact between the stationary and rotating 
portions of the wheel, except for bearings. Thus, 
the magnetic code wheel offers much longer life 
and much higher rotational speeds. The price for 
this is higher cost (about 4 :1 ) and more complex 
drive and read-out circuitry. 

One 13-bit brush encoder, for example, has a 
life expectancy of 2 million rotations at 100 rpm, 
while a 13-bit magnetic encoder offer s 1 billion 
revolutions at 4000 rpm. 

Each Track Has Read-out Core 

The input to a magnetic code wheel is high­
frequency ac- either sine-wave or pulse-which 
feeds each of the read-out heads. The heads con­
sist of fixed square-loop ferrite cores, one for each 
track, or bit, in the code wheel ( Fig. A ) . 

A track on the wheel is occupied by the pattern 
for one bit, such as the 2° bit. The pattern alter­
nates magnetized spots and unmagnetized areas . 
The core is next to, but does not touch, the rotat­
ing track. 
Whe~ the core is above a magnetized s~ot, the 

magnetic flux from the spot saturates it. Any 
signal to the drive winding is not coupled to the 

DISC 
MAGNETIZED SPOTS 

A. Magnetic code wheel disc uses ferrite-core read­
out heads adjacent to rotating track of magnetized 
spots to detect ones and zeros. 
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of Sperry Gyroscope Corp. on magnetic code wheels 
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References: 
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Blocking Oscillator," Proc. of the IRE, XLIII, No. 11 
(Nov., 1955). 

2. Handbook of Selected Semiconductor Circuits 
NAVSHIPS 93484), pp. 6/18-6/21 

3. D. J. Hamilton, "A Transistor Pulse Generator for 
Digital Systems," IRE Trans. on Electronic Computers, 

output winding. When the core is above an un­
magnetized area, it can couple the drive signal to 
the output winding. In this manner, the code 
wheel has an output whenever there's an input of 
the proper amplitude and polarity. 

Each has a low-impedance drive winding (less 
than 10 ohms) and a higher-impedance read-out 
winding (over 100 ohms). The drive.windings are 
connected in series or in parallel, and are interro­
gated by a high-current drive signal. 

For example, Electro-Mechanical Research rec­
ommends for its code wheels a 1000-mA peak­
to-peak signal with a minimum rise time of 1000 
mA/µ.s. Librascope recommends 1500 mA peak-to­
peak; Norden, 350 mA rms, which is 990 mA 
peak-to-peak. Since the cores in the read-out heads 
have a square hysteresis loop, they require a 
bipolar drive signal. In other words, every inter­
rogate pulse should have a positive and negative 
half cycle to set and reset the core. Otherwise, 
each successive pulse would produce only a very 
small output, as with a half-selected memory 
core.8 

The tracks are arranged geometrically to 
change in binary sequence. The table below shows 
how the outputs of the various tracks vary with 
shaft angle in a hypothetical code wheel. 

Tracks 

Shaft angle 2s 21 20 25 2• 23 22 21 20 

(degrees) 
1 0 0 0 0 0 0 0. 0 1 
2 0 0 0 0 0 0 0 1 0 
3 0 0 0 0 0 0 0 1 1 

• 
• 

256 1 0 0 0 0 0 0 0 0 

• 
• 

359 1 0 1 1 0 0 1 1 1 

As the shaft is turned, the nine heads put out 
ones and zeroes in a binary sequence .. This hy­
pothetical code wheel divides one revolution into 
360 increments; this requires a nine-stage count­
er, with 359° yielding the outputs shown. An 
actual code wheel divides a rotation into 211 incre­
ments where n is the number of bits or pickup 
heads. 

An important characteristic of magnetic enco· 
ders is the signal-to-noise ratio of the output. 
This is the ratio of the output voltage when it 
puts out a one to the voltage when it puts out a 
zero. With a well-designed driver circuit the S/N 
ratio is over 15 dB, which makes it easy to distin­
guish a one from a zero. 
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Sept., 1958. 
4. E. C. Geissler, "Magnetic Circuitry and Applicu­

tions" (Sprague Technical Paper No. 62-3). 
5. Alfred K. Susskind, Notes on Analog to Digital Con­

version Techniques (New York and Cambridge, Mass.: 
John Wiley & Sons, Inc., and MIT Press, 1957), Chap 6. 

6. John Bunnell "In Introduction to Shaft Position to 
Digital Encoders" (Librascope Inc. paper dated 3/ 6/ 61). 

7. "Shaft Angle Encoders" Computer Design, Dec., 
1963. 

8. Jerrold Asher, "Magnetic Encoder," Electromechan­
ical Design, March, 1963. 

With a poorly designed driver, it can be 10 dB 
or less. Such a poor S/N ratio requires elaborate 
thresholding circuits at the output of the code 
wheel. There, a well-designed driver pays off. 

One of the first drive systems used with mag­
netic code wheels was continuous sine-wave 
interrogation. With this method, an amplifier 
feeds a continuous high-frequency sine wave ( in 
the range of 20 to 200 kHz) to all drive coils. The 
output, however, is not sinusoidal but a series of 
bipolar pulses. These must usually be demodulat­
ed and their envelope used to perform logical 
operations. 

Figure B shows a block diagram of one channel 
of a magnetic code wheel with sinusoidal drive, 
and the output as a function of shaft angle. Note 
that the code-wheel output does not drop to zero 
instantly as the shaft angle increases. This is 
because the code wheel has a definite region of 
transition from one to zero. The slope of this 
transition region can be used as a figure of merit 
for the code wheel: the steeper the better. Manu­
facturers do not generally publish specs or data 
on this, so that the user must evaluate which 
model is superior in this respect. The threshold 
circuit in Fig. B makes the decision as to where 
the boundary is located between adjacent ones 
and zeroes. 

DRIVE OUTPUT 
COILS COILS 

DETECTOR 

WHEEL 

THRESHOLD 

SWITCH 
STAGE 

OUTPUT 

CODE~ 
OUTPUT-t'-'-tt'ltt-ftf'\oft-itttt++w+Pr------S-H-A-FT-AN-G-L-E--

DETECTOR tv?st-- - - - - - -THRESHOLD LEVEL 
OUTPUT 

--+----------------~ 
SHAFT ANGLE 

SWITCH tuu 
STAGE 

OUTPUT 
--t-----------~S~H~A~F=T~A~N~G~LE=--

8. Carrier-driven code-wheel system converts sine 
wave at the input drive coils into bipolar output 
pulses, which are then demodulated . Logic opera­
tions are performed with pulse envelope. 
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Two new bigb power 
silicon transistors: 

zoov S 3oov, 3.5A, low cost 

These new Delco NPN transistors are designed to do 
a better job in your medium-high voltage inverters, 
converters, regulators and switching circuits. 

base and emitter contacts. 

Low saturation resistance (typically 0.3 ohm) and 
built-in protection against high-voltage transients 
make these two new devices ideal for rugged switch­
ing applications. 

Both devices are packaged in solid copper Delco 
T0-3 packages which give them ruggedness and low 
thermal resistance (typically 0.75° c/ w). 

Contact your nearest Delco sales office or distribu­
tor for complete data, the low prices and off-the-shelf 
delivery. 

High punch-through voltage, high frequency re­
sponse, and low saturation resistance are provided by 
the silicon element itself, which is fabricated by our 
unique triple sequential diffusion process. Exceptional 
resistance to thermal and mechanical shock are a re­
sult of ultrasonic bonding of aluminum to aluminum 

tPrices shown are for quantities of 1000 and over. 

TYPE 

DTS 410 

DTS 411 

Vern 

200V 

300V 

FIELD 
SALES 
OFFICES 

UNION, NEW JERSEY• DETROIT , MICHIGAN 
Box 1018 Chestnut Station 57 Harper Avenue 

SANTA MONICA, CALIFORNIA• 
726 Santa Monica Blvd. 
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(201) 687·3770 (313) 873-6560 
SYRACUSE, NEW YORK CHICAGO, ILLINOIS• 
1054 James Street 5151 N. Harlem Avenue 
(315) 472-2668 (312) 775-5411 

(213) 870-8807 
General Sales Office : 
700 E. Firmin, Kokomo, Ind. 
(317) 459-2175 

•Office includes field lab and resident engineer for applications assistance 
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I 
Vern hFE R(sat) 

Vceo (sus) Jc JB VcE = typ 

--~ @ Jc 

200V 200V min 3.5A 2.0A 10 @2.5A 0.3 ohm 
@ I.QA 

--------
300V 300V min 3.5A 2.0A 10 @ 2.5A 0.3 ohm 

@ LOA 

DELCO RADIO~ 
Division of General Motors 
Kokomo, Indiana 
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IRC expands rectifier line 
Wide choice of MIL and industrial devices 
Now, IRC is offering an even larger selection of silicon 
rectifiers. These devices are immediately available from 
stock to fill the vast majority of your MIL and industrial 
requirements. Most IRC rectifiers are also available in 
reverse polarity. 

• Ratings from .045 to 250 amps, and 50 volts to 
100 Kv 

• MIL types meet all performance and environ­
mental requirements of MIL-S-19500 

• Subminiature, high-voltage types to 4000 volts 

ZENER 
DIODES 

MIL and industrial regu­
lator types, silicon refer­
ence diodes, l-wattD0-7, 
and solid construction 
Poly-Sil packaging. 

/ 
/

AXIAL LEAD 
RECTIFIERS 

AR16thru AR24 replaces 
363 JEDEC devices for 
50 to 1000 V /.25 to lA 
needs. Costs less than 
stud-mounted types. 

• 100 and 250 amp controlled avalanche units for 
industrial use 

• Fast recovery types-200 nsec-in five package 
choices 

If you specify or buy silicon rectifiers, you should know 
about the money-saving advantages of I RC's silicon 
rectifier line. For new semiconductor catalog, prices 
and samples, write: IRC, Inc., Semiconductor Division 
{formerly North American Electronics), 71 Linden St., 
West Lynn, Massachusetts 01905. 

SCR's 

MIL and industrial de· 
vices, including fast­
switching types. Choice 
of power ratings and 
package shapes. 

SPECIAL 
ASSEMBLIES 

Rectifier stacks, potted 
bridges and high voltage 
assemblies. Available in 
prototype or production 
quantities. 

IR C 
Speed Inquiry to Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 37 
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DESIGN DECISION 

Produce fast and clean RF pulses with 
diode modulators that combine series and shunt diodes 
and operate on megahertz cw signals. 

For fast and balanced RF pulses, any experi­
enced designer might recommend modulating a cw 
signal. The trouble with this approach is that 
standard series- or shunt-diode modulators either 
lack good on-to-off ratios or produce a pedestal in 
the output. 

Engineers at LTV Electrosystems, Inc., came 
up with a simple, ingenious circuit that solves the 
problem by combining the best properties of both 
the shunt- and series-diode modulators (Fig. 1). 
Their modulator can generate RF pulses with 5-ns 
rise times, which are needed to test pulsed radar 
receivers, telemetry receivers and similar systems. 
While series modulators are less susceptible to 
pedestals in the output, their on-to-off amplitude 
ratio is not so good as the shunt type's. In the 
kilohertz range, the series modulator performs 
satisfactorily, but as the ac signal reaches the 
megahertz level, the diode's parallel capacitance 
will pass enough signal to prevent good on-to-off 
ratios. 

W. Glen Urbach, Jr., Electronic Systems Engineer, LTV 
Electrosystems, Inc., Dallas, Tex. 

A B -= 

1. Diode modulator combines best properties of conven· 
tional series and shunt types. The circuit conducts when 
point B is positive with respect to point A. 

78 

Shunt modulators, on the other hand, have 
better on-to-off amplitude ratios but produce a 
pedestal in the output. A pedestal, superimposed 
on an RF signal, produces variable results that 
depend on the manner in which the signal is used 
in the succeeding circuitry. Generally, RF circuits 
are coupled by low values of capacitance that 
differentiate the pedestal, filtering the low-fre­
quency components of the pulse. Detection of this 
envelope produces a distorted pulse, instead of the 
expected flat-topped video pulse (Fig. 2). Two 
effects give rise to this pedestal in shunt modula­
tors: 

• If the forward resistance, Rh is not matched 
for all four diodes in the ring, the turn-on current, 
I1, will produce an I1 R1 voltage, which appears as 
a pedestal in the output. 

• An additional offset will be added to I 1 if the 
forward curves of the diodes do not break at the 
same voltage point. 

The simplicity of the new circuit is evident in 
Fig. 1. Its operation is just as straightfonvard. 

When the voltage at A is positive with respect 
to the voltage at B, the series diodes are reverse­
biased, the shunt diodes are forward-biased and 

(b) 

(c) 

2. Pedestal superimposed on RF pulse (a) gets differ­
entiated by coupling RF capacitors (b) and distorts the 
envelope of the RF pulse (c). 
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3. Breadboard of diode modulator indicates shielding, 
necessary in the megahertz range. The diodes protrude 
through holes in the shield. 

there is no output. Signals leaking through the 
input diodes encounter a low impedance across the 
line and a high impedance in series with the 
signal path. When the voltages at A and B are 
reversed, the conduction states of the series and 
shunt diodes are reversed, and the slightly atten­
uated signal passes through the switch. 

In the upper megahertz range, shielding pre­
vents radiation feed-through of the modulated RF 
(Fig. 3). Note that the diodes in the modulator 
ring protrude through holes in the shield. 

The final circuit, shown in Fig. 4, includes input 
and output matching networks and power supplies 
for forward and backward biasing. 

A large inductance in series with each supply 
prevents the turn-on pulse from being loaded 
through the supplies. 

The turns ratio of the transformer should be 
such that the secondary voltage will cancel the 
reverse-biasing voltage during· the turn-on period 
and also appear as a current source to the diodes. 

·To ensure a balanced turn-on pulse with refer­
ence to ground, resistors in series with CR7 and 
CR8 provide a balanced load with respect to 
ground for the transformer secondary. As a 
result, the turn-on signal is a floating pulse from 
the transformer. If the pulse were tied to ground, 
its leading and trailing edges would generate tran­
sients. CR7 and CR8 prevent the reverse-bias 
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matching and biasing networks. The pulse transformer 
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5. Modulator uses hpa 2303 diodes to produce two 1·1.is 
pulses with 2-µ.s separation from a 150-MHz cw signal. No 
feedthrough is apparent. 

voltages from being loaded by these resistors. 
The parallel RC circuit in series with the shunt 

diodes improves the operation. The resistors limit 
the current through the diodes during inhibit 
periods, and the capacitors bypass the resistors 
for any leakage signals being shunted to ground 
during the inhibit periods. Too large a capacitor 
value here will cause spikes at the leading and 
trailing edge of the turn-on pulse. The capacitance 
must, nevertheless, be large enough to present a 
low impedance to the signal being modulated. 

Three diode types-a hot-carrier diode, hpa 
2303; a silicon diode, 1N914B Uni-G, and an 
inexpensive germanium diode, 1N67 A-were 
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when your design is 
only an idea ... put in 
TRIAD off-the-shelf 

transformers! 
You'll get new prototypes on their way faster. And cut out 
costly sampling. Just turn first to the TRIAD catalog for the 
transformers and reactors you need. Chances are the unit you 
thought would have to be custom made is ready off-the-shelf 
from your TRIAD distributor. 

The way to be sure is to thumb through the TRIAD catalog. 
You 'll find more than 1700 items immediately available. More 
added each month. It's your most complete 
source for what's new and in stock. 
Of course, it 's free . Even better than tree, 
it will save you money in the long run . 
And help your ideas pay off. 

Get your TR.AD catalog from your 
distributor or write us direct: 
305 North Briant Street. 
Huntington, Indiana. 

T Triad Distributor Division 
~ LITTON INDUSTRIES [8 
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6. Modulated output of circuit with 1N9148 UNl-G 
diodes at 150 MHz has the same quality as with the hot­
carrier-diodes . 

7. Deteriorating rise time characterizes the output of 
the modulator with 1 N67 A germanium diodes. 

evaluated in the circuit. Performance criteria 
were insertion loss during conductance, on-to-off 
output ratio, rise time and recovery· time of the 
switching circuit. 

With the hpa 2303 diode, the modulation of a 1-
m W, 150-MHz, cw-input signal yielded two 1-11.s 
pulses, 2 µ,s apart, and a loss of 14.7 dB through the 
diodes and matching networks. No feed-through 
was apparent (Fig. 5). 

The 1N914B Uni-G silicon diode performed like 
the hpa 2303 diode at 150 MHz cw (Fig. 6). 

When 1N67 A germanium diodes modulated the 
150-MHz cw signal, the rise time deteriorated at 
the leading edge of the pulse (Fig. 7). Although 
invisible on the photographs, there were leading­
and trailing-edge spikes on the waveforms. The 
insertion loss went up to 21 dB. • • 
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Amphenol' s got a dial for every readout, 
environment, and personal preference 

Some are so small they fit on 
your thumbnail. 

Some indicate shaft position as 
fast as 6,000 counts per minute. 
Some shine in the dark. And 
there are others that withstand 
industrial atmospheres, like dust, 
steam, water, or oil, yet still give 
accurate readout. 

BIG-AS-LIFE READABILITY. 
Numerals on every Amphenol 
dial are designed for maximum 
readability, no matter how small 
the dial case. We have used every 
optical technique from contrast­
ing backgrounds to convex win­
dows that eliminate reflection-
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yet magnify, too. Plus, only 
Amphenol offers you the outer 
vernier scale for maximum ad­
justment accuracy. 

PUT MORE SELL IN YOUR 
EQUIPMENT. Amphenol dials are 
styled to upgrade anyone's equip­
ment. You can have Amphenol's 
digital or concentric dial color­
coded any way you want using 
solid or two-tone color combina­
tions, glossy or dull blacks, bright 
or satin chromes. 

NOW SAVE UP TO $8 PER UNIT. 
Do you now buy dials and pots 
separately and do the assembling, 
trimming, and phasing on your 

own production line? If so, the 
total cost for the pot and dial, all 
materials, and technician time 
probably runs about $20. 

Save it. You can buy an 
Amphenol dial already mounted 
and phased to an Amphenol 
potentiometer for less than $12 
in production quantities . The 
savings to you-a hefty $8 per 
installation! 

NEED FAST DELIVERY? For the 
best combination of performance, 
appearance, price and delivery in 
dials, call your · local Amphenol 
Sales Engineer or distributor. 
Or write us in Janesville, Wis. 

® AMPHENOL CONTROLS DIVISION 
AMPHENO L CORPO RATI ON 

T 

Specify Amphenol ... the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics 



DESIGN DECISION 

Improve flasher designs, using solid-state circuits 
in place of motor-driven cam controls. Triacs and UJT make 
even medium-power flashers last longer, work better. 

Mention a flasher system of sizable power, and 
many engineers are ready to reach for a motor­
driven cam actuator. But they'll obtain better 
performance if they turn to solid-state control. 
Thanks to the Triac and a UJT-driven flip-flop, 
flasher circuits handling upwards of a 1-watt load 
need not be burdened with the limitations of 
electromechanical operation. 

The benefits of using semiconductor compo-
nents are as follows: 

• Longer life (virtually unlimited). 
• Silent operation. 
• Immunity to atmospheric contamination and 

E. Keith Howell, Manager-Light Industrial and Consumer 
Controls, General Electric Co., Auburn, N. Y. 

Semiconductor components like this Triac (top) and un­
ijunction transistor (bottom) improve flasher designs. 
Lasting, more reliable operation and small size are just 
a few of the benefits brought by the solid-state units. 

82 

dust, vibration and orientation. 
• Easily adjusted flasher rate. 
• Independent load control. 
• Explosion-proof circuitry. 
The Triacs, operating directly on the ac lines, 

bear the brunt of the power switching and are 
primarily responsible for making this all-solid­
state system simple, compact and economical. 

Weaknesses of mechanical design 

In general, flashing lamps are frequently used 
in industrial and traffic-signal applications. Al­
though many of these applications use single­
circuit flashers, a large number require dual 
circuits that flash lamps alternately in a flip-flop 

To make one light dimmer Author Howell uses his all­
solid-state dual flasher design. It provides balanced con­
trol of the intensity of the two lamps. 

ELECTRONIC DESIGN, September 13, 1966 
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Dual flasher is all-solid-state. One kW of power is handled 
without a motor-driven cam actuator. The semiconductor 

arrangement. Associated with these dual systems 
are the limitations of conventional electromechan­
ical control. 

Flashers for these applications typically consist 
of a small motor-driven cam actuating heavy 
silver contacts. The electrical wear . on these con­
tacts is the major limitation on their life; it is 
caused by the high inrush current when a tung­
sten lamp is turned on. 

The speed of rotation of the cam is generally set 
to produce approximately 55 flashes per minute. 
This speed, instead of 60 flashes per minute, is 
chosen to avoid having the contacts close at the 
same point on the 60-Hz waveform. If the points 
coalesce, excessive wear and very short life result. 

With the new system (see schematic), in which 
the circuit provides flip-flop operation of two 1-
kW lamp loads, this is no problem. Also, since the 
control circuit is completely independent of the 
loads, . it can provide simple on-off flashing of 
either load alone. 

The transformer and bridge rectifier form a 
low-voltage de supply that is filtered by Rl and Cl. 
Unijunction transistor Ql is connected as a simple, 
free-running relaxation oscillator with an adjust­
able range of operation between 30 and 90 Hz. 
The interbase voltage for Ql is taken from the raw 
output of the bridge rectifier in order to synchro­
nize the relaxation oscillation with the supply fre­
quency. This connection also provides modulation 
of the interbase voltage, which permits the use of 
a charging current for capacitor C2 that is well 
below the required peak-point current for the UJT. 

Switching technique minimizes RFI 

Output pulses developed across R4 occur near 
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system is smaller, quieter, costs less and has longer life 
than its electro-mechanical counterpart. 

the point of zero voltage in the supply waveform. 
Note that this switching, when the line voltage is 
low, minimizes radio frequency interference. 

The output pulses are coupled into a transis­
tor flip-flop circuit that alternately drives the 
gates of the two Triacs. 

If only a single-circuit flasher is required, load 2 
and Triac 2 may be eliminated and R6 connected 
to line 2, as indicated in the diagram. Since the 
transistors provide a negative de gate signal to the 
Triacs during the conduction time, and because 
the occurrence of the signal is synchronized with 
the line voltage, the operation of this switch gener­
ates very little electrical noise. 

The point on the waveform of the supply volt­
age at which the Triacs are first turned on is 
governed by the phase shift in transformer T 1. 
This phase shift can cause switching to occur a 
short time after the zero-voltage crossover. The 
action causes an overlap in the switching opera­
tion whereby both loads are energized for one­
half cycle of the supply frequency. This overla.p 
can occur only during a switching transition; 
hence it is not theoretically possible to have both 
loads visibly energized at the same time. 

The only possible exception to this would be if 
the Triac were so sensitive that the normal tran­
sistor base current would be enough to turn it on. 
In this case the Triac could be desensitized by a 
suitable resistor placed between the gate and 
anode 1. 

The solid-state system also offers de­
sign flexibility. Modifications of this flasher 
circuit are easily made, to accommodate a switch­
ing action controlled by signals from photocells, 
themistors or de control sources. • • 
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Now function generators are modular. 
Exact Electronics introduces the first wholly modular 
system for function generators. Now you can mix 
modules to build just the generator and waveform 
combination you want-no more, no less-and have 
an instrument that is expandable anytime at small 
cost. 

Starting with a basic square/ triangle module and 
power pack, you can add waveform modules, ampli­
fiers or control modules to suit any systems applica­
ation. " Specials" can be delivered in half the time 
for much less money. 

Specifications are better, service faster, maintenance 
easier-yet all costs are cut with this versatile new 
system. You can order a simple square/ triangle gen­
erator with 40 nanosec. risetime, 1 MHz range, for 

under $300. Or you can have a full-featured multi­
waveform generator for under $600. By using the 
following modules you match or better the specifi­
cations of most state-of-the-art, fixed-package 
function generators : P1001 15V power supply (rear 
plug-in); G1102 square/ triangle generator with VCF 
(ranging almost to 2 decades); S1301 sine shaper; 
C1011 gate/ trigger control module; A1202 10V out­
put amplifier with de offset. 

In addition to the above, the following modules are 
immediately available: G1101 square/ triangle gen­
erator without VCF; G1103 ramp generator; A1201 
10V output amplifier; A1203 30V output amplifier. 
For further details and coming module options, con­
tact EXACT ELECTRONICS, Inc., Box 160, Hillsboro, 
Ore. 97123. Telephone (503) 648-6661. 

E~ CT electronics. inc. 
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If your blip is a blooper, 
you'll kno-w it in 10 seconds. 

Once you start using Polaroid Land 
film, you'll wonder how you and your 
oscilloscope ever got along without 
it. 

In 10 seconds, you get an on-the­
spot record. You can study it, attach 
it to a report. send it as a test record 
along with a product shipment, or 
file it for future reference. 

You have a choice of 5 films for 
oscilloscope recording. 

The standard film has an A.S.A. . 
equivalent rating of 3000. You can get 
it both in pack film [Type 107] and 
roll film [Type 47]. They both give 
you 8 pictures 3 V4 x 4 Y4 inches. This 
emulsion is also available in 4 x 5 
sheets [Type 57]. 

And for extremely high-speed oscil­
loscope recording, there's Polaroid 
PolaScope Land film [a roll film, Type 
410]. 

It has an A.S.A. equivalent rating 
of 10,000. It can discover traces too 

fleeting for the human eye: such as 
a scintillation pulse with a rise time 
of less than 3 nanoseconds. 

Because these films are so sensi­
tive, you can use small camera aper­
tures and low.intensity settings. Every 
shot is a sharp, high-contrast image 
that's easy to read. 

To put these films to work on your 
scope, you need a camera equipped 
with a Polaroid Land Camera Back. 

Most oscilloscope camera manu­
facturers have one. 

For instance: Analab, BNK Associ­
ates, Coleman Engineering, EG&G, 
Fairchild, General Atronics, Hewlett­
Packard and Tektronix. 

You can get the full story by writ­
ing to Polaroid Corporation, Techni­
cal Sales Department, Cambridge, 
Massachusetts 02139 [or directly to 
the manufacturers mentioned above]. 

About the only thing we can't tell 
you is how to keep your blips from 
being bloopers. 

"Polaroid" and "PolaScope" ® 

Polaroid Land Film for Oscilloscope Trace Recording. 



IDEAS FOR DESIGN 

Op amp drives capacitor 
to measure 3-ns-pulse heights 

An inexpensive, simple time-gate generator 
measures the height of 3-ns pulses, can generate 
linear ramps and may also be used as a peak 
follower, as a variable delay or as a fast opera­
tional amplifier. 

The circuit (see schematic) consists of an 
operational-type amplifier, Q1 , Q2 and Q3 , that 
drives a timing capacitor, C6, through a fast 
diode, D1. The capacitor is charged to the peak 
negative input voltage and this voltage is used to 
hold back the input at the base of Q2. 

When the input voltage falls below the peak 
level, the diode will be reverse-biased by 8 V until 
the capacitor discharges with the aid of a constant 
current that passes through Q5. 

The time-gate's output level is provided by the 
inverter, Q4. The output goes from ground to -3 
V during the discharge period. Since the current 
is kept constant, this duration is proportional to 
the negative peak of the input. The output may be 

VOTE! Circle the Reader-Service-Card number corresponding to 
what you think is the best Idea-for-Design in this issue. 

SEND US YOUR IDEAS FOR DESIGN. Submit your IFD describing 
a new or important circuit or design technique, the clever use of a 
new component, or a cost-saving design tip to our Ideas-for-Design 
editor. If your idea is published, you will receive $20 and become 
eligible for an additional $30 (awarded for the best-of-issue Idea) 
and the grand prize of $1000 for the Idea of the Year. 
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Time-gate generator formed by operational amplifier (Ql ­
Q2-Q3) driving timing capacitor (C6) through diode (Dl). 
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used to gate a counter to obtain a digital output. 
Although inexpensive components may be used, 

the operation remains stable and fast. 
When R1 = 100 ohm, C1 = 0 pF, and C6 = 470 

pF, an output duration of about 20 µ.s is obtained 
for a - 6-V peak input of any duration between 3 
and 300 ns. The duration of the output will allow 
the measurement of pulse heights with an accura­
cy of + 5% . 

When R1 = 1000 ohm, C1 = 470 pF and C6 = 
4700 pF, pulse heights from 10 mV to 10 V may be 
measured with an accuracy of + 1 % . The input 
pulse should last from 300 ns to about 3 µ.s under 
these conditions. A 10-V input will be converted to 
about 300 µ.s. 

Input pulses as short as 1 ns with peak ampli­
tudes over 1. V will produce an output duration of 
more than 1 µ.s. 

The operation may be made more accurate and 
may cover a wider range of slower input pulses if 
R1, C1 and C6 are adjusted. R1 and C1 smooth out 
the input noise, and R14 and C6 improve the dis­
charge time or the sensitivity of the amplitude-to­
time conversion. 

P. de Bruyne, Engineer, Harvard Cyclotron 
Lab. , Cambridge, Mass. 
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Circuit measures height of pulses as short as 3 ns and 
generates linear ramps. 
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Hung up by overdue relay shipments? 
Next time call Leach! 

There won't be any hold up on Leach shipments. We've 
built up our materials inventory at the plant and finished 
units at our distributors in order to give you one week 
delivery on most items. Even our newest-the SERIES J! 

This subminiature 10 amp, 2PDT unit to Mil-R-6106E 
provides the high shock and vibration resistance 
required for aerospace applications. Special design fea­
tures guard against rupture and overloads, while the 
all-welded construction contributes to superior operat-

ing characteristics like 1oog shock, 3og, 70 to 3000 cps 
vibration, 10 milliseconds operate and release time. All in a 
compact, 1.4 ounce package, measuring only 1.000" x .515" 
x 1.015 ". Need one? A dozen, a hundred? Even a thousand? 
Then call us today. You'll have them right on time. 

