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SAMPLING 

REAL-TIME 

STORAGE 

ECONOMICAL 

What's new in HP Scopes? 18 GHz, 
dual-channel sampling! New, faster 
HP diodes now extend sampling ca
pability through 18 GHz. For the first 
time, you can directly view and mea
sure 18 GHz CW signals (or 20 psec 
risetime pulses). 

But there are more new scope in
novations from HP. There's the new, 
easy-to-use, 250 MHz real-time scope 
... and new, direct read-out TOR with 
1/4" resolution ... and new variable 
persistence and storage scopes for 
measurements up to 100 MHz . . . and 
a whole new series of low-cost 500 
kHz scopes. 

AND, there are more eye-popping 

HEWLETT h PACKARD 

OSCILLOSCOPE SYSTEMS 

scope ideas just around the corner! 
Next time you see your HP field 

engineer, ask him what's new in 
scopes. You ' ll be surprised by all 
that's happening to give you better, 
more economical scope measure
ments. One thing , we bet you'll get 
a new (and better) answer, every time 
you ask! 

Are you thinking about a new 
scope? Are you wondering whether 
you should continue down the same 
old road? Or is it time you took a look 

Circle 2 on Inquiry Card 

at another manufacturer? The HP 
road means going with the demon
strated leader - maker of perfor
mance champs. 

Call your HP field engineer, right 
now, if 18 GHz sampling is your in
terest. Complete 18 GHz sampling 
system available with delayed sweep, 
or w Io delayed sweep. If you already 
have an HP 12.4GHzsampling system, 
add the new 18 GHz HP 14308 remote 
sampler. Write Hewlett-Packard, Palo 
Alto, California 94304. Europe : 1217 
Meyrin-Geneva, Switzerland. 

08016 



URGENTLY NEEDED: RELIABILITY 
· , 8 Claim 1200 Patien~s y~ !~~~ 

Accl.dental Electrocution .. l'('h Council, Canada, said : ~:~'d1~urlng hO!ipilal m•atmenl in 
••l'l' undergoing "' ~ . . hoc.k i• a u ::; /\. " 

rol"*IW s .... ~,.1 .. » ~~\~~; di:~~os~c wsts," O\' ·•rou· . 'b' l1n1et~~~~r~1{~!:r h!s often es
1
•
1
· 

111
; 11 a icie~honedintehrvi<1~~!~i~~,-~.1~~ 

\ '" 111 Unllcd 1 " su • 1 1 As a resu . 0 "'•ii"'"' sal e 11ree pat en~ tine treatroen . NEWS ' ton. ' . atlrib· .r ..... ' ~' "" ac1uary for a na· 
Al leasL .t Ualll are accldcntal\)' Dr. 11A14tf~·s !lgu f1gu1es hv: States ln$urance com· 

Sta\L'll h~ each da)'. . ,Ml"l e•·ctr0<:ut10. nter s111dy 
electrocllt 00 of eK-c\fOCU• v•" " "' 

The total 1111;: a~ut 1200. ~uoted last ~k. 3 

tlons annually , "1 \\" U.I~\ . Symposium held m 
Accordlni to Or. La JSoirt ~cil..· ing at a l)1!11Sion 

tprl, a sul'il'.°"1 ·~~.~'Z who ssu~P-;!;.......,iMi,Qcd;;.l.;..ca ... 1 ,,,w_..1r,,.um_ el 
l\!i.,, Hospita , .,..... Ost - ~ 

The tiny flaws ih me . 
Errant currents from 1 I d1caf design Can kif.f iined the figures, m. 

Reproduced from : Electronic New• 

are reported impe .,. au ty electronic equ· 
Ronald Gechman ri rng patients in certain •Pment I aware that •mall 
West Coast Editor ---...__....--. Cases ~ed to the~ecti 

Reproduced/ . ~ ~-..,,,. ..,. ,~... ~.-/ -.-._l 
rom. Elec tronic Dca i"n 

FROM SPRAGUE: RELIABLE CAPACITORS 
Sprague Electric has long been aware 
of the crucial importance of reliability 
••• particularly in medical electronics, 
where failure can be fatal. The capaci
tors shown on this page are designed 
for utmost reliability .•• not merely 
to meet existing standards, but to be 
as failure-free as the present state of 
the art will permit. 

HYREL® Capacitors 

Manufactured under climate- and dtist
controlled conditions in factory space 
used solely for high reliability produc
tion. 100% tested for optimum quality 
control. Exceed military and industrial 
standards for shock, vibration, moisture 
resistance, life. Reliability documented by 
extensive test data. Applications now in
clude cardiac pacers and coronary care 
units. One 4-year user reports no failures. 
Available in following types: 
Type 3500 HYREL ® ST Solid Tantalum 

6 to 75 WVOC, .0047 to 330 µF 
Type 3510 Non-Polar HYREL ® ST Solid Tantalum 

6 to 50 WVOC, .0023 to 160 µF 

Type 3090 HYREL ® GT Sintered -Anode Tantalum 
6 to 150 WVOC, 1.7 to 1200 µF 

Type 3300 HYREL ® GT Sintered -Anode Tantalum 
4 to 100 wvoc, 1.7 to 1200 µF 

Type 195P HYREL ® Q Subminiature Paper 
200 to 600 WVOC, .001 to 1.0 µF 

Type 168P HYREL ® PQ Subminiature Paper 
50 WVOC, .001 to 1.0 µF 

Type 118P Subminiature DIFILM® 
Metallized Capacitors 

Unmatched for reliability at 125C by 
any other metallized paper capacitor. 
Higher insulation resistance than that of 
any other metallized paper design. 
Unique dielectric combines metallized 
paper and polyester film impregnated 
with special high temperature mineral 
wax. Hermetically sealed. 

200 to 1000 WVOC, .001 to 12.0 µF 

Heart Defibrillator Capacitors 

------ ~ ··~, 

.$ , . 

True energy-storage capacitors expressly 
developed for heart defibrillators. Charged 
in milliseconds and discharged in a frac
tion of a millisecond. 
Three case sizes available. 

Each rated 16 µF, 7500 WVOC. 

For teclinical literature on any of tliese capacitors, or engineering assistance 
witliout obligation, write or call Mr. Jolin Moynilian, Sprague Electric Company, 
233 Marsliall Street, Nortli Adams, Mass. 01247. Teleplione (413) 664-4411 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
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Type 260P METFILM® 'K' 
Film Capacitors 

Exceptional versatility and superior elec
trical characteristics in small physical 
size. Metallized polycarbonate-film di
electric provides high insulation resist
ance, high capacitance stability, low di
electric absorption, low dissipation factor. 
Hermetically sealed. 

200 to 600 WVOC, .01 to 10.0 µF 

COMP UL YTIC® Aluminum 
Electrolytic Capacitors 

Power supply filter capacitors with low 
leakage currents, low ESR, long shelf 
life. Feature the most reliable seal yet 
developed for aluminum electrolytics. 
Type 320- Cylindrical with tapped terminal inserts or 
solder lug terminals 

2.5 to 450 WVOC, 35 to 200,000 µF 
Type 340- Tubular with axial leads 

2.5 to 450 WVOC, 1 to 13,000 µF 

Spraaue ' and ·@ · are reaistered lr1demarks of the Spraiiue Electric Co . 
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LOW-COST, SOLID STATE 

AC RELAYS 

To Turn on: 

MOTORS SOLENOIDS 

Choose from 70 new SPST Solid State Relays 

SERIES 601 FEATURES: 

• Amazingly low cost 
• 1-10 AMPS at 140 V RMS or 280 V RMS 
• Drive directly from TTL logic 
• Total isolation between control and load circuits 

(4 -Terminal Network) 
• All solid state (NO REEDS) 
• Zero voltage switching available to minimize RFI 
• Transient protected on input and output 
• PC board or screw terminal mounted 

LIGHTS 

INPUT 
(CONTROL) 

VOLTAGE 
RANGE 

3. 10 voe 

5.32 voe 
15-45 VAC 
20.75 voe 
60-140 VAC 

9-15 VAC 

LOAD 

HEATERS ETC . 

PART NUMBERING (Economy Line) 

OUTPUT OUTPUT (LOAO) CURRENT RATING & PART NUMBERS 

VOLTAGE 1 AMP 3 AMP 5 AMP 7 AMP RATING 
140 VAC 601 -1001 601 · 1002 601 · 1003 601 -1004 
280 VAC 601 -1006 601 -1007 601 -1008 601 -1009 
140 VAC 601 · 1011 601 -1012 60J.101 3 601·1014 
280 VAC 601 -1016 601 -1017 601-1018 601 -1019 
140 VAC 601 -1021 601 -1022 601 -1023 601 -1024 
280 VAC 601 -1026 601 -1027 601 -1028 601 -1029 
140 VAC 601 -1031 601 -1032 601 -1033 601 -1034 
280 VAC 601 -1036 601 ·1037 601 · 1038 601 -1039 

" .. NOTE. Add P to P/ N for printed circuit (pin) mounting only. 

