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For the first t ime you have the added 
dimension of variable persistence 
and storage in a low frequency scope 
for your de to 500 kHz measurements. 
And , only variable persistence gives 
you completely flicker-free displays 
of all your low frequency measure­
ments. 

Four new models in the HP ~200 
series have pushbuttons allowing se­
lection of conventional , variable per­
sistence and storage modes. Having 
one of these new all - solid - state 
scopes is like having three scopes in 
one! 

You can select storage writing 
speed by pressing the STD push­
button for > 20 cm / ms. Press the 
FAST pushbutton for > V2 cm I µ,s 
writing speed . Persistence is con­
tinuously variable from 0.2 second to 
1 minute or longer in STD mode and 

0.2 second to 15 seconds in FAST 
mode. 

In STD mode, you can vary storage 
time from 1 minute to 8 hours-i n 
FAST mode, from 15 seconds to 1 
hour. And , because of the mesh 
storage technique used in the 8 x 10 
cm internal graticule CRTs, you get 
bright displays without the loss of 
trace brightness caused by phosphor 
deterioration. The 1200 storage CRTs 
have a life expectancy comparable to 
HP conventional CRTs. 

The new HP 1201A (cabinet) and 
12018 (rack) models are dual trace 
storage scopes with 100 µ,VI cm de­
flection factor. Models 1207A and 
12078 are sing le trace storage scopes 
with 5 mV I cm deflection factor. 
These new scopes have single-ended 
or differential input on all ranges, 
high common mode rejection ratio , 

complete triggering versatility, ex­
ternal horizontal input, de-coupled 
Z-ax is, beam finder - many of the 
features normally associated only 
with high frequency scopes. 

For full details on the new HP de 
to 500 kHz variable persistence and 
storage scopes in the 1200 series, 
contact your nearest HP field engi­
neer. Or, write to Hewlett-Packard, 
Palo Alto, California94304. In Europe : 
1217 Meyrin-Geneva, Switzerland. 

Prices : HP 1201A or 12018 100 µ,V 
storage scopes, $1800 ; HP 1207A or 
12078 5 mV storage scopes, $1475. 

HEWLETT~ PACKARD 

OSCILLOSCOPE SYSTEMS 

089/9 

Now You Can Get Flicker-Free 
Variable Persistence and Storage In A 
Low-Cost, Low F.requency Scope! 
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Something Ne'! Has Seen Added! 

Body EIA 
Code Charac-

teristic 

082 NPO 

075 N750 

067 X7R 

023 Z5U 

CAPACITORS 

TRANSISTORS 

RESISTORS 

Operating 
Temperature 

Range 

- 55 c 
to 

+125 c 
+25 c 

to 
+85 r. 
- 55 c 

to 
+125 c 
- 55 c 

to 
+125 c 
+10 c 

to 
+85 c 

UE MONOLYTHIC® 
CERAMIC CAPACITORS 

now have a phenolic terminal base 
Type 7C Radial-lead Capacitors are made with alternate layers of sprayed ceramic di­
electric material and screened metallic electrodes, fired into a solid homogeneous block 
and coated with a tough phenolic resin. Their new bossed terminal base construction 
provides these advantages: (1) No resin run-down on leads. (2) Uniform lead spacing is 
automatically maintained. (3) No dirt and moisture entrapment; degreasing fluid flows 
freely between capacitor and board. 

Maximum 
Cap.Change 

over WVDC 
Temp. Range 

50 
±60ppm/°C 100 

200 

-750±120 
ppm/°C 50 

100 
Meets 200 

MIL-C-20 
Char. UJ 

50 
±153 100 

+223, 50 - 563 

Capac-
itance 
Range 

51 pF 
to 

.024 µF 

.001 µF 
to 

.082 µF 

.0018 µF 
to 

1.5 µF 
.01 µF 

to 
3.3 µF 

Capac-
itance 

Tolerance 

±203 
±103 
±53 
± 23 

±203 
±103 
±53 
±23 

-
±203 
± 103 

+80,-203 
±203 

~, .. 
~~ . I 

Also made with axial 
leads, Monolythic® Ce­
ramic Capacitors are 
available in four body 

formulations, including a newly-devel­
oped 075 ceramic material, as de­
scribed in the adjacent chart. 

• • • 
For complete technical Jato write for 
engineering bulletins on Monolythic 
Ceramic Capacitors to: Technical Litera­
ture Service, Sprague Electric Co., 233 
Marshall St., North Adams, Mass. 01247. 

SPRAGUE COMPONENT S 

SPRAGUE® CERAMIC· BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

INTEGRATED CIRCUITS 

THIN·FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

THE MARK OF RELIABILITY 

'Spraaue' and· @· are re1istered tr1dem1rks of the Spra1ue Electric Co. 

The Electronic Engineer • May 1969 Circle 4 on Inquiry Card 1 





Editorial .... .. .. . . . . 
Up to date .... . .... . 

Forefront 
Speak up .. ..... . .. . 
Ca lendar ........... . 
Careers ... . ........ . 
Product Seminars ... . . 
Courses ..... ....... . 
Design Features 
Welcome 
Fanout 
Microworld 
Lab .... 
IC Ideas . .. . ...... . . 

7 
10 
17 
20 
25 
27 
34 
41 
47 
54 
54 
64 
73 
89 

Abstracts . . . . . . . . . . . . 95 
New Products . . . . . . . . 99 
Microworld New Products 106 
Lab Instruments . . . . . . 108 
Systems New Products 125 
Elroy . . . . . . . . . . . . . . . 126 
Lit eratu re . . . . . . . . . . . 128 
Books . . . . . . . . . . . . . . 135 
Ad Index . . . . . . . . . . . . 136 

+--Circle 5 on Inquiry Card 

rD 
The Electronic Engineer 

May 1969 Vol. 28 No. 5 

Project management, military style 
To control the large Omega project, the Navy has delegated authority and 
responsibility to a project manager. 

IC voltage regulators-Do-it-yourself power supplies 
Not yet, say the users. Never, say the manufacturers of power supplies. But, 
now that you can get good regulators for $5, lots of people are buying them. 

Transmitting data with digital ICs 
New integrated circuits make it possible to transmit data under high noise 
condit ions. using a simple twisted pair of wires. 

27 

47 

58 

ROM at the top 64 
From code conversion to microprogramming, the monolit hic read-only memory 
proves to be a versatile component. 

Instrumentation: The systems approach 
Instead of performing isolated measurement tasks, instruments are taking on 
more and more of the complete data job. 

73 

IC Ideas 89 
• Zero-beat detector 
• IC-compatible crysta l oscillator 
• Tuned rf frequency divider 
• Digital clock has adjustable pulse width 

COVER 
Because of IC vo ltage regulators becoming p lent iful 
and priced right, des ig'ners now face a new make­
or-buy decision for power supplies. When you should 
" roll your own" or bu y complete power supp lies is 
wel l covered in the article on page 47 by Steve 
Thompso n, our western edi tor . Steve points out what 
is ava ila ble in regulator un its, both monolith ic and 
hybrid, and their strong and weak points. Our cove r 
has some good examples of products made by Gen· 
eral Instrument, Bendix and Beckman . 
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There is only 
ONE authentic 
method to 
measure 
Phase Angle ... 

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

TELmYNE 

T0-5 Relay 

We keep our promises! Last month 
we promised a low-priced industrial 
application DPDT T0-5 case relay 
with an internal transistor driver. We 
call this new contraption "THE PILL." 
"THE PILL" contains a transistor 
driver and suppression diode, 
attaches externally to our DPDT 
industrial 712 relay to form the 
712T ... and does double duty as a 
transapad. 

The 712T combines the advantages 
of relay operation, i.e., high isolation, 
low contact resistance, double 
throw contacts, high current and 
overload capability with the low 
signal drive requirement offered by 
the transistor front-end. 

The Electronic Engineer • May 1969 

for price control 

It's hermetically sealed; utilizes all 
welded construction; requires a 
turn on (trigger) power of only 200 
microwatts or less depending on coil 
voltage; and may be driven directly 
from standard T'L or similar logic. 
The relay coil is paralleled with a 
diode to suppress transients. 
The entire package is only0.405 high 
by 0.370 in diameter (including 
"THE PILL"), and is available from 
stock at your local Teledyne Relay 
distributor or from the factory at the 
following price schedule : 
Quantity 100 1,000 10,000 
Price $12.50 $10.40 $ 9.25 

We call our first price control 
PILL the 712T ... Look for an op-amp 

+~----. 

Input 

Relay 
Coil 

Transient 
Suppression 
Diode 

Drive 
Transistor 

PILL in July for DO-IT-YOURSELF time delays and level sensing 
applications. 

No blue sky promises from us . .. just fast delivery for 
quick price relief. 

Phone, wire or write for technical data. 

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

Circle 7 on Inquiry Card 5 





II 

...,___ Circle 8 on Inquiry Card 

EDITORIAL 

One electronic world 
As recently as four years ago, the chief engineer for microelectronics of an impor­
tant French firm told me that American electronic magazines were being very 
instructive in publishing articles on integrated circuits. "But," he remarked sadly, 
"we feel kind of hopeless when we find out that most of those circuits are available 
only in the United States." He was referring, specifically, to the new TTL integrated 
circuits that had appeared in the U.S. market, and to the DTL 1cs that his American 
electronic engineer counterparts were using to good advantage to design the next 
generation of digital equipment. 

This situation no longer exists. Your French, German, or Australian colleagues 
can today get the same circuits and components that are available to you, from 
thin-film resistors to high-level TTL integrated circuits. They pay only a slightly 
higher price than you do, and are catching up fast in learning how to use them. 

To be sure, the technological gap that has accounted for the United States' 
supremacy in electronics still exists, since most components are developed and 
manufactured here first. But that gap no longer has much effect on the availability 
of those components. Save for customs regulations (which are relaxing slowly) , and 
thanks to the light weight of modern components, a manufacturer of integrated 
circuits or of crystal-can relays can air-freight his products just as easily to 
Amsterdam, Holland as to Amsterdam, N.Y. ; as easily to Melbourne, Australia as 
to Melbourne, Fla. We are fast approaching "one world" (to borrow Wendell 
Wilkie's visionary phrase) - the one world of electronics. 

This was evident by comparing the recent IEEE Show, held in New York from 
March 24 to March 27, with the Salon International des Composants Electro 1iques, 
held immediately afterward in Paris, from March 28 to April 2. Those American 
manufacturers who exhibited at both shows displayed almost exactly the same 
wares at each.* 

What is the importance of this one electronic world to you? What difference 
does it make to you if the same components you use are available half-way around 
the globe? The difference is that, while the availability gap is evaporating, the salary 
gap is not. An hour of design work costs far more in the United States than 
anywhere else in the world. If talents and components are equal, it will be cheaper 
to produce certain types of electronic equipment elsewhere than here. You can 
see this trend already embodied in such popular items as the Sony-Tektronix 7-lb 
portable oscilloscope (designed and manufactured in Japan), in some Hewlett­
Packard instruments (designed and manufactured in Germany), and in many IBM 
peripherals for the System 360 computer (designed and manufactured in several 
European countries). 

The obvious way the American electronic engineer can stay competitive is to 
enlist the aid of the computer, as more and more of our readers are doing As for 
our magazine, the unification of the electronic world will be reflected in our making 
available to you useful information, regardless of where it originates from. The 
new electronic world will have no place for chauvinism, or even provincialism. And 
it will be a world worth participating in. 

A f ~-fo Soco/011.r~ 
Editor ( 

•The Eur opean manu factu r ers who exh ibited in Paris con centra ted on " best selling" instru­
m ents such as counters, digital voltmet ers , and di g ita l panel m eters, and on popular compo nents, 
such as nrr, digital c ircuits , oper ational amplifiers, and vol tage r egulato r s, r ath e r than on state­
of-the-art items. The Paris show also featured a la r ge pe r centage of " product io n " booths , 
particularly fo r printed circuits. 

Have you noticed . . . 
. . . the new columns in the last few issues of our magazine. One, called "Welcome" 
(page 54), gives you the latest information on new companies or new divisions in 
the electronics industry. Another, called "Product Seminars" (page 34) , lists 
seminars sponsored by electronic companies for users of their products. 
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If you want better designs, 

Fairchild MSI lets you design a system in the time 
you used to spend designing a circuit. A few MSI 
building blocks will do more work than a hun­
dred ICs. We have versatile, compatible off-the­
shelf devices that function like shift registers, 
counters, decoders, latching circuits, storage ele­
ments, comparators, function generators, etc. 
Just about all you need for any digital applica­
tion . Like a scanning keyboard encoder: 
" If you'd like a simple method of converting 
keyboard switch closures to a binary code, you 
need only 5 of our CCSL building blocks and the 
logic diagram on the right. (Conventional design 
techniques would require about 30 conventional 
ICs to do the same job.) Besides simplicity, this 
design provides fast rollover, insensitivity to 
contact bounce, and eliminates ambiguity when 
several keys are depressed. 

The two ma jor elements of the design are a 
64-position matrix and a six-bit synchronous 
counter. (The counter is composed of a 9316 
four-bit binary counter and a 9020 dual JK flip­
flop .) The three Most Significant Bits of the 
counter output address the 1-of-8 decoder (9301) 
forming one side of the matrix, sequentially 
driving its outputs "low". The three Least Sig­
nificant Bits address the 9312 scanning multi­
plexer (the other side of the matrix), sequen­
tially looking at its eight inputs. With this 
arrangement, all multiplexer inputs are scanned 
once for every change in the decoder output. 

Each intersection of the decoder outputs and 
the multiplexer inputs can be used as a key posi­
tion . If one of the keys is depressed, a "low" 
from the decoder is detected by the multiplexer 
and converted to a " high" on its negation out­
put. This triggers a one-shot that inhibits the 
counter from advancing further and provides a 
" data ready" signal. The duration of the one­
shot is set to cover any possible contact bounce. 
The output of the counter can now be used as 

8 Circle 9 on Inquiry Card 

the encoded signal, and the matrix can be 
arranged so that any key closure provides any 
binary code from 000 000 to 111 111 . 

The code that appears corresponds to the 
first key depressed. As long as that key remains 
down, the retriggerable one-shot continues to 
receive reset pulses that hold the counter at the 
count independently of any other switch clo­
sures on the board. Once that key is released, 
the counter resumes its scanning after the one­
shot time period has run out. 

The addition of a few more MSI elements 
would add even greater capab ility to this 
design. As an example, the addition of another 
9312, 9316 and 9601 can result in a single seria l 
binary PDM output group in response to each 
key depression. Additional control inputs could 
be used to restrict the range of the scan counter 
if only certain keys should be enabled in a cer­
tain mode as is the case in key punch mach ines. 
Addition of a 9304 Read-Only Memory would 
allow the selection of any code output w ith a 
single keyboard design. A single monolithic 
parity generator could be added to provide 
parity at very little additional cost. Or, you 
might want to add two Read-Only Memories to 
drive a character display and a normal output 
simultaneously. 

Our universal CCSL logic blocks let you build 
circuits that you couldn't even consider with less 
complex or less flexible ICs. We now have 15 
off-the-shelf MSI devices that you can use to 
lower costs and increase performance. More are 
on the way. Write for additional specs and appl i­
cation notes. We'll put you on our list for future 
mailings, too. 

FAIRCHILD SEMICONDUCTOR / A Division of Fai rch ild 
Camera and Instrument Corporation 11111111 ... ----• 

Mountain View, California 9404oFAIRC::HILCJ 
(415) 962-5011 / TWX: 910-379-6435 SEMICONDUCTOR 
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UP TO DATE 

LSI: Better late than never 

Few are the companies that can deliver one year later 
than contracted for, yet still manage to please the cus­
tomer (in this case the Avionics Lab at the Air Force's 
Wright-Patterson base) . Texas Instruments, in deliver­
ing the hardware for the first system to make full use of 
large-scale-integration techniques, has pulled it off. 

The integrated subsystems in question were 34 ar­
rays: 16 arithmetic units, six input/ output blocks, and 
12 control-logic components. Average complexity of 
the transistor-transistor-logic devices was 200 gates per 
chip, well beyond the 100-gate threshold of LSI (see 
T he Electronic Engineer, Feb. 1969, p. 53). These 
arrays replace over 1700 individual firs t-generation 
1cs in an updated version of an avionics computer. The 
equipment itself is a 16-bit machine with a 2-MHz 
clock rate, part of the Air Force's MERA radar system. 

Countdown 

Besides the obvious benefit of smaller size, the LSI 

approach imparted other advantages: a 50: 1 savings 
in parts, a 6: 1 reduction in interconnections, and a re­
liability improvement of 50: 1. And it reduced the build 
time (for the computer) to half of what it used to take 
with standard res. 

TI achieved a number of other objectives, all of 
which pertain to its ability to provide other customers 
with LSI products: 
• The fabrication of standard LSI wafers that contain 
both flip-flops and various-input ( 1, 3, 5, and 7) gate 
circuits. 
• The establishment of an automatic probe system that 
determines the exact location of every functional gate 
and flip -flop on a wafer. 
• A working, computer-programmed, multi-level inter­
connect generator system for fast turnaround time. 
• A compatible, 3-level metallization scheme that is 
applicable to other arrays. 
• An automatic test program for checking array func­
tioning. 

Connect with this idea 
Here is an idea from NASA that looks interesting. It is 
a non-arcing elec trical connector concept. While the 
connector has not yet been built, R. E. Holmen of 
Douglas Aircraft, working under contract to Marshall 
Flight Center, believes it is a practical idea. 

10 

TI would not reveal if and when any of the arrays 
would be marketed on an off-the-shelf basis. But one 
company official was quick to point out, "We already 
have standard LSI products, such as 100-gate memories, 
and other arrays will be introduced later this year." 

A decade of integrated circuit achievement. IC inventor Jack 
Kilby (center), Texas Instruments, holds the fi rst all · IC 
"computer, " a 1961 unit that demonstrated pract icality of 
the IC concept . Flanking Air Force officials display portions 
of new all-l..!SI computer: at left is subsystem board com­
posed of first-generation ICs; at right is a 250-pl us gate 
array that replaces it. 

A connector plug, as shown, will minimize or elimi­
nate arcing during mating or demating. The plug has 
a high resistivity outer mating surface, such as a carbon 
rod with an inert binder. When the plug is inserted 
(Continued on page 13) 
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Five places for mil-spec connectors to lose wait. 
Getting the Mil-C-26500 and Mil-C-26482 cylindrical 
connectors you need doesn't take longer any 
longer. 

Now you can get Elco cylindrical connectors, 
overnight, from any of our six stocking-and­
assembling distributors. In any configuration. 
With from 2 to 61 contacts. Bayonet or threaded. 

The connectors are the equal of any mil-spec­
meeting cylindrical connector. Only, for you, 
they're a little more equal. Because you can get 
them faster without paying extra for the privilege. 

And the distributors are as willing and able 
a group of guys as you'll ever deal with. Give the 
one closest to you a call; you'll see what we mean. 

The Electronic Engineer • May 1969 

For more information (like our new cylin­
drical connector catalog, for instance) or for 
direct factory assistance, write Elco Corporation, 
Pacific Cylindrical Connector Div. ~· -
2200 Park Place, El Segundo, Cal. 90245,= 
or phone 213-675-3311. TWX 910-325-6602. 

ELCO Cylindrical 
Connectors 
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Up in the air 
for a reliable 
PCM telemetry 
system? 
Look to MONITOR's Space/data Team 
MONITOR System's A-100 PCM Telemetry Systems 
are currently flying in aircraft, missile, spacecraft 
and sounding rocket instrumentation applications. 
These high environment units provide state-of-the­
art performance at extremely competitive prices. The 
A-100 PCM unit features: 

• Extensive utilization of fully preconditioned micro­
circuitry for high reliability, small size, and low 
cost. 

• Full compatibility with all IRIG PCM specification. 

• True system flexibility-custom systems designed 
from proven building blocks. 

Our down-to-earth engineering staff is available to 
provide expert assistance in defining and specifying 
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your airborne instrumentation system. Call us and 
let us show you the most economical approach to 
solving your data handling problems. MONITOR's 
total systems capability covering all phases of 
ground -based and airborne telemetry is at your 
disposal. 

ONITOR 
S"YSl"El'V'IS 
an AYDIN company 

401 Commerce Drive, Fort Washington , Pa . 19034 
Phone: 215-646-8100 • TWX: 510-661 -1520 
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UP TO DATE 

A new idea in light beam deflection 
Faster and faster memories are being sought by com­
puter manufacturers. Many ideas and schemes are be­
ing tried. One of these is an experimental device that 
can switch the position of a light beam in 35 millionths 
of a second. This type of high-speed deflector has po­
tential in optical memories to randomly position a laser 
beam for data recording and reading. 

The deflector works on the principle of total internal 
reflection, which minimizes loss of light. A converging 
light beam entering a prism is totally reflected at a right 
angle to its original path and brought to a focus. 

To change the position of this spot, a glass plate is 
moved into contact with the prism's reflecting surface. 
This effectively makes the prism larger. Light entering 
the prism now passes through the interface to the back 
of the plate and is reflected to a new focal position. 

The glass plate is moved in and out of contact with 
t.he prism by a ceramic piezoelectric disk bonded to the 
plate. When a voltage (300 V) is applied to the disk, 
the ceramic material expands, causing the thin glass 
plate to bend away from the prism. 

The disk need only move the plate about 35 x 1 o-s 
in. to prevent the light beam from crossing the boundary 
and entering the plate. Grooves ground into the plate 
allow it to bend more readily, and surface depressions 
promote a "peeling" action that makes lifting the plate 
easier. 

At IBM's San Jose laboratories, prisms and plates 
have been combined to form multistage deflectors that 
produce high-quality images at several locations on a 
recording surface. Since the number of spots increases 
geometrically with additional prisms and plates, de­
flectors capable of addressing more than a thousand 
locations are feasible. 

Development was done at IBM Systems Develop­
ment Div. in San Jose, Calif. 

(Continued from page 10) 
into a receptacle, the high resistivity material limits cur­
rent to below arcing level. As the contact mates further 
into the connector, less and less resistance is in series 
with the current, until contact is made with a good con­
ductor. 

The carbon rod can be very hard and should be 
machinable. Because this rod has very little shear 
strength, it needs an inert stiffener. 
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Light deflector switches a laser beam from one spot to an· 
other in 35 x 10-• seconds by moving a glass plate in and 
out of contact with a prism. Glass is moved with piezoelectric 
material. 

By rapidly moving a glass plate in and out of contact with a 
prism you can vary the position of a light beam. The glass 
plate is mounted to piezoelectric material. Applying a voltage 
to the piezoelectric "driver" causes the material to change 
dimensions, thus moving the glass. The sketch shows the 
glass moved away from the prism. Deep groove in glass 
plate, and depressions, facilitate bending of glass away 
from prism. The gap is exaggerated in sketch. 

PIEZOELECTRIC DRIVER 

Inert 
Stiffener 

~ 
Carbon Brass 

Equiva len t C1rcu 1t 

Final Mating Eautvalent C1rcu1 1 
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The Delco Radio DTS-100 series. NPN. Triple dif­
fused . Rugged. 

All the experience gained from our very high 
voltage silicon power line has gone into the devel­
opment of these new transistors. 

They were especially designed for the extreme 
under-the-hood environment of our l.C. voltage reg­
ulator. We found 

20 200111 
these devices ideal ~ ~ ' i'.. _IS,,,,. c---+-+-t-+HtH 

for applications re- h. )'..I ~~ 
. . h' h ff' 
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energy reliability that's needed for very tough 
switching jobs-resistive or inductive. The 28-volt 
shunt regulator above, for example, is amply han­
dled by the DTS-103 (VcEx of 80 volts). For complete 
data on this circuit, ask for our application note 
No. 42. 

In the direct coupled audio amplifier above right, 
the DTS-107 displays the excellent frequency re­
sponse, gain linearity and transconductance of this 
family. This circuit is covered in our application 
note No. 43. 

Our solid copper T0-3 package provides maxi­
mum thermal capacitance to absorb peak power 
pulses. Its low thermal resistance (0.75°C/W Max.) 
assures the extra reliability you expect from Delco. 

Like more information? Just call us or your near­
est Delco Radio distributor. All our distributors are 
stocked to handle your sample orders. 

SEMI CONDUCTOR DISTRIBUTORS: EAST-BALTIMORE, MD.21201, Radio Electric Service Co., 5 North Howard St., (301)-539-3835 Bl NGHAMTON,N.Y. 13902, 
Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation, 312 Clifton Avenue, (201)-471-6600 NEWTON, MASS. 02195, The 
Greene Shaw Co., Inc., 341 -347 Watertown Sl, (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St., (212)-582-2590 PHILADELPHIA, PENN. 
19114, Almo Electronics, Division of Sterling Electronics, Roosevelt Blvd. at Blue Grass Rd., Northeast Industrial Park, (215)-676-6000 PITTSBURGH, PENN. 15328, RPC Elec­
tronics, 620 Alpha Drive, RIDC Park, (412)-782-3770 WOODBURY, LI., N.Y.11797, Harvey Radio Company, Inc., 60 Crossways Park West, (516)-921-8700 SOUTH-BIRMING­
HAM, ALA. 35233, Forbes Distributing Company, Inc., 1416 Fourth Ave., South, (205)-251-4104 MIAMI , FLORIDA 33142, Mountain Electronics, Division of Mountain National 
Co., 3730 Northwest 36th St., (305)-634-4556 RICHMOND, VA. 23220, Meridian Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH, FLA. 33402, 
Mountain Electronics, Division of Mountain National Co., 1000 N. Dixie Highway, (305)·833-5701 MIDWEST-CINCINNATI, OHIO 45237, United Radio, Inc., 7713 Reinhold 
Drive, (513)-761-4030 CLEVELAND, OHIO 44125, The W. M. Pattison Supply Co., Industrial Electronics Division, 4550 Willow Parkway, (216)-411-3000 DAYTON, OHIO 45414, 
F-J-R Ohio, Inc., 5212 North Dixie Dr. (513)-278-9411 INDIANAPOLIS, IND. 46204, Graham Electronics Supply, Inc., 133 S. Pennsylvania St., (317)-634-8486 KALAMAZOO, 
MICH. 49005, Electronic Supply Corp., P.O. Box 831, (616)-381-4626 KANSAS CITY, MO. 64111, Walters Radio Supply, Inc., 3635 Main Street, (816)-531-7015 Ml NNEAPOLIS, 
Ml NNESOTA 55401, Stark Electronics Supply Co., 112 3rd Ave. , North, (612)-332-1325, ROSEMONT, ILL. 60018, F-J-R/ Midwest, Inc., 9340 William St. (312)-678-8560 SKOKIE, 
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le le 
Cont. Pulsed 
Amps. Amps. 

DTS-103 15 20 

DTS-104 15 20 

DTS-105 15 20 

DTS-106 15 20 

DTS-107 15 20 

VeEx Vern Vern(sus) hFE hFE VeE(sat) ft 
@.5mA @.25mA @ 250mA @5A @20A @JOA MHz 

Volts Volts 
~ 

Volts (Min.) (Max.) (Min.) 

80 60 60 20-55 5 1.8 4 

80 60 60 50-120 10 1.5 4 

100 80 75 20-55 5 1.8 4 

110 90 80 20-55 5 1.8 4 

120 100 85 20-55 5 1.8 4 

DELCO RADIO 
DIVISION OF GENERAL MOTORS 
KOKOMO, IND/ANA 
THEKOKOMOANSAREINPOWER 

Pt 
Walts 
(Max.) 

125 

125 

125 

125 

125 

FIELD SALES OFFICES 
Union, New Jersey• 07083 Chicago, Illinois* 60656 
Box 1018 Chestnut Station 5151 N. Harlem Avenue 
(201) 687-3770 (312) 775-5411 
Santa Monica, Calif.• 90401 Kokomo, Ind. 46901 
726 Santa Monica Blvd. 700 E. Firmin 
(213) 870-8807 (317) 459-2175 Home Office 
Detroit, Michigan 48202 
57 Harper Avenue 
(313) 873-6560 

•omce includes field lab and resident 
engineer for application assistance. 

•office includes field lab and resident engineer for application assistance. 

MARK OF EXCELLEN CE 

ILLINOIS 60076, Merquip Electronics, Inc., 7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MISSOURI 63144, Electronic Components for Industry Co., 2605 South Hanley 
Road, (314)-647-5505 WEST-ALBUQUERQUE, N.M. 87108, Hyer Electronics Company, 130 Alvarado Drive, N.E., (505)-265-5767; 87106 Sterling Electronics Inc., 1712 Lomas 
Blvd., N.E., (505)-247-2486 COLORADO SPRINGS, COLO. 80902, L. B. Walker Radio Company, 9 E. Vermijo SI., (303)-636-1661 DALLAS, TEXAS 75201, Adi eta Electronics 
Company, 1907 McKinney Ave., (214)-742-8257 DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 ENGLEWOOD, COLORADO 80110, 
Hyer Electronics Company, 8101 E. Prentice Ave., (303)-771-5285 FORT WORTH, TEXAS 76102, Adleta Electronics Co., S. Expressway at E. Vickery, (817)-336-7446 HOUSTON, 
TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street, (713)-224-9131 LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)-
748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585 Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, 
(405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc., 3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 
22nd Ave., (602)-258-4531 SALT LAKE CITY, UTAH 84115, Hyer Electronics Company, 1425 South 2nd West, (801)-487-3681 SAN DIEGO, CAL. 92101 , Milo of California, Inc., 
2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108, Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH. 98402, C & G Electronics 
Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA-SCARBOROUGH, ONTARIO, Lake 
Engineering Co., Ltd., 123 Manville Rd., (416)-751-5980 
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The revolutionary PhotoSCR 

Will f ire when it sees the whites of their eyes. 
That much light is all the command this ultra-sensitive SCR needs to fire . Maximum light sensitivity is 
ten foot candles . Yet, its adherence to orders is so strict that you won't find a more stable device anywhere 
in the field. Even under charging currents that would overpower most other devices, it will hold its 
ground . Because its outputs are high , its gains are high, with peak currents up to one hundred times above those of 
other photosensitive semiconductors. You won 't have to call in amplifiers for reinforcements. Watch 
how SSPl 's PhotoSCR performs when it sees action in tape and card readers , level controls, optional encoders, 
meter relays, and watt-hou r meters. SSPI has started a revolution . A call to Howard Wasserman now 
could mobilize SSPl's standing army of PhotoSCR's to join forces with you. 

SOLID STATE PRODUCTS ~s~ 01v1s10N oF uN1TRooE coRPDRAT10N 

One Pingree Street, Salem, Massachusetts 01970 /Te l. (617) 745-2900 



FOREFRONT 

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

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

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

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

INSTRUMENTS 
Differential voltmeters (de) 

Fluke 885A 
Fluke 895A 

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

t t t 
0.01 0.005 0.0025 0.002 

I 
0.001 

Fluke 881A 

Accuracy 
:! % of reading 

Price 
1375 1350 1300 12 15 1125 1055 965 825 

General - purpose oscilloscopes 

H-P 180A Tektronix 454 Iwatsu SS211 

50 100 150 200 

Pulse generators 
E- H Research 122 

Datapulse 112 Dalapulse 113 E-H Research 129 

100 125 200 250 500 

Chronet ics PG - 13 
H-P 214A E- HResearch 5112 

$ 

Real-time 
bandwidth 

MHz 

Highest PRF 
MHz 

••••ll)•••••••••••lt=i Output pulse amplitude 
Volts (across 50.0.l 

100 

Chronetics PG-II 

:!:15 

WWVB Receivers 
H-P 117A 

1300 

REED RELAYS 

400 

CMC SP-066 

:!:50 

Gertsch RLF-1 

875 

Magne crafl 102HV 

~Circle 13 on Inquiry Card . 

10,000 
(Im A) 

Offset voltage 
Volts 

Price 
$ 

Contact voltage 
(peak) Volts 
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FOREFRONT 

INTEGRATED CIRCUITS 
Operational amplifiers 

Fairchild Transitron 
µ.A741C TOA 7709 
Motorola National Radiation Union Carbide National Transitron 
MC 1539 LMIOI RA 909 UC 4000 LMIOIA TEC7809 

~-----c--~~"-·----·*---·-··p; Input bias current 200 120 100 87 50 30 JO (typical) nA 

Voltage regulators 
NPC LAIOO 
National LM 100 Fairchild µ.A723 

Transitron TVR 2000 
Motorola Ml560R 

t t 
12 150 

Power amplifiers 
Amperex TAA 300 
G.Electr lc PA 234 
Motorola MCl554 
RCA 3020 A 

t 
500 

Output current 
mA 

1111.f1ralnlslTelklTITl1•fG1.1E11elctlr1lclPA12•131711111Gl.El1'ecl1lricllPAll2l4.)'.:::=::=:=:=:J1 Power output 

2 3 4 5 watts 

SEMICONDUCTORS 

Silicon power transistors (npn) 
' 

Westinghouse 1441 

t 
200 350 400 

50 

Delco DTS-425 
Sol i tron SDT-1164 

Amperex A750 

f 
700 750 

Solitron 
2N4866 

t 
Transitron STl401 I 

f 
70 80 100 

(Vcrn•IZOV) (Vcrn•IOOV) 

Thyristors 
West in ghouse 282 ( 1500V) 

West inghouse 1401 

t 
600 625 

Motorola 

Power dissipation 
Watts 

. MJE8401 

t VcEx -Volts 
1200 1400 

Westinghouse 1441 

t 
150 

(VCEO' IZOV) 

Collector current 
Amps 

General Electric 
C790 (1200V) 

Internationa I Recti fi er 

GE C380 
_i_ 

200 

t 
475 

470 r 
t 

740 850 
AI R -COOLED 

International Rectif i er 
71RAIOOS80 

West inghouse 272 
_j_ 

300 400 

Not ional 
NL - F 150 

l 
500 

I 
1000 

G.E. C500XI (IBOOV) 

t 
1200 

WATER COOLED 

Forward current 
Amps 

Motorola 2N4199 

..f 
600 

Voltage rise 
dv/dt-V/f's 

Westinghouse 260 
GE C380 

International Rect i f ier 
81RLBl 20 

100 200 

Zener diodes 

4 3 

600 800 
(125A-1200V) 

Motorola MZ4614 

1 
2 I 

(Vz=l.8V) 

5,000 

J Current rise 
di/dt-A/JLS 

No ise level 
,,.v /.,/HZ 
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Suffering from 
Pot Core tolerance pain? 
{Take a powder and ontrol it all the way). 
Ferroxcube pot cores offer the 
magnetics designer extra perform­
ance and value because every step 
from powder formulation to final 
machining is under strait-jacket­
tight control. And there are a lot 
of steps to be controlled : part icle 
size , uniformity of properties, 
pressing, firing, grinding, testing. 
It takes precision all the way to 
give you pot cores with electrical 
tolerances that are the tightest in 

.. 

.. 

the business. That's why our pot · . Ferroxcube pot cores are 
cores are the choice of hard- stocked by distributors in your 
nosed design er1 gineers. area. If you haven't yet designed 

Ferroxcube bioneered ferrite around them and would like to ex­
materials. Out Of this experience periment a bit before you buy, 
have come some proprietary con- write for Bulletin 220-0. A quick 
tributions to the art of mass pro- scan will tell you which free sam­
d uc i ng pot ores. These are pie pot core to ask us for . 
reflected both in a wide variety of 
pot core sizes and a range of bob- f b ~ 
bins and hardware accessories. erroxcu e ~ 
All with price!S you can live with. Saugerties, New York 

Atlanta-Cartwright & Bean, (404) 237-2273; Baltimore-Eastern Components. (301 ) 322-1412; ' Burbank, Cal.-(213) 849-6631; Columbus, Ohio-Mulligan & Mathias, (614) 486-2976; 
' Dallas-Gillett Industries. (214) 363-0107; Fayetteville , N.Y.-R .. P. Kennedy Cd, (315) 637-9531; Huntsville , Ala .-Cartwright & Bean, (205) 852-7670; Hyde Park , N.Y.-R. P. 
Kennedy Co., (914) 229-2269; Litt leton, Col.-Wm. J. Purdy Agents, (303) 794-dB3; Minneapolis-(612) 920- 1830; ' New York-Kahgan Sales, (516) 538-2300; ' Northlake, 111.­
(31 2) 261-7880; No . Miami Beach-Cartwright & Bean. (305) 945-2962; Orlando-Cartwright & Bean, (305) 425-8284; Ormond Beach , Fla.-Cartwright & Bean , (904) 677-3480; 
'Philade lphia-Eastern Components. (215) 927-6262; Phoenix-(602) 264-3129; Rochester, N.Y.-R. P. Kennedy Co ., (716) 271-6322; ' San Francisco-Wm. J. Purdy Agents , 
(415) 347-7701 ; Saugerties, N. Y.-(914) 246-2811 ; Union, N.J .-(201) 964-1844; ' Waltham, Mass.-(617) 899-3 11 O; Winston Salem-(919) 725-6306; ' Woodstock , N. Y.-Elna Ferrite 
Labs, (914) 679-2497; 'Toronto, Ont.-Phi lips Electron Devices, Ltd. (416) 425-510 I. 'Denotes stocking distributor. 
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Can you get a complete 

D /A Converter system for 
s1so? 

Yes; ask for EDAC. 

• Model EDAC-8-3, complete with internal 
reference and output amplifier: $150 ( 1-9) 

• 8 to 11 bit models from stock 

• Isolated grounds: no inter-system noise 

•Only 0.4" high (and only 2%x3 Ys" on your 

20 

PC board) 

SYSTEM BLOCK DIAGRAM 
+ 5 -15 +15 GND. 

ENA 

MSB 
12345678 

DIGITAL/ ANALOG CONVERTER MODEL EDAC-8 EDAC-9 I EDAC-10 EDAC-11 

PARAMETER UNIT VALUE 

RESOLUTION # of Bits 11 11 11 11 

ACCURACY # of Bits 8 9 10 11 

% of F.S. ::!:0.2 ::!:0 .1 ::!:0 .05 ::!:0 .025 

TEMP. COEFFICIENT % of F.S./° C ::!:0.01 ::!:0 .0075 ::!:0.005 ::!:0 .0025 

SETTLING TIME µs 5 typ.; 10 max. 

INPUT LOGIC DTL or TTL, one line, one load per bit 

CODING One's complement, two's complement 

RATED OUTPUT Voltage v ::!:10 
Current mA ::!:5 

POWER SUPPLIES * v + 5 + 15 -15 

Output short-circuit proof 
Meets environmental requirements of Mil -Std-202C 
•Also available for use with ::!: l2V su pplies. 

TEMPERATURE RANGES: STORAGE ............... ............. - 55 °C to + 125°C 

PRICES (1-9): 
EDAC-8-1 $200 

-2 175 
-3 150 

OPERATING . " ..... .. ...... .. - 55°C to + 85°C {EDAC-# -1) 

EDAC-9-1 $250 
-2 213 
-3 175 

-25°c to + 7o•c {EDAC-#-2) 
o•c to + 5o•c {EDAC-# -3) 

EDAC-10-1 $300 
-2 250 
-3 200 

EDAC-11-1 $400 
-2 350 
-3 300 

DOC has a better desi gn 

DATA DEVICE CORPORATION 
100 Tee Street, Hicksville, New York 11801 I (516) 433-5330 

Circle 15 on Inquiry Card 

ANALOG 
OUTPUT 
ANALOG 
GND. 

SPEAK UP 

I'll help the doctor ... 
if the doctor helps me 
Sir: 

I'm writing in response to the article 
"Help the Doctor" in the Nov. 1968 
issue (p. 50) of The Electronic 
Engineer. In particular I'm responding 
to the short questionnaire on page 53. 
Q. Would you like to be employed full 

time in medical electronics? 
A. Yes. I've answered at least 6 ads 

for medical EE's. Each of the com­
panies wanted an EE with medical 
experience to work at lK to 2K 
above the starting salary of an 
engineer. My present salary is 
commensurate with 16 years of 
experience. 

Q. How much spare time each week 
would you be willing to contribute 
to help a physician at a nearby 
hospital , diagnostic clinic, or re­
search center? 

A. As much time as that physician 
would be willing to contribute to 
maintain the health of my family. 

I've seen a number of idealistic 
articles recently in the electronics trade 
journals, to the effect that the EE has 
a great philanthropic role to play in 
medical electronics. Since I don't know 
a single doctor earning as little as 
double my salary, I find this rather 
amusing. I note with interest that when 
my health insurance fails to cover a 
medical bill, I have to pay the rest. 
Also when doctors work in clinics that 
service the poor, their salaries are paid 
nevertheless. Thus your questionnaire 
seems to be aimed at taxing the less 
rich to help the more rich. It's an 
interesting idea. I suppose you would 
contend that it's mankind which bene· 
fits . However the doctors don't make 
out so badly either. 

Robert Bruce, 
Senior Engineer 
Sperry Systems 
Syosset, N . York 

The author replies: Robert Bruce 
certainly has a point. Unfortunately 
his cynicism prevents him from seeing 
a rather obvious answer to his own 
argument. 

Anyone who knows anything about 
the medical profession also knows that 
any reasonably clever physician, driven 
only by the pursuit of the dollar, can 
readily build a $30,000 to $100,000 
practice, which depends upon nothing 
more electronically sophisticated than 
an ordinary stethoscope and a pad of 
prescription forms. ,Such physicians 
have little or no interest in electronics. 

"Is there an EE in the house?" ad­
dresses itself to research physicians, 
many of whom gave up the opportunity 

(Continued on page 22) 
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SPEAK UP 

(Continued f rom page 20) 

to go into lucrative private practices 
in order to fulfill their own idealistic 
desires to help humanity by addressing 
themselves to the crucial and perplex· 
ing problems of modern medicine. 
Many of these researchers, after years 
of training and additional years of ex· 
perience, receive salaries that would 
barely interest a starting engineer. In· 
terestingly, these are the scientists 
who come up with the significant 

·breakthroughs that open up whole new 
areas of medicine. These humanitari· 
ans are the Curies, the Jenners, and 
the Salks of western civilization, and 
frequently they leave their children 
nothing more tangible than a legend. 

"Is there an EE in the house?" 
didn't order engineers to march down 
to their local hospital and work full­
time for nothing. The article merely 
presented the problems of one re· 
search physician in the hope of inspir· 
ing engineers to give the electronics 
needs of that physician and his col· 
leagues a little thought. An"d it {po­
litely, I hope) asked those engineers 
who wish to spend a few hours a week 
helping these men to accept telephone 
calls and correspondence from them. 
So far, over 70 electronic engineers 
have written this magazine offering 
their services. Here are some of their 
comments : 

" . .. I was deeply moved by the 
problem Doctor Levy has been having. 
.. . If it is at all possible, I would like 
to help." 

" In response to your article . . . , I 
would like to offer my assistance which 
might be of benefit to the medical pro· 
fession ." 

A medical electronics firm writes: 
"Our company policy is such that part 
of our responsibility in engineering is 
to help or work with any doctor who 
calls us for information . We have also 
found that we gain unlimited satisfac· 
tion because of this policy." 

"I have just read the article in your 
magazine and would like to add my 
name to the list of available engi­
neers." 

" . . . I am interested in working part 
time without compensation in a hos· 
pita! , clinic or research center. I feel it 
is my responsibility to contribute what· 
ever I can in this important humanistic 
field ." 

"It seems that sufficient talent (both 
medical and electronic) ex ists to han· 
die these medical problems, but to 
date there has been little communica· 
tion between disciplines. Perhaps this 
gap can best be bridged by trade mag· 
azi nes. At any rate, your magazine is 
to be commended for making the at· 
tempt. We each have important vested 
interests in terms of our families, 
friends, and ourselves to help advance 
the state-of-the-art of medicine to as 
high a level as possible. I would con· 
tribute a reasonable portion of time to 
a local research center, etc, toward any 
worthwhile effort." 

" I have read with great interest your 
article on medical electronics. The 
plight of Dr. Levy in obtaining help 
with electronics applications will no 
doubt bring a flood of offers to help, 
and I want to add my name to the list. 

22 

If I am not able to help someone di· 
rectly with electronic problems, I feel 
certain that one of my engineering 
friends in the various companies in 
this area certainly will be able to do 
some good. They cover just about 
every imaginable specialty you could 
ask for." 

"I have just read the article in the 
November issue of The Electronic En· 
gineer. Needless to say, I am moved 
by the struggle of Dr. Levy and am 
anxious to join in similar efforts." 

"I must say that Dr. Levy is a man 
of remarkable courage and knowledge. 
Indeed, the task of designing a disk 
interface is no small one. I also respect 
his problem of decoupling digital spikes 
from his low-level analog inputs. We 
are constantly faced with this problem 
in my discipline of hybrid computers. 
Finally, yes, I would be willing to help 
a physician at a nearby hospital clinic 
or research center if I can contribute. 
I could probably spend about 4-8 hours 
per week in my spare time. I can be 
reached at work any day or at home 
on Monday nights." 

These are only a small sample of 
the letters that have come so far to 
the editorial office of The Electronic 
Engineer. Perhaps the most interesting 
one, from an electronic engineer who 
has had considerable . experience in 
medical electronics, was more inspir· 
ing than the article that ellicited it. The 
letter was written by a Czechoslovakian 
engineer who escaped to the United 
States during the recent Soviet inva­
sion. As a chief project engineer for 
15 years in Prague Research Institute 
of Medical Electronics, the man has 
designed many special purpose medi· 
cal instruments, such as a blood·circu· 
lation meter, a pulse-rate meter, and 
others. He writes a lengthy letter stat· 
ing his qualifications, then adds: "My 
favorite branch is physiology, espe· 
cially physical culture research . Other· 
wise I am able and surely capable to 
cowork in other medical branches. I 
wish to cooperate by phone, mail or 
perhaps by personal assistance . " 
(signed) Vladimir Lorenz, 3816 Cab· 
rillo Street, San Francisco, Calif. 94121. 