Leach Corporation, Relay Division, 5915 Avalon Boule-

vard, Los Angeles, California 90003 LEACH 
Phone (Area code 213) 232-8221 

Export: LEACH INTERNATIONAL S.A. 



IDEAS FOR DESIGN 

IC and bipolar form compact pulse generator 
A single integrated circuit (IC) and one bipolar 

pnp transistor may be combined to form a voltage­
controlled pulse generator. Circuit simplicity and 
compactness are the result. 

The circuit (see schematic) produces a pulse in 
response to an applied trigger. The width of the 
output pulse is controllable over a 500-to-1 range 
by a reference voltage. The pnp transistor, the 
FV3502, is housed in an 0.150-inch-diameter flat 
package; the integrated circuit is in a 0.25-by-0.25-
inch flat-pack case. 

During operation of the circuit (see "a"), Ql is 
statically cut off with its collector at a negative 
voltage. The negative portion of a differentiated 
input trigger saturates Ql, and rapidly charges 
Cl to + 5 V less the saturation voltage of Ql. At 
the conclusion of the trigger pulse, Cl discharges 
through Rl at a speed determined by their time 
constant. Essentially, stretching and inversion of 
the differentiated input pulse has been achieved. 
This waveform is V 'J in the timing diagram ( "b") . 

Va and a reference voltage are applied to a com­
parator such that when V a is more positive than 

+SV 

+12V 

IOK 

L cr-1 A 
' 

the reference voltage we have a positive output and 
when V a is less positive than the refrence voltage 
we have zero output. Then the output pulse width 
is indeed controlled by the reference voltage (as 
shown in the timing diagram). In this configura­
tion, the comparator is the µ.A710 operational am­
plifier. This amplifier has very high gain, good de 
stability, two stable output states when overdriven 
and excellent rise and fall times. It effectively 
squares the stretched pulse at the level of the ref­
erence voltage. 

With values shown, pulse width can be varied 
from 0.5 µ.s to 230 µ.s (see "c"). Excellent stability 
can be attained if temperature-stable components 
are used for Rl and C1. 

If negative output pulses are preferred, they can 
be obtained by simply reversing the inverting and 
noninverting inputs of .Zl. And if it is desired to 
make pulse width vs reference voltage a linear 
function, a single transistor, constant-current gen­
erator may be substituted for Rl. 

Bert Pearl, Project Engineer, Hallicrafters, Chi-
cago, Ill. VOTE FOR 111 
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Just one integrated circuit and a single pnp bipolar are 
used in this simple, compact pulse generator (a). The 
µ.A710 operational amplifier unit serves as a voltage com-

Integrated dual-storage system 
solves synchronization need 

A common · and perplexing problem facing logic 
designers is to synchronize asynchronous data or. 
pulse streams with a system clock. Use of a dual­
storage network consisting of integrated circuit 
flip-flops and NOR gates solves this difficulty. 

The difficulty of nonambiguous sampling (sam-

88 

© 
parator; Ql stretches and inverts input pulses (b). Voltage­
controlled by reference V R• the unit has a 500: 1 output 
pulse-width range (c). 

piing during a data-transition interval) is often 
compounded by sporadic errors. The resolution of 
the logic elements is then the error-limiting factor. 

The storage circuit (see "a") uses two J-K 
flip-flops and two NOR gates to sample incoming 
asynchronous data and produce data synchronous 
with the local clock. There are no problems of reso­
lution or ambiguity. Data are always properly syn­
chronized, even if the synchronizing clock samples 
at the exact time that a data transition edge occurs. 

ELECTRONIC DESIGN, September 13, 1966 



Features (0°Cto +75°C): You get fast delivery on Fairchild TT µL inte­
grated circuits. We're in full production, 
backed by the facilities and know-how that 
helped us deliver over 113 of all integrated cir­
cuits shipped this year. Get any of our six new 
high level TTµL circuits. Get them in dual 
in-line packages 

8nsec. typical propagation delay per gate function. 
.350V guaranteed minimum noise immunity under 

worst case operating conditions. 
1.3V typ. noise immunity for" l" levels. 
0.85V typ. noise immunity for "O" levels. 
Single 5V power supply required. 

from Fairchild Dis - FAIRCHILCJ 
tributors . Or get our 

8TI /LL fan-out over temperature range and 
supply voltage. 

High capacitive loading capability. 

data sheet. SEMICONDUCTOR 
Direct physical and electrical replacement for 

Fairchild OT /LL 930 series circuits . 
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9009 Dual 4 -input 
posit ive NANO " Power" gate. 

FAIRCHILD SEMI CONDUCTOR / A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive, Mountain View, California (415) 962·5011 • TWX: 910·379-6435 
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IDEAS FOR DESIGN 

ASYNCHRONOUS SYNC 
DATA CLOCK 
SI S2 

A SYNC SI 
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Dual-storage unit consisting of J-K flip-flops and NOR 
gates (a) solves logic synchronization problems. Incoming 
asynchronous data are sampled and synchronized with 
local clock (b). 

This is accomplisp.ed by the dual-storage configu­
ration in which one flip-flop stores a negative data 
transition (asynchronous clock S1). A second flip­
flop is released by removal of its preset level when­
ever this happens (see waveshape A in "b"). 

After release, the first negative edge produced 
by synchronous clock S2 toggles the second J-K 
flip-flop. This sets an R-S flip-flop (two NOR gates 
back to back) which also resets the first J-K flip­
flop. Unless synchronous clock S2 has succeeded in 
toggling the second flip-flop, the first one will not 
be reset. Since the process of reading out the syn­
chronous data also resets, there is never any am­
biguity. If the synchronous clock just misses the 
data read into the first flip-flop, it will definitely 
pick it up on the next clock edge. · 

Note that one design precaution is absolutely 
necessary-clock S2 must be such that its period 
is less than the data period. Moreover, the IC com­
ponents are not restricted to a single specific 
"brand." Any integrated circuit line may be em­
ployed, providing it has storage devices using 
transition edges for toggling. 

Jay Freeman, Design Engineer, Sperry Gyro­
scope Co., Great N eek, N. Y. 

VOTE FOR 112 
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Disk offers simple means 
of measuring laser pulses 

The duration of laser pulses may easily be meas­
ured with a rotating disk setup. This test method 
is inexpensive and can be constructed out of a few, 
simple parts. 

A variety of ruby lasers which have outputs of 
a few joules and pulse durations of a few milli­
seconds are now commercially available. Many of 
these lasers are equipped with variable inductances 
which can be used for altering pulse duration 
without changing the total energy of the output 
pulse. 

The following method for measuring pulse du­
ration is applicable whenever an intensity meas­
urement is not required or photometric equipment 
is not available. 

In the setup the laser is focused near the periph­
ery of a steel or aluminum dislt driven at a known 
rate, as shown in the illustration. Low-power laser 

OBJECTIVE LENS 
.!Jl4---; OF LASER 

ARC SCRIBED BY 
---<LASER PULSE 

ALUMINUM DISK COATED 
WITH TOOLMAKERS' 
LAYOUT BLUE 

Driven disk setup is used to measure duration of laser 
pulses. Laser energy scribes arc on disk surface; length 
of arc determines pulse duration. -

pulses will scribe a readily visible and measurable 
arc in a coating of toolmakers' layout blue (such 
as Dykem Steel Blue DX-100, The Dykem Co., St. 
Louis, Mo.) . Pulse times, t, are easily . calculable 
from the length of the arc, L, the radius, r, and 
the rpm, n, of the drive motor with the formula: 

t = 30 L /'rrrn. 
For example, a point near the edge of a 5-inch­

diameter disk rotating at 3850 rpm has a linear 
velocity of about 1 inch per millisecond. Thus, 
measurements sufficiently accurate for most pur..: 
poses can be obtained. The disk can be used re­
peatedly simply by painting over the arcs after 
each measurement. 

W. 0. Freitag and R. H. Storck, Materials Re­
search Engineers, UNIV AC Div. of Sperry Rand 
Corp., Blue Bell, Pa. 

VOTE FOR 113 
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EFFICIENT HEAT 
DISSIPATION 

Fixed composition resistors offer 

Lower changes at high temperatures 
When tested for prolonged periods at high temperatures, I RC fixed composi­
tion resistors clearly established their superior high temperature and high 
overload characteristics. 

Even after 1,000 hours at 100°C and full rated power, resistance changes are 
less than the 10% MIL allowance. After 1,000 hours at 150°C, no load , resist· 
ance changes are still well within MIL limits. At 200% rated power at 70°C 
ambient, resistance changes are less than 10% after hundreds of hours 
of operation . Resistance temperature coefficient is typically less than 
0.064%/°C over the range of 25°C to 150°C. 

Here's why. IRC's resistance element is a carbon composition film that is 
bonded to a glass substrate at approximately l ,000°F. This results in superior 
high temperature performance. And , IRC's exclusive talon leads go deep 
into the body and act as heat sinks to conduct heat out of the resistors. 

For better load life and long term stability, specify I RC f ixed composition 
resistors. Write for catalog, prices and sample to: 
IRC, Inc. , 401 North Broad Street, Philadelphia, Pa. 19108. 

Speed Inquiry to Advertiser via Collect Night letter 

ON READER-SERVICE CARD CIRCLE 42 
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IRC COMPOSITION 

RESISTORS ALSO OFFER 

• Lower operating temperature 

• Better resistance-temperature 
characteristics 

• Superior high frequency 
characteristics 

• Outstanding load life 

• Stronger lead assembly 

• Excellent solderability 

• Values to 100 ,000 megohms 
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IDEAS FOR DESIGN 

Self-contained modulator is 
tree of coils, bias supplies 

Here is a self-contained, 400-Hz-455-kHz modu­
lator that contains no coils or transformers, nor 
a power supply. The circuit uses two test oscilla­
tors to provide a 200-millivolt peak-to-peak, 455-
kHz signal, modulated up to 80 % with 400 Hz. 

The 400-Hz oscillator (see schematic) performs 
two functions: It provides power for operation 
of Q1 and it modulates the 455-kHz signal. The 
use of 400 Hz is arbitrary; the circuit works with 
100 Hz to 1 kHz modulators. With 400 Hz, the re­
quired oscillator voltage is 15 volts (pk-pk). 

De power for the operation of Q1 is supplied by 
the 400-Hz oscillator and the network comprising 
C1, C4, R7, CR2 and CR3. Approximately 5 volts 
de are generated. R7 prevents excessive loading of 
the 400-Hz oscillator. CR2, CR3, C1 and C4 make 
up a voltage-doubler circuit with associated cou­
pling and filter capacitors. 

Modulation of the 455-kHz signal is accom­
plished through the control of Q 1 stage gain at 
the Q1 emitter. The Q1 stage gain is an inverse 
function of the impedance at the emitter of Q1. 
This emitter's effective impedance is the parallel 
combination of R4, R5 and the impedance of CR1 
(neglecting the reactance of C3 ). As CR1 is. for­
ward-biased, its impedance is low compared to R4 
and R5, so R4 and R5 may be neglected. Hence, the 

Passive adapter circuit 
drives decade scaler 

In some research laboratories, it is not unusual 
to find experiments instrumented with both vacu­
um tube and transistor circuits. One of the minor 
compatibility problems is the driving of slow (1 
µ,s) decade scalers, requiring pulses of about 5 V 
height and at least 0.5 µ,s duration, with the output 
of fast transistor logic circuits (15 mA into 50 
ohms, 10-50 ns). 
VACUUM TUBE 
CIRCUIT PULSE 

INPUT 

IN994 

SPRAGUE IOZS 

+ 
IOOµ.F 

Cl 

C4 
10µ.F 
+ 

R7 
3K 

Modulator unit is self-contained. Note the absence of bias­
ing supplies, coils and transformers. The 400-Hz oscilla­
tor serves as a power source and modulator. The 445-kHz 
oscillator is the carrier. 

Q1 stage is controlled by the impedance of CR1. 
The 400-Hz signal controls the impedance of CR1 
and therefore the gain of the transistor stage. Cou­
pling of the 400-Hz audio signal is prevented by 
C3, whose reactance is 200 kn at 400 Hz. 

Component R6 controls the amount of audio 
presented to R5 and CR1, and therefore the per­
centage of modulation. A 200-m V peak-to-peak 
signal of fairly low distortion is available with up 
to approximately 80 % modulation. This is based 
on inputs of 60 m V peak-to-peak at 455 kHz and 
15 V peak-to-peak at 400 Hz. 

William J. Travis, Design Engineer, Ceracircui t 
Dept., Sprague Electric Co., Nor th Adams, Mass. 

VOTE FOR 114 

A very simple, passive adapter, which takes ad­
vantage of the high input impedance of vacuum 
tubes, solves this problem (see schematic). This 
circuit uses a pulse transformer to match the input 
roughly to 90 ohms. Input and output pulse shapes 
are as shown. Basically the system stretches input 
pulses and renders them useful for driving the 
slower decade scaler. 

Karl G. Porges, R eactor Physics Div. Engineer , 
Argonne National Laboratory, Argonne, Ill. 

VOTE FOR 115 

/SG-5000 
hj, ti, ho• 
v nsec v 

r----.----, 
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1
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INPUT OF 
SCALER7 

-.....,/ ±2 40 10 

TRANSISTOR 
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IN994 
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Pulse stretching is achieved by this passive adapter cir­
cuit. It is used to drive slow decade scalers by widening 
transistor input pulses. 

·· ]_ 

:1:0.75 20 3 
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From miniature to sub-miniature to micro, the electronics industry is constantly 
striving to reduce the size of electronic components. As a result, there is an increas­
ing demand for ceramic in smaller and smaller sizes. Coors is meeting this demand 
by making small-scale ceramic parts in mass production quantities at precision 
tolerances. Write for Design Data Sheet 7002, describing Coors manufacturing 
methods and facilities for small ceramic parts, and latest examples. Or call your 
nearest Coors Regional Sales Manager: souTHERN CALIFORNIA: R. E. Ousley, (213) 347-3060, Los 
Angeles, Calif.; BAY AREA AND NORTHWEST: W. Eueritt, (408) 245-2595, Sunnyvale, Calif.; MrnwEST: Tom Daly, 
(312) 529-2510, Chicago, Ill.; CENTRAL: Don Lewis, (216) 228-1000, Cleveland, Ohio; EAST COAST: Robert F . Doran, 
(516) 427-9506, Huntington, N.Y.; Herbert W. Larisch, (215) 563-4487, Philadelphia, Pa.; NEW ENGLAND: Warren 
G . McDonald, (617) 222-9520, Attleboro, Mass.; SouTHWEST: William H. Ramsey, (713) 864-6369, Houston, TeJ<.; 
John West, (214) AD 1-4661, Richardson, TeJ<. 

CERAMICS 
ALUMINAS • BERYLLIAS • MAGNESIAS • SPECIAL OXIDES 

Coors Porcelain Co., Golden, Colo. 
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ENGINEERS 

MARTIN 
where advanced ELECTRONICS technologies 
go hand-in-hand with aerospace achievementsl 

Come on in, 
the water's line! 

Challenging Opportunities in ASW Programs! 
Join us in putting giant capability in space-limited 
ASW aircraft systems. Also openings to work on 
advanced-concept RECON systems and on vital elec­
tronic systems for advanced versions of the USAF I 
Martin PRIME, PILOT and HL-10 maneuverable 
lifting body spacecraft. 

There are excellent opportunities in these and other 
electronics programs with Martin. Here, the excep­
tional engineer finds the challenge that means ex­
ceptional opportunities for professional accomplish­
ment and advancement. 

CAREER POSITIONS IN 
THE FOLLOWING FIELDS: 

• FLIGHT CONTROL SYSTEMS 
• RECONNAISSANCE SYSTEMS 
• ASW SYSTEMS 
• COMMAND & CONTROL SYSTEMS 
• CIRCUIT DESIGN (Analog & Digital) 
• GUIDANCE SYSTEMS 
• ELECTRONIC RESEARCH 

(Supporting the above) 

FOR INTERVIEW WITH ONE 
OF OUR TECHNICAL MANAGERS 

CALL COLLECT OR WRITE 
Mr. J. W. Perry Professional Employment 

Nl.A~TllV CONl,,.AIVY 
A DIVISION OF MARTIN MARIETTA CORPORATION 

BALTIMORE, MD. 21203 • Phone (301) MU. 7-3800, Ext. 8471 
An equal opportunity employer 

ON CAREER-INQUIRY FORM CIRCLE 902 
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CAR,EER INQUIRY - confidential 
Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume. 
Electronic Design will do the rest - neatly typed copies of this form will be mailed to the companies of 
your choice, indicated by the circled Career lnqui ry Numbers at the bottom of this page. 

Name 

Home Address (Street) 

Age 

Desired Salary 

§.Citizen 

Oves 
Prime Experience 

LJNo 

Employment History - present and previous employers 

Company 

City, State 

Dates to 

Title 

Specialty 

: City 

I I Security Clearance 

l Availability Date 

Education - indicate major if degree is not self-explanatory 

Degree 

College 

City, State 

Dates to 
Additional Training - non-degree, industry, military, etc. 

Professional Societies 

Published Articles 

Career Inquiry Numbers: 

to 

to 

I Homo Pho" 

1 
State 

I 

Secondary Experience 

to 

to 

: ZIP Code 

I 

900 901 902 903 904 905 906 907 908 909 ELECTRONIC DESIGN 
850 Third Avenue 

910 911 912 913 914 915 916 917 918 919 New York, New York 10022 

ELECTRONIC DESIGN, September 13, 1966 
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Circuit designers who are quick to 
recognize opportunity when it comes 
along, will appreciate the wide sweep of 
assignments at Lockheed. Lockheed 
electronics programs extend from 
ocean floor to deepest space. And with 
its ever-increasing commitment to 
land, sea, and space programs, comes 
the need for new concepts and major 
technical advances in flight controls, 
communications, antennas and state­
of-the-art electronics checkout 
equ ipment in both spacecraft and fleet 
ballistic missiles. In addition to its 

major vehicle programs ... Agena, 
Poseidon and Polaris, Lockheed is 
involved in deep submersibles; unique, 
advanced land vehicles; information 
systems for states and hospitals; and 
many other technically stimulating 
programs. For more information, 
contact Mr. R. C. Birdsall, Professional 
Placement Manager, P.O. Box 504, 
Sunnyvale, California. Lockheed is 
an equal opportunity employer. 

LOCKHEED 
MISSILES & SPACE COMPANY 
A GROUP D IVISION OF LOCKHEED A I RCRAFT C O RPORATION 

ON CAREER-INQUIRY FORM CIRCLE 903 

Fold twice , staple, and mai l. Or , for absolute pr ivacy, enclose in an envelope and mail to address given below. 

BUSINESS MAIL REPLY 

No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

ELECTRONIC DESIGN 
READER SERVICE 
850 THIRD AVENUE 
NEW YORK, NEW YORK 10022 

FIRST CLASS 
Permit No. 725 
New York, N.Y. 



Design Engineer looking for a unique CREATIVE CHALLENGE? 

We have a small team of highly 
skilled scientists and engineers en­
gaged in developing advanced 
weapons and fire control systems. 
Their job is to go beyond present 
technologies ... to explore excit­
ing new design ideas. If such work 
appeals to you, we have a limited 
number of current openings on 
this team. 

Texas Instruments is a growing 
company of more than 37,000 
people engaged in many science­
based activities throughout the 

RIDGECREST, CALIFORNIA is a 
small desert town about three 
hours drive from Los Angeles. It's 
also only a short drive from several 
of the West's and Southwest's 

MATERIALS 
COMPONENTS 

CIRCUITS 
EQUIPMENTS 

SYSTEMS 
SERVICES 

ELECTRONIC DESIGN' September 13, 1966 

world. If, however, you are a de­
sign engineer who likes particu· 
larly creative work, who prefers 
non-routine assignments, and who 
works best with the fewest pos­
sible restrictions, we believe you 
will be especially interested in the 
professional opportunities at our 
relatively small Ridgecrest labora­
tory. 

While we are primarily interested 
in personnel with advanced de­
grees , openings exist also for 
qualified BS graduates in mechan-

finest resort and vacation areas. 
It has excellent schools, medical 
facilities, and opportunity for tech­
nical graduate studies. And, if you 
like to hunt and fish, you are only 

ical or electrical engineering. You 
should have directly related expe­
rience in: Radar Guidance; RF Cir­
cuits; Systems Analysis; etc. More 
important, though , you should 
have a strong interest in design 
work of an innovative nature. 

Please send confidential resume 
to Tom Milner, advance design 
manager, Texas Instruments In­
corporated , P. 0. Box 997, Ridge­
crest, California . 

an hour or so from some of the 
finest fish and game areas in the 
world. 

TEXAS INSTRUMENTS 
INCORPORATED 

An Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 904 
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Is engineering a job ... 
or an adventure? 

The answer depends largely on where you work ... and what you do. At Motorola 
we view engineering with a rare excitement, for much of the time and effort of 
Motorola's engineers is devoted to pushing back the horizons of knowledge in 
electronics . Innovating. Experimenting. Problem Solving. Creating. Pushing back 
frontiers. It's exciting work, rich in accomplishment and satisfaction. 

And the entire climate at Motorola encourages the creative mind to grow. Your 
stature as an engineer is improved by the caliber of the people who surround you. 
Here you work with some of the most respected scientists and engineers in the 
entire electronics field. 

They are quick to recognize and advance skill and creativity-and this is why 
career opportunities for good engineers are exceptional at Motorola. You can set 
your sights to the top-and make it. 

Challenging positions now await ambitious electronic engineers in many diver­
sified fields-2-way communications, space communications, radar, color TV, 
digital communications and others. Would you like to talk to us? 

SYSTEMS ENGi NEERS advanced R & D in radio 
communications systems related to Two-way, port­
able, mobile and radio-telephone equipment. 
EQUIPMENT DESIGN high performance solid state 
receivers, transmitters, and data processing equip­
ment for radar, communications, command and con­
trol, tracking and telemetry. 
FAMILIARITY WITH STATE-OF-THE-ART statistical 
communications theory, advanced signal processing 
techniques, solid state r.f. techniques, ultra-reliability, 
antenna systems, advanced structural and thermal 
designs. 

SECTION MANAGER direct engineers and support 
personnel in state-of-the-art communications, includ­
ing r.f. systems and input-output devices. 
CHIEF ENGINEER technical management of R & D 
group in advanced technology related to solid state 
r.f. communications. 
CIRCUIT DESIGN ENGINEERS advanced R & D in 
receivers, transmitters, RF, digital, Color TV and 
automotive electronics. 
DEVELOPMENT ENGi NEE RS advanced communica­
tions products in consumer, industrial and military 
electronics. 

Excellent opportunities also available in Phoenix, Ariz. 

Mr. W. H. HAUSMANN, Engineering Personnel Mgr., Dept. B, 4545 Augusta Blvd., Chicago 51, Illinois 

An equal opportunity employer. 

G MOTOROLA inc. 
ON CAREER-INQUIRY FORM CIRCLE 905 

Book 
Reviews 

microelectronic design 

Keep pace with 
microelectronics. 

-·--

Just what will the position of the 
design engineer be in a future elec­
tronics technology dominated by 
micro- and possibly picoelectronics? 
He need not be left out of increas­
ingly modularized systems design, 
providing he broadens his interdis­
ciplinary base of knowledge, ac­
cording to Howard Bierman, Editor 
of Electronic Design. Broadening 
the base is the theme of the book, 
"Microelectronic Design." The elec­
tronic designer is faced with a new 
technology. Packaging, interconnec­
tion schemes, interference control, 
and cost reduction are fully devel­
oped in the book, with emphasis 
on the practical conversion from the 
conventional to the microelectronic 
equivalent. Microelectronic Design 
compiles almost 90 authoritative 
articles by expert engineers in the 
field, to provide an overview of de­
velopments in the technology as 
well as a sourcebook of valuable de­
sign ideas. Coverage extends from 
fundamental theory to design 
guidelines, circuit conversion, pro­
totype planning, and testing tech­
niques. Included are sections on 
thick and thin film techniques, an 
important bibliography, and data 
charts for more than 500 devices. 

Microelectronic Design, edited by 
Howard Bierman, selected from 
Electronic Design. (Hayden Book 
Company, Inc, New York) 312 pp, 
clothbound $11.50 
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"a favorable termination of a venture." 

Through total project involvement, our systems 
engineering groups have solved complex, ad­
vanced-technology problems quickly, efficiently, 
and successfully. A reputation for performance, 
for proven capability, has brought us big re­
wards, tangible success to return to those 
responsible: our scientists and engineers. One 
such reward is stability. Then there is the 
steady flow of exciting new projects; the ground­

At LTV Electrosystems, sue- t---~' 
cess is a built-in factor for 
the creative systems engi­
neer. We believe that the 
individual and his ideas 
come first, that a man's best 
work is brought out when he 
is given the responsibility 
of following through with a 
program from conception 

.. 
to final hardware. 

The good life in north Texas 
is another big reward 
in itself. The Garland Division 

headquarters, in suburban 
Dallas, lies within a pleasant 

region of recreational, 
cultural and educational 

opportunity. Cµrrent 
programs include: 

automatic controls, large-scale pre­
cision antennas; guidance systems; 
communication; electronic warfare; 
space systems; specialized antenna 
and RF systems and automated display 
systems. For our sophisticated 

floor opportunity for advancement; the outstanding R & D; and the constant search 
to find new applications, new markets for your ideas. 

R & D programs we have a complete 
antenna range facility; well -equipped 
EMI laboratories; complete environ­
mental testfacility - includingan L-200 
shaker; metalurgical and chemical 
laboratories. Two IBM computer sys­
tems (360-50 and 360-65) support the 
complex research and computation in­
volved with each project at Garland. 

We invite you to share in our success and contribute to our growth. Right now, 
exceptional career positions are open to engineers in the following disciplines: 

RF CIRCUITS DESIGN 
RF SYSTEMS ANALYSIS 
DIGITAL CIRCUITS DESIGN 
DIGITAL SYSTEMS ANALYSIS 

ELECTRO-MECHANICAL PACKAGING 
ANTENNA SYSTEMS DESIGN 
SERVO-MECHANISMS DESIGN 

Please write or send resume (including telephone number with dates and times we may reach you) to: 
Professional Placement, Dept. 196B, P.O. Box 6118, Dallas, Texas 75222. 

GARLAND DIVISION 

LTV" ELECTRC>SYSTEl'VfS, INC. 
AN EQUAL OPPORTUNITY EMPLOYER M/F .... •u•StOIA~V C>F LINGl- T•,..,,,,c:::o - VOLJGtH"T, INC. 

ON CAREER-INQUIRY FORM CIRCLE 906 
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The Spirit of '66 at IBM. 

It's revolutionary. 
Why? Because in less than 20 years, 
IBM's Data Processing Systems have 
helped business, science, education, 
government and defense become more 
effective. And today's pace of develop­
ment at IBM continues to be one of 
the most rapid in all industiy. 

Right now IBM needs engineers and 
programmers for the Federal Systems 
Division Engineering Laboratory in 
Gaithersburg, Maryland. It will be their 
job to develop special data handling 
systems-featuring custom hardware 
and software to satisfy far-ranging needs 
of government programs. 

100 

Programs such as: ground- and marine­
based tactical defense systems; ground­
based satellite communications systems; 
specialized data acquisition and dis­
play systems; development of standard 
system integration modules; and 
development of special subsystem 
hardware. 

These programs demand creativity. 
They also provide the opportunity for 
you to be actively exposed to the 
complete project-from start to finish. 

There are openings for engineering 
graduates with at least 2 years' experi­
ence in the following areas: 

• Digital Systems Logic Design 
• Digital/ Analog Circuit Design 
•Systems Engineering 
• Sonar Systems Design 
• Advanced Communications Design 
• Mechanical Packaging Design 
• Machine Architecture 
•Programming Design 

If you feel you're qualified, send your 
resume in complete confidence to: 

Mr. J. Martone, Dept. 555W2H 
IBM Federal Systems Division 
18100 Frederick Pike 
Gaithersburg, Maryland 

An Equal Opportunity Employer 
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Products 

Make X-Y recordings to 50 MHz with any 
scope/recorder combination. DisP.lay con-

verter samples CRT deflection plates for low 
cost, accurately scaled traces. Page 102 

Monolithic 16-bit array is designed for nano­
second digital computer "scratch pad" mem-

ories. The 4 x 4 matrix provides parallel in­
formation storage and retrieval. Page 112 

Also in this section: 

De differential voltmeter features 0.0025% accuracy, no loading error. Page 104 

IC op-amp has -+-8-V common-mode input range. Page 114 

Fix-it-yourself tape system has bidirectional drive to cut skew effect. Page 118 

P-channel MOSFET solves high-temperature stability problems. Page 124 

ELECTRONIC DESIGN, September 13, 1966 101 



TEST EQUIPMENT 

Converter samples CRT signals, 
acts as scope/recorder interface 

By sampling the high-frequency 
signal from the deflection plates of 
any oscilloscope, this CRT display 
converter "slows down" repetitive 
waveforms so that they can be 
recorded with any strip-chart or 
X-Y recorder. Connected between a 
scope and recorder, this unit can, in 
a few seconds, convert 50-MHz sig­
nals into outputs of 50 Hz . without 
distorting the display. 

The converter replaces scope cam­
eras, which require installation and 
adjustment each time a record is 
needed. Cost of the trace is about 
1/ 20 that of photographs. Unlike a 
camera, the converter doesn't inter­
fere with observation of the CRT. 
Brightness and focus do not affect 
the 2% accuracy of the converter. 

With a scan speed adjustable 
from 10 to 60 s/ scan, the converter 
can handle any scope sweep rate 
greater than 30 sweeps/ s. Thus, the 
unit can be used with spectrum ana­
lyzers as well as scopes. Because the 
horizontal deflection signal does not 
have to be a linear time sweep, the 
converter can also be used for de­
vice characteristic plots. Output of 
the unit is 1 V per CRT scale divi­
sion. With sensitivity and position 

OSCILLOSCOPE 

DEFLECTION 
ELECTRODES 

X-AXIS 
OUTPUT 

adjustments, the recorder can re­
produce the CRT plot with identical 
scale intercepts. 