ECONOMY LINE PRICE / QUANTITY (Typical) 
QUANTITY 

10 AMP 

601 ·1005 
601 -1010 
601 -1015 
601 -1020 
601 -1025 
601 -1030 
601 -1035 
601 -1040 

Amps @ 140 VAC 10 . 24 100 . 249 1000 . 2499 
1 $12 .20 $ 8.75 $ 6.65 
3 13.50 9.70 7.35 
5 15 .30 10 .60 8.10 
7 16.60 11.55 8.80 

10 18.45 12.80 9.75 

PART NUMBERING (Zero Voltage Turn-On) 
INPUT OUTPUT (LOAD) CURRENT RATING & PART NUMBERS 

(CONTROL) OUTPUT 
VOLTAGE VOLTAGE 1 AMP 3 AMP 5 AMP 7 AMP 10 AMP RANGE RATING 

3-8 voe 140 VAC 601 -1101 601 -1102 601-1103 601 ·1104 601 -1105 
280 VAC 601-1106 601 -1107 601 -1108 601 -1109 601 ·1110 

7-85 voe 140 VAC 601-1111 601 -1112 601 -1113 601 -1114 601 -1115 
280 VAC 601 · 1116 601 -1117 601 · 1118 601 · 1119 601 · 11 20 

90-280 VAC 
140 VAC 601 -1121 601 -11 22 601 -1123 601 -1124 601 -1125 
280 VAC 601 -1126 601 -1127 601 · 1128 601 · 11 29 601 ·1130 

ZERO VOLTAGE TURN-ON LINE PRICE/ QUANTITY (Typical) 
LOAD QUANTITY 

Amps @ 140 VAC 10 . 24 100 • 249 1000 . 2499 
1 $21.60 $15.00 $11.40 
3 22 .95 15.94 12. 11 
5 24 .30 16.88 12 .83 
7 25.65 17.81 13 .55 

10 27.45 19.06 14.50 

For complete information on quantity prices and delivery, call your nearest 
Teledyne Relay Distributor - or us. 

TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 •Telephone (213) 679-2205 
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Cover: The Federal Communications Commission may well be 

standing at a crossroads and Dean Burch wi l l have to be the 
man to pick the right road. Burch and the FCC face the on

rushing advance of technology in such diverse approaches as 
CATV, specialized common carriers, domestic satellite commu

nications systems, and allocating the electromagnetic spec
trum . How the Chairman and his fellow Commissioners treat 

these and other problems will have far-reaching effects on elec
tronics. Story on page 22. (Photo by John DiJoseph , Jr ., Remi 

Studio.) 

56 New Products 
62 Lab New Products 
64 Microworld New Products 
68 Systems New Products 
70 Software New Products 

71 Abstracts 
72 Literature 
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88 Ad Index 

22 HOUR OF DECISION AT THE FCC By John McNichol 

The quickening pace of telecommunications technology means a more crowded docket at the 
FCC. Here's an inside look as Dean Burch's FCC and some of the problems confronting it. 

REPORT ON DATA TERMINALS AND COMMUNICATIONS following page 32 
D3 CREATIVE DOODLING MADE EASY: CRT TERMINALS By w. H. Sass and 

H. S. Rasmussen 

From helping you to design a ci rcuit to ensuring that your seat will not be taken when you board 
your flight , the CRT terminal is everywhere. The latest ways to achieve man-machine interface 
and overcome that "co mmunications gap" are given . 

D9 REVIEW OF INTERACTIVE CRT TERMINALS Editorial Staff , Instruments and Control 
Systems. 

A comprehensive survey of commerc ially availa ble CRT co mputer terminals ca n guide you in 
your selection of these interactive units . 

51 IC IDEAS 
Man-machine interface circuit by Alphonso H. Marsh Jr. 
Circuit performs up/ down counting and sh ifting by Ken Erickson 
Versati le triangle wave generator by Adrian Moses 
Oven temperature controller by S. W. Billingsley 
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TM KEPCO TALKS 
POWER SUPPLY 
TECHNOLOGY: 

FERRORESONANCE ... 
the key to simple stabilization 

In this age of high gain, solid-state integrated fee dback 
circuit, it is easy to overlook the simpler ways of con
trolling voltage and current. The ferroresonant flux-oscil
lating power transformer, used as the control for a d-c 
power supply, provides an extremely simple-therefore 
reliable-stabilizer that suffers no risk of the overvoltage 
danger to which so many loads are so vulnerable. 

A ferroresonant system consists of two coils on a com
mon core separated by a magnetic shunt. The primary 
coi l is permitted to function linearly , while the secon
dary is paralleled with a resonating capacitor to excite its 
iron into saturation on alternate half-cycles. The shunt 
provides a flux path for the secondary so that the pri
mary is not saturated. 

The voltage waveform across the tank has a roughly 
square aspect because the iron transition from unsatu
rated to saturated state is a rather abrupt phenomenon 
triggering a rapid discharge from the capacitor (whose 
energy then builds the flux in the reverse direction) . 

When rectified, this square waveform presents a much 
smaller peak/average ratio to a capacitor input filter, 
resu lting in a much lower output impedance and smaller 
ripple amplitude than would an equivalent sinusoid. 

Because the tank's voltage, which contro ls the output is 
independent of the driving source amplitude, the load 
voltage is entirely a function of the magnetic structure 
with about 30 dB or more isolation from source changes. 

RESONANT LC TANK 
SECONDARY 

PRIMARY FLUX 

SATURATED FLUX 

RESONANT LC 
TANK 

SECONDARY 
OUT 

THE FERRORESONANT POWER TRANSFORMER WITH ITS TANK CAPACITO R STABILIZES A 
d-c OUTPUT WITH A MINIMUM OF FUSS AND BOTHER ; AND A MAXIMUM OF RE LIABILITY 

The ferroresonant approach , in addition to providing sta
bilization versus the source, and a reduced load effect, 
through lowered impedance, is also self-protect ing for 
overloads. Short the output and the lowered tank "Q" 
causes the tank oscillations to diminish and cease. This 
provides a current limiting effect which protects both 
supply and load. 

Power Supplies with the Kepco ferroresonant trans
former, Flux-0-Tran®, range from 60 watt modules to 
300 watt supplies in single and dual output configu
rations. The Kepco PRM Series has 58 models in all from 
4.SV d-c to 240V d-c, easily tailored to your application. 
Check out their advantages in your circuit. Get Kepco 
Catalog B-703. 

KEPCO® Write Department D0- 19 

4 

KEPCO, INC. • 131-38 SANFORD AVENUE• FLUSHING, N.Y. 11352 
(212) 461-7000 •TWX #710-582-2631 
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What Do You People See 
In Digitran Switc11es? 
You see what you' re switching. Nice 

big digits. And you can see tremen

dous space advantages. A typical four

unit "MINISWITCH" consumes only 

2.76" in length x 1.15" in height. You 

can't do that with four rota ry switches. 

Our Thumbwheel switches are mod

ularized. It's easy to see that we can 

supply a switching system with any 

number of digits you want without any 

special tooling. See also, the ease and 

versatili ty of terminating our Thumb

wheels. Printed Circuit boards extend

ing out the back can be mated with 

connectors or easily solder-wired to 

plated-thru holes. You can have " wire 

wrap" terminals or simple wire leads. 

You also can see the possibilities of 

inter connectin g and mount in g I. C. 

components or di scretes on these or 

modified P / C boards. 

The Electronic Engineer • Nov. 1970 

Now, about the things you can' t see 

in our swi tches. You can't see our cod

ing capability, but in our new catalog, 

we list dozens of standard codes and 

have hundreds of others in our files. 

You can' t see the positive and audible 

"cli ck" between each switching posi

tion. You can't see the quality controls 

tha t gu ara ntee a milli on a ccu ra te 

swi tching operation s. And the thou

sands of application problems we've 

solved. 

So, see for yourself and send for our 

new complete ca talog. And show us 

your need for a sample and we'll send 

you one. After all, seeing is believing. 

D IG I S WIT CH ® 
med iu m sized 
sea le d or unsealed 

8, 10, 12 or 16 
positions 

MINISWITCH® mi n iature-sealed 
or unsealed 8 or 10 positions 

THE DIGITRAN COMPANY 
A Divis ion of Becton, Dickinson and Co . I B-D I 

855 So. Arroyo Pkwy., Pasadena, Calif. 91105 Phone (213) 449-3110 TWX 910-588-3794 
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Not to help is to hurt 
If th e U .S . consumer was ready to buy co lo r TV sets in 196 1, he had to wa it 
until American electronic companies developed rece ivers a t a low en ough cos t. 
He had to wait , because low-cost T V sets couldn ' t have co me fr om a ny o ther 
country- in 196 1, that is. 

If U .S . bank s a nd in surance companies were ready fo r business computers in 
196 1, or if the process cont ro l indu stry was ready for sma ll co mputers a 
couple of yea rs later , they had to wa it unt il A m erican co mputer manu fac
turers brought the cost o f th ose computers down to a price low enough . They 
had to wa it , because in th ose yea rs no other country in the world had the re
sources, the bra inpower o r the techn ology to produce computers in qu a nt ity. 

