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Siemens extends line 
of surge voltage protectors. 

We've made the broadest 
line even broader to match 
just about any need for 
voltage transient protection. 

More engineers are 
designing voltage transient 
protection into their valuable 
equipment every day. And many 
of them are turning to Siemens 
extensive line of low-cost SVP™ 
devices to do the job. 

Siemens SVP's come in two 

and three electrode designs. 
There are models that fail safe. 
And modelsthatfail opened. 
These SVP's also come in various 
mounting configurations and 
cover a DC Striking Voltage 
range from 90 volts to 6.5 kv 
(higher on request) . 

Siemens SVP's have a high 
current carrying capability 
(up to 50 Kiloamps) and when 
not conducting, they have a 
high impedance (10 10 ohms, 
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1 to 6.8 pF, depending on 
the model) . 

New sources of transients 
are cropping up all the time. 
Anyone of them might cause the 
operational failure of your 
equipment and endanger 
personnel. But not if it's protected 
with a Siemens SVP. Write to 
Siemens Corporation, 
186 Wood Avenue, So., .G. 
lselin , New Jersey 08830. ~· 
Call (201) 494-1000. SIEMENS 



mERCURYDISPLACEMENT POWER RELAYS 

Where sealed contact protection is required for explosive, 
corrosive, dirty or moist ambient conditions; where the use 
of contactors does not permit contact maintenance; where 
noiseless operation is required; where weight, size, and cost 
must be a minimum for contact ratings up to 100 amps, 

Mercury Displacement Relays are unsurpassed. 

This unique design, which incorporates broad cross-sections 
of liquid mercury for switching, is what makes the Mercury 
Displacement relay a high current, high voltage, high power 
device. Whereas conventional relays, which use hard con­
tacts are destroyed by pitting and sticking under high load 
conditions, the perpetually self-renewing, mercury-to-mer­
cury contacts insure maximum contact life and in-rush ca­
pabilities up to 15 times rated loads. 

In a highly competitive business, delivery can be a deciding 
factor. If delivery is important to you, be aware that Mag­
necraft ships better than 90% of all incoming orders for 
stock relays, received before noon, THE SAME DAY (sub­
stantiated by an independent auditing firm) . In addition to 
our shipping record, most stock items are available off-the­
shelf from our local distributor. 

FREEi 
mDR 
CATALOG 

The purpose of th is 16-page catalog is to assist the design 
engineer in specifying the proper relay for a given applica­
tion. The book completely describes 20, 35, 60, and 100 
amp versions with one, two, or three poles as well as Time 
Delay models of Mercury Displacement Power Relays. 

ll8agnecita.Ft® ELECTRIC COMPA 1 

5575 NORTH LYNCH AV EN UE• CHICAGO . ILUN OIS 60630 • 312 • 282 -5500 • TWX -910· 
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P-channel 
JFET 

N-channel 
JFET 

CMOS 
FE Ts 

P-channel 
MOS FET 

Since 1962, Siliconix has evolved FET technology and applied it to a 
complete line of singles, duals, arrays, and IC's. So what's new? 

N-channel 
MOSFET 

Switch 16 channels 
with CMOS DGS06. 

Here is a single-pole 16-channel multi­
plexer using paired CMOS FETs, with 
drivers controlled by a 4-bit binary word 
input plus an Enable-Inhibit input -
all on one chip! Check the functional 
diagram and then refer to the decode truth 
table to see what binary word input 
selects which switch. 

DG506 Function Diagram 

.___ _ __.___,., D 
L--__ _ ________ __J 

The DG506 features: 

• ± 15 V An alog signal range 
• Break-before-make switches 

• ON resistance < 500 ohms 

• TTL, DTL, and CMOS direct control 
interface 

• 36 mW standby power 

Decode Truth Table 
ON 

A3 A2 A i Ao En SWITCH 

x x x x 0 NONE 

0 0 0 0 1 1 
0 0 0 1 1 2 
0 0 1 0 1 3 
0 0 1 1 1 4 
0 1 0 0 1 5 
0 1 0 1 1 6 
0 1 1 0 1 7 
0 1 1 1 1 8 
1 0 0 0 1 9 
1 0 0 1 1 10 
1 0 1 0 1 11 
1 0 1 1 1 12 
1 1 0 0 1 13 
1 1 0 1 1 14 
1 1 1 0 1 15 
1 1 1 1 1 16 

Our catalog line of drivers and switches will cover most applications. 
If your switching problems are unique - and whose aren't -

call our applications people. They're eager to help. For complete information, 

write for data 
Applications Engineering: ( 408) 246-8905 

Siliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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TOTAL INT ONNECT SYSTEM WITH VARICON™ 
CONTACT INTERFACE RELIABILITY ... 

With a choice of three packaging applications: Board-to-board, cable-to-board, cable-to-cable 
Double row at .100" offset grid; single row at .100" grid 

You know the problems: design compromises im­
posed by connector limitations. Like being stuck 
with board-to-cable contacts when you want to go 
cable-to-cable. Or being forced to mount connectors 
horizontally, when vertical mounting would be bet­
ter. Chances are, you've been confronted by many 
similar situations. Elco offers two ends to these 
problems. With two new miniature crimp, two-piece, 
metal-to-metal connectors that also mate with their 
existing termination counterparts. Which means you 
can mix and match connectors for almost unlimited 
mounting and terminating flexibility. 

The four connectors share many common traits. 
And a few differences, too. For example: 

New Series 8221 crimp and insert connectors are 
matable with Series 8219 connectors. Both are avail­
able in six discrete sizes: 18, 30, 36, 42, 54 and 72 
dual row contact positions. on .100" offset grid for 
high density packaging applications. 

Our other new crimp and insert connector, Series 
8229, is matable with existing Series 8129 connec­
tors. These series have single row contacts spaced 
on .100" centers, and are offered in 6, 9, 10, 12 and 
15 contact positions. 

We build these connectors with high dielectric­
strength, glass-filled diallyl phthalate insulators. 
So they 're ideal for critical applications under 

CHECK NO. 6 

severe environmental conditions. All use the new 
Variconr" low withdrawal force contact ( 1-6 ounces 
per contact pair) for effortless assembly in the 
tightest places. With MIL-SPEC reliability, too 
(MIL-C-55302). And all are supplied with the hard­
ware necessary to meet any mounting requirement. 

There you have it. Two new crimp and insert 
style connectors. Two connectors with factory­
installed contacts. Available now. In popular sizes. 
With lots of mounting and terminating combination 
possibilities. Another better way we serve you 
with CONNECTRONICS, Elco's Total Connector 
Capability. 

Two most important points- Elco's published 
prices are much lower than costs for comparable 
pin and socket or other type connectors; and 
second, you get immediate, off-the-shelf delivery 
from our authorized distributors. 

For full details, contact your local Elco repre-
sentative, or: 

Elco, Willow Grove Division ~ ~, ... 
Willow Grove, Pa. 19090 _ 
(215) 659-7000 ~ili rt! . 

Elco, Pacific Division L 
2200 Park Place 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world. 
In Europe, Elco Beige, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2·10-2 Nagata-cho, 
Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5. Copyright © 1972 Elco Corp. All rights reserved. 



Look at all the space 
you can save. 

You're looking at two of the smallest discrete components 
available in electronics today. 

The Corning® C-3 resistor and the Corning 
MINIT AN™ tantalum capacitor. Together they can 
really shrink a board. And the size of your product. 

But there's another side to the coin. Maybe in addition 
to size reduction, you need flexibility in value range, power 
ratings, and tolerance. In the same amount of space. They 
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can meet your requirements here too. 
Both the C-3 and the MINITAN have proved reliable 

through years of use in a variety of applications. Both are 
stock items ready to be shipped from inventory. 

For additional technical information on them, look up 
Corning components in your EEM catalog. Call your 
Corning distributor or call us direct. 

CORNING 
ELECTRONICS 
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Everybody wants your 
components business. 

But we're doing 
6 things to ea111 lt. 

1 
Extra reliability. We build 
extra reliability into our 
components to let you build 

extra reliability into your systems. 
We offer documented reliability 

from ER through industrial, from 
precision through general 
purpose. 

2 Pricing you'll like. For 
many product styles, our 
quantity resistor pricing 

is under 5¢ and often less than 3¢. 
And that's for CORNING® metal 
film resistors that significantly 
outperform other metal films 
(including glazed), wirewounds 
and carbon comps. 

3 Faster delivery. Our 
distributors can give you 
off-the-shelf delivery from 

an inventory of over 50,000,000 

components. And our "ball parks" 
are firm, real and reliable. This 
lets you keep expediting and in­
ventory levels to a minimum. 

4 Production savings. Our 
unique product configura­
tions greatly simplify both 

hand insertion and automatic in-
sertion operations. This saves you 
money. And our QC is so stringent, 
many of our customers have to­
tally eliminated their incoming 
QC testing of our parts. This 
saves them money. 

5 Product innovations. 
Like our new CORDIP™ 
Component Networks. 

With up to 23 discrete resistors/ 
capacitors/ diodes in a miniature, 
pre-tested, plug-in package to 
save you time, money, and a whole 

lot of board space. 

6 
Sharper support.We've 
hand-picked the 30 most 
competent distributors in 

the country and built the indus­
try's largest technically trained 
field force-then backed every­
thingwith a full team of specialists 
- to give you all the in-depth 
service you want and then some. 

We too want your busi­
ness. But we're doing 6 extra 
things to earn it. 

Give us a chance to prove 
it. Write: Corning Glass Works, 
Electronic Products Division, 
Corning, New York 14830. Or call: 
(607) 962-4444, Extension 8381. 

CORNING 
ELECTRONICS 

Resistors &Capacitors 
for guys who can't stand failures 
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value leaders= higher bandwidths+lower prices 
faster sweep speeds+ new operation conveniences +better sensitivities 
The NEW dual-trace TEKTRONIX 475 
and 465 Oscilloscopes supersede the 
world 's most traveled and widely used 
general-purpose oscilloscopes ... the 
TEKTRONIX 453A and 454A. They have 
significantly more bandwidth, twice the 
sweep speed, a bright 25% larger (full 8 
x 10 cm) display and add itional user con­
veniences. And all of this in a shorter, 
thinner, lighter and much lower-priced 
package. 

The 200 MHz TEKTRONIX 475 Oscillo­
scope at 2 mV/div and 1 ns/div sweep 
speed contains the highest gain band­
width and sweep speed now available in 
a general-purpose portable oscilloscope 
and for only $2500. Add to this many 
user conveniences including : push-but­
ton trigger view, knob-skirt sensitivity 
readout, ground reference button on the 
probe tip, simple to interpret vertical and 
horizontal mode push buttons and many 
more ... 

8 

The new TEKTRONIX 465 with 100 MHz 
at 5 mV/div and 5 ns/div sweep speed 
has all of the same user conveniences 
and service features as the 475 and is an 
outstanding price/performance package 
for only $1725. 

This outstanding performance and ver­
satility with TEKTRONIX quality and lab­
oratory accuracy makes these not only 
the finest field scopes available but also 
top contenders for use by development 
and design engineers. Optional DC or 
battery operation gives you a portable 
scope (25 lbs with panel cover and ac­
cessories) ready to travel and ready to 
make measurements at remote locations. 

For complete information or to arrange a 
demonstration, contact any TEKTRONIX 
Field Office. Our offices are located in 
or near major cities and industrial 
centers - world wide. ff you prefer, 
write Tektronix, Inc., P.O. Box 500, Bea­
verton, Oregon 97005. 
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value leaders 

U.S. Sales Prices FOB Beaverton , Oregon 
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EDITORIAL 

More of our views on this and that 
Here's another collection of opinions, gripes and just plain thoughts 
we've had lately concerning engineers and the electronics industry: 
• We enjoy writing this editorial column. We really do. And we enjoy 
even more reading the letters and cards we get commenting on the col­
umn. Our editorials have been described at one time or another clear 
across the scale from great to lousy. Recently we even received a card 
saying that one particular editorial was "pure, unadulterated Cream of 
Farina," which is a rather nice way of saying something that we believe 
was not meant to be too flattering. Nevertheless, we appreciate every 
comment we get, both positive and negative. 
• Speaking of cards and letters, we should mention the Signals and 
Noise section, which appears at the back of each issue. Among other 
things, this section is, in effect, the reader's editorial column. It provides 
you the means, via a letter to the editor, to air your opinions-, gripes and 
thoughts concerning engineering and the industry. Take advantage of it. 
Do, though, try to keep your letters as short as possible. Excessive length 
is one of the biggest barriers to our publishing a letter. 
• Next year marks the 25th anniversary of the introduction of the tran­
sistor by Bell Telephone Labs. Those first point-contact devices may 

· have been unsophisticated and difficult to work with, but they opened 
the door to the junction transistor, which to a large extent began elec­
tronics as we know it today. Everyone now takes the transistor for 
granted, but can you imagine what the field of electronics would be like 
had it never been developed? 
• We've always felt that the field of electronics is filled with bright, 
dynamic aggressive people, which is undoubtedly the fundamental rea­
son for the accomplishments wrought by electronic technology. Some of 
these bright people, though, get so wrapped up in their own areas of 
specialty they can't see the woods for the trees. They feel , act and talk 
as if their particular area of technology is all that really matters, be it 
semiconductors, instrumentation, electromechanical devices or passive 
components. To them, anything outside of their specialty is strictly of 
peripheral interest. Such an outlook is unfortunate, in so much as it di­
minishes these people somewhat in the eyes of their broad-viewed col­
leagues, but also because it eventually acts as an impossible barrier to 
their full development as engineers and people. 

J'~~ 
Editor 
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Stacked ... with beautiful curves! 
(stacked-foil construction with ultra-low impedance, ultra-low ESR, ultra-low inductance) 

Revolutionary new Type 4320 
COMPUL YTIC® Aluminum Elec­
trolytic Capacitors offer capaci­
tance values to 100,000 µ. F with 
equivalent series resistance of 
typically less than 0.001 ohm and 
inductance of only 1 nH in a 3" x 
55/a" case. This same capacitor 
will handle 93 amperes of ripple 
current at 65 C and 1 kHz. 

Impedance limits at 10 kHz are 
as low as 0.001 ohm with typical 
values of only half of the speci­
fied limits. 

Terminals are ideal for use with 
laminated-bus power distribution 
systems found in modern EDP 
equipment, where the low ESR 
and impedance of Compulytic ca­
pacitors help insure continued 
operation of logic circuits even 
during momentary power outages. 

Sprague Type 4320 Capacitors 
are available in nine voltage rat­
ings from 5 to 50 volts d-c, and 
are designed for operation over 
the temperature range from - 40 
to +as c. 

For complete technical data, write tor 
Engineering Bulletin 3443 to: Technical 

Literature Service, Sprague Electric Co., 
491 Marshall St., North Adams, Mass. 01247. SPRAGUE" 
THE BftOAD-UHE PRODUCER OF ELECTRONIC PARTS 
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Teradyne's L100 Automatic Circuit 
Board Test System speaks for itself. 

If you test circuit boards, you get the 
message. The L 100 doesn 't just tell you a bad 
board is bad. It helps you find out why. And in a 
fraction of the time you 'd usually spend trouble­
shooting. We'd like to send you a brochureful of 
reasons why the L 100 is the most money-saving 
system you can buy. 
Write : Teradyne 
183 Essex Street 
Boston, Mass. 02111 

In Europe: 
Teradyne Europe 
S.A., 11 bis, rue 
Roquepine, 
75 Paris Se, France. 
Tel. 265 72 62. 

~,!i~!)',~J! 
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Delcos 
T0-66 silicon 

transistors for 

Now the high-energy capability of Delco's 
silicon power transistors is available in the 
T0-66 package. 

Like all the Kokomoans' silicon power 
transistors, they're triple diffused and built to 
survive the most rugged applications. Their 
high-voltage ratings make it practical to oper­
ate them directly from rectified 117-volt or 220-
volt ac line. This allows lower weight and 
smaller circuit size because fewer, less bulky 
components are required than with low-voltage 
higher current systems. And, their energy capa­
bility is backed by the surest rating in the 
business-Pulse Energy Testing. 

Use the new DTS-660 series when you 
need the high-voltage capability of our DTS-
410, DTS-423 or DTS-425 but, in T0-213MA 
(T0-66) size. 

They're in stock at Delco distributors now. 
For additional information, prices, and com­
plete data, give yours a call or contact us at 

Type 1%, Peak ) 

OTS-660 3~ 10.0A 

OTS-663 3.~ 10.0A 

OTS-665 3.~ 10.0A 

hrE @ le= l.OA Vern_(sus) Po min. 
Vern min./ max. mm. 

200V Xo 0 200V 60W 

400V x 0 325V 60W 

SOOY x 0 400V 60W 

OUr nearest regional Office. NPN triple-d iffused silicon transistors in JEDEC T0-213MA (T0-66) packages. 
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Suggested 
resale price 

1-99 quanti ty 

$5.93ea. 

$9.57 ea . 

$14.94 ea. 



Now available from these 
distributors in production quantities: 
ALA., BIRMINGHAM o Forbes Distributing 
Co., Inc. (205)-251-4104 
ARIZ., PHOENIX • Sterling Electronics (602)-
258-4531 
CAL., LOS ANGELES o Kierulff Electronics, 
Inc. (213)-685-5511 • Radio Products Sales, 
Inc. (213)-748-1271 
CAL., PALO ALTO• Kierulff Electronics, Inc. 
(415)-968-6292 
CAL., REDWOOD CITY o Cramer/ San 
Francisco, (415)-365-4000 
CAL., SAN DIEGO • Radio Products Sales, 
Inc. (714)-292-5611 
CAL., SAN DIEGO o Kierulff Electronics, Inc. 
(714)-278-2112 
COLO., DENVER • Cramer/ Denver (303)-
758-2100 o Denver Walker Electronics (303)-
935-2401 
CONN., NORWALK • Harvey/Connecticut 
(203)-853-1515 
FLA. , MIAMI SPRINGS o Powell / Gulf Elec­
tronics (305)-885-8761 
ILL., ROSEMONT (Chicago) o Kierulff Elec­
tronics (312)-678-8560 
ILL., SKOKIE (Chicago) o Merquip Electronics 
(312)-282-5400 
IND., INDIANAPOLIS o Graham Electronics 
Supply, Inc. (317)-634-8202 
MD., BALTIMORE o Radio Electric Service 
Co. (301)-823-0070 
MASS., NEEDHAM HEIGHTS o Kierulff 
Electronics, Inc. (617)-449-3600 
MASS., NEWTON o The Greene-Shaw · Co., 
Inc. (617)-969-8900 

I] Delco Electronics 
DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA 

MICH., ROMULUS o Harvey-Michigan(313)-
729-5500 
MINN., MINNEAPOLIS o Stark Electronics 
Supply Co. (612)-332-1325 
MO., KANSAS CITY o Walters Radio Supply, 
Inc. (816)-531-7015 
MO., NO. KANSAS CITY o LCOMP-Kansas 
City, Inc. (816)-221-2400 
MO., ST. LOUIS • LCOMP-St. Louis, Inc. 
(314)-64 7-5505 
N.J .. CLIFTON o Eastern Radio Corporation 
(201)-365-2600, (212)-244-8930 
N .Y., BINGHAMTON Harvey/ Federal 
(607)-748-8211 

N .Y ., EAST SYRACUSE o Cramer/Eastern 
(315)-437-6671 
N.Y., ROCHESTER o Cramer/ Rochester 
(716)-275-0300 
N .Y ., WOODBURY o Harvey/ New York 
(516)-921-8700, (212)-582-2590 
OHIO, CINCINNATI o United Radio, Inc. 
(513)-761-4030 
OHIO, CLEVELAND o Pattison Supply (216)-
441-3000 
OHIO, DAYTON• Kierulff Electronics (513)-
278-9411 
OKLA. , TULSA o Radio, Inc. (918)-587-9123 
PENN., PHILADELPHIA o Almo Electronics 
(215)-676-6000 
PENN., PITTSBURGH o RPC Electronics 
(412)-782-3770 
S.C., COLUMBIA o Dixie 'Radio Supply Co., 
Inc. (803)-253-5333 
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TEXAS, DALLAS o Adleta Electronics Co. 
(214)-741-3151 
TEXAS, FORT WORTH o Adleta Electronics 
Co . .(817)-336-7446 
TEXAS, GARLAND • Kierulff Electronics, 
Inc. (214)-271-2471 
TEXAS, HOUSTON o Harrison Equipment 
Co., Inc. (713)-224-9131 
UTAH, SALT LAKE CITY • Cramer/ Utah 
(801)-487-3681 
VA. , RICHMOND o Meridian Electronics, 
Inc., a Sterling Electronics Company (703)-
353-6648 
WASH., SEATTLE o Kierulff Electronics, Inc. 
(206)-763-1550 
WASH., TACOMA o C & G Electronics Co. 
(206)-272-3181 
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. 

Kokomoans' Regional 
Headquarters-
Union, New Jersey 07083, 
Box 1018, Chestnut Station, 
(201) 687-3770. 
El Segundo, Calif. 90245 , 
354 Coral Circle , (213) 
640-0443. 
Kokomo, Ind. 46901, 700 E . 
Firmin, (317) 459-2175 
(Home Office) . 

MARK OF EXCELLENCE 
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DESIGN NEWS 

Local design center brings custom LSI capability 
directly to the electronic equipment designer. 
With the opening of their first Local­
ogic™ design center in Lexington, 
Mass. last month, Motorala Semicon­
ductor has taken the first step in giving 
electronic equipment designers the 
ability to custom design their own LSI 
chips without traveling to the IC man­
ufacturer's facility and without divulg­
ing proprietary information. 

A Localogic design center is a stand 
alone, complete CAD facility , with 
the same hardware and Motorola de­
veloped software presently used in 
Phoenix. 

The center is aimed primarily at 
companies that have requirements for 
10,000 to 30,000 piece part produc­
tion runs. 

Bob Diamond, Motorola manager 
of remote design centers, estimates the 
cost of a typical chip design at $5,-
000. He estimates another $7 ,000 for 
fabrication of prototypes from the 
tapes produced by the center. Actual 
charges at the design center are $100 
per hour for computer time, $50 per 
hour for plotter time and $25 per hour 
for consultant time. Consultation is 
available from the design center resi­
dent staff, which includes senior cir­
cuit design personnel. 

All tapes, plots and programs pro­
duced at the center belong to the cus­
tomer. And after prototypes are built, 
he also owns the masks. This al lows 
him to get competitive bids for his 
production run and also sets up a sec­
ond-source capability. 

At the logic center, a customer is 
first put through a brief training and 
familiarization program that equips 
him to work from the system directly 
on his own chip design, using the 
Motorola library of completely char­
acterized logic cells. 

Each logic cell is a complete func­
tion (inverter, quad gate, etc. ) used as 
standard building blocks. These are 
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X-Y plot shows position of cells and interconnection scheme. In the background is the 
main computer, a CDC 1700, a disk system with 1.5 million word capacity, and DEC PDP 
11 /1 5 used as an 1/0 processor and plotter control. 

handled as units by design automation 
programs in conjunction with man­
interactive machines. 

The cell system, trademarked Poly­
cell , presently contains over 100 func­
tions. First is P-channel metal gate 
MOS. Next is P-channel silicon gate. 
And finally there are metal gate 
CMOS devices. 

According to Motorola, the cell sys­
tem provides an order of magnitude 
improvement over conventional CAD 
techniques in speed, simplification , 

flexibility and economy. 
For most design programs, a design 

center has three outputs: 
• a verified data base (mag. tape) for 
generating production mask art­
work. 

•a completely graded program (also 
tape) for computer testing of de­
vices manufactured from the 
masks. 

•an ink plot for physical checking 
of the entire design. 

For more information check . ... . 261 
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Fiberoptics open new passageways in communication 

Jn the quest for new and improved 
communication methods, scientists 
are now considering the use of light 
waves for data transmission through 
sheathed glass-fiber conductors as 
well as through the free atmosphere. 

Siemens has recently bui It two ex­
perimental routes with transmission 
channels made of glass fiber for video­
telephone and speech signals. The 
glass fiber used in the experimental 
setup at Siemens has a diameter of 
100 µ.m . Total reflection occurs along 
the fiber so that the light ray is always 
reflected back to the core even when 
there are bends in the fiber. 

With the glass fiber used today, it is 
theoretically possible to transmit more 
than SO megabits/sec, which corre­
sponds approximately to a TV picture 
channel. A multiple of this will be 
possible in the future. 

The great advantage of thin glass 
fibers is that they can probably trans­
mit communications far more eco­
nomically than the heavier copper 

wires of a telephone subscriber line. 
The video and sound signals to be 

transmitted are converted to ampli­
tude modulated pulses (Fig. () with a 
repetition frequency of 2 MHz. A gal­
lium arsenide (GaAs) laser diode gen­
'erates light pulses of a corresponding 
intensity from these pulses, which 
enter one end of a glass fiber located 
close to the laser diode. 

At the other end of the transmission 
section, a photodiode converts the 
light pulses back to current pulses. 
The original communication signals 
are recovered by amplification and 
demodulation. 

However, even the best fibers avail­
able have such losses that after a line 
length of 1 kilometer, only 1 % of the 
original radiation energy is available. 
It is therefore necessary to amplify af­
ter every few kilometers with tiny laser 
diodes and photodiodes. 

Apparently DuPont has partially 
solved this problem by developing a 
more efficient fiber as was seen in a 

Fig. 2- The successful transmission of TV signals through a single "Crofon" optical fiber 
was recently accomplished by Du Pont and Electro Fiberoptics. 

CONNECTOR GLASS FIBE R CAB LE 

LASER ::::~-- PHOTORECEIVER 

GLASS FIBER PROTECTIVE COVER 

DEMODULATOR 

SIGNAL SIGNAL 

Fig. 1- Siemens' basic scheme for the 
transmission of video and sound signals 
through glass fibers. 

demonstration at the N. Y. Coliseum 
during the Electro-Optical Conference 
last month. 

A TV set was operated with both the 
audio and vido channels reaching it 
through a single transparent optical 
fiber (Fig. 2). What's more, the recep­
tion was free of electronic noise. 

Clearly, this exhibition demonstrat­
ed jointly by the DuPont Company 
and Electro Fiberoptics Div. of Valtec 
Corp. showed how a number of sig­
nals may be simultaneously multi­
plexed through an optical fiber with 
perfect resolution and no interference. 

DuPont developed the " Crofon" 
fiber-optics material used in the dem­
onstrations, and Electro Fiberoptics 
developed the technology for using it 
as a data communications link in elec­
'tronic equipment. 

Because of their ability to perform 
like a coaxial cable, light guides made 
of "Crofon" may open an entire new 
horizon in the electronics industry, the 
two companies believe. 

A large plus in favor of glass fibers 
for data communication, is its noise 
immunity. In the demonstration with 
the TV set, the optical fiber ran along­
side a spark tester, yet no noise was 
visible on the screen. o 

Thermal battery weighs 1-1 /2 oz; gives 1 OOOV at low current. 

A 1-1 /2 ounce battery that will yield 
1 OOOV at low current for up to SO 
seconds has been invented at Sandia 
Laboratories. It replaces a SOOV bat­
tery that measures 6.6 cubic inches 
and weighs a half pound. 

Thermal batteries are used in nucle­
ar weapons and in other systems 
where high voltage would be needed 
only once, after a period of storage. 

They are "one-shot" devices actuated 
by a small heat-producing (pyrotech­
nic) charge. After the heat melts the 
electrolyte in a series of battery cells, 
the electrolyte becomes conductive 
and the battery produces electricity 
via an electrochemical reaction . 

The radically new cell stack config­
uration of the Sandia battery elimi­
nates many of the problems presented 

by previous designs that included heat 
generating material as part of each 
cell or pair of cells . 

Here, the cells are placed in electri­
cal ly-insu la ting, thermally-conducting 
beryllium oxide tubes. A pyrotechnic 
material such as iron-potassium 
perchlorate is located in bulk form 
outside the tubes. This permits a large 
i.ncrease in the number of eel Is per 
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ANNOUNCING 
THE FIRST 

PAGE READER 
ON A CHIP 

or two 

You can read a standard 8Vi'' w ide page at 16 mi l 
resolution with only a single RL-512 se lf-scanned array. 
With only two of th e 512 element devices aligned you 
ca n improve resolution to 8 mil on paper and sti ll read 

at up to 10 MHz scan rates. 

Th e Reticon RL-512 array offers 512 photodiodes on 1 mil 
centers se lf-scanned by on chip shift registers and 

multiplex switches. The device offers high sensitivity, 
charge storage mode operation, scan rates from 10 KHz 
to 10 MHz and operation on 15V supply. Optical quality 

quartz window seals th e 18 pin standard ceramic DIP. 

Other applications include OCR, facsimile, surveillance, 
industrial control, size and edge monitoring, lase r 

detection and many others. 

This and other devices of 16, 64, 128, 256 elements are 
available from inventory. 

RE"f ICOi'I TM 

365 M IDDLEFIELD ROAD 
M O UNTAIN VIEW, CA 94040 

(415) 964-6800 

CHECK NO. 12 

unit area, and protects them from ther­
mal shock. 

A Sandia prototype contains 84 
ce lls of this type in a stack, with two 
pairs of cel l stacks connected in se­
ries. It is activated by an electrical sig­
nal which ignites an electrica l 
" match," a fuse strip, and the pyro­
technic heat generating material. 

This design provides two 3-mA, 
500V, 50-sec bursts of energy from a 
package less than a cubic inch and 
weighing less than 0.9 pound. D 

Superconductivity 
at 20.3° K cuts 
cooling costs 
For the first time, sc ientists at RCA 
Laboratories in Princeton, N. J. have 
achieved superconductivity in a two­
element compound, niobium gallium, 
at a temperature of 20.3°K (-423. 
6°F.) Th is is only the second time that 
superconductivity has been observed 
in any material above 20°K. 

Because of its si mplicity, the new 
two-element material is expected to 
be developed quickly into practical 
systems. 

The eventual result of RCA's 
achievement could be as much as a 
75% reduction in the very-high coo l­
ing costs associated with supercon­
ductivity. The niobium ga llium com­
pound not only is superconducting at 
a rel atively high temperature, but can 
also be superconducting in far more 
intense magnetic fields than existing 
superconductors . 

These combined attributes could 
result in superconducting devices op­
erating at significantly higher tempera­
tures than have been possible up to 
now. It may even be possible to make 
practi ca l superconductive systems 
operate efficiently in magnetic fields 
larger than 100 kilogauss at 14°K. 

The fact that superconductors can 
carry large amounts of current in large 
magnetic fields means that generators, 
motors, transmission lines and mag­
nets employi ng superconductors can 
be made much sma ller, lighter, and 
more efficient than conventional 
equipment. 

RCA scientists are presently investi­
gating improved methods of preparing 
this new niobium galli um which will 
be suitable for large sca le production 
of superconducting wire or tape. o 
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$299 ... 
newSOOOA, 

mE:en clays, no obligation. 

Ship me a Fluke 8000A for $299 plus $ for additional 
options checked below. I prefer the following payment option : 
O Charge my O Master Charge, O BankAmericard, or O American 

Express account for the full amount plus $5 shipping and handling. 
If using Master Charge, please indicate the I 
4 digit number appearing above your name ~. -~-~-~____.... 

O Bill against the attached company purchase order for the full 
amount plus $5 shipping and handling. 

O Cash Order. My check for the full amount is enclosed. Fluke pays 
shipping and handling. 
(Washington state residents add 5% sales tax.) 
Return within 15 days for full refund if not delighted. 

Add the following options: 
O Rechargeable Battery - $50* O 
0 BCD Data Output - $75* 0 
O RF Probe - $75 O 
0 AC Probe 20A & 200A - $50 0 

Carrying Case - $15 
Dust Cover - $8 
Rack Kit-Center - $30 
Rack Kit - Y2 Rt or Left - $30 

O HV Probe - $25 
O Deluxe Test Leads - $5 

O Send me literature only 

•choose BCD data output or battery pack; both cannot be ordered in the same instrument. 

Name 

Company/ Institution 

Address 

City & State 

Credit Card No. 

pletely eliminate offset uncertainty. 
More details are on the next page, but 
we think you'll want to try this low­
priced measurement system now. 
Fill in the coupon; we'll do the rest. 

Circle 240 for more information 

Zip 

Phone 

(Signature authorizing charge to credit card) 

For even more convenience, let your nearby Fluke sales office 
handle the details. For location, dial toll-free 800-426-0361. 

='F=L=U::K::E::I ® 



When you look inside 
you'll find the same 

high technology and quality 
we put in our $3000 DVM's. 

Take a look inside. The LSI chips, 
equivalent to over 3,000 circuit ele­
ments, are the most advanced proven 
semiconductor devices on the mar­
ket today. Fluke is the only manufac­
turer using both analog LSI and 
digital LSI to give you increased 
reliability at lower cost with fewer 
parts. The Fluke 8000A has only 1/3 
the number of parts used in a typical 
31/2 digit multimeter. 

A simple guarantee 
You can understand our 12-month 
guarantee. It's straightforward and 
honest. And you can believe we live 
up to it. If anything happens to your 
8000A, take it or send it to your near­
est factory service center. We' ll give 
you 48-hour turnaround service in 
the U.S. , Canada, Europe and the 
Far East. 

Specs to work by 
The new Fluke 8000A has a de ac­
curacy of 0.1 % when you buy it. We 
guarantee it will still measure within 
that accuracy without recalibration 
a year later. 
The case is rugged and tough . Drop 
this multimeter from a bench . Noth­
ing happens to the works inside. We 
guarantee it. 
Wide range of measurements 
Measurement flexibility is broad 
enough to meet all the situations 
you're likely to encounter. The Fluke 
8000A gives you 26 ranges to meas­
ure ac and de voltages from 100 
microvolts to 1200 volts , currents 
from 100 nanoamps to 2 amperes; 
and resistance from 100 milliohms to 
20 megohms. 

Wide choice of options 
For a few dollars more, you can add 
a rechargeable battery pack to give 
you completely portable operation for 
over eight hours. And when you ' re 
back on the line, the batteries will re­
charge automatically. Other options 
include dig ital printer output, deluxe 
test leads, high voltage probe, rt 
probe, 200-amp ac probe, carrying 
case and rack mount kits. 

A complete digital multimeter 
But with or without options, the Fluke 
8000A comes complete with test 
leads and spare fuses. It al l adds up 
to an instrument you can count on 
day after day, year after year. Isn 't 
this what you want in a digital mul­
timeter at any price? Fluke thinks so. 

FIRST CLASS 
Permit No. 5464 
Seattle, Wash. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 

Postage Will Be Paid By 

IPLUKEI ======9 John Fluke Mfg. Co., Inc. 
P.O. Box 7428 
Seattle, Wash. 98133 
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Insulation Tape Selector 
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MYSTIK TAPE ... MEETING THE CHALLEMJE CF CHAMiEf 

CHECK NO. 13 

ITS is our new Insulation 
Tape Selector. And it's yours, free. 
Just for the asking. 

ITS is handy. Fits neatly into 
any loose leaf binder. ITS is easy 
to use. One little flip gives you all 
the information you need about 
our MystilfTapes. ITS gives you 
a full breakdown by insulation 
class and dielectric strength. 
Including military and 
government specifications. 

The most important 
information we can pass on to 
you is that Mystik makes a 
pressure sensitive tape for almost 
every application- from harness 
wrapping to electroplating of 
printed circuit boards. For 
temperatures of - 110 degrees F . 
to 550 degrees F. 

For more information about 
Mystik insulation tapes and, for 
your free ITS, mail in this coupon. 

r- - - - ------------1 
~Jr~t~~ l~~~ical •• 
Division of Borden Inc I I ' 
P.O. Box 189 
Winnetka, Illinois 60093 ® 
Gentlemen: 
Please send me my free ITS.O Plus more 
informationonMystik insulation tapes: 
O 180° CO 155° CO 130° CO 105° C. 
:Name ____________ _ 

Company ________ _ _ _ 

Street ____________ _ 

City State __ Zip __ L ________________ J 
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TERMINALS 

WT-445A Tool 

From egin 
o r goal ·s 

e and e ery p a e in be een, 
e you i ·ng more reliable. 

The ST A-KON Terminal Method reduces the chance of 
human error ... increases the level of reliability. Our ex­
clusive Shure-Stake® principle makes the tool responsible 
(not the installer ) for the compression connection. Once 
the tool's compression stroke has started, the tool will not 

release the terminal until the proper 
compression has been made. 

Another benefit of the STA-KON 
Method is the solderless terminal de­
sign. Take for example, the problems 
of high density wiring in terminal 
blocks. Our new mini-locking fork ter­
minals and mini-ring types are con­
siderably smaller than conventional 
terminals. They prevent overlapping 
of terminals at the block. They fit all 
kinds of restricted spaces ... both in 
depth and width. 

This configuration of the spring-like lock­
ing fork terminal itself, is another new 
idea from T&B. The terminal snaps on like 
a fork tongue and stays on like a ring 
tongue. No need to remove screws or nuts 
to install the terminal. 
Our insulated ring, fork and locking fork 
terminals are now available tape mounted 
for use with high speed automatic install­
ing tools ... you can Cl'imp over 3600 per 
hour with our new #11908 tool. 

When you specify STA-KON, 
you get extras at no extra cost -
long serrated barrels give posi­
tive contact and maximum pullout 
resistance - and precision tools 
are matched to the terminals. 
Write for catalog. 

® 



BUNDLE WITH 

TY-RAP® 
CABLE TIES 

T-193 Tool 

Cut Costs at Each Step of Harness Fabrication 
1. Tying a large variety of bundle diameters? The new 
WT-193 tool gives you an improved level of control and 
convenience. The accurate preset tension control makes 
tying uniformity the responsibility of the tool rather than 
of the installer. The narrow nose and long slim body 
reaches in, cinches the TY-RAP® tie to a preset tension 
and trims it evenly . . . even in those tough high-density 
areas. 

2. Repetitious tying in large 
quantities? The new TR-300 
high-speed tool gives you sev­
eral benefits. In 8/ lOth of a 
second, it installs a TY-RAP 
tie around a bundle up to %" 
diameter, cinches and trims 
evenly. 

3. Here's the most impor­
tant reduction benefit! The 
ultimate key to savings is the locking device in the cable 
tie. Only TY-RAP ties give you a "grip of steel." A pat­
ented, non-magnetic, stainless steel locking wedge is 1 em­
bedded in the nylon cable tie. It's in every self-locking tie, 
from the miniature 3 inch for 1/ 16" dia. to the 30 inch tie 

for 9 inch bundles. It is used in virtually 
every modern aircraft, communicaiton, busi­
ness machine and electrical equipment ap­
plication ... in general wherever wire is used. 

4. Tired of the 
lili, recurring 

costs of harness boards? 
Our new modular harness 
board is designed to subst an­
tially reduce costs while pro­
viding convenience. It is constructed 
of polyethylene foam sandwiched 
between two metal screens - the nails 
can be pushed in by hand. It's reusable. 
It's reversible. It's modular - boards interlock in seconds 
to produce any size board needed. 

Write for new catalog, The Thomas & Betts Company, 
Elizabeth, New Jersey 07207 (201 ) 345-4321. In Canada, 
Thomas & Betts Ltd., P. Q. so• 

Sold Only 
Through 
T &B Distributors 

THOMAS & BETTS 
Division of 'Tho<nas & Bei:ts Carparaticn 
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DESIC N INTERFACE 

A designer's look 
at the party platforms 
Wider and wiser use of the Nation 's engineers is in the offering ­
if you can believe the politic ians 

Robert H. Cushman, Spec ia l Features Editor 

The typica l apo litica l des igner is prone to pass off the plat­
form statements of the po liti ca l parti es as so much " hot 
air", and that has often been a reasonable course of action. 
But thi s year, some rather new and promi sing prospects for 
better employment of engineers lie buried in the verbosity 
of the Democrati c and Republi can party platforms. Finally, 
both parti es are talking about putting engineers to wider 
nati onal use than just building bombs. Apparently the suc­
cess of the moon miss ion has aw akened many people's 
minds as to what engineers can do. 

Both parties state that they see engineers (sc ientists and 
technologists, as they say) as the logica l prob lem so lvers 
fo r our nati on's " new " problems, such as environment, 
hous ing, mass transportati on and energy. Both imply that 
technology can help solve such interd iscip linary problems 
as heal th delivery, crime contro l and drug addiction. In 
addition, both parti es propose laws and regulati ons to pro­
tect consumers and safeguard workers, w hich if enacted, 
w i ll surely force private industry to employ more engi­
neers and buy more electronic products. 

If you' ll turn to where we've lined up the table of sub­
ject headings fo r the two platfo rms side by side (pg. 25), 
you' ll see that both touch pretty much on the same sub­
jects, but they arrange these subjects according to quite 
di fferent pri orities. The Democrats put domesti c "people 
problems" first, and foreign poli cy and military spending 
last. The Republi cans put foreign policy and military 
spending first and the "people problems" las t. Both put 
" Science and Techno logy" in the middle. 

W e've printed excerpts from the portions on military 
spending and sc ience and techno logy verbatim (pg. 23 
and pg. 24), as these appl y directl y to engineers. From our 
study of these secti ons and our talks with the staffs of the 
candidates at thei r W ashington headquarters and with 
other observers .on the W ashington scene, we've arrived at 
some tentative conclusions. We don 't offer these as aids to 
voter dec ision making, as in our narrow concentration on 
the technica l aspects of the pl atforms we've ignored some 
of the more important general issues, but we do feel they 
might help engineers evaluate how current politics might 
affect their careers. 

How soon? How big? 
The most immedi ate promise of a substantial number of 

new engineering jobs lies not in these new directions, 
however. It li es in the Republi can party's goal of revitaliz­
ing defense R&D. As the excerpt from the Republican plat­
form shows, even thi s promise is not spec ifically stated. It 
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can be assumed, though, that as the Republi cans are 
committed to keeping our weapons more than competitive 
with our adversa ri es, who, according to the Republicans, 
have been outspending us on R&D, we wi ll have to aga in 
start spending on new weapon development. 

_Thus, it can be reasoned th at Pres ident Ni xon, if re­
elected, would propose that some of the defense funds 
released by the wind-down of Viet Nam be used for de­
veloping new weapons. An engineer in advanced de­
velopment at the Navy (whose offi ce is within w alking dis­
tance of the White House, if that means anyth ing) tells us 
the emphasis is now swinging towards new types of weap­
on systems, to help us overcome the stagnation of reduced 
R&D over the past four years. The $80 bi 11 ion defense 
budget which the Republi cans wish to sustain is still the 
biggest sector of the Federal budget of which engineers 
can with certainty expect a slice. If re-e lected, Nixon 
could propose defense R&D programs that wou ld produce 
jobs by '74. 

But the new-priority programs represent the most excit­
ing long range opportuniti es for engineering employment. 
McGovern has repeated and enthusiastica lly ca lled for 
numbers of " NASA-like" programs to be directed at pollu­
tion , mass transportation , housing, etc. He wants as much 
money spent on these programs and as many engineers 
employed as have been " wasted" on military R& D, he 
says. He is talking of annual budgets in the order of $3 bi l­
lion for these programs. He says that unli ke defense pro­
grams, these new priority efforts wi ll be fundamentall y 
long term, for as soon as any one problem is solved, th t·re 
will be some more to be tackled. 

McGovern's proposa ls sound like the answer to many 
an idealisti c engineer's dreams. The problem is that no­
body can be sure that M cGovern could get these programs 
through Congress. As one R&D engineer familiar with 
Washington politics tells us, " First he' ll have to convince 
Congress to make his drasti c cuts in the defense budget to 
free the money. There is bound to be res istance to that. 
Then he' ll have to build up the brand new agencies that 
will contract out these new programs. That will take more 
time. An engineer would be lucky if he saw any jobs com­
ing out of these new programs before McGovern 's four 
year term was up. He'd probably find that he'd lose his 
job in the first wave of defen se cutbacks and then remain 
jobless (or on one of M cGovern 's proposed interim " con­
version" programs) some time before he was able to find 
an opening in one of the new-priority programs." 

The Republi cans, too, talk of using engineers on these 
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DEMOCRATIC 
Science and Technology 
For years, the United States was 

the world 's undisputed leade~ in 
science and technology. Now that 
leadership is being challenged, in 
part because of the success of 
efforts in other countries, ana in 
part because of the Nixon Adminis­
tration 's neglect of our basic hu­
man and material resources in this 
field. 

As Democrats, we understand 
the enormous investment made by 
the nation in educating and train­
ing hundreds of thousands of 
highly skilled Americans in science 
and technology. Many of these 
'people are now unemployed, as 
aerospace and defense programs 
are slowly cut back and as the 
Al:jministration's economic policies 
deprive these Americans, as well as 
others, of their livelihood. 

So far, however, the Nixon Ad­
ministration has paid scant atten­
t ion to these problems. By con­
trast, the Democratic Party seeks 
both to increase efforts by the fed­
eral government and to stimulate 
research in private industry. 

In addition, the Democratic Party 
is committed to increasing the 
overall level of scientific research 
in the United States, which has 
been allowed to fall under the Nix­
on Administration . And we are ea­
ger to take management methods 
and techniques devised for the 
space and defense programs, as 
well as our technical resources and 
apply them to the city, the environ­
ment, education, energy, transpor­
tation, health care and other ur­
gent domestic needs. We promise 
also to work out a more effective 
relationship between government 
and industry in this area, to stimu­
late the latter to a greater research 
and development effort, thus help­
ing buoy up the economy and cre­
ate more jobs. 

Finally, we will promote the 
search for new approaches in sci­
ence and technology, so that the 
benefits of progress may be had 
without further endangering the 
environment indeed, so that the 
environment may be better pre­
served . We must create a systemat­
ic way to decide which new tech­
nologies will contribute to the na­
tion's development, and which will 
.cause more problems than they 
solve. We are committed to a role 
for government in helping to bring 
the growth of technology into a 
harmonious relationship with our 
lives. • 

Political Party Statements 
on Science and Technology 

(exerpted from platforms) 

REPUBLICAN 
Science and Technology 

Basic and applied scientific re­
search and development are indis­
pensable to our national security, 
our international competitive posi­
tion, and virtually every aspect of 
the domestic economy. We have 
initiated a new research and de­
velopment strategy which empha­
sizes a public-private partnership 
in searching out new ideas and 
technologies to create new jobs, 
new internationally competitive 
industries and new solutions for 
complex domestic problems. 

In support of this strategy we 
have increased Federal effort in 
civilian research and development 
by 65 percent- from $3.3 billion to 
$5.4 billion-and expanded re­
search in drug abuse, law enforce­
ment, health care, home building, 
motor vehicle safety, energy and 
child development as well as other 
fields. 

We will place special emphasis 
on these areas in which break­
throughs are urgently needed : 

-Abundant , clean-energy 
sources; 

- Safe, fast and pollution-free 
transportation; 

- Improved emergency health 
care; 

- Reduction of loss of life, health 
and property in natural disas­
ters; 

- Rehabilitation of alcoholics 
and addicts to dangerous 
drugs. 

Additionally, we urge the fair and 
energetic enforcement of all fire 
prevention laws and applaud the 
work of the National Commission of 
Fire Prevention and Control. We 
encourage accelerated research on 
methods of fire prevention and 
suppression, including studies on 
flammable fabrics, hazardous ma­
terials, fire equipment and training 
procedures. 

The space program is yielding 
impressive dividends in earth ori­
ented applications of space tech­
nology-advances in medicine, 
industrial techniques and consum­
er products that would still be un-

known had we not developed the 
technology to reach the moon. We 
will press ahead with the space 
shuttle program to replace today's 
expendable launch vehicles and 
provide low-cost access to space 
for a wide variety of missions, in­
cluding those related to earth re­
sources. We pledge to continue to 
extend our knowledge of the most 
distant frontiers in space. 

We will alsd extend our explora­
tion of the seabed and the sea. We 
will seek food for the hungry, power 
for future technologies, new medi­
cines for the sick and new treat­
ments of water for arid regions of 
the world . 

The quantities of metals and 
minerals needed to maintain our 
economic health and living stand­
ards are so huge as to require the 
re-use of all recoverable commodi­
ties from solid waste materials. We 
pledge a vigorous program of re­
search and development in order to 
seek out more economical methods 
to retover and recycle such com­
modities, including the processing 
of municipal solid wastes. 

We pledge to extend the commu­
nications frontier, and to foster the 
development of orbiting satellite 
systems that will make possible 
wholly new, world-wide educational 
and entertainment programs. 

We recognize that the productiv­
ity of our Nation's research and 
development efforts can be en­
hanced through cooperative inter­
national projects. The signing of 
the Moscow agreements for coop­
eration in space, environment, 
health, and science and technology 
has opened a new era in interna­
tional relations. A similar agree­
ment between the United States 
and Polish Governments will permit 
expansion of programs such as the 
jointly funded Copernicus Astro­
nomical Center and the Krakow Chil ­
dren's Hospital. 

Finally, we pledge expanded ef­
forts to aid unemployed scientists 
and .engineers. We are determined 
to see that such on-going efforts as 
the Technology Mobilization and 
Reemployment Program are effec­
tive. • 
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Political Party Statements 

on Defense Weaponry 
(exer p t ed from p la tforms) 

DEMOCRATIC 
Military Policy 

We propose a program of nation­
al defense which is both prudent 
and responsible, which will retain 
the confidence of our allies and 
which will be a deterrent to poten­
tial aggression. 

Military strength remains an es­
sential element of a responsible 
international policy. America must 
have the strength required for 
effective deterrence. 

But military defense cannot be 
treated in isolation from other vital 
national concerns. Spending for 
military purposes is greater by far 
than. federal spending for educa­
tion, housing, environmental pro­
tection, unemployment insurance 
or welfare. Unneeded dollars for 
the military at once add to the tax 
burden and pre-empt funds from 
programs of direct and immediate 
benefit to our people. Moreover, 
too much that is now spent on de­
fense not only adds nothing to our 
strength but makes us less secure 
by stimulating other countries to 
respond. 

Under the Nixon stewardship of 
our defense policy, lack of sound 
management controls over defense 
projects threatens to price us out 
of an adequate defense. The reac­
tion of the Defense Department to 
exposure of cost overruns has been 
to strike back at the critics instead 
of acting to stop the waste. 

Needless projects continue and 
grow, despite evidence of waste , 
military ineffectiveness and even 
affirmative danger to real security. 
The "development" budget starts 
pressures for larger procurement 
budgets in a few years. Morale and 
military effectiveness deteriorate 
as drugs, desertion and racial 
hatreds plague the armed forces, 
especially in Vietnam. 

The Democratic Party pledges 
itself to maintain adequate military 
forces for deterrence and effective 
support of our international posi­
tion . But we will also insist on the 

firm control1 of specific costs and 
projects that are essential to en­
sure that each defense dollar 
makes a real contribution to na­
tional security. Specifically, a 
Democratic Administration should : 

Plan military budgets on the ba­
sis of our present needs and com­
mitments, not past practices or 
force levels; 

Stress simplicity and effective­
ness in new weapons and stop 
goldplating and duplication which 
threatens to spawn a new succes­
sion of costly military white ele­
phants; avoid commitment to new 
weapons unless and until it be­
comes clear that they are needed ; 

Reject calls to use the SALT 
agreement as an excuse for waste­
ful and dangerous acceleration of 
our military spending; 

Reduce overseas bases and 
forces ; and 

Rebuild the morale and military 
tradition of our armed forces 
through creative programs to com­
bat drug abuse, racial tensions and 
eroded pride in service. We will 
support reforms of the conditions 
of military life to restore military 
service as an attractive car~r for 
men and women from all segments 
of our society. 

By these reforms and this new 
approach to budgeting, cou pied 
with a prompt end to U.S. involve­
ment in the war in Inda-China, the 
military budget can be reduced 
substantially with no weakening of 
our national security. Indeed a lean­
er, better-run system will mean 
added strength, efficiency and 
morale of our military forces. 

Workers and industries now de­
pendent on defense spending 
should not be made to pay the 
price of altering our priorities. 
Therefore, we pledge reconversion 
policies and government resources 
to assure jobs and new industrial 
opportunities for all those adverse­
ly affected by curtailed defense 
spending. • 

REPUBLICAN 
A Modern, Well Equipped Force 

We believe t hat the first pre­
requisite of national security is 
a modern , well equipped armed 
force. 

From 1965 to 1969 the Vietnam 
war so absorbed the resources of 
the Defense Department that 
maintenance, modernization, and 
research and development fell into 
neglect. In the late 1960's the Sovi­
et Union outspent the United 
States by billions of dollars for 
force modernization, facing the 
United States with the dangerous 
prospect that its forces would soon 
be qualitatively inferior. Our Re­
serve Forces and National Guard 
had become a dumping ground tor 
cast-off arms and equipment. The 
military posture of our country 
became seriously undermined. 

To assure our strength and coun­
ter the mounting Soviet threat, 
President Nixon directed: 

- the most significant ship con­
struction and modernization 
program since World War II ; 

- the development of new types 
of tactical aircraft such as the 
F-15, a lightweight fighter, and 
a fighter plane for close sup­
port of ground troops; 

- improvements in our strategic 
bomber force and develop­
ment of the new B-1 strategic 
bomber; 

- development of a new TRI­
DENT submarine and unde~ 
sea missile system; 

-greatly increasing the capabil ­
ity of existing strategic mis­
siles through multiple war­
heads; 

-strengthening of strategic de­
fenses, inc luding initial de­
ployment of an anti-ballistic 
missile system; 

- the largest research and de­
velopment budget in history to 
insure continued technological 
superiority; 

-equipping of the National 
Guard and Reserves with the 
most modern and sophisticat­
ed weapons; 

- improved command and con­
trol communications systems. 

We draw a sharp distinction be­
tween prudent reductions in de­
fense spending and the meat-ax 
slashes with which some Ameri­
cans are now beguiled by the politi­
cal opposition. Specifically, we 
oppose plans to stop the Minute­
man Ill and Poseidon programs, 
reduce the strategic bomber force 
by some 60 percent, cancel the B-1 
bomber, reduce aircraft carriers 
from 16 to 6, reduce tactical air 
wings by a third, and unilaterally 
reduce U.S. forces in Europe by 
half. • 
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U.S. Party Platforms '72 

(in terms of section headlines 
full texts of each run over 

100 typed pages) 

Republican 
Theme: " A Better Future for All" 

I. PREAMBLE 
II. TOWARD A FULL GENERATION OF PEACE 

Foreign Policy 
New Era of Diplomacy 
The Nixon Doctrine 
Peace in the l 970's 
The Middle East 
The Atlantic Community 
Japan 
The Soviet Union 
China 
Latin America 
Africa 

Detense 
Mode eJ I E u ed force 

A ew artnersn1p 
An All-Volunteer Armed Force 
Improvements in Service Life 
Better Defense Management 
Arms Limitation 
For the Future 

Ill. A NEW PROSPERITY 
Jobs, Inflation and the Economy 

Strategies and Achievements 
The Road Ahead 

Taxes and Government Spending 
International Economic Policy 
Small Business 

IV. IMPROVING THE QUALITY OF LIFE 
Health Care 
Education 
Welfare Reform 
Law Enforcement 

The Fight Against Organized Crime 
Rehabilitation of Offenders 

Drug Abuse 
Agriculture and Rural Life 
Community Development 
Housing 
Transportation 
Environment 

Natural Resources and Energy 

e n 1v1 ua an 
Volunteerism 
Arts and Humanities 

V. A BETTER FUTURE FOR ALL 
Children 
Youth 
Equal Rights for Women 
Older Americans 
Working Men and Women 
Ending Discrimination 

Spanish-speaking Americans 
Indians, Alaska Natives & Hawaiians 

Consumers 
Veterans 
CONCLUSION 

Democratic 
Theme: "For the people" 

I. New directions 
II. Jobs, prices and taxes 

Jobs, income and dignity 
Economic management 
Toward economic justice 
Tax reform 
Labor management relations 
Labor standards 
Occupational health and safety 
Farm labor 

Ill. Rights, power and social justice 
Free expression and privacy 
Right to be different 
Rights for children, women, youth, poor people, 

American Indians, phys ically disabled, mental­
ly retarded, elderly, veterans, servicemen and 
service women, and consumers. 

Quality and quantity of social service 
Health care 
Family planning 
Puerto Rico 
Virgin Islands, etc. 

IV. Cities, communities, counties and the environment 
Partnership among governments 
Urban growth policy 
The cities 
Housing and community development 
New towns 
Transportation 
Environment, technology and resources 
Choosing the right methods of 

environmental protection 

nergy resources 
The oceans 
Public lands 

V. Education 
School finance 
Early childhood education 
Equal access to quality education 
Bilingual education 
Career education (technicians) 
Higher education 
Arts and humanities 

VI. Crime, law and justice 
Preventing crime 
Narcotic drugs 
Organized and professional crime 
Rehabilitation of offenders 
The quality of justice 

VII. Farming and the rural life 
Exporting our abundance 
Strengthening the family farm 
Guaranteeing farm people a voice 
Revitalizing rural America 

VIII. Foreign policy 

raft 
Disarmament and arms control 
US and the world community 
International economic policy 
Developing nations 
The methods and structures of 

US foreign and military policy 
IX. The people and the government 

Senority 
Secrecy 
Administrative agencies 
Conflict of interest 
Campaign finance 
Regulation of lobbyists 
Taking part in the olitical rocess 
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new-priority problems, but because they are not planning 
to cut back on the defense budget to make large funds 
available, their new-priority programs must necessarily be 
much smaller. 

There is another problem with these new-priority pro­
grams so far as engineers are concerned, we feel. They 
will be less clean cut than NASA. NASA's concern was a 
pure, extra-terrestrial one, and therefore, one that could be 
tackled objectively by engineers on their own. These new­
priority programs are for messy earth-bound projects and it 
is likely they will be riddled with politics and confusion. 
Engineers will probably not be running these shows. 
They' ll find they'll be working for sociologists and natural­
ists. It will be something like the experiences engineers 
have faced in medical electronics where they have to 
work under doctors and hospital administrators. But this is 
no reason for shying away from the problems. 

Engineering societies' view 

How does the NSPE (National Society of Professional 
Engineers) which now also represents the IEEE as a lobby­
ing front view the platforms? Paul Robbins, executive 
director of NSPE, told us that in conjunction with the IEEE 
(and a few other societies) the NSPE put the following 
suggestions for "planks" before the platform committees 
of both parties: 

1-"To utilize fu ll y the technological capacity of engi ­
neers and scientists in the development of economic 
progress and the solution of social problems in the 
Nation." 

2- "To revise private pension plan laws to protect em­
ployees who are forced to change jobs frequently be­
cause of changing technological priorities." 

Robbins feels that both suggestions were adopted to 
some degree by both parties. In the case of engineers be­
ing used on non-defense problems he sa id the Democratic 
platform expressed understanding of "the enormous in ­
vestment made by the Nation in educating and training 
hundreds of thousands of highly ski lled Americans in sci­
ence and technology" and acknowledges that, " Many of 
these people are now unemployed as aerospace and de­
fense programs are slowly cut back . . . " He said he liked 
the way the Democrats then pledged to increase the over­
al I level of research in private industry, and to apply space 
and defense techniques to domestic problems while at the 
same time creating more jobs and buoying the economy. 

The Republican platform pledges " ... expanded efforts 
to aid unemployed scienti sts and engineers" and " ... to 
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see that such on-going efforts as the Technology Mobiliza­
tion and Reemployment Program are effective." The Re­
publicans also support basic and applied R&D and point 
to initiation of a new R&D strategy, emphasizing a publi c­
private partnership in searching out new ideas and tech­
nologies in order to create new jobs, new industries, and 
new solutions to complex domestic problems. 

On the question of pens ions, Robbins says he finds 
the Democratic platform reading, " to protect individual's 
pension rights by pension reinsurance and early vesting, " 
encouraging. In the Republican platform, he likes the way 
they cite their activities in trying to get measures to 
" strengthen private pension plans through tax deductions 
that encourage their expansion, improved vesting, and 
protection of the investments in these funds. " 

Slimming up the engineering viewpoints 

From our talks with engineers in general we guess that 
they will be torn between their natural conservati sm (in 
the sense they like to see in-depth analysis behind any 
proposed action) and their long-standing desire to see their 
problem-solving talents being more widely used by their 
country. Nixon will appeal to their minds and McGovern 
will appeal to their hearts. 

A factor in some engineers' decision making may be 
their resentment over the aloof treatment they have re­
ceived from the Nixon administration. As another official 
of the NSPE privately told us, " I'm afraid the Nixon ad­
ministration has only given token aid to engineers dis­
placed by defense cutbacks and foreign competition." 

Yet th1 > same man was also concerned .ilmut whether 
McGovern, if elected, could really convince Congress in 
these tight-money times to start spending tens of billions of 
dollars on NASA-like programs to combat pollution, etc. 
He is not sure that the U.S. voters are afraid enough yet of 
these new threats to encourage Congress to increase our 
national deficit. It might be that with McGovern the engi­
neers would be more certain of loosing more additiona l 
defense jobs than they would be of gaining new non-de-
fense jobs. . 

Our own view is that the very fact that both platforms 
now talk of technology as a basic problem-solving tool is 
in itse lf extremely encouraging. EE's eventually ought to 
benefit, for while there is a mounting concern about the 
harmful effects of other technologies (chem ica l, power 
and automotive) there is no sign in either platform (other 
than some brief references to wire tapping) that either par­
ty feels electronics is anything but a problem solver. o 
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Unitrode Corporation 
Dept 10Z, 580 Pleasant St, Watertown, Mass. 02'172 

O Please send SCR information kit containing detailed 
specs and application notes. 

PUT 14 YEARS OF· 
ISTOR EXPERIENCE 
INTO EVERY 

UNITRODE SCR. 
And that means a better industrial product Our performance 
record proves it. In industrial/commercial applications, the use 
of Unitrode SCRs doubled last year and has doubled again this 
year. For the military, Unitrode supplies more lead-mounted 
SCRs than everyone else combined. Unitrode is the only SCA 
supplier with Military Qualification Approval on all T0-5 and 
T0-18 mil. specs. Why this kind of acceptance? Our experience. 
It means a lot to people who've had experience with less. 
Our broad line of SCRs including plastic and hermetically 
sealed metal types offers a wide range of choices for literally 
hundreds of applications. The Unitrode SCA product line 
ranges from our very popular, rugged 0.8 amp T0-92 plastic 
package and T0-18 hermetically sealed series to our 1.6 amp 
T0-5 and T0-39 series and 5 amp T0-59 stud series. Some 
series are available to 600 volts. 
It's what you would expect from a company that makes 
thyristors a major part of its effort - not just a sideline. 
For fast action, call Sales Engineering collect at (617) 926-0404 
Unitrode Corporation, 580 Pleasant St. , Watertown, Mass. 02172. 

See EEM Section 4800 And EBG Semiconductors Section for more complete product listing. 
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ItS a 54/74 world. 
And Tis 3-ns Schottky TTL 

expands your design horizons. 
36 functions now ... 12 soon to come. And more tomorrow. 
More and more designers are finding, as their com­
petition gets keener, that Tl's Schottky TTL gives 
them a competitive edge. Not only in system per­
formance, but also in the price, delivery and reliabil­
ity of their equipment. 

The reason is simple. Since TI introduced it in 1965, 
54/74 TTL has become the most popular, most second­
sourced logic form. It offers an unmatched combi­
nation of reliability, design simplicity, volume avail­
ability, low cost, versatility and MSI complexity. It 
has set the standards for the industry. 

Schottky 54S/74S TTL, introduced by TI in 1970, 
still offers all these advantages- but adds greatly 
improved performance. And again, Tl's Schottky 
TTL is setting the standards. 

Broadest choice of functions 

TI has introduced and delivered more Schottky TTL 
circuits than any other manufacturer. We've an­
nounced 17 new ones this year-decoders, D-registers, 
shift registers, multiplexers, arithmetic elements­
for a total of 36 MSI and SSI functions available 
now. Within six months, there will be 12 more (in­
cluding some high-performance memories). 

Some benefits of Tl's Series 54S/74S are: 
• Volume availabi lity-Tl has been bui lding Schottky 

circuits for 21/ 2 years. High-volume production 
experience keeps yields up, delivery lead-time 
short, and distributor stocks full. 

• Prove n reliability - the same built-in reliability 
found in all TI 54/74 circuits has been proven for 
TI Schottky TTL by extensive factory testing and 
field experience. 

• Full temperature operation, full package choice­
both industrial (0° to 70°C) and military (- 55° to 
125°C) ranges for all MSI and SSI functions, 
available in plastic and ceramic DIPs and ceramic 
fiat packs. 

•Improved syste m perfo rmance-average gate 
speeds are less than 3 ns at 19mW. 

• Full compatibili ty-Tl Series 54S/74S Schottky is 

fully compatible with all 54/74 TTL- standard, high­
s peed, low-power and low-power Schottky. 

Series 54S/74S Schottky MSI circuits 

11 O·MHz Shift Registers/Storage Registers 
SN54S/74Sl 74 Hex D-type storage register 
SN54S/74Sl 75 Quad D-type flip-flop , complementary outputs/clear 
SN54S/74Sl94 4-bit bi-directional shift register 
SN54S/74Sl95 4-bit parallel-access shift register 

Arithmetic Elements 
SN54S/74S86 Quadruple Exclusive - OR 
SN54S/74Sl35 Quadruple Exclusive - OR/NOR 
SN54S/74Sl81 4-bit arithmetic logic unit and function generator 
SN54S/74S 182 Carry look-ahead generator for SN54S/74S 181 

Data Selectors/Multiplexers 

SN54S/74Sl51 8 to 1-line 
SN54S/74S251 8 to 1-line with tri -state outputs 
SN54S/74Sl57 Quad 2 to 1-line, true output 
SN54S/74S257 Quad 2 to 1-line with tri -state true outputs 
SN54S/74Sl58 Quad 2 to 1-line, inverting output 
SN54S/74S258 Quad 2 to 1-line with tri -state inverting outputs 
SN54S/74Sl53 Dual 4 to 1-line 

Decoders/Demultiplexers 
SN54S/74Sl38 3 to 8-line 
SN54S/74Sl39 Dual independent 2 to 4-line 

Series 54S/7 4S Schottky SSI circuits 
SN54S/74SOO 
SN54S/74S03 
SN54S/74S04 
SN54S/74S05 
SN54S/74Sl0 
SN54S/74Sl 1 
SN54S/74Sl5 
SN54S/74S20 
SN54S/74S22 
SN54S/74S40 
SN54S/74S64 
SN54S/74S65 
SN54S/74S74 
SN54S/74Sl 12 

SN54S/74Sll3 

SN54S/74Sll4 

SN54S/74Sl33 
SN54S/74Sl34 
SN54S/74Sl40 

Quadruple 2-input positive-NANO gate 
Quadruple 2-input positive-NANO gate, o.c. output 
Hex inverter 
Hex inverter, o.c. output 
Triple 3-input positive NANO gate 
Triple 3-input positive AND gate 
Triple 3-input positive AND gate, o.c. output 
Dual 4-input positive NAND gate 
Dual 4-input positive NAND gate, o.c . output 
Dual 4-input positive NAND buffer 
4-2-3-2-input AND-OR-INVERT gate 
4-2-3-2-input AND-OR-INVERT gate, o.c. output 
Dual D-type edge-triggered flip-flop 
Dual J-K negative-edge-triggered flip-flop (125 MHz) 
with preset and clear 
Dual J-K negative-edge-triggered flip-flop (125 MHz) 
with preset 
Dual J-K negative-edge-triggered flip-flop (125 MHz), 
common clock and clear 
13-input NAND gate 
12-input NAND gate with tri-state output 
Dual 4-input positive-NANO line driver 

For Bulletin CC-408 on Tl's 3-ns Schottky 
TTL, circle 216 on Service Card. Or write 
Texas Instruments Incorpo-~o 
rated, P. 0. Box 5012, M/S 308, 'U/ 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 84061 



Sooner or later you'll be 
considering a 

M ECL ~1;1,1;11;11;1 design. 
Since the introduction of 

MECL 10,000 in March, 1971 
engineers have found that design­
ing with ME CL is no more 
difficult than designing high per­
formance equipment with slower 
forms of logic. In fact, designers 
found that MECL features such 
as transmission line capability, 
complementary outputs and 
Wired-OR savings added as much 
to system performance as the 
short propagation delays and high 
toggle rates. 

To appreciate these system 
advantages you have to evaluate. 
And here is a way that will make 
your job easier: 
1. We are introducing four new 

MECL 10,000 devices bringing 
the family total to 38. Each 
new device is highly versatile 
and could be used for a variety 
of applications. 

2. We have prepared a Design 
File which includes data sheets 
describing the new products, 
an application note covering 
interconnection techniques, 
and an application note illus­
trating varied uses of two of 
the four new devices. 

3. This complete Design File will 
help you to evaluate the new 
additions and provide an 
insight into the application of 
MECL 10,000 for your future 
designs. 
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And that's not all. 
Just to make it interesting, we 

have included a "Design Idea" 
sheet in the file so you can explore 
ways of using the new devices. 
Just jot down your circuit dia­
gram showing possible applica­
tions using any one or more of 
the following: 

CARRY 
IN 

SYSTEM 
CLOCK 

DO oo 

01 0 1 

02 02 

0 3 03 

S1 
CARRY 

S2 OUT 

FUNCTION SELECT TABLE 

S1 S2 Operating Mode 

Preset (Program) 

L H Increment (Count Up) 

H L Decrement (Count Down) 

H H Hold !Stop Count) 

MC10136 Universal Hexadecimal Counter, 
MC10137 Universal Decade Counter. The 
MC10136 and MC10137 are both fully syn­
chronous counters, MC10136 is a hexadeci­
mal (0 thru 15 binary) counter, and MC10137 
is a BCD decade counter. Logic configura­
tions are similar for both counters . 

The flexibility of these devices allows the 
designer to use one basic counter design 
for all applications. When used with appro­
priate MECL Ill prescalers, frequencies can 
be extended to over 500 MHz. 

CH IP ENABLE 

"' "'"' wi-
a: :i 
Oo. 
oz 
< -

< le 
>- :i 
<o. o z 

WAITE ENABLE 

Ao 

Al 

A2 

A3 

Do 

D1 

D2 

03 

CE 

Oo 

o , "' ,... 
:i 

16 x 4 .. ,... 
:i 

02 0 

03 

WE 

MC10145 64-Bit RAM Organized as a 16 x 4 
array, the MC101 45 is the first of a series 
of memories to be introduced in MECL 
10,000. Fully decoded inputs, together with 
a chip enable, provide expansion of memory 
capacity. Access time is typically 10 ns, 
ideal for register file or small scratch pad 
applications. 
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Here are four ways 
you can do it ... sooner. 

'o 

'1 A 

12 B 

13 c 

14 D 

Is 

is 

17 

CLOCK 

TRUTH TABLE 

'o '1 12 13 14 15 16 17 AB C D 

H x x x x x x x L L L H 

L H x x x x x x L L H H 

L L H x x x x x L H L H 

L L L H x x x x L H H H 

L L L L H x x X H L L H 

L L L L L H x X H L H H 

L L L L L L H X H H L H 

L L L L L L L H H H H H 

L L L L L L L L L L L L 

MCl 0165 8-lnput Priority Enco der The 
MC10165 is designed to encode eight inputs 
to a binary coded output. The output code 
is that of the highest order input. Any input 
of lower priority is ignored. Applications 
include development of binary codes from 
random logic inputs, for addressing ROM, 
RAMs, or for multiplexing data. 

You're now on the way 
to becoming a 
high speed logic expert. 

After you have outlined your 
application, return the "Design 
Idea" sheet to Motorola Semicon­
ductor Products Inc., Attention: 
MECL 10,000 Applications, 
p_ 0. Box 20912, Phoenix, 
Arizona 85036. 

For each bona fide application 
submitted, we will send you, with­
out charge, the comprehensive 

MECL System Design Handbook 
and the newly printed, second-edi­
tion, MECL Data Book. 

Together, these two books list 
the industry's broadest line of 
high-speed logic families and offer 
latest application techniques. 

Act now. Send for your Design 
File today, and call your local 
Motorola distributor for evalu­
ation devices . The sooner you 
evaluate - the sooner you'll be 
convinced. 

MECL ~~,~~~ eliminates 
the alternatives. Evaluate 

and compare! 

MOTOROLA MECL 
for f aster computers & systems 
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3 1 



ECL shift registers make versatile 
pulse delay networks 
This high-speed shift register can accomplish any desired delay in steps of 
10 nsec for timing basic computer decisions or as an adjustable delay line. 

Jon M. Delaune, Motorola, Inc. 

Flip-flops that will shift at rates in excess of 100 MHz open 
many exciting possibilities for new design techniques. For 
example, these ECL " l 0,000 Series" devices allow shift 
register designs that can be employed in many applica­
tions as variable digital delay lines. 

The flip-flop used in the circuit described here is the 
MC10135 , a dual master-slave de coupled J-K flip-flop 
with separate asynchronous set and reset inputs and a 
common clock input. Both flip-flops in the package have 
complimentary Q and Q outputs provided. Flip-flop speci­
fications include a typical toggle frequency of 140 MHz 
and typical propagation delay time of 3 nsec. Operating 
voltage is - 5.2V with negligible degradations in operation 
for ::+:: 10% variations in supply voltage. 

Fig. 1 illustrates a flip-flop logic block connected as a 2-
stage shift register. The }-K and R-S truth tables for the indi ­
vidual flip-flop are also shown. For shift register operation, 
the J and K inputs must be complements . 

Fig. 2 is the logic diagram for an n-bit shift register 

MC10135 

5 13 12 

s 2 Do 11 - R D, o, 0 K 

D, 
7 3 Do 10 - Q 14 J Q J 

c c 

CLOCK 
9 

Vee, • pin 1 

vCCz • pin 1& 

V11 • pin& 

J R Q" "'" 1 R s 0 

1 1 0" a a 0" 

0 1 1 a 1 1 

1 0 0 1 a a 

0 0 o-o 1 1 ND 

ND • not defined 

Fig. 1- 2-stage ECL shift registers are very simple and can pro­
vide pulse delays of any desired length, in incrememts of 10 nsec. 
Both J-R and RS truth tables are shown. 

\.! 

which includes the n~cessary logic for controlling the de­
lay of the register by powers of two. The incoming data to 
be delayed is considered to be asynchronous with the in­
ternal c lock oscillator, and random in nature. Normal 
data, once started, may have a random pattern , but the 
intervals will normally be regular unless used in crypto 
work or there is noise. The input data (DJ might ap­
pear as shown in Fig. 3 which also illustrates typical wave­
forms that would result from D0 and a 50 MHz clock. G1 is 
used to split the input into DATA (D0) and NOT DATA 
(00) because the ]-K flip-flop requires complementary data 
(dual rail logic). The OR and NOR outputs of each gate 
have essentially the same propagation delay, so output 
skew will not present a problem. 

The input levels of f1-f8 shown in the lower portion of 
Fig. 2 allow the selection of the clock frequency (fm/2"') 
where "m" is the number of flip-flops used to divide the 
basic frequency of the clock oscillator. Input f1-f8 are nega­
tive logic inputs, i.e., only one input should be low at a 

MC10135 

Y, MC10109 o, 

R 0 K a K K a D 
" 

Do 

J Q J Q J J Q D 
" 

c 

MC10119 

Y, MC10135 MC 10135 

Fig. 2- Delay register and variable-rate clock provide a highly 
versatile design technique. For large shift registers the clock load 
of the register may dictate the use of a driver. 

E D N 0 CT 0 B ER 1 5, 1 9 7 2 



1 2 4 6 9 10 11 12 13 14 
TIME -

t ~ 20nsec per division . _ _ . 
D

0 
= Data into first J - j( Flip Flop D1 = Delayed Data out of first J__: ':_Flip Flop 

c = Clock to shift register D5 =Delayed Data out of fifth J - K Flip Flop 

Fig. 3- Typical delay register waveforms for a 50 MHz clock fre­
quency show the relationship of the data input and the first and 
fifth flip-flop outputs. Note that the pulse on 0 0 at t = 3 is mi ssed 
due to its brevity_ To insure data capture, the min input pulse 
must exceed one clockperiod. 

time. The low input will enable the desired clock frequen­
cy. If all inputs go HIGH , the register will store the data 
that was being shifted in the register. 

Timing is straightforward 
Several of the possible timing cond itions that may occur 

between D0 and the input clock are illustrated in Fig. 3. 
For example, D0 is low between time marks 3 and 4. This 
LOW data input is not picked up by the first flip-flop be­
cause no positive c locking edge is present. 

For timing purposes, the worst-case parameters for the 
MCl 0135 are: tpd max clock to output= 4.5 nsec; setup 
time= 2.5 nsec; and hold time= 1.5 nsec. Fig. 4 should 
help clarify the definition of these parameters. Setup time 
is defined as the minimum time, prior to the positive going 
clock, that data to the J-K inputs must be settled. The hold 
time is the minimum time, after the positive going clock, 
for which the data must be held steady. 

The data delay though the first flip-flop is a minimum of 
the setup time plus the delay time of the flip-flop, or a 
maximum of the clock period (T) plus the delay time and 
the setup time of the flip-flop. With a worst-case delay 
time for the MCl 0135 of 4.5 nsec and a setup time of 2.5 
nsec, operating at a clock frequency of 50 MHz yields a 
minimum delay of 7 nsec or a maximum of 27 nsec. 

The gate for G1 is the MCl 0109 and G
2 

is the 
MCl 0119; both are high-speed gates. These devices ex­
hibit typical progagation delays of 2 and 3 nsec respec­
tively_ Five dual flip-flops may be driven with a typical rise 
time of 2 nsec and fall time of 3 nsec. If you keep lead 
lengths short and use low inductance printed circuit wir­
ing, the register shown in Fig. 2 will shift reliably at clock 
rates in excess of 100 MHz. The incremental delay from 
fl ip-flop 1 to flip-flop 2 is T and this relationship holds 
throughout the length of the delay register. 

Improvements are available 
Two other SSI dual flip-flops may be used to improve 

the delay register performance. Both the MCl 0131 and 
MCl 0231 devices are type "D" master-slave flip-flops. 
The type " D" is a sing le rail device, as opposed to the J-K 
which, as mentioned, is dual rail. This eliminates the need 
for G 1 which will allow a higher clock frequency to be 
used. The MC10131 will operate at 150 MHz typically 
allowing values of T to be set as small as 6.7 nsec. The 
MCl 0231 is an even higher-speed ECL "1 0,000" device 

which permits values of T as small as 5 nsec. 
Two other MSI devices will provide 4-bits of delay per 

package at high speed. These are the MCl 0141 and the 
MCl 694 4-bit sh ift registers . The MCl 0141 is typically 
capable of shift rates in excess of 100 MHz and the 
MCl 694 device wi ll shift up to 300 MHz. Both of these 
devices are fully compatible with " l 0,000" Series ECL. 

With any flip-flop that has an asynchronous data input, 
there is a small, but sti ll finite, probability that a data 
change and a clock change will occur within the "aper­
ture time" of the flip-flop. The " aperture time" of a flip­
flop may be defined as the very short period when the 
decision is made to go to either a ONE or a ZERO. If both 
data and clock change within this period, the flip-flop de­
lay time will be greater than normally expected. " 10,000" 
ECL is noted for its extremely short aperture time, so these 
problems are minimized. 

The pulse-width degradation and delay-error uncertain­
ties of the output are a maximum of one clock period for 
asynchronous inputs. This would amount to 1 0 nsec for a 
1 00 MHz shift register, and can be reduced by using a 
faster clock. 

As you can see, " l 0,000" Series SSI and MSI fun ction s 
can be used to form state-of-the-art high-speed delay shift 
registers. Incremental delays as small as 10 nsec are easily 
obtained with " 10,000" Series ECL and as small as 7 nsec 
using ,1 hi gher r ower series, like ECL Ill. _Bv using a 

variable clock generator such as the MCl 658 Voltage 
Control led Multivibrator, you can obtain a continuous 
variable delay. D 

50% 50% 

CLOCK 

!;~ I \.____50% ~ 
-{ · ~' DATA (J K) 

tsetup tkold 

Fig. 4- Setup and hold time requirements are defined as shown 
here. Data must be steady for the indicated time prior to and fol ­
lowing the positive-going clock pulse. 

Author's biography 
Jon Delaune is Section Manag­
er of Emitter Coupled Logic 
and Central Processor Com­
puter Applications at Motorola 
Inc. , Semiconductor Products 
Div. in Phoenix. He has writtf'n 
numerous high-speed logic ar­
ticles and has been ;iw,1rrled 
one patent on digital phase 
locked loops. He holds a BSEE 
and a MSEE from Texas A & M 
University. 
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• 
New Scotcht!~:: ~~liver long•teram $~om 3~~~~~~tion 
embossed metal foil backings Easy to apply, Scotch Brand Shieldip.g Tapes end 
provide an easy, low-cost way the need for plating, painting or othe,re'Xpensive shield-

----.t~pply la.sting EMI shielding ing methods. Can be applie_d~ in the factory or in the 
in apPlic.a_tions up to 12 GHz. field and permit e<!§Y-Grr-lhe-spot shielding repairs. 
Insertion loss--fevels remain Scotch_E3rand-X-1245 has an embossed copper foil 
constant in year-long tests:- -bacl<ing which permits solder connections. Scotch 
(Applied to a copper substrate, Brand X-1267 has an embossed aluminum foil backing. 
over a V2" x 2%" open slot ra- These tapes are ideal for shielding enclosures, cables 
diating at 143 MHz, Scotch and electronic test equipment and for static charge 
X-1245 tape held the insertion draining and trouble shooting. 
loss level at a steady 65 db.) For complete facts write: DM&S Div., 3M Company, 
Insertion losses are equally St. Paul, Minn. 55101. 
consistent on steel, aluminum See our complete catalog in eem. 

Dielectric materials ~m 
E. Systems Division ii:lcomPANv 

CHECK NO. 17 



If a tight budget is the only thing that's 
keeping you from acquiring a full-sized, 
fully-programmable calculator 

... your problem is solved. 
Here theyare ... three famous WANG 
programmable calculators designed to meet 
the requirements of your specialty. .. for 
the unheard of price of $1200 or 

' under! 
Start with the model of your choice. Add functions, 

peripherals, memory, programming capacity -- when 

you need it -- when and as your pocketbook says 

"Yes". But you won't have to wait for that to enjoy 

the immediate benefits of the Wang Series 400 

Calculators. All three mo dels give you more functions, 

operations, deci sion-making capabilities and storage 

registers than any other comparable units on the 

market -- bar none. 

The 450 ... only $900 

Here's what you get: 

• Up to 13 digits of accuracy, or 10 digits with 

2-digit exponent. 

• 16 full storage registers for full-size problems. 

• 2 complete calculators; one for your main problem, 

the other for side calculations. 

• Built-in 64 steps of Learn Mode programming or 
up to 40 extra registers. 

• 16 science-designed functions for use manuall y or 

under program control. 

• Automatic conversion to scientific notation so 

you don't have to keep track of dec imals. 

• The availability of a complete set of software 

programs. 

The 452 ... only $1,200 

The 462 ... only $1,200 

UNMATCHABLE ... UNBEATABLE PERFORMANCE . .. AT COMMON SENSE PRICES! 

Check the Yellow Pages for the Wang Office nearest you, or write or phone: 

( ) LABORATORIES, INC . 

WANG 836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876 . TEL . (617) 851 ·7311 , TWX 710 343-6769, TELEX 94-7421 
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Now, your design work is simplified, 
your choice of dry reeds is broadened, with our new 
JRC and JRD series. And P&B Quality comes as a bonus. 
With 9,627 options, these two new 
series of dry reed relays present 
printed circuit board designers 
new opportunities for creative 
engineering. 

Each is miniature in size with 
terminals spaced on 1.0" centers. 

Each offers a choice of contact 
arrangements and coil terminals. 

Each is available now from 
authorized P&B electronic parts 
distributors. 

Importantly, you get P&B qual­
ity at competitive prices in all 
quantities. 

JRC reeds have terminals ar­
ranged for .100" x 1.00" grid spac­
ing and feature a low profile (.36") 
to permit close stacking of pc 
boards. In-line termination is in 
keeping with the industry trend, 
and the JRC coil leads terminate 
at any of four corners. The termi­
nals are supported by the bobbin, 
and any forces encountered are 
transmitted to the stand-off flange 
to prevent stressing the glass seal 
of the capsule. 

P& B precision assembly machines make it 
possible to control gap variance in reeds to 
within 2/10,000ths of an inch. (1 /10th the 
thickness of a human hair.) 

Contact configurations are 
available in Form A (SPST-NO), 
Form B (SPST-NC) and combina­
tions of Forms A and B. For DC 
restive loads, the contacts have a 
maximum rating of 10 watts, .5 
ampere, and 200 volts. Typical 
operate speeds at 25°C are 1 
millisecond including bounce for 
pick-up and .05 millisecond drop-

Replacements for IBM Reed Relays. While not identical in all aspects, JRD 
Reed Relays have the same terminal spacings and electrical characteristics as 
those manufactured by IBM. 

r J ~ .06 

LUMAX T 
JRC [j 

.030 1 
(TYP)-fjf-

I-- 1.00 

1 • 

JRD 

t--- 1.00 

P&B makes more of more kinds of relays 
than anybody in the business. 

Anybody. 
CHECK NO. 19 

out. Available coil voltages range 
from 3 to 48V DC. 

The JRC series may be or­
dered with 1, 2, 3, 4, 5 or 6 cavity 
bo~bins. 

New JRD dry reed relays offer de­
sign engineers the option of .150" 
x 1.00" grid spacing. Slightly 
larger than the JRC package, the 
JRD's are similar except they 
offer, in addition to Forms A and 
B, a true Form C (SPOT) contact 
configuration. JRD's may be or­
dered in 1, 2, 4 or 6 cavity bob­
bins. 

JRC and JRD open style, dry 
reed relays are produced to ex­
acting tolerances and provide de­
sign engineers with a wide selec­
tion of contact configurations for 
logic circuitry, instrumentation 
and low voltage applications. 
Both series are avai I able with or 
without magnetic shielding. 

For complete information, or 
advice, and for your copy of the 
226 page relay catalog, write 
Potter & Brumfield Division, AMF 
Incorporated, Princeton, Indiana 
47670. Or, simply call 812 385-
5251. 

A.~F 

Potter & Brumfield 



This display writes 
as fast as 

your computer can talk. 

HP's new 1310A 19-inch-diagonal X-Y 
display is the answer to many an 
OEM's prayer .. . because it's the first 
display ever that can keep up with 
the graphic information output of to­
day's high-speed computers. 

The 1310A has a writing speed of 
10 inches per microsecond - 10 
times faster than any other display's. 
Its slew rate is 100 inches per micro­
second. And its large-step jump and 
settle time is 1 microsecond. Thus, 
the 1310A gives you the ability to dis­
play information as fast as your com­
puter puts it out - in any desired 
sequence of locations, without 
" smearing ." No longer must you pro­
gram outputs in a manner imposed 
by display limitations. 

The key to the 1310A's outstanding 
performance is its unique, advanced 
cathode ray tube which uses elec-

38 

Computer-generated graphics courtesy of TMe Boeing Company. 

trostatic deflection to control its 
electron beam. 

Also as a result of using electro­
static deflection , the 1310A is smaller, 
lighter, and requires less power than 
any competitive graphic display -
only 100 watts. Because it uses the 
latest, highly rectangular CRT face 
glass, its display area is equal to that 
of many 21-inch units. And its 0.020-
inch spot size gives you a crisp , clear 
image over that entire area. 

And performance is only the begin­
ning! With the 1310A, you also get 
plug-in-board construction for fast , 
easy servicing. Replacement boards 
are available from any of HP's service 
centers around the world, on an ex­
change basis, within 48 hours. And it 
takes only minutes to remove or in­
sert any board. 

Yet , despite all these advantages, 

CHECK NO. 20 

the 1310A costs only $3000-far less 
than competitive displays (covers 
and stand , $100 extra). Or, for 
$2875, you can get all the features of 
the 1310A, in the new 14-inch­
diagonal 1311A. OEM price sched­
ules are available on both the 1310A 
and 1311A. 

For further information on both of 
these new displays, contact your local 
HP field engineer. Or write Hewlett­
Packard, Palo Alto, California, 94304. 
In Europe : 1217 Meyrin-Geneva, 
Switzerland. 

081 /1 4 A 

HEWLETT II PACKARD 

OSCILLOSCOPE SYSTEMS 

E D N 0 C T 0 B E R 1 5, 1 9 7 2 



COMPUTER HARDWARE 

Novel computer organization 
results in design for a maxi-mini 
This mini design offers improved performance and is intended for dedicated real-time 
control systems w here minimum program running time and high accuracy have top priority. 

Robert C. Sanford 

Minicomputers have been sprouting up like weeds, and 
each newly announced marvel cl aims to be " new," " im­
proved" and best for all users. Why then, with such a sur­
fe it of goodies do we need another des ign for a mini ? 

Si mply because, in spite of all the cla ims for new orga­
nizati ons, new bus structures, modul arity, and so on, 
computers today are rea lly no di fferent from Von Neu­
mann's concept of 25 years ago. Faster? Smaller? Cheaper? 
Certa inly! But they still use the same organizati onal con­
cept. Von Neumann set forth fi ve separate, autonomous 
units: input, output, memory, arithmetic, and contro l. 
Take a look at the block di agram of any mini and all fi ve 
are sti 11 there (fig. 1 ). 

It's true that a lot of registers and counters appear that 
don' t fi t these des ignations. But each one can be con­
sidered as part of arithmeti c or contro l, and may be 
lumped into these units. Often, both arithmeti c and con­
tro l are further lumped together as the "processor", but 
they' re still there. Input and output may be treated sepa­
rately or together in an 1/0 section , but they' re also there. 
And that, of course, leaves memory. This is always an au­
tonomous unit, and most mini -computer specs are con­
cerned primaril y w ith memory characteri sti cs, often the 
only c laim to fame. 

How is this design different? 
This des ign breaks w ith trad ition by considering the 

arithmetic logic unit (ALU) and contro l as the only trul y 
autonomous units. Al I other elements are treated si mply as 
registers subservient to the ALU. With very few excep­
ti ons, all operati ons are transfers between registers th rough 
the ALU so that arithmeti c or logic can be performed dur­
ing each transfer. The only concession to memory here is 
that transfer takes a little longer. 

The des ign also breaks w ith several mini computer con­
ventions. Most minis are des igned with low cost as the 

r---------------1 
I I CONTROL I 

INPUT OUTPUT 

Fig. 1 - Von Neumann organization on which all minis are based. 
Dotted area is sometimes cal led the processor. Note th at memory 
is the central function through which all paths flow. 

chief objective, with performance secondary. 
Thi s design is aimed at performance, wi th cost secon­

dary. It is intended for dedicated rea l-time systems w here 
program time is a limiting factor. M any systems simply 
don' t have sufficient program time for software executives 
or rea l-time operating systems. They need a mini that can 
do a max i job. 

Speed in itse lf is not enough. This design uses a 1 µ sec 
memory-faster than some but slower than others. The 
secret to high performance is fewer instructi ons per pro­
gram, less core needed per program, true direct address ing 
of al l memory, diversif ied se lf-exp lanatory instructi ons, 
partial overl apping of instructions, si mpli f ied software and 
integral hardware arithmeti c, DMA and DMC. 

The fi rst break w ith convention is the word length - 24 
bits instead of 16. This length was se lected to prov ide 
reasonable accuracy of single-prec ision arithmeti c to sev­
en dec imal d igits, w hich cannot be done w ith only 16 
bits. Next, 24 bits is also a multi ple of eight, so it ho lds 
three ASCII characters instead of two, and it is multi ple of 
six for non-ASCII characters. Each word can handle two 
12-bit A/ Ds or D/As at once, and thi s takes care of most 
system needs. If the encoder uses 15 bi ts, as some do, it 
requires one word, but the other bits are ava ilable for d is­
crete operations in the sa me word. Shaft encoders of 19-
21 bits can be handled by a single word . 

What address ing means will be used? 
Conventional minis use address ing tr icks- they' re 

ca lled address ing modes- to make up for the lack of ad­
dress ing bits in a 16-bit word. Paging, index ing, and indi ­
rect, re lative, and immedi ate (literal) address ing are tech­
niques to move about in memory beyond the lim its of the 
addressi ng field, which rarely exceeds nine bits or 512 
words. A word of 24 bits prov ides 15 bits to d irect ly ad­
dress 32 k words, w ith 9 bits sti ll left over fo r the instruc­
ti on, instead of the usua l 4-6. This makes programming 
eas ier, saves instructi ons, saves memory, saves machine 

Fig. 2- Proposed organization make the ALU central to all oper­
ations, with all other fu nctions treated as registers. Memory is 
subservient. 

39 



USED FOR PAGING OVER J:?lt WORDS 
JNOEX ONLY 0 1 
INDIRECT ONLY 1 0 

BOTH 1 I 
1 1/0 AODRESS ANO CONTROL 

Fig. 3- Word structure used in the new design. Number of bits 
for 1/0 address is up to the designer. 

time, and simpli fies assembler and compiler by eliminat­
ing paging or its equivalents. 

Paging (sectoring) uses one bit to locate the address field 
in a base page or the current page. Its chief use is in as­
sembler software. Since it is not needed with 24 bits, it is 
not included here. However, the technique could be used 
if memory is required greater than 32k words. 

Index ing, in addition to permitting movement in memo­
ry, is a powerful programming too l and is available in thi s 
des ign for every address, whether direct or indirect. A lso 
inc luded is multi -level indirect address ing, even though it 
requires an extra memory cyc le for each level. Each leve l 
requires an extra word of memory and an extra instruction 
to fill th at word , but it is so va luable a programming too l 
in providing po inters, that it is des irable. 

Relative address ing is usuall y a software functi on to 
permit easier programming. An instructi on can be moved 
forward or backward from the current instructi on address 
w ithin the l im its of a small address fi eld. Some min is have 
incl uded relati ve address ing as a hardware function, but it 
gives little advantage and is not specifica ll y incl uded here, 
even though the capab i lity is inherent in the design. 

Immedi ate or literal address ing has been ball yhooed 
qu ite a bit. It is chiefl y used in min is w ith short word 
lengths. Each instructi on uses two words -some ca ll them 
bytes to makes it sound better, but they' re words just the 
same-the second word being the address. Twice as many 
words of memory are requ ired but thi s only helps to sell 
more memory to make the system usefu l. Therefore, im­
med iate address ing is not included in the proposed design. 

Memory is subservient in the new architecture 
Fig. 2 is a block diagram of the proposed design. Now 

look at the diagram of the mini of your choice. In the con­
ventional mini , the ALU is the heart of operations. It is fed 
on one side by memory and on the other side by various 
registers. 1/0 may or may not feed through the ALU. The 
ALU output always feeds an accumulator and usually one 

BASIC 16-MHz CLOCK 

GATE A TO ADD BUS 

DATA INTO ALU 

GATE ALU TOT 

DATA ON OUTPUT BUS 

GATE OUTPUT BUS TO A 

DATA IN A 

SHIFT CLOCK 

SHIFT PERIOD 

Fig. 4- Timing cycle for add and shift in multiply instruction. 
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or more other registers. 1/0 almost invari abl y inputs to a 
register, sometimes through the ALU , and outpu t to the 
1/0 is from a register, often w ithout any gating. 

In Fig. 2 , the ALU is also the heart of operations since 
only here can any "computing" be done. Now, however, 
the ALU doesn' t have a " memory" side and a " register" 
side as inputs; all registers can feed either side of the ALU . 
Thus, arithmeti c or logic can occur on every transfer 
through it. Since memory and 1/0 are treated as registers, 
the statement appl ies to them also. Output from the ALU is 
buffered in temporary register T and then fed to all regis­
ters. Register T holds each result long enough fo r output to 
1/0 , which looks just like any other register. 

Fu nction register F is an exception to the rule because it 
merely holds the instruction during executi on and is not a 
part of computation. A few other registers feed only one 
side of the ALU , but this is not a limitat ion of the concept. 
It is simply the result of the author's choice of certain func­
tions as being unnecessary. 

TABLE I 

REGISTER DESIGNATIONS 

A SINGLE-PRECISION ACCUMULATOR 
B FREE REGISTER OR SECOND HALF OF 

DOUBLE-PRECISION ACCUMULATOR 
c SHIFT COUNTER (DOWN) 
D REGISTERS A AND B TOGETH ER 
E SINGLE OVERFLOW BIT 
F FUNCTION OR INSTRUCTION REGISTER 
H 16-WORD MSI MEMORY 
L LOCATION OR MEMORY ADDRESS 
M IN-OUT REGISTER FOR CORE MEMORY 
p PROGRAM COUNTER (UP-DOWN) 
T TEMPORARY STORAGE FOR ANSWER 
x INDEX COUNTER (UP) 

How do the registers function? 
Now for the registers. Since there is no standard what­

ever for designati ng computer registers, we can cal l them 
what we w ish. Designations are se lected to indicate the 
register's purpose, yet not confuse the instruction scheme. 
Table I lists the registers and their functions. Jam-transfer is 
preferab le to reset-set operation and is included in all but 
the MSI counters, since it eliminates the reset clock time. 
The counters do require resetting, but since they count to 
zero in most operations, this requirement is not serious. 
Jam-transfer can be implemented if the counters are con­
structed of flip-flops and gates instead of MSI logic. 

Registers A, B, C, P, and X are not the usual simple re­
gisters. Conventionally, a counter is simply a register that 
is incremented by passing its contents th rough the ALU 
whi le adding one. Registers (counters) C, P, and X are rea l­
ly counters, availab le in MSI from several sou rces. Regis­
ters A and B are separate and can be used separate ly but, 
because they provide an extended accumu lator are actual­
ly right- left shift registers as well . The particu lar register 
capabili ties desired are not norma lly ava i lable in MSI sh ift 
registers, so they can be made of dual fl ip-flops and gates. 
Conventional shifti ng schemes req uire almost as many 
gates, so there is litt le difference in cost. Sh ifting speed is 
limited on ly by the hardware, and not by the organ ization. 
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TABLE II 

FIRST LETTER MIDDLE LETTER LAST LETTER 

A T (Transferred to) A 

B I (Inverted to) B 

c S (Swapped or c 
interchanged) 

D P (Plus) D 
E L (Less) E 

H (Needs address) T (C) (Two's complement) H (Needs address) 

I (Input) A (And) M (Needs address) 

J (Jump) 0 (Or) 0 (Output) 

L (Left shift) X (Exclusive OR) p 

M (Needs address) A (Arithmetic shift) S (Sign) 
p L (Logical shift) U (Unity or one) 

R (Right shift) R (Rotational sh ift) Z (Zero) 

S (Sign) A M (Minus) 

T (Test) B N (Not set) 

T(C) (Two's complement) L (A LSB) S (Set) 

U (Unity or one) M (A MSB) 

Z (Zero) N (None) 

W (When any) 

Each of the three counters is different in that C counts 
down, X counts up, and program-counter P counts up or 
down. Counter C stores the number of shifts in shift in­
structions. With an up-counter, the number has to be in­
verted before entry into the counter. Although the inver­
sion could be done in the " load C" instruction, it is easier 
for the programmer not to have to invert, but simply load 
the number directly. Counter X is a conventional index 
register except that it counts up directly instead of adding 
one to its contents. This permits conventional program­
ming use of the index register in the assembler. The pro­
gram normally counts up, but the down-count capability is 
used in double-precision instructions. Assembler pseudo­
instructions - or regular instructions, for that matter-can 
be made to pulse the counter for relative addressing over a 
few addresses, either forward or backward. 

Register E is a single flip-flop to handle overflow. It is 
bused to both sides of bit 1 of the ALU for addition to re­
gisters. When machine status is stored during interrupts, 
the bit is stored along with register C as a word in tempo­
rary memory. 

Finall y, we have register H. This is actuall y more than a 
register, for it is a 16-bit MSI memory. Some of the loca­
tions are ded icated for storage during interrupts and OMA, 
so not all 16 bi ts are avail able for sc ratch-pad storage. 
However, the 8 or 9 words that are left should be ade­
quate for the types of scratch-pad use to be expected in a 
mini . Reg ister H is not intended as a semi conductor mem­
ory, but as a simple scratch pad. 

Memory requirements are flexible 
Read-onl y memory (ROM) is not inc luded because thi s 

would norm ally be an option dependent on the system 
requirements. ROM can certainly be inc luded - treated as 
another register - if it is des ired. An example might be 
permanent storage of a sine-cos ine table, useful in control 
systems. Remember that regular memory addresses must 
be reduced by the amount of ROM. Perh aps the best ar-

rangement would be 16k of regular memory and up to 16k 
of ROM; the choice of memory would be selected by the 
bit not used for 32k words. 

Most MSI is rated in the 15 MHz range or hi gher, but, in 
practi ce, cannot be used at such rates in a complete sys­
tem because of the delays through several devices. The 
proposed clock rate is 16 MHz, but only to permit staggered 
clock pulses at a machine rate of 4 MHz. Thus, any ma­
chine operation not involving memory or 1/0 occurs within 
250 nsec. It is possible to perform shift instructions at twice 
this rate (8 MHz), because registers A and B can be shifted 
directly without requiring any transfers. 

Using conventional circuitry and techniques, generi c 
instructions can be performed within one memory cyc le 
(fetch-fetch). Since this design permits any normal opera­
tion in 250 nsec, a core or other memory with that cycle­
time could be used. The immediate feelin g is that a SC 
memory is just what the doctor ordered to gain speed. 
However, dedi cated systems often require that the program 
be instantly available at all times and there is no time to 
read in a program each time the computer is used. 

The author vi suali zes a core memory with a cycle time 
of one µ,sec Once core is se lected as the medium, it is 
ridi culous to pay the cost penalty for a few extra nsec. Any 
number of memori es are ava il able off- the-shelf that meet 
the requirement. An additional reason fo r the choice of 1 
M Hz is that the clock can be eas il y counted to provide 
milli seconds or other dec imal time values for a rea l-time 
clock and for synch in the extern al system. 

Simple programming is the key to speed 
A 1 MHz memory-cyc le rate offers little or no speed 

advantage over most minis in normal operati ons. How ­
ever, complex instructi ons such as double add or subtract 
do provide speed advantages beca use they can be per­
formed in the same time as their single-prec ision counter­
parts, and without setting the machine into a " doub le­
prec ision" mode. 
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TABLE Ill 
BASIC MEMORY FUNCTIONS TRANSFER FUNCTIONS 1/0 FUNCTIONS 
LOAD STORE ATB BTA CTA HTA ITA 1-3 
M'fA""" ATM ATC BTC CTB HTB ITB 1-3 
MTB BTM ATH BTH CTH HTC ITM 
MTC CTM ATP BTP ETS HTP ATO 1-3 
MTD DTM ATX BTX EIS HTX BTO 1-3 
MTH HTM AIA BIA MIM HIA MTO 
MTP PTM AIB BIB STE HIB 
MTX UTM AIC BIC SIE HIC 
MIA XTM AIH BIH SIS 
MIB AIM ASB BSM 

MIC BIM ASM 

MID HIM 

Mlli 

SET-RESET FUNCTIONS LOGIC FUNCTIONS SHIFT FUNCTIONS 
UTA ZTA AAB 

UTB ZTB AAH 

UTC ZTC AAM 

UTD ZTD AOB 

UTE ZTE AOH 

UTH ZTH AOM 

UTP ZTP AXB 

UTS ZTS AXH 

UTX ZTX AXM 

The real speed advantage is gained in programming. 
The instruction list provides so many functions that any 
program requires fewer instructions to do the job. Compare 
a short program from your favorite mini with this instruc­
tion list and see. 

With few exceptions, the instructions specify a source, 
operation, and sink for the data. Letters se lected for in ­
structions are a compromise to avoid having a letter mean 
two different things, insofar as possible. The first and last 
letter of an instruction represent a register by its abbrevia­
tion or a quantity. Zero is the letter Z and decimal one is 
expressed as unity U to avoid using the letter 0 , which 
stands for output. The middle letter designates the opera­
tion to be performed during the instruction's execution. 
Table II li sts the letters for each position in an instruction 
and Table Ill lists the instructions se lected by the author. 
These are by no means the only possibilities, but are the 
ones deemed worth implementing. 

Let's take some examples. A conventional mini mi ght 
use LDA for " load A from memory" since memory is the 
usual source and is understood. Our instruction is MTA, 
which means, memory (source) transferred (T) to A (sink). 
It could just as easily have been MIA or memory inverted 
to A, which normally requires two instructions. 

When arithmetic or logic is to be performed, two 
sources are required . In thi s type of instruction, the first 
letter is both a ~ou rce and the sink. Thu s, Al-'M sa ys that A 
is a source and will receive the answer, and that the oper­
ation is A plus M , which is equiva lent to a conventional 

4 2 

BAH NMZ (Normalize) 

BAM LLS 

BOH LLD 

BOM RLS 

BXH RLD 
BXM LRS 

HAM LRD 

HOM RRS 

HXM RRD 

LAS 
LAD 
RAS 

RAD 

ADD instruction. The symbols + and - could be used but 
they require shifting on an ASR, so P and L were se lected; 
the L for less instead of M for minus to avoid confusion. 
The instruction could as easily have been MPA, where A is 
added to memory and restored to the same memory loca­
tion . This also normally requires two or more instructions. 

Since no register is des ignated D, this letter can be used 
in any position to indicate a double word (A and B regis­
ters). The only exception is the DIV (divide) instruction, 
which is self-explanatory. In the shift instructions, D means 
double word, or what is commonly ca lled a " long" shift. 

Special rul es <:1ppl \ to shift and control instructions be­
cause they can be eas il y recognized . All shifts start with L 
(left) or R (r ight) as the first letter, which distinguishes them 
as shift instructions. The second letter is always L (logica l), 
R (rotate), or A (arithmetic) to describe the shift, and the last 
letter is S (s ingle) or D (double) to describe register size. 

Multiply (MPY) and divide (DIV) don ' t fit the system, but 
are so obvious and so commonly used that they are re­
tained here. To stay with the system, they could be written 
A*M or A/M, but aga in, shifting is required on an ASR, 
and the author rrefer~ to ~ ti c k w ith letters. 

Control instructions also present problems. Standard 
formats sucb as HLT (halt), NOP (no operation) , INH (in ­
hibit interrupt), ENB (enable interrupt), and CMP (com­
pare) have been retained because they are both common 
and self-explanatory. The CMP instruction and 1/0 instruc­
tions need special mention. They are followed by a 1, 2, 
or 3, or by an understood 0. These numbers represent sin-
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ARITHMETIC FUNCTIONS 
APB SPA HPA MPA 
APE * BPH HPB MPS 
APH BPM HPM MPD 
APM BPU * HPU * MPH 
APU * BLA HLA MPU * 
ALB BLH HLB MLA 
ALE * BL M HLM MLB 
A LH BLU * HLU * MLD 
A LM MLH 
ALU * M LU * 
*Functions are compared to zero and SK IP on zero 

gle types of comparisons where a complete comparison is 
not desired and time must be saved. The comparisons are: 
greater than, equal to, and less than, and it is understood 
that these are (A) compared to memory. If no digit follows 
CMP, the usual type of instruction is implemented and all 
three comparisons are made, with variable skips. 

Much thought was given to whether skips or jumps 
should be implemented. A conditional jump saves an in­
struction over a conditional skip, but permits no other ac­
tion except a jump. A skip permits any type of instruction 
to be inserted, but, except perhaps for halt, what other in ­
struction is ever encountered in a normal program? So, 
conditional instructions are jumps, all starting with the let­
ter J to distinguish them. The remaining letters are some­
what ambiguous in that they represent different meanings 
from normal instructions, but are acceptable because the 
letter J is sod ist inctive that no confusion should arise. 

Input-output instructions are li sted separately but are 
really only register transfers, the same as other instruc­
tions. Basic 1/0 instructions are followed by 1, 2, or 3 if 
partial words are to be handled, or by an understood zero 
if a complete 24-bit word is to be handled. This permits 
byte commands to or from the A or B register, which is 
particularly useful in writing assembler software. A sepa­
rate external assembly register can be added to collect and 
distribute 24-b it words as an 1/0 controller function if de­
sired, in which case the byte function could be eliminated 
or used to control the external register instead of A or B. 

Only two classes of instructions begin with the letter T; 
the T register is not externally ava ilable and signifies test, 
or when followed by C signifies two's complement. Set-up 
for 1/0 instructions is by IOP (input-output pulse). Here 
again the meaning is obvious and the usage is common. 

To implement these or other instructions the designer 
might prefer, nine bits of the 24-bit word are used as the 
instruction field . This provides 512 possible combinations, 
but all are not used. Two bits are used to indicate indexing 
and indirect addressing as is common. These are only re­
quired for memory-reference instructions and are therefore 
available for use in the CMP and 1/0 instructions to deter­
mine the 0, 1, 2, or 3. For simplicity, they are the last two 
instruction bits , 8 and 9, and numerical representations of 
an instruction are read from the earlier bits (Fig. 3). 

A memory-reference instruction might be, for example, 
000, 111 , 100 (octal 074). Indexing, indirect, or both, 
would be indicated by simply adding 1, 2, or 3 octal to 
the number. An octal number would thus be as easy to 
read and understand as the binary version. A special case 

DPM TCA (Two's Complement) 
DLM TCB 
MPY (Multiply) TCD 
DIV (Divide) TCM 

XPU * 

XLU * 

is CMP, which is a memory-reference instruction. Here the 
1, 2, or 3 would be interpreted as the type of comparison, 
and no indexing or indirect would be allowed. A particu­
lar designer might prefer to eliminate this condition in fa­
vor of comparison through an indirect or indexed word. 

No attempt whatever is made to correlate instruction 
letters with octal digits, tempting though it might be. There 
simply are not enough possible combinations. Memory­
reference instructions are limited to a maximum of 64, 
each with four possible combi·nations of indexing, and/or 
indirect address ing. This uses eight of the nine available 
instruction bits, and totals 256 combinations. The remain­
ing bit (bit 1) provides an additional 256 non-memory in­
structions, which includes those presented plus room for 
many more, as desired. The restriction on ROM addresses 
previously mentioned might be alleviated by using some 
of the spare combinations to handle them. Thus, a code 
and address for memory could be duplicated for ROM if 
the extra bit is added. Register H is another case of a 
" non-memory" code that requires an address. 

Bootstrap loading could be handled by a ROM using 
one of the spare codes. However, since loading is an ex­
traneous function and is not part of computation or logic, 
it might more reasonably be handled by a ROM under 
control of a panel button instead of a code. 

Only a few interrupts are really needed 
And now we come to interrupts. Many minis brag about 

hav ing the capability of many - even hundreds - of levels 
of priority interrupt, some through hardware and others 
through software. The question boils down to how many 
interrupts can a dedicated mini anticipate in a typi ca l sys­
tem? Very few, since nearly everything is under program 
control - or ought to be. An eight-level MSI priority net­
work is available, capable of expansion, and thi s is recom­
mended. Eight levels should be more than enough, even 
if one or two are dedicated to direct memory service. 

Each interrupt creates an indirect jump through its dedi­
cated memory address to a user supplied subroutine. Part 
of the function of register H is to provide high speed auto­
matic storage of computer status and data during an inter­
rupt. After recognition and before control is turned over to 
the dedicated location, a wired-in routine will successively 
store registers A, B, C (includes bit El , L, M , P, and X, in 
register H in dedicated locations. Because of the speed 
with this scheme, this should take under 2 µ.sec. When 
the interrupt is concluded, the registers are reloaded auto­
matically and the regular program goes merrily on. 
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CMP 1-3 (Compare) 

ENB (Enable Interrupt) 

CONTROL FUNCTIONS 
JMP (Unconditional) 

JSR (Jump-store or 
Subroutine) 

J 1 N (Switch 1 not set) 

J1S (Switch 1 set) 

HL T (Halt) JAM (A minus) J2N (Same for all switches 
- -number up to designer) 

INH (Inhibit Interrupt) 

IOP (1 /0 set pulse) 

NOP (No operation) 

TP I (Test Interrupt) 

TRL (Test ready line) 

JAN (A negative) 

JAZ (A zero) 

JBM (B minus) 

JBN (B negative) 

JBZ (B zero) 

J2S 

J3N 

J3S 

JNS (No switches set) 

JWS (When any switch set) 

JLN (A least significant 
not zero) 

JLZ (A least significant 
zero) 

JMN (A most significant 
not zero) 

JMZ (A most significant 
zero) 

OMA and DMC are inherent 
Since every register has a dedicated location in H , other 

possibiliti es present themselves. Conventional DMC is in 
some ways like an interrupt in that it waits until the cur­
rent instruction is finished , and uses regu lar 1/0 lines and 
the regular memory data and address registers. Since it 
uses no other registers, no storage is needed, but address 
lines into the memory address register and additiona l gates 
are used. The DMC then contains the starting address and 
address counter, plus multip lexing facilities. 

DMC in the proposed system requires no gates into the 
memory data register since di rect 1/0 to memory transfer 
is a normal function , and no time is lost. Thus, conven­
tional DMC could be included. But, suppose a DMC ca ll 
caused registers P and C to be stored and the first two 
input words were an address and a count. These would be 
fed to P and C respectively, which would then take over 
the functions of the usual extra DMC hardware, and no 
changes wou ld be made to the computer. The DMC 
would still control multiplexing, plus supplying counting 
pulses to the two counters. 

Suppose th at a OMA ca l I causes registers C, L, M, and P 
to be stored, which takes only one µ,sec. Two additional 
locations in H contain a starting address and cou nt, and 
these are fed to P and C as in DMC. OMA would then 
operate exactly the same as DMC with no changes being 
required, but now an instruction would be interrupted dur­
ing transfer as in any OMA. 

Dedicated systems sometimes require high-speed stor­
age of one or two data words at random times, to be oper­
ated on in bulk later in the program. Normal OMA does 
nbt permit this because a ded icated counter will not re­
lease OMA until the count is complete. For such serv ice, 
counter C could be left unstored and a separate counter in 
OMA would control the action. 

Programmed transfer of bulk data could operate just like 
DMC except that the starting address and count would be 
stored in two memory words and ca lled by the instruction 
in a form of immediate addressi ng. Another variation 
wou ld be to leave the words in H as in OMA, and initi ate 
operation with an instruction. 
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Timing cycle reduces execution time 

Hardware multiply-divide is either included already or is 
purchased for nearl y all dedicated minis, except for simple 
control systems. Hardware multiply-div ide is inherent in the 
proposed des ign because all but a small amount of control 
logic is already there. Timing was selected specifically to 
permit an addition or subtraction, plus a shift, in a 250 
nsec machine cyc le, or 4/ µ,sec. Thus, simple forms of 
multiplication and addition take only 6 µ,sec plus fetch 
time. A smal l amount of control hardware will permit 
shifting across zeros and ones, and even operation on two 
bits at a time to reduce the time needed per instruction . 
Further time gain can be achieved by sh ifting at 8 MHz. 

Instructions such as normalize (NRM) and pseudo-in­
stru ctions in the assembler can make good use of the spare 
storage in register H to provide further gains in speed. A 
little practice on the part of the programmer can do the 
same, using H for scratch pad storage of intermediate results 
in complex equations. It is quite poss ible that the wide va ri­
ety of capabilities in the proposed desi gn will permit easy 
hardware implementation of compiler fun ctions such as 
queues, stacks, and fi eld limits. o 

Author's biography 

Robert C. Sanford has been a 
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several lead ing electroni cs 
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A CAMBION® Double "QQ" Product Line 

Not every design engineer will opt for putting his IC's in 
separate sockets, but an increasing number are doing 
it every day. 
Arid for three good reasons. 
First, serviceability. IC's are easier to service and 
replace. 
Second, protection. A DIP should not be subjected to 
elevated temperatures of pin soldering. 
Third, reliability. Wire-wrapping requires true position 
and precisely formed contacts for hand or automatic 
wiring. 
You know the reasons for socketing. Now, let's tell you 
why the CAMBION Double "QQ" line of sockets will serve 
you better. 
First, quality. In both design and manufacture, CAMBION 
controls the body design and materials, contact plating, 
contact retention, profile and durability. 
Second, quantity. In body design and variety, CAMBION 
tias 8, 14, 16, 18, 22, 24, 28, 36 and 40 pin sockets, 
either Wire-Wrap* or solder. ... 
These add up to the CAMBION Double "QQ" approach: 
traditional CAMBION quality in quantity. With CAMBION 
Sockets, the quality stands up as the quantity goes on. 
To be plugged in, get the full CAMBION Socket story 
by asking for our Callout and latest Catalog #99. 
They're both free. Cambridge Thermionic Corporation, 
445 Concord Avenue, Cambridge, Massachusetts 02138. 
Phone: (617) 491-5400. In Los Angeles, 8703 La Tijera 
Blvd. 90045. Phone: (213) 776-0472. 

Three basic reasons 
for socketing IC's 

CHECK NO. 21 

Designed for tape drives. spoolers. 
recorders and other data processing 
and business machine applications. 

PERMANENT MAGNET 
DC SERVO MOTORS 
• STRAIGHT-LINE SPEED/TORQUE CURVE 
• HIGH RELIABILITY 
•BUILT TO MEET YOUR SPECIFICATIONS 
Motors are available in 3.3 and 4.0 inch diameters with 
Class "F" insulation. They can be supplied with stand­
ard armature windings, several mounting arrangements 
and innumerable shaft configurations (both single and 
double extended). Speeds to 5800 rpm; torque to 1500 
oz. in. Optional features include: Class "H" insulation, 
shielded leads and forced-air cooling. 
FOR DESIGN DATA, Contact: AMETEK/Lamb Electric, 
Kent, Ohio 44240. Telephone: (216) 673-3451 

.\METEK / lamb Elect.rlc 

For Op Amps & Companion Logic 
Outputs are ± 15 VDC (tracking) @ 50 ma and 
5 VDC@ 250 ma. All outputs have regulation of 
± 0.1 %, ripple of 1.0 mv, and are short circuit 
protected. Only 3.5"x 2.3"x l.0". Mounts directly 
on a PC board. Order Model 5E25D-Dl5E05. 
Price: $88.00 (For ± 12 and 5 VDC, Model 
5E25D-Dl2E05. Same price. Other voltage and 
current ratings also ava i lable.} Shipment: Three 
days. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 
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TWO PIECE, 
OR NOT TWO PIECE • • • 

EITHER WAY, WE HAVE THE ANSWERS 

WIRE WRAP 'k- SERIES 
.100 - .125 - .150 - .156 contact spacings ... 1/16" and 
1 /8" (.100 sp only) P.C.B. - .025 square terminals . .. 
various mounting configurations ... multi-contact positions 
available (through 70/140 positions on .100 spacing) ... 
low insertion forces ... glass filled Phenolic and Diallyl 
Phthalate insulators ... Phosphor bronze contacts .. 031 x 
.062 terminals also available on .156 spacing. 

FLOW SOLDER SERIES 
• 100 - .125 - .150 - .156 contact spacing . . . 1/16" P.C.B. 
- .026 diameter contact to fit .030 hole - .175 long 
various mounting configurations - staggered configuration 
available in .100 spacing with .025 square terminals .250 
minimum length. 

RIGHT ANGLE SERIES 
.100 - .125 - .150 - .156 contact spacing ... 1/16" P.C.B. 
Various contact positions available . .. side hole mounting 
available . . . .025 square posts right angled to varied 
contact lengths for extender cards and board-on-board 
applications. 

To get the full story on P.C.B. Connectors, just write or 
call Mr. David R. Davidson, Marketing Manager . 

*Copyri~ht Gardner-Denver Co. 

TWO PIECE SERIES 
.100 contact spacing - through 53/l 06 contact positions 
... closed entry receptacle contacts - .025 square posts 
both plug and receptacle . .. right angle terminations avail­
able ... jackscrews and mounting hardware . .. Rear in­
sertion and removable crimp-box contacts available for 
receptacle for 1/0 (input/output) applications with stranded 
wire. 

DISTRIBUTORS 
Acacia Sales, Inc . 
Sunnyvale, California 
(408) 735-01 00 

Newport Industries 
Santa Ana, California 
(714) 540-2283 

SALES REPRESENTATIVES 

James J. Backer Co. 
Seattle, Washington 
(206) 285-1300 

Cable Associates, Inc. 
Hartford, Connecticut 
(203) 525-5016 

Cindel Sales 
Santa Clara , California 
(408) 249-4424 

Electro-Tech Marketing 
Chicago, Illinois 
(312) 588-4535 

Orion Sales 
Northridge, California 
(213) 886-4761 

Tustin, California 
(71 4) 832-9687 

Sierra Madre, California 
(213) 355-6638 

Rope & Williamson 
Denver, Colorado 
(303) 756-0011 

Geotronix Marketing Assoc. 
Cleveland, Ohio 

Sterling-Lowell Co. 
Southfield, Michigan 
(313) 352-8881 

(216) 238-8520 

Jolt Electronic Sales 
Somerville, New Jersey 
(201) 526-185 7 

William M. Jones Co., Inc. 
Towson, Maryland 
(301) 823-5721 

CONTROL DATA 
CORPORATION 

Techno Associates 
Dallas, Texas 
(214) 357-9213 

W.M.M. Associates 
Clearwater, Florida 
(813) 446-0075 

Connector Operation 
Control Data Corporation 
31829 W. La Tienda Drive 
Westlake Vill age. California 91361 
Telephone: 213/ 889-3535 
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'-Ou dotit have to 
settle for homely 
circuit breakers 
anymore. 

Toggle handles in white. Rocker handles in 
white, gray, black, or custom colors. Rectangular 
pushbuttons, lighted green for ON, white for OFF. 
Cylindrical pushbuttons, not lighted at all. An 
environment-protected model with a sealed bat 
handle. A model for fast snap-in mounting. 

Our Type J line. 

Circuit breakers have never looked 
so good before. 

They're hydraulic-magnetic, 
of course, and therefore offer you 
exceptional performance capabilities: precise, 
temperature-stable current ratings and trip points; 
a choice of time-delay characteristics (or non­
time-delay operation); the option of a half-dozen 
special-function internal circuits. 

All are available for operation on any of the 
commonly used DC or AC voltages (60Hz or 400Hz) . 
In any current rating from 0.020 to 30 amp. 

All are reasonably priced. Even in modest 
OEM quantities. 

We'll be glad to send you detailed technical 
literature. Just tell us to whom and to where. 
Heinemann Electric Co., 2808 Brunswick Pike, 
Trenton, N.J., U.S.A. Heinemann Electric (Europe) 
GmbH, Jagerhofstrasse 29, 4000 DOsseldorf. John East 
Associates, 14, Bligh Close, Tilgate, Crawley, Sussex. 

~HEiNEMANN 
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Marketing strategy 
shrinks a terminal in half 
Paying attention to the users ' needs can pay off in wide customer acceptance. Here 's 
how a larger and faster terminal was reconfigured to look like the popular ASR33 . 

A. A. Kirscht, Western Union Data Services Co. 

When the product planners of Western Union Data Ser­
vices Co. determined that the company should market the 
GE TermiNet 300 Series, they imposed one essenti al con­
dition for thi s marketing dec ision : the GE Automatic Send 
and Receive Model had to be reconfigured to reduce its 
size in hal f. 

Not being a manufacturer, Data Servi ces Co. (DSC) has 
followed a marketing strategy of " piggyback design" 
whi ch involves choosing the best data communications 
product of a class and reconfi guring it to make it even 
more acceptable to end-users. For example, under an 
OEM agreement, GE has repackaged its ASR model to 
DSC's requirements and DSC is marketing thi s reconfi g­
ured model under its own label. 

Why did DSC insist on reducing the ASR model to half 
its size? Primarily because of its experience in marketing 
Teletype Model 33s and 35s. 

The Teletypes have long been one of the dominant 
computer terminal s in use. However, terminal users have 
demonstrated a bias against the more reliable but larger 
Model 35. Even for applications for which the Model 35 
w as more su itable, users preferred the Model 33 (Fig. 1) 
for its compactness and portabi lity, in add ition to its price. 

Thi s obvious preference for a compact terminal on the 
part of users made us reali ze that if we wanted to be suc­
cessful in marketin g a termin al to those who would be 
upgrad ing from a 10 to 15 cps Model 33 to 30 cps terminal , 
we had to offer a terminal that looked ver)( much like the 
Model 33 and so ld for less than the GE model. After all, 
the Model 33 is the terminal to which users have been 
accustomed for some eight years o r more. 

Users of Model 33s had become accustomed to the 
compactness of the unit-it cou ld even be found in the 
large crowded bullpen-type office. With the advent of the 
acoustic coup ler which cou ld be added to the unit, mobil­
ity was possible, thus making any telephone a pipeline to 
a computer. Users had added va rious forms of wheels and 
handcarts to the Model 33, so that the terminal cou ld eas i­
ly be moved from place to place. Termin al mobility per­
mitted a poo l of people to use fewer terminal s. 

It made good marketing sense to offer a termin al whose 
size conformed as c lose as possible to that of the Model 
33. The prob lem was that the product deemed the best 30 
cps terminal on the market came in a desk model that was 
twice the size of the Model 33 . Fig. 2 shows the ori ginal 
GE ASR desk model and the reconfi gured DSC version. 

To ach ieve the Model 33's compactness meant that the 
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TermiNet punch and reader unit had to be reconfigured 
since its original location in the desk drawer would be 
eliminated in the process of transforming the TermiNet's 
standard desk housing into a Model 33- like configura­
tion - bas ica ll y a termin al composed of a printing unit and 
a punch and reader unit mounted on a pedestal. It also 
meant that considerab le equipment such as the logic, con­
trol and power for the paper-tape reader and punch had to 
be fitted into the limited space of a Model 33's pedestal , 
part of which was already occupied by the data set. 

An additional demand for space in the terminal 's pedes-

Fig. 1 - Data communications users have long been accustomed 
to the compactness of the Te letype Model 33 teletypewriter. It 
made good marketing sense to offer a termina l that looked very 
much like the Model 33. 
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tal grew out of an analysis of the paper handling capabili­
ties of the keyboard send-and-receive unit in the TermiNet 
series. Part of the problem of handling six-part paper fan­
fold was that the electronic "bustle" for this basic unit 
protruded from the box through the printing mechanism 
and back to a form accumulating shelf. 

It was decided that the paper-handling mechanism 
should be redesigned and that the bustle with its 20 circuit 
boards should also be incorporated into the pedestal so as 
to reduce the distance between the platen and the rear of 
the terminal. Compactness was obviously a marketing 
plus, but it also held out the opportunity for improved 
terminal operation. Fig. 3 shows the paper-handling mech­
anism of the reconfigured DSC model with the supply 
loaded. The original desk-model bustle is also shown. 

Of course, packing the electronics in the confined ped­
estal ran the risk of incurring heat reliability problems. 
Other factors that had to be considered were the sensitivity 
of components to electronic interference, and accessibility 
to the components for maintenance. 

The first question to be decided was the location of 
the bustle with its 20 circuit boards. The most logical 
place for these sensitive circuit boards would have been 
the bottom of the pedestal. In this position, they would 
have been protected from the heat generated by the power 
supply. 

However, the low-level signals in the cable between the 
housing for the circuit boards and the printer demanded 
minimum distance between these two elements. This re­
quirement mandated that the housing for the circuit 
boards be located in the upper portion of the pedestal 
closest to the printer (Fig. 4). Of course, this left the heat 
problem to be resolved, since the power supply would be 
in the lower portion of the pedestal. 

Space limitations in the pedestal required that the hous-

Fig. 2 - The General Electric TermiNet 300 Automatic Send and 
Receive on the market today (left) is housed in a desk configura­
tion with the punch located in the lower drawer, the reader in the 
upper drawer. It was from this confi gu ration that Western Union 
Data Services Co.'s EDT 300 ASR evolved. The Western Union 
Data Dervices Co.'s EDT 300 ASR teleprinter (ri ght) is half the size 

ing for the circuit boards be as small as possible. For this 
reason, the housing was designed as a basic skeleton in 
the form of a card cage. This design allowed space on ei­
ther side of the circuit boards for positioning of the neces­
sary connectors. The circuit card cage contained three 
connectors which had to be easily accessed for plugging 
in the line interface and punch and reader cables. 

Of course, the entire circuit card cage had to be remov­
able for maintenance purposes. This was achieved without 
modification of the cage itself or the printed circuit mother 
board into which the circuit cards were connected. 

The circuit boards themselves had to be positioned in 
the card cage for easy accessibility and removal for 
maintenance purposes. This was accomplished by verti­
cally positioning the boards. 

Vertical positioning of the circuit boards was an impor­
tant requirement for another reason - it minimized the 
effects of the heat generated by the power supply in the 
lower portion of the pedestal. 

The next factor of major importance was the location of 
the power supply and the necessity of combatting its heat 
generation. Now since the transformer is the major heat 
generating element, it was mounted in the low.~st practical 
position away from the circuit card cage to lessen the 
impact of its heat generation. Only a slight modification 
of the power supply unit was required . 

The impact of the power supply's heat generation was 
further mitigated by installing a fan below the punch unit. 

With the card cage and power supply appropriately lo­
cated, the additional elements of punch board, reader 
board, modem control board and modem had to be 
mounted in the remaining space in the pedestal. To 
achieve easy accessibility to all components, the modem 
was attached to the support bracket of the circuit card by 
means of a clip. When servicing the equipment, a mainte-

of the GE desk model. This compactness was achieved by mount­
ing the printing unit on a pedestal and storing the logic, control 
and power fo r the paper-tape reader and punch with the data set 
in the pedestal , and mounting the punch and reader modules on 
the left side of the pedestal. Note the striking similariti es in ap­
pearances between the EDT 300 and Model 33 in Fig. 1. 
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Fx:te r na. l P aper Ha ndle r Form Out Senior 

Fig. 3 - Part of the problem of handling six-part paper fanfold was 
that the electronic " bustle" of the original GE desk unit protruded 
from the back and blocked the normal path of the paper from the 
box through the printing mechanism, and back to a form accu­
mulating shelf. Incorporatin g the bustle in the pedestal eliminated 
thi s problem. 

nance man merely slips out the c li p and the modem is 
eas il y removed to ga in access to the three circuit boards 
behind it-the punch board, the reader board and the 
modem control board. 

In a standard terminal configuration, ac power is re­
quired for three of the basic elements; namely, the printer, 
power supply, and modem. To have just one power cord 
emanating from the set, an ac power strip was mounted 
onto the power supply bracket into which each ac cord is 
plugged. 

The next question to be decided was the location of the 
punch and reader unit. Operators of Model 33s had long 
been accustomed to hav ing the punch and reader unit on 
the left side of the terminal , whi ch was good reason alone 
to position the unit in that fashion. Furthermore, tri al runs 
had shown that operators encountered a threading prob­
lem when the punch and reader unit was positioned on 
the ri ght side. 

More important, redesigning the positioning of the origi-

nal desk model 's punch and reader units created the op­
portunity to further improve terminal operation. In the 
desk model , the punch was located in the lower drawer, 
the reader in the upper drawer. Positioning these units in 
closer proximity was important for two reasons : 

First, this is the way these units are positioned on the 
Model 33 , and operators were accustomed to thi s design. 

Second, in certain applications users benefit from the 
close proximity of these two units. Having the punch and 
reader in the same line permits the operator to more con­
veniently punch up tape at the same time the computer is 
polling her terminal and pulling off the data from the ter­
minal 's reader. 

Also, some appl ications call for the use of a master tape 
for purposes of format control for fillin g in data as a form 
is created. The master tape is run through the reader to 
create a new tape on the punch as the operator inserts the 
data. Having the punch and reader in the same line permits 
the operator to handle this operation more easily. 

It was one problem to orient the punch and reader 
module for operator convenience, but still another to 
make the electri ca l connection between this module and 
the remai ning components in the set base. The wiring had 
to be run unobtrusively to the base of the pedestal w here 
the connections are made. To achieve this, a cut-out was 
made on the side of the pedestal behind the punch and 
reader module. A plate was des igned to provide a cylin­
drical surface to resist wire insulation abras ion . This plate 
could be reversed to plug up the access hole on the side 
of the pedestal and permit the use of the same pedestal 
for a KSR or ASR version. 

O ne of the major shortcomings and compl aints in using 
the Model 33 in a crowded office space for prolonged pe­
riods was the high leve l of noise. When we moved the 
punch and reader out of the desk and on to the side of the 
unit it was found that the noise level of the punch was 
high enough to be objectionable. We overcame thi s prob­
lem by providing 1/2 in. of sound-insulating material 
around the punch mechanism, as shown in Fig. 5. With 
thi s insul ation , the ambient noise leve l produced by the 
punch was considered acceptable. 

However, the effect of this sound insulation materia l 
was poor heat dissipation from the punch. Consequently, 
an exhaust fan (seen in Fig. 5) was added below the punch 
to accomplish two design objectives: first, to insure satis­
factory punch operation over the spec ified temperature 
range and second, to create an air path within the pedestal 
to reduce heat build-up among electroni c components. 

Fig. 4 - A side view of the GE desk model (left) is shown with its " bustle", the storage area for 20 circuit boards. A side view of the West­
ern Union Data Services model is shown (right) with the bustle removed and stored in the pedestal. 
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Fig. 5 - When the punch and reader were moved out of the desk 
drawers, the noise level of the punch w as objectionable. This 
problem was overcome by providing 1 /2 in. of sound-insulating 
material around the entire punch mechanism. The insulation in 
the upper part of the punch is v isible in the photo. 

This proved to be the effective so lution for combatting the 
heat generated by the power supply. 

The punch and reader housi ng was so designed that the 
exhaust fan used for coo ling the punch mechanism cre­
ated an air flow from the room ambient air into the base of 
the pedestal through the access hole between the pedestal 
and punch and reader into and out of the punch itself. Air 
ci rcu lation was further enhanced by liberally perforati ng 
the rear pedestal cover with louvers at the lower and upper­
most _areas to permit natural ci rculation in the pedestal. 

An important redesign considerat ion involved operator 
controls on the contro l panel. The Model 33 controls for 

READER 

PUNC H 

~ _ OFF FEED 

• • • 

Fig. 6 - The control panel was simplified to three pushbuttons for 
the reader and three for the punch, versus the 14 on the original 
desk model. 

the punch and reader mechanism are very straight for­
ward, and even the uninitiated could quickly master the 
operation of the terminal for time-share purposes. The 
punch and reader controls on the desk-type automatic 
send/receive unit shown in Fig. 2 were numerous and 
located inconveniently for the operator. Again , marketing 
strategy dictated a design similar to the Model 33. 

The controls were simpli fied (fig. 6) to three pushbut­
tons for the reader and three for the punch, versus the 14 
on the original model. The nomenclature was even 
changed to more meaningful terms which a Model 33 
operator could understand. An additional row of pushbut­
tons are provided only for those applications which re­
quire the control of the data set in ori ginati ng a call to the 
computer. Tests conducted using various people, secretar­
ies, engineers, etc. have confirmed the ease of operation 
permitted by the redesi gn of these control s. 

The control panel of the punch-reader modu le had to 
be easily removable so that it cou ld be exchanged for 
other panels specifica lly tailored to customer require­
ments. A panel was des igned to snap in place and the 
switch wiring terminated at a connector. An additional 
cable with connectors at both ends was arranged to be 
plugged into the connector contro l panel at one end and 
the associated electronics in the base of the pedestal at the 
other end. In this fashion, the exchange of a control panel 
cou ld be easily accomplished. 

Terminal mobility was emphasized ear lier as being an 
important user requirement for a terminal that would ap­
peal to the Model 33 market. Not only does mobility en­
ab le larger numbers of off ice personnel to share fewer 
terminals, but mobility also eases the installation of the 
equipment, making it possible for one man to handle the 
terminal. The printer of the redesigned TermiNet terminal 
was so oriented so that it could easily be attached to a 
handcart to achieve mobility. 

One final redesign touch involved the proper placement 
of the paper supply box w hich is used for fanfold paper. 
While basically a small detail, DSC's experience in work­
ing with Model 33 operators had indicated a need for a 
better means of lining up the paper supply box than the 
human eye. A paper box guide as seen in Fig. 3 at the 

base of the pedestal was a simple enough solution to elim­
inate the guesswork. D 
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HERE'S A NEW AND BETTER WAY: To make 
printed circuit board connections. Reliably. 
At low, low cost. They're Molex Soldercon® 
terminals. Integrated circuit and transistor 
terminals. Offering the convenience of plug­
in l.C.'s and transistors without the cost of 
insulators. They fit directly on the board. 
And there is equipment available to do the 
jobautomatically. Fast!Soldercon terminals 
save time. Money. Speed installation. Make 

testing easier, too. And simplify service 
problems. It's another example of Molex in­
genuity . • . in creating components that 
simplify circuitry. Molex has the know-how 
and facilities to provide the interconnecting 
system you need. You can make connections 
by calling (312) 969-4550. Or write ... Molex 
Incorporated, Lisle, Illinois 60532. 
..• creating components that 

simplify circuitry ~ 
mo lex 
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TEKTRONIX® 

l&Hz Direct-Access 
Oscilloscope 

" " 

TEKTRONIX 7904 
featuring extended performance or general purpose use, from one 
mainframe and a family of plug-ins. 

Extended Performance - 20 kHz to 1 GHz 
Plug in the 7A21N and install a simple vertical amplifier bypass to directly 
access the CRT. The bandwidth - 1 GHz, and risetime - 350 ps. Less than 
4 VI div driving signal required - single ended or differential. Sorry - no 
CRT READOUT - vertical amplifier bypassed. 

General Purpose - DC to 500 MHz 
Plug in the 7A19 - 500 MHz bandwidth at 10 mV/ div, 7B92 - delaying sweep 
rates to 500 ps/ div, 7014 - direct counting to 525 MHz. As your applications 
and measurement requ irements change , choose from 24 plug-ins fo r: • sam­
pling • TOR • spect rum analysis • curve tracing • digital multimeter • 
etc ., etc . TEKTRONIX 7904 . .. A product of technical excellence. 

For further information or a demonstration call your nearby TEKTRONIX Field 
Eng ineer or write : Tektronix, Inc., P.O. Box 500, Beave rton , Oregon 97005. 

CHECK NO. 27 

'="' ·-·----
OR ... 

51MHZ 
8x10 cm display 
CRT READOUT 
8 cm/ns writing speed 

7A19 Amplifier 
500 MHz @ 10 mV/div 

7D14 Digital Counter 
525 MHz direct counting 

7892 Dual Time Base 
500 ps/div 

OR ... 

choose from 24 com­
patible 7000-Series 
plug-ins for virtually 
any measurement 

7904 Oscilloscope . . . . . . . . . . . . $2900 
7904 Oscilloscope, without readout $2500 
7A19 Amplifier . . . . . . . . . . . . . . . $500 
7A19 Amplifier, with variable delay $700 
7D14 Digital Counter .. . . . .. . . $1400 
7892 Dual Time Base . . . . . . . . $1400 
7A21N Direct Access . . . . . . . . . $350 

U.S. Sa les Prices FOB Beaverton, Oregon 
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DESIGN AWARDS 

One transistor provides ECL to LED interface 

George A. Altemose, 
General Instrument Corp. , Hicksville, N.Y. 

This c ircuit utilizes a germanium PNP transitor to drive an 
LED. Only the normal ECL-5.2V de power supply is re­
quired. 

Operation of the circuit is as follows : when A' is high, 
A' = 0.7V and A= - 1.SV. The transistor base is reverse 
biased, and the LED is off. When A is high, A = - 0.7V, 
and the base is forward biased. The base current is limited 

by the 4.3k resistor to about 1 mA. The transitor saturates 
and the LED turns on. The transistor is germanium in order 
to insure saturation. Some types of ECL, such as Motoro­
la's MECL II , have internal output pu lldown resistors; in 
these cases, the 4.3k res istor is not required. 

This circuit is particularly advantageous in systems con­
sisting excl usively of ECL logic, where the addition of an 
ECL to saturated logic level translator would require the 
addition of a + SV de power supply. 

In addition to single LED's, seven-segment or other ar­
rays can also be driven. These arrays must have the com­
mon-cathode configuration such as the Fairchild FNDl 0, 
or the Monsanto MAN3. Another application is optoelec­
tronic coupling, using a dev ice such as Motorola's new 
MOC 1000 module. o 

4.3k 

- 5.2VDC 

Germanium PNP- t ransistor provides direct interface of LEDs and 
ECL logic systems without a second power supply. This system 
can be expanded to drive common-cathode LED arrays such as 
the MAN3 or FND10. 

To Vote For Th is Ci rcuit 
Check 150 

Wide-range ramp generator has programmable outputs 

Charles F. Wojslaw and Warren A. Buschmann, 
National Semiconductor, Santa Clara, Calif. 

v 

1 

T 

- v. 
AT= 

- M 

Thus, V0 = V4 - V2 fort)> 0 I \, 

and V4 = MAT 

This generator, although implemented with only three op 
amps, offers the flexibility of programmable start and stop 
voltages and slope, with a wide range for each control. 

S2 (INITIATE RAMP) 

c, 

+v, 

-V4 (RAMP MAGNITUDE) 

Voltages V2 and V4 contro l the outputs of this wide-range ramp generator. 
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In the circuit, op amp A3 functions as a summing ampli­
fier, A 1 as an integrator and A2 as a stop-limit comparator 
for the JFET switch S1• Amplifier ~' through swi tch S1, 

regu lates the generator output at the stop voltage set by V
4

• 

The generator output voltage, V
0

, is the sum of the inte­
grator output voltage, V3, and the initial or start voltage, V2 

where 

If 

then V
0 

= MAT - V2 . 

The ramp period, 6 T, is a function of the ramp magnitude, 

V4 and the ramp's slope, M. 

For a high-voltage ramp generator, only A3 is required to 
be a high-voltage amplifier. Resistors Rv R

3 
and R

4 
can be 

used to sca le the lower voltages of V2 and V3. The only 
limitation for the start and stop voltages is the max. voltage 
limitation of A3 • With the proper se lection of V

1
, R

1 
and 

Cl' the range of slope value can be set from 1 0- 3 to 106V 
per second. Polarity may be controlled through the signs 
of VI' Vv V4 and the inputs of A2 • Controls VI' V2 , and 5z 
may be externa lly or computer contro lled. 

App lications for the generator inc lude timing and sweep 
circuits as well as use as a function generator. D 

To Vote For This Ci rcuit 
Check 151 

" Rules of thumb" avoid production problems 

Stuart J. Lipoff, 
Ft. Lauderdale, Fl a. 

The most commonly used circuit in any radio-freq uency 
design is the L-C reson ant circuit. In spite of thi s, many 
engineers often neglect some basic considerations during 
the design of such c ircuits. This can lead to problems on 
the production line. As an aid to preventing such problems 
two easi ly remembered " rule of thumb equations" will be 
presented. By their simple application in your next design, 
you can insure that your L-C circu it will tune the complete 
range of interest. 

The two considerations necessary to insure that an L-C 
circuit will tune over a spec ified frequency range are the 
effects of both inductor and capac itor tolerance, and the 
tuning ratio (max imum to min imum) of the variable coil or 
capaci tor. 

First, the effect of the component tolerance will be con­
sidered. Let T be the specified tolerance on the inductor or 
the capacitor. Then, Equation (1) through (4) follow direct-

1 
(1) w = v'LC 

(2) Aw = - 1 
- - --;::==1== 

LC \ f LC( l + T) 

(3) Aw = 1 
A 

- T +T2- T3 

Aw 
(4) - = 1 - 1 - T for T < < 1 

w 

(5) (a+ b)a = aa + aa- lb + 1/2 a(a - 1) a0 -
2b2 

+ ... 

Aw 
(6) - = 1 /2 T for T < < 1 

w 

where: w = resonant frequency 
T = component tol erance 

Box 1. Equations for effect of component tolerance 

ly. Equation (5) is the statement of the binomial theorem in 
non-integer form. Neglecting the hi gher-order terms in 
both Equations (3) and (5) and substituting Equation (5) 

into Equation (4), Equation (6) results. 
Equation (6) states that the tolerance on the resonant 

frequency due to the part tolerance, T, will be 1/2 x T, for 
the usual case of T much less than one. 

Example: 
Given: A simple L-C resonant circuit with the capaci­
tor hav ing nominal va lue of 15 pF and tol erance of 
10%. If the nominal resonant frequency is to be 150 
MHz, over what range_ wi 11 the actual resonant fre­
quency vary? 
Answer: The frequency will va ry 5% of 150 MH z, or 
about 143 to 158 MH z. Therefore, the c ircu it must be 
ab le to either tune this range or be broadband enough 
to insure resonance on the production line. 

The agreement of thi s simple formu la, for the above 
example, was checked aga inst the ca lcu lated exact va ri a­
tion in resonant frequency by solving Equation (2). The 
exact variation due to a 10% tolerance on the capacitor is 
a frequency of 4.65% low and 5.41 % high about 150 

1 
(9) L, = -zc or C, 

w, 

w/ L 

C, L, (w2)
2 f/ (11) - = - = - = -c2 Lz w, f, 

where : L, ,C, = maximum component values 
L

2
,C

2 
= minimum component values 

w, = low end of tuning range 
w2 = high end of tuning ran ge 

Box 2. Equations for tuning ratio 
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MHz. This shows agreement to the approximation of 5%. 
The next consideration for circuits that must tune over a 

specified range is the required maximum to minimum tun­
ing ratio of the variable component. Let w1 and w

2 
be the 

low and high side, respectively, of the tuning range. Note 
that the choice for w 1 and w2 should be the necessary tun­
ing range extended by 1 i2 x the sum of the capacitor 
and inductor tolerances. Therefore, in Equation (7) , L

1 
or 

C1 represent the maximum value of the part, and L2 or C2 

represent the minimum value in Equation (8). 

Solving for the values of the component extremes, Equa­
tions (9) and (10) result. Finally dividing Equation (9) by 
Equation (10), Equation (11 ) results. The simple result is 
that the tuning ratio of either the variable L or C must be 
the square of the necessary frequency ratio. 

Example: 
Given a simple L-C resonant circuit with the capacitor 
fixed and equal to 15 pF with 5% tolerance. It is de­
sired to tune over the range 150 MHz to 175 MHz by 

The reverse-ring counter version of the Johnson counter is 
very useful because of its simplicity and ease in decoding 
output counts. For a ten-count configuration the decoded 
outputs are determined by the state/decode scheme shown 
in Table 1. 

Difficulty arises when a bit drops out or is added or 
noise disturbs the counter contents leaving the counter 
unable to correct itself. Self correction can be performed 
by the logic circuitry shown in the schematic. 

Assume that at power turn-on , the'Johnson counter flip­
flops come on scrambled or while circulating, its counting 
sequence is disturbed. Gates G 1 thru G

3 
and flip-flop FF

1 

check for proper conditions of the flip-flops of the counter 
at count 5 or when Q5 goes low. All flip-flops should be 
at logic ONE. If the counter is not all Ones by the time Q5 
changes from Logic 1 to Logic 0 and the counter clock 
goes high again, flip-flop F2 is set by Gate G

5 
and Gate 

Bit loss or noise in thi s Johnson counter is automatically corrected 
once each cycle with the additional logi c shown in the lower half 
of the schemati c. 
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using a variable inductor with a 5% tolerance. What 
tuning range is necessary for this coil to insure reso­
nance? 
Answer : Since there is a 5% tolerance on both the 
coil and the capacitor, the necessary tuning ran ge 
must be extended by 1 /2 x (T1• + Tc), or 5%. There­
fore, it is necessary to tune from 142.5 to 183. 75 MHz 
using nominal parts, to insure resonance with parts at 
the worst-case tolerance extremes. The tuning range 
necessary on the coil is therefore the square of the 
frequency ratio (183 . 75/ 142.5), or 1.66. So the coi I 
must have a ratio of minimum to maximum of 1.66. 
Calculating L1 from Equation (9) the result is an L

1 
of 

0.075 µ.H . Thus, L2 must be 0.075/ 1.66, or 0.045 
µ.H. D 

Count 05 

0 0 
1 0 
2 0 
3 0 
4 0 
5 1 
6 1 
7 1 
8 1 
9 1 

To Vote For This Ci rcuit 
Check 152 

04 03 02 01 

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

Output 
Decode 

01 05 
01 02 
02 03 
03 04 
04 05 
01 05 
01 02 
02 03 
03 04 
04 05 

G6 in turn clears the counter. Gate G, detects the reset 
counter condition for all Zeroes and clears F

1 
and F

2 
and 

the counter continues to count as required. o 

To Vote For This Circuit 
Check 153 
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Another reader responds to odd modulo divider. 

Dear Sir: 

Christopher L. Maginniss 
RCA, Camden, N. J. 

After glancin g at the logic involved in the + 5 network 
with 50/50 duty cycle in the Circuit Design Awards sec­
tion of the July 1, 1972 issue of EON, I felt certain that a 
simpler design could be found. Within two minutes, I 
convinced myself with the enclosed solution. o 

To Vote For This Circuit 
Check 154 
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CLK/5~ 
(50% DUTY CYCLE) 

Vertical sync separator has no integrating network 

Walter G. Jung, 
Forest Hill , Md. 

Standard approaches to separating the vertical synchroniz­
ing pulse interval in an EIA TV composite sync waveform 
involve an integrating network to remove the rapid hori ­
zontal rate changes and a leve l detector to sense the long­
er duration verti ca l rate pulses. This scheme by its very 
nature must contribute a delay due to the integration. 

An interesting method to sense the verti ca l rate informa­
tion digitall y is shown in the fi gure. This system uses the 
controlled clocking sequence of a J-K flip-flop to detect 
the presence of the vertical sync interval. 

Referr ing to the timi ng diagram, the fl ip-flop is fed com­
plementary TV sync signals at its J and K inputs (wave­
forms J and K). It is clocked by a pul se delayed slightly 
longer than the horizontal sync interval (10 µ.sec) and with 
a narrow width (1 µ.sec). During the normal scan time, the 
clocking seq uence of the J-K flip-flop reads the time inter­
va l of 11 µ.sec after the leading edge as a LOW; thus, the 
first clock pulse after thi s change clocks the flip-flop Q 
output to a O NE. It remains at this level for six clock peri ­
ods and reverts to the ZERO state aga in after the vertica l 
sync interva l has passed. 

The system offers a much shorter delay time, as the 
leading edge error will only be slightly greater than the 
time required to "bracket" the horizontal pulse width. D 

Rules & Announcements 

Your vote determines this issue's winner. All cir­
cuits published win a $20 cash award. In addition, 
all issue winners receive a $50 U.S. Savings Bond 
and become eligib le for the annual $1000 U.S. 
Savings Bond Grand Prize. 

Vote now, by checking the appropriate numoer 
on the Lnformation Retrieval card. 

Submit your own circuit, too. Mail entries to Cir­
cuit Design Program Editor, EON, 221 Columbus 
Ave., Boston, MA 02116. 

NEG. 
EIA 
SYNC 
IN 

K 

CLOCK 

3 

The clocking sequence of the J-K flip-flop determines the pres­
ence of the vertical sync interval. 

To Vote For This Circuit 
Check 155 

Readers have voted: 
Mark Trueblood w inner of the July 15th Savings Bond 
Award. His winning circuit is "3 components make 
stable crysta l oscil lator". Mr. Trueblood is a graduate 
student at Wesleyan University in Middletown, Conn. 

W.B. Crittenden and E.J. Owings Jr. winners of the 
August 1st Savings Bond Award. Their winning entry 
is "Zener-diode contro ls Wein-bridge oscillator." 
Mr. Crittenden and Mr. Owings are with Westinghouse 
Electric Corp., Baltimore, Md. 





CONTACT YOUR LOCAL BOURNS 
REPRESENTATIVE. 

write to the tactery 
swering the foHowing on your company lettel'head. 

(a) My application for the Bourns SFR Resistor Is ... 
(b) It will replace (number) of fixed resistors in my 

inventory 
(c) Approximate anticipated annual quantity 

usage: (number) 
"8FR" la•~ GI Bouma, Inc • .._.. -•n11 

- . 
CHECK NO. 28 





The 
New 
Snap-On ... 

Low-Cost, 4-Digit Measurement System 3470. 
• Bright LED Display section has 100% 

overrangrng. 

~~ tW, rA ~A>< 3•'iA&::0 ... 00Ulf 

• AC /DC/OHMS snap-on with display. 
($600 complete) 

• DC snap-on with display. ($47 5 complete) 
• Snap-together expandibility with sandwich 

centers-battery pack ($200) ; BCD ($175). 
• H-P's exclusive self-test accessory reduces 

down time ($50). 

If you need one of these low-cost DMM's, there's 
no time like the present. Pick up the phone and 
call your nearest H-P Representative, now. Or, 
write to Hewlett-Packard, Palo Alto, California 
94304; Europe; P.O . Box 85, CH-1217 Meyrin 2, 
Geneva, Switzerland. In Japan: YHP, 1-59-1, 
Yoyogi, Shibuya-Ku, Tokyo, 151. 

HEWLETT"' PACKARD 

DIG ITAL VOLTMETERS 

CHECK NO. 29 
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PROGRESS IN PRODUCTS 

Miniature power supplies offer 
higher reliability, increased output 
PROGRESS IN 
MODULES 

New miniaturized power supplies 
from Acopian Corp., Easton, Pa. , oper­
ate with less stress on critical compo­
nents while simu ltaneously providing 
greater output power. This has been 
accomplished by abandoning the cus­
tomary approach of encapsulating all 
components into a thermally uniform 
block. Instead a thermal barrier is uti­
lized to isolate the most sensit ive por­
tion of the regulator circuitry from the 
components which generate the heat. 

Outputs up to 1 O.SW are provided 
by the 3.5 x 2.5 x 1.25 in. modules, 
which are designed for mounting di­
rectly on pc boards. Compared to pre­
vious models, they offer a 200% in­
crease in output power from a 37% 
increase in volume. No derating is 
required through an ambient tempera­
ture range of-20 to +71 °C. 

The component dissipating the most 
wattage- the series pass transistor ­
has been located at one end of the 
module. Next to it, in the central por­
tion, is the other major source of heat, 
the stepdown transformer. The pc 
board occupies the other end. How­
ever, between it and the transformer 
is a plastic foam thermal barrier which 
blocks nearly all of the heat. "Touch 
testing" by EDN's editors proved, to 
our satisfaction, that the temperature 
gradient across the barrier is both 
sharp and significant. 

The reduction in heat seen by the 
board improves circuit parameters 
such as temperature coefficient and 
eliminates the need for derating at 
high ambient temperatures. But more 
important is the improvement in relia­
bility this portends. One only has to 
look at the life-vs.-temperture curves 
for filter capacitors (invariably the 
weakest link of a power supply) to see 
the significance of temperature reduc­
tion. They show that useful life is in­
creased by a factor of ten to twenty 
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Modular power supply is intended for pc­
board mounting. If the designer intends to 
use it at full rating he ought to be sure to 
mount the hot end away from any criti cal 
components on the board. See the cover of 
this issue for an idea of how the compo­
nents are mounted inside the module. 

when operating temperature is de­
creased from +85°C to +25°C. Acopi­
an doesn' t claim that operating tem­
perature is reduced to this degree, but 
does state that the capacitors in the 
new supplies are stressed significantly 
less than those in comparable compet­
itive modules. 

The capacitors are located as far 
away as practical from the heat shield. 
Reference diodes and all transistors 
except the output stages are mounted 
in an orderly row on the edge of the 
regulator pc board that butts up against 
the cool end of the case. 

Acopian will employ this new de­
sign in all of its pc-mountable mod­
ules, single and dual output, which 
have an output of SW or over. The 
initial offerings to utilize the new con­
figuration are the Model SEl 50, hav-

~ 
\TEMPERATURE 

g5°c ------- - PR OFILE 
TE MP DROP DUE 
TO T HER MAL 
BARRIER 

ing a SV, 1.SA output ($98), and the 
Model Dl 5-35, with tracking ±1 SV 
outputs rated at 350 mA ($105). Both 
operate on inputs of 105-125V ac, 47-
420 Hz. Additional models are to be 
announced before year end. 

Acopian plans to maintain its tradi ­
tion of " all orders shipped within 
three days after receipt" with new 
modules. EDN was impressed, on a 
recent visit to the Acopian plant, to 
see how their orderly manufacturing 
techniques enable them to make each 
supply to order (none are stocked) and 
still ship in three days. The spokesman 
told EDN that "For over ten years 
now, we haven' t failed to keep our 
promise." Comments from EDN read­
ers also bear this out. Acopian Corp., 
P.O. Box 585, Easton, Pa., 18042. 
Phone (215)258-5441. 262 
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If you're rea 
fOr a switch ••• 

we're ready for you. With top-quality, competitively priced 
DIP switches, thumbwheel switches, rotary matrix switches, 
matrix slide switches, rotary BCD switches, automotive toggle 
switches and brake safety switches. Even proprietary-design 
switches, such as push-to-talk and push-button volume types. 

That's a lot of switches. And they're backed by a lot of 
creative engineering ... to make sure you 're ready for the future. 

For information and descriptive literature, write to : 
AMP Incorporated, Industrial Division, Harrisburg, Pa. 17105. 

CHECK NO. 34A Please send literature-Immediate Interest. 
CHECK NO. 348 Please send literature-possible future Interest. 

Rotary 

Matrix Slide Switch 
with visual readout 

Matrix Switch _____ 
2 

Thumbwheel Switch 
Decimal and BCD 

Pushbutton Switch 

AIVIP 
INCORPORATED 

Manuf actunng and direct sales facilit ies worldwide: Barcelona, Brussels, Buenos 
Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo, 
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toroi:ito, Turin, Vienna. 

Toggle Switch 

Brake 
Safety Switch 
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FREE YOKE SELECTION KIT 
Information you need to know about select­
ing and specifying a precision yoke for your 
CRT display . Indicates the interaction 
between ci rcuitry, CRT and yoke. Includes 
an application checklist to simpl ify your 
work. Send for your kit. 

SYNTRONIC INSTRUMENTS, INC. 
100 Industrial Road Addison, Ill. 60101 (312) 543-6444 

1y t1onic1 

• CHECK NO. 30 

COMPACT- PORTABLE 

STROBOSCOPE 
VISUALLY STOPS MOTION 

MEASURES RPM 
WITHOUT CONTACT 

View all types of motion as if it were standing still. A 
valuable tool for inspection and quality control op­
erations, motion analysis, maintenance, production , 
research and educational projects. Also used as 
touchless electronic tachometer to measure RPM. >---- WRITE FOR BULLETIN 30-K ----.... ~ 

MEASURE RPM INSTANTLY 

HANDHELD 
MEASURES 

SPEEDS 
UPTO 

12,000 RPM 

PIONEER Photoelectric 

TACHOMETER 
8 MODELS 

NO WIRES· NO CONNECTIONS 
ACCURACY TO ± 2% FULL SCALE 
Self contained , Pioneer Tachomet­
ers are easy to use. Hold like flash­
light, point at rotating object, press 
a button and get an instant RPM 
reading on the dial. No contact nec­
essary. Immediate delivery. 

WRITE FOR BULLETIN 72 

JAMES G. BIDDLE CO. 
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TOWNSHIP LINE & JOLLY ROADS 
PLYMOUTH MEETING, PA. 19462 

PHONE: (215) 646-9200 

CHECK NO. 32 

NEVER-SEEZ® 
ANTI-SEIZE AND LUBRICATING COMPOUND 

HERE~THEANSWERTO 
COSTLY MAINTENANCE 

• Prevent seizure to 2000°F. 
• Eliminate galling, pitting 

and corrosion 
• Reduce repair t ime 

NEVER-SEEZ is easi ly applied for uniform parts coverage to 
assure absolute parts protection. Speeds assembly and dis­
assembly. Available in 8 oz. brush top cans, l(4 and 1 lb. ap­
plicator top plastic squeeze bottles, 16 oz. aerosol spray con­
tainer and l/ 4 lb. to 425 lb. standard metal containers. 

WRITE FOR FREE 16 PAGE CATALOG 

NEVER-SEEZ COMPOUND CORPORATION 
2914-24 S. 18th Avenue, Broadv iew, Illinois 60153 

CHECK NO. 31 
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But ours don't. If you're looking for the unplain 
place to go, where everything is right, luxurious, 
exciting, relaxing-where the only thing down to 
earth is the cost to go-then come along to un-plain 
Spain with us. 
Cahners Travel invites you to go to glorious Marbella, on 
the Mediterranean, for 7 unforgettable days and nights. 
You'll stay at the deluxe Atalaya Park Hotel & Country Club. 
(Naturally, there 's an 18-hole championship golf course.) 
Your luxurious room for 2 will be air-conditioned, balconied, 
with private bath . Fly to Southern old world Spain on Iberia's 
jet fleet with gourmet dinner en route. Si, there are a number 
of other unplain features & services included : a cocktail 
party, complimentary golf privileges at 2 other golf courses, 
continental breakfast daily . .. The little touches that make 
a vacation the time of your life. When? We're conveniently 

------ The planes 
lo Spain 

land 1nainly 
in lhe P-lain, 

1noslly. 
scheduled to depart evenings, every Friday from November 
through March. (Except between Dec. 15th and Jan. 4th.) 
The plain, down-to-earth price is $300 per person* from 
New York & Boston; Chicago, $398*; Cleveland, $366*; 
St. Louis, $428*; Philadelphia,$315* ; Baltimore, $323* ; 
Washington, $327*. Rates slightly higher (about $11) in 
February & March. 
•plus $17.90 tax and service based on GTE/Y fare. 
All travel arrangements are supervised and operated by 
Cahners Travel , a division of Cahners Publ ishing Company. 
For reservations, information or an unplain brochure with 
all the details. write or call : 

CAHNERS TRAVEL 
a division of f'li1 Cahners Publishing 
205 East 42nd M Street, New York, NY 10017. (212) 679-2100 

CHECK NO. 33 
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Introducing FABRl-TEK's New 

••• 

so you can realize 
memory expansion and 
maxi- savings for 
your mini- computer 

How? Easy. Fabri-Tek's new line of plug compatible 
Add-On core memory systems actually offers two distinct 
products for memory expansion and economy. First, 
there's the opportunity to extend core capacity to 32K 
words on the HP 2114A/ B mini-computer. Second, there 
are gigantic savings at each 8K word increment of 
expansion when you add-on Fabri-Tek core memory 
to either the HP 2114A/ B or HP.2100 minicomputer. 
That's maxi-savings. 

Also, installation and service is available by a highly 
skilled Field Service Staff. 

And last, but not least, these memories are available 
off-the-shelf. 

For complete product literature on this new series of 
HP Add-On Core Memory Systems, see your Fabri-Tek 
Salesman, or contact: Fabri-Tek Inc., 5901 South 
County Road 18, Minneapolis, Minnesota 55436. 
Phone: 612/ 935-8811. TWX: 910-576-2913. 

Leaderin ~ 
Memory Technology IE ~ l 16> ID> II ® -

For over a Decade 1FA ~ 1R, = lr ~I~ INC. 

REGIONAL Boston Chicago New Jersey Phoenix Long Beach Sunnyvale 
OFFICES: (617) 969-5077 (312) 437-4116 (201) 263-2330 (602) 266-4448 (213) 420-2493 (408) 739-4780 

CHECK NO. 35 
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NEW FROM HONEYWELL 

A complete graphic data: acquisition system, 
with its own built-in signal conditioning, 

in a package just 8~" high! 

ELS 18 CHANNELS 

THEN NOW 
Our new one-piece data acquisition 
system offers benefits that other 
graphic systems can't, such as: 

Completely self-contained. Signal 
conditioning circuitry is built right into 
the 1858! All you do is select and plug 
your choice of modules into the front 
panel. 

Most readable and accurate 
record available. Our 1858 al lows any 
trace to be positioned at any point on 
the record with full record width 
deflection, plus digital trace 
identification. In addition, it offers 
high-frequency response and a 
super-fast rise time--without trace 
overshoot-and without high-frequency 
trace wipe-out . .. for the 
easiest-reading record, the best 

. resolution ever. 

As easy to use as an oscilloscope. With 
the all-electronic, fiber-optic CRT 1858, 
there are no galvanometers or pens to 
fuss with. No mathematics or matching 
networks to fool with. There's simple 
front panel set-up for cal ibration, trace 
position and sensitivity. Just plug in 
your signal inputs and you're ready 
to record. 

18-channel recording capability. This 
new system records up to 18 channels, 
each with DC to 5,000 Hz response. You 
also get a choice of 42 discrete paper 
speeds up to 120" per second! 

True portability. Just because our 1858 
gives you an 80% reduction in rack 
space and weight isn't the only reason 
it's called portable. It's also because 
everything you need is self-contained 
within that package, includ ing signal 
conditioning and paper take-up! You 

can stick it in a rack, set it on a table, or 
carry it away. 

A variety of signal conditioning 
modules. Your choice includes a 
high-gain differential amplifier, a 
low-gain differential amplifier, a 
medium-gain differential amplifier, an 
impedance interface module, a strain 
gage control unit and a thermocouple 
control unit. 

And this is only part of the 'tory. For 
more information, call 303-771-4700. 
Write Lloyd Moyer, MS 218, Honeywell, 
Test Instruments Division, P. 0. Box 
5227, Denver, Colorado 80217. 

Hone~ell 
The Automation Company 

CHECK NO. 36 



COMPUTER PRODUCTS 

POCKET CALCULATOR SPORTS PRES- APL FEATURES ADDED TO TELETYPE 
SURE-SENSITIVE KEYBOARD. The Melear MODEL 38 TERMINAL. The basic model 

360 mini-calculator adds, subtracts, divides, 
multiplies, performs chain and mixed cal­
culations and displays answers on an 8-
digit LED readout. A 4-function memory 
automatically stores numbers for repeat 
operations. The 360 also features a floatin g 
decimal, negative credit balance indicators, 
and 0-170°F operating temperature range . 
$100. Calculator Div., Melear Electronics 
Corp., 1750 New Highway, Farmingdale, 
NY 11 735. Phone (5 16) 694-55 70. 179 

38 features include 132 character line 
length, 100 wpm, 2-colors and up to 94 
print ing graphics. With the APL features, it 
prints the 88 APL character set plus 3 new 
APL characters: diamond, ri ght tack, and 
left tack ; and 3 ASCII characters: open 
brace, close brace, and dollar sign. Model 

38 KSR with the APL features starts at 
$1228, ASR sets start at $1465 . Terminal 
Central , Teletype Corp., Dept. 1143, 5555 
Touhy Ave. , Skokie, IL 60076. Phone (3 12) 
982-3139. 180 

DATA COMMUN ICATIONS HARDWARE/ INTERFACE SPLITTER LETS ONE MODEM 
SOFTWARE PACKAGE FOR NOVA MINIS DO THE WORK OF FOUR. The Modem 
includes a synchronous/bisynchronous Interface Splitter permits a single modem to 
hardware multiplexor, a single synchronous service up to 4 terminals , or up to 4 com-
line adapter, and a software subroutine puter ports, or even 4 separate processors. 
package. The line multiplexor handles data For signa ls toward the modem, inputs are 
transfer between any Nova-line mini and properly terminated and fully isolated from 
4 half-duplex or full-duplex synchronous each other. Signa ls from the modem are 
data sets. As many as 16 multiplexors can split and regenerated into separate and fully 
be connected to handle up to 64 communi- isolated outputs. Spectron Corp., Suite 212, 
cations lines. The 4-line multiplexor costs 1060 Kings Hgwy. N. , Cherry Hill , N J 

~ 

AUTOMATIC PRESET DIALER SAVES 
CALL-UP TIME. The automatic dialer used 
with a Model 33 or 35 Teletype, mini­
mi zes the time and effort involved with the 
repetitive dialing of a terminal or computer 
telephone number. Two versions avai lable 
allow the phone number to be either preset 
with thumb wheel switches on the panel, or 
it can be hardwired into the electronics 
package. Dialing is initiated by pressing 
the " dial start" push button on the panel. 
Data Systems, Inc., 1356 Norton Ave., 

Columbus, OH 43212. Phone(6 14)294-
2694. 182 

$2500. The single line adapter costs $1200. 08034. Phone (609) 667-5700. 181 PROTOTYPING SYSTEM EASES MICRO 
Data General Corp., Southboro, MA Ol 772 . COMPUTER DESIGN. The SIM8-01 board 
Phone (6 17) 485-9100. 178 
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- ----------------- contains one 8-bit CPU, thirty-two 256-

This unique new microlouvered film 
can enhance electronic displays by: 

1 Sharpening Contrast 
2 Reducing Ambient Light Glare 
3 Creating Pre-Selected Viewing Angles 

For more Information, contact ~m 

Display Film Products ~COllllWf{ 
3M CENTER • ST . PAUL . MINNESOTA 55101 

Building 220-1 1E • (612) 733-0128 

CHECK NO. 37 

bit RAMs, a 2-phase clock generator, 2 in­
put ports, 4 output ports, a TTY interface, 
and sockets for eight 2048-bit PROMs. It 
requires only programmed PROMs and a 
power supp ly to become a fully operational 
byte oriented micro computer. Also avail ­
able is a bootstrar loader, consisting of 
three rre programmed PROMs. Price of 
SIM8-01-$900, bootstrap loader-$303. In­
tel Corp., 3065 Bowers Ave., Santa Clara, 
CA 95051. Phone (408) 246-7501. 183 

-•• •• ' , . . . - . . 

PRINTING CALCULATOR SELLS FOR 
UNDER $300. Model 1 OOOP includes add, 
subtract, multiply, divide, grand total mem­
ory register, automatic decimals, constants, 
chain ca lculat ions, credit balance, two­
color pr inting, repeat add/subtract, auto­
matic retention of last item, and a buffered 
keyboard. The 101 OP, priced at $345, also 
has automati c accumulation , negative 
entry capabi lity, and register exchange. 
UniCom Systems, Inc., 10670 N. Tantau 
Ave., Cupertino, CA 95014. Phone (408) 
255-3650. 184 
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REMOTE CARD READER TRANSMITS 
PERTINENT DATA ONLY. Model 100 
transmits only leading spaces and data. 

Thus data through-put rate to the computer 
is so lely a function of information present. 
Data conversion from Hollerith code to 
8-bit ASCI I is standard. Transmission rdtes 
from 110 Bands to 1200 Bands (120 cps) in 

ei ther half or fu ll -duplex mode are ava il ­
ab le. $2875. Omega Data Processing, 

180 Va lley Rd. , Wayne, N J 07470. Phone 
(201) 694-2329. 185 

BREADBOARD SIMPLIFIES INTERFACES 
FOR DEC COMPUTERS. The Model 1 O-DE-
77 board has double sided 36 contact con­
nector fingers and accepts 18 fou rteen-or 
sixteen-pin DIPs. It is etched in 2 oz-copper 

on f lame retardant glass epoxy. Fi nish is 
0.00002-in go ld . All holes are plated-thru 
# 62 drill (0.038). $9. Douglas Electronics, 
718 Marina Blvd., San Leandro, CA 94577. 
Phone (415) 326-2000. 186 

TAPE TRANSPORT TAGS ONE PRICE FOR 
ALL SPEEDS. The D-600 tape transport is 
available with standard speeds of 25, 37.5, 
45, and 75 ips, and packing densities of 
556/800 bpi , 7 or 9-track, read-after-write 
confi gurations. $3995. Capability for 7/9 
track read-onl y operation may also be speci­
fied. An opti on at $900 is 1600 cp i packing 
density. Per Data, 102 New South Rd ., 
Hicksvi lle, NY 11 80 1. Phone(516)938-
285 1. 187 

DIGITAL PRINTERS AVAILABLE AS SEP­
ARATE COMPONENTS. DM-550 series 
medium speed 3 lps printers ca n print up 
to 21 col umns. The print drum has 16 posi­
tions per co lumn, and can print 50 different 
characters and numbers. All electronics 
on one pc board, power supply and the 
pri nt mechani sm can be supplied as sep­
arate components. It ca n also be suppl ied 
without the print mechanism to interface 
to a Seiko print unit. $480. Keltron Corp. , 
225 Crescent St., Wa ltham, MA 02154. 
Phone (617) 894-0525. 188 

LQW POWER INCREMENTAL RECORDER 
FOR REMOTE DATA LOGGING. Using a 
stepping motor drive, Model 20 1 cassette 
recordin g system prov ides true incremental 
recording at a densi ty of 615 bpi, yie lding 
2.214 million bits of storage on one Phil ­
lips 300-ft cassette. The 201 uses CMOS 
logic for low power and high no ise immuni­
ty. During recording it draws onl y 54 mA 
from the 12V suppl y. $425. Memodyne 
Corp., 369 Elliot St., Newton Upper Falls, 
MA 02164. Phone (617) 527-6600. 189 

Which of these 
Ceneral Electric lamps 

can help you most? 
New Green Glow Lamp ! 

~ ~-- ============================ Actua l 
Size 

Finally, a broad spectrum bright green 
glow lamp from General Electric, that 
gives you greater design flexibility 
than ever before. It emits green and 
blue light with suitable color filters. 
It is called G2B. 

What's more, the G2B is directly 
interchangeable electrically and 
physically with our high-brightness 
C2A red/orange / yellow glow lamp. 

So you can use the G2B alone for 120 
volt green indicator service. Or to­
gether with the C2A to emphasize 
multiple functions with color. For 
example: for safe/unsafe functions, 
dual state indications and to show 
multiple operations in up to 5 colors. 

And remember. Both the G2B and 
C2A save you money because of their 
low cost, small size and rugged con­
struction. 

... 

Tllfut 
IWITCH 

<>----~---j ,'ILL 

<>---.-+---I WASH 

<>-~-!--+---I RINSE 

.......... -1---+--+---I DOY 

New Sub-Miniature W edge Base Lamp. 

If space for indicator lights is your 
problem, this new GE T-1 % size all ­
glass wedge-base lamp is your solu­
tion. It measures less than ~" in 
diameter. 

The filament is always positioned 

Get more than twice the useful out ­
put of other GE solid state lamps 
with GE SSL- 54, SSL-55B and 
SSL-55C. 

The increased energy concentrated 
in a narrow 20° cone allows you to 
use less sensitive detectors. Or to 
operate the lamps at lower current. 
Or to space lamps and detectors 

in the same relation to the base. It 
won 't freeze in the socket, which 
virtually ends corrosion problems. 
And like its big brother - the T-3~ 
wedge base lamp - it features a 
simplified socket design. 

farther apart. 
All are excellent matches for GE 

photodetectors and can be used in 
many photoelectric applications. 
They're also particularly useful in 
applications demanding an infrared 
source capable of withstanding 
severe shock and vibration . 

To get free technical information on any or all of these lamps, just write : 
General Electric Company, Miniature Lamp Products Department, Inquiry 

Bureau, Nela Park, Cleveland, Ohio 44112. 

GENERA L fl ELECTRIC 
CHECK NO. 38 
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Touched 
by 

hum.an 
h ands 

That's the 
secret ingred ient 

that makes IEE subminiature lamps live 
longer, the ingredient you can't buy in any 
other lamp. 

Before aging, before selection, such hu­
man controlled operations as hand mount­
ing of Swiss tungsten filaments assures 
precision placement. Thus, we destine our 
subminiature lamps to serve you more faith­
fully than any lamp you can buy at twice 
the price. 

Now you can buy these IEE MIL-spec­
beating lamps with average life spans up 
to 100,000 hours and more off-the-shelf 
world-wide. 

That's why IEE is catching up fast on 
everybody in subminiature lamps. 

DISTRIBUTOR INQUIRIES WELCOMED 

Industrial Electronic Engineers, Inc. 
7720 Lemona Ave., Van Nuys, Calif. 91405 

CHECK NO. 39 
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COMPUTER PRODUCTS 

SINGLE MOTOR TAPE DRIVE ELIMl­
NA TES DISTORTION of data bits caused by 
unequal tension from spring loaded tension­
ing arms in reel-to-reel systems. Model 
2021 cartridge tape drive uses the 3M 
DC300A data cartridge and features a 
fixed-position dual-gap read-while-write 
head, 800 to 1600 bpi recording on one, 
two, or four channels, and 30 ips read/ 
write speed. Pricing ranges from $200 for 
the mechanism to $500 for the complete 
unit with electronics. Mohawk Data Sci­
ences Corp., 781 Third Ave., King of Prus­
sia, PA 19406. Phone (215 ) 337-1910. 190 

DIGITAL PRINTER IS DESIGNED TO IN­
TERFACE WITH MINIS. Model 722MMA 
is ava il able in a numeric as well as a stan­
dard ASCII alphanumeric version. Through­
put is 600 lpm with a line length of 22 char­
acters or a throughput of 220 cps . Basic 
unit price is less than $2000. Datadyne 
Corp., Bldg. 37 A, Valley Forge Ctr., King 
of Prussia, PA 19406. Phone (215) 265-
1793. 191 

CALLED NUMBER RECORDER FEATURES 
AUTOMATIC SIGNAL PRINTOUT. The 
Model 250 universal telephone decoder 
with automatic printout of both To.uch-Tone 
and rotary dial signa ls records date of call , 
off-hook time, on-hook time, and responds 
to * and # keyboard symbols whenever 
these special functions are utilized. Printed 
indication of the presence of 2600 Hz tones 
is available optionally. $1995. Voiceprint 
Laboratories Corp., P.O. Box 835 , Somer­
vi lle, NJ 08876. Phone (201) 722-7 391. 

192 

CRT DISPLAY CONTROLLER FOR PDP-11 
USES ITS OWN MOS RAM. The Model 
5300 CRT display control ler displays up to 

3200 upper case ASCII A/N symbols on 
any standard NTSC-compatible video mon­
itor. Standard format is 40 lines of 80 char­
acters each. Characters are formed as a 
7 x 5 dot matrix in a 10 x 6 dot field. The 
5300 features an internal 2k word x 16-bit 
MOS RAM which is accessible by both the 
PDP-11 UNIBUS and the display refresh 
logic. Technical Associates, 4521 W. Na­
poleon Ave. , Metairie, LA 70001 . Phone 
(504) 888-4884. 193 

INFORMER UNIT DISPLAYS 32 CHARAC­
TER MESSAGES. The 9700 Series of alpha­
numeric displays offers simple, reliable, 
insta~taneous display capabi lity for use in 
both data processing and process control 
applications. The display units have 16- or 
32-character display ca pa bi lity, and can 
display the complete 64 standard ASCII 
character set. The 9700 system provides 
visual display of computer generated mes­
sages and is fully self-refreshing. $684. 
Texas Digital Systems, Inc., P.O. Box 3701 , 
Bryan, TX 77801. Phone (713) 822-5446. 

194 

MODEM/CHANNEL SIMULATOR CHECKS 
ERROR RECOVERY PERFORMANCE. The 
Va lidata 9150 is designed to inject random 
errors into both the transmitted and/or the 
received data in any synchronous data 
communication system. It injects a precise 
amount of random data er;ors into each 
data stream, thus simulating noisy data 
channels, al lowing the error recovery per­
formance of the system to be tested. $1440. 
International Data Sciences, Inc., 100 
Nashua St. , Providence, RI 02904. Phone 
(401)274-5100. 195 

LARGE SCREEN COLOR DATA DISPLAY. 
Both alphanumeri c and graphic data may 
be displayed on the TCR-25. RGB input 
circuitry makes for relatively simp le inter­
face with data systems. Users may choose 
between Hi-Lite matrix or controlled phos­
phor CRTs, depending on application and 
ambient light condit ions. Other color moni­
tor sizes include the TCR-14 14-inch, and 
TCR-19, 19-inch models. Miratel Div., 
Ba ll Brothers Research Corp., 1633 Terrace 
Dr., St. Paul, MN 55113. Phone (612) 926-
2721 . 196 
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Introducing 
our microwave dopplertransceiver 

assembly. Foron1ys111 each, 
you don't haveto 

assemble it yourself 
anymore. 

B+ 

If you're into intrusion alarms, 
traffic monitoring radars, indus­
trial instrumentation, safety 
braking systems, train control 
sensors, or any other kind of 
motion detection systems, we just 
saved you a lot of work, worry, 
time and money. 

X-bandGunn 
oscillator 

ferrite 
circulator 

"-.dopplcr 
output 

We've put all the components 
you used to have to shop around 
for, and swear at, into one simple 
ready to use transceiver. 

And we sell it in quantities 
from one to four in the 10 milli­
watt power level for only $111 
each. 

We call it the MA-86105. 
And you call ( 617) 272-3000 

(Ext: 233) to order yours. 
Or, if you still want more infor-

low noise 
schottky barrier 
mixer 

mation before you do, you can 
write for our Bulletin 7 598 that 
tells you all about it and all the 
other transceiver assemblies we 
build better. 

~MICROWAVE 
~ASSOCIATES 

Northwest Industrial Park, 
Burlington, Mass. 01803. 

We made it simple, 
but it wasn't simple to make it. 

CHECK NO. 40 
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LOW 
PRICE 

T hermostatic 
DELAY RELAYS 

Offer true hermetic sealing ... 
Assure maximum stability and life. 

Delays: 2 to 180 seconds* 
Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by altitude, moisture, or cli· 
mate changes ... SPST only - normally open or 
normally closed ... Compensated for ambient tern· 
perature changes from - 55° to +so•c .. .. Heat· 
ers consume approximately 2 W. and may be ope· 
rated continuously. The units. are rugged, explosion· 
proof, long·lived, and inexpensive! 
TYPES: Standard Radio Octal and 9·Pin Miniature. 

List Price, $4.DO 
*Miniatures Delays: 2 to 120 seconds. 

All Amperite Delay Relays are recognized under 
component program of Underwriters' laboratories, Inc. 

for all voltages up to and including llSV. 

PROBLEM? Send for Bulletin No. TR·81 . 

AM PE RITE 
BALLAST REGUL A TOR S 

Hermetically sealed, they are not 
affected by changes in altitude, am· 
bient temperature (-50° to + 70°C.), 
or humidity ... Rugged, light, com· 
pact, most inexpensive. 

List Price, $3.00 

CHECK NO. 41 
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' CIRCUITS 

ACTIVE FILTER MODULES AVAILABLE IN 
MANY TYPES. The STF76 Series act ive fil­
ters have low-pass (Butterworth , Bessel 
or Chebyschev), bandpass or band-reject 
(notch) characteri st ics. Normally specified 
at frequency ranges of from 1 Hz to 20 kHz, 
the filters operate from ±15V de. In OEM 
quantities (100 pieces), a 2-po le low-pass 
ATF76 sell s for $21, the single tuned mod­
els se ll for $25 and the notch (band reject) 
models se ll for $33. Burr-Brown Research, 
International Airport Indust ri al Park, Tuc­
son, AZ 85706. Phone (602) 294-143 I. 

220 

BACKWARD-WAVE OSCILLATOR COV­
ERS ENTIRE " B" BAND. The RWO 50 has 
an electronic tuning range of 33 to 50 GHz 
at a minimum power output of 10 mW. It 
is particularly suitable for millimeter-wave 
measurements, waveguide transmission sys­
tems, short-range millimeter radar systems, 
microwave spectroscopy and plasma re­
search. The construction of the tube fea­
tures an addit iona l electrode gun. The RWO 
50 is priced in the $5000 range. Siemens 
Corp. , 186 Wood Ave. So, lse lin , N J 
08830. Phone (201) 494-1000. 221 

TWO-SAMPLE-AN D-HOLD AMPLIFIERS 
AIMED AT TWO PERFORMANCE LEVELS. 
The low-cost SHA-5 features low tracking 
error of 0.1 %, low drift of 20 uV/°C and 
low droop rate of 5 uV/ms. It is priced at 
$32 in 100-unit quantities. The SHA-6 is 
designed for 16-bit A/D converters. It fea­
tures a ga in range of 1 to 1000 and stabi lity 
versu> time and temperature ol ±0.0002 '/o 
(/month and /°C). The SHA-6 is priced at 
$375, 1-9 units. Analog Devices, Rte. 1 In­
dustrial Park, P.O. Box 280, Norwood, MA 
02062. Phone (617) 329-4700. 222 

50 TO 500W SERVO AMPLIFIER USES 
NEW CURRENT-LIMITING TECHNIQUE. 
The A5281 servo ampl ifier is used for ma­
chine-tool control, peripherals, and general 
industrial control. The low output imped­
ance of 0.01 !l can easi ly be converted to 
thousands of !l with cu rrent feedback by a 
jumper connection. The compensat ion cir­
cuit makes stabi li zing the servo loop a sim­
ple routine, while positive current limit 
protects alnico magnet motors. This 12A, 
SOV amp lifier costs $465. Westamp, 1 542 
1 Sth St., Santa Monica, CA 90404. Phone 
(2 13) 393-0401. 223 

D/A CONVERTER FEATURES FAST OUT­
PUT SETTLING TIME. The 10-bit DAC-GI 
series has output sett ling time of 25 nsec 

to within ±0.1 % of the final value, allow­
ing for an update word rate of 50 MHz. Full ­
scale output is ±2.5 mA with a max. voltage 
comp liance of ±1.2V. Output linearity is 
±2.5 µ,A with a current resolution of 5 µ,A. 
DAC-GI series units have an overall accu­
racy of ±0.05% with a temperature coeffi­
cient of ±30ppm/°C. Priced at $149 each. 
Datel Systems, Inc., 1020 Turnpike St. , 
Canton , MA 02021. Phone (617) 828-6395 . 

224 

FIELD-REPAIRABLE POWER SUPPLIES 
USE A NEW REGULATING CONCEPT. 
The suppli es are avai lab le in 250, 500 and 
1 OOOW power ranges with output vo ltages 
of 5 to 48V de and cu rrents up to 120A. 
Specifications of ±0.5% regulation for 
combi ned Ii ne, load and frequency effects 
and ripple of 1 % or 1 50 mV rms are fea­
tured. Short-circuit protection, output­
vo ltage adjustment and a remote sensing 
provision are standard. Prices start at $150. 
Technipower, Inc., Benrus Center, Ridge­
field, CT 06877. Phone (203) 438-0333. 

225 

HYBRID DECODER/DRIVER MINIMIZES 
DISPLAY COSTS. The 5V Series 20457 
decoder/driver is designed to decode 8421 
BCD data to 12 outputs, or, if only 1 O de­
coded outputs are required, the two re­
maining may be converted to lamp buffers. 
Packaged in a 24-pi n DIP, prices start at 
$14.45 for the non-memory version (20488) 
and $16.65 for the 20456 with memory. 
Industrial Electronic Engineers, Inc., 7720-
40 Lemona Ave., Van Nuys, CA 91405. 
Phone (213) 787-03 11 . 226 

FET-INPUT HYBRID OP AMP CUTS DRIFT 
TO 1 µV(C. Guaranteed 1-µ,V/°C voltage 
drift, 250-µ,V offset voltage and 10- pA input 
bias current are combi ned in a hermetica lly 
sealed T0-99 package. Prices in 100 quan­
tities are: 3521 (5 µ,V/°C), $23 ; 3521 K 
(2 µ,V/°C), $28; 3521 L (1 µ,V/°C), $36; 
352 1 R (Mil), $36; and 352 1 RQ (M il -883), 
$40. Burr-Brown Research Corp., Inter­
national Airport Industrial Park, Tucson, 
AZ 85706. Phone (602) 294-1 431. 227 

E D N 0 CT 0 B E R 1 5, 1 9 7 2 



160-MHz HYBRID IC LOG AMPLIFIER 
FEATURES A 50-MHz BANDWIDTH. The 
thin -film " ICLT" Seri es offe rs a high IF 
frequency coupled with a wide bandwidth . 
The small size and low power drain makes 
them ideal for use in modern wideband 
manpack and airborne radars, ~CM re­
ceivers and missile-guidance systems. Other 
features include 80-dB dynamic range and 
direct coupled video. Power requirements 
are 70 mA at 12V de. RHG Electroni cs 
Laboratory, Inc. , 94 Milbar Bl vd., Farming­
dale, NY 11 73S. Phone (S 16) 694-3 100. 

228 

NUMA-LOGIC CONTROLS SIMPLIFY 
TROUBLESHOOTING. The Numa-Logic 
300 Series solid-state controls use a simple 
Engli sh logic format and are available with 
a full range of input, output and logic func­
tion cards plus a variety of power supplies 
and rack configurations. A translucent pl as­
ti c lens etched with pictori al symbols fits 
over LED indi cators and allows monitoring 
of control signals coming into and leav ing 
the panel. W estinghouse Electri c Corp. , 
Westinghouse Bldg. , Pittsburgh, PA 1 S222. 
Phone (41 2) 39 1-2800. 229 

HIGH-GAIN LOOP ANTENNA COL­
LAPSES FOR PORTABILITY. Loop antenna 

for magneti c fi eld measurements in the 
range of 1 SO kH z to 32 MHz consisting of a 
coaxial cable supported on a mast can be 
quickly dismantled fo r storage or transpor­
tation . It offers up to 16 dB greater sensi­
ti vity than smaller antennas. Overall loop 
dimensions are S2 x 46 x S in . It may be 
used with any son input rf i meter or ca li ­
brated receiver. Singer Instrumentation, 
Los Angeles Operation, 32 11 S. La Cienega 
Blvd., Los Angeles, CA 900 16. Phone (2 13) 
870-276 1. 230 

MULTIPLE-OUTPUT DC POWER SUP­
PLIES FOR COMPUTERS AND PERIPH­
ERALS. The sixteen models housed in four 
bas ic case sizes are offe red in dual or triple­
output are available with voltage outputs 
of SV, 6V, ± 1 SV, 18V, 20V and 24V. Mod­
els 2K and 2L are dual output units w ith 
currents of 2.SA and SA. Triple-output 
models 2R and 2S have currents to SA and 
BA. 100-pi ece pri ces are: 2K, $37; 2L, 
$65; 2R, $69; and 2S/ $11 9. Powertec, 
Inc. , 9168 DeSoto Ave. , Chatsworth, CA 
9 1311 . Phone (213) 882-0004 . 231 

Name your stepper motor needs. 
Chances are we can meet them. 
Off-the-shelf. 
Whatever your design re­
quirements . . . step angle, 
stepping speed, torque, d i­
rection of rotation . . . yes, 
even price ... you can save 
time and money by talking to 
THE Stepper Motor People 
first. The A. W . Haydon step­
per motor line is one of the 
most complete, most versa­
ti I e and mo st economical 
available. 

We offer you a total capa­
bi I ity ranging from the simple 
to the sophisticated ... from 
low-cost 2-phase pulse step­
pers at $5 .94 to more com­
plex, 8-phase digital models 
costing up to $67.75 in quan­
tities of 100. Inexpensive logic 
cards, variable speed drives 

or specially designed systems 
engineered to your require­
ments are also available. 

Step angles? Name them. 
With our pulse steppers, you 
have an unlimited selection . 
As for our digital models, you 
can specify angles of 33/4 °, 7°, 
15°, 30°1 45°1 or 90°, pull-in 
rates to 1200 steps/sec and 
torque to 22 oz-in. 

Mind you , this is all off the 
shelf. So, why shop around? 
Write For Stepper Motor Handbook 

Here's a clear, concise expo­
sition of the why's and where­
fore 's of PM stepper motors. 
It's a MUST 
for every sys­
tem desginer. 
Send for it. 

A.W. HAYDON CO . PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PHILIPS COMPANY 

Cheshire, Conn. 06410 • (203) 272-0301 
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r-------------------------------1 
Cahners Books 
89 Franklin Street , Boston , Mass. 02110 

Gentlemen : 

Please send me __ copies of NOMOGRAPHS FOR ELECTRON ICS 
@ $27.50 ea. I understand that if I am not comp letely sat is fied , I may 
return the books within 15 days for a complete refund or credit. 

O 8111 me O Bill company O Payment enclosed (Cahners pays postage) 

Company _____________________ _ 

Ad dress ____________ __________ _ 

C1ty/State /Z1p -~~-~--~-~~~--~-----­
(Massachusetts residents add 3% sales tax.) 

L--------------------------~~~~-
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other Exclusive 
From 
Self Test! 

Examine HP's new low-cost multimeter 3490A. It's a 
full 5-digit instrument that's priced $300 less than two 
other major manufacturer's units-yet its low price 
includes Self Test. 

Self Test is the built-in bonus you get because the 
circuits within the 3490A perform double-duty. De­
sign scrutiny coupled with unique signal routing let us 
include Self Test without adding more circuits, and 
without raising the price. 

Always Ready -Need to use your DMM ? Simply 
flip the switch and Self Test tells you that 3490A is 
ready to perform. With a 3490A, you'll never be in 
doubt concerning your DMM's readiness. 

Programmable-For systems work, 3490A's Self 
Test is remotely programmable, which lets your com­
puter determine its operational capability before you 
start to measure data. You'll have assurance that your 
DMM is ready to tackle its assigned tasks. 

Cuts Equipment Costs-Because calibration is 
aided by Self Test, the time needed to calibrate your 
3490A is trimmed significantly, while the need for 
costly calibration equipment is reduced. And, if prob­
lems ever should occur in your 3490A, Self Test will 
assist your technician in isolating the fault. 

Price for the 3490A is just $1650 which includes 
AC, DC, Ohms, and Self Test functions. (Systems fea­
tures - isolated BCD output and isolated remote con­
trol are low-cost options.) For further information on 
the 3490A, contact your local HP field engineer, or 
write Hewlett-Packard, Palo Alto, California 94304. 
In Europe: 1217 Meyrin-Geneva, Switzerland. 

HEWLETT aft PACKARD 

DIGITAL MULTIMETERS 

A092/3 
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EQUIPMENT 

DIGITAL ACCURACY COMES TO OS­
CILLOSCOPES. The new 7000-Series plug­
in offers both time delays and the ability to 
delay by a number of events. Fol lowing a 
trigger and after a preselected time, this unit 
will give a delayed trigger output. The delay 
time is indicated on the scope CRT readout 
and is displayed along with the measured 
signal. Accuracy is 0.5 ppm ±2 nsec and 
jitter is less than 2.2 nsec. Delay time is 100 
nsec to 1 sec. $1475. Tektronix, Inc., P.O. 
Box 500, Beaverton, OR 97005. Phone 
(503) 644-0161. 207 

MICRO-OHMMETER TAKES NONDE­
STRUCTIVE LO-RESISTANCE READINGS. 
The portable meter operates from a stand­
ard 11 OV line and employs a 4-terminal 
measurement technique to reduce the pos­
sibility of errors . The instrument sends a 
50A, 10-msec pulse to the test device or 
component once every second. The low­
duty signal limits average current to a non­
destructive 0.5A. A direct readout is pro­
duced in terms of µil. values. Anderson 
Power Products Inc., 145 Newton St., Bos­
ton, MA 02135. Phone (617) 787-5880. 

206 

SWEEP OSCILLATOR PROVIDES LEVELED 
10-mW RF OUTPUT TO 18 GHZ. A mini­

mum of 10 mW leveled rf output power in a 
continuous sweep across the 1-to-18-GHz 
frequency range is provided by the 431 OA 
multiband sweep oscillator with the high 
power option. Leveled rf output across this 
range with standard plug-in rf units is +6 
dBm min. Over narrower frequency ranges, 
leveled outputs up to 40 mW are provided. 
Other frequency range plug-ins are avai l­
able. $12,675. Weinschel Engineering, 
Gaithersburg, MD 20760. Phone (301) 
948-3434. 205 

LASER AMPLIFIER FOR HIGH-LEVEL EN­
ERGY APPLICATIONS. The K10 laser head 
is designed to greatly amplify the energy 
output created from previous stages of high­
energy pulsed laser systems. The Kl 0 can 
operate with laser rods up to 18-in. long 
and 1.5-in. in diameter and is fully com­
patible with all existing Korad laser systems. 
It is readily adaptable to interface with 
any other so lid-state laser systems. Korad 
Dept., Union Carbide Corp., 2520 Colorado 
Ave., Santa Monica, CA 90406. Phone (2 13) 
8l9-3377. 204 

llGlllllS 
WBOllOW 
BBPIBB•GB DIODll 
SPIC DICISOl 1 

"The 
Specialists" 

7h 

For voltage reference (TC Zener) diodes, 
knowledgeable engineers look to Dickson first 
because Dickson has been a specialist in reference 
diodes since 1960. This specialization just naturally 
means more quality built into every device. The 
standard line includes voltages from 6.2 to 200V 
and test currents from 0.5mA to 1 OmA. Try us! 
Write, today, for new 6-page Zener selection guide. 

"Where Quality Makes The Difference" 

.DICICSOitT 
ELECTRONICS COR PORATION 
PHONE (602) 947 ·2231 TWX 910-950-1292 TELEX 667 -406 
P. 0 . BO X 1390 • SCOTTSDALE. ARIZONA 85252 

CHECK NO. 44 

DIGITAL VOLTMETER MEASURES NANO­
VOL TS. The Model 180 provides measure­
ments from below 30 nV to 2V -with con­
venience and speed of automatic ranging. 
The 180's 4-1 /2-digit display measures low­
level signals with greater ease than is pos­
sible with potentiometric systems, low-level 
amplifiers or .analog nanovoltmeters. It per­
mits fast measurements with 0.01 % resolu­
tion and an accuracy of ±0.03% of reading 
±0.02% of full sca le. $1995. Keithley 
Instruments, Inc. , 28775 Aurora Rd., Cleve­
land, OH 441 39. Phone (2 16) 248-0400. 

203 

$170 DMM HAS 32 RANGES ANO 2-1 /2-
DIGIT DISPLAY. The 281 's 32 ranges in­
clude de and ac volts (0-1 kV), de and ac 
current (0-1 OA) and resistance (0- 10 MO). 
De accuracy is ± 1 % of reading, ± 1 digit. 
On the lowest acV and dcV ranges, the 281 
reads 100 mV full -sca le. Test vo ltage on 
the lowest ohms ranges is only 100 mV, 
eliminating the danger of harm to compo­
nents in low-resistance circuits. Input im­
pedance is 10 MO and all scales have 100% 
overrange. Dynascan Corp., 1801 W. Belle 
Plaine Ave., Chicago, IL 60613. Phone 
(312) 327-7270. 202 

DUAL-RAMP/RASTER GENERATORS OP­
ERATE INDEPENDENTLY. The model 180 
has ramp times of 1000 sec to 1 µ.sec. The 
generators may be operated independently 
or synchronized for 1 : 1, 2: 1 and 4 : 1 inter­
lace. Raster generator applications are pro­
vided for with positioning controls, size 
contro ls, reverse sweeps, single-shot frames 
and fields, composite blanking pulses and 
2: 1 and 4: 1 vertical sweeps for interlace. 
Each ramp generator has separate variable 
fall times from 5% to 100% of ramp time. 
$845. Exact Electronics Inc., 455 S.E. 2rtd 
Ave., Hillsboro, OR 97123. Phone (503) 
648-6661. 201 
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TheRAINBO 
-it operates on 

finger power! 
Don't all pushbutton switches operate on finger power? N t the 

the Rainbow does. It changes legend and color indication by finge 
without lights, lamps, or any other electrical connection. And sine 
need illumination, it's extremely effective under high ambient light c 

The Marco-Oak Rainbow Switch will handle 10.5 amps, is 
in the size shown plus a smaller version, with or without gold plate 
for low leve l applications, and meets IEC requirements. It's ideal f 
use, or in 2-circuit functions. Write or call for details on the RAINS 

MARCO-OAK 
Su b sidiary of llAI~ ••••~ •rin: 1.,., 
P. 0 . Box 4011 207 S . Helena Street 
Anaheim, Calif. 92803 • Tel. (714J 535-6037 

Marco-Oak Products are Available World-Wide 

CHECK NO. 45 

. . . a versati le line of bright GAAsP LED 's for direct panel and 
indicator applications. 

LAMPS, INC. GAAsP LED 's in red and clear transparent and diffused 
lens colorations , with optional panel mounting hardware, feature im­
proved brightness (1 ,000's of Ft.-L 's} , wide angle visibility and low 
power requirements. Header, axial-lead and T-1314 midget flange base 
packages meet a wide range of single lamp and array applications. 
Get complete information on these LED products from LAMPS, INC., 
subsidiary of Oak Industries Inc., 19220 So. Normandie Ave ., 
Torrance, Calif. 90502 · Tel : (213) 323-7578 • 
TWX: 910-346-7038. 

CHECK NO. 46 
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The Elegant 
Molded Parts 

For elegant applications. Custom-made 
or standard, EPC parts come with thin 
walls down to 5 mils , tolerances to 
± .050/o - even threaded bushings. In 
six different materials : fluorocarbon , ny­
lon, glass-reinforced nylon, OAP, poly­
ester and epoxy. For temperature ranges 
that go up to 200°c. 

It's just the sort of selection and 
craftsmanship that you expect from EPC 
as an EAi component company. Look to 
EPC also for transformer kits. Or to EAi 

for thick-film audio amps. 
Capacitors. Custom coils. 
Solenoids. Active filters. 
A nalog I digital convert­
ers and other special 

function modules. Plus a growing list of 
other elegantly crafted etceteras. 

EPC 
Electrical Plastics Corporation 

500 Long Branch Avenue 
Long Branch, New Jersey 07740 

Tel. (201) 870-9500 

A Subsidiary of Electronic Associates, Inc. 

CHECK NO. 4 7 
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26-RANGE, 3-1 /2-DIGIT DMM SELLS FOR 
$299. Featuring a basic accuracy of 0.1 %, 
the 8000A measures in 26 ranges, ac and 
de voltages from 100 µ.V to 1200V, ac 
and de currents from 100 nA to 2A and 
resistance from 100 m.O. to 20 M.0.. All 
mult imeters are guaranteed to meet speci­
fications for one year. John Fluke Mfg. Co., 
P.O. Box 7428, Seattle, WA 98 133. Phone 
(800) 426-0361 . 200 

If any 
old knob 
will do, 
see 
someone else. 
If the knob you require 
doesn't require things like 
careful craftsmanship and 
precision performance, 
maybe you don't need 
Raytheon. Maybe you should 
tum to somebody else. 

But ifthe kind of knob that will 
do for you must be a high quality, 
reliable component, we're the 
only ones to see. Raytheon 
knobs have set a new 
standard of excellence. 
Because with Raytheon, 
excellence is standard. 

Each Raytheon knob is 
made to exacting military speci­
fications and injection molded of 
the highest quality impact resist­
ant plastic. Every knob 
surface is clearly defined, 
mar-free, with no flash 
marks or conspicuous gate 
marks. And every knob 
features double set-screws 
and corrosion-resistant 

aluminum bushings. 
Our Standard, Designer, 400 

and Panelrama Series offer a 
distinctive variety of stock sizes, 
styles and colors to match most 
any application. And 
our new Microvemier 
control knob provides 
a better, low-cost 
method of obtaining 
high-resolution tuning or 
precise zero setting. 

If you have unique require­
ments, we'll customize a knob 
to suit your specifications. 
So don't make do 
with any old knob. 
Write Raytheon 
Company, Fourth 
Avenue, Burling­
ton, Massachusetts 
01803 . 

~AYTHEO~ 

CHECK NO. 48 CHECK NO. 49 
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INPUT AGC INCREASES ACCURACY OF 1 

FREQUENCY COUNTER. The PM6645 9-
digit counter counts accurately from 30 Hz 
to 500 MHz; its operating range can be ex­
tended to 800 MHz with an optiona l plug-in 
prescaler (frequency divider), and to 12.6 
GHz with an optional, direct-reading plug­
in microwave frequency converter that 
offers both preset and automatic scann ing 
modes. Counting accuracy is one digi t ± 
the time base error. Counter sensi tivity is 
5 mV. $ 1690. Test & Measuring Instru­
ments Inc., 224 Duffy Ave. , Hicksvi ll e, 
NY 1 1 802. 199 

REAL-TIME DIGITAL SPECTRUM ANA­
LYZER HAS 500-LINE RESOLUTION. The 
DSA-1 provides 8-bi t input quantization, 
digita l filters, digital translator and built-i n 
digital frequency synthesizer. Featuring a 
dynamic range of -42 dB wi thout adjust­
ments, and a spectrum range from 0.01 Hz 
to 3 kHz, the DSA-1 includes fixed-ampli ­
tude internal ca librate marker freq uencies. 
O utput from the DSA- 1 spectrum analyzer 
is compatible wi th oscilloscope, electro­
graphi c recorder and X-Y plotter readouts. 
Sanders Associates, Inc. , Daniel Webster 
Hgwy. S. , Nashua, N H 03060. Phone 
(603)885-28 17. 198 

RAM/ROM TESTER CHECKS BOTH MOS 
AND BIPOLAR MEMORIES. The Model 
1 50 bench-top tester offers automatic and 
manual testing of up to 4096 x 8-bit 
RAMs and ROMs. The 6perator has manual 
control of read/write timing while the basic 
timing rate is up to 8 MHz. A bui lt-in con­
fidence check verifi es all internal circuitry 
prior to RAM/ ROM testing. Up to eight 
RAMs may be tested in parallel whi le fou r 
ROMs may be exercised. Spectrum Dy­
namics, Inc., 2300 E. Oakland Park Blvd., 
Ft. Lauderd ale, FL 33306. Phone (305) 
556-4467. 197 

CHECK NO. 50 
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FOB TOUB IYILU!TIOI 
Check for yourself these relay 

features ... gold-plated terminals­
reed welded to terminals-glass 
reinforced bobbin-stand-off pads to 
facilitate board cleaning ... THEN 
check its performance. The new 
10-watt dry-reed and 50-watt 
mercury-wetted series is offered in 
0.100" and 0.150" terminal spacings, 
in Forms A, B, and C and combina­
tions, and in open frame and covered 
versions. 

Send for your FREE sample and 
complete technical data; contact 
Babcock Electronics Corp., Subs. of 
Esterline Corp., 3501 No. Harbor 
Blvd., Costa Mesa, Calif. 92626 . 

~L..--1 _BA_B_co_c_K~ 
A UNIT OF ESTERLINE CORPORATION 

CHECK NO. 51 
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COMPONENTS/MATERIALS 

CIRCUIT-DECK SWITCHES HAVE RESIS- THUMBWHEEL SWITCHES COMBINE 
TOR NETWORK BUILT IN. Two circuit- LOW COST AND SMALL SIZE. SM 

deck switches, the Model 139 1-41 Decade 
Attenuator and 42 Ratio Attenuator, com­
bine switching function with res isti ve com­
ponents, condu ctors, interface connections, 
and switch pads into a single mono lithi c 
stru cture. The Model 41 Decade Attenuator 
with op amp gain resistors provides preci­
sion ratio div ision of four decades ranging 
from 1 to 0.0001 . The 42 Ratio Attenuato r 
is a combination of a simple res isti ve string 
div ider and a ladder network. Helipot 
Div., Beckman Instruments, Inc., P.O. Box 
11 866, Santa An a, CA 927 11 . Phone (7 14) 
87 1-4848. 232 

Seri es Submini ature Switches are housed 
in a 0.3 12 in . wide package and feature a 
unique "Snap-N-Lock" front clip mounting 
design. This eliminates the need fo r close 
to lerance panel cutout. Standard versions 
include 10 Position Decimal , BCD, Com­
plementary BCD, and BCD plus Comple­
ment. Pri ce is $2 each in small quantities. 
Syscon, Inc. P.O. Box 265, Freeho ld , N J 
07728. Phone (201) 462- 1534. 234 

CAPACITOR LINE USES CERAMIC MA­
TERIAL WITH DIELECTRIC CONSTANT 

of 50,000. Thi s ti tana te ceramic materi al 
represents a signi ficant reduct ion in size for 
ceramic capaci tors used for coupling and 
decoupling in AF ci rcuits. Radi al leaded, 
fl at capacitors hav ing capacitance values 
up to 220 nF. The voltage rating is 40V de 
in comparison with 16 or 30V de in com­
parable ceramic capacitors. Operating tem­
perature is - 25°C to 85°C. Samples are 
availab le from stock. Siemens Corp., Com­
ponents Di v., 186 Wood Ave. S., lse lin , NJ 
08830. Phone (201) 494-1000. 235 

HYBRID CAPACITOR DESIGN KIT COV­
ERS COMPLETE CAPACITANCE RANGE 
used in hybrid circuits. Each kit contains 
a total assortment of 280 KEMET tantalum 
and ceramic chip capacitors and support­
ing techni ca l literature. The total range of 
KEMET chip capacitors is 1 pF through 100 
µ.F. Union Carbide Corp., Components 
Dept., P.O. Box 5928, Greenville, SC 
29608. Phone (803) 963-7421. 233 
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CAREER OPPORTUNITIES 
WITH A FLORIDA COMPANY 

SPECIALIZING IN 
ADVANCED COMMUNICATIONS SYSTEMS 

AND HIGH TECHNOLOGY 
UHF RADIO EQUIPMENT 

Electronic Communications, Inc., a subsidiary of 
NCR. has openings at all levels for electronic 
engineers experienced in the design and develop­
ment of communication systems, RF , digital and 
audio equ ipment . You will be working with major 
UHF command and control systems, satellite relay 
and telemetry systems, and a variety of other 
challenging long-term programs. At ECI, you (like 
all of our pros) will function with a minimum of 
supervision and a maximum of opportunity for 
advancement . ECI is small enough to give your 
accomplishments high vi sibility, yet big enough to 
provide the facilities and benefits of the largest 
companies . ECI is on Florida' s West Coast - the 
BEST COAST - in comfortable . sunny cosmo­
politan St. Petersburg . 

If you are tops in your field , and if you are 
interested in a career opportunity on long-term 
programs in an intriguing location, write in con­
fidence today to Paul N . Jordan, Supervisor of 
Professional Placement. Electronic Communica ­
tions, Inc .. Box 12248. St . Petersburg , Fla . 33733 . 

A Subsidiary of NCR 
An Equal Opportunity Employer - M a le and Femal e 

CHECK NO . 52 

GREEN NEON LAMPS WIDEN INDI­
CATOR COLOR CHOICE. The lamp, the 
first long- li fe green neon glow lamp, ac­
tual ly adds two co lors, green and blue (with 
filter), to the red, ye llow and orange of 
present glow lamps. Ca lled the G2B, the 
new lamp is directl y interchangeable elec­
tri ca ll y and phys ica lly wi th GE's C2A glow 
lamp. Average useful li fe of the G2 B is 
10,000 hours. General Electri c Co., Nela 
Park, Cleve land, OH 44 11 2. Phone (2 16) 

266-2258. 236 

GaAsP LAMPS OFFER HIGH LUMINANCE 
AT LOW CURRENT, long li fe, and low cost. 
Ava il able in models 52 1-9 185, red non­
d iffused, and 5 21-9186 red diffused lenses, 
they prov ide a high luminous intensity 
- 750 foot L at 20 mA. Price of these units 
is $.38 in quantities of 1000. Diali ght Corp., 
60 Stew art Ave., Brooklyn, NY 11 237. 
Phone (2 12) 497-7600. 237 

SILICON BLUE PHOTO-CELL HAS PEAK 
RESPONSE IN VISIBLE REGION. A photo­
voltaic sili con blue ce ll offering a spectral 
response th at peaks at 700 nm, the SBC-
2020, features minimized dark current, a 
high linearity of output photocurrent, and 
rapid response time. Shigoto Industries, 
Ltd., Empire State Bldg., New York City, 
NY 10001. Phone (2 12) 695-0200. 238 

INSULATED HEAT PIPE WITHSTANDS 
HIGH VOLTAGES. This heat pipe with­
stands voltages of 44 kV between heat 
source and heat sinks. It incorporates a 
fused ceramic adiabati c section between 
the copper evaporator and copper con­
denser section. Units are available to cover 
a wi de range of sizes and temperature 
ranges. lsothermi cs, Inc., 29 1 Ri ver Rd ., 
Clifton, N J 07014. Phone (201) 473-3555. 

239 
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VERY HIGH-SPEED OPTICAL ISOLATORS 
HAVE 5 MHz BANDWIDTHS. These Model 
5082-4350 Series isolators have a propa­
gation time of onl y 226 nsec max. Gain­
bandwidth product is achieved by coupling 
the LED to a monolithic IC chip consisting 
of a photodiode detector driving a transistor 
amplifier. Prices are $2 to $5 each in 1000-
piece orders. Hewlett-Packard, 1501 Page 
Mill Rd. , Palo Alto, CA 94304. Phone (415) 
493-1501. 241 

RUGGEDIZED EDGE-READING METER IS 
ILLUMINATED. Designated " parkermeter" 
Series EMl-30, this instrument is 1 /2 in . 
thick, 2.9 in. wide. The meter weighs less 
than six oz. Illumination is provided by two 
or more subminiature lamps. Any number 
of EMI meters may be grouped on 1 /2 in. 
centers for high-density display; 38 can be 
accommodated in the width of a 19 in. 
rack. Price: $66.50 in quantities of 1 uu 
pieces. Ai rpax Electronics, Contro ls Div. , 
6801 W. Sunrise Blvd. , Ft. Lauderdale, FL 
33313. Phone (305) 587-1100. 242 

PRINTING COUNTER IS DESIGNED FOR 
INSTRUMENT APPLICATIONS. The me­
chanically driven Series 7619 both counts 
and prints. When used with servo drive 
input mechanism, it accurately converts 
analog voltage signal to digital display and 
printout. With input torque of only 0.5 oz.­
in. max., it gives accurate figures position­
ing with even low-cost servo drives. Stan­
dard units include a four-figure totalizer 
with direct drive and nonreset features, and 
a two-figure resettable event counter. 
Printed figures are 0.125 in. high. Veeder­
Root, 70 Sargeant St., Hartford, CT 06102. 
Phone (203) 527-7201. 243 

Your 
c:use.n resm•or 
nMwork •sonly 
an jdea away! 

CTS CORPORATION, a pioneer in cermet network pack­
aging, HAS WHAT YOU NEED TO SOLVE "CUSTOM" 
RESISTOR REQUIREMENTS! Complete thick film facil­
ities save in-house investments: existing tools speed 
production-cut costs ... capabilities you can't afford to 
overlook. Resistors and resistor networks are our busi­
ness ... not just a sideline. 

Whatever your needs, from standarp in-line and DIP net­
works to custom high power/high voltage packages, you 
can rely on CTS experience and know-how. 

Unmatched field reliability, high volume mechanization, 
and over a decade of cermet thick film-technology make 
CTS resistors " the engineers' choice". We have what it 
takes for both standard and custom resistor packages. 
Call on CTS EXPERIENCE .•. today! CTS CORPORATION, 
905 N. West Boulevard, Elkhart, Indiana 46514, Phone : 
(219) 293-7511 . 

c TS CORPORATION 
Elkhart. Indiana 

A world leader in cermet and variable resistor technology. 

CHECK NO. 53 
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Our 

tor Systems APPllCallons 
Take Lass Space 

Available for octave bandwidth operation in 
the 500 MHz to 2 GHz range, these compact 
VCOs contain oscillator, isolator, filter, regu­
lator, linearizer and heaters - all in an 18 
cubic-inch package weighing 12 ounces. 
Power output is guaranteed 100 mW mini­
mum at 100° C. In order to minimize space, 
full use is made of printed circuit iso-ampli­
fiers, thick-film heaters, a thin-film regulator 
and a thin-fi lm linearizer. 

For complete details, contact our Field 
Sales Office I Representative In your 
area or call Watkins-Johnson Applica­
tions Engineering at (415) 493-4141. 

WATKINS-JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 493-4141 

CHECK NO. 54 
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COMPO NENTS/MATERIALS 

SLOTTED OPTICAL LIMIT SWITCH IN­
CORPORATES AN LEO EM ITTER and a 
photo-darlington optical sensor. The new 
unit is availab le in two model s, the MCA8 
and MCA81 , the principal difference being 
the transfer ratio of LED current to col­
lector current. The new units permit direct 
interfacing with TTL. Price is $2.85 to $3.70 
in 100 quantities . Monsanto, 10131 Bubb 
Rd ., Cupertino, CA 95104. Phone (408) 
257-2140. 244 

FREE SAMPLES OF HIGH BRIGHTN ESS 
NEON LAMPS. High Bright neon lamps give 
almost 50% more light (at the same current) 
than standard neons. They operate at 0.1-
1. 0 mA without flickering with adequate . 
illumination for indi cator use. The family 
of T-2 lamps avai lable in any length from 
1 /2 in. to 1 in . Glowlite Corp. , Subsidiary 
of El-Troni cs, Inc., Pauls Val ley, OK 73075. 
Phone (405) 238-5541. 245 

CERAMIC HEAT TRANSFER W ASHERS 
EXHIBIT LOW THERMAL IMPEDANCE. 
Breakdown vo ltage is 1000V, min. The 
low thermal resistance (0. 15°C per W ) 

I 

ensures that the fu ll power capability of the 
semiconductor cou ld be utilized while in­
sulating the device with 100% confidence. 
Thermal performance is 5 times better than 
mica. The price for 1-49 is 58(1 each. 
Jermyn , 712 Montgomery St. , Sa n Fran­
cisco, CA 94111. Phone (41 5) 362-7431. 

246 

OPTICAL COUPLERS PROVIDE 4000V 
ISOLATION. The H1 SA1 and H1 SA2 mod­
ules have a typical 3 µ.sec. rise/ fall time. 
They have 0.100 in .-pin spacing and will 
fit into DIP sockets. Al l models are IC com­
patible. Suggested resale prices range as 
low as $.38 in 1000 lot quantities. General 
Electric, Electronics Park, Bldg. # 7, Mail 
Drop 49 , Syracuse, NY 11 320. Phone (315) 
456-2021. 247 
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•.. but bristling with performance -
total performance that is unexcelled 
by any other frequency synthesizer: 

GR 10 81 Runner-up A Runner-u p B 

Frequency 

Switching Si>eed 

Output Level 

Spurious 

dcto160MHz 1 MHz to 160 MHz 10 kHz to 110 MHz 

Phase Noise 

A-M, FM Capabil ity 

Search-Sweep 

< 100 µS 

+20dBm 

- SO dB 

- 63 dB 
standard 

standard 

1 ms 

+ 13dBm 

- ?Oto - 100dB l 
- 60 dB 

no 

no 

Data current as of August. 1972 

I® General Radio 
NEW YORK CN .Y.l 212-964-2722, (N .J.I 201 -791 -8990 • BOSTON 617-646-0550 

5to 100ms 

+ 13dBm 
- SO dB 

- 50dB 

optional 

optional 

CHICAGO 312-992-0800 •WASHINGTON , D.C. 301-881-5333 • LOS ANG ELES 714-540-9830 
TORONTO 416-252-3395 • ZURICH (01155 24 20 

GR COMPANIES• GRASON-STADLER •TIME/ DATA• TECHWARE COMPUTING CORP. 
GR ASSOCIATE • MICRONETIC SYSTEMS INC. 

J 

* 

* stark\ 'stark\ adj .•• STRONG, ROBUST . • . having few or no 
ornaments. 

For computer-controlled systems or in applications that 
require special controls, often remote from the instrument, 
who needs a panel full of knobs? In systems that already 
include a standard reference oscillator, why buy another 
one? Where a resolution of only 5 digits is required, why 
pay for 10? 

Of course one man's 
ornament may be an 
other man's necessity, 
so we offer an array 
of options to tailor the 

> f I I I I t I 

• • • • • • • • • • 
f .;. ·""·rr r,.. r" • 1(1) I 

1061 to your needs: a full control panel , two different 
internal reference oscillators, resolution to 10 digits, and 
phase-modulation capability. We don't offer, as options, 
search-sweep, a-m and fm capability, wide frequency 
range, fast switching speed, complete programmability, 
high output, and low spurious and phase-noise levels 
they're all standard, starting at $4700. 

CHECK NO. 55 
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Do You Have Enough 
The Way No One Could 

• GROUP TELEPHONE CONFERENCES 

• SMALL NATIONWIDE GROUPS 

• YOU'RE ON THE LINE WITH OTHER DESIGNERS, AND INDUSTRY EXPERTS 

• TRADE KNOW-HOW AND GET HIGH PAY-OFF SOLUTIONS 

• SKILLED MODERATORS 

• ASK QUESTIONS, EXPLORE IDEAS, OR JUST LISTEN 

• DIAL IN FROM WHEREVER YOU ARE 

• NO LOST TIME, TRAVEL, LODGING 

• COST: PHONE CHARGES PLUS $30 FOR FULL HOUR 

• OVER 700 TELESESSIONS SO FAR. IT WORKS! 
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Imagination to Spend An Hour 
Ever Spend An Hour Before? 

For whichever topic you choose, 
you will be discussing problems such as: TOPICS AVAILABLE 

• Which technology is best? 

• What the specs don't say ... 

• Hidden costs. 

• Alternate suppliers ... 

• When is making cheaper than buying? 

• Applications pitfalls. 

• Hidden effects on your system. 

• How to get a particular vendor 
to work harder for you. 

• Cost effectiveness subtleties. 

• High Speed Logic Families 

• AID & DI A Converters 

• Semiconductor Memories 

• Plated Wire Memories 

• Keyboards 

• Terminals & Displays 

CIRCLE THE READER SERVICE CARD NUMBER 
AND YOU WILL GET BY RETURN MAIL: 

• Date & Time of Your TeleSession 

• Your Group's Specific Agenda 

• List of Other Participants 

• Details on How to Dial Into Discussion 

• Tips on How to Get the Most Out of It 

Reader 
Service# 

200 

201 

202 

203 

204 

205 

§@lM/TeleSession® 
THE DISCUSSIONS YOU DIAL INTO 

® 
TeleSession is a service mark of TeleSession Company, 475 5th Ave., N.Y., NY 10017 
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SEMICONDUCTORS 

ASCII CHARACTER GENERATOR PRO­
VIDES 64 CHARACTERS of 63-bits each, 
arranged in a 9 x 7 format. The circuit is 
fabricated using P-channel silicon gate 
technology and offers access and cyc le 
times of 350 nsec. The MF7107 is directly 
DTL and TTL compatib le. It is avai I able in a 
22 lead cermaic DIP package at $ 18.20 in 
100-999 quantities. M icrosystems Interna­
tional Ltd. , Box 3529, Station C, Ottawa, 
Canada Kl Y4J1. Phone (613) 828-9191. 

248 

TTL M ULTIPLEXER WITH STORAGE RE­
PLACES TWO MSI CIRCUITS. The 
SN54/74298 quad 2-input multiplexer con­
sists basically of the SN74157 multiplexer 
with a quad D-type flip-flop added to store 
information selected by the quad multiplex­
er. The circuit selects one of two 4-bit data 
sources and stores data synchronously with 
the system clock. Texas Instruments Inc. , 
13500 N. Central Expressway, Dal las, TX 
75222. Phone(214)238-2011 . 

249 

HIGH SPEED OP AMPS EXHIBIT 500 
V/µS EC UNITY GAIN SLEW RATES, 70 
MHz small signal bandwidth, and 15 MHz 
full power bandwidth. The LH0032/ 
LH0032C utilizes a J-FET input stage to 
achieve bias currents in the 10 pA range, 
while the LH0024/LH0024C employs a 
conventional bipolar input stage. 100-piece 
prices are: LH0024, $40; LH0024C, $15 ; 
LH0032, $40; LH0032C, $ 18. National 
Semiconductor Corp. , 2900 Semiconductor 
Dr., Santa Clara, CA 95051. Phone (408) 
732-5000. 250 

COMPLEMENTARY NPN/PNP PLASTIC 
POWER TRANSISTORS ARE RATED AT SA. 
The NPN silicon power units are indentified 
as the SDT 5101-03 and the PNP as the SDT 
5111-13 Series. Specifications include typi ­
cal gain of 100 each at 1 .OA and typical 
V CE(sat) each at 2.0A of less than 0.5V. They 
are priced at 70c per pa ir in 100 pair quanti­
ties. Solitron Devices, Inc., Semi-Conductor 
Div., 1177 Blue Heron Blvd., Riviera 
Beach, FL 33404. Phone (305) 848-43 11. 

251 
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MOS INTERFACE CIRCUIT is designed to 
interface or convert data from serial com­
mun ications links to data processi ng equip­
ment. The TMS6010 combines fu ll transm it, 
receive, and format functions on a single 
MOS/LSI chip. The TMS6010 is immedi­
ately avai lable in a 40-pin plastic DIP. It is 
priced at $15 in 250-piece quantit ies. Texas 
Instruments Inc., 13500 N. Central Express­
way, Da ll as, TX 75222. Phone (214) 238-
2011. 252 

N-CHANNEL SI-GATE RAM IS BIPOLAR 
COMPATIBLE. The EA 1502 is a 1024 by 1 
random access memory with input level 
shifters and an output sense amp on the 
chip fo r direct TTL compatibil ity at the ad­
dress and data inputs, and the data output. 
The EA 1502 operates on ± 12V power sup­
plies. The RAM also features an "automatic 
refresh" mode. Price is $27 .50 in 100-piece 
quantities. Electronic Arrays, Inc. , 501 Ellis 
St., Mt. View, CA 94040. Phone (415) 964-
4321 . 253 

STRIPLINE PIN DIODES OPERATE FROM 
100 MHz to 12 GHz. Designed to w ith­
stand adverse enviroment, these new diode 
switches/attenuators pass M IL specs for a 
variety of environmenta l tests. The new 
package is a direct mechanica l rep lacement 
for the present metal-plastic package. In 
quantities of 10 through 99, unit price is 
$21.50. Hewlett-Packard Co., 1501 Page 
Mill Rd. , Palo Alto, CA 94304. Phone (415) 
493-1501. 254 

SCHOTTKY TTL/MSI MULTIPLEXERS 
ANNOUNCED SN54S/74S151, an 8-line­
to-1-l ine multiplexer, SN54S/74S157, a 
quad 2-li ne-to-1-line mu ltiplexer with non­
inverting data lines, and SN54S/74Sl 58, a 
quad 2-line-to-1-line mu ltip lexer with in­
verting data lines are now avai lable for use 
in high performance TTL systems. 74S de­
vices are available from stock in plastic 
DIPs for $4.50 to $7.20 each in 100-piece 
quantit ies. Texas Instruments Inc. , 13500 N. 
Central Expressway., Dal las, TX 75222. 
Phone (214) 238-201 1. 255 

LOW COST MINIATURE PACKAGE IN­
TRODUCED FOR LICs. Cal led the " Pico 
Pak' ', it has a silicone plastic body that 
measures 0.21 by 0.14 by 0.06 in. , while a 
comparable 8-pin dual-inline package is 
0.73 by 0.27 by 0.18, and a flatpack mea­
sures 0.25 by 0.25 by 0.07. lntersil is offer­
ing three circiuts in the Pico Pak, the 8007 
FET-input op amp, the 8021 micropower op 
amp, and the 8001 precision low power 
comparator. lntersil , 10900 N. Tantau Ave., 
Cupertino, CA 95041. Phone (408) 257-
5450. 256 

TTL IC ENCODERS REPLACE 7 SSI PACK­
AGES. Designated the SN54/74147 and the 
SN54/74148, the MSI circu its encode 1 O­
line-to-4-line and 8-line-to-3-line data, 
respectively. The 147 encodes full 10-line 
decimal to its corresponding 8-4-2-1 binary 
code with full on-chip input priority. Prices 
range form $2.27 to $14.31 depending on 
package and temperature range. Texas In­
struments Inc. , ) 3500 N. Central Express­
way, Dallas, TX 75222. Phone (214) 238-
2011. 257 

TRACKING REGU LATORS PROVIDE 
± 15V POWER FOR OP AMPS. The 
MCl 568 may be programmed to outputs of 
± 14.5 through ±20V by adding two suit­
able external resistors. At ± 1 'iV th<· ,1h<o­
lute value of output voltages agrees within a 
max. of 1 % . The MC1468 sells for less than 

$3 in 100-up quantities. Motorola Semicon­
ductor Products Inc. , P.O. Box 20912 , 
Phoenix, AZ 85036. Phone (602) 273-6900. 

258 

TTL/MSI LED/ LAMP DRIVERS REPLACE 
SEVERAL PACKAGES. Two TTL/MSI each 
contain a four-bit synchronous counter, a 
four-bit latch, and a seven-segment decod­
er/LED or lamp driver. Designated the 
SN54/74134 and 144, these circuits each 
contain the equivalent of 86 gates. The 143 
features constant current outputs. Prices 
range from $3.60 to $21.60 Texas Instru­
ments, Inc., 13500 N. Central Expressway, 
Dallas, TX 75222. Phone (214) 238-2011. 

259 
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fact 
this fully loaded, high-performance DMM 
equals or exceeds the performance of 
any other comparable OMM, 

Our fully loaded, top-of-the-line 5Y2 -digit, high-performance 
DMM - Model 2540 - sells for $1195 (that's 50% to 80% less 
than all comparable DMM's). And it's one-half the size, one-half 
the weight, and consumes one-halt the power. Standard features 
include : 

DC Volts ; AC Volts ; 2 and 4-wire resistance ; Voltage Ratio ; 
Auto Ranging ; Auto Polarity ; Isolated BCD Outputs; Remote 
Triggering; and Remote Ranging. Basic accuracy ( ± 0.001 % f.s. 
± 0.007% of reading ± 1 LSD) is guaranteed for 6 months. 

There's • Trl-Phaalc™ DMM for every purpose. Every usefu I 
combination of capabilities and optional features is available 
as a standard. There are 8 models to choose from: lour 5V2 's 
from $995 to $1195; and four 4V2's from $580 to $675. 

Call Bob Scheinfein at (617) 246-1600 to arrange for a demon­
stration . . . or, for complete specifications, write Data Precision 
Corporation, Audubon Road , Wakefield, Massachusetts 01880. 
We ' ll give you the tacts . Tney' ll speak for themselves . 

~-~ATA PRECISION 
... years ahead 

CHECK NO. 56 

This 2.3 x 1.8 x 1-inch module has tracking 
outputs of ± 15 V @ 25 ma with regulation of 
± 0.1 % and ripple of 1 mv. It costs $14.00 in 
1,000 lots and only $24.00 for one. Requisition 
Model 015-03. (For ± 12 V @ 25 ma, order 
Model 012-03.) Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

CHECK NO. 58 

At Adar, when we say "DDT" we're not talking about the 
pesticide that's ruining our ecology. We're ta lking about 
a new Digital Dev ice Tester that we built to test and de-bug 
virtually any digi tal device you can challenge it w ith -
DIP's, cards, modules. Adar's DDT not only can perform 
simple "pass-fa il" tests, but also has a sophist icated fault 
isolation capability. This good-looking, hard-working 
desk top unit is easy to program because it doesn't need 
a computer. It 's MOS/ Bipolar compatible and offers a 
choice of test modes - comparison and transition count­
ing. This low-cost, efficient, extremely reli able Digital 
Device Tester will save you time and money. Call {617} 
492-7110 and talk to us. We've got a lot of relevan t things 
to say. AdarAssoc:iates,lnc. 85 Bolton Street 
Cambridge, Ma. 02140, {617} 492-7110 TWX 710-320--0368 

See a DDT at the NEREM Show in Bos ton. 

CHECK NO. 57 

FIXED CAPACITORS ... 
Hermetically Sealed 

... in Glass! 
FOR 
MAXIMUM RELIABILITY 
AND LONGER LIFE! 
Now you can design circuit capabilities never 
before possible! " Glass-To-Metal" hermetic seal 
guarantees long-term reliability and greater 
strength! All potential problems are ruled out 
because they are sealed out . . . with glass! High 
to low temperature excursions (-100°C to 
+ 500°C or vice versa) will not affect the thermally 
matched components! Contact surfaces are non­
oxidizing even under the most extreme conditions! 
Available in 4 sizes from .160 x .065 to .400 x .155 
with capacitance ranges of 1 pf to .22 mid. 
Write for catalog sheet. 

Monolithic= 
Dielectrics= Inc. 
P.O. Box 647 • Burbank, Ca. 91503 
Phone (213) 848-4465 

CHECK NO. 59 

Subsidiary of 
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innovation 
yesterday 

The Fi rst Elias Howe Sewing Machine 

innovation 
today 

THE DIGITRAN~oMPANY 
A Division of Becton, D ickinson and Co. I 8 -D I 
855 So, Arroyo Parkway, Pasadena. Ca, 91105 

TeL (213) 449-3110 •TWX 910-588-3794 

CHECK NO. 60 
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Automatic 
Industrial 
Controls 

Contact MPC for Free Design 
and Appl ication Catalog 

MPC PRODUCTS CORPORATION 

4200 WEST VICTORIA AVE . • CHICAGO, ILLINOIS 60646 • 312/ 583-5100 

'II 
•• "~." • ..$ • •• • ••••• ••• 

PERFORATED 
MATERIALS 
WRITE FOR 

NEVV 

176-PAGE 
GENERAL 
CATALOG 
No.85 

H arrington & King 
PERFORATING CO., INC. 

CHICAGO OFFICE ANO WAREHOUSE 
5650 Fillmore Street 

Chicago, Illinois 60644 

CHECK NO. 61 

EASTERN DIVISION 
E. Crescent Ave . at Arrow Rd. 

Ramsey, New Jersey 07446 
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Sorensen 
has a bargain for you: 
DCR power supplies 

selling for $360-$4200. 

VOlfAGI ,lOIVST 

Sorensen's DCR power supplies offer you the 
lowest cost per watt in the industry. More power 
output for each dollar you invest. 

And D CR 's comprise the broadest lab/systems 
line available anywhere: 37 models in 10 voltage 
ranges, 7 power levels. 

Features? All silicon solid-state electronics. 
Precision regulation. Remote voltage, current or 
resistance programming - and remote sensing at 
distances to 200 feet. Operation in either voltage 
or current modes. 

For complete data and prices, write Sorensen, 
a unit of Raytheon Company, 67 6 Island Pond 
Road, Manchester, N.H. 03103. Telephone 
(603) 668-1600. OrTWX 710-220-1339. 

~orensen 
.JPOWER SUPPLIES 

CHECK NO. 62 

cu•••"' MOOf 

Key Data 
• 37 models available. 

• 10 voltage ranges from 20 to 
30,000Vdc. 

• 7 power levels from 400 to 20,000 W. 

• Low output ripple. 

• Voltage and current regulation with 
automatic crossover. 

• Typical efficiencies to over 80% . 

• Fits standard 19" rack (except 20 kW 
models). 

• Optional overvoltage protection for 
all models (except 20 kW). 

• Series or parallel operation . 

• MTBF greater than 25 ,000 hours. 
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MODEMS -A 6-page brochure describes 
Models 2020 and 2021, a pair of Bell 202C 
compatible modems capable of asynchro­
nous operation up to 1200 baud over dial ­
up telephone lines. An outline drawing of 
the printed-circuit card is included, as well 
as a Model 2020/2021 block diagram, a 
data mode timin g diagram, an illustration 
showing typica l ca rrier detect circuit op­
eration and a block di agram of both ca lling 
and answering station cal l proced ure se­
quences. lntertel, 6 Vine Brook Pk ., Burling­
ton , MA 0 1803. 208 

PORTABLE INSTRUMENTATION RE­
CORDERS. A 36-page brochure describes 
the Ph i lips ANA-LOG 7 and ANA-LOG 14 
portab le cartridge instrumentat ion record ­
ers. The brochure contai ns detai led techni ­
ca l descr iptions of the features and func­
tions of the recorders and their accessories 
and provides information on var ious appli­
cations and related instrumentat ion re­
qui rements. Test & Measuring Instruments 
Inc., 224 Duffy Ave. , Hicksv ille, NY 11802. 

209 

ACCUMULATING DIGITAL PRINTER. The 
techni ca l data sheet describes the Seri es 
7726 accumulating digital printer which is 
used to produce printed records for inven­
tory contro l and cut-to-length applications. 
Standard featu res are automatic and remote 
paper advance, BCD or BCD input, leading 
zero suppression, decimal point, busy sig­
nal, and totali ze/non-totalize, with add/ 
subtract functions in the totali ze mode. 
Veeder-Root, 70 Sa rgeant St. , Hartford , CT 
06102. 210 

PHOTOELECTRIC CONTROLS PROVIDE 
VERSATILITY AT LOW COST. The well 
illustrated 8-pg. brochure describes various 
app lications of standard plug-in logic cards 
in se lf contained, remote or multiple con­
trols. The inherent versa til ity is shown in all 
detail and summarized by a log output/s ig­
nal durat ion comparison chart. O ther infor­
mation includes spec if ic data on various 
housings, dimensions and wiring diagram . 
Micro Switch- Farmer Electric , Tech Circle, 
Natick, MA 01760. 211 

90 

POWER-SUPPLY SE LECTION GUIDE. A 

new 6-rage select ion guide provides a con­
venient method of se lecting standard Cir­
kitblockr"' modules allowing the user to 
bui Id his own custom power supply. Simple 
tables give information for forming com­
plete power-supply systems by connecti ng 
one or more output modules to an input 
power module. The guide also shows pho­
tographs of typical app li cat ions. Powercube 
Corp., 214 Ca lvary St. , Waltham, MA 
02 154. 212 

RATIO STANDARDS. A bulletin describes 
precision voltage dividers for instrument 
standards in calibrat ion laboratories. They 
feature 1-ppm terminal linearity and ratio 
resolution to seven places. All units have 
transient suppress ion and are available with 
ei ther high or low-frequency capabi lity. 
Certifi cation is provided with these ratio 
standards showing traceability to NBS. 
Si nger Instrumentation , 32 11 S. LaCienega 
Blvd ., Los Ange les, CA 90016. 213 

AUTOMATIC CALLI NG UNITS. Bulletin 
# 7002 desc ribes the various models and 
versions of the 907801 series of equip­
ment. Five different models, each in either 
pu lse or tone outdialing, is covered. Fea­
tures of each, EIA interface spec ifications 
and other important information is inc luded. 
Ordering information inc luding appropriate 
part numbers fo r each model is contained in 
the bulletin. G. V. Contro ls, Div. of Sola 
Basic Ind., 101 Okneb Pkwy., Li vings ton , 
N J 07039. 214 

HOW TO CUT COMMUNICATIONS 
COSTS. The 8-page, brochure presents a full 
discussion on how multiplexing - especia ll y 
time div ision multiplexing -can be em­
ployed by large communications users to 
economica lly cut phone-line transmission 
costs. The brochure also describes how to 
get all incoming traffi c into your co mputer 
more effic iently. Request " Safe and Simple" 
brochure by sending a written request on 
company stationery to : lnfotron Systems 
Corp., 7300 N. Crescent Blvd. , Pennsauken , 
NJ08110. 215 

.. __ 
--

ULTRAMINIATURE DC POWER SUPPLIES 

are described in a 2-page brochure. It 
gives specifications and features on a com­
plete line of pc-board mounting de power 
suppli es for both di gita l and linear inte­
grated circuits as wel I as a/d and d/a con­
verters. Included is a selection guide which 
categorizes de power suppli es accordin g 
to output (vo ltage and current), regulation 
data, price information , and complete me­
chanica l specifications. Datel Systems, Inc. , 
1020 Turnpike St. , Canton, MA 0202 1. 

260 

SPECTRUM ANALYZER CATALOG. Nel­
son-Ross spectrum analyzers, avai I ab le for 
measurements from 0.5 Hz up to 6.5 GHz, 
are shown in a new cata log which provides 
spec ifi cations for 15 complete spectrum 
analyzers and 30 low cost plug-in analyzers 
for Tektroni x and Hewlett-Packard oscil ­
loscopes. Also inc luded are several new 
analyzers and accessories not previ9usly 
described. Nelson-Ross Electronics Div., 
5 Delaware Dr. , Lake Success, NY 11040. 

217 

PROXIMITY FOCUSED IMAGE INTENSI­

FIER. An 11 -rg. booklet entitled " The Prox­
imity-Focused Image Intensifier" exrlain s 
the bas ic operation of the proximity focused 
image intensifier and compares it to other 
types of image intensifiers. It also contains a 
section on the Channeltron electron multi ­
plier array and how it is used in conju nction 
with proximity focused image intensifiers. 
The Bendix Corp.'s Electro-Optics Div. , 
Ga lileo Park, Strubridge, MA 01581. 218 

CRT CONSOLE. An actual size poster of 
the FOX 1 CRT console- communications 
center of the FOX 1 process mana gement 
and control systems - features the CRT di s­
play and keyboard portions of the console. 
It is printed on a 35-x-35 -in . heavy stock 
suitable for wall-mounting. Available with 
the poster is a brochure describ ing the con­
sole's display capabiliti es depic ting the 
conso le's applicabi lity to various industries 
and to various plant control needs. The 
Foxboro Co., Foxboro, MA 02035. 

219 

E D N 0 CT 0 B E R 1 5, 1 9 7 2 



ORD and ARD Series 
CATHODE RAY TUBE 
POWER SUPPLIES 
Designed by the qual ity leader 
to deliver unparalle led performance 
every ti me performance counts. 

• Input reverse voltage pro tected 
• Short circuit proof 
• Automatic shutdown and recovery 

on overload 
• Low energy storage 
• Input transient protection to GOV 
• No audible noise 
Units with output ranges from 
1.8 KV to 60 KV can be supplied 
wi th regulated voltages for 
complete operation of your CRT. 
Avai lable to operate 
from AC or DC input. 
Ml L versions also available. 

All for DEL'S dependable LOW COST 
Send for our com plete ca talog of 

~ ;;~ ;~~~;;~~;~~n~~a~;~o~~TION 
-w2so E. Sandford Blvd., Mt. Vernon, N.v.1osso 

CHECK NO. 63 

COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introduction to project management , the 
tec hnique that was created to deal with the complex activities 
of modern industry-planning, costing , controlling and eval­
uati ng projects so they are completed on time and to specs 
and budget. 

With over 60 how-to-do-it illustrations and many practical 
exam ples, this book covers all the basics incl uding defining 
the task, estimating costs , pricing, planning the time scale, 
schedul ing , materia ls control, maintai ning the p rogram , modi­
fications , build schedules , concessions and relating achieve­
ment to expenditures. CPM and PERT are also" explained. 

Complete Guide to Project Management is essential reading 
for anyone, on either the technical or manaqerial side of 
industry, with any res ponsibility for projects. 224 pp. $1 0.95 

Order Today-15-Day Free Trial-Satisfaction Guaranteed 
or Money Back-Send check and we pay shipping 

Cahners eooK 01v1s10N 
89 Franklin St., Boston, Ma. 02110 S58/ M0809 

I 

OUR STANDARD "OFF-THE­
SHELF" TRIMMERS ARE 
BETTER THAN OTHER 

MANUFACTURER'S SPECIALS 
Accutrim™ trimmers RJ12 Styles 

I 

TC: 10 PPM/°C 
MAX ~odel1202Y 

RJ R12Y Style 
Staggered pins 

NOISE: 10Q ENR 
MAX 

RANGE: DOWN TO 
2£2 

RESOLUTION 
0.05% SETABILITY 

Circle 64 on reader service card 

Model 1202L 
RJR12L Style 
Flexible leads 

Accutrim T M trimmers RJR26 & RJR50 
Styles 

TC: 10 PPM /°C 
MAX 

NOISE: ONLY 10 Q 
ENR MAX 

RANGE: DOWN TO 
2n 

RESOLUTION: 
0.05% SETABILITY 

WITH 20 FULL 
TURNS OF 

ADJUSTMENT! 

Circle 73 on reader service card 

Model 1240X 
Style RJ R26X 

Mod.el 1240PS 
Style RJ R50P 

Model 1240W 
Style RJR26W 

Model 1240P 
Style RJR26P 

To send for FREE design and application information, 
circle reader service numbers above. 

® VISHAY RESISTOR PRODUCTS 
63 LINCOLN HIGHWAY • MALVERN, PENNA. 19355 

TELEPHONE : (215) 644-1300 • TWX: 51 0 -668-894~ 

91 



Get'em 
straight 
from 
Damon I 
Whether you're in a sweat on a VCXO prototype for a tough It 
application - or need a production run in a hurry, you can 
get 'em straight from Damon. Speedy proficiency in design 
and production of VCXOs allows Damon ,to deliver all­
silicon solid state devices with linearity to within 1 % of 
best straight line and frequency deviation to± 0.25%. 

Just glance at the specification guide below for more 
good news on available characteristics. Compjlter 
designs are available, too. Ask Damon today fir 
VCXOs tailored to your specifications - and 
Call or write: Damon/Electronics Division, 115 Fourth 
Needham, Mass. 02194. Phone: (617) 449-0800. 

SPECIFICATION GUIDE* 

Basic and Mixer and Mixer· 
Parameter Multiplier VCXOs Multiplier VCXOs 

Center Frequency 1 KHz to 300 MHz 100 Hz to 300 MHz 
Frequency Deviation ±0.01% to 

±0.2S% of C.F. 
±10 Hz to ±1 MHz 

Frequency Stab ility ± 1 to ± 10 ppm ±O.S% of peak 
24 hr. @ 2s 0 c deviation 
o to ss•c (no oven) ±10 to ±SO ppm ±2 % of peak deviation 

Linearity to with in 1 % of best to within 1 % of best 
straight l ine straight line 

Min imum Devia tion o (de) O (de) 
Rate 

Maximum Deviation 0.2% of C.F. 10 KHz to 100 KHz 
Rate (100 KHz max.) 

Mod. Vo ltage (Typical ) ± S V peak ± S V peak 
Mod . Input Impedance > SOK ohms > SO K ohms 
Output Power Available O.S mw to 20 mw O.S mw to 20 mw 
Load Impedance SO ohms to SO ohms to 

10 K ohms 10 K ohms 
Power Requ irements - 25 v ±1 v@ - 2S v ±1 v @ 

(Typical ) 30 ma 40-SO ma 
C.F. Manual ±0.01% ±S % of peak 

Adjustment Range deviation 

*Obviously, the limits are not absolute . The interrelationship of param­
eters for VCXOs are of such a nature as to permit optimization of 
any one or more characteristics t o satisfy customer requ irements . 

Shown approximately :Y4 size 

cb>DAMON 
CHECK NO. 65 
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The new LED Display that Obsoletes 
Conventional Displays 
Now available as a 14/' LED 
display for instrument, 
terminal and industrial 
control applications, the 
Fairchild FND 70 represents 
a three-way breakthrough 
that enables you to design 
tomorrow's displays today. 

SUPERIOR PRICES 
$3.95 (100 up)-A low 
price made possible by a 
breakthrough in manufacturi.u. 
technology which uses low cos 
plastic package assembly techniques. 
Inherent high costs of convent· nal dis­
plays, which require extensive han rica­
tion and large amounts of gallium arsenide 
phosphide materials, ·have been eliminated. 
The small-quantity price is also indicative 
of the low prices that will accompany large­
scale production. 

SUPERIOR STACKING DENSITY 
More Packages Per Inch-The FND 
70 has the smallest ratio (2 :1) of 
total package to digit size. Four digits, 
each 300 mils wide X 500 mils, occupy 
less space than three conventional 
units, and, because of the straight 
leads, can be stacked both vertically 
and horizontally. 

SUPERIOR APPE ARANCE 
Advanced Optics Technology-Pro­
vides bright, bold digits with a pleas­
ing uniform appearance for viewing 
up to a full 140°. No masks required . 

Seeing is Believing-You only have to see 
the Superdigit to realize why it is so su­
perior to any other display on the market, 
whether it be Nixie tubes, LEDs or what 
have you . Your Fairchild Semiconductor 
sales engineer or distributor salesman can 
give you a visual demonstration. 

• SUPERDIGIT 
is a trade mark of Fairchild Camel'a & Ins tn1me nt Co1·p. 

FAIRCHILD SEMICONDUCTOR/MICROWAVE AND OPTOELECTRONICS 
A Divisi on of Fai rchi ld Camera & Instrument Corp .. 400 1 Miranda Avenue, Palo Alto, Ca 94304. (415) 493-3 100. TWX : 910-373-1278 

CHECK NO. 66 
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Core-memory maker 
responds 

Dear Sir: 
After reviewing the answers and pre­
dictions regardin g the memory market 
of the mid-70's as presented in the 
" Speak O ut" arti c le by Fillingham and 
Chong of Nemonic Data Systems 
(EDN/ EEE March 1, 1972), we're torn 
between sputtering with rage and 
holding our sides from laughing. The 
arguments in favor of plated wire are 
based on faulty marketing combined 
with foo lhardy opti mism. We would 
like an opportunity to set the record 
strai ght, point by point . 

Messrs. Fillingham and Chong pre­
dict a $625 mi I lion hi gh speed ran­
dom-access non-IBM memory market 
in 1973. However, market surveys by 
the Arthur D . Little Co. and by Quan­
tum Sc iences show that the available 
market is less than 20 billion bits. At 
the present trends, the average pri ce 
of core memories will be below 1 cent 
a bit ; this would yie ld a market va lue 
of only $200 million , or less than 30% 
of the va lue asserted by the arti c le. 

O nce more in reference to the most 
recent estab li shed market surveys, the 
plated wire share in 1971 , 1972 and 
1973 is less than 1 %. For the plated 
wire industry to achieve a 10% mar­
ket share in 1972 , they would have to 
increase their penetration 10 fo ld in 
one year. Nonsense! 

Extrapo lation of the 1971 m.:i rket pre­
dicts plated wire to have less than a $5 
million potential in 1973. Thi s is hardly 
a base for the capital equipment al­
ready invested by most companies, let 
alone a market for new developments. 

I am assuming that the plated-wire 
memory prices at half million bit capac­
ities being delivered are a shade over 1 
cent per bit, not 0.1 cent per bit as writ­
ten. However, thi s price is far from com­
petitive. Today core memories are ship­
ping in vo lume in capaci ties of 150,000 
bits at less than 1 cent per bit. Published 
price I is ts from most core manufacturers 
are ava ilab le to prove the 1 cent/bit fi g-

94 

ure. Five-mil lion-bit core memories are 
shipping at 0.6 cents/bit today. Core 
memories were delivered in 197 1 at 
prices c lose to 0.7 cent/bit. The present 
reduction trends in core memories indi ­
cate that further price reductions of at 
least 10% may be expected in 1973 . 

On the subject of " old-thinking" 
technologies, once more the plated 
wire people have underestimated the 
advanced technologies of present day 
production core memories. Present 
day core memories are not an old­
thinking technology ; they are made 
with modern day automated tech­
niques packaged in streamlined hi gh­
bit-density packages operating at 
speeds of between 500 nanoseconds 
and 650 nanoseconds in the major 
production units. On a feature-by­
feature basis, core memories win out 
but se ll at lower prices; thi s is why the 
" old thinkers" buy core memories. 
Sincerely, 
Philip A. Harding 
D irector of Marketing 
Commerical Products 
Electronic Memories 

So you want to get ahead, 
do you? 
One of our readers has come up with 
some extremely helpful hints. Fo llow 
them religously and you are sure to 
get somewhere!!! 
Posit ion improvement 

Every red blooded American, and 
others, wants to succeed . There are 
ce rtain wel I-proven techniques that 
can be applied towards thi s goal. 

a. Arrive and leave your office be­
fore and after your boss, respec­
ti ve ly. 

b. If you can't buy 30,000 shares of 
your company's stock, cal l up 
3000 friends and ask them to buy 
1 0 shares each and give you their 
proxies. 

c. Dress well, play bridge, tell jokes 
and be intelligent, but don 't do 
any of these things better than the 
boss. 

d. Oh yes! It also helps a little to do 
a good job. 

Self- improvement 
If you don't keep up with the fast 

pace of technical advancement, you 
may have to open a delicatessen and 
hang your diplomas over the steam 
table. Come to think of it, that doesn't 
sound too bad. 
Go back to school 

Take the latest courses of your per-

suas ion, although you may find that 
you' re the most backward in your 
class. Bright, hungry, aspiring, young 
students will look at you ad miringly, 
but pitifully. You can always audit the 
course and no one will know; how­
ever, no company refund . If you take 
the course for credit, ask your instruc­
tor if he consults . As a last resort, do 
the homework . 
Go to lectures 

Bring yourse lf abreast of the field. 
Li sten to a paper that took two years 
to culminate and then put it under your 
belt in 15 minutes. Out of town lec­
tures are usually more meaningful 
than those close to home. After all , 
the company pays for this trip, so the 
least you can do is to make an attempt 
to get somethin g out of it. 
Go to conventions 

See what your competitors have ac­
complished and learn how you should 
have done it yourself. Walk from booth 
to booth for miles and miles. Collect 
a ton of literature (which wi II be dis­
ca rded in 2 weeks anyway). You may 
accomplish very little that day, but 
you' ll feel so tired it will seem that you 
must have accomplished a great deal. 
A. W. Zinn 

Drat that tail light-
My friend , P. H . Dee, is st ill mulling 
over a puzz ling problem with his car. 
His ri ght rear stop li ght refuses to work, 
even though he has checked the bulb 
and found both ta i l and stop filaments 
OK, and his VOM shows he has 12V 
between the stopli ght wire and ground 
when the brakes are applied. Even 
more mystifyin g is that both tail li ghts 
work under normal circumstances. 
But, wheri he applies the brakes, the 
right tail li ght goes out. The left li ght 
works normally, both tai I and stop fi la­
ments li ghting at their appropriate 
times. M aybe you can help P. H. ? 
Very truly you rs, 
F. R. Co llins, 
Alcoa Conductor Products Co. 
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makes one of these miniature coaxial cables 
three times stron1er than any of the others. 

. Can you pick it out? 
It's the third from the left. Times' new high-strength minia­
ture cable, designed and constructed to eliminate the con­
ductor breakage problems commonly experienced by users 
of RG-178B/ U, RG-179B/ U and RG-180B/ U. 

The breakthrough is in the use of new conductor mate­
rials. They make our cable three times stronger than stand­
ard RG's-and many times more reliable. 

Designated HS-1 7 SB, HS-1 79 B and HS-180B, these 
new cables with their triple break-strength meet the needs 

ff I 
f .1, 

of airborne electronic and other types of electrical instru­
mentation applications where severe conditions prevail. 
They protect you from accidental breakage during installa­
tion, operation and maintenance. They also meet all the 
electrical and dimensional requirements of MIL-C-17D. 

You can rely on mTIMES 
them. Write or call us H , 

3722 

today for details and •m WIRE AND CABLE COMPANY 
Complete information. Wallingford, Connecticut 06492. Tel. (203) 269·3381 

CHECK NO. 67 
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Save t.7 pounds with 
an Electrocube 2.5 KYA foil 
transformer. 

That's our aluminum foil FT1001 that weighs 2.7 pounds. 
An equivalent copper wire wound transformer weighs about 
4.4 pounds. With one of our larger units, you can save even 
more. 

Save space as well. Our 1.75 KVA unit is only 3.5 x 3.6 x 
3.75 . With aluminum foil, the winding area is efficiently 
used and less core volume is needed to support the flux 
density of a given load. And we'll try not to charge you 
extra for the space our transformers save you. You can 
have standard or custom units from 150 VA to 1 O KVA, 
open-frame or hermetically sealed. Efficiencies are from 
90 - 96% and regulation 3 - 5% . for 60 Hz or 400 Hz. 

Call (213) 283-0511 , TWX 910-589-1609, or write to 171 O 
South Del Mar Avenue, San Gabriel, California 91776. 

~ elect!2;S:Y.~ 
RC networks, transformers, ballasts 

CHECK NO. 68 

CHECK NO. 69 
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DESIGN DATA 

Application Notes 
BETA VARIATION METHOD FOR COM- SYNCHRO CONVERSION GU IDE. A 
PUTER SIMULATED CIRCUITS. The rela­
tion between the gain of a transistor and its 
co llector current may be simulated follow­
ing the method described in a 27-pg. AED­
CAP app li cation note. The method is pre­
sented as an augmentation of the Ebers and 
Moll transistor model commonly used in 
computer simu lation of electronic circuits. 
It may be used in SofTech's simulation sys­
tem-AEDCAP - or in other simulation sys­
tems. SofTech, 391 Totten Pond Rd., W al­
tham, MA 02 154. 170 

MINIATURE ACTIVE FILTER. A hybrid, 
two-pole, audio-frequency filter that ca n be 
used as a basic building block to generate 
virtually any complex fi lter function is fea­
tured in a new publication. The 8-page cat­
alog sheet fully describes the features of the 
Model 881 universa l active filter, a hybrid 
IC using multiloop negative feedback to 
achieve exceptional stability. Helipot Div., 
Beckman Instruments, Inc., 2500 Harbor 
Blvd., Fullerton, CA 926~4. 171 

C-V MEASUREMENTS MADE WITH LOCK­
IN AMPLIFIER. An illustrated 16-page ap­
plication note describes in detail the use 
and advantages of a lock-in amplifier and 
current-sensitive preamplifier for accurate 
measurement of semiconductor admittance. 
In addition, an in-depth discussion of the 
measurement theory, inc luding the required 
mathematics, ca libration procedures and 
measurement methods are provided. Prin­
ceton Appli ed Research Corp., PO Box 
2565 , Princeton, NJ 08540. 172 

REAL-TIME NOISE ANALYSIS. Several 
common applications for rea l-time analys is 
are discussed showing how real-time analy­
sis ca n be used to measure and analyze 
noise to help the engineer invo lved in the 
control and reduction of noise. Features, 
peripheral equipment and custom sys tems 
are discussed to show the broad capabilities 
of a GR rea l-time analysis system. General 
Radio, 300 Baker Ave., Concord, MA 
01742. 173 

selection and eva luation guide on synchro 
and reso lver data conversion is now ava il ­
able. Covering the many sophi sti cated ap­
proaches ava il able, the booklet describes 
some of the most advanced state-of-the-art 
conversion devices app licab le to industri al, 
commerc ial, avioni cs and military ground­
support systems. Accompa nying the guide 
are appli cation notes comparing tracking, 
multiplexed, synchro-to-linea r and synchro­
to-nonvari ant sine/cosine converters. Data 
Device Corp., 100 Tee St., Hicksville, NY 
11801. 174 

BIOGRAPHY OF A MINI. The four-color 
16-pg. document describes the develop­
ment, featuers and app lications of the 16-b it 
NAKED MINI 16 and ALPHA 16 minicom­
puters and the philosoophy that lead to their 
creation as true OEM system components. 
In addition to minicomputer performance 
and specifications, the brochure detai Is the 
exhaustive quality assurance procedures 
that contribute to the products ' rea li ability. 
Computer Automation Inc., 1865 1 Von 
Karman, Irvine, CA 92664. 175 

STORED PROGRAM MAGNETIC TEST 
SYSTEM. A 36 page brochure on the Delta 
400 includes sections on cost and opera­
tion-as well as comprehensive app lication 
notes. Delta 400 is compri sed of a seri es of 
test/measurement and data acqu isition sys­
tems which provide stored-program, digital 
control and programmable instrumentation 
for eva luating magnetic memory elements 
and arrays. Computes! Corp., Three Com­
puter Dr., Cherry Hill , NJ 08002. 176 

CIRCUIT DIAGNOSIS VIA A LOGIC 
PROBE. Application note describes the use 
of two inexpensive digital test instruments. 
The logic pen measures logic levels and the 
presence or absence of pu lses and pulse 
trains. The Chronos DTM measures period, 
pulse width, and delay of pu lses and pu lse 
trains in digital logic circuitry. Advanced 
Digital Research Corp., 1901 O ld Middle­
field W ay, Mt. View, CA 94040. 1 77 
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INDEX TO ADS, PRODUCTS AND LITERATURE Use card for free product information 

I. R. PG. I. R. PG. I. R. PG. 
NO. NO. NO. NO. NO. NO. 

CIRCUIT MODULES/CARDS Indust rial Control s 88 N-Channel RAMs 253 86 
Active Filters 171 97 Li ghted Pushbutton Switches 45 77 Op Amps 256 86 
Active Filters 220 72 Limit Switches 244 82 Op Amps 250 86 
Backward Wave Oscil lators 22 1 72 M echanica l Printing Counters 243 81 Op Amps 227 72 
CRT Display Controllers 193 70 Power Relays 4 1 Optical Couplers 247 82 
D/A Converters 224 72 Push buttons 33 65 Schottky MSI Multiplexers 255 86 
Data Communications Reed Relays 19 36-37 TTL Encoders 257 86 

Equipment 178 68 Reed Relays 51 79 TTL/MSI LED/Lamp Drivers 259 86 
De Power supplies 231 73 Se lectable Resistors 58-59 TTL Multiplexers 249 86 
Interface Boards 186 69 Servo Motors 22 45 
Logic Control Modules 229 73 Slide Switches 96 69 PASSIVE COMPONENTS/NETWORKS 
Micro Computers 183 68 Switches 6334A&B Ceramic Capacitors 235 80 
Oscill ators 65 92 Switches 232 80 Hybrid Capacitors 233 80 
Photoelectric Control s 211 90 Thermostatic Relays 41 72 Miniature Resistors & 
Power Suppli es 23 45 Thumbwheel Switches 234 80 Capacitors 7 4 
Power Suppli es 212 90 Resistor Networks 53 81 
Power Suppli es 216 90 ENGINEERING AIDS Resistors 8 6-7 
Power Supplies 225 72 Engineering Opportunities 52 80 Trimmer Potentiometers 64 91 
S/D Converters 174 97 Interface Boards 186 69 
S/ H Ampli fiers 222 72 Programmable POWER SUPPLIES 
Servo Amplifiers 223 72 Ca lculators 18 35 CRT Power Suppl ies 63 91 

De Power Supplies 231 73 
COMMUNICATIONS EQUIPMENT INSTRUMENTATION Power Supplies 212 90 
Automatic Calling Units 214 90 Digita l Multimeters 200 78 Power Supplies 216 90 
Automatic Dialers 182 68 Digita l Spectrum Ana lyzers 198 79 Power Supplies 225 72 
Card Readers 185 69 Digital Tes t Equipment 57 87 Power Suppl ies 58 87 
Color Displays 19& 70 Frequency Counters 199 79 Power Supplies 49 79 
Computer Termi nals 180 68 Frequency Synthesizers 55 83 Power Transformers 68 96 
Data Communica tions Laser Amplifiers 204 76 

Equipment 178 68 Logic Control Modules 229 73 SPECTRAL DEVICES 
Digital Multimeters 202 76 Memory Testers 197 79 Image Intensifiers 218 90 
Message D isplays 194 70 Micro Ohmmeters 206 76 Indicator Lamps 38 69 
Modem/Channel Simulators 195 70 Modem/Channel Simulators 195 70 Laser Amplifiers 204 76 
Modem Sp litters 181 68 Nanovoltmeters 203 76 LED Displ ays 66 93 
Modems 208 90 Osei I loscopes 71 8 Neon Indicators 69 96 
Phone Recorders 192 70 Panel Meters 242 81 Neon Lamps 236 80 
Voltage Contro ll ed Oscillators 54 82 Ramp/Roster Generators 201 76 Neon Lamps 245 82 
Yoke Selection Kits 30 64 Recorders 209 90 Photocells 218 80 

S/D Converters 174 97 Photodiode Arrays 12 16 
DATA HANDLING EQUIPMENT S/H Ampli fiers 222 72 Subminiature Lamps 39 70 
Add O n Memories 35 66 Spectrum Ana lyzers 217 90 
Automatic Dialers 182 68 Strobe Tachometers 32 64 SYSTEMS/SUBSYSTEMS 
Calculators 184 68 Sweep Oscillators 205 76 Automatic Dia lers 182 68 
Card Readers 185 69 Cartridge Tape Drives 190 70 
Cartridge Tape Drives 190 70 MATERIALS/HARDWARE Cassette Recorders 189 69 
Cassette Recorders 189 69 Ant i-Seize Compounds 31 64 Colon Displays 196 70 
Co lor Displays 196 70 Cable Harnessing EJuipment 14 20-21 Computer Terminals 180 68 
Computer D isplays 20 38 Ceramic Heat Trans er CRT Display Controllers 193 70 
Computer Terminals 180 68 W ashers 246 82 Data Communications 
CRT Consoles 219 90 Connectors 6 3 Equipment 178 68 
CRT Display Contro llers 193 70 CRT Enhancement Films 37 68 Digital Printers 188 69 
Data Communications Equipment Enclosures so 79 D igital Pr inters 191 70 

Equipment 178 68 Heat Pipes 239 80 Digital Printers 210 90 
D igital Printers 188 69 IC Sockets 21 45 Logic Control Modules 229 73 
Digital Printers 191 70 IC & Transistor Terminals 26 52 Magnetic Tape Transports 187 69 
Digital Printers 210 90 Instrument Knobs 48 78 Micro Computers 183 68 
Magnetic Tape Transports 187 69 LEDs 237 80 Modem Splitters 181 68 
Message Displays 194 70 Molded Plastic Components 47 77 Phone Decoders .192 70 
Micro Computers 183 68 Multiplexing Systems 215 90 
Modem/Channel Simulators 195 70 Perforated Materia ls 61 88 TEST EQUIPMENT 
Modem Splitters 181 68 Power Transformers 68 96 Calibration Standards 213 90 
Pocket Ca lcu lators 179 68 Substrate Materi als 17 34 Circuit Board Test Systems 10 11 
Programmable Ca lculators 18 35 Digital Measurements 29 60-61 

MICROWAVES Digital Multimeters 200 78 
DISCRETE SEMICONDUCTORS Antennas 230 73 Digital Spectrum Analyzers 198 79 
PIN Diodes 254 86 Backward Wave Oscillators 22 1 72 Digital Test Equipment 57 87 
Power Transistors 251 86 Doppler Transceivers 40 71 Frequency Counters 199 79 
Power Transistors 70 12-13 IF Log Amps 228 73 Frequency Synthesizers 
Reference Diodes 44 76 Sweep Osci ll ators 205 76 Equipment 55 83 
SC Rs 27 Voltage Controlled Oscillators 82 54 Memory Testers 197 79 

Micro Ohmmeters 206 76 
ELECTROMECHANICAL COMPONENTS MONOLITHIC/HYBRID ICs Modem/Channel Simulators 195 70 
Cassette Recorders 189 69 ASCII Character Generators 248 86 Nanovoltmeters 203 76 
Ci rcuit Breakers 25 47 CMOS Multiplexers 5 2 Osei 1 loscopes 27 53 
Connectors 24 46 Decoder/ Drivers 226 72 Ramp/Roster Generators 201 76 
Digital Printers 210 90 ± 1 SV Regulators 258 86 Recorders 209 90 
Digital Printers 191 70 High Speed Opto Isolators 241 81 Spect rum Analyzers 217 90 
Digital Printers 188 69 IF Log Amps 228 73 Strobe Tachometers 32 64 
Digita l Switches 60 88 MOS Interfaces 252 86 Sweep Oscil lators 205 76 
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CHECK NO. 2 



50,000 Volts 

1,000,000,000 Ohms 

1,000,000 pieces 
RL20 ... 3cc 

Save selection time ... send for and use Dale's 
helpful and complete Guide to Film Resistors. 
Circle Reply Number for your free copy. 

For long-term continuous loading , Dale Type 
F film resistors provide working voltages to 
14 KV, pulse voltages to 50 KV with less than 
1 % change after 2,000 hours. Lead and/or 
threaded cap terminations. Write for Bulle­
tin M?C. 

Fill ultra-high resistance requirements with 
Dale Type M and MH film resistors. Minia­
ture sleeved or glass enclosed models with 
values from 60 Meg . to 1,000KM. Excellent 
stability (0.5%/yr.). Tolerances as low as 1 %. 
Write for Bulletin HVBC. 

RL07 and RL20 needs can be swiftly met with 
a choice of two materials- metal ti Im (Type 
CM) and metal oxide (Type F) . Fast delivery 
in quantity. Call for details. 

DALE ELECTRONICS, INC., 1300 28th Ave , Columbus, NE 68601 
A subsidiary of The Lionel Corporation • In Canada Dale Electronics Canada, Ltd . 
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