To use the converter, an adapter 
unit must be installed in the scope. 
Consisting of two high-impedance 
connections, each made to an RC 
signal divider and line driver cir­
cuit, the adapter picks off and low­
ers the impedance of the CRT sig­
mil while adding less than 1 pF to 
interplate capacitance. This signal is 
coupled out to drive the converter. 

The converter generates a slow 
sweep voltage to drive the X-axis of 
the recorder. The coincidence cir­
cuit compares this sweep voltage 
with the horizontal scope sweep. 
When the sweeps are coincident, the 
circuit triggers the sampling gate 
pulse generator which then opens 
the sampling gate. When the gate is 
open, a constant voltage applied to 
the "data hold" circuit follows the 
vertical signal at the same speed 
that the trigger pulse moves along 
the horizontal sweep. 

P&A: $490, $50 '(a'dditional 
adapters) ; stock. Pacific Measure­
ments Inc., 940 Industrial, Palo 
Alto, Calif. Phone: ( 415 ) 328-0300. 

Circle No. 121 

UNIT 

Accessory unit (adapter) takes signal from scope deflection pl;;ites to the 
converter. The coincidence circuit compares converter-generated s1ow sweep 
voltage to horizontal scope sweep and triggers the pulse generator to operate 
the sampling gate when the sweeps are coincident. When the gate is open, a 
constant voltage is applied to the data hold circuit until the next pulse. 

102 

Low-noise preamp 
Noise over 150 dB below 1 V 

and input resistance of over 1 
Ga is featured in this preamp. 
Bandwidth is 3 Hz to 400 kHz 
and input capacitance is 4 pF 
ma:x plus connector capacitance. 
Maximum output (open circuit ) is 
12 V p-p at 100 Hz. As a pre-amp 
or isolating amplifier between a 
capacitive source and a low imped­
ance cable, the system transmits 
signals to a remote measuring de­
vice. 

Ad-Yu Electronics Inc., 249-259 
Terhune Ave., Passaic, N. J . Phone: 
(201 ) 472-5622. 

Circle No. 122 

Accelerometer preamp 
Either a charge or voltage pre" 

amplifier, this accelerometer pre~ 
: 

amp with decade attenuator nor~ 

malizing control is compatible . witH 
most piezoelectric crystal transduc~ 
ers. Each channel incorporates 
three decade attenuators for scaling 
accelerometer sensitivities of 10 to 
100 mV / G or 10 to 100 pC/ G to 10 
mV / G output. Each channel includes 
a built-in high-pass filter which lim­
its frequency at 2, 5, 10 or 50 Hz. 

P&A: $915; stock. B&K Instru­
ments, Inc., 5111 W. 164th St. , 
Cleveland. Phone: (216 ) 267-4800. 

Circle N10. 123 
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Air variables 
from JFD 

solve your high Q 
high frequency problems 

These new JFD air variable capaci­
tors are specially designed for high 
frequency applications that demand 
ultra stability, small size and high 
Q- greater than 2000 measured at 
10 pf and 100 MC. These rugged, 
miniature units are offered in both 
printed circuit (VAM OlOW) and 
panel mounting (VAM 010) models 

with capacitance ranges from 0.8 
through 10.0 pf measured at 1 MC. 

These units which measure less 
than 1h" in length are completely 
interchangeable with competitive 
devices. 

Internal air meshing shells are 
silver plated to provide good surface 
conductivity and to prevent corro-

"TODAY'S COMPONENTS BUILT FOR TOMORROW'S CHALLENGES" 

Copoci tors shown enlarged 120o/0 

sive effects. Internal contact springs 
assure positive electrical contact of 
rotor at all times. Leads on printed 
circuit model are tinned for ease in 
soldering ... and these units are 
engineered to resist heat, won't come 
apart during soldering. 

Bulletin VAM-65 gives more de­
tails. Write for .your copy today. 

CJ 

JFD 
JFD ELECTRON ICS CO. / COMPONENTS DIVISION • 15th Avenue at 62nd Street • Brooklyn, New York 11219 / Phone 212-331·1000 
Sales Offices - Arcadia, California / Chicago, Illinois / Baltimore, Maryland / Saxonville, Massachusetts / Brooklyn, New York 
New Hartford, New York I Cincinnati, Oh.io / . Philadelphia, Pennsylvania / Pittsburgh, Pennsylvania / Paris, France / Azor, Israel 

Speed Inquiry to Advertiser vio Collect Nig ht Letter 
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Guaranteed 
3-DAY 

Shipment! 

Dual output power suppl ies are housed 
in one case 3-5/ 16" x 4-5/ 32" x 4-11/ 16" 
high. Identical or different output volt­
ages from 1.5 to 75 are available in 1 
volt increments fo r each of the DC out­
puts. The graph below furnishes maxi­
mum current corresponding to output 
voltage. Select the two outputs needed 
and telephone Acopian for all the de­
tails - plus guaranteed 3-day shipment 
after receipt of your order. 

75 

60 

~ I---
50 

" ! 40 
!I ,____ 
"' 30 g I---,. 20 
~ 

10 

1--
1.5 

100 200 300 400 

OUTPUT CURRENT (MA.) 

TYPICAL SPECIFICATIONS 
Input Vo ltage: 105 to 125 VAC 
Line Regulation: ± 0.5 to ± 0.05% 

(depending on model) 
Load Regulation: ± 1.0 to ± 0.05% 

(depending on model) 

500 

Ripple: 5 to 1 mv (depending on model) 
No add itional external 
heat sinking required. 
Write for Acopian's 16-page catalog and 
price list to: Acopian Corp., Easton, 
Penna., or call collect (215) 258-5441. 

ON READER- SERVICE CARD CIRCLE 44 
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De voltmeter 
Infinite resistance at null elimi­

nates loading errors in this 
differential voltmeter. De voltages 
from 1 m V to 1100 V are measured 
with an absolute accuracy of 25 
ppm of indication ±1 ppm of range 
±5 µ. V. Positive and negative 
ranges of 1, 10, 100 and 1000 V 
with 10% overranging are provid­
ed. As a ratiometer the unit has ac­
curacy of 0.0012%. The grounded 
recorder output is linear to within 
0.5 % of end scale. The null meter 
has a full scale sensitivity of 100 µ. V. 
A photo-chopper-stabilized 1100-V 
supply is referenced against a zener 
emf. Reference voltage has a p-p 
stability of 13 ppm/60 days and is 
regulated to within 0.002 % despite 
line voltage variation of ±10% . The 
reference divider has 6-digit read­
out with 1 ppm dial resolution. 

P&A: $1095; 30 days. John 
F luke Mfg. Co. Inc., Box 7428, Se­
attle. Phone: (206) 774-2211. 

Circle No. 124 

8-receiver commutator 
Up to eight receivers are commu­

tated by this unit in a time multi­
plex arrangement. The eight gating 
waveforms of the output each have 
a repetition period of 10 s. Start 
and stop times of each gate are ad­
justable in steps of 100 ms from O 
to 9.9. An external synchronizing 
pulse establishes "zero" time. Pro­
graming of ON and OFF times of 
four of the gating waveforms is ac­
complished by panel switches. The 
remaining fo ur are programed by 
the placement of diodes on plug-ins. 

P&A: $2585; 6 wks. RMS Engi­
neering, Inc., 486 14 St. N. W., 
Atlanta. Phone: ( 404) 873-5257. 

Circle No . 125 

Microphone mixers 
Inputs of this microphone mixer 

accommodate up to four dynamic or 
ribbon microphones eliminating ex­
ternal line transformers. Because 
eacli input has an impedance selec­
tion switch, these microphones may 
be high or low impedance. An auxil­
iary high- level input accepts a tape 
recorder or AM-FM tuner signal. 
One output provides high- or low­
impedance output. The other output 
provides high-impedance and high­
level output. 

Price : $125. Shure Brothers, 
Inc., 222 Hartrey Ave., Evanston, 
III. Phone: (312) 328-9000. 

Circle No. 126 

Stepper motor drive unit 
This stepper motor drive unit fea­

tures two modes of operation. Pl 
s lewing circuit automatically accel­
erates a stepping motor to high 
speeds. The adj ustable internal 
pulse generator is used for lower 
stepping rates. Both the maximum 
slewing speed and acceleration are 
adj ustable. This device functions as 
a bidirectional speed controller or a 
central control unit in more complex 
systems. 

P&A: $450; 45 days. Houston In­
strument Corp., 4951 Terminal 
Ave., Bellaire, Tex. Phone: ( 713) 
667-9307. 

Circle No. 127 
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RF frequency translator 
Reciprocal conversion of signals 

between the hf and uhf regions is 
performed by this frequency trans­
lator. Translation of 2 to 30 MHz 
and 225 to 400 MHz permits direct 
communication among hf and uhf 
nets. Input from a 50-MHz external 
oscillator can be accepted. Power 
output at uhf is 100 mW. T::-:msla­
tion is linear and will translate 
modulation formats such as cw, am, 
fm or frequency shift keying. Spu­
rious responses are more than 50 
dB below signal level. 

Aerospace Research, Inc. 130 
Lincoln St., Boston. Phone: ( 617) 
254-7200. 

Circle No. 128 

Leakage tester 
Determining very low leakage 

currents in semiconductors, this as­
sembly has a programable nower 
supply with a 0- to 99.9-V output in 
0.1-V steps. Voltage accuracy is 
1 %. The self-calibrating ammeter 
has a full scale indication of 1 pA to 
300 mA. The test fixture switch se­
lects measurements of semiconduc­
tor characteristics of bipolar and 
field-effect devices. The unit gives • low noise measurements of up to 
1014-U resistances. 

Price: $2800. Hexem, Inc., Los 
Gatos, Calif. Phone : ( 408) 354-
1260. Circle No. 129 
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Ballantine Announces a New Solid 
State DC Digital Voltmeter 

Gives you fast, accurate readings to 0. 02% 
± 0. 01 % f.s. and at a low cost of just $490 

Ballantine's new Model 353 enables you to speed up de measurements 
materially over those made on multi-knob differential voltmeters. And with 
laboratory accuracy from 0 to 1000 volts de. 

It requires just two steps: (1) Set knob 
to NORMAL mode and read voltage; (2) 
dial in the first digit in EXP AND mode 
and read voltage to four places with over­
range to five; and, in additi@n, interpolate 
to another digit. 

The NORMAL mode error becomes sub­
merged by more than ten to one, and the 
operation is fast and accurate to 0.02 % of 
reading -+-0.01 % f.s. If the input signal is 
varying, the last digit may be followed 
visually, thus providing the advantage of 
analog display. 

Step 1, 
NORMAL 

Mode 
8.342 v -

Step 2. 
EXPAND 

Mode 
8.3420 v 

Example of 
"Overrange'' 
presentation 

108.340 v 

Note these other interesting features of the new 353: a left-to-right digital 
readout; an automatic display of "mV" or "V"; proper placement of the 
decimal point; 10 megohms input resistance; an automatic disabling of the 
motor during the "expand" dialing; a red light to indicate overrange or 
wrong polarity; and provision for a foot-operated switch for a "read" or 
"hold" function. 

Write for brochure giving many more details 

- Since 1932 _; 

BALLANTINE LABORATORIES INC. 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR DC AND AC ELECTRONIC VOLTMETERS/ AMMETERS/OHMMETERS, REGARDLESS OF YOUR RE· 
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC / DC LINEAR CONVERTERS, AC / DC CALIBRATORS, WIDE 
BAND AMPLIFIERS, DIR[CT·READING CAPACITANCE METERS. AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR 0 TO l ,000 MHz. 

Speed Inquiry to Advertiser via Collect Night Letter 
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Designed 
for 

Advanced 
Data Systems ... 

Thee Serles 400 

TELCOM Receiver 

Look at these features ••• 

• All solid state design 

• Superior performance 

• Completely modular, plug-in construction 

• RF heads for VHF and S-Band 
telemetry, sweep tuned and wide band 
heads for surveillance applications 

• Plug-in pre-detection recording converter, 
spectrum display, electrically switchable 
IF Filters 

Interested? Get the detailed specifications. Write 

for your free copy of the DCS Series 400 TELCOM 

Receiver brochure. 

Would you like an appointment to see a TELCOM 

Receiver for yourself? Just call the DCS office below 

nearest you ... 

Dept. ED9-66 East Liberty Street, Danbury, Cann. 06813 
Telephone: 203.743.9241 • TWX 744-1990 

e DATA-CONTROL SYSTEMS INC. 
'l~11,,,e11t4U- Io's ~~ 

Sales Offices 
Silver Spring, Md., Huntsville, Winter Park, Long Beach, Santa Clara, 

Albuquerque 

Copenhagen London Rome Paris Munich Amsterdam 

ocs 6·66 
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Leak detector offers fast 
component testing 

Employing krypton-85, this leak 
detector nondestructively tests her­
metically sealed components and 
equipment over a range of 10-• to 
10-11 cm3 / s. For small components 
such as ICs, transistors, micro re­
lays and diodes, testing rates de­
pend on the number and combina­
tion of activation and counting sta­
tions. 

Model 10010-lA utilizes the prin­
ciple of isotope tracer gas referred 
to in MIL-202C, method 112 and 
NAS 728. 

Availability: 3 months. Ardel 
Corp., 619 Justin Ave., Glendale, 
Calif. Phone : (213 ) 245-9255. 

Circle No. 130 

Frequency counter 
Measurements from 0 to 200 kHz 

are made by this four-decade fre­
quency counter. Applications in­
clude use with turbine flowmeters, 
tachometers, oscillators and other 
frequency-generating devices. Time 
bases of 0.1 and 1 s are derived 
from a 60-Hz line frequency. Gate 
time of 10 s is available. Variable 
display time is from 0.2 to 6 s and 
hold. Sensitivity is 10 mV. 

Anadex Instruments Inc., 7833 
Haskell Ave., Van Nuys, Calif. 
Phone: (213) 782-9527. 

Circle No. 131 
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cause you have to know NOW! 
RCA announces the first definitive 
engineering text solely on linear 
integrated circuits. 240 pages 
of solid information cover impor­
tant considerations for the engi­
neer who has to be ready to make 
the transition to linear integrated 
cireuits for communications, TV, 
radio, instrumentation, telemetry, 
data processing, and control. 
RCA LINEAR INTEGRATED CIRCUIT 
FUNDAMENTALS is your "bridge" from discrete­
component concepts to the practical, here-and-now 
details of linear IC's. It's the professional design 
man's guide-not a discussion of diffusion techniques, 
not a hobbyist's manual. 

It covers: 
general design considerations ... differential 
amplifiers ... operational amplifiers .. . transfer 
characteristics ... feedback considerations ... 
equivalent circuit models ... frequency response .. . 
phase compensation . .. circuit applications ... 
design features. 

GET STARTED NOW in this important, new design 
area. Pick up a copy at your RCA Distributor's-
or use the coupon to place your order. 

\.. El•<tmok Compooeot• ood Dev;,., 

I .. ® The Most Trusted Name in Electronics 

COMMERCIAL ENGINEERING 

RCA ELECTRONIC COMPONENTS & DEVICES 
HARRISON, N. J. 07029 

Attached is my check/ money order for $ , 
covering copy / ies of RCA LINEAR 
INTEGRATED CIRCUIT FUNDAMENTALS 
@ $2.00 each. 

NA.MJC.. ____________ _ 

COMPANY _______ ____ _ 

ADDRESS, ____________ _ 

CITY _____ _.,TAT..,_ ___ ZlP--



VOLTMETER 
WITH A MEMORY 

... DC TO 20 MEGACYCLES 

• RANGE 

MODE 30 100 

r~c~'±o~l •• oo 
3 

JOOO +.+ RESET .... 
MANUAL 

!HPUT 

• 
The Model 5201 memory voltmeter is a de to 20 me instrument 
which measures and stores indefinitely the maximum peak voltage 
applied, including continuous or one shot pulses as short as 50 nano­
seconds. A memory reset-switch on the front panel allows the 5201 
to monitor peak values of a varying waveform, either positive or 
negative going. 

The solid-state 5201 is also available with a 3-digit in-line 
Nixie® tube readout. The voltage range may be extended to 30 kv 
with optional high voltage probes. For complete technical informa­
tion, contact the Micro Instrument representative near you or write 
directly to us. 
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VOLTAGE RANGE 

INPUT IMPEDANCE 

PULSE WIDTH 

OPERATING MODES 

READOUT 

PRICE 

Specifications 
0-3, 10, 30, 100, 300, 1000 volts. 
Can be operated up to 1000 volts above ground. 

100 k-10 megohms (depending on range). 

DC to 50 (typically 30) nanoseconds. 

+. -, ± (DC or AC coupled). 

5" mirror-backed 1 % meter. 

$695.00. 

12901 Crenshaw Blvd., Hawthorne, California 90250 
Phones: (213) 679-8237 & 772-1275 / TWX (213) 647-5133 
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• 

Variable capacitor 
Used as a reference arm for high 

voltage bridges or capacitance com~ 
parators, this variable capacitor can 
also tune high power resonant cir­
cuits or antennas. The unit provides 
continuous settings from 50 to 10,-
000 pF in four ranges. It has a con­
tinuously adjustable 2000-pF vacu­
um capacitor and fixed steps of 2000 
pF. Voltage is 10 kV peak and cur­
rent is 10 A rms max. 

Dranetz Engineering Labs. Inc., 
1233 North Ave., Plainfield, N. J . 
Phone: (201) 755-7080. 

Circle No. 132 

Correlation computer 
On-line determination of both 

auto and cross correlation functions 
is performed by this computer sys­
tem. Employing analog and digital 
circuitry, model 258 computes up to 
256 points of a correlation function 
simultaneously without tape loops. 
All calculations are performed in 
real time. On-line operation allows 
monitoring and re-directing of the 
course of an experiment while it is 
occurring. 

Technical Measurement Corp., 
441 Washington Ave., North Haven, 
Conn. Phone: (203) 239-2501. 

Circle No. 133 
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Resistivity bridge 
Direct resistivity readings are 

given by this self-calibrating semi­
conductor resistivity bridge. Meas­
urement range is 0.01 to 1000 n-cm 
with accuracy of ± 5%. Requiring 
no sample preparation, the unit will 
correct for and directly measure 
semiconductor wafers, dice, rods 
and blocks. The bridge has self-con­
tained batteries and a four-point 
probe head. 

Geoscience Instruments Corp., 
435 E. 3 St., Mount Vernon, N. Y. 
Phone: (914 ) 664-5100. 

Circle No. 134 

Spectrum analyzer 
This 10-MHz to 40-GHz analyzer 

makes measurements directly from 
the CRT display with cw sensitivity 
from -110 to -70 dBm. Internal 
phase lock provides stable displays 
even at 1-kHz/ division dispersion. 
Resolution range is 1 to 100 kHz 
and dispersion range is 10 kHz to 
100 MHz. Display flatness is ±1.5 
dB over 100-MHz dispersion. Scope 
triggering is internal, external or 
line and sweep rates are 0.5 s f divi­
sion to 10 µ.s f division in a 1-2-5 se­
quence. 

Price: $4200. Tektronix, Inc., 
Box 500, Beaverton, Ore. Phone: 
(503) 644-0161. 

Circle No. 135 
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Three nice features 
and a surprise 
in Heinemann's new 
Series JA circuit breakers: 

1. Natural shoulder packaging. The slim, Ivy League JA weighs in 
at just 2.5 ounces per pole, including hydraulic-magnetic 
actuating element, silver-alloy contacts and an uncommonly 
efficient arc-quenching device. 

2. Pizazz-The JA is the first breaker with snap-on color-coding 
caps that you can mix or match for functional or decorative 
purposes. Also included: a very dressy white handle. 

3. Convenience. The )A's 'universal' terminals are made to accept 
soldered, crimped-type, or screw-type connections; you can use 
whichever you' re tooled for-or overstocked with. 

4. Economy. This is the surprise. The JA actually costs less, model for model, 
than our Series AM12 breakers, which it can replace to your advantage. 
The JA is available in current ratings from 0.100 to 20 amps, at up to 250V AC 
or SOV DC. With a choice of time-delay or non-time-delay response. 
SP,ecial-function internal circuits, too. Bulletin 3350 will give you full 
technical data. Write, wire or shout for a copy. 

Heinemann Electric company 
2616 Brunswick Pike, Trenton, N. J. 08602 

Speed Inquiry to Advertiser via Collect Night Letter 
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These authorized distributors 
can give you immediate delivery 

on P &B precision switches 
at factory prices 

PRECISION 
SUBMINIATURE 

llO 

PRECISION 
MINIATURE 

PRECISION 
GENERAL 
PURPOSE 

Your authorized P&B switch distributor has a wide variety 
of P&B precision snap-action switches on his shelves. You can 
get immediate delivery at factory prices. Included are general 
purpose, miniature and subminiature switches in a wide 
choice of actuators, contact arrangements and terminations. 
Most are directly interchangeable with competitive types. 
All meet U /L and CSA requirements. Mounting dimensions 
and materials meet military specifications. 

POTTER & BRUMFIELD 
Division of American Machine & Foundry Company, Princeton, Indiana 
Export: AMF International, 261 Madison Ave nue, New York, New York 

Speed Inquiry to Advertiser via Collect Night Letter 
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Standard switches 
are shown in new 
Catalog 400. Ask 
your nearest P&B 
switch distributor 
for your personal 
copy. You'll find his 
address in the 
adjoining column. 
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CALL THE DISTRIBUTOR NEAREST YOU 
FROM THIS PARTIAL LIST 

ARIZONA 
Phoenix 
Brown Wholesale 

Electric 
210 S. 29th Street 

ARKANSAS 
Little Rock 
Carlton-Bates 
1210 E. Sixth Street 

CALIFORNIA 
Los Angeles 
Kterulff Electrontcs 
2585 Commerce Way 
Mountain View 
Brlll Electronics 
1065 Terra Bella Ave. 
Oakland 
Brill Electronics 
610 E. 10th Street 
Sacramento 
Dunlap Electronics 
1800 18th Street 

COLORADO 
Denver 
L. B. Walker Radio 
300 Bryant Street 

CONNECTICUT 
East Hartford 
Radio & Appliance Dist. 
95 Leggett Street 
Waterbury 
Bond Radio Electronics 
439 West Main Street 

FLORIDA 
Orlando 
Hammond Electronics 
911 W. Central Avenue 

GEORGIA 
Atlanta 
Jackson Electric Supply 
1135 Chattahoochee 

Ave., N .W. 
ILLINOIS 

Chicago 
Pace Electronics 
3804 25th A venue 
Schiller Park 

INDIANA 
Indianapolis 
Radio Distributing 
814 N . Senate Avenue 

LOUISIANA 
Lafayette 
Ralph's or Lafayette 
3004 Cameron 
New Orleans 
Radio Parts Inc. 
1112 Magazine 
Reily Bros .. Inc. 
307 Tchoupltoulas St. 
Shreveport 
Koelemay Sales Co. 
2530 Linwood A venue 

MARYLAND 
Baltimore 
Kann-Ellert E lectronics 
2050 Rock Rose A venue 
Bethesda 
Empire Electronics 

Supply 
4907 Rugby A venue 

MASSACHUSETTS 
Boston 
Graybar Electric 
345 Harrison Avenue 

MICHIGAN 
Flint 
Shand E lectronics 
2401 S. Dort Highway 

MINNESOTA 
Minneapolis 
Northwest Electronics 
336 Hoover Street, N .E. 
St. Paul 
Lax Electric Company 
512 Sibley 

MISSISSIPPI 
Jackson 
Ellington E lectronics 
P.O. Box 8038 
824 S. Gallatin Street 

MISSOURI 
Kansas City 
Burstein-Applebee 
1012 McGee Street 
T exas Instruments Sup. 
2828 McGee Street 
St. Louis 
Electronic Components 

for Industry 
2605 S. Hanley Road 

NEVADA 
Las Vegas 
Consolidated Electrical 

D istributors 
2021 1ndustrlal Road 

NEW HAMPSHIRE 
Concord 
Evans Radio 
P.O. Box 312 

NEW JERSEY 
Camden 
General Radio Supply 
6QO P eon Street 

Newark 
l\1onarch-Irv1ng Electric 
190 12th Avenue 
Springfield 
Federated Putchaser 
155 U, S. Route 22 

NEW MEXICO 
Albuquerque 
State Electric Supply 
1209 University 

Blvd., N.E. 
NEW YORK 

Buffalo 
Summit Distributors 
916 Malo Street 
Cohoes 
Ontario Supply 
100 N. Mohawk Street 
New York 
Caflney-Kroese 
51-53 Leonard Street 
Terminal-Hudson 
236 W. 17th Street 
Poughkeepsie 
Ulster Electric Supply 
135 No. Hamilton St. 
Syracuse 
Mather, Evans & Diehl 
4413 James Street 

NORTH CAROLINA 
Asheville 
Freck Radio & Supply 
38 Biltmore Avenue 

OHIO 
Cincinnati 
Willey-Wray Electric 
1172 W, Galbraith 
Cleveland 
The H. Lei'! Electric Co. 
1163 E. 40th Street 

OKLAHOMA 
Tulsa. 
Radio, Inc. 
1000 South Main 

OREGON 
Portland 
Consolidated Electrical 

Distributors 
2053 N. w. Upshur 
United Radio Supply 
22 N . \V. Ninth Avenue 

PENNSYLVANIA 
Allentown 
A. A. Peters 
231 N. 7th Street 
Harrisburg 
l\1ountatn National 
Radio Dlstr. Co. 
915 S. 13th Street 
Philadelphia 
Franklin E lectric 
1511 N. 26th Street 

Radio Electric Service 
Div. o! ASTREX, INC. 
701 Arch Street 
Pittsburgh 
Radio Parts Company 
6401 Penn A venue 
York 
\Vholesale Radio Parts 
1650 Whiteford Road 

TENNESSEE 
Memphis 
RCH Electric 
223 S. Front Street 
P.O. Box 173 

TEXAS 
Dallas 
T exas Instruments 

Supply 
6000 Den ton Dr! ve 
Houston 
Sterling Electronics 
1616 Mcmnney 
T exas Instruments Sup. 
5240 E lm Street 

UTAH 
Salt Lake City 
Control Equipment 
Crossroads Square 
2255 South 2 West 

VIRGINIA 
Charlottesville 
Virginia Radio Supply 
715 Henry A venue 
Richmond 
A VEC Electronics 
3302 West Broad Street 

WASHINGTON 
Seattle 
Radar Electric 
168 Western Ave., West 
Seattle Radio Supply 
2117 Second Avenue 

WISCONSIN 
Oshkosh 
Electronic Industries 
19 East Irving A venue 

PUERTO RICO 
Santurce 
Electronics Center 
P.O. Box 841 3, Fdez., 
Juncos Station 

T 
POTTER & BRUMFIELD 
Division of American Machine & Foundry Company, Princeton, Ind. 
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Connector gage set 
Deviation from nominal of six 

critical mating dimensions of male 
and female C or SC connectors is 
measured by this gage set. It con­
sists of a dial indicator, male and 
female ~easurement adapter shells, 
interchangeable buttons corre­
sponding to the three A and B di­
mensions to be gaged and a calibra­
tion gage block. The indicator 
shows the deviation. The dial is 
marked with 40 divisions per rota­
tion, each representing a deviation 
from nominal of 0.001 in. 

P&A: $300; 60 days. Weinschel 
Engineering, Gaithersburg, Md. 
Phone: (301) 948-3434. 

Circle No. 136 

Servo analyzer 
A range of 0.01 to 10,000 Hz is 

featured in this servo analyzer. The 
110-dB attenuator used for servo 
system gain measurements is 
switchable between input and re­
sponse signals. A separate level con­
trol permits fine adjustment of 
stimulation signal levels. The ana­
lyzer may be used with either de or 
carrier systems. A referenced out­
put is phase variable over 360 °. 

Price: $1750. Ling Electronics, 
1515 S. Manchester Ave., Anaheim, 
Calif. Phone: (714 ) 774-2000. 

Circle No. 139 

20- to 300-M Hz receiver 
Designed for am, fm and cw re­

ception from 20 to 300 MHz, this 
solid-state receiver has 20- and 300-
kHz IF bandwidths. The three RF 
tuners have a two-section pre-selec­
tor at the RF input providing maxi­
mum reduction of cross-modulation 
and inter-modulation interferences. 
Each tuning head has time tuning 
and an internal calibration oscilla­
tor. 

P&A: $3500; 90 days. Astro 
Communication Lab. Inc., 801 Gai­
ther Rd., Gaithersburg, Md. Phone: 
(301) 948-5210. 

Circle No. 13F 

Resistor test system 
Using a 9-dial decade resistance 

standard, this unit compares resis­
tors to 1 ppm by substitution and 
gives direct readings with 50-ppm 
accuracy. Differences of 1 ppm to 
0.6 % are covered by three deviation 
ranges. Measurements from 1 n to 
120 Mn can be made. Output of the 
de generator-detector is adjustable 
up to 1 W. The detector has sensi­
tivity better than 1 µ, V end-scale. 
Measurements to 1 kV have 5% ac­
curacy. 

P&A: $3400; 30 days. Electro 
Scientific Industries, Inc., 13900 
N.W. Science Park Dr., Portland, 
Ore. Phone: ( 503 ) 646-4141. 

Circle No . 137 
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MICROELECTRONICS 

16-bit memory array 
A 16-bit word organized memory 

array, for digital computer tempo­
rary storage memory applications, 
consists of 16, two-transistor set/ 
reset flip-flops with two write 
and two sense amplifiers in a 4 x 4 
matrix which provides parallel in­
formation storage and retrieval. 
The arrays are on individual 48 x 
80 mil silicon chips. This single chip 
permits non-destructive read-out of 
all 16-bits. Reading and writing is 
done through four X and four Y 
lines which are brought out to eight 
external terminals. Read and write 
control is performed by four inter­
nal dual-sense amplifiern for "l" 
and "O" writing. Each flip-flop in 
the matri:x .. is logically connected to 
its own address combination, and to 
the sense and write amplifiers. The 
memory cell operates from a nomi­
nal 5-V supply voltage. 

The SM-80 series is designed for 
operation from O to 75 ° C. The ar­
rays are available in a 14-lead dual­
in line, plug-in package and T0-85 
flat-pack. Write time and read time 
are 25 ns and 35 ns, respectively, 
power consumption is 250 mW and 
noise margin is ± 1 V. 

S:vlv:rnia Electric Products Inc., 
730 Third Ave., New York. Phone: 
(212) 551-1693. Circle No. 140 

Mixed-level matrix board 
This mixed-level matrix board 

contains two patch areas with 
three-deck bussed contacts, one area 
with a two-deck bussed contact ma­
trix and a fourth area with a two­
level matrix having bussed contacts 
in deck one and isolated contacts in 
deck two. A 0.25-in. grid has phen­
olic block construction. 

Availability: 4 wks. Co-Ord 
Switch, 102-48 43 Ave., Corona, 
N. Y. Phone: (212) 899-5588. 

Circle No. 141 
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Micromin PC connectors 
Designed for use with single­

sided, double-sided or multilayered 
boards, these connectors have con­
tact arrangements of 0.15-in. and 
0.1-in., center-to-center spacing in 
two staggered rows and 0.05-in. 
spacing in three staggered rows. 
Contacts are beryllium copper, gold 
plated to MIL-G-45204. Both plugs 
and receptacles are terminated by 
dip soldering the terminal pins to 
the boards. 

Burndy Corp., Norwalk, Conn. 
Phone: (203) 838-4444. 

Circle No. 142 

TTL NAN D gates 
A dual 4-input TTL NAND gate, 

UEX-1070, with a propagation de­
lay of 5 ns, is claimed to be the first 
of a series of the fastest saturating 
ICs available. A high-noise immuni­
ty, high-speed TTL N AND gate, 
type UEX-1100, offers 1.7 Vdc noise 
immunity at a propagation delay of 
8 ns. Other features of the high­
speed gate are a fanout of 12 and a 
noise immunity of 1 V. Power dissi­
pation is 25 mW and both circuits 
require a 5 V power supply voltage. 
The high-noise immunity gates 
have a fan-out of 10 with a rated 
power dissipation of 35 mW. Both 
logic series are initially available in 
14-lead flat-packs. 

Sprague Electric Co., 347 Mar­
shall St., North Adams, Mass. 

Circle No. 143 

' 12-V IC op-amps 
have 70-dB gain 

Two 12-V operational amplifiers 
deliver 14 V p-p output and 70-dB 
gain. Both can be used as oscilla­
tors, comparators, servo-drivers, 
scaling adders, balanced modulator 
drivers, multivibrators, de and 
video amplifiers, feedback amplifiers 
and narrow- and band-pass am­
plifiers. The silicon monolithic ICs, 
types CA3015 and CA3016, are of a 
balanced direct-coupled, two-stage, 
differential amplifier design, with a 
controlled constant-current source. 
Temperature range is - 55 to 
125 ° C. The output voltage swing 
is 14 V with a 15-kn load. With a 
load impedance as low as 1 kn, 
peak-to~peak voltage swing is 5.5 V. 
Additional features include 320-kHz 
bandwidth at - 3-dB point, 103.5-
dB common-mode rejection ratio, 
92-n output impedance and 1-mV 
input offset voltage. The CA3016 is 
a 14-terminal flat-pack and the CA-
3015 is a 12-terminal T0-5 package. 

P&A: $7.50 and $8.50 (1000-up); 
October. RCA, Electronic Compo­
nents and Devices, Harrison, N. J. 
Phone: (201) 485-3900. 

Circle No. 144 

PC board connectors 
Beryllium copper "bellows" con­

tacts are used in these micromin 
connectors with 0.00005-in. gold 
plating. Contacts may be soldered 
or welded and are spaced on 0.05-in. 
centers. They are available from 6 
(double row 12) to 64 (double row 
128) standard configurations. Con­
tact tails protrude from the diallyl 
phthalate body in two available 
configurations: two single rows 
spaced on 0.05-in. centers or stag­
gered in 4 rows with each row at 
0.1-in. centers. 

Viking Industries Inc., 21001 
Nordhoff St., Chatsworth, Calif. 
Phone: (213) 341-4330. 

Circle No. 145 
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Tektronix Oscilloscope 
with general-purpose . 
convenience 

Tektronix, Inc. 

ELECTRONIC DESIGN, September 13, 1966 

Type 585A I 82 unit features 
• Dual-Trace Operation with 4 op­
erating modes and independent con­
trols for each channel-for indiv idual 
atten uation, positioning , inversion , and 
ac or de coupling as desired. 

• Bandwidth DC-T0-85 MHz (3-db 
down) at 100 mV!cm (12-db down at 
150 MH z), and typically DC-T0-80 MHz 
(3-db down) at 10 mV!cm . 

• Calibrated Sensitivity in 9 steps 
from 100 mV/ cm to 50 V/ cm , and in 
IOX Amplifier Mode, from 10 mV / cm to 
5 V /cm, variable between steps. 

• Internal and External Triggering 
to 150 MHz. 

• Sweep Range from 10 nsec/cm 
to 2 sec/cm. 

• Single-Sweep Photography at 
10 n.sec/cm. 

• Cal ibrated Sweep Delay from 
2 microseconds to 10 seconds. 

• Bright, H igh-Resolution Display 
with small spot size. 

• Conventional Passive Probes 
for convenience. 

plus 
• Compatibility with Letter and 
1-Series Plug-Ins to permit differen­
tial, multi-trace, sampling, spectrum 
analysis, other laboratory applications 
-when used with Type 81 adapter. 

Type 585A Oscilloscope . $1725 
Type RM585A Osc illoscope . $1825 
Type 581A Oscilloscope . $1425 

No sweep-delay capabilities, 
but other features similar to Type 585A. 

Type 82 Dual-Trace Unit . $ 650 
Type 86 Single-Trace Unit . . $ 350 
Type 81 Plug-In Adapter. . $ 135 

Allows insertion of 17 Tektron ix letter­
series plug-ins. Passband (up to 30 
MHz) and Sensitivity depend upon 
plug-in used . 

U.S. Sales Prices, f.o.b. Beaverton, Oregon 

For complete information, contact your 

nearby T ektronix field engineer or write: 

Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 

ON READER-SERVICE CARD CIRCLE 52 
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Describe them 1n 
6 words ... or less. 
1. Inexpensive 
2. Small 
3. Adaptable 
4/5. In Stock 
Five words will tell you quite a bit about Min-Econ 
Amplifiers . .. but not the whole story. For in­
stance, "In stock". That actually means 17 models 
sitting on the shelf. When you call in your order 
... it goes out the same day. "Small" . .. these are 
all l l/4" high x 21/4" wide x 31/4" long. That's 
small! "Inexpensive" ... prices range from $65 to 
$195. "Adaptable" .. . there are l 7 basic models 
with many standard modifications. These are not 
"flea power" devices, as are so many so-called 
"amplifier modules''. These are silicon, solid-state 
amplifiers, built to do a job. Check EEM for our 
Short Form Catalog. If you don 't see what you need, 
cal I us or your nearest C-COR representative, for the 
whole story and detailed data sheets ... and place 
your order. Min-Econ is the perfect solution for lab­
oratory, breadboarding or systems amplification . 

~® 

C'-COR Efedt01tK>4 I1te. 
60 DECIBEL RD.• STATE COLLEGE 
PA. 16801 • PHONE 814-238-2461 
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IC op-amp has -+-8-V 
common-mode input 

Silicon planar epitaxial op-amps 
reportedly have a higher common­
mode input range ( ± 8 V at V cc = 
15 V) than other available units. 
Low offsets, high Z in• thermal sta­
bility and output short protection 
are featured. Series 805 op-amps 
have a typical open-loop voltage 
gain of 60,000. Input offset voltage 
is 3 mV, bias current is 250 nA and 
offset current is 30 nA. Packaging 
is in a T0-5 can. 

P&A: $27 to $45; stock. Amelco 
Semiconductor, Div. of Teledyne, 
1300 .Terra Bella Ave., Mountain 
View, Calif. Phone: ( 415) 968-
9241. 

Circle No. 146 

IC carrier I contactor 
This carrier and contactor ac­

cepts 1/ 2-in.2 32-lead flat-pack !Cs 
having eight leads per side on 0.05-
in. spacing. Once tested, !Cs can 
then be shipped in the carrier. The 
body section has molded-in lead sep­
arators and indication of the #1 
lead position. Both the lid and body 
sections have cutouts fo1· marking 
and ventilation. 

Barnes Development Co., Lans­
downe, Pa. Phone: (215) 622-1525. 

Circle No. 147 
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Meet the challenge of change ... 
Wrap up your integrated circuits with a helping hand from ITT Cannon 

Lightweight aircraft and space applications? 
Specify the CHICO Pac! 
The new CHICO Pac meets industry's need for a high density 
standardized system which enables designers to effectively 
package integrated circuits as well as discrete components. 
CHICO Pac eliminates the major bottlenecks which have 

ENOPLATE 

MICROCOMPONENT BOARD . 

SIOE BOARD 
MODULE BASE 

blocked full utilization of 
today's integrated circuit 
packages ... meets the four 
key require men ts de­
manded by every packag­
ing and systems designer: 
reliability, versatility, 

. maintainability and size/ 
weight reduction. 

Versatile low cost for 2-sided PC boards? 
Specify CAM-RAC 'M Modules! 
The lightweight aluminum CAM-RAC integrated circuit 
packages offer the same benefits of the CHICO Pac but in 
larger, economical modules. Cam actuation of the contacts 
in the CAM-RAC modules assures zero mating and unmating 
forces. Contacts do not engage the printed circuit pads until 
they are actuated by the cam system. Discrete components, 
as well as ICP's, can be accommodated in CAM-RAC mod­
ules which contain up to 10 two-sided printed circuit boards 
from 4" x 5" to 12" x 15" card size. The fully shielded module 
and circuit boards minimize crosstalk and RFI. For the com­
plete package, write ITT Cannon Electric, 3208 Humboldt 

~ 2 
St., Los Angeles, California 90031. 
A division of Inter- ., 
national Telephone @ CANNON 
and Telegraph Corp. e., PLUGS 

CAMS OPEN CAMS CLOSEO 

CANNON ITT 



New standard 
of performance 

• Contact resistance 0.0015 ohm -
change less than 0.001 after life, rota· 
tional and salt spray tests 

• Low thermal emf 
• Space-age performance ••• designed 

to MIL specs 

The low contact resistance means 
you can even switch microvolts without 
signal loss. So if you have a problem of 
switching at low signal levels, this is the 
answer. There's no other switch in this 
class. 

Low stable contact resistance and long 
life go side by side in the design. Switch 
body constructed of diallyl phthalate. 
Gold-plated terminals. Solid silver alloy 
brush and contact design. Stainless steel 
hardware. Unique hex shaft for multiple 
positioning of brushes. 

The switches have long life under 
difficult conditions of temperature, vi­
bration and shock -100,000 rotations · 
minimum at 125 C. Exceptionally low 
thermal emf-Jess than 0.01 microvolt 
per degree C change in temperature. 

They ' re a smooth-acting series of 
switches, available in a large number 
of configurations to meet your exact 
needs. We build them with 1 to 6 poles, 
each pole with 12 terminals (11 active, 
1 collector). Price : moderate for a 
switch of this quality. 

To learn more about the switches and 
how to order, write or call Components 
Division, Leeds & Northrup, North 
Wales, Pa. 19454. (215) 699-5353 •. 

LEEDS & NORTHRUP 
_Philadelphia 44 • Pioneers in Precision 
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MICROELECTRONICS 

J-K flip-flop family 
offers 50-MHz logic 

A family of dual J-K flip-flops is 
guaranteed to deliver speeds of 50 
MHz, reportedly the highest avail­
able. The circuits, which concen­
trate 100 discrete components on a 
50- x 85-mil monolithic chip, are 
designed for high-speed digital 
communications as well as data 
processing applications. 

Logic rates of 50 MHz and typi­
cal propagation delays of 10 ns are 
obtained through the use of ultra­
fine line geometries to minimize 
parasitic capacitances and the use 
of stable, high-speed integrated 
transistors. They are designed to 
trigger on clock negative edges and 
will trigger reliably on clock pulses 
as narrow as 10 ns. The units, 
which have a single J terminal and 
a single K terminal for each of the 
dual flip-flops, are available in. dual­
in-Iine, plug-in and T0-85 packages. 

The units are available in two 
distinct configurations. The first al­
lows a separate clock input for each 
of the dual J-K functions in the 
package. Separate clock Jines are 
necessary for ripple counters, a 
common subsystem in digital 
communications. The second con­
figuration is designed with a 
clock line and reset line common to 
both J-Ks for temporary storage of 
data trains. Both configurations 
have separate set input terminals. 

The circuits exhibit virtually no 
settling time and produce a sym­
metrical output waveform. Propa­
gation delays are 9 ns off and 11 ns 
on, and logic offset is 3.5 V at logic 
"l" and 0.2 V at logic "O". 

Price: $9.45 ( 1000 quantities). 
Sylvania Electric Products Inc., 730 
Third Ave., New York. Phone: 
(212) 551-1693. Circle No. 148 

Rack/panel connectors 
Miniature rack and panel connec­

tors have 0.045-in.2 wire-wrap ter­
minations. This series includes 7-, 
14-, 18-, 20-, 21-, 26-, 41-, 50- and 
75-contact rectangular connectors 
meeting MIL-C-8384. Contact cur­
rent rating is 7.5 A max. Center-to­
center contact distance is nominally 
0.15 in. 

U.S. Components, Inc., 1320 Zere­
ga Ave., Bronx, N. Y. Phone : (212 ) 
824-1600. Circle No. 149 

INCOMPARABLE 
QUALITY 

SWITCH CRAFT 
PHONE PLUGS 

Why waste time "shopping around" 
• . . whatever your plug requirement­
regardless of size or type, Switchcraft 
makes it, and makes it better! The 
one piece tip rod, for instance, is 
staked into the terminal to assure 
tightness ... the tip rod can't fall out! 
Switchcraft offers you the world's lar­
gest selection of phone plugs ... with 
solder terminals, screw terminals, ca­
ble clamps; .250", .206", .140", .097" 
finger diameters; shielded handles, or 
tough plastic handles; single plugs, 
twin-plugs; 2-conductor or 3-conductor 
-you name it! Chances are it's a 
thoroughly proved, field-tested STOCK 
plug from the incomparable Switch­
craft line of plugs. 

SEND FOR NEW CATALOG P-202 
or see your Switchcraft Authorized In­
dustrial Distributor for immediate de­
livery at factory prices. ® 

~ 
5581 North Elston Ave. 
Chicago, Illinois 60630 
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Plastic DTL ICs 
Digital ICs in the 930-series DTL 

configuration are offered in a mold­
ed plastic package for operation in 
the O to 70° C range. The complete 
fami ly of 11 DTL circuits including 
dual, triple, and quadruple gates, 
buffers, expanders, binary elements 
and a one-shot is reportedly priced 
25% lower t han comparable units. 
The transfer-molded package fea­
t ures 14 plug-in pins on 100-mil 
centers for low-soldering and wirc­
wrap techniques. The two rows of 
pins are 300 mils apart and are 
adaptable to high-speed automatic or 
manual insertion techniques. 

Typical gate propagation delay 
for series 15830N is 25 ns, power 
dissipation is 5 mW, fan-out is 8, de 
noise margin is 750 mV and supply 
voltage is 4.5 to 5.5 V. 

Texas Instruments, 13500 N. 
Central E xpwy., Dallas. P hone: 
(214) 235-3111. 

Circle No. 150 

Voltage pick-off element 
For voltage position pickoffs 

where accuracy and size are consid­
erations, this linear element is less 
than 1-in. long. The element is a 
conductive plastic chip 0.17-in. wide 
and 0.075-in. thick. The chip con­
tains an infinite-resolution resist­
ance track and a take-off track, and 
is supplied with Teflon leads. Mat­
ing mult i-finger wiper assemblies 
are a lso available. Independent lin­
earity is ±0.25% with no quadra­
t ure to 100 kHz. Power dissipation 
is 0.25 W at 20 ° C. Operating tem­
perature range is - 65 to 125 ° C. 
The element is avai lable in 2- and 5-
kn resistances. 

Markite Corp., 155 Waverly P l., 
New York. P hone: (212) 675-1384. 

Circle No. 151 
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for people like you ... 

&ORE RIBBON CABLES 
solve proble111s 

likelhisl 
CHALLENGE------. 

Carry 140 RG/196/U coaxial cables across a 
hinge point then along the inner wall of a cabinet 
in a space only 1,4" deep. 

@ 

Fourteen MUlTl-TET ribbon cables were used by 
Burroughs engineers to solve this packaging prob­
lem in their D-825 computer. Each cable contains 
ten c9axial leads. Besides meeting the space and 
flexibility requirements, the ribbon cables made 
lead identification easy and accurate. Since the 
ribbon cables were self supporting in the short 
lengths used, the only extra hardware required 
was a clamp ·at each end. 

. .. ® 
Write for a sample of this MULTl-TET cable and information 

on other ~ore products. 

New geometries, new problems, new requirements are our specialty. 

~ 
W.L. GD RE & ASSOCIATES. INC. 

555 PAPER Mill ROAD NEWARK, DEL. 19711 
PHONE (302) 368-0651 TWX (302) 737-1060 
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Kelvin 
and 

Varley 
would be 
exultant! 

(

Their circuit is being used) 
in this ESI Voltage Divider 
to give you 1 ppm accuracy. 

The Kelvin-Varley Circuit was invented 
while the two men were collaborating on 
the Project Mercury of their day-the 
laying of the Atlantic Cable. 

It is now used to achieve state-of-the­
art accuracy in the decade voltage di­
vider above (our model RV-722). This 
instrument has a terminal linearity of 
1 ppm. 

At low settings you will be able to do 
even better than 1 ppm. If, for example, 
the first three dials are set at zero, the 
output voltage will be accurate to a frac­
tion of one division of the seventh dial. 
Each step of that dial is one part per ten 
million. 

With each instrument, you get a cali­
bration certificate giving check-out read­
ings accurate to 0.2 ppm. All at a price 
worthy of Lord Kelvin's Scottish herit­
age: $900. ESI, 13900 NW Science Park 
Drive, Portland, Oregon (97229). 

Model RV722 DEKAVIDER Decade Voltage Divider 
Circuit: Kelvin Varley Resistive Divider 
Resolution: 10,000,000 divisions- 0.1 ppm 
steps 
Input Resistance: 100 Kilohms ±0.005% 
Temperature Coefficient: ±0.5 ppm/'C 
Power Coefficient: ±1 ppm/ watt maximum 
Maximum Input Power: Five watts 
Maximum Input Voltage: 700 volts rms, 1000 
volts peak 
Input terminals for individual decades are pro· 
vided for calibration of each decade. Paralleled 
switch contacts of silver alloy provide im­
proved accuracy at all settings. 

lelsl i I Electro Scientific Industries 
® 
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SYSTEMS 

Magnetic tape system 
minimizes skew effect 

A bidirectional tape drive unit is 
built into this magnetic tape sys­
tem. The capstan motor assembly 
keeps the tape under control of the 
capstan in all operational modes. 
Only the capstan and isolation roll­
er contact the tape in the critical 
head area. Upper and lower vacuum 
columns balance tape tension by iso­
lating the record/playback heads 
from the reels. The vacuum columns 
are also chute guides for the fric­
tion-driven tape. 

Electronics of system 7600 allows 
for direct recording of data to 1.6 
MHz, FM recording to 80 kHz and 
digital recording to 1 Mbit per inch 
density. Speeds are automatically 
synchronized and selected by push­
button. 

The drive system minimizes skew 
effect (tilting of the tape as it pass­
es over the heads). Inter-channel 
timing errors caused by skew effect 
are cut to less than 1 ms across tape 
moving at 120 ips. The close head­
to-capstan spacing of the drive sys­
tem improves tape speed accuracy 
and holds flutter to a minimum. At 
60 or 120 ips, flutter is 0.25 % p-p 
over a 10-kHz bandwidth. The 
spare parts kit provided for mainte­
nance can handle over 90 % of the 
theoretical failures. Access to a re­
sistor stock will increase coverage 
to 99 % of the possible failures. The 
34 parts in the kit include a selec­
tion of micrologic circuitry, transis­
tors, diodes, trimmer pots, pilot 
amps and fuses, a relay, an indica­
tor and a capacitor. 

Honeywell Inc., 4800 E. Dry 
Creek Rd., Denver. Phone: (303) 
771-4700. 

Circle No. 152 

. "1 ,r-~ ! 
•t.. I /- - -----

Argon gas laser system 
Output ratings up to 1 W with 

major output energies at 4880 and 
5145 A are provided by these argon 
gas laser systems. Because a tung­
sten-impregnated material is used, 
the cathode can be exposed to the 
atmosphere without oxidation dam­
age. All system components are wa­
ter cooled and the confocal mirrors 
have X-Y alignment manipulators 
at both ends. The 20-kw power sup­
ply for the 1-W unit incorporates a 
power unit for both the 800-gauss 
magnetic field and the cathode 
heater filament. 

Price: from $12,500. Spacerays, 
Inc., Applied Lasers Div., 72 Maple 
St., Stoneham, Mass. Phone: ( 617) 
428-0790. Circle No. 153 

Tape recorder buffers 
This tape recorder buffer trans­

lates, formats and transfers data 
from analog-to-digital converters, 
counters, registers or digital clocks 
to standard incremental magnetic 
tape recorders. The buffer accepts 
six 4-bit or four 6-bit characters. 
Any number of additional inputs 
can be provided. On command, data 
is sequenced to the tape recorder. 
The buffers generate IR gap com­
mands and other functions that pro­
duce computer-compatible tapes. 

P&A: $1200; 60 days. Control 
Equipment Corp., 19 Kearney Rd., 
Needham Heights, Mass. Phone: 
( 617) 444-7550. Circle No. 154 
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The DCP 800 Power Supply is a high performance, solid state DC power supply with excep­
tional versatility. It is a digitally programmed unit suitable for automatic test equipment. It 
provides automatic crossover from regulated voltage to regulated current. 
POWER INPUT: 

105-125 Volts - 50-63 cps - single phase. 

CONTROL INPUT: 
Voltage - Binary Coded Decimal Five Digit Programming in 1 mv steps. 
Current - Binary Coded Four Digit Programming in 1 ua steps with 10 to 1 and 100 to 1 range expansion. The DCP-812 
only has a 10 to 1 range expansion. 
Excitation - Provided by 24 Volts to Reed Relay Input Circuit. 

OUTPUT: DCP-812 DCP-813 DCP-814 DCP-820 
Voltage 0-lOOV 0-50V 0-lOOV 0-.50V 
Current 0-0.lA 0-lA 0-lA 0-0.5A 

ABSOLUTE VOLTAGE ACCURACY: 0.1 % or 1.5 mv. Includes: 

DCP-821 
O.lOOV 
0-0.5A 

Line regulation measured for an input voltage step change of 105-125 Volts at 50-63 cps. 
Load regulation measured for a no load to full load or full load to no load change within range. 
Stabi lity for 8 hours after 30 minutes warm-up. 

ABSOLUTE CURRENT ACCURACY: 0.35% or 0.25 uamp. Includes: 

Line regulation measured for an input voltage step change of 105 to 125 Volts at 50-63 cps. 
Load regulation measured for 100 Volt step change increase or decrease. 
Stability for 8 hours after 30 minutes warm-up. 

rc:::si w,;,. fo' mo" ;nfo,madon 1 m 1 

THE ~CONTROLLER COMPANY• ELECTRONIC MEASUREMENTS DIV. 
OCEANPORT, NEW JERSEY 07757 · . _____ ..._,,,,_,,,,,_,. ·~~-~-........... - ,, 
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SYSTEMS 

Block tape readers 
Available for fixed or variable 

block lengths from 4 lines up, these 
programable block tape readers 
have 20 to 320 or more bits per 
block. Some configurations will ac­
commodate 40 character blocks in 
one 7-in. high chassis. The tape 
reader can be used for any fixed 
block size from 4 to 40 or more 
characters or any variable block 
length using a stop code. Each out­
put bit switches up to 100 mA at up 
to 30 V. Block stepping rate is 50 
blocks/ s max for a 4-line block and 7 
blocks/s for a 40-line block. 

Wang Laboratories, Inc., 836 
North St., Tewksbury, Mass. 
Phone: (617) 851-7047. 

Circle No : 155 

AM and pulse receivers 
Series 415 AM receivers and se­

ries 416 pulse receivers each have 
four standard tuners covering a 60-
to 150-MHz range. Individual re­
ceivers provide selection of any of 
four preset channels within their 
range. Each unit has a separate 
21.4-MHz output. Input impedance 
is 50 n, noise is 6.5 dB max and im­
age IF rejection is 55 and 65 dB re­
spectively. Pulse receivers have a 2-
MHz IF bandwidth. 

P&A: $995; 60 days. Communi­
cation Electronics Inc., 6006 Execu­
tive Blvd., Rockville, Md. Phone: 
(301 ) 933-2800. 

Circle No. 156 

Time generator 
In tracking and data processing 

systems this time generator time­
controls or time-tags phases of an 
operation. A NASA l / s binary time 
code and a NASA serial decimal 
time code are provided. 30 bits of 
BCD represents days (10) , hours 
(6) , minutes (7) and seconds (7). 
Coherent pulse rates are from 0.1 to 
500,000 pps. An external 1-MHz 
reference frequency source provides 
information. 

General Dynamics, Electronics 
Div., 1400 North Goodman St., 
Rochester, N. Y. Phone: (716 ) 342-
8000. 

Circle No . 157 

LOW LOSS 
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CASTING RESINS 

C r o1 .. L1nked Cro1 .. L1l'lk1d Cro11..J.. lnked 
Polys tyrene Poly1tynne ~1J,tj)p .. n• L.ow 0.1uily 

Clea r Cl ear Cpaque Opaque 

~~~~~cpl 
1. o~ l " l.O o.' 
Z.6 '' 

,, •• '- 0 001 c. o. 001 c.o. 001 <.0 . 001 
ll'IJI, •F -lo to tl?O -lO to •lOO -65to•l00 -6S to "100 
1 (Relative) F.tr Fair Good Good 
!Rel.ahve) ..... F11r c~• Cood 

Cood Excellent Excellent E.xc11l1nt 

' p1i ll,000 14.000 11.000 5,000 

FREE CHART 
Ten Low Loss systems are offered for both room and 
elevated temperature cure. Dissipation factors are be­
low 0.001 for minimum effect on circuit operation. 
Dielectric Constants as low as 1.7. Temperature capa­
bility to 400 °F. 

This valuable Chart is yours. 
Write or use Reader Service Card. 

Emerson & Cuming, Inc. 
• Canton, Massachusetts 
• 604 W. 182nd St., Gardena, Calif. 
• 3450 Commercial Ave., Northbrook, Ill. 
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NEW EBERT /JJ.i::7i§WRJ9METAL 
TUBE MERCURY RELAYS ARE GUARANTEED 
TO PROVIDE LONG, MAINTENANCE-FREE 
UFE EVEN IN PROBLEM ENVIRONMENTS 

FACT: Ebert Hi-Power Mercury Relays are available in 
1, 2 and 3-pole units. Load ratings up to 40KW 
or 100 Amps. Load voltages up to 550 V.A.C. 
They are unmatched for continuous in-use re­
liability, durability, and ease of installation. 

FACT: Their hermetically sealed, mercury-to-mercury 
action eliminates contact problems. 

FACT: Their epoxy-clad, metal tube construction with­
stands physical shock or rough handling. 

FACT: Once you've tried an Ebert Hi-Power Relay you 
won't be satisfied with any other! 

•Guaranteed lor one year against detects in mater1a/s and w01km11nshlp.. 

Also available in solid state time delay and solid state 
hi-sensitive models 

1cF1 f&Eii?EE iiici fio NE; cs DEc'o RP. 
L%.J 130-10 JERICHO TURNPIKE, FLORAL PARK, N.Y. 11002 
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Analog recorder 
Thermal rectilinear write-out of 

input data is provided by this ana­
log recorder. The self-contained 
multi-channel system offers an 85-
Hz full scale response with a 3.5-ms 
max rise time. The direct-writing 
oscillograph has high-torque writer 
units with heat stylus and continu­
ous locking cradle for continuous 
uniform tracings. The system in­
cludes amplifiers, power supply, 
writer units and paper drive. 

Beckman Instruments, Inc., 2500 
Harbor Blvd., Fullerton, Calif. 
Phone: (714) 871-4848. 

Circle No. 158 

Digital computer 
This 12-bit core memory computer 

features an 8-µ.s 4096-word expanda­
ble core memory, an ASR-33 tele­
type and a software package which 
includes FORTRAN. The PDP-8/S 
combines a fully parallel core mem­
ory and input/ output facility with a 
serial arithmetic unit. 

P&A: under $10,000; 90 days. 
Digital Equipment Corp., 146 Main 
St., Maynard, Mass. Phone : (617 ) 
897-8821. 

Circle No. 159 
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Here's a 
Great New Way 
to Buy Silicon 

DC Power Modules 

MODBL 

LC322 
5" x 5" x 7• 

Introducing ERA' s All-New, Wide-Range, 
Variable, 71°C, All-Silicon, Fully RepairableDC 
Power Modules at Exceptionally Low Prices 

ERA's new Value-Engineered DC Transpac® power modules provide, 
for the fir.st time, all-silic.on, high performance DC power in a wide 
range, variable, low cost module. 

All units can be set to desired voltages by a simple external tap change 
and users will find that a single model Cliln serve many voltage require­
ments. Stocking problems are reduced to a minimum and power module 
obsolescence is practically eliminated. 

Output Current Size WxDxH Weight Model Price 
Voltage (DC) 71°C (inches) (lbs.) 

4-32 0-750 MA 4 x 4 x 6112 6.2 LC32P7 $ 89.00 
4-32 0-2 amps 5x5x7 8.5 LC322 $115.00 
4-32 0-5 amps 6% x 81/2 x 71/4 16.8 LC325 $179.00 
4-32 0-10 amps 8% x 9112 x 71/2 29.0 LC3210 $215.00 

30-60 0-1 amp 5x5x7 8.5 LC601 $145.00 

Over-Voltage Protector Option: Add $35.00 to above prices and Suffix V lo Model No. (i.e. LC325V, etc.). 

SPECIFICATIONS 

Vernier Voltage: External provision Input: 105-125 VAC, 50-400 cps 
Ripple: Less than 800 microvolts 

RMS or .005%, whichever is greater 
Line Regulation: Better than ± 0.01 % or 

5 mv for full input change 

Transient Response: Less than 50 microseconds 
Operating Temperature: - 20°c to +noc 

Load Regulation: Better than 0.05% or 8 mv 
for 0-100% load change 

Voltage Adjustment: Taps/screw driver 
adjustment 

Short Circuit Protected: Automatic recovery 

free air, full ratings 
Maximum Case Temperature: 130°C 
Temperature Coefficient: Less than 0.01 % per 

degrees C or 3 millivolts 
Long-Term Stability: Within 8 millivolts 

(8 hours reference) 

Remotely Programmable 

l>UBSIDIARIES: FRA Electric Co. • Advanced Acoustics Co. • ERA Dynamics Corp. • ERA Pacific, Inc. 
ON READER-SERVICE CARD CIRCLE 61 
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Introducing 
the perfected line 

~ of integrated 
circuit 
modules 

Micro VersaLOGIC is a complete new 
line of 5 M.C. general purpose integrated circuit 
modules incorporating many of the features of 
the proven VersaLOGIC line, such as NAND, 
NOR logic with wired OR capability at the 
collector. 

Perfected for system use, and based on proven 
DTL circuits, Micro VersaLOGIC operates to 
5v. logic levels, and has excellent noise rejection 
of over lv. Micro VersaLOGIC modules are 
capable of driving high systems capacitances. 
The modules operate from 0°C. to plus 70°C. 
and require a single 5v. power supply. 

Over twenty types of µ. VL modules are avail­
able, as well as interfacing and power driving 
modules. Mounting hardware, including card files 
and card drawers, is also available. 

Plan Micro VersaLOGIC into your next sys­
tem - we'll be happy to show you how easy and 
economical it is. In the meantime, write for our 
new Micro VersaLOGIC brochure. -~DECISION CDNTRD L, I NC. 

1590 Monrovia Avenue, Newport Beach. Calif. 
Tel. (714) 646-9371 • TWX (714) 642-1364 
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SYSTEMS 

Oscillographic recorder 
The two-channel thermal-writing 

oscillograph operationally controls 
input signals. The de preamp has a 
gain of 100,000. The phase-sensitive 
demodulator has a calibrated refer­
ence phase shift. Carrier pre-amp 
provides 2400 Hz transducer excita­
tion. The ac/ dc converter has 0.5 % 
min resolution and a 10-ms re­
sponse time. · Model 7702A system 
simultaneously records two varia­
bles on 50-mm channels. Resolution 
is 4 Hz/ mm. Chart speeds are 1, 5, 
20 and 100 mm/ s. 

Price: $2475. Hewlett-Packard, 
Sanborn Div., 175 Wyman St., Wal­
tham, Mass. Phone : ( 617 ) 894-6300. 

Circle No. 181 

Analog/digital converter 
Two 20-MHz digitizing clocks al­

low this dual-input system to oper­
ate with a deadtime of 16 µ.s max 
for 256-address resolution or 208 µ.s 
for 4096-address resolution. Lin­
earity is within ± 0.1 %, and 
differential linearity is greater than 
± 2% over the top 98 % of the input 
range. For on-line data processing, 
model 217 A/ 242A operates with a 
general-purpose digital computer or 
pulse analyzer. The converter s may 
be operated independently or in con­
junction. 

Technical Measurement Corp., 
441 Washington Ave., North 
Haven, Conn. Phone : (203) 239-
2501. Circle N o. 182 
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Only Norden offers you 9 new 
families of reliable encoders 

... the variety you need for 
all your systems-optical, 
magnetic, or contacting. 

•A new Size 31 Gray-code contacting encoder with a 5-million-turn life. First in a 
new family of Size 31 encoders.• A new high-reliability Size 11 Binary external 
logic encoder. • A new low-cost optical incremental encoder family with direction 
sensing, zero reference, and built-in electronic circuit options. • A new Size 23, 
360-count single-turn and multi-turn encoder for direct use with integrated cir­
cuit logic. • A new low-cost Size 11 Beacon encoder family . • A new low-cost 
magnetic encoder family. • A new 8-digit-per-turn Size 18 Binary external logic 
encoder family.• A new 8-digit-per-turn self-selecting Size 18 family with guaran­
teed life of 7112 million turns. • A new low-cost 100-million-revolution-life encoder. 

All these, plus Norden's established product line of more than 50 basic encoders 
and many modifications, designed to meet your most exacting specifications. 
Norden encoders are ruggedly built for heavy duty and extreme environments. 
For detailed information about Norden encoders, write to Norden Division of 
United Aircraft Corporation, Norwalk, Connecticut, or phone (203) 838-4471. 

No rd en DIVISION OF UNITED ~CRAFT CORPORATION 

NORWALK, CONNECTICUT ~ 
ON READER-SERVICE CARD CIRCLE 63 
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SEMICONDUCTORS 

Ultra-stable MOSFET 
A developmental p-channel en­

hancement-mode i n s u 1 ate d-gate 
field-effect transistor is aimed at 
solving the problems associated 
with high-temperature stability of 
threshold voltages and junction 
leakage currents. The TXF-200 ex­
hibits a change in gate voltage on 
the order of 0.5 V at a drain-to­
source voltage (V 08 ) of ± 20 V for 
24 hours at 200°C. The maximum 
drain leakage is specified at 5 nA at 
a drain-to-source voltage of 15 V. 
The extremely high input imped­
ance ( 101 3.n) allows amplification 
with negligible loading of the sig­
nal source. Threshold voltage at 10 
µ,A and - 10 V ranges from 2 to 5 
V. Drain breakdown is 30 V. Input 
capacitance at 100 kHz is a low 3 
pF. The devices are packaged in a 
T0-18 can and are operable from 
- 65 to 200° c. 

Sprague Electric Co., 347 Mar­
shall St., North Adams, Mass. 

Circle No. 183 

Capacitance diodes 
Plastic variable capacitance diodes 

measure 0.09-in. long with a diam­
eter of 0.075 in. and silver leads. 
Their abrupt junction silicon epitax­
ial structure makes high capacitance 
ratios possible with working volt­
age to 100 V max and 4-V, 
50-MHz Q of up to 450. Capaci­
tance values at 4 V range from 6.8 
to 56 pF with ± 10 % tolerance. 

Availability: stock to 2 wks. 
Somerset Electronics Corp., Box 
115, Manville, N. J. Phone: (201 ) 
722-2340. 

Circle No. 184 

124 

90-A transistors 
Capable of collector currents to 90 

A, these transistors have a BV cuo 

ranging from 80 to 140 V and 
a V cEo ranging from 60 to 120 V. 
The unit can dissipate 280 W at 
25 ° C case. Saturation voltage is 1.5 
V max at 50 A. Leakage is 10 µ,A 
max at V c u of 60 V. Applications 
include use in de to de converters, 
de to ac inverters and switching 
regulators. 

Availability: stock. Solitron De­
vices, Inc., 1177 Blue Heron Blvd., 
Riviera Beach, Fla. Phone: (305) 
848-4311. 

Circle No. 185 

Phase-to-de converter 
A de output proportional to the 

absolute difference between two ac 
signals is produced by this phase­
to-voltage converter. Both signals 
must have equal frequencies or mul­
tiple frequencies of each other. This 
unit is a full-wave bridge phase­
sensitive detector with residual 
voltage suppression. Energized sole­
ly by input signals, the unit oper­
ates in a pure synchronous switch­
ing mode. Applications include 
phase measurement and control and 
telemetering. 

Solid State Electronics Corp., 
15321 Rayen St., Sepulveda, Calif. 
Phone: (213 ) 364-2271. 

Circle No. 186 

Small-signal RF FET 
N-channel junction FETs for 

small-signal RF applications offer 
low cross-modulation and intermo­
dulation distortion with a guaran­
teed 100-MHz max noise figure of 
2.5 dB. In addition, drain and 
source are interchangeable. The low 
transfer capacitance (2 pF) and in­
put capacitance (6 pF) make the 
2N3823 useful in applications as a 
low-noise uhf amplifier up to 500 
MHz. Gate-to-source breakdown 
voltage (V!HR)css) is -30 Vdc. 
Forward transfer admittance (Yrs) 
is 3500 to 6500 µ,mhos at 1 kHz. De­
vices are packaged in a T0-72 can. 

P&A: $8.60 (over 100 ); stock . 
Motorola Semiconductor, P.O. Box 
955, Phoenix, Ariz. Phone: ( 602 ) 
273-6900. 

Circle N.o . 187 

llf I. ' : 
12-A silicon rectifier 

Measuring 0.187 x 0.46 in ., this 
stud mount rectifier has controlled 
avalanche characteristics. PIV rat­
ings to 600 V are available. Hard 
glass is fused directly to the silicon 
and terminal pins. A 4-40 stud, 
which permits mounting to a heat 
sink, is brazed to one end of the 
unit and a turret terminal is brazed 
to the .other. Surge ratings are up 
to 200 A at 1 Hz. 

P&A: $5 to $11; stock. Unitrode 
Corp., 580 Pleasant St., Watertown, 
Mass. Phone: (617 ) 926-0404. 

Circle No. 188 
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SIGNETICS INTEGRATED CIRCU~;· ra :, ~::::·::.:.':::=.: ';"' ··'"· Tel.: (408) 739-7700 ' unnyvale, California 
TWX (910) 339-9220 

Dual 4-lnput G 
Single 8-lnput ~le Expander 
Dual 4-lnput N AND Gate 
J-K Binary El AND Gate 
Dual AC 9 · ement 
Dual Exel i?ary Element 

0 
us1ve-OR G 

ual 4-lnput P ate 

1000-2499 

2.95 
2.95 
2.95 
4.55 
8.00 
3.30 
3.30 

1 Type Mixed 
100-999 100-999 

3.10 3.25 
3.10 3.25 
3.10 3.25 
4.80 5.05 
8.40 8.80 
3.50 3.70 
3.50 3.70 Triple 

3 1 
ewer Gate 

Q • nput NANO G 
uadruple 2_1n ate 

*Available afte J put NANO Gate r uly15 -~~~=--~~~~~~~_i;~~~~2~ 
3.30 3.50 
3.30 3.50 

3.70 
3.70 

SP806A 
SP808A 
SP816A 
SP825A 
SP826A* 
SP840A 
SP855A 
SP870A 
SP880A 
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25-99 1-24 

3.70 4.65 
3.70 4.65 
3.70 4.65 
5.75 7.20 

10.10 12.60 
4.20 5.25 
4.20 5.25 
4.20 5.25 
4.20 5.25 

CARD CIRCLE 64 

Nine compatibl e elements 

14 13 I :cii .,, .~iii 
SP806A • Dual 4-lnput Gate 5 6 

14 13 Expander 
12 II 10 

I 
SP808A 

14 

I 
SP816A 
SPSSSA 

1 
SP870A 

2 3 s· 4 ingle 8-lnput NANO 5 
13 Gate 

12 II 

2 3 
Dual 4-ln u 4 5 
Dual 4-lngu: ~AND Gate ower Gate 

13 12 II 
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L 317/32 J 
This filter requirement called for an 
impedance curve that would permit 
the presence of a signal tone in the 
stop band• A high impedance exists 
in the signal tone region to prevent 
lowering of line impedance • ADC 
engineers offer a free consulting 
service to assist you in establishing 
your filter requirements. 

This filter required a departure from 
standard design procedures be­
cause of the need for two separated 
pass bands with attenuation be­
tween the bands • This filter, like 
many other ADC designs, meets ap­
plicable military specifications• ADC 
engineers solved this filter problem. 
We think we can solve your filter 
problems too. 

2 KC 3 4 5 

SPECIFICATIONS 
3KC Low pass service channel 
filter for operation in 600 ohm 
circuit, with controlled input and 
output return loss. Input impe­
dance is high over range of 4265 
to 7645 Cps, in stop band. 

1.0 

0-2KC: .508 max. 
2KC-3KC: .7508 max. 
4KC and above: 3508 min. 

1.5 2 KC 

1111 •• •• • 
3 4 

SPECIFICATIONS 

1575 Cps and 2425 Cps dual 
band pass filters, with maximum 
rejection at 2000 Cps 600 ohms 
impedance. Operating levels up 
to +2508M. Temp. range - 55°C 
to +70°C. Meets environmental 
conditions of MIL-F-18327 8. 

ADC PRODUCTS 
6405 CAMBRIDGE STREET• MINNEAPOLIS, MINN. 55426 
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COMPONENTS 

Si Iver I cadmium battery 
Silver/ cadmium batteries are 

offered in small sealed button cases. 
Advantages over nickel/cadm~um 

cells include: half the size and 
weight for a given capacity, higher 
rates of charge and discharge, long­
er charge retention and long cycle 
life. With capacities starting at 250 
mA-hours, the batteries are de­
signed for microelectronics, commu­
nications transceivers, test instru­
ments, medical instruments, alarm 
systems, telemetry, paging systems 
and timers. 

Electrochimica Corp., 1140 O' -
Brien Dr., Menlo Park, Calif_ 
Phone: ( 415) 323-0283. 

Circle No. 189 

40-mW crystal oscillator 
This single-frequency 40-mW 

crystal oscillator can be used at any 
discrete frequency from 90 to 110 
MHz. Frequency accuracy and sta­
bility are better than 20 ppm over a 
O to 60°C range. Spurious signals 
are better than 50 dB down. The 
4.5-oz unit is housed in a cast alu­
minum case measuring 1x1.75 in. 

P&A: $495; 45 days. Applied 
Technology Inc., 3410 Hillview 
Ave., Stanford Industrial Park, 
Palo Alto, Calif. Phone: ( 415) 321-
5135. 

Circle No. 190 

ELECTRONIC DESIGN, September 13, 1966 



if you 
need a1/4'' 

trimmer 
and have 

only two 
choices . 

what do 
you do? 

• 

• 

• 

Compare. You ' ll find the Techno Series 10 wire­
wound trimmers give you the large size performance 
you want in the size you need. These humidity-proof 
mu ltiturn trimmers will perform right up with micro­
miniature trimmers many times their size. And pass 
all military environmental tests. 

Check the thin profile - just .156" thick. It lets you 
stack more units in the same space. They take the 
tight packaging squeeze without any problems. That's 
because the diayll phthalate case takes high tempera­
tures and offers greater than 100,000 megohms of 
insulation resistance to eliminate insulation problems. 

But the key to unmatched performance is the "two-

• 

l+TECHNO 

• 

half" case design for 100 % inspection before and 
after final sealing. Right there you get reliability 
insurance. 

Your Techno sales representative can tell you more 
about this trimmer series. Contact him. Or write for 
Bulletin No. lOA. Techno-Components Corp., 7803 
Lemona Avenue , Van Nuys. California 91405. 

SPECIFICATIONS 
Resistance values . . .. .... . .. . . . 100 to 25K ohms 
Power rating . . . ........... .. . . 0 .5 watt at 50°C 
Operating temperatures . . . . -65° to 175°C 
TC of trimmer ................. 50 PPM/°C max. 
Adjustment ratio ............... 25:1 

lt TECHNO 
ON READER-SERVICE CARD CIRCLE 65 
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I say, Holmes, where have you been? 
San Fernando's "chips" are used in 

hybrid circuitry throughout the colonies. 
• 
• 

128 

CAPACITANCE VALUES from lOpf to 2µ.f 
VOLTAGE: 50 to 500 voe 
TOLERANCE down to 5% 
TEMPERATURE RANGE: -55°C to 150°C 

ON READER-SERVICE CARD CIRCLE 66 
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COMPONENTS 

Ultra-stable trimmer 
Infinite resolution, 0.01 % stabili­

ty as a ratio divider and 0.0005% 
settability are offered by this wire­
wound trimmer. The unit has a con­
tact which slides along the entire 
length of the spiral winding instead 
of from turn to turn so the contac­
tor can not cause shorts. The con­
trol has 1-n contact resistance. 
Standard resistance range is 400 n 
to 3 kn and power rating is 1/2 W 
at 125 ° C. Leads to mounting 
screws are rated at 1 kVac operat­
ing at 500 Vdc max. 

P&A: $17.60; 8 wks. CTS Corp., 
Elkhart, Ind. Phone: (219) 523-
0210. 

Circle No. 191 

70-dB ac/dc converter 
A dynamic range of 70 dB from 5 

Hz to 40 kHz and a range of 60 dB 
from 3 Hz to 200 kHz is provided by 
this ac to de converter. Accuracy is 
0.5 % or better. Input is 1 Vac for 
an output of 1 Vdc. Noise is 0.2 mV 
max. The converter contains from 1 
to 8 detector channels per 7-in. 
chassis. A regulated power supply 
is included. 

Availability: 30 days. Technical 
Products Co., 6670 Lexington Ave., 
Los Angeles. Phone: (213) 464-
8121. 

Circle No. 192 
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Send us a small sample, at least one 
foot , of the coaxial cable you 're using 

they're available for all rectangular, 

~---~ rack and panel and terminal block 
and tell us what you're using it for. Then we'll 

install the Burndy crimp removable coax contact 

that'll do the job best. Guaranteed. 
A tough job? Not really. 
Remember, crimp removable contacts began 

at Burndy. As a result Burndy offers the most 
complete line of coaxial connectors for standard , 
miniature and sub-miniature coaxial cables. And 

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES: 

configurations. 

Send your sample along to Mr. M. Elkind, Prod­
uct Manager, Burndy, Norwalk, Conn. He'll see 
that the job is done and returned quickly. You'll 

receive our latest coax connector catalog, too. 

0 euRNDV -0 NORWALK, CONNECTICUT 

CANADA: Scarboro, Ontario I ENGLAND : St. Helens, Lanes./ BELGIUM: Mechelen /MEXICO: Naucalpan de Juarez/ BRAZIL: Sao Paulo/ JAPAN: Tokyo I Sales Offices in Other Major Cities .. ,. 

ON READER-SERVICE CARD CIRCLE 205 
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AMBIENT TEMPERATURE, oC. 

Sorensen DCR Series now with temperature capability to 71°C. 

Sorensen Wide Range 
Power Supplies 

to 20 kW. 
Sorensen 's wide range DCR Series has been up-dated and 

improved . What's new about the DCR's? They are now 100% 

sili con; ambient temperature capability is now to 71°C. • 

Four 3-phase models have been added extending power 

capability to 20 kW; 24 models are now available with ranges 

up to 300 volts. • Multiple mode programming-voltage/ 

cu rrent/ resistance. • Voltage regulation, line and load com­

bined, is ±.075% for most models • Constant current range 

0 to rated current. • DCR's meet MIL-1-26600 and MIL-1-6181 

specifications and conform to proposed NEMA standards. • 

Front panel indicator for voltage/current crossover. These 

features of the improved DCR (model numbers will have an 

"A" suffix) are offered at no increase in price. For DCR deta ils, 

or far data on other standard/custom power supplies, AC line 

regulators or frequency changers, call your local Sorensen 

rep, or write: Raytheon Co., Sorensen O peration, Richards 

Avenue, Norwalk, Connecticut 06856. Tel: 203-838-6571 . 

.--------------------- MODEL SELECTION CHART---------------------, 

Voltage Amps. Model Price Amps. Model Price Amps. Model Price Amps. Model Price 

0- 20 125 OCR 20- 125A $1055 250 OCR 20- 250A $1495 - - - - - -
0- 40 10 OCR 40- lOA 325 20 OCR 40- 20A 525 35 OCR 40- 35A $ 710 60 OCR 40-60A $925 

0- 40 125 OCR 40- 125A 1350 125 OCR 40 -125A 1995 500 OCR 40-500A 2950 - - -
0- 60 13 OCR 60- 13A 525 25 OCR 60- 25A 710 40 OCR 60- 40A 900 - - -
0- 80 5 OCR 80- 5A 325 10 OCR 80- lOA 525 18 OCR 80- 18A 710 30 OCR 80-30A 875 

0-150 2.5 OCR 150- 2.5A 325 5 OCR 150- 5A 525 10 OCR 150- lOA 710 15 OCR 150-15A 825 

0-300 1.25 OCR 300-1.25A 325 2.5 OCR 300- 2.5A 525 5 OCR 300- 5A 710 8 OCR 300- SA 825 

ON READER-SERVICE CARD CIRCLE 206 
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Wrong! Its got GVB*. Even at more than 1500 
volts, tests show no breakdown on M.A. bobbin cores 
with GVB. In addition to guaranteeing the core's 
ability to withstand at least 500 volts between bare 
winding and bobbin, GVB finish also seals the bobbin 
to withstand a ten-inch mercury vacuum. 

It seals against potting material, provides a resilient, 
non-slip base for winding, and its epoxy skin protects 
the core against wire cuts. Abraded wire problems are 
eliminated and no prior taping is required. 

GVB has proven itself on thousands of cores ... and 
now Magnetics has applied it to the bobbin core, the 

miniature workhorse of computers, high frequency 
counters, timers, oscilla tors, inverters and magnetic 
amplifiers. 

Made from ultra-thin permalloy 80 and Orthonol® 
(0.00 l" to 0.0001 25") , Magnetics' bobbin cores are 
available in tape widths from 0.023" to 0.250" or wider 
on request. Core diameters range down to less than 
0.100" with Aux capacities down to several max wells. 

For more information on 
GVB Bobbin Cores, write 
Magnetics Inc., Dept. ED-42, 
Butler, Pa. 16001. 

• Guaranteed vol tage breakdown 

••• mRllRETICS Int:. -•-r..• ® 
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Mind 
your 
own 
business 

Your employees' health, that is. 
Wour business. As a boss. As a human 
being. 
Sure-you provide health insurance. 
What about health protection? 
Protection against America's No. 2 
killer: cancer. 
What can you do? 
!>lenty. 

What: you can let us inform your people. 
Educate. Persuade. 
How: with free films, brochures, exhibits, 
posters, speakers. 
When: at your convenience. 
Our life-saving program is ready to go 
to work for you. Call your local 
ACS Unit and give us the go-ahead. 
You're the boss. 

american 
cancer 
society ® 
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COMPONENTS 

Two power wirewou nd resistors 
with p lug-in connections are de­
signed to mount through a panel. 
They come in 10 and 25 W sizes 
with a resistance range of 0.1 n to 
95.2 kn. Both standard and non-in­
ductive windings are avai lab le in 
to lerances of 3%, 1%, 0.5% , 0.25%, 
0.1 % and 0.05%. T he resistors 
meet MIL-R-18546. Both can be 
connected to t he circu it by insert­
ing tapered pins into two female 
receptac les which are connected to 
t he ends of the resistance element. 

Dale E lectronics Inc., P. 0. Box 
488, yolumbus, Neb. Phone : ( 402 ) 
564-3131. Circle No . 235 

Trimmer capacitors 
Avai lable in panel mount, P C, and 

sealed vertical P C types, these 
embedded-band t rimmer capacitors 
have ranges to 16 pF. The smallest 
sealed panel mount unit is 21/64 in. 
long and has a range of 1 to 10 pF. 
These units have a wvdc of 500 Vdc, 
temperature coefficient of ± 50 
ppm/°C, and linearity of ± 1% . 
There is no self-resonance below 
1200 MHz. 

Availabil ity: 4 wks. Voltronics 
Corp., 296 Route 10, Hanover, N. J. 
Phone : (201) 887-1517. 

Circle No. 236 
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150 db Common Mode Rejection 
SHIELDED TRANSFORMERS 

SIGNAL-GUARD 
TRANSFORMERS 

Low and Medium Frequency (DC to 100 KC) response 
Designed for use in analog acquisition and computation equipment 
use. Signal Guard provides isolation, voltage comparison, imped­
ance matching, and common mode rejection. 

DATA-GUARD 
TRANSFORMERS 

High Frequency Signal (1 kc-20 me} 
Designed and shielded to isolate and terminate high frequency sig­
nal data in the form of pulses, AM and FM modulated carriers, 
multiplexed signals, and other low to high frequency data. 

ELECTRO-GUARD 
TRANSFORMERS 

Power (1 watt to 100 VA) 
Electrostatically sh ielded for use in signal conditioners, bridge sup­
plies, and Zener reference supplies to isolate circuits from noise 
transients and undesirable common mode voltages commonly car­
ried on electrical power lines. 

Write for complete technical details and specifications. 

KEY SUPPLIER 
OF COMPUTER 

CONTROLS dJ !IJ!MJ ~ [;5® 
ELECTRONICS INC. 

4050 North Rockwell· Chicago, Illinois 60618 • 312-463-6500 ·TWX 312-222-0745 
ON READER-SERVICE CARD CIRCLE 68 
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Modular Integrated Circuit 

A-ro-D converter 
10 bit parallel binary output 

10 microseconds conversion time 
Model ADC-l01c is a plug-in Analog· 
to-Digital Converter with a 10 volt 
input range and contains a Clock, 
Reference Supply, Resistor Net• 
work and Comparison Amplifier. 

Also available 

0-ro-A converter 
10 bit strobed parallel binary input 

1 microsecond settling time 
(same size as A-to-0 converter) 

Model DAC-l01c is a Digital-to­
Analog Converter and contains a 
Storage Register and high-speed 
Strobe System, Internal Reference 
Supply, Resistor Network and out­
t>Ut Operational Amplifier. 

Variations are available in input 
and output ranges, converting 
speeds, number of bits, and trig­
gering modes. 

Pastoriza also provides compat· 
ible Sample-and-Hold and Multi· 
plexing Cards and Auxiliary 
Readout Equipment with self-con­
tained power supplies to facilitate 
matching these units to OEM and 
system applications. 

Write for A-to-D and D-to·A 
Converter literature. 

S85 Elliot St., Newton Upper Falls, Mass. 02164 

(617) 332-2131 

ON READER-SERVICE CARD CIRCLE 69 

13-0 

COMPONENTS 

Cathode-ray tube 
A sharp, bright display in the 

presence of high ambient light is 
given by this CRT. Moderate phos­
phor brightness is required for sig­
nal clarity. The aluminized phos­
phor is deposited on a thin glass 
sheet mounted within the tube. 
With electrostatic deflection and 
small spot size, this CRT has an in­
ternally mounted substrate screen. 

P&A: $500; 12 to 14 wks. Gener­
al Atronics Corp., 1200 E. Mermaid 
La., Philadelphia. Phone: (215 ) 
248-3700. Circle No. 237 

Storage capacitors 
High-voltage de energy storage 

capacitors for laser photoflash ap­
plications are available in 200 µ.F 
at 2500 Vdc, 260 µ.Fat 3000 Vdc, 50 
µ.F and 140 µ.F at 4000 Vdc and 15 
µ.F at 5000 Vdc. Type 30P design 
utilizes a castor-oil impregnated 
paper dielectric. Type 38P units 
are made with a non-flammable as­
karel-impregnated paper dielec­
tric. Standard capacitance toler­
ances are 10 and 20%. Tempera­
ture coefficient is 5% from O to 
40°C. · 

Sprague Electric Co., 347 Mar­
shall St., North Adams, Mass. 

Circle No. 238 

Cermet microresistors 
Cermet element microresistors 

cover 10 n to 1 Mn. Model 4205 
measuring 0.3- x 0.05- x 0.03-in.'. 
has gold-plated nickel leads emerg­
ing from an epoxy coated alumina 
substrate. Model 4201 is a resistor 
"chip" without leads, measuring 
0.1- x 0.05- x 0.03-in. Its sides are 
grooved and tinned with solder. Re­
sistance tolerances available are 
±1, ±2, ±5 and ±10% over a 
range of 10 n to 200 kn ( 4201) and 
200 kn to 1 Mn (4205 ). Power rat­
ing is 0.07 Wat 100°C and tempera­
ture coefficient is 200 ppm!°C over 
the - 65 to 150 ° C operating range. 

Bourns Inc., 1200 Columbia Ave., 
Riverside, Calif. Phone: (714) 684-
1700. Circle No. 239 

Miniature 28-V switch 
Brush design and choice of di­

electric keep this 0.9-oz switch 
noise-free for its lifetime. De­
signed as a time integrating device 
in· alignment amplifiers, the unit 
has an operating capacity of 28 
Vdc and a current capacity of 100 
mA resistive. Starting torque is 0.03 
in.-oz max and insulation resist­
ance is 1000 Mn at 200 Vdc. Life 
is 107 revolutions at 3600 rpm with 
rated load either direction. 

Litton Industries, 1111 N. Main, 
Blacksburg, Va. Phone: (703) 552-
3011. Circle No. 240 
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Fast, convenient 
direct reading 
measurements of 
impedance and 
phase angle 500 kHz 
to 108 MHz ... 

" .... .j. . . 
~ ~-· t" ... 

J ! I ~ • 

~ I+ ;.. L. 

'"'""'""··· 

THE 481SA RF VECTOR IMPEDANCE METER 
This new Vector Impedance Meter is a 
versatile instrument that provides fast, 
direct reading measurements of imped­
ance and phase angle over the frequency 
range from 500 kHz to 108 MHz. It is 
continuous tuning over this frequency 
range, and does not require balancing or 
data interpretation. Thus, it is an ex· 
tremely useful tool for the evaluation of 
the complex impedance of both active 
circuits and components. The conven­
ience of probe measurement, ease of 
operation, and direct reading features 
make the instrument equally useful for 
laboratory, receiving inspection or pro­
duction line measurements. 

ELECTRONIC DESIGN' September 13, 1966 

The 4815A is a convenient and powerful 
measuring tool for any application in­
volving measurements over a band of 
frequencies or in-circuit measurements. 
It may be used to determine the self­
resonance point of capacitors, the series 
and parallel resonance points of crystals, . 
or the characteristics of high frequency 
transformers and transducers. Price: 
$2650 f.o.b. factory. For complete spec­
ifications, contact your local Hewlett­
Packard field engineer or write Hewlett­
Packard, Rockaway Division, Green Pond 
Road, Rockaway, N. J. 07866; Europe: 
54 Route des Acacias, Geneva. 

Advantages: 

Fast, continuous tuning from 
500 kHz to 108 MHz 

Provides data directly in impedance 
and phase angle, 1 ohm to lOOK ohms 

Oto360° 

Convenient probe for in-circuit measurements 

Analog outputs permit permanent 
data recording 

Self calibration check provides 
measurement confidence 

Low-level test signal minimizes 
circuit disturbance 

HEWLETT PACKARD 
An extra measure of quality 

ON READER- SERVICE CARD CIRCLE 70 

131 



~~ 
Average reading time: 29 seconds. You can do the equivalent job in just 

t 
4 seconds by circling the inquiry card number when you reach the m ea end of this sentence. NOW! What we want to send you is some 

e lasting information about a unique coating process. • We call it 

H t lnsulube 448. Nobody else has it. And there is no "equivalent." ea lnsulube 448, when applied to metal, provides heat emissivity and 
dielectric and leakage resistance properties, creates surface dry-film 

lubrication, and protects against moisture and other adverse environments. • IERC 

semiconductor heat dissipators are the only such devices ·~ 
available with lnsulube 448. We also apply lnsulube 448 to 
parts and electronic structures of our customers' design. But 
before you rush an order to us, let us send you .some V, 41 
detailed facts. Just circle our number. llllllfl a. 9a*l 

132 

International Electronic Research Corporation i•eric: 
a corporate d1v1s1on of 

Dynamics Corporation of America 
135 W Magnoha Blvd . Burbank, Cahlornia 91t;OZ • 12131 849·24$1 

Third in a pictorial series of unique so lutions to the problems of heat, by IERC. Dept. ED-96 

ON READER-SERVICE CARD CIRCLE 71 

I C BREADBOARD 
AND TEST PANELS 

TIME SAVING • FLEXIBLE 

PANELS FOR: 
Flat Packs 
T0-5 Case size units 
Dual-In-Line packages 
T.I. Mech Pak Carrier 
• Solderless interconnection concept throughout 
• 10 to 50 patterns standard 
• Fast loading and operation - easy IC interchangeability 
• Single pattern units and wire jumpers provide unlimited flexibility 
• Power and ground connection at each pattern 
• Panel plugs into 36 position edge connector with contacts spaced on 

.156 centers 
• 6" x 17" panels (50 patterns) Request catalog 364 

AU6AT .. " 31 PERRY AYE., ATTLEBORO, MASS. 02703 

ON READER-SERVICE CARD CIRCLE 72 

COMPONENTS 

Delay-line memory 
Delay-line computer memory mod­

ules can be assembled into a 
multi-channel memory stack. Each 
module contains a delay line and 
read, write and logic circuitry. With 
delays up to 1000 µ.s these modules 
can be used at bit rates of up to 1 
MHz in "return to zero" and 2 MHz 
in "non-return to zero" modes. Each 
11-oz module uses 0.3 W and meas­
ures 3.5 x 6.37 x 0.5 in. 

P&A: $350; 4 to 5 wks. Comput­
er Devices Corp., 6 W. 18 St., Hun­
tington Station, N. Y. Phone: ( 516 ) 
271-0666. Circle No. 241 

Pulse sequencing relay 
Incorporating bifurcated con­

tacts, a molded coil bobbin and two 
moving parts, this relay provides 
more than 10° mechanical opera­
tions. A ratchet and pawl arrange­
ment brings contacts into position 
by energizing the coi l with a pulse 
of greater than 20 ms duration. The 
contacts, which remain in position 
after removal of the energizing 
voltage, may be switched back to 
the original position by a second 
pulse. 

Price: $5 ( 1 to 9). American Zet­
tler, Inc., 697 Randolph Ave., Costa 
Mesa, Calif. Phone: (714) 540-4190. 

Circle No. 242 
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Reset timers 
These reset timers consist of a 

solid-state timing circuit and two 
plug-in output relays. When the 
timer is energized, one relay closes. 
After an adj ustable time delay the 
second re lay then closes. Contact 
rating is 10 A resistive at 120 Vac, 
50/ 60 Hz. The units have 0.02-s ac­
curacy for intervals up to 1 s and 
2% accuracy for 1- to 10-s in­
tervals. 1- or 10-s fu ll-scale time 
ranges are selected by a toggle 
switch. Reset time is 50 ms. 

E. W. Bliss Co., Eagle Signal 
Div., 736 Federal St., Davenport 
Iowa. Phone: (319) 324-1361. 

Circle No. 243 

Rotary transformer 
Up to 1-V / degree output is pro­

vided by this differential trans­
former. Stepless output is propor­
tional to rotary mechanical posi­
tion. When used as an ac induction 
pot, the unit changes small rotation 
into high ac output. De converters 
are avai lable. With an input of 26 V 
( 400 to 2400 Hz), de output is 0 to 
± 5 Vdc min at a range of Oto ± 20 ° 
of rotary displacement. This noise­
free unit has a 40 ° range ( ± 20 ° 
from null ) with ± 0.35 % linearity. 

Pickering Co., Inc. , 101 Sunny­
side Blvd ., Plainview, N. Y. Phone : 
(516 ) 681-0200. Circle No. 244 

ELECTRONIC DESIGN, September 13, 1966 

VICTOREEN SPARK GAPS 

Victoreen Type VX-96 Spark Gaps now provide cre­
ative designers with circuit protection never before possible 
by simple, economical means. Because of extremely fast 
firing time, Victoreen Spark Gaps ward off catastrophic 
effects of pulses, spikes, even transients with extremely 
steep wave fronts. Available in any desired firing voltage 
from 150 - 5000 volts ± 5%. Low interelectrode capacitance 
enhances use in HF applications where wave deformation 
cannot be tolerated . 

For Ignition Applications, as a "hold-off" device, 
Victoreen Spark Gaps prevent current flow until circuit 
voltage has reached breakdown voltage of gaps. Their 
excellent repeatability and long life enhance operation in 
continuous duty systems. Ambient temperature range - 65 • 
to 125 ·c, shock resistance to 1 OOg for 11 milliseconds, 
vibration resistance 1 Og from 55-2000 cps. Write or wire 
for full details. Or call Applications Engineering Department, 
(216) 795-8200, Ext. 306. s•oo·A 

THE VICTOREEN INSTRUMENT COMPANY i--------1 
10101 WOODLAND AVENUE • CLEVELAND, DHIO 44104 L...;......;;;..;....;;;;.....,;.;;;;;.;;;;,;;..;;;.i 

ON READER-SERVICE CARD CIRCLE 73 
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COMPONENTS 

Pendulum transducer 
Either wirewound or conductive 

plastic, this transducer consists of a 
vertically suspended pendulum in a 
low-torque bearing system. An in­
su lated extension of the pendulum 
arm provides a pick-off system 
which obtains a voltage signal from 
the stationary resistive element. 
Voltage output is a function of the 
angular displacement of the case 
from a vertical reference. Infinite 
resolution is featured in the conduc­
t ive plastic transducer. 

Litton Industries, 226 E. 3 St., 
Mt. Vernon, N. Y. Phone: (914) 
667-6607. Circle No. 245 

FREE 

Operational amplifier 
Inversion, summation, integra­

tion, differentiation, or any combi­
nation are performed over a -55 to 
125° C range. Model A505 hybrid sil­
icon amplifier has a long term drift 
of 100 µ. V max for 60 days. Open 
loop voltage gain is typically 1,000,-
000. The differential de amplifier 
has a ± 10-V input range and a typi­
cal unity gain-bandwidth of 1 MHz 
without external compensation. 
Output is ±10 V at 5 mA. 

P&A: $95; stock to 30 days. 
United Aircraft Corp., Broad 
Drook, Conn. Phone: (203 ) 623-
1621. 

Circle No. 246 

Rotary solenoids 
Motion absorbing devices are un­

necessary with these rotary de sole­
noid:;. With zero axial :;haft move­
ment, these prime energy sources 
provide an instantaneous snap-ac­
tion rotary force. Four models have 
output strokes from 5 to 130° . 
Torque curves are predominantly 
fiat or have emphasis on the begin­
ning, middle or end of a power 
stroke. Work available ranges from 
30 oz-in.-degrees to 300 lb-in-de­
grees. 

Langevin, Inc., 1801 E . Carnegie 
Ave., Santa Ana, Cali f. Phone : 
(714 ) 547-6204. 

Circle Nn. 247 

To 
ELECTRONIC 
ENGINEERS 
with a sense 
of timing ... 

BENDIX !KANSAS CITY OIV.) ••'1lllr 1 IS ON THE rrur&. 
CATALOG A-65 CATALOG 8-66 

This is the opportune moment to investigate your 
career potential at Bendix, Kansas City Division. As 
prime contractor for the AEC, we have enjoyed an 
enviable, orderly 16-year growth. Now we are entering 
a unique developmental phase, opening new fields of 
activity in microminiaturization, microwave and logic 
circuitry. This situation adds up to a ground-floor 
opportunity in a well-established corporation noted 
for advanced engineering. Cooperative, professional 
atmosphere, ph,is excellent living conditions. Let us 
hear from you promptly so we may detail more clearly 
the many advantages we can offer you. 

HIGH ACCURACY ROTARY SLIP RING and 
COMMUTATING SWITCHES BRUSH BLOCK ASSEMBLIES 
and A.O. CONVERTERS 

• Fully illustrated • Product application 
• Schematic drawings • Product descriptions 
• Technical data and information • Specifications 

WRITE 
on your company letterhead 

PHONE (201 l 436-2230 
TWX (201) 437-4896 

13-1 

535 Avenue A - Bayonne, N.J. 

Please mail resume at once to: 

Mr. E. C. McGurren. Tech. Personnel Repr. 
THE BENDIX CORPORATION. Box 303-H E 
Kansas City. Missouri 64141 

AN EOUAl OPPORTUNITY EMPLOYER 

:~ncfY 
CORPORATION 

ON CAREER-INQUIRY FORM CIRCLE 901 
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Take a full 30 days to examine why ... 

.... ............. ... __ .. _ 

Hayden/Rider Texts for Technician Training 
Stimulate Interest and Speed Learning 

0-C CIRCUIT PRINCIPLES by Training Systems, Inc., and Stanley L. Levine 

A complete guide to d-c circuits, the volume presents theory and current flow, and culminates in a clear 
over 375 carefully prepared frames for a compre- and easy-to-follow explanation of parallel and series 
hensive and easily understood survey of the field. parallel circuits. A Rider Programodule. #0379 $3.95. 
The course begins with an introduction to electr.on 

SIMPLIFIED TRANSISTOR THEORY by Training Systems, Inc., and Stanley L. Levine 

A basic introduction to physical theory and operat- dates all the fundamental information necessary to 
ing principles of transistors and transistor circuits, the beginning technician. A Rider Programodule. 
this programmed text clearly and thoroughly eluci- #0705 $3.95. 

ELEMENTARY INDUSTRIAL ELECTRONICS by Leonard c. Lane 

A detailed and self-contained course in industrial other aspects of industrial electronics application 
electronics, the two volumes are amply illustrated such as welding, computers, and transducers. Each 
with pictures and diagrams for added clarification. volume, $3.90; #0461 Paperbound Set, $7.80; #0464 
Volume I ( #0462) covers switches, relays, circuits, Clothbound Set, $9.00. 
and amplifiers. Volume II ( #0463) covers many 

BASIC TRANSISTORS by Alexander Schure 

Presents the fundamentals of transistor theory and basic circuit configurations, amplifying systems, and 
practical application. Review questions at the end of theory of transistors. #0444 Paperbound, $3.95; 
each section aid the technician in understanding #0445 Clothbound, $5.50. 

BASIC MATHEMATICS by Norman H. Crowhurst 

Using the tested and approved "pictured-text" ap- the new information presented in the text. Volume 
proach, these first two volumes explore the funda- I ( #0447) covers basic arithmetic: Volume II 
mental principles of mathematics. An illustration or ( #0448) deals with the essentials of algebra, geom­
diagram appears with each new idea to reinforce etry, and trigonometry. Each Volume, $3.90. 

,----------------------------------------------· 
l 30-DAY FREE EXAMINATION 

Hayden Book Company, Inc., 116 West 14 St., New York 10011 • Department ED 96 

Gentlemen: Please send the books checked below. At the 
end of the 30-day free examination period, I will either 
remit payment plus postage or return the books. 

I 
I 
I 
I 
I I D 0379 D 0705 D 0462 D 0463 D 0461 Address ____ ___________ _ 

I D 0464 D 0444 D 0445 D 0447 D 0448 City State __ Zip ___ _ 

l D Payment enclosed: we pay postage. Same return privilege. (Industrial quantity discounts apply) I 
'----------------------------------------------- -·' 
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Model T -60 60 KHZ Time Code Receiver 

Round The Clock WWVB 60 KHZ Binary Time 
Code Broadcasts • Most Accurate Time Signal 
Available • Can Be Recorded Continuously 
Radio Station WWVB is broadcasting complete 
time information using a level shift carrier 
time code (10 db level changes). This code, 
which is binary coded decimal (BCD) is 
broadcast continuously and is synchronized 
with the 60 khz carrier signal. $480.00 

Modtl T-60A Rick Model (3 1/ 2 " H 119"W1 5" D) ...... 
~--~~ ~.-•0•] i~ -.- e 6 . ' • • I . 

Model SR-60 Price: $850.00 
Model SR-60. WWVB-60 khz . Will calibrate 
any local standard up to 5-1010 within a 
short period . Can be easily operated by any 
technician and performs in any part of the 
Continental United States. 

Model SFD-6R Modulor Construction: 
A complete system for distribution of stand· 
ard frequency throughout a plant. All solid 
State -fail safe - reasonably priced . Price 
depends upon Modules selected ($90.00 
each). Several Modules available. 

Model WVTR M1rk 11 All Silicon Trons!stor 
Five different models of Receivers for WWV 
and WWVH are available. They receive all 
frequencies transmitted by WWV and are 
all crystal controlled double conversion 
superheterodynes. $590.00 

Special Antenna Assemblies for 
both VLF and HF are in stock. 

Model WWVT $590.00 
M1rk 11 

All Silicon Tronsistor 

Over All Size 
7',4"x91/ 2"x5" 
Approx. Weight 

7 lbs. 

F . ri • j 

' ·-. ·!r- - • • • • ' - -'1\J 

• • 
Model 45 $98.50 
A pocket size bat­
tery powered Time 

' Base Calibrator, 
complete with in­
ternal battery. 

Send for complete specifications. Prices and speci­
fications subject to change without notice. F.O.B. 
Woodland Hills, Calif. 

SPECIFIC PRODUCTS 
P.O. Bo• 425 / 21051 Costanso Street$ 
Woodland Hills . California 
Area Code: 213 340-3131 

ON READER-SERVICE CARD CIRCLE 75 
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COMPONENTS 

Power resistors 
Ranges of 5 to 50 W are available 

in this line of aluminum-housed 
power resistors. The heat-sink 
effect of the aluminum chassis dis­
sipates rated power. Operating tem­
peratures range from - 55° C to an 
internal hotspot temperature of 
275 ° C max. Standard temperature 
coefficient is ± 20 ppm/° C. The units 
are rated at 24.5 ka for 5 W, 47.1 
ka for 10 W, 95.2 ka for 25 W and 
273 ka for 50 W. Tolerances are 
1% to 0.05 % . 

RCL Electronics, Inc., 1 Hixon 
Pl., Maplewood, N. J. Phone: (201) 
763-2820. Circle No. 250 

Shaft angle encoder 
Sine wave, square wave or pulses 

with outputs up to 2500 Hz/ shaft 
revolution are provided by this 
shaft angle encoder. Units with 
rotation direction sensing logic, 
producing up to 10,000 counts/shaft 
revolution, can be supplied. Large 
signals and error-averaging are han­
dled through the use of push-pull 
sensors. Accuracy is better than ± 1 
arc-minute and rated life is 5 years. 

Availability: 2 wks. Dynamics 
Research Corp., 38 Montvale Ave., 
Stoneham, Mass. Phone: ( 617) 438-
3900. Circle No. 251 

"""' Mechanical Chopper 
For Low Voltage 

(nanovolts) 

ON READER-SERVICE CARD CIRCLE 76 
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5-Vdc accelerometer 
A high-output, bidirectional lin­

ear accelerometer has its output am­
plified by an .integral differential de 
amplifier to ± 5 Vdc. Noise prob­
lems associated with low level sig­
nals are eliminated. Designed to 
measure acceleration perpendicular 
to the mounting surface, model 4-
290 cover s ± 5 to ± 500 G. Operable 
temperature range is - 65 to 
+ 250 ° F and weight is less than 7 
oz. 

P&A: $995; 45 days. Consoli­
dated Elect rodynamics Corp., 360 
Sierra Madre Villa, Pasadena, Calif. 
Phone: ( 213) 796-9381. 

Circle No . 252 

5-V sine generator 
Used in automat ic test systems, 

this voltage-controlled funct ion gen­
erator is on a 5 x 7-in. P C card. 
The uni t provides a fixed a mpli t ude 
sine, square or triangle waveform 
over a 1-Hz to 1-MHz r ange. Output 
is 5 V p-p sine or trangle wave and 
1 V p-p square wave. Frequency lin­
earity is 0.1 % and st ability is 0.05 % 
short tern. 

P &A : $395 to $995 (30 days) . 
Wavetek, -P . 0. Box 651, San Diego, 
Cali f. Phone : (714) 279-2200. 

Circle No. 253 
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You can depend on us! 
The above photograph shows a Thermal Circuit Breaker Cali­
bration Test. All units are adjusted to trip within specified 
trip bands and hold 100% of rated current with ultimate trip 
at 135% of rated current. Transfer of auxiliary contacts for 
remote indication is also checked during this test. 

There are other specs and other tests, lots of them, but 
they all have one purpose in common-to assure the most 
reliable performance in the industry. If it's by Wood Electric 
- you can depend on it! 

Wood Electric also manufactures a complete line of Mag­
netic Circuit Breakers that hold 100% of rated current indefi­
nitely and operate at specified trip settings regardless of 
ambient temperatures. Choose from a wide variety of proven 
commercial and military type Circuit Breakers to meet the 
specific needs of your appl ication. Models are available with 
ratings from V2 to 50 amps ... AC or DC ... single pole, 
two pole and three pole. 

Write for Circuit Breaker Catalog CB-10-65 

137 



COMPONENTS 

Hall-effect multipliers Air variable capacitor 

Resistance sensing relay 
Temperature and voltage stabi­

lized, this relay has a sensitivity 
range of 5 kn to 6 Mn . Probe volt­
age is 20 V de and probe current is 
2.5 mA max. Power consumption is 
2.5 VA max. As the amplifier is 
t ri ggered, it energizes a dpdt con­
t rol r elay, which uses one pole for 
latching and the other for isolated 
control of the 1/ 6-hp, 10-A, 115-Vac 
or 1/ 3-hp, 230-Vac load. 

Field current ranges to 5, 10, 20 
and 40 A max are featured in these 
Hall-effect multipliers. Input of all 
models is 330 A max and output is 
200 m V max. The package consist s 
of a Hall element in the gap of a 
laminated silicon steel core having 
two identical field coils. A current 
flowing through the coils generates 
a magnetic field in the gap. Voltage 
is proportional to the product of the 
magnetic field and current. 

Air variable capacitors offer up 
to 24.5 pF in single section units 
that require less than 0.2 in. 2 for 
mounting on PC boards or chassis. 
An acetal fastener provides press-in 
mounting on PC boards or chassis . 
r atings are available to 1100 V de 
and Q is greater than 1500 at 1 
MHz. Temperature coefficient is 45 
± 15 ppm/° C. Type U units are 
available in two-hole, PC or bush­
ing-mount single section models and 
in differential and butterfly PC 
mounting versions. Price: $49. Curtis Development & 

Mfg. Co., 3288 N. 33 St., Milwau­
kee. Phone : ( 414 ) 445-1817. 

P&A: $49.50 to $69.50 ; stock. 
F. W. Bell , Inc. , 1356 Norton Ave., 
Columbus. Phone: (614 ) 294-4906. 

E. F. Johnson Co., Waseca, Minn. 
Phone: ( 507 ) 835-2050. 

Circle No. 254 

Only From HEATH Can You Get A 
Laboratory-Quality 

Transistor Analyzer For Just $54.88 
•Unmatched in quality, perform­
ance and price! •Ideal for servic­
ing, design work, incoming in­
spection, production testing , etc. 
• Provides complete DC analysis 
of PN P & N PN transistors • DC 
gain (Beta, Alpha) read direct on 
calibrated scales • 15 uA basic 
range for leakage (lcbo, lceo) 
tests • Four lever switches for 
fast. easy test selection • Provi­
sions for checking high voltage & 
high current transistors through 
external supplies 

Now In Kit Or Assembled Form 
Kit IM-30, 9 lbs .. ... .. .. .. . .. . ................... .. . . .. . . ...... $54.88 
Assembled I MW-30, 10 lbs ..... . ..... . . . ..... . ... . .. .. ... . . . .. . $84.95 
IM-30 SPECIFICATIONS - Checks: Transisto rs up to 15 amps and diodes up to 1.5 a mps. 
Tests: Shorts, DC Go in (Beto Q.JQO) (Alpha 0-.9967), l ea ka ge (lcbo, lceo) , Diode Forwa rd 
& Reverse Curren t. Power supply : Inte rna l, seven 1.5 vo lt size D batter ies prov ide 1.5, 3, 
4.5, 6, 7 .5, 9 volts collector supply for gain or leakage a nd 1.5 volts fo r bias; externa l, 
0-50 vo lt s fo r gain, 0-150 volts for leakage a nd 0-5 vol ts fo r bias. Bias control: Permits 
any collector current from 10 uo to 15 amps for gain tests. Gain control : 33 wire.wound 
potentiometer hos calibrated sca les to give DC Beto a nd DC Alpha d irectly when mete r is 
at null. Transistor & diode connections : Universa l transistor socket a nd binding posts. 

rHEAmcciMPiNY,oc;l&D-9---------------, 
I Benton Harbor, Michigan 49022 l•f fr{Sf §f +@J I 
I D Please send FREE Heathkit Catalog. I I D Enclosed is $ , plus shipping. 1

1 I Please send model I 
I Name I 
1~~ I 
I City State Zip ___ I 
1--__ ~i::S!_~~c~~~b~~~a~~i~~n~::_ __ r..::_1~J 
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Circle No. 255 Circle No. 256 

NOW ••• Same-Day Shipment of 

Cyclohm FANS and BLOWERS 

THE AIR MOVEMENT UNITS 

GUARANTEED 
FOR@YEARS 

TO REQUIRE NO MAINTENANCE 
OR RE-LUBRICATION 

Expanded facilities, day and night operations, 
enable us to maintain stocks of standard 
CYCLOHM Fans and Blowers available for im­
mediate shipment. All units are powered by the 
Howard Unit Bearing Motor, with a history of 
millions of successful installations. 

For list of availabilities, address Standard 
Motor Product Sales, 23 Broadway, Des Plaines, 
Ill ., 60016. TWX 910-233-1658. For Fan Bulletin 
9-03 and/ or Blower Bulletin 8-01 address 

------
HOWARD INDUSTRIES 
MSL INDUSTRIES, INC./MOTOR GROUP 

1760 STATE STREET 
RACINE, WIS. 53404 
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Tri-axial accelerometer 
Simultaneous measurements of 

vibration are made in three mutual­
ly perpendicular axes by this accel­
erometer. Sensitivity in each axis 
is 29 mV / G and nominal capacity is 
1000 pF. Cross-axis sensitivity is 
4 % max at 30 Hz and individual 
cross-axis sensitivity curves are pro­
vided up to 5000 Hz. Nominal natu­
ral resonance frequency is 45 kHz 
and true mounted resonance fre­
quency is 23 kHz. 

P&A: $390; stock. B&K Instru­
ments, Inc. , 5111 W. 164 St., Cleve­
land. Phone: (216 ) 267-4800. 

Circle No . 257 

Low thermal switch 
With an operating range from 

- 60 to 180° F, this switch has 
closed contact thermal voltage with 
10 V across the coi l of 5 µ, V nominal 
and 10 µ, V max. Open contact resist­
ance, closed contact to coil insula­
tion, insulation between closed con­
tact pairs and closed contact to 
shield insulation is 106 Mn min. 
Epoxy encapsulation damps out 
short-term t hermal transients gen­
erated externally. The switch is 
shock tested to 100 G, vibration 
tested to 30 G, 10 to 2'000 Hz. 

Norfax Corp., 1152 Morena Blvd .. 
San Diego, Cali f. Phone: (714 ) 276-
3200. Circle No. 258 

ELECTRONI C DESIGN, September 13, 1966 

RCA SEMINARS 
IN AUTOMATION 
AND COMPUTER 

TECHNOLOGY 
A series of complete 5-day programs researched by 
RCA Institutes, Inc ., for engineers and other technical 
personnel faced with the challenging new areas of ex ­
panding technologies and systems refinements . 

Washington , D.C. 1/ 30/ 67 
Chicago 2/ 27/ 67 
Houston 3/ 13/ 67 

DIGITAL SYSTEMS Palm Beach 4/ 17/ 67 
ENGINEERING Los Ang eles 12/ 5/ 66, 5/ 1/ 67 

San Francisco 11 / 28/ 66, 5/ 8/ 67 
New York City 10/ 24/ 66,6/ 12/ 67 
Boston 9/ 26/ 66 

Albuquerque 1/ 23/ 67 
Boston 2/ 6/ 67 
New York City 3/ 6/ 67 

DIGITAL Phil ade lphi a 4/ 10/ 67 

ELECTRONICS Chicago 4/ 24 / 67 
Washington , D.C. 9/ 26/ 66, 12/ 12/ 66, 

5/ 8/ 67 
Pa lm Beac h 10/ 3/ 66, 6/ 5/ 67 
Los Angeles 10/ 31 / 66 

New York City 1/ 16/ 67 
Washington , D.C. 2/ 27/ 67 
Los Angeles 10/ 3/ 66, 3/ 6/ 67 
San Francisco 10/ 10/ 66, 3/ 13/ 67 

LOGIC DESIGN De nver 4/ 17/ 67 
Detroit 5/ 1/ 67 
Boston 10/ 31 / 66, 5/ 22/ 67 
Pa lm Beach 11 / 14/ 66 
Ho uston 10/ 24/ 66 

Los Angeles 1/ 23/ 67 
San Francisco 1/ 30/ 67 
Boston 4/ 3/ 67 

DIGITAL Washington , D.C. 5/ 8/ 67 
COMMUNICATIONS New York City 11 / 14/ 66,4/ 17/ 67 

Albuq uerque 5/ 22/ 67 
Chicago 6/ 19/ 67 
Pa lm Beach 12/ 12/ 66 

Oates shown are seminar starting dates . Schedules are subject to change and additions . 

Special in-plant seminars can be arranged. For full infor­
mation and registration , call Mr. Bradford Daggett, 
212, 989-2093-or use coupon below. e ® The Most T•usted Name ;n Elecl•on;cs 

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

Bradford Daggett, Director nf Seminar Programs I 
RCA Institutes, Inc., Dep 't ELD-96 

I 350 West 4th Street, New York, N.Y. 1001 4 
I Please send me complete information on RCA 's 5-day seminars , 
I and keep me informed on future programs . 

I I Name ____________ Title _____ _ 

I Company·---- ---------------

1 Addres s _ _________________ _ 

I c· I 
~~~------~~----!~~~---l 
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Bulova can 
supply 
the 
crystal 
you need 
to match your specs! 
Many years of supplying crystal control 
units for the most advanced military and 
space programs enable Bulova to offer 
a full line encompas~ing virtually the 
entire frequency speclrum-2 kc to 125 
Mc for oscillator and filter applications. 
We can supply every type of packaging 
-including koldweld and glass sea led. 
Our military crystals meet latest 
MI L-C-3098 0 speci f ications. All 
reasons why you should make Bulova 
your single source of supply. 

HI GH PRECISION GLASS SEALED 
CRYSTALS 1 Mc to 125Mc. Available in 
vacuum sealed, glass enclosures of the 
HC-26/ U and HC-27 / U type. 
Example: Precision SSB Crystals 

--• 
"' 

...... 

I 
.I ! 

Frequency: 1 Mc to 5 Mc 
Holder: HC-27 I U 
Tolerance: ±.0025% 
from -55°C to +90°C, or 
to specification 
Aging: 3 x 10·• per week 

I R after one week stabilization 
II at 75°C 

::< 

KOLDWELD SEALED CRYSTALS-low 
aging, high reliability, 1 Mc to 125 Mc. 
Now available in T0-5, HC-6/ U 
and HC-18/ U type cans sealed by the 
koldweld process to eliminate effects of 
heat and to reduce contamination. 
Example: T0-5 
Frequency: 15 Mc to 125 Mc 
Tolerance: ±.0025% from I\ 
-55°C to + 105°C, or to 

specification I · \ 
Aging: 1 x 10" per week 
after one week stabilization 1· 

at 75°C ' 

Write or call for specifications on 
Bulova's complete line of crystals. 
Address: Dept. ED-17 

Bu LOYA 
FREQUENCY 
CONTROL PRODUCTS 

ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61 -20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5-6000 
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PRODUCTION EQUIPMENT 

Terminal installer 
Capable of installing solderless 

terminals on wire at a rate of over 
100/ hour, the autofeed terminal in­
stallation tool operates on 90 to 100 
lbs air pressure. A Mylar belt holds 
the terminals as they are fed into 
the self-assigning and self-adjust­
ing dies. The tool will not release the 
terminal un ti l the proper amount of 
pressure has been applied. 

The Thomas & Betts Co., 36 But­
ler St., Elizabeth, N . J. Phone: 
(201 ) 354-4321. 

Circle No. 259 

Wave-solderer 
Wave-soldering systems incorpo­

rate a conveyor with Teflon-coated 
rails with speed variable up to 14 
ft/minute, dual infeed foam fluxer, 
2-kW radiant preheater and solder 
fountains with 5-, 10- and 15-in. 
waves. Solder fountains include air 
driven pumps which can produce a 
wave from 0 to 4 in. high. Solder 
temperatu re is held to 650 ° F. 

Price: $2495. Wenesco Inc., P. 0. 
Box 303, Northtown Sta., 'Chicago. 
Phone: (312) 235-5405. 

Circle No. 260 

FIRST JN DATA CONTROL 

No Other 
Isolated 

Differential 
DC Amplifier 

(at any price) 

can match the 
TOTAL 

PERFORMANCE 
of the 

ADS 95 
All Solid State 

.01 % Gain Accuracy, Stability, Linearity 

1 to 2500 Gain 

100 megohm Input Resistance 

3 microvolts Noise 

10 kc Bandwidth 

120 db CMR at 60 cps and + 300 volts CMV 

200 microsecond Overload Recovery 

10 volts at 100 milliamp Output 

Price _ .. less than $700 (1 to 9) 

Amplifiers / A to D Converters I Multiplexers 
Complete Data Acquisition Systems 

£pseo~ 
~ ~~corporated 

411 PROV. HWY., WESTWOOD, MASS. 02090 
TEL. (617) 329-1500 
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Low resistance tester 
Production line tests of connec­

tors, spot welds, printed circuitry 
or semi-conductor rectifiers can be 
performed by this low-resistance 
tester at rates of 1/s. The unit tests 
over a 0.001- to 0.2-n range, deter­
mining if a pre-specified limit is ex­
ceeded. Requiring only successive 
positioning of two probes on parts 
being tested, the semi-automatic de­
vice indicates reject parts by sound­
ing an alarm. 

P&A: $600; stock. Vari-Tech Co., 
546 Leonard St., N.W., Grand Rap­
ids, Mich. Phone: (616) 459-7281. · 

Circle No. 261 

Lead former 
Made of cycolac plastic, the lead 

forming tool forms 1/ 4- and 1/ 2-W 
resistor, diode and jumper leads. 
Increments of 0.05 inches are on 
0.4- to 1.5-inch centers. The edges 
are radiused. Dimensions are 5-1 / 2 
x 1-1/ 2 x 1/ 4-in. 

Price: $2.95 ( 1 to 4). Production 
Devices, P.O. Box 20175, San Die­
go, Calif. Phone: (714) 469-0300. 

Circle No. 262 

Automatic screen printer 
For printed and fired circuits this 

system has automatic loading and 
unloading. One or more parts are 
printed at up to one cycle per sec­
ond. Oversize micrometers provide 
X, Y and angular adjustment read­
able to 0.0001 in. The sapphire lo­
cator substrate holding fixtures 
give positive-pressure work po i­
tioning and vacuum hold down . A 6-
in. screen comparitor with view 
stage provides work monitorin g. 

Precision Systems Co., Inc., 2 W. 
Main St., Bound Brook, N . J. 
Phone: (201) 469-1256. 

Circle No. 263 

Old Faithful­
that's Remex 
Read, read, read, all 
it ever does is read. 

Remex gives you 
predictable reliability. 

That's why it's 
the top tape 

reader around. It's 
built simple; so 
it's rugged. We 

make rugged reliable 
readers in all 

sizes and types. We 
make spoolers the 

very same way. 
That's the reason 

you'll find our 
equipment used by 

leading manufac­
turers of computers, 

numerical controls 
and automatic test equipment. Call us 

at 213-772-5321 or write Remex 
Electronics, 5250 W. El Segundo Blvd., 

Hawthorne, Cal. 90250. 

RE M EX ELECTRONICS 
A UNIT OF EX-CELL-0 CORPORATION 
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MICROWAVES 

Shielded isolators One-third the volume of prior de­
vices, these magnetically-shielded 
isolators furnish 1'5-dB max isola­
tion in octave bandwidths from 1 to 
8 GHz. The 6- x 1-1/2-in. S-band 
device has insertion loss of 1 dB 
min, vswr of 1.25 and 10-kW peak 
power rating. 

P&A: $195; 30 days_ Huggins 
Laboratories, Inc., 999 E. Arqties 
Ave., Sunnyvale, Calif. Phone: 
( 408) 736-9330. . 

Circle No. 264 Frequency multiplier 

3-in. 3 coax switch Designed for space application, 
this hermetically sealed multi­
throw coax switch has individually 
activated solenoids that can be fail­
safe. With TNC connectors, vswr at 
0 to 7 GHz is 1.28 nominal, inser­
tion loss is 0.3 dB and isolation is 
60 dB or greater. Actuator · is 28 
Vdc. 

The usable frequency range of 
signal generators and frequency 
synthesizers is extended by this 
six-octave frequency multiplier 
with minimum conversion loss. In­
put up to 400 mW from 50 MHz to 4 
GHz produces harmonic energy in 
the 100-MHz to 12-GHz range at 
efficiencies approaching 200 % di­
vided by the harmonic number. The 
harmonic-generating device is a 
100-ps step-recovery diode. Transco Products, Inc., 4241 

Glencoe Ave., Venice, Calif. Phone: 
(213 ) 391-7291. 

Circle N·o. 265 

P&A: $115; 20 days. Somerset 
Radiation Laboratory, Inc., 2060 N. 
14 St., Arlington, Va. Phone: (703 ) 
525-4255. 

Circle No. 266 

R. F. INTERFERENCE PLAGUING 

programmers 
control-22, 42 or 
82 load circuits. 
Less than $600 

(82 channels) 
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YOU? 
HOW ABOUT 

LITTELFUSE R.F. 
INTERFERENCE SHIELDED 

FUSE POSTS. MILITARY AND 
COMMERCIAL APPLICATIONS 
Write or phone for information 

LITTELFUSE 
DES PLAINES . ILLINOI~ 

ON READER-SERVICE CARD CIRCLE 84 

Expressly designed for multiple advantages of punched tape 
circuit industrial control appli- programming. 
cations, this new Tape Reader For detailed information about 
combines the durability of this direct-reading low-cost 
toggle switches, the flexibility of Tape Programmer, write Mr. 
a patchboard, the repeat accu- Kenneth Kraemer, Director of 
racy of a cam timer, with the Marketing. 

INDUSTRIAL 
~__... JIMEHcoRPORATION 

65 U.S . HIGHWAY 287, PARSIPPANY, NEW JERSEY 
IN CANADA: SPERRY GYROSCOPE OTTAWA LIMITED, ONTARIO 
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Thermistor bolometer 
Used to measure microwave ener­

gy, this immersed thermistor bo­
lometer contains a resistive element 
which changes resistance as it is 
heated by RF power. The thal­
lium-bromide-iodide immersed com­
ponent transmits in the 0.5- to 
40-micron spectral range. Gain ob­
tained with a given bolometer flake 
increases with flake size and degra­
dation through noise increases. Be­
cause the collecting ability of the 
lens increases gain, a smaller flake 
is employed. Specific detectivity of 
this unit is 5.3 x 108 cm Hz1 / 2 W. 

Availability: 4 to 6 wks. Servo 
Corp. of America, 111 New South 
Rd., Hicksville, N. Y. Phone: (516) 
938-9700. 

Circle No. 267 

Dual-frequency antenna 
This 4-port antenna is used with 

cross band radio systems operating 
in the 5.925- to 6.425- and 10.7- to 
11.7-GHz common carrier bands. 
Dual polarization is offered for each 
band with the separate band feeds 
combined. The 6-GHz Gregorian de­
sign consists of a rectangular to 
circular transistion, a circular horn 
and a strut-supported subreflector. 

Andrew Corp., Box 807, Chicago. 
Phone: (312) 349-3300. 

Circle No. 268 

Klystron oscillators 
15-W peak pulse power is deliv­

ered by this family of reflex klys­
tron oscillators at any fixed fre­
quency between 26.5 and 35 GHz. 
Each tube is trimmable ± 100 MHz 
from any specified center frequen­
cy. Duty cycle is 0.005 max, beam 
voltage is 3 kV peak, beam current 
is 300 mA peak and reflector volt­
age is - 4 to - 5.4 kVdc. 

Varian, 611 Hansen Way, Palo 
Alto, Calif. Phone: ( 415 ) 326-4000. 

Circle No. 269 
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DESIGNING 
TAPE 
RECORDERS? 

Select the right head ... fast! 
Save time and cut costs with Nortronics' dy­
namic program of "engineering in depth"! 
Nortronics offers the design engineer the nation's 
broadest line of magnetic tape heads available 
today, plus valuable engineering support in head 
selection and mounting design for new equip­
ment under development! 

Choose from Premium or Standard Heads, in: 8-Track, 
4-Track, 2-Track or Full Track styles; 4-Channel, 3-
Channel, Stereo or Monophonic Types; with Hyper­
bolic, Cylindrical, Relieved or Extended Tip face con­
tours. Wide range of impedances; deposited quartz 
gap spacing from 50 to 500 micro-inches; 9 different 
R/P and 5 different erase case sizes. Mounting: 
Base, Side, Rear and No-Mount design , plus a wide 
group of "stock" adjustable mounting assemblies. 

~ For any tape head require-

.N 
ment, consult Nortronics 

.. L-+r" .• : -• ... world's leading and 
lYU/W1l\.U.O most respected man­

T. ;+-f ufacturer of precision­
TVthL. , quality magnetic tape heads! 

8175-D 10th Ave. No. • Minneapolis, Minnesota 55427 
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NYLATCH® 
VARIABLE DIAMETER 

CLAMP 

This versatile clamp ••• 
• instantly adjusts to 5 loop dia­
meters from 114" through %" 
• pre-clamps wire bundles, tubing or 
conduit, eliminating other tie wraps 
• installs or releases in less than 10 
seconds. 
The exclusive Nylatch design makes 
clamping or release an easy, positive 
push-pull operation . The clamp 
mounts in a 114" blind hole. Material 
may vary in thickness from .024" to 
.132". No loose parts - one piece 
nylon construction. Usable from -60° 
to +185°F. Write for brochure and 
sample or mail coupon. 

Pre-Clamps Locks Unlocks 
PATENTS PENDING 

THE 
HARTWELL 
CORPORATION 

---------THE HARTWELL CORPORATION 
9035 Venice Boulevard, Los Angeles, Calif. 90034 

Send brochure and sample of Nylatch Clamp. 

Name ---------·~--
Company __________ _ 

Address ------ ------
City ______ State ___ _ _ 

Application -----------
ON READER-SERVICE CARD CIRCLE 87 
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MICROWAVES 

Gas noise source 
Used in 10 ° E-plane waveguide 

mounts or coax mounts for pulse 
operation, this noise source tube op­
erates from 8.2 to 12.4 GHz in wave­
guide mount and 0.2 to 4 GHz in 
coax mount. Starting voltage spike 
is 3.3 kV max. Rated anode current 
is 175 mA and tube drop is 130 V de. 
The tube-in-mount excess noise ra­
Lio is 15.65 dB. This argon-filled 
cold cathode is made from mandrel­
shrunk centerless ground low-loss 
glass. 

Availability: stock. Signalite 
Inc., 1933 Heck Ave., Neptune, 
N. J. Phone: (201) 775-2490. 

Circle No . 270 

12-kW cw TWT 
Depressed collector operation 

raises this TWT's efficiency to 35% 
over the 7.7- to 8.4-GHz range. A 
coupled cavity interaction structure 
provides more than 30-dB gain at 
saturation. The tube thus matches 
klystron efficiencies while providing 
14 times their instantaneous band­
width. The liquid-cooled tube has a 
vacuum envelope providing a direct 
thermal path between the interac­
tion structure and external cooling 
ducts. 

l\'.Iicrowave Electronics, 3165 
Porter Dr., Palo Alto, Calif. Phone: 
415 ) 321-1770. 

Circle No. 271 

MASKS 
tor 

integrated circuitry 

thin film devices 

semiconductors 

PHOTO MASKS 

NEW Perma-Chrome (metal film on glass). 

High resolution photo emulsion. 

EVAPORATION MASKS 

Electroformed nickel. 

Etched molybdenum and stainless steel. 

Bi-metal (electroformed nickel and copper). 

Prompt quotations and deliveries. 

Our new headquarters at 
ONE U.S. Highway 206,Somerville,N.J. 

V TOWNE A LABORATORIES, INC. 

SOMERVI LLE,N.J. 08876 tel.201-722·9500 
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18-GHz terminations 
A range of de to 18 GHz is 

covered by these terminations. De 
resistance is 50 ± 1 n at 25° C. Max­
imum output is 1 W average and 1 
kW peak. Type N female, N male, 7 
mm Amphenol or 7 mm Rohde & 
Schwarz connectors are available. 
The series 1403 terminations are 
made with film resistors for maxi­
mum stabi lity under peak pulse 
power and can withstand moderate 
short overloads. 

P&A: $85 to $100; 30 days. 
Weinschel Engineering, Gaithers­
burg, Md. Phone (301 ) 948-3434. 

Circle No. 272 

S-band BWO 
50 mW over a 2- to 4-GHz band 

are delivered by these magnetically 
shielded BWOs. The oscillator is 
tuned by adjusting the helix volt­
age. A nonintercepting negative 
control grid permits amplitude mod­
ulation of the output without draw­
ing current in the modulating cir­
cuit. Magnetic field leakage is 10 
gauss max 1/ 2 in. from the tube 
surface. 

Availability: 60 days. Varian, 
611 Hansen Way, Palo Alto, Calif. 
Phone: ( 415) 326-4000. 

Circle No. 273 

Acoustic delay lines 
Delay times from 200 ns to 40 µ.s 

are offered with this series of 
acoustic delay lines. Frequency 
range is 100 to 5000 MHz and inser­
tion losses are in the 20- to 70-dB 
range. Bandwidths are one octave. 
Applications include phased array 
radar, ranging systems, altimeters, 
RF checkout systems and very high 
speed digital scratch pad memories. 

Price: $2000 to $6000. Anderson 
Laboratories, Inc., 501 New Park 
Ave., West Hartford, Conn. Phone: 
(203) 522-3101. 

Circle No. 274 
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New from Dearborn I 

1.0 JJF 
IN LESS THAN 
0.07 cu. in. 

Deltafilm® 'LP' DIMIE* SERIES Capacitors 
give you a new order of size and stability 
in critical low-voltage miniaturized circuits. 

Metallized polycarbonate-film capacitors are rated 
for 50 voe operation at temperatures to 125 c 
• Super-thin dielectric permits dramatic reductions in 
size • Electrical characteristics comparable to those 
of polystyrene capacitors • Self-healing properties 
assure greater operational reliability • Low loss 
characteristics, high current-carrying capabilities­
ideally sulted for specialized a-c and r-f applica­
tions • Available in hermetically-sealed metal tubu­
lar cases, polyester wrap-and-flll tubular construc­
tion, and pre-molded epoxy rectangular cases. 
*Trademark 

For complete technical information, 

write to Dearborn Electronics, Inc., 

Box 530, Orlando, Fla. 32802. 

Electronics 
(a subsidiary of the Sprague Electric Company) / 

ON READER-SERVICE CARD CIRCLE 89 
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POWER EQUIPMENT 

20-kV supply 

Short-proof modules 

An output range of 5 to 20 kV at 
0 to 5 mA is provided by this chop­
per-stabilized reference power sup­
ply. Regulation is 0.1 % . An error 
indicator lights up if the power 
supply falls out of regulation. The 
unit is supplied in a rack mount 
case measuring 19 x 12-5/ 32 x 15-
in. 

Beckman Instruments Inc., 89 
Commerce Rd., Cedar Grove, N. J. 
Phone: (201) 239-6200. 

Circle No. 275 

Short-proof power supply mod­
ules covering 75 to 400 V at up to 6 
A are available with either 0.05 % 
or 0.5% line and load regulation. 
The all-silicon units operate in am­
bient temperatures of 71 ° C without 
derating or external cooling. 288 
models in 9 different sizes are 
offered. 

P&A: $70; stock to 3 wks. Pow­
er/ Mate Corp., 163 Clay St., Hack­
ensack, N. J. Phone: (201 ) 343-
6294. 

Circle No. 276 

SCR motor controls 
Infinitely variable 100 to 1 speed 

range with full rated torque is 
available for motors up to 7.5 hp. 
With these controls, motors acceler­
ate to pre-set speeds gradually. The 
units have adjustable current limit­
ing, high-overload capacity, full­
wave de power and transient pro­
tection. Tach feedback is regulated 
to ± 1% and self-regulation is 
± 3 % . 

Vector Dynamics Inc., 127 Toledo 
St., Farmingdale, N. Y. Phone: 
(516 ) 694-5350. 

Circle No. 277 

NEW FACT-FILLED TECHNICAL BOOK 
166 Pages - 14 Co!11prehensive Chapters 

An easy-to-use 
reference for ••• 

ENGINEERS 

DESIGNERS 

PURCHASING 
AGENTS 

QUALITY 
CONTROL 

INSPECTORS 

TECHNICIANS 

OFFER 

$1.00 

RUSSELL E. SACKEN, Inc. PUBLISHERS 

P. 0. BOX No. 2 •EAST ROCKAWAY, N. Y. 11518 
ON READER-SERVICE CARD CIRCLE 90 
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Who needs 55% efficiency in a micro malor 

20mm or less in diameter? No one. 
But it is a testimony lo Mitsumi's ability to meet unusual speciali­
ty micro-electronics requirements. Micro-motor efficiency over 50% 
has been considered impossible for o motor as small os 20mm 
in diameter. Adoption of a new system in the. magnetic circuit 
hos upset this common concept. 
.Seth electrical and mechanical noises hove practically been eli­
minated by a built-in noise suppressor, and a specially construc­
ted brush which hos improved the rectifying capacity. Ask for 
Mitsumi when you need a reliable , quality micro motor for port· 
able tape-recorders, record -p layers, measuring instruments and 
8mm 2-speed movie cameras. Over 30 types of AC or DC 
micro motors immediately available. 

MAIN PRODUCTS 
·•Polyethylene variable capacitors elf Transformers 
eMicromotors eSynchronous motors eFront-end FM 
tuners eUHF & VHF TV tuners eCdS photoconductive 
cells •Trimming potentiometers •Various types of coils 
•Various types of sockets •Trimmer copocitors eYQfi­
ous types of terminals e Fuse holders 

• 

• 

~i~ !~c~ ~! Ko~d~c~~!~.~~ hi.~i~o·:a.g~~o~y:. 
Jopon Tel 415-6211 

Mitsumi Electronics Corporation/ II Broadway, New York 4 . N .Y. 
10004. U.S.A. Tel HA-5-3085.-3086 

Chicago Bronch/333. N.Michigon Avenue . C hicago, 
Il li nois. 60601 . U.S.A. TeJ, 263-600 7 
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SCR power controllers 
Stepless ac or de control is pro­

vided by this controller. Manual or 
instrumentation control is from 
room or direct potentiometric ther­
mostats. 3-phase units from 3 to 
554 kV A and s ing le-phase units are 
available. Trigger box and accesso­
ries are plug-in. Air- or water­
cooled units with electrically isolat­
ed heat sinks are supplied for panel 
or rack mounting. 

P&A: $195 (1 kVA), $3830 (554 
kV A); 4 to 6 wks. Loyola Indus­
tries Inc., 155 Arena St., E l Segun­
do, Calif. Phone: (209 ) 823-7694. 

Circle No. 278 

Dual power supply kit 
Model 5012 a ll-silicon dual power 

supply kit provides two isolated 
regulated voltage sources. Continu­
ously variable output modes are ± 6 
to 30 V at 200 mA, ±6 to 30 V at 
400 mA and ± 12 to 60 V at 200 
mA. Regulation is 0.1 % and noise 
and ripple are 0.1 V max. Drift is 
± 0.1 %/° C max. Kit includes all 
parts required for assembly with 
regulators on circuit boards. 

Avai lability: stock. Eagle-Picher 
Industries Inc., American Bldv,., 
Cincinnati. Phone : ( 417) 623-8000 . 

Circle No. 279 
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High Q 
with 
Assured 
Reliabllityl 

ACTUAL SIZE 

The Johanson 3955 Series 
Variable Air Capacitors 

are backed by 
these special 

RELIABILITY ASSURANCE 
PROVISIONS 

1. Parts examined and assembled in 
accordance with special Johanson 
high reliability inspection and as­
sembly procedures. 

2. All sub-assemblies inspected un­
der magnification to•assure high­
est quality components prior to 
final assembly. 

3. Final assemblies subjected to 
100% burn-in and screening tests. 

4. Samples taken from each lot and 
subjected to life tests. 

5. Test data supplied on request. 

SPECIFICATIONS 

Capacity Range: 0-8 - 10 pf 
Working Voltage: 250 VDC 
Q > 2000 @ 100 MC 
Temperature Coefficient: 0± 20.0 ppm/°C 

Write Today for Full Data 

MANUFACTURING 
CORPORATION 

400 Rockaway Valley Road. 
Boonton, N. J. 07005 (201) 334-2676 

ELECTRONIC ACCURACY THROUGH MECHANICAL PRECISION 
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Row do you 
evaluate audio 
oscillators? 

Row can you be sure 
of the right selection 
for your particular 
application? 

TFA-1066 

TRACOR® has an 
answer 

"Selection and Application of 
Stable, Packaged Oscillators" 
is a comprehensive two-part 
report. Section I outlines the 
availability of standard oscilla­
tors in the 0.5% to 0.0001 % 
accuracy range. Section II offers 
guidelines for choosing a 
specific oscillator. 

The report is free from TRACOR. 

Whether or not you want a 
copy, may we help you evaluate 
oscillators in your next 
application? 

TRACOR, Inc. 
General Sales Offices 
6500 Tracor Lane 
Austin, Texas 78721 

COMPONENTS 

REPRESENTATIVES IN PRINCIPAL CITl6S 
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POWER EQUIPMENT 

Dual output power supply 
The all-silicon supply provides 

nine different output combinations 
from two independent outputs. 
Each output can be set for either of 
two ranges and can be operated at 
either polarity. The two sides can 
be combined to obtain up to 80 V or 
1.2 A. Output A provides 0-20 V at 
0-600 mA or 0-40 V at 0-300 mA. 
Output B provides 0-20 V at 0-600 
mA or 0-40 V at 0-600 mA. 

Price: $195 to $235. Hewlett­
Packard, 100 Locust Ave., Berkeley 
Heights, N. J. Phone: (201 ) 464-
1234. 

Circle No. 280 

100-kV supply 
Capable of producing 0- to 100-k­

V dc at 0 to 100 µ.A, this voltage sup­
ply increases the potential of a 10-
kV. Output polarity is reversed by 
turning over the plastic multiplier 
drum and flipping the meter polari­
ty switch. The built-in regulator 
maintains output within 1 % for 
line changes from 105 to 130 V. 

Beckman Instruments, 89 Com­
merce Rd., Cedar Grove, N. J. 
Phone: (201) 239-6200. 

Circle No. 281 

When your 
wire form costs 
start to grow 
Art Wire 
cuts them 
down to size! 
Art Wire's high speed, automatic 
machines never stop turning out wire 
forms. The production economies 
made possible by large volume 
business mean big savings for you. 
We can offer wire forms for less ... 
with guaranteed precision from the 
first to the millionth unit. 
Any wire form in ferrous, non-ferrous 
and precious metals, .005 to .125" 
diameter. Upset, swaged, headed, 
crimped, flattened, notched and 
pierced pins. Terminal leads a 
specialty. On-time delivery a must. 
Send a part or a blueprint for an 
estimate. If you're in a hurry, 
phone (201) 621-7272. 
We do tube cutting, wire straights 
and small metal stamping, too. 
Bulletin 501 shows what we can do. 
Ask for it. 

ART WIRE AND STAMPING CO. 
17 Boyden Place, Newark, N. J . 07102. 
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Nobody 
gets a 
charge 
out of 

Fluorglas* 
We like it that way. 
Because every day, electrical 

engineers are finding new applica­
tions using the insulating proper­
ties of FLUORGLAS* adhesive 
tapes and laminates. 

They have extremely low di­
electric constants and exceed 
Class H temperature require­
ments. They never carbonize when 
burned· or exposed to an electrical 
arc and do not absorb moisture, 
so they never become conductive. 

FLUORGLAS* insulating ma­
terials are unaffected by solvents, 
chemicals and corrosive gases and 
withstand extremes of heat and 
cold. 

Fact is, we haven't found 
an insulating problem that a 
FLUORGLAS* tape or laminate 
couldn't solve. 

Think you can? Write for full 
electrical specifications and give 
us a brainbuster. 
" Registered trademark , Dodge Fibers Corp. 

Dodge Fibers 
Corporation 

Hoosick Falls, N. Y. 12090 
ON READER-SERVICE CARD CIRCLE 9S 
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De to de converter 
Capable of conver t ing 28 V de to a 

5- to 1040-Vdc output at 5 W, t his 
de to de converter sust ains full load 
operation at 100 ° C. Wit h all-silicon 
semiconductor s, hermetic sealing 
and full encapsulation, the uni t 
meets MIL-E-5272C. The converter 
has isolated inputs and outputs and 
an adjustment range of 12 % from 
the nominal out put voltage. Regula­
t ion is 0.2% for input va ria tions of 
24 to 30 Vdc. 

P&A : $355; 4 to 6 wks. Abbott 
Transistor Labs, 3055 Buckingham 
Rd., Los Angeles. Phone : (213) 
731-9331. 

Circle No. 282 

High voltage power 
An uncondi t ional 3-year warran­

ty is extended on t he one high-volt ­
age and four filamen t transfonne r~ 
incorporated in model 2002. The 
high-voltage transformer will wit h­
stand spikes of 100,000 V. The sup­
ply is rated for maximum power at 
5000 V, 400 mA. Ratings can be ex­
ceeded with maximum outputs of 
7500 V de and 500 mA. 

P &A: $1275 (3002 ) , $1800 (h igh­
voltage and fil ament combination) ; 
stock. Materia ls Research Corp., 
Orangeburg, N . Y. Phone : (914) 
359-4200. 

Cfrcle No . 288 

Need a small 1, 5 
or 10 me crystal 
oscillator for use 
in synthesizers, 
timing systems, 
counters, 
communication systems, 
time-code generators, 
tape systems, or 
some other small black 
box? 

Think TRACOR ® 

Shown half actual size 

Volume 19.1 in.3 

That's about the 
size of it. 

TFA 766 

For further information: 
TRACOR, Inc. 
General Sales Office 
6500 Tracor Lane 
Austin, Texas 78721 
Phone: 512-926-2800 

SULZER 
DWISION 

REPRESENTATIVES IN PRINCIPAL CITIES 

We are looking for EE's, ME's and 
Physicists for design consultation 
or systems development in ASW 
and undersea problems-experi­
ence in penetrations aids-design 
studies, tests , analysis and reports 
on electronic and mechanical sys­
tems. Your reply strictly confi­
dential. 
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WE'LL DESIGN 9 
YOUR MAGNETIC SHIELDS 
About 80% of all magnetic shield designs 
now in use originated here. 
Maybe it's because our designs work. Maybe ol!r 
designs work because we've had the most experi­
ence. All are good reasons to contact us. 
Netic and Co-Netic magnetic shields are the recog­
nized standard all over the world for military, labora­
tory, industrial and commercial applications. Th_ey 
are insensitive to ordinary shock, do not require 
periodic annealing, and have minimal retentivity: A 
few typical applications are illustrated. Our design 
deDartment is yours. 

*Reg, TM 
DuPont Co. 

~ 
I 

• - Scan Converter Shield 

_ ___. 

ON READER-SERVICE CARD CIRCLE 97 

INSULATES • PROTECTS • ANCHORS • COLOR CODES 
HIGH DIELECTRIC• SHORT HEAT CYCLE• LOW HEAT 

Precision heat-shrinkable "Mylar" tubing is made to your 
size requirements in a choice of colors or clear film. We'll 
work closely with you on any use you might think up. 

PRECISION PAPER TUBE COMPANY 
RESINITE DIVISION 

1033 SOUTH NOEL AVENUE, WHEELING, ILLINOIS 60090 
PHONES: CHICAGO, 631-1445, LONG DISTANCE, 312-537-4250 
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APPiication 
Notes 
Algebraic circuit analysis 

This eight-page discussion is a 
combination of two papers. In the 
first half, "Matrix Algebra Sim­
plifies Circuit Analysis," the au­
thor's technique is described when 
applied to any network, whether ac­
tive, passive, bilateral or unilater­
al. Emphasis is placed on benefits 
when several linear systems must be 
combined. The accompanying dis­
cussion, "Matrix Algebra Analyzes 
Transistor Feedback Amplifiers," 
develops the theme to actual ap­
plication of the author's technique 
to a bilateral two-port network. 
Theory also is applied to shunt, se­
ries and two-stage feedback am­
plifiers. 3M Co. 

Circle No. 284 

Solid-state TV 
A 4-page application note consid­

ers metallized lacquer film capaci­
tors in the horizontal deflection cir­
cuit of transistorized TV. Perform­
ance curves illustrate characteris­
tics of power factor, capacitance 
and the results of temperature rise. 
Loss and capacity vs frequency 
curves compare metallized lacquer 
film capacitors with tantalum types. 
Transistorized TV requires a capac­
itor in series with the deflection 
coil to improve horizontal linearity 
in applications where the diameter 
of the picture tube is greater than 
6 inches. Nucleonic Products Co., 
Inc. 

Circle No. 285 

Waveguide field analysis 
A method of analysis which pro­

vides a solution to the propagated 
LF, VLF, ELF terrestrial wave­
guide field is presented in this tech­
nical note. With this simple analy­
sis, geometric series terms can be 
calculated with the zonal harmonic 
series .. The summation of the geo­
metric: series, rather than the com­
plex integral method, provides an 
efficient method for calculating the 
total field (or waveguide mode 
sum). 

Available for $0.25 from Clear­
inghouse, U.S. Dept. of Commerce, 
Springfield, Va. 
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DTL applications 
Design data and applications for 

17 DTL circuits are featured in this 
24-page brochure. Characteristics 
of seven N AND gates, two high 
fan-out gates, two line drivers, 
three input expanders, two RS/ T 
binary elements and a J-K binary 
element are given. Characteristic 
curves, including design limit 
curves, are presented for all ele­
ments. The brochure contains block 
diagrams of typical subsystem ap­
plications, including a switch­
bounce eliminator, a full adder, an 
astable circuit, an economical one­
shot, a synchronous decade counter, 
several types of shift registers, a 
synchronous binary counter and an 
up-down counter. Signetics Corp. 

Circle No. 286 

RTL applications 
This 18-page literature package 

on RTL ICs contains product de­
scriptions, logic diagrams, pin ar­
rangements, schematics and ap­
plications information. Complete 
electrical specifications and data are 
included for the military, industrial 
and commercial ranges for 11 types 
in both T0-5 and fiat packages. 
Sperry Semiconductor. 

Circle No. 287 

IC design and application 
Basic principles in the design and 

application of linear res are given 
in this 240-page manual. Effects of 
the silicon monolithic fabrication 
process on circuit design are dis­
cussed. Design equations and per­
formance criteria for IC configura­
tions are derived. Schematic dia­
grams, operating characteristics and 
performance data are included. 

Available for $2 from RCA, Elec­
tronic Components and Devices, 
Route 202, Somerville, N. J. 

Op-amp applications 
A 4-page application note. dis­

cusses offset, stability and drift 
characteristics of operational am­
plifier inverting and noninverting 
circuits. The paper shows how to 
drive lar.ge capacitance loads with­
out generating transients. The note 
includes 12 typical versatile circuits 
with schematics. Analog Devices. 

Circle No. 288 
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ADMITS 
NOT TELLING 

ALL ABOUT 
THE 6100 ~ 

AND 
6300 ~ 

SWITCHES 

New Interesting Facts 
Now Brought To Light! 

HSI Catalog 72 outlines conservative ratings for the 6100 
and 6300 series switches. We haven't publicized the fact that: 

... while the swi tches are normally rated 5 amp resistive, 3 
amp inductive, we can furnish variations capab le of 
handlin g 15 amp resistive 8 amp indu ct ive loads, and 
the same switch will carry 100 amp squib load for 50 
ms. 

. .. while our sta ndard rating for vibration is 20g 10- 2000 
CPS, the switches have actua ll y performed under vibra­
tion condit ions of 65g 10- 2000 CPS . 

. . . while the cata log doesn ' t specify contact resistance, supe­
ri or c lea nin g and sea ling techniques enab le us to 
supply switches when required with consistently low 
contact resistance such as 30 milli ohms initially and 
40 milliohms over the life of the switch. 

HSI emphasizes that performance character istics such 
as operating and release forces, differential, pretravel , over­
travel, etc. ca n be tailored to meet the specific requ irements 
of an application. 

000000000000000000000000000000 

Or if you have a really tough requirement, perhaps 

H·S·I 

our 6200 series hermetically sealed switch with glass 
to metal and Heliarc® metal to 
metal seals will solve the problem. 
Since no flux is used in the sea ling 
process and there are no organic 
materials inside the switch, we can 
furni sh the unit for high tempera­
ture operation up to 660°F or with 
different contact materials for low 
level work where the contact re­
sistance wil l be. exceptionally low 
and remain constant over the life 
of the switch. 

•; 

.....___,HAYDON SWITCH &: INSTRUMENT, INC. 
Building Confidence Through Dependability 

1500 MERIDEN ROAD, WATERBURY, CONN. 06720 

AREA CODE (203) 756·7441 
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New 
Literature 

wnr, INTEGRATf.D CIRCUIT LOG IC MODULES 

IC logic modules 
"Series M" IC logic modules are 

described in this set of specification 
sheets. Each sheet provides operat­
ing and mechanical specs, logic di­
agrams, and a detailed parts list. 
Modules described include N AND 
and AND gates, universal flip-flops, 
storage flip-flops, counters, buffer 
drivers, Schmitt triggers, crystal 
oscillators, multivibrators, decoders 
and lamp and relay drivers. Acces­
sory cards, mounting hardware and 
power supplies are also specified. 
Wyle Laboratories. 

Circle No. 289 

Ceramic and glass seals 
Standard and special ceramic­

and glass-to-metal hermetic seals, 
assemblies and terminals are listed 
in this catalog. Also included are 
specialty seals, diode and controlled 
rectifier housings and metalized ce­
ramics. Photographs, drawings, di­
mensions and ratings are given. La­
tronics Corp. 

Circle Nr0. 290 

Coax installation 
A 16-page catalog describes in­

stallation procedures for the manu­
facturer's coaxial cable. In addition, 
the brochure covers all aspects of 
maintenance. Contents include sec­
tions on cutting tools, reel handling, 
cable grips and pulling tension, ca­
ble cutting and lashing techniques, 
testing and leak detection. Phelps 
Dodge Electronic Products Corp. 

Circle No. 291 

l!i2 

Solid-state components 
Reference, application and prod­

uct information on a line of solid­
state components is included in this 
20-page bulletin. Varactor diodes 
and tuning varactors are described 
with specifications, applications and 
methods of cut-off frequency, volt­
age breakdown and capacitance 
measurements. Similar descriptions 
are presented for pin diodes, micro­
wave mixer diodes and video diodes. 
Dimensional drawings for various 
packages are included. American 
Electronic Laboratories, Inc. 

Circle No. 292 

GOLD ALLOY 

,.OTl!NTIOMll!TIUlt 

Potentiometer wire 
"Data and Properties of L.T.C. 

Gold Alloy Potentiometer Wire" 
outlines the manufacturer's poten­
tiometer wire, its corrosion resist­
ance, tensile strength, noise level, 
life and other tests. Also included 
are tables showing general charac­
teristics, average temperature coef­
ficient, stress-strain diagram and 
resistance at various diameters. 
Sigmund Cohn Corp. 

Circle No. 293 

Microwave products 
Literally thousands of microwave 

products are described in this 148-
page catalog. Included are sections 
on attenuators, detectors and mix­
ers, directional couplers, filters and 
preselectors, samplers and sepa­
rators, slotted lines, mechanical 
switches and turners. Microlab/ ­
FXR. 

Circle No. 294 

Telemetry periodical 
Published quarterly, this 12-page 

journal provides telemetry informa­
tion. Early issues covered basic 
techniques and advances in data 
communications. Future issues will 
describe new technology and special 
applications. Back issues are avail­
able. Electro-Mechanical Research, 
Inc. 

Circle No . 295 

Connector check list 
A design check list and compari­

son chart for removable re-entry, 
miniature crimp-contact connectors 
lists the features t hat designers 
should check when selecting connec­
tors. The comparison chart details 
fifteen features that are desirable, 
and then explains how these fea­
tures are accommodated by the var­
ious types of contacts available in 
the industry. U.S. Components Inc. 

Circle No. 296 

Video switching 
The most common ly used methods 

of switching video and audio infor­
mation are described in t his 26-
page publication. Pictorial di­
agrams, charts and tables are in­
cluded. Topics range from a simple 
single-output monitor switcher to 
complex dial-controlled solid-state 
switching systems. Applications 
and se lection of switches are di s­
cussed with exact equipment de~ 

tai led for many systems. Dynair 
Electronics, Inc. 

Circle No. 297 
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Weston Model 1423 Integrating DVM 

1µV Sensitivity at 50 Mo for $1950. 

FEATURES: Strain gage and thermocouple type measurements are made with meaningful 

accuracy due to integrating and high sensitivity features of Model 1423. High common mode 

rejection allows low level measurement of potentials well above ground. Loading errors 

are reduced by 1000 times as compared to conventional DVM's. 

SPECIFICATIONS: Accuracy : 0.02% ± 1 digit. Common Mode 

Rejection: 150 db DC & 130 db at 60Hz-with up to 5K unbalance 

between input leads, and filter in use. Series (Normal) Mode 

Rejection: 60 db at 60Hz with filter. Overranging: 15% with fifth 

digit ~isplay. Display Time Control :. From 4 reading/ second to 

1 reading / 15 seconds. Overall Dimensions: 6X"x 14X"x 16X". 

Price : Bench mount, $1950 ; rack mount, $1995. Price subject 

to change without notice. 

Input Impedance & Sensitivity 

Input Impedance 
Range Minimum Sensitivity 

10.000 mV 50 megohms• I µV 

100.00 mV 500 megohms• 10 µV 

1000.0 mV 5000 megohms.• 100 µV 

10.000/ 100.00/ 1000.0 volts 10 megohms 1/ 10/ 100 mV 

•Typical values twice as large 

Contact Weston Instruments, Inc., Rotek Division, 11 Galen Street, Watertown, Mass. 02172 

WESTON® prime source for precision . .. since 1888 

ON READER-SERVICE CARD CIRCLE 100 
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YOKE SPECIFYING PROBLEM? 

154 

ASK AN 
EXPERT ..• 

A SYNTRONIC 
DEFLECTION 

YOKE SPECIALIST 
Since we make more types of yokes than anyone else, it's natural enough for 
our team of experts to know more about yoke design, application engineering, 
and quality control. 
Specifying can be a challenging problem, and with this in mind, we put our 
experience at your disposal. Don't hesitate to call or write us when you're 
puzzled as to the right deflection yoke for your display. 

INSTRUMENTS, INC. 
100 Industrial Road, Addison, Illinois 
Phone : Area 312, 543-6444 

ON READER-SERVICE CARD CIRCLE 101 

Revolutionary 
Electronic 
Calculator 
• Unmatched speed, versatility 
• Simple to operate 
• Single keystrokes provide all these functions 

I + 1-1 X I -:- I "x I x2 I e• I log.x I 
• Two independent accumulators for random 
data entry and retrieva I 
• LOW PRICE - FROM $1690 to $2095 
Additional keyboard units from $450 
• Time sharing units also available 
Write for complete details 

-9~&~.g 
DEPT. 1119,836 NORTH ST., TEWKSBURY, MASS. 01876 

TEL. (617)851-7311 
Yllll"I!"~' -- • 

+1586902101 . 
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NEW LITERATURE 

Micromin connectors 
A general discussion on interco11-

nections, contact termination sys­
tems, connector configurations and 
contacts is given in this handbook. 
Special interconnection devices are 
described and data on such designs 
as a slip ring connector and a 15-
contacts is given in this handbook. 
ITT Cannon Electric. 

Circle No. 298 

Heat transfer 
Mechanical and thermodynamic 

aspects of heat transfer are illus­
trated and discussed in this 68-page 
booklet. Photos, drawings, graphs, 
charts and tables illustrate the com­
pany's heat transfer panels, heat 
transfer characteristics of the pan­
els, pressure drop data and applica­
tions. Other sections describe 
fittings, proprietary panels, ASME 
and UL stamped panels, log mean 
temperature difference charts, load 
data and typical computations. 
Dean Products, Inc. 

Circle No. 299 

Microwave sources 
Microwave energy sources are 

fully covered in a 56-page catalog. 
It contains specifications, outline 
drawings and performance curves 
on microwave oscillators and oscil­
lator/ multipliers, both solid-state 
and triode, in frequencies from L 
through Ku-band. Also included 
are amplifiers, frequency multi­
plier/ amplifiers, interdigital filters, 
special products and assemblies, en­
gineering data and microwave test 
equipment. Trak Microwave Corp. 

Circle No. 300 
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Inventory management 
" Inventory Management for 

Maximum Profi t" describes an ap­
proach to added profitabi lity for t he 
electronic parts distributor. Calcu­
lation sheets and background data 
are included in t he booklet. Cornell­
Dubi lier E lectronics. 

Circle No. 301 

Connector handbook 
A novel "training manual" is in­

tended to correct t he human factors 
dealing with electrical connectors . 
The "Connector Hand-Book" is a 
24-page cartoon-type booklet subti­
tled "How Not to Order, Assemble, 
and Use Connectors." Exaggerated 
negative psychology is employed in 
an attempt to call attention to con­
nector-user mistakes before they 
become actual field service prob­
lems. The semi-humorous approach 
should help highlight errors of omis­
sion and commission, such as mis­
takes in ordering connectors, fai l­
ure to train assembly personnel, 
and disregard of product limita­
tions, for people who naturally ig­
nore footnotes in catalogs or in­
struction sheets. P yle-National Co. 

Circle No . 302 

Solid-state control 
"Electricity and Solid-State for 

Control," is a 52-page manual for 
nontechnical people. The booklet is 
designed to provide an understand­
ing of the basics of electricity and 
solid-state electronics for control 
industry " laymen." Ranco Inc. 

Circle No. 303 
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... the source for both -thermocouple and resistance 
temperature measuring systems. 

Thermocouples and pyrometers ____ ._. .. ._.. ...... __ ___ 

• • 
• 

Resistance temperature 
thermometers and detectors 

Selector 
switches 

Servo systems Wires, cables, 
harnesses 

Since 1925 Lewis Engineering has pioneered 
in the design and development of compo­
nents and systems to meet the most rigorous 
automotive, industrial, aircraft and military 
specifications. 

Send for new, free catalog. 

THE LEWIS ENGINEERING COMPANY 
Special ists in Electrical Temperature Measurement 

Naugatuck, Connecticut 
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NEW LITERATURE 

Digital systems 
A broad line of advanced digital 

systems is covered in this condensed 
catalog. Inciuded are photographs, 
block diagram~, and functional de­
tails on such equipment as a multi­
point temperature logging and con­
trol system, an integrated digital 
data printout system, a 3-axis coor­
dinate digitizing system, and a 
number of others covering a wide 
range of digital and A-to-D applica­
tions. Wang Laboratories, Inc. 

Circle No. 304 

These comprehensive selection 
charts cover one-hole mounted mili­
tary switches. Featuring cross-ref­
erence designations between MS, 
AN, JAN and the firm's switch 
order numbers, the tabulations pro­
vide reference data for MIL-S-
3950B, MIL-S-8834B positive ac­
tion and MIL-S-8834 miniature pos·­
itive action switches in single-, 
double- and four-pole configurations­
with standard bat and lever lock 
toggles. Other information covers 
MIL-S-6807 A rotary switches, 
MIL-S-3950B special service de­
vices, switch guards, complete rat­
ings, general test requirements, 
specifications and nominal dimen­
sions. Cutler-Hammer. 

Circle No. 305 

Selenium rectifiers 
A 4-page illustrated bulletin de­

scribes a line of selenium rectifiers. 
The bulletin includes photographs, 
full specs and descriptive text. 
Standard configurations described 
are diodes, high-voltage cartridges, 
arc suppressors/contact protectors, 
epoxy packages, entertainment rec­
tifiers, multiple circuits, spring­
clip assemblies, hermetically sealed 
packages, encapsulated designs and 
power rectifiers. Edal Industries, 
Inc. 

Circle No. 306 
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Design Data from 

Bus Bars For Noise Reduction 
ne><N >C,O,LllVL~eT• .. lhl 

LAMINATED 
and MOLDED 

BUS BARS 

~ 

El##[ /~ COMPONENTS. INC. 
. 1~34 UNlllERSITY AllE 

RUt.Ht:.ttf( ' N Y 

' 

A 10 page Technical Bulletin is now available, 
describing a new concept in power or signal dis­
tribution. Basic mechanical and electrical design 
principles, along with descriptive pictures and 
diagrams, are included in this bulletin. These 
compact buses can replace bulky cable harnesses 
and repetitive wiring for computer or modular 
application. This method of construction satisfjes 
the demanding requirements of low inductance 
and resistance of high speed, solid state systems, 
while c.ontrolling electrical noises. 

Eldre Components, Inc. 
1239 University Avenue 

Rochester, New York 14607 171 

-BY RETURN MAIL! 
The finest SWISS TWEEZERS for handling minia­
ture and micro-miniature parts ... all alloys in 
42 patterns • PLIERS with miniature heads featur­
ing the famous Lindstrom "Box Joint" Swedish 
pliers, perfect for precision · work. • CUTTING 
NIPPERS . .. regular edges, semi-flush edges and 
full-flush edges. • CUTTING TWEEZERS for dif­
ficult and special wire cutting problems in con­
fined areas. • SCISSORS for ribbon wire and 

1 
light sheet metals made of Solingen Steel. 
Write Today- Ask for Catalog No. 423. 

Hammel. Riglander & Co .• Inc. 

173 P.O. Box 222 
New York, N. Y. 10014 

Terminal Board Engineers' Guide 

TERMINAL BOARDS 
TOGGU 'WIT(MU 

"Broadest Line of Terminal Boards in the Industry" 
-the new Kulka Catalog 17 A is designed for the 
Specifying Engineer and Purchasing Agent. It con­
tains 56 pages of exhaustive data on every type of 
terminal board in current use, including "Kliptite," 
High Heat, Closed Back, High Barrier, Stud and 
Turret, Pressure Contact, Wire-Wrap, Screw 
Clamp, and Military Terminal Boards. Free copy 
on request. 

Kulka Electric Corporation 
520 South Fulton Ave. 175 Mount Vernon, N. Y. 10551 
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~anuf acturers 
vertisements of boolctets, brochures, catatogs and data sheets. To order use Reader-ServiceCard. 

General Electric Alumalytic0 Guide 

t=' 
~ 

::il l ,::~ I ~ 

The Schweber Guide to the selection of General 
Electric alumalytic® capacitors is another in the 
series of Schweber capacitor guides. This one 
lists quality aluminum electrolytics in Schweber's 
unique numerical-sequence-by-microfarads ar­
rangement so well-liked by engineers and buyers 
alike. Included are the miniature type, the stand­
ard computer grade, and the new "high perform­
ance" type which offers for ·the first time voltage 
de-rating for higher ambient temperatures up to 
105° c. 

Schweber Electronics 
Westbury, N. Y. 11591 172 (516} ED 4-7474 

Piezotron° Quartz Accelerometer 

, . & piezotron 
v 

, cce1 

Four-page illustrated Bulletin 321466 on Model 818 
quartz accelerometer describes Piezotron princi­
ple which eliminates need for costly amplifiers 
and permits use of just one single-wire shielded 
cable for both power and signal. Bulletin also 
describes how base strain sensitivity, ground 
loop, cable noise and insulation resistance prob­
lems are prevented. Diagrams of the basic cir­
cuit and a typical system show operation. Per­
formance data is graphically displaye.d. Com­
plete specs and ordering information are in­
cluded. 

Kistler Instrument Corporation 
8969 Sheridan Drive 174 Clarence, N. Y. 14031 

Designing Around Tubing 

• 

• 

• 

Designing around Tubing 

•""' UNIFORM 
"'~ TUBES •. INC. 

This six-page article details design considerations 
in determining whether a particular part should 
be machined from bar stock, formed from sheet 
or fabricated from tubing. Drawings and photos 
show how tubular parts have been designed so 
that they can be fabricated from tubing at con-
siderable savings. 
The data provides design criteria for tubular 
parts with flanges, bends, beads, flares, expand­
ed ends, ultra-thin walls, turned-in ends and ID­
radiused ends. Typical parts cited as fabricated 
best from tubing include spring contacts, cathode 
support sleeves, tone arms, and fuel cell nozzles 
to name a few. 

Uniform Tubes, Inc. 176 Collegeville, Pa. 19426 
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De power supplies 
Prices and complete specs for 

over 200 transistorized portable, 
modular and rack-mounted power 
supplies are given in this 8-page 
catalog. Moun°ting diagrams, circuit 
di!lgrams and application notes are 
included. Universal Electronics. 

Circle No. 307 

Laser system 
This 8-page illustrated brochure 

covers all aspects of the manufac­
turer's "Biolaser" for medical and 
biological research. Included is a 
full treatment of all types of ap­
plications for the instrument, a de­
scription and specifications. TRG 
·control Data Corp. 

Circle No. 308 

Semiconductor products 
This 26-page product reference 

list covers zener diodes, reference 
diodes, high voltage rectifiers and 
voltage reference modules. The pub­
lication lists electrical and mechani­
cal specs for over 1200 basic 
JEDEC zener and reference diode 
type numbers and explains the 
meaning of the basic JEDEC type 
number suffix letters. General Semi­
conductors, Inc. 

Circle No. 309. 

Subscription Policy 
ELECTRONIC DESIGN is circulated 

free of charge to qualified design 
engineers in the U.S., Western 
European Continent and Britain. 
To establish your qualifications, 
send ELECTRONIC DESIGN the fol­
lowing information on your com­
pany's letterhead: Your name, en­
gineering title, description of your 
design duties and a list of your 
company's major products. The let­
ter must be signed by you per­
sonally. 

Subscription rates for nonquali­
fied subscribers-$25 a year in the 
U .S. , $85 in all other countries. 
Single copy, $1.50. 

Change of Address 
A subscriber's change of address 

requires a restatement of his quali­
fications. To expedite the change, 
and to avoid missing any issues, 
send along a label from a back copy. 

Microfilm Copies 
Microfilm copies of all 1961, 1962, 

1963, 1964 and 1965 issues of 
ELECTRONIC DESIGN are available 
through University Microfilms, Inc. , 
313 N . First Street, Ann Arbor, 
Mich. 
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11 9 years ago 
we had a great 

idea that put us 
in the high-rel 
relay business. 

It's still a great 
idea, and now 

we've put it 
in a one-inch 

package! 11 

Wedge-action• was the great idea. By com• 
bining long precious-metal contact wipe with 
high contact force, it gives Electro-Tee relays 
the highest dry-circuit confidence level ever 
reached. (90°/o, based on a failure rate of only 
.001'/• in 10,000 operations.) 

Packing wedge-action into a one-inch envu• 
lope wasn't easy. But it was worth it. It gives 
you maximum reliability in minimum space. 
And it's available for both 6PDT and 4PDT 
operations, in relays that exceed all require· 
ments of MIL-R-5757 /1 and /7 . . 

The one-inch relay is just one of our family 
of wedge-action relays, which cover almost 
every dry-circuit to 2 amp application. When 
you need a high-rel relay that really works, 
remember our great idea , and put it to work 
for you. 
•U.S. Patent No. 2,866,046 and others pending, · 

® 
Eleotro.:reo cor11. 
SLIP RINGS• RELAYS• SWITCHES• OPTICS 

P. 0 . Box 667 • Ormond Beach, Florida 
(904) 677-1771 • TWX 610-857-0305 

Manufacturing Facilities: 
Ormond Beach, Fla . • Blacksburg, Va, 
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MIL. SPEC. POWER MODULES 
CERTIFIED . . your assurance that NUCOR 

MIL. spec power modules 
meet or exceed the Military 
Environ1m·ent of: 

MIL-T-21200F 
MIL-E-16400E 
MIL-E-5272E 
MIL-E-5400E 
MI L-STD-242 
MIL-STD-701 
MIL-S-19500 

featuring • HIGHEST MTBF 
Over 150,DOO Hours 

• Minimum Volume Sizes 

NEW! • Custom Designs for Specific Needs 

Technical 
data and 
price 
BROCHURE. 
Send for 
yours 

NUCLEAR CORPORATION 

today! 

OF AMERICA 
2 RICHWOOD PLACE 
DENVILLE, NEW JERSEY 
(201) OAKWOOD 7-4200 

ON READER-SERVICE CARD CIRCLE 105 

NEON or 
INCANDESCENT 
SUB-MINIATURE 
INDICATOR LIGHTS 
MEET OR EXCEED ENVIRONMENTAL 
AND OPERATIONAL REQUIREMENTS 
OF MIL-L-6723 AND MIL-L-3661 

Miniaturization is made possible by the wide selec­
tion of Dialco Sub-Miniature Indicator Lights for 
mounting in 15/32" or 17 / 32" clearance hole. 
Among the features offered are: Watertight con­
struction; resistance to vibration and corrosion; 
high-heat plastic or glass lenses; anti-rotation 
(locked) construction; phenolic insulation of military 
specification grade. 
Neon assemblies accommodate T-2 lamps in two 
types: NE-20 (MS25252) for 105· 125V AC-DC; and 
High Brightness NE-2J for 110-125V AC only. In 
DIALCO units, the current limiting resistor is built­
in (U.S. Pat. No. 2,421,321). 
Incandescent assemblies accommodate T-13/.i lamps 
in voltages from 1.35 to 28V-with life ratings to 
50,000 hours. 

SAMPLES ON REQUEST -AT ONCE- NO CHARGE. 
WRITE FOR CURRENT CATALOG 

ON READER-SERVICE CARD CIRCLE 106 
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Maybe the Parsons DR 1200 is what you've been looking for. This new digital recorder 
is compact, weighs only 45 pounds, operates with only 100 watts of power and reads 
and writes IBM computer compatible tapes with tape speeds up to 120 inches pe1 
second. Recording format is 7 or 9 track data on IBM reels. 
Overall dimensions: 19 in. x 14 in. x 7.5 in. 

Its rugged construction, precision performance and fail-safe 
features make the DR 1200 an ideal instrument for field or 
fixed installations in virtually any kind of environment. Best 
of all, it is priced considerably lower than you would expect 
to pay for a comparable unit. It is now in production and 
deliveries can be made within six weeks. 

Dial 213-681-0461 (or drop us a line) and tell us what you 
need. Chances are the DR 1200 can be adapted to meet your 
optional requirements at a price you are ready to pay. For the 
white glove treatment, contact Jim Vallely, Sales Manager, at 

160 

THE RALPH M. PARSONS 
ELECTRONICS COMPANY 

151 S. DE LACEY AVE., PASADENA, CALIF. 

A subsidiary of The Ralph M. Parsons Company 
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LOS ANGELES 
NEW YORK 
WASHINGTON 

OFFICES IN OTHER 
PRINCIPAL CITIES 
THROUGHOUT 
THE WORLD 

Designer's 
Datebook 

SlPHMIU 
SMTWTfS 

I 2 3 
4 5 6 7 8 9 10 

II 12 13 14 15 16 17 
18 19 20 21 22 23 24 
25 26 27 28 29 30 

Sept. 15-16 

OCTOIU 
SMTWTfS 

I 
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 31 

Computer Aided Solid-State De­
sign Institute (Santa Clara, Calif.) 
Sponsor: University of Santa 
Clara, Department of Electrical 
Engineering, Santa Clara, Calif. 
95053. 

Sept. 20-22 
Eighth Annual Conference on Tube 
Techniques (New York City) Spon­
sor: IEEE, G-ED; R. J. Bondley, 
General Electric Company, Sche­
nectady, N . Y. 

Sept. 22-24 
IEEE Broadcast Symposium (Ce­
dar Rapids, Iowa) Sponsor: IEEE, 
G-B; Serge Bergen, 10828 Fair­
chester Drive, Fairfax, Va. 

Sept. 26-27 
Joint Engineering Management 
Conference (Wash., D. C.) Sponsor: 
IEEE, G-EM et al; Homer Sara­
sohn, IBM, Armonk, N. Y. 

September 27-29 
13th Annual Air Force Science and 
Engineering Symposium (Arnold 
Air Force Sta., Tenn.) Sponsor: 
Air Force Systems Command and 
Office of Aerospace Research; Lt. 
P. Klute, Air Force Systems Com­
mand, Andrews AFB, Md. 

October 3-5 
Aerospace & Electrical Systems 
Convention (Wash., D.C.) Sponsor: 
IEEE, G-AES; Harold Schutz, 
Westinghouse Electric, P. 0. ·Box 
746, Baltimore, Md. 

October 3-5 
National Electronics Conference 
(Chicago, Ill.) Sponsor: IEEE et 
al; J. C. Hancock, Purdue Univer­
sity, Lafayette, Ind. 

October 18-20 
Seventh National Symposium of 
the Society for Information Dis­
play (Boston, Mass.) Sponsor: 
S.I.D.; Glenn Whitham, Society 
for Information Display, P. 0. Box 
413, Wayland, Mass. 
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MODEL DP-140-EVENT COUNTER AND SLAVE PLUG-IN 
(FOR DMS-3200 DIGITAL MEASURING SYSTEM) 

REMOTE 
CONTROL l. our PUT 

TRIGGER LEVEL 
0 

OIRfCT COUPLED 
( SLAVE 
.:- INPUT 

+ INPU T ll e !') 
CAP COUPLED 

MODEL DP 140 
EVENT couNTER 

DP-140 Plug-in 
with DMS-3200 
Main Franie 

DP-140 Event Counter and Slave Plug-in extends the application of DMS-3200 
Digital Measuring System to provide inexpensive, all-electronic counting and display 
in industrial and laboratory applications. A single plug-in/ main frame combination 
provides a three-digit display and additional combinations may be added in cascade 
to provide six, nine, or twelve digit display. The combination may also be used to 
extend the read-out of Hickok's DP-150 lmc. Frequency Counter to a simultaneous 
six-digit display of frequency or period. 

• Counting speed up to 106 pps. • Remote control of start, stop, resume, reset • 
Sensitivity lOOmv. • Fully transistorized • Small size • Light weight • 

Compatible with all other DP-Series Plug-ins 
DP-140 Price $75.00 DMS-3200 Price $320.00 

THE HICKOK ELECTRICAL INSTRUMENT CO. • 10514 Dupont Avenue • Cleveland, Ohio 44108 
ON READER-SERVICE CARD CIRCLE 233 



Never underestimate the power of a tube 

Here's why: 
This RCA-7213 has a capability 
of 1350 watts CW output at 600 MHz. 
It's compact. It's powerful. 
It's a CERMOLOX® Beam Power Tube, 
typical of the RCA line of 25 types 
tor RF power-from watts to megawatts, 
for frequencies to 3,000 MHz. 
For technical data, see your RCA Representative, 
or write: RCA Commercial Engineering, Section I 1 BQ-2, 
Harrison, N.J. These tubes are also available 
through your RCA Industrial Tube Distributor. 

RCA ELECTRONIC COMPONENTS AND DEVICES 

\ .. The Most Trusted Name in Electronics 
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