How about today? Are there any products o r services which the consum er, 
bu siness or indu stry in the U. S . (as well as in ma ny other countries) 
need from the electronics industry? Of course there a re. The consumer is 
ready for low-cost video recorders a nd video record s; bu sinesses need elec
tronic calculators; computer users wa nt data terminals ; the co mmuni ca tions 
indu stry needs low-cost microwave equipment to tran smit da ta between termi
na ls and computers; hospita ls must have the a id of medical electronic equip
ment; schools a ll over the world a re yea rning fo r low-cost electronic teaching 
machines to relieve the short suppl y of teachers. 

These new ma rkets for the 70's a re as ready tod ay as th e previous ones were 
ready in the ea rl y 60's. There is, however , one important difference between 
now and las t decade: if Ameri can electro nic ma nu fac turers do not develop 
low-cost products fo r those mark ets imm edi ately, the m arkets will no t wa it 
for them- there a re plenty of manufacturers in J a pan (and , a lso, in Western 
Europe) with both the techn ology and the resources to fill th e ga p, as th ey did 
with tran sisto r radios in the late I 950's, and a re a lready doing now with ca lcu
la to rs. 

Do n' t we have the technology and brainpower to develop th ose products? W e 
do, but we lack the commitm ent. While more th an ten thousand e lectro nic en
g in ee rs have been idl ed by th e cutbacks in aerospace a nd defense cont rac ts, 
these engineers cann ot find wo rk in indu stry because the manu facturers inter
ested in m aking those products a re wres tling with the high opera ting costs a nd 
short suppl y o f money which a ffect our economy tod ay . 

Th a t' s why we are sounding a n a la rm . Th a t's wh y we a re enli sting th e cooper
a ti on o f oth er electronic magazines, and o f industry associa ti ons, to convin ce 
our government th a t the electronic indu stry need s help . Help o f the sa me so rt 
th a t J a pan , as well as o ther coun tri es, g ives their ma nu fac turers. 

In Japan , the Ministry of Interna ti ona l T rade and Indu stry (M IT !) carefull y se
lects those industries which can help improve its trade ba la nce (and elect ronic 
indu stries ra te tops in th a t li st), and m a kes ava il a ble to them no t onl y trade 
ass ista nce, but also loans a t unbeli evably low ra tes. Even closer home, the Ca
nadi an Province de Quebec a tt racts electro ni c com panies (especia ll y those 
m aking computers and peri phera ls) with cash grants of up to 25 % of in
vestm ent , a nd with low-rent land si tes . 

W e believe American electro nic manu fac turers can and mu st deve lop the 
products fo r the 70's. We believe American electroni c engin eers do not need 
to depend on defense contracts fo r work- a hea lthy indu stry can and need s to 
occupy them . But the industry cannot do it without the same help fr om our 
government tha t fo reign competito rs get fr om theirs. And no t to help , is to 
hurt- no t j ust our indu str y, but the future o f the who le country. 

At~-fo .S~colo11sk, 
Editor I 
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and ifs nice to know it's there. 
F-0r the same prices as plastic devices, you can get up to 5 times 
greater surge protection. In fact, you can use ¢ -line 1 and 5 watt 
zeners instead of conventional 10 and 50 watt chassis mounted types. 
And for far less money. Unitrode's unique fused-in-glass construction 
assures you of monolithic, void-free zener diodes with permanently 
stable electrical characteristics. And they'll withstand voltage surges 
high enough to make them hot enough to glow. They're in 
stock now, ready for immediate delivery. (1 watt ratings as low as 19¢ 
in 100k lots.) Can you afford not to use them? For fast action, call 
Sales Engineering collect at (617) 926-0404 
Unitrode Corporation, 
580 Pleasant St., Watertown, Mass. 02172 lliJJ 

-• U N IT R 0 DE quality takes the worry out of paying less. 
Circle 6 on Inquiry Card 

~------~----------~-------------------~ Unltrode Corporation 
Inquiry Processing Oept.11 D, 63 Atlantic Ave., Boston, Mass. 0211 O 

D Please send ¢-line zener samples in D 1 watt, D 5 watt rating 
with complete specifications. 

NAME------------TITLE---------

COMPANY---------------------

ADDRESS---------------------

CITY---------STAT~-----ZIP-----

~-------------------------------------~ 



Bell & Howell & 
Recording & How 
It's done with oscillographs. We have a bunch, but let's talk about these two. They can handle 
on-line or off-line test and measurement of any physical happening you might have in mind. 
From pu lse flutters during surgery to whether or not you're refining that crude the same way 
today as last year. 
The one on the bottom is the 5-134. It does everything but talk. It writes to 25,000 Hz. (But with 
all that speed, it has a data accuracy to ±Y2%.) And can flip into any one of 10 different 
servo-controlled speeds. · 

It's modular, of course, with special refinements. Like the timer, servo control board and 
galvo all plug in. Individual input connectors as standard. An extremely quiet operation. 
That type of thing. 
Here's a couple more exclusives. You don't have to write out timing line rates. With us, that's 
taken care of automatically.With a timing ID marked on the edge of the paper. Not only that, 
the rate can be manually selected or can be automatically synced with paper speed. 
And it's got a "jog" feature that allows you to move the paper short distances for initial set 
up-one hold-down button for on/off. 
The smaller box is the 5-135. It weighs in at 35 pounds (a rea l portable) as compared to 
the other's 50 pounds. Both boxes share pretty much the same components. It's just that the 
5-135.has broader application by more industries across the board because it's not quite so 
fancy (9 channels versus the 5-134's 18, for instance). Even though it's smaller, it doesn't 
skimp on performance. It has the largest range of input power options of anybody going. 
And all that at a lot less money. Not bad, huh? 
And one more thing. Just in case you 're building a system, we've got a range of other new 
goodies to complement these graphs: 1-172 amplifier, 8-114 bridge excitation/signal 
conditioner and the 23-111 paper processor. 
If anything here piques your curio~ity , you can get the full package of specs by writing 
Bell & Howell, Instruments Division, 360 Sierra Madre Villa, Pasadena, California 91109. 

lnSTRUmEnTS DIVISIDO 

0 BELL s HbWELL ~ CoPVflght 1910 Bell & Howell 
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You can buy "lacing tape" 
at lower cost ... why pay 

more for Gudehrod' s? 

(Maybe your waste 
container will explain !) 

Not using Gudebrod Lacing Tape? Then your waste 

basket contents may be revealing! W hen harness 

workers run into tape having coating build up, or too 

little coating-or other irregularities causing tying 

problems-they'll often bury it in the waste basket. 

Yards and yards of tape will be wasted! 

This won't happen with G udebrod Tape. Every 

inch has exactly the same uniform fin ish -it 

consistently makes tight knots-workers really 

appreciate it. N aturally Gudebrod Tapes meet 

applicable MIL Specs. Save money with 

Gudebrod Lacing Tape-not on the tape

but at the harness board where faster 

production, high quality harnesses with fewer 

rejects count up in real dollar savings . 

Talk this over with a Gudebrod Technical 

Representative-you'll be glad you did! H e 

has a wealth of unique harness 

lacing experience. 

UDEB ROD BROS. SILK CO ., INC. 

~J)~ 
1 2 SO U T H 1 2 TH STREET , PHILADELPHIA , PENNSYLVANIA 1 9 107 
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nd make your work a lot easier. 
_...._-0"'\«.,,,«-- nitro e's new industrial 10 Amp silicon planar NPN Darlington 

~"\""' · t tors offer you the advantages of a monolithic two transistor 
circuit for less than the price of comparable discrete devices. 
They're ideal for high gain switch ing appl ications such as print 
hammer drivers , solenoid, servo and lamp drivers and for 
amplifying applications such as motor controls and linear 
amplifiers . They're available in two hermetically sealed metal 
packages - a lead-mounted T0-33 (U2T101) and a chassis
mounted T0-66 (U2T201 ). Both utilize overlay (multiple emitter) 
techniques on driver and output transistors. Saturation voltage is 
1.5V max. @ 5A and current gain is 2000 min @ 5A. Collector
Emitter voltage ratings are available up to 150 volts. U2T201 has a 
power dissipation rating of 25W@ a case temperature of 100°c. 
For whatever Darlington application you have, Unitrode ¢-Line 
Darlingtons are more efficient and less expensive than any other 
method of performing the function . Why not make us prove it? 
(U2T101 is $2.75 ea. in lots of 100.) 
For fast action, call sales engineering collect at (617) 926-0404 
Unitrode Corporation, 
Dept.11 D , 580 Pleasant St. , Watertown, Mass. 02172 lliJJ Free samples on request. 

-• U N IT R 0 DE quality takes the worry out of paying less. 
Circle 7 on Inquiry Card 
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UPD-D\TE 

Bremsstrahlung production ... The Department of Health , 
Edu cation and Welfare (HEW) has conducted a search of 
pu bli shed literature on Brem sstrahlung production. The 
litera tur e survey indicated a severe deficiency in the 
present knowledge of Bremsstrahlung, emphasi zing the 
urgent need for a research program. An understanding of 
th e Brem ss tr a hlung production is bas ic to the under
sta nding of X-ray radiation from electronic products, and 
is , therefore, of importance to engineers. And as you a ll 
know, this is becoming more and more prominent in 
" news" from Washington. 

Product safety ... Richard 0. Simpson, Deputy Assistant 
Secretary o f Commerce for product standards, claims a 
vast number of consumer standards for safety- perhaps 
I 0,000- need to be developed. At the average of three 
man-years per standard , this would require 30,000 man
years of effort. Obviously, new approaches a re needed . 
Simpson states that one very promising work-save may be 
to concentra te on genera l standards . By thi s he mea ns a 
sta nda rd which would deal with a common characteri sti c 
of a large g roup of products. One exa mple would be to in
troduce a sta nda rd covering shock protection in all 11 7-Y, 
60-cycle electrical appli ances. 

Stop breaks ... IBM scienti sts have found that adding 
4% copper to aluminum grea tl y increases the use of alumi
num connection lines for integrated circuits . The add ition 
of cop pe r substantiall y ret a rd s electromigration which 
ca uses many electrical opens in 1c s. Electrical opens are 
one of the chief ca uses of failure in ics. 

Fly with this ... The RCA Aviation Equipment Dept. has 
developed several new products for general aviation use. 
These include an 80-mile wea ther rada r, a 200-mi le weath
er radar, a 300-mile weather radar , an airborne digital 
DM E system, and a " Hi-Rel" ATC transponder. The radar 

sets a unique Oat- plate antenna array . The antenna is 
said to be so good th a t it will be used by some commercial 
a irlines with their exis ting weather radars. 

Connect with these specialists ... The Electronic Con
nector Study Group, with headqu ar ters in Philadelphia, 
wants to hear from interested co nnector speciali sts who 
a re wi lling to serve as co nsultants. This gro up plans to es
tablish a group of qu alified specia li sts and di stribute their 
nam es to a ny engineers having specific connector prob
lem s. Those interested in becoming specia li sts should write 
to the Electronic Connector Study Group, P . 0 . Box 3 104, 
Phil adelphia , Pa ., 191 50, statin g interest a nd quali
fica ti o ns. 

The Electronic Engineer • Nov. 1970 

Imasion of prirncy ... The keynote speaker at the Associ
ation of Computing Machinery conference held in New 
York was Ralph Nader. With the widespread use of com
puters, Nader stressed a need for an " information Bilf of 
Rights." "Otherwise," he stated, "we risk the threat of 
computers creating a mass antipathy on both public and 
private sources. " Nader has the same concern as the rest 
of us with the invasion of privacy via computers. He even 
prophesized that this will become a political issue in the 

near future. 

Solidly together . .. The Electronic Industries Association 
(E IA) and the National Electrical Manufacturers Associ
a tion (NEMA) have jo intl y formed an engineering organi
za ti on to develop standards on microelectronic and semi
conductor devices. The new group will be kn own as the 
So lid State Products Engineering Council of the Joint 
Electron Device Engineering Council. The new council is a 
co mbin a tion of the former JED EC Semiconductor .Coun
ci l and the Microelectronic Engineering Panel. 

It' ll cost you ... Subscription TV has been a pproved by 
FCC for the Zenith Corp.'s Phonevision®. Thi s system is 
for ove r- the-air sub sc ripti o n TV (STY) . Bas icall y. a 
scrambled TV signal is tran smitted over the a ir to a specia l 
decodin g unit at the receiver end. A charge is collected 
through rental of the decoding unit. 

Fruitful confinement ... With a goal to qu alify trainees_ for 
a variety of unfilled jobs, S ylyania is now using a $98 ,000 

grant to set up a reh abilitation program with the Mas
sachusetts House of Correction . Inmates will be in structed 
for unfilled jobs in such a reas as electronics, water treat
ment, and servicing consumer products. Three 16-week 
courses a re aimed at helping about 400 inm ates . The Syl
va ni a- trained gradu ates will be placed in jobs through 
state-operated employment and service agencies, Cha m
bers of Commerce, and uni vers ities. 

Wanna' bet .. . The New York City Off-Track Betting 
Corp. is negoti a tin g a 5-year contract for the design and de
velopment of the fir st tota ll y automated wagering system . Ac
cess to off-track wagering will be through 100-200 branch 
offices and a tel ephone deposi t betting exchange. The da ta 
processing system will provide a short betting-to-payoff 
cycle, allow for cash turn over of increased betting vo lume, 
and cover a ll wager types and co mbinations, such as par
lays . For telephone betting, each machine provides the op
erator with an instant di spl ay of the bettor ' s account bal
a nce and enters new bets if the account balance is suf

ficient. 
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New Gardner-Denver (OJ.ilte.(t}Jt4fi 
Terminal Locator with .001 accuracy. 

Electronic production schedules up to one million wires 
per year can be wired with this new 14YN Wire-Wrap 
Terminal Locating Machine recently announced by 
Gardner-Denver Company. Positioning rate is adjustable 
from 120 to 360 inches per minute, and position resolu
tion is .001 on both axes. Wrap area is 36" on the "X" 
axis and 24" on the "Y" axis. 

Machine can be used with twisted wire pairs, as well 
as a wide range of wire gauges. Standard equipment in
cludes the Terminal Locator, a lighted wire bin with 32 

12 Circle 10 on Inquiry Card 

tubes, and a Gardner-Denver solid state tape reader and 
numerical control. Write for further information, or ask 
your Gardner-Denver Wire-Wrap Specialist about speci
fications and assistance in your wiring requirements. 

GARDNER-DENVER 
Gardner-Denver Company, Quincy, Illinois 62301 

*Wire-Wrap is a registe red Trademark of Gardner· Denver Company 
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• 

CTS now offers you a choice 
of four popular space-saver 
packages. Packed with up to 
17 resistors per module, round 
or flat leads, (no extra cost for 
flat leads) they provide an 
infinite number of circuit 
combinations. All are designed 
to simplify automatic insertion 
along with IC's and other DIP 
products for reduced costs. 
Easy to hand-mount, too. 
Available without inorganic 
cover coat, so you can trim for 
circuit balance in your own 
plant. 5 lbs. pull strength on all 
leads; .100" lead spacing; 
rated up to 2 watts on 18 
lead style. 

CTS of Berne, Inc., Berne, 
Indiana 46711. (219) 589-3111. 

Series 750 edge-mount 
cermet resistor packages 
available with up to 7 
resistors per module in 
9 package configurations. 

CTS CORPORATION 
Elkhart. Indiana 

YOUR CTS ANSWER 
MAN will be glad to 
work with you to pack 
maximum circuitry 
into your compact 
design with this 
expanded line of dual 
in-line packages. 



up·to·date "clocking" 
solves your advanceil 
LOAD TIMING/CONTROL 

14 

Specify ultra-reliable 
sol id-state ADLAKE Timers 

and Control components 
for critical timing and heavy 

current load switching 
applications. 

PROBLEMS 
Precision timing and control of high current (mercury displacement) load 
switching requires advanced, reliable components and circuitry. Where 
nanoseconds, seconds, minutes, or even hours must be controlled, precision 
solid-state circuitry must be employed to insure maximum dependability. ADLAKE 
now offers two new timing devices, plus a unique solid-state bistable relay 
designed for precise and reliable control. These versatile products will find 
applications in circuits ranging from the most simple electro-mechanical 
apparatus to highly sophisticated computers. 

PU LSE LATCH HYBRID TIMER 
The Pulse La tch is a solid-state For the first time, an economical 

bistable relay of advance design timer to handle 35 amp loads for 

which controls loads in excess the full timing perio d (no derat

of 3 amps (8-200 Volts). Positive ing necessary) . No need for a 

input pulses as narrow as 100 costly additional driven relay for 

usec. to the same terminal will high currents . Inputs up to 220 

alternately latch the two outputs. VAC and / or 200 VDC are time 

Switching rates as high as 2 kHz delayed from 50 msec . to over 2 

are attainable, depending on out- minutes. ± 5% accuracy under 

put loading . all load conditions in an opera-

The Pulse Latch is unaffected by 

shock or vibration and is inter

nally supressed against vo ltage 

transients . Many standard mod

els are available . Pu lse Latches 

to accommodate your particular 

load , voltage , and switching 

parameters can be built on 

special order. 

ting temperature range from 

- 30 to 200° F. Fixed or adjust

able timing periods in excess of 

15 minutes available special. 

Wide variety of combinations of 

" On ", " Off " , " Delay ", " Instant 

Close or Open ", with N .C. or 

N .0 . switching . 

DC-DC TRANSFER 
TIMER 
Provides positively con tro lled , 

delayed de output from de input 

-timing interval is 10 msec . to 

10 minutes . Timing period can 

be fixed (external resistor) or 

adjustable (external poten

tiometer). 

Output timing accu racy is within 

± 2 .5% at recycle times as low 

as 20 msec. Operating te mpera

ture range is - 30 to 170° F. 

Selection of screw-type, PC, or 

quick connect-disconnect termi

nations minimize your produc

tion line problems. N .O . delay 

operate m o de standard ; N .O . 

quick operate-delayed release 

on special o rder. Solid-state AC 

or input/ output isolation avail

able special . 

Won't you let Our engineering applications specialists have modern 
us help you? answers to your most frustrating power timing 

and switching problems. 

THE ADAMS & WESTLAKE COMPANY 

A SUBSIDIA RY OF ~ ALL IE D PRODUCTS CORPORATION 

(2191 264 -1141 •TW X 219 · 5 22 -3102 • TELEX 25 -8458 • CABLE AD LAKE 1025 North Michigan Street, Elkhart, Indiana 46514 
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Make Waves ... 

HP's 3310A is the function generator 
that gives you seven different wave
forms-in three different modes - in 
one inexpensive package. 

In its basic form , the 3310A gives 
you a continuous output of square 
waves, sine waves, and triangle waves 
- plus positive and negative ramps 
and pulses - for only $S9S. 

By adding HP's new Option H10 
(only $140), you can generate each 
of these seven waveforms in two 
other modes-single-cycle and mul
tiple cycle " bursts." These " bursts" 
can be triggered either manually or 

just about any waveform 
• • you can 1mag1ne 

by an external oscillator ; starting
point phase can be varied by ± 90°. 

With or without Option H10, the 
3310 gives you a choice of ten fre
quency ranges-from 0.000S Hz to 
S MHz-and an output voltage range 
from 1S mV pk-pk to 1S V pk-pk into 
son load. De offset of ± S V into son 
load is also standard . 

With Option H10, the 3310A can be 
used in frequency-response and 
transient-response testing , as a 
waveform converter, for generating 
phase-coherent waveforms, and as a 
frequency multiplier or divider, 

Circle 13 on Inquiry Card 

among other things. Applications in
clude testing television and com
munications systems, radar systems, 
and analog or digital circuits. 

For further information on the 
3310A and Option H10, contact your 
local HP field engineer, or write to 
Hewlett-Packard , Palo Alto , Cali
fornia 94304. In Europe : 1217 Meyrin
Geneva, Switzerland . 

090 / 41 
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Computer-on-a-chip-well almost 
Since the advent of large-scale in
tegrated circuits there have been pre
dictions of a computer-on-a-chip. Well , 
we aren't there yet but Four-Phase Sys
tems Inc., Cupertino, Calif., has shrunk 
the central processing unit of its new 
System IV /70 computer to one printed 
circuit card- 12 MOS/ LSI chips. 

Of the 12 chips, six are read-only
memory chips which store the instruc
tion set for the machine. These ROM's 
with 48,000 bits of storage contain the 
complete set of 120 machine instruc
tions for the new computer. Of the six 
other chips, three are random logic ar
rays and three are byte-slice chips. 

This circuit card contains the entire CPU 
for the System IY/70 computer. The 
12 MOS / LSI packages contain logic 
which represents over 10,000 digital 
gates, or 75 .000 components. 

The new system consists of up to 32 
video display terminals connected and 
controlled by an integral computer. The 
System IV /70 computer, which in turn, 
communicates with the central comput
er facility , guides you through the data 
entry steps, pre-processes and formats 
the data, stores it on disc for local use 
and/or transmits it directly to the cen
tral data base. However, the terminal 
can handle most of the typical data 
processing problems before it is neces
sary to access the central computer. 

Peripherals include line printers, card 
punches and readers , discs, I BM-com
patible magnetic tape, and paper tape. 

Designed for data entry and retrieval 
to and from data bases and computer 
systems, the new computer and terminal 
display system uses semiconductor 
memories exclusively. According to the 

Up to 32 video displays may be con
nected to, and controlled by, a System 
IY/70 which, in turn, communicates with 
a central computer facility. 
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company, the system has the computing 
power of an I BM 360/30. And , you 
would also have the display system. 

System IV /7 0 interfaces with IBM 
360/370 systems locally or remotely
and with unmodified IBM software 
through a System IV /70 foreground 
communications package. A subset of 
this package completely simulates an 
IBM 2848/2260 data station complex. 

The machine has no software yet (it 
will be available at a later date), but it is 
capable of using IBM's software (for 
the 360 and 370 lines), which is, of 
course, immediately available. 

During normal system operation, dis
play and communication operating 
overhead is only 10 to 20%, leaving 80 
to 90% of the system 's time available 
for user background programs such as 
data validation, error checking, for
matting, and local processing and stor
age before transmission to the main 
computer. 

The desk-top unit sel ls for only 
$7,500. 

Mesa passivation 
Most semiconductor devices and mono-
1 it hi c 1cs are made by planar 
process. This process, by its nature, af
fects total protection of the sensitive dif
fused junctions during, as well as after, 
various process steps. Mesa devices 
have many desirable advantages over 
planar devices and can achieve special 
performance characteristics not possible 
with the planar process. However , the 
mesa process results in exposed junc
tions, and no practical passivation 
method fully prutel:tS the junctions. 

A new process is the combination of 
the mesa amd planar, incorporating the 
advantages of the two processes. This 
process is given the acronym SIMTOP for 
the Silicon Nitride (Si iN,) masked , ther
mally oxidized , post-diffused mesa proc

ess. Procedure is basically as follows: A 
thin layer ofSi i N 1 is deposited onto a sil
icon wafer. The Si ' N, is etched to form a 
desired geometry using photolithography 
and the appropriate etchants. The mesa is 
then formed by etching the silicon. The 
resulting mesa will have smooth crystal
lographic planes if the silicon material is 
< 100 > orientation and is etched using 
an anisotropic etch. Then the silicon is 

thermally oxidized to a thickness of 8000 
to 10,000 A. The Si iN , is removed and 
the p=n junction formed by diffusion . The 
metallized contacts are formed by evapo
rating or plating the approp riate metal , 
Al, Ni-Au, Cr-Au, etc. 

The post-diffusion feature o r this 
mesa process results in devices which 
have high reliability , uniform elect rical 
and physical characteristics, and fabri
ca tion simplicity. In addition, the mesa 

structure eliminates the cu rved junction 
and lateral space-change widening, pro
viding lower capacitance and high 
breakdown voltages. 

An lmpatt diode was fabricated with 
this process to illustrate the feasibility 
of the process. The work was conducted 
at M IT's Lincoln Labs . 

A new processing method incorporates 
the advantages of both planar and mesa 
fabricated devices . Here is a cross sec
tion of a device made with the SIMTOP 
method. 

Insulation won't cook 
A new electrical wire coating can with
sta nd heat as high as 700°F without 
degradation or danger of fire. The ma
terial , which can seal wire agai nst the 
effects of moisture and air, as well as 
repel heat , was developed for the Air 
Force Materials Laboratory by Hughes 
Aircraft as a coating for " hook-up" 
wire in high-temperature applications . 

The material is a combination of a 
polyimide film and a new polymeric 
coating. The latter is applied in a solu
tion form to the polyimide film and 
then dried and cured. 

A commerciall y avai lable polyimide 
tape that is used to insulate electrical 
wire is coated with a polymer adhesive 
substance. The coa ted tape is then 
wrapped around the wire on a wire
wrapping machine . 
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LEVERWHEEL SWITCH ... a brand new concept .. . Thumbwheel Lever-Action by CHERRY 

FA STER SETTI NG : A single movement of the Leverwheel 
setting lever throug h its 60 ' arc is all that's necessary for a com
plete 10- Position cycle. (Compare that to plunking th rough the 
360 ' rotatio n on conventional thumbwheel !) 
Inst ant reset at no extra cost : A simple sweep with the hand 
and all levers return to home position with every switch in the 
bank retu rn ed to "zero." 

C herry has n ew standard thum bwheel switches, too! 
Like the unique new Leverwheel , Cherry thumbwheel switches 
are available in miniature and subminiature sizes, totally -i nter
changeable with other leading thumbwheels. 

High impact. polycarbonate end caps, case, lever and wheels. 

Modular construction permits assembly 
of as many untts as requtred·--------

Pnnted circuit board of glass filled epoxy with gold 
plating over nickel. 

Just two screws to assemble ind1v1dual units into switch modules. 

SEN D TODAY for our new 44-page full line catalog .. . which 
includes complete data on Cherry Leverwheel and Thumbwheel 
Switches. 

CHERRY . 
CHERRY ELECTRICAL PRODUCTS CORPORATION 3612 Sunset Ave., Waukegan, Ill. 60085 

Makers of patented Leverwheel / Thumbwhee/ Switches, Matrix Selector Switches, Snap-Action Switches a11d Keyboards 
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Programming: 128 steps 
for linear or conditional 
branching operations. 

Dynamic range of 10- 99 to 10+99. 

Decimals displayed in either 
Autopoint or scientific notation. 

Model 1655 shown. 
All MOS/LSI circuitry. 
Weight: 12 pounds 

Size: 13'' x 13W' x 6W' 
Available 

with or without 
programming. 

*In Connecticut: 800 942-0655 

Automatic special functions: 
aX, log10/loge SIN/COS, 

SIN- 1/COS- 1, xq , 
radians to degrees, 

single key LX, LX2, N, 
rectangular to polar conversion. 

Automatic entry 
of values fore and 7T. 

Ten independent, directly 
addressable storage registers. 

Special punch card system 
allows programming without 

tying up the calculator. 

Accessory card reader for 
automatic entry of program 

data, special functions 
and decision-making 
capabi I ity not shown 

on keyboard. 

nroe.The 
Calculator 
mpany 

[8 
LITTON 
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About 
MIL-temp-range, clockless, TTL-loving 

RAM's, ROM's, 
and other MOS improbabilities. 

There are any number of people 
making MOS devices these days. 

But not so many people using 
them. 

And we know why. 
Almost all MOS devices are 

power hungry. 
Most of them don't get along 

easily with DTL and TTL. 
And almost every one carries a 

65°C or 85°C maximum-temperature 
limitation around its neck. 

That's why ours are so improb
able. 

They all interface directly with 
worst-case DTL and TTL levels. 

They all operate over the full 

- 55 °C to 125°C MIL spec range. 
And the RAM 's use about half 

the power that most of the others 
require. 

Our new off-the-shelf 256 x 1 
RAM, for instance. 

It's fast { < 1 µ,sec access t ime) ; 
low power (1 mw/ bit) ; and it inter
faces with DTL and TTL without 
pull-up or pull -down resistors. Our 
special field-inversion protection 
keeps those specs stable at 125 ° C 
and at circuit voltages well in ex
cess of - 20 volts. 

That's not a " someday we' ll do 
it if you pay for the tooling " promise. 
Our stock list already includes 64 x 

4 and 256 x 1 RAM 's; 1024-bit, 2048-
bit, 3072-bit, and 4096-bit ROM 's; 
and a new 2240-bit character gen
erator; not one of which has a clock 
or needs a clock driver. More-like 
a 1024 x 1 RAM-are on the way. 

What's your pleasure? Call and 
tell us what you want and you ' ll 
have one in 72 hours. Wr ite, and 
we'll have data in the next mail. 

Special problem? Ask for our 
MOS problem-solver, John Kitzrow. 

Unisem Corporation 
Street Road, Trevose, Pa. 19047 
(215) 355-5000 
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CORES LOSE . 
PRICE WAR. 
TO NEW CHIP 
ASK INTELFOR 
ft PROOF• 
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Intel introduces Type 1103, a history-making 
1024-bit RAM made by our silicon-gate MOS 
process at such high yields that the cost dips 
below cores. 
Just tell us what core memories cost you, and 
we'll tell you how to build operational Type 
1103 memories for less cost in any size from 
50,000 bits to 10,000,000 bits. 
The Intel 1103 makes a fully assembled mem
ory system that has a maximum access of 
300 nanoseconds and a total cycle time of 600 
nanoseconds. The chip is fully decoded and 
dissipates only 100 microwatts per bit, permit
ting dense packing in compact configurations. 
For proof of the cost advantage, phone your 
Intel representative or call us collect at (415) 
961-8080. For immediate delivery phone your 
local Intel distributor, Cramer Electronics or 
Hamilton Electro Sales. If your distributor isn't 
stocked, call Intel collect for immediate same
day shipment. 
Intel Corporation is in high-volume produc
tion at 365 Middlefield Road, Mountain View, 
California 94040. .. ... ... C? • • • 
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HOUR of DECISION 

A busier schedule and more 
complex technology have com
bined to make decision-making 
at the FCC a much harder task. 

DEAN BURCH 
of the Federal Communications Commission 
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at the FCC 
By John M c Nichol , Assistant Editor 

The Communications Act of 1934, which crea ted the Fed

era l Com municati ons Comm ission, requi res th e Commis

sioners of the FCC to meet once a month . Unti l not too 

long ago, when August came, they did just that. They 

wou ld ga ther on the first Wednesday of August, and take the 
rest o f th e month off- not unlike the French government. 

T oday, the Commiss ion no longer has an I I -month yea r 

it ' s much too busy fo r that. 
The reason fo r the Commission's busyness is implied in 

the progress of technology . Photography, which was in

ven ted in 1727, did not become avai lable to the public 

until 1839- an 112 years lapse. The lag was halved by th e 

time the te lephone ( 1820-1 876) came- 56 years. We had to 

wa it 35 years for the radio ( 1867- 1902) and 15 years for 

radar ( 1925- 1940), whi le television was manufactu red in 

1934, 12 yea rs after its invention in 1922. From concept in 

. THE FCC AND DEAN BURCH 

The direction taken by much of the enormous potential of 
telecommunications technology in the United States is ulti
matel y decided by seven men-none of them a scientist or 
an engineer. These seven men . the Commissioners of the 
Federal Comm unications Commission (FCC), are respon
sible '"for regulating interstate and foreign communications 
by radio . television , wire and cable." Created as a result of 
the Communications Act of 1934. the FCC. an independent 
governm ent agency reporting directly to Congress, ··pro
vides for o rderly develo pment and operation of broad 
casting services and rapid. ef fi c ient nationwide and world
wide telegraph and telephone service at reasonable rates. It 
promotes the safety of life and property through the use of 
wire and radio communications and employs communica
tion fa cili ties for strengthening national defense." 

To aid the Commissioners who have been appointed by 
the President for a period of seven years. there is a staff of 
1500. relatively small as Washington agencies go. Each 
Com missioner may have at least three personal aides (ad 
ministrative. lega l. and techn ical). /lpproximately half of the 
1500 are professionals. such as engineers. attorneys , ac
countants. economists, librarians, etc. The technical staff 
cons ists of 350 engineers and 100 technicians . based both 
in Washington and the field . Because of the smal lness of the 
staff . the Commission is forced to go outside itself when 
making a large study. It wi ll go to such groups as NASA. or 
the Stanford Research Institute (as in the case of the " Inter
dependence of the Com puter and Communicat ions Service 
and Facilities'" inquiry), or the National Academy of Scien
ces for the ·· interconnect ion '" report. etc . In addition. as 
Dean Burch, the Cha irman , says , " The Comm iss ion places a 
great deal of dependence upon the advice and assistance of 
industrial and professional groups. Frankly , without them 
we could not function ef fectively in our present form. In
dustry coordinating committees render a tremendous 
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1939 to awesome rea l ity in 1945, the atomic bomb took six 

years. The most recent inventions on our li st , the transistor 

(1948-1953) and th e integrated circuit ( 1958- 196 1) , took 

onl y five and three yea rs, respec ti ve ly . 

Because of modern technology and the expertise w ith 
which it is applied, the lead-time bet ween in vention and ex

ecution o f th at invention is rapid ly declining. A nd th at 's 

not an unmixed bless ing when yo ur job is to regul ate and 

decide on the future funct ions of th ese techno log ies. A l 

though onl y three o f the inven t ions on the list are govern ed 
by the FCC, that is precise ly the pos ition that the Com 

mission wi ll increasingly find itse l f in. 

Can of worms 
The man who inherited thi s elect ro nic can of wo rms is 

Dean Burch, C hairman o f th e Federa l Communication s 

amount of assistance to the Com m ission by easing the 
problems associated with frequency assignmen ts t o land 
mobile. aeronaut ical telemetering, and operationa l fixed 
stations. for example . 

·· There are any number of special co mmittees and nation
al assoc iations establ ished to deal with comm un ica t ion 
problems associated with aviat ion, marine se rvices. broad 
cast ing. manufacturing, etc. to which we often turn fo r ad
vice in their particular specia lty." 

These Commissio ners , (three Repub l icans and three 
Democra ts) and their Chai rm an, Dean Burch, meet once a 
week to consider questions in the fo llowi ng areas: 

o Regulati on of broadcasting-The FCC has jurisd icti on 
over a-m and Im. uh! and vhf television (both co mmercial 
and educational). pay television. and CATV (Community 
Antenna Television). It also regu lates av iat ion. ship, ama
teur. and va ri ous form of business and citi zens · rad io serv
ices . It considers appl ica tions for const ru ction permits and 
licenses for all c lasses of non-government rad io station s. 
The Commission also assigns frequenc ies. sets operating 
power. designa tes call signs. inspects t ransmi tting equi p
ment. and regulates its use. The Commission author izes li 
cense renewals and changes in ownership of rad io and tele
visi on broadcasting stations. 

o Common ca rr ier operations-This includes telephone. 
te legraph. cable, microwave. and sate llite co mmunicat ions. 
where the FCC sets regulations. supervises charges, prac
tices. and classifications of service. It also li censes radio
telephone and radiotelegraph ci rcuits and assigns fre 
quencies for their operat ion . 

o International ma tters-The FCC is responsible for the 
domesti c administration of te lecommunicat ions provisions 
of treaties and international agreemen ts . In addition to par
tic ipating in internationa l co mmunica tion conferences. it li 
censes radio and cab le circu its f rom the United States to 
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Commission. Since 1969 , he and his colleagues have con
sidered or made decisions on such diverse matters as CA T V, 

domestic satellites for communicat ion s, micro wave spec ial 
service co mmon ca rrier system s, · spectrum reall ocation, 
and others , bes ides the workaday routine of regu lating 

broadcasting and teleph ony in this country. (For a more 
com plete desc ripti on o f the FCC's responsibilities, see box , 

"The FCC and Dean Burch ." ) 
W hile the FCC oversees communicat ions matte rs that 

affect the publ ic , Pres ident Nix on's recent ly crea ted Office 

of Telecommunicat ions Poli cy, headed by Dr. Clay T. 
Whi tehead , is charged with a simi lar fun ction for the gov
ernment (see c 11A1.1.E:-o;GE, " I nn ova tin g for the 2 l st centu-

THE FCC AND DEAN BURCH (continued) 
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foreign po ints and regulates operati ng compa nies. 
On November 3, 1969, Dean Burch was sworn in as Chai r

man of th e FCC. making him responsible for the general ad
ministrat ion of the internal affairs of the agency. (Unlike the 
oth er Commissioners, the Chai rm an's responsibilities ex
tend for a term determined by the President.) In addition he 
presides over the weekly meetings of the other Com m iss ion 
ers. Son of a gua rd with the Federal Bureau of Pri sons, 
Burch was raised in such places as Norman. Ok lahoma; Lea v
enwo rt h, Kansas : and Alcat raz Island . After grad uatio n 
f rom high school in 1940, Burch enlisted in the Army . He 
now is a Lieutenant Colone l in the Judge Advoca te General's 
Corps reserve. Leaving the Army, he entered the Unive rsity 
of Arizona where he received his col lege arid law degrees in 
1948 and 1953. respectively . Entering the backstage of poli 
ti cs. the Chairman was appo inted ass istant to the Attorney 
General of Arizona in 1953 , and then Sena tor Barry Gold
wate r 's legislative and administrati ve ass istant until 1959 
when he return ed to pr iva te practi ce in Arizon a. Between 
1964 and 1965, he was Chairman of the Republi ca n Nation
al Committee. 

Su rrounded by signed black and wh ite pictures of sou th
western Indians and flowers photographed by his old friend, 
Barry Goldwater, the affable Chairman seems not at al l in
timidated by the implications of the FCC 's responsibilities . 
And to thi s point , management of elect ronic companies has 
been pleased wi th Mr. Burch's stand, which has been to en
cou rage co mpetition in dec isions such as CATV. domestic 
sate ll ite systems, and specialized transmission systems. In 
another action, Burch is stri ving to make the FCC self-suf
fi cient the Co mmission has proposed a 500% raise in th e 
fees to broadcast or to operate telecomm unication faci l
ities. This would bring in an addi ti ona l $20 milli on a year. al
most equal l ing their $25 milli on budget. In a very difficult 
position. Dean Burch has a tough row to hoe. 

ry," The Electronic Engineer , July 1970, p. 33). As Burch 
sees i t th ere is no connict between the two offi ces . " On th e 

cont rary," he says, " th e FCC must get th e best thinking it 
can fro m any source, and the fac t th at it comes from th e 
Ad minist ration obviously is a cons iderati on. O n the other 
hand , th ey do not , in my op in ion, want to dictate our dec i
sions. T om Wh itehead and I can work together , so I rea ll y 
see no problem. O f course, this arrangement is in th e fetal 
stage and it 's rath er d ifficult to see how well it will fin all y 
work out." 

A flexible spectrum 
Burch does not fo resee any poss ible rea ll oca t ion of th e 

spectrum in "a comprehensive sense. For instance , th e 
Tab le of Frequency A ll oca ti ons, incorp or ated i n th e 
FCC's rul es , is a dynamic stru cture th at undergoes change 
severa l times a yea r in response to th e changing needs of 
ex isti ng se rvices and to accommodate new rad io se rvices . 
Dur ing th e past few mon th s, to give you some examples, 
we changed the Table to permit limited land mobile service 
access to uhf T V channels 14-20 in certain parts o f th e 
cou ntry; we rea ll ocated out r ight the upper 14 uhf TV chan
nel s (70-83) to th e land mob ile service; and we' re now in 
the process of es tablishing a band for land m obil e tele

meter ing. I n add iti on, maj or changes in th e nati onal Ta ble 
can be expected as a result of decisions to be taken up by 
the Worl d Ad m inist rat ive Radio Conference on Space 
Te lecomm un ica ti ons ( W ARC-ST) t o be co nve ned on 
June 7, 1971 in Geneva, Swit ze rl and by the Intern ati onal 

Telecommun icat ion U nion ( ITU)." 
As an example o f th e intensive use of th e spectrum , and 

of how techn ology improves to meet dem and , he points to 
the last six ITU Conferences. In 1927 , th e upper lim it was 
es tablished at 23 MH z (except fo r am ateurs and ex
perimental stations); 1932- 28 MH z (with th e sa me ex 

cept ions) ; 1938- 200 MHz; 1947- 10.5 GH z; 1959- 40 
GHz; and 1963, also 40 G H z. "Our pro posals fo r th e 
fort hcom ing W A RC ex tend up th ro ugh 265 G H z," he 
says . "A lso, we will intensify usage in presentl y all oca ted 
bands. During th e past 15 yea rs, the spacing between as
signable freq uencies at 150 MH z in the land m obil e ser vice 
was red uced from 120 k H z to 60, th en 30, and fin all y, to 

15 kH z. T he maritim e mobil e vhf has undergone simil ar 
changes as will the vhf aeronauti ca l band . A dditionall y, as 
congesti on increases in th e microwave fi xed bands (e.g., 4, 
6, and 11 G H z) around major metropol it an areas, m ore 

and more interest is being shown in the millimeter ra nge 
by potent ial users looking for relief. 

"Some peop le," Burch stated, "suggest th at we need a 
super-duper com puter to come up wi th an ideal so lution to 
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Hyouwant 
to liave better 

rid cireuits, 

you better have this. 
We don't just make hybrid circuits. We 
make them better. Matter of fact, we wrote 
a book on it. And we'll send it to you today. 

r-----------------, 
Raytheon Company ~ ~ 
Industrial Components j AYTHEON 

You'll read how Raytheon is your best 
single-source selection for high reliability 
hybrid circuits. How our expert circuit de
signers and process engineers can develop 
the best approach for you. How our cir
cuits meet MIL-Q-9858Aand MIL-STD-
883. How we'll even supply you with a 
permanent record of test results from our 
automatic tester T.I. 553. 

Find out for yourself why Raytheon is 
the reliable way to meet your requirements, 
proprietary or disclosed. Send for the bro
chure. Then you can send us your specs. 
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Operation 
465 Centre Street, Quincy, Mass. 02169 
(6 17) 479-5300 
Gentlemen: I want better hybrid circuits . 
I better have your brochure. 
D Send it today. 
D Send a Raytheon sales representative. 

Title. _____________ _ 

Company------------~ 

Address. ____________ _ 

I ity tute iP~-~ 
I L ~1eph~ _____________ _J 
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thi s questi o n o f rea ll ocat io n a nd reassignment. But I don ' t 
think that thi s is a purel y technica l question . I d on't con
ce ive in the near te rm a ny so rt o f id ea l rea ll ocati o n o f 
spectr um s pace whe re everybody li ves happ il y ever a fter . 
It 's just not in the ca rd s. Since th e spectrum is finit e a nd 
the uses infinite , we wi ll a lways have a proble m . I d o, how
ever, rea li ze th a t the spectrum , although finite, ca n st retch , 
a nd yo ur reade rs, the electronic eng inee rs, a re respo nsible 
fo r much o f the st re tchin g o f that finite band ." 

Pie in the sky 
S ince the Co mmunica tio ns Sate ll ite Act o f 1962 , there 

have been a ser ies o f mil es tones in space co mmunicat io ns 

techno logy : 
D Es tab lishment o f the Co mmunica ti o ns Sate llite 

Co rp . (Comsal) in 1963. 
D The intern a ti o na l agree me nt es ta bli shin g inte rim a r

ra nge me nt s for a global co mm erc ia l Communications Sat
e llite System in 1964. 

26 

D Operati on of the fir st co mme rc ia l co mmunicati o ns 

sa tellite (Early Bird ) in 1965. 
D Achi eve ment o f g lo ba l coverage by the Intelsat sys

tem in 1969. 

The FCC has bee n a n ac ti ve participant, with th e now 
defun ct Office o f T eleco mmuni ca ti o ns M a nage me nt, the 
De pa rtm e nt o f State, a nd NASA, in coo rdin a tin g a nd 
maintaining what growth has bee n made in this exc itin g 
medium . 

Th e C hairman is quite ca ndid abo ut the Co mmi ss io n's 
de lay in se ttin g up rul es for do mes tic sa te ll it es. " Both Ad
mini strati o ns (J ohn son a nd Nix o n) have le t th e m a tte r be 
he ld up, so th a t the President 's T ask Force co uld study 
the overa ll qu es tion o f co mm unica ti o ns wi.th domestic sa t
ellites as part o f th e poss ible soluti o n . Our approa ch has 
probably been slowe r than if we desig nated one ca rri er , a u

th ori zed use rs, a nd dem a nded so ma ny cha nn els fo r T V, in 
dustry, e tc . In e ffec t, we have opened up the who le ques
tion to indu stry a nd sa id , 'Submit yo ur proposa l. Do yo u 
wa nt specia lized o r co mm o n ca rriers? S hou ld there be 
mo re tha n one ca rrier? Should an yo ne with the mo ney be 
a ll owed to get int o the business? ' We do n' t honestl y kn ow 
what we ' re go in g to co me o ut with . All we' re as king is th a t 
the sys t e m s co nside r H awa ii a nd es pec ia ll y A laska 

(A laska is desperate for sate ll ite serv ices). " 
Dece mber I has hee n set as th e c ut-o ff d a te fo r th e fi ling 

o f a pplica ti ons to own a nd o pera te dom es ti c co mmuni ca
ti o ns satellite sys te ms. with the exception of the ABC. 
NBC. a nd C BS te levision networks , whi ch will receive a n 
extra 15-day grace period. Bes ides Western U ni o n, which 

has a lread y filed, AT&T, Hughes Aircraft Co. , T ele
prompter Co rp., Co msat Co rp., RCA G lo bal Communi
ca ti ons, Inc., Da tra n, General Telepho ne & Electron ics 
Co rp ., MC I, a nd th e TRW Systems Gro up o f TRW, In c ., 
may file by the deadline. 

CATV 
Speaking befo re the N a tio nal Cable Television Associ

a tio n ( C T A) conve nti o n in June, Dean Burch declared , 
" In my o pinion , th e time is now for a breakthrough in 
yo ur indu stry ." And fo r the C AT V ma rket, wh ich the Elec
tronic Industries Association predic ted has the po tentia l to 

d o the sa me a mo unt o f business in the next I 0 yea rs that 
the computer market did in the past I 0 yea rs, prospects 
never loo ked brighter. (Quantum Sciences Corp . has pre
dicted the future as $4.4 billion for CATV by 1980.) 

In Jul y, the FCC proposed the " Public Di vidend Pl an ," 
so ca ll ed beca use CATV co mpanies would be required to pay 
5% o f th ei r g ross sa les to the non-p rofi t Corporation fo r 
Public Broadcast ing. One interes ting s ide lig ht o n the over
a ll proposa l is the req uirement th a t the design be nexible 
eno ugh to in co rpora te two-way comm unicati ons in the fu
ture, ope ning th e way for the "wi red city." 

New carriers 
Probably th e a rea that has raised the m ost furor , if not 

necessaril y the most s ig nifi cant, is th at o f the specia li zed 
co mm on carriers. ( Read the box, "Common and no t-so

com mo n ca rriers.") Whe n the FCC ruled permitting the 
Ca rterfone, a product made by a s ma ll Texas co mpan y, 
Ca rter Electronic Co rp ., to be at tached to AT &T's lines , it 
eased the doo r open for po ten ti a l spec ia l service co mm on 
ca rriers. One such , M ic rowave Communications In c., was 

a uth o ri zed to build a microwave link between C hicago an d 
St. Louis in 1969 . This is the first step towards const ruct
in g a nati o na l netwo rk of such link s- after s ix yea rs of 
waiting and hoping. A la ter applican t to the FCC has been 
U niversity Co mputin g Co.'s Da ta Tran smissio n Co. which 
pr oposes a microwave co mm on carrier ne two rk for dig it a l 
data , differentiatin g it fro m M C I, which will ca rry a ny 

fo rm of mate ria l. Another diffe rence is th a t Da t ran will 
offer a switched netwo rk , while MC I wi ll offer a se ries of 
channels ac ross the co untry. At th e m o me nt , Da tran is o n 
tente rhoo ks awa itin g the FCC decision ; o ne e nco urag ing 
note fr o m their s ta ndpo int has been the re lease of a staff 
report , a ve ry rare eve nt when a dec ision is pending, which 
sta ted that the Da tran sys tem sho uld be co ns idered se pa
rate ly fro m th e o the r a pplica nts. At the sa me time, AT& T 
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Room 
for 
improvement~ 

Until now, most rack and panel and I/O connectors came 
with contacts spaced at .150". Or wider. 

Which meant that your dense forest of .100" center 
connections had to spread out whenever it came to an 
R/P connector. 

Or your standard .125" center automatic-wire
wrapping grid had to lengthen stride to accommodate an 
I/O connector. 

No more. 
Our new crimp-and-insert mini-Varilok ™ contact 

fits easily, with no sacrifice of electrical or mechanical 
integrity, into .100" or .125" center plugs and 
receptacles. 

R/P connectors with mini-Varilok contacts on .100" 
centers (Series 8026) are less than half the size of their 
.150" counterparts. They're suitable .either for the rigors 
of military service or the air-conditioned comfort of a 
computer room. And they have all the options you' ll 
need : 33-contact connectors with plastic covers; 
75-or 117-contact connectors with metal covers; 

cable clamps; 
jackscrews; polarizing hardware. 

For I/O applications you 
can use the same connectors, 
mating them with modular 
receptacles (Series 5540) . The 
receptacles- a keyed connector-
center module, contact modules, and 
polarizing hardware modules- have 
Varicon TM contacts, ready for wire
wrapping. Your choice of 33, 75 , or 117 
contacts on .100" centers, 55 or 79 contacts 
on .125" centers. 

When you're ready, you'll find all these 
connectors, all ready , at your Elco distributor. In 
the meantime, call , write, wire, or TWX us for your 
copy of our new 1971 R/P and I/0 connector guide. 
For special assistance, call Joe Roos-Product Manager, 
Elco Corporation, Willow Grove, Pa. 1909~ 
(215) 659-7000. TWX 510-665-5573. 

Improvements. 

ELCO .100" I .125" square grid 
input/ output, rack & panel 
and plate connectors 
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ELCO Beige N.V., 77 Blancefloerlaan, Antwerp 5, Belgium ELCO International Corp ., 2-10-2 Nagato-cho, Chiyoda-ku, Tokyo 100, Japan 
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COMMON AND NOT-SO-COMMON CARRIERS 

Exhibiting more claims and co unterclaims than TV soap 
commercia ls, the co mmunicat ions car rier f ield can be ex
tremely co mplex. In addition to the co mmunications com
mon carriers, such as AT&T and Western Union, there are 
other c lasses o f ca rriers , such as CATV. mobile radio
telephone, and radio paging services. Another type is the so
cal led special se rvice co mmon ca rr ier, exemp l ifi ed by Mi
c rowave Communica tions Inc. (MCI). The special se rvice 
common ca rr ie r (SSCC) differs from the co mmon ca rrier in 
three ways: 

o An SSCC wil l provide service on an inter-c ity trunk, 
which can be customized tor ind ivid ual subscriber req uire
ments , and not on an end-to-end basis. 

o Alm os t no ta r iff restr ic tions ex ist on the inter 
con nection of private communica t ions systems with the 
SSCC or against the shared use of the spec ial se rvice co m
mon ca rriers . 

o A single mode of ca rrier facility. such as microwave. 
wou ld be used for th e inter-c ity communica t ions cha nnel. 

Microwave transmission techno logy was developed du r ing 
Wor ld War II by Bell Te lephone Labs and wha t was later to 
become the MIT Lincoln Laboratory for anti-airc raft radar. 
After th e war it found its way in to ca rrier systems beca use 
of its low unit cos t and highly expandab le channe l capaci ty. 
Some of th e applica t ions were to inc rease the ca paci ty of 
Bell 's and Western Union systems , private rai lroad and pipe
line syste m s, and CATV. 

Probably th e single most important event in the growth of 
the specia l ized microwave co mmon ca rri ers had no di rect 
involvement with th e sys tem . In Ju ne 1968, The FCC ruled 
that a ca rrier (such as AT&T) could not apply disc rirr inatory 
tariffs aga inst a "foreign attachment " such as the Carter
fo ne. For th e fi rst t ime. a product not made by Western 

contends th at the proposed sys tems can offe r cheaper rates 
because they are interested in the most populous areas . 

Items 
The FCC, in order to keep up w ith the exp los ive growth 

o f communicati ons, must continue to inquire into, and to 

co mmiss ion studies , for future areas to ex pand . Som e, past 

and present , are listed below: 

D An inquiry to provide a perspective on 1980 fo r ca

bl es, sa tellites, and oth er facilities used in overseas co mmu

nicati ons. The inquiry mentioned cables with a capac it y of 

800 vo ice circuit s (3 kH z). new sa tellites with 5000 vo ice 
circuits t o be operating by 197 1, and increased use of new 

overseas services such as T V and rea l-time data . 

Electr ic and not sancti oned by Ma Bell co uld be connected 
on AT&T's lines. Thanks to this ruling, modems not avail 
able from Bell ca n be built directl y into computers. 

In 1963, a very determined businessman. John D. Goeken. 
filed wi th the FCC to allow his company, MCI, to bu ild a mi
c rowave link between Chi ca go and St . Louis . Some 
$400,000 in legal fees and six yea rs la ter. the FCC licensed 
Goeken to build such a link. the first of a nat ionwide net
work . Offering a wide choice of bandwidths ( rangi ng from 
200 Hz to 900 kHz) and the attend ant greater speed s, MCI 
clai ms the ir prices wil l be lower-in some cases-94% less 
than those of AT&T. The MCI system wil l carry not only 
data. but also facs im ile. radio, TV , