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Data communication: here's howcombine the right hardware with
the right transmission service for
your particular application. Easy?
No; the relative economic merits

of various alternative schemes
are often subtle and difficult to
evaluate. To get help with your
system-design problem, turn to
the report beginning on p. Cl

POWER WIREWOUND
--Giiiiii==-r---~
MIL-R-26E/MIL-R-390078: RW20V to 24V, 29V to 33V,
35V to 38V, 47V, 67V to 69V, ?OU , 74U , 78U , BOU , 81 U.
RWR71 , 74, 78, 80, 81 , 82, 84, 89 (including both " S" & " W" suffixes) .
POWER WIREWOUND HOUSED
~
MIL-R-18546D/MIL-R-39009A: RE60, 65, 70, 75, 77, 80 -~§~~~'f"
(including both " G" & " N" suffixes) ; RER40, 45, 50, 55, 60, ·
65, 70, 75 (includes " F" suffix).
PRECISION WIREWOUND
MIL-R-930/MIL-R-390058: R852CE to 56CE,
R871CE ; R8R52 to 55.

- -----1

ADJUSTABLE POWER WIREWOUND
MIL-R-19365C: RX29V, 32V, 33V, 35V, 36V, 37V, 38V, 47V.
FIXED FILM
MIL-R-10509F/MIL-R-55182D : RN50 (C&E) , 55 (C , D, E),
60 (C, D, E), 65 (C. D, E) , 70 (C, D, E, F) , 75 (B) , 80 (B).
RNR, RNC & RNN50, 55, 60, 65 (H , J , K), to " R" failure rate:_
. -~ileii~-~
FIXED FILM INSULATED
MIL-R-226848: RL07S , 20S.
VARIABLE WIREWOUND
MIL-R-27208C/MIL-R-39015A: RT10, 11 , 12 (C2P, C2L suffixes) ;
RT22 , 24, (C2P , C2L. C2W, C2X suffixes); RTR12DP , RTR12DL.
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The new way to measure
bit error rate:
H P's pseudo-random
binary sequence generator
DIGITAL CLOCK

PRBS GENERATOR

LINE DRIVER

ERROR DETECTOR

081/6

How do you test the quality of
a digital transmission system?
By feeding in data, and comparing
what comes out with what
you put in ... right?
You can do this by hooking up a
scope to the output, and looking at
the "eye" pattern. The accuracy of
your results depends on the
randomness of your signal, however
... and even at best, there's still an
element of estimation involved .
That's why HP has developed the
1930A-a new plug-in for the 1900
Pulse Generator System. The 1930A
is designed specifically to solve
digital system testing problems.
It enables the 1900 System to
generate over 70,000 different
apparently-random bi nary sequences
ranging in length from 7 bits up to
1,048,575 bits . .. at any desired

rate up to 40 megabits/second .
And this means a better " eye. "
The 1930A's capabilities don 't
stop there, however. By using two
synchronized 1930A's, one at each
end of your transmission system,
you can directly compare output
with input. Every time there's a
discrepancy between the pattern
coming in over the transmission
line and the pattern being generated
by the 1930A at the receiving end,
the "receiving" 1930A sends
out an error pulse.
Add a counter, and you 're
measuring bit error rate
digitally. No more guesses.
Another use for the 1930A's is to
scramble and unscramble data where
security is important. Data can be
coded in over a million different ways
and no complex synchronization
INFORMATION RETRIEVAL NUMBER 2
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is required to unscramble.
The 1930A is digitally programmable,
as is the entire 1900 System. Price
of the 1930A is only $1200. For
applications where a 16-bit word
generator will suffice at the
transmitting end, HP's 1925A may
be substituted tor the 1930A,
at a savings of $350.
For further information on the
1930A, or on any aspect of the 1900
Pulse Generator System, contact
your local HP field engineer. Or
Write Hewlett-Packard, Palo Alto,
California 94304. In Europe :
1217 Meyrin-Geneva, Switzerland.

Low-cost SVP11evices can save your valuable
equipment from destruction by voltage transients.
You can no longer overlook the
need for protecting your circuits.
New sources of transients are
cropping up every day. And any one
of them might cause operational
failure of your equipment.
Now there is an easy low-cost
way to protect your circuitry from
these transients. It's a simple little

gas-filled surge voltage protector.
We call it an SVP. Only this Siemens
SVP offers high-current capability
(up to 50 kiloamps) in such a small
package and a high impedance
when not conducting (10 10 ohms,
1to6.8 pF depending on model).
Siemens is the world's largest
manufacturer of surge voltage
INFORMATION RETRIEVAL NUMBER 3

protectors. More engineers are
using them every day. You can
benefit by doing the same.
Siemens Corporation, 186 Wood
Avenue South, lselin, N.J., 08830.
(201) 494-1000.
Siemens. A three
billion dollar name
in quality products. SIEMENS .
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Prevent damage to loads and supplies with these protective circuits. Don 't
allow component breakdown or human error to compromise entire systems .
Strobing multi-digit displays is a valuable design technique that
can reduce display costs and enhance the system 's power efficiency.
Trade shows are great-or are they? Every year electronics
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In the look-alike world
of variable resistors,
~llen-BradleyS MOD POT.
stand squarely alone

MOD POT: the most
versatile 5/8"square
potentiometer
available today.
Series 70 , designed for the ?O's.
There are a multitude of basic
combinations . Potentiometer,
switch and vernier drive modules
combined to form single , dual ,
triple or quadruple section controls. With single or concentric
shafts. But that's only the beginning.
Resistance modules come in
cermet or hot-molded composition. Cermet, 100 ohms to 5 megs.
Composition , 50 ohms to 10
megs, available in five standard

tapers and also special tapers.
Switch modules in push-pull , momentary or rotary styles with
actuation at the beginning or the
end of rotation .
All standard options are available , including: two different
shaft diameters, sixteen lengths
with plain , slotted or flatted ends;
bushings in two lengths and two
diameters with your choice of
plain or shaft lock styles. Marked
with your part number, or ours.
Add together all the modular variations and you have thousands
of possible combinations. Each
backed by Allen-Bradley's unrelenting pledge of quality and
dependability.

Butsupposeyou need something
more. Something unique and
special. We 're ready. Because
the Series 70 is more than a
product, it's a dynamic concept
that will grow and change to
meet your needs. Add our years
of experience with variable resistors , and the design of
" specials " is simple . Give us the
chance to tackle your next unusual requirement.
MOD POT, the new look in pots.
Solve your problems with its
versatility.
Call your A-B appointed electronics distributor, or write:
Allen-Bradley, Electronics Division , M i lwaukee , Wis . 53204 .
Export: Bloomfield , N. J. 07003 .
Canada: Galt, Ont.

"ltilttl~il

*tti,tt~t't
tt,lt~it

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY
EC71 -2 1 (C) Allen -Br adl ey 197 1
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How to Design Your
Power Supply for $83
You get the complete schematic diagram,
and parts list with operating and installation instructions when you spend $83 for
an Abbott ~lode! "R" power supply. Two
years in development, this model represents the latest state of the art in power
module design. It features close regulation ( ±0.05%), low ripple ( 0.02%), automatic short circuit and complimentary
overvoltage protection and continuous
operation in a 160°F ambient.
Abbott Engineers followed specific design
criteria in engineering these modules.
First, the electrical design was carefully
engineered to insure that all components
operate well within their limits, under
"worst case" operating conditions. Second,
the thermal design, including case construction, was carefully made to insure
that the maximum temperature limits of
all components are never exceeded. Then
the size and weight of these modules
were controlled to a minimum, without
sacrificing reliability. Finally these units
were thoroughly tested to make certain
that all design and performance specifications were met.
So, you can build your own power supply
using our schematic diagram if you want
to-but we think we can build it more

reliably and for less cost, simply because
we have been doing it for ten years. Put
our power supply in your system first
and try it. Examine its performance. \Ve
think you will he pleasantly surprised at
the quality, adherence to specifications,
and the reliability you find in the Abbott
:\Ioele! "R''.
Any output voltage from 5 to 100 volts
DC with current from 0.15 to 20 amperes
is available. Many of the popular voltages
are carried in stock for immediate delivery .

Please call us for attractive
count prices.

O.E.~1.

dis-

Abbott also manufactures 3,000 other
models of power supplies with output
voltages from 5.0 to 3,650 volts DC and
with output currents from 2 milliainperes
to 20 amperes . They are all listed wirh
prices in the new Abbott catalog with
various inputs:
60 ~to DC, Hermetically Sealed
400 ~to DC, Regulated
28 VDC to DC, Regulated
28 voe to 400~, 1¢ or 3 ¢
24 voe 10 60 C:tt, l ¢

Please see pages 930 to 949 of your 1970-71 EEM (ELEC TRONIC ENGINEERS MASTER Catalog )
for complete information on Abbott modules.

Send for our new 68 page FREE catalog.
'

abbott

transistor

LABORATORIES,

NCORPORATED

5200 W. Jefferson Blvd. / Los Angeles 90016
(213) 936-8185
Cable ABTLABS
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(201) 224-6900
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letters
'Closed shop' in U. S.
public schools decried
Sir:
You have put down in words
:what I have been saying for years
-that in our antiquated public
school system, no matter how many
degrees you possess, you cannot
teach unless you have a specified
number of how-to-teach credit
hours [see "Don't Waste Our EEs
-Put Them in Classrooms," an
editorial, ED 5, March 4, 1971,
p. 39].
You stated that some systems
allow exceptions. Sure, but this is
on a temporary basis and only if
the political bosses allow. You can
have a Ph.D. and teach students
who will become teachers, yet you
cannot teach in the public schools.
Private schools, yes; public schools,
no, as a full-time teacher.
H ow wonderfu l it would be, if
everyone had the right to teach.
We criticize our labor unions for
closed shops, yet the educational
system is authorized to practice a
closed shop.
You talk about the unemployed
engineer bringing valuable knowledge to our future generation.
How about the retired who would
be glad to donate their services to
the public?
I am an electronic engineer, employed for 22 years.
Michael Yurescko
3817 Pearson Ave.
Philadelphia, Pa.
Sir:
Concerning your editorial of
March 4 on the subject of EEs
teaching math (or any other suitab le subject) in the classrooms:,
The problem, in Texas at least, is
not just a lack of education
courses. One must also have taken
the specific technical course num-

bers approved by the state education agency for t hat particular
specialty.
I investigated this matter two
years ago and was informed that
most of my math courses were not
"applicable," since many math
courses I took were taught through
the engineering school under engineering course numbers, rather
than those numbers used for essentially the same course content
for math and education majors.
Thus nearly all of my math courses
would have to be repeated to obtain state approval for permanent
teaching purposes.
Apparently the only way I could
obtain other than provisional approval in Texas would be to go
back to school as a freshman and
spend another fo ur years taking an
"approved" course of study. Since
I hold two degrees in electrical
engineering, I decided t h at such an
approach was not acceptab le, in
view of the pay level I could expect
after obtaining this additional
"education."
I contacted the state education
agencies of four other states, and
judging from the contents of their
information pamphlets, it appears
that the same situation also exists
in these states.
K. R. Tipple

11112 Staffordshire
Dallas, Tex.

Accuracy is our policy
In the article "Designing active
filters with less effort" (ED 1, Jan.
7, 1971 ) the capacitor value, C1 ,
for the low-pass filter was incor- ·
rectly given as C1
1/ ' 2 C2 • The
value should be C1
(1 / , 2 ) C2 •

from BULOVA •••
DC Servo Amps
2.5w to 2,500w
Here's a line of servo amps packaged for flexibility and priced for system saving. It's another example of
Bulova's unique capability in producing quality servo products at a price
lower than you can make or buy.
Available trom 2.s w to 2.s t(W styled in oat pac\<., modular or
rac\<. mount - to meet industrial
or mil-spec - able to operate trom
AC or oc - to include power supply wnen required.

FEATURES:
• Adjustable Gain
• Current Limiting
• Voltage or Current
Feedback
• Wide Bandwidth
• Low Cost

DCA Series

DESIGNED TO DRIVE:
• DC Torque Motors
• Low Inertia Motors
• DC Servo
Motors
• Servo Valves r
I
• Deflection
Coils
.

DCAR Series

.

1
.

Don't miss out on this Bulova Servo
Special. For new applications or old
•.. for help in planning new servo
systems . . . for the lowest price on
DC Servo Amps .•• Look to Bulova!
Call (212) 335-6000, or write -

BULOVA

=
=

SERVO
PRODUCTS
Electronic Division of Bul ova Watch Company, Inc.

61 -20 Woodside Avenue
Woodside , N. Y. 11377

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Electronic Design, 850 Third Ave., New York, N.Y. 10022. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.

(212) 335-6000

Bulova also offers a complete line of
AC servo products, including servo
amplifiers, modulators and demodulators, plus a line of power supplies.
INFORMATION RETRIEVAL NUMBER 6
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As portable data recorders go,
the three you see below leave all
the others behind.
Surprisingly versatile for their·
size, they're yours for the taking
whenever and wherever there's a
need to record or reproduce analog signals.
Part of the broad line of TEAC
instrumentation products, which
have come a long way in worldwide business and industry over
the past ten years, these portable
systems are now set to go places
in this country.
The smallest of our get-upand-go trio is the low-priced R-70
Series using Philips-type instrumentation cassettes.
You can select direct or FM on
any one of its four channels with
a flip of a switch, or add any
spoken data needed. And a light

goes on to tell you when you've
come to the end of your tape.
Rugged and reliable, the R-70
will operate on self-contained
batteries, or on external AC or DC.
The R-200 Series Direct/FM
recorder is another fine idea that
you can never carry too far. In the
field or laboratory, it gives you
four independent record/reproduce channels, built-in calibration source, input/output level
meters and a direct-drive closedloop capstan. It performs well
under mobile conditions on AC or
DC and takes voice messages on
one channel when desired.
It'll even follow your directions
via a remote control unit. Which
guarantees your always having
everything well in hand.
The mightiest of our lightweights, (only 67 pounds), the

R-250 Series, is made to IRIG
standards. Using an FM system,
it will record and reproduce analog signals from DC to 5kHz, on
its 112" tape.
You can take your choice of
using one or more of its seven
independent channels plus one
edge-track voice channel.
While a bit heftier than the R-70
and R-200, it's worth its weight in
dependability, whether you're on
the move or not.
For additional details on these
portable recorders and other
TEAC systems, write or call Ken
Williamson, Director of Marketing, Technical Products, TEAC
Corporation of America, 2000
Colorado Ave., Santa Monica, CA
90404. Telephone: (213) 394-0240.
You'll see why there's a good
reason to go TEAC.

Take
yourTEAC~

and go.

R-70 SERIES

Comprehensive 52-page
book available no charge
to complement your cabinet design and specifying knowhow.

Complete price sheets
provide total information .
Available with Honeywell
Series 4000 Factbook on
request.

INFORMATION RETRIEVAL NUMBER 8
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truly
remarkable

25-MHz BANDWIDTH
DELAYING SWEEP
3% ACCURACY
10-mV SENSITIVITY
DUAL TRACE &
SIGNAL DELAY LINE
ALL FOR ONLY .... .

975
The new Telequipment 067
Oscilloscope offers the
performance you have always
desired at a price that is several
hundred dollars lower than any
other comparable model.
In addition to its impressive array
of specifications, the 067 has
other features not usually found
in low-priced scopes: regulated
power supplies, FET inputs to
keep vertical trace drift to a
minimum, fully solid-state design
to improve reliability, transistors
in sockets to make servicing
easier and faster.
Bright displays are obtained by
using 10-kV high voltage on the
rectangular 5-inch CRT which has
a big 8 x 10 cm display area.
A wide range of sweep rates
from 2 s/cm to 0.2 µ.s/cm (40 ns
with XS magnifier), delayed sweep,
3% accuracy and 14-ns risetime,
mak& the 067 ideal for high

resolution analysis of pulse
sequences. And if some of the
pulses are jittery, that won't be
a problem because the delayed
sweep can be triggered. Those
who have a need to view
television signals will be pleased
with the 067's ability to trigger
at TV field and line rates. This
feature allows viewing a selected
line in a field.
Even if portability is not a prime
consideration , you are certain
to like the 067's lightweightit weighs only 25 lbs.

Telequipment Oscilloscopes are
marketed and supported in the
U.S. through the Tektronix network
of 57 Field Offices and 30
Service Centers. The instruments
are warranted against defective
parts and workmanship for one
year. For more information call
your nearby Tektronix field
engineer or write: P. 0 . Box 500,
Beaverton, Oregon 97005.
Telequipment Oscilloscope prices
start as low as $245.
U.S. Sales Prices FOB Beaverton , Oregon

TELEQUIPMENT
u

••• • ••••••

a subsidiary of

TEKTRONIX@
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A new cost-saver...

to wrap your wires around.
Here's a new family of miniature pc connectors
from Amphenol for wire wrapping applications.
They cost you less because we've engineered new
industrial grade materials into these connectors,
yet retained all the same features found in military
connectors.
Contact spacing is on a .100 X .200, or .125 X .250
grid and the connectors are available in 22-, 30-,
43- and 50-position models with either grid spacing.
These new 225 Series connectors have bifurcated
bellows contacts for smooth, positive, 2-point
mating action no matter how irregular the board

surface. The bellows exert firm pressure on the
pads even under extreme vibration and shock conditions. You get thousands of insertions and withdrawals without a failure.
We can also give you this new low-cost connector with solder terminations on .156 centers. And
there's a QPL version to MIL-C-210978, too.
Call your Amphenol salesman or distributor; he'll
show how inexpensive it is to wrap your wires
around a great connector. Or write us. Amphenol
Industrial Division, The Bunker-Ramo Corporation,
1830 South 54th Avenue, Chicago, Illinois 60650.
0

:i~~,g~

AMPHENOL

designers
calendar
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Don't Gamble I

F

USE THE BEST CHIP RESISTORS

s

(they meet MIL-R-10509 requirements)

4 5
8 9 10 11 12
15 16 17 18 19
22 23 24 25 26
29 30
1

6 7
13 14
20 21
27 28

• Documented Performance
• Low Price
• Quick Delivery
• ta to 10Mn

1
June 2-4
Conference on Laser Engineering
& Applications (Washington,
D. C. ) Sponsors: IEEE et al. D ..E.
Caddes, Sylvania Elec. Systems,
Electro-Optics Div., Mountain
View, Calif. 94040.
CIRCLE NO. 413

Model
Model
Model
Model

STANDARD STYLES
CR05: .050" x .050'' x .014"
CR12: .120'' x .060'' x .018"
CR15: .150'' x .075" x .018"
CR20: .230'' x .100" x .030''

FOR FURTHER INFORMATION CIRCLE 50

June 14-16
International Conference on Communications (Montreal, Quebec,
Canada ) . Sponsor: IEEE. W. C.
Benger, Northern Elec. Co., Ltd.,
POB 3511, Station C, Ottawa 3,
Ontario, Canada.
CIRCLE NO. 414

June 27-30
Consumer Electronics Show (Chicago ) . Sponsor: EIA. Alfred L.
Perkins, Harshe-Rotman & Druck,
Inc., 108 N. State St., Chicago,
Ill. 60602.
CIRCLE NO . 415
h

JULY 1971
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18 19 20
25 26 27
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1 2
7 8 9
14 15 16
21 22 23
28 29 30

3
10
17
24
31

w

T

1
July 13-15
International Symposium on Electromagnetic Compatibility (Philadelphi a). Sponsor: IEEE. Ralph
Showers, Moore School of EE,
Univ. of Pennsylvania, Philadelphia, Pa. 19104.

Designers Note I
EXTEND MIL-R-10509 PERFORMANCE
TO 1000 MEGOHMS AND 15 KV WITH
THICK FILM RESISTORS FROM EMC

Type

HR-1/2 (lW)
{2W)
HR-1
HR-ll/2 {3W)
{4W)
HR-2
{5W)
HR-3

Max. Peak
Voltage

1250
3500
7000

10000
15000

Range

5K- 125Mfi
5K- 200Mfi
lOK- 400Mfi
lOK- 600Mfi
20K-1000Mfi

FOR FURTHER INFORMATION CIRCLE 51

M

c

1300 Arch Street
Philadelphia, Pa. 19107
Telephone 215-563-1340
Teletype 710-670-1298

TECHNOLOGY, INC.

CIRCLE NO . 416
... INFORMATION RETRIEVAL NUMBER 11
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When multi-faceted display problems dictate 9 to 9 work
days, it's high time you saw things in a new light, on
a si ngle plane with no " dancing" digits and with no
eye strain.
Legi DG 12C numerical indicator tube segments are an
eye-easy phosphor green for a readout as bright and
clear as day, legible at distances over 35 feet.
These tubes offer low- vo ltage, low current
drain, and high stability advantages so definitive .and pack a performance punch so
large, you can't afford not to affo rd to
examine full particulars. They fit to the
"T" perfectly portable and circuit- board
mounting applications and are avai lable at
mass production prices. Look at these important particulars, then write for comprehensive data

DG 12H

I
that show displ ay tube performance in an entirely new
light:

LEGI DG 12C
Filament voltage at 95 mA .......... .. 0 .85volts ± 10%
Phosphor segments & control grid .. ... .... .. 20 Vdc
Brightness .... .. ... ...... ............ 80 foot -lamberts
Operating temperature ...... - 10° to

*

+ 70° C

Dynamic life expectancy ... .. 200,000 hrs.

/:..v;

U.S. PATENT 3508101

~Sole U.S. Distributor:

Legi Electronics Corporation
3118 West Jefferson Blvd. Los Angeles, California 90018 U.S.A.
Phone : RE 3-4508, 733 -9105

<@>

Manufacturer :

lse Electronics Corporation
P.O. Box 46. lse City Mie Pref .. Japan Phone: Mie (059627) -26

DG 10A

INFORMATION RETRIEVAL NUMBER 13
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Copiers, computer peripherals,
business machines, precision instruments-you'll find our R10 in a
multitude of applications requiring
a compact, reliable , multi-pole
relay. That's because it probably
gives you more design options than
any other single relay.
Consider these choices: Contact
arrangements up to SPOT. Ratings
from dry circuit to 1O amperes. Six
styles of contacts, including bifurcated. Sockets with solder or
printed circuit terminals including
one for mounting the relay horizontal to a printed circuit boardall with or without grounding provisions.

R1

compact,
multi-purpose relay.
You might say P&B designed it
to be many things to many people.

Mechanical life up to 100 million
operations. Electrical life ranges
from 100,000 to 100 million operations depending on load and voltage. Coils for DC operation from
3.0V to 115V can be supplied. ACoperated R10 relays to 2 Form C
are also available. R10 relays have
Underwriters' Laboratories' Component Recognition , File 42810.
The single lot price for a 4PDT, 2
amperes R10 relay is only $3.60.
Quantity discounts apply.
Order R10 relays from leading electronic parts distributors or call your
P&B representative. For a complete, 194-page relay catalog, write
Potter & Brumfield Division of AMF
Incorporated , Princeton, Indiana
47570. Telephone: (812) 385-5251.

A~F

POTTER & BRUMFIELD

P&B performance. Nothing else comes close.

1 HK

HH
1 BK

16
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Delco'sNew
2N5970 Series Transistors:
15 Ampere, Medium Voltage
Fast,Versatile, Strong.
These high energy workhorses have built an
excellent reputation for linear power amplification as
well as for high efficiency switching.
The 2N5970 series offers switching capability up
to 120V and 15 Amperes at rates of up to 50 kHz. They
provide an optimum balance of energy handling capability and speed for maximum protec:tion against failure
from circuit fault conditions. When used for amplification the 2N5970s' linear transconductance over wide
current ranges gives them superior performance.
As usual, Delco houses the high energy silicon
elements in solid copper T0-3 cases for maximum
thermal capacitance and low thermal resistance (1.17°
C / W max.) to assure e x tra reliability in the toughest
applications.
They're ideal for voltage regulators, power amplifiers and high efficiency switching circuits. The 28

volt shunt regulator shown is amply handled by the
2N5970 (VCEX of 80 Volts). In the direct coupled audio
amplifier, the 2N5972 displays its excellent frequency
response, gain linearity and transconductance.
For fast shipment of small or large quantities of
Delco's 2N5970 series, call your nearest Delco Electronics Distributor.
Application Notes 42 and 43 provide the data on
the circuits.

II

Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA

Available from these Delco distributors:
ALA., BIRMINGHAM • Forbes Distributing Co., Inc. (205)-251-4104
ARIZ., PHOENIX • Cramer/ Arizona
(602)-263-1112
Sterling Electronics
(602)-258-453 I
CAL., LOS ANGELES • Kierulff Electronics, Inc. (213)-685-5511 • Radio Products
Sales, Inc. (213)-748-1271
CAL., PALO ALTO • Kierulff Electronics,
Inc. (415)-968-6292
CAL., SAN DIEGO • Milo of California,
Inc. (714)-232-8951
COLO., COLORADO SPRINGS • Walker
Electronics (303)-636-1661
COLO., DENYER
Cramer/ Denver
(303)-758-2100 •Denver Walker Electronics
(305)-935-2406
FLA ., MlAMI • Mountain E lectronics
Subsidiary of Avnet, Inc. (305)-634-4556
FLA., WEST PALM BEACH • Mountain
Electronics, Subsidiary of Avnet, Inc.
(305)-833-570 I
ILL., ROSEMONT (Chicago) • Kierulff/
F-J-R (312)-678-8560
ILL., SKOKIE (Chicago) • Merquip Electronics (312)-282-5400
IND., INDIANAPOLIS • Graham Electronics Supply, Inc. (317)-634-8486
MD., BALTIMORE• Radio Electric Service
Co. (301)-823-0070
MASS., NEWTON •The Greene-Shaw Co. ,
Inc. (617)-969-8900
MICH., ROMULUS • Harvey/ Detroit
(313)-729-5500

MINN., MINNEAPOLIS • Stark Electronics Supply Co. (612)-332-1325
MO., KANSAS CITY• Walters Radio Supply, Joe. (816)-531-7015
MO., NO. KANSAS CITY • EC! Semiconductors, Inc. (8I6)-221-2400
MO., ST. LOUIS • Electronic Components
for Industry Co. (314)-647-5505
N.J., CLIFTON • Eastern Radio Corporation (201)-471 -6600
N.M. , ALBUQUERQUE • Cramer/ New
Mexico (505)-265-5767 • Sterling Electronics
(505)-247-2486
N.Y., BINGHAMTON • Harvey/ Federal
(607)-748-8211
N.Y., NEW YORK • Harvey/ New York
(212)-582-2590
N.Y., WOODBURY • Harvey/New York
(516)-921-8700
OHIO, ClNC!NNATl • United Radio, Jnc.
(513)-761-4030
OHIO, CLEVELAND • Pattison Supply
(216)-441-3000
OHIO, DAYTON
Kierulff/ F-J-R
(513)-278-9411
OKLA., OKLAHOMA CITY • Radio , Inc.
(405)-235-1551
OKLA. , TULSA• Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA • Almo Electronics (215)-676-6000
PENN., PITTSBURGH • RPC Electronics
(412)-782-3770
S.C., COLUMBIA • Dixie Radio Supply
Co., Inc. (803)-253-5333

TEXAS, DALLAS • Adleta Electronics
Company (214)-742-8257
TEXAS, FORT WORTH • Adleta Electronics Co. (817)-336-7446
TEXAS, HOUSTON •Harrison Equipment
Co., Inc. (713)-224-9131
UTAH, SALT LAKE CITY• Cramer/ Utah
(801)-487-3681
VA., RICHMOND • Meridian Electronics,
Inc., a Sterling Electronics Company
(703)-353-6648
WASH., SEATTLE • Kierulff Electronics,
Inc. (206)-763-1550
WASH ., TACOMA• C & G Electronics Co.
(206)-272-3 I 81
CANADA, ONT., SCARBOROUGH •
Lake Engineering Co., Ltd. (416)-751-5980
ALL OVERSEAS INQUIRIES :
General Motors Overseas Operations
Power and Industrial Products Dept.,
767 Fifth Avenue, New York, N.Y.
10022. Phone: (212)-486-3723.
Regional Headquarters. Union, New Jersey•
07083, Box 1018 Chestnut Station, (201)687-3770 • El Segundo, Calif. 90245, 354
Coral Circle, (213)-772-5181
• Chicago, Illinois* 60656,
5151 N. Harlem Avenue,
(312)-775-541 I • Kokomo,
Ind. 46901, 700 E. Firmin,
(317)-459-2175 Home Office

II

• *Office includes field lab and
resident engineer for application assistance.
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NEW HYBRID MODULES

f ODIGITAL-TO-PULSE WIDTH
SYSTEMS
~~~~

TIMING MODULE
PLUS SET/RESET MODULE
FORM 4- TO 14-BIT SYSTEMS.
VERY HIGH ACCURACY.
GUARANTEED MONOTONICITY.

Three new hybrid modules (UHM-100 4-bit timer, UHM-102 2-bit timer, UHM-101 set/ reset)
form D/ A systems of 4, 6, 8, 10, 12, and 14 bits.
These systems convert a binary input into a
pulse whose ratio of on time to period is proportioned to the input word. This pulse can
then be averaged out to a d-c level.
Extremely versatile, these systems can be
used in servo mechanisms, D/ A testers, plotters,
and other low to med ium speed, high accuracy
applications.

For the name of your nearest stocking distributor, call or write to
Bill Campbell or Bill O'Connor, Functional Electronic Circuits Operations, Sprague Electric Co., 115 Northeast Cutoff, Worcester, Mass.
01606. Telephone 617-853-5000, Ext. 314, 270, or 313 .
For Engineering Bulletins 29,040 and 29,041, write to Technical
Literature Service, Sprague Electric Co., 347 Marshall Street, North
Adams, Massachusetts 0 12 47.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

4SH·ll 00R l

SPRnGUE
THE MARK OF RELIABILITY
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Commerce Dept. predicts
happy days through '80
The U. S. Dept. of Commerce
says the electronics industry's economic decline has just about halted
and business should pick up
through 1980. In an optimistic
forecast, "U. S. Industrial Outlook,
1971," the department sees shipments for 1971 totaling $23.9-billion, up 6% over 1970. By 1975,
it says, this figure should hit $31.2billion, and by 1980, $44.3-billion.
This would mean a growth rate for
the 10-year period of 7 % .
Projected increases in specific
categories include the following:
• Consumer shipments will rise
6 % in 1971 to slightly more than
$3 .5-billion. A total of $145-million of these shipments will be to
foreign customers, partly compensating for the decrease posted in
1970, when exports dropped 7 %
below the 1969 total of $140million.
• Approximately 5.2 million
color television receivers will be

shipped in 1971, compared with
nearly 4.8 million in 1970.
• Telephone and telegraph
equipment will bring in $4.32-billion in 1971, an increase of 8%
over the $4.06-billion estimated for
1970. This expansion will continue
at a rate of 8 % a year to reach
$6.4-billion in 1975. By the end of
the decade, shi1pments will amount
to $10.4-billion.
• Electronic component shipments will rise 3% in 1971 to
$6.28-billion. By 1975 component
shipments may reach $7.1-billion,
and by 1980, $8.1-billion.
• Electronic exports will hit
$1.6-billion, with imports at $590million, by 1980, making a favorable trade balance of over $1-billion.
The report is on sale at $5 a
copy from the Superintendent of
Documents, U. S. Government
Printing Office, Washington, D. C.
20402.

LSI replaces gears
in process instrument
Described as the first use of LSI
in an industrial process instrument, a single MOS LSI chip performs the timing and provides the
programming logic in a new line
of servoed, self-balancing potentiometers, or recorders.
Developed by Honeywell's Industrial Div., Fort Washington, Pa.,
the chip replaces a mechanical timing mechanism that contains gears,
levers, cams and pulleys, according
to Thomas R. Sergeant, division
marketing manager.
"The mechanical device required
a lot of maintenance," says Sergeant.
"It had a mean time between
failure (MTBF) of between 5000
and 10,000 hours. The chip has a
predicted MTBF of 150,000
hours."
ELECTRONIC DESIGN
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LSI package held by Honeywell engi-

neer replaces the mechanical assembly shown on top of the process re·
corder case.
The chip is packaged in a ceramic 40-pin, dual-in-line package
designed by Honeywell's Industrial

Div. in connection with other divisions. It contains the equivalent of
more than 600 discrete components
and performs all the functions
necessary to time, advance and
trigger operations of the printing
solenoids of the multipoint recorders. The device also provides the
impulse for stepping the selector
switch and assures synchronization of the print head. Five recording formats are selected by a
rotary switch that is used along
with the chip.
Another unique feature of the
multipoint recorders is a fiber optic
light pipe that tr.ansmits and digitally displays the point identification of the operating channel. This
number, illuminated, appears at
the upper left front of the reco-rder
door.

System lets doctors see
human heart in action
A doctor can now watch a threedimensional movie of a patient's
heartbeat. He can, in a sense,
"walk around the heart," viewing it
from any angle he likes. He can
examine dead spots or scar tissue
m the heart ·wall, aneurysms
(bubble-like projections of the
heart muscle ) , and any other malfunctions. If he likes, he can stop
the display at any point of heart
expansion or contraction and play
the picture back.
An electronic system manages
to accomplish all this by combining
the capabilities of X-ray movies
and a computer that is sto·r ed with
the results of extensive research
in heart configurations and dimensions. The system has been developed and is being refined by
scientists and doctors from the
National Aeronautics and Space
Administration's Ames Research
Center, Mountain View, Calif., and
the Cardiology Div. of Stanford
University Medical Center, Palo
Alto, Calif.
To prepare a movie, X-ray contrast dye is injected into the particular heart chamber of the patient that the doctor wants to examine. Two two-dimensional X-ray
movies are then taken at right
angles to each other at 60 frames
per second.
The entire sequence of movie
frames, each containing the heart
19

chamber outline, is traced on a
computer input screen and retained
in the ·C omputer memory. The computer program then mathematically
constructs a three-dimensional
image that is also stored in the
computer memory for analys is and
display. The result is seen in lines
of light on a computer display
screen, similar to a television
screen.
The system's animated display is
exact enough to show dead sections
of the heart wall about the size of
a nickel (two centimeters), details
of large malfunctions and holes between heart chambers.
Since the animated displays are
a form of computer readout, they
can be transmitted to doctors at
distant points by telephone line and
recreated on a computer display
screen.

Costs are coming down
for low-voltage CMOS
Would you believe an electronic
wristwatch accurate to within five
seconds a year for only $30? It's a
possibility, some manufacturers
are saying, because custom LSI
circuits using CMOS technology
and operating off power supplies of
1.2 to 1.4 V can now be built as
cheaply as CMOS designed for 3 V
and higher.
Although 1.3-V CMOS has been
available in the past from several
sources, it has been more costly to
manufacture than the higher voltage types (see "With the Price
Right, CMOS Is Headed for New
'Applications," ED 8, April 15,
1971, p. 32). This is because of
difficulty in setting n and p-channel threshold levels with great
precision.
Developments at the Hughes
Aircraft Co. Semiconductor Div. in
Newport Beach, Calif., and Intersi l, Inc., in Cupertino, Calif., are
leading the way to such products
as highly accurate electronic wristwatches that, according to one
Intersil spokesman, will sell for
about $30 in about five years.
Hughes has achieved low-cost
CMOS at a minimum supply voltage of 1.2 V, with aluminum gates,
through the use of ion-implantation technology. According to Carroll Perkins, assistant marketing
manager at Hughes : "With our
20

technology, we can set the n and
p-channel thresholds at 0.6 V with
great precision. This is the ideal
case for 1.2-V operation."
Perkins notes further: "If we
went to self-aligned gates and ionimplanted junctions, rather than
aluminum gates and diffused junctions, we could increase our circuit
density by from three to four
times and our speed performance
by a factor of five ."
When very low supply voltages
were desired in the past, back bias
was frequently introduced to set
the n-channel threshold at the
proper level.
Intersil says it has solved this
problem. David Bingham, manager
of low power devices, points out
that the company has developed a
technique of doping that allows extremely precise setting of the
threshold levels. However, with the
Intersil method, aluminum gate
technology can be used down to
only 1.3 V. To achieve 1.2 V, silicon-gate technology becomes necessary.
Small mercury batteries of the
type designed for wristwatches
put out 1.2 V. Circuits requiring
1.3 to 1.4 V call for silver-oxide
batteries. There is considerable
disagreement in the industry as to
whether mercury or silver-oxide
batteries are better in small battery-driven applications.

A great tape developed;
All it needs is a machine
What comes first, the tape or the
recorder? According to Graham
Magnetics, Inc., of Graham, Tex.,
the answer is the tape. The 3M Co.
in St. Paul, Minn., on the other
hand, feels that the machine takes
precedence.
Graham has just announced development of a new high-energy
magnetic material that, it claims,
allows an increase of at least 400 %
in the recording densities of magnetic recording tapes. Called Cobaloy, the material differs from conventional tape coatings in that it is
a metal alloy-not an oxide.
Cobaloy has a coercive fo1'Ce of
1000 oersteds and a saturation
magnetization of 980 EMU/cc.
This compares with 300 oersteds
and 389 EMU/ cc for gamma iron
oxide--the most common tape coat-

ing m use today.
But the trouble with Cobaloy
tapes is that very few machines today can use them effectively. The
tapes provide longer playing time
and improved S/ N ratio only when
used with new or modified machines that have the tape speed,
bias level and head design that are
optimum for the new material.
Graham believes that developing
the new tape was the best way to
get the new machines built.
At 3M a different philosophy
prevails. 3M's new cobalt-doped
iron oxide tapes (see "New Oxide
Boosts Tape Output and Clarity,"
ED 8, April 15, 1971, p. 35) were
developed especially for compatibility with existing machines. They
have a coercive force of about 500
oersteds and a saturation magnetization of about 350 EMU/cc. According to a 3M spokesman, Clark
Duffey, the company's new tapes
can be supplied with any coercive
force up to 1000 oersteds. The
company hasn't made a big issue
of its ability to produce 1000oersted tape, he says, simply because there seems to be no demand
for it.

Chrome photomasks
in mass production
Chrome photomasks are now being mass-produced for the integrated-circuit industry. Formerly
they were made only for custom
high-cost, high-reliability jobs. In
mass production, most companies
have used emulsion photomasks.
Bell & Howell Co., Pasadena,
Calif., is making the chrome photomasks in quantity, and it credits
"improved chemical processing"
and automated techniques, for its
success.
Robert D. Burr, product manager in the Electronic Materials Div.
of Bell & Howell, says: "Whereas
an emulsion mask might be typically used for 10 exposures, a
chrome mask will last about 150
exposures. In addition the typical
defect level in emulsion masks is
10 to 15 %, but in chrome masks
it is below 5 % ."
Typical defects in masks include
pinholes, scratches and opaque
spots. A lower defect level means
higher yields and therefore lower
costs.
INFORM ATI ON RETRIEV A L N UMBER 17 •

Dialight announces DITODE-LITE'M
the industry's broadest line of LED
light sources, indicator lights and readouts.
Here is every component or package you might need to capitalize on the long life and reliability of LEDs: DIODE-LITE light sources
. . . indicator lights utilizing DIODE-LITES in cartridges and complete assemblies .. . illuminated pushbutton switches ... readout
modules in .12 5" , .205" and .600" character heights ... these
modules incorporated in readout packages complete with decoder/ drivers ... and finally , display assemblies of 2 to 10 read -

out packages mounted in a bezel frame with window. All are
attractively priced. All are available off-the-shelf from Dialight or
through selected distributors .
No one else offers you one-stop shopping in LED visual display .
And no one has more experience in the visual display field. That's
important too. Write today for our Data File on DIODE-LITES and
compare it with anybody else's .

/1/Aj_j/ii/J-/j7f
DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY • 60 STEWART AVENUE, BROOKLYN , N . Y. 11237

•

(212) 497-7600

If our 12MHz AM/FM/SSB
IF strip with detection,
limiting and AGC
doesn't turn you on,
maybe our wideband
video amp will.
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A fresh e.ntr~ in a growing line of uncluttered monolithic
commumcat10ns subsystems.
•And still another you-can-get-it-here only.
One device meets the diverse high performance
requirements of mobile narrow-band FM, aircraft-band AM,
and military SSB systems, with mode determined by
connection of a few external components. Single conversion,
using crystal or ceramic filters in the 9-12 MHzIF range,
greatly simplifies conventional double-conversion
VHF or UHF receivers.
The price is $2.50 for the LM373 in lK lots. Somewhat
less for more.
For data sheet and application details, write or
call National Semiconductor, 2900 Semiconductor
Drive, Santa Clara, California 95051. Phone (408) 732-5000
TWX: (910) 339-9240. Cable: NATSEMICON.

National
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OUR ANGLE:
Modular D/S
andS/D
Converters

Do Low Cost
Repairable
Circuit Cards
Make Sense
from Your Angle?
North Atlantic 's new 701 D/S and 711 S/D Converters offer unmatched advantages for the digital/
analog interface at low-low cost ... typically $1000.
Open-card construction is easily and economically
maintained. Adaptable to systems needs, interchangeable converter cards are compatible with your automatic test, simulation or digital control systems.
Compared to 19" panel designs, these units provide a
choice of accuracy, frequency, resolution , and systems
customization without the extra bulk and expense of unnecessary power supplies and other panel controls. They are
ideal for multi-channel applications where a converter is assigned to a specific function.
These new converters are available to meet a wide range of systems needs. The 701 D/S has selectable accuracies of 9or12 bits
with resolution of 8 through 14 bits, transformer output isolation
and short circuit protection, operation at 60 Hz or 400 Hz with 1VA or
10VA output. The 711 S/D has 0.05 ° accuracy, 13 bit resolution with
input transformer isolation, and continuously tracks 400 Hz synchro
data to 1000° /second.
Don 't these converters make sense from any angle? Talk it over with
your North Atlantic sales engineering representative today.

NORTH A T L A N T I C

industries, inc.
200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable noatlantic / twx: 510 -2 21-1879 / phone: (516) 681-8600
INFORMATION RETRIEVAL NUMBER 19
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Digital design gets a star role
in solving television problems
Digital technology-from multiplexing to minicomputers-emerged at the recent National Association of Broadcaster s Convention in
Chicago as a prime cure for a
gamut of problems in the television
industry. Significant problems are
found in remote sports pickups,
automatic control of station operat ions and video tape editing.
For remote TV sports pickups,
networks use field color cameras
and standard cables that have 82
conductors and weigh one pound
per foot. Golf matches use two or
three mobile vans with as many
as 16 cameras, each camera with
up to 2000 feet of cable. The cable,
because of its bulk and weight,
needs a separate truck for transportation. For easier handling the
cable is made up in 200-foot sections.
Last year LaVerne Pointer, director of broadcast engineering for
Jim McDermott
East Coast Editor

the American Broadcasting Co.,
told E LEC TRON I C DESIGN (see
"Electron ics Scores in Sports," ED
11, May 24, 1970, p. 41):
"A much smaller and lighter
cable, possibly wit h the use of a
multiplexing scheme or some other
reliable method of camera-to-van
transmission, is needed."

New design answers need
One answer to Pointer's comment was displayed at the broadcasters' convention: a digitally
controlled camera that uses mult iplexing techniques to transfer information between the remote
camera and the van (or other)
camera control centers. Mu ltiple
channels of data are multiplexed
onto a three-eighth-inch triaxial
cable (it has a center cond uctor
and two concentric, individually insulated shields. ) The new cable
weighs less t han l / l Oth what t he
cable with 82 conductors does and
at 75 cents a foot, it costs about

l / 25th as much.
Under development for t he past
t hree and a half years by t he
P hili ps B roadcast Equipment
Corp., Montvale, N. J. , a division
of North American Philips, the
Norelco PC-llOA camera is the
first fu lly digital camera to be
marketed in t he U. S. John S.
Auld, president of P hilips Broadcast Equipment, noted that whereas 5000 feet of standard 82-conductor cable weighs over 4000 pounds,
the same length of triaxial cable is
only 333 pounds.
In commenting on this new development, ABC's Pointer told
ELECTRONIC DESIGN that one cost
advantage to the networks would
be in cable repair. Triaxial cable
connectors can be changed in a
few minutes, he noted, w hile it r equires one man-day to replace the
82-connector cable. Another big
saving with the smaller, lighter
cable will come in manpower and
transportation costs. One t housand
feet of triaxial cable can be reeled

CAMERA CONTROL
ELECTRONICS
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ELECTRONICS
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1. Transfer of information between a remote color-TV
camera and a field or studio control station is effected
by th is mult iplex system , by Philips. The syst em uses
ELECTRONIC D ESIGN
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lightweight , t riaxia l cab le t o carry so me 60 cont rol f u ncti ons and other video and audio signa ls, as well as
camera monitoring information.
25

on a three-foot cable drum.
For the camera system itself,
three basic channels of data are
multiplexed between the center in
the van and camera-head electronics (Fig. 1). These channels are:
·• A command channel to transmit operating, registration and setup signals from the control center
to the camera.
• A video channel to send encoded video from the camera to the
control center.
• A monitor channel to send
monitor signals in the video processing chain to the control center.
The command-channel control
system consists of an analog-todigital converter at the camera
control site plus digital-to-analog
converters in the camera electronics. The control data is transmitted
in eight-bit digital form, and each
function is sampled four times for
each camera field, or 240 times a
second.
For the video channel, the video
electronics produces an encoded
s ignal that modulates a 27-MHz
subcarrier. For horizontal sweep
timing, a pulse is inserted in the
video blanking interval. This horizontal timing pulse is extracted at
the camera control station and
compared with the studio horizontal sync signal.
For monitoring purposes, camera

video signals are picked off at
cdtical points in the camera chain
by a video switcher that is controlled through the data control
link. During the blanking interval,
intercom signals are applied to a
pulse-width modulator, whose output is added to the monitor video.
Vhf stations go remote

The recent announcement by the
Federal Communications Commission permitting remote control of
the nation's 503 commercial and
200 noncommercial vhf TV stations, starting April 30, stirred
interest at the broadcasters' convention in computer-controlled
automation systems. They could be
adapted for partial or fully automatic station operation.
The Chrono-Log Corp. of Broomwall, Pa., demonstrated an allsolid-state digirtal system designed
to automate the most critical and
potentially profitable on-the-air
period-the station break. During
this brief time, a station's technical director performs many switching functions rapidly and, hopefully, precisely. At a commercial
station, S·w itching errors result in
advertising revenue losses besides
disrupting broadcasts.
Arthur Freilich, Chrono-Log's
president, explained that one prob-

A large number of switching operations must be performed with split-second
timing during TV station-breaks. To avoid mistakes, this Chrono-Log Corp.
system uses programmed peg boards to control switching.
26

!em a station operator had with
some systems of this nature was
learning a specialized program.
To avoid this, the Chrono-Log
system was designed so that the
five to seven technical operations
that normally occur during a station break are programmed visually. This is done by insertion of
pins through a paper template on
a pinboard that can handle up to
16 station operations. For example,
during a station break the programmed pinboard of the ChronoLog system controls:
• The starting and stopping of
film projects and video tape machines.
• Video audio switching.
·• Sequences of film slides.
• Fades, wipes, superimpositions
or lap-dissolve video transitions.
• Return of the video and audio
to the network or other program
source at the end of the break.
Station automation appears

Control of all studio operations
with 80-column IBM data cards
was demonstrated by the General
Electric Visual Communication
Products Dept., Syracuse, N. Y.
The GE BAC-100 system, as it is
called, uses GE's P AC-30 minicomputer, with a capacity of 60-K
characters of core memory. Only
16-K characters were used for the
demonstration setup at the broadcasters' show.
G. F. Eustis, GE project engineer, explained that the system
had a closed-loop subsystem that
made corrections, enabling it to put
the right program input on the air
even before the station operator
cou ld sense an error. The automation system can also correct a fade
or a wipe that is in error.
A Digital Equipment Corp.
PDP-18 computer, with an 8-K
memory, was featured at the show
by the Grass Valley Group, Inc., of
Grass Valley, Oalif., as the basis
for a building-block approach to
full station automation. Dr. Donal
Hare, president of Grass Valley,
indicated that while the basic
equipment was designed to provide error-free station breaks and
automatic teleprinter Jogging of
programs to fulfill the FCC requirements, it could be expanded to
provide for data used by the station's other departments.
ELECTRONIC DESIGN

9, April 29, 1971

GaAsLITE Update
FEATURING THE AVAILABLE LEDs

1/10th of an inch and shining.
That's our mighty MV50. The available LED
from Monsanto.
750 ft-Lat only 20 mA and 1.6 V .
Great, for a little light that will last 106 hours.
Bright, small and available NOW, off-the-shelf,
in almost any quantity you need.

CALL YOUR DISTRIBUTOR TODAY
FOR 'OFF-THE-SHELF' DELIVERY

Cutaway
Actual Size

Panel indication is a SNAPwith the MV5020 Series
This series of four panel lights will fit right in to your
1/16 or 1/8 inch panel. They are available in four lens
types and are supplied with a dual purpose snap-in clip
for easy mounting. The MV5020 offers 750 ft-L (typ.)
brightness. Plenty of light for most ambient conditions.

.10" Center to Center
Actual Size

AVAILABLE FROM ANY MONSANTO
DISTRIBUTOR

The four-in-one MV5040
Four times the indicating ability for your diagnostic or
panel light needs. The MV5040 is actually 4 LED's in
one easy-to-handle, easy-to-mount package.
It is ideal for array mounting with . 10 inches
center-to-center when stacked end-to-end.
Brightness is a high 1,000 ft-L (typ .) and it features the
same long life, small size and ruggedness you have
grown to expect from Monsanto GaAsLite products.

IN STOCK NOW AT YOUR MONSANTO
DISTRIBUTOR

MONSANTO DISTRIBUTORS ... . ... .
the on the shelf source for GaAsLITE products from
Monsanto. Call today to order or discuss product
applications.

Elmar Electronics (415) 961-3611
Kierulff Electronics (415) 968-6292
K-T/WESCO (213) 685-9525
Liberty Electronics (213) 776-6252
Schweber Electronics (516) 334-7474
Semiconductor Specialists (312) 279-1000
Western Radio (714) 239-0361
Kierulff Electronics (714) 278-2112

Plug an LED in your socket.
The Monsanto MV9000 series cartridge lamps will fit
your indicator needs - from 4 to 30 volts. These long
lasting LED's are mounted in a standard black aluminum case and are offered with red, green or amber
clear plastic lenses.
The NEVER-REPLACE-REPLACEMENT features
a projected life of 10 6 hours and requires only 10 to
50 milliamps to operate.

READY FOR YOUR SOCKET
AT ANY MONSANTO DISTRIBUTOR

Monsanto
For addi tio nal techni ca l in fo rm ation w rite
Mo nsanto El ectroni c Speci al Produ cts
10131 Bubb Road, Cu pertino, Ca lifo rni a 95014
(408) 257-2140
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The latest advance in electronic editing of video tape is represented in these
new time-code editing systems, from RCA. Each editing panel, the one on the
left shown being operated, controls one tape machine.
'

Use of a light pen places edited
scenes on a disc pack for storage in
this CMX Systems tape editor.

Editing of magnetic tape video
recordings-taking separate segments of action from one or more
tapes and combining them into one
master tape with smooth video and
audio continuity-has been a difficu~t. time-consuming and costly
procedure. It used to require at
least two, and sometimes more,
$100,000 "quadruplex" video tape
recorders. In early editing setups,
the editor ran the tape to be edited
back and fovth, studying the action in normal, fast or slow speeds,
or even in still frames. But without some automatic means of
identifying and stopping at precise
points in the tape, smooth insertion of the edited portions onto the
master tape was difficult.
An obvious solution for identifying the precise point desired on
the tape was to record a BCD
serial time code on the cue tracks
of all tapes. But among the several
manufacturers who did this work
-Electronic Engineering Co. of
California, Ampex, RCA, Datatron,
and Central Dynamics, Ltd., of
Canada-each had its own incompatible time code.

ning for Central Dynamics, says
that the system can interface with
many types of equipment, including both expensive quadruplex and
less costly helical video recorders,
as well as audio recorders and live
studio equipment.
Whereas the RCA and Central
Dynamics equipment works directly with tapes, CBS and Memorex,
through their CMX Systems venture in Sunnyvale, Calif., announced a new editing system that
stores discrete video frames on
computer disc packs. Although not
displayed at the broadcasters'
show, Kenneth I. Taylor, technical
director of CMX Systems, said
that the equipment separates the
editor's decision and assembly
process, in that he can select and
store the material he wants on disc
packs, and can also pick and store
the eventual tape location identifications.
The system, controlled by a
PDP-11 minicomputer, does not
play back the disc-recorded material directly; instead it uses the
disc storage to control the actual
tape-to-tape editing. Operator control of the Memorex System is also
through an interactive CRT display that uses a light pen.
Each disc pack stack is capable
of storing up to five minutes of
video data, and provisions are
made in the system for using up
to 12 packs for one hour of storage. ••

Standard time-code adopted
Tn avnid TV industry chans,
manufacturers and TV industry
representatives met under the
guidance for the Society of Motion
Picture and Television Engineers,
and last June an SMPTE standard
28

80-bit BCD time code was adopted.
New computer-controlled equipment designed around the SMPTE
time code was demonstrated or announced at the broadcasters' show.
A time-code editing system, designed for RCA by the Electronic
Engineering Co. of California,
Santa Ana, uses a panel-operated
Unit Programmer for master control of the editing functions. Designed for use with a single, twinreel tape machine (see photo), the
system computer stores up to four
26-bit words in a semiconductor
memory.
According to Ronald E. Taylor,
electronic engineer at Electronic
Engineering, the system records
the time of day down to a single
frame. Using this data, the operator can command the system to
search for a scene and stop. Control is through switches on the
Unit Programmer panel.
Another new editing system
using the SMPTE code and
capable of controlling several tape
machines was demonstrated by
Central Dynamics, Ltd., Pointe
Claire, Montreal, Quebec. The system, placed in a master control
console, uses a Data General Nova
1200 minicomputer.
The computer is teamed with a
dynamic, interactive CRT display
that uses a light pen to select all
operating functions and to initiate
control sequences . Kenneth P.
Davies, manager of product plan-
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OVER 1500 RANGES, SIZES AND TYPES IN STOCK AT ELECTRONIC DISTRIBUTORS NATIONWIDE
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DC MILLIAMPERES
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WIDE-VUE

DESIGNER SERIES

NEW CENTURY SERIES

BOLD-VUE

RECTANGULAR

1 %", 2%", 3%", 4%", 8"

3%",4%"

1~2~3~4%"

2~3%"

2%", 3%"
round style available

"

RUGGED SEAL
3%", 4%", 4" x 6"

STANDARD
EDGEWISE
1%", 2%"

STACKABLE
EDGEWISE

NEW 3%" STACKABLE
EDGEWISE METER

RECTANGULAR
4%"

1%", 2%"

"

'
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I5 8 5
DIGITAL
Model 2800

PYROMETERS

METER RELAYS

4%"

3%", 4%", 4" x 6"

• THE ABOVE PANEL METERS ARE AVAILABLE IN
AC/DC VOLTMETERS, AMMETERS, MILLIAMMETERS,
MICROAMMETERS . . . DC MILLIVOLTMETERS
AND GALVANOMETERS . . . RF AMMETERS AND
MILLIAMMETERS.
• METER RELAYS AVAILABLE IN DC MICROAMPERES,
MILLIAMPERES AND MILLIVOLTS . . . AC AMPERES

NEW 3%" EDGEWISE
CONTROLLER
Many features.
Request Bulletin C1206

• MATCHING WATTMETERS, RADIO FREQUENCY,
SEGMENTAL, VU AND DB, RECTIFIER AND ELAPSED
TIME METERS ALSO AVAILABLE.
• SIMPSON CAN MAKE CUSTOM PANEL METERS AND
METER RELAYS TO YOUR SPECIFICATIONS. ANY
PRACTICAL RANGE CAN BE SUPPLIED. SEND US
YOUR REQUIREMENTS.

GET "OFF THE-SHELF" DELIVERY FROM YOUR LOCAL ELECTRONIC DISTRIBUTOR. WRITE FOR NEW CATALOG JOOOA.

SIMPSON ELECTRIC COMPANY
5200 W. Kinzie St., Chicago, Ill. 60644 • (312) 379-1121 • Cable: SIMELCO
IN CANADA: Bach - Simpson Ltd , London, Ontario
IN INDIA :
Ruttonsha - Simpson Private Ltd, International House,
Bombay-Agra Road, Vikhroli, Bombay

® DIVISION

A great TV show is lined up
for that car trip on the moon
oisplayed in dials on the rover's
dashboard. The dials will show
heading and distance to the lunar
module at all times, as well as the
rover's velocity.
The TV camera and the briefcase-sized communications set will
be controlled by the Manned Spacecraft Center in Houston, Tex.
Controllers there will turn the
camera on and off, pan it around,
raise and lower it, zoom in or out
and even adjust the light control.
Before returning to the luna.r
module, the astronauts will station
the rover some 300 feet from the
lunar module and direct the antenna toward the earth. Houston
will then take over and control the
camera for televising the lift-off.
The camera has been built with
RCA's silicon intensifier tube,
which can transmit color pictures
under levels of lunar light from
dawn to high noon. It is also im-

The Apollo 15 astronauts, scheduled to lift off for the moon on
July 26, will probably put on the
best show for television viewers on
earth of any lunar mission thus far,
A four-wheeled lunar rover will
enable both astronauts to explore
the moon in style, covering 28
square miles-more than twice the
area they could cover on foot-and
it will permit them to carry a lot
of equipment they couldn't carry
on foot, including a color television
camera. The camera will televise
directly to earth the short walks
they take out from the rover to
explore and pick up rocks, and it
will record their lift-off from the
lunar module to rejoin -the -command module for the trip back to
earth-an event not witnessed by
television audiences before.
The TV camera will operate only
when the rover is stationary and
the antenna directed toward the
earth.
Besides the TV camera, the
rover will be equipped with a twoway voice and telemetry radio that
will operate while the vehicle is
moving; other cameras; a lunar
drill to measure the temperature
10 feet below the surface; magnetometers and an automatic deadreckoning navigation unit.
Powered by two 36-V silver zinc,
nonrechargeable batteries, the
rover will be able to make many
sorties, up to a cumulative distance
of 40 miles. No sortie will extend
more than three miles from the
lunar module, in case something
should go wrong with the vehicle
and the astronauts are forced to
walk back.
The rover is about 10 feet 2
inches long, slightly more than 6
feet wide and 45 inches high. It
has a 7.5-foot wheelbase. It weighs

'480 pounds and can carry 1000
pounds (each astronaut with his
life-support equipment weighs 400
pounds, and the scientific experiments, tools and lunar rocks will
weigh 200 pounds). The vehicle's
top speed is about eight miles an
hour on a smooth surfac~.
The dead-reckoning navigator
consists of a directional gyroscope,
which will be set up by alignment
with the sun just prior to the start
of an excursion, and odometers on
each wheel that will transmit nine
magnetic pulses during every revolution, to measure the distance
traveled. There is also a signal
processing unit-essentially a
small solid-state computer for
working navigation and trigonometry problems.
With the direction and distance
traveled fed into the computer, all
the navigational information the
astronauts need to know will be

John F. Mason
Military-Aerospace Editor

Color TV and audio signals will be transmitted directly to earth from the
lunar rover. The vehicle was built by the Boeing Co.'s Aerospace Group.
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mune to damage from bright light,
even when pointed at the sun.
The lunar communications relay
unit will transmit telemetry and
voice signals, as well as the color
TV, directly from the moon to
earth. It will also receive transmissions from earth. The unit
measures 5 by 13 by 21 inches and
weighs 50 pounds-or nine pounds
pn the moon.
The unit has two antennas-a
38-inch-diameter, umbrella-like device that can be opened and folded
for transmitting TV, and a smaller
T-shaped antenna for voice and
data exchanges.
The TV camera will be connected to the communications relay
unit by cable. The astronauts' voice

and telemetry-including their
heartbeat rates and data on critical spaces u it systems-will be
transmitted to the vehicle unit
from their backpack radios.
The backpack radio will transmit to the vehicle unit via vhf
( 259.7 MHz). The vehicle unit then
will convert the astronauts' vhf
signals to uhf, combine them with
the TV signals from the camera,
and transmit the voice, telemetry
and TV to earth-based receiving
units on an S-band carrier of
2272.5 MHz. The signals will then
be relayed from the receiving sites,
via radio links, telephone lines and
satellites, to Houston. There the
TV signals will be converted to
commercial standards and released

to the networks for broadcast.
Transmissions from the earth to
the vehicle unit on the moon will
be at 2101.8 1Hz, and from the vehicle to the astronauts at 296.8
MHz.
Design and development of the
vehicle has been under the direction of the NASA's-Marshall Space
Flight Center, Huntsville, Ala . The
Boeing Co.'s Aerospace Group at
its Kent Space Center, near Seattle, built three rovers for an esti mated contract cost of $37.8-million. General Motors' Delco Electronics Div. Laboratories at Santa
Barbara, Calif., acted as prime
subcontractor. The commun ications
and television systems were built
by RCA. ••

Rf measuring unit offered by NBS
Do you dream, as some engineers do, of owning your own electronics business? Here's a possibility:
The National Bureau of Standards is offering the complete design package for an rf powermeasurement system that it says
is seven times more accurate than
any commercially available unit.
The complete package is available for less than $150 from the
bureau's Electromagnetics .Oiv,,
Bou lder, Colo.
NBS will grant a royalty-free
license to produce and sell the unit,

An rt measurement unit from NBS

on which patents are pending. The
bureau estimates that the system
could be manufactured for less
than $2000 per unit.
Weighing 12.5 pounds, it consists of a self-balancing bolometer
bridge and a reference voltage
generator.
Its accuracy, when used to make
a substituted de power measurement with a 200-n thermistor, is
± 0.0169 % at an rf power level of
10 mW. Designated the NBS Type
II Power l\Ieasurement System, the
unit produces less than 0.05 µ,W of
noise. ••

Computer aids electron microscope
A scanning electron microscope
coupled to a computer is able to
move its scanning beam over discrete points of a specimen. Usually
the specimen is moved by a motor
under the beam. The new technique
allows analysis of more defined
areas, with fin er resolution. The
microscope magnifies an object
more than 50,000 times.
Signatures of discrete points
in the specimen are stored in the
memory of an IBM System / 360
Model 44 computer and can be reca lled by the operator for further
stud y.
The system was produced by
IBM's System Development Div.
Laboratory, Poughkeepsie, N. Y. • •
ELECTRONIC D ESIGN
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No matter what you're using, you can't afford not
to use this new Burndy machine for installing
terminals and splices on wire sizes 22 to 10. Designed
to take all types-vinyl-insulated, nylon-insulated
and bare-the TFM does all the work of several
competitive machines. And beats all others on the
basis of installed cost, ease of use and maintenance.
No die changing. Multi-position die turrets adapt
the crimp to all types, all sizes. Just a twist of the

Two-position reel
holder allows
optimum use of

bench space.

To operate, just
insert the wire
and press the
toot pedal.

Rear tilt stand

is adjustable from
60° to horizontal.
Suitcase type
handle makes it
easy to carry
the lightweight
TFM to any area.

Vinyl-insulated, nyloninsulated and uninsulated
term inals and splices
from wire size 22 to 10
are all installed quickly
and easily with the TFM.

I

wrist rotates the control. In 30 seconds flat, an
operator can change reels, terminals and dies.
The TFM offers other important advantages: It's
fast. 1500 to 2000 crimps per hour. It's quiet. Powered
by air as well as electricity, it cuts the noise by 80 %
compared with all-electric machines. It's safe. The
small opening accepts only wire. A non-glare cover
reduces eye fatigue. And because it is lightweight, it
can be carried like a suitcase to any bench.

A two-position reel holder adapts to available bench
space, and Burndy terminals and splices, mounted
on low-cost Mylar, come wound on lightweight,
easy-to-handle cardboard reels.
The TFM, available on lease, saves space,
inventory and money on all the tooling it replaces.

.O BURNDV
Norwalk . Connec ticut 06856
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technology
abroad
A custom microcircuit that carries out most of the logic functions for a five-digit panel meter
has been completed by Integrated
Photomatrix of Dorchester, Dorset, England. The MOS circuitproduced for two meter manufacturers, Evershed and Vignolles of
Chiswick, London-is 137 x 117
mils. Containing over 1000 MOS
transistors, the microcircuit replaces some 20 TTL MSI packages. Five decade counters, four
binary counter stages, 20-shiftregister stages, 12 set-reset bistable flip-flops and about 70
gates of various complexity are
integrated on the chip. The entire
logic package, including Nixie
drivers, is now being marketed as
a kit in Britain. The chip provides automatic over-range and
under-range indication, as well as
display-tube anode multiplexing.
A with drawal from t h e avion ics
man ufacturing field, "due to the
contraction of the market open to
British makers and the high cost
of maintaining high technology in
this field," has been announced by
Standard Telephones and Cables
of England. Its products have included aviation communications
e q u i pm en t, airborne navaids,
radio altimeters, intercom systems, ILS, precision-approach
radar, ADF and VOR. The company now will concentrate on its
main line of telecommunications
and components manufacturing.

A DIVISION Of P. R. MALLORY & CO., INC.
GINIRAL OFFICE: 4242 W. lryn Mawr Ave., Chlca10 46, Ill.
Two RMC Plants Devoted huluslvely to Ceramic Capacitors

FACTORIES AT CHICAGO, ILL. A N D ATT I CA, I N D.

Soon to be introduced by ITT
Semiconductors is an ultra-small
I ight-emitting dot-matrix display,
developed at STL Laboratories,
Harlow, Essex, England. The display, comprised of a single monolithic chip of gallium arsenide
phosphide, has a 5 x 7 array of
light-emitting junctions diffused
into its surface. Each of the dots
can be X and Y addressed to pro-
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duce characters that are a maximum of 4 mm high. Although this
is much smaller than comparable
Monsanto, Texas Instruments or
Motorola displays, the new display is aimed at a different market: the labeling of computer key
controls. The function and the
label of any computer key can
then be changed to suit its position, which frequently varies in
the computer program. The compact display package has a threedimension connection matrix that
brings the connections from the
chip out to the back of the package.

TiUhl
soots?
TiUhl
Buduets?

A novel, 32-bit static shift register with a length that can be
changed by electrical addressing
was displayed by Sescosem, the
French semiconductor subsidiary
of Thomson-CSF, at the Paris
Components Show. This register is
considered ideal for use as a delay line of variable length, operated in conjunction with standard
shift registers.
A seven-inch color electronic attitude-director/indicator will be
demonstrated by '!'homson-CSF,
Paris, at the International Air
Show in Paris, May 27 to June 6.
The demonstrator will display
green and yellow runway diagrams, but it's expected that red
will be added to the system by
mid-summer. A display tube with
two different phosphors produces
the red and green primary colors,
while amber is obtained from a
combination of the two. Simulation test trials are scheduled to
begin in September in the Concorde SST simulators at Toulouse,
France.
An integrated circuit to replace
electromechanical relays in telev1s1on crossbar-switch distribution systems has been developed
by Siemens of Munich , Germany,
to meet an in-house requirement.
The IC, particularly suitable for
switching tasks, consists essentially of two emitter followers.
The signal path between the two
is connected or blocked by diodes.
The emitter followers ensure
high-input impedance and lowoutput impedance. In addition
they provide high decoupling attenuation and low transmission
loss, together with good linearity.

HERE'S A NEW
NATIONAL® READOUT
TUBE FOR BOTH
TIGHT SPOTS and
TIGHT BUDGETS!
THE NL-1222

SEND FOR DATA FROM:

NATIONAL ELECTRONICS, INC.
a varian subsidiary

Geneva. 111 . 60134. phone 312-232-4300
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Computer Microtechnology
has Line Drivers
and Line Receivers
to meet

EIA·232C

MIL·l88C

SPECS

We started making Line Drivers and Line Receivers because
no one was making great Line Drivers and Receivers.
Now, someone is: Computer Microtechnology.

INTBt tDI ~CI~t.;
The CM 5102 Triple Line Driver

INTBODI TCINfil
The CM 5103, CM 5104
and CM 5105
Triple Line Receivers

Designing ways for a computer to talk over the phone? Use
the CM 5102 monolithic Triple Line Driver. It is the only standard Line Driver that satisfies all EIA-232C and MIL-188C
requirements. It features slew rate control to provide
slow output ramp when needed; TTL or DTL compatible inputs ; low 100 ohms impedance output;
and it operates with standard supply voltages.

D the CM 5103, 5104 and 5105 Line Receivers
D Both
D Quick! Phone _ _ _ _ __
Name _ _ _ _ _ _ _ _ _ _ _ Title _ _ _ _ _ _ _ __
Company _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _~
Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
City

State

Zip _ __

-----------------------------------------------J
Mail
to: Computer Microtechnology Inc., P.O. Box 7050, Sunnyvale, Calif.
94086. Or call the distributor in your area : Kierulff, K-Tronics / Wesco , G. S.
Marshall Co., F-J-R Electronics, Summit, or Schley Electronics.

mm
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~?.§b1ogton report
Inflation endangers F-14 program
The Grumman Aerospace Corp. has told the Navy that "extraordinary
inflation," higher material and procurement costs-, and a decrease in i.t s
business base have made it "commercially impractical to complete
delivery on the Navy's $8-billion F-14 fighter program. In a letter made
public reluctantly by the Navy, Grumman said that it had warned the
Navy as long ago as 1969 and again in 1970 that costs were rising and
that something should be done about the existing contract. But the Navy
in December 1970 denied in a Pentagon press conference that there were
any cost problems with the aircraft. In all, the contract calls for 710 aircraft at a price of $11.5-million each. Grumman will be able to deliver
the first 38 of the aircraft at that price without any difficulty but seeks
a reworking of the contract for the other 672 aircraft. There are also
reports that there are difficulties with the aircraft's Phoenix missile fire
control system made by Hughes Aircraft. Pentagon sources would say
officially only that the test program of the F-14 has been delayed. The
Navy has a $1.035-billion request in the current proposed budget for 48
of the aircraft.

FAA charts 10-year traffic control program
The Federal Aviation Administration has unveiled to the industry its
latest 10-year plan for the nation's air traffic control system. It hopes to
have Congress approve $1.1-billion in R&D and $3-billion in facilities
and equipment through 1981.
Included in the program are plans for procurement of microwave
instrument landing systems at 84 larger airports and 370 smaller ones.
An FAA five-year plan for these systems is expected to be announced
shortly.
The F AA's R&D request this year is for $81-million. This is scheduled
to climb to $135-million by 1975 and then average off at $100-million for
the following six years.

Imports soar as U.

s. employment drops, study shows

An estimated 107,000 jobs were lost in the U. S. electronics industry
and the value of shipments declined by 7 % in 1970, a Commerce Dept.
study shows. At the same time, according to the findings, imports continued to climb, and at the end of the year the unfavorable balance of
trade stood at $266-million, or more than twice what it was just five years
ago.
The study shows that in the consumer product field the unfavorable
balance of trade has climbed 600 % in five years, with imports now accounting for 30 % of the domestic U. S. market. Japan was the leading
supplier of electronics from abroad last year, accounting for 58 % of
the imports. Canada, West Germany and Britain were next, in that order.
ELECTRONIC DESIGN
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Electronic components, commercial, industrial and military electronic
systems and telephone equipment showed favorable balances of trade.
The report warns, however, that there is "evidence of rapidly rising
imports of Japanese telephone equipment, which could in the near future
make serious penetration into the domestic telephone equipment industry, especially those independent equipment manufacturers who do
not have the advantage of high-volume production."

Army sets August test for new 'electronics division'
The Army's First Cavalry Division went into training at Fort Hood,
Tex., this month as the first of the Army's planned "electronic divisions."
The divisions incorporate a triple capability-armor, airmobile infantry
and air cavalry-and lean heavily on a network of common communications systems feeding computers. The computers decide where forces are
to be placed and even make tactical decisions. The training and field
tests, which start in August, are part of an evaluation of equipment and
techniques for the "electronic battlefield" of the future.

Electronic failure dims Navy Lamps program
The Navy has canceled scheduled procurement of an existing helicopter
as the new Light Airborne Multipurpose System (Lamps) because of
failure to develop suitable electronic sensors for the helicopters. This
represents a major revision in the program, because the Navy had been
expected to issue requests for proposals in June to buy 369 helicopters.
The craft are to be placed on all destroyers with air capability for antisubmarine warfare, missile-relay, decoy, early-warning and line-of-sight
communications. Kaman, Bell, Boeing, Vertol and Sikorsky had been
expected to submit proposals in June; no·w, no proposals are expected
much before mid-1973.
With regard to the electronic equipment delay, the Navy declined to
state specifically where the hangup was, other than to say it involved
sensors. To fill the gap, the Navy has ordered its 115 Kaman HH-2DS
helicopters to be equipped with off-the-shelf avionics, and it is seeking
$38.5-million in the current budget for further electronics development.

Capital Capsules:

The Bureau· of Radiological Health of the Dept. of Health, Education and Welfare has come up with a cheap and efficient testing device for
microwave ovens. The kit can be put together, the bureau says, by just
about any repairman for about $150, as opposed to current equipment
that costs around $800. Federal leakage standards on the ovens become
effective Oct. 6.... Rep. Robert Tiernan (D-R. I.) has introduced a bill
that would strip Comsat's board of directors of both common-carrier members and White House appointees. The corporation should be strong
enough now to go it alone, says Tiernan . . . . The Apollo 15 program is
running right on schedule, says NASA. The moon shot is scheduled for
July 26 . . . . The three major television networks have told the Federal
Communications Commission that the proposed communication satellites
of Comsat, RCA Global Communications and Western Union appear to be
the best to meet broadcasting needs for the future. As expected, the nets
declined their own proposal for a satellite system.
0
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The Aussies make
the only hardware
trainer in the world

The best way to learn hardware is to train
on it. So the Aussies built some computer
hardware training equipment that enables
students to build up their computer
processes step by step. It's unique. So's
their demonstrational microwave equipment.
It gives you higher output at lower cost.
What's more , they 've got cartridge tape
recorder systems for broadcasting and T.V.
studios that outperform all the othersand do it for longer ... a range of low-cost

high-performance oscilloscopes ... a portable
radio and T.V. interference locator that's
unique in the world.
Delivery? The Australians can get
quality-checked quartz crystals to you
between seven and ten days after your
order's placed. They're just as live-wire in
the capability field too. They'll make
printed circuit boards, circuit assemblies,
black boxes and systems to your exact
specifications. Just mail the coupon.

r----------------------------------

~ -,

~JI

AUSTRALIAN DEPARTMENT OF TRADE AND INOUSTRY
Australian Government Trade Commissioner:
'~
New York-636 Fifth Avenue, Suite 426 , New York 10020
Los Angeles-3600 Wilshire Blvd ., Suite 2208, California 90010
San Francisco-1 Post Street, Suite 800, California 94104
Please send me further information on Australian Electronics .
Type of Product _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Name

Title

Company

Phone

Address
City

O

Zip

State

Wholesaler

O

Manufacturer

O

Agent

O

Importer

O

User

---------------------------------- ~~~ -~
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Toggles. Pushbuttons. Rockers. Rotaries. Available in a vast array of
operator styles, colors, and shapes.
Including illuminated pushbuttons
and rockers. Many featuring snap-in
mounting. And all in stock for fast
delivery!
Now the same great quality, service and availability you've come to
expect from Cutler-Hammer is
available in miniature size-at a
competitive price!
Make your selection. Standard or
watertight. Single or multiple pole.
A wide range of decorator; caps, buttons, bezels that extend application
flexibility. And for their size, hefty
electrical/mechanical ratings.
Before you place that next order,
check with your new source for comm ercia I miniature switches-your
nearest Cutler-Hammer Sales Office
or Authorized Stocking Distributor.

CUTLER-HAMMER
SPECIALTY PRODUCTS DIVISION, Ml/wavkee. Wis. 53201
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More than just switches;
prompt availability,
field help, innovation,
quality assurance, too.
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A designer's guide
to data communications
by Michael J. Riezenman, Technical Editor

IJhotograph courtesy of American Telephone and Telegraph Co .

Once upon a time-before the now-historic
Carterfon.e decision-data communication was a
relatively simple business from the user's point
of view. He merely called Ma Bell, told . her his
problems, did what she told him and lived ever
after.
He didn't always live happily ever after, but
there wasn't much he could do about it, unless
he was very rich. In that case he could build his
own private transmission system.
Nowadays, as a result of the Carterfone case,
things are different. Ma BeU (and her kid
sisters) are not the only companies who may
manufacture terminal equipment for use on the
nation's dial-up telephone network. And although
they still dominate the data transmission field,
it is not as obvious as it once was that this will
always be the case.
Microwave Communications, Inc. (MCI), for
example, is currently constructing a commoncarrier microwave system to provide private-line
services between Chicago and St. Louis. The
company expects to be ready to serve its first
C4

customers this June, according to Gerald H .
Taylor, assistant to the president of Microwave Communications of America, an MCI
affiliate. Furthermore a Federal Communications
Commission decision opening the way for greatly
increased private-line, common-carrier competition is expected to be announced next month.
What do these developments mean to the user?
They hold forth the promise of better and more
varied data communication services. But they also
mean that the user will have to accept the re'"
sponsibility for designing his own system. This,
in turn, implies that he will have to know a lot
more about the technical characteristics of transmission systems and terminal gear than he did
in the past, or he may wind up with a system
that only the Rockefeller brothers can afford to
operate-when it operates at all.
What sorts of things must the designer of a
data-communications system worry about? In addi·t ion to the all-important job of planning the
layout of the system, four important items come
immediately to mind:
ELECTRONIC DESIGN
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• Choice of a common-carrier service.
• Error control.
·• Throughput.
• Economy.
Let's briefly glance at each of these areas to
see what they are and why they are important.
Choosing a common carrier is easy-now

At present it's easy to choose a common carrier: Just go to your local telephone company.
But starting in June, people in the Chicago-St.
Louis area will have a real choice. And it is likely
that competition will spread over the rest of the
country in the not-too-distant future.
What would be the advantages of choosing to
use MCI rather than AT&T for a particular data
link? For one thing, MCI claims that its transmission system will introduce only one error in
every 10' bits. For another, its pricing structure
allows you to pay for only the amount of channel
capacity you need-with its service you need not
pay for a full 3-kHz voice channel if you only
want to send 1200 b/ s.
On the other hand, the MCI system is strictly
private. If you want to be able to reach any of
the more than 110 million telephones in the country, the switched network is the only way to go.
Error control is essential

Like them or not, errors will always be with
us. The question is: What are we going to do
about them? Ignoring them is not recommended
when you're dealing with a computer. So you've
basically got to decide what type of error control
to use and how thoroughly you should use it.
There are three basic error-control procedures:
error detection, error correction and a combination of the two.
An error-detection system spots errors and
then asks the sender to retransmit the block of
information with incorrect bits. This is called
ARQ, for automatic repeat request.
As the name implies, an error-correction system not only detects errors, it corrects them as
well. It does this in a binary system by detecting
the location as well as the presence of the errors
in a block, and then flipping the offending bits
over (from ZERO to ONE or vice versa).
Since no error-control scheme is perfect, it is
sometimes a good idea to combine forward error
control (error correction) with an error-detection
system. The result is an ARQ system that asks
for a retransmission much less often than it
would without the forward error control.
In addition the system designer must decide
how good the error control should be. Simple
parity checks work well enough in low-error-rate
environments, but they fail if used with the
EL ECTRONIC DESIGN
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switched telephone network, where errors tend
to come in bursts. The more sophisticated codes
that can deal with burst errors may wind up
adding so many extra bits to your message that
your effective transmission rate of useful information is severely reduced.
Probably the best way to decide how much
error control to use is to make sure that the added
cost of the error control does not exceed the costs
you would incur if the error had not been caught.
Throughput and data rate are not the same

Given a systems requirement to transmit useful
information at the rate of 2000 b/ s, the datacommunications novice might blithely proceed to
specify a 2000 b/ s line and a 2000 b/ s modem.
He would then be rudely surprised to find that
his system would be hard pressed to deliver, say,
1400 b/ s under rather favorable conditions.
What he forgot to do, of course, was to allow
for the bits that are used up by the error-control
system and the time that is taken up by the ARQ
procedure, if one is used.
Just how many bits are used to detect or correct errors and how much time an ARQ system
uses up depends upon many factors: block size,
channel error rate, type of channel (full or half
duplex), type of modem (some new ones can
make a half-duplex dial-up line do the job of a
full-duplex leased line) and the error rate that
is acceptable for the system under consideration.
To look at just one of these areas a bit more
closely, let's say that a standard half-duplex
dial-up line is being used with the standard
stop-and-wait ARQ system. This means that after
each data block is transmitted, the line must be
reversed so that the sender can be told whether
to send the next block or retransmit the last one.
Turning around a standard telephone channel
can take over 100 ms if it has an echo suppressor
in it. Hence over 200 ms are wasted during the
transmission of each block of data.
Last but not least: cost

In data-communications system design, as in
any other engineering problem, the best solution
is the one that does the required job for the least
money. How to do this is not always clear.
Sometimes it is possible to save money by
using an expensive modem, because the highpriced device lets you send your data in a shorter
time, thus reducing your phone bill.
Sometimes the cheapest way to send a lot of
data is to load a bunch of magnetic tapes onto
a truck and ship them.
No procedure is best for all situations, but this
report should help you find the best answers to
your problem. • •
C5

Eenie, meenie, minie, mo-Which carrier service?

In choosing a common carrier, one must consider many factors-bit rate, noise performance
and pricing structure, to name just a few. But
one point is almost comically obvious: You can't
use a common carrier unless it exists. Therefore,
in most cases, the question at present is not which
common carrier to use but which Bell System
service to employ.
These services fall into two basic groups:
private-line and switched. And into three speed
ranges: low (up to 150 b/ s), medium (voice
·grade) and high (50 kb/ s to about 250 kb/ s).
The private-line services have the advantages
of freedom from busy signals, fixed monthly
charges regardless of usage and the availability
of conditioning for enhanced data-transmission
performance.
The switched services, of course, have the advantage of being able to connect the user with
any one else who subscribes to the same switched
service. Another plus is that they are more reliable in the event of failure of a transmission
facility, because the switching equipment will
automatically route a call through an alternate
link, whereas the private-line connection must be
manually rerouted.
The ubiquitous switched network

Bell no longer offers a switched low-speed
service. The teletypewriter exchange service
(TWX) was turned over to Western Union on
the first of this month. However, Bell does offer
a rather well-known switched voice-grade service
C6

and a still-experimental switched 50 kb/ s service
known as DataPhone 50.
Since the switched voice network already
reaches anywhere a user may want to go, why
would someone use any other voice-grade service?
In addition to being a "dedicated" service-that
is, one always available for your private use-a
private line may also provide cost savings if you
plan to transmit a lot of traffic.
And there are also three major technical drawbacks of the switched voice network:
• Its delay distortion is not constant.
• It is noisy.
• It is only available in half-duplex circuits.
These factors are not as important as they used
to be, because sophisticated terminal equipment
can lessen their effects to a great degree. Nevertheless they should be taken into account in any
system design.
Delay distortion is probably the major factor
that limits transmission speeds over telephone
channels. It is a nonlinear effect that causes different frequencies to be delayed by different
amounts as they pass through the system. Thus
a narrow pulse containing many frequency components will he spread out in time, because each
of its components will be delayed by a different
amount. Transmission speed must be reducedthat is, the pulse length must be increased-until
the effects of delay distortion cease to cause adjacent pulses to run into each other.
Until comparatively recently the only way to
combat delay distortion was to use a fixed equalizer. This is a filter that can be adjusted to cancel
ELECTRON IC D ES IGN
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PRIVATE LINE 9600 bis

PRIVATE LINE
3600 bis

Private lines and switched services can be mixed
for maximum flexibility. Note that a data access
arrangement (DAA) is required between customer-

most of the delay distortion in a line. Unfortunately adjusting an equalizer is a fairly lengthy
and tedious process. And since each call placed
on the dial-up network results in a circuit with
different delay characteristics, it is not practical
to use a manually adjusted equalizer in this
application.
Recently automatic and even adaptive equalizers have been developed. These can measure the
delay characteristics of a line and then equalize
it automatically in a few seconds. The adaptive
units will even monitor the line's performance
and compensate for the small variations that
occur with time. They do this by monitoring the
actual data that is being received and adjusting
the equalizer filter whenever the statistics of the
received signal deviate from the norm.
Telephone noise is not random

The switching machinery in the switched voice
network still contains a great number of electromechanical switches. Because of this, the network
is plagued by much so-called impulse noise, which
differs from thermal noise in that it comes in
bursts. Thus, when the dial-up network is used
for data transmission, it will usually be found
that errors tend to occur in groups, making
parity checks and other simple error-control
methods largely ineffective.
More powerful error-detecting and correcting
schemes, such as convolutional coding, are effective against burst errors, but they require
sophisticated coders and decoders, and they add
ELECTRONIC D ESIGN
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provided modems and telephone-company switches.
Equalizers (E) are usually built into the modems,
while multiplexers (MUX) are not.

bits to the data stream without adding to its
message content.
A final point to be made about the switched
voice network is that it is only available for halfduplex operation. This means that the circuits
cannot provide simultaneous, independent transmission in both directions. This is not a problem
in voice communications, since people can't talk
and listen at the same time anyhow. But in data
transmission it means that two computers that
want to exchange data cannot do it simultaneously.
The problem goes even deeper. The most common mode of operation in data communications
today-that employed by IBM series 360 machines, for example-is the ARQ (automatic repeat request) error-control scheme. In this mode
of operation, the data is transmitted in blocks.
After each block is sent, the receiver tests it for
errors and sends a control signal back to the
sender: ACK (acknowledged) to indicate satisfactory reception, or NAK (not acknowledged)
to ask for a retransmission.
On a full-duplex line, data can zip along in one
direction while ACK/ N AK signals flow the other
way. But in a half-duplex circuit, the line must
be turned around after the data is sent, and then
turned around again after the control signal is
returned.
Turning a line around can seriously reduce the
effective rate at which data is transmitted. The
reason is that there are echo suppressors in longdistance telephone lines that insert a high loss
in the channel's reverse direction. It takes about
C7

100 ms to reverse an echo suppressor, so at least
200 ms will be wasted for every block of data that
is transmitted.
Suppressing the suppressors isn't the answer

When placing a data call, it is possible to disable the echo suppressors in your circuit by transmitting a 2.1-kHz tone of appropriate amplitude
and duration. This will greatly cut the line's turnaround time, but, as Paul Muench, an engineering
manager at AT&T in New York, points out, when
you disable the echo suppressors, you get what
they were designed to suppress-echoes. So then
you have to wait for the echoes to die out.
The echoes will die out in less time than it
takes to reverse an echo suppressor, so disabling
the suppressors does improve things. But it
doesn't rea lly help very much because of yet
another factor: equalization time.
All of the factors we have been discussing are
only important when data is being transmitted
at fairly high rates. (At low rates you don't
worry about turn-around times, because they're
only a tiny fraction of the total transmission
time.) When transmitting data at high rates over
the dial-up network, it is almost certain that you
will be using an automatic equalizer. And every
time you reverse the channel, the equalizer will
have to readjust itself, again seriously lowering
the effective data rate.
It is possible to overcome some of the disadvantages of half-duplex operation by using frequency separation to create two independent
channels. This requires some rather sophisticated
terminal equipment.
The only switched data service available that
uses circuits with more bandwidth than a voice
channel is DataPhone 50. This service is only
offered between New York City, Chicago, Los
Angeles and Washington, D. C. It is a dial-up
service operating at speeds up to 50 kb/ s, and it
is only being offered on a trial basis at present.
Designing a system with DataPhone 50 is easy,
because all of the communications terminal gear
used with it must be supplied, installed and maintained by the Bell System.

channels capable of transmitting de mark-spac.e
or binary signals at speeds up to 150 b/ s. They
are not suitable for sending ac tones.
The voice-grade private lines use the same
transmission facilities as the switched voice network, yet they offer three important advantages :
They are quieter, because they don't have to go
through the noisy switching centers; they are
available in four-wire, full-duplex circuits; and
they can be conditioned.
Conditioned lines are lines that have been
equalized by the telephone company to a certain
set of specifications. As the specs get tighter, the
costs go up. The phase (delay) specifications for
unconditioned lines and the three most common
types of line conditioning are shown in Table 1.
The delay distortion parameter, Envelope Delay Distortion, is the maximum difference in
envelope delay over the specified frequency band
(Fig. 1). Note that the maximum difference is
not necessarily obtained at the frequency extremes.
The MCI private-line concept

Since Microwave Communications, Inc., expects
to begin providing private-line communications
services between Chicago and St. Louis this June,
and other companies have petitioned the Federal
Communications Commission for permission to
operate similar systems in other areas, we may
ask: What are the advantages of using an MCI
type of carrier for data communications?
The most significant feature of the MCI concept is its pricing structure. The company plans
to lease lines in a very wide range of speeds, so
that the user need pay only for the communications capability he needs. The company will offer
20 different data channels covering the range of
75 b/ s to 19.2 kb / s (Table 2). Each channel will
be sold on a one-way basis, so that a customer

Private lines can be conditioned

The private-line services available from the
Bell System vary in speed capability from 30 b/ s
to 250 kb/ s. However, all in-between speeds are
not available.
The low-speed lines are simple unconditioned

cs

1. Envelope delay distortion (EDD) is the maximum vari·
aNon in a line's envelope delay over a specified band.
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Table 1. Delay-distortion specifications of conditioned lines
Envelope delay
distortion
(EDD)

3002
Channel

Cl
Conditioning

C2
Conditioning

C4
Conditioning

Less than 1750 µs
over band from
800 to 2600 Hz

Less than 1000 µs
over band from
1000 to 2400 Hz
Less than 1750 µ,s
over band from
800 to 2600 Hz

Less than 500 µs
1000 - 2600 Hz

Less than 300 µ,s
1000-2600 Hz

Less than 1500 µ,s
600-2600 Hz

Less than 500 µ,s
800-2800 Hz

Less than 3000 µ,s
500-2800 Hz

Less than 1500 µ,s
600-3000 Hz
Less than 3000 µs
500-3000 Hz

can have, for example, a 3600 b/ s channel in one
direction for data transmission and a 75 b/ s
channel in the reverse direction just to handle
control signals.
It should also be noted that the company is
charging for its lines on a data-rate basis, not
on the basis of bandwidth.
Another important pricing feature is the availability of a reduced rate for part-time use. This
makes it possible for the company to offer wideband services at low cost to customers who are
willing to do their data transmission at night.
Since the Bell System was not designed for the
transmission of digital signals, it does not specify an expected error rate. And indeed the actual
error rates that are encountered can vary by
several orders of magnitude, depending upon
whether you get a noisy circuit or a quiet one.
Despite the lack of hard data on the subject,
most people in the business generally describe the
voice network as having a typical error r ate of
1 in 10 3 or 104.
By contrast, MCI's data channels are designed
for a mean error r ate of 1 .in 10' . This can result
in reduced costs, by allowing the user to send

Table 2. MCI's 20 data rates (b/s)
75

1200

6000

110

2400

:6600

134.5

3000

7200

150

3600

9600

200

4200

14,400

300

4800

19,200

600

5400
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more data over a given line. This comes about
in two ways: First, fewer bits in each block need
to be reserved for error-control. And, second, the
blocks can be made longer without increasing the
probability of a need for retransmission. This
saves on the overhead bits needed to establish
synchronization at the start of each block.
A switched digital network is proposed

MCI, it should be emphasized, is a private-line
common carrier. As such, it will offer no competition to the Bell System's dial-up network.
The Data Transmission Co. (Datran) of
Vienna, Va., is a horse of an entirely different
color. This subsidiary of University Computing
Corp. has filed an application with the FCC for
permission to construct a nationwide switched
communications network, to be devoted entirely
to data transmission. The proposed network
would be completely digital and would have an
expected error rate of 1 in 10' .
The Datran concept includes a broadcasting
capability, with which a subscriber could send
the same message to severa l other subscribers
simultaneously. And the company estimates that
the time required to establish a connection would
be less than three seconds 99 % of the time.
Since many data calls-those of the simp·le inquiry-response type-are very short, Datran proposes to base its charges on a minimum call of
six seconds. This feature alone could make the
system very attractive to many users. But before
potential users get carried away by Datran's
plans, they should be warned that the system
would not be ready to serve any customers before
1975, assuming that it gets the FCC go-ahead
right away. And it's by no means certain. that the
proposal will be approved. • •
C9
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picking
Beware the pitfalls
from a maze of terminal gear

In direct contra13t with the common-carrier
situation, in which the us.er's present options are
very limited, the problem in selecting terminal
gear is to choose the best from a vast array of
available hardware. Multiplexers and line concentrators are not needed for every application, but
modems are. And this is probably the most confusing area of all.
Modems are available in a wid.e r ange of speeds,
with and without equalizers, and with and without built-in error-control circuitry. Some operate
synchronously, while others are asynchronous
units. So~e provide a reverse channel, oth~rs do
not. And last, but not least, they vary considerably in cost-from thousands of dollars for some
high-speed units, to below $100 for the new all-IC
models that work at teleprinter speeds.
How, then, do you go about selecting the best
modem for your job? The starting point is y9ur
data-rate requirement. At the low speeds associated with teleprinter transmission (about 150
b/ s) , a simple asynchronous FSK (frequencyshift keying) modem is all that is required for
transmitting data over the switched telephone
network. Such a modem converts the digital input
signals it receives from the teleprinter into audio
tones. These are sent to the receiving end, where
they are converted back into digital logic levels
by another modem.
Errors are not much of a problem in low-speed
transmission, because each bit has such a long
duration that it is very difficult for a noise burst
to cover it up. As bit rates increase, however,
errors become a matter of great concern, and so
do several other factors.
ClO

Simple modulation schemes such as FSK cannot be used, because they waste too much bandwidth. And equalization must be employed to prevent delay distortion from causing intersymbol
interference.
Bandwidth conservation is important

When FSK is used, the transmitted signal goes
through several alternating cycles at each tone
frequency (Fig. la), thus wasting a great deal of
bandwidth. Since the bandwidth of a standard
voice-grade telephone channel is limited to about
3 kHz, higher-speed modems must employ modulation techniques that make more efficient use of
the available spectrum.
The two most popular approaches in use today,
according to Clay Tatom, marketing manager for
communications at Motorola Semiconductor Products, Inc., in Phoenix, are DPSK (differential
phase-shift keying) and VSB-AM (vestigial sideband amplitude modulation). Both of these modulation methods achieve high rates of information
transfer by transmitting signal elements as fast
as they can, while trying to get each signal element to carry as much information as possible.
In differential phase-shift keying, each signal
element is a change in the phase of the carrier
with respect to its previous phase ·angle. If the
DPSK system is designed so that the carrier can
assume only two different phase angles, then each
change of phas.e (signal element) carries one bit
of information-that is, the bit rate equals the
baud rate (see box) . But if the number of distinguishable angles is increased to four, then two
ELECTRONIC D ESIGN
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Bits and bauds
Much confusion still seems to exist about the
difference between the words "bit" and "baud."
A bit (or binary digit) is the smallest amount
of information that can be transmitted.
A baud is a measure of the signaling speed
of a communications system. One baud equals
one signal element per second.
Let's see how bauds and bits are related in a
binary asynchronous telegraph system. Each
character in such a system will typically begin
with a single start bit, followed by the eight-bit
American Standard Code for Information Interchange (ASCII) for the character and ending
with two stop bits. Therefore the system must
send 11 code elements in order to transmit eight

bits of information can be encoded into each
signal element (Fig. lb). An eight-angle system
would thus carry three bits per baud, and a lqangle system would carry four, and so on.
However, this game can only be played so far;
as the number of angles increases, the system's
susceptibility to noise increases as well. The noise
characteristics of the telephone system (its phase
jitter in particular) limit the number of angles
that can be reliably distinguished to eight.
A disadvantage of DPSK is that it cannot take
advantage of single-sideband techniques. Its two
sidebands do not contain the same information;
hence both must be transmitted for the signal to
be detected. A more efficient modulation approach, according to Karl I. Nordling, director of
product management for the Paradyne Corp.,
Clearwater, Fla., is vestigial sideband AM. As he

MARK
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bits of useful information.
Clearly then, to send information at a rate of
80 b/s, this system would have to operate at a
rate of 110 bauds. The baud rate in this case,
exceeds the bit rate.
The opposite situation occurs in a high-speed
synchronous transmission system using, say,
four-phase differential phase-shift keying
(DPSK). Since there are four possible phase
states, each change of phase represents two bits
of information. Thus, if the phase modulation
rate is 2000 bauds, the system will be transmitting 4000 b/s.
Obviously if two-phase DPSK is used, the bit
rate and the baud rate will be the same.

points out, in AM the sidebands are completely
redundant, so one of them can be omitted, and
only the other sideband and the carrier need be
transmitted.
If VSB-AM is used, the information is contained in the signal's amplitude, not its phase. As
in the DPSK case, the communications-channel
noise limits the number of signal levels that can
be reliably distinguished. The practical working
number for today's equipment, according to Nordling, is about four levels, or two bits per baud
(Fig. le).
Since the VSB-AM modulation scheme has
twice the signaling rate of the DPSK scheme and
can pack two-thirds as many bits of information
into each signal element, it winds up having a
4-to-3 advantage in the efficiency with which it
utilizes the available bandwidth.

II

10

01
00

1. FSK (a) is simple and effective. Unfortunately, it
wastes bandwidth, so it's only used in low-speed systems.
Both DPSK (b) and amplitude modulation (c) make betELECTRO NI C D ESIGN

9, April 29, 1971

ter use of the available spectrum. In the cases illustrated
here, each signal element can assume one of four values,
hence each baud transmits two bits of information .
Cll

Theoretically a channel with a bandwidth of W
hertz is capable of transmitting 2 W pulses per
second without any intersymbol interference.
This theoretical result is based on the assumption
that the channel in question is linear. As was
mentioned in the preceding section, however, the
phase characteristics of telephone channels are
not linear at all. In fact, it turns out that delay
distortion limits the signaling speeds on telephone
lines to values much lower than bandwidth considerations would lead you to predict.
The fastest you can expect to go over on unconditioned, unequalized line is about 2000 b/ s;
whereas a highly conditioned C4 line working
with a high-speed modem can operate at about
9600 b/ s.
Clearly, then, delay distortion has got to go.
In private-line systems, delay distortion can be
greatly reduced by having the common carrier
condition the line. On the dial-up network, or
when the available conditioning isn't good
enough, an equalizer must be included in the
modem.
Delay distortion causes the different frequency
components of the transmitted signal to arrive
at the receiver at different times. To correct this
form of distortion, the equalizer contains a tapped delay line with a variable attenuator on each
tap and a network to sum all of the weighted
delayed output signals (Fig. 2). By an appropriate adjustment of the attenuators, the equalizer can be made to (almost) compensate for the
channel distortion by introducing an equal and
opposite distortion of its own.
The adjustment of an equalizer is a very slow
and tedious business, if it is done manually, so
it is not practical to use manual equalizers on
dial-up lines. If they were used, the first 10 or
15 minutes of each data call would be spent in
adjusting the equalizer.
Fortunately modern digital ICs have made it
possible to build low-cost automatic equalizers
in which the incoming signal is sampled and
digitized, the delay line is replaced by a shift
register, and the attenuators are replaced by
digital multipliers. These automatic equalizers
can adjust themselves in about 10 to 15 seconds.
And what's more, they can continually compensate for line variations while data is being
transmitted.

system can actually transmit.
In most cases, an ARQ type of error-control
system will be used. On full-duplex dedicated
lines, where there is no necessity to turn the lines
around, this presents no problems. But as was
explained in the last section, full-duplex operation is not available on a dial-up line, and turnaround delays cannot be tolerated in a high-speed
system.
One effective, but expensive, way around this
problem is to place two phone calls, thus establishing a full-duplex link. Since a primary responsibility of the systems designer is to keep
costs down, this approach is not recommended.
A better way is to use a modem that provides
you with a reverse channel on a single half-duplex
line. This is done by breaking the channel into
two frequency bands of unequal bandwidth, the
wider one used for transmitting data and the
narrower one for control signals.
This technique sounds like the best solution to
the problem, but often it is no solution at all.
The trouble is that in almost all data-communications systems, the error-control function is
performed by the data-processing gear, not the
communications gear. And the existing hardware
and software are not designed to make use of a
low-speed reverse channel. So you must either
get a modem with its own built-in error-control
logic, or modify your data-processing machine's
error-control procedures.
Naturally, before doing any of this, you'll want
to make sure that the added costs of this more
sophisticated equipment will justify themselves
by cutting your phone bill sufficiently.
Keep the costs down

The way to evaluate any piece of equipment or
operating procedure is to assess its effect on the
total system costs. For example, Fig. 3 (top)
shows a system that might be set up by an insurance or brokerage firm with offices in Boston,
New York and Washington communicating with
a main computer in Los Angeles. The operation

Error control: How it's done is important

Errors are bound to occur in any high-speed
data link, so some provision must be made for
dealing with them. What is sometimes not fully
appreciated by some communications system designers is that the method of error control that
is chosen can profoundly affect the system's
throughput-the amount of useful data that the
CI2

2. Transversal equalizers can reduce envelope delay dis·
tortion if the attenuators are properly set. To do this
quickly, the equalizer must be made self-adjusting.
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3. This cross-country data communications system (top)
uses two C2 conditioned lines and one C4 line to connect
four offices. The suggested lower-cost system (bottom)
uses only one dedicated line to handle 9600 b/s, and

relies on the switched telephone network to distribute
low-speed signals. Obviously, the designer has calculated that the costs of the high-speed modems will be
more than offset by the savings in line charges.

is a multi-speed (2400 b/ s, 2400 b/ s, and 4800
b/ s) multi-channel cross-country configuration.
A way to cut the costs of operating this system, suggested by Richard A. Borysiewicz, a
senior engineer at International Communications
Corp., Miami, Fla., is shown in Fig. 3 (bottom).
In the new configuration, two 9600 b/ s modems
route the multi-speed information between Los
Angeles and New York City over a single C2 conditioned line. At New York, the 4800 b/ s data is
processed and the two 2400 b/ s data streams are
routed to Boston and Washington via 2400 b/ s
modems and the dial-up network.

By reconfiguration of the operation, one C4
and one C2 cross-country line have been eliminated. However, reduction of the operation to one
cross-country C2 conditioned line has a disadvantage. If the line or the high-speed data sets
should fail, all three facilities would be out of
operation until the problem was solved. To assure
full-time, noninterrupted operation, many data
communication systems are being designed with
redundant lines or dial back-up capability, and
sometimes even back-up modems. With such an
arrangement, the cost of one C4 cross-country
line would be saved. ••
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"Off-the-Shelf" Modular Enclosures
are ready for your equipment when you are!

Shipment In 3 days!
•.• 6DD1odels
In
stof'k.
From the company that pioneered the
modular enclosure concept comes
another service first - INSTANT
EMCOR! 69 assemblies offer more
variety than you probably need to
satisfy your enclosure requirements:
for housing electronic, electrical,
mechanical, hydraulic or electromechanical equipment. Specify
EMCOR I for ball-cornered design,
EMCOR II for the more contemporary squared corner look.
Sixty-nine assemblies in all: 28 vertical; 6 slope front; 14 desk and
counter height; 6 turret; 5 instrument; 6 low silhouette; 4 steel work/
writing top.

Emcor accessories offer virtually unlimited assembly combinations
Also available on 3 day shipment are thousands of accessories - doors, drawers,
shelves, chassis guides, plain, louvered and perforated panels, caster dollies and all
miscellaneous items - let you meet almost any equipment housing need and allow
unlimited expansion or modification of enclosure frames.
Instant Emcor gives you the benefits of versatility available only with standardized
enclosure frames and components. If color selection is not critical but speed is, order
INSTANT EMCOR!
CALL (312) 264-8314-The Instant Emcor number-or WRITE today
for information and name of nearest representative. Ingersoll Products,
Div. of Borg-Warner Corp., 1000 W. 120th St., Chicago, Ill. 60643.

Ingersoll Products
CI4
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Robinson-Nugent, Inc.
800 East Eighth Street
P. 0. Box470
New Albany, Indiana 47150
U.S.A.
Please send me my copy of your new
Catalog #IC-1070.

Dept., _ _ _ _ _ _ __

_ _ _ _ _ _ _ State____ Zip _ __
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Fora dime,
PEC will knock 30% off
what you've
been paying
for75ips
transports.

For the price of a phone call , PE C's new 75ips
transports will give your minicomputer system faster
throughput with higher transfer rates. And for 30%
less than you've been paying.

IBM compatible tape guides . And all 75ips models
are plug-for-plug compatible with PEC's other
popular 6000 Series transports .

These new 101//' reel transports have a un ique ,
simple design and a vastly superior servo system for
gentle, positive tape control , excellent speed
stabil ity, and controlled start/stop operation . Tape
is accelerated to 75ips with negligible velocity
transients or overshoot.

figures on this 75ips

These PEC 6000 Series transports offer high data
reliability in 7 and 9 track, 800cpi NRZI and 9 track,
1600cpi phase-encoded USASll and IBM compatible
formats . They are available in read-after-write, with
a dual gap head ; and in write/read with a single gap
head. Other outstand ing features include program
restriction-free operation, easy tape loading , and

For all the facts and
breakthrough and an
immediate price quote,
call your local PEC
office today. Or save
the dime and write
for our new brochure .
Peripheral Equipment
Corporation, 9600 Irondale Avenue , Chatsworth ,
California 91311 . (213) 882-0030.
(5m s/cml '

• This waveform is the voltage seen at the head when rea ding an " all
ones"' tape , and starting and stopp ing in the mi ddle of the data.

PEC
SALES OFFICES : Los Ange les (2 13) 882-0030. • Orange County (714) 830-9323
San Francisco (415) 948-4577 • Ch icago (312) 696-2460 • Philadelphia (215)
849-4545 • Boston (617) 899-6230 • Wash ington , D.C. (703) 573-7887 • New
York (203) 966-3453 • PEC Ltd .. Londo n Reading 582 115
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~ing up a savings

on keyboard switches.

As much as

40%

(savings per keyl

A
The new
Oak
Series
400.

feather
touch.
We kept the operator in
mind. Standard operating force is approxi mately 85 grams (3 oz.).

Featuring Oak's exclusive twin-lamp lighting . If one lamp goes out, the other stays
on . Double-wiping contact clips . Short
stroke . Smooth, quiet operation . Unlimited
com bi nations . Request our Series 300
brochure.

Get Oak-engineered quality in keyboard switches with
the inherent reliability of electromechanical operation. Ideal for peripheral
data-processing equipment. Contact
bounce is less than 3 milliseconds . Long
life , up to 20 million operations per key.
Designed with self-cleaning crossbar-wiping contacts.

The
configurations
you want.

Under
40¢
each.
For SPST /NO in production quantities.
Other versions comparably priced . Keytop
button and snap-in mounting extra.

Also
from Oak:
Series 300 Lighted
Pushbutton Switches.

The Series 400 is available in limitless arrangements, including standard 10, 12,
and 16-button keyboards. And you can
specify any of six different contact circuitries . Choose snap-in or plug-in P.C.
mounting . Compact-only Y2" x Y2" x 111 •
Write today for our Series 400 brochure.

And our
Series
800
Econo-Line™
Pushbutton Switches.
Compact-more buttons and more contacts in less space : 1 PST to 8 PDT per
button . Your choice of mechanical actuation . Colored buttons, legend engraving to
your specifications. Request our Series
800 brochure.

OAK MANUFACTURING
CRYSTAL LAKE, llllNOIS 60014
T elepho ne: 8 15-459 ·5000

A

01v1s10N OF

CO.

OAK ELECTRO/NETICS

TWX : 91 0-634-3353

CORP

TELEX : 722-447

INFORMATION RETRIEVAL NUMBER 125
EL ECTRO NI C D ES IGN

9. April 29. 197 1

C 17

think of all you could do
with a 400 circuit
switching system.
,, ,,

...... ..,

,,

-

',

' ..

''

\

''
'
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It monitors, activates, communicates,
measures, scans, turns lights off or on,
etc. etc. etc.
Here's how it works: locate the master
thumbwheel switch in the desired remote
place. Then set it to the required position
and the slave switch goes to that position
and stops automatically. Fast, simple,
highly reliable.

,'

If remote readout is desired, provisions
for it can be supplied.
No downtime or maintenance to worry
about. You can remove and replace any
wafer in 5-6 seconds without unsoldering.
100,000 cycles is typical wafer life.
Ask for details on the Motor-Driven
RSG200 Series. It can help simplify some
of your complex switching problems.

Mfg. under Tabet U.S. Patents 2,841,660; 2,971 ,066; 3,015,000; 2,956, 131; 2,988,607

CI8
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JUST FOR LOOKING AT NUCOR'S VWS95/65 CATALOG ON THE NEXT FEW PAGES,
YOU CAN ...

ENTER DUR

VOllSWAGON POWER SUPPLY
SWEEPSTAKES

GRAND
PRIZE

IT'S OUR WAY OF
INTRODUCING THE
"VOL TSWAGONS" NUCOR's all-new line of
Standard Regulated AC-DC
power supplies
Power Supplies. Choose
from over 600 models in
Mr llS.l;I
95° C and 65° C base ternperature ratings. Qualified for extreme mil environments
and high-grade commercial systems. VOL TSWAGON Power
Supplies - for Economy, Reliability and Performance plus features and extras found only in sophisticated, handcrafted custom supplies. Whether you're one of the Lucky
101 VWS Sweepstakes Winners, you're always a winner
when you specify a NUCOR VOL TSWAGON !

TO ENTER THE VWS SWEEPSTAKES
HERE'S ALL YOU DO
1. Remove the NUCOR VWS 95/65 Power Supply Catalog beginning on the next page by tearing along perforated
line.
2. Locate Model Number VWS95-28/ 3 in the Catalog,
note the corresponding List Price for that model, and
enter it in the space provided on the entry card, below.

100 SECOND PRIZES

3. Fill in your name and complete company address. Then
list the names of the chief power supply buyer and three
(3) design engineers in your company who are users or
specifiers of power supplies. Remember, entry cards must
contain all the information requested above in order to be
eligible for the sweepstakes.

CONTEST RULES:

SUPE RSI N K Thermal Probe ... newest testing instrument
for detecting thermally unstable electronic components.
Product of Heat Pipe Corporation of America.

No Purchase Required

(a) Fill in the entry card with your name, address, zip code, and
check whether you specify power supplies in your work. (You
don't have to be a specifier to win). Complete all of the requested
information, including the List Price of Model VWS95 -28 / 3 and
the names of four (4) power supply users as specified above.
(b) Sweepstake entries must be postmarked by May 31, 1971 , and
received by June 15, 1971 . All prizes offered will be awarded.
Winners will be determined by a random drawing conducted by
an independent judging organization and will be notified by mail.
(c) Employees (and their families) of Nuclear Corporation of
America , Inc., related companies and their advertising agencies
are not eligible.
(d) Sweepstakes void where prohibited by state and local law.

r------------------------------

1 PLEASE ENTER ME IN THE VOL TSWAGON POWER SUPPLY SWEEPSTAKES
:

If contest entry card or

VWS 95/65 Power Supply
Catalog are missing from
your copy, get them by
writing to:

j

I
I

!

NAME~~~~~-P-1-ea_s_e_P-ri-nt~~~~~~~~~~~~~-

TITLE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

COMPANY _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
ADDRESS---------------CITY

STATE

List Price of Model

VWS95-28/3
is$ _ _ _ _ _ __

ZIP _ __

Do you specify power supplies in your work? D YES D NO
The following are four Buyers and/or Specifiers of Power Supplies in my company:
1. NAME

NUCLEAR CORPORATION
OF AMERICA
Power Supply Division, Dept, ED
2 Richwood Place

Dan.ville, N.J. 07834

3. NAME

TITLE

TITLE

2. NAME

4. NAME

TITLE

TITLE

Here's the POWER SUPPLY CATALOG that introduces Custom Performance
and Operational Features at Low, Low Standard Supply Prices !

It It

Tear along dotted line and keep it for reference . . . .

but only after you've entered the VWS SWEEPSTAKES.

GRAND PRIZE
A Bermuda cruise for two aboard the M/ S SEA VEN TURE - first new ship built for New York to
Bermuda cruises since the early 1950's. Quality and .
living comfort abound everywhere for you . . . in
every stateroom and public area, in gracious dining
room and hotel services. SEA VENTURE docks at
preferred berthing in Bermuda. You'll live aboard in
elegant wall-to-wall luxury, visit from ship to shore
at will. Enjoy 7 exotic, fun -filled · days and nights.
Cruise arranged by Flagship Cruises, Inc.

100 SECOND PRIZES
The SUPERSINK Thermal Probe, industry's newest
testing and trouble shooting instrument for electronic
components. Utilizes the heat pipe principle to detect
thermally unstable transistors, diodes, IC's, etc. Cools
overheated circuit elements in seconds; pinpoints
thermal instability on the test bench . Has hundreds
of other laboratory and test uses. Pocket-sized with
handy clip. SUPERSINK
Thermal Probes by Heat
Pipe Corporation of America - introduced for the
first time ever to 100 lucky Voltswagon Sweepstakes
Winners!
Retail Value $19 .95

----------------------------,
Fl RST CLASS
Permit No_ 108
Denville, N.J.

I
I
I
I

I
BUSINESS REPLY MAIL
No Postage Stam p Nec essary if Ma iled in t he United States

Postage wi ll b e paid by

NUCLEAR CORPORATION OF AMERICA
Power Supply Division, Dept. ED
2 Richwood Place
Denville, New Jersey 07834

I
I
I
I
I
I
I
I

If contest entry card or
VWS 95/65 Power Supply
Catalog are missing from
your copy, get them by
writing to:

NUCLEAR CORPORATION
OF AMERICA
Power Supply Division, Dept. ED
2 Richwood Place
Denville, N.J. 07834

RCA TRIAC PRICES (1000-UNIT LEVEL)
PACKAGE

200-VTYPE
RATING PRICE

400-VTYPE
PRICE

600-VTYPE
PRICE

Press-fit

10 A

Stud

10A

Isolated-stud

10 A

Press-fit

15 A

Stud

15 A

Isolated-stud

15 A

Press-fit

30 A

Stud

30A

Isolated-stud

30A

Press-fit

40A

Stud

40A

Isolated-stud

40A

2N5568
$2.22
2N5570
$2.42
40800
$3.12
2N5572
$2.36
2N5574
$2.56
40803
$3.26
40661
$3.28
40663
$3.48
408'06
$4.18
2N5442
$4.10
2N5445
$4.30
40689
$5.00

40795
$2.78
40796
$2.98
40801
$3.68
40797
$2.95
40798
$3.15
40804
$3.85
40671
$4.10
40672
$4.30
40807
$5.00
2N5443
$5.13
2N5446
$5.33
40690
$6.03

2N5567
$1.85
2N5569
$2.05
40799
$2.75
2N5571
$1 .97
2N5573
$2.17
40802
$2.87
40660
$2.74
40662
$2.94
40805
$3.64
2N5441
$3.42
2N5444
$3.62
40688
$4.32

It takes a leader in triacs to meet the challenging demands of
an ever-increasing industrial market. And RCA has the product
line to supply this market-here and .!lillY-at economical prices!
RCA's strong volume production at the right price is only part
of the story. The assurance of quality, dependability and diversity of product is also vital to the designer in the long run.
RCA triacs are second to none in range of types, packages and
performance ratings! (See chart for representative triacs in
RCA's broad line.) RCA triacs are as rugged as they come . ..
with capabilities that readily assure reliable performance despite demanding applications.
This wide range of triacs was specifically developed for an
equally broad spectrum of industrial application areas including : industrial controls • avionics • high power lamp controls
• motor speed controls • power switching.
If you are looking for high quality triacs-priced right to allow
new systems use and still assure the best systems performance
and economy-then look to RCA. For more details, call your
local RCA Representative or RCA Distributor. Or write : RCA,
Commercial Engineering , Section 57D -29/UR11, Harrison, N.J.
07029. International: RCA, Sunbury-on-Thames, U.K., or 2-4 rue
du Lievre, 1227 Geneva, Switzerland , or P.O. Box 112, Hong
Kong.

ncnsolid

State

INFORMATION RETRIEVAL NUMBER 165
.... FOR NUCLEAR CORPORATION
REGIONAL INSERT,
CIRCLE NO. 152
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The minicomputer and the engineer-Part 2

Get the facts behind
• •
m1n1 specs
Once you've decided that you need a minicomputer, the big problem is picking the right one.
There are plenty to choose from. But unfortunately there aren't any specs or guidelines that
really help to match the right hardware to your
individual application. Each minicomputer application area has a unique set of requirements.
Like any other engineering problem, you have
to know your requirements and be able to evaluate a mini's performance in terms of them. In
addition to the hardware specifications and costs,
software implications are just as important. Software may cost as much or more than hardware.
Software characteristics, like hardware, affect
the decisions of a prospective minicomputer user,
but from different perspectives. The OEM purchaser seeks a minicomputer with programming
capabilities matched to his application. Highquality, vendor-supplied software minimizes his
own applications software development costs.
The end-user, on the other hand, often wants to
use the computer in a stand-alone mode for offline, general-purpose programming applications.
He is often concerned about the ease with which
his own programming staff can modify and extend the supplied software.
Minicomputer processing generally falls into
one of the following categories:
• Data manipulation, requiring the minicomputer to receive, manipulate and output significant
volumes of data. This processing is a major factor in such applications as telecommunications;
data and text editing and format conversion;
analog data acquisition and conversion; and information retrieval.
• Computational processing, requiring the
minicomputer to perform nontrivial calculations,

F. C. Milstead, Manager of Marketing, G. L. Neely,
Director of Engineering, J. L. Hall, Director of Computer
Applications, UNITECH, Inc., 1005 East St. Elmo Road,
Austin, Texas 78745,
C20

such as solving control equations. Such processing is critical in process control; on-line, realtime data reduction and signal processing, and
computer graphics, among other applications.
• Control processing, requiring the minicomputer to sense rapidly status conditions-usually
keyed to sampled input values-and to implement various procedures, such as initiating outputs when conditions are in certain prescribed
combinations. This type of processing is represented in such applications areas as direct digital
control and computer-aided design.

Estimate your applications
In judging the impact of minicomputer programming and software characteristics, the prospective user should first estimate the relative role
that each of the three types of processing will
play in his application. If a high degree of uncertainty exists, he should select a machine from
a family of machines, so that when the actual
use pattern emerges, the machine's cost and performance can be optimized through the use of
options or by moving to a higher or lower speed
processor within the same family of machines.
Among the more obvious hardware specifications to consider are these:
• CPU capability-logical and arithmetic operations and data handling.
• Word length-the number of bits in the computer word.
• Memory capacity-the total storage capacity
of a basic machine for both instructions and data.
• Speed-the time required for a CPU to cycle
through an instruction step, access memory or
perform an I / 0 operation.
• Input/ Output capability-manner in which
peripheral devices may communicate with the
CPU.
.
• Interface-the mechanical complexity of interfacing, and the tools, including documentation,
provided by the manufacturer.
EL ECTRONIC DESIGN
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Equally important are some less obvious characteristics of the minicomputers. These are more
difficult to e,v aluate and are often not recognized
until some "hands-on" operation time has been
logged by the user. Among this group of specifications are:
• CPU organization-parallel or serial, synchronous or asynchronous.
• Data/ Instruction format-operation code,
modifying and addressing fields.
• Diagnostics-the availability of programs
for use in maintenance.
• Reliability/ Maintainability-the expected
MTBF and the effort required to repair and
maintain the machine.

• Human factors-layout of the operator's control console, size and access to internal hardware.
• Peripheral availability-the types of off-theshelf peripherals and controllers available.

Central processor unit organization
In the conventional computer system, the central processor unit (CPU) controls all peripheral
input/ output equipment, performs all arithmetic,
logical and data-handling operations, provides
memory storage of data and program, and
sequences the program stored in memory.
Figure 1 shows a typical computer architecture.
In this system the control unit and the memory
are central, and the over-all performance of the
system is keyed to the performance of the
memory. This architecture normally results in
synchronous timing and rather straightforward
a nalysis.
When synchronous timing is used, execution of
each instruction is controlled by a clock-signal.
This can cause time delays if the machine has
to wait for the next clock signal.
The application of MSI and LSI has led to
more sophisrticated CPUs, together with many
attempts at adapting the basic architecture to
satisfy particular application needs. One such
variation is the "bus" organization (Fig. 2). This
highly modularized technique makes it relatively
simple to tailor a basic machine to a specific
application. This type of machine tends to have
a more complex control system and asynchronous timing. With asynchronous timing, different operations occur simultaneously in separate
modules. This means that for two machines with
the same cycle time, the one with asynchronous
timing will execute programs faster than the one
with synchronous timing.
Word length affects three other things
Computers operate on binary bits of information. The number of bits in a sequence that are
treated as a unit and that can be stored in one
computer location is known as a word length.
The trend has been t oward use of word lengths
that can be handled readily by peripherals. Thus
most minicomputers contain core memory of 8,
12 or 16 bits (not including parity bits) .
The word size affects three important characteristics: speed, memo·r y size and cost. Speedor machine cycle time, as used here-is the time

Choosing the right minicomputer for your applicationwhether this Nova 1200 by Data General Corp., South boro, Mass., or another-requires more than just evalu ·
ating hardware specifications. Software costs may equal
or exceed the hardware costs ,
ELECTRONIC D ESIGN
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required to execute an instruction rather than the
time to access or cycle core memory. Machine
cycle time generally increases as the word length
decreases, because short word length leads to
double-word instructions, which in turn r.equires
more memory capacity. With double-word instructions, two memory accesses are required to
obtain the full instruction word. This increases
the machine cycle time by at least one memory
cycle time. Some of the 16-bit minis also use
double-word instructions extensively.
Also affected by word length is the data-transfer rate from peripheral equipment. Transfer of
word lengths .exceeding the capability of a single
memory word reduce the effective I/O transfer
rate by the ratio of the CPU word length to the
data word length.
Therefore, in determining th.e word length for
a given need, the user must not only satisfy the
immediate need to handle data but also consider
the impact upon sp.eed, memory size requirements
and arithmetic precision.

Memory: Two main factors to consider
The main factors to consider regarding
memory are the speed and maximum memory
capacity of the basic CPU. The memory cycle
time is, in most cases, the sp.ecification cited to
indicate the CPU speed. As noted earlier, however, this can be a misleading specification, since
the CPU must execute th.e instruction after it has
been obtained from memory. Memory speed is
important, since it largely determines the maximum instruction and I / 0 throughput rate.
The quoted m.emory speed is generally the full
cycle time and includes the time required to read
a word from memory and to restore the word,
since a read operation from a volatile core
memory d.estroys the contents of the location
read. Also, in a store operation, the memory cell
of interest must be cleared prior to storing new
data in that location. Typical full cycle times
range from 750 ns to 3 µ,s. Be careful. Make sure
th.e cycle is clearly defined.
Volatile does not necessarily imply that the
contents of core are destroyed in routine poweron sequencing. Most manufacturers implement
int.erlocks to insure that the contents of the core
memory are not modified by normal start-stop
operations.
As usual, you can't get something for nothing.
While the dollar cost of the fast memory may be
reasonable, and in some cases about the same as
for a slow memory, problems such as system noise
susceptibility become very serious. Reduced noise
immunity of the memory shows up as dropped
and pick.ed-up birts.
Noise leads to another consideration-that of
memory parity bits. In gen.era!, the moderate-toC 22

INPUT
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MEMORY
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CHANNEL

1/0

LOGICAL
----~
UNIT

1. The system perfor mance is keyed directly t o t he
memory's operation in minicomputers typically organized
with a centralized memory and control unit.

slow-speed computer memory systems do not contain memory parity bits. The manufacturing techniques used in producing magnetic cores and
memory systems have led to highly reliable syst.ems. However, because of the noise susceptibility
of the faster core memories, serious consideration
should be given to the availability of memory
parity. On many minicomputers, memory parity
is an available option.
Another memory media is the read-onlymemory (ROM). This is a nondestructive readout
memory that is faster than core. ROM does not
have the noise susceptibility of core, since its contents may not be accidentally alter.ed once it is
programmed. ROM cycle times range from 150 to
300 nanoseconds and can improve the CPU execution time proportionally. However, since the
ROM's contents cannot be .electrically altered
easily, it can be used only to store programs of
a permanent nature.
The price of solid-state semiconductor memories has dropped dramatically, and minicomputers
organized around these ultra-high-sp.eed memories with cycle times less than 300 ns are appearing in the marketplace. The solid-state m.emory is
usually volatile. Its contents are lost when power
is removed; it can be read out without re-writing,
and it can be overwritten without having to be
clear.ed.
Unless the minicomputer architecture exploits
the higher speed of ROMs or IC memories, the
actual processor speed may not be enhanced
proportionally.

Speed is difficult to judge
Machine speed varies according to the operation
being performed. This accounts for memory
sp.eeds quoted as a measure of the CPU speed.
In general, those operations involving memory
access take approximately twice as long as the
EL ECTRONIC D ES IGN
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SOURCE BUS

BUS

CONTROL

MODIFIER

LOGIC

OPERATOR
CONSOLE

MEMORY

ARITHMETIC

INPUT

UNIT

OUTPUT

DESTINATION BUS

2. A bus-organized architecture is one approach for
achieving greater flexibility in modern minis. Nonessential function modules may be omitted. Asynchronous

timing reduces the time required to perform operations
that are usually performed sequentially with a centralized
architecture as shown in Fig. 1.

memory speed. However, some computer organizations take full advantage of memory access time
(the time required before a memory word is
available after addressing the word in read
mode) to execute a large portion of the instruction cycle.
Speed also affects the complexity of interface
controllers and system noise susceptibility. The
interface controllers for external peripherals will
be required to generate and handle higher speed
control signals. This will require the interface
designer to guard against radiated and coupled
noise on the data and control lines. Speed, as
with other characteristics, should be considered
with the application in mind. Much grief and
expense can be avoided by not chosing CPUs with
speeds faster than those required by the application.

attention must be given to noise susceptibility.
High speed is not the only criteria for determining the applicability of direct memory access,
because considerable software overhead can be
absorbed by a relatively simple and slow-operating DMA controller.
Two types of DMA interfaces are common in
today's minicomputers: those which employ
basically the same data and address lines as the
programmed I / 0, and those which have an
autonomous set of buses. The DMA interfaces
operating on a time-shared basis over the standard I/ 0 structure tend to be slightly more complicated than the programmed I/O controller. Because the interface is directly with memory, fast
signals are involved and some additional consideration should be given toward insuring electromagnetic compatibility. The DMA interfaces
which operate over a separate port tend to be
more complex and costly since a completely different set of logic and controls is required.
In most minicomputers, both the programmed
I/O and DMA systems operate on a priority
interrupt basis. The programmed I/ 0 has the
capability of being controlled by the CPU.
The priority interrupt system typically has
fixed priorities assigned according to the physical
location on the I/ 0 bus for single-level priorities
or according to the level for multiple-level priorities. The number of priority levels specified
by a manufacturer is generally not an effective
measure of the mini's interrupt system capability.
The application will determine the importance
of the priority interrupt and I/ 0 capability.
High-speed data acquisition systems will require
high-level interrupts and fast data channels,
whereas industrial control systems require more
internal CPU data handling capability and can
lower the speed of the I/ 0 capability.
The complexity of the interface is governed by
the need of the user and the organization of

Input/ output communication with CPU
There are two normal ways peripherals communicate with CPUs: by way of a programmed
I/O channel, or a direct memory access channel.
The programmed I/O channel requires an instruction execution for each data transfer, which
for low data rate is not a problem. It represents
a fairly straightforward and usually inexpensive
method of data transfer. For high data rates, the
direct memory access (DMA) is very useful.
DMA may be referred to as a data channel or
a memory channel. The DMA allows a peripheral
device to communicate directly with memory, using a minimum of CPU time. Data transfers are
on a cycle-steal basis-that is, data is transferred between CPU instruction executions. This
allows peripheral data transfers to operate concurrently with program execution. DMA is normally used for high-speed devices, such as magnetic tape, communications controllers and discs.
Since the interface is directly with memory, more
ELECTRONIC D ESIGN
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the computer. Minicomputers, in general, have
straightforward interface specifications. There
are three groups of interface signals to consider:
data, address and control lines. The greatest difficulty in interface design is encountered with
the faster machines (cycle times of less than 1.5
µ,s), because of the noise susceptibility of the
CPU. Care must be exercised. Use twisted-pair
signal lines, adequate grounding techniques and
adequate line-driver circuits. The data lines may
be unidirectional or bidirectional. Both interface
types require about the same amount of logic,
but they differ in the number of wires required
between the CPU and peripheral controller. Unidirectional data lines require twice as many interconnecting data lines as a bidirectional interface does. The address lines may be used by the
CPU to address a particular peripheral and to
identify an interrupting peripheral in a singlelevel interrupt system. In some systems the address lines are shared with the data lines, but
this construction complicates the interface and
usually slows data transfer. Address lines may
also be unidirectional or bidirectional.
The complexity of the control lines is a function of the CPU construction and the type of
channel interface. The DMA channel requires a
more complicated interface than the programmed
I/O channel, since the CPU does not act as an
intermediary betwen memory and the peripheral.
Where the application speed or peripheral device
permits, DMA interfaces should be avoided to
minimize the complexity of the interface design
and susceptibility to noise. In either interface
configuration, programmed I / 0 or DMA, care
should be taken to minimize the load that an
interface line must drive, and proper terminations on all lines to match the source and drive
point impedances are critical. Large loads or unmatched lines can contribute radiated noise
caused by reflected signals into other data or
control lines. Proper grounding techniques are
also essential to prevent ground loops.

Data instruction format sets machine speed
Word format, word length, CPU speed and
memory capacity are all very closely related. As
the demand for a more sophisticated instruction
set becomes apparent, the word format will normally tend toward a longer word length, which,
in turn, affects memory capacity and the instruction execution time.
The word format can be broken into three
fields: the operation code (op code), the address
modifier and the address field. The op code specifies the type of operation to be performed-for
example, memory, logical or arithmetic operations.
When the op code specifies memory, the address
C24

modifiers and address field direct the operation
to a particular memory word location. When the
op code specifies a logical or arithmetic operation, the address field may be used as a specific
instruction sub-code within the op code set, or
as an operand.
The address field size determines the amount
of consecutive memory locations that may be
directly addressed. For example, an eight-bit address field can only address 256 words of memory
without using indexing, indirect addressing or
some other means. Therefore, if large memory
blocks are to be addressed directly, then some
other feature-either the op code or modifiermust give up some capacity.
A final word about instruction word and address field formats: On occasions it may be desirable to code in ONES and ZEROs, and it is
handy if the processor operation codes, addressing mode, address and I/ 0 control fields form
orderly, contiguous bit fields. Most minicomputer
miers and end users generally don't care whether
the bits are splattered entirely across one or more
instruction words, so long as they are provided
with a good assembler and debugger. Nevertheless, if extensive console debugging by inexperienced personnel is anticipated, considerable
weight should be given to the orderliness of the ·
instruction word format.

Registers: How many and what kind?
Most of what happens in a minicomputer program gets done in registers. As a general rule,
all arithmetic, logical and indexing operations
are either register-to-register or register-to-core.
In some machines the registers are divided by
class-arithmetic registers, index registers, status registers-while in others, registers are multipurpose. In most applications, the efficiency
(speed x size) of programs is related directly to
the number of registers. This results from the
fact that register-to-register operations are almost always faster than those involving core locations. In addition, when only a few registers
are available, intermediate results must often be
stored temporarily in core to free a register-a
costly operation in terms of execution time and
core storage overhead.
It should be noted that registers, as used here,
refer to program-accessible dynamic storage
units. Some manufacturers include a large number of status bits and temporary, non-accessible
regi&iters in their total register complement.

Three different addressing modes
In most minicomputers, instructions such as
LOAD and STORE reference core locations by
ELECTRONIC DESIGN
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The first step in the selection of a minicomputer is to
determine the system requirements. This task is all too
often overlooked. Circuit modules-such as this unit for

a programmer console and control panel made by Digital
Equipment Corp., Maynard, Mass.-must be designed
specifically for the end use of the system.

various addressing modes. In other words there
are different ways of computing the address of
the location referenced. The common addressing
modes are direct, relative and indexed modes.
In the direct addressing mode, the address is
a bit field of the instruction word itself. Direct
addressing modes are either one-word or twoword. In the one-word direct mode, the address
is usually formed from seven to eight bits of a
single-word instruction. In this mode only a restricted area of core can be referenced. This is
overcome in the two-word direct addressing mode,
where the address is extracted directly from
selected bit fields of a two-word instruction. In
this manner any location in core can usually be
referenced.
In the relative addressing mode the address is
a positive or negative displacement from the address of a particular status register, such as the
program count register or a specified page register. The absence of the relative addressing capability in a particular machine may restrict the
ease of generating relocatable code (programs
executable with any arbitrary area of memory).
But relocatable programs are usually less efficient than their absolute counterparts.
The operand address in an indexed mode is
contained in a register that is set up before the
instruction is executed. Index registers usually
have automatic incrementing and decrementing
features. These are useful in sequentially accessing arrays of data in memory buffer areas.
In most computers these addressing modes can
be modified to operate indirectly. One-word direct
and relative addressing modes are usually the
least time-consuming, but they limit the area of

core that can be referenced. Their primary impact is on control processing programs, and in
any program where core storage space or execution time is critical, the low core and execution
time of these two modes can be a great advantage.
Although somewhat slower than the direct
mode but usually faster than the indirect mode,
the indexed mode allows any location in core to
be addressed. Its primary impact is on applications programs involving data manipulation
processing. Because registers can be incremented
or decremented faster than core locations, the
indexed mode is efficient for accessing sequential
addresses.
Indirect addressing often has an impact on
time-critical prngrams, since one indirect addressing instruction can often perform an operation requiring two instructions in a machine
without indirect addressing. In most applications
fetching the indirect address once or twice will
suffice.
The absence in a machine of one of the addressing modes will have a definite impact on
programming efficiency in applications where
storage or execution time is critical.
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Instruction repertoire is very important
Every computer comes with its own set of instructions that will interpret and execute directly. The manufacturer will usually list the number
of instructions and the execution time for each.
But since each machine operates differently, you
can't just assume that the machine with the biggest instruction set is best.
C 25

The best way to compare minicomputer instruction sets is to code benchmark routines in
each and make the comparison on the basis of
total execution time and the number of instructions required. The benchmark routines used
should be related to the proposed minicomputer
application.
Suggested benchmarks are as follows:
Data manipulation processing

1. Interchange the contents of two arrays in
core.
2. Generalized byte fetch procedure. (For 12bit and 16-bit machines, load the lower half of a
register with a half-word byte, either upper or
lower, of a core location. The upper half of
the register should be zero at the end of this
operation.)
3. Count the number of one-bits in a register
and leave the result in another register.
Computation processing
1. Add the contents of two arbitrary core locations and store the results in a third location.
2. Perform a fixed-point multiplication with
software.
3. Arithmetically compare (less than, greater
than or equal) the contents of two registers and
branch to one of three locations, depending on the
results of the comparison.
4. Perform a double precision right shift of
two registers-the lower bits of one register
shift into the upper bits of the other-with the
number of shifts being specified in a third
register.

Control processing
1. Search a list of values whose starting address is in a core location, to find the list value
equal to the contents of a register.
2. Branch to one of four different arbitrary
addresses, depending on the value of two adjacent bits in a register. The bits should not be the
low-order or high-order bits.

Interrupt processing takes time
Interrupt latency is one of the most crucial
elements of real-time programming applications.
It is the time required for the computer to sense
an external interrupt condition and to transfor
control to a processing sub-program for that condition. The functions involved to carry this out
are usually performed by a mixture of hardware
and software processing, depending upon the
computer. These functions include:
• Terminating normal CPU operation once the
C26

machine has completed the instruction it is executing.
• Disabling the interrupt system temporarily.
• Determining the source of the interrupt.
• Saving the current contents of all registers.
• Enabling a portion of the interrupt system
in accordance with a priority level schedule.
• Transferring control to a subprogram to
service the interrupting device.
Few quoted latency figures include all of these
steps, but all of the steps contribute to the actual
latency of a minicomputer. The service demands
of the various system components should be
measured against this actual latency. The realtime user is particularly concerned with minimum latency, conservation of core and flexibility.
In other systems, a particular device may be
time-critical, even though the application is not.

Floating-point arithmetic improves precision
Minicomputer architecture seldom includes
floating-point arithmetic capability in the hardware. In some process-control and computation
applications, the numerical dynamic range and
precision afforded by floating-point arithmetic
is required. In such applications, time requirements usually permit use of software-implemented floating-point procedures.
Two approaches to software-implemented floating point are subroutines and interpreters.
In the subroutine approach, the minicomputer
seller usually supplies a set of floating-point subroutines that may be called by user programs.
In the interpreter approach, the seller supplies
one basic routine: the floating-point interpreter.
The interpreter can examine sequential core locations and "interpret" their contents as floatingpoint instructions, thus simulating the operation
of a CPU with floating-point hardware.
The main advantage of the interpreter approach is tremendously increased programmer
convenience, since floating-point instructions can
usually be coded naturally in sequence with normal hardware instructions. However, the interpreter approach usually takes longer than the
subroutine approach. When software approaches
prove too slow for the application, check for the
availability of floating-point hardware.

Software supplied may not be adequate
The software supplied by today's minicomputer
manufacturers generally falls into one of two
classes: development and general-purpose. Development software-such as assemblers and loaders
-is of primary concern to OEMs, since it provides the basic software tools for producing applications programs. General-purpose software
ELECTRONIC DESIGN
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packages, such as compilers and manufacturersupplied application packages, are often of more
concern to the end-user, who requires some special programming capability.
Virtually all mini manufacturers supply the
following development software packages :
• Assembler: This allows the programmer to
code in a symbolic language that is usually in
one-to-one correspondence with the actual machine instructions. Minicomputer assemblers usually produce program listings on a teletypewriter and object tapes on a paper tape punch.
• Loader. This loads the object tapes produced
by the assembler.
• Editor. This allows the programmer to update source tapes by inserting or deleting lines
and characters.
• Arithmetic and utility routines. These give
the programmer often-used functions, such as
single and double-precision fixed-point arithmetic binary-BCD conversion.
This development software, especially the assembler, can have a dramatic impact on application program preparation by significantly reducing labor required to produce large minicomputer programs. The elements to be considered
in evaluating assemblers are as follows:
• Assembler size. If a minimum sized minicomputer ( 4 k) is used for software systems development, it is extremely important that the assembler operate on a fairly large source program
in the 4-k environment.
• Assembler operating procedures. Most minicomputer assemblers will require three passes of
the source program if the sole I/O device is a
Teletypewriter. In the first pass the assembler
creates a symbol table. A source listing on the
page printer and an object code tape on the punch
are then produced in separate passes. The two
latter passes can, and should, be combined if
separate listing and primary output devices are
available. Assemblers requiring more than three
passes to produce a listing and object tape should
be approached with caution.
The amount, and nature, of general-purpose
software provided by minicomputer makers
varies widely. The end-user, who is concerned
with using such packages as minicomputer FORTRAN, BASIC, COBOL and seller-developed
application packages, should examine the efficiency and operating procedures of the packages.
A FORTRAN compilation, for example, may require too many source tape passes in a 4-k minicomputer/ Teletype configuration. The prospective
user should judge efficiency by running benchmark programs and evaluating the results, based
on run time and code storage consumption.
Software is normally provided by the manufacturer to help diagnose and maintain the processors and interface controllers that he supplies.
ELECTRONIC DESIGN
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The construction of the controller dictates the
amount of sophistication needed in the software.
If a mother-board technique is used, the diagnostic software must pinpoint the component that
may be bad. Otherwise it can be very expensive
to replace the entire controller board, since it may
well contain other controllers. If the construction
is modular in approach, using plug-in printedcircuit boards-which individually are not very
expensive-the software need only identify the
suspect board.
If the manufacturer does not offer a complete
line of peripherals, then the designer must plan
on writing his own diagnostic software, or else
have competent people provide the maintenance.
Either way, this can be expensive.

Reliability vs maintainability
Reliability is often overlooked in evaluating
minicomputers. Technological advances have produced extremely reliable components, but reliability figures are still difficult to obtain, because
in many cases only estimates will be available
until the machines have had an extended op.e rating history. If the reliability estimate is not high,
or if the application is critical, then maintainability becomes very important. Do the construction techniques and the furnished diagnostic aids
facilitate fast repair of the machine? Physical inspection of a demonstration unit may be helpful
in finding t h e answers.

Don 't forget the human factors
The layout of the operator's console-the
switches and display and their configurationcan affect t he operator's efficiency. The size of
the CPU mainframe and the construction concept may create system packaging problems that
can be costly to overcome. The evaluator should
determine if his mainframe is a complete system
or if extra modules will be necessary to provide
memory and power. Another point to consider is
the ability to install interface controllers inside
the basic mainframe.
Finally, the buyer should be conscious of at
least the following other factors : the terms of the
contract under which the equipment is to be purchased; and the arrangements for maintenance
and spare parts.
Warranty, service and field-upgrade policies
vary widely from manufacturer to manufacturer.
There is no perfect contract, and standard policies are hard to change. But you never g.e t what
you don't ask for. Above all, the contract should
be thoroughly understood and reviewed before it
is signed. ••
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Sooner or later, almost every computer company
gets around to comparing itself to DIGITAL. And
for good reason. DIGITAL has delivered over 10,000
small computers; more minis than all other computer companies combined.
Sure it's nice to be the manufacturer everyone
tries to measure up to. But it's a responsibility too.
Being the yardstick means always having the best.
The best processors, the best peripherals, the best
software. And we do.
But take a closer look at what it takes to be best.
Like service. DIGITAL has over 1400 sales and
service engineers in 65 locations around the world .

Or software and peripherals. DIGITAL offers more
than 70 small computer peripherals - all the usuals,
plus specials available only from us. And the most
extensive software library and the most active
users' society.
Cost performance? Our PDP-8/ e and 11 have the
broadest cost/ performance range in the industry
and we 'll prove it any way you like.
We could go on but you get the point. Sooner or
later everyone has to measure up. To us.
Digital Equipment Corporation , Main , Street, Maynard , Mass. 01754 (617) 897-5111.

More than 10,000 mini-computers delivered.
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Take a solid tantalum capacitor out of the military specs and you
notice one thing immediately.
Hardly any loss in reliability. And a big drop in price.
When you figure y can get KEMET®E Series dipped solid tantalums for about what yo
pay for aluminum electrolytics, you can start to
see all sorts of proble disappear.
·
Rejects dwindl Shelf life 1 gthens. Operational life soars.
KEMET E Seri tantalun1s me in four case sizes from 0.175"
diameter to 0.400"
h plug in le son either .125" or .250" precision
centers. 0.1to330 up to 50 volt ff the shelf delivery on standard values.
Talk to yo
nion Carbi · Sales Representative about them.Or
write us at Unio arbide, Co onents Department, Box 5928,
Greenville,Sou Carolina 296 . Telephone: (803) 963-7421.

•
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COMPONENTS DEPARTMENT

ThePDP-11
family grows on.
This month:
Communications
hardware that lets
data come and go
as you please
Just follow the arrows. Pick out
the hardware you need , plug it
in, and you have a data communications system. Fast. Easy. And
less expensive than you might
expect.
How so? It all begins with the architecture of the 16-bit PDP-11 .Awhole
new way to bui Id computers.So every
device is independent. Pluggable.
And can communicate directly with
other devices.
That's because of the UNIBUSn.: Acom~f,'i"~\\l\t\"t\Uf,
mon commun ications path that handles
\.\"i. \"lU\f~~
~
8-bit bytes and 16-bit words with equal
ease . It's asynchronous. Bidirec- · ~
tional. Acts just like a multiplexer.
~
It plugs right into any device you have now.
Any device you'll want to add in the future.
And that's just half the story.
We've done the same thing with software.
Come up with a modular, expandable,
_..___
communications-oriented multi-task
executive (COMTEX-11 ). It 's a datatransparent front end for your applications
~""C\\.\\\\"\\\\CS
programs. With terminal applications packages.
U"l \"ll\\f ~Cl
Interrupt service routines. It's pluggable,~·
ust
like the hardware. To give you a good head
/
start on any communications program.
And now we've added four new interface
units. Two are asynchronous line interfaces. One 's
a single-line unit with both programmable line speed
and character size. The other is a 16-line multiplexerthathandlesdata rates up to 1200 Baud,
and can be stacked to handle over 200
__,.
lines. We've also got a synchronous line interface that'll program both sync character and character
size. And an auto calling unit for dialing up any remote terminal or computer. Pick and stack up
what you need , then add your data. Pull it all together and you have a most astonishing communications systems package. With astonishing flexibility. And an equally astonishing price/
performance ratio . Just what you'd expect from Digital. After years of experience in data communications. After delivering over 10,000 mini-computers. After build ing more types of computers
than anyone else. Anywhere. Our PDP-11 communications systems package is a big idea. You
really ought to read up on it. Write for the brochure. Next month still another member will join the
PDP-11 family. Digital Equ ipment Corporation , Main Street, Maynard , Mass. 01754 (617) 897-5111.

\
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yes, mag
tape
terminals

It's true .

For example, take a look at t he tape
cartridge, which was specifically designed for reliability required for
data transmission .

After helping a jillion feet of paper
tape w i nd and unwind its way
through communications systems
everywhere, Teletype announces the
addition of magnetic tape data
terminals.

Its vital statistics are: 3• x 3• x 1•.
It contains 100 feet of
magnetic tape.

X" precision

There are some basic advantages in
both mediums·. But as you are well
aware, the medium that's right for a
system depends a lot on the application criteria.

It will hold 150,000 characters of
data, recorded at a density of 125
characters per inch. The equivalent
of a 1000 foot roll of paper tape.

The new magnetic tape data terminals have many operational features
that make life less complicated for
the operator.

This means that your data is easier
to store, easier to handle, easier to
work with than ever before. And it's
reusable.

New, modular line of Teletype® 4210
magnetic tape data terminals.

Te letype is a tradem ark registered in the U.S. Pat. Office.
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equipment for on-line, real-time processing

The units have a "fast access" switch
which will move tape forward or
reverse at a speed of 33 inches per
second. A digit counter provides a
reference point to help locate various areas of the tape .
Four ASCII control code characters
can be recorded in the data format
to aid character search operations.
When the terminal's "search" button is pressed, tape moves at the
rate of 400 characters per second

Also magnetic tape adds high speed
on-line capability to low speed data
terminals.
You can zip data along the line at up

to 2400 words per minute. For example: Take a standard speed Teletype keyboard send-receive set, and
a typical typist. Add a new magnetic
tape unit to this combination and
the on-line time savings can pay for
the magnetic tape terminal in short
order.

Straight-through threading makes
tape loading and unloading exceptionally easy.

They can send or receive at high or
low speed. Or can be used independently as stand-alone terminals online.
If you would like to know more about
this new line of Teletype magnetic
tape data terminals, please write
Teletype, Corporation, Dept. 89-15,
5555 Touhy Avenue, Skokie, Illinois
60076.

You can take better advantage of
voice grade line speed capabilities.

until the control code selected is
detected. Then the terminal stops
the tape automatically.
A "single step" switch is also provided which enables you to move the
tape forward or backward one character at a time. In editing or correcting tape, you can send a single
character using this feature.

An operator can prepare data for
magnetic tape transmission using
the keyboard terminal in local mode.
Then send it on-line via the magnetic
tape terminal up to 2400 words per
minute.
These new modular magnetic tape
data terminals offered by Teletype
are perfectly compatible with model
33, model 35, model 37 and lnktronic®
keyboard send -receive equipment.

Teletype 4210 magnetic tape data terminal with 37 keyboard send-receive
set.

TELETYPE

f

machines that make data move

lrul :'
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us
OUTRAGEOU
Big Configurations :
could put main frames, p~
together at prices as loW!
and we're

Nova 1200, No
Supernova SC: we pr
fast new mini com
we're already deliv
of schedul

Software : We promised the biggest
single package of mini computer software
ever, and we delivered FORTRAN IV,
ALGOL 60, Time Sharing BASIC,
Disk Operating System,
and lots more.

True.
It's always been this way.
Ever since we said that our
first 16-bit multi-accumulator mini
computer, the Nova, was the best
small computer in the world.
That we'd back everything up
with software, peripherals, and worldwide sales and service. That we'd
become a high volume manufacturer
in a hurry.
Well, we've delivered on all
counts.
With one very interesting
result: We still make outrageous
claims. But with our delivery record,
people simply refuse to be surprised
by anything we say.
For instance, we introduced
three new members of the Nova line,
featuring LSI, MSI and all-monolithic
memory, at the 1970 Fall Joint, and
the only people to get nervous were
the competition.
We told everybody that the
Nova.1200, the first mini computer
to take advantage of large- and
medium-scale integration to achieve
·
d d i· b·1·
maximum spee an re Ia I ity, was
·
lt•
1
th e 1east expenSIVe
ffiU 1-aCCUffiU a tor
16~b l•t COmput er On th e mark et .
D l.d we Sh a k e anyb 0 d Y Up·?
· t
t
d
N O, We JUS
WrO e Or ers.
And then to cap it off we
'
'
delivered the Nova 800 a month ahead
of schedule, and the Nova 1200 two
months ahead of schedule (which is
really outrageous in this business).
At the same time, we introduced
the Supernova SC.

Here we are, the cocky young
kid on the block, introducing the first
all monolithic memory in a mini
computer and people didn't just accept
it. They expected it.
Now we're telling people that
it's not enough to love us for our low
main-frame prices. They should love
us for the way we can put main frames,
software and peripherals together in
configurations that meet real-world
computing requirements at the lowest
prices possible.
Reaction? Disk Operating
Systems, Real-Time Operating Systerns, Time Sharing BASIC Systems,
all kinds of systems, are installed
and running. Right now.
Sure we make outrageous
claims.
But with more than 1000 computers, and all kinds of software,
peripherals, and systems installed all
over the world, it's getting harder.
Because people are simply
buying everything we say.
•
• •
Southboro, Mass. ( 617) 485-9100 / Hamden, Conn.
(203) 624-7010 / Commack, L.I., New York
(516) 368-3304 I Rochester, New York ( 716) 235-5959 /
Saddlebrook, N. J. (201 ) 843-0676 / Bryn Mawr, Pa.
(215) 527-1630 I Washington, D.C. (202) 296-0380 /
Atlanta, Georgia (404 ) 458-0118 / Orlando, Fla.
(305) 425-5505 I Chicago, Ill. (3 12) 539-4838 / Cleveland,
Ohio (2 16) 486-5852 / Houston, Texas ( 713) 622-2820 /
Dallas, Texas (2 14) 233-4496 / Denver, Colorado
(303) 758-5080 / Manhattan Beach, Cal. (213) 376-7917/
Palo Alto, Calif. (k15) 321-9397 I London, England
01 499 7735 I Mumch, W. Ger. 081129 55 13 I DATAGEN
OF
CANADA
LTD.:
Hull, Quebec (819 ) 7702030 (
Montreal,
Quebec
(514) 341 4571 / Toronto, Ontar10
( 416) 447 8000 I Vancouver, British Columbia

DATA GENERAL

(604) 7312711.
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Hard-copy unit
interfaces displays

Tektronix , Inc., Box 500, Beaverton, Ore. Phone: (503) 644-0161.
P&A: $3750; 60 days.
· The new 4601 hard-copy unit
produces paper copies from CRT
displays of the following Tektronix
products: the T4002 graphic computer terminal, the T4005 graphic
display and the 611 11-in. storage
display unit. Upon receipt of a
manual or computer-controlled command, the 4601 produces an 8.5 by
11-in. reproducible copy within seconds at 8¢ per copy.
Booth No. 2501
Circle No. 256

29-ms disc drive
stores 58 megabits

Information Storag e Systems, Inc.,
10435 N. Tantau Ave., Cupertino,
Calif. Phone: ( 408) 257-6220.
P&A: $14,500; June, 1971.
A new disc drive with an access
time of 29 ms and track-to-track
access of 7 ms offers a storage
capacity of 58 million bytes. The
715 uses 406 cylinders on a standard 2316 disc pack. It is compatible
with a variety of computer equipment and is adaptable to controllers handling a 312,000-byte/s data
rate.
Booth No. 1239
Circle No. 284

8-bit minicomputer
cycles in 1.1 µ s

Cincinnati Milacron Co., L ebanon,
Ohio. Phone: (513) 494-1200.
P&A: see text; 30 days .
The CIP / 2100 is an 8-bit minicomputer with a 1.1-µs cycle time,
designed for real-time systems applications by OEM users. A wide
variety of processors and peripheral equipment options are available. The minicomputer is available
with a single IC ROM board. Prices
begin at $4565 for a basic CIP I
2000 with IC ROM and 4k-by-8-bit
core memory.
Booth No. 1759
Circle No . 276

Silent MOS/ LSI term·inal
is completely portable

T exas Instruments, Inc., Digital
Systems Div., 12203 Southwest
Freeway, Stafford, T ex. Phone:
(713) 494-5115. Avail,abiliby: 30
days .
The new model 725 silent and
portable data Lerminal for timesharing users features a built-in
acoustic coupler packaged in a lu ggage-type carrying case. It contains
MOS/ LSI ICs, standard printing
speeds of 10, 15 or 30 characters/s,
half or full-duplex operation and
adjustable print contrast. Transmission is at 110, 150 or 300 baud
over telephone lines.
Booth No. 1505
Circle No. 296

C36

4k 16-bit minicomputer
prices down to $5400

Varian Data Machines, Irvine,
Calif. Phone: (714) 833-2400.
P&A: see t ext; June 1971.
The 620/ L minicomputer, a new
lower-cost successor to the popular
620 / i, features a 16-bit 4k processor that is 100 % software and
peripheral compatible with the
620 / i, for just $5400. The basic
configuration is memory expandable
in 4k-word increments for only
$2300 each. Features include 4096
words of core memory, a party-line
I / 0 bus, direct memory access and
a power supply.
Booth No. 2619
Circle No. 257

Graphic display system
complements computers

L undy Electronics & Systems, Inc. ,
Glen H ead, N. Y. Phone : ( 516 )
671-9000. P&A: $60,000 to $100,000; 3 to 6 months.
System 32 is a high-performance
computer interactive graphic display system for use with large and
minicomputers. Its capabilities include high capacity of line drawings and alphanumerics, orthogonal
projection of 3-dimensional data
with rotation and use of circle/
ell ipse generators. A choice of interactive manual-input devices is
available.
Booth No. 2436
Circle No. 261
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Th is new Licon® N-Key
rollover keyboard eliminates
transm ission of false codes.

Thanks to a unique new design
approach, Licon now offers
perfected N-Key rollover.
Available right now. Each key transmits
its signal in the sequence in which it is
struck, regardless of the condition of
preceding keys .. . whether still
depressed or in return travel. It's
"failsafe". That's typical of the
complete Licon keyboard. Example?
Candidly, everybody's electronics
exhibit about the same level of
reliability. The critical element is the

key itself. And Licon 's is based on
a reliable, low-cost ferrite core.
Solid-state, but simple!
Essentially immune to temperature
change, vibration, voltage variations,
etc. "Bounce"-free. Requires very
little power, yet provides high level
output, with outstanding signal-to-noise
ratio. Encoding can be changed
without touching the electronics. For
service, buttons and PC cards
simply snap out, snap in. Interface with

your equipment is a
simple plug-in connector, and we'd like to
give you a plugged-in
demonstration on
your equipment.
Send for brochure
or demonstration.
Licon, Division Illinois
Tool Works Inc., 6615
W. Irving Park Road,
Chicago, Ill. 60634.
Phone (312) 282-4040.

VISIT US AT SJCC IN BOOTH 2142

D~

LICON

The Innovating Electronic Group of ITW... LICON • ELECTRO MATERIALS • PAKTRON

NOW

THE SMALLEST
IS ALSO
THE LARGEST.
The world's smallest power supplies for microelectronics are now available in the world's largest
line of high power density, high efficiency supplies:
54 off-the-shelf models.
From 1OOW to 500W; from 3VDC to 30VDC; single,
dual, triple outputs; commercial, military, and export
models.
Now in use by such leaders as Burroughs, Control
Data, Honeywell, IBM, Litton, NCR, RCA, Univac,
and many Government installations. We also custom
develop/produce to specific needs.
Write for complete literature.
Trio Laboratories, Inc., 80 Dupont St. , Plainview,
L.I., N.Y. 11803. Tel.: (516) 681-0400~/
TWX: 510-221-1861 .
/...
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I
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Teletype terminals
widen platens

...

Teletype Corp., 5555 W. Toulvy
Ave., Skokie, Ill. Phone: (312)
982-3133. Availability: 2nd quarter, 1972.
The new family of T eletype 38
receive-only KSR and ASR terminals widen t he versatility of the
model 33 units. They employ the
same concepts as the 33 line except
they have upper and lower-case
print-out and a wide platen for a
132-character line at 10 character/
in. All model 38 units operate at
10 characters/ s.
Circle No. 283
Booth No. 1145

Low-cost . multiplexers
handle many channels

Model SP631
5VDC/100A
Typical efficiency 70%
8.50" x 6.81" x 8. 75"
21.5 lbs.
$695.

Model SP601
5VDC/20A
Typical efficiency 65%
3.25" x 6.50" x 7.50"
6 lbs.
$400.

See us at SJCC Booth 2238 and AFCEA Booth 411

ComData Corp., 7544 W. Oakton
St., Niles, Ill. Phone: (312 ) 6926107. P&A: from $1440; stock.
The low-cost series 200 multiplexers provide multiple-channel
drops at various points along a
private-line path, busy-out control
of remote dial-up data sets and
loop-back test features with manual
and computer control. Twelve 110baud channels are available for unconditioned lines and 16 for conditioned lines. Data rates of 110,
134.5, 150 and 300 baud can be
mixed.
Booth No . 1721
Circle No. 293
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Leading the way to lowered chip prices
through advanced automation production

Electro Materials® monolithic ceramic
chip capacitors provide extremely high
values of lumped capacitance per unit
volume. They are ideal components for
hybrid electronic circuitry demanding
high volume efficiency. Their only
drawback was price. Now Electro
Materials has made them practical for
use throughout the consumer electronics,
computer and general communications
fields. In the same high quality level
developed for the aerospace/defense

industry. Available in 25-, 50-, 100- and
200-volt ratings in capacitance values of
0.47pf to 15.0 mfd, Electro Materials indepth stocks assure right-now availability
of most items. And for custom solutions
to capacitance problems, we can "tailor"
the electrical , environmental reaction
and mechanical characteristics as you
need. Chip capacitors are designed for
direct attachment to substrates, headers
or printed circuit boards with silver,
silver-alloy or gold-alloy terminations.

Even pre-tinned in
production quantities.
Free. Just call or write
for free samples and
information to: Electro
Materials, Division
Illinois Tool Works Inc.,
11620 Sorrento
Valley Road,
San Diego, Cal. 92121.
Phone (714) 459-4355.
TWX 910-322-1130.

DMELECTRO MATERIALS
The Innovating Electronic Group of ITW... ELECTRO MATERIALS • PAKTRON • LICON
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How many other ways can you use them?
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Up unti l now you 've had to settle for
non -volatility or electrical alterability
in a semiconductor memory system .
One or the other ; not both together.
Today, we 're glad to say. you can have
your cake and eat it too. Because the
best of both have now been combined in a single device :
our new 256 - bit Read - Mostly Memories (RMM) .
Key to t heir unique characteristics is the use of amorphous
and si licon semiconductors integrated in a 16 x 16 matri x
on a mono lithi c chip. with a diode- isolated Ovonic Memory
Switch (OMS) at each cross-point. What makes them alterable and non -volati le. too. is the fact that the OMSs are. in
essence. bistable resistors . They can be reversibly switched
between t heir high resistan ce (300k n) and low resistan ce
(500 n) states by t he app lication of contro lled current -time
pulses . And they're also capable of remaining in either state
indefinitely, even when power is removed .

~

!.

Data
Trans mitte r

Da ta
Receiver

Add to these exclusive features non-destructive readout
plus read speeds of 1 50 nsec access and 200 nsec cycle
time (in cluding decoding delay) and you 've got yourse lf
a versatile memory element t hat's readi ly adaptable to a
host of applications beyond those diag rammed above.
Availability? Off-the-shelf! At prices ranging from $120
each in quantities of 1 to 9. $75 each from 10 to 99. and
$60 ea ch for 100 or more. Application engineering assistance is available upon request without obligation . Write
or ca ll for complete information today.

M

Energy Con. version. Devices, Inc.
1675 WE ST M A PL E

ROAD • TROY , MI CH IGAN 48084 • 313/549-7300
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As typified by this line of broad
value/voltage, axial lead, metalized
wrap and fill types .

Paktron employs the most highly
mechanized film capacitor plant in the
country to insure economy, availability
and consistent quality throughout its
entire line of film capacitors. Which
includes a selection that virtually
guarantees the ideal and economical
choice for almost any application .
Choose from the Paktron 8 film foil and
metalized Mylar*, polypropylene, and
metalized polycarbonate parts. Epoxy

coated , wrap and fill , molded and epoxy
dipped construction. Radial and axial
leads. Special close-tolerance types,
temperature stable types and extra
compact shapes like low-profile and
wafer thin models. All designed to
advance the universal trend to
miniaturization and the current state
of solid-state electronics. For samples
and data on the finest in quality
domestic capacitors, contact

your Paktron
representative, or
call or write:
Paktron, Division
Illinois Tool Works
Inc., 1321 Leslie
Ave., Alexandria,
Virginia 22301.
Phone (703) 5484400. TWX
710-832-9811.

* A DuPont Registered Trademark

IB PAKTRON
The Innovating Electronic Group of ITW... PAKTRON • LICON • ELECTRO MATERIALS
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Efficient multiplexer
interleaves 32 channels

Timeplex, Inc., 65 Oak St., Norwood, N. J. Phone: (201) 7671650 . P&A: f rom $4300; 45 days.
'T'he SMC-200 synchrono us data
multiplexer efficiently bit-interleaves up to 32 synchrono us or isochronous data streams. Input rates
to 400 kbits /s may be multiplexed
up to group-band, Tl, Telpac or
megabit microwave transmiss ion
rates. Any low-speed channel rates
can be also accommodated.
B ooth No. 1664
Circle No. 288

We've got 'em in cards.
Or cased.
For off-the-sheU
delivery.

Kearfott can solve your conversion problems with two
production model solid state synch ro/ resolver digital
converters. Both meet MIL-E-5400.
TRIGAC I-A low cost, successive approximation
converter, accurate to 12 minutes.
TRIGAC Ill-Using demodulators, integrators, inverters
and zero crossing detectors, this converter offers high
accuracy at moderate cost.
Model Number
Input Signal
Output
Resolution
Accuracy
Logic Levels

Typical Characteristics
TRIGAC I
C70 4773 001
3 wire synchro

TRIGAC Ill
C70 4773 013
11.8 V line-to-line
400 Hz
14 bit natural
parallel

13 bit BCD code or
13 bit natural
parallel
6 minutes arc
LSB-1'9"
12 minutes arc
± 2 LSB
Logic " 1"= ± 5V ± 10%
Log ic " O" = 0-0.5 V

We can supply either cards as shown , or in corrosionresistant metal enclosures. Write today for new catalog .
Singer-General Precision, Inc., Kearfott Division,
1150 McBride Avenue, Little Falls, New Jersey 07424.

SINGER
KEARFOTT

DIVISION

Cassette-to-card unit
enscribes magnetic tape
Customized Data Syst ems, Inc.,
Box 3146, Corpus Christi, T ex.
Phone: ( 512) 882-2971.
The Adapta-Data 5210 cassetteto-card system, a sli ghtly modified
10-key adding machine, can enscribe a magnetic tape cassette.
The same cassette drive transmits
data over regular telephone lines
to an IBM keypunch producing
computer-compatible cards.
Booth No. 1525
Circie No. 290

Plotter Id igitizer
processes paper tape
B endix Comput er Graphics , 2385
Freeway Par k Dr., Farmington,
Mich . Phone : (3 13 ) 477-3700.
The new Datagrid X-Y plotter/
digitizer for interactive design accepts input data via a paper-tape
reader and outputs t he plotter's
digitzer portion of an ASR-33 teletypewriter wit h a paper-tape
punch. A magnetic-tape input is
also available.
Booth No. 1213
Circle No. 273
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Buckbee-Mears
has the world's
fastest, most
precise artist
locked in a
dark room.
This artist
even speaks
£/A computer
languages.

We call the artist BMAPS. The initials stand for BuckbeeMears Automated Plotting System. It's really a Gerber 532
plotter directed by a Univac 418 Computer, and it can do
things no artist or draftsman ever d reamt of.
Designs impossible to achieve by hand, such as exotic
encoders or spiral patterns, can be drawn easily by BMAPS.
The system is 20 times faster than a draftsman and draws
three to four times as accurate.
We use BMAPS to plot precision artwork directly onto
photosensitized film or glass in the production of photoetched and electroformed parts. We also rent out BMAPS
to firms who just want to use the artwork, makin g it the
only precision plotter available on a commercial basis.
Until recently BMAPS instructions had to be written in
a special BMAPS language. Now we have a translator pro•PRECISION METAL ETCHING ANO STAMPING

•GLASS ETCHING

me

• EL ECTROFORMING

gram, which means we can take any standard EIA computer
language and convert it to BMAPS. The system will take
either 80 column cards or magnetic tape.
BMAPS is extremely accurate. The 4' x 5' plotting table
holds tolerances to ± .0009" at speeds up to 70" per minute. A special 12" high precision area has a tolerance of

± .0004".
BMAPS is the latest advancement by Buckbee-Mears in
the field of photomechanical reproduction . Since we invented the business, we feel obligated to keep offering you
the best service in the world .
If you need precision etched or electroformed parts, or
if you just want to rent time on BMAPS, call or write Industrial Sales Manager, Bill Amundson in St. Paul. The number
is 612-227-6371.

• FLEXIBL ECIRCUITS

• PULSE TRANSFORMERS

• SCREENS & MASKS FOR HYBRIO CI RCUITRY

• AUTO MATEO OESIGN

BUCKBEE-MEARS COMPANY

SAINT PAUL, MINNESOTA 55101
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a thought about you ...

And no wonder! With so many generalpurpose minicomputers to choose from,
how can you possibly decide which is
the best for you?
It's easy! Let Cincinnati Milacron help
you . Our sales staff is trained to analyze
your needs and supply answers to all
those questions that are vital to your
decision-making. Answers in plain
English, not jargon.
But we don 't stop with answers. We
realize that for your product to succeed
in your market place, you demand much
more. You must have things like reliability, competitive prices, and on-time
deliveries. Beyond these, you want good
service, thorough training , and a continuing information flow .
More and more OEM users are discovering that Cincinnati can solve their
problems ; meet their needs, and help
them keep their customers coming back
for more. All this is part of the package
when you buy a CIP / 2100. So don 't
feel perplexed any longer. Call Cincinnati
Milacron today.

minicomputers

-,c

CINCINNATI
MILACRON
Lebanon, Ohio 45036

Cinci nnati area (513) 494-5444 • Chicago area (312) 439-5726 • Los Ange les area (213) 582-836 1 • Detro it area (313) 557 -2700 • New Y ork area (201) 687 -4500
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True electrical and
physical compatibility
with DIP·packaged
IC logic families
plus the Clare
Picoreed capsule.
France. Italy. Germany. Belgium .
The Netherlands. This microminiature
sealed-contact relay has been built by
Clare International, and has proved
itself over most of Europe in data
process and process control
applications. The users? Some of the
biggest names over there. Now Clare's
new PRME DIP Relay is ready for you .
Check its credentials. Electrically and

physically compatible with DIPpackaged IC logic families. Drive the
5-volt model directly from most
DTL/TTL standard gates without power
NANDS or external driver /buffers .
Total DIP package compatibility also.
That means IC DIP dimensions,
epoxy molding, automatic machine
insertability.

diode-coil suppression and
electrostatic shield options.
Care to know more about the new
Clare relay that is already a sensation
on the Continent? Circle the Reader
Service Number now.

And here 's a big plus : The PRME is
built around Clare's own Picoreed
capsule, basis for the inherent
reliability of Clareed relays.
Some other points. Available for 5, 6,
12 and 24-V de operation. Operates
within 500 µseconds , releases within
100 µseconds. Sensitivity: 35 mW with
1Cs-45to 130 mW with other circuit
types . Switch 500 mA, 100 V, 1OVA
max; carry 2.0 A max. Internal
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C. P. Clare & Co.
Chicago 60645 and worldwide.
A General Instrument company.

SJCC PRODUCTS

Communication station
has color displays

Computer Communications, Inc.,
5933 W. Slauson Ave., Culver City,
Calif. Phone: (21$) 390-7777.
The CC-30 communication station
is an I/0 terminal with black-andwhite and color displays for highspeed on-line computer access in a
variety of configurations. Characters can be entered on its screen in
one of four colors: blue, green, red
and ye llo·w. Color selection is specified by control codes entered from
the keyboard or transmitted by the
computer.
Booth No. 2537
Circle No. 294

4800-bits/ s data modem
equalizes lines 2 ways

Codex Corp., 15 Riverdale Ave.,
Newton, Mass. Phone: (617) 9690600. P&A: $5575; 30 days.
The 4800 voice-band data modem
features automatic and adaptive
equalization and operates at 4800
bits/s over unconditioned telephone
circuits. It uses a modulation technique which combines both phase
and amplitudes. Carrier and timing
recovery are data-derived, eliminating the need for separate pilot
tones and assuring no phase jitter.
Booth No. 1153
Circle No. 263

Optical mark ·readers
scan many sheet sizes

Optical Scanning Corp., Newton,
Pa. Phone: (215) 968-4611. P&A:
see t ext; July, 1971.
The OpScan 12 and OpScan 17
are low-cost low-speed optical mark
readers that scan different sheet
sizes from 2 by 4 to 8-1 / 2 by 11 in.
They allow numerics to be hand or
pre-encoded on forms and then
scanned. The OpScan 17 can be
used as a data station component.
It costs $5000 and rents at $195/
month. The OpScan 12 costs $3500
and rents for $125/month.
Booth No. 1838
Circle No. 259

7 -kb it core memories
occupy 1-in. 2 areas

C46

Ampex Corp., 9937 W. J efferson
Blvd., Culver City, Calif. Phone:
(213) 836-5000 . P&A: 2¢ bit; 60
days.
A new line of low-cost modular
core memories store 7000 bits ( 18mil cores) in 1 in. 2 of board area.
The 1800 series offers cycle times
of 650 and 900 ns in sizes ranging
from 8192 words by 18 bits to
131,072 words by 36 bits. The
8192-word by 18-bit model measures 8-in . high by 10-in. deep by
2.2-in. wide.
Booth No. 2217
Circle No. 262

1200-bit/s LSI modem
fits on a 4-in. 2 card

Penril Data Communications, 960
Thompson Ave., Rockville, Md.
Phone: (301) 881-8151. P&A:
$400; 30 days.
Employing MOS/LSI, a new
·data modem provides 1200-bit/s
transmission from a single PC card
measuring 4 in. 2 The 1200/-5-150
is onlinc compatible with Bell
202C-6 modems. Other features include reverse-channel compatibility
of 150 bits /s, crystal-controlled
tone frequencies and reverse-channel on-off keying from 0 to 5 Hz.
Booth No. 1345
Circle No. 277

Digital tape deck
prices down to $96

Scovill Auricord Div., 35-41 29th
St., Long Island City, N. Y. Phone:
(212) 361-7400. P&A: see text;
stock.
The CAS-20 digital cassette tape
deck features single-direction read/
write from 1.5 to 15 in./s with
dual-direction search from 40 to
400 in./s at a sample price of $276
and a production quality price of
$96. The CAS-20 has cassette inplacc and file-protect sensors.
Prices include a 2-track head but
not the electronics.
Booth No. 2424
Circle No. 285
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THE QUALITY

AND PERFORMANCE
COUNTER LINE

Featuring the economical,
compact Model 105A
FREQUENCY COUNTER
with 10mV, RMS sensitivity

Select the Counter
that suits your needs .

• 5-512 MHz counting range
• Sensitivity :
105A-60mV, RMS
105A-111 - 10mV, RMS
•Pulse pair resolution 2 ns
• Totalize, gated totalize,
frequency and frequency
ratio modes
•Adjustable display time
with storage
•Oven stabilized clock
parts in 108 /day

<

2

PRINT OUT
with the Model 511 A
digital printer, compatible
with most counters.
Compact (only 4% inches
high), 21 columns at up to
3 lines per second, auto
zero suppression, BCD input
and a price of only $1195.

•

1008, 40 MHz
Counter-Timer .. . . . .... . $575

•

101 B, 50 MHz
Counter - Timer . . . ... . ... $695

•

103A, 20 MHz
Counter -Timer ....... ... $420

•

104A, Variable
Time Base C / T . .. . . ..... $795

•

105A. 512 MHz
Counter - Timer . ...... .. $1550

•

106A, Up Down
Counter -Timer ..... . . . .. $775

•

107A. Computing
Counter . . . . .. .... .... .. . $1250

•

109A, Dual Limit
Counter ..... .. .. . . .. . .. . $975

•

1108. 150 MHz
Counter -Timer . ...... . ... $1585

•

114A. 150 MHz
Freq . Counter . ....... .. .. $995

•

120A, 512 MHz
Auto / Programmable
C / T . ... . . .. . ... . .. . ... .. . $2195

•

More coming .

•BCD output
•4% inch high, half rack size
• FCC type approval
NO 3-185
105A 512 MHz ...... $1,550
105A 9 digit ........ $1,670
105A-111 ...... .... $1,725
105A-111 9 digit ..... $1,845

For more information on
any of these priced -to-fit
instruments, call or write:
Monsanto
Electronic Instruments
620 Passaic Avenue
West Caldwell, New Jersey 07006
(201) 228-3800

Monsanto
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PD P~ 8

II

AND

PDP~ 11 USERS!

SHORT OF CORE AND CASH?
THE CoRPAK WILL GIVE YOU MUCH MORE OF THE FORMER
...... FOR SURPRISINGLY LITTLE OF THE LATTER
CoRPAK 11

CoRPAK 8

PDP-11 COMPATIBLE

PDP-8/I COMPATIBLE
UP TO 24K

1

12 OF EXPANSION

UP TO 124K

UP TO 28K 1 12 OF REPLACEMENT
EXPANSION IN 4K
10~"

1

UP TO 128K

12 INCREMENTS

1

1

16 OF EXPANSION

16 OF REPLACEMENt

UNIBUS ®INTERFACE
IOW' OF RACK SPACE

OF RACK SPACE

INCLUDES POWER SUPPLY

INCLUDES POWER SUPPLY

INFORMATION CONTROL CORPORATION

Corporate Office : 9610 Bellance Avenue, Los Angeles, Calif.

SEE US AT SJCC-BOOTH NO . 1118·1120

Sweden : (021 28 26 24
•
France/Gr . Britain/Benelux :
235 22 30
e Japan : (0 3127(}.77 11

(2131 641 -8520
12011487-8097 •

@

e

Central: (513) 298-1491 •
Southwest: {5051 265-0115 •

Eastern :
Norway/

Registered Trade Mark of Digital Equipment Corpora tion
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Our
economy model.
Series S490 switch light
snaps in; does the
job with one lamp;
gives your equipment
lighted switch class
for less money.
Ideal for computer
applications with
dependable lowbounce dual -wiping
contacts , independent
lamp circuit, convenient
snap -in front-of-panel
servicing. Available in
single pole and doubl~
pole momentary versions .
Six lens colors and interchangeable
legend models, too .
Call your nearby Clare Sales Engineer, or phone us,
208- 773-4541. Clare-Pendar Co., Post Falls,
Idaho 83854.

/"¥"'\ QARE·PEN>AFr

'-4"' Phone 208-773-4541
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Specifically
for
Gl•ss Supported

RELAY
•
•
•
•

and

SWITCH

applications

TEFLON

Most sizes available for immediate delivery
Stock sizes in any diameter from 'hl" to %"*
Increments of .OOl"at no extra charge
Unsurpassed accuracy guaranteed to ± .001"*

COMPLETE
FACILITIES
FOR
FABRICATION

Atlas guarantees unequalled accuracy in
the precision fabrication of parts from
any of these materials. Send your blueprints and specifications for a prompt
quote without any obligation.
•Larger sizes and closer tolerances quoted on request.

SEND FOR COMPLETE PRICE LIST

ATLAS FIBRE COMPANY
6970 N. Central Park Avenue
Chicago, Illinois 60645
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Controller Id isc drive
has 400 channels/disc

-

E3

B

-

- fll

E3

.& [_

California Computer Products, Inc.,
2411 W. La Palma Ave., Phone:
(714) 821-2541.
A new controller and disc drive
combination system, that uses existing IBM 2316 or equ ivalent disc
packs, provides 400 information
channels per disc surface. The new
system is composed of the model
CD 1015 disc controller and t he
model CD 215 disc drive uni t. It is
plug-to-plu g compatible with IBM
360 computers and r equires no software change .
B ooth No. 2411
Circle No . 287

Key-to-tape device
inputs data via phone
General Computer S ervices, Inc.,
444 E xecutive Center Blvd., El
Paso, T ex. Phone: (9 15) 544-2700.
P&A: leasing from $65 to $80/
month; 2 to 4 wks .
The T ranslator is a device for
keyboard systems that allows the
user to input data directly onto
tape via any remote Touch Tone
telephone. It enables t he user to
skip , duplicate, error-cor rect, an d
enter data wit h the keyboard.
B ooth No. 2418
Circle No. 268

Software package
processes payrolls
Computer Sciences Corp., 9841 Airport Blvd., Los Angeles, Calif.
Phone: (213) 641 -3810. Price: see
text.
Designed for operation u nder
OS/COBOL, the Payroll software
package can process payrolls alone
or with labor functions. It can
process supplemental calculations
for expenses. Licensing fees are
$12,000 and $20,000 for payroll only
and payroll with labor distribution
processing, respectively.
Booth No. 2231
Cfrcle No. 295

Chicago Miniature's new low
current, fine wire lighting bugs
need only a fraction of the
current normally required for
sub-miniature lamps.
These T-1 and T-3/ 4's have an
overage current drain of only
8-21 ma., and are specifically
designed for applications
requ iring illumination from low
current level circuits.
A new process developed by
Ch icago Miniature gjves our bugs
well shaped, stress-free fine wire
filaments which result in superior
reliability and life performance.
Their ability to be driven directly
from low output integrated
circuitry eliminates the need for
separate driver circuits. And ,
all of these lamps are aged for a

minimum of 16 hours to insure
long lamp life and dependable
operation .

For complete information on
these low current, fine wire
Lighting Bugs, circle the reader
service number or write for
catalog CMT-3A.
For application assistance
contact your Chicago Miniature
Sales Representative. For off-t heshelf delivery, contact your
local authorized Chicago
Miniature Electronic Distributor.
CHICAGO MINIATURE
LAMP WORKS
4433 N. Ravenswood Ave.
Chicago, Illinois 60640
(312) 784-1020
a GENERAL INSTRUMENT company

THE LIGHTING BUGS

This bug feeds
on practically
nothing.
INFORMATION RETRIEVAL NUMBER 145

YOKE SPECIFYING PROBLEM?
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YOKE SPECIALIST
Since we make more types of yokes than anyone else, It's natural enough for
our team of experts to l<now more about yoke design, application engineering,
and quality control.
Specifyi"I can be a challenging problem, and with this in mind, we put our
experience at your disposal. Don't hesitate to call or write us when you're
puzzled as to the ri1ht deflection yoke for your display.

INSTRUMENTS, INC.
100 lnduatrlll Road, Addleon, 11nno11
Phone: Area 812, 114S"'444
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NEW SIZES,
PERFORMANCE,
PRICES IN
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EMl/RFI FILTERS!

Data General .............................. C34, C35
Digital Equipment
Corporation ............... .C28, C29, C3 I
Electro Materials, A Division of
Illinois Tool Works, Inc. .............. C39
E nergy Conversion Devices, Inc ...... ... C40
Hewlett Packard, New Jersey .. .......... C51
Information Control Corporation ...... C48
Ingersoll Products, Division of
Borg Warner Corporation .............. Cl4
Lambda Electronics Corp ........ ...... ..... C52
Licon, Division Illinois Tool
Works, Inc........ ............................... C37
Monsanto Company ..........................C47
Nuclear Corporation
of America ...... .................... Cl8 A-V
Oak Manufacturing Co ....................... CI 7

In its new 1971 line, USCC/CENTRALAB offers four expanded series
of ceramic filters to solve critical electromagnetic interference problems. Higher volumetric efficiencies are available in miniature and
subminiature filters that meet or exceed the applicable requirements of MIL.f.15733. Lower prices are now in effect on most catalog items . For free literature on Series 1000 " button " filters , Series
2000 miniature filters, Series 3000 subminiature type, Series 9000
feedthru filter/capacitors, and special/custom designs , write:
USCC/CENTRALAB , 2151 N. Lincoln St ., Burbank , Calif. 91504,
(213) 843-4222 -or circle information retrieval number below.
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HEWLETT.
POWER

There's a lot to consider when you specify a
power supply, and HP gives you a lot. Take selection for example. HP offers well over 100 models
ranging from 10uV to 4000V, from 1uA to 2000A
... plus a selection of options that satisfy most
applications. Performance is anothejr majo.r consideration. At HP, we don't practice "specsmanship". We present specifications c nservatively
and completely, so you get the performance you
expect. And , every model is backed by a comprehensive operating and service m1anual detailing every aspect of the supply from operation to
maintenance. But it doesn't end the e ... if you
need assistance, we have an inte~national network of 220 offices to serve you. And it's all based
on a concept of quality and relia~ility - your
assurance that you are getting the best value.
Hewlett-Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Height, New Jersey 07922,
Telephone (201) 464-1234.
/

PACKARD
SUPPLIES

take a
close look
when you
specify a
power
supply...

62590

HEWLETT-

DC POWER SUPPLY SELECTION
GUIDE-this 36-page guide is factual
and informative . . . clearly lists all
the specs, features, options, prices,
etc. on every HP power supply . . .
makes it easy to find the right model
for any application. Write for your
copy.
21103
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DC

R suPPLY
pOW E o-1ov o-soA

PACKARD

6

0

VOLTS

DO YOU FACE A
MAKE OR BUY DECISION
ON POWER SUPPLIES?
If you build,
send for this
brochure.

Whatever your decision, you can benefit
from a revolutionary new Lambda development-The Power Hybrid Voltage
Regulator. If you buy, Lambda offers you
the industry's largest line of power pack ages, including mony models that incorporate The Power Hybrid Voltage
Regulator. If you build, it's available as a
component. It will save you money al
every step from design through production and field service and give you all
these performance features:
Up to 5 amps DC output
Up to 28 volts DC output
Up to 85 watts dissipation

0.2% regulation, line or load
.007% / C 0 temperature coefficient
Short circuit and overload protection
Thermal protection
Remote programming
Remote sensing
Increased power handling capability
with external regulation transistor
Increased current output when used as a
driver for series regulation transistor s
Write today for this brochure ... or this
catalog ... or both.

&LAMBDA

ELECTRONICS CORP.

AcB Compony

515 Brood Hollow Rood, Melville , l.I ., New Yor k 11746 . Telephone, 516-694-4200. TWX

510-224-6484. CABLE , LAMBDATRON , MELVILLE , N .Y.
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editorial
What's a show without
the semiconductor boys?
The exhibitors at this year's Spring Joint Computer Conference may be
fewer in number than last year, but they still represent a good crosssection of what is commonly termed the computer industry. Manufacturers
of large computers, medium-sized computers and minicomputers are all
there, together with component, software and peripheral companies.
Although this is a rather trite observation, it takes on relevance when
compared with what one encounters at the yearly IEEE Convention in
New York and Wescon show in California. These are the "general" shows
of the electronics industry, just as the Spring and Fall Joint Computer
Conferences are the general shows of the computer industry.
But whereas products from just about all areas of the computer industry are shown at the two computer conferences, both the IEEE and
Wescon shows have a serious void in their exhibitor make-up·.
That void, as anyone who has been to these shows in recent years
knows, is the absence of semiconductor manufacturers. In the early days
of semiconductor technology, they were all there, contributing much to
the liveliness and interest of the show. But about five years ago they began
dropping out, and the exodus has continued to the point where there are
now virtually no semiconductor exhibitors at the IEEE and W escon shows.
The reasons semiconductor companies cite for their refusal to exhibit
are generally based on sound business judgments. Who can argue when
a company is able to prove that the cost per sales lead obtained at these
shows is too high, compared with other sales and promotion techniques?
And who can dispute that every engineer knows what a dual, in-line
package or T0-5 can looks like? So what can they get from a manufacturer's booth that they can't get from the manufacturer's literature?
But in spite of such logic, the fact remains that the semiconductor
segment is the most dynamic part of the electronics industry, as we.JI
as the most pervasive. And a general show cannot be considered truly
representative of the industry if it doesn't contain a good cross-section
of semiconductor companies.
How do we get semiconductor manufacturers back into the IEEE
and Wescon shows? Surely not by following the present trend. In time
this would lead to an even greater proliferation of specialty shows and
the demise of the general shows.
What is needed is innovative thinking by the managements of IEEE
and Wescon-thinking that will result in plans to make the shows attractive to semiconductor manufacturers, even if for participation on a limited
scale. This may result in special inducements to one portion of the
electronics industry. But when that portion is as significant as semiconductors, we think it's worth it.
~
~

gl

FRANK EGAN
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technology
Prevent damage to loads and supplies
with these protective circuits. Don't allow component
breakdown or human error to compromise entire systems.
First of tw o articles
Power-supply protection is not the place to cut
corners when d.esigning delicate electronic equipment. In computers, for example, 50 to 70 % of
the material cost is in solid-state logic that can
be easily destroyed by a power-sup.ply failure.
Anthony Annunziato, Research Section Supervisor, Mail
Station A-37, Sperry Gyroscope Div., Sperry Rand Corp.,
Great Neck, N. Y. 11020.

Field-effect devices ar.e also extremely sensitive
to overvoltage.
Economy, therefore, demands that the po·w er
supplies used in such equipment be designed with
load protection as well as with circuitry to prevent load faults from damaging the supply.
Common to most de supplies is the series regulator (Figs. 2 to 9). Should the series-pass
transistor in this circuit short, the supply's output
voltage will rise unchecked if protective circuits

Table 1. How damage is caused.
Damage

Fault
Overvoltage
applied to
load

Load

x
x

Reverse
voltage
applied to
load

Power supply
subjected to
overcu rrent

Power
supply

x

Major causes

Magnitude
(approximate)

• Series pass transistor
fails short.

• 30% to 100%
of rated voltage.

• Several power-supply
outputs are interconnected
(bridged) by common
circuits, and one power
supply fails to turn on.

• 30% to 100%
of rated voltage.

Typical protective
circuit

• SCR crowbar and
fuse decoupling
(Fig. 2).

x

x

• External power cable
(ac or de power lines)
touches power-supply
output terminals
(technician troubleshooting).

• For ac lines
115 V-208 V;
for de lines 15 V
to 300 V.

x

x

• Positive and negative
power supplies are bridged
together by common
circuits, and one power
supply fails to turn on.

• 30% to 100%
of rated voltage.

• Reverse diode is
connected across the
power-supply output
terminals (Fig. 2).

x

• Partial load circuit
failures (short circuit).

·• 10% to 300%

• Crowbar and fuse
decoupling (Fig. 2)
or automatic resetting.
Turn-off circuits
(Figs. 8 & 9) or linetoggling reset (Fig. 4)
or current-limiting
(Figs. 1 & 5).

• Pinched cables. De·
coupling capacitors shortcircuit (electrolytic
failures).

of rated load .

• Troubleshooting results
in shorted power-supply
output terminals.
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are not employed. Operating requirements on output adjustment, input line tolerance and input
ripple mean that the uncontrolled voltage produced
by a shorted transistor can be 50 % to 100 % above
the nominal output level. Special supplies designed
for large input line variations may exceed the
rated output by 200 % with series pass breakdown.
Table 1 summarizes the faults caused by powersupply failures, operating errors and overloads.
Various schemes for preventing extensive load

or supply damage (regardless of where the failure
originates) are outlined in Table 2. Some circuits
provide a single corrective feature while others
offer combined protective functions.
Practical designs usually group several of these
circuits together as a dependable barrier against
shorts, overvoltage, reverse voltage and overload.
The cost for this protection, though substantial,
is easily justified as insurance on any large investment in delicate on-line equipment. • •

Table 2. Select the protection that suits your needs.
Protection

Figure
1

2

Over·
voltage

Reverse
voltage

Overload or
short circuit

x

x

x

x

x

x

Advantages

Disadvantages

•

• Simple, reliable
and low-cost.

Used only for low power
outputs (not a practical
approach above 10-W loads).

• Automatic recovery.

•

High-power losses .

• Simple and reliable.

•

Fuse blowing .

•

Broad trip-point tolerance
with temperature variations.

•

Resistor sensing lowers powersupply efficiency.

REVERSE - VOLTAGE PROTECTION

Eout

E;n

REVERSE
ANO
OVER
VOLTAGE
LIMITER

FROM
RAW de
SUPPLY

L _____

de
TO
LOAD

Eout
de TO
LOAD

Ein
FROM
RAW
de
SUPPLY

_J
OVER - CURRENT ANO SHORT CIRCUIT PROTECTION

1. Shunt regulator
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2. Fused crowbar
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Table 2. Select the protection that suits your needs.
Protect ion

Figure

3

4

5

Overvoltage

Reverse
voltage

Ove rload or
short circuit

x

x

x

Advantages

•

Disadvantages

•

Simple, reliable and
low-cost.

Broad trip-point tolerance
with temperature variations.

•

Resistor sensing lowers
power-supply efficiency.

Line-toggle recovery.

•

• Accurate trip-point
setting.

• Temperature sensitivity
minimized at the cost of an
extra operational amplifier.

• Simple, reliable and
low-cost.

• Auxiliary power supplies.

•

Resistor sensing lowers
power-supply efficiency.

Line-toggle recovery.

•

Simple, reliable
and low-cost.

•

•

Broad trip-point tolerance with
temperature variations .

•

Pass transistor must absorb
all load power when load is fully
short circuited (may increase size
and cost of power supply).

•

Resistor sensing reduces
power-supply efficiency.
6

x

• Sarne as Fig. 5 except
sharper current limiting
action .

•

7

x

• Sarne as Fig. 5 with
sharp cutoff and reduction in power absorbed in
the pass transistor as
load resistance diminish es to zero. (This is
called foldback.)

More components, hence less
reliable than Fig. 5.

Sarne as Fig. 5

•

•

Lower pass transistor
losses, and smaller over all power supply cornpared to current limiting
(Figs. 5 & 6) .
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r
r
I

I
FROM
RAW de
SUPPLY

I

I
I

de TO
LOAD

PASS TRANSISTOR
CLAMPING SCR

I
I
I

Bench tests verify component choices and circuit layout,
once a protective scheme has been selected. Author
Annunziato has recently decided to produce a full-length
volume on the design of power supplies.

I

L _ _ _ _ _ _ _ _J

3. Line toggle reset
REFERENCE
VOLTAGE

E out
Eout

E in

de
TO
LOAD

FROM
FROM
RAW
de
SUPPLY

de
TO
LOAD

PASS TRANSISTOR
CLAMPING SCR

RAWdt
SUPPLY

PASS TRANSISTOR
BASE - LIMITING DIODE

L _________

J

4. Line toggle reset with fine adjust

5. Diode current limiting
AUX . VOLTAGE

----,
E
out

Ein

Eout

I

FROM
RAW
de
SUPPLY

1
I BASE- LIMITING ,
TRANSISTOR

de
TO
LOAD

de
TO
LOAD

FROM
RAW
de
SUPPLY

i

CURRENT
SENSING

PASS
TRANSISTOR
BASELIMITING
TRANSISTOR

I
I

L ____ _J
6. Diode-transistor current limiting
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7. Fold back automatic reset
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Table 2. Select the protection that suits your needs.
Protection
Figure

Overvoltage

Reverse
voltage

.overload or
short circuit

Advantages

x

8

I•

Disadvantages

•

• Automatic recovery.

More components, less reliable
than preceding schemes.

• Lower pass-transistor
power losses compared
to current limiting
techniques.

Requires inverter transformation stage.

•

'

•

Large trip-point variation with
temperature changes.

•

Resistor sensing reduces power
supply efficiency.

9

x

• Same as Fig. 8 but
does not require the
inverter stage.

10

x

• Simple, reliable.

• Can only be used with ac inputs.

• No sense-resistor
power loss.

•

• Automatic recovery.

• Slow response between load
overcurrent and actual shutdown
of the SCR circuit.

Faster response to load
faults (de current
sampling); otherwise
same as Fig. 10.

•

• Expensive.

• Automatic recovery .

•

x

11

Expensive .

Half-cycle response time .

.----------------,
I INVERTER BOOSTED VOLTAGE
I

II

VALUES
DETERMINE-+-TURN-OFF TIME I

I
I

E1N

FROM
R/1#1 de

-t-VALUES

I ~fJr-~~ETIME
I
I
I

SUPPLY

I

I
~Cl!_ ~!Q~T.!f
RESET

I
I
I
I
I

I
I
I
I

I

I

I
I
I
I
I

I
Ir,
I
I

L __ .J

Eovr
de

TO
LOAD

_ILOAo

_ _ _J _ILOAD

8. Automatic turn-off and turn-on
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I
I
I

--1---,

I

E1N
FROM
RAW de
SUPPLY

Eour
de
TO
LOAD

I
I
I
I
I
I DELAY NET'WORK
I

9. Automatic resetting using monostable multivibrator and delaying network

B+
SCR
TRANSISTOR
DRIVER
BASE- CLAMPING
OF SCR
TRANSISTOR
DRIVER

I

T1

~

_ _ _ _ _ _ _ _ _J

·n

Eout
de
TO
LOAD

QC

LINE

--------1

MAGNETIC
CURRENT
SENSING

I

,---------===='---J

lL ____________________
l
12

_JI

VOLTAGE Ee
ROPORTIONAL
TO T2
CURRENT SENSING

10. SCR switching regulator using magnetic (transformer) sensing

B+

,

SCR
TRANSISTOR
DRIVER

I BASE-CLAMPING
I OF SCR TRANSISTOR
I DRIVER

N

~

Eour
de TO

oc

LINE

LOAD

___________________________ J

r
I
I

MAG. AMP.

VOLTAGE Ee
PROPORTIONAL
-+---TO MAG. AMP.
CURRENT SENSING

,--~C~U~R...,RENT SENLS~IN~Gv-~~-:a..

I

I

-

I

I
I
L,_ _ _ _ -

-

-

-

- -

-

-

-

-

-

-

-

~ -

-

-

-

-

-

-

-

-

-

-

- --

-

-

-

-

-

11. SCR switching regulator using magnetic (mag. amp.) sensing with automatic recovery
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Strobing multi-digit displays is a valuable
design technique that can reduce display costs and
enhance the system's power efficiency.
As every good designer now knows, light emitting diodes are ideal when it comes to designing
a compact display system that will not require
special power supplies. But what some designers,
used to gas discharge tubes, may not know is that
strobing is usually a more advantageous driving
technique than non-strobing when the decoding
function is performed outside the display module.
The choice of driving technique depends on the
driving hardware available, the number of packages in the system, the number of digits in the
display and how much you want to spend on the
display cost and give better power efficiency.
Light-emitting-diode readouts have either a
segmented or a dot-matrix character format. The
seven-segment version is the most popular and
the one that we will consider here.
In strobed operation, the decoder is timeshared by the digits. in the display, which are
illuminated one at a time but fast enough so
that they appear flicker-free. For non-strobed
operation, each digit in the display is continuously illuminated, usually with one decoder per digit.
Count the digits, then decide

Generally, cost-per-digit and interconnection
considerations indicate that strobing is more attractive as the number of digits in the display
increases. The strobed device, for example, requires far fewer interconnections between the
display and the driving hardware than the nonstrobed device. Typically for a four-digit display,
three times as many leads are needed for nonstrobed operation as for strobed.
Let's take a closer look at the trade-offs between
strobed and non-strobed operation. Figure 1 illustrates the cost-per-digit and the power-perdigit requirements of a display as a function of
the number of digits. As the curves show, if there
are more than three digits in the display, it is
more economical in terms of IC cost to use a
strobed technique rather than a non-strobed one.

David Giuliani, Applications Engineer, Hewlett-Packard
Co., 620 Page Mill Rd., Palo Alto, Calif. 94304.
50

A block diagram (Fig. 2a) of a typical nonstrobed four-digit display shows that each digit
or character has its own seven-segment BCD decoder. In addition there are individual segment
lines for each character.
Figure 2b illustrates a typical strobed display
that uses a four-digit solid-state indicator. It has
eight segment enable lines (seven for the character segments and one for the decimal point), and
four character enable lines.
A closer look at strobing

In strobed operation, the appropriate segment
enable lines are activated for the character to be
displayed, and the proper character enable line
is then activated for the character desired. The
strobe now progresses to the next character, activating its character enable line and the appropriate segment . enable lines for that character
position.
The brightness of the display is proportional
to the time-averaged forward current through
the segments. Thus, if N characters are to be displayed so that there is no dark time (time during
which no character is activated), the peak current of the display is N Iavg, where Iavg is the
average forward current per segment.
The peak current limits the number of digits
that can be strobed. If Iavg is 3 mA, and the
maximum peak current rating for the display is
150 mA, then the maximum number of digits that
can be strobed in one sweep is 50.
If the character refresh rate is high enough,
the display will appear flicker-free to the observer. In most applications a freqeuncy of 100 Hz
is adequate. However, vibration of the display
may result in visible intermodulation between the
vibration and the strobe. For vibrations in excess
of 0.005 inch, it is best that the strobing rate be
greater than three times the maximum vibration
frequency expected.
In strobing, the eight segment enable lines,
which are connected to the segment anodes, must
be activated successively for each character. The
eight-bit segment word applied to the segment
enable lines is usually generated by a decoder.
ELECTRONIC DESIGN
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word into registers that are accessible to the segment enable lines. The second requires storing
the input data in ibi original format and then
decoding the data each time a segment status
word is needed
The first technique requires seven bits (eight
to include a decimal point) per character, while
the second uses only four bits °(five with decimal
point) per character. However, the second technique may limit the number of chara.Cters that
can be strobed because of propagation time in

The decoder translates data from an input code
(usually four-line BCD) into a seven-bit word
for the character, with the eighth bit for the
.d ecimal point being supplied by another source.
Choose the right strobing technique

There are two commonly used methods for
periodically applying the character segment
status words to the segment enable lines. One
involves decoding and storing the segment status
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1. Strobed display systems are more economical than
non-strobed ones if the number of digits in the display
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is more than three. Strobed power efficiency is also
better when there are more than five digits.
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2. Non-strobed segmented displays require individual
decoders (a), while strobed units can time-share the
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SCANNER

L

J

same decoder (b). Both block diagrams represent fourdigit display systems that use four-line BCD logic.
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3. Here is one way to realize the basic block
diagram of Fig. 2b. This strobing scheme for
a four -digit display includes its own clock and
can be used for driving up to 10 characters
or digits .

...I

OUTPUT ENABLE LINES
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the decoder.
The schematic of a strobed driver for four
digits (Fig. 3) is a realization of the basic block
diagram of Fig. 2b. It includes its own clock and
accepts decimal-point information from four-line
positive logic. Some power and ground connections are not shown.
Here's how a st robe works
HEWLETT - PACKARD

5062-7200
FOUR-DIGIT
SOLID- STATE
DISPLAY

RI

CHARACTER
ENABLE
LINES
FAIRCHILD

74D4

Quad latches are used with wired-OR DTL
N AND gates to perform data storage and multiplexing for -the display. During operation t h e
output enable lines are activated one at a time
to gate the appropriate buffer into the decoder.
They also gate the proper decimal-point data onto
a common line. As an alternate, decimal-point
data can be stored in buffers and gated like the
BCD data.
Both the latches and the NAND gates can be
eliminated if the data is already organized bitparallel and character-serial, with a character
rate that is consistent with the display. The
N AND gates alone can be eliminated if the latches have OR-tieable gatable outputs.
The decoder/ driver accepts positive BCD inputs and generates active high outputs. The ORtied scheme requires one inversion to be compatible with the decoder. Additional pull-up
resistors can be used if the decoder does not
positively saturate the discrete drive transistors.
Resistances R , and R" control the peak current
that passes through the light-emitting diodes of
the display. For a 5-V supply, their appropriate
values are:
Rl = 3/ N Iavg and
Ri = 15/ N Iavg•
The scanning circuitry

The scanner provides one-out-of-N current
sinking for the light-emitting diodes as well as
active high outputs to enable the output gates on
the storage buffers. Other techniques can be used
for the scanner function, but the one shown is
useful for up to 10 digits, and is less expensive
than other methods. A shift register with one
active high bit that recirculates is an alternate
technique.
A retriggerable monostable multivibrator is
used to implement a negative-going clock. In
practice, the clock may be derived from an existing clock in the system. The clock rate must be
N times the character rate, or a minimum of N
100 Hz. The circuit illustrated generates a clock
pulse with a period of about 210 µs. In general,
the period is approximately
T = 0.36 R, C..
The clock, which drives a decade counter, is
followed by a one-out-of-10 decoder and an inELECTRONIC DES IGN
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verter. The inverter's outputs are active, high,
mutually exclusive drive lines, which enable the
N AND gates that control the input data flow
onto the decoder bus.
The NAND gates also drive the switching transistors for the character enable lines. These
transistors must be able to carry a peak current
of 8 N Iavg and an average current of 8 Iavg· The
value of the 470-ohm resistors is nominal, since it
is a function of transistor h FE, N and Iavg ; it
should be selected to place the transistor well into
saturation.

258-BIT PRUM™

Display brightness can be controlled

Display intensity can be varied with an amplitude or pulse-width modulation (PWM) technique. The latter is recommended for wide-range
brightness control, because it has the advantage
of reliable tracking between segments as the
brightness is decreased and also allows the lightemitting diode to operate Wiith a high peak current for good efficiency. ·

E1

E2 A1 A6 As A4 A3 A2 A1 Ao

G1
G2

VCC1
OUT

VCC2

OFF-THE-SHELF DELIVERY
5V
A
FAIRCHILD 9601
ONE-SHOT

II

13
F

8

6

8

c
D
E

4. Use pulse-width modulation to vary display bright·
ness. You can change display intensity from full brightness to complete blanking by adjusting the potentiometer
of this diode-coupled circuit.

One PWM technique (Fig. 4) makes use of a
monostable multivibrator triggered by the display
.clock to control the duty cycle of character illumination. The voltage, V LED• should be 5 V for
constant brightness and PWM intensity control.
If a variable voltage source (up to 5 V) is used,
intensity can be adjusted over a small range.
In the PWM brightness control of Fig. 4, terminals A through F are connected to the corresponding terminals in Fig. 3. Diode coupling is
used in the circuit to give a blanked output. A
diode also controls cutoff of the decimal-point
drive transistor so the decimal point can be dimmed. Some power and ground connections are not
shown.
Brightness is dependent on resistance. When
the 150-kO potentiometer is shorted, the circuit
provides about 2 to 3 % intensity reduction; with
a full 150-kD resistance present, the display is
completely blanked. • •
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Bipolar Schottky design, programmable by the user to give
maximum flexibility in computer and process control systems.
Compatible with standard DTL and TTL logic.
• Propagation Delay - 50ns
• Organization - 256 word x 1 bit
•Output "Three State'', allowing both "OR-tie" and active pull-up
• Operating Power - 500mW
• Sink Current - 20mA
The HROM-1256 is available in a hermetically sealed 16-pin dual
in-line package at: $23.50°ea. (0°C to + 75°C) and $30.75°ea.
(-55°C to +125°C)
•100 to 999 unit price.

HARRIS
SEMICONDUCTOR
A DIVISION OF HARRIS-INTERTYPE CORPORATION
P. 0. Box 883, Melbourne, Flo<ido 32901 (305) 727-5430
DISTRIBUTORS: SCHWEBER ELECTRONICS-Met-litan N.Y. & Connecticut (516) 334·7474. Up•tltt New Ycwt (800)
632-1226, New Jerny (800) 6'5·7377, Washinrton/Rocltville (301) 881 ·2970, E. Pennsylvania (800) 645 ·7377/
HARVEY/R & 0 ELECTRONlcs-ltxinaton. Mau. (617) 861·9200/SEMlCONOUCTOR SPECIALISTS, lNC.-CllictlO
(312) 279-1000, Det,.it (313) 255·0300, Minneapoli• (612) 884-8132, l!an'9s City (816) 452·3900. St. Louis (314)
428-6100, Otl~s (214) 358·5211 . Indianapolis (317) 243·8271. Pithbur&fl (412) 781 -8120. Otyton (513) 278·9455/
R. V. WEATHERFORD CO.-Albuquerqut (505) 265-6112, Anahtim (714) 547·0891 , Otllas (214) 231·6051 , Den"r
(303) Enterpri" 165, Glendale (213) 849·3451 , Palo Alto (415) 321·5373, Phoenix (602) 272-7144, Pomona (714)
62J.1261, San DlolO (714) 278-7400. S..ttlo (206) 762-4200.
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When you need to - convert to
binary or decimal codes, convert
voltage to current pulses, interface
with modems, transmit and receive
over a party line, encode a keyboard or restore current pulses to
voltage pulses - Call Harris.

When you need to-amplify, buffer, When you need to- convert a code,
compare, multiplex, convert D to
microprogram a computer, store
A or anything else in analog signal
information and recover it quickly
processing - Call Harris.
- Call Harris.

DIGITAL l.C.'s

LINEAR l.C.'s

Keyboard Encoder
Adapt to any Binary code
HD-0165

MEMORY l.C.'s
64x 8 PR9M TM
Field Programmable
HROM-0512

Op Amp
General Purpose/
Low Power
HA-2700
Wide Band
HA-2620, HA-2625
High Slew Rate
HA-2500, HA-2510, HA-2520
Low Noise
HA-2909
High Impedance
HA-2600

Line Driver /Receiver
Meets EIA RS-232-C
Interface specification
HD-1488, HD-1489
Party Line Transmitter /Receiver
Compatible with DTL
and TTL Logic
HA-245, HA-246

256 x 1 PRIM TM
Field Programmable
Very high speed
HROM-1256
16-Bit RAM
High speed
HRAM-0016
64-Bit RAM
High speed, fully decoded
HRAM-0064

8-Bit D/A Converter
Monolithic/Guaranteed Accuracy
Hl-1080

Diode Matrix
Easily customized to
specific pattern
7 configurations

10-Bit Ladder Network
Low Cost, High Accuracy
Hl-0910, Hl-1010
16-Channel Multiplexer
J-FET /Bipolar
HS-1000

~···········• HARRIS
:

•I

~ie~~:::n~;:~~r:ur:f~r~:;::~ ~~~!

Harris Off-the-shelf LC.'s checked below.

0
0
0

I
I

:

s EM I CONDUCTOR

•

A DIVISION OF HARRIS-INTERTYPECORPORATION

•

DISTRIBUTORS: SCHWEBER ELECTRONICS-Metropolitan N.Y. & Con·
necticut (516) 334-7474, Upstate New York (800) 632-1226, New Je,..y
(800) 645·7377, Washington/Rockville (301) 881 -2970, E. Pennsylvania (800) 645-7377/HARVEY/R & D ELECTRONICS-Lexington, Mass.
(617) 861 -9200/SEMICONOUCTOR SPECIALISTS, INC.-Chicago (312)
279-1000. D.troit (313) 255-0300, Minneapolis (612) 884 -8132. Kansas
City (816) 452-3900. St Louis (314) 428'6100, Dallas (214) 358-5211,
Indianapolis (317) 243-8271. Pittsburgh (412) 781 -8120, Dayton (513)
278-9455/R, V. WEATHERFORD 00.-Albuquerque (505) 265-6112,
Anaheim (714) 547-0891 . Dallas (214) 231 -6051, Denver (303) Enter·
prise 165. Glendale (213) 849-3451. Palo Alto (415) 321 -5373, Phoenix
~~ 2~~~\4~i;;'.~;'.;a (714) 623-1261. San Dieao (714) 278'7400,
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SALES OFFICES: P. 0. Box 883. Melbourne. Florida 32901
(305) 727-5430/ Lexington. Massachusetts (617) 237-5430/ Frederick,
Maryland (301) 662 -5400/ Palos Heights, Illinois (312) 448-9110/ Albuquerque, New Mexico (505) 268·3549/ Palo Alto. C.lifornia (415)
321 -2280/ 0allas, Texas (214) 231 -9031 / Long Beach, C.lifornia (213)

~~:i~~~o;,-;~~~~'ifi~tN~~~l~~~-3646/EXPORT SALES, DAGE

RAOIATION MICROH[CTRONICS HAS CHANG[D ITS NAM[ TO HARRIS SfMICONDUCTOR
INFORMATION RETRIEVAL NUMBER 29
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INFORMATION RETRIEVAL NUMBER JO

MinifBus
by Rogers

'

'

KNOBS TO CHOOSE FROM ...
and they're "Warranted for Life"
Kurz-Kasch has over 1 Y2 million low cost, high quality knobs in inventory , ready to ship to you . (You save ... no tooling cost on stock
knobs, specials 4 to 6 weeks delivery.) Your local distributor's stock
is available at factory prices. Select instrument and control knobs
from 24 families with 367 basic sizes and shapes in general purpose
phenolics, melamines and ureas. All Kurz-Kasch knobs are warranted for the life of the p r o d u c ®
on which they' re used. Send
SC '
now for free 20 page catalog.
1421 s Broadway
(Also f~0und in THO~AS REGDayto~. Ohio 45401
ISTER THOMCAT. ®)
513/223-8161

v
Ka h Inc.
n.urz·

INFORMATION RETRIEVAL NUMBER 31
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A small, voltage-distributing
busbar for PC card application ,
each Mini/Bus gives you built-in
capacitance ... noise-cutting
capacitance that means more
reliable, compact circuit
packaging at a fraction of
multilayer prices. Write for data.

Rogers Corporation I Rogers, Conn. 06263
INFORMATION RETRIEVAL NUMBER 32
ELECTRON IC D ESIGN
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Mini contacts,maxi line.
The smaller the contact material
you need, the greater the chance is that
you'll need H. A. Wilson to supply it.
Our wide capability, engineering expertise
and vast manufacturing facilities combine
to let us recommend what is best for you
... not just what -we can supply.
When you have an application
that calls for micro-miniature contact
materials, such as MIL spec relays , telemetering equipment, conventional relays,
potentiometers , telephone communications
equipment, flashers, contact Engelhard .
Chances are it's not new to us.
Our engineering background, manufacturing facilities and broad experience
in applications surpass those of any one
in the field. For information and/or
technical assistance, call or write the
H. A. Wilson Technical Service
Department (201) 686-6600.

EltlGE&HARD
ENGELHARD INDUSTRIES DIVISION
ENGELHARD MINERALS 8r: CHEMICALS CORPORATION
2655 U , S . ROUTE 22. UNION, NEW JERSEY 07083

,.

An Equal Opportunity Employer

INFORMATION RETRIEVAL NUMBER 33

Now solve
scientific /financial
problems with one
calculator
simultaneously

A+~ubiQium
~uJffi~
. .. •

frequeriCstandard...
. . . The Model 3040 for both
laboratory and field use: with
a guaranteed long-term stability of better than 2x10-11
per month .. . typically a part
in ten to the eleventh per
month . MTBF ot more than
20,000 hours.

Separate buffered outputs on
front and rear panels, with
built-in time scale selector and
optional standby power and
clock.

Manufacturers of: Cesium, Rubidium and Crystal Frequency Standards
and Clocks. VLF / LF Phase Tracking Receivers, Frequency/ Phase Comparators , and Frequency Distribution Systems.

Industrial Instruments
6500 Tracor Lane, Aust in. Texas 78721. AC 512 /926-2800

i r;n rt10 i'IT•
IA-141

INFORMATION RETRIEVAL NUMBER 34
ELECTRONIC D ESIGN

9, April 29, 1971

The NEW WANG Series 100
Two complete add ing and calculating machines plus four or
twelve additional storage registers are but a few of the extras
that are " built-in " to make the Wang Series 100 more than
just a calculator, in either printing or display versions .
For engineers and scientists , the lowest cost calculator with
e• , Log.X , trig . and statistical keys . For budgets . cost analysis
and all financial work , the essential roundoff keys and stan dard
10-key keyboard with implied two decimal entry .
Our demonstrations are something to see . Phone Mr. Courtney
today (collect 617-851-7211) for one in your office , or clip
the coupon and let us know where and when .
r- -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

I WANG Laboratories, Inc. Dept. ED-4
I 836 North Street, Tewksbury , Mass. 01876
I I'd like a 100 demonstration in my office. Call me at
for a date.
I (phone number)

-

-

-- - 1

I
I
I
I

: Name

:

I Company
I Street
I City

I
I
I

State

Zip _ _ _

L-----------------------..1
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MANAGEMENT

Trade shows are great-or are they?

Every

year electronics companies ask themselves questions like
this. Here are answers that some of them have found.
Richard L. Turmail, Management Editor

Every year many of the 16,000 electronics companies in this country spend large amounts of
time, talent and money to exhibit their wares at
one or more of the industry's trade shows. And
every year more than one company management
wonders if the effort has been worth it.
As an engineer or engineering manager, you
may have considered questions like these: Should
my company exhibit or not? With so many trade
shows to choose from, does the company have a
logical formula or policy to determine which
show to exhibit in? What should it expect to
gain from exhibiting at trade shows?
What other companies do

For comparison, ELECTRONIC DESIGN asked a
sampling of electronics companies why they did
or did not exhibit at trade shows-and if they
did, how they gauged their successes or failures
at them. Their answers were as varied as the companies themselves. Some companies never let a
year pass without exhibiting at one of the shows;
others have stopped exhibiting completely. Some
companies that participate in shows expect very
little immediate gain from them, while others
fully expect their exhibition to more than pay
for itself.
·
Aside from the obvious politics of exhibiting at
a trade show because the competition does, a company's size often determines why and how it will
exhibit. Small companies, for instance, generally
use a show to advertise their name in the industry, while large companies use the opportunity
to introduce one or more new products. According to ELECTRONIC DESIGN'S survey, the six reasons most often given for exhibiting at trade
shows are:
• To establish company presence.
• To sell products and/ or kick off a major
marketing campaign.
• To introduce new products.
• To stimulate new business.
• To meet the customer in person.
• To size up the competition.
58

Here's how a few electronics companies explain
their trade show policy-or their lack of one:
A spokesman for Hughes Aircraft says that
originally the company exhibited at the two largest shows (IEEE and WESCON) to tell users
that it produced more than aircraft. Every year
the company's aerospace and commercial divisions were exhibited together in one central 40to-50-foot booth at IEEE and WESCON-a mix
of microelectronics, semiconductors and missiles.
When the trade shows became more commercially oriented, Hughes decided to stop exhibiting
at the large trade shows in favor of militaryoriented shows, including ones sponsored by the
Army United States Association, Air Force Association and the Navy League. Next year the
company's aerospace division will also be represented at a new air show to be held at Dulles
International Airport in Virginia. The commercial division of Hughes exhibits at the large commercial shows only when it has an important
new product to introduce.
Hewlett-Packard exhibits at all the major trade
shows, including IEEE, WESCON and the Spring
and Fall Joint Computer Conferences, according
to a company spokesman. H-P exhibits at IEEE
because it sees it as the major national electronics show where the newest products can stimulate the most interest and business. H-P considers WESCON to be more regional in character,
but it exhibits there because the western market
is important to the economy and because it takes
pride in supporting a western show. Since computers are a new business for the company, it exhibits at the Spring and Fall Joint Computer
Conferences mainly to establish its presence in
the market.
Shows have changed with the industry

For the first time since IEEE started, there
was no Texas Instruments booth at the show this
year. A TI spokesman says the company hasn't
exhibited at WESCON or at the computer conferences for about a year and a half. The shift
in the company exhibition policy was brought
ELECTRONIC DESIGN
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Year

Attendance

Exhibitors

Total
Space
Contracted

1966

63,450

73 1

115,410

1282

New York

1967

59, 196

722

121,790

1353

New York

1968

63,749

680

121,777

1353

New York

1969

60,543

618

115,208

1280

New York

1970

47.738

587

106,443

1183

New York

1966

47,440

670

113,244

1416

Los Angeles

E

s

1967

45,290

610

99,630

1245

San Francisco

c

1968

48,480

659

109,402

1368

Los Angeles

0

1969

45,068

610

108,540

1357

San Francisco

1970

36,811

604

90,230

1128

Los Angeles

348

Atlantic City

460

Atlantic City

427

Boston

960

Atlantic City

443

Anaheim

415

San Francisco

997

Las Vegas

814

Houston
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I
E
E
E
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N
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s
J

c

c

J

c

c

1967

13,200

124

1968

18,300

146

1969

35,525

172

1970

28,713

350
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><
><
><
><
><
><
><

Figures Not Available

1967

24, 124

142

1968

24,576

152

1969

25,600

368

1970

22,083

250

The 'big four' statistics for the past five years: Show organizers say that although a majority of IEEE exhibition
vis itors are from the east , a large number of attending
engineers and managers, as well as exhibitors , come
from all parts of the country. WESCON officials report
that 65 % of the exhibitors come from the midwest and
ELECTRO N IC D ES IGN
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Figures Not Available

1966

F

Booths or
Equivalent
Space
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the east , and 80 % of t he att endees hail f rom a 3 00 mile
radius of the show. The majority of exhibitors ar~
tapping the western market. A spokesman for the coni-:
puter conferences said that both the fall and spring
editions of the show are generally attended by those who
reside within 100 to 200 miles of the conference site.
59

about by changes in the semiconductor industry
and in the trade shows themselves.
He explained that in the days when the electronics industry was coming into its own, wave
after wave of new devices were presented at
IEEE; every year exhibitors were showing a
whole new line of products. But now that the
electronics industry has matured, there aren't
as many new products to be shown. The big
product trade show is waning, and many companies are exhibiting for reasons other than
new-product presentations. But TI is of the
opinion that the broad trade shows fail to convey
the message of company diversity.
This year the company is concentrating its
marketing activity on a specific area of its broad
product line by exhibiting at both the West and
East Electro Optical Systems Design Show. Company business was brisk there last year, the
spokesman said, mainly because most of the attendees were interested in the products that were
shown.
Teradyne, on the other hand, an eastern producer of test instruments, says it contracted for
a 60-foot booth at IEEE this year mainly because
it has a broad line of equipment to exhibit. Inquiries, a company spokesman says, are the yardstick by which exhibit success or failure is judged, but the total number of inquiries can be misleading. The company's product system is highpriced and five paying customers, rather than
300 interested customers, can make a show a
smccess.
According to the spokesman, the larger and
more well known a company is, the less value
the show has for it. A large semiconductor company, for example, with a single product line
would gain less from exhibiting at a major show
than a small but diversified company, he says.
Teradyne thinks that NEPCOM WEST has
been a good show for it, because applied systems
are featured there. The spokesman says that a
very practical group of people attend that show.
They are potential customers who, for the most
part, are looking to buy solutions to their problems-and that means more prospects.
Burntly, a connector company that has participated with fair regularity in IEEE and other
large shows, dropped out of the IEEE exhibition
this year, mainly because of the economic crunch,
according to a company spokesman. The company
has found that there's a lot of "waste" in the
audience for it at the major shows. It has exhibited at NEPCOM WEST and EAST with some
success. A spokesman says that connectors aren't
just connectors-other products are involved in
making up a complete system-and the company
wonders if perhaps it should be exhibiting more
at machine-design and appliance shows. It realizes the importance of having the potential
60

customer see, touch and select the product firsthand, and, on occasion, it has sent a product demonstration trailer (a converted bus) around the
country to introduce its products.
Show costs have risen

An exhibiting company should not interpret
the show in terms of gains or losses, according
to a spokesman for Systron-Donner. It believes,
however, that it would lose business if it dropped
out of shows. It uses the WESCON and IEEE
shows as a platform for new-product introduction, to size up the market and the competition,
and to meet its customers.
The company's formula for the amount of
booth space it contracts for each year is to assign
so many feet per product line. It cut its IEEE
booth space from 115 feet to 80 feet this year,
because it felt that it could present itself better
in a more compact area. Systron-Donner introduced 18 new products at the IEEE show this
year.
According to the spokesman, the company carries the same exhibit to WESCON, with the emphasis on different products or applications.
Many companies build new exhibits each year,
but Systron-Donner has refurbished the same
basic exhibit for the past eight years with success. Show costs have soared in that time, the
spokesman notes. Booth space has risen in price
30 % to 40 % , and trucking, booth construction
and other services have risen 30 % to 100 % .
Subtle reasons to consider

In addition to all of the usual reasons for
"showing or not showing" at trade shows there
are some less obvious influences that should he
seriously considered. Frank Burge, vice president of marketing for Data Technology, offers the
following for your consideration :
1. Timing new-product introductions to trade
shows. Too often new products are introduced at
major trade shows before the development is
complete. The new product makes a big splash,
the sales force and customers get turned on-only
problem is, you can't deliver. As time passes, your
customers and your salesmen turn sour to your
false promises. As a result, the false start costs
you market position and a loss in credibility in
the marketplace.
It is difficult and expensive to recover from
such a false start. Even worse is the problem of
reliability. With customers and salesmen screaming for products, the pressure is often so intense
that products seem to get shipped before receiving a thorough going-over by quality control.
Again, disaster results when the product has field
problems. In some cases you find that you can't
economically meet the original published specifiELECTRON IC D ES IGN
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The go/ no-go trade show test
Many companies would like to know what gains
they can expect if they exhibit at a trade show.
Bruce La Centra, director of communications
at Iomec, Inc., Santa Clara, Calif., has devised a
formula to help his company determine what the
cost per prospect will be for exhibiting at shows.
Here's his step-by-step analysis showing a typical example:
1. Cost of exhibit. Including planning
time, floor space, booth construction and
shipping, set-up and knock-down costs,
electrical work, plus travel, food and lodgings for booth attendants ...... . .. .. . . $20,000
2. E x pected atten dance ... . . .. .... . . 10,000
3. Subtract "waste" attendance-those
who have no say in the purchasing process; 40 % is usually a safe figure for most
.big exhibits . . . . . . . . . . . . . . . . . . . . . . . . . 4000
4. Base attendance figur e . . . . . . . . . . . . . 6000
5. Siibtract "disinterested" atten dance.
Assuming that your product does not have
universal appeal, many viewers won't
have the slightest interest in it; 50 %
would be a good figure, although it will
vary widely from product to product. . . . 3000
6. Adjusted base attendance fig ure . . . 3000
7. Su btract "int erested-but-not-in-themarket-now" attendance. Include all those
who do not plan to buy within a year; the
figure will vary, but 75 % is not unreasonable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2250

8. Adjusted base attendance fig iireyour target group at the exhibit . . . . . . .
750
9. Su btract half of the targ et group.
Most companies find they can reach only
half of the target group at an exhibit... .
375
10. Final base atten dance fig ure-real
prospects that you will probably reach. . .
375
11. Divide into total cost ($20,000) to
get cost-per-prospect . . . . . . . . . . . . . . . . . $53.22
You may want to quit right here, but stick with
it for a few more steps. First try to find out how
much bonafide inquiries from other promotion
sources are costing you. If your advertising is
yielding good inquiries at $10 each, then:
12. Divide ex hibit cost-per prospect by
2 or 3 (we'll use 3). Assume that an exhibit inquiry is two or three times as valuable as an advertising inquiry because (a)
You have had a chance to talk to the prospect face-to-face, and (b) You have most
likely demonstrated your product to him.
Neither of these advantages apply to most
other forms of promotion. . . . . . . . . . . . . . $17. 77
13. Compare with cost-per-prospect of
advertising inquiries . . . . . . . . . . . . . . . . . . $10.00
Now you can decide not to go into this show.
Your cost-per-prospect would be $7.77 higher
than it would be for advertising-generated inquiries. If the figures came out about the same or in
favor of the exhibit, then of course you would
probably decide to participate.

cations-once again, embarrassment plus the expense of reprinting all those data sheets and
brochures that are grossly incorrect.
2. Hidden costs. All companies add up, the costs
of the display booth, the air fares, the hotel bills,
etc. But some costs are not so obvious. For example, add the cost of those engineers working
up a clever display for the booth, when they could
be designing products. And don't forget the time
your marketing and management people spend on
show planning, when they could be defining new
products or developing new markets.
3. Losing the com petitive jump. Most companies use trade shows to evaluate competitioni
and it is amazing how much can be learned.
Sometimes the booth is manned by a design engineer or a new salesman, and once he starts talking, all the competitor has to do is listen. There
are hundreds of cases where the competition got
the edge simply because it spent a lot of time at
your booth learning about your product and plans
(including manufacturing costs and schedules).

Although such information-gathering tactics may
be frowned on, everybody does it. Ask yourself :
Will display at a trade show hurt or help your
competitive position?
You may find that trade shows are not a good
investment. If you have a narrow customer base,
private showings may be more appropriate.
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A throwback to medieval trade fairs?

It's apparent that few companies exhibit at
trade shows for the same reasons. Some companies do it for reasons they can't even explain.
La Centra at Iomec says: "In many respects,
exhibits are a throwback to the medieval trade
fairs, which were inefficient methods of communication.
"Why then put up with them? Because they
can work if everything is right. They're often a
gamble, but when you hit it, you hit it big. The
lure is irresistable, and we're all gamblers at
heart." ••
61

ideas for design
Improve your curve plotting
with SuperBASIC software
Computer costs and programming time can be
reduced by using SuperBASIC 1 to do your
curve plotting. It's an advanced BASIC language
incorporating many user-oriented features, such
as string manipulation, printout control and
Boolean logic.
A graph routine written in SuperBASIC cuts
composer costs because it is more efficient in program length and printout time than an equivalent BASIC routine. 2 The SuperBASIC routine
also saves programming time, because it is more
flexible and therefore easier to use.
Curve plots generated by the graph routine of
Fig. 1 are shown in the printout of Fig. 2. Here
gain ( G) in decibels and phase ( P) in degrees
are plotted as a function of frequency. The lines
connecting the data points are drawn in afterward to accentuate the curves.
Each value on the frequency scale is rounded
to three places and printed as a number between
1 and 1000, followed by a symbol indicating the
multiple of ten (i.e. G = giga = 10 9 , M = mega
= 10 6 , K = kilo = 10 3 ) .
The logical operation of the graph routine of
Fig. 1 is quite simple. Lines 0 to 100 are a short
main program to generate data points for the
demonstration graph of Fig. 2. The graph itself
is printed in two parts : The axes and scales are
generated by the print statements in lines 110 to
140 and 240; the data points are generated . by
the J-loop in lines 150 to 230.
Data points for G and P are printed in a 37row by 61-column matrix. The 37 rows are printed one at a time from top to bottom as J varies
from 0 to 36. Within each row the 61 columns
are accumulated in the string variable 0, one
character at a time from left to right, as I varies
from - 30 to + 30.
The first two characters in the string 0 are a
frequency scale symbol and a space (generated
by line 170). The remaining 61 characters in the
string 0 are the G and P data points and intervening spaces (generated by lines 180 to 200).
Although the string 0 is always 63 characters
long, the computer skips trailing blanks during
printout (in line 210) to minimize terminal time.
Line 170 uses the advanced logical and string
capabilities of SuperBASIC to reformat the fre62

quency values. The following arithmetic and
string functions are used :
INT (x) = The larg.e st integer in the number x.
ROUN (x) = The nearest integer to the number x.
LGT (x) = Log10 (x).
SUBSTR (S,x,y) = The substring of the string
S, beginning with the xth character from the

I REM GRAPH ROUTINE FOR SBASIC
11 REAL F<l:3b>.G<l:3bloP<l:3b>
21 F <K >=2 "'K .G<K >=21 • cos CK· . 2) .p CK )•lB· K-311FORKslT03b
111 Jlz2,Gl=ll,Pl=lll
111
121
131
l'+I

PRINTINFORM"'+/2b8 .. GAIN (06) I PHASE <DEG> ... ,,.:
PRINTINFORM 11 .. G.. l87CS%S6>/":Gl • J FOR J=-3T03
PRINTINFORM" .. P ... 36?< 5%56) / 11 : Pl• J FOR J=-3T03
PRINTINFORM"Sff"+'"b<' ..... : •••• + "' )/":

151 FOR J=I TO 3b STEP J I
lbl G=ROUN<G<J >' 11/Gll ,P=ROUN<P< J >'11/PI> ,F•AllS<F<J))
171 IF F<lE- 18 THEN Fl=l,O=" 11 ELSE F2=2-INT<LGT<f)),f3=INTCF2/3),
Fl=ROUN(F{J >• ll " F2)/Cll" CF2-F3•3> >,Q:Sl.ESTRC"•TGMK LUNPFA" ,F3+b,l)+" "

181 FOR I=- 31 TO 31
l~I IF I=G THEN O=O+"G" ELSE IF I=P THEN O=O+"P" ELSE O=O+"
211 NEXT I
211 PRINT Fl:TA8<7l:O:
221 PRINT FOR I=l TO JI IF J <3b
231 NEXT J
2~1 PRINTINFORM"/Be ' +'b<' •• •• : •••• + ' )/ ' FREQ <HZ)'~/":

11

1. Optimize computer t ime with 18 -line Super·
BASI C p rogram for plotting curves .

GAIN <06> I PHASE <OEG>
31
-11
I
11
21
-31
-21
311
-111
I
111
211
-311
- 211
+ ....... : ... . .. + • • • • : ..... + ..... : •••• + •••• : •••• + •••• : •••• + •••• : •••• +

p""

lb
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p'\_
\

/G
P

25b
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'\_p

x

1.12 K

G/G
lb.'t K

I

b5.5 K

\

2b2

K

1.15 "'

G"'

G/
\

p'\.

\
G~
G

lb.8 "'
b7.l "'
2b8

"'

//

P""

~G

P

""p

~G

"'p"p

~G '\.p

\ G '\.p

.

1.17 G

IG "'-. P

17.2 G

G/G

/

""

bB . 7 G

+. . ... : •• • • + •••• : ..... + •••• : •••• + •••• : ..... + •••• : ••• • + •••• : •••• +
FREQ (HZ>

2. Compt uer-generated gain and phase cu rves
show frequency in conventional engineering units.
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Drive FET analog switches trom
DTL without interlace drivers?

Sure.
Where low cost is a prime
requirement, such as in an
audio crossbar system or other
small digital multi-point
switching system, control the
Silicon ix U306 directly from
DTL logic.
Think of it. No interface
drivers between analog
switches and low level logic
in many applications. This is
just one example of how
Siliconix products and applications know-how can save
you money.

I

I

___.___J

ELIMINATE INTERFACE DRIVERS

Siliconix has an entire line
of switching FETs (p-channel,
n-channel, JFET, PMOS,
CMOS) plus drivers (where
needed) and integrated driverswitches that give you the
advantage of low cost, high
quality and reliability.
Find out what Siliconix can
offer you. A 2n FET with an
OFF leakage of 200pA maybe?
Call your Siliconix representative for more information
on our broad line of MIL-spec
metal hermetic can or low-cost
epoxy switching FETs.
You'll be glad you did.

incorporated
2201 Laurelwood Road • Santa Clara • Calif. 95054
Phone (408) 246-8000 Ext. 201 • TWX: 910-338-0227
New York : Sy Levine (516) 796-4680 New England: Al La Croix (617) 769-3780 St. Louis: Jim Spicer (314) 291-3616 Minneapolis: Ed Koelfgen (612)
920-4483 Southern California: Dave Ferran (213) 420-1307 Northern California: Chuck Brush (408) 246-8000 In Europe: Siliconix Limited , Saunders
Way, Skelly, Swansea , Great Britain . Sil iconix GmbH , 7024 Bernhausen , Postfach 1340, W. Germany. Siliconix 9, Ave d' Arromanches , 94-Saint-Maur,
France .
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left and continuing y characters to the right.
If Fis very small ( <l0- 1 8 ) then Fl is set equal
to zero and 0 becomes a two-character string of
spaces; otherwise F2, F3, Fl and 0 are defined
as shown. The variable F2 keeps track of the
decimal place in F, F3 s.elects the scale symbol,
Fl is the frequency value rounded to three
places, and 0 is the scale symbol followed by a
single space.
The three variables Jiil, Giil , and Piil defined in
line 100 are adjustable factors for specifying
graph detail and axis scale sensitivities. The
ability to modify these graph parameters in the
main program is a flexibility that would be
difficult to implement in standard BASIC.
Jiil is used in lines 150 and 220 to control how
many of the 37 frequency values are plotted.
With Jiil equal to two, only 19 of the 37 frequency values (every second value) are plotted, a2
shown in Fig. 2. J Ill could be made larger to reduce printout time, but at the sacrifice of graph
detail. Giil and Pia are used in lines 120, 130 and
160 to control the scale sensitivities of gain and
phase.
The PRINTINFORM statements in lines 110
to 140 and 240 allow precise printout control

with a minimum of programming. The information within the double quotes specifies the format
for printing the values of the variables after the
colon. The following conventions are used in the
PRINTINFORM format:
Print the literal string S.
'S'
Go to the next line.
I
x(y) = Repeat the y field x times.
xB
Print x spaces.
Print x numbers with leading zeros
x%
deleted.
The PRINTINFORM statements in lines 120
to 130 align and label the gain and phase scales
properly to conform to the scale factors Giil and
Piii .

Frederick R. Shirley, Member of Technical
Staff, Sanders Associates, Inc., 95 Canal St.,
Nashua, N. H. 03060.
References
1. "SuperBASIC Reference Manual" and "SuperBASIC
Supplement," Tymshare, Inc., 525 University Ave., Suite
220, Palo Alto, Calif. 94301, April, 1969.
2.
Shirley, F., "Program a time-shared computer
terminal for easy curve plotting," Electronic Design,
December 6, 1969.
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Wired-OR ECL NOR gates
give an EXclusive-OR/ NOR
Standard emitter-coupled logic (ECL) NOR
gates can be wired-OR to produce an EXclusiveOR/ NOR function.
Figures la and lb illustrate two possible configurations when complementary variables are
available. They are quite practical, since complementary signals usually have very small delay
differences.
The logic equations for Fig. la are:
(A + B) + (A+ B) ·= (A + B) (A + B)
= (AB) + (AB)
= A EB B.
Similarly the equations for Fig. lb are:
(A+ B) + (A + B) = (A -t- B) (A + B)
= (AB) + (A.B)
= A EB B.
The addition of a third NOR gate (Fig. le)
eliminates the need for complementary inputs,
but introduces one or two gate delays, depending
on the value of A and B. The equations for this
configuration are:
[(A + B) + AJ + [(A + B) + BJ
= [(A + B) + AJ [(A + B) + BJ
= .<A + B) (A + B) + A (A + B) + B (A+J3) + (AB)
= (A + B) + (A AB) + (BAB) + (AB)
= (A + B) + (AB)
64

la
A(±)B

With complementary inputs, only two ECL NOR
gates are needed to implement the EXclusive-OR/
NOR function . Adding a third gate reduces the in puts to only two, but at the price of gate delay.

=(AB)+ (AB)
= A EB B.
If B is ZERO and A is switched, the output of
the tri-gate EXclusive-OR/ NOR appears within
two gate delays. If B is ONE and A is switched,
the output appears within only one gate delay.
R. R. Osborn, Roberts Enterprises, 502 W.
113th St., New York, N. Y. 10025.
VOTE FOR 312
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Digital IC noise eliminator
lets you count clean pulses
In digital systems it is often necessary to count
pulses from a noisy source. Noise can cause false
counts by appearing on the input line as spikes
of sufficient amplitude to trigger the counter or

INPUT

A

OVTPUT

Noise eliminator functions as a dual pulse discriminator for pulse-counting applications. The circuit
uses only two digital integrated circuits-a quad
dual·input NANO gate and a hex inverter.

$5 Wein-bridge oscillator
is both stable and ~ompact
For about $5, you can build a Wein-bridge
oscillator that will give you performance comparable to those of circuits that cost five times
more. This economical oscillator can drive load

R2

FREQUENCY

5k

C2

+6Vdc

9

Eo

Cl•C2

I Hz

33µ.F

IOOHz

0.33µF

500Hz

0 .065µ.F

I kHz

0.033µ.F

IOk Hz

3300pF

50kHz

650 pf

100 kHz

330pF

C3

47pF
-6 Vdc

R3
270

Stability- and low distortion are main features of
this compact Wein-bridge oscillator, in which a
lamp provides automatic gain control. The table
indicates various values for C1 and C2 over a
range of operating frequencies.
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as discontinuities in the desired pulse. A circuit
that eliminates noise by functioning as a dual
pulse width discriminator consists of a quad two~
input NAND gate (Texas Instruments SN7400)
and a hex inverter (Texas Instruments SN7405) .
With no input (point A to logic ZERO), the
latch automatically assumes the reset state (Q at
logical ONE). An input pulse causes C1 to charge
towards Vee- If the input's duration is long
enough for C1 to charge to the switching threshold of inverter I~ S of the latch is. pulled low,
causing the latch to change states.
Feedback from Q returns S to logical ONE.
With the latch in this state, the input line is
isolated from the network controlling S and is
gated to the . network controlling R after being
inverted by Is.
The output taken from Q of the latch will not
return to the ZERO state until the input returns
to the ZERO level for a period set by C2. The use
of open-collector inverters with external resistors
provides a high input resistance, and therefore
large time constants for a given C1 or C2.
· Ronald E. Wysong, Project E n gin eer, R. L.
Drake Co., 540 Richard St., Miamisburg, Ohio
45342.
VOTE FOR 3i3

impedances of less than 10 ohms, as well as large
capacitive loads.
Additional advantages include simplicity, compactness, low power dissipation, stability and low
distortion. A complete test generator consumes
only about 100 mW of power.
The amplifier, Z,, is Motorola's MC1454, chosen
because of its ability to drive low-impedance
loads. R , equals the typical input impedance of
the amplifier, while R2 is equal to R, shunted by
the amplifier input impedance. C, and C2 have
equal values and are the reactive components in
a positive feedback configuration. Ca is used to
compensate the amplifier.
Automatic gain control is implemented by L ,,
a No. 80 lamp from Lamps, Inc. Ra provides the
required negative feedback and also offers limited
control over output amplitude.
The oscillator's output is stable at 2 to 8 V
pk-pk over the frequency range of 1 Hz to 100
kHz. A slight amount of cross-over distortion is
noticeable at the higher frequencies, due to the
output stage of Z,. The frequency of oscillation
i's 1/ 2 7T R,C, = 1/ 2 7T R 2 C2.
P. C. Lipom a/ C28, Lockheed Electronics,
16811 Camino, HASR / 671-11 , Houston , T ex .
77058.
VOTE FOR 314
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Switchable pulse multiplier
delivers 10-to-1 pulse burst
A switch-selectable pulse multiplier provides an
output pulse train that has from 1 to 10 pulses
for .each input pulse. The circuit is useful in many
digital control systems-the driving of a stepper
motor, for example.
It consists of a unijunction-oscillator pulse
generator, a four-bit binary counter, a switchselected gate to detect the counter's state three
signal inverters and a control gate. In op~ration,
the UJT oscillator produces a continuous pulse
train with a repetition rate of approximately 200
pulses per second for the component values
shown. Circuit modifications, however, can bring
the repetition rate up to 40,000 to 50,000 pulses
per second.
The counter · is normally at th.e count selected
by the switch setting. At this setting, NAND
gate G, is enabled. A ZERO output from G, disables N AND gate G1.
A ONE input at the signal input terminal produces a ZERO at the output of the inverter Ia.
This zero disables G1 and resets the four flip-flops.
With the flip-flops reset, the output of G2 changes
from ZERO to ONE to enable one input of G1.
The second input for G1 comes from the pulse
generator through inverter I 1. This input is
enabled at the pulse repetition rate. No output is
obtained from G1, because of a third disabling

input from Ia. When the signal input returns to
ZERO, the output of Ia becomes a ONE and enables the third input to G1.
Each pulse of the pulse generator now produces
an output from G1. This output is inverted by I 2
and then counted by the four-bit counter. When
the number of pulses entering the counter is equal
to the selector switch setting, G 2 is enabled and
G, becomes disabled, preventing all succeeding
pulses from passing through.
The pulses fed to the counter are detected as
the pulse-multiplier output. Each input pulse produces a burst of pulses; the number of pulses in
the burst is determined by the switch setting. The
repetition rat.e of the pulses in the burst is set by
the pulse generator and must be adjusted to provide a sufficient interval to complete one cycle of
pulse multiplication before the succeeding cycle is
initiated.
Circuit components include a Fairchild HLLDTµL 9110 for the NAND gates and inverters
two dual flip-flops (Motorola MC663P) for th~
counter, and one EECO 1776-06 thumbwheel
switch. All diodes ar.e type 1N914.
This circuit concept may be extended to several
decades by replacing the binary counter with
several cascaded binary-coded-decimal counters
and detecting the outputs with a corresponding
number of thumbwheel switches.
Ernest A. Kussmaul, K ussmaul Engineering
Co ., 186 W est Main St., S ayville, N . Y . 11 782.
VOTE FOR 315

+15V

4

10 FF2
3

Get a tr~in of. up t~ 10 pulses from a single input
pulse with this sw1tch ·selectable pulse multiplier.
Basic circuit components are a UJT pulse generator,

IFD Winner for January 7, 1971
Steven E. Holzman, Technical Staff Member
E. S. L., Inc., 495 Java Drive, Sunnyvale:
Calif. His Idea "TTL-Compatible Analog
Gate For Only $2 in Parts" has been voted
the Most Valuable of Issue award.
Vote for the Best Idea in this Issue.
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FF3

3

10 FF4
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!I

13

a binary counter, a thumbwheel switch and control
gates and inverters . Repetition rates of up to 200
pulses per second are possible.

VOTE! Go through all ldea·for·Design entries select the
best•. and circle the appropriate number on the Reader·
Service-Card.
SEND US YOUR IDEAS FOR DESIGN. You may win a
grand tot~I ~f $1050 (cash)! Here's how. Submit your
IFD ~escnbing a new or important circuit or design
tec~n1que, the clever use of a new component or test
equipment, l?ackag!ng tips, cost-saving ideas to our
ldeas·for·J?es1gn editor. You will receive $20 for each
accepted idea, $30 more. if it is _voted best-of-issue by
our readers. The best·of·1ssue winners become eligible
for the Idea Of the Year award of $1000.
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'Bugged her
'Bit'Breakdown?
'Byte'Back! ...witlk,
the'BitP~

When you buy a good 12-bit
A/ D Converter . you want that
12th bit to stay good . But every
time you add another element to
the system. you lose accuracy.
Multiplexers. data amplifiers .
sample holds .. . each one nibbles
away at the 0.02% limit of error
you are protecting . Pretty soon.
you've lost the 12th bit . and are
sweating out the 11th.
Sweat no more. Al low us to
introduce the Bit Preserverssuperlative system-interface
modules . designed to preserve the
superiority of our "secret ingredient" A/D and D/A Converters .
(Parenthetical Note: In our 10, 12 .
14 . and 16-bit A/ D and DI A
Converter modules. we use secret
ingredients-namely . our µ,DAC
fourth -generation IC quad
switches and laser-tr immed thin film resistor networks . If you
missed our recent piquant advertisement on secret ingredients .
your response to this one will
bring you a complete update .)

The Bit Preservers include:
•Multiplexer MPX-8. Eight
channels. expandable to 64 . just
by stacking . Fastest slewing ,
fastest settling; most perfectly
guarded. zero offset ...
accuracy, impedance. and
CMRR are limited only by the
following amplifier ... and we
make every kind of amplifier
you will ever need. as you know .
•Sample/Hold SHA-IA. Fast;
low-droop : million-megohm.
5pF input impedance . Independent digital ground eliminates
noise errors . Excellent time and
temperature stabi I ity. Accuracy
"n ibble" only Y4 bit (through put non-linearity) in 10V f .s .
systems.
• A ID and DI A Converters. 2 8
designs. 8-16 bits. including
8/10/12 bit multiplying DAC's.
Each design optimizes some
combination of stability. linearity , accuracy . and speed . Each
is un ique . because it uses secretingredient µ,DAC components.
made by us alone . in our "fourthgeneration" IC facility .
In fact, we have fully compatible
Bit-Preserver system modules for
all 28 of our " secret-ingredient"

converters . No more "mix and
match" headaches . The bits stay
good . .. all of them.

Write for the complete data file.
ANALOG DEVICES. INC ., Route 1
Industrial Park . P.O. Box 280.
Norwood . Mass . 02062.
Better yet. cal I Converter Marketing at (617) 329-4700. ext. 343
or 347 . for immediate recommendations. for evaluation units
from stock . and for anything else
you need to help you hang on
to that last bit.

ANALOG
DEVICES
Circuit Specialists

new products
8-bit 4k minicomputer
is a savings at $1700

High-density display
shows complex graphics

600-byte/ s extender
eliminates hardware

I
Computer Automation, Inc., 895 16
St., Newport Beach, Calif. Phone:
(714) 642-9630. Price: see text.
A new concept in minicomputers
is the Naked-Mini, a stripped down
minicomputer starting with basic
8-bit 4k core memory for only
$1700 (200 quantities). It's stripped of its power supply, console
and metal chassis to lower its cost
for OEM users . A 16-bit 4k unit
costs just $2400. Up to 32 kbits of
memory are available. The entire
minicomputer is on a 15 by 15-in.
module.
CIRCLE NO. 340

Integral data modems
operate to 1800 baud

Tektronix, i nc., Box 500, Beaverton, Ore . Phone: (503) 644-0161 .
P&A: $7850; 3rd quarter, 1971.
T he new T4005 graphic display
is a high-speed computer peripheral
designed for low-cost displays of
high-density a l phanumeric and
complex graphic data. It is composed of a graphic-display controller and Tektronix 11-in. direct-view
bistable storage display unit. Features include display scaling, zooming, augmenting and ability to
drive multiple displays.
Booth No. 2501
Circle No. 254

Paradyne C0111., 2040 Calumet St.,
Clearwater, Fla. Phone: (813) 4425126. P&A: $6000; 60 days.
Combining a modem, error-control system and an I / 0 channel interface, the PIX-600 600-byte /s
parallel interface extender eliminates hardware as a controller, modems, data set adaptors and remote
processors . It also eliminates software. Its speed is 4800 bits /s on
dial- up lines and it can operate
with in tape and disc systems and
as an on-site peripheral.
CIRCLE NO . 342

Tape-drive motor
handles 200 in.ls
Compact digital printer
has 20-column capacity

lnte1·tel, Inc., 18 Adams St., Biirlington, Mass. Phcne : (617) 2727 436. P&A: under $200; stock to
90 days.
Series IN202 of medium-speed
integral modems can be used over
dial-up or private telephone lines at
speeds up to 1800 baud. Four models
are compatible with Western Electric 202 data sets. Models 2020 and
2021 are for use over dial-up lines.
l\Iodels 2025 and 2026 are for two
or four-wire private lines. All
models allow operation at receivesignal levels of -50 dBm.
CIRCL E NO . 341
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Facit-Odhner, Inc., S ecancus, N. J.
Phone: (201) 866-5111.
A new digital printer, the 4501,
is a compact device consisting of a
solenoid, timing unit and printing
unit that operates at 3.5 lines/s
with a maximum capacity of 20
columns at 12 or 17 characters/
column. It incorporates, as options,
a ribbon mechanism or ribbon cassette, a paper feed mechanism and
motor.
Booth No. 1943
Circle No. 280

Micro Switch Div. of Honeywell,
Inc., 11 W . Spring St., Freeport,
Ill. Phone: (815) 232-1122.
A new high-performance de
motor that can handle tape capstan
drives as high as 200 in. /s is available . Key to the high-speed 6VM31-C3 hollow-rotor motor is its
aluminum wire windings, which
nearly doubles the acceleration rate
of copper-wired motors, and its
low-volume high-velocity forced-air
cooling. The 6-in.-dia 15-lb motor,
which uses 36 V, has a torque of
155 oz-in.
Booth No. 1182
Circle No. 267
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1024-character terminal
accesses minicomputers
Mark Computer Systems, Inc., 2
Patte1·son Pl., Garden City, N . Y.
Phone: (516 ) 7 46-5885. P&A: from
$3995; 90 clays.
The seri es DD -70 terminal provid es oper ator access to a minicomputer by means of a 12-in.
1024-cha r acte r CRT display with a
keyboar d. Character pos it ions are
oper ator or computer selectab le a nd
can be t itle a nd data fields .

computer
precision
components
from

Nvtronics

CIRCLE NO. 343

Digitized design system
speeds up analysis
B endix Computer Graphics, 23850
F1·eeway Park Dr., Farmington,
Mich. P hone: (313) 665-7766.
Price : $20,000 .
The com pletely electr onic new
A utomated Design System permits
an operator to feed digitized infor mation qu ickly into a computer
fo r rap id analysis and computation.
It performs the routine checking
and ver ification of engineeri ng
and design problems.
CIRCLE NO . 344

8-channel tape recorder
reads 150 characters/s
Engineered Products, Inc., 290 Huyle1· St ., S. Hackensack, N. J. Phone:
(20 1 ) 488-4040. P&A : $160; stock.
Speeds up to 150 characters / s
can be achi eved wit h a new 8-channel starwheel sens in g tape reader.
The model 1200 is driven mechani cally by turni ng a shaft at 15 degrees per ch a r acter. Contacts are
HT L, DT L, RTL and TT L compatible.
CIRCLE NO. 345

Teletypewriter coupler
converts BCD to ASCII
Pivan Data Systems, Inc ., 6955 N.
Hamlin Ave., Lincolnwood, IU.
Phone : ( 312 ) 676-0790. Price:
$500.

T he 33ASR Dij itdriver coupler
converts parallel-bit four-wire BCD
data into a erial-bit ASCII format. It provides a convenient and
low-cost means of recording the
digital output of instruments on a
33ASR Teletypewriter.
CIRCLE NO . 346

Flexible,
off-the-shelf

Wee Bit Delay Modules
• Unique sectional
construction
• Epoxy molded
• Meets environmental
requirements
of MI L-C-15305

Nytronics Wee Bits are unique, versatile delay elements
which can be used singly or sectionalized in series
to obtain desired delays and delay to rise time ratios.
The number of Wee Bits in a section determines
the total delay time. Assemblies could be mounted on
printed circuit boards, permitting increments of delay
to be tapped without disturbing the uniform pulse shape.
Wee Bits are manufactured under strict controls
to assure identical performance characteristics from unit
to unit. Shielded cases also available. Write today
for technical data.

WEE-DUCTOR - Magnetically shielded, with
inductance range 0.1 to 180,000µH. Designed
to MIL-C-15305, Grade 1, Class B. Encapsulated envelope: 0.157" diameter x .450" length.
SUPER WEE-DUCTOR/90537 TYPE - Manufactured in accordance with MS90537. Molded.
Magnetically shielded, with inductance range
0.1 to 100,000 µH ± 10% tolerance. Molded
envelope: 0.163" diameter x 0.410" length.
PEE-DEE DUCTOR - For hybrid circuit applications. Smallest unshielded inductor available. Less than 3/ 32". Epoxy-encapsulated.
Axial leads. Designed to meet MIL-C-15305.
Forty-nine standard values, 0.1 to 1000 µH,
± 10%.

represents a 66% size reduction from the
smallest magnetically shielded inductor previously available anywhere. Inductance values
from .025 µH to 10,000 µH. 49 values available from stock from 0.1 µH to 1,000 µH.
VARIABLE INDUCTOR - Unshielded, with adjustable range 0.1 to 4700 µH. Designed to
meet MIL-C-15305, Grade 1, Class B. Encapsulated envelope: Q.400" diameter x 0.500"
length. Vertical or horizontal mounting.
WEE V-L - Magnetically shielded. Adjustable
range 0.1 to 100,000 µH . Designed to MIL-C15305, Grade l , Class B. Epoxy molded:
0.300" diameter x Q.400" length.

WEE CHIP-INDUCTOR - Magnetically shield·
ed, wrap-around termination, permitting contact to either face or ends. Designed to
meet MIL-C-15305, Grade 2, Class B..280"
x .195" x .100''. Presently available .15 µH
PEE-WEE DUCTOR - The Pee-Wee Ductor to 1000 µH.
Also writs for details on tantalum, film, papsr and ceramic capacitor linss.

DECl-DUCTOR - Subminiature, with inductance range 0.1 to 1000 µH. Designed to
MIL-C-15305, Grade 1, Class B. Molded envelope: 0.100" diameter x 0.250" length.

Nvtronics, Inc.
Essex Electronic Products

I DARLINGTON DIVISION

Orange St. , Darlington, South Carolina 29532 • (803) 393-5421
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INSTRUMENTATION

Compact $220 DPM
has I-second response

Triplett Corp., Bluffton, Ohio.
Phone: (419) 358-5015. P&A: see
text.
A new 3-digit single-polarity
compact DPM with a single-plane
7-bar fl uorescent wide-angle display, 1-s response and a sampling
rate of 3/s has a $220 price tag.
The model 4230-F measures only
2.359 by 4.14 by 4.846 in. and has
full-scale readout of 999. Power
drain is only 2 W, input resistance
is 1000 M.n and BCD is optional.

10 Hz to 12-MHz source
1s fully programmable

CIRCLE NO. 347

50-n pre-scaler
extends to 300 MHz

llYCL

High Frequency Engineering Co.,
123 Scinta Maria Ave., Portola Valley, Calif. Phone: ( 415 ) 851 -8108.
P&A: $230; stock.
An upper limit of 300 MHz is
possible with the model HFE300
pre-scaler which functions with
digital counters to· extend t heir
range by scales of 1000, 100 or 10.
Its maxi mum rf input voltage is
1 V rms. Typical input voltage is
150 mV rms. Output voltage is 1
V pk-pk and input and output impedances are 50 n, each .

Progress Electronics Co . of Oregon, 5160 N. Lagoon Ave., Portland, Ore. Phone : (503) 285-0581.
Price: $495 to $580.
The new model 101A digital test
oscillator is a programmable instrument that covers 10 Hz to 12
MHz. It features facilities for AM
and FM modulation, BCD remote
programming digital frequency selection and constant output amplitude into 50 and 600 .n. A multiphase output a llows a 180 ° phase
change in the output signal.
CIRCLE NO. 351

CIRCLE NO. 348

Current-limited probe
simplifies testing

Weste1-n T echnical Products, 13355
Saticoy St., N . Hollywood, Calif.
Phone: (213) 765-4562.
No bigger than a penlight, the
Toneprobe is a unique currentlimited ( 1 mA ) a udible tester comp letely self-contained. While listening to the tone pitch (which increases with resistance ), the user is
able to sweep rap idly across circuits with complete eye and body
freedom , unhampered by leads extending from fixed equipment. The
probe uses two AAA batteries.

Ruggedized VOMs
are drop proof

CIRCLE NO. 349

Amplifier plug-in
gains from 102 to 105

70

T ektronix, Inc., Box 500, Beaverton, Ore. Phone: (503) 644-0161.
P&A: $550; 11 wks.
T he new 26A2 differential amplifier plug-in modu le features a gain
switching range from 100 to 100,000, selectable high and low-bandwidth limits and de offset. Frontpanel power is available for active
probes and transducer adapters .
Two outputs are available: a lowimpedance h igh-level ± 5 V at ± 20
mA and 5 n for a / d converters and
recorders; and a 50-.n ± 0.5- V output for driving display monitors.

Weston Instruments, Inc., 614 Frelinghuysen Ave., Newark, N . J.
Phone: (201) 243-4700. P&A:
$76.50 to $ 132 .50; stock.
The 660 series miniature VOMs
offer drop-proof protection. They
are warranted in writing to work
after accidentally be ing dropped
five feet and utilize a ruggedi zed
taut-band mechanism. Five models
in the series are available. Features include accuracy of 2 % for
de and 3 % for ac and sensitivity
of 20 k.n / V de and 5 kn / V ac.

CIRCLE NO. 350
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210-kHz lock-in amp
measures 1-nV signals

Lin/log generator
has twin outputs

D;D
.. .
·• •• ••
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E xact Electronics, Inc., B ox 160,
Hills boro, Ore. Phone: ( 503) · 6486661 . P&A: $79 5 ; stock to 3 weeks .
A new multiple-purpose waveform generator called the model
125 Lin-Log Multigenerator f eatures dual-output amplifiers-each
with individual function selection80-dB attenuation, two generators,
1000 :1 internal or ext ernal voltagecontrolled frequency and a frequency range from 0.1 Hz to 5 MHz
on the primary generator.
CIRCLE NO. 339

Princeton Applied R esearch Corp.,
Box 565, P rinceton, N . J. Phone:
(609 ) 924-6835. P&A: $1995,
$1895 ; 90 days.
Two new instruments measure
phase and amplitude of low-level
signals buried in noise. The 126
lock-in amp is designed for 1-nV
signals and 1-µ V sensitivity over
0.2 Hz to 210 kHz. The 127 twophase lock-in accessory allows lockins to simultaneously measure
phase- and amplitude of the quadrature component of signals.
CIRCLE NO. 353

Sweep generator
spans 5 to 1000 ~t"lz
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T exscan Corp., 2446 N. Shadeland
Ave., Indianapolis, Ind. Phone :
(3 17) 357-8781. P&A: $1695; 6
wks.
Covering 5 to 1000 MHz in one
band, a new sweep signal generator can be swept its full width
while retaining su fficient stability
for narrow-band circuit testing.
Model VS-60 provides a full 10 mV
of output power in both the cw and
sweep modes. Other standard f eat ures include a sweep rate t hat is
variable from 20 s per sweep to 16
ms per sweep, and built-in squarewave modulation.

0Nly RocklANd CAN dElivER
Tk E hEST of bo1k WORlds •••
Rockland ' s Model 1100 analog filter
features digital frequency selection in
the range 10 Hz to 1.1 MHz for bandpass, low-pass and high-pass applications. The latest addition to the
list of 24 standard analog models,
the 1100 is a variable 4-pole pair,
band-pass filter with independently adjustable high-pass
and low-pass cutoffs within
its frequency range; 80 db
dynamic range; Butterworth
and Bessel response; 24
db/octave attenuation
slope. Price $690; delivery
three weeks A.R.O. Other
analog models available offer
frequencies down to .001 Hz, attenu·
ation slopes up to 96 db/octave and
local and remote programming of all
filter functions.
The Rockland Model 4124 digital filter is a programmable tenth-order
recursive digital filter which can realize arbitrary all-pole designs (Besse I, Butterworth, Chebyshev) .
Model 4136 provides program·
mable poles and zeros for
realizing any kind of filter
including elliptic designs.
If your requirements do not
demand band-reject capability, the programmable
poles of the 4124 will meet
your needs more economica 11 y. The 4124/4136
feature up to 500 KHz sampling rates, 12/16-bit coefficient accuracy, 16/24-bit computational accuracy, and 10- or 12-bit A/D and
DIA options. The 4124/4136 are
applications-oriented for high-speed
digital filtering as a computer peripheral , prefiltering for FFT and other
digital signal processing , real-time
system simulation and testing , highaccuracy analog filtering or equalization , and time-varying filtering, including adaptive filtering. Prices
start at $8000, depending on options.
Delivery 10-12 weeks A.R.O.

MODEL 1100
ANALOG Fl LTER

••

·- .!,

MODELS
4124/4136
PROGRAMMABLE
DIGITAL FILTERS

ROCICl.Rl\10

Rockland Systems Corporation
131 Erie Street East, Blauvelt, New York• Telephone 914- 359-1818

CIRCLE NO. 354
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INSTRUMENTATION

Scope camera unit
costs just $185

Multi-range supply
has 2 separate outputs

Economy generators
pulse out to 100 MHz
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Tektronix, Inc., Box 500, Beaverton, Ore. Phone: (503) 644-0161.
P&A: $185; 2nd quarter, 1971.
The C-5 trace-recording scope
camera features fixed-focus and
fixed-aperture design which simplifies waveform photography and
costs only $185 . The C-5 has a 60mm, f / 16 lens. Shutter speeds are
1/ 10, 1/ 25 and 1/ 50 of a second
plus bulb and time . Object-to-image
ratio is 1 :0.68. A Polaroid PackFilm back accepts 3000-speed film .

H ewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: ( 415)
493-1501. P&A: see text.
A new family of three economical
pulse generators offers repetition
rates to 100 MHz. Offered are:
8007 A with a 100-MHz repetition
rate and leading-and-trailing-edge
transitions controllable from 2.5 ns
to 250 µ,s at $1600 ; 8012A with a
50-MHz rate and transitions between 10 ns .and 500 ms at $875;
and 8013A with a ·50-MHz rate and
a fixed 3.5-ns transition at $625.

Power D esigns, Inc., 1700 Shames
Dr., W es tbury, N. Y. Phone : ( 516 )
ED3-6200. P&A: $350; 30 days.
A new dual-output version of the
Uniply multi-range de voltage regulated power supply, the TW6050, is
available. Each of its two sections
has five output ranges: 0 to 7 V
at 5 A, 0 to 15 V at 3 A, 0 to 2.5 V
at 2 A, 0 to 50 V at 1 A and 0 to
60 V at 0.5 A. Each output can be
operated independently, in series to
provide 120 V at 0.5 A, or in
parallel to 10 A. All ranges change
automatically.

CIRCLE NO. 355

CIRCLE NO. 357

CIRCLE NO. 359

10 to 80-MHz generator
reads out digitally
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15-kHz lock-in amp
can also be tuned

-

--

-

Low-cost 4-digit DPM
starts from $200
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LogiM et1·ics, Inc., 100 Forest Dr.,
Greenvale, N. Y. Phone: (516)
484-2222. P&A: $1975; stock to 30
days.
A new digital-readout signal generator covers 10 to 80 MHz with
calibrated internal and external
FM, AM and cw outputs. The 950
has internal FM deviation adj ustable from 0 to 20 kHz pk and AM
adjustable from 0 to 30 % . A 3digit frequency counter provides a
readout accuracy to ± 0.002 % at
any setting over the generator's
range.

Keithley Instruments, Inc., 28775
Aurora Rd., Cl e v e land, Ohio.
Phone: (216) 248-0400. Price:
$1395.
The model 840 0.5-Hz to 15-kHz
lock-in amplifier can be operated in
wideband or tuned modes. It automatically tracks frequency and
keeps signal phase shift constant
when frequency changes. Using optional plug-in filter cards, it is
capable of detecting signals 140 dB
below noise level. Other features
include 25-nV r esolution to 1 V fullscale and optional 75-pV resolution.

W eston Instruments, Inc., 614 Frelingsen Ave. , Newark N. J. Phone:
(201 ) 243-4700. P&A: see t ext;
stock.
A new low-cost bi-polar DPM,
model 1293, features a full-scale
readout of ± 3999, automatic outof-range and polarity indicators,
± 0.1 % of full scale ± 1 digit accuracy, and independent internal
reference for positive and negative
measurements and only costs from
$200 to $300. Its minimum fullscale reading is 4 µ,A (3.999 ) or
400 mV (399.9).

CIRCLE NO . 356

CIRCLE NO. 358

CIRCLE NO. 360
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PACKAGING & MATERIALS

Wirewrap DIP socket
contains 80 pins

Heat dissipator
cools DIP ICs

Cambridge Thermionic Corp., 445
Concord Ave., Cambridge, Mass .
Phone: (617) 491 -5400. P&A: $5;
stock.
IC socket assembly 703-1000-0104-00 features 80 pins in two rows
each positioned for up to five 16pin DIPs. It consists of a rigid
structural member of glass-reinforced dia llyl phthalate with wirewrap posts and spring contacts
held in place by four removable
covers. It provides for collector
supply-voltage and ground busses
and needs no PC board for support.

International Electronic R esem·ch
Corp., 135 W. Magnolia Blvd., Burbank, Calif. Phone: (213) 8492481.
A new aluminum heat dissipator
especially configured for DIP devices is available. Developed for
the Motorola MC1600 series of ICs,
it is also applicable to a wide
variety of other DIP circuits of
various configurations. The LIC-14,
which consists of a dissipator and
a retainer clip, is available in 1/ 4
and 1/ 2-in.-high versions.

CIRCLE NO . 361

CIRCLE NO. 363

PC-board racks
facilitate handling

100-pin-l/O board
mounts 12 14-pin ICs

Lenkeit Industries, Inc., 258 Broadhollow R d., Farmingdale, N. Y.
Phone: (516) 249-8300. A,vailability: stock.
T ransit Racks are patented racks
made to faci li tate t he staging and
handling of large to small printed
c i r c u it boards and assemblies.
Availab le in aluminum and stainless steel styles, t hey retain boards
of varying thicknesses. Aluminum
racks are available in black, red,
blue and orange. Stainless steel
racks are chemically inert to most
etchants.

Electronic Engineering Co. of California, 1601 E . Chestnut Ave.,
Santa Ana, Calif. Phone: (714)
547-5501.
A new 2-D socket board, the
model H-2923, is designed to mount
twelve 14-pin dual-in-line ICs and
one 100-pin I/O connector. It features power-connection flexibi lity
with the use of a technique whereby power busses on the board are
not connected to any specific pin
on an IC socket. Another feature
of the H-2923 is low-impedance
power bussing.

CIRCLE NO. 362

Now you can save space and improve
reliability by mounting an Acopian
mini-module power supp ly directly
into a printed circuit board. Sizes
start at 2 .32" x 1.82" x 1 ". Both
single and dual outputs are available.
And the duals can be used to power
op amps or for unbalanced loads .
Ot her features include:
• Choice of 58 different single output
modules ranging from 1 to 28 volts,
40 ma to 500 ma
• 406 combinat ions of dual output
modules wi t h electrically independent, like or different outputs in
each section
• 0 .02 to 0 .1% load and line regul ati on , depending on model
• 0 .5 mv RMS r ippl e
• Prices as low as $39 for singles,
$58 for duals
Do you have the latest Acopian cata log ? It lists over 82,000 AC to DC
power m od ules for industrial or MILspec applica ti ons . For your copy ,
w ri te Acopian Corp ., Easton , Pa .
18042 , or call (215) 258-5441. And
remember , every Acopian power
module is shipped with this tag .. .
THIS POWER SUPPL y WAS
SHIPPED WITHIN

3

~,

DAYS

·

Acopialt

CIRCLE NO. 364
INFORMATION RETR IEVAL NUMBER 40

ELECTRON IC D ESIGN

9, A pri l 29, 197 1

73

ICs & SEMICONDUCTORS

$20 IC FET op amp
replaces many hybrids

One-of-eight decoder
operates in 3.5 ns

Linear IC op amps
need only 8 nA at input

\_,

9538
Analog Devices, Inc., Rte. 1 Industrial Park, Norwood, Mass. Phone:
(617) 329 -4700. P&A: $20; stock.
A new microcircuit FE T-input
op amp, model AD511, is a pin-forpin replacement for many popular
hybrids yet costs only $20. It has
a 5-pA bias current, 10,000 CMRR,
1-mV offset voltage, 0.5 pA/°C
current drift and 25 µ V /° C voltage drift. It also has a 1-MHz
small-signal bandwidth, 10 11 input
resistance and a ± 10-V 5-mA output. Size is 0.6 in. 2 by 0.25-in. high.
CIRCLE NO. 365

Dual monolithic FETs
exhibit very low noise
Siliconix, Inc., 2201 Laurelwood
Rd., Santa Clara, Calif. Phone:
( 408) 246-8000. P&A: from $2.65
to $8.10; stock.
A new fami ly of six monolithic
dual FETs, U280 through U285,
feature equivalent-noise voltage of
less than 70 n VI v' Hz at 100 Hz.
Common-mode rejection ratio is
over 100 dB (U280). Gate-source
differential drift is 10 µ V /° C.
CIRCLE NO. 366
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Fairchild Semiconductor, 464 Ellis
St., Mountain View, Calif. Phone:
( 415) 962-3562. P&A: $8.20; stock.
The new 9538 ECL/ MSI decoder
accepts three binary address inputs
and provides one of eight mutually
exclusive outputs with 3.5-ns
through delay. Connecting a data
source to its non-inverting enable
input allows the 9538 to act as a
high-speed demultiplexer. Its other
enable line will then function as a
data enable, while the three address inputs select the desired
output.
CIRCLE NO. 368

Line driver /'receiver
enhances data interface
Advanced Micro Devices, Inc., 901
Thompson Pl., Sunnyvale, Calif.
Phone: ( 408) 732-2400. P&A:
$6.50, $8.50; stock.
A new quad single-ended line
driver and a fail-safe receiver are
now available. The driver, Am2614,
is an inverting device with a fanout of 25. The Am2615 line receiver can receive differential or
single-ended data.

Texas Instruments, Inc., 13500 N.
Central Expwy., Dallas,
Tex .
Phone (214) 238-2011. P&A: $7.50;
2 wks.
High-gain transistors are used
in two new linear IC op amps to
ach ieve an 8-nA input current. The
SN72770 and SN72771 op amps
feature 5-m V input voltage, 15-nA
input bias, output short-circuit protection and ± 11-V common-mode
input. Slew rate is typically 2.5
VI µ s. The SN72770 is internally
compensated while SN72771 is not,
tho ugh it can be compensated.
CIRCLE NO . 371

10-MHz 64-bit registers
dissipate 300 nW/bit
Solid State Scientific, Inc., Montgomeryville, Pa. Phone : (215) 8558400.

A new fami ly of CMOS 64-bit
static shift registers combine 300n W / bit low power dissipation at 12
V and 10-MHz shift rates in t h e
same device. T he SCI-51300 fami ly
is compatible with all logic levels
from 4.5 to 15 V and have dynamic
dissipation of 250-µ W / bit/ MHz at
12 v.
CIRCLE NO . 372

CIRCLE NO. 369

High-current thyristors
handle up to 80 A
RCA Solid-State Div., Somerville,
N. J. Phone : (201) 722-3200.
Price: $25 to $45.
A new series of developmentaltype thyristors with current-carrying capacity of 80 A are available.
The devices, designated TA 7757,
are capable of handling power
loads up to 22 kW at ac line voltages up to 277 V. They can block
200, 400 or 600 V.
CIRCLE NO. 367
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4-quadrant multipliers
have low input errors

Fast power transistors
gain up to 100 A

Signetics Corp., 811 E. Arques
Ave., Sunn11vale, Calif. Phone:
( 408) 739-7700. P&A: $5 (N5595A ); stock.
Two new linear monolithic fourquadrant multipliers, the S5595F
and the N5595A, feature maximum
X and Y-input errors of 1 and 2%
and 2 and 4%, respectively. Each
has an input range of ± 10 V.

PowerTech, Inc., 9 Baker Court,
Clifton, N. J. Phone: (201) 4786205. P&A: $48 .25 to $96.50; stock.
Series PT-5501 silicon power
transistors feature turn-off times
of 700 ns at 50 A, collector-emitter
voltage (sat.) of 0.5 V at 50 A
and guaranteed common-emitter de
forward gain at 100 A. Devices
have collector-emitter ratings to 80
V and power to 200 W at 100 °C.

CIRCLE NO. 370
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MICROWAVES & LASERS

Power phototransistors
deliver 100 mA/mW/cm 2

$25 T0-5 dividers

Hybrid receivers
span 400-MHz band

cover 10 to 600 MHz

International Microwave Corp., 33
River Rd., Cos Cob, Conn. Phone:
(203) 661-5924.
By combining the operational
flexibi lity of discrete components
with the compactness of integrated
circuits, a new line of semi-integrated receivers achi eves i-f bandwidths of 400 MHz with i-f center
freq uencies of 1.4 GHz.

I

CIRCLE NO . 375

Low-noise photodiodes
are ultra-sensitive

Solid State Products, Inc., 2261 S.
Carmelina Ave., Los Angeles, Calif.
Phone: (213) 478-0557.
New
power
phototransistors
with a spectral response from 0.3
to 1.1 microns feature outputs of
100 mA / mW / cm 2 and a response
time of 50 µ s. Custom detectors
are availab le with sensitive areas
up to several square centimeters.
The new devices, which operate
from as low as 1.5 V ac or de,
achieve high outputs by being
fabricated from high-purity silicon.

United Detector T echnology, 1732
21st St., Santa Monica, Calif .
Phone: (213) 393-3785 . Price: $49,
$35 .
New ultra-low-noise p-i-n sili con
photodiodes achieve high sensitivity between 8500 and 9000 .A. They
give a noise-equivalent power of 6
x 10-15 W for UDT-020A with 20mil active dia and a 1 x 10-14 W
for the 40-mil active~dia UDT-040A.

R elcom, 2329 Charleston Rd.,
Mountain View, Calif. Phone.~
(4 15) 961 -6265. P&A: $25; stock.
A new line of $25 miniature reactive power dividers operate in
the 10 to 600-MHz frequency
range. Packaged in T0-5 cases only
0.24-in. high, they weigh less than
1.2 grams each. Typical isolation
between the output ports is 35 dB.
Insertion loss is 0.2 dB; phase balance is 0.5 degrees and amplitude
balance is 0.1 dB.

CIRCLE NO. 374

CIRCLE NO. 376

CIRCLE NO. 377

CMMP Series

Pack 'am in an lap

MINI

PRINT

How's this for packing density? You can mount
up to 14 ftatpacks or 9 DIPS, or mixed components
as shown, on a 2 by 31A inch board using Tempo's
new Hi-D® packaging. To see how we do it just
turn the board (we mean the page).

adds the necessary dimension
to digital instruments
• 6 columns; 3 lines per second
• Full BCD P L interface built-in, for IC instrument compatibility.
• Entire pfinter a plug-in
• Size: 311 x 31/2 11 on panel
• Price: Only $292.50* for full 6 columns
Send for catalog of the P. A. LINE
of Printers, Counters and Digital Displays
*quantity 50

PRACTICAL AUTOMATION, INC.

Trap Falls Road, Shelton, Conn. 06484 • (203) 929-1495 •Telex 96-4217
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MICROWAVES & LASERS

12-V vhf transistor
changes 1I4 W to 140 W
\

\'

Microwave resistors
have TCR of 250 ppm/°C

0.5 to 1-GHz amp
delivers 1-W output

Midwest Microwave, Inc., 3800
Packard Rd., Ann Arbor, Mich.
Phone: ( 313) 971-1992. Availability: stock.
A new line of thin-film microwave resistors using a pyrolytic
carbon process for long-term stability and uniformity feature T CRs
of 250 ppm /° C. Substrate material
is aluminum or berylium-oxide and
tolerance is 1 %.
CIRCLE NO . 379

Communications Transistor Corp.,
301 Industrial Way, San Carlos,
Calif. Phone : ( 415) 591-8921.
P&A: $75; stock.
A new vhf 12-V transistor is capable of taking 250 mW and amplifying it to 140 W. Called the
B70-12, the transistor is rated at
70 W and withstands infinite
YSWR at its maximum rated power and supply voltage. It has a 5.5
to 10-dB power gain figure and is
of single-chip construction . A 300mW to 140-W amplifier can be constructed with on ly five B70-12s.

Britt Electronic Products Corp.,
2944 N ebraska Ave., Santa Monica,
Calif. Phone: ( 213) 371-6567.
P&A: $4750 to $5940; 30 days.
A burst ion laser provides
pulsed-argon average power of over
1 W. The 3000 series runs at 250
mW continuously in four configurations: basic hi gh-power ; custom-pulse; timed burst; and stroboscopic.

Avantck, Inc., 2981 Copp er Rd.,
Santa Clara, Calif. Phone : ( 408 )
739 -61 7·0. P&A: $990; 30 days.
Model AP-lOOOT amplifier offers
1-W linear Class-A power across
0.5 to 1 GHz. Its minimum gain is
30 dB at a maximum gain flatness
of ± 1 dB, the maximum noise figure is 10 dB and VSWR is a maximum 2.0: 1. Input power is + 15 V
de at 540 mA. For a 1-dB gain
compression, t he minimum output
power is + 29 dBm. The AP-lOOOT
uses only si li con devices and it is
encapsulated.

CIRCLE NO. 378
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Argon laser
pulses out 1 W

Afew words to those
who design circuits
without a gaussmeter.
Good luck.
Changa'am
easy an Iha ballam
With Tempo's new Hi-D®packaging you can make
permanent circuit changes about as easily as
breadboarding, even in the field. And you can
combine DIPS, llatpacks, and discretes on the
same board. It has the advantages and economies
of wire-wrap, plug-in cards, and multilayer
boards ... without the disadvantages. ~ So send
us your packaging problem. Hi-D turnaround time
is fast, and you don't have to invest a nickel in
equipment. Our brochure proves it.

:JI' .

TBMPO INSTRUM8NT DIVISION
Allen Electric and Equipment Company

9135 Independence Ave., Chatsworth, Calif. 91311
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If you design or work with magnetic

circuits, a gaussmeter can save you a
lot of time. It converts flux density
into voltage for measurement. So, you
can check faults both magnetically
and electrically to track down any
trouble as quickly as possible. Our
gaussmeter brochures are the place to
start. Write. 4949 Freeway Drive East,
Columbus, Ohio 43229
F.
A member company
of Allegheny Ludlum Industries.

W Bell Inc.
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.M ODUL ES & SUBASSEMBLIES

Digital comparators
preset by th umbwheels

Bright 7-segment LED
drains 10 mA/segment

High-power amplifiers
dissipate up to 600 W
Inland Controls, Inc., 250 A/;pha
Dr., Pittsburgh, Pa. Phone: ( 412 )
782-3516 . P&A: $500, $550; stock.
Two new direct-coupled wideband modular power amplifiers,
models 60-IC-500 and 60-IC-600,
continuously dissipate up to 500
and 600 W at 25 °, respectively.
Short-term dissipation for either
can range up to 1500 W. Each unit
requires ± 60 V de.

Newport Laboratories, Inc., 630 E.
Young St., Santa Ana, Calif.
Phone: (714) 540-4914. P&A:
from $135; stock to 3 wks.
Series 270 digital comparators
provide instantaneous warning signals whenever front-panel thumbwheel or remote electrical preset
limits are exceeded. Models are
available with 3 to 6-digit unipolar
or 3 to 5-digit bipolar inputs and
front-panel limit selection, or with
3 to 6-digit bipolar remote limit
selection.

Monsanto Electronic Special Pr.oducts, 10131 Bubb Rd., Cupertino,
Calif. Phone: ( 408) 257-2140.
P&A: $7.50 (100-lot quantities);
stock.
The MAN 4 is a new seven-segment solid-state display emitting
400 foot-lamberts at 10 mA/segment. It will operate with inputs
as low as 1 mA and 1.65 V. Character height is 0.19 in. MAN 4 is
a common-cathode device that has
a built-in red lens. It is contained
in a 14-pin DIP with 0.35-in.
mounting centers.

CI RCLE NO . 382

CIRCLE NO. 384

CIRCLE NO . 386

Noise squelcher
compensates itself
Kahn Research Labs., Inc., 81 S.
Bergen Place, Freeport, N. Y.
Phone : (516 ) 379-8800.
A new self-compensaiting signalto-noise squelcher operates directly
on an audio signal to effectively
squelch the signal whenever speech
or other information is removed.
An integral miniature signal analysis computer constantly monitors
channel content.
CIRCLE NO. 3 87

LED-readout module
can house many digits

Programmable supply
provides five outputs

l

Economy power supplies
fill OEM applications
ACDC Electronics, Inc ., Oceanside
Industrial Center, Oceanside, Calif.
Phone: (714 ) 757-1880. P&A: from
$57 (quantities of 10) ; stock .
A new line of low-cost power
supplies, specifically designed for
OEM applications, is available with
prices starting from $57. Called
the OEM series, these new power
supplies have voltages from 4 to
32 V de at up to 36 A.
CIRCLE NO. 38 8

Dialight Corp ., 60 Stewart Ave.,
Brooklyn, N. Y. Phone: ( 212) 4977600. P&A: $.12; stock.
A new digital-readout module,
model 745 , contains a GaAsP LED
with a eparate decimal point and
is available in multiple-digit arrays. The LED is al o available
separately. Digit size is 0.125-in.
high and 0.09-in. wide and is a 6by-8 dot matrix connected for 7segment driving. The 745 module
is encapsulated and can be stacked
horizontally or vertically.

T ektronix, Inc., Box 500, B eaverton, Ore. Phone: (503 ) 644-0161.
P&A: $5000; stock.
The new Rl140 programmable
power supply contains three ± 40V, one ± 100-V and one current
supply. BCD-programming format
is TTL and no external programming resistance is required. Separate strobes and latching data inputs allow any of the five supplies
to be reprogrammed independently,
without disturbing others. Programmable voltage limits are on
the current supply.

Analogic Corp., Audubon Rd.,
Wak efi eld, Mass. Phone : ( 617)
246-0300. P&A: $250; 2 to 4 w ks.
The MP1012 Dacpac is a 0.015 %
accurate 12-bit multiplying d/ a
converter which is ideal for any
application where the analog output must be a digitally scaled replica of the reference input. Reference may be de to 50 kHz with any
waveform.

CIRCLE NO . 383

CI RCLE NO . 3 85

CIRCLE NO. 3 89
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Multiplying 12-bit d/a
has 0 .015% accuracy
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COMPONENTS

Illuminated pushbutton
1s a bargain at $1

Compu-Lite Corp., 17795 Sky Park
Circle, Irvine, Calif. Phone: (714)
546-3045. P&A: see text; stock to
2 wks.
A new computer-grade illuminated pushbutton switch, featuring
a beh ind-the-panel depth of 7 / 8-in.
and front relamping is available
for under $1 (1000 quantities ) .
Designated the Shorty, the 2pst
switch is rated up to 1/ 2 A at 30
V de or 117 V ac. It uses T-1-3 / 4
midget-base lamps and snap-locks
into 0.75-in. square cutouts.

314-in. rotary switch
has 90° throw angle
GrayhiU, Inc., 565 Hulgrove Ave.,
LaGrang e, Ill. Phone: (312 ) 3541040. P&A: $8.75; 2 to 10 wks.
Four-position (90-degree angle
of throw ) continuous rotation is
the feature of a new rotary switch
with a 3/ 4-in. and a 1/ 4-A 115 V
ac rating. The series 9 switch has
one or two poles per deck in multideck versions. Its life expectancy
is 10,000 cycles of operation .

CIRCLE NO. 390

Tantalum capacitors
retail as low as 10¢

Matsuo Electric Co., Ltd., 3-5, 3Chome, Sennari-cho, Toyonakashi,
Osaka, Japan. P&A: see text, 4
wks.
New Blue-DT resin-dipped solidtantalum capacitors feature small
size and a low cost of 10¢ or less
( 1000-lot quantities ) . They can be
easily inserted into PC boards and
securely mounted by provided stoppers. Operating temperature range
is from - 55 to + 85 ° C. Rated voltages are 6.3 to 35 V de and capacitance values range from 0.1 to
100 µ,F.

CI RCLE NO. 39 4

13-bit ladder network
comes in a DIP case
Micro N etworks Corp., 5 Barbara
Lane, Worcester, Mass. Phone :
( 617 ) 756-4635. P&A: $79; stock.
The MN120 is a 13-bit nickelchromium ladder network available
in a 16-pin hermetic DIP case. Its
operating temperature ranges from
- 55 to + 125 ° C, accuracy is
0.006 % and temperature coefficient is ±50 ppm /° C. Temperature
coefficient tracking is 1 ppm /° C.
CI RCLE N O . 395

CIRCLE NO. 391

Two-pole lever switches
include 10 positions

Cherry Electrical Products Corp.,
1650 Old Deerfield Rd., Highland
Park, JU. Phone: (312) 831-2100.
Double-pole ten-position lever
switches in miniature and subminiature sizes are available. Levcrwheel switches feature an extended
lever that replaces the traditional
thumb indents found in conventional thumbwheel switches. These
standard miniature and subminiature sizes are totally interchangeable with other leading thumbwheel switches now in use.

Cerami~ c~pacitor chips

cover six sizes
San F ernando Electric, 1501 First
St., San F ernando, Calif. Phone:
( 213 ) 365-9411.
Six new styles of monolithic ceramic capacitor chips, manufactured in accordance with MIL-C55681, range in sizes from 0.08 by
0.05 by 0.2 in. to 0.18 by 0.25 by
0.04 in. They are designated as
CD-01 through CD-06.
CIRCLE NO . 396

CIRCLE NO. 39 2

Compact 1-kV bridges
handle up to 1 ampere
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General Electric Co., S emiconductor Products Dept., Electrnnics
Park, Sy1·acuse, N. Y. Phone:
(315) 456-2298. Availability: stock.
A new series of compact hermetically sealed rectifier bridges
is available for handling currents
up to 1 A with voltage ratings up
to 1000 V. GEB100 bridges are
epoxy packaged single-phase fullwave rectifier units. They are compatible with standard printed circuit board layouts and have leads
that are set on 0.25-in. centers.

Allen Avionics, Inc., 224 E. 2nd
St., Mineola, N. Y . Phone : ( 516 )
248-8080. Availability: stock.
LC DIP is an ultra-miniature
14-pin dual-in-line lumped-constant
delay line that incorporates 10
equal delay taps . Total delays are
available in 50, 100, 150, 200, and
250 ns. Delay tolerance is ± 5 % or
4 ns whichever is greater and impedance is 100 n.

CIRC LE NO . 39 3

CI RCLE NO . 3 97

14-pin DIP delay line
includes 10 equal taps
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Photovoltaic cell
peaks at 555 nm

Sensor T echnology, Inc., 7118 Gerald Ave., Van Nuys, Calif. Phone :
(213) 781 -2154 .
The Sensor 555 photovoltaic cell
has a response that peaks at 555
nm (correspond ing to the human
eye response curve) and drops off
rapidly at 900 nm to one-third of
its peak value. This silicon device
is reported to provide a 300% hi g her outp ut per unit area than
selenium types. Standard units
come in a variety of sizes, shapes
and encapsulations.
CIRCLE NO . 398

Tiny time-delay relay
occupies just 2-in. 2

Magnecraft Electric Co., 5575 N.
Lynch Ave., Chicago, Ill. Phone :
.(312) 282-5500. Availability: stock .
A new fully ad justable octal
plu g-in time-delay relay occupies
less than 2-in. 2 of panel space. The
class 214 CP solid-state ( hybrid )
relay has ±5 % repeatability and
convenient screw-driver adjustment
at its top. Two timing ranges are
available : 0.3 to 30 and 3 to 240
seconds. Operating voltage is 120
V de and dpdt contacts are rated at
5 A.
CIRCLE NO. 399

DIP style trimmers
come in square cases

Dale Electronics, Inc., B ox 609,
Columbus, Neb. Phone: "( 402 ) 5643131.
New square-style fi lm-element
trimmers are now available. Fastpack trimmers come in two series:
87 (sin gle-tum) and 85 ( 12-t urn ).
They are pin compatible with a utomatic DIP machi nery. Bot h are
rated at 1/ 2 Wat 25 ° C. Resistances
range from 10 n to 1 Mn with
standard tolerance of ± 20 % . Lower tolerances are available. Temperature coefficient is ± 150 ppm /

oc.

CIRCLE NO. 400

Miniature reed relay
has a $1.45 price tag

S elf-Organizing Systems, Inc., Box
9918, Dallas, T ex. Phone: (214)
276-9487. P&A: see text; stock.
A new pico-sized open-frame reed
relay sells for $1.45 (100 quantities ) . The Zestron 240 relay has
over-all size of only 0.2 by 0.25 by
0.77 in. with pins brought out on
a standard 0.1 by 0.7-in . pattern
for PC board mounting . Contact
rating is 250 mA 50 V de, and 120
V ac. Closed-contact res istance is
0.2 n and offset is 100 µ, V.

•
•
•
•
•
•
•
•
•
•
•
•
•

Mil Spec DC Modules
Wide Range DC Modules
Slot Voltage DC Modules
IC Logic Modules
Full-Range Lab Supplies
Inverters, Frequency Changers
High-Voltage Supplies
AC Regulators
Full Technical Data
Full Specifications
Mechanical Data
Model Types
Prices & Availability

Ask for Your
Free Catalog #157 Today!

•

ERA TRANSPAC
CORPORATION
67 Sand Park Road . Cedar Grove, N. J . 07009
(201) 239-3000
A subsidiary of
Electronic Research Associates, Inc .
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Draftfng scale ' ,

Emblems

Rocker switch

Pressure-sensitive emblems for
application to glass doors or windows for identification or advertising purposes are available. There
are three types : one is applied to
the outside of glass surfaces; another for inside glass surfaces;
and the third is for application to
the inside of glass surfaces, but
can be read from both sides of the
glass. Details and samples are
available. Impact Label Corp.
CIRCLE NO. 420

A new type of rocker switch has
been developed to adapt to many
convenience and safety uses. The
model 1977 includes a nylon housing that contains a mechanism of
only six parts. It is rated at 150-W
load (incandescent) for 1/ 2 million
operations. Rat~d voltages are 125
and 250 V ac. Molded-in mounting
ears allow the switch to snap-lock
through a panel opening covered
by a 5/ 8 by 1-1/4-in. flange. Normally open or normally closed styles
are supplied. A free sample is
available. Molex, Inc.
CIRCLE NO. 422

The new C!:)nt-R-Liner drafting
scale is designed for working from
a center line. It is graduated with
zero in the center and numerals increasing outward from the center,
both to the left and to the right. A
full-size scale in 32nds of an inch
is on one edge and a h~lf-size scale
to 16ths of an inch is on the other.
This permits easy layout of radii
by reading diameters. Cost is $5.95.
Devonics Inc.
CIRCLE NO. 424

PC drafting templates
Four new ~rafting template sets
are available for printed circuit
layouts. Each of the four &ets
comes in three sizes allowing
original layouts in either 1, 2 or 4
times the actual size. The four sets
are called: the printed circuit layout template, the printed circuit
layout template and drafting aid,
the relay template and the universal component layout template. A
complete set of the four sets which
includes 12 templates in three sizes
is available at a price of $70.70.
HAPCO, Inc.
CIRCLE NO. 425

MIL connector chart
Teflon dielectric

Four new nylon snap bushings
snap-lock into 5/ 16, 1/ 2, 5/ 8 and
.3 / 4-in. panel holes. These miniature bushings require a minimum
of depth clearance and have smooth
inside diameters of 1/ 4, 3/8," 1/ 2
and 5/ 8 in. They snap into panel
holes by little fingertip pressure
for such applications as cables,
hose and tubing as well as supports
for push-pull rods and linkages.
Samples for test and evaluation
are available. Heymen Manufacturing Co.

Type CM metalized cast Teflon
TFE film is an excellent material
for use as an electret (fluorocarbon dielectric upon which metal
is vacuum-deposited ) for low-noise
applications such as microphone
discs. This new material has good
sensitivity, high fidelity and reliability. It remains permanently polarized after being charged. One
side of it is metalized under
vacuum. Resistance is approximately 1.5 n / in. 2 It is available as
1/ 4, 3/ 8, 1/ 2 and 3/4-mils thick
at widths from 1/ 4 to 3 in. A free
sample is available. Dilectrix Corp.

CIRCLE NO. 421

CIRCLE NO. 423

.Snap bushings
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A convenient easy-to-read wall
chart is available to provide a helpful aid in the selection of the exact MIL-C-81511 type cylindrical
connector needed for a specific application. Illustrated on this 24 by
37 in. multi-color wall chart are 32
insert options and 10 shell styles
available in the Astro/3 48 series
connectors and cylindrical connectors built to MIL-C-81511. Shown
on the chart are both the commercial and miiitary part number designations for each style illustrated.
For a free copy of the wall chart,
write on your company letterhead
to the manufacturer, Cinch-Nuline,
a division of TRW Inc., 1015 S.
Sixth St., Minneapolis, Minn.
55415.
EL ECT RONIC DESIGN
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application
notes

High-density switches

Several high-density m an u a 1
switching devices are described in
a brochure. A graph included in
the brochure compares the efficiency of patchboards, pinboards,
matrix seiector switches, shafttype rotary switches and thumbwheel and leverwheel switches . It
simplifi es sw itch selection based
upon application parameters. The
problems of quick reset and the
operator's decision-making time
are a lso discussed. Cherry Electrical Products Corp.
CIRCLE NO. 426

Delay lines
The "Delay Line Buyer's Guide,"
developed to assist system and circuit designers in specifying hi ghperformance minimum-cost delay
lines, is a valuable source of information. It explain s clearly their
basic principles with the use of
equations, formulas and illustrations, shows what the primary
parameters are when specifying delay lines and contains a helpful
glossary of terms. It also offers
technical and cost application details. Edison Electronics Div. of
McGraw-Edison Co.
CIRCLE NO. 427

Brushless de motors
The construction and method of
operation of brushless de motors
are described in a new three-page
brochure. It discusses the construction principles involved in two-pole
permanent-magnet rotors, electronically commutated de motors, Hall
generators, speed controls and magnetization and adjustment of rotor
ft ux. Siemens Corp.
CIRCLE NO. 428

Timing circuits
Three application notes contain
many circuit configurations t hat
use an electromechah ical capacitor
known as the ESD for timing appli cations. Included are schematics
that feature t he use of the ESD
with both linear and digital integrated circuits. Gould Ionics, Inc.

WORLD'S
FASTEST
AID CONVERTER
Preston's Model GMAD-1 offers A/D conversion of 14
bits plus sign in less than 1.5 microseconds, with sampleand-hol d aperture less than 10 nanoseconds. For
accuracy of 8 bits, conversion speed is less than 0.1
microsecond, with sample-and-hold aperture less than 1
nanosecond!

ADVANCED SYSTEMS CONCEPT
The GMAD-1 is typical of Preston's phenomenal GMSeries Systems, which combine A/D Converter, Sampleand-Hold Amplifiers, Multiplexer, Logic Control, and D/A
Converter in one easily interfaced package . This lets you
specify A/D and D/A systems for virtually any application .
Paralleling the GMAD-1 for lower speed application&,
Preston has the GMAD-2 and 3 Systems, providing the
same accuracy, flexibility, and reliability at lower cost.
A typical GMAD-3 system, with 32 channel multiplexer,
15 bit A/D converter, control sequencing , 0.02% accuracy,
and 80 KHz throughput rate is available for only $3695.

UNCOMPROMISING QUALITY
Over a decade of experience in sophisticated electronics stands behind Preston's GM-Series . These systems
are designed and constructed to standards of quality
that have made Preston the leading name in digitizer
instruments.

CONT ACT PRESTON TODAY
For complete information on the GM-Series systems.

PRESTON

RCIENTIFIC INCORPORATED

805 East Cerritos Avenue· Anaheim , California 92805 ·Phone: (714) 776-6400
REPRESENTATIVES IN MAJOR CITIES THROUGHOUT THE WORLD
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new
literature
Logic handbook

Variable transformers

The Designer's Choice Logic
(DCL) handbook (Volume 1) provides readers with a software package that clearly explains t he performance and use of t he DCL
series 8000 fami ly. It covers basic
logic elements including mult ivibrators, low-power, high-speed, ultrahigh-speed and interface elements.
Signetics Corp.

T he Variable Transformer Selector is a handy condensed reference
that lists by voltage and by increasing values of power and current, variable transformers. Staco,
Inc.

OPTRON,INC

A new catalog illustrates and describes a complete line of fractional
horsepower gear motors. E lectro
Counter & Motor Co.

A new catalog describes a line of
miniature power screwdrivers. T he
Foredom E lectric Co.

CIRCLE NO. 451

Power screwdrivers

Opto-electronic products
A short-form catalog gives technical data on a fu ll line of optoelectronic devices and products.
The six-page catalog includes GaAs
energy sources, Darlington and npn
si licon phototransistors, GaAs couplers, reader and emitter source
arrays, hybrid tape readers, monolithic arrays, sensor-LED encoder
and mark-sense reader assemblies.
Optron, Inc.
CIRCLE NO . 430

Fans/cooling devices
A new 12-page short-form catalog lists and describes a complete
line of standard and premiumgrade fans and cooling devices.
Pamotor.
CIRCLE NO . 431

Hybrid microcircuits
A new loose-leaf brochur·e containing specification sheets and
prices on a complete line of hybrid
op amps and voltage regulators is
available. Bell & Howell.

Gear motors

NO. 434

~IRCLE

l201TaPP9"1Crde
C#n:Jlllorl.T.... 7!IOOIS
21'.'2U.e611

r

CIRCLE NO . 450

CIRCLE NO. 435

Ac/de relays
A new fa mily of low-cost general-pu rpose ac/ dc 5 to 10-A relays
in open a nd enclosed versions are
described in a new bulletin. Oak
E lectro / N etics Corp.
CIRCLE NO. 436

Epoxy resins
A new information kit on epoxy
res ins includes a reference chart of
12 electrical encapsulation systems
and an epoxy fil ter stab ility index.
Epic Resins Div. of RT E Corp.
CIRCLE NO. 437

Lasers and accessories
A new 32-page catalog features
helium-neon gas lasers and accessories for industrial, research and
educational applications. Metrologic
Instruments, Inc.
CIRCLE NO. 438

CIRCLE NO. 432

N-channel FETs
A preliminary data sheet is
avai lable on a new series of monoli t h ic dual n-channel FETs. Teledyne Semiconductor.
CIRCLE NO. 452

LSI MOS memories
Field-inversion-pro t e c te d LSI
MOS read-only and random-access
memories are detailed in a new
catalog. Unisem Corp.
CIRCLE NO . 453

Digital plotter
A new digital plotter designed
specifically to process time-share
data from scientific instruments is
featured in a four-page bulletin.
Beckman Instruments, Inc.
CIRCLE NO. 454

Power supplies
A four-page illustrated data
sheet details an expanded line of
regu lated power supplies. California Electronic Manufacturing Co.
CIRCLE NO. 455

Centrifugal blowers
Wires and stampings
A new 24-page design guide is
available to OEM designers who
need formed and headed w ires,
stampings, connectors, welded assemblies and powdered metal parts.
Emporium Specialties Co. Inc.

An illustrated, 76-page handbook
describes a complete line of h ighperformance centrifugal blowers.
It inclu des 13 pages of technical
information complete with curves,
systems designer and specifier. IMC
Magnetics Corp.

A comprehensive 64-page catalog
shows more than 162 different
identification products and personalized items such as decals, signs
and labels. Seton Name Plate Corp.

CI RCLE NO. 433
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bulletin
board

Picoammeters
Eight new data sheets describe a
comprehensive line of solid-state
analog and digital picoammeters
and electrometers. Dyna sciences
Corp .
CIRCLE NO . 457

Reed relays
A new reed relay catalog gives
designers complete mechanical, electrical and environmental data on
all standard models. Douglas Randall, Inc.
CIRCLE NO . 458

Electric controls
An extensive review of low-voltage controls and line-voltage thermostats for electric heating is covered in a new bulletin. Singer Co.

of product news
and development
Whether the envelope is shaped
like a cylinder or a cube, packaging the electronics to fit should
now become a great deal easier.
So reports the Bunker-Ramo
Corp.'s Electronic Systems Div.,
Westlake Village, Ill ., in citing its
proprietary 3-D packaging technique called Planar Coax. The
technique is reportedly highly
flexible because Z-axis interconnections are made with a st andard
array of through slugs on 50-mil
centers. Each of the wafers used
in the system is laid out using
the 50-mil matrix, which provides
for up to 400 Z-axis interconne ctions per square in.
CIRCLE NO . 465

CIRCLE NO 459

IC testers
A four-page short-form catalog
describes six digital and linear I C
.testers. Microdyne.
CIRCLE NO. 460

.Precision tachometers
A comprehensive application
manual contains the latest design
application data, in tabluated form,
on precision motor tachometers.
MPC Products Inc.

Development of a new triple micro-power operational amplifier
for use in •a ctive filters is announced by Canadian Westinghouse. Designated WC-788, the
new device can be used for low,
high a.nd bandpass filters, particularly in low-frequency and
high-performance app li cations. It
has been specially designed to
operate at very low power levels
and on supply voltages as low as
±2 v.
.CIRCLE NO. 466

CIRCLE NO. 461

Tools
A 56-page catalog shows a line
of assembly tools such as tweezers,
pliers, solder ing equ ipment and
magnifiers. Electronic Tool Co.
CIRCLE NO. 462

KSC Semiconductor Corp. h as
added five new pnp germanium
power transistors to their transistor line. Packaged in T0-36
cases, they range in unit-quantity
prices from $4.50 to $15.

There is
a difference in
Heath Dynamics'
Quartz Crystal Filters!
Heath Dynamics specializes in the
design and manufacture of the
highest quality Quartz Crystal
Filters and Discriminators for the
Communica tions Indu stry.
Our facility is completely new.
inside and out. fully staffed and
equipped with the most modern
mechanical and electronic test
measuring devices.
We employ the assistance of one of
the largest time sharing
co mputers available.
Heath Dynamics· area of
specialization includes the
manufacture of miniature and
sub-miniature filters 1n the range of
10 thru 32 Mhz. Bandwidths may
be from .025% thru .35% in the
smallest packages and may range
up to 2.0% in the larger ones .
We manufacture direct replacement
filters for all the curren t monolithic
designs using our half lattice
configuration which yield lower
insertion loss, lower ripple and
greater ultimate rejection. Yet our
filters cost less and faster
delivery is guaranteed'
All Heath Dynam ics' c rystal filters
designed and manufactured to your
particular specifications meet
Mil F. 18327.
In short, we want your business
and we'll act like it. Do us both a
favor and send us your print or
specification for a quote If you
have any questions just write or
call us .. we 're here to serve you .

CIRCLE NO. 467

FET-input IC op amps
A data sheet describes new I C
FET-input op amps. GPS Corp.

A 26-page brochure describes an
analog signal multiplexer and converter. Xerox Data Systems.

A new source for National Semiconductor LM105/205/305 voltage
regulators is Teledyne Semiconductor. Their new LM105BE, LM205CE and LM305DE units are
pin-for-pin replacements of the
National devices and are complete ly interchangeable.

CIRCLE NO. 464

CIRCLE NO . 468

CIRCLE NO. 463

Multiplier I digitizer

L

heath
_d_y_n_a_m_i_c_s_,_in_c_.

~

6050 n. 52nd avenue
rdendale, arizona 8530/
(602) 934-5234

subsidiary of
Heath lnternational,lnc ., Richmond , Mich .
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Electronic Design

Design Data from

ELECTRONIC DESIGN'S function is:
• To aid progress in the electronics
manufacturing industry by promoting
good design.
• To g·ive the electronic design engineer c'.lncepts and ideas that make his
job easier and more productive.
• To provide a central source of timely
electronics information.
• To promote two-way communication
between manufacturer and engineer.
Want a subscription? ELECTRONIC DESIGN is sent free to qualified engineers
and engineering managers doing design work, supervising design or setting standards in the United States
and Western Europe. For a free subscription, use the postfree application
form inside the back cover. If none is
included, write to us direct for an application form.
If you do not qualify, you may take
out a paid subscription for $25 a year
in the U .S.A., $35 a year elsewhere.
Single copies are $1.50 each.
If you change your address, send us an
old mailing label and your new address; there is generally a prepaid
postcard for this inside the back cover.
You will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:
• To make reasonable efforts to ensure
the accuracy of editorial matter.
• To publish prompt corrections whenever inaccuracies are brought to our
attention. Corrections 11ppear at the
end of the Letters column.
• To refuse any advertisement deemed
to be misleading or fraudulent.
Microfilm copies are available of
complete volumes of ELECTRONIC DESIG N at $19.00 per volume, beginning
with Volume 9, 1961. Work is now
in process to compl ete the microfilm
edition of Volumes 1-8. Rep rints of
individual art icles may be obtained
for $2 .00 each, prepaid ( $.50 for
each additional copy of the same
a rti cle) no matter how long the
article. For further details and t o
place orders, contact the Customer
Services Department, University Microfilms, 300 North Zeeb Road, Ann
Arbor, Mi chi ga n 48106; telephone
(3 13) 761-4700 . .
Want to contact us? If you have any
comments or wish to submit a manuscript or article outline, address your
correspondence to:
Editor
ELECTRONIC DESIGN,
850 Third Avenue,
New York, N.Y. 10022.
84

Free Catalog: New DC Lab Power Supplies
Power/Mate Corp. has introduced its new line of
87 current and voltage regulated laboratory and
bench supplies now described in this 4-page
brochure. These 87 UniPower models collectively
cover form 0 to 120 volts and currents up to 125
amps. They feature adjustable current limiting,
low cost, high performance and Power /Mate's
full five year warranty. The brochure covers com -.
plete specifications, model numbers , sizes, and
prices. Write or call for your free copy.
CIRCLE NO . 174

Power /Mate Corporation
514 South River Street
Hackensack, New Jersey 07601
(201) 343-6294 TWX: (710) 990-5023

PC Drafting Aids Catalog
Thousands of time saving , cost saving artwork
ideas are found in the By -Buk P-50 catalog of
pressure sensitive printed circuit drafting aids.
With the most practical artwork patterns for: TO
cans , multi-pads, dual-inlines and flat packs featured. Donuts, connector strips, teardrops , ovals,
tapes, tees , elbows , etc. , by the hundreds are included in the most comprehensive list of sizes.
Opaque black, transparent red and transparent
blue materials for one and two-sided board designs. For a free copy and samples, write today.
CIRCLE NO. 175

Webtek Corporation
(formerly By-Buk Company)
4326 W. Pico Blvd.
Los Angeles, California 90019
(213) 937-3511

Instant Circuit Boards!

TM

Engineers at CIRCUIT-STIK, INC., have developed
a complete family of circuit sub-elements and
circuit materials designed to work together producing "I NSTANT PR 0 T 0 TYPE CIRCUIT
BOARDS." Individual circuit boards can be assembled and tested from engineering sketches
the same day. CIRCUIT-STIK's sixteen page catalog describes circuit sub-elements and materials
that are pre-drilled, pre-plated, fluxcoated, and
have pressure sensitive adhesive substrates ready
for mounting and soldering of electronic components. (U. S. Patent #3,538,389 and other
patents pending)
SEND FOR YOUR FREE CATALOG AND SAMPLES

Circuit-Stik, Inc.®
1518 West 132nd Street, Gardena, California 90249
Telephone (213) 532-1450

CIRCLE NO. 176
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Highest Resolution in New Spectrum Analyzers
For the on-line processing of underwater acoustic
signals, radar, sonar and other data where the
maximum frequency resolution is always sought,
new UA-9A series 1,000-line and 2 ,000 -line Low
Frequency Real-Time Spectrum Analyzers have
been designed by Federal Scientific, originators
of the Ubiquitous® analyzers.
High-speed versions produce complete 1,000-line
spectra in 40 msec, and 2,000-line spectra in 160
msec.
And now any UA-6A series 500-line Ubiquitous
analyzers in the field can be expanded at the
factory to 1,000-line or 2,000-line performance.

1,000-line
and 2,000-line
Real-Time
Spectrum Analyzers

••••
.DD·•; e

Federal Scientific Corporation

CIRCLE NO . 177

a subsidiary of Elgin National Industries, Inc.
615 West 131st Street, New York, N. Y. 10027

Ferroresonance is the Key to Simple Voltage Stabilization
In a new 6-page brochure, Kepco outlines the fluxoscillating stabilizer technique , applied to modern
power supplies with special emphasis on the requirements of integrated logic systems.
High reliability, lack of overvoltage risk, exceptional line-noise isolation , inherent current limit·
ing, these power supplies have what it takes at
remarkably low cost.
The brochure describes the 58 different Kepco
"PRM" stabilizers spanning the range from 4.5V
to 240V d-c with ratings from 60W to 300W.
There are charts and performance graphs plus
complete mechanical installation data.

•.,...,....,.

Kepco, Inc.

c1RcLe No . 11s

131-38 Sanford Avenue
Flushing, New York 11352
(212) 461-7000

Centron Precision Drafting Aids Catalog
The latest catalog in pressure-sensitive precision
component matched artwork symbols and draffing
aids. Completely opaque pre-cut symbols are
printed on pressure sensitive .0015" matte acetate film accurate to ± .001". Featured are
choices in packaging to the user which affords
greater convenience and cost savings. Donut
pads are offered in both roll and strip form and
precision tape is packaged in air-tight zipper
bags to preserve freshness even after use. SEND
FOR YOUR FREE CATALOG AND SAMPLES.

Centron Engineering, Inc.
1518 W. 132nd Street
Gardena, California 90249
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Sales Manager
New York 10022
Robert W. Gascoigne
Samuel M. Deitch
Daniel J. Rowland
850 Third Avenue
(212) Plaza 1-5530
TWX: 710-581-2874
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Mort Sullivan
P.O. Box 126
Dresher, Pa.
(215) 884-6880
Boston 02154
Joseph F. Palmer
1268 Main Street
Waltham, Mass.
(617) 894 -2 700
Chicago 60611
Thomas P. Kavooras
Berry Conner, Jr.
200 East Ontario
(312) 337-0588
Cleveland
Thomas P. Kavooras
(Chicago)
(312) 337-0588
(call collect)
Los Angeles 90303
Stanley I. Ehrenclou
2930 Imperial Highway
Inglewood, Calif.
(213) 757-0183
San Francisco 94022
Jerry D. Latta
95 Main Street
Los Altos, Calif.
(415) 941-3084
London W. 1
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Tel : REGent 4714
Verviers, Belgium
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Andre Jamar
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087) 253.83 Telex 41563
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Advertiser
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Abbott Transistor Laboratories
Incorporated ----------------- ------------------- 6
Acopian Corp. ------------------------------------ 73
Ad ar Associates, Inc, _________________ _________ 87
Allen-Bradley Co. ---------------------------- 4, 5
Amphenol Components Group .......... 12
Analog Devices, Inc. -------------------------- 67
Atlas Fibre Co mpany ·---------------------C48
Augat, Inc. -··-·-- ·-······ ·-------------------------- 87
Au stralian Department of
Trade and Industry ------------------------ 40

Bell , Inc., F. W·-------·-------------------------- 76
Borg-Warner Co ntrols, Division of
Borg-Warner Corporation ------------ 56
Buckbee Mears Company .................. C43
Bulova Servo Products Electronics
Division of Bulova Watch
Company ·---------- ·-------------------·- ---·-·- 7
Burndy Corporation ______________________ 32, 33

Advertiser
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H ayden Book Co mpa ny, Inc.... ......... 2
Heath D yna mics, Inc............ _____________ 83
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Hewlett Packard, New Jersey ............ C5 I
H ipotro nics, Inc. -------------------------·-·---- 86
H o neywell , Inc. ·-----------·-·----·-·------------ 9
Ho neywe ll Information
Systems ----------------------------------Cover III

CSE Electronics Corporation -------·--- · 14
In for mat ion Co ntrol Corporation .... C 48
In ge rsoll Products, Di visio n of
Bo rg Warner Corporation .......... .... C l4

Kepco , Incorporated -------------------------- 85
Kurz-Kasch, Inc. -------------------------------· 56

Lambda Electronics Corp...... ........... C52
Li co n, Divi sio n Illinois Tool
Centron Engineering, lac ................... 85
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Clare & Co., C. p ____________________ ___________ C45
Clare-Pendar ---·-·---------·---------------·------C48
Computer Microtechnology, Inc ....... 36
Cutler-Hammer -------·-------------------------· C2
7.5 KV, 130 ma,
airiinsulated unit,
with HV section Included in control box.

0

Standard regulation ranges:
Unregulated ___________ _10-18%
Regulated:
Electromechanical
(M Series) _______ _______ ____ __ 0.5%
Electronic (R Series) .. 0.1%

D ale Electronics, Inc. ___ ___________ Cover II
Data General ---·- ·---- ··--------------- ·C34, C35
Delco Electronics Division of
General Moto rs Corporation .... 16, 17
Dialight Co rporation -- ----·---·----·----·--·-· 2 l
Digita l Equipment
Corporation -----------------,C28, C29, C31

0

Custom design units: for wide
range of applications - electrostatics, accelerators, lasers, high
power radars, high voltage testing, and more.
For more information call Keith Reed at
(914) 279-8091 , or send for our 24-page
catalog , which lists complete specifications: " High Voltage DC Power Supplies
and Components."

High Potential Technology

®

IHX+TRO+XCB I
HIPOTRONICS, INC.
Brewster, N. Y. 10509 I (914) 279-8091
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•LOW PRICED
• READY SUPPLY
TYPE:

0 HV components: - transformers, capacitors, rectification assemblies, tanks, etc. - designed
and manufactured under our roof.

1MHz HIGH
PRECISION PACKAGED
CRYSTAL OSCILLATOR

EMC Technology, Inc. _______________________ _ 13

8

TC0-80 ... 2 x1cf
9
TC0-9E ... 5 x10-

ERA Tra nspac Corporation ....... ......... 79
Electro Materials, A Division of

Illinois Tool Works, Inc ............... C39
Energy Co nversion Devices, Inc ....... C40
Engelhard Industries Divisio n,
Engelh ard Mine ral s & Chemicals
Corporation -·-----·-·-------------- ------------ 57

~~:.
~

- ,..I

Federal Scientific Corporation -------- 85

General Electric Company,
Insul a ting Material s Department.. 11
General E lectric Co mpany,
Integrated Circuit
Products Dept. --------------------------- -48, 49

....

~~--

These oscillators feature a 4 MHz, 3rd overtone cold-weld vacuum-sealed high-stability
crystal element having a Q above 1,500 ,000 ,
4 : 1 frequency division by means of IC, continuously controlled constant temperature
oven, new construction, and high reliability
components. Extremely fine frequency adjustment to the order of 10- 6 - 10 - 9 is possible with a single trimmer.

TOYOCOM
H a rri s Semiconductor, A Division
of Ha rri s Intertype
Corporation --------------------------------54, 55

..

· · !-j,
_. , . . - ~

· :·:

TOYO COMMUNICATION
EQUIPMENT CO
L TO

l!JCPORT Ol!PARTMl!NT
T01'AN0M0N BLDG
1~ 5HIBA - T01'ANOMON
MINATO . f'l:U TOl'l:VO JAPAN
CABLE !:JCPORTOVOCOM TOl'l:VO

INFORMATION RETRIEVAL NUMBER 54

ELECTRON IC D ESIGN 9, April 29 , 197 l

PLUG ACCESSORIES
FOR HIGH DENSITY PACKAGING PANELS
Greater flexibility in
t'~
prototyping and packaging

Page
Advertiser
Monsanto Company _________ ______ _____ 27, C47

National Electronics, Inc ________ ___________ 35
National Semiconductor
Corporation --------------------------------22, 23
North Atlantic Industries, Inc, _____ ___ __ 24
Nuclear Corporation of
America ______________________________ Cl8 A-V
Nytronics, Inc. ------------------------------------ 69
Oak Manufacturing Co ___ _________________ _Cl7

Paktron Division, Illinois Tool
Works, Inc. ------------------------------------C41
Peripheral Equipment Corporation ..C16
Philips Electronic Components
and Materials Division _____________ .56B C
Potter & Brumfield Division of
AMF Incorporaed -------------------------- 15
Power / Mate Corp. ---------------------------- 84
Practical Automation Inc ___________________ 7 5
Preston Scientific, Incorporated ________ 81

(i) Adaptor Plugs ...
For interposing discrete
components or module building.
Single and double pattern combinations, 14, 16, 18, 24, 32, 36 and
40 pins in three pin styles.
®Interfacing Plugs - For input-output
connections, interconnecting and testing.
Contact patterns accept 16, adaptor plugs or
interfacing plugs - Direct interchangeability.

llJ

I C PACKAGING PANELS

Au6

"

INC.

T~\' P6l~Fi2l2.A.t~~~ ATTLEBORO,

Request Catalog 266
and Data Sheet 266J
MASS. 02703

INFORMATION RETRIEVAL NUMBER 55

RCA Electronic Components
and Devices ____ ______ ________Cl9, Cover IV
Radio Materials Company __ __ _____ _________ 34
Robinson Nugent, lncorporated ______ __Cl 5
Rockland Systems Corporation__________ 71
Rogers Corporation ---------------------------- 56

Sercel --------------------------------------------------56A
Siemens Corporation -------------------------- 2
Siliconix Incorporated ---------------------- 63
Simpson Electric Company ___ ______ _______ 29
Singer-General Precision, Inc.
Kearfott Division ___ ___________________ ___ _C42
Sprague Electric Company -------------- 18
Syntronic Instruments, Inc, _______ __ __ ___ cso

TEAC Corporation of America________ 8
Tekelec Airtronic ______________ ______ ________ _.56D
Tektronix, Inc. ------------------------------------ 39
Telequipment, A Subsidiary of
Tektronix -·------ -------------------------------- 10
Teletype Corporation ----------------C32, C33
Tempo Instruments Division, Allen
Electric and Equipment
Company ________________________________ ____ 75, 76
Toyo Communication Equipment
Co. Ltd. ------------------------------------------ 86
Tracor, Inc. ----------------------------------- ·---- 57
Trio Laboratories, lnc, _________________ _____ C38

Union Carbide Corporation ______________ C30
U. S. Capacitor Corporation ____________ C50

Wang Laboratories, Inc. ____________________ 57
Webtek Corporation -------------------------- 84

Put this versatile plugboard-loaded, easily programmable pattern
generator through its paces on I C's, LSl's and PC's ... simulating computer output and telemetry ... generating analog functions.
Check these standard features: 32 (or optional 64) eight-bit words;
serial or parallel output; variable master/slave stacking units;
up to 8MHz bit or word rate.
Watch the EC-22's fast getaway in your oscilloscope operation.
And catch this great price: $2,500.
You'll be driving the bargain of the year!
Write ...
Adar Associates, Inc., 85 Bolton Street, Cambridge, Mass. 02140.
Or call collect: (617) 492-7110. Ask for honest Hal Barton.
INFORMATION RETRIEVAL NUMBER 56
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product index
Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA) , Application Notes (AN), and New Literature (NL) in this issue are listed
here with page and Information Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category

Page

IRN

Components
blowers (NL)
bridges, rectifier
capacitors, chip
capacitors, tantalum
connector chart (DA)
controls, electric (NL)
delay line, DIP
delay lines (AN)
drafting scale (DA)
drafting templates (DA)
fans (NL)
ladder, DIP 13-bit
motors, de (AN)
motors, gear (NL)
photovoltaic cell
relay, reed
relay , time-delay
relays, ac /de (NL)
relays, reed (NL)
screwdrivers (NL)
switch, illuminated
switch, rocker (ES)
switch , rotary
switch (AN)
switches , IO-position
tachometers (NL)
timing circuits (AN)
transformers (NL)
trimmers, square

82
78
178
78
80
83
78
81
80
80
82
78
81
82
79
79
79
82
83
82
78
80
78
81
78
83
81
82
79

439
393
396
391
459
397
427
424
425
431
395
427
451
398
401
399
436
458
435
390
422
394
426
392
461
428
450
400

Data Processing
cassette-to-card system
communication station
controller/ disk drive
cou pier, Teletypwriter
design analyzer
disc drive
display, graphic
display system, graphic
hard-copy unit
interface extender
key-to-tape translator
memories, core
mini computer
minicomputer, 16-bit
minicomputers, low-cost
modem, 1200-bit/s
modem, data
modems, data
motor, tape-drive
multiplexer (NL)
multiplexer, data
multiplexers
plotter, digital (NL)
plotter Id igitizer
printer, digital
readers, optical
software, computer
tape deck, digital
tape reader
terminal, CRT
terminal, data
terminals, Teletype

C42
C46
C49
69
69
C36
68
C36
C36
68
C49
C46
C36
C36
68
C46
C46
68
68
83
C42
C38
82
C42
68
C46
C49
C46
69
69
C36
C38

290
294
287
346
344
284
254
261
256
342
268
262
276
257
340
277
263
341
267
464
288
293
454
273
280
259
295
285
345
343
296
283
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74
82
74
83
82
74
82
82
74
74
74
83
74
74
74

368
452
366
460
432
369
434
453
370
365
371
463
372
367
373

71

70
70
70

353
358
355
350
347
360
457
356
354
339
357
351
457
359
348
349
352

76
75
76
82
82
75
75
75
76
76

381
377
380
438
430
376
374
375
379
378

Modules & Subassemblies
amplifiers, power
77
comparators, digital
77
converter, d/a
77
display, LED
77
LED-readout module
77
noise squelcher
77
power supplies
77
power supplies (NL)
82
supply, programmable
77

386
382
389
384
383
387
388
455
385

Packaging & Materials
board , socket
bushings, snap (ES)
decals (NL)
dissipator, DIP heat

364
421
456
363

ICs & Semiconductors
decoder, one-of-eight
FETs (NL)
FETs, dual
IC testers (NL)
!Cs, hybrid (NL)
line driver/ receiver
logic handbook (NL)
memories, LSI/ MOS
multipliers, 4-quadrant
op amp , IC FET
op amps , IC
op amps, IC (NL),
shift register
thyristors, 80 -A
transistors, power,
Instrumentation
amplifier, lock-in
amplifier, lock-in
camera, scope
diff. amp plug-in
DPM , 3 -digit
DPM, 4 -digit
electrometers (NL)
generator, FM/ AM
generator, sweep
generator, waveform
generators, pulse
oscillator, test
picoammeters (NL)
power supply, dual
pre -scalar
probe, circuit test
VOMs, drop-proof
Microwaves & Lasers
amp I ifiers, 1-GHz 1-W
dividers, power
laser, argon
lasers (NL)
opto-electronics (NL)
photo diodes, p-i-n
phototra nsistors, power
receivers, i-f
resistors, thin -film
transistor, vhf power

72
72
70
70
72
83

72
71

71
72
70
83

72

Category
emblems (ES)
racks, PC-board
resins, epoxy (NL)
socket, DIP 80-pin
stampings (NL)
Teflon (ES)
tools (NL)
wire (NL)
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80
73
82
73
82
80
83
82

420
362
437
361
433
423
462
433

82
83
82
83
82
82
83
82
82
82
82
82
83
83
82
83
82
82
82
83
82
82
83
83
82
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439
459
456
457
431
452
460
432
438
434
453
451
464
463
430
457
454
455
436
458
437
435
461
462
450
433

new literature
blowers, centrifugal
controls, electric
decals
electrometers
fans
FETs, n-channel
IC testers
ICs, hybrid.
lasers
logic handbook
memories, , LSI/MOS
motors, gear
multiplier/ digitizer
op amps, IC
opto-electronic devices
picoammeters
plotter, digital
power supplies
relays, ac /de
relays, reed
resins, epoxy
screwdrivers , power
tachometers
tools
transformers
wires/stampings

application notes
del ay lines
motors, brushless, de
switches, high -density
timing circuits

81
81
81
81

427
428
426
428

80
80
80

424
425

design aids
connector chart
drafting scale
drafting templates

evaluation samples
73
80
82
73

bushings, snap
emblems
switch , rocker,
Teflon
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Honeywell has somethil}g
that will K~ep your company's
commumcat1on
costs in line.

----~--

The word is getting around
about Honeywell data communications systems. And how they're
cutting costs and improving efficiency for an impressive list of clients.
For example: 12 major airlines have chosen Honeywell
message concentrators for the way
they help customers get reserva-

tions made faster and cut telephone-line lease costs.
Other companies are benefitting from Honeywell's data communications capabilities, too. An
inventory control company, a
credit verification business, an
on-line business management
service, and the list goes on.
If your company's communi-

cations costs could do with some
squeezing, we know what can
apply the pressure: Honeywell
data communications systems.
Write for our communications
capabilities brochure: Honeywell
Information Systems (MS 06 l),
200 Smith Street, Waltham,
Massachusetts 02154.

The Other Computer Company:
Honeywell
INFORMATION RETRIEVAL NUMBER 182

RC, -the industry's
lea ing source for any
RF ubel!Cavity

co binalion from
11
kW

RCA offers both tubes and cavities. And
RCA warrants performance levels and
I ife for any coaxial cavity /tube assembly
up to 25 kW. Here is single-source reliability ... responsible leadership!
RCA's complete range of cavities assures
optimum perfo_rmance from its line of
CERMOLOX® power tubes and
VHF-TV tubes. To fill your requirements, you can choose single-tuned cavities; broadband, multiple-tuned cavities;
large-power cavities, or cavity systems.
Suitable for use either as oscillators,
drivers, or as complete amp I ifiers, these
cavities assure specified performance
with fully engineered circuitry, minimum RF losses, simplified connections,
and high over-al I efficiency.
This line of cavities can augment and
assure the proved performance, reliability, and efficiency of CERMOLOX
tubes. In addition, if your requirements
call for special parameters, RCA's Applications Engineers will gladly modify existing cavities or develop new ones to
assure you of optimum equipment
performance.
For more information on RCA RF
tube/cavity comqinations, see your local
RCA Representative. For technical data,
write: RCA, Commercial Engineering,
Secti.on 57D-29/ZR5, Harrison, N.J.
07029. International: RCA, Sunburyon-Thames, U.K., or 2-4 rue du Lievre,
1227 Geneva , Switzerlarid, or P.O. Box
112, Hong Kong.

RCA-developed RF tube/cavity assembly for operation
at 410-460 MHz using RCA tube type 8226 (illustrated).

RCll