The names of all volunteers, includ· 
ing those who would like to work full· 
time in the field of medical electronics, 
has been compiled into a list, which 
The Electronic Engineer will actively 
make available to organizations and 
publications that reach resea rch and 
clinical physicians who are likely to de­
sire help with their electronics. Al· 
ready, the New York Academy of Med· 
icine and a magazine, Clinical Trends, 
have requested copies of the list, and 
the former has expressed a desire to 
establish a clearinghouse for biomed· 
ical engineering information and aid. 

Electronic engineers who are both· 
ered by the nagging discomfort of al· 
truism, with overt symptoms of hu· 
manitarianism, are still more than 
welcome to send their name, address, 
telephone number and a brief descrip· 
tion of their area of expertise to the 
editor of this magazine: Alberto Soco­
lovsky, The Electronic Engineer, Chilton 
Co., 56th and Chestnut Streets, Phila· 
delphia, Pa. 19139. 

-Roger Kenneth Field 

HOW TO SUMMON A DJINNI 
These Hamlin distributors carry 
Hamlin reed switches in stock: 
ALLI ED. ELECTRONICS 
Chicago, Ill inois (312) 829-9121 

Branch Offices: 
Arcadia. California (213) 455-4800 

(213) 684-0730 
Cleveland. Ohio (216) 752 -3290 
College Park, Maryland (301) 935'·6400 
Dallas, Texas (214) 826-5101 
Dayton. Ohio (513) 298-9831 
Denver. Colorado (803) 399-2250 

~:~f~lt. ~ '. c1h.i~_"v'% ~ ~ ~~~l.~~go 
Los Altos, California (415) 941 -0524 
Milwaukee. Wisconsin (414) 444-2840 
Minneapolis. Minnesota (612) 920-5800 
Rochester, New York (716) 244-8750 

~;~~:: ;ff~~i~::'m~~~W.3Ui5935 

CAMERADIO COMPANY 
Pittsburgh, Pennsylvania (41 2 ) 391 -4000 

CESCO ELECTRONCIS LTD. 
Montreal ,Quebec, Canada (514) 735-5511 
Branch Offices : 
Downsview, Ontario, Canada (416) 638-52 50 
Ottawa, Ontario, Canada (613) 729-5118 
Quebec , Quebec, Canada (418) 524-3518 

CRAMER ELECTRONICS, INC. 
Newton, Massachusetts (617) 969-7700 
Branch Offices : 
Atlanta, Georgia (404) 451 -5421 
Baltimore , Maryland (301) 354-0100 
Cincinnati , Ohio (513) 771 -6441 
Elmhurst, New York (212) 478-4000 
Fort Lauderdale, Florida (305) 566-7511 

(305) 947 -6517 
North Haven, Connecticut (203) 239-5641 
Huntsville, Alabama (205) 536-4493 
Pennsauken , New Jersey (215) 923 -5950 

(609) 662-5061 

~~i~~~~:p~~~i:~~~ci'(;~v:~~~ ~~ Wllt4~ 120 

Rochester, New York (716) 275-0300 
Rockville, Maryland (301) 424-2700 
Syracu$e, New York (315) 455-6641 

WM. DANDRETA & COMPANY 
Providence, Rhode Island (401) 861 -2800 

g~~~~:i~~~~ c~~~~~r 2~~:1d~f" 
Branch Offices : 
Anderson, S.C. (803) 226-3421 
Charlotte, N.C. (704) 377-5413 
Florence, S.C. (803) 669-8201 
Gastonia, S.C. (704) 864-3281 
Greenville, S.C. (803) 232-5357 
Greenwood, S.C. (803) 223 ·7324 
Spartanburg, S.C. (803) 583-3681 
Sumter.,s.c. (803) 775-2306 

ELECTRA DISTRIBUTING CO. 
Nashville, Tennessee (615) 255-8444 

ELECTRO·STANDARDS 
LABORATORIES, INC. 
Miami, Florida (305) 633 -6975 

ELMAR ELECTRONICS 
Mt. View, California (415) 961 ·3611 

GRAHAM ELECTRONICS SUPPLY, INC. 
Indianapolis, Indiana (317) 634-8486 
Branch Offices : 
Anderson, Indiana (317) 644-3381 
Ft. Wayne, Indiana (219) 742-4346 
Lafayette, Ind iana (317) 742-4006 
Muncie, Indiana (317) 288-8837 
Reading, Ohio (513) 733 -1661 

KIRKMAN ELECTRONICS, INC. 
Winston Salem, North Carolina 
(919) 724-0541 

LIBERTY ELECTRONICS NORTHWEST 
Seattle, Washington (206) 763 -8200 

NEWARK-HERRLINGER ELECTRONICS CORP. 
Cincinnati, Ohio (513) 421 -2662 

PIONEER STANDARD ELECTRONICS, INC. 
Rockville , Maryland (301) 427-3300 

~;,c;.·:io~~\Ce~:~~J~~I ~~~.°6536 
RADIO, INC. 
Tulsa, Oklahoma (918) 587-9214 

Branch Office: 
Oklahoma City, Oklahoma (405) 235-1551 

RESCO ELECTRONICS 
Philadelphia, Pennsylvania (215) 925 -6900 

~~~'11~~ N~~~~~~~lP6~ss~.r.~45o 
TAYLOR ELECTRIC COMPANY 
M ilwaukee, Wisconsin (414) 964-4321 

~~~~~e.LN~~DYSo~~ cm~~~~~cosd Inc. 

R. V. WEATHERFORD CO. 
Glendale, California (213) 849-3451 

Branch Offices : 
Anaheim, California (714) 532-6741 
Dallas, Texas (214) 231 -6051 
Pa lo Alto, California (415) 321 ·5373 
Phoenix, Arizona (602) 272-7144 
Pomona, California (714) 623-1261 
San Diego , California (714) 278-7400 
Seattle, Washington (206) 762-4200 

Circle 17 on Inquiry Card ____. 
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EVERY BLACK BOX 
·SHOULD HAVE A DJINNI. 

The reed switch is the greatest 
thing that's happened to 
electronic control devices since 
the Arabian Nights. It's encased 
in a little glass bottle you don't 
even have to rub. A coil turns it 
into a relay. A bar magnet makes 
it the most versatile electro· 
mechanical switch yet invented. 

The reed switch is isolated in its 
glass container with a controlled 
atmosphere. It stays free of dust, 
damp and corrosion. There are no 

armatures, springs or pivots to 
wear. Life can easily exceed 100 
million operations. Sensitivity is 
readily controlled. Speed is the 
next best thing to transistorized 
logic at a mere wisp of the 
circuit cost. Even RF switching 
is practical. 

If you're not as familiar with 
reed switches as you should be, 
ask Hamlin. We sell more reed 
switches to more people than 
anyone else. 

Send for our free switch lab. 
No big deal, just a reed switch 
and a magnet and a couple of 
catalog sheets. But with them, 
you may come up with machine, 
flow or systems control uses 
no other engineer has conjured 
up.yet. Just write Hamlin, Inc. 
"Baghdad on the Lake," 
Lake Mills, Wisconsin 53551. 

M.A ...... : 

If this isn't magic what is? 



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

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

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

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

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

Our mission : Extending man's senses. 

What's yours? 

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

LTV ELECTR.C>SYSTEIVIS, INC. 
PC> E3C>X 6030, DALLAS, TEXAS 75:222 

A qualify company of Ling-Temco-Vought, Inc. L.TV" 



CAREERS 

MAY 

11 12 13 I 14 15 16 I 17 

18 19 

25 26 

20 21 22 

27 28 29 

23 24 

30 31 

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

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

May 20·22: 23rd Annual Power Sources 
Conf., Shelbourne Hotel, Atlantic 
City, N. J. Addtl. lnfo.-Galen R. 
Frysinger, Power Sources Div., U. S. 
Army Electronics Command, Fort 
Monmouth, N. J. 07703. 

May 26·28: IEEE Conf. on Laser Eng'g 
and Applications, Washington Hilton 
Hotel, Washington, D. C. Addtl. 
lnfo.-Lewis Winner, 152 W. 42nd 
St., New York, N. Y. 10036. 

May 27-28: The Influence of Micro­
electronics on Management Deci­
sions, Mayflower Hotel, Wash ington , 
D. C. Addtl. lnfo.-Paul A. Newman, 
NSIA Headquarters, 1030 15th St., 
N.W., Suite 800, Washington, D. C. 
20005. 

JUNE 

1 2 3 4 5 6 7 

8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 

June 3-5: '69 Microwave Exposition/ 
East, Statler Hilton Hotel, New York, 
N. Y. Addtl. lnfo.-Technical Indus· 
try Expositions, Inc., 100 Avenue of 
the Americas, New York, N. Y. 
10013. 

June 6-7: Product Assurance Conf. & 
Technical Exhbt., Hofstra Un i v . , 
Hempstead, N. Y. Addtl. lnfo.-B. 
Held, Grumman Aircraft Eng'g Corp., 
Bethpage, N. Y. 11714. 

June 9-10: Chicago Spring Conf. on 
Broadcast & TV Receivers, Marriott 
Motor Hotel, Des Plaines, Ill. Addtl. 
lnfo.-Larry Maloney, Philco-Ford, 
1820 Pheasant Trail, Mt. Prospect, 
Ill. 60634. 
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June 9·11: lnt'I Communications Conf., 
Univ. of Colorado, Boulder, Colo. 
Addtl. Info. - A. J. Estin, Rad io 
Standards Eng'g Div., NBS, Boulder, 
Colo. 80302. 

June 17-19: Electromagnetic Compati­
bility Symp., Berkeley Cartaret Hotel, 
Asbury Park, N. J. Addtl. Info. -
Harry Estelle, Honeywell Inc., 1162 
Pinebrook Rd., Eatontown, N. J. 
07724. 

JULY 

1 2 3 4 5 

6 7 8 9 10 11 12 

13 14 15 16 17 18 19 

20 21 22 23 24 25 26 

27 28 29 30 31 

July 7·11: Conf. on Nuclear & Space 
Radiation Effects, Penn State Univ., 
Univ. Park, Pa. Addtl. lnfo.-S. E. 
Harrison, Martin Marietta Corp., Bal­
timore, Md . 

July 20-25: Eng'g in Medicine & Biology 
and lnt'l Fed. for Medical & Biologi­
cal Eng'g Conf., Pa lmer House, Chi · 
cago, Ill. Addtl. lnfo.- Box 1969, 
Evanston, Il l. 60204. 

July 28-Aug. 1: '69 Research Conf. on 
Instrumentation Science, Hobart and 
William Smith College, Geneva, N. Y. 
Addtl. lnfo.-Thomas E. Tremellen, 
Mgr., Education & Research Serv­
ices, Instrument Society of America, 
530 William Penn Pl. , Pittsburgh, Pa. 
15219. 

'69 Conference Highlights 
WESCON-Western Electric Show and 

Conv., August 19·21 ; San Francisco, 
Calif. 

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

Call for Papers 

Nov. 5-7, 1969: Northeast Electronics 
Research & Eng'g Meeting (NEREM). 
Submit 35-40 word abstracts (3 cop· 
ies) and 600·1000 word condensed 
versions (3 copies) before July 1, 
1969 to Program Chai rman, IEEE 
NEREM -69, 31 Chann ing St., New­
ton , Mass. 02158. 

A new bulletin of 
professional 
opportunities at 
LTV Electrosystems. 
Greenville Division 
(Systems fo r strategic and tactical 
survei llance, recon nai ssa nce, detection; 
trackin g; co mm and an d con trol ; 
airborne lighting systems; a rtificial 
intelligence; tactical warfare.) 
Digi tal Systems Analysts 
Digita l Circui ts Designers 
Electro-Optics Systems Ana lysts 
RF Systems Analysts 
R F Circu its Designers 
Scientific Programme rs 
Busi ness Progra mmers 
Facilities - Greenville, Texas; Greenville, 
South Carolina; Roswell, New Mexico 

Garland Division 
(Long-range digital comm unica ti ons; 
fluid mechanical systems for ai rcraft , 
missiles, spacecraft; high-precision 
antennas ; guidance and navigation 
systems; space systems.) 
RF Ci rcuits Designers 
RF Systems Anafysts 
Digi ta l Ci rcuits Designers 
Digital Systems Anafysts 
Antenna Design Engmeers 
Scientific Programmers 
Facilities - Garland and Arlington, Texas 

Continental Electronics 
(This subsidia ry company builds 
super-power RF transmitters for radio 
comm unications, broadcasting, re-entry 
physics radars, radio astronomy, 
nuclear accelerators.) 
Transmitter Design Engineers 
RF Circuit Desi!lners 
RF Systen:is Engmeers 
Facilities - Dallas, Texas; 
Waltham, Massachusetts 

Memcor Division 
Portable and stationary TA CAN systems, 
tactical radio systems, gyro systems, 
nuclear controls, resistance prod ucts.) 
Project Engineers (TACAN Systems) 
Electronic Design Enginee rs 
Instrumen tation Engineers 
Mechanical Engineers 
Digital Systems ngineers 
Facilities - Huntington, Indiana; 
Boyne City, Michigan and Salt Lake City, 
Utah 

Please call or write: Bill Hickey, 
Supervisor of Professional Placement, 
LTV Electrosystems, Inc., P. 0. Box 6118, 
Dallas, Texas 75222, Telephone (21 4) 
276-7 I I I. An equal opportunity employer. 

LTV Electrosystems: 
extending man's senses. 

Circle 18 on Inquiry Card 
(Please Use Home Address on the Card) 



Electrical Engineer : 
At IBM Lexington, the biggest electronic 
challenges come in small packages. 

-----

Like this solid logic circuit package, a key mem­
ory device in IBM's new Composer. The Composer 
electronically sets, justifies and corrects type for 
printing. It was developed at IBM Lexington, Ken­
tucky, and is just one example of the electronic 
challenges and opportunities you'll find here. 

What you'd do 

We have immediate openings for electrical en­
gineers with a B.S. or M.S. degree. If you qualify, 
there are opportunities in several areas: 

Semiconductors: You'd work with solid state semi­
conductor devices, optimizing their capabilities in 
practical applications. 

Design: You would be involved with logic design, 
logic circuit design, analog and digital circuit de­
sign, and digital logic design. 

Testing: You would test electronic and electro­
mechanical equ ipment- both manufactured prod­
ucts and the test equipment itself. 

row with IBM 

At IBM Lexington we produce a line of sophis­
dt ated office products : electric typewriters, dictat­
ir g equipment, printers. And the line is constantly 
g owing. In fact, we've been developing a major 
new product at Lexington on the average of one 
every 18 months. 

Progress like this has made IBM a leader in the 
rld's fastest growing major industry-informa­

ti n processing. Maybe your ideas can help solve 
s me of the problems we face in electronics, and 
y u can grow with us. 

rite to us now 

If you're interested, send your resume to Dave 
E ans, IBM Corporation, Department CE1019, New 
C rcle Road, Lexington, Kentucky 40507. 

A Equal Opportunity Employer 



CAREERS 

A case history 

Project management, 
military style 
To control the large Omega project, the Navy 
has delegated authority and responsibility 
to a project manager 

By S. Peter Kaprielyan, Ed itor• 
Missile & Space Div., General Electric Co ., Valley Forge , Pa. 

After 15 years of long-range development, the Omega 
Navigation System was designated as a Project on 
June 18, 1965. Prior to this Captain Mavis X. Polk 
had served as the functional project manager of Omega 
-but was in charge of several other projects as well . 
Then in May 1966, the Navy's chain of command 
was ;eorganized, and Omega became one of the im­
mediate beneficiaries: it was spotlighted as a project 
requiring intensified management under th~ direction 
of Admiral Galantin, Chief of Naval Matenal. 

In current DOD parlance, "intensified project man­
agement" means the focusing of responsibility and 
authority in one individual-the project manager­
who has executive and delegated authority over all 
phases of planning, direction, and co_ntrol , and o~er 
all the resources allocated to the project. Thus, with 
the reorganization, Captain Polk became manager of 
the Omega Project exclusively, so that he could devote 
all his energies to the new navigation system. 

Before a task or program is chartered as a Project by 
the Navy, it must qualify as a clearly definable task, 
within the compass of our national security objectives, 
and must meet these standards: 

• national priority, or urgent military necessity 
• top-level interest 
• high cost-over $25 million for R&D or more 

than $100 million for production 
• high degree of complexity 
• multiple agency or service interest 
• advanced technology 
• high risk of slippage in schedule or cost overrun 

Omega meets the above requisites by virtue of its sig­
nificance, scope, and price tag. 
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Project authority and responsibility 

Project management authority for Omega is dele­
gated by the Chief of Naval Material through _the 
project Charter. According to this Charter, the. ~ro1.ect 
manager directs the planning, control, and .ut1!1zation 
of resources. He is responsible for estabhshmg the 
system design interfaces, and meeting the system's 
technical performance requirements. He also has direc­
tive authority over the project efforts of in-house and 
contractor organizations. 

In cases where action is required beyond the author­
ity granted him by the project Charter, the project 
manager must refer the action to the Chief of Naval 
Material , together with his recommendations for al­
ternatives . 

"We can look at this matter of authority another 
way,'' explains Captain Polk. "The project .charter 
stresses that the project manager as a responsible ex­
ecutive is expected to act on his own initiative in mat­
ters affecting the project. Therefore he can assume, 
with some discretion, that he has authority in all areas 
affecting his project-unless he is expressly directed 
otherwise." 

Since the Omega system is global in scope, Captain 
Polk also has working relationships with many foreign 
countries. He is authorized through special agreements 
to work directly with his counterparts in those coun­
tries on matters related to transmitter installations and 

' operational tests . 

Omega organization 

The Omega Project Office, located just outside of 
Washington in Rosslyn, Va., is strictly a management 
organization that consists of eight professionals. Be-

• Adapted from A erospace ll:fanagement, Vol. 2, No. 1, Spring / 
Summer 19 67, pp. 29-33. 
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sides the project manager, there are seven specialists 
in navigation systems operation, aircraft receivers, 
construction management systems, and electronics. 
Then, under the overall guidance and direction of the 
project manager, this staff works with specifically as­
signed people in the various naval Systems Commands 
(see Fig. 1) . 

As Captain Polk explains, "We utilize the people 
in the other parts of the Navy to give us the technical, 
contractual, and administrative assistance we need." 
Although these support personnel are not located in 
the Project Office, they are assigned to the project and 
are directed by the project manager. In all, there are 
about 55 persons assigned to Omega, including repre-

28 

The Omega navigation system 

Omega is a hyperbolic (or circular) carrier ohase 
measurement system. To get a navigational fix, the 
Omega receiver needs signals from three transmitting 
stations, which operate in the frequency band from 
10 to 14 kHz, giving a wavelength of 16 miles. 
Based on phase difference measurement, the trans­
missions create a world-wide pattern of eight-mile 
grids, or lanes. By meas uring the phase angle differ­
ences between any two pairs of the three signals, you 
can determine the position of a vessel with accuracy 
of, at worst, two miles. 

The above drawing (right) shows how this works­
but for simplification only shows two signals. What 
you see there for a position fix of two signals would 
be repeated with one of these two signals, plus a 
third signal, to determine your position "vertically" 
on this drawing. 

To explain further, here is how the Omega re­
ceiver works: Suppose a ship is within range of sta­
tions A, B, and C. First a signal is received from A 

sentatives of NASA, the FAA, the Air Force, the 
Army, and various foreign governments. 

To staff the project, Captain Polk . has the freedom 
to "shop" for the skills he needs among the Navy's 
contracting agencies. But selecting project personnel 
is not as easy a task for him as it usually is for the 
project manager in industry, who in many cases merely 
goes to upper management or to the personnel de­
partment and requests that certain persons be hired. 

Navy managers, in contrast, 'must go through the 
merit promotion system. What Captain Polk does is 
let the Navy agencies know that he has at least one 
applicant in mind who is completely qualified- and he 
then asks them to find him the best applicant. "I have 

and stored in the receiver. Then a signal is received 
from B which when compared to that from A, results 
in display of a number on the receiver. That number 
represents one line of position on the Omega grid 
chart, available from the U. S. Naval Oceanographic 
Office. Finally, a signal is received from C which is 
then compared to the signal from either A or B to 
acquire a second numerical display from the re­
ceiver. This second line of position intersects with 
the first on the grid chart to mark the ship's position. 

The four transmitting stations now operating are 
located in Norway, Hawaii, Trinidad, and Forrest-· 
port, N . Y. (the Forrestport station will soon be 
moved to the Northcentral part of the U . S.). The 
other four stations planned will be located in Japan, 
the Indian Ocean area (near Madagascar), Argentina, 
and Australia or New Zealand. When Omega becomes 
fully operational in 1972, the U. S. Coast Guard 
wiil assume the responsibility for operating the eight 
transmitting stations. 
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had it happen that I have gotten better applicants than 
the ones that I had in mind," he states. "I've taken 
them. But at least I have set a standard which I wouldn't 
drop below." 

Runn ing the show 
Basically, Captain Polk set up a host of schedules 

to be maintained. There are overall schedules, and 
schedules for each of the facets his group is working 
on. Each contractor, in turn, has schedules. 

To make his job simpler, and to keep on top of the 
project at all times, Captain Polk broke down the 
project into key decision points. For each of these de­
cision points he assigned someone in his Project Office. " It's darn hard for EEs not to get their hands dirty." 

Fig. 1. Project management organization for Omega. 
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Lockheed's 1011 TriStar 
is already this country's 4th most 
successful commercial airliner. 

Orders approaching $2112 bil­
lion are in the hangar, and we're 
looking ahead to many more 
billions. Air Canada, TWA, 
Eastern, Air Holdings Ltd., 
Delta, and Northeast Airlines 
have ordered over 180 of this 
remarkably sophisticated "next 
generation" airplane. 

Still to come: orders from 
other major airlines in the U.S. 
and around the free world. And 
then the inevitable stretched 
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versions. This is not an aircraft 
for just the here and now. 
TriStar is a decade's worth of 
airplane. 

And we need all the help 
we can get. 

A number of crucial design 
areas remain for crack engi­
neers. We'll finish the engineer­
ing and design at our Burbank 
and Rye Canyon facilitiel! in 
California. 

Add it all up. A long-range 

program, advanced technology, 
the Southern California climate 
-and the chance to build a 
winner . 

Contact Lockheed right 
away for jobs on the L-1011 
TriStar, or our $2 billion 
advanced technology Cheyenne 
helicopter. 

Investigate exciting open­
ings in these prominent fields of 
opportunity: Structures analy­
sis, flight controls, avionics, 

acoustics, reliability, maintain­
ability, design (structures, power 
plant installation, passenger ac­
commodations) and manufac­
turing engineering. 

Send your resume to: Mr. 
C. R. Alexander, Employment 
Manager, Dept. 4105-3463 
Empire Avenue, Burbank, Cali­
fornia 91503. 

Lockheed is an equal 
opportunity employer with 
unequaled opportunities. 

LOCKHEED-CALIFORNIA COMPANY 
A Division of Lockheed Aircraft Corporation 
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Staff members are responsible for taking care of their 
particular aspects of the project, for informing the 
project manager what they have done, and for warn­
ing him if they are in trouble. Then a minimum of 
once a week the project manager gets a report from all 
of them- in the form of PERT charts, GANTT charts, 
Line of Balance, and so forth. These reports then go 
into the overall schedule as they affect the decision 
points. To ensure that each decision point is "covered" 
at all times, there is at least one person in the Project 
Office who stays informed on what another staff mem­
ber is doing. 

Captain Polk finds one of the hardest jobs in project 
management is charting all of the daily operations and 
changes. "To be perfectly honest with you," he com­
ments, "I have not been able to ascertain how to sched­
ule and how to chart the day by day operations, be­
cause the decisions you make are bouncing back and 
for th. So what we've tried to do is put down the broad 
decision points-as broad as possible-and let the 
individuals responsible for them make sure that we 
come to these points." 

By delegating authority and responsibility for the 
various decision points to staff members, Captain Polk 
gives himself enough time to perform such key tasks 
as budget justifications, state department negotiations, 
and discussions with foreign countries. Above all, he 
does not get bogged down in details but can grasp the 
overall picture-and can thus make quick and wise 
decisions. 

As far as actual management tools go, Captain Polk 
and his staff use PERT, GANTT, Line of Balance, and 
other forms of charts, although they don't endorse 
any one method. And since the scheduling of the proj­
ect is fairly straightforward, they don't use a computer 
system, except for standard accounting procedures and 
for technical assistance. 

Communicating progress 
Among the main functions of the Project Office are 

those of documentation and communication. It is the 
project manager's responsibility to maintain complete 
documentation on training procedures, spare parts, 
equipment delivery, chronological history, working 
agreements, specifications, pertinent references, and 
reports. 

To facilitate management decision-making, action, 
and support, both vertically and laterally, the Project 
Office issues various reports: 

• an annual Technical Development Plan 
• a semi-annual Project Master Plan 
• a comprehensive verbal report to the Chief of 

Naval Material every six weeks, stating ten of the 
toughest problems facing the program, their na­
ture, and their proposed remedies 

• a monthly Program Evaluation Report summariz­
ing the ten most critical items 

"Besides these formal reports," explains Captain 
Polk, "we have a meeting of all project managers 
in Admiral Galantin's office each Monday afternoon, for 
informative off-the-record discussions. These man-to­
man talks ," he says, "are known on occasion to become 
very spirited." 

What it means to the electronics industry 

In the next six years, the Navy will spend about 
$I 00 million to outfit surface ships, submarine, and 
aircraft with Omega. Northrop Corp. and Interna­
tional Telephone & Telegraph are the only fi rms 
who have Navy contracts for receivers at the present 
time. Northrop is making a general purpose ship­
borne rece iver and is also working on a contract 
for the developmental model of the airborne receiver. 
ITT is making a more sophisticated, special purpose 
surface receiver and a submarine unit as well. 

Tracor, Inc. has a commercial receiver which it's 
selling to both commercial and military users, and 
Pickard & Burns Div. of Continental Electron ics 
Mfg. Co. is making a receiver which is essentially 
the same as Northrop's surface receiver. Ryan Air­
craft, now part of Teledyne, has also manufactured 
some receivers. Lear Siegler, along with the Naval 
Research Labora tories, made the prototype of the 
receiver that's under contract to Northrop, and is 
now working on an airborne receiver. 

There are other companies working in the field 
too, and these will probably come out in the open 
just as soon as the Navy starts letting some addi­
tional contracts. 

In summarizing its significance to industry, 
Omega's project manager comments, "My Drew 
Pearso n prediction is that it will have greater com­
mercial use than it will Navy use .... My own 
estimate is that we're talking about a minimum of a 
billion-dollar receiver marke t worldwide-and prob­
ably as high as a three-billion-dollar market." 

EEs and project management 
To make project management work, there must be 

one individual-the project manager-who can iso­
late himself from the details and thus concentrate on 
the total picture. But one of the greatest temptations to 
face project managers and their management staff is 
the urge to get involved in technical details to the ex­
tent that they slip into the role of project engineers. 

As Captain Polk observes, "When an engineer tries 
to manage a big project, if he tries to remain the 
project engineer, the project runs into trouble. Almost 
without exception, we've gotten into trouble (with both 
contractors and project staff) on overruns, missched­
ules, misdeliveries , because when a technical problem 
comes up the project engineer becomes so involved 
in it that the scheduling, the plans, the designs, the 
ordering of materials, and the other things you have 
to do to get out on time and within your budget are 
not accomplished. 

"Electronic engineers," he adds, "are one of the hard­
est groups to get to drop the technical involvement. 
. .. It's darn hard for them not to get their hands dirty." 

(Editor's note ... Here is a challenge to all of us 
-whether we're project managers, project engineers, 
or design engineers who plan on getting into manage­
ment. Because of our training, we are used to working 
on technical details, and sometimes get bogged down in 

Continued on page 32 
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FOR ELECTRONIC ENGINEERS 
ON THE WAY UP ... 
A course in 

PROJECT 
MllllOEMEllT 
This Project Management course appeared orig­
inally in The Electronic Engineer and was de­
vised for the engineer who wants to grow in his 
job and to help assure this the course was de­
veloped in collaboration with Boaz, Allen and 
Hamilton, one of the larges~ management con­
sulting firms in the world. Their experience in­
cludes the development of project plans and 
control systems for over 1,000 projects involving 
the expenditure of many billions of dollars. 

What it does for you 

Project Management is a relatively new disci­
pline in the field of management sciences. And 
the course emphasizes the methods used to 
reach an objective while remaining within the 
prescribed product specifications, budget and 
schedule. It also helps the individual electronic 
engineer or manager to increase his personal 
skills, sharpen his capability and broaden his 
understanding of project management problems, 
both large and small. And, it shows you how to 
achieve certain specified results at a particular 
point in time. It can make you more valuable to 
your employer. 

The 5 part course costs just $3.00 and includes 
a test paper for your use. All those passing the 
examination will receive a Certificate of Com­
pletion that is suitable for framing. Why not put 
this course to work for you now? Fill out and mail 
the coupon below. Your course will be sent to 
you promptly. Send your order to The Electronic 
Engineer, Chestnut and 56th Streets Philadel­
phia, Pennsylvania 19139. 

Yes, I want to take advantage of your Project 
Management course. Send me _ complete 
course(s) for only $3.00 each. Check, cash or 
money order is enclosed. Send the course to: 

Address _______ Company ______ _ 

City _______ State _____ Zip __ _ 

Send me special quantity prices D 
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Project management (concluded) 

them. To be successful managers, as Captain Polk sug­
gests, we must retrain ourselves to concentrate on the 
total view, and to leave the details to our fellow EEs 
who are working in the technical realm.) 

As manager of · a large electronics project, one of 
Captain Polk's first tasks was training the "obstruction­
ist engineers" in his Project Office to concentrate on 
their management functions, and to keep the design 
work in the hands of the design engineers. Another 
problem was getting them out of the habit of explain­
ing things in very technical terms. "Technical people," 
comments Captain Polk, "have to be able to explain 
to management people in the terms management un­
derst.ands. They've got to communicate." When he 
forced his staff to do this, he uncovered a few cases 
where an engineer himself didn't understand a prob­
lem, but had hidden this fact by using technical jargon. 

Attributes of a project manager 
Among the attributes Captain Polk considers vital 

for effective project management, he ranks first the 
ability to communicate with people, and to understand 
personalities and problems up and down the line of 
authority. 

He also feels that for a project such as Omega, a 
basic technical orientation is a must for his Project 
Office-but that operational experience is the vital 
resource for solving the project's human engineering 
problems. For example, he has one person on his proj­
ect team who is basically a navigator, and who looks 
at the equipment from the user's point of view. If he 
can misuse the equipment, it JSOes back to the drawing 
boards because there's a good possibility sailors will 
misuse it too. 

Not a panacea 
In the past few years, project management has re­

ceived much fanfare-and has become perhaps the 
most common method for handling large electronic 
projects. But not everyone is convinced that it is the 
best way to handle such projects. Captain Polk, who 
has used the approach successfully for the Omega 
Navigation System, is himself not sure that it is the 
best way to go (although he feels it makes more sense 
in private industry, where there is more flexibility). 

He summarizes, "To me project management in one 
respect means that our functional organization has 
broken down, that we couldn't take care of our work 
and had to set it up separately. I disagree with it on 
the basis that it takes away from the functional or­
ganization's capability, resources, priorities, and people. 
I don't know when we're going to get sophisticated 
enough-either in government or industry-to get away 
from project management. In the Navy, for example, 
if we would very critically, totally match our resources 
of people and money against what we have to do, we 
wouldn't need project management because we would 
have the resources to do the job." 

INFORMATION RETRIEVAL 
Project management, Careers 
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Engineers and Scientists: 
Diversified opportunities now available 
on Hughes AGM's 

The Electronic Engineer • May 1969 

Increasing Air-to-Ground Missile activity 
at Hughes Aerospace Divisions has cre­
ated many diversified growth opportuni­
ties for qualified Engineers and Scien­
tists. Immediate openings exist at all 
levels on a variety of interesting proj­
ects such as: MAVERICK, Anti -Radiation 
Missiles, Radar-Guided Missiles and 
new advanced missile technologies. 

Areas of interest include: 
Laser Trajectory Analysis 
Radar Operational Analysis 
Infrared Warheads & Fuzing 
Television Structural Design 
Guidance & Control Thermodynamics 
Signal Processing Aerodynamics 
Digital Computer Simulation Studies 

All assignments require accredited, ap­
plicable degrees, U.S. citizenship and a 
minimum of 3 years of related, profes­
sional experience. 

Please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment, Dept. 16 
Hughes Aerospace Divisions 
11940 W . Jefferson Blvd. 
Culver City, Calif. 90230 

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

: HUGHES : 
I I L __________________ J 

H UGHES A I RCRAF T CO M PAN Y 

AEROSPACE D IVISIONS 

An equal opportunity employer 
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At last! A standard component r.r.11 
to attach any size cable to an l.l.ll PRODUCT SEMINARS 

electrical connector . .. 

The 

ELECTRO 
ADAPTER 

This new column lists product seminars that 
electronic companies offer to users of their products. 

Available for EMl/RFI shielding, 
environmental sealing, or both, 
the electro adapter offers a new 
idea in standardization. Its 
design has resulted in: Easy 
selection of proper electro 
adapter to precisely fit your 
cable • volume production for a 
substantially reduced unit price 
• simplified assembly • ultimate 
in environmental sealing and 
EMl/RFI shielding. 

If you would like a free copy 
of the most easy to use catalog 
ever produced on connector ac­
cessories, just write or phone: 

8217 Lankershim Boulevard 
North Hollywood, California 91605 

(213) 767-5090 

Circle 20 on Inquiry Card 

"PDP-8 Family Programming (Paper 
Tape System)"; May 12-16 and 19-23; 
June 2-6, 9-13 , 23-27; Maynard, 
Mass. $300 (free for one person per 
computer purchase). General opera­
tion and software. Training Dept. , 
Digital Equipment Corp., Maynard, 
Mass. 01754. 

Circle 401 on Inquiry Card 

"PDP-9 Programming," May 19-30 
and June 16-27, Maynard, Mass. $500 
(free for one person per computer 
purchase). Operation of the PDP-9 
computer; the MACR0-9 assembler ; 
utility programs; FORTRAN IV, the 
combining of FORTRAN IV and MACR0-
9 programs, and the Science Library; 
the I/ o monitor and related program­
ming techniques; etc. Training Dept., 
Digital Equipment Corp., Maynard, 
Mass. 01754. 

Circle 402 on Inquiry Card 

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

Circle 403 on Inquiry Card 

"Series 4000 Integrated Circuit Test 
Equipment," June 2-13, Sunnyvale, 
Calif. Tuition-free for customers (up 
to two employees-$300 for each ad­
ditional person) . R. D. Warner, Sys­
tem Training Manager, Fairchild In­
strumentation, 974 E. Arques Ave., 
Sunnyvale, Calif. 94086. 

Circle 404 on Inquiry Card 

"Repair and Maintenance Training 
Session," June 2-6 and July 7-11, Am­
sterdam, N . Y. Tuition-free. Covers 
EMC-25 and EMC-10 receivers, EFC-
125 programmer, SPD-125 spectrum 
display, various antenna models, and 
FSS-250 spectrum surveillance sys­
tem. Dale Samuelson, V.P., Fairchild 
Electro-Metrics Corp., 100 Church 
St., Amsterdam, N. Y. 12010. 

Circle 405 on Inquiry Card 

"Non-destructive Testing: Radioiso­
tope Course," June 2-6, Cleveland. 
$300. Picker Industrial, Marketing 
Dept., 1688 Arabella Rd. , Cleveland, 
Ohio 44112. 

Circle 406 on Inquiry Card 

"Resistance Welding and Reflow Sol­
dering," June 3, Monrovia, Calif. $5. 
AC and de resistance welding funda­
mentals, metallurgical considerations, 
welding techniques, weld schedule de­
velopment, soldering, packaging tech­
niques. E. F. Koshinz, Unitek/Weld­
matic Div., 1820 S. Myrtle Ave., Mon­
rovia, Calif. 91016. 

Circle 407 on Inquiry Card 

"Process Automation," June 9-20, 
Phoenix. Tuition-free. Theory, ap­
plication, and operation of automated 
process control systems. Motorola In­
strumentation and Control Inc., Field 
Service Office, Box 5409, Phoenix, 
Ariz. 85010. 

Circle 408 on Inquiry Card 

"Energy Conversion (Electric Power)," 
June 16-20, North Wales, Pa. Tui­
tion-free. D. S. Luppold, Administra­
tor, Technical Training, Leeds & 
Northrup Co., Sumneytown Pike, 
North Wales, Pa. 19454. 

Circle 409 on Inquiry Card 

"Fundamentals of DC Electrical Meas­
urements," June 16-20, North Wales, 
Pa. Tuition-free. Quantities measured 
-de voltage, voltage and current, low 
resistance, resistance, and ratio re­
sistance; instruments-L&N de pots, 
de Wheatstone and Kelvin bridges, 
universal ratio set, and associated 
equipment. D. S. Luppold, Adminis­
trator, Technical Training, Leeds & 
Northrup Co., Sumneytown Pike, 
North Wales, Pa. 19454. 

Circle 410 on Inquiry Card 

"Dewetting," June 26-27, Mount Ver­
non, N. Y. Tuition-free. F. J. Farrell, 
Electrovert, Inc., 86 Hartford Ave., 
Mount Vernon, N. Y. 10553. 

Circle 411 on Inquiry Card 

"Precision DC Measurements & 
Standards," July 21-25, North Wales, 
Pa. Tuition-free. D. S. Luppold, Ad­
ministrator, Technical Training, Leeds 
& Northrup Co., Sumneytown Pike, 
North Wales, Pa. 19454. 

Circle 412 on Inquiry Card 

"Blow Holes," July 24-25, Mount Ver­
non, N. Y. Tuition-free. F. J. Farrell, 
Electrovert, Inc., 86 Hartford Ave., 
Mount Vernon, N. Y. 10553. 

Circle 413 on Inquiry Card 

Circle 21 on Inquiry Card~ 
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"Project Management Seminar," May 
26-28 (Washington), June 23-25 (San 
Francisco). $300. Why project man­
agement; the project manager; the na­
ture of electronic engineering projects; 
project management organization; 
project definition ; network systems 
(PERT I CPM); project management 
functions and tools; work authoriza­
tion ; resource management; multi­
project management; project manage­
ment systems; time, cost, and perform­
ance evaluation; applications and 
problems; outlook for the future ; case 
studies. Co-sponsored by The Elec­
tronic Engineer and Booz, Allen and 
Hamilton Inc. John E. Hickey, Jr., 
Seminar Coordinator, The Electronic 
Engineer, 56th and Chestnut Streets, 
Philadelphia, Pa. 19139. 

"Modern Aspects of · Control and In­
formation Engineering," May 26-June 
6, Purdue Univ. $300. For engineers 
and scientists working in the field of 
guidance, estimation, and control. 
Short Course Programs, Room 116, 
Memorial Center, Purdue University, 
Lafayette, Ind. 47907. 

"Pulse Code Modulation Telemetry 
Systems," June 2-6 , Purdue Univ. 
Theory and state of the art of telem­
etry systems for transmitting analog 
and digital data over noisy digital 
channels. Prof. Paul A. Wintz, PCM 
Telemetry Systems, School of Electri­
cal Engineering, Purdue University, 
Lafayette, Ind. 47907. 

"Vibration and Shock Testing," June 
2-6, Syosset, L. I., N . Y. $200. Con­
centrates on modern practices and 
equipment with a minimum of vibra­
tion and shock theory and mathe­
matics. Tustin Institute of Technology, 
Drawer Q, Santa Barbara, Calif. 
93102 . 

"Optimization of Engineering-Eco­
nomic Systems," June 9-13, Univ. of 
Colorado - Boulder. Principles of 
mathematical optimization techniques 
with applications to the engineering­
economic environments ; optimization 
with engineering constraints. Assoc. 
Dean George J. M aler, Engineering 
Center AD 1-1 , University of Colo~ 

-rado, Boulder, Colo. 80302. 

The Electronic Engineer • May 1969 

"' I , 

Do you measure up? 

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

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

Aerodynamics • Circuit design 
Reliability engineering • Components 

engineering• Systems engineering 
Scientific Programming 

Manufacturing engineering 
Contract administration 

Math modeling 
Send us your resume today. 

Write Mr. G. C. Goerlitz, Professional 
Employment, Conductron Corporation , 

P.O . Box 426, St. Charles (near 
St. Louis) , Mo. 63301 . 

CONDUCTRON 
CORPORATION 

r • " . An equa l opportunity 
employer 
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san fernando 
electric manufacturing company 

El ec tronic components 
o f proven re li ab ilit y 

Aluminum Elec'lroly'lic 
Capaci'lorst 

The rugged CAPACITORS by West-Cap 
that have built-in reliability and dur­
ability . Because of their all -welded 

construction they will withstand more vibration and shock. The element5 
are made from 99.99% pure etched aluminum foil sealed in high grade 
aluminum cases. 

SERIES WHC Computer Grade Electrolytic. 

A superior line of energy storage and filter 
electrolytics which meet a ll the specifica­
tions set by MIL-C-62. In add it ion , this 
series will meet al l the sta nda rd telephone 
quality standards set by the telephone in ­
dustry. This electrolytic will meet the most 
exacting ripple standards . 
Ratings: 200 mfd to 100,000 mfd 

from 5 voe to 150 voe 
Voltages in excess of 150 voe 
to 500 voe on special order 

./ SERIES MAC Axial Lead Electrolytic. 

They are available in miniature size with 
V4" x % " case and larger. 

Ratings: 2 mfd to 70,000 mfd 
from 3 voe to 150 voe / 

. 
" 

The manufacturing process is completely quality­
controlled in West-Cap 's modern new facility in the 
Tucson International Airport Industrial Park. This 
facility was designed and equipped primarily for the 
manufacture of high quality electrolytic capacitors 
at competitive prices . 

Call your representative of West-Cap high rel iabil ity 
components , or contact West-Ca p Arizona, where 
service and quality count . 

WEST-CAP ARIZONA 
SUBSIDIARY OF SAN FERNANDO ELECTRIC MANUFACTURING CO . 

2201 EAST ELVIRA ROAD, TUCSON, ARIZONA 85706 

42 Circle 23 on Inquiry Card 

"Advanced Device and Circuit Model­
ing," June 9-11 , Univ. of Michigan. 
$180. Summary of device physics and 
integrated circuit processing methods; 
use of computers in current modeling 
practice; device, circuit, and process 
modeling using d igital, hybr id, and 
special purpose computers. 
"Computer Graphics for Designers," 
Ju ne 9-20, Univ. of Michigan. $450. 
Principles of graphic manipulation and 
applications of computer graph ics as 
aids in improved design methods. 

For further deta ils on the above 
two courses, write: Engineering 
Summer Conferences, T he Universi ty 
of Michigan, Chrysler Center- Dept. 
54, Ann Arbor, Mich. 48 105. 

"Structure of Programming Lan­
guages," Ju ne 10-14, Cornell U niv. 
$200. Machine language, multipro­
gramming, assemblers, macros, Lisp, 
Algol, PL-1 , and simulation languages. 
Dir. of Continuing Education, College 
of Engineering, 251 Carpenter H all, 
Cornell University, Ithaca, N . Y. 
14850. 

"Communication Systems and Time­
variant Electromagnetic Propagation 
Media," June 16-July 3, Univ. of 
Colorado, Boulder. $300. Theory, de­
sign analysis, and performance evalua­
tion ; optimization of communication, 
data, and instru mentation systems 
utilizi ng randomly time-variant trans­
mission channels. Prof. Samuel W. 
Maley, Electrical Engineering Dept., 
College of Engineering, University of 
Colorado , Boulder, Colo. 80302. 

" Automation in E lectronic Test 
Equipment via Built-in Test, On-line, 
and Continuous Monitoring," June J 6-
20, NYU. $265. History and state of 
the art in automatic test and checkout, 
role of automation in Apollo-Saturn, 
evolution of multiplexing and data 
conversion techniques rel ated to the 
NELC au tomatic test system, the 
NE LC-A TS computer operational pro­
gram, on-board checkout, MADREC 
to MADAR, use of digital computers 
for built-in self-test, built-in and self­
test for airborne weapons, micro indi­
cators for built-in test equipment, ad­
vances in recording and displ ay tech­
nology applicable to checkout systems. 
automatic test based upon pattern rec­
ognition displays, etc. Mrs. Mari 
Fields, School of Engineering and 
Science, New York University, Re­
search Building No. 2, 401 W. 205th 
St. , New York, N . Y. 10034. 
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Tomorrow, Paul Barr may 
even get to his desk 

Paul Barr is a hard man to catch. He may be at the bench sweating 
over a prototype circuit ... or have his head under a ca r lift surveying 
the built-in problem He's got lab people hopping and test drivers 
in and out of spins. A couple of friction experts shake their heads 
when they see him coming. But wherever development engineering 
leads on a sophisticated new braking system. Paul Barr's on 
his way. And no two Mondays ever start alike. The question is . 
can you say the same 7 Take a good look at how your 
career shapes up. compared with Paul's and his col leagues' 
at Del<:>o. You might even ca ll us co llect. Area Code 317 /459 -2808. 
Or. write: Mr. C. D. Longshore. Supervisor. Salaried Employment. 
Dept. 405. Delco Radio Division of General Motors. Kokomo. Indiana . 

AN EQUAL OPPORTUNITY EMPLOYER 
DIVISION OF GENERAL MOTORS 
KOKOMO, INDIANA 

Circle 24 on Inquiry Card (Please Use Home Address on the Card) 
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"Iterative Analog Computation," June 
16-20, Detroit. $325. Concepts of dig­
ital logic as applied to analog simula­
tion and computation, basic concepts 
of hybrid computation, techniques of 
programming and operating parallel 
analog/ hybrid computers. Ed Sharpe, 
Electronic Associates, 185 Monmouth 
Pkwy, West Long Branch, N. J. 07764. 

"21-110 Mass Spectrometer," June 16-
20, Monrovia, Calif. $225. Intended 
for those responsible for operation 
and maintenance of a CEC Type 21-
1 1 OB or 21-1 I OC gas ion source mass 
spectrometer. Coordinator of Train­
ing and Technical Publications, Bell & 
Howell, 1500 S. Shamrock Ave. , Mon­
rovia, Calif. 91106. 

"PDP-8 Fa mil y P rog r a mming 
(DECtape/ Disk System), June 16-20, 
Maynard , Mass. $300 (free for one 
person per computer purchase). Mass 
storage system software, including 
Monitor, PAL-D Assembler, Disk 
DECtape Editor, Disk/ DECtape On­
line Debugging Program, Peripheral 
Interchange Program, program inter­
rupt , data break, disk and DECtape 
programming. Training Dept. , Digital 
Eq11ipment Corp., Maynard. Mass. 
01754. 

"Series 5800 (4000) Dynamic Tester," 
June 16-27, Sunnyvale, Calif. Tuition­
free for customers (up to two em­
ployees-$300 for each additional 
person). R. D. Warner, System Train­
ing Manager, Fairchild Instrumenta­
tion, 974 E. Arques Ave., Sunny­
vale, Calif. 94086. 

LINC Programming," June 16-27, 
Maynard, Mass. $500 (free for one 
person per computer purchase) . Gen­
eral operation of the LINC computer; 
use of assembly and editing routines, 
programming techniques, input/ output 
programming, display and magtape 
programming, use of Program Library. 
Training Dept., Digital Equipment 
Corp. , Maynard , Mass. 01754. 

"Digital Computation," June 23-27, 
Los Angeles. $250. Problem-solving 
techniques of digital computers, using 
machine and assembly language pro­
grams, and FORTRAN IV. Ed Sharpe, 
Electronic Associates, Inc., 185 Mon­
mouth Pkwy., West Long Branch, 
N . J. 07764. 

Circle 26 on Inquiry Card~ 
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hot-molded trimmer for 
close circuit board stacking 

Basic Type Y unit 
shown actual size 

With attachment for 
horizontal mounting and 
wheel for side adjustment 

l I. 

. . ) 
., .~ 

l l 
With wheel for 
side adjustment 

With attachment for 
horizontal mounting 

New Type Y single turn trimmer is especially designed for 
use on printed circuit boards. It has pin-type terminals for use on boards 
with a 1/10'' pattern. And the new low profile easily fits within the com­
monly used 3/8" space between stacked printed circuit boards. 

For greater operating convenience, the T ype Y can be supplied with 
an optional thumb wheel for side adjustment, or an optional base for 
horizontal mounting, or both. The Type Y enclosure is splash-proof as well 
as dust-tight, and the metal case is isolated to prevent accidental grounding. 

While featuring a new low profile, this new Type Y trimmer retains the 
popular Allen-Bradley solid resistance element, which is produced by A-B's 
exclusive hot-molding technique. With virtually infinite resolution, adjust­
ment is smooth at all times . Being essentially noninductive, the Type Y 
can be used at frequencies where wirewound units are inadequate. The 
Type Y is rated 1/4 watt at 70°C and is available in resistance values from 
100 ohms to 5.0 megohms. Standard and special tapers are available. 

Let us send you complete specifications on this newest addition to the 
Allen-Bradley line of quality electronic components. Please write: Allen­
Bradley Co., 102 W. Greenfield Ave., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Ltd . Export Office: 630 Third Ave., New York, 
N. Y., U .S.A. 10017. 

New Type Y with handy 
snap-in panel mount, 
supplied with spacers for use 
on panels up to 1/8 " in thickness 

ALLEN- BRADLEY 
1067E·3 QUALITY ELECTRONIC COMPONENTS 



Best FETs yet! FET operational 
amplifiers that is. 

from the innovators of things Analog. 
FOR FAST SETTLING TIME. Model 1011 with a FET input and an out­
pu t that settles to 0.01 % in 1.5 µsec. Slew rate is 70V /µsec and it can 
drive 25 mA. Ideal for high speed digital computers. 

FOR BATTERY OPERATION. Model 1006, a micropower FET with low 
· quiescent power, operates on supply current under 150 µA. Supply range 

± 2V to ± 16V with 2.5 mA output. Useful in many portable applications. 

FOR HIGH OUTPUT. Model 1008 delivers high power output to 35 mA. 
Slew rate is typically 15V /µsec. Capable of driv ing relay coils and low im­
pedance recorders. 

FOR H IGH OPEN LOOP GAIN. Model 1003 provides high open loop gain 
of 500,000, voltage temperature coefficient of 3 µV ; 0 c, CM RR of 106 and 
warmup time of 2 sec to ± 25µV of final output. Excellent for differential 
appl ications. 

FOR LOW COST. Model 1009 costs only $20.40 each in hundred quantity. 
High input impedance (1012 ohms) and low bias current (5 pA). Good 
general purpose FET for integrators, high impedance buffers, etc. 

For further information, contact your local 
Philbrick/Nexus Sales Representative, or write: 

PHILBRICK/NEXUS RESEARCH 

A TELEDYNE COMPANY 

Allied Drive at Route 128 Dedham, Massachusetts 02026 (617) 329-1600 



DESIGN FEATURES 

IC voltage regulators­
Do-it-yourself power supplies? 
Not yet, say the users. Never, say the manufacturers 
of power supplies. But, now that you can get 
good regulators for $5, lots of people are buying them. 

By Stephen A. Thompson, 
Western Editor 

Since National Semiconductor introduced the LMI 00 
monolithic voltage regulator about 2 112 years ago, there 
has been a proliferation of hybrid and re voltage regu­
lators in the ± 40 V range. Generally, manufacturers 
have found them to be a good product, although West­
inghouse and R aytheon no longer make them. Fair­
child is selling more µ,A 723 regulators than any other 
complex IC except its µ,A 7 41 op amp. Some users buy 
regulators in 100,000-unit orders. 

R egulators are readily available and have been ac­
cepted by builders of power supplies, computers, power 
conditioning equipment, avionics systems, and instru­
ments of all kinds . Op amp users are good customers . 
In fact , Philbrick/Ne~us makes a ± 15 V unit, which 
it sells largely to its op amp customers . Applications 
range from the usual plus-or-minus series regulation, 
to curren t and voltage boosting, shunt regulation, and 
many more. 

The success of these regulators is partly due to the 
fact that almost every piece of electronic equipment 
needs a regulated power supply. T he predominance of 

S eries poss transistor 0----.-------, 
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r------------, 
I I 
I Ou tput I 
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L _____________ J 
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Typical series voltage regulator circuit. An error amplifier 
converts the difference between the output sample and the 
reference into an error signal that controls the voltage 
dropped by the series pass transistor. Even though most 
commercial IC regulators include the amplifier, the refer· 
ence and the pass transistor, most users apply these regu­
lators t o drive one or more series pass transistors, either 
directly or through an intermediate transistor driver. 
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res means that most of these supplies must have an 
output of 5 V or less . At this low voltage, diode drops 
are important, noise margins are very low, and the 
dynamic range that the designer has to play with is 
very small-he must control the supply voltage very 
accurately. 

Choosing a regulator 

The design engineer must evaluate each application 
separately. Some of the key parameters of commercial 
voltage regulators are compared in Figs. I through 5. 
Most of these products either have counterparts with 
negative voltage outputs or can be connected for nega­
tive outputs. Hybrid regulators a re included ; however, 
many of them consist of a monolithic IC regulator, with 
transistors added to get higher power dissipation and 
load currents . Other hybrid regulators have no mono­
lithic 1cs, they consist of discrete diodes and transistors 
pl us thick-film resistors. 

The designer should be aware of many things when 
choosing a regulator. In addition to low output im­
pedance, the good ones have short circuit protection, 
overvoltage protection, high reliability, and come with 
good application notes . 

Even though a low output impedance is mandatory 
in a regulator, we have not graphed thi s parameter be­
cause many spec sheets do not list it ; those that do, 
specify operating points at varying frequencies. (Mo­
torola is very proud of the fact that its typical Zou t of 
25 mO is virtually fl a t with output voltage , so much 
so th at until recently , load regulation did not even ap­
pear on its spec sheets.) 

In fact , regulation is about the most difficult spec 
to compare. Figure 2 is a plot of those products where 
regulation was specified in the two most popular fash­
ions- % / Yout and % (manufacturers also use % / mA 
and mV). To insure that regul ation comparisons rank 
with the labors of Hercules, the conditions under which 
the specs were made are as di ffe rent as random finger­
prints. In the midst of this chaos, Varadyne's 0.005 % 
figure (typical) fo r its hybrid regulator is clearly the 
best-about an o rder of magnitude below anything 
reported in % . 
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Fig. 1: Regulated output voltage range of voltage regulators. 

Regulator identification code 

Code Manufacturer Monolithics Package 

1. Fairchild µ.A723 MS T0·5 

2. Fairchild µ.A723 c T0·5 
3. Fairchild µ.A723 c DIP 
4. Motorola 1460G c T0·5 
5. Motorola 1460R c Cu sink 

6 . Motorola 1560G MS T0·5 
7. Motorola 1560R MS Cu sink 
8 . Motorola 1461G c T0·5 
9 . Motorola 1461R c Cu sink 

10. Motorola 1561G MS T0·5 
11. Motorola 1561R MS Cu sink 
12. National LMlOO MS T0·5, flat, DIP 
13. National LM105 MS T0·5, flat 
14. National LM300 c T0·5 
15. National LM305 c T0·5 
16. NPC Electronics LAlOO MS T0·5 , flat 
17. NPC Electronics LA105 MS T0·5 , flat 
18. NPC Electronics LA300 c T0·5 , flat 
19. NPC Electronics LA305 c T0·5, flat 
20. Optical Elect . 8100 MS T0-5 
21. Transitron TVR2000 MS T0-100 

Hybrids 

22. Beckman 809 MS 1 x .5 x .170 
23. Beckman 801,3, 5 MS lx.5x .170 
24. Beckman 802, 4 , 6 MS 1 x .5 x .170 
25. Bendix BN4000 ser MS T0·3 
26. Bendix BN4100 ser MS T0-3 
27. General Inst. NC530 MS T0·5 
28. General Inst. NC562 MS 
29 . General Inst. NC572 MS T0·8 
30. lnt' I Circuit Tech .LM500 MS 1.2 x .65 x .25 
31. Varadyne J series MS 1 x .5 x .1 55 

MS: MIL·SPEC temperature range (-55°C to +125°C) 

C: Commercial grade (usually 0°C to +70°C) 
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Power and current capability are very important. 
Many users must add an external pass transistor to 
boost the output current. The higher the rated output 
of the regulator, the lower the f3 of the transistor can 
be to give the desired amperage. The high-power mono­
lithic regulators incorporate a large series-pass transis­
tor on the chip to give high currents, but this is ques­
tioned in National's application notes by Bob Widlar, 
Director of Advanced Circuit Development. National 
shies away from it because IC packages can't handle 
the power. Since the maximum junction temperatures 
for ICs are lower than those for discrete transistors, the 
heat sink for a power IC must be much larger than that 
for a regulator using a discrete pass transistor. In addi­
tion, Widlar feels that, when the pass-transistor is on 
the chip, variations in input voltage or load current 
cause gross variations in chip temperature. These tem­
perature variations affect the control and reference cir­
cuits (located on the same chip) yielding poorer over­
all performance. He states that a good regulator should 
have an overall spec of 1 % . That is- a total regulated 
voltage change of 1 % when temperature, line, load, 
and so forth, are lumped together. 

Regulators can defend themselves 

By far, the most frequent cause of regulator failure 
is excessive dissipation in the series pass transistor. 
The most common method of protection is to limit the 
load current with a foldback current-limiting technique. 
For example, Fig. 6 shows the I-V short circuit char­
acteristic of Beckman's Model 806 hybrid regulator. 
When the output is shorted, the load current drops as 
the voltage is pulled down so that the regulator dis­
sipates minimum power. The short circuit current may 
then be only a fraction of the full load current. 

Motorola Semiconductor protects its regulators 
against excessive power dissipation, or temperature, 
differently. Mr. Clay Tatom, who manages the firm 's 
linear IC product planning, thinks its system is more 
fundamental, because it uses temperature- rather than 
current-to protect against overdissipation (see Fig. 7). 
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Fig. 6: Short circuit performance (foldback) of the Beck· 
man Model 806 voltage regulator, at 3 V, for two values of 
the current-limit sensing resistor R,. This resistor determines 
the maximum load current that can be drawn from the 
regulator. During overload, the magnitude of the load 
impedance determines the operating point along the current 
limiting characteristic curve. 
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It's make or buy time again 

Because IC regulators are now readily available and 
widely accepted, there may well be a shift in the make­
or-buy decision by an engineer who needs a regulated 
power supply. Also, the system designer will seriously 
consider point-of-use regulation instead of central regu­
lation. Both these ramifications have technical and eco­
nomic aspects. 

Until recently, everyone thought that he could build 
a power supply by throwing a transformer and rectifier 
bridge together-until he realized that he needed regu­
lation. He could then either design, build, and tinker 
with his own circuitry, or buy a supply to do his job. 

Today regulation is a component, like a transformer 
or a bridge. Armed with a catalog, the engineer can buy 
regulation in the range of ±40 V, 0.5 A using mono­
lithics, or up to 5 A using hybrids. If he reads the ap­
plication notes, he can boost his output into the 5 to 10 
A range by adding a minimum of components and de­
sign. With the exception of power supply manufactur­
ers in general , the consensus is that both the ICs and 
the application notes are good enough so that the aver­
age engineer can build a respectable supply with a 
minimum of discomfort. 

Cost ranges between $3.50 and $6.50 for a commer­
cial-grade regulator, up to $49 for a MIL SPEC unit, 
and prices have been dropping. Other cost factors are 
more subtle. Sometimes the choice is between two sup­
plies, one being marginal, the other being too good for 
the job. Mike Markkula, product marketing manager 
for Fairchild's linear integrated circuits, points out 
that now the engineer can get the voltage he wants 
without the agony of choosing between a $150 or $250 
supply to get the tradeoff he needs. 

According to Howard K. Cooper, Senior Vice Presi­
dent of the Semiconductor Division of Nucleonics Pr.od­
ucts Corp., a transistorized voltage regulator needs a 
sophisticated op amp, a stable reference, a good re­
sponse time, and a good feedback loop. To design the 
circuit yourself you might need 20 resistors, ten capaci­
tors, five transistors, tight temperature compensated 

Regulated discussion. Larry Hedberg (lef~). Manager of 
Hybrid Microelectronics for Varadyne, Inc., discusses voltage 
regulator features with Steve Thompson, over a tray of 
hybrid regulators . 
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Computers-an outpost of resistance 

Except in special cases, computer manufacturers have 
not yet adopted the local regulation scheme. Some 
consider it inconvenient, impractical, and expensive 
to break regulation up into a number like 1,000 
small pieces when you compare it with a 100-A 
central supply. The problem is that the power dis­
sipation of monolithics is limited. Hybrids are more 
interesting, but still unsatisfactory from a power 
standpoint. The power supply designer at a computer 
manufacturer suggests that if the monolithic reg­
ulator were built into a chip that you are already 
using (like a 10 flip-flop chip) then the scheme 
could be useful. 

Jack Fort, manager of circuit design for National 
Cash Register, points out the problems of distributed 
regulation. First, it is difficult to supply local reference 
voltages, because each reference is slightly different, 
say 5.02 V as opposed to 4.98 V. One end of the 
reference is tied to what passes for ground. As loads 
change, ground loops can develop that change the 
references by changing the level of what you call 
ground. If, instead of local references, you provide a 
centra l one and ship the voltage around to each point, 
you have defeated one of the original purposes of 
local regulation- to get better noise immunity. If 
noise gets into the reference network, it goes every­
where. 

Second, trying to divide the loads equally in a 
large system can be difficult. Each card may be able 
to handle 500 mA, but it can work out that one 
eard requires 600 mA and another only 200 mA. The 
average is only 400 mA, but the division is unsatis­
facto ry. 

IBM uses central regulation for the great majority 
of their computers, while only 1 % of the logic 

reference devices, and a PC board. Assuming no short­
ages of parts, the circuit must be invented, tested and 
reviewed. All of this is now on one IC . With one com­
ponent and a few holes in a broad, or socket, it's all 
over. Cooper concludes that while the IC regulator 
might cost the same as the discrete components, there 
is no assembly or design time. Actually, re regulators 
still need several components outboard, but they are 
relatively easy to put together. 

What do power supply manufacturers use? 
All of these factors are important to power supply 

manufacturers, and there is much evidence that they are 
becoming large users of IC and hybrid regulators . Ben­
dix and National both count power supply makers as 
large customers. Ed Renschler, section manager of 
linear IC applications at Motorola, believes that power 
supply companies will soon be buying potted regulators 
instead of making their own. 

We contacted several power supply companies and 
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Points of use/ 
Comparison of central and distributed regulation. In 
(a) the power distribution network must be designed 
for the minimum voltage drop and be well shielded 
from noise. Noise generated anywhere affects the 
entire system, and a short at a point of use can cause 
the supp ly to shut down or be destroyed. In (b) each 
load is isolated by its own regulate, . 'Tlinimizing the 
importance...of voltage drops and noise in the power 
distribution network. The regulators also protect the 
supply from shorts at points of use. 

circuitry utilizes loca l regulation. John Roberts and 
George Allen of the IBM 's Systems Development 
Division Labs, Kingston, N .Y. , relate that these are 
cases where ci rcuits require extremely tight tolerances 
and cannot be located close enough to a well-regulated 
supply. They consider it an expensive method, but in 
those cases technical demands override economic 
ones. IBM has an open mind on the subject of local 
regulation, but feels that no clear trend has yet 
developed. They consider that the most economical, 
reliable, and proven method today is to break the 
system and regulate it in several blocks, each serving 
a portion of the logic ci rcuitry. 

asked them about the impact of these regulators on 
power supply users, and on themselves as users . There 
are hard-line manufacturers who say they are going 
down the line with discrete components. They believe 
that they can best understand and handle the problems 
of good regulation, and doubt whether the average en­
gineer can build decent regulated supplies from applica­
tion notes. 

Others, like Sola E lectri c, find that the choice between 
designing their own or using 1cs is just about a toss-up. 
Walt Hirschberg, Vice president in charge of product 
development at ACDC Electronics, points out that PC 

boards and discretes are still more economical. Such 
factors as heat sinks are more important than saved 
space. However, as control circuitry gets more involved 
a nd efficiency becomes more importa nt, more res will 
probably be used in power supplies . At present, ACDC 
uses custom hybrids in a few units . 

Hirschberg also feels that the average engineer can 
build simple regulation. When it comes to high-power 
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supplies, however, he will not design with 1cs any more 
but turn to the power supply manufacturer. 

Of 17 manufacturers contacted, only North Elect ric, 
Lambda Electronics, and Kepco use rc regulators in 
quantity in their supplies. 

At the IEEE show in March, Lambda introduced a 
new line of power supplies that use 1c voltage regula­
tors . The regulator was designed by Lambda and man­
ufactured by Motorola, using their computer aided 
design capability. Load regulation of the supplies is 
0.01 %. 

Paul Birman of Kepco equates regulation with ampli­
fication. Amplification is easy to get, but temperature 
stability is more difficult. Kepco uses voltage regulator 
chips, even though they are more expensive than dis­
cretes, because their small size makes tempera ture 
uniformity and stability easier to achieve. 

Actually, power supply makers are the ones who can 
benefit most from IC regulators, because they know 
more about regulation than the average user. We be­
lieve that many power supply manufacturers are using 
them primarily as error amplifiers to drive one or more 
series-passing transistors. As for the user, he will go to 
power supply manufacturers in proportion to the de­
gree of sophistication required and the number of units 
he needs. Power supply manufacturers who have 
learned how to keep their costs down, will still be able 
to offer good supplies ar a cost lower than most people 
can build them. 

Divide and conquer? 

Another class of potential regulator users, the digital 
systems designers, is faced with a decision about dis­
tributed vs central regulation . He can buy or build a 
well regulated central power supply and "bus" power 
throughout the system, or he can choose to have min­
imal regulation at the central supply and use 1cs to reg­
ulate at the various points of use. The advantages of 
point of use regulation are many, but so are the mitigat­
i ug circumstances. 

The foremost advantage is that regulation is done as 
close as possible to the point of use. Distribution busses 

can be a severe headache for the system des igner-a 
poor one degrades a good supply. He may have to use 
very low-resistance bus lines to keep voltage drops to 
millivolts, especially if he needs good regulation at any 
distance from the supply. Many users of big power 
supplies use remote sensing leads to insure th at the 
regul ated voltage is accurate at the load-rather than 
at the supply- but this can be done only when there 
is a single load. 

Another important consideration is noise. Using cen­
tra l regulation, care must be taken to minimize noise 
in the common network, otherwise the busses will 
couple switching transients and hum to all points in 
the system. Individu al regulators provide better im­
munity to noise pickup throughout the system because 
they remove noise at each load point. 

Regulator manufacturers cla im several other advan­
tages, such as more reliability, less space, and better 
temperature coefficients th an discretes . In addition, they 
say, if a system needs several different voltages, such 
as ± 5, ± 12, ± 15, ± 24 volts, etc. , the exact voltage 
des ired is avai lable at the point you want it simply by 
specifying the correct regulator. Since each regulator is 
short circuit protected, a short in one card will not 
wipe out the power supply. Jf you consider the reg­
ulator as a component, the number of parts and inter­
connections in a circuit are reduced together with as­
sembly and design time. 

Cost can also be lower. Mike Markkula of Fairchild 
gives the following example. Suppose you need a 0 .1 %­
regulated, 5 V, 20 A supply. This might cost you $400 
to buy. It will cost you under $50 to buy ten µA723 's, 
plus $100 for a course supply. You should be able to 
buy the discretes needed to boost each regulator's ca­
pability to 2 A and put them together for well under 
the remaining $250. On the other hand, for 0.01 % 
regulation, the cost situation shifts in favor of the power 
supply manufacturer. 

Many digital systems designers buy the local regula­
tion concept and are in the "designing in" stage. Electro 
Scientific Industries and Datacraft, fo r example, use 
course power, regulated at point of use, in some of their 
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Fig. 7: Overdissipation protection circuit in Motorola is MC 
1560 voltage regulator. The diode transistor pair D-Q senses 
the junction temperature of the pass transistor and shunts 
the bias portion of the regulator when the junction gets too 
hot. The combined forward voltage drops of the pair at room 
temperature Vrwd + V1lE is about 1.4 V. A lower voltage, 
about 1 V, is applied externally across them. Since the chip 
is small, any temperature rise due to power dissipation in 

The Electronic Engineer • May 1969 

the large series pass transistor (visible in the microphoto­
graph of the chip) raises the temperature everywhere on the 
chip in mill iseconds. During an overload , the increa sing 
temperature lowers the ON volta ge of the diode·transistor 
pa ir by about 4 mV/°C. At about 125°C, the pa ir starts to 
conduct, shunting the rest of the regulator. An external 
resistor protects the load from overcurrent. 
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equipment. A spot survey of computer and avionics 
manufacturers, who would obviously be affected by the 
kinds of arguments above, uncovered the interesting 
views described elsewhere in this report. 

Will regulators fly? 
Avionics power systems pose a different set of prob­

lems. First, an aircraft manufacturer like McDonnell 
Douglas does not supply de regulated voltage to the 
aircraft bus. According to Mr. W. B. Yopp, chief of 
electrical engineering, they supply power according to 
MIL-STD 704 which prescribes 3-phase 400 Hz ac for 
avionics systems, rectified to a nominal 28 V.-(this vol­
tage can vary from 19 to 29 V and still meet MIL-STD 
704) . This power is bussed around the aircraft; and the 
regulation problem is left for the equipment designer 
who must interface with the aircraft power bus. 

J. Foutz, supervisor of computer engineering for the 
Data Systems Division of Autonetics, gave some insight 
into that side of the problem. The aircraft power sys­
tem is well specified, and so is the unit (say, an airborne 
computer). The power supply always turns out to be a 
custom job, whether it is made or bought, because al­
most nobody makes power supplies that operate off a 
MIL-STD 704 input. 

Autonetics uses a $40 regulator, adds about $40 
worth of components and distributes regulated power 
around a particular unit. Unless extreme reliability is 
needed, the high cost of MIL-spec regulators makes 
point-of-use regulation very unattractive. However, 
several months ago Autonetics decided that there were 
enough good regulators on the market, and have de-
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signed their last one. From now on they will use mono­
lithic regulators. Mr. Foutz cautions about applications 
notes : they tend to omit things, like the fact that most 
of them are bang-bang rather than frequency regulators; 
or that they are free running- which means that 
switching-type loads may latch the regulator on and 
destroy it. 

Back to the drawing board 
There are still formidable barriers to universal ac­

ceptance of point-of-use regulation. Almost everyone 
agrees it is a great idea to have it, but it will have to 
prove itself in each new situation. For a small number 
of loads, it is easy to distribute from a central supply. 
For a large number, it gets very complicated. In be­
tween, the idea is catching on. 

Thanks ..• 
.. . for the busy design hours they devoted in contrib­
uting to this report, to the gentlemen mentioned in the 
text and to Lyle Pittroff, Beckman Instruments ; Dick 
Schomberg, Electro Scientific. Ind.; Monte Lum, Inter­
national Circuit Technology; Ken Kupferberg, Kepco 
Inc.; Jim Bright, North Electric ; Jack O'Connell, Phil­
brick/ Nexus ; John Levin and Steve Rose, Power De­
signs Inc.; Rux Tucker, Sola Electric; L. J. Torn, Try­
gon Electronics ; and Rene Cote, Varadyne. 
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$7.50 BUYS IT ALL- 80 piece i ntroductory Kit 777 equa lly 
assorted in 4 grit textures: coarse , med ium , fine and extra f ine. 
TRY IT - Cratex Rubberized Abrasives improve the surface wh ile pre· 
serving critical workpiece dimensions by its unique cushioning action . 
FINISH THE JOB-to your most exacting specifications-often in a 
single operation . SENO FOR KIT 777 - or your FREE SAMPLE and 
catalog illustrating the full Cratex product line and its applicat ions. 

Circle 27 on Inquiry Card 

l'lftA .,.~V® RUBBERIZED 
llKl4/ &A ABRASIVES 
1600 Rollins Road • Burlingame, California 
Sold through leading industrial distributors 
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Wherever precision measurement calls 
for resistors with good stability, closely­
controlled TC and low noise, you 're apt 
to find Dale Metal Film. There are three 
good reasons : MIL-R-55182, MIL-R-
10509 and MIL-R-22684. This versat ility 
has turned a good source into a great 
one. Whether you want Established 
Reliability or just want to squeeze more 
precision into a pennies-per-part bud­
get, Dale Metal Film is the answer. 

Call today: 402-564-3131 

Weston Instruments growing line of digital panel meters makes 
broad use of Dale MF resistors . These precision 4-digit meters 
use Dale RN-60, RN-65 and RN-70 styles to control input 
resistance and critical bias functions in an amplifier circuit. 

DALE MF-THE ALL-PURPOSE LINE 
Mil. Spec: MIL-R-55182 = RNR-55, 60, 65; RNC-55, 60, 65; MIL-R-10509 = 

RN -50, 55, 60, 65, 70, 70F, 75, 80; MIL-R-22684 ; RL-07, 20. 
Resistance Range: 10 ohms to 10 megohms, depending on size and TC. 

Tolerance: MIL·R-55182 = .1% (B), .25%, .5% (D), 1% (F); 
MIL-R-10509 = .1%, .25%, .5%, 1%; MIL-R-22684 = 2%, 5%. 

Temperature Coefficient: 11 standard TC's available in - 55°C to 
+ 175°C range. 

DALE ELECTRONICS, INC. 
1304 28th Ave., Columbus, Nebraska 68601 
In Canada: Dale Electronics Canada, Ltd. 

A subsidiary o f The Lionel Corporation 
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Solitrode 
D0-4 and D0-5 

packages 
... the glass passivated ones. 

Up to now, junctions of D0-4 and D0-5 stud rectifiers were coated 
with conventional materials: plastic, epoxy or varnish. The possi­
bility of contamination was always present. 

Now Solitron has incorporated its Solitrode chip into these two 
configurations. The Solitrode' s glass passivated junction withstands 
temperatures of up to 1000° C., giving higher-than-ever reliability. 
High temperature reverse bias is no longer a problem due to the 
elimination of the effects of ionic migration . These packages ex­
ceed the applicable environmental requirements of MIL-S-19500E. 

Solitrode D0-4 and D0-5 packages are available in normal and 
fas t-switch versions, with recovery speeds of 250 and 400 nano­
seconds, depending upon voltage. Peak inverse voltages of up to 
1000 volts per junct ion are available. 

The D0-4 is available in the following types : 1 N3879 to 3883 ; 
1 N3889 to 3893 ; and 1 N3909 to 3913. The D0-5 is available in these 
types: 1N1183 to 1190; 1N1193; 1N1195 to 1198; 1N248B to 2506 ; 
1N3208 to 3214 ; and 1N3899 to 3903. Reverse polarity types are 
available in both packages. 

New specification sheets are now available. 

IE3olitron OEVICES, INC . 

256 OAK TREE ROAD 
TAPPAN, N. Y . 10983 
PHONE (914) 359-5050 
TWX : 710-576-2654 
TELEX : 13-7346 

Circle 29 on Inquiry Card 

WELCOME 

Here we welcome new companies or 
new divisions in the electronics indus­
try. If you want more information, 
just circle the appropriate numbers on 
th e reader service card. 

Ion implantation initiate. On Febru­
ary 20, the recently-formed KEV 
Electronics Corp . moved into new 
faci lit 'es in Wilmington , M ass., and 
commenced full-sca le R&D and pro­
duction activities. KEV's goal: to 
make sophisticated semiconductors 
(discretes-not 1cs) that cannot be 
made efficientl y with diffusion . The 
process it will use: ion implantation . 

Dr. William J . King, president and 
fo under of the firm , is one of the pio­
neers of ion implantation in this 
country. H e began working with the 
process while at Ion Physics Corp., 
a subsidi ary of High Voltage Engi­
neering. 

KEV plans to produce spec ial pur­
pose diodes and tra nsistor devices in 
which hi gh resolution and uniformity 
are especia ll y important. Its first prod­
uct-expected to be available by early 
fa ll-will be a line of voltage-variable 
capac itors for military and industrial 
tuners, including those used in TV 
receivers and am and fm radios. 

High-frequency devices-still under 
development- will make up its second 
product effort, but these will not be 
ava ilable for another 18 months or 
so. Further in the future is a line of 
junction field-effect transistors. 

KEV will be working with silicon 
materials exclusively at first , but long 
ra nge plans call for the development 
of devices using 111-V and II-VI semi­
conductor materials such as gallium 
arsenide phosphide, gallium arsenide, 
indium antimonide, and indium arsen­
ide. 

Circle 414 on Inqui ry Card 

Control over telephone lines. The job 
of designing and manufacturing data 
communications systems has recently 
been tackled by Coherent Communi­
cations Systems Corp., W yandanch , 
N .Y . At present, the Long Island firm 
is directing most of its efforts to its 
key product line-multifrequency 
control modules-which are designed 
to provide remote control switching or 
signalling over leased telephone lines. 
They will be used on facsimile trans­
mission to select a particular machine 
speed, or to program all network re­
ceivers for the same speed. The mod­
ules are avai lable in limited quantities. 

Circle 415 on Inquiry Card 
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II 

Voltage 
50, 100, 200 volts 
Insulation Resistance : lOOK Megohms 

End Terminations 
Standard (Silver). Also 
Available: Gold Palladium, 
Gold Platinum, Gold Plate, 
Silver Pallad ium 

NPO 
Temp. Range: -55°C to 150°C 

• 

or lK ohm farads-whichever is lower 
Tolerance: ±5%, ±10%, ±20% 

Temp. Characteristics: 0 ±30ppm / °C (COG) 
Dissipation Factor: 0.15% max. 
Capacitance: 1 to 22K pf 

K1800 ------------~ 
Temp. Range: - 55 °C to 125°C 

K1200 Temp. Characteristics: (± 15%) W5R 
Dissipation Factor: 2.5% max. 
Capacitance: lK pf to 1.2 µf 

The above specs pretty well 
tell the story on our standard line 
of ceramic chip capacitors. Except 
that they're available in a variety 
of sizes in rectangular and near­
square types. 
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Temp. Range: - 55 °C to 125°C 
Temp. Characteristics: (± 10%) W5P 
Dissipation Factor: 1.5% max. 
Capacitance: 120 pf to lµf 

Multilayer 
High-K ceramic 
hermetically sealed 
with platinum electrodes 

And they 're off-the-shelf items 
with COMPAR, our nationwide dis­
tribution network. 

But you also should know that 
we can provide you with many other 
end terminations, capacitance val-

ues, ceramic valuations and voltage 
ratings. 

Just get in touch with our En­
gineering Department. You'll find 
that even though you've seen one of 
our chips, you haven't seen 'em all. 

11620 Sorrento Valley Rd ., San Dieg~a~i~~~pr~714M.!~!fi;~_,! oe 
Division Illinois Tool Works Inc. Represented by COMPAR Iii 
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This "M" . Series c mmation by h" onnector is no 
Pre-loaded p1· ighh volume automat· w ~vailable for ter 
20 " " '" ff " w"; · POl~T~enctl~rs for ei~hee;~~apchtoice of P:;t t~~:ingi nqsues. 

1p con · ype or on 
of contacts with nect1.ons. Socket halfour own TERMl-
contacts are ree~r without insulation offers a choice 
provided high -fed, stamped a d f support. Socket 

speed auto . n ormed f 
•Trademark of AMP mat1c machine t . or AMP 

INCORPORATED ermmation in 

your plant. All con 
variety of platin tacts are replaceab use standa d g materials 36 le. Available ,· r "M" . · · and 5 . n a 
formation write· Series hardware O-pos1tion sizes 
Harrisburg p . Industrial Divis" . For complete . ' a. 17105 ion, AMP I in-. ncorporated ' 
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Non1ex~ 
The best thing 

next to electricity. 
No matter what the class, you want the most 
reliable insulation you can get. NOMEX' nylon 
gives Class H performance and better for 
Class A through H motors, generators, trans­
formers and wrapped wire. As a result , one 
insulation -NOMEX -can efficiently satisfy all 
of your insulation needs. 

NOMEX has high overload capacity. UL­
rated at 220 C., it also conforms to MIL-1-
24204. It will not melt or support combustion . 

NOMEX is tough enough to withstand the 

rigors of automated production . It's available 
in a variety of forms and can be easily creased, 
formed or punched. NOMEX is compatible 
with all major resins, varnishes and enamels. 
And its resistance to moisture and chemicals 
is outstanding . 

For more facts, write : Du Pont Company, 
NOMEX Marketing, Wilmington , Delaware 
19898. In Canada, write Du Pont of Canada 
Ltd. In Europe, Du Pont de Nemours Int. S.A., 
81 , Route de I' Aire , Geneva, Switzerland. 

Better things for better living 

. .. through chemistry 
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MICROWORLD .. 

Transmitting data 
with digital ICs 

New integrated circuits make it possible 
to transmit data under high noise conditions 
using a simple twisted pair of wires. 

By R. J. Widlar and J. J. Kubinec 
National Semiconductor Corp ., Santa Clara , Calif. 

In cases where you must transmit digital data in a 
high-noise environment, you cannot use ordinary in­
tegrated logic circuits because they lack sufficient 
noise immunity. (Standard TTL or DTL have a noise 
immunity about 0.5 to 1 V). One way to solve this 
problem is to use high-noise immunity logic. This ap­
proach usually demands worse case logic swings of 
30 V, which in turn requires high supply voltages. Fur­
ther, considerable power is needed to transmit these 
voltage levels at high speed, especially if the lines must 
be terminated to eliminate reflections. 

A better solution is to convert the ground-referred 
digital data at the transmission end into a differential 
signal and transmit this down a balanced, twisted-pair 
line (Fig. 1). At the receiving end, any induced noise, 
or voltage due to ground loop currents, appears equally 
on both ends of the twisted-pair line. A receiver which 
responds only to the differential signal from the line 
will reject large, undesired signals even with moderate 
voltage swings from the transmitter. 

This article describes such a system. The transmitter 
provides a buffered differential output from a DTL or 
TTL input signal. A four-input gate is included on the 
input of the transmitter so that the circuit can also 
perform logic. The receiver detects a zero crossing 
in the differential input voltage and can directly drive 
DTL or TTL integrated circuits at the receiving end. 
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It also has strobe capability to blank out unwanted in­
put signals. 

Both the transmitter and the receiver incorporate two 
independent units on a single silicon chip. Hence, you 
have either two complete transmitters or receivers on 
one chip. 

Data transmission 
The interconnection of the DM7830 line driver with 

the DM7820 line receiver is shown in Fig. 2. Except 
for the transmission line, the design is straightforward. 
Connections on the input of the driver and the output 
or strobe of the receiver follow standard design rules 
for DTL or TTL integrated logic circuits, i.e ., 930 
series DTL or series 54 TTL. 

The transmitter, which has a typical differential out­
put resistance of 150, drives the twisted pair trans­
mission line. These lines normally have a characteristic 
impedance of about 1700. The line is terminated at 
the receiving end, by a resistor on the receiver chip, 
to absorb reflections on the line. The transmitter will 
deliver a differential signal of ± 3V into the transmis­
sion line while operating from a 5V supply, as is shown 
by the curves in Fig. 3. 

At the receiving end, the terminating resistor is not 
normally connected directly across the output of the 
transmission line. Instead, an external capacitor is 
inserted in series with the resistor. The capacitor sig­
nificantly reduces the power dissipation in both the 
line transmitter and receiver, especially in low duty 
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About the line driver and receiver . .. 

The DM7830 line driver input interfaces directly 
with standard DTL or TTL circuits. It presents a load 
which is equivalent to a fanout of 3 to the circuit 
driving it, and it operates from the 5 V, ± 10% logic 
supplies. The output can drive low impedance lines 
down to 500 and capacitive loads up to 5000 pF. 
The circuit is designed to clamp common mode 
transients coupled into the line, and short circuit pro­
tection is also provided . The integrated circuit con­
sists of two of these drivers fabricated on a 41 x 53 
mil~square die using the standard TT L process. 

The line driver circuit closely resembles a standard 
TTL buffer. In fact, it is possible to use a standard 
dual buffer as a transmitter. But the DM7830 adds 
output current limiting to protect against shorts, 
and output diodes to clamp severe voltage transients 
that may be induced on the transmission line. Also, 
the circuit has internal inversion to produce the dif­
ferential output, to reduce the time ske:w between 
the outputs and minimize radiation from the twisted 
pair lines. 

LINE RECEIVER 
The DM7820 receiver converts the differential 

output signal of the line driver into a single ended 
ground-referred signal to drive standard digital cir­
cuits on the receiving end. At the same time it must 
reject the common mode and induced noise on the 
transmission line. Two receivers are on one chip, 
41 x 49 mil-square. 

It was considered important that the receiver op­
erate from the +5 V logic supply without requiring 
other supply voltages . This complicates design be­
.cause the receiver must handle ± 15 V input signals 
which are considerably greater than the operating 
supply voltage. However, the large common mode 
range over which the circuit must work can be re­
duced with an attenuator on the input of the receiver. 
In this design, the input signal is attenuated by a 
factor of 30. Hence, the ± 15 V common mode volt­
age is reduced to ± 0.5 V, which can be handled 
easily by circuitry operating from a 5 V supply. The 
differential input signal , which can go down as low 
as ±2.4 V in the worst case, is also reduced to ± 80 
mV. Hence, the circuit must be designed with a 
fairly accurate zero crossing detector. This necessi­
tates using linear design techniques for the receiver 
circuit, even though it can be manufactured with 
standard digital processing. 

Both the line driver and the receiver are available 
from National Semiconductor. 
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Fig. 1: When ground is used as a signal return as in Fig. la, 
the voltage seen at the receiving end will be the output 
voltage at the transmitter plus any noise voltage induced 
in the ground or signal line. Hence, the noise immunity of 
the transmitter-receiver combination must be equal to the 
maximum expected noise from both sou rces. The differen­
tial transmission scheme in Fig. lb solves this problem. Any 
ground noise or voltage induced on the transmission lines 
will appear equally on both inputs of the receiver. The re· 
ceiver responds only to the differential signal coming out of 
the twisted -pair line. It therefore rejects the noise and de­
livers a single·ended output signal referred to the grou nd at 
the receiving end . 

V 1s 4 SV to 5 SV •optionol to 
f or both th e control 
OM782C and response 
OM7830 time 

Fig. 2: Interconnection of the line driver and the line receiver. 
Transmitter has four NANO inputs and drives the twisted­
pair line differentially from a low impedance source. C, pro­
vides de isolation of the line te rminating resistor in the 
receiver to reduce power dissipation, and C, can be included 
to make the system immune to fast noise spikes. Grounding 
strobe terminal disables receiver. 

Vt: SV 

Output currtnl (mA) 

Fig. 3: Output characteristics of the line driver under load 
show the differential voltage delivered to the transmission 
line for different characteristic impedances. Curves show 
that the maximum current available from the driver is li m­
ited to prevent damage if transmission line is shorted. 
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cycle applications, by terminating the line at high fre­
quencies, but blocking steady state current flow in the 
terminating resistor . 

Since the line-termination resistor is included on 
the receiver chip, precise resistor v~lues cannot be 
guaranteed without adversely affecting manufacturing 
yields. Fortunately, relatively large mismatches be­
tween the line impedance and the termination resistor 
do not adversely affect performance. Fig. 4 shows that 
termination resistances which are a factor of two off the 
nominal value (1700) do not cause significant reflec­
tions on the line. The lower termination resistors do, 
however, increase line attenuation. 

Fig. 5 gives the line-transmission characteristics with 
various termination resistances when a de isolation 
capacitor is used. The line is identical to that in the 
previous example. The transient response is nearly the 
same as the de terminated line. The attenuation, on 
the other hand, is much lower, being the same as an 
unterminated line. An added advantage of using the 
isolation capacitor is that blocking the de current from 
the termination resistor reduces the average current 
drain of the driver and the power dissipation in both 
the driver and receiver. 

As was the case with the termination resistance, the 
value .of the de isolation capacitor is not too critical. 
A good design guideline is to make the RC time con­
stant of the termination resistor/ isolation-capacitor 
combination 2 to 3 times the electrical line length. 

When there is a difference in ground potential be­
tween the transmitter and receiver, the waveforms ob­
served at the receiving end will be somewhat different 
than those in Fig. 5. This· difference comes about be­
cause the output resistance of the driver is not constant 
under all conditions. The high output of the transmitter 
looks like an open circuit to vo\tages reflected from the 
receiving end of the transmission line which try to drive 
it higher than its normal de state. This condition exists 
until the voltage at the transmitting end becomes high 
enough to forward bias the clamp diode on the 5V 
supply. Much of the phenomena which does not fol­
low simple transmission line theory is caused by this . 
For example, with an unterminated line, the line ca­
pacitance is charged by the reflected signal to where the 
clamp diodes are forward biased, increasing the signal 
swing at the receiving end. This increase then decays 
at a rate determined by the total line capacitance and 
the input resistance of the receiver. 

The abnormal behavior of the transmission lines 
with non-zero common voltages is, however, of little 
practical concern. It occurs only when a de isolation 
capacitor is used in series with the termination resistor, 
and results in a received signal which is larger than 
that which would be observed under normal conditions. 

The power dissipated in the receiver is usually low. 
However, with large common mode input voltages, 
dissipation increases markedly, as shown in Fig. 6. 
This is of little consequence with common mode tran­
sients, but the increased dissipation must be taken into 
account when there is a de difference between the 
grounds of the transmitter and receiver. It is impor­
tant to note that Fig. 6 gives the dissipation for one 
half the dual receiver. The total package dissipation 
will be twice the values given when both sides are 
operated under identical conditions. 
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Fig. 4: Transmission line response with various t ermination 
resistances shows that response degradation is small for 
relatively large mismat ches. The line used was a twisted 
pair 150 ns long with a l 70!J characte ristic impeda nce. 
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Fig. 5: Line response for va rious termination resistances 
when a se ries de blocking capacitor is used . Capacitor in­
creases signal swi ng and reduces power dissipat ion . 

Fig. 7 gives the response time, or propagation delay, 
of the receiver. Normally, the delay can be increased, 
by the addition of a capacitor between the response­
time terminal and ground, to make the device immune 
to fast noise spikes that might be coupled differentially 
into the input. The additional delay obtained will gen­
erally be longer for negative going outputs than for 
positive going outputs. 

Strobe capability is also provided on the receiver. 
With a logic zero on the strobe termina l, the output 
will be high no matter what the input signal is. With 
the strobe, the receiver can be made immune to any 
noise signals during intervals where no digital informa­
tion is expected. The output state with the strobe on is 
also the same as the output state with the input termi­
nals open, as would be the case when the transmitter 
was disconnected from the receiver. 

Results 

To summarize, the best termination is an RC com­
bination with a time constant about equal to three 
times the transmission line delay. Even though its 
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Fig. 6: Variation of internal power d issi pation in the receiver 
with changes in com mon mode input voltage illustrates that 
dissi pation ca n increase ma rkedly for large de ground dif­
fere nces between t ransmitter and receiver. 
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Fig. 7: Response time with and without an external delay 
capacitor (C, in Fig. 2) . Th is capaci tor gives added im m u­
nit y to fa st noise when only slow signals are expected . 

value is not precisely determined, the internal termina­
tion resistor of the integrated circuit can be used be­
cause the line characteristics are not greatly affected 
by this resistor. 

A n RC termination can cause p roblems only when 
the data transmission rate approaches the line delay 
and the attenuation down the line (de terminated) is 
greater than 3 dB . This w~ul d correspond to more than 
1000 ft. of twisted pair cable with No. 22 copper con­
ductors . Under these conditions, the noise margin can 
disappear with low-duty-cycle signals. If this is the 
case, it is best to opera te the twisted-pair line without 
a termination to minimize transmission losses. Reflec­
tions should not be a problem as they will be absorbed 
by the line losses. 

INFORMATION RETRIEVAL: 

Integrated circuits, Systems 
Digital design 

61 



62 

An important announcement 

to the engineer 

who is on the way up 

in his company 

Under the direction of 

Booz · Allen & Hamilton, Inc. 
Because of a wide and enthusiastic response to the 
Project Management Series which has appeared in 
the pages of this magazine, the editors have arranged 
a seiies of professionally directed seminars which 
will take place in key cities throughout the country. 
These Seminars on the "Management of Engineering 
Projects" are open to all qualified engineers who 
wish to participate. 

The purpose of the Seminars is to develop within 
each participant an improved capability to manage 
effectively both large and small electronic projects. 
The Seminars will provide the practical knowledge 
to those responsible for electronic projects to do a 
better job of planning and executing those projects. 
There will be particular emphasis on the methods 
used to reach an objective while remaining within 
the prescribed product specifications, budget and 
schedule. The tested methods used in the Seminars 
will help the individual electronic engineer or man­
ager increase his personal skills, sharpen his capabil­
ity and broaden his understanding of Project Man­
agement problems. 

Electronics engineering projects require the use of 
new management concepts which are often difficult 
for the traditionally-oriented manager to understand 

and accept. Because they cut across many func­
tional (specialist) and organizational li nes, these 
projects do not fit comfortably within the lines of 
authority in the traditional organizational structure. 
Even more important, these projects are scheduled 
to achieve certain specified results at a particular 
point in time. 

WHAT THE PROJECT MANAGEMENT SEMINAR 
CAN MEAN TO YOU 

These new Seminars in Project Management offer 
the electronic engineer an opportunity to broaden 
his knowledge and responsibility and to acquire 
ski lls similar to those of the general manager. These 
courses are unique in that they help the eng ineer 
solve the severe complexit ies inherent in the project 
assign ment which in turn places an unaccustomed 
burden on the project manager. 

Because the project manager 's job is not easy nor 
even well-defined, he is in urgent need of profes­
sional management guidance and training to help 
him perform his mission successfully . The for th ­
coming Seminars in PROJECT MANAGEMENT 
will provide a practical insight into the concepts, 
techniques and tools necessary to succeed. Actually, 
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About a new 

management discipline 

of 
. . 

growing importance 

Sponsored by 

The Electronic Engineer Magazine 
these form the content of the Seminars and that is 
why they are being made available to those engineers 
who wish to pa;.·ticipate. 

The Seminar material is based on Booz 
Allen & Hamilton's extensive consulting 
experience in project management which 
included the development of project plans 
and control systems for over 1,000 projects 
involving the expenditure of many billions 
of dollars. Active participation in the Semi­
nars can not only improve your own skills 
but will also make you a more valuable 
asset to your company. 

INQUIRE NOW 

Seminars are now being formed for the following 
locations and dates: 

Washington May 26-28 at University Club 

San Francisco June 23-25 at Fairmount Hotel 

Reservations are very limited, so please register 
early to avoid disappointment. 
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Professional personnel from Booz • Allen & H amil­
ton, one of the world's largest managemen t consult­
ing organizations, will personally instruct and su­
pervise the Seminars which are sponsored by The 
Electronic Engineer. For further information re­
garding dates, fees and other pertinent particulars, 
please write to : 

J. E. Hickey, Managing Editor 
The Electronic Engineer 
Chestnut & 56th Streets 
Philadelphia, Pa. 19139 

A brochure containing all the important details will 
be sent to you by return mail. 

The Electronic Engineer 
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MICROWORLD 

at the top 

From code conversion to micro-programming, 

the monolithic read-only memory proves to be a versatile component. 

By John Linford, Manager, Computer Memory Systems, 
Applications Section, Motorola Semiconductor Products, Inc., Phoenix, Arizona 

The monolithic read-only-memory is coming on strong. 
Available in both bipolar and metal-oxide-semiconduc­
tor forms, with bit capacities reaching into the thou­
sands, the IC ROM is extremely versatile. It can handle 
all sorts of logic jobs, including detection, decoding, 
generation, distribution, and translation. Moreover, it 
can also serve as a complete arithmetic unt. 

A read only memory (often called fixed-constant 
memory, non-alterable memory, or fixed-program mem­
ory) is a digital storage device containing information 
that cannot be altered during normal operation. Inte­
grated circuit ROMS now on the market have informa­
tion stored during the manufacturing process that can­
not be electrically altered. When utilizing them, the 
system designer obtains the usual advantages of inte­
grated arrays - such as increased system reliability, 
lower system cost, higher speed and reduced package 
count. In addition, the designer obtains a custom circuit 
without paying the full engineering and production tool­
ing costs for an individual circuit. This is true because 
the storage pattern is inserted during a single step dur­
ing processing; hence the user can obtain a given func­
tion at a price based upon the development of a single 
mask and the related processing. Thus, custom circuits 
become economically feasible with smaller production 
quantities. Another important plus for custom logic 
circuits built from ROMS is the short lead times involved. 
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Automatic mask generation can now generate the simple 
metal cut masks needed for ROMS, thus permitting some 
semiconductor houses to deliver circuits in 2 to 6 weeks. 

Perhaps the biggest disadvantage of IC ROMS is the 
fact that the IC manufacturer must presently insert the 
storage pattern and hence the time required to change 
the pattern is longer than if the customer did the pro­
gramming using other types of ROMS . Aware of this 
problem, some manufacturers have designed automated 
systems to generate the masks and the test pattern for 
a custom ROM. A turn around time of two weeks is the 
goal of this endeavor. 

Mind your ' l s' and 'Os' 
Standard wafers are processed with "I's" in all ROM 

locations. This standard processing includes passivation 
with a glass coating to protect the surface of the wafer . 
A masking operation now opens slots over the 128 
metal link connections. The final photo-resist masking 
now etches away the bit links wherever a zero is desired. 
The cut mask needed for this information insertion can 
be generated automatically at reasonable cost. 

Bipolar read-only memories with worst case access 
times of 50nsec are presently available with 128 and 
256 bits. Mos ROM arrays with approximately 2µ,s ac­
cess times are offered in sizes of 2048 bits and higher. 
Bipolar ROMS arrays with access times of lOOnsec and 
bit capacities of 1024 bits are expected to be available 
by mid 1969. (Text continued on page 70) 
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The versatile read-only-memory. This 128-bit inte· 
grated-circuit ROM generates as many as eight func­
tions from a 4-bit binary code. The block diagram and 
schematic show enable inputs, address gates, decoder 
driver, array, and output buffers. The actual mono­
lithic measures 88 by 85 mils. Each bit is initially in 
the logical ' l' state, as established by the metal inter­
connection. The slots in the passivation mask deter­
mine which metal links will be removed to change the 
l's to O's. 

The schematic shows a bipolar, 128-bit ROM 
(Motorola XCl 70) organized as an array of 16 words 
of 8 bits each . Four address bits provide binary coded 
inputs to select the desi red word. The chip also con­
tains four enable inputs useful for address expansion. 
A word line is enabled (in high or 1 state) when all 
enable inputs are driven high. With the connections 
as shown in the schematic word-line 0 will forward­
bias the word -line buffer transistors Q,,, through Q,,,, 
The current from the word -li ne buffer transistors, Q •.•• 
for example, will forward -bias the base-emitter junc­
tion of the bit-0 output buffer transistor QB,, producing 
a zero output. Under these conditions, the presence 
or absence of the metal link connections between the 
emitters of the word-line buffer transistors and the 
resistors connected to the base of the output transis­
tors (between Q,,, and R, for bit 0) determines the 
presence of a stored "l" or a " O" for each bit. If the 
link is present and the output is low, a 1 is stored for 
that particular bit. Hence, the circuit is initially con­
structed with all l's stored and is programmed for the 
desired O's by etching away meta l links. 

Passivation mask 
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inputs 

Word 15 Bit 7 Word 15 Bit 0 r-------, 
I I 
I I 
I 

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

Vee I 
I 
I , I 
I I L _______ .J 

I o,~ o f 
I ' I 
L------ .J 

• LI,.• removed if loQic "o" state desired. 

Monolithic chip 

• • • • • 

• 
-- -------------- --- -- ---- ---- ---- -- -------- ------------

Metalization mask 

• 
• 

• • • 
• 
• 
• 
• 
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ROM From Hollerith ... 

Hollerith punched tape code for numerical 

at the top control (An EDP card has 80 columns of this 
12 bit code) 

ROM# 
Used for 

Symbol Hollerith Code RS-358 Code Conversion 

(Bit positions) Bits 
87654321 

A 12-1 1000001 1 
B 12·2 1000010 1 
c 12·3 1000011 1 
D 12·4 1000100 1 
E 12·5 1000101 1 
F 12·6 1000110 1 
G 12·7 1000111 1 
H 12·8 1001000 3 
I 12-9 1001001 3 
J 11·1 1001010 1 
K 11·2 1001011 1 
L 11·3 1001100 1 
M 11·4 1001101 1 
N 11-5 1001110 1 
0 11·6 1001111 1 
p 11·7 1010000 1 
Q 11·8 1010001 3 
R 11·9 1010010 3 
s 0-2 1010011 2 
T 0·3 1010100 2 
u 0·4 1010101 2 
v 0-5 1010110 2 
w 0 ·6 1010111 2 
x 0·7 1011000 2 
y 0·8 1011001 3 
z 0-9 1011010 3 
0 0 0110000 2 
1 1 0110001 2 
2 2 0110010 2 
3 3 0110011 2 
4 4 0110100 2 
5 5 0110101 2 
6 6 0110110 2 
7 7 0110111 2 
8 8 0111000 3 
9 9 0111001 3 
: 8·2 0111010 4 
% 0-8·4 0100101 4 
( 12·8-5 0101000 3 
) 11-8·5 0101001 3 
+ 12·8·6 0101011 4 

11 0101101 1 
I 0-1 0101111 2 
Space No punches 0100000 2 

(all zeroes) 
BS 11·9·6 0001000 4 
HT 12-9·5 0001001 3 
LF 0-9·5 0001010 3 
CR 12-9·8·5 0001101 4 

NOTE: 8th bit 
is parity bit 
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... to punched tape 

Hollerith to RS-358 numerical control code 

ROM 1 
Address-enable function. (These connections are made 
to the enable input) 

(O) {S) {9) [(TI) (12) + (12) (ll)J 
Address Input Ao Bo 
Address Input A, B, 
Address Input A, B, 
Address Input A, 11 
Symbol Hollerith Code ROM #1 storage location 

A,, A,, A., Ao 
A 12-1 0 0 0 1 
B 12-2 0 0 1 0 
c 12-3 0 0 1 1 
D 12-4 0 1 0 0 
E 12-5 0 1 0 1 
F 12-6 0 1 1 0 
G 12-7 0 1 1 1 
- 11 1 0 0 0 
J 11-1 1 0 0 1 
K 11·2 1 0 1 0 
L 11-3 1 0 1 1 
M 11·4 1 1 0 0 
N 11·5 1 1 0 1 
0 11-6 1 1 1 0 
p 11·7 1 1 1 1 
one word unused 

The Hollerith punched card code is popular in digital sys­
tems. But there are other codes- for example, the EIA 
RS-358 code for information interchange in perforated tape 
numerical control machines- and to go from one code to 
the other requires a translation. This is easy to achieve 
with read-only memories. 

In the translating circuit below, the Hollerith code has 
12 bits while the RS-358 is an 8 bit code. Since the output 
code from this translation is of 8 bit length, each word of 
a 16 word, 8 bit read only memory can make the transla­
tion to the output code. A problem arises in addressing 
the ROM from the 12-bit Hollerith code since the ROM is 
designed to be addressed with a straight 4-bit binary code. 
However, certain characteristics of the Hollerith code can 
be used to advantage in solving this problem. Fi rst note 
that only one of the bits in the group 1, 2, 3, 4, 5, 6, 7 
is activated at a time. Hence, the input code can be com­
pressed by reducing these 7 inputs into the 3-bit binary 
code indicated below: 

Sc 
-. ,_ ~ a, 

.--
8 2 

-
765432 1 
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ROM 2 
Address-enable function (Uses all 16 ROM words in ROM 
#2) (8) (9) (11) (12) 
Add ress Input Ao Bo 
Address Input A, B, 
Address Input A, B, 
Address Input A, 0 

ROM 3 
Address-enable function (Uses 12 ROM words in ROM 
#3) {G) <4> <2> [{8) (9) + (8) (9)] 
Address Input Ao 8 
Address Input A, 12 
Address Input A, 0 
Address Input A, 5 

ROM 4 
Add ress-enable function (Uses 5 words in ROM # 4) 

(8) '<§) (6) + (8) [9 + 2 + 6 + 4] 
2, 5, 6 coded as 

Address Input Ao} 2--01 
Address Input A, 5-10 

6-11 

12, 11, 0 coded as 
Address Input A,} 12--01 
Address Input A, 11- 10 

0-11 

Thus, by using only three 4-input OR gates, the input code 
is reduced to 8 bits (the original 12 less the 4 realized by 
the above compression). Furthermore, the address enable 
inputs of the ROM can be used to similar advantage permit­
ting a block of characters and their Hollerith equivalents to 
be translated into RS-358 code by means of a single ROM . 

In the case illustrated here, for example, ROM # 1 con­
verts 15 characters. The inputs 1, 2, 3, 4, 5, 6, 7 are com­
pressed into three bits B,, B., Bo that serve as three of the 
address inpl!!_s, j_np!Ji 1 Lis the fourth address (A,), and 
(11 + 12) (0) (9) (8) (11) is the enable function. Hence, 
the Hollerith codes illustrated serve as the address inputs 
to the ROM, showing the word location where the desired 
RS-358 code can be stored. 

The remainder of the character set can be divided in 
a similar manner and be arranged to address additional 
ROMs. This method can be expanded to translate from 
Hollerith to other output codes as well. 

Hollerith New, compressed 
code bits code bits 

7654321 e. 8, Bo 
0000001 0 0 1 
0000010 0 1 0 
0000100 0 1 1 
0001000 1 0 0 
0010000 1 0 1 
0100000 1 1 0 
1000000 1 1 1 
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ROM applications: Decoding ... 

3 Bit 

Bl na ry Input I 1~ } Enable Inputs 

ROM 

I Of 8 

Output 

A3 E E 

0 

Decoder. Read -only-memory converts BCD format into 
l ·out·of-8 code. The three binary-coded inputs drive 
address lines A., A, and A,. Address line A,-as well 
as "chip enable input"-may be used for enable gat· 
ing. A logical '1' stored in the memory results in a 
low output for the corresponding bit output; hence 
inverters will be required for applications that need 
high output states. If the storage pattern is inverted 

Reolster 
Se lection 
Bi ts 

Doto 
Bit 1 

Da to 
8 11 2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Doto 
811 8 

T ransm it ted 
parity bi ts 

Pl P2 P4 

Compare 
circuit 
(Exclusive - OR 
o f correspo nd ino 
nputs) 

Reo lster 
No.1 

Reo iste r 
No.2 

Reois ter 
No.3 

~---o Enable 

~--a Inputs 

Pl l Generated 

P2 pari t y 

P 4 bits 

Pl I Error 
detect i on: 

P2 Binar y code 
of bit in 

P4 error 

Detection of single errors in a binary word with the 
Hamming code. This code adds parity bits to the 
original word to locate erroneous bit number. One 
read-only-memory chip generates the three parity bits 
P,, P, and P, as a function of the four data bits, which 
serve as address bits. Each of the 16 memory loca· 
tions is programmed to conta in the proper parity in· 
formation for P,, P, and P, for the corresponding com· 

ROM Storooe Pattern 

Input Ou tput (Bit No.) 

A, A, A1 Ao 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 I 0 0 0 0 0 0 0 0 

I I 
I I 
I I 

0 t I I 0 0 0 0 0 0 0 0 
I 0 0 0 0 0 0 0 0 0 0 I 
I 0 0 t 0 0 0 0 0 0 1 0 
I 0 I 0 0 0 0 0 0 I 0 0 
I 0 I I 0 0 0 0 I 0 0 0 
I I 0 0 0 0 0 I 0 0 0 0 
I I 0 I 0 0 I 0 0 0 0 0 
1 I I 0 0 I 0 0 0 0 0 0 
I 1 I I I 0 0 0 0 0 0 0 

-' l 's replace 'O's and 'O's replace the 'l's-these 
extra inverter stages aren't necessary, but the utility 
of the chip enable inputs is lost. For such a setup the 
enable inputs must be connected "high" to .permit 
outputs to remain low when not selected . With eight 
additional ROM chips configured in like fashion a 
one-out·of·sixty·four decoder subsystem is achieved. 

ROM data distributor routes inputs to one of N out· 
puts as directed by the address on the control lines 
(l -of-8 distribution is shown) . If the data line (address 
input line A, in decoder above) is in the 'l' state, the 
output line specified by bits A., A,, A, contains a '1 '. 
Here eight memory chips distribute 8 bits of data to 
the one register, specified by the selection bits, out 
of the eight registers. If, instead of registers, eight 
output lines were the ultimate destination, the wired· 
OR output feature of the ROM could be connected in 
common to ach ieve this. Such a matrix, which re· 
sembles a crossbar switching system, may have its 
interconnection system generated in two ways: a basic 
storage pattern like that of the decoder above can 
provide external control (with the chip outputs wired 
accordingly) , or internal (to the ROMs) control, 
whereby a separate pattern is generated for each 
storage chip . · 

Storage Pattern 

Input Output (Bit No. ) 

A, A2 A1 Ao 7 6 5 4 3 2 I 0 

0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 I I 1 0 0 0 I I 0 
0 0 I 0 I I 0 I I 0 I 0 
0 0 I I 0 0 0 I I I 0 I 
0 I 0 0 I I I 0 I I 0 0 
0 I 0 I 0 0 I 0 I 0 I I 
0 I I 0 0 0 I I 0 I I I 
0 I I I I I I I 0 0 0 0 
I 0 0 0 I I I I I I I 0 
I 0 0 1 0 0 1 I I 0 0 I 
I 0 I 0 0 0 I 0 0 I 0 I 
I 0 I I I I I 0 0 0 I 0 
I I 0 0 0 0 0 I 0 0 I I 
I I 0 1 I I 0 I 0 I 0 0 
I I I 0 I I 0 0 I 0 0 0 
I I I I 0 0 0 0 I 1 I 1 

binations of input variables . Errors are detected by 
comparing the generated parity bits with the trans· 
mitted parity bits; the comparator output identifies 
the erroneous data bit. Note that only three of the 
eight storage bits are required to generate P,, P, and 
P, for the four message bits; bit 0 is a simple odd 
parity bit. Bits 4·7 are designed for use with longer 
message words. 
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... Code translation ... 

ROM STORAGE PATTERN 

Segments 

~ •l•lclolEl•/0 1" dl•'lc'lo'l<'/•'IG'ltt' ~le inputs 

!
5 l1t11° !5!131211° !5l41tlt !5!4Jtl11° !5!1tlt 

l J l l ROM 3 J J [ ROM 1 

M ROM 1 output bit n~ ROM 2 output bit no. 

ROM g 
word LC O I 2 3 4 5 6 7 O I 2 3 4 5 6 7 

1 A • • • 

ROM 5 ROM 4 ROM 2 

7 6 5 4 3 2 I 0 7 6 5 4 3 2 I 0 
7 6 5 4r1211 0 

7 6 5 4 3 2 I 0 7 6 5 4 3 2 I 0 

2 B 
3 c 
4 D 
5 E 
6 F 
7 G 
B H 
9 I 

10 J 
II K 
12 L 
13 M 
14 N ,, 0 
16 p 

. . .. . . . . .. 
. . . 

[3 . . . . 
ROM 3 output bit~~ ROM 4 output bi t no 

o 1 L~ 3 4 5 sl~ o 1 2 3 4 5 s 1 
1 Q • • • • • 

~ HHf"+'~-t-r,.f-~-'f-,+of-4---1-71-;+--J 

6 v •• 

Al l 16 
ROM 
words 
used 

7 W • • All 16 
8 X ROM 
9 Y words 

16 Segment Indica tor 10 z used 
II • 

H ' 
cl' 

B~ 

D 

G 

A---j 

E 

Binary to 16-segment alphanumeric decoder. The ROM 
translates a 6-bit binary word into a code used to 
drive the 16 lamps of the indicator. Dots in storage 
pattern indicate a bit location in which a 'l' is stored. 
Since only five 128-bit ROMs are used for translation, 
we use two ROMs to generate the alphabetic charac· 
ters A to P, two more RO Ms for Q to /, and one ROM 
for symbols 0 through 9, restricted to 7 of the seg­
ments in the right half of the indicator. When an ROM 

Function 
speci f ication 
3 bits x 1 x 2 

Reoister 8 Re9ister A 

Re-o ister C 

xi 

0 

0 

0 

0 

I 

I 

I 

1 

X2 x3 \ 

0 0 

0 1 

I 0 

I 1 

0 0 

0 1 

f 0 

1 1 

Logic function generator employs two ROMs as an 
arithmetic unit. Here a 256-word, 4-bit read -only­
memory provides eight different functions over two 
input bits. Registers A and B each feed 2 bits into the 
memory. A 5th input provides the carry, borrow, etc., 
command from the previous element in an iterative 
parallel machine, or from a storage element of a serial 
machine. Three additional address inputs (256 = 2' ) 
are available for function specification. A set of typical 
8 functions would be ADD, SUBTRACT, WORD ZERO, 
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rF' 
E' 

..__ A, 

G' 

IJ--s· 

o' 

12 ~ 
13 L@ 

:;~~,+--jf-++-t-t-+3-±-1-+-+-t-+--I-*~ 
·· ~'+-'~~~~~~~~~;, 

3 • • • 
4 •• 
5 •• 
6 •• 
7 • 

5 6 1 

. . . . 
10 Words 
of 
ROM 5 
tor 

? \ " c· 

~.ROM 5 ' I~ !"! '~ 

8 • . . 
10 

number 
only 

YI y2 

Add 

Subtract 

output bit number is connected to the segment listed 
directly above each bit, the patterns programmed into 
the two ROMs wi ll illuminate the symbols correspond ­
ing to each row. For example, the display of symbol 
A requires illumination of segments A, 8 , C, G--con· 
trolled by ROM #1-and A', B', F', G', controlled by 
ROM #2. Thus, one stored word in each of two ROMs 
is used to display the symbol A. 

Y3 Y4 Y5 2 Bit bas ic cell 

From 
previous 
element 

Word zero 

Parity 
ROM 

255 Words 4 bits 

And 

Or 

Equal 

E1tclus ive - or 

PARITY, AND, OR, EQUAL, and EXCLUSIVE-OR. Others 
can also be accommodated. For example, 
a single input high function: F= Ao+A1+A,+A,, 
a single input low function: F= A'o+A'1+A',+A',, 
a 4-input exclusive-OR: F= AoEB[A,Ef1(A,EJ1A,)], 
all inputs high: F= AoA1A,A,, 
all inputs low: F= A'oA'1A'2A', 
For each of the function specification combinations, 
the ROM can be programmed to provide the appro­
priate outputs on Fi, F, and the carry output . 
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... ROM applications: arithmetic ... 

[ 16 Bit word 

15 14 13 12 11 10 9 8 7 

"{ I-

E3 E2 03 02 01 Do C3 C2 C1 Co 

~ ROME JI L1 ""' JI r ROM C 

61 5 

• 

4 2 p 6 sl 4 2 I 7 6 5 4 2 1 

-y 

Word with ri9hl · most 1 zeroed 

Input Output (Bit no.) 

A4 AZ Al AO 7 6 5 4 3 2 1 0 

0 0 0 0 I 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 0 0 0 0 I 

0 0 I 0 0 0 0 0 0 0 I 0 

0 0 I 1 0 0 0 1 0 0 0 I 

0 I 0 0 0 0 0 0 0 0 I 1 

0 1 0 I 0 0 I 0 0 0 0 I 

0 1 1 0 0 0 1 0 0 0 I 0 

0 1 I I 0 0 1 I 0 0 0 1 

1 
I 
I 
1 

1 

' 1 
1 

0 0 0 0 0 0 0 0 1 0 0 
0 0 1 0 1 0 0 0 0 0 1 

0 1 0 0 1 0 0 0 0 1 0 
0 1 1 0 1 0 1 0 0 0 I 

1 0 0 0 1 0 0 0 0 1 I 

1 0 1 0 ' 1 0 0 0 0 1 

1 ' 0 0 1 1 0 0 0 1 0 
I 1 1 0 1 1 1 0 0 0 1 

Detection of the right most (least significant) bit, 
performed with read -only-memory. The pattern for chip 
A indicates that if address input lines to a particular 
chip possess all zeroes, then the next chip in the chain 
is enabled. Hence, the first chip with a 'l' on any of 
it s add ress inputs will control the output. The circuit 
is iterative, with each cell different from the next. The 
output consists of the original word with the right· 
most 1 zeroed . The new word can then be examined 
for the next righ t -most 1, or otherwise processed. Each 

Address counter 

ROM 
A1 Ao oddressino 

inputs 

+ ROM Chip 

8 7 Oolput bit positions Bo 

The smaller bit size ROMS will find their greatest use 
in code conversion functions . On the other hand, the 
larger size ROMS will find considerable use in sequence 
generation. Such applications utilize the code transla­
tion function of a ROM cell. In addition, by sequential 
addressing of ROM words we can generate sequences 
of coded information . 
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l 15 14 13 12 II l<l 9 8 

6 5 4 3 2 I 0 I 

} 
81 J A3 A2 A, Ao ~ lfu: 83 82 

r ROM A ] [ ~ ROM 8 

11 
7 6 5 4 2 11 rs 4 7 6 3 2 11 

.l "I 2 Addr 
I I ;' ri Ql'll 

one 
4 

I-1 Output (Bit no.) 

A3 Az A, AO 7 6 5 4 3 z I 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 1 1 0 0 0 0 0 0 

0 0 1 0 0 0 0 1 0 0 0 

0 0 1 1 0 0 0 0 - I 0 I 

0 ' 0 0 0 0 1 0 - 0 0 0 
0 1 0 1 0 1 0 0 - 1 1 0 

0 I 1 0 0 0 1 I - 0 0 0 

0 1 1 I 0 0 1 0 I 0 I 
I 0 0 0 0 I 0 0 - 0 0 0 
I 0 0 I 0 I 0 0 I 1 I 
I 0 1 0 0 1 0 1 - 0 0 0 
I 0 I 1 0 1 0 0 - 1 0 1 

I 1 0 0 0 1 I 0 - 0 0 0 
I 1 0 I 0 1 0 0 1 I 0 
I I 1 0 0 I I 1 0 0 0 
1 I I I 0 I 1 0 - 1 0 

chip must calculate the right-most 1 address if en­
abled, and also furnish bits for the new 16-bit word. 
Chip A- since it is the right-most chip- merely re­
moves the right-most 1 if it exists in the first four bits, 
and furnishes 4 bits for t he new word . The pat tern : if 
address input Ao is enab led (all bits examined by cells 
t o the right of t his cell are zero), t hen the chip out put 
for bits 3·6 should be the input address with the right · 
most 1 bit zeroed . If input Ao is zero, the present input 
passes on to the output without alteration. 

Sequence generator uses a 16-word , 8 -bit read-only­
memory. The 4-bit binary counter addresses each of 
the 16 words in sequence. The code used for each 
8-bit word depends on the number of different opera· 
tions to be performed. Thus if only 8 distinct opera­
tions are required, a 1-out-of-8 code would be used. 
A t ra nslation stage employing other ROM chips can 
be used to convert the storage code to a 1-out -of -N 
code if additional operations are required . The same 
scheme works for longer sequences that are multiples 
of eight. This expa nsion is based on the ROM 's chip­
enab le-inputs and wired-OR capabilities. 

I 

HI Of 
most 

Since the generation of sequences is a basic concept 
to digital systems, ROMS can be used to generate the 
control sequences within both stored-programs and 
wired-program machines. In a stored-program machine, 
sequences appear in various levels of the system struc­
ture. Two such examples are sequences of instructions 
(subroutines), and the gating sequences necessary to 
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... Microprogramming 

READ ONLY MEMORY 

Instruction store 

Instruct ion rec;i ister 

OP Code 

Code selects I of N sequences 

I ---- -

Memory 
odd ress 
regis ter 

+~----Inter rupt control 

Modify 
SeQUen<:e 

n ----- N ~ 

I Sequent ia l cOU'\te~ Typical sequence 

~ I { ~? 
'------+------------~~------- I 

I 
0 I 
I 0 

0 --- 0 0 I 
0 --- 0 I 0 

I 
I 
I 

o --- o o o 
0-- - 000 

Micro instruction rec;i ister 
INSTRUCTION SEQUENCE GENERATION 

Request next inst ruct ion 

ARITHMETIC UNIT 

Enoble Enable 

r-- Modify sequence 

~~µ'--------' 

Basic opera t ion hordwore ~ Basic operation hardware 

Microprogrammer uses a read-only memory technique 
to manipulate computer data. An instruction has been 
read from the memory and gated into the instruction 
register. The operations code (OP CODE) of the in· 
struction causes a certain section of the instruction 
sequence store (the ROM) to be addressed . The se· 
quential counter is now act ivated, gat ing the first 
word wit hin the addressed section into the micro­
instruction register. The micro·instruction sets a 
basic operation (such as a gating funct ion) within the 
arith metic section of the computer. The sequential 

process ·a single instruction. Many wired-program ma­
chines contain or can be organized to contain sequenc­
ing circuits. In addition, machines designed with ROMS 

can be reconstructed or modified to accomplish a dif­
ferent task much easier than with other memories-as 
in microprogramming. Several of these applications are 
illustrated in this article. 

The Elect ronic Engineer • May 1969 

Fi nished sequence ~ 

counter then advances and a second micro-instruction 
is read -out. With this approach, the arithmetic unit 
alters the sequence within an instruction or the nor· 
mal sequence of instructions. Instructions may be 
altered and new instructions added by replacing that 
part icular section of the micro-instruction sequence 
store. Thus, we mod ify only a small portion of the 
control logic to make alterat ions-as cont rasted with 
the total modification required by the control logic 
of a conventional machine. 

INFORMATION RETRIEVAL: 

Computers, Digital design, Semi· 
conductors, Integrated circuits, 

Systems 
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Anyone can think small. 

Frankly, we had 
something 
bigger in 
mind. 

We built our second generation DPM* to 
fit into seven square inches of panel. 
That's less than any other digital panel 
meter requires. But we didn't stop there. 
The Model 1290 mounts completely 
from the front of the panel. The entire 
chassis pulls out from the front for serv­
icing or replacement. Even the Nixie•• 
tubes are pluggable! Think of the con­
venience in continuous systems opera-

•u.s. Pat. #3,051,939 and patents pending. 
••Registered trademark, Burroughs Corp. 

tlon. Despite the smaller package, Model 
1290 has all the features our original 
DPM is so widely acclaimed for-3-digit 
plus 100% overrange display, 0.1% ±1 
digit accuracy, circularly polarized win­
dow filter, dual slope integration, full­
buffered storage display and BCD 
output. Many of these standard Weston 
features are still "optional at extra cost" 
on competitive units. Our new compact 

is styled for tomorrow, available today, 
and priced below $200 in quantity. Any­
thing else in the industry is just small 
talk. WESTON INSTRUMENTS DIVI­
SION, Weston Instruments, Inc., Newark, 
New Jersey 07114. 
a Schlumberger company 
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Instrumentation: 
The systems approach 

Instead of performing isolated 
measurement tasks, instruments are taking on more 
and more of the complete data job. 

Two bywords which summarize the approach today's 
electronic components are taking-integration and 
systems-orientation- also reflect the latest trends in 
instrum~ntation . Instead of isolated measuring tasks, 
instruments are performing a host of related functions , 
taking on more and more of the complete data job. 

This systems trend has had a big impact on data 
gathering, data analysis, and data use. It is changing 
the engineer's role in that closed loop. He now requires 
new guidelines to evaluate and apply instruments. 

There are many factors he must take into account : 
How do all the separate instruments interrelate in a 
system? What are the advantages and limitations of the 
systems approach? Which will best suit him-program­
ming features or manual control? What is the com­
puter's role? And many, many others. 

Evolution , not revolution 
The systems push isn't radically new; it has been 

evolving for more than a decade. Today, instrument 

Circle 33 on Inquiry Card 

systems account for about 15% of all instrument busi­
ness. By the mid-1970s its share may well be 50%. 
And manufacturers are pleased to admit systems activ­
ity comes as an addition to the traditional business, 
not at its expense. However, some feel systems growth 
will eventually hurt individual instrument sales. 

A marketing official of Teradyne believes "the real 
systems trend involves the extent to which the manufac­
turer is responsible for seeing that all the parts work 
together. It means designing the entire system elec­
trically and mechanically, and marketing it as a unit." 
Others submit the approach is characterized by systems­
like features (such as programmability) added to 
individual instruments. 

Whereas many instrument systems in the past were 
designed by users, more today are being built by manu­
facturers: instrument firms; systems firms; even com­
puter companies; and conglomerates in all three areas. 

Barton A. Weitz, product marketing manager at 
Dana Laboratories Inc., maintains the systems trend 
is refl ected by the nature of the building blocks used. 
"The number of different blocks required is decreasing 
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Sample and hold 

System 
r+I under 

test 

~ l_h--S-c_a_n-ne_r_, --. Digital 

I multiplexer, ~ Converter f-- instruments 
Data 

logger 

~ fl ·~il<h 
....... ..------Transducers 

~ .------------1{ Cal ibrator }-----~j 

..... Instrument or small 

1.....--1 
Programmable i..... com put er , ..... 

source controller, 
r--- programmer. 

A representative sampling of individual system-type 
instruments, small computers, and data systems is 
compiled on these and the following pages. Infor­
mation includes price, maker and model number, 
and salient features. Equipment is classified into 

and more of the calculating and control functions are 
being handled by one instrumentation computer," he 
argues. 

Detailed examinations of these and other issues will 
be presented in a forthcoming series of articles. For 
your immediate concern, we have compiled charts that 
will show you a sampling of the hardware avail able for 
systems use. They may also be used to help you evaluate 
individual equipment and instrument complexes. 

For good measure 

The following is a checklist of items to consider 
before you purchase an instrument. They reflect the 
systems thrust, and will help you get full value for 
your measurement dollar. 

• How much of the complete measurement job (be­
yond mere "reading") does the instrument pro­
vide? 

• How easily does it interface, electrically and me­
chanically, with other associated instruments? 

• Does it combine the features and capabilities of 
two or more older instruments, to ease the meas­
urement task? 
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instrument class (e.g. , DVMs, computers, data­
acquisition systems, etc.). The data is merely a 
rough guide to off-the-shelf hardware. EE's editors 
suggest you write to the various manufacturers to 
obtain full information. 

• Can it measure systems variables as well as com­
ponent and circuit parameters? 

• Is the data generated in a directly usable form? 
• In terms of dials, controls, adjustments, calibra­

tion, and so forth, is the equipment easier to op­
erate? 

• Does it have provision for environmental testing? 
• Will it save time and labor, freeing skilled person­

nel for more vital work? 
• How easily can it be controlled automatically, 

such as by a computer or control mechanism? 
• How difficult will the programming be? 
& Is there a more-universal, less-costly system avail­

able to do the job you intend for an instrument 
'hodgepodge'? 

• What kind of assistance does vendor offer? 
• Does the instrument have both analog and digital 

capabilities? 
• Can operation be manual, as well as automatic? 
• How easily can the gear be modified (e.g., by 

plug-in modules or circuit boards) to suit it to 
tasks? 

• What are the relative costs of building your own 
system as against purchasing one? 
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SMALL COMPUTERS 

MEMORY MEMORY 
MINIMUM MAKER& DATA WORD SIZE SPEED 
PRICE ISi MODEL# SIZE IBITSI IE denotes Iµ sec I 

Expandable) 

6600 Data Tech. Corp. DT-1600 8 4096 words, E 8.0 

6900 Interdata 2 8 1000 bytes, E 3.0 

7500 Varian 520/i 8 4096 bytes, E 1.5 

8000 Motorola MDP-1000 8 4096 words, E 2.16 

8500 Dig. Equip. Corp. PDP-SL 12 4096 words, E 1.5 

9200 Bus. Info. Tech. BIT-480 8 1000 characters, E 8.0 

9200 Interdata 3 16 4000 bytes, E 1.5 

9700 Honeywell H-316 16 4096 words, E 1.6 

9950 Hew.-Pack IHP) HP·2114A 16 4096 words, E 2.0 

11,000 Burroughs L2000 64 1024 words, E 5000 

12,100 Varian 620/i 16 4096 words, E 1.8 

12,800 Dig. Equip. Corp. PDP-Si 12 4096 words, E 1.5 

13,000 Interdata 4 16 4000 bytes, E 1.2 

13,900 Data Mach. Inc. Data-6201 16 4000 words, E 1.8 

14,900 Dig. Equip. Corp. PDP-12 12 4096 words, E 1.6 

15,000 Raytheon 703 16 4000 words, E 1.75 

16,000 Dig. Equip. Corp. PDP-8 12 4096 words, E 1.5 

16,500 HP 2115A 16 4000 words, E 2.0 

16,900 Honeywell DDP-416 16 4000 words, E 0.96 

19,0oo Raytheon 706 16 4096 words, E 0.9 

22,000 HP 2116A 16 4000 words, E 1.6 

23,950 Syst. Eng. LabsSEL-810A 16 4000 words, E 1.75 

25,000 Honeywell DDP-516 16 4000 words, E 0.96 

25,880 IBM 1131 16 4096 words, E 3.6 

( 30,000 Elec. Assoc. Inc. EAl-640 16 4000 words, E 1.65 

( 30,000 Syst. Eng. LabsSEL-810B 16 4000 words, E 0.8 
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PROGRAMMERS 

PRICE($) MAKER, 
TYPE FOR 

MODEL# 

325 Tektronix 263 CAO-Control 6 Measurements 

375 Monsanto 570A General 1-10 Programs 64 bits/Prog. 

1200 HP 6933A D to A Interface 18 Lines, Analog Program 

1550 Tektronix R250 Power supply Pulse Gen. Auxil. Prog. Patch Panel 

1600 Tektronix 262 CAO-Control 8 Meas. 

2000 Tektronix 241/R241 CAO-Control 15 Meas. 

2175 Jerrold PC-6 Event FCC Freq. Tests 

4000 Tektronix 240/R240 CAO-Control Storage, Branching, Ser to Par Conv. 

Moore ser ies 575C A&D Pressure 

SCANNERS, MULTIPLEXERS 

PRICE($) 
MAKER, NO.OF 

OUTPUT 
DISPLAY 

INPUT RATE 
MODEL# CHANNELS DIGITS 

825-1550 Scanivalve Aerospace line 48 BCD & 0-30mV 0.10,000 psia 

1975 HP 2901A 25 3-wire inputs Programmed 2 12 chan/s 

2000 up Non. Lin. Syst. 2300 series 32 BCD 3 2.5ms/Chan; 
1µV-750 V 

2 150-4875 Scanivalve 48CBM 48-576 BCD & 0.30 mV 0.500 psia 

2575-19,150 Scanivalve 64CBM 64-768 BCD & 0.30 mV 3-15 psig 

2975 Beckman 3701 10 8 bits 320 bits 

3500 GR 1770 100 

3500 HP 2912A 1000 Prog. 3 40 chan/s 

4475 HP 2515A 12 digits BCD 10 meas/ms 

5100 HP 2911 A ,B,C 600 Prog. 3 30 chan/s 

6975 Beckman 3700 100 100mV-10 V 4 5,000 samp/s 
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MAKER, 
PR ICE($) 

MODEL # 

250 EAi 6203 

250 Dig. Equip. Corp. A613 

450 Beckman 4027 

495 Beckman 4060 

650 Monsanto 503A 

755 Gen . Radio 11 36 

2250 HP 24 10B 

2400 HP 3461A 

2900-31 00 Interdata 7-750 series 

Moore Synchro 

Non Lin. Syst. 2610 

Raytheon Mini 

Raytheon MDAC 

Raytheon MDAC 

Raytheon DAC60 

Interdata 7-760 series 

Datawest 301 

* A = Analog; D = Digital ; Bin = Binary; n 

PRICE($) 
MAKER, 

MOD EL # 

240 EAi 6201 

245 Fairchild 7020 

389 Darcy OM 330 

595 HP 3430A 

695-1380 OTC 350 Series 

765 up Non-Linear Syst . X-3A Series 

CONVERTERS 

TYPE OUTPUT 
LINEARITY 

" 
ac to de 4 DEC 0 .2 

D to A 

A to Bin. 10 Bits 0.1 

Bin to Dec 4BCD 

D to A 1 mA 0 .25 

D to A 1mA, 0 .1 V 0.1 

ac, n to de 0-1 Vdc 

ac, de Dto d .004 

A to D 8-12bits 

D to A 3-15 psi 0.1 

Serial 6 Digits 7 options 

A to D Computer .05 

A to D Comp. .05 

D to A Comp. .05 

D to A ±10v .05 

D to A 8-12 bits 

A to D Bin . .01 

OHMS; DEC = Decimal ; BCD = Binary-Coded/ Decimal 

DIGITA L VOLTMETERS 

ACClJR. 
(% ) 

0.1 

0.1 

0.1 

0.1 

0.01 

RANGES 

5 

5 

4 

9 

DC; V 

DC 

TYPE * 

DC & AC; V, A, r2 

DC; V,R 

DC & AC; V, D, R 

DC & AC; V , A , r2 
( Digit al voltmeter listing continued on following page.) 
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INPUT RATE 
OR CAPACITY 

20 Hz-100 kHz 

12 bits 

10/s. 

13 bits 

BCD 

9 

107 r2 , 0-750V 

5 ranges 

64 channels 

18 characters 

10-13 bits 
256 chars. 

10-13 bits 
48 chan . 

10-13 bits 

10 bits 

16 chan. 

15 bits 

DISPLAY 
(full Digits) 

3 

3 

3 

4 

3 
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(Digital yoltmeter listing continued from previous page.) 

PRICE($) MAl<.~R. ACCUR. 
RANGES TYPE* 

DISPLAY 
MODEL# (%) (Full Digits) 

795 United Syst. Corp. 251 0.01 4 DC;V 4 

835 Simpson 2701 1.5 6 DC & AC; V, A, n 3 

950 HP 3439A 0.05 5 DC&AC; V, A ,n. R 3 

995 Darcy OM 440 0.01 DC & AC; V, A, n , R 4 

995 OTC DT-321 0.01 3 DC; V 5 

1115 up Non-Linear Svst. X-2 Saries 0.02 4 DC & AC; V, n. f , R 4 

1150-1795 Dana 4400 Series 0.01 4-5 DC & AC; V , n. R 4 

1160 HP 3440A 0.05 5 DC & AC; V, A, n •, R 3 

1175-1725 Systr.-Donn. 9200 Series 0.01 5 DC & AC; V , A , n, R 4 

1195-1795 Systr.-Donn. 9300 Series 0.01 5 DC&AC; V,A,n, R 4 

1225 OTC 322 0.01 3 DC; V, R 5 

1250 Heath EU805A 0.05 DC 

1445 OTC 323 0.01 5 DC;V 5 

1590 Vidar 501 0.025 DC 

1740 Cimron 6653A 0.01 DC&AC 

1790-2585 Dana 5400 Saries 0.01 2-5 DC & AC; V, n, R 4 

1830 OTC 324 0.01 5 DC; V, R 5 

1850 OTC 326 0.01 10 DC; v , n,R 5 

1850 Svstr.-Donn. 6413 Series 0.025 4 DC; V,f 5 

1900 OTC 327 0.01 8 DC&AC;v.n. R 5 
1,950 up Singer 3570 series 6 de& BC , V. 4 

2355 OTC 325 0.01 8 DC & AC; V, n, R 5 

2390 Vidar 502 0.025 DC 

2485 Fluke9500A 0.05 AC 

2575 Fairchild 7100A 0.01 DC&AC 

2750 OTC DVX-315 0.003 13 DC &AC; V, n ,R 6 

2785 up Non-Linear Syst. X-1 0.005 5 DC & AC; V, n, R 5 

2850-3540 Dana 5500 Series 0.01 2-3 DC & AC; V, n, R 5 

2975 HP 3459A 0.001 3 DC & AC; V, A , n, R 5 

2990 Cimron6753 0. 1 DC&AC 

3150 HP 3450A 0.003 6 DC & AC; V, n, R 5 

3600 HP 34608 0.004 4 DC&AC;V,A,n, R 5 

3800 HP 34608 0.004 4 DC;V 5 

4100 HP 2401C 0.01 8 DC & AC; V, A, n, R, f, T 5 

4100-5300 Dana 5700 Saries 0.008 3-5 DC & AC; V, n, R 5 

4390 Cimron 4600 0.001 DC&AC 

4500 Fairchi ld 7200 0.005 DC&AC 

4600 HP H04-3460B 0.005 4 DC&AC,V,A,n,R 6 

4800 HP 2402A 0.01 4 DC & AC;V, A,n, R 5 

*V=VOL TAGE; A =CURRENT; n ~OHMS; R=RATIO; f=FREQUENCY; T=TIME OR PERIOD 
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OTHER DIGITAL METERS* 

PRICE($) MAKER, ACCUR. 
READS 

DISPLAY MEASUREMENT 

MODEL # (%) (Full Digits) TIME 

175 API 4301 0.1 DC; mV, V , A 3 1/5 s 

199 OTC, DT-340 0.1 DC; V, n, R 3 1s 

245 Honeywell, VT-100 0.2 DC; V, n, R 3 1s 

225-300 Time Syst. Corp. 701,3.4, 11 0.1 DC; mV, V, A 3 

245-320 Time Syst. Corp., 700,710 0.1 DC; mV, V, A 3 0.2s 

295-395 Syst.-Donn., 9000 series 0.1 DC ; V, A , n 3 1/ 6s 

340 EAi, 6200 DC & AC; V, f , T 3 0.2s 

345,395 Beckman, 4025, 4026 0.1 DC;V,A 3 0.2s 

350 Triplett, 500 0.1 DC & AC ; mV, V, A 3 1/ 6s 

375 OTC, DT-360 0.1 DC & AC ; V , A, n 3 0.2s 

550 HP 4260A Impedance Meter 3 

1575 Keithley 418A 2.0 Picoamp meter 5 4s 

2450 Keithley 419 1.5% Picoamp meter 4 0.3s 

2500 Boonton 700A 0.25 Capacitance and 4 0.3s 
inductance meter 4 0.3s 

OTC DVX-315A 0.003 DC; V , n, R 5 

Simpson 2800 0.1 DC ; V,A 3 0.2s 

*Panel type unless otherwise indicated. 

DIGITAL FREQUENCY METERS 

PRICE($) 
MAKER, ACCUR. (%) DISPLAY 

MODEL # 
RANGE OR RESOL. \(FULL DIGITS) 

425 Beckman 4038 106 events/ sec 10 Hz-1 MHz 0.01 4 

450 Beckman 4038 106 events/sec 10 Hz-1 MHz 0.01 4 

1000 Syst. -Donn . 6013 2 Hz-5 MHz 4 

1450 Syst.-Donn. 6014 0.2 µ s - 106s, 0-10 MHz 6 

1650 CMC 738 10 Hz: 100 MHz 7 

4650 Syst.-Donn. 6316 0-100 MHz 0.01 7 

4750 HP 5240A 0.3-12.4 GHz 1 count 8 

DIGITAL COMPARATORS 

PRICES($) MAKER, TYPE RANGE 
MODEL# 

ACCUR. (%) OPER.SPEED 

475 Beckman 4070 Dig. limit 4 Dec 100µs 

540-925 Auto Dyn. 66 series Dig. lim it 4-8 Dig. 1 µs 

795 Monsanto 504A Dig. limit 5 Dig. 1 µs 

850 Monsanto 104A Dig. limit 5 Modes, 1-10 V <1% < 1 µs 

1625 GR 1781 Dig. limit 11 digits 0.1 

1800 HP 3434A Dig. limit 100mV-1000V,1 K-10 Mn 
100 µA-1A 

0.02 0.2s 

2000 Non Lin . Syst. 5510 Dig. limit 6 Dig. 
(Digital comparator listing continued on following page.) 
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(Digital comparator listing continued from previous page.) 

PRICES($) MAKER, 
TYPE RANGE ACCUR. (%) OPER.SPEED 

MODEL# 

2650 HP 2539A Dig. limit 12 compar. <3ms 

4975 GR 1681 Imped. 2 il -20M il,20 pf-SOOµF 0.005 0.5s 
400 µH-1000 H 

4975 GR 1680 Cap Bridge 0.01 pF-1000µF 0.1 0.25-50 $ 

Marconi TF2412 Dig. limit 5-9 Dig. 25µs 

DIGITAL COUNTERS, TIMERS 

PRICE($) 
MAKER, NO.OF 

RANGE 
MODEL # FULL DIGITS 

70-110 Janus 6011 series 5 500 mV-30 V, 0-3 MHz 

120 Wang IC-1 4 1-9999 items 

275 EAi 6202 3 0-10 MHz 1µs - 1000 s 

325-395 Eldorado 200 series 4-5 100 KHz-15 MHz 

345 Monsanto 103A 4 5 MHz-12.5 MHz 

345-395 Time Syst. Corp. 410 series 5-6 2 Hz-2MHz 

375 Beckman 4050 6 24 hr. clock 

395 Syst .- Donn. 114 4 1Hz-12.5 MHz 

450 Simpson 2724 4 5Hz-20MHz 

525 Simpson 2725 5 5Hz-20MHz 

550-1650 Eldorado 1600 series 5-8 25-500 MH z 

575 Monsanto 1 OOA 5 5Hz-12.5 MHz 

595 Itron 650 6 0-20 MHz 

675 Monsanto 101A 5 5Hz-12.5 MHz 

675 Monsanto 505A 5 24 Hr. clock 

740 CMC 608 5 2Hz-15 MHz 

750-1975 Syst.-Donn. 7000 series 7 0-12.5 MHz 

780-935 Ortec 431A, B 6 decades 4MHz 

850 Monsanto 104A 5 5Hz-8MHz 

895 Monsanto 106A 5 5Hz-5MHz 

950-1050 HP 5331A, B 5 0-10 MH z, 10µs-1 s 

950-1825 Eldorado 1400 series 4-7 15-500 MHz 

995 Time Syst. Corp. 300 7-8 0-20 MH z 

1195 CMC 608 6 0-20 MH z 

1200-1425 Ortec 708 ser ies 6 decades 0. 15 - 11 days 

1285 Monsanto 110 A 7 0-50 MHz 

1300 CMC 614 5 2Hz-2.5 MHz 

1300 HP 5214L 4 2Hz-300 KHz 

1300 HP 5325A 6 0-12.5 MH z 

1350 Syst.-Donn. 153 6 3-3 GHz 

1370 up Non. Lin. Syst. 2200 series 5 24 hr., 100 and 400 day clocks 

1395 GR 1191 7 0-500 MHz 
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PRICE($) 
MAKER, NO.OF 

RANGE 
MODEL # FULL DIGITS 

1500 Time Syst. Corp. 272 5 1 Hz-10MHz 

1650 Syst.-Donn. 6034 6 0-10 MHz, 0.2 µs - 106s 

1675 HP 5590A 6 1-9999 units 

1750 Eldorado 700 series 8 1 ns-10 s 

1995 Time Syst. Corp. 210 7 0.1 Hz-20 MHz 

2100 GR 1159 6 0.6 Hz-20 MHz 

2150 HP 5323A 6 0.125 Hz-20 MHz 

2275 Syst.·Donn. 7035 7 0-500 MHz 

2480-3100 HP 5245L, M 8 0-50 MHz 

2495 Monsanto 151 OA 6 0-3 GHz 

2750 Nanosec. Syst. 1714 7 0-500 MHz 

2850 Monsanto 1500A 8 0-125 MHz 

2950 Syst.-Donn. 6018 7 0-100 MHz 

3350 Syst.-Donn. 6038 9 0-100 MHz 

4250 Eldorado 900 series 7 6.5 GHz 

4750 Syst.-Donn. 6316A 9 0-12.4 GHz 

6500 HP 5360A 11 0.01 Hz-320 MHz 

Beckman 6148 8 0-100 MHz 

HP 5323A 6 0.125 Hz-20 MHz 

DIGITAL RECORDERS 

PRICE($) 
MAKER, COLUMN PRINT 

INPUT OUTPUT 
MODEL # CAPACITY RATE 

750-775 HP565A 11 5 lines/s 10-line DEC code 

1085 HP562A 11 5 lines/s 4 or 10-line BCD 

1150-1135 HP561B 11 5 lines/s 10-lines DEC code 

1199 Beckman 3725 20 samp./s 4 Dig. 

1760-3035 Tl -170 Pressure G&GES Printer, 
Computer 

2700-4800 Ampex SP-700 33 Chan. 2-7.5 in.ls 0-5Hz, 
0-2.5 kHz Tape 
FM , voice 

10,354 Beckman 3710 20 samp./s 4 Dig. 

11 ,934 Beckman 3720 5 samp./s 4 Dig. 

17,475 Beckman 3730 100 samp./s 4 Dig. 

21,500 Beckman 3750 5000 samp./s 4 Dig. 

22,500 Beckman 3740 1000 samp./s Computer 

Janus 4120 14 DEC . BCD Record. 

HP 5050B 18 Col. 20 lines/s Voice Counter 16 col. paper 
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DATA PRINTERS 

PRICE($) 
MAKER, 

INPUT CAPACITY 
MODEL # 

760 up Hickok PR4900 BCD 10 col. 

995 Beckman 3115 BCD 9 Digits, 2 Lines/s 

1675-1935 GR 1137A BCD 12Col. 

1700 Non Linear Syst. 2504 BCD 12 Col., 2-6 lines/s 

1900 HP 5050B BCD 18 Col. 20 lines/s 

DIGITAL SOURCES/GENERATORS (FREQ SYNTH, TONE, PULSE, POWER, 
WAVEFORM, SWEPT, VOLTAGE) 

PRICE($) 
MAKER, 

RANGE INCREM VouT 
ACCURACY, PURITY 

MODEL # OR DISTORTION 

400 Exact 200 2 µs-1 s 2µs 10-30V <5% 

425 HP6181B 250mA@ 100 V 1mA 250mA 100 ppm 

425 HP6177B 50 mA@50 V 1mA 500mA 100 ppm 

595 Monsanto 3100A-016 0-1 .3MHz 0.01 Hz -20dBm 

650 HP 3300A 0.01Hz-100 kHz 1% 35V <1% 

750 HP 1900A 25 Hz-25 MHz 15ns <5% 

770 HP 8003A ; option 0 10 ns-2s 30ns 5V 4% 

995 Wavetek 150 0.01 Hz-1 MHz 1 Hz 10V 3% 

1195 Wavetek 155 0.01 Hz-1 MH z 1 Hz 10V 3% 

1250 Monsanto 300A 50 ns-200 ms pulses 25 ns 0.2-10 v 

1285 Data Royal F270A 0.01 Hz-1.1 MHz 0.1% 16 v <1% 

1295 HP 8717A 0-32 V @ 500 mA O.Q1 4% 

1435 Data Royal F280A 0.01 Hz-1 .1 MHz 0.1% 16 v < 1% 

1500 HP 6130B 50V@ 1A 1mV, 10mV -10 to +10 V 0.2-2mV 
-50 to +50 V 

1600 HP 8690B 400 kHz-40 GHz 1% 5-40 mW 1% 

1975 HP 8601A 0.1 -11 u MHz 0.01 % -2-110 dBm 1% 

2250 HP 675A 10 Hz-32 MHz 1 kHz 13 dBm 

2495 OTC DF120 0-2MHz 1 Hz 2V <30d8 

2530 Datapulse 110FP 5 Hz-50 MHz 10 ns 10V 

2650 HP 3722A 150µHz-50 kHz 0.003Hz 10V 
(noise) 

2995 Wavetek 157 100µHz-1MHz 1Hz 10V 3% 

3450 Datapulse 110FP/G2 5 Hz-50 MHz 10 ns 10V 

3950 Monsanto 31 OOA 0-1 .5 MHz 0.01 Hz -20 dBm < 1% 

4775-5395 Dana series 7000 0-11 MHz 0.01 Hz 1V 90dB 

6120 Datapulse 110FB/A2 5 Hz-50 MHz 10 ns 10V 

6500 HP 5105A 100 kHz-500 MHz 0.1 Hz < 1% 
(Digital sources listing continued on following page.) 

82 The Electronic Engineer • May 1969 



(Digital sources listing continued from previous page.) 

PRICE ($1 
MAKER, 
MODEL# 

7200 HP 5102A 

7800 HP 5103A 

8150 HP 51008 

9750 HP 5105A 

Wavetek 150 CP 

GR1164 

Rohde & Schwarz SMDH 

Fluke644A 

Adret 300 

Freq. Eng. Labs. 700A 

Microdot 412-525 

Wavetek 1001 

Wavetek 1501 

Chronetics 1012 

PRICE ($1 
MAKER, 
MODEL # 

680-7460 Datapulse 200 series 

2495 Datapulse 310 series 

3500-4500 Eldorado 600 series 

3600 Tl6360 

3800 Tl 6351 

4150 Tl6358A 

PRICE ($1 
MAKER, 

MODEL # 

1150 Cohu 324AN 

3000 Fluke 3330A 

4500 HP 745A 

5000 Cohu 326 

Cohu 313 

Microdot 1203 
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RANGE I NCR EM VOUT 
ACCURACY, PURITY 

50 Hz-1 MHz 0,01 Hz 

50 Hz-10 MHz 0.1 Hz 

0-50 MHz 0.1 Hz 

100 kHz-500 MHz 1 Hz 

1.2 - 12 kHz 1% 

10 kHz-70 MHz 10 Hz 

0·50 MHz 1 Hz 

0-40 MHz 1 Hz 

6.1 Hz-2 MHz 0.1 Hz 

12-2.4 GHz 

400 MHz-2.35 GHz 0-300 kHz 

500 kHz-300 MHz 100 kHz 

450-930 MHz 5MHz 

0-20 MHz 40 ns 

WORD GENERATORS 

WORD 
LENGTH 

BIT 
RATE 

1 v 
1 v 
1 v 
OdBm 

10 

10µV-1 V 

0.1 µv-1 v 

1V 

0.5V 

9.9V 

OR DISTORTION 
>74dB 

>64dB 

>90dB 

>90dB 

1% 

<1% 

>70dB 

0.0003% 

30dB 

<5% 

OUTPUT 
CHANNELS 

1-100 bits 1 Hz-15 MHz 6-12V multi 

70 ns-5µs 0-10 MHz Dual pulse 

8 digits 1 ns-10 ns 

1-100 bits 10MHz 

3-16bits 10MHz 3 

1-100 bits 10MHz 

DIGITAL CALIBRATORS 

RANGES STEPS OUTPUT ACCUR. (%) 

1-100 v 10µV 1±122 0.003 

10-1000V 1-100 mA 1000V 0.005 

10 Hz-110 kHz 1 mV-100µV 0.1 mV-100V 0.02 

1-1000V 100µV 0±1111v 0.003 

1-1 000V 1oµv 0±1111v 0.01 

200 Hz-2.35 GHz 0.1 µV-1V 0.0008 
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INSTRUMENT SYSTEMS 

PRICE ISi 
MAKER, 

MODEL # 

890-9950 Jul ie RVD, A 10, SM, 
VOR series 

895 Luft 77-P 

975 Julie PRB·205S 

3000 up HP 2310 elements 

5000 up HP 8410A 

5000 up Vidar V icom l ine, 5200 series 

5000-30,000 Honeywell PDC-100 

6000 up V idar 5400 series 

1000 up NLS S-1, S·2 

8980-14,925 HP 2010 K , L 

9500 Automation Dynamics 
A C410 

9950 up Non-L ineer Systems 
S-1 ser ies 

10,000-23,000 HP 2300 series 

10,000 up GR 2990-9 138, 9 

10,000 up A utomation Dynamics 
series 363 

10,354 up Beckman 3700 series 

10,555 HP 5561A 

11,405-13,825 HP 201 2 series 

11 ,950 HP 5401A 

12,000-28,250 TEK S-311 0, S-3120 

(Instrument systems list ing continued on followi ng page.) 

84 

FUNCTION, CHARACTER ISTICS 

Automated/programmable test sets. Cover 1 ppm accuracy of de 
voltage, current , resistance, ratio. Includes sources, dividers, bridges, 
balancers, loggers, printers 

Master controllers. Controls, automates operations. Also for data 
acquisition 

Primary resistance measur ing system. 0.00001% accuracy. Self· 
calibrating. 

A-to-D subsystem tor data acquisition and control. 16-64 inputs. 
Includes pacer, computer-interface 

Network analyzer. Full character ization ; 0.11 -12.4 GHz; direct 
readout 

Systems for telecommunications, FM multiplex recording, data 
logging. 70 ch;mnels. 20 signals per track. High and low levels. 
Processor controlled . 

Power demand contro l systems. Cyclical control of 4 M Watts or 
less. Programmed. 

Digital data acquisition systems: To 1000 channels; 35 samples/s. 
Portable, programmable. 

Portable multifunction data aqu isition systems. 200 3-wire inputs. 
4 readings/s. 

Data acquisition system to measure, display, and record analog 
inputs. Can perform in noisy envi ronments. 

Automatic logic circuit tester. 3000 ckts./min. Includes memory, 
printer. 

Portable mu ltifunction data acquisition systems. AC and d e, 
resistance and ratio. To 10003-inputs. Includes switching, timing, 
programmer, comparator, printer, recorder , computer intertace. 
For temperature, gage, pressure, flow, component, linearizer, 
communication, control , monitoring, and performance measure­
ments. 

Computer systems for data acquisition and control . Include com­
puter, t eleprinter, reader, and interface subsystem. 

Automatic capacitance and leakage measuring system. For com­
ponent quality contro l. 

Universal automated logic test system. Dynamic static testing. 
Includes computer, interfacers, software. 400 ckts./s. 

Data acquisition recording system. 100 inputs; 5000 samples/s. 
rate. Automatic ranging; universal output modes. 

Nuclear counting system with sample changer. 

Data acquisition system. Handles 10-1000 3-wire channels. 

Multichannel analyzer; 20 MH z range, expandable memory, 
1024 channels. Contains CRO, processor , A/D converter, 
interface. 

Digital measurement system for dynamic t esting of assemblies, 
circuits, components. Includes programmer, memory, tape 
reader. Can store 1600 measurements. 
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(Instrument systems listing continued from previous page.) 

PRICE($) 

13,850 

< 25,000 

25,000 

30,000 up 

30,000 up 

30,300 

30,000-70,000 

35,000-42,500 

40,000 

42,500 

47 ,600 up 

48,500 up 

53,000 up 

54,000 up 

75,000-95,000 

86,000 up 

MAKER, 
MODEL# 

TEK S-3111 

HP 5481A 

Honeywell SPEC-Purpose 

IBM 1800 

GR 1921 

HP 5405A/5406A 

Redcar 685 series 

TEK S-3130, 3131, 3132 

Singer EMA-910 

TEK S-3130 

Teradyne T200 series 

Teradyne J259 series 

EAi Pace 

HP 9500A 

HP 8540A 

HP 2060A 

Stoddart Series V 11 

EA I Quad series 

Microdot 1204 

Microdot 4221, 1203 

Sanders Assoc. BFN 

Sanders Assoc. BEH 

E-H Research Labs. 8321 

Marconi Autotest 

FUNCTION, CHARACTERISTICS 

Digital measurement system for dynamic testing of assemblies, 
circuits, components. Includes programmer, memory, tape reader. 

Signal averager. Includes analyzer and computer, all interfaces and 
software. 

Programmed batch blending system. Card readers, digital dial, or 
sequence selectors control blending of 5-20 ingredients cyclically. 

Data acquisition and control system. 20,000 samples/s. A&D 
inputs and outputs. 

Real-time analyzer. 3.15 Hz-80 kHz. Computer. 

Analyzer systems. Single and multi parameters. Contains A/D 
converter, display, analyzer, software-controlled memory. 

Data acquisition system. 60,000 samples/s. Includes computer 
software. 

Digital measurements system. 1600 meas. storage; 100 meas.ls. 
Dynamic. Programmed. 

Field strength measurement and surveillance system. 1-26.5 GHz. 
Programmable. 

Digital measurement system for dynamic testing of assemblies, 
circuits, components. Includes programmer, memory, tape reader. 
Can store 1600 measurements. 

Computerized semiconductor test system. Includes computer, 
software. 

Computer-operated circuit test systems. DC measurements on 
components, circuits, boards, modules. Includes software, computer. 

Analytical lab data processing system. Includes computer, 
interfacers, teletype. 

Computer-controlled stimulus/response test system. For components, 
modules, assemblies. DC-500 MHz. Includes computer, teleprinter, 
interface rs. 

Automatic network analyzer. Full characterization ; 0.11 -12.4 GHz. 
Includes computer control. 

Logic module test system. Includes computer, teleprinter, punched 
tape reader. Can perform 10,000 tests/s. 

Automated RFl/EMI data acquisition for 20 Hz - 10 GHz. 
Includes programmer. 

Lab mass. Spectrometers and gas analyzers. Analysis, process 
control, materials studies. 

RF power calibrator system. 10 MHz-2.2 GHz. 

FM calibrating system. 10 MHz-18 GHz. For receivers, transmitters. 

TWT test stat ion. 1.7-12 GHz. Programmed. Covers amplifiers, 
oscillators, other microwave devices. 

Programmable test station for radar, communications equipment. 
1.7-8.0 GHz; Printer output. 

Automatic core test system. Programmed. 130,000 cores/hr. 

Programmable system for communications devices. 
20 Hz-150 MHz 

Anadex CD-23810 Data acquisition and logging system. For multi-channel automatic 
scanning; 60 channels. Programmable. 

(Instrument systems listing continued on following page.) 
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(Instrument systems listing continued from previous page.) 

PRICE($) 

PRICE($) 

195-467 

195-1448 

495-6500 

2370-17 ,895 

MAKER, 
MODEL # 

GR 2990-9116 

Boonton 001 -5, 171K 

Ouindar QA TS-20 

Servo Corp. 887 /889 series 

Honeywell 7899 

ESI Model 70 

ESI Model 293 

ESI 721, 951 , 1071 

Raytheon Multiverter 

Ballantine series 3570 

Panoramic HCA-1 

FUNCTION, CHARACTERISTICS 

Automatic measuring system. For measuring temperature, time, 
device change events. Card punch output. 

Test systems for unleaded (chip) components. 10,000 pieces/hr. 
Programmed. 

Analog telemetering system. Fire pulse ranges. Calibrated. 
Computer compatible output. 

High-power microwave swept leveled system. 1-18 GHz; 7-14 watts. 

Automatic signal spectrum analysis and display. For EMl/RF I 
measurements, 20 Hz-1GHz. Programmed. 

Meter calibration systems. Programmable. Calibrates deflection 
meters. 

Universal impedance measuring system. Measures. R,L,C. 
performance factors. 

Automatic data acquisition systems. Cover temperature, ac and 
de ratios, computer compatible. 

Data acquisition and processing system. 96 channels. Contains 
multiplexer, sample and hold amplifiers, A/D Converter, power 
supplies. 

Digital measuring systems for broadband ac voltage measurements. 
30 Hz-10 MHz. Computer controllable. 

Alarm systems control unit for communications. Facility monitoring. 
60 kHz-3.1 MHz. 

DIGITAL ENCODERS 

MAKER, COUNTS/TURN 
BITS 

MODEL# OR RANGE 

Baldwin 260 series 5000 14 

Baldwin 200 series 5000 14 

Baldwin 670-690 series 10-50,000 17-20 

Baldwin 500 series 36,000 11 

Baldwin 87-A series 1024 10 

Moore 7800 ser ies 3-30 psi 1-50 mA de 
·5 to +5 V de 
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PRICE($) 

455-655 

470-3250 

675 up 

1050 

1200 

1250 

1550-1650 

1595 

1790 

2250 

2500 

2950 

3050 

3200 

3700 

3800 

4450 

5000 

5500 

8950 

9950 

125000 up 
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MISCELLANEOUS 

MAKER, 
MODEL # 

Dana series 2800 

Wang 320 

Simpson 2700 

HP 8707A 

HP 241 lA 

Heathkit EU-805A 

Tekronix 3S, 3T series 

Beckman 3108 

Julie RVD -106 

HP 8405A 

Wang 379-8 

HP 8441A 

HP 155A/ 1550A 

HP 3590A 

HP 5260A 

HP 2801A 

HP 4470A 

HP 3370A 

HP 8051A 

HP 8054A 

HP 5480A 

Tl 553 

Non. Lin. Syst . X-5 

Datawest 380 

Pr inceton App . Res. RIM series 

Marconi DA 1444 

Hickok OMS 3200 

FUNCTION 

Guarded diff. data amplifiers 

10-14 Dig. calculations (gen 'I, trig, log, exp.) 

Digital System Unit (DVM, ranging modules) 

400 kHz - 40 GHz rf sweep & control 

Guarded data amplifier 

Universal dig instrument (DVM, counter, 
compar , t imer, memory) 

Programmable CRO sampling plug-ins 

Analog to Teletype coupler 

Programmable divider 

1-1000 MHz vector voltmeter 

Universal Interface (Dig. instrum. to 
counter) 

Preselector Bandpass Filter 

Program Oscilloscope 

20 Hz-620 kHz Spectr. Analyz. 

13-12.4 GHz Freq . Divider 

0 
0.0001 C Resol. Quartz Therm . 

Transistor Noise Analyzer 

Gas Chromatograph Digital Integrator 

1-400 ser ies Loudness Analyser 

Real Time Audio Spect. Analyzer 

0-50 kHz Sig. Analyzer 

Computer Controlled Dynamic Test System 

Digital Pressure Meter 

128 Channel High Speed A to D Interface 

Instrument Systems Modules 

Controller for programmable instruments 

Digital Measuring System Modules 

INFORMATfON RETRIEVAL 
Instruments and measurements, Computers and 
peripherals, Data acquisition and processing, 

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

* 
Beckman ~ 

H I• t h th t ' f $3 50 l'1st INSTRUMENTS , INC . e 1po as e nm mer or . . . . HELIPOTDIVISION 

now available in local stock. FULLERTON . CALIFORNIA . 9i634 

(But you ' II have to find the cigar.) ~~;,',~~~~~~~;~:s:,o~~~d~5b,~,s~~~~~; ~:~is~~~~."~;,',:'\g;;~·~~~s, 
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IC IDEAS 

Zero-beat detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 916 

IC-compatible crystal oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 917 

Tuned rf frequency divider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 918 

Digital clock has adjustable pulse width . . . . . . . . . . . . . . . . . . . . . . . . . . . 919 

Vote for the one you like best. 

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

• If we publish your idea you win a check for $25 .00. 

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

• After 12 issues our readers will vote on the best 

Here's how you voted 

The winning Idea for the December 1968 issue is , 
" Regulated supply has two outputs." 

The Electronic Engineer • May 1969 

Write the number of the Idea you like best in the box 
on the Inquiry Card, and send to us. 

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

Submit your IC Ideas to: 
Alberto Socolovsky 

Editor 
THE ELECTRONIC ENGINEER 

Chestnut & 56th Sts. 
Philadelphia, Pa. 19139 

Don Purland, our prize­
winning author, is a Proj­
ect Engineer at the Con­
trols Division of Research 
Inc., in Minneapolis, Minn. 
Mr. Purland selected the 
Triplett 600 TYO multi-

• tester as his prize. 
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youeanput 
all your eggs in 

one baske t 

From logic diagram to logic 
drawer ... (24 positions ... 
and wire-wrappahle) ... that's 
INTERDYNE's total service 
concept! 

We start with your logic de­
sign processed through our 
computer based design auto­
mation programs.· Your logic 
is allocated then partitioned 
onio INTERDYNE's Modu­
Wrap hoards. Placement of 
the hoards is optimized, and a 
pin-vs-signal assignment list is 
created. Next, we manufac­
ture the modules - a rugged 
steel chassis 5 .8" wide in 
whatever length you require, 

90 

with a 90-pin connector at 
one end, and row after row 
of-you name it-14-, 16-, 
or 24-pin sockets, transistor 
holders, printed circuit card 
connectors, component posts, 
etc. - all neatly packaged 
with superbly unique power 
and ground distribution 
planes. If you prefer, you can 
by-pass our design automa­
tion and create your own 
modules from our list of 
available configuratiQn!l. And, 
"to wrap it up," we have five 
fully automatic wire-wrap 
machines. Each card, and the 
drawer hack panel, are wire 
wrappahle. If you need the 

flexibility of direct entry 
packaging and want fast deliv­
ery, you'll want to know more 
about INTERDYNE's Inter­
Wrap. Let us show you how 
you can put all your eggs in 
one basket. Ask for the MW 
2900/5800 Series Brochure 
and information on the MW 
5824 Logi~ Drawer. Circle 
Number 115 on the Reader's 
Service Card. 

INTERDVNE 
2217 Purdue Avenue 
Los Angeles, California 90064 
(213) 477-6051 
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916 Zero-beat detector 

Tim K. Aaltonen 
ARZ Assoc ., New Rochelle , N. Y. 

Keep this circuit in mind if you 
have to adjust two frequencies to 
within several cycles of each other. 

+5V +12V 

The particular problem was to 
zero-beat two 15-kHz signals to 
within ±5 Hz, quickly and accu­
rately. A dual-trace scope was not 
accurate enough, while a counter 
took too long for production-line 
use. 

Input 

How to do it? A two-bit com­
parator solved the problem. It de­
tects a zero-beat between two fre­
quencies. When they match within 
a few cycles, the lights blink slowly 
on and off. 

The circuit accepts signals of up 
to 5-V peak ampli tude, and is rel­
atively insensitive to amplitude. 

5kll 
Of he t ._...A.JV~l­
adjust 

-6V -= 

+5V +12V 

Input 

5kll 
0 f fse I ._..'VV'""-'-'1-
adjust lkn 

-6V "= 

917 IC-compatible crystal oscillator 

Albert W. Weggeman 
Texas In struments, Au stin, Tex . 

Here's an inexpensive, reliable, and 
accurate clock oscillator. Its output 
is compatible with the type of logic 
you use to build it. 

Resistors R1 and R 2 temperature­
stabilize the NAND gates (T. I. 
SN7400N). They also ensure that 
the gates are in a linear region for 
starting. Capacitor C1 is a de block; 
it must have less than a 10-0 im­
pedance at the operating frequency. 

The crystal , which sets the cir­
cuit's accuracy, runs in a series­
resonant mode. So its series resist­
ance must be low; AT-cut crystals 
for the 1- to 10-MHz range work 
well. 

i SN7400N 

+5V 

Motor ola 
MC84 6P 

* SN7400N 

The output waveshape has nearly 
a 50% duty cycle, with chip-limited 
risetimes. The circuit starts well 
from 0 ° to 70 °C. 

1-10 MHz 

The Electronic Engineer • May 1969 

VOTE: 

+sv 

Mot orola 
MC8 44P 

8 

6 

180° 
Phase 
(red) 

~ SN7400N 

for the one 
you llke best. 

Output 
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918 Tuned rf frequency divider 

Del Crowell 
Ph i lca·Fard , Pala Alta , Calif. 

You can use this circuit to divide 
by two, up to 100 MHz. It has 10-
11 dB gain with limiting, and a 15 
dBm max. output level. From -30° Transformer cores : Micrometols T-30-6 . 

+8V 

to 75 °C, the output variation is less ~------1--~ 
than ± 1 dB. 

When you drive the Motorola 
MC1550G into its limiting region 
in this circuit, it becomes a mono­
stable multivibrator. The base ter­
minal is left open to allow switch­
ing. The feedback capacitor, C1, 

should have a value that ensures 
switching at levels about 10 dB 
lower than your normal input. 

The tuned input and output re­
duces broadband noise as well as 
harmonically related spurious sig­
nals (/1 - f 2, and so for th) . All such 
spurs are more than 35 dB down. 

6 

0 . 8 - iO pf 

919 Digital clock has adjustable pulse width 
M. R. Rawlings 
Collins Radio, Dallas , Tex . 

A single Sylvania SG 143 NANO 

gate, an SG 83 dual pulse-shaper, 
and two capacitors give you a clock 
with adjustable pulse width. 

The capacitors, wi th the SG83's 
internal resistors (4 kQ), set the 
time constant for each phase. (A 
variable resistor in series with each 
internal resistor would give you 
continuous control.) 

12 
A 

-----+-c +Vee 2 
~'-"'.J'v--:-' .-----~ 

II 

VOTE• for the one 
• you like best. 

E O.Oiµ.F 

3 

T2 
25 :7, lf30 

f 50~ 
t 2 ' 9MHz 

+ ii dBm 

i-20pF 

B 

Output 

Total period is the sum of the 
pulse widths, which are: T1 =C1R0 / 

3, and T2 =C2R 1,/3. The circuit is 
self-excitin g, and has a frequency 
range in excess of 5 MHz. 
(Note: This circuit is a variation of 
one recommended by Sylvania in 
thei r New Product Report on the 
SGSO. That circuit's pulse width is 
fixed at only 20 ns. The author's 
variant, on the other hand, gives 
you any width that you need .) 

_v'----_ _____.n.____ _ ____Jll 
I I 

' ' 

~ 
:,. ----- Period ----..... , 

-Outp__,uf j_ ·I• _j 
i-----T1 --~.~~Tz ------iL _____ ___, L 
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Whether you want a wave analyzer 
or a spectrum analyzer, the ambi ­
dextrous HP 3590A does the job. This 
flexibility is achieved through the use 
of automatic amplitude ranging , 
electronic frequency sweeping , and 
linear or log X-Y outputs for graphic 
display. 

But this dual capability is only the 
start of the HP 3590A's measuring 
ability. Add to this versatility the > 85 
dB dynamic range, highly selective 
bandwidths, ac and de program­
mability, and a frequency range of 
20 Hz to 620 kHz. The sum of all these 
improvements is increased perfor­
mance and accuracy at speeds pre­
viously unattainable. Why settle for 

less? With the HP. 3590A, you get 
the measurements you want - when 
you want them - taster and easier. 

To provide the additional advan­
tages of a special balanced input 
with selectable terminating imped­
ances of 75, 135, 150, and 600 fl ­
the new HP 3591 A selective voltmeter 
is now available. Multiply this highly 
useful input capability by the tact 
that the 3591A is calibrated to indi ­
cate properly in either dB or dBm 
regardless of the terminating im­
pedance selected . One result-an 
analyzer capable of making noise 
and level measurements on balanced 
voice frequency circuits , or on car­
rier systems up to 120 channels . And 
this example is only one of the many 
applications of an instrument de­
signed with you in mind . 

Wave Analyzer or 
Spectrum Analyzer? 
The HP 3590A is both ! 

~~0 
·-41'-· ,..,.,.,, 

The 3590A mainframe is $3200. The 
3591A mainframe is $3350. Three 
plug- ins are available : 3592A low 
cost slave and program unit when 
used in second 3590A, $80 ; 3593A 
with 3-digit mechanical display , 
$1100 ; 3594A with 5-digit electronic 
counter frequency display, $1600. 

To get complete information on 
either the HP 3590A or the HP 3591A, 
call your local HP field engineer. Or, 
write to Hewlett-Packard, Palo Alto, 
California 94304. Europe : 1217 Mey­
rin-Geneva, Switzerland . 

099/6 

HEWLETT tit PACKARD 

SIGNAL ANALYZERS 

··­
IU.qlt••• • t><l\>10•~~ <ft..,,,.()t•U 

I --- -

• 

• 
--°""""I . " 
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Recommended reading 
for today's components buyer 

North Electric is pleased to present a Full Line Components Catalog featuring their 

standard line of components. The catalog offers detailed information on the North 

Crossbar Switches, Connectors, Rotary Stepping Switches, Telephone-Type Relays 

-and, explains how you can benefit from North 's 83 years experience building 

precision quality components for the electronics industry. Send for your copy today . 

YES ... please send me your tull·line 
COMPO NENTS CATALOG. 

Name ____ ___ Title ; _ _ _ 

Company ________ __ _ 

Address _____ _ Zip Code _ _ 

N EC - 4 
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ABSTRACTS 

Feature article abstracts 

Published information is vital to your job. 

To save time in finding this information, 

we have abstracted the important technical features 

from eight electronic engineering publications. 

Should any of these articles interest you, contact the magazine­

names and addresses are listed below. 

Reprints of articles with an asterisk are available free. 

Save this section for future reference. 

Circuit Design 

Design in g ck amp lifiers . Pa rt 2: Back-to-back 
ampl ifiers , Thomas Mollinga, Hollandse Sig ­
naalapparaten, " EEE ," Vol. 17, No. 3, March 
1969, pp . 58-62. The author analyzes two im­
portant ci rcuits-the two.way power amp li· 
l ier and the gyrator-obtained by connectin g 
two de amplifiers back-to-back. He goes on to 
explain the condit ions that make the circuit 
either a two-way amplifier or, using two pairs 
of two- way amplifiers, a gyrator. The a rt i cle 
includes design equations and graphs, plus one 
practical transistor c ircu it for each configuration. 

Design ing law-current MOS systems , Burt 
M itchell, Nationa l Semiconductor, " EEE," Vol. 
17 , No. 3, March 1969, pp. 66-72. This ar­
ticle is not on "low current MOS systems" 
but rather on how to drive the clock inputs of 
multiple-phase shift registers. Suc h registers­
be ing capacitive and operati ng fast and at 
relat ively high voltages-draw too much cu rrent 
to be driven by a monolithic b ipo lar IC . The 
author describes a hybrid circuit t hat his com­
pany has des igned to solve that problem, and 
explain s how to use it as an interface between 
TTL gates (the scheme appl ie s also to DTL) 
and two-phase-clacked dyna r:iic MOS shift reg­
is ters. 

Tackle your switc hing c ircuit designs, De lbert 
Johnson , Lear Siegler, Inc., 11 Elect ron ic Des ign," 
Vol. 17, No. 7, Apr il 2, 1969, pp . 70-73. The 
author describes an easy.to-use techn iqu e that 
con replace conventional worst-case methods of 
designing transistor switching c ircuits. It pro­
vides optimum coupling between stages and an 
ootimum co llector load for the dr iving stage. 
With it you can almost arbitrar ily se lect the 
reverse-bias potential for the base of t he trans­
istor that is OFF. Thus , you can include noise 
and drift in the design . The method can be used 
for silicon or germanium devices at any power 
level. 

Speed network analysis with topology , J ohn 
DeFalco , Honeywell Co mpute r C ontrol Div., 
"Electron ic De sign." Vol. 17, No . 7, Ap ril I , 
1969 , pp. 56-6 1. W ith topo logical circuit ana ly­
sis you don't have to write network equations 
or evaluate network matrices. But if the net­
works conta in active components (such as tran­
sistors). the topographical analvsis method be­
comes quite complex. Thus . it's easy to see 
why th is method has had limited apolicotion. 
Now , however , there is a new technique that 
handles active nets eas ily and a llows you to 
anal yze your circuits a lmost by inspection. 
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A sinusoidal voltage-controlled oscillator for 
integrated circuits, Alan B. Greben e, Signetics 
C orp., "I EEE Spectru m," Vol. 6, No. 3, Ma rch 
1969 , pp. 79-82. Since design para meters are 
dependent upon passive-com ponent ratios only , 
the c ircuit descr ibed in this art icle is ideally 
suited for the loose absolute-value tolerances 
that are exhibited by the diffused components 
of !C s. This ci rc uit is on inductorless near-har­
monic voltage-controlled oscillator (VCO) that 
utilizes a compensated Wien-br idge topology 
with a vol tage -controlled Mill er integrator as 
the tuning element. It has a two-to-one control 
range for frequencies up to 10 MHz , with less 
than a 1-:J B amplitude variation and less than 
a 10% tota l harmonic distortion over the entire 
control ra nge. 

Communications 

'Transmitt ing data with d igita l ICs , R. J . W idlar 
and J. J_ Kub inec, Nat io na l Sem iconductor, 
"The Electronic Eng inee r," Vol. 28, No. 5. May 
1969 , pp. 58-67. Often d igital data (from a com­
puter or telemetering equipment , etc.) must be 
se nt in a high noise environment. Ord inary in­
tegrated logic circuits cannot be used on 
interface devices because they do not have 
sufficient no ise immunity. No ise on wires , such 
as telephone lines, could be misread as dig ital 
information or it could mask d ig ital informat io n 
on the line. This article describes the operation 
and use of integrate.:! c ircuits , an d gives design 
information for overcom ing noi se on twisted-pair 
lines. 

Power requ irements for deep-space tele commun i­
cation links , M. H. Brockman, E. C . Posner , 
Cal ifornia Institu te of Technology, "I EEE Spec­
trum," Vol. 6, No . 3, Marc h 1969 , pp. 95-99. 
Sc ient ific exp loration of the solar syste m t hrough 
the use of :Jeep-space probes is basically de­
pende nt on an adequate te leco mmu nications 
link between the spacecraft and the earth 
stat ions: a key factor is the need for high-powe r 
transmission capabili ty. The answer seems to lie 
with high-power transmitters (earth-based) that 
have outputs in the 1000-GW range . 

Components 

W hat is happening in ch ip capacitors, Robert 
H . Cush man, Eastern Ed. , " EON ," Vol. 14, No . 
6, Mar. 15 , 1969 , pp. 81 -84. Monol it hic ceramic 
capacitors hove shown cont inuing progress. Fo r 
example , you can now expect to get I µF in o 
0.1 in. cube. Besides the ceram ics, other typ es 
are d iscussed. There are several curves to help 
piece the chip capacit or milieu in perspective. 

Magazine publishers 
and their addresses 

EON 
Cahners Publ ishing Company 
337 5 S. Ban noc k Street 
Englewood , Colo. 8011 0 

EEE 
Mact ier Publish ing Co. 
820 Second Avenue 
New York , N. Y. 10017 

Electronic Design 
Hayden Publ ish ing Co. 
850 Th ird Avenue 
New York , N. Y. 10022 

Electronic Products 
Un ited Tech nica l Publi cati on s 
645 Stewart Avenue 
Garden City , N. Y. 11530 

Electronics 
McGraw-Hill , Inc. 
330 W. 42nd St1 eet 
New York, N. Y. 10036 

Electro· Technology 
Indu str ial Research Inc . 
Industrial Re sea rch Bldg. 
Beverly Sho res , Ind . 4630 1 

IEEE Spectrum 
Institute of Electrical & Electron ics 

Engineers 
345 East 47th Street 
New Yo rk , N. Y. 100 17 

The Electronic Engineer 
Chilton Compan y 
56th & Chestnut Streets 
Ph il adelph ia, Pa . 19139 

Re prints ava il able fr ee. Req ues t 
them on your compa ny letterhead. 
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ABSTRACTS 

Components and chips tor ICs, Sidney C . Silver, 
Assoc. Ed., " El ect ronic Prod ucts ," Vol. 11 , No . 
12, Mar . 15, 1969 , pp. 18-31. Processi ng im­
provements and increasing production efficiency 
are promotin9 wider usage o f chip-sized d iscrete 
co mpon e nts in hybrid ICs. Users seem to be 
giving more t hought to exploiting such o f 1hese 
components as are available, ra ther t han de­
mand ing exotic t ypes or blue-sky specs. The 
article is a survey o f what' s happeni ng in t his 
component market. 

Computers and Peripherals 

*ROM at the lop, J ohn Lin ford, Motorola . " The 
Electro nic Engineer," Vol . 28, No. 5, May 1969, 
p p. 64-71. Read-only memo ries are use d to sto re 
informat ion o f a re ference na ture. For i nstance, 
th is d ata could be a prog ram f or a la rg e com­
p uter , o r a series of names and addresses for 
a sub sc ription service. The article discusses ver­
satil e integra ted circuit memories tha t co n be 
used fo r read -o nly applications such a s decod­
in9 , function 9eneration and detection, and 
arithmetic fu nctions . After a :j escripti on of t hese 
me mor ies, the reader will learn how to a pply 
the m to hi s needs . 

Opt ical tec hniques light the way to mass-sto ra ge 
med ia, M. D. Blue and D. Chen, •H oneywell 
Research C enter, '' Electronics ,'' Vol. 42, No. 5, 
March 3, 1969, pp. 108-113. Optical means ore 
steppin g in to the spotlight t o challenge mag ­
net ic recording measures fo r the vita l ma ss­
sto ro g e job. Densities of 100 million bits p e r 
squa re inc h o re achievable- IOO t ime s that of 
dru ms, disks and other magnetic equipmen t. The 
a uthors discuss advantages and limi ta t io ns, t he 
p lace of optical memories compared to ot he r 
forms- includ in<:1 semiconductor types, character­
istics, construction , and typical performances. 

Memories 1969-meg ab its a nd mic rosecond s, 
Harry Howard , Tech. Ed., " EDN," Vol. 14 , No. 
7, A p r. I, 1969, pp . 33-48 . . Here is a sur~ey. of 
moder n memory systems, with some predictions 
o f their future capabilities. Capaci t ies a nd 
a cce ss times ore compared for a numbe r of 
b ulk-storage devices. Various semico n:foctor 
memories (scratch-pad, RO M, a nd so for t h) o re 
al so d iscussed. 

Cryoelectric me mories; best hope fo r large a nd 
fast storage units , Robert A. Gange , RCA Labs, 
"E lectronics," Vol. 42, No . 6. March 17, 1969, pp. 
108-1 12 . This article, t he seven t eenth in a con­
t inuing memory series, describes G a nge's work, 
which is based on the superco nd uctivi ty of de­
vices at temperatures approaching absolute 
zero. Although largel y in the experimental state, 
t he technique has promise: faster speed, less 
noise, easier driving requirements, and greater 
bi t capacities than semiconductor and magnet ic 
memory elements. The article presents the state 
o f a rt, provides the tu toria l base needed to 
und erstand functioning, and discusses physical 
a nd d esign trends o f cryoelectric elemen ts. 

Integrated Circuits 

Inte rface TTL directly with MOS dynamic cir­
cuits, Dale Mrazek, National Semiconductor, 
" ED N," Vol . 14, No . 7, Apr. I, 1969, pp. 57-59. 
Low-vol ta9e threshold processing of MOS cir­
cuits eliminates many MOS-TTL interfacing prob­
lems. The new 2-V threshold levels mean, however, 
t hat you must put more design emphasis on 
t he interface itself, to get an optimum solut io n 
to its re mai ning problems . The author holds 
that MOS-TT L interfocing can be very econom­
ical, if its variables are unders tood. 

Ana lysis too ls for micromi niaturized circuits , J. 
G . Christ, J . N. Ramsey, International Business 
Machines, "I EEE Soectrum, " Vol. 6, No. 3, 
March 1969, pp. 108- 118. The high design and 
performance requirements o f computer-grade 
c ircuitry a nd micro-miniatu rized packaging con­
c ept s give rise to ma ny ma teria ls prob lems, 
wh ich ca n be attacked successfully only with 
ad vanced, and constant ly re fi ned, microona lyt i­
c o l methods. This a rt icle d escribes a:fva nced 
te chni ques o f X- ray an d elect ron optics, which 
are p ro vi ng to be amon g t he most usefu l o f 
the new a na lyt ica l me thods . 
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MOS characterist ics induce other design con­
cepts, Pa ul F. Sch e nc k, Fai rchi ld Se mico nductor , 
" EDN ," Vol. 14, No . 6, Mar. 15 , 1969 , pp. 69-74 . 
Lo w O N-resista nce, high O FF-resista nce, a nd zero 
offset make MOS multiplexing devices attractive 
in switching and fu nctiona l log ic b uilding bloc ks. 
Here o re D/A converters with several different 
codes, in st rumentation applica tio ns, multiplexing 
(briefly). and so forth. 

Miscellaneous 

*Project management, mil itary style, S. Pete r 
Kaprie lyan , Ge ne ral Electric, ' 'The Elec tron ic 
Engineer ," Vo l. 28, No . 5, Moy 1969, pp . 27-32. 
It is not en ough to know t he pri ncip les of 
project managemen t . The key is t o be ab le t o 
apply th e m t o t he actual ma na ge me nt o f co m­
plex e lectro nic projects. On e of the b iggest 
advocates of this approac h to ma na geme nt is 
the government , a nd t hi s a rticl e discu sses how 
Capt ain M. X. Polk, US N, uses t he techniques 
of project mana9ement to handle t he compl ex 
O mega navigation system project. Captain 
Polk also provides some revealing insights as 
to what it's like to ru n a large project, a nd 
some of th e problems involved . 

Does QA ha ndicap the d esigner ? Pou l Baird, 
Hewlett-Packard, " EDN," Vol. 14, No. 7, Apr. 
I, 1969, pp . 71:74. Des igners ore creative people 
ond thus, thrive on free:fom . Whether or not 
quality assu rance procedures will restrict this 
freedom is determined by the des igner himself. 

Power Supplies 

• re voltage regulators-Do-if-yourself powe r sup­
plies? Shephe n A . Thompson, Western Ed itor, 
" The Electronic Eng ineer," Vol. 28, No. 5, Moy 
1969, pp. 47-52. With t he widespread use of 
integ roted circuit voltage regula tors , engineers 
are now ra ising th is question: "Should we buy 
a separate power supply or should we throw 
in a couple o f rectifiers and then use an in­
tegrat ed circuit voltage re9,ulator to power 
our equipment?" " Not yet,' t hink the com ­
puter designers we pu t this questio n to. " Never," 
soy the power supply manu facturers. Yet, the 
soles of integrated circuit vol tage regu lators 
climb rapidly. The reason is e xplored and dis­
cussed in this very . t ime ly art icle. 

The econo mica l fuel cell, G alen R. Frysinger, 
U. S. Army Electronics Command, "IEE E Spec­
trum," Vol . 6, No. 3, March 1969, pp . 83-90 . 
One of the first applications of economically 
competitive fuel cells will be as a battery 
charger, either for replenishing disch arge cells 
or for use with conventional secondary batteries 
in hybrid con fi gurat ions . With t he fuel cell-bat­
tery hybrid system, a minimum number of fuel 
cells and battery compon e nts con service a 
wide range o f lightweight portable equipmen t 
at low d evelopment costs. 

Semiconductors 

Forum on SCRs-Part 2, Michael Peruqini , Cont r. 
Ed., and Geor~e Flynn, Sr. Assoc. Ed., "Elec­
tron ic Products , ' Vol. II , No. 12, Mar. 15, 1969 , 
pp. 44-53. This d iscussion on the thyristor family 
of control devices points out factors that here­
tofore have limited thyris to r applications: speci­
fication p roblems, misunderstan d ing of good 
specs and empirical design by users, a nd so 
forth. But in spite of t hese things, there is in­
creasing use of such devices, especially those 
of low-and medium-current ro t in gs. The discus­
sion concludes wifh the thought 1hat economics 
is the key: even a small price break should 
trigger an avalanche of new uses. 

Detroit p uts electron ics in the driver's seat, 
John Drummond, Associate Edito r, "E lectronics, " 
Vol. 42 , No . 6, March 17, 1969, pp. 84-93. Semi­
conductors, thoug h led by disc retes, ore acce l­
erating their share of the increasi ng electronics ' 
role in the automobile. More and more of the 
command a nd co ntrol fun ctions o re falling 
under the se miconductor um b rella. Drummond, 
albeit in a somewhat limited ro undup, covers 
recent in novations as well as expected design 
changes, using actua l exa mp les. Cost and p e r­
formance fig ures, as we ll a s cri te ria for choosing 
the device ta ck, ore provided . 

Mult ie lement self-scanned mosaic se nsors, P. K. 
Weimer, W . S. Pike , G. Sada siv, F. V. Shall­
cross , L. Meray-Horvath, RC A Labs, " IEEE 
Spectru m," Vol. 6, No. 3, March 1969, pp . 52-65. 
The development of practical sol id -state imag e 
sensors is expected to introduce a new class o f 
dev ices with applications extending considera b ly 
beyond those of today's camera tubes . Thou gh 
still far behind camera tubes in both perform­
ance and price, solid-state sensors offer some 
impo rtant advantages, such as compa ctness, 
geometric accuracy o f scan , and versa t ility of 
addressing not possible with electron beams. 
This art icle d iscusses the operation of the most 
common self-scanned sensor types, and g ives 
t hei r re lat ive advantages and disad vantages. 
lt also covers two new sensor designs that use 
a monolithic silicon approach and a thin-film 
photoconductor approach. 

Test and Measurement 

•rnstrumentation: The system s approa ch, Staff 
Report, " The Electro nic Engineer," Vol. 28 , No. 
5, May 1969, pp. 73-87. Fewer and fewer in stru ­
me nts now operate on a stand-along basis. 
Instead, the trend towards system-orientation, 
whereby a total measureme nt task is performed 
by compatible instruments, is growing. This 
report covers the rationale behind this activity, 
and details the characteristics of off-the-shelf 
ha rdwa re suited to it. It also includes small 
computers and entire measurement systems. 

Instruments win top billing with more ICs and 
d ig ital d esigns, Gwen Doyle, Ass t. Editor , " Elec­
tron ics," Vol. 4·2, No. 5, March 3, 1969, pp . 
98-1 OS . Recent instrumentatio n trends are co v­
ered. Foremost are the move away from analog 
indicators, the greater use of integrated circuits, 
and the push for modular construct io n-oil o f 
which underline the industry's systems-orienta­
tion. Th is roundup of the new foce of instruments 
also inclu:jes guidelines for operation, criteria 
for se lecting equipment, samples of represe nta­
tive new products, and price information . 

The test ing dilemma- how much is enough? 
George Flynn, Sr. Assoc. Ed., "Electronic Prod ­
ucts," Vol. 11, No. 12, Mar. 15, 1969, pp. 32-43. 
Product testing c:.osts money, so you waste dol­
lars if you test too much. But if you do not t est 
enough, you're going to pay later in cust om e r 
complaints , rework, and so for t h. The pros a nd 
cons of source, incoming, and production testing 
point up the fact that when you decide just 
how much testing is really enough, the maj or 
trade-off involve:j in the decision is figuring 
the point in the production process at which 
you will test . 

Applying single-sh ot time-domain measurements, 
Thad Dreher, E-H Research Labs, "EDN," Vo l. 
14, No. 4, Feb. 15, 1969, pp. 66-7 1. Single-shot 
measurements let you test simple and complex 
devices at high speeds, with neglig ib le heating 
effects. And such measurements can be auto­
mated. The author stresses t he point that to get 
t he several-hundred megahertz bandwidth you 
need, the instrumentation 's signal-handling por­
t io n must be conceived as a low-i mpedance 
trans mission line . Voltage and time measure­
ments in such circuits ore described. 

Just how obsole scent are you? Tom Stephenson , 
Western Editor, "EDN," Vol. 14 , No. 4, Feb. 15 , 
1969, pp. 93-95. Authorities d isagree among 
themselve on what obsolescence is, who suffers 
from it, and even how seriou s it is. In this arti­
cle, t he three factions most concerned-t he p ro ~ 
fessors, the engineering managers, a nd the 
working engineers-present t heir views on the 
whys and wherefores of obsolescence . 

Tape head select io n d e pends on app lication, 
Ron Young, A mpex, "EDN," Vol. 14 , No. 6, 
Mar. 15, 1969, pp. 77-71 . You should consider 
mechanical and electrical causes of error whe n 
you select a tapehead for instrumentation re­
corders. A nu mber of problems ore briefly dis­
cussed, all of which contribute to interchannel 
timing errors . 
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Avco effectively checks integrity of circuit boards 
with GAF industrial x-ray film. 

Use of multilayer printed circuit boards enables Avco 
Electronics Division, Cincinnati, Ohio, to turn out smaller 
and more efficient military radio equipment. And GAF 
industrial 'H-D' Monopakn" x-ray film helps them get the 
job done right. 

As part of a strict quality control program, Avco sub­
jects each space-saving multilayer circuit board to ex­
haustive radiographic examination to assure faultless 
performance and long life. Both the front and back of each 
5-layer board are x-rayed to see if there are any circuit 
breaks, missing components, bridging, misplaced resis­
tors, rotated transistors, etc. and to check if the laminated 
parts are properly aligned. 

The Electronic Engineer • May 1969 

For such exacting work, a film is needed to provide 
outstanding image definition and sharpness ... which is 
why they use GAF industrial 'H-D' Monopakn• x- ray film. 
Industrial 'H-D' is an ultra-fine-grain, very high contrast 
film designed to yield high image definition even when 
radiographing minute subjects and very thin materials. 

GAF offers you a complete line of industrial x-ray 
products with a wide range of speed, grain and contrast 
characteristics. Find out how GAF x-ray films and 
matched chemistry can best serve you. Contact your local 
GAF X-ray Representative. Or write GAF Industrial X-ray 
Marketing Dept., GAF Corporation, 140 West 51 Street, 
New York, New York 10020. ,.,. •. ,,oo 
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AC Digital/ 
Analog Conversion. 
11 Bit Resolution, 
1/2 Bit Accuracy, 
In 3.2 Cu. In. 

The Model D/ A 011 (patent applied for) is 
unique in its design, combining a previously 
unmatched level of resolution and accuracy in 
a small package. · 

It employs a combination of transformer 
windings and MOS integrated circuits. It is fully 
compatible with DTL and TTL computers. No 

ADDITIONAL SPECIFICATIONS-MODEL D/A 011 
Input Voltage - ±3.5 volts 400 CPS 
Input Impedance - 90Kn Minimum 
Output Impedance Without Amplifier - 2000n Maximum 
Operating Temperature - - 55C to + 125°C 

voltage level offset is required. Specifications 
for the D/ A 011 are shown below. Why not let 
us show you how it, and related units, can help 
solve your interface problems. Use the handy 
reader service number below or write or call, 
Electronic Products Division, The Perkin-Elmer 
Corporation, 131 Danbury Road, Wilton, Conn. 
06897. (203) 762-6574. 

Logic Level (onl - + 5 Volts DC 
Lo1ic level (off) - 0 Volts DC 
Channel Switchin& Time (typical! - lµ s 
Wei1ht - 3 oz. 

PERKIN- ELMER 
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NEW PRODUpTS 

Leverwheel switches give fast action 

Jn this era of great technological ad­
vances particularly, in the solid state 
area, we tend to overlook "mundane" 
devices such as, in this case, selector 
switches. However, somewhere along 
the line a human must control or put 
information into equipment. With this 
thought in mind , Cherry Electrical 
Products Corp. has made a giant step 
forward with their leverwheel rotary 
switches. 

You can go from zero through nine 
in only 60 ° of rotation, and there is 
very positive detent action at each 
number. 

This switch is a take-off of the 360° 
rotation type thumb wheel switches. 
But with this device, you can locate 
a position about twice as fast as you 
can with a normal thumb wheel type 
switch. Also, it eliminates the decision 
factor a user faces when , say, he is at 
position 4 and wants to move to 
position 8. Here the question is, "shall 

Leverwhee1 rotary switches can be used 
singularly, or ganged together. Only 
60° of lever movement is needed to go 
from 0 to 9. 

I push the wheel up or down to get to 
the next number fastest?" In the lever 
action switch this need for decision is 
eliminated . Physically and psycho­
logically, with the 360 ° thumb wheel 
type switch , you are inclined to push 
the wheel in a downward position, 
which can, in many cases, make it 
much slower to reach your switch 
position. 

In some cases, you may want to 
position the switch at the zero posi­
tion, as perhaps a form of reset before 
selecting your number. With a lever 
switch th is is a very rapid positive 
action. 

The lever wheel switches come in 
two sizes : the subminiature size desig­
nated L-20 and the miniature size 
designated either L-11 or L-10, con­
tingent on whether you want a front 
or back panel mounting swi tch. In­
cidentall y, the subminiature switch 
mounting is only from the panel back. 

Thumbwheel and leverwheel rotary switch codes 

THUMBWH EEL = T LEVERWHEEL = L 

Subminiature Miniature Su bmini ature Miniature 
Code 

Mounting 
Front Back 

Mounting Mounti ng 
Front Back Front Back 

Mounting 
Front Back ._ ______________ , ____ , _________________________ _ 

10 Posit ion Deci mal T20-01A Tll -OlA TlO-OlA L20-01A Lll -OlA LlO-OlA 

BCD (Binary Coded Deci mal) T20-02A Tl t-02A Tl 0-02A L20-02A Ll t-02A L10-02A 

Hexi Decimal T20-03A T11 -03A T10-03A 

BCD Complement T20-04A T1 1-04A Tl 0-04A L20-04A L 11-04A L 10-04A 

BCD + Comp.+ 2 Comm. T20-05A T11-05A Tl 0-05A L11-05A L10-05A 

BCD + f;ven Parity T20-06A Tl 1-06A Tl 0-06A L20-06A L 11 -06A Ll 0-06A 

BC Octal T20-07 A Tl 1-07 A Tl 0-07 A L20-07A L11 -07A L10-07A 

Hexi Decimal + Comp. T20-0BA Tl 1-0BA Tl 0-0BA 

Hexi Deci mal + Comp. + 2 Comm. T20-09A T11-09A Tl 0-09A 

BCD + Odd Pari ty T20-10A Tl 1-lOA TlO-l OA L20-10A L11-1 0A L10-10A 
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Presently, the leverwheel switches 
are ava il able with seven standard 
codes. As an example, codes cover 
such types as IO-position decimal, 
BCD complement, BCD plus even 
parity or BCD plus odd pari ty. 

These switches terminate in a gold 
plated printed ci rcuit board and they 
may be stacked together in any num­
ber of units. Switches have max rating 
of 240 V ac or de, 0.5 A (12 W) per 
circu it. 

In case you have any need or prefer­
ence for the standard type thumb 
wheel rotary switches, Cherry Electric 
also has these in their product line . 
They are the same basic configuration 
as the leverwheel rotary switches, but 
they are available in 10 standard codes. 
For more information , contact Cherry 
Electrical Products Corp., 1650 Old 
Deerfield Rd ., Highland P ark, Ill. 
60035. (312) 831-2 100. 
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NEW PRODUCTS 

A complete digital panel meter 
In case you haven't been keeping 
track, the trend in panel meters is 
definitely toward digital readouts, and 
for many obvious reasons: accuracy, 
ease of reading by non-technical peo­
ple, compatibility with digital equip­
ment and so forth. The latest entry in 
the field is Triplett, who make the 
claim of "total capability" for their 
DPM. 

It may seem strange that a company 
like Triplett was slow in producing 
such a unit. But there's a good reason 
for the delay-they spent much time 
surveying what is available, and what 
is needed now and in the future . Then 
they designed their panel meter ac­
cordingly. The result: a DPM with 
standard features that are extra-cost 
accessories on other panel meters. 

Looking over its specs, you'll find 
that the Model 5000 is a 3 \h -digit 
DPM with nonblinking display (six 
readings per second), moveable 

decimal point, and automatic polarity 
and overrange ( o/ R) indication. It has 
a 100-mVdc sensitivity, a 100-µV reso­
lution, and an accuracy of -+-0.1 % full 
range ± 1 digit. Dual-slope integration 
gives stability and long life. 

The Triplett unit has both binary­
coded-decimal (BCD) and decimal out­
puts to drive remote display or printer 
units. (You do not need converters to 
operate remote display devices.) A 
1000-MO input resistance reduces 
loading and improves the reading 
accuracy. 

Common-mode rejection is 80 dB, 
so you can make floating measure­
ments with good accuracy. Series-mode 
rejection is 40 dB. To service the DPM, 

you simply remove the bezel and take 
out the chassis through the front 
panel; the case itself remains mounted 
to the panel. 

Ranges presently available are ac or 

Rotary switch has pushbuttons 
This is the year for improvements in 
rotary-type, thumbwheel switches. And 
one of the latest such improvements 
does away with the thumbwheel itself! 

Chicago Dynamic Industries has a 
new switch that looks a lot like others 
at first glance. But there is no thumb­
wheel; instead, there is a push-button 
at its top and bottom. You push one 
of the buttons to add a digit, you push 
the other to subtract one. This elim­
inates the decision factor ;)f the 
normal thumbwheel switch-which 
way to go to get to the next nurr,ber. 

Series MPB/ AS-27000 is available 
in decimal, binary, and binary-with­
complement outputs, and with internal 
lighting if desired. Special codes are 

100 

available, too. 
Terminations at the back of the 

switch are plain or funneled, as speci­
tied. Precision metal contacts are 
silver, gold, or palladium. The switches 
can carry 2 A max. at 115 Vac, and 
have a 0.1-0 contact resistance. Oper­
ating temps. range from -55 °-85 °C. 

As with most switches of this type, 
you can stack them together. 

The MPB/ AS-27000 costs about 
$14 per module, with a 3- to 4-week 
delivery cycle. For more information, 
contact J. C. Koci, Chicago Dynamic 
Industries, Inc., Precision Products 
Div., 1725 Diversey Blvd., Chicago, 
Ill. 60614. (312) 935-4600. 
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de volts from 0.1 to 1000 V, and de 
currents from 1 µA to 10 A (the cir­
cuit drop is lOOmV) . The ac version 
costs slightly more than the de unit. 

Some other features of the new 
digital panel meter are: automatic 
zero; display hold provisions; over­
load protection to 1 kV; and a built-in 
8-W ac power supply. The supply is 
regulated, and operates from 115-Vac, 
60-Hz lines. All calibration controls 
are accessible at the front of the panel. 
The DPM has an all-metal case for rf 
shielding. These features, plus others, 
are at the standard price. 

The Model 5000 operates between 
0 ° and 50°C. It measures 2.75 x 4.5 
x 5.5 in., and weighs less than 6.5 lbs. 
User price is $3 60. For more infor­
mation, contact Marketing Dept., 
Triplett Electrical Instrument Co., 
Bluffton, Ohio 458 17. (419) 358-5015 . 
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Digital panel meter has many built-in 
features that are accessories on others. 
This unit has both BCD and decimal 
outputs for driving remote displays or 
a printer. 
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American born. 
With the exception of apple pie, there's nothing 

quite so American as C & K Subminiature Switches. 
They 're designed in the U.S. They' re made in the 
U.S. With all the finest materials fifty states can 
supply. 

So, naturally they cost more-right? 
Wrong. 
Our subminiature pushbutton and toggle switches 

cost less than comparab le imports. 
Trust what you buy. Order your subminiature 

switches-pushbutton or toggle with 1, 2, 3 and 4 
poles-from C & K Components. 

(In price, and in dependability, we speak your 
language.) 

Call or write for quantity prices: 

GKcoMPONENTS, INC. 103 Morse Street 
Watertown, Massachusetts 02172 tel: (617) 926-0800 

1 
2 
3 
4 Poles! 



Our new printer is designed for original 
equipment manufacturers . It makes it easier for 
computers to talk to people and easier 
for people to talk back to their computers. 

It's the UNIVAC ® 0769 Incremental Printer 
It's a low-speed asynchronous device that can 

print at a rate of up to 25 characters per second. 
Making it a pretty fast low-speed printer. 

Its basic simplicity of design makes it 
very flexible . For example you can use it with a 
keyboard as a remote input device to a central 
processor. 

Or it can be a low-speed output printer. 
Or an integral part of a communications terminal. 
Or part of a magnetic-tape data recording system. 

It has a changeable font. So if your 
customers suddenly decide to talk to their 
computers in mathematical symbols, they can . 

The UNIVAC 0769 can handle up to 132 

_JL 

print positions. 52 positions more than 
you usually get. 

It has an ink-impregnated roller that takes 
only a few seconds to change. 

And we designed it to produce an original 
and five good clean copies. 

We're offering the 0769 to OEM customers 
as a basic mechanism, without controlling 
electronics, power supplies or cabinetry. We can 
also supply intimate electronic circuits for 
the 0769, primarily amplifiers and drivers, on a 
single plug-in printed circuit assembly. 

If all this sounds interesting, write to 
Univac, OEM Marketing Department, 
P.O. Box 8100, Philadelphia, Pennsylvania 19101. 

We offer Readers, Punches, Printers, 
Communication Terminals, Graphics, Memory 
Devices and, of course, UN IV' I\ ·C 
a little therapy. ,..., 
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NEW PRODUCTS 

New interconnection system 

gives 3-D density 

V-shaped spring contact enables connector 
size reduction without sacrificing reliability. 

In this age of microminiaturization, 
it's often not feasible to use conven­
tional interconnection techniques be­
cause they are too large. There may 
not be enough space for the connec­
tor; or the longer circuit length, with 
its unmatched impedance, may be un­
acceptable. 

V-spring the key 
A new high-density interconnection 

technique for parallel , perpendicular, 
or in-line mating promises to solve 
these problems. Designated the A-MP 
Microelectronic Connection System, it 
is built around an unusual receptacle 
contact that has two diametrically op­
posed V-shaped spiral springs. These 
springs, which deflect at right angles 
to the mating male pin , are stamped 
and formed from 0.004 in. beryllium 
copper. They are only 0.065 in. long 
with an outside diameter of 0.030 in. 
and are gold over nickel plated (as are 
the. male pins) . 

Despite their compact size, the re­
ceptacle contacts can produce normal 
contact forces of over 100 grams for 
each of their two springs. When the 
mating pin contact is inserted into the 
receptacle, the spiral spring deflects 
in a plane perpendicular to the mating 
axis, making it possible for the overall 
length of the contact to be short while 
the springs are still long enough to 
function without excessive permanent 
deformation. 

When housed in plastic (diallyl 
phthalate, epoxy or filled polyamide 
resin) blocks, the dimension in the di­
rection of mating can be as small as 
0.350 in. from wire termination to 
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wire termination across the connector 
halves. This is especially advantageous 
in applications where the impedance 
mismatch (or length of the unmatched 
area) through the interconnection 
must be minimized. The short 0.065 
in. receptacle contact length makes 
this possible. 

Alignment not a problem 
A serious drawback of many minia­

turized units is that the connector 
halves must be perfectly aligned dur­
ing mating to avoid damage to the 
pins. However, with this system, the 
angular displacement of the pin (with­
out damage to the spring) is limited 
only by the inside geometry of the 
front and rear of the receptacle. This 
feature, along with the "float" of these 
terminals in their housings, makes it 
unnecessary for connector halves to be 
perfectly aligned. 

Contacts can be terminated by 
crimping, welding or soldering. The 
pin and receptacle terminals snap into 
place in their respective housings and 
can be easily replaced if necessary. 

Convenience an advantage 
The housings can be mounted (and 

mated) without accessory hardware. 
One version can be stacked end-to-end 
without interrupting the 0.050 and 
0.025 in . grid spacing. This is impor­
tant on computer memory frames and 
other applications where it wouldn't 
be convenient to have one connector 
handle a large number of terminations. 
Another important application would 
be where it's necessary to plug a se-

ries of small connectors, side by side, 
into a single larger one. 

A variety of configurations is avail­
able with contacts on 0.050 in. (true) 
and 0.025 in . (staggered) grids, in­
cluding a full 16-position connector 
only 0.437 in. long. For more infor­
mation contact AMP Incorporated, 
Harrisburg, Pa. 17105 (717) 564-
0101. 

Circle 222 on Inquiry Card 

Key to the small size of the new con­
nector system is the female contact at 
the left. Its two integral " V" shaped 
springs deflect at right angles to the 
mating pin contact, producing two 
points of electrical contact. As the de­
flection takes place entirely in a plane 
perpendicular to the mating axis, the 
overall contact length can be short. 

By contouring the ends of the connec­
tor housi ngs, they can be stacked end­
to-end without interrupting the grid 
spacings. 
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NEW PRODUCTS 

Low cost, thin-film Hall generators 

A new thin-film process brings down 
the price of Hall-effect generators­
the payoff of three years of research 
by F. W. Bell, Inc. 

The Ohio firm says that the low 
prices will open up high-volume appli­
cations for these devices in such th ings 
as brushless de-motors, automobile 
ignition systems, position sensors, and 
so forth . 

There are three basic types: Model 
FH-300, a 0.1 x 0.125 in. flip-chip 
device; Model FH-301 , the same size 
as the 300, but with conventional wire 
leads; and the FH-302, which has a 
flexible PC lead strip with contacts on 
0.1 in. centers. (If needed, you can 
have PC conductor patterns to suit 
your particular applicatiori .) 

Each model has three resistance 
ranges. These are 10 to 20 0, 20 to 
40 0, and 40 to 80 O; the maker 
promises higher values in the near 
future. Control currents are 15 to 35 
mA; magnetic sensitivity is J 2 mV I 
kG min . for the high resistance range. 
The devices operate between - 55 ° 
and 100°C; the temperature-depend­
ance of the indium-arsenide film it­
self is less than O. l % I C. 

Model FH-300 Hall-Pak is under 
a dollar in I 0,000-pc. quantities, while 
the 30 l and 302 are a bit h igher. A 
test kit with one of each model costs 
$6.50, plus 50¢ handling. F. W. Bell, 
Inc ., 1356 Norton Ave., Columbus, 
Ohio 43212. (614) 294-4906. 

Circle 279 on Inquiry Card 

Second generation op amp is premium quality 

Looking for a high quality, general 
purpose op amp? Then you may be 
interested in this new hybrid unit. 

The 207 is a Bell & Howell item 
(Control P rod ucts D iv.) , marketed fo r 
that company by D ata Device Corp. 
Its input characteristics are markedly 
improved over those of the 007, an 
I 8-mo nth old predecessor. 

For example, the in itial voltage off­
set (max.) was l mV on the 007 ; it's 
0.2 mV on the 207 . Simi larly, the 
volt age drift is a low 5 IL VI °C, max., 
down from the original 20. And the 
in put bias current is half : 150 nA max. 
for the 207. 

GOLD-BEARING EPOXY 
Is highly conductive. 

Single-component epoxy compound 
contains pure gold powder. Conductiv­
ity of Epo-Tek 44 1 is uniform and 
highly reproducible. Volume resistivity 
is held to 0.0001 to 0.0005 0 cm. The 
material is a smooth paste which is 
used directly from the jar. It can be 
used to at tach ch ips in hybrid circuits, 
and for other applications where a 
gold epoxy is highly desirable or man­
datory. Epoxy Technology, Inc. (6 17) 
926-1949. 

Circle 281 on Inquiry Card 
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These improvements stem from 
better thick-film techniques, as well as 
from advances in circuit layout, ac­
cordi ng to the maker. 

Because of the offset and drift specs, 
you do n't need a· balance trimmer-pot, 
so you save its cost and space. And 
beca use the 207 is freque ncy-compen­
sated, you save on these components 
as well . 

At rated load- 2 kO-the open-loop 
voltage gain is 88 dB min. , and the 
frequency for full output is 30 kHz 
mi n. Rated minimum outputs are -+- 10 
V, and -+-5 mA. Slew rate is l VI [LS 

min., and the unity-gain point is 2 

GUNN DIODE OSCILLATOR 
X-band YIG tuned. 

Model OX-100 electrically tunable 
osci ll ator provides JO mW min. of fun­
damental rf pwr. with 6 dB max. pwr. 
variations over 8 to 12 GHz freq. 
range. Incidental FM, 10 kHz Pk-Pk; 
spurious outputs, - 50 dB; harmonics, 
- 30 dB; linearity, -+-0.1 % . It is well 
suited for loca l osc. and freq. diversity 
master osc. applications. Physical 
Electronics Laboratories. ( 415) 323-
9092. 

Circle 282 on Inquiry Card 

MHz typ. 
You can take your choice of power 

supply voltages : anything between 
-+- 6 V and ± 22 V will do the trick, 
although the nominal spec is ± 15 V . 
Full-load current is about 7 mA . 

The rigors of military life should 
have little effect on the 207 : it's 
hermetically sealed in a T0-8 case, 
and specified for use from - 55 ° to 
125 °C. 

For more information on this $125 
device, write or call Data Device 
Corporation, 100 Tee St. , Hicksville, 
N . Y. 11801. (516) 433-5330. 

Circle 280 on Inquiry Card 

FREQUENCY STAN DARDS 
I, 2, 2.5 , 3, 4, 5, or 10 MHz out. 

Model YH-522-1 standard has a cas t 
aluminum internal cavity for its oven 
housing which gives good temperature 
stabil ity and mechanical immunity to 
shock and vibration. 

Level. 1 V rms min. into 1000-0 
Stab: > ± 1 x 10"1 I day after 30 

days initial aging. 
Freq : < ± 1x10·8 over 0 ° to 55 °C 
Input : + 28 Vele ± 1 % reg. 
Greenray Industries , Inc. 

Circle 283 on Inquiry Card 
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CTS cermet resistor 
networks 

... with 
NEW16-lead 
dual-in-line 
package 
• Add more circuitry ... up to 16-lead 
dual-in-line packages ... with these new 
CTS space-saver cermet resistor net­
works. Specifically designed to simplify 
automatic insertion and reduce your as­
sembly costs. Easy to hand mount, too. 

Series 760 DIP Resistor Networks provide 
... 14 or 16 lead packages ... up to 15 re­
sistors per module with an infinite number 
of circuit combinations . .. extremely good 
environmental specifications .. . 5 lbs. pull 
strength on leads. A natural to combine 
with active devices to form hybrid circuits. 
.100" lead spacing . 

Series 750 Cermet Resistor Networks offer 
. . . three basic sizes and an infinite number 

SERIES 750 

4-pin 6-pin 8-pin 
Quantity 3 resistors 5 resistors 7 resistors 

10,000 14.4¢ ea. 19.5¢ ea. 24.5¢ ea. 
piece (4.8¢/ (3.9¢/ (3 .5¢/ 
price resistor) resi stor) resistor) 

1,000 
piece 28.8¢ ea. 39.0¢ ea. 49.0¢ ea. 
price 

of circuit combinations ... excellent envi­
ronmental characteristics . .. 5 lbs. pull 
strength on leads . .. and are available with 
or without active devices ... lead spacing, 
.125 11

• 

Check CTS low prices and fast delivery 
schedule ... 2 weeks for prototypes ; 4-6 
weeks for production quantities. See the 
prices listed below! 

More flexibility ... CTS packages can be 
delivered without organic cover coat. You 
trim for circuit balance in your plant. 

Ask your CTS sales engineer for data. Or 
write CTS of Berne, Inc., Berne, Indiana, 
46711. Phone: (219) 389-3111 . 

(.85011 x .25011) 

c TS CORPORATION 
Elkhart, Indiana 

SERIES 760 

9 resistors 11 resistors 13 resistors 15 resistors 
(14 pin (14 pin (14 pin (16 pin 
module) module) module) module) 

41 ¢ ea. 43¢ ea. 45¢ ea. 55¢ ea. 
(4.5¢/ (4¢/resistor) (3.5¢/ (3.7¢/ 

resistor) resistor) resistor) 

82¢ ea. 86¢ ea. 90¢ ea. $1.10ea. 

Prices shown are ± 2V2 % tolerance, ± 250 ppm/°C from 50 ohms through 1 megohm standard TC. (Also 
based on circuits with all resistors screened simultaneously on one side of the substrate.) 

Series 750 

~rn ~ ~ lh=P £ -::! 
Crystals, Oscillators, Jo Microelectronic 

Circuitry Selector Switches Trimmers Potentiometers and Filters Loudspeakers 
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NEW MICROWORLD PRODUCTS 

THICK-FILM RESISTOR NETWORK 
Sets current-source levels. 

Model 813 is for use with Fairchild's µA 722 10-bit cur­
rent source. Operates - 20 ° to 85 °C. There are three ap­
plication resistors for output buffer scaling, and one for 
output offsetting for bipolar uses. $14 ea. , 100-199. Beck­
man, Helipot Div. , (714) 871-4848. 

Circle 201 on Inquiry Card 

D/A LADDER SWITCHES 
For use with R-2R ladder networks. 

Each unit is a single-bit, series-shunt switch and driver 
circuit. Type CMDAI works from DTL/ TTL logic, with a 
- 10 V reference. R sat is 5 0 ( typ.). There is 10-bit ac­
curacy with 10 k0/ 20 kO ladders. $19.50 ea., 1-99 pcs. 
Crystalonics, ( 617) 491-1670. 

Circle 202 on Inquiry Card 

LADDER NETWORK 
For 12- and I 0-bit applications. 

Designed for Fairchild's 3751 A I D converter, the M3019 
R-2R ladder has an accuracy better than 112 LSB. Tracking 
TCR is less than I ppm/ °C over military temperatures. 
Package is 0.6-in. DIP. $60 ea., 100 pcs. Megadyne Indus­
tries, (716) 328-4242. 

Circle 203 on Inquiry Card 
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MOS READ-ONLY MEMORY 
Arranged as 256 x 4-bit words. 

For code conversion, random logic synthesis, table look­
up, and so forth . Gate protection diodes on all inputs. 
Needs no clock. Operates in less than 1 µs. DTL/ TTL-com­
patible. MM421 (-55° to 125 °C). $72 ea., 100-999 pcs. 
National Semiconductor, (408) 245-4320. 

Circle 204 on Inquiry Card 

MONOLITHIC AC AMPLIFIER ARRAY 
Four independent amplifiers on a single substrate. 

l l 

Features include 2 dB noise figure, 53 dB voltage gain, 
2 Vrms out, 300 kHz open-loop BW. The CA3048 is a 
16-pin DIP, runs from a single-ended supply, and is specified 
from -25 ° to 85 °C. $2.45 ea. , 1000-up. RCA/ Electronic 
Components, ( 201) 485-3900. 

Circle 205 on Inquiry Card 

LOGARITHMIC ELEMENTS 
Both log and antilog functions. 

These devices have an input range of 10 pA to 1 mA. 
Output is 60 m VI decade. Two independent sections have 
Vbe matched to 0.2 mV at 10 µA, Model Ll -P is for posi­
tive inputs, Ll-N for negative. $37.50 ea., 1-9 pcs. Data 
Device Corp., (516) 433-5330. 

Circle 206 on Inquiry Card 
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ULTRASONIC OR THERMOCOMPRESSION BONDER 

Bond characteristics are controllable and repeatable. 
Critical adjustments programmed and preset, Model 8-149-
01 has gross manipulation; x, y, and rotational micro­
manipulator also. Split optics. About $10,000. Unitek, 
Weldmatic Div. (213) 359-8361. 

Circle 207 on Inquiry Card 

VERTICAL SIDEWALL MICROCIRCUIT CASE 
For substrates to 1 x 1 in. and 0.75 x 1.5 in. 

Kovar cases meet MIL-STD-883, MIL-STD-202; have 
I 0 to 40 leads in opposing or triangular patterns. Terminal 
seals of borosilicate glass. Copper-clad kovar option for 
cold-welding packages. $2.62 ea ., 1000 pcs. Tekform Prod­
ucts, (714) 630-2340. 

Circle 208 on Inquiry Card 

MECHANIZED IC HANDLER 
For testing in ambient environment. 

Model 8024 handles 5000 1cs per hour, in carriers, for 
production/ QA testing. Basic set-up includes magazine 
input, pneumatic transfer to test-position , and "ready-to­
test" contact closure for tester. About $2500. Delta De­
sign. (714) 465-4141. 

Circle 209 on Inquiry Card 
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1 
photo 

\ controls 

NEW Catalog 69 

~1 for 
every 
purpose 
•conveyor 

•automation 
• cut-off 

• counting 
•die protecti on •jam-up 
• inspection • limit 
• measuring • orientation 
• positioning • processing 
• packaging • registration 
• smoke detection • sorting 
•tension • traffic control 
•weig hing • winding 
• others beyond enumeration . 

describes and prices 284 pre­
engineered photo controls in­
cluding retro-reflective, specular 
reflective, fiber optic ON / OFF 
and Timing Controls. Tremen­
dous selection of photo sensors 
and light sources. Counting 
Eyes, bin level, liquid level and Includes sketches showing 
smoke controls. Current Surge a wide selection of 
and Impact Controls photo control applications 

See the AUTOTRON MAN in your 
area or send for Catalog 69 NOW 

3627 N. Vermilion, Danville, Ill. 61832 
Ph 217-446-0650 TWX 910-244-1455 

Circle 42 on Inquiry Card 

SCREW 
STARTER 

Prevent shocks while starting screws in electrical equip­
ment. Use the ULLMAN shock resistant nylon screw 
starter. With a simple twist, the high carbon steel bit 
locks firmly into the screw. Bit locks and resets auto­
matically. And, the electric shock resistant nylon handles 
mean added safety for you . 

...,,. Comes in 4 lengths from 21){6" to 15316" 

""" Priced from $2.25 - 3.55 

Also available with 
PHILLIPS HEAD type bit ~ 

4 sizes priced from $2 .30 · 3.50 

Write for FREE catalog of other ULLMAN tools. 
Dept. EE 5 -9 

~ COftPOftATION Ridgetleld , ConnechCUI 
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NEW LAB INSTRUMENTS 

PEAK RF LAB STANDARD WATTM ETER 
For 50-0, pulsed transmission systems. 

Self-contained Model 4345 samples reflected or forward 
power. Taut-band meter shows peak power, 250 W to 
5 kW, 950-1300 MHz. Accuracy -+-6% of reading at 25 
calibrated points. Less than 1.08 insertion vswR. Change­
able connectors. Bird Electronics, (216) 248-1200. 

Circle 210 on Inquiry Card 

The only total portable, 
laboratory quality 

oscilloscope. 

And only $665. 
Goes anywhere you need it. And at $665,* there's no need 
for scope sharing. Operates from optional internal battery 
or 110/220 voe 50 to 400 Hz line. Compact 81h" x 9" x 15" 
size, weighs less than 20 lbs. 

Featu res include : 20 MHz bandwidth; 17 nsec rise time; 
18 sweep speeds; internal voltage calibrator; and triggering 
1stability over 30 MHz. 

Write for Bul letin TI C 3316 to Motorola Communications & 
Electronics Inc., 4501 W. Augusta Blvd., Ch icago, Ill. 60651. 

*Exclusive of options. 

MOTOROLA 
Precision Instrument Products 
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WIDEBAND OSCILLOSCOPES 
To 200 MHz in real-time. 

Model SS-112 has a 100-MHz bandwidth, while Model 
SS-211 is a 200-MHz unit. Both have 10 mV/ cm sensitiv­
ity, 6 x 10 cm display . A FET probe has 1.75-ns rise-time. 
The SS-211 is $3120. Made by I watsu Electric, Tokyo. 
Sold by E-H Research, (415) 834-3030. 

Circle 211 on Inquiry Card 

NOISE SPIKE DETECTOR FOR SCOPES 
Converts short duration spikes to square-wave output. 

Plugged between scope and probe ( BNC connectors) , 
1Scopac S- 1 detects random, widely-spaced spikes with 
PRFs from 0.1 to 5 MHz. Threshold control sets minimum 
detectable level, ± 0.1-1 V. Pulse input, 10 V max . $95. 
Travis Electronics, (617) 332-7447. 

Circle 212 on Inquiry Card 

11-MHZ SYNTHESIZER HAS 1-HZ STEPS 
Digital control , crystal accuracy, spectral purity. 

Series 7000 can be remotely controlled with TTL k>gic, 
using 1-2-4-8 code. Model 7010 is the basic unit; the 7020 
adds analog search and an output attenuator. Model 7030 
has analog search and VLF out. From $4775 . Dana Labs. , 
(714) 833-1234. 

Circle 213 on Inquiry Card 
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Adlake makes the size 
Adlake's new AWCM and AWDM Mercury 
Wetted Contact Relays - Sub-Miniature in size 
for printed circuit board use (see diagram) pro­
vides the answer to the high component density 
question. Small in size , yet made to Adlake's 
stringent quality requirements. Depend on Ad­
lake's reliability and this new prod uct to help 
solve your space problems. Available as con­
tact Form C or contact Form D. 

Write, please, for BULLETIN No. MW 5. 

.375 
IOI l 
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+•-
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THE ADAMS & WESTLAl<E COMPANY 
A SUBSIDIARY OF ALL I ED PRODUCTS CORPORATION 

ELKHART, INDIANA 46514 • 219 · 264-1141 • TWX 219 · 522-3102 • TELEX 25-8458 • CABLE ADLAKE 

Mercury Relays/ Architectural Products/ Transportation Equipment/ Doors and Entrances/ Contract Manufacturing 
Circle 45 on Inquiry Card 



110 

What makes low-cost 
Dialig_ht readouts 
so reliable 
and easy-to-read? 
Reliable because of simple module construction and long life lamps. Designed 
for use with neon or incandescent lamps to meet circu it voltage requirements. 
Easy-to-read from any viewing angle. 1" high characters are formed by unique 
patented light-gathering cells, and may be read from distances of 30 feet. Sharp 
contrast makes for easy viewing under high ambient lighting conditions. 

Dialight Readout Features 
1. Operate at low power. 

2. 6V AC-DC, 10V AC-DC, 14-16V AC-DC, 24-28V 
AC-DC, 150-160V DC or 110-125V AC. 

3. Non-glare viewing windows in a choice of colors. 
4. Available with RFl-EMI suppression screen. 

5. Available with universal BCD to 7 line translator driver. 
6. Can be used with integrated circuit decoder devices 
now universally available. 

7. Caption modules available; each can display 6 messages. 

Send for catalog 
Catalog-folder contains complete specifying and ordering data 
on numeric and caption modules, translator drivers, mount­
ing accessories. Dialight Corporation, 60 Stewart Avenue, 
Brooklyn, New York 11237. Phone: (212) 497-7600. 

/JIALIGl-IT 
Circle 46 on Inquiry Card 
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NEW LAB INSTRUMENTS 

AUTOMATIC RELAY TESTER 
Cycles to five operations a second . 

• 
Models R-4, R -5, R-6 test dry­

circuit and pull-in (sensitivity adjust­
able to 10 µ. V or dry test). Wide range 
current/ voltage for actuation/ contact 
tests . Counters show faults/ total 
cycles. Fleetwood Labs, (914) 235-
0831. 

Circle 223 on Inquiry Card 

DIGITAL PICOAMMETER 
Three digits resolve to 10-13 A . 

• 
'."'~ f -. 

-· ~ ........ :~.:. ~ •t! 
Model 440 has 9 ranges : 10-2 to 

10-10 A f.s. Accuracy, -t-0.5% on sen­
sitive ranges , -t-0 .2% on others. 100% 
overranging, auto polarity and over­
load indication. Recorder output; 
printer output optional. $995. Keithley 
Instr. , (216) 248-0400. 

Circle 224 on Inquiry Card 

DIGITAL DATA GENERATOR 
Bit rates from 1 Hz to 125 MHz. 

Model WG-100 h as output of two 
16-bi t (or one 32-bit) words . Return­
to-zero , nonreturn-to-zero formats . 
Provides logical complement. Rise/ fall 
times, I ns. Output, 5 V I 500. Width , 
2 ns-20 ms. $11,950. Tau-tron , (617) 
458-6871. 

Circle 225 on Inquiry Card 
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MICROWAVE COUNTER 
Measures 300 MHz to 3 GHz. 

Model 153 uses automatic-comput­
ing transfer-oscillator : gives instan­
taneous measurement of changing in­
puts. Automatic tracking. Sensitivity, 
-10 dBm minimum. Oscillator stable 
to -+-2 ppm/ mo. $1350. Systron­
Donner, ( 415) 682-6161. 

Circle 226 on Inquiry Card 

REAL-TIME DIGITAL CLOCK 
Shows hours, minutes, and seconds. 

Preselect timed command pulses to 
occur at one of 70 intervals from 1 s 
to 25 h. Controls set starting time, 
select time of day or totalize mode. 
Nine-digit version shows days or man­
ually-set data. Vidar, (415) 327-6340. 

Circle 227 on Inquiry Card 

PRESETTABLE COUNTERS 
Models with up to six digits. 

Ill f *+ 
I ' 

-• 
Signals generated by broken light 

path, magnetic field , etc. trigger these 
sensing counters. Dial in desired count, 
unit resets at that point. Counts to 50-
kHz max . rate. Timed output signal. 
Numerics Corp., (617) 851-7229. 

Circle 228 on Inquiry Card 
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The high performance, sensibly priced 
PULSE GENERATOR you've been looking 
for is here! Meet the Model PG-1 1: 10 Hz 
to 20MHz. 

± 15 volts at maximum or any other rep 
rate. Rise time typically 3 ns at full ampli­
tude. Single or double pulses, manual one­
shot, pulse bursts. Synchronous or asyn­
chronous gating. Triggering, DC to 20 MHz. 
Continuously variable rep rate, width, 
delay, amplitude. 

Clean pulses: total distortion at full ampli­
tude from all sources is less than 5%. All 
solid state . Optional rack adapter for 

' POWEil ·•@• 
mounting one PG-1 1, or mounting two 
PG-1 1 's side by side in 3-1 /2" of rack 
height. Bench model dimensions are 4" h 
x 8-1 /2" wd x 9-1 /2" d; weight 7 pounds, 
net. Full year guarantee. Available from 
stock. 

Write or phone your nearest Representative 
leem) for literature, a prompt demonstration 
or both. 

PG-1 1. $375. Hallelujah. 

Chronetics, Inc. 500 Nuber Avenue, Mt. 
Vernon, N. Y. (914) 6994400. In Europe: 
39 Rue Rothschild, Geneva, Switzerland 
(022)318180. 
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MB Environmental Dynamics 
Anaylsis Instruments · Signal Conditioning· Electrohydraulics · Pressure Measurement • Vibration Systems 

T1007 is world's most sophisticated, flexible transfer 
function and mechanical impedance analyzer 

For the first time, a transfer function and mechanical impedance analyzer is available 
which provides direct analytical solution of problems in vibration and fatigue, quieting 
studies, structural resonance, chatter, flutter and foundation design and isolation. 

Log Converter allows direct linear 
db plotting of signals with up to 50 
db variations 

The N404 Log Converter provides a de 
output proportional to the logarithm of 
wideband voltage inputs from any source 
and is intended for use with galvo, X-Y, 
level, or tape recorders . It features a wide 
frequency range of 5 Hz to 10 kHz. 

The N404 is part of the exclusive Zero 
Drive 0 data acquisition and conditioning 
system introdu ced by MB. It is a modular 
unit wilh self-contained power supply and 
isolated input / output signal path. A stand­
ard 19-inch rack can accommodate 12 
units occupying a rack height of only 
3Jf inches . Price of the N404 is $250.00. 
0 Pat e 11t v e nding 

Reader Service No. 103 
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The new MB Tl007 accepts and ana­
lyzes all data-sine and random as well 
as transient signals. It rejects all extra­
neous uncorrelated inputs, regardless of 
frequency or amplitude by effective use 
of cross-correlation techniques. The ana­
lyzer is therefore capable of obtaining 
transfer functions in the presence of noise 
or multiple inputs. 

A primary application of the Tl007 is 
simplifying the analysis of complex me­
chanical systems. Systems can be sub­
divided and regrouped conceptually and 
the dynamic effect of inserting a new 
component at any point can be predicted 
with great accuracy. The resulting distri­
bution of forces and motions can then be 
determined easily. 

The Tl007 frees the design engineer 
and the data analyst from the need to 
simulate real time conditions. For example, 
it is possible to utilize data recorded 
directly from transducers mounted in an 
operating unit such as a motor vehicle or 
machine tool. 

The full performance capabilities, as 
well as a complete description of all Tl007 
components, is contained in Bulletin 251. 

Reader Service No. 101 

Hu rst Performan ce uses PM 
Shaker for shifter test 

Shown here is an MB PM50 shaker 
rated at 50 lbs. force being used by Hurst 
Performance Inc., of Warminster, Pa., to 
random audit Hurst shifters. The test is 
designed to simulate the vibration experi­
enced by the shifter while selecting gears 
in a moving vehicle. 
The unit shown on 
the shaker is Hurst's 
latest patented four 
speed shifter current­
ly supplied to Pontiac 
Motor Division for 
use in certain high 
performance cars. 

Reader Service No. 102 

MB ELECTRONICS 
A textron I COMPANY 

P.O. BOX 1825, NEW HAVEN, CONNECTICUT 06508 
Tel. (203) 389-1511 Twx 710 465-3283 Telex 0963-437 

NEW LAB INSTRUMENTS 

MOS CLOCK 
To 10-MHz rate. 

Model SQ532 gives 2- or 4-phase 
outputs. Level control to - 30 V with 
0 to -4 V offset. Each phase has ex­
tended driver probe: swings 0 to - 30 
V iri 20 ns against 100 pf. TTL write­
gate, output strobe. Adar Assoc. , 
(617) 623-3131. 

Circle 229 on Inquiry Card 

SAMPLING HEAD 
Switch selects ac or de coupling. 

Type S-5 is low-noise (500 µ V) 
with 1-ns risetime, and l -M0/15-pF 
input. P6010 passive x 10 probe (in­
cluded) raises input impedance, has 20 
mV to 2V/ div . sensitivity. Max. de 
input, -+ 100 V. $315 f.o.b . Tektronix , 
(503) 292-2611. 

Circle 230 on Inquiry Card 

MILLIMETER-WAVE SWEEPER 
40-90 GHz with two plug-in heads. 

Model 740 system has wide-range 
swo. Heads span 40-62 GHz (20mW 
avg.) , 60-90 GHz (5 mW rated). 
Power supply has voltage sequencing; 
simplified supply option if sweeping 
not needed . $10,500. Micro-Now 
Instr., (312) 282~0846 . 

Circle 231 on Inquiry Card 
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NULL DETECTOR 
Fully floating and guarded input. 

Model A-65C also has isolated 
recorder output. Full-scale ranges 10 
µ V to 100 V de, ± 3 % accuracy. Res­
olution to 0.1 µ V; noise level is -+-50 
nV. Stays zeroed at any source-im­
pedance. Battery/ line operation. $295. 
Medistor Instr. ( 206) 7 84-8141. 

Circle 232 on Inquiry Card 

TRANSFER STANDARD 
Has 0.00 I % accuracy without tables. 

Model TRS-105 ac to de thermal 
transfer standard is self-certifiable. Can 
reference up to 1 kVrms to known 
de voltage. Eleven ac ranges. Over­
voltage protected. Needs LOO-nv f.s. 
sensitive null detector. $1500. Julie 
Res., (212) 245-2727. 

Circle 233 on Inquiry Card 

VOM WITH FET CIRCUITS 
Constant-impedance I 0-MO de input. 

Battery-operated Model 310-FET 
measures 0.3-600 Vdc in 6 ranges; 
3-600 Vac (5k0/ V); 0-1.2 mA; re­
sistance to 5 MO. Battery self-test 
position. Size 2.75 x 4.25 x 1.125 in., 
14 oz. User Net, $70. Triplett, (419) 
358-5015. 

Circle 234 on Inquiry Card 
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For Extreme Processing 
Temperatures to 1400°F 

E-1 SUPER STRENGTH 
CERAMIC-TO-METAL 

0 SEALS 
0 

• Superior dielectric properties 
• Maximum rigidity and durability 
• Withstand extreme thermal stresses 
• Miniaturization and design standardization 

These E-I components are specifically designed to provide max­
imum reliability under severe environmental conditions. For 
example, they withstand repeated heat cycling up to 1400°F, 
and thermal shock comparable to electron tube processing. 

E-I alumina insulated, ceramic-to-metal seals can be econom­
ically produced from hundreds of stock designs; where special 
configurations are required, E-I sales engineers will make 
recommendations from your blueprints or sketches. 
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filter magic? 
watch envelope-delay 
problems disappear! 

High-speed data transmission demands 
Reeves-Hoffman Hi-Fidelity crystal filters with 
advanced control of envelope delay combined 
with optimum selectivity! 

Available at most IF frequencies 
Our Hi-Fidelity crystal filters minimize en­

velope-delay distortion, and eliminate the need 
for discrete equalizers. 

Describe your requirement 
Reeves-Hoffman designs to your specifi­

cations. Call , TWX, or write today for delivery 
and price. 

70 70 to.---f---i--+--+-+---t---tt--+----l 

60 \ 60 .. 
,, 50 

JJ J "40 
g 
~ 30 
t 
< 

20 

' 
rf 

CF 1.0 2.0 3.0 

frequency , kHz 

EQUALIZED ENVELOPE DElA Y 

One of 4 channels 

10 1_,-1 

a 1.0 2.0 3.o 

Frequency, kHz 

CONTROLUD ENVROPE DElAY 

One of 4 channels 
1750.000 kHz . . . . . . . . Carrier frequency .. . . .. . . .. . . . . . . 1750.000 kHz 
55dB .......... ........... Carrier suppression ..... 55dB 
1749.745 kHz .... ldB point, min . ................. 1749.745 kHz 
1746.965 kHz ... ldB point, max. . . .... 1746.965 kHz 
1750.250 kHz .......... 70dB point, min . ......... .. ...... 1750.100 kHz 
1746.750 kHz ........... 70dB point, max. .. .. 1746.700 kHz 
1.0dB . . . . . . .. .. . . . Passband ripple, 25 ° C .. .. .. ..... 0.5dB 
OdB ± 0.5dB ........... Insertion loss, 25°C .. . .. 3.0dB 
50 ohms .............. In and out impedance ... . ...... 200 ohms 
+ 10° to + 64 °C .... Operating temp. range .... + 5° to + 65°C 

DIVISION, DYNAMICS CORPORATION OF AMERICA 
400 WEST NORTH ST., CARLISLE, PENNSYLVANIA 17013 • 717/243-5929 •TWX: 510-650-3510 
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NEW LAB INSTRUMENTS 

DIGITAL PANEL METERS 
Range : 100 mV-100 V, l µA-100 mA. 

I 

Ten versions of 3-digit DPMs all 
feature 100% overrange, no-blink dis­
play, BCD outputs, programmable 
decimal points, accuracies of 0.1 % of 
reading ± 1 digit. Operate 0 ° to 60°C. 
Series 510 are 4 in. deep. Datascan, 
(201) 478-2800. 

Circle 235 on Inquiry Card 

MICROWAVE SYNTHESIZER 
From 1 to 12.4 GHz. 

Select frequencies manually, or by 
4-wire BCD +5 V to each digit. Sta­
bility, 1 x lQ-8/ day. Power out, 15 
mW min. in each of 4 bands. Har­
monics, -20 dB, other spurs, -60 dB. 
Uses external VCO. Model 300A. 
Micro-Power, (212) 726-4060. 

Circle 236 on Inquiry Card 

UNIVERSAL POWER SUPPLY 
Regulated ac and de outputs. 

Both ac and de outputs are super­
imposed over a 50-dB noise-level 
filtering .. Regulation is 5 mVdc, and 
0.25 % ac. Outputs are 0-140 Vac, 0-8 
Vdc, 500 VA. Fully metered. Model 
P-5505 costs $875. Wanlass Instru­
ments , (714) 546-1811. 

Circle 237 on Inquiry Card 
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ELECTRONIC GALVANOMETER 
For null-reading in de systems. 

Type Ell.501has10 µV / div. sensi­
tivity (250 µ V f.s.) and 3 s response 
time. Common-mode rejection more 
than 140 dB at de, 50160 Hz. Input 
resistance, 9 kO . 5-V overload pro­
tection . Battery operated. $135. Vol­
tron, (213) 681 -2751. 

Circle 238 on Inquiry Card 

LOGARITHMIC RF AMPLIFIER 
Spans 400 kHz to 130 MHz. 

Model 600 l accepts - 70 to + 20 
dBm inputs . Linear output is detected, 
accurate to -+-3 dB. Expand control 
increases sensitivity. Offset switch for 
high-resolution measurements. Meter 
reads in dBm. Telonic, (317) 787-
3231. 

Circle 239 on Inquiry Card 

NEW OPTION FOR DPM 
Automatic peak or null retention. 

In peak-retention mode, reading 
changes only when previous value is 
exceeded. In null mode, reading is 
changed only fo r lesser value . All 
digital circuitry. For Models 3410, 
3400, or 3310. Option 09 . $175 . Elec­
tro-N umerics, ( 408) 248-5020. 

Circle 240 on Inquiry Card 
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llillL._ 
We'll tear your 
memory costs to bits. 
Spec by spec. $300 a unit. 

Our low cost delay line memory system challenges any other 
memory system . Including any you are using now, or may be 
considering. You name the specifications. 

This Digital Devices memory system is suited for buffering 
limited message keyboards , instal lation in peripheral equipment 
and more complex buffering units , interfacing with communi ­
cations networks, incorporation in CRT displays and similar 
applications. 

These versatile memory systems include the recirculation and 
control circuitry necessary for the complete memory function . 
They store up to 20,000 bits at 2.5 MHz. The systems hold 
storage indefinitely until cleared and can be loaded and 
unloaded at rates compatible with communications links or 
peripheral equipment. 

Operating environment ranges from 0° to 70°C and 
atmospheres to 100% humidity. The compact units measure 
from as small as 6" x 7" x 3" to 12" x 12" x 2". 

There are five basic models available - each adaptable 
quickly and reliably to your exact specifications And best of all , 
each delivers more for less money. Some units cost as little 
as $300. 

Let us take on your memory requirements. Send us your 
specification s and we'll give you a quote. You can even send us 
your present memory costs and we 'll see if we can beat them . 
Spec by spec. Digital Devices Division , Tyco Laboratories , Inc, 
200 Michael Drive, Syosset, Long Island , New York 11791 . 
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The Complete Line of Signal-Indicating 
Alarm-Activating Fuses 

The Complete Line of Fuses For The 
Protection of Semi-Conductor Rectifiers 

For use on computers, microwave units, communication equipment, 
all electronic circuitry. 

W!tli:!~~~BUSS GLD-Y. x IV. in. 
Vi su a 1- 1 n d ic ati ng, 
Alarm-Activating. 

BUSS ·GBA·Y. x I V. in. 
Visual- Indicating. 

BUSS MIC-13/ 32 x 114 
in. Visual -Indicating, 
Alarm-Activating. 

BUSS MIN-13/ 32 x 1\4 
in. Visual - Indicating. 

FNA FUSETRON Fuse 
13/ 32 x 111i in. slow­
blowing, Visual -I ndica­
ting, Alarm-Activating. 
(Also useful for small 
motors , solenoids, 
t ra nsformers in ma ­
chine tool industry.) 

TR 0 N Rectifier Fuses 
Provide extremely fast opening 
on overload and fault currents, 
with a high degree of restriction 
of let-thru current. Many types 
and sizes available. Ampere rat­
ings from V2 to 1000 in voltage 
ratings up to 1500. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St Louis, Mo. 63107 BUSSMANN MFG. DIVISION, McGraw-Edison Co. St Louis, Mo. 63107 

BUSS: The Complete Line of Fuses and .... 

NEW PRODUCTS 

PLASTIC TRANSISTORS 
Package is only 5/s x l/ 2 x 1/ a in. 

-- ~\>~ 

Two pairs of low cost encapsulated 
silicon transistors are for use in 20 
and 35 W complementary audio ampli­
fiers . The NPN MJE205 and PNP 
MJ EI 05 are 5 A transistors for use in 
amplifiers delivering up to 20 W. The 
NPN MJE2801 and PNP MJE2901 
are 10 A transistors for use in ampli­
fiers with outputs of up to 35 W. 
Motorola Semiconductor Products Inc. 
(602) 273-6900. 

Circle 241 on Inquiry Card 
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GLASS FOAM 
Can be used to 1000°F. 

Eccofoam LM-46A is a unicellular, 
low density (0.330 g/ cc), low loss 
(0.007 at 8.6 GHz), low dielectric 
constant ( 1.54 at 8.6 GHz) glass foam 
that is completely impervious to mois­
ture. Applications include radomes, 
transmission line windows, dielectric 
supports in vacuum , non-tracking in­
sulator for HV antennas, and as wave­
guide dielectric. Emerson & Cuming, 
Inc. ( 617) 828-3300. 

Circle 242 on Inquiry Card 

C-BAN D VIG Fll.TER 
Two stages. 

Model C2202 operates from 4.0 to 
8.0 GHz. Guaranteed performance 
(per 2-stage channel) includes 2.5 dB 
insertion loss, a 3 dB bandwidth of 30 
to 50 MHz (depending on customer's 
requirements) , > 60 dB off - reson­
ance isolation, 1.5 dB combined pass­
band-spurious and ripple, and an rf 
limiting level > -+- 18 dBm. Advanced 
Microwave Laboratories. ( 408) 245-
5770. 

Circle 243 on Inquiry Card 
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NEW PRODUCTS 

MINIATURE TRANSFORMERS 

For core memory and transistor uses. 

Features include miniature ferrite 
toroids, winding to ·winding ins . res. 
10,000 MO, and low leakage. Model 
PT 1851 is 0.500 x 0.350 x 0.250 in. 
with channeled base. Model PT 1838 
is 0.365 x 0.235 x 0.280 x 0.325 in. 
and is adaptable to PC boards where 
axial leads are preferred, or drop-in 
type leads are needed. Valor Elec­
tronics, Inc. (714) 540-9261. 

Circle 244 on Inquiry Card 

POWER SUPPLIES 

Output ripple is only 0.5 mV RMS. 

New Power-Pact series of miniature 
supplies features 0.01 % reg. plus 
front-panel control and metering of 
output voltage and current·limiting 
level. Five models are available with 
outputs of 10, 20, 50, 100, and 150 V 
at 20 W. Case dimensio ns are 21/2 in. 
high by 5 in. wide by 5 in. deep. Paci­
fic Radionics. (408) 379-3280. 

Circle 245 on Inquiry Card 

HIGH POWER BALUNS 

Efficiency is 97 % or better. 

This series of baluns, which includes 
models up to 200 kW average power, 
permits use of either balanced or un­
balanced line between transmitter and 
antenna. Frequency range is 1.5 - 34 
MHz with impedances of 50, 75, 200, 
and 600 0 and insertion VSWR of 
< 1.2: I. The baluns are available 
either dry or oil fill ed. E lectro Impulse, 
I nc. (201) 741-0404. 

Circle 246 on Inquiry Card 

.. Fuseholders of Unquestioned High Quality 

SUB-MINIATURE FUSES 
Ideal for space tight applications, light weight, vibration and shock 
resistant. For use as .part of miniaturized integrated circuit, large 
multi-c1 rcu1t electronic systems, computers, printed circuit boards 
all electronic circuitry. ' 

TR 0 N Sub-miniature Pigtail 
Fuses - Body size only .145 x 
.300 inches. Glass tube construction 
permits visual inspection of element. 
Hermatically sealed. Twenty-three 
ampere sizes from 1/100 thru 15. 

BUSS Sub-miniature GMW 
Fuse and HWA Fuseholder 
Fuse size only .270 X .250 inches. 
Fuse has window for visual inspec· 
tion of element. Fuse may be used 
with or without holder. 1/200 to 5 
amp. Fuses and holders meet Mili­
tary Specifications. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 

Circle 51 on Inquiry Card 

THE COMPLETE LINE OF Small Dimension FUSES 

For The Protection of All Types of Electronic 
and Electrical Circuits and Devices . .. 

•. • includes dual -element 
"slow-blowing", single -ele­
ment "quick-acting" and 
signal or visual indicating 
types ••• in sizes from 1 /500 
amp. up. 

For special fuses, clips, 
blocks or holders, our staff 
of fuse engineers is at your 
service to help in selecting 
or designing the fuse or fuse 
mounting best suited to your 
requirements. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107 
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NEW PRODUCTS 

CABLE ASSEMBLIES 
For subsystem interconnection. 

This new family of signal transmis­
sion line component assemblies trans­
mit digital pulses through precisely 
controlled parallel wire cables. Cables 
are made with TFE Teflon insulation 
and silver-plated copper conductors. 
Characteristic impedance can range 
from 50 to 300 Q. W. L. Gore & Asso­
ciates, Inc. (302) 368-0651. 

Circle 247 on Inquiry Card' 

DIRECTIONAL COUPLERS 
For 1.0 - 12.4 GHz freq. range. 

Series 234 couplers are available in 
five degrees of coupling from 3.0 to 
20 dB, with coupling deviation across 
the freq . band < -+-0.5 dB _for the 3 
dB model and < -+- 1 dB for all others. 
Directivity is 10 dB min ., typically 15 
dB, and VSWR is 1.30. I-Tel Inc. 
(301) 946-1800. 

Circle 248 on Inquiry Card 

MINIATURE DC RELAYS 
Choice of Form A, B, C or D contacts. 

The 900 Series relays offer a choice 
of Form A, B, C or D contact arrange­
ments in pole sizes from one Form A 
through eight Form D. Six different 
contact types are available for loads 
from dry circuit to 10 A with coils 
from 3 Vdc to 115 Vdc. Parelco, Inc. 
(714) 493-4507. 

Circle 249 on Inquiry Card 
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SNAP-ACTION SWITCH 
For solid state use. 

Gold "Crosspoint" contacts are used 
on E53 series low torque switch. The 
contacts deliver high force per unit 
area (contact pressure) and low sus­
ceptibility to contact closure interfer­
ence from foreign particles (as com­
pared with conventional I/a -in. dia. 
contacts). Cherry Electrical Products 
Corp. (3 12) 831-2100. 

Circle 250 on Inquiry Card 

BALUN TRANSFORMERS 
Feature sma!J size. 

i 
New actafiler broad-band transform­

ers are for low impedance operation 
on transmission lines, balanced to un­
balanced. Only 0.650 in. long, 0.500 
in. wide and 0.700 in. high, they have 
an open circuit inductance of 350 µ.h, 
minimum, and a low leakage ind. of 
0.5 µ.h. PCA Electronics, Inc. 

Circle 251 on Inquiry Card 

DE-SOLDERING TOOL 
Works on compressed air. 

Suction is created by way of the 
"Venturi" principle, in the "bit" of the 
tool. The result is a continual cleaning 
of the tool itself by the high pressure 
air flow. An ordinary foot pump may 
be used if a compressed air line is not 
available, Hunter Associates. (201) 
672-0423 . 

Circle 252 'on Inquiry Card 

OIL EXTRACTION TOOL 
Saves time and trouble. 

Each of the 4-sides of this tool is a 
different size to accept any 14 or 16 
lead DIP package. DILET-1 helps 
keep IC leads from becoming bent or 
twisted; often precludes later time and 
trouble of straightening in the event 
leads must be re-inserted. Molded 
from red polycarbonate. Robinson­
Nugent Inc. 

Circle 253 on Inquiry Card 

REED SWITCH 
Bounce minimized. 

Blades of this magnetic reed are 
twisted from their normal planes. The 
closing and opening action is described 
as sliding or wiping. Bounce of the 
Tiny TwisterPP is about 70 µ.s (std. 
about 1 ms) and initial contact resist­
ance, 0.100 Q. Gordos Corp. (201) 
743-6800. 

Circle 254 on Inquiry Card 

DPDT RELAY 

~~""o 
:fr,~..,r 

f/,fftf 
Model 3114 Trimpot® subminiature 

relay is only 0.23 x 0.5 x 0.4 in. It has 
an oper. temp. range of - 65° to 
+ 125 ° C, a coil resistance range of 45 
to 9800 and a contact rating of 2 A 
at 28 Vdc; 150,000 cycles min. , with 
relay case grounded. Resistance to!. is 
-+- 10%. Bourns, Inc. (714) 684-1700. 

Circle 255 on Inquiry Card 
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VOLTAGE BAND MONITORS 
Protect equipment. .. 

VB series monitors have SS voltage 
sensors that determine pre-selected 
under or over voltage conditions and 
de-energize an internal control relay if 
these limits are exceeded. The moni­
tor can be used to sound an alarm, 
light warning lights, or shut down the 
equipment. · A time delay accommo­
dates start-up transients. Diversified 
Electronics, Inc. (812) 424-2288. 

Circle 256 on Inquiry Card 

NULL SENSING RELAYS 
Replace more complex components. 

Internal reed switch load contacts 
respond to phase reversals of input 
signal. These hybrid modules can often 
replace more complex, costly, and fre­
quently less reliable components com­
monly used for transducer sensing, 
servo-positioning, or sensing and reg­
ulating motion displacement in process 
and machine control systems. Sensitak 
Instrument Corp. ( 603) 627-1432. 

Circle 257 on Inquiry Card 

DC POWER SUPPLIES 
Regulation is 0.25 %. . 

The E series modulator supplies 
combine an FET with a temp. com­
pensated zener diode to provide a 
stable reference source. Models are 
available from 5 to 300 V with cur­
rents from 0.25 A. Short circuit pro­
tection is accomplished by a circuit 
that reduces the output to essentially 
zero within 2 µs . Universal Electronics 
Co. (213) 393-9219. 

Circle 258 on Inquiry Card 

Degrease with ease . .. 
Spray gunk away 

withMS-180 
MS-180 is a Freon® TF degreasing system conveniently 

packaged in aerosol cans. Use it in maintenance and on the 
line to spray grease and qirt away qu ickly from assembl ies, com­

ponents, connections. It's non-flammable and non-conductive 
(safe to apply while equipment is operating if you want to save 

even more time). MS-180 Degreaser is available in 16-oz. 
cans for plant use and in 6-oz. cans for field maintenanceJ<its. 

Try MS-180 free. Write on company letterhead for a 
We'll be big about it and send you the 16-o 

®DuPont 

miller-stephenso 
chemical co., inc. 
Route 7, Danbury, Conn. 

S. 180 

"~~E:ON'' 1f 
t)~GR.EASl!S~ 
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Plugs 
directly into 
your PC board! 

[ 
Plated Conducto rs on your PC ] 
Board are the Fixed Contacts 

Printact 
Designed for reliability and switch­

ing versatility, the Printact is a unique 
relay. The coi l and ceramic magnet are 
encapsulated in a 'l's" cube for environ­
mental protection . The magnet returns 
the balanced armature and applies con­
tact pressure. In-line, se rie s-break 
swingers afford constant impedance, 
low thermal EMF, and 100,000,000 cycle 
mechanical life. 

Latching and Non-Latching 

MAGNETIC RELAYS 
Bifurcated contacts, gold alloy or 

palladium, provide low contact resist­
ance and bounce for switching low level 
or up to 2 amp. PC board layouts provide 
up to 4 Form C or 8 pole single throw (4 
Form A and 4 Form B) switching. Coils 
for 6, 12, 24 and 48 VDC are rated 0.5 
watt. 

For data write or call 212-EX 2-4800. 

Printact Relay Division ,. Execu ton e, Inc., Box 1430, Long Island Ci ty , N.Y. 11101 
· Circle 53 on Inquiry Card 

Ammeter 
Insertion Jack 
Designed for flush mounting behind panels 
up to 1/8 " thick. 50 ampere rating 
. . . match ing plug ava ilable . 

Plug and Receptacle 

Permit full use of all power suppl ies at all point s. 
Choice of Socket Receptacle and Pin Plug or Pin 
Receptacle and Socket Plu g. Sizes up to 250 amp. 
Write today fo r full particula rs to: 

120 Circle 54 on Inquiry Card 
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NEW PRODUCTS 

INTERBOARD FEED-THRU 
For microwave ICs. 

,...OUNTIM~ HAROWll.RE 

CIRCUIT 

SUBSTRATE 

<;ROUNO '-.~. INT&Re.O,.,,RD FEEO·T~RU 

PLANE ~ - SUBSTR.-..TE 

CIRCUIT ----- -.ozs" OIA 

This device lets you stack your MIC 
boards and feed-thru 50 0 rf signals 
with a min. of discontinuity, and with 
considerable savings of space. It brings 
the circuit from microstrip to coax 
and back to microstrip and serves as 
a mounting fixture to hold and align 
substrates. Tek-wave, Inc. 

Circle 259 on Inquiry Card 

POWER TRANSISTOR 
Has low cross modulation. 

This VHF I UHF transistor, built 
with multi-emitter electrodes also has 
a heavily diffused base matrix located 
between the individual emitters. This 
results in high rf current handling 
capability and high power gain. The 
SD 1043 is for CA TV output amp. 
applications. Solid State Scientific 
Corp. (215) 855-8400 . 

Circle 260 on Inquiry Card 

HIGH Q RF COILS 
Have very high stability. 

These tunable coils come in values 
of 0.1 to 100,000 µHin a 10% series 
and are tunable over a ± 10% range. 
Effective use of powdered iron and 
optimized coil design yields a 50% 
improvement in Q over similar sized 
packages, and a minimal TC (about 
30 ppm/°C). The 7/16 x 7/16 x 1/2 

in. magnetically and electrostatically 
shielded package is moisture sealed. 
Q values of 140 to 160 are typical for 
inductors of 0.18 to 3 30 µH . Price is 
$3.25 to 2.15. Coil-craft, Inc. (914) 
DE 7-4775. 

Circle 261 on Inquiry Card 
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X-BAND OSCILLATOR 
RF output is 250 mW. 

Model 44010H oscillator features 
direct de-to-microwave conversion and 
has a silicon avalanche diode as the 
active element. It achieves an rf out­
put of 250 mW min. from a de supply 
voltage of 60-80 V at about 100 mA. 
Frequency range is 8.0 to 12.4 GH z. 
Hughes Electron Dynamics D iv. 

Circle 262 on Inqui ry Ca rd 

voltage and 
temperature 
measurement 
with ... 

DIGIJEC 
Your lab can be fully equipped, economica l ly, 
using the 251 main frame and a wide variety 
of plug-in modules. Data acquisition capabi l­
ity of the 25 1 offers unlimited flexibility when 
used with Digitec system components. 

MAIN FRAME: ..•.....•....•...... ... $445 
model 251 

.05% DVM PLUG-IN ... ....•• . ......•.. $150 
±10, 100. 1000 voe model 251-1 

For Complete 
Specifications request 
new catalog 069 

Stocking Representatives Throughout the World 

The Electronic Engineer • May 1969 

WIRE WOUND RESISTORS 
Low TC and high stability. 

The economy line series "E" pre­
cision resistors have low temperature 
coefficients (std = ± 10 ppm /c C), 
high stab ., and close toler ances 
( ± 1.0 %, 0.5 %, 0.25 %, and 0.1 % ). 
Wattage rating is 60 cC amb. and is 
derated to Oat 105 cC. RCL Electron­
ics , Inc. (201) 763-2820. 

Circle 263 on Inquiry Card 

POWER RESISTOR 
Used for sensing and as current shunt. , 

This resistor dissipates high power 
while mantaining low resistance values 
at precision levels. SPR-390 has a 
range of from 0.001 Q to 0.005 Q 
with a temp. coeff. of ±50 ppm/ cc 
from + 25 c to + 125 cc. Standard to!. 
is I %. Special Resistor Dept., Wire­
wound D iv., Dale Electronics, Inc . 

Circle 264 on Inquiry Card 

series 251 & plug-in modules 
.05% DVM PLUG-IN ... .. .. ... . . ....... $250 
± 100, 1000mV DC model 251-3 

.01 % DVM PLUG-IN . .. . ............... $350 
±1000mV DC, model 251-4 
1 o, 100. 1 ooo voe 

-22° to +122°F .... . .... . ... . .. . .. . .. $250 
Accuracy: ±0.3" F model 551-1 
Therm istor Probes ava i lable 

- 30° to +50°c ....................... $295 
0° to +100°c model 551-2 
Accuracy : ±0.2"C 
Thermistor Probes available 

-148° to +740°F ......... ............ $295 
Accuracy : ±0.?"F model 551-3 
Platinum Resistance Probes available 

- 100° to +4oo•c ..................... $295 
Accuracy : ±0.4"C model S51-4 
Platinum Resistance Probes available 

b y UNITED SYSTEMS CDRPDRATIDN 

918 Woodley Road • Dayton, Ohio 45403 • (513) 254-6251 
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HOW ELSE WOULD YOU DO IT ... ? 

Many of the leading manufacturers of 
power tubes (and other electronic com­
ponents) rely on Tempilaq 0 to deter· 
mine operating-temperature character­
istics of their products . .. recommend 
it to their customers as a practical and 
accurate means of monitoring. 
Here is what some original equipment 
manufacturers say about Tempilaq0 in 
their technical literature: 

• "Considering the importance of tube temperatures, every design engineer should 
familiarize himself with the use of Tempilaq• or some other similar substance. 
Measurements of this kind yield basic information sometimes obtainable in no 
other way." 
• "Cooling of power tubes, inductors and other components under operatinj! con­
ditions needed to be carefully evaluated. Tempilaq• temperature indicators 
proved to be a practical method of checking the operating temperature of these 
critical items." 
• "Your products are officially recommended in our Service Bulletin to insure 
proper operation of our tubes ... as well as being extensively employed in our 
production arid research facilities." 
• "The maximum seal temperature of 250°C is a tube rating and is to be ob­
served in the same manner as other ratings. The temperature may be measured 
with temperature-sensitive paint, such as Templlaq• ." 

Tempflaq~ . . a simple quick-drying coating, can be applied 
to glass and other smooth surfaces - frequently provides the 

only practi ca l means of determining temperatures of elec­
tronic tubes and other components . 
• 103 certified temperature ratings, available in closely 

spaced intervals. 
~~~~~F • Acc uracy within one percent of the stated rating. 
' • Response delay of a thirt coating: a few milliseconds. 

• Change of appearance on melting irreversible . 

. ....... ,, . Write to · ADVERTISING DIVISION 

'. TempU · 01vis10N of s1G THREE 1NousTRIAL GAs & lau1PMlNT co 
>, / 132 WEST 22nd Street, NEW YORK, N. Y 10011 

' • 0 ~ Phone· 212 ·675-6610 TWX : 212·640-5478 
; l'>H '--''> 
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Every Engineer or Draftsman 

should have the NEW BY-BUK 
CROSS REFERENCE GUIDE P-45 
(supersedes By-Buk Cat a log No . P-42) 

to better printed circuit 
drafting. 
This FREE 24 page booklet 
contains color-coded standard 
MIL-SPEC SIZES and design 
standards ... plus a newly 
added numerical index for 
easy reference to over 2000 
pre-cut tapes, pads, shapes, 
transistor tri -pads, spaced IC 

terminal pad sets and other drafting aids for 
faster, more accurate, distortion-free printed 
circuit master drawings. 

Send for your FREE guide today! 
BY- BUK COMPANY 
4326 West Pico Blvd. • Los Angeles, Calif. 90019 • (213) 937-3511 
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NEW PRODUCTS 

CONTROL KNOB 
For control-panels. 

Model #568 knob, is available with 
or without a 1 % to 2V2 in. dia. skirt. 
Skirt comes in spun or bright alumi­
num and can be lithographed, etched, 
or debossed. The plastic grip can be 
furnished clear or in colors. West­
moreland Plastics .. 
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PRECISION POTS 
In servo or bushing mounts. 

Conductive plastic track of these 
30 pots reduces wear-effect for im­
proved reliability . Other advantages 
are its greater accuracy with resulting 
lower noise level and smoother con­
trol. Minimum no-load oper. life of 
the servo type pots is 20,000,000 rev­
olutions. Resistance is from 1000 to 
50,0000. PIC Design Corp. (516) 
593-6470. 
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HV RECTIFIERS 
Feature integral heat sinks. 

Two new medium power rectifier 
modules (1531 and J532) dissipate 10 
and 20 W respectively in free air 
(25 °C) . They may be assembled into 
many configurations of rated voltage 
and current. With a 1M in. min. space 
between modules they will operate at 
rated current in 25°C amb. air. Soli­
tron Devices, Inc. (914) 359-5050. 
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PLASTIC MOLDING MACHINE 
Fully automatic. 

Unisetter 4 transfer· molding ma­
chine is for production and laboratory 
use. Small , fas t, rugged, and simple to 
operate, it can be used for molding 
small precise and intricate parts from 
thermosetting resins. Schriever Design 
Co. , Inc. (203) 929-5331. 
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CHIP RESISTORS 

For hybrid circuits. 

( _L _ _ ) 

CR05 thick film chip resistors are 
0.050 x 0.050 x 0.012 in. Resistance 
range is 1 0 to 2 MO, temp. coef. 
-55°C to 125 °C ±200 ppm, and diss. 
11 10 W at 125 °C. The CR05 has a 
glass seal overcoat, while land areas 
are platinum-gold. They are available 
with tolerances of 1, 2, 5, 10 and 20%. 
EMC Technology, Inc. (215) 563-
1340. 
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MICROWAVE OSCILLATOR 
Cavity stabilized 

New wide-band mechanically tun­
able, fundamental freq. SS oscillator 
can be tuned over the 3-4 GHz freq. 
range with a single ad justment. Model 
FS-31 A has a min. power output of I 0 
mW. Frequency stab. is > -+-0.05 % 
over the temp. range of -30°C to 
+ 70 °C. Frequency Sources, Inc. 
(617) 774-0577 . 
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a double gun 
15 MHz Scope for $774* 

• 

• 
Heath/Solartron CD-1400 Series 

Main Frame $450* Plug-Ins $91 * up 
The Heath/Solartron CD-1400 is more than 
a portable, genera l-purpose, true dual-beam 
oscilloscope: it is a fully modular system 
of vertical amplifiers and time bases to 
fill your measuring req uirements wi th un­
matched flexibility. The 5" CRT, coated 
with P31 phosphor, operates at 4 kV to 
give you high resolution and bright dis­
plays. Viewing area of the graticule is 8 by 
10 cm. Separate gun assemblies, positioned 
vertically to minimize geometric distortion , 
have separate focus and bri lliance controls. 
Available in factory assembled and tested 
form only. 
The CD-1400 shown above with two CX-
1441 Wide-Band Amplifiers and a CX-1443 
General Time Base and X Amplifier fea­
tures : 
•DC to 15 MHz bandwidth 

• 24 ns rise time 

• 9 sensitivity ranges from 100 mV / cm to 
50 V/ cm (IOmV/ cm, DC to 750 kHz 
with switched x I 0 gain) 

• 18 calibrated sweep ranges from 0.5 us/ 
cm to 200 ms/ cm in a 5, 2, 1 sequence 
(a continuous uncalibrated coverage up 
to 500 ms/ cm gives a 5 s sweep) 

• ± 5 % accuracy 

• xi to x5 expansion 

•Int, Ext,+,-, Normal, Auto, HF Sync 
Trigger Modes . .. all for just $774 

A sensitivity of 100 uV/ cm is available up 
to 20 kHz, increasing to 1 mV/ cm up to · 
75 kHz by plugging in the CX-1442 High 
Gain Differential Amplifier. 

High frequency low level signals in the 
presence of large in-phase signals can be 
displayed with the CX-1449 Wide Band 
Differential Amplifier featuring 10 mV/ cm 
sensitivity on the DC-10 MHz bandwidth. 
Variable sweep delay to 100 ms is provided 
on the CX-1444 Sweep Delay Time Base. 

DC external trigger, DC coupled X input 
and Single Shot are available on the CX-
1448 Wide Range Time Base which has 20 
ranges from 0.5 us/ cm to 1 s/ cm extendable 
to a 25 s sweep. 
The modular design of the CD-1400 system 
protects it against obsolescence and gives 
greater measurement capability customized 
to your needs at an unassuming price: the 
main frame costs only $450, plug-ins start 
at $91. 

(~ 1¥'*'4¥•1--------------:i 
HEATH COMPANY, Dept. 620-26 I 

For more info r­
mat ion s end f or 

t he NEW 
HEATH 

Sc ientific 
Instrume ntation 

Cata lo g 

Benton Harbor, Michigan 49022 I 

O Please Send Free New Scientific Instrumentation Catalog I 
I 

Name I 
I 

Company I 
City State Zip 1

1 Prices & spec1f1cat1ons subiect to change without notice. 
'Matl order prices; F 0 B factory. TE-196 I 

-----------------------~ 
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Delays: 2 to 1 80 seconds •• Actuated 
by a heater, they operate on A.C., D.C., or Pulsating 
Current . . . Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes ... 
SPST only- normally open or normally closed • • . Com­
pensated for ambient temperature changes from -55° to 
+ 80° C .•• . Heaters consume approximately 2 W. and 
may be operated continuously . . . The units are rucced, 
explosion·proof, long·lived, and-inexpensive! 
TYPES: Standard Radio Octal, and 9·Pin Miniature . 

list Price, $4.00 

PROBLEM? Send for Bulletin No. TR·B 1 

Hermetically sealed, they are not affected by 
changes in altitude, ambient temperature (-50° 
to + 70° C.), or humidity • . . Rugged, light, 
compact, most inexpensive ..• List Price, $3.00. 
Write for 4-page Technical Bulletin No. AB-51 

AM PE RITE 
600 PALISADE AVE., UNION CITY, N.J. 

Telephone: 201 UNion 4-9503 
In Canada: Atlas Radio Corp., Ltd .. 

50 Wingold Ave ., Toronto 10 
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NEW PRODUCTS 

STRIPLINE LAUNCHERS 
Gold plated with BeCu contacts. 

"Push-on" launchers provide quick 
connect/ disconnect to a Type N inter­
face . They are available for strip line­
widths of 0.050 to 0.200 in. with 
clamping plate spacing of 1/ s, Y-1 and 
:Ys in. Maximum VSWR for end­
launchers is 1.08 de to 11 GHz; right 
angle launchers is 1.15 de to 5 GHz. 
Solitron/ Microwave ESCA Div. (305) 
287-5000. 
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TUNING DIODES 
For UHF control. 
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High Q, premium diodes, IN5461A, 
B, C through IN5476A, B, C operate 
over a 30 V range ang are available 
with a nominal 2% capacitance to!. 
( "C" suffix units) . There are also 5 % 
and 10% (''B" and "A" suffixes, re­
spectively) units available. Nominal 
capacitance range runs from 6.8 to 
100 pF in 16 devices. Motorola Semi­
conductor Products Inc. (602) 273-
8466. 
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POLYCARBONATE 
Fiberglass reinforced. 

Carbasar uses a combination of long 
glass fibers with short fibers randomly 
dispersed in the same molding com­
pound pellet. The combination pro­
vides the best benefits of both types of 
reinforced thermoplastic. The long 
fibers produce improvements in the 
resin 's physical properties, while the 
short fibers provide ease in molding 
and a high surface finish. Rexall Chem­
ical Co. , Fiberfil Div. 
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IMAGINE! 
A current regulator that makes no 
compromise with the voltage mode! 

Kepco's new CC line, six models 
from 0-200 mA to 0-2 amperes, 
with load ratings of 0- 100V to 
0-7V, all made in a 1/ 6th rack plug­
in configuration. 

Typical CC 
Module showing 
the slide and plug-in 
provisions that make it 
so flexible . 

Special linear !C's control the reg­
ulator (0.010/o) and isolate the dual 
metering circuit (no loading). The 
ammeter and the 10-turn current 
control are switched over a 10 :1 
range for enhanced set-and-read 
resolution at the low end. 

Recovery is at an amazing 2 µ.sec 
per volt (except 4 µ.sec/V for the 
2A-7V model) made possible by a 
special capacitorless output filter 
(no unwanted stored energy) that 
yields a modest 0.020/o ripple and 
noise figure, 

MODEL VOLTS AMPS PRICE 
CC 7-2M 0-7 0-2 195.00 
CC 15-1 .SM 0-15 0-1.5 195.00 
CC 21-1M 0-21 0-1 195.00 
CC 40-0.SM 0-40 0-0.5 195.00 
CC 72-0.3M 0-72 0-0.3 195.00 
CC 100-0.2M 0-100 0-0.2 195.00 

The Kepco CC current sources are 
FAST, ACCURATE and SMALL. 
Mount 1 , 2, 3 or 6 of them in avail­
able housings. 

For complete specifications, 
write Dept. T-19 

131-38 SANFORD AVE.• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX # 710-582-2631 
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SYSTEMS EQUIPMENT 

CORE MEMORY SYSTEM 

Has a 3 µ.s full cycle time. 

The Fl-3 coincident-current ferrite 
core system has a capacity of 4096 
words by 20 bits/ word and a 1 µ.s 
access time. It is available with address 
register, sequential counter and mem­
ory retention. One timing and control 
card provides all internal time pulses. 
Ferroxcube Corp. (914) 246-2811. 
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COMMUNICATIONS PROCESSOR 

Minimizes software needs. 

High-speed SandacT" 200 program­
mable processor has 256 I/ 0 terminals 
that can operate simultaneously with 
peripheral devices such as display ter­
minals. It has up to 131 ,072 bytes of 
directly addressable core memory. It 
is for computerized reservation sys­
tems, message switching and other real 
time data applications. Sanders Asso­
ciates, · Inc. (603) 885-2814. 
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TELEMETRY SYSTEM 

Cornes as a two- or three-freq. system. 
Model 4010/ 4020 tone telemetry 

operates over any voicegrade circuit. 
allowing simultaneous transmission of 
up to 30 tone channels on a single cir­
cuit. Data control and alarm channels 
may be transmitted simultaneously. 
Vega Electronics Corp., Santa Clara , 
Calif. (408) 243-9777. 

Circle 276 on Inquiry Card 

The Electronic Engineer • May 1969 

LOW NOISE DISCRIMINATOR 
Long-term stability is ±0.05%. 

Model 6203 discriminator is for car­
rier systems transmitting up to eight 
channels of data over Class A voice 
links. It has tape speed compensation. 
Temp. drift is only 0.005 % I °C (equal 
to 50 ppm/ °C) and linearity of 
0.25 % . It requires < 0.5 W, or ±20 
V, 10 mA/ channel to operate. Devel­
co, Inc. ( 415) 969- 1600. 
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RECORDER LOGGER 

Automatic, unattended operation. 

Model 141 multipoint recorder 
logger connects directly to multipoint 
recorders, digitizes and records the 
data for computer entry. It makes a 
4-digit record of each data point on 
punched paper tape in 8-level ASCII 
or IBM code. Logging is synchronized 
to the recorder. Control Equipment 
Corp., Needham Hts. , Mass. (617) 
444-7550. 
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high voltage! 
Oil CAPACITOR 
10 MFD:1:103 
10,000 v.o.c. 

CMP 106·10M 
high capacity! 

small & compact! 

• Voltage ra t ings from 600 to 
50,000 volts voe 

• Type CMP far exceeds MIL­
C-25A specs 

• Capacities from .05 mfd to 
30 mfd 

• Impregnated in finest elec­
trical oil 

• Rectangular CP-70 style cans 
• These capacitors are offered both inductive and 

non-inductive, and priced to reflect the difference 

WRITE FOR CATALOG AND SPECIFICATIONS 

CHICAGO CONDENSER CORPORATION 
3255 West Armitage Avenue • Chicago, Illinois 60647 • Phone: (312) 227-7070 
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Coil Bobbins 
Gears & Pinions 

tiny parts 
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Get this valuable data on 

GRC's wide range of small 
bobbin sizes, shapes and de­
sign. GRC's methods give 
you quality and accuracy in 
small parts of die cast tine 
alloy, Nylon, Delrin and other 
engineering thermoplastics. Ex­
clusive limited cavity, auto­
matic techniques allow new 
designs, now production and 
assembly shortcuts. Wrife , 
wire, phone for samples and 
bulletins. Send prints for quo­
tations . 
No Minimum Slztt.1 Maxi mumsiNs. 

Zinc Alloy-r long , 
112 02 . i] 

Plastio-
1¥.& .. long . - _ - ill 

.05 oz . 

GRIES REPRODUCER CO. 
Division ol Coats cS Clark Inc . 

World 's Foremost Producer of Small Die Castings 
165 Beechwood Ave .. New Rochelle, N. Y. • (914) 633-8600 
Plants In: New Rochelle, N.Y. ; Warren, R.I.; Toccoa, Ga . 
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Actual Size 

SYSTEMS EQUIPMENT 

TERMINAL AND DATA SET 

ft's completely portable. 

Modified Model 33 Teletype , and 
acoustic data set has a range of op­
tions including paper tape 1/0; auto­
matic control of paper tape reader 
and I or punch; friction or sprocket 
feed; automatic form feed; 74 or 88 
cols./ line; mobile stand; separate or 
built-in acoustic data set providing 
originate only or originate I answer 
mode. ComData Corp. (312) 692-
6107. 
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New Microminiature 
"BITE"* Indicators 

* Built-In -Test-Equipment 

Now you can design a continuous monitor into electric or 
electronic circuits to give a visual warning of faulty perform­
ance. These indicators provide a sharply-contrasting change in 
color to signal a malfunction. Even if the failure is transient, 
the indicator continues to register the fault by means of mag­
netic latching until a reset signal is applied. 

You can use these indicators on a system, sub-system, module, 
or individual circuit card level · to pinpoint malfunctions 
quickly. They eliminate the need for special test instruments, 
troubleshooting time, and highly-qualified personnel. Unneces­
sary downtime can be virtm1lly eliminated. 

These indicators respond to a pulse width as low as 15 milli­
seconds, and use power only during transition from "normal" 
to "malfunction" state. Several variations are available; all 
meet the applicable requirements of MIL-E-5400H (ASG) Class 
1-A Equipment. Send for information now! 

232 North Elm Street 
Waterbury , Conn . 06720 

HIGH-SPEED PRINTER 

With MOS-LSI logic. 

chain printer offers 
up to 192 different characters - nu­
meric, alphanumeric and symbolic­
in sets of 48, 64 , 96 or 192. Four­
character slugs are individually re­
placeable. It features dual speed, 
servo-controlled paper feed for maxi­
mum throughput and provides IBM 
compatible vertical format ( 12 chan­
nel) . Potter Instrument Co. , Inc. 
( 516) 694-9000. 
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ELROY 

Thanks to Joe D u bin for idea. 
NORTH AMERICAN PHILI PS AWH-----

See EEM for local 
Representatives in U. S . 

In Europe : s.a. Polymotor • 29 Av . Paul Henri Spaak • Brussels 7 • Tel. 23.40 .83 

Tim ing & Stepper Motors • Electromechanical & Electronic Tim ing Devices &. Systems 

"Elroy moonlights as a songwriter ... He astounded 
the musical world with his originality!" 
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MINI-COMPUTER 
Sells for $9,700. 

The model H-316 computer is for 
scientific and c.ontrol uses. It is avail­
able with over 500 software packages, 
field-proven on other Series 16 com­
puters. Memory cycle time is 1.6 IJ.S 
and basic memory size is 4,096 16-bit 
words expandable to 16,384. The H-
316 comes in three versions: pedestal, 
table-top and rack-mountable. Honey­
well Computer Control Div. (617) 
879-2600. 
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REED RELAY SCANNER 
Complete guarding permits high CM R. 

The 3383/1221A high-speed com­
puter programmed scanner can select 
one out of 10,000 input channels and 
route input data to one of ten output 
channels. Input storage registers for 
direct interface to T 2L positive or neg­
ative logic levels are provided. Instru­
ment Products, 3M Co., 300 S. Lewis 
Rd., Camarillo, Calif. 93010 (805) 
482-1911. 
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PAM/PDM COMMUTATORS 
Sampling rates from 1 to 100,000 Hz. 

Series 300 commutators provide an 
accurate rate, stable IRIG or special 
format telemetry pulse train in all air­
borne, missile or satellite uses. Over­
all accuracy is > 0.1 % and back cur­
rent is virtually eliminated by using 
MOSFETs as switches (0.2 IJ.A dur­
ing non-sampling). Offset (5 mV 
max.) and scatter (1 mV max.) are 
low. Stellarmetrics Inc. ( 805) 963-
3566. 
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A/D INTERFACE SYSTEM 
High-speed, high-resolution. 

Model 380 system consists of a high 
level (single ended or differential) 
multiplexer, a sample and hold ampli­
fier and a binary A I D converter. Its 
100 kHz thruput rate applies to both 
random access and sequential modes 
of operation. Heart of the system is a 
Model 301 AI D converter that can 
digitize an analog signal to a resolution 
of 15 bits binary, at 250 kHz. Data 
West Corp. (602) 947-4295. 
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ELECTRONIC "CROWBAR" 
Protects microwave output tubes. 
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Acting within 2 IJ.S after a fault is 
detected, the crowbar places a low­
impedance path-a triggered-spark gap 
or a hydrogen-thyratron-across the 
tube output, diverting power which 
might otherwise damage tube ele­
ments. Voltages to 150 kV and cur­
rents to several thousand amps can be 
accommodated. Cober Electronics, 
Inc. (203) 327-0003. 
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DATA SET 
For dial-up communications. 

The FM-18 data set is a low speed 
modem for linking peripheral units 
such as CRT displays to a central proc­
essor. It operates at any speed up to 
1800 bps, when used as an asynchron­
ous modem. A synchronous option is 
available. The FM-18 is frequency 
shift keyed for use in full duplex, half 
duplex , or simplex operations. Rixon 
Electronics, Inc. ( 301) 622-2121 , Ext. 
358 . 
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to deliver new 
Liberator slot range 

systems power 
in rack-mount and 

modular units .. from $105 
Now the Liberator wide-slot line is even wider. 

We've added new LVS low-power modules in voltage 
ranges from 2.5·5.5V to 115-161V1 and up to 2.1 
amps, at prices as low as $105. Optional rear mount· 
ing OV protection module. Plus new low-price LHS 
half-rack power supplies with ra t ings to 115·161V 
and up to 25A; and up to 70A with the L3R/L5R 
Liberator Ra ck series. 

• All silicon design-precision performance 
• 0.01 % regulation-high stability 
• Low noise for IC and systems applications 
• Y4 and Y2 rack; full rack; modular and metered 

models 
• Adjustable current limiting and foldback pro· 

tection-OV protection option 
• Integral meter and control options 
• Convection cooling- no temperature derating 

to 60° C 
• Remote sensing and programming 

Liberators offer the ultimate in systems versatility 
when combined in any of TRYGON'S five mix·n·match 
rack adapters . Up to 7 DC outputs- more perform· 
ance versatility-combine any of these with TRYGON'S 
famous Series I Module Power Supplies. 

For full details on these and many more, write 
today tor your free copy of Trygon's brand-new 
Liberator Power Supply Brochure. 

TrRYGON POWER SUPPLIES 
111 Pleasant Avenue, Roosevelt . L.1. , N.Y. 11575 
Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany 
Write for Trygon 1969 Power Supply Handbook. 
Prices slightly higher in Europe. 
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Reed relays 
If you specify reed relays there are 

several design considerations which 
you should be aware of. This 16-page 
brochure discusses these factors, which 
include dynamic characteristics, dry 
circuit operation, contact protection, 
shock and vibration, and relay reli­
ability. It also contains data sheets on 
several series of reed relays. Self­
Organizing Systems, Inc. , Box 9918 , 
Dallas, Tex. 75214. 
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AC instruments 
A 24-page catalog contains descrip­

tions, specs, and application data for 
a line of ac instruments and power 
conditioners. Products include ac line 
conditioners, filters , line voltage reg­
ul ators, closed-loop regulated power 

conditioners, single to three phase 
converters, and so forth . The 1969 
cata log also gives definitions of elec­
trical terms and discusses basic engi­
neering concepts. Wanlass Instruments, 
1540 E. Edinger Ave., Santa Ana , 
Calif. 92707. 
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Instrument reference 
A 42-page brochure covers instru­

ment mechanisms-their principle, 
theory, and application. There is de­
tailed information on electrostatic and 
permanent-magnet moving coil mecha­
nisms, ::rnd notes on special or unique 
environmental conditions and their im­
pact on instrument design . A reference 
source to help you choose between dig­
ital and analog presentation, and a 
series of informal sketches of instru­
ment mechanisms, make this a handy 
reference. Weston Instruments Div. , 
Weston Instruments, Inc., 614 Freling­
hu ysen Ave., Newark, N . J. 07114. 
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Electrically conductive products 
New 

·---------
described include elastomeric gaskets, 
adhesives, and caulking, potting, and 
coating compounds. These provide ef­
fective shielding and seal ing in elec­
tronic enclosures, subassemblies, con­
nectors, waveguides , and switches. 
Chomerics, Inc., 85 Mystic St. , Arling­
ton, Mass. 02174. 
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Electron-beam evaporation 
A 12-page booklet discusses the 

concept of electron beam evaporation 
for producing optical and electronic 
thin film devices . The basics of the 
technique , and the scope and benefits 
of its use, are outlined. Airco Temes­
cal, Div. of Air Reduction Co. , Inc., 
2850 Seventh St., Berkeley, Calif. 
94710. 
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Wide-band amplifiers 
A 4-page applicat ion note on wide­

band amplifiers discusses definitions 
of frequency for full output, gain 
bandwidth product, and slew rate. It 
lists precautions to take when you use 
wideband amplifiers, and gives other 
helpful data. Data Device Corp., 100 
Tee St., Hicksville, N. Y. 11801. 
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Thermocouples 
This 12-page guide tells you how 

to install and use Chrome!® -
Alumel® thermocouples . It gives nine 
rules of good thermocouple practice 
and lists five check steps to take to 
isolate the source of trouble when 
you suspect you're getting erroneous 
readings. It also covers metallurgical 
factors which affect thermocouple 
performance. Hoskins Manufacturing 
Co., 4445 Lawton Ave., Detroit, Mich. 
48208. 
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Drafting templates 
Catalog No. 75 (17 pages) contains 

photographs and descriptions of over 
a hundred drafting templates. Of spe­
cial interest to EEs are the 13 elec­
trical/ electronic templates. There are 
also templates of instrument symbols, 
mathematical symbols, flow chart 
symbols for computer diagramming, 
fluidic symbols, and various mil-spec 
symbols. Rapidesign, Inc., Box 6039, 
Burbank, Calif. 91505. 
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Electronic devices 

A short-form catalog covers the 
company's product lines, which include 
high energy switching devices, xenon 
flashtubes, trigger transformers, and 
tr iggered spark gaps. The 6-pager also 
contains data on light instruments, 
photodiodes, thermoelectric products', 
and flash and strobe equipment. 
EG&G, Inc. , Electronic Products Div., 
160 Brookline Ave., Boston, Mass. 
02215. 
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Electrical tapes 

You will find the latest data on a 
line of pressure-sensitive adhesive 
tapes in this new catalog. To simplify 
selection, the Mystik tapes are classi­
fied in five functional categories­
masking, packaging, electrical , protec­
ti\'e , and special purpose. Within each 

category are tapes which range from 
li ght to heavy duty, or for environ­
mental conditions which run the 
gamut from standard to special to 
critical. Especially helpful in the 36-
pager are a tape reference index and 
a list of government specification data . 
Borden Chemical Co. , Mysiik Tape 
Div., 1700 Winnetka Ave., North­
field, Ill. 60093. 
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more0.02% 
regulated power 

(a t lowest cost 
in the industry) 

TJe/l'ran. 
"C " SER/ES 

SILICON POWER 
MODULES 

300 MODELS 
to 262V •• to 36A •. 700W 

The "C" Series featu res 
most power at lowest 
cost and smallest size 
in the industry, and 
offers superior qua lity 
and specification excel­
lence. 

MEETS THESE MIL SPECS •. • 
Reliability: 
MTBF up to 100,000 hours 

Environmental: 
Shock-E-4970, T-4807 
Vibration-T-4807, E-16400 
Humidity-STD-810 
Altitude-E-4970 
RFl-EM 1-1-16910, 1-6181 

II PERFORMANCE SPECS 
• 0.02% regulation 
• 500 microvolts ripple & noise 
•Convection cooled to 71 ' C 

~ 0111 

Dell'rar£ 
WISSAHICKON AVENU~S, PA. 19454 
PHONE: (2 15) 699-9261 •TWX: (510) 661·8061 
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LITERATURE 

IC logic cards 
You will find 208 pages of data on 

a line of integrated circuit logic cards 
in this handbook. Criteria for select­
ing logic cards and card features are 
discussed. T hen descriptions, circuit 

operations, parts lists, specs, outline 
drawings, and prices are given for 
each module in the line. The handbook 
covers three card series-DTL, TTL, 
and HTL-as well as power supplies, 
hardware, and accessories. Datascan, 
Inc., 1111 Paulison Ave. , Clifton, 
N .J. 07013. 
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TTL logic ICs 
Engineering Bulletin No. 25640 

contains data on five high-speed TTL 
logic ICs recently added to the com­
pany's 540017400 family. Operating 
and electrical characteristics are in­
cluded in the 8-page booklet, as are 
sch<:matics. Sprague E lectric Co. , Mar­
shall St. , North Adams, Mass. 02147. 
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Fluidic circuits 
Data Sheet FAD-IC describes fluidic 

integrated circuits . Basic advantages 
of these devices - miniaturization, 
quick removal and replacement, and 
lower cost per circuit or gate-are 
discussed. Corning Glass Works, Corn­
ing, N.Y. 14830. 
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Electromagnetic counters 
A 23-page brochure discusses the 

history of counting and the company's 
faci lities, and describes in detail a 
line of counters and accessories. Ap­
plication and technical data and a coil 
selection chart are included. Hecon 
Corp., 31 Park Rd. , New Shrewsbury, 
N.J. 07724. 

Circle 334 on Inquiry Card 

UTMOS 
FOR RELIABILITY 
PERFORMANCE 
& VERSATILITY 

l11ra 

'hick 

!metal 

lxide 

Im con 

i ransistors 
• AMl's p-channel transistor 
reliability - 0.001 % per 1000 
hours. • Highest gain band­
width p-channel MOS devices 
- 300 MHz. • Threshold volt­
ages - 4.3V or 2.0V. • Oper­
ating temperature to + 175°C. 
• Also, available in chip form. 

For detailed data write or call: 

American 
Micro-systems, Inc. 

A• 
Ml 
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LITERATURE 

IC wire wrapping Resistors and trimmers Drafting equipment 
Users and specifiers of wire-wrap 

devices will be interested in this 8-
page folder, which describes the com­
pany's integrated circuit wire-wrap 
packaging and special services. In-

This 1969 catalog contains data on 
miniature discrete resistors and trim­
ming potentiometers for use in micro­
circuitry. You will find devices avail­
able with thin film, thick film , and 
wirewound resistive elements to cover 
a wide range of applications. IRC Div. 
of TRW Inc., 401 N. Broad St., Phila­
delphia, Pa. 19108. 

A 100-page catalog covers a whole 
line of drafting equipment for engi­
neers and draftsmen, including draft­
ing furniture, fixtures, accessories and 
supplies. Equipment for drafting, 
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Reed relay series 

eluded in the source are descriptions, 
illustrations, and charts on products 
ranging from individual re sockets to 
card files, complete with power planes 
and card connectors. Cambridge 
Thermionic Corp., 445 Concord Ave., 
Cambridge, Mass. 02138. 

An informative 24-page catalog 
covers over 160 reed relays. Topics 
include : reed relays as analog and 
digital devices, life and reliability 
characteristics, dynamic and static 
characteristics, and mechanical con­
struction. Several series are detailed, 
including ultra-miniature, micro-min­
iature, miniature, standard, and 
mercury-wetted reed relays. Wheelock 
Signals, l nc., 273 Branchport Ave., 
Long Branch, N.Y. 07740. 

materials for engineering graphics, 
sensitized drafting material, tools for 
drafting and illustration, and training 
material are the five product sections 
of the catalog. Frederick Post, A 
Teledyne Co., Box 803, Chicago, Ill. 
60690. 
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MINIATURE ••• SUB-MINIATURE ••• 
ULTRA-MINIATURE 
ELECTRONIC COMPONENTS 

+'' O·. ,~ ' · lnsulat~d 
Test Clips 

PUSH Stand-Off A 
Test Clips POSTS Insulators Binding ~ 

Posts " 

~ay_/.;// 
. .. the Difference Between 
Excellent and Adequate 

Lamp 
Sockets 

~· Transistor Module 
Sockets Cases 

Grayhill Components are only fabricated from select materials 
• • • in designs long proven to fully satisfy applications 
demanding long life and high reliability under extreme 

environmental and operating conditions. Here ,.'.\'t•" 
is Excellence, competitively priced. ~~~ 

~t' 

Ask for Catalog G-304-A for full details t 
·~ ~~"'~" 

~ ~ 543 Hillgrove Avenue ul.i// LaGrange, Illinois 60525 
~ •I~ Area Code 312, Phone 354-1040 

"PIONEERS IN MINIATURIZATION" 
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Laminated plastic tubes? 
We've got 1600 of 'em 

in 3/64" to 24" I. 0. round sizes alone 
(not to mention square, rectangular, oval. .. ) 

Syn thane rolled or molded tubes are available in the 
widest variety of shapes. sizes and grades. Syn thane is 
a lightweight thermoset plastic offering heat, wear. 
shock. chemical and moisture resistance for your appli­
cation. Order from our large inventory of materials ... 
save time and money by using our complete fabrication 
facilities. Write for our new tubing catalog, or contact 
you r local Synthane representative today. Synthane 
Corporation 18 River Road,_ Oaks, Pa. 19456. 

~ 
DIVISION OF ALCO STANDARD COIPOIATION 

LAMINATtD PLASTIC SHEETS, IODS, TUBES AND FABlllCATtO PAITS 
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Microwave components 
A 28-page capabilities brochure 

provides data on a line of metal glaze 
and microwave components. Among 
the products described are metal glaze 
power film resistors and networks, 
hybrid thick film devices, general mi­
crowave components, coaxial compo­
nents, and stripline devices. EMC 
Technology, Inc., 1300 Arch St. , Phil­
adelphia, Pa. 19107. 
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Relay rundown 
Catalog No. 270 lists various stock 

relays for custom applications. The 16-
pager describes several new products. 
It also covers a full line of general pur­
pose, coaxial and hermetically sealed, 
telephone type, dry reed, mercury­
wetted, industrial power, and plug-in 
relays. Latching, high voltage, and PC 

relays are included too. Magnecraft 
Electric Co., 5575 N . Lynch Ave., 
Chicago, Ill. 60630. 

Circle 340 on Inquiry Card 

Digital data systems 
This 12-page brochure discusses a 

new concept in automated digital data 
systems. It describes a complete auto­
mated data processing system and has 
a spec chart of computer-controlled 
telemetry equipment. Also covered 
are high-speed central processing units, 
system software, and support. EMR 
Telemetry, Box 3040 Sarasota , Fla. 
33578. 
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PC boards 
Off-the-sh~lf IC breadboards, custom 

designed PC boards, and accessories 
are the subject of a 24-page catalog. 

NIOlfll> Cl•ailTI 

CA•Dl.«• t 
•llt UUI. 
c~1c10•1 

Products include ejectors, connectors, 
bus bars, card racks, and card rack 
cases. The catalog also has a checklist 
to help you prepare specs for custom 
boards. Douglas Electronics, Inc., 718 
Marina Blvd., San Leandro, Calif. 
94577. 
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Delay measurements 
How to measure group delay on a 

swept frequency basis is the subject 
of Application Note 77-4. The 8-page 

• 
Swept. frequency 

Group Delay Measurements 

• 

• 
booklet discusses modulation frequen­
cy needed , accuracy considerations, 
and explains how the measurement is 
made. Illustrations and schematics are 
included. Inquiries Manager, Hewlett­
Packard Co., 1501 Page Mill Rd., Palo 
Alto, Calif. 94304. 
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Electrical contact tape 
Econ-o-Tape®, a weldable electri­

cal contact strip, is the subject of a 
32-page brochure. Complete with 
charts, tables, and engineering data, 
the publication covers contact mate­
rial selection , application , and design. 
Technical Service Dept. , Englehard 
Minerals & Chemicals Corp., 113 As­
tor St. , Newark, N.J. 07114. 
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Air trimmer capacitors 
An 8-page foldout guide provides 

data on concentric ring air trimmer 
capacitors. How they are constructed, 
how they work, and what are their 
main design features are discussed. 
Titled "The Inside Story," the ref­
erence also compares non-rotating 
trimmers with conventional air trim­
mers on a part-by-part basis. Voltron­
ics Corp. , West St., Hanover, N .J . 
07936. 
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Industrial amplifiers 
A product catalog includes data 

sheets on a variety of transistorized 
amplifiers for use in electromechanical 
analog computers and data conversion 
equipment. Some of the products are 
an ac op amp, dual channel booster 
amps, an AGC amp, servo amps, a sum­
ming am p with quadrature rejection, 
CRT deflection amps, and so forth. 
Melcor Electronics Corp. , 1750 New 
Highway, Farmingdale, N.Y. 11735. 
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(UNLIKE PEOPLE, THEY DON'T 
KNOW WHEN TO RETIRE) 

Think about thot. If you buy a Blue 
M Oven with the POWER-0-MATIC 60 
Proportioning Control now, it might 
still be operating the day you retire 
- and long after. 

The POWER-0-MATIC 60 is an amaz­
ingly simple control with no moving 
parts, no auxiliary components to wear 
out or replace. There are thousands 
of them in service. To the best of our 
knowledge, every one of them is still 
operating ... is still maintaining the 
close tolerances for which it was de­
signed. 

In performance and economy, too, the 
POWER-0-MATIC 60 has no equal. It 
offers actual repeatability of ±VJ of 
l % of scale - the same as costly (and 
complicated) potentiometer systems. 
Yet, POWER-0-MATIC 60 units are 
competitively priced with equipment 
with inefficient, failure -prone on-off 
controls. 

If you're looking for an oven that will 
be working after the others quit, look 
at a Blue M POWER-0-MA TIC 60. 
Write : Blue M Engineering Company, 
A Division of Blue M Electric Company, 
Corporate Headquarters , Blue Island , 
1 llinois 60406. 

l®r?.11 BLUE M 
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LITERATURE 

Power transducers 
A 12-page application note (No. 3) 

covers coaxial rf-to-dc power trans­
ducers. Operating and application data 
for three models are given. Their appli­
cations include remote monitoring of 
antenna power and commercial broad­
cast transmission power, protecting 
power-surge sensitive devices, and so 
forth . Narda Microwave Corp., Com­
mercial St., Plainview, N.Y. 11803. 
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SS motor protectors 
A solid-state device which prevents 

motor damage caused by excessive 
temperature in the stator windings is 
the subject of an 8-page brochure. 
Complete operating and performance 
characteristics for the Statorstat mo­
tor protector are given, as are sche­
matics and illustrations. Robertshaw 
Controls Co., 155 Hill St., Milford , 
Conn. 06460. 
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Ceramic thermoelectrics for 
your critical temperature control 
problems 

Transistors 
This 1969 Condensed Catalog cov­

ers a li'ne of silicon and germanium 
small signal and power transistors. 

Data for each family of transistors is 
grouped in separate sections, which 
contain typical curves, spec charts, 
outline drawings, and photos. The 52-
pager also provides suggested appli­
cations. Solitron Devices, Inc., 1177 
Blue Heron Blvd., Riviera Beach, Fla. 
33404. 
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Specify CAMBI ON® ceramic thermoelectric components where highest 
performance, maximum packing density, maximum uniformity and maximum 
durability are prime requisites for demanding temperature cont rol 
applications. 

Military, space and avionics systems, baths, ovens, liquid -to -liquid and 
ai r-to -air heat excha nge systems ... for all sensitive component temperature 
control ... CAMBI ON thermoelectric devices or systems can provide you 
extremely precise control , reliability and on -time delivery. 

Designed to be used separately or incorporated in larger systems as ser ies 
parallel arrays, a wide range of sizes and heat-pumping capacities may be 
obtained . CAMBI ON ceramic modules are available for immediate delivery 
from stock. 

Get more information on these high -performance ceramic thermoelectrics 
for your temp~rature control problems. Talk to Gordon Bird at (617)492-7082, 
or write to him direct in Cambridge - Cambridge Thermionic Corporation, 
509 Concord Avenue, Camb ridge, Massachusetts 02138. 

The guaranteed electronic component assemblies 

132 Circle 71 on Inquiry Card 

Most flexible insulating tubing or sleeving 
applications can be taken care of by the 
existing Varflex-manufactured lines. Occas­
ionally something special comes along. Min­
iaturization in particular has produced a 
number of special needs. 

However non-existent this sleeving may 
be today, it could be part of wired circuitry 
tomorrow. Varflex has cooperated with many 
engineers to develop specialized sleevings. 
We welcome the opportunity to work with 
you; our diversified experience will be helpful. 

506 w. Court st. 

Send for Free Folder o~\ 
Actual Test Samples. · ..........-~ \ 

' t 
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Zeners and SCRs 
An 8-page newsletter contains two 

separate articles, one of which de­
scribes silicon temperature compen­
sated reference diodes (TC Zeners) 
and their applications. The second 
article examines the controversy over 
fast switching SCR circuits involving 
high inrush current. International 
Rectifier, 233 Kansas St., El Segundo, 
Calif. 90245. 
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Character generator 
A 6-page application note discusses 

the MM420/ MM520, a 256-bit serial 
character generator. The operation, 
mechanization, and applications of the 
device-a read-only memory-are d!!­
tailed . National Semiconductor, 2975 
San Ysidro Way, Santa Clara, Calif. 
95051. 
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Screw fasteners 
A line of pre-assembled lock washer 

and screw fastener units are discussed 
in a 28-page catalog (AS-800). Screw 
thread data is given along with dimen­
sions for the various types of head 
styles. Shakeproof, Div. Illinois Tool 
Works, Inc ., St. Charles Rd ., Elgin , 
Ill. 60120. 
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Logic breadboard 
The Model 401 logic laboratory, a 

device for breadboarding logic cir­
cuits and systems, is the subject of a 
I 0-page catalog. The unit's concept of 
movable modules permits the con­
struction of circuits identical in form 
to their block diagrams. Adtech, Inc ., 
Box 10415, Honolulu , Hawaii 96816. 
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Fasteriers 
Shown in an accordion-folded 

packet is a montage of spring steel and 
plastic fasteners. The pocket-size port-

folio includes application ideas for 
various types of fasteners-both pop­
ular standards and new types. Tinner­
man Products, Inc., Dept. 14, Box 
6688, Cleveland, Ohio 44101. 
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Inductors catalog 
A 15-page booklet covers a variety 

of inductors, as well as coils, rf 
chokes, and coil forms. Descriptions 
of each series are given along with 
spec tables and outline drawings. 
James Millen Mfg. Co., Inc., 150 Ex­
change St., Malden, Mass. 02148. 
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Ferrite devices 
Catalog SF-1005 describes, in 12 

pages, a line of coaxial and wave­
guide ferrite devices for airborne, 
shipboard, and ground-based radar and 
communication systems. Included in 

li 

the 1969 Catalog are electrical and 
mechanical specs and outline draw­
ings for circulators, isolators, and 
modulators. Microwave Associates, 
Burlington, Mass . 01803. 
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Miniature coaxial cable 
An 8-page catalog lists features and 

specs of a miniature coaxial cable 
line. It gives illustrated tips on how 
to cut and trim this cable, and also 
describes miniature coaxial connectors 
(including microwave types) , cable 
assemblies, and delay lines. Phelps 
Dodge Electronic Products Corp., 60 
Dodge Ave., North Haven, Conn. 
06473. 
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Microcircuit manual 
A line of standard hybrid microcir­

cuit products is treated in a 48-page 
catalog, half of which covers 14 dif­
ferent de voltage regulators . Digital­
to-analog components , power ampli­
fiers , circ.uit protection devices, a 
lamp and relay driver, and heat dis­
sipators are also listed. A helpful 12-
page section contains application data. 
To receive the manual, send a letter­
head request, including job title or 
function , to Technical Information 
Sect., Helipot Div., Beckman Instru­
ments , Inc., 2500 Harbor Blvd., Fuller­
ton, Calif. 92634. 

looking 
fora 
"power 
house'' 
random 
access 
switch? 
You 've got it with our McKee 
switch for harness and cable 
checking equipment, aircraft test 
systems, and engine test stands. 
It has: 1. High power capability. 
Handles up to 2 amps at 4000 
volts. 2. Programmability. By 
every control device from tape to 
direct computer input. 
3. Complete random access. 
Unique design permits signal to 
go in and come out at any point 
in the matrix. 
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J M C 4642 J M C 4 640 

New Miniature Series 
Variable Air Capacitors 

High capacity in a small package 
- exclusive round nut permits in­
stallation in tight places or minia­
turized packaging. Ultra-rugged 
construction. 

Specifications 

•Small Size: .220" dia. 15/ 32" length 
•Q @ 100 me: > 5000 
•Capacity Range: .4 pF - 6 pF 

(> 8 Turns) 
•Working Voltage: 250 VDC 

(Test Voltage 500 VDC) 
•Insulation Resistance: > 106 Megohms 
• Temperature Coefficient: 50 

±50 ppm/°C 
•Temperature Range: -65°C to +125°C 

5700 Solder. Pre-
features t d 
vents distortion. Not attec_e 
by conventional soldering 
temperatures. 

Call or write for complete information. 

~ 
MANUFACTURING 

CORPORATION 
400 Rockaway Valley Road 

Boonton, N. J. 07005 • (201) 334-2676 
Electronic Accuracy Through Mechanical Precision 
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LITERATURE 

Power systems 
A 40-page catalog covers chargers, 

inverters and converters, de supplies, 
ringing and tone supplies, and power 

systems for the communications indus­
try. Features, applications, and specs 
are given. North Electric Co., Electro­
netics Div., Galion, Ohio 44833. 
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High-voltage rectifiers 
Two 4-page brochures cover two 

series of Solidpak® high-voltage rec­
til'iers. Tech n i ca 1 data, charts, and 
graphs help describe these devices, 
which are designed for space, missile, 
airborne, surface, and under-sea appli­
cations. Solitron Devices, Inc., 256 
Oak Tree Rd., Tappan, N. Y. 10983. 
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Switches and indicators 
Illuminated push-button switches 

and matching indicator lights are the 
subject of Catalog L-169D. Operating 
data, drawings, and ordering infor­
mation are provided in the 12-page 
brochure. Dialight Corp., 60 Stewart 
Ave., Brooklyn, N.Y. 11237. 
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Lab humidity chambers 
Bulletin 686 covers Vapor-Temp® 

temperature/ humidity chambers, port­
able cooling units, batch and labora­
tory ovens, high temperature ovens, 
and baths. Design, construction, and 
pricing information are included in 
the 4-page booklet. Blue M Electric 
Co., 138th & Chatham St., Blue Is­
land, Ill. 60406. 
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CLASSIFIED ADVERTISING 

GROWTH POSITIONS $12,000-$25,000 
MANAGEMENT - ENGINEERING - SALES 

RESEARCH - M AN Uf ACTURING 
Nationwide Coverage 

Fees company paid . Include present salary, min i­
mum salary requirement and location fl exi bility 
with resume . Lonaherry Employment Ser~ice , Inc .. 
g~~- 5~;11os B•nk Bl dg ., Niles , Ohio 44446. (216) 

RF power transistors 
A handy folder / wall chart lists key 

parameters for 24 different rf power 
transistors . A frequency vs power 
chart shows frequency / power cap­
abilities for each of these devices. 
Also included in the quick-reference 
guide are six package drawings. ITT 
Semiconductors, Inquiry Services 
Dept., 3301 Electronics Way, West 
Palm Beach, Fla. 33407. 
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Circuit test system 

The J259 is a versatile de measure­
ment system for testing multi-terminal 
electronic circuits, such as integrated 
and hybrid circuits, discrete compo­
nent modules, 11nd many other devices 
and circuit boards. A 9-page brochure 
covers this computer-operated system 
in detail. Teradyne, 183 Essex St. , 
Boston~ Mass. 02111. 
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DC test instrument 
The 300 PVB, a de test instrument 

that combines seven measurement 
fu nctions in a single portable case, is 
the subject of a 7-page brochure. 
Priced at $975 , this unit can serve 
as a potentiometric voltmeter, voltage 
source, ammeter, guarded Kelvin 
bridge, resistance comparison bridge, 
ratiometer, and electronic null de­
tector. Electro Scientific Industries, 
Inc ., 13900 N .W. Science Park Dr., 
Portland, Ore. 97229. 
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Terminal blocks 
Catalog No. 369 (24 pages) covers 

a line of terminal blocks. Among the 
new products listed are electrotinned 
tubular connectors and continuous 
jumpers. Illustrations, dimensions, de-

scriptions, ratings, and prices are in­
cluded. There's also a handy terminal 
block selection chart. Curtis Develop­
ment & Mfg. Co., 3250 N . 33rd St., 
Milwaukee, Wis. 53216. 
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READ THESE BOOKS 

A COMPREHENSIVE SUMMATION 
Microwave Semiconductor Devices and 
Their Circuit Applications 

Ed ited by H. A. Watson. Pub lished 1969 by 
McGraw-H ill Book Co., 330 West 42nd St., New 
York , N. Y. 10036. Pr ice $22 .50. 609 pages with 
294 illustrations; indexed. 

As is usual in material of this sort, 
there is a fair amount of mathematical 
analysis sprinkled throughout. But the 
text remains very readable, because the 
math is held to that which is necessary 
to make a point. 

more easily than most others. 
The meat of the book-as suggested 

by its title-is in Part 3, "Microwave 
Diodes and Circuits." Here are 388 
pages of detailed discussion on varac­
tors; pin diodes; Schottky-barrier de­
vices; switches, limiters, and phase 
shifters; detector and mixer diodes and 
circuits; tunnel diodes; IMPATT diodes; 
and bulk GaAs devices. Besides ex­
plaining how all of these semiconduc­
tors operate, Part 3 also shows the 
whys and wherefores of their impor­
tant uses. 

And lest we forget the faithful tran­
sistor, Part 4 is a two-chapter disqui­
sition on microwave transistors that 
includes a detailed study of the design 
and construction of a 4-GHz amplifier. 

60 &400 Hz 

Well organized into five major di­
visions, the text opens with Part 1 
serving as a short, to-the-point sum­
mary of the key parameters of micro­
wave devices. It divides them into two 
classes (with some overlap, of course) 
by device behavior (non-linear resist­
ance or reactance, controllable imped­
ance, 1and so forth) and by structure 
(pn junction, Schottky-barrier, IMPATT, 
Gunn, and so forth). 

Part 5, "Present Trends," compares 
a number of devices with regard to 
noise performance, power output ca­
pabilities, and reliability. This part 
concludes with some estimates about 
future performance. 

3 TO 115V C. T. - 25 RATINGS 

The five chapters of Part 2, "Semi­
conductor Physics," take you step-by­
step from the Schrodinger wave equa­
tion and atomic structure, through 
crystals, electrical conduction, and 
junction theory to semiconductor sur­
faces and ohmic contacts. Such ma­
terial is often a stumbling-block for 
many readers. But this text reads 

To sum up, ·you will find that this 
volume emphasizes basic principles. It 
includes a sufficient number of real­
device descriptions and applications to 
orient both device and circuit design­
ers, and shows the physical and tech­
nological limitations on performance. 
The text has a wealth of references. 

1h TO 71;2 WATTS 
COMPACT DESIGN 

MIL CONSTRUCTION 
AT 
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MICADTAAN 
VALLEY STREAM, N. Y. 11582 

EASILY APPLIED 
Cool -Amp can b e applied an the job. Th e only equipment 
needed is a clean rag, a wire brush and some water. Cool­
Amp contains no cyanide and con be used in underground 
vaults, substations and hard to get at places by several 
persons at the same time. 

REDUCES RESISTANCE 
Cool -Amp Powder deposits a genuine coot of silver that 
will not peel off . It prevents oxidation, minimizes over­
heating , thereby reducing maintenance . Provides cool 
maximum conductivity for all copper, brass or bronze cur· 
rent -carrying connections. 

FREE SAMPLE - Write today for folder and free sample of Cool­
Amp. One pound will silver plate approximately 6,000 square 
inches. Try a test order. $17.50 per paund-F. 0 . B. Portland. 
(Phone 503-244-2230.) 

7ht~f!]~[bo~~~~. 
8625 S.W. 17th Avenue, Portland , Oregon 97219 
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Wire stripper finishes leads to 
250" long, attaches 1 terminal 

'''-?% 
Produces up to 3,000 ' 

H---~'!"'' pieces per hour on 1<"1, 

many wire types , 

/ , Automatically 
~ measures, cuts 
~ off, strips wire 

~ ,,. and attaches a 
zy~ terminal at one end 

COMPLETELY finished wire leads with one terminal pro­
duced automatically in lengths to 250 in . Feeds pre ­
fabricated strip terminals - side-by-side or end-to-end. 
Quick changeover. Optional accessories extend range. 

: •.•• A.iios· tA.:20.:s· CAPAC1ti ••• : 
: Max. Wire Size: 10-ga uge stranded. 
•Lead Lengths : 250" max. to 3" min. with: 
: term inal , 211 min. without.. 
•Length Stripped: Ya" min . to l " max . right , • 
: Y," max. left. : 
•Output: 2" - 20" lengths - 3,000 per hr.• 
• 20" - 41 " lengths - 1.500 per hr.: 

41 " - 62" lengths - 1,000 per hr .• 
62" - 83" lengths - 750 per hr.• 
83" - 125" lengths - 500 per hr.: 

••••• • 1~~". };;~·: 1;~~t~s.-• • 2:~ ee.r .h'..: 

Write for 
Bulletin 655A 

Write today for this free 
bulletin on Artas Model 
TA-20-S machine and 
auxiliary equipment. 
Other Artas machines attach terminals at 
both ends of lead ; handle 30 to 000 gauge 
wire ; cut lengths from 1 in. to 90 ft. ; 
strip insulation from \,1 in. to 10~ in. 

15642 W. Lincoln Ave., New Berlin, Wis. 53151 (Milwaukee Area) 
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Op amps, like girls, 
are pretty much alike. 

Now meet Miss Universe. 

Now, we're not ones to 
thump the tub much. But 
this month we're unveiling 
our RM4131 fully compen­
sated op amp, a pin-for-pin 
replacement for the good 
old 709, lOlA, 107 and 
741, and we felt you ought 
to know. It's not that the 
RM 4131 has anything the others don't 
have. It just has a potfull more of 
everything. 
Figures don't lie. 
Here are all the significant figures. Read 
'em and weep, you other guys. And they 
don ' t even mention things like the 
RM4131 only needs a lOk ohm trim 
pot for balancing, not a 5 meg pot like 
some we could name. 

Specification 741 107 4131 

Slew rate ( v I µ.s) 
2k load 0.5 0.5 2.0 

Min. voltage gain (dB) 
@ ±3volts 80 80 94 

Typ. bandwidth (MHz) 0.8 0.8 4.0 

Max. power 
consumption (mW) 

@ ±20V, 25°C 120 120 64 

Max. bias current (nA) 
@ 25 °c 500 75 50 

Max. offset 
current ( nA) 

@ -55to125 °c 500 20 20 

Max. offset 
voltage (mV) 

@ -55 to 125 °C 6.0 3.0 3.0 

Take slew rate. 
Compare our 2.0 v / µ.s typical slew rate 
to 0.5 v / µ.s for the others. And our slew 
rate is guaranteed 1.5 v / µ.s minimum 
across the whole -+- 3 to -+- 20-volt sup­
ply range, while the others peak sharply 
at ± 15 volts. 

And voltage gain. 
Time now for a graph. Notice that the 
107 shows specified gain only down to 
±5 volts . At -+-3 volts our RM4131 
has 94 dB gain, compared to about 80 
dB for the others. 

TYPICAL VOLTAGE GAIN 
110--------------

1081---t--t-+--+--f---+--t-+--.. 
:g •• •• 
~z I06~4jl t:' l:::i;;;;;;;F-f-.::~~i-T.er9 .... I 1--- ..-< ..., -- --- .f 
~104t---t--.l'~---+--+--~·~··-+--t-+--t 
~ ;OIA/107 •••• ~ 741 
~1020---+--+-+-_....->---+--+-+----0 

~ . 
1001---+--4-_..,l...L;r...•-+-->---+--4- +----0 

:I T = n·c 
~ l 98 .. 2 - 4- ... 6-•8-1""0- 1 .. 2- 14-""16-•18- 2•0 

SUPPLY VOLTAGE ( ± V) 

Circle 2 on Inquiry Card 

Or bandwidth. 
Naturally, frequen cy re­
sponse jumps, too . At 
25 °C, theRM4131 is down 
3 dB at 50 kHz, and hits 
unity gain at 4 MHz. Com­
pare this to 8 kHz and 800 
kHz respectively for 107s 
and 74ls. Need we say 

more? Well, we will anyway. 

How come? 
Briefly stated, the RM4131 does all 
these neat things because of ( 1) that 
patent-pending current regulator in the 
gray patch above. It preserves gain at 
low voltages. And ( 2) our handy knack 
with small geometries, which gives fre­
quency response a kick in the back 
porch. Plus ( 3) a winning way with 
latest process technologies, such as our 
new silicon nitride passivating layer for 
superb surface stabilities and high-beta 
transistors . 
And how much. 
Price for 100-999, full military version 
( - 55 °C to + 125°C) is $20. Com­
mercial versions are also available. So 
for evaluation quantities of our opti­
mum op amp, see your Raytheon dis­
tributor. Or send for data from the 
company that's delivering the ideas 
in linear ICs. Raytheon Semicon­
ductor, Mountain View, California. 
(415) 968-9211 . 

~AYTHEO~ 



Now! High Power, High Efficiency 
at 225·400 MHz with New Family 
of RCA ''overlay'' Transistors 
New power performance for VHF/UHF 
comes in RCA's new radial lead pack­
age-in a family of " overlay" transis­
tors. For your driver, pre-driver, and 
output circut requirements, RCA offers 
the following developmental types : 

TA7344-16 W (min .) output at 400 
MHz; 6 dB gain 
TA7367 -10 W (min .) output at 400 
MHz ; 8 dB gain 
TA7411-2 W (min.) output at 400 
MHz ; 10 dB gain 
These units, silicon "overlay" n-p-n 
transistors, are housed in a package 

designed for low input and output 
parasitic lead inductances. And low 
capacitances, too . The wide leads, all 
isolated from the stud , are uniquely 
" sandwiched" between ceramic 
layers to provide an over-all hermetic 
case with exceptional mechanical 
strength. 
TA7344, TA7367, and TA7411 can be 
used effectively as direct replace­
ments for plasti.c stripline types. All are 
intended for large signal , broadband 
linear RF power amplifiers for military 
and industrial equipment operating in 

VHF/UHF frequencies. 
For more information on this expanded 
family of " overlay" types and other 
RCA " overlay" transistors, see your 
local RCA Representative or your 
RCA Distributor. For technical data 
on specific types, write: 
RCA Electronic Components, 
Commercial Engineering , 
Section No. PJ-5, 
Harrison , New Jersey 07029. 

ROii 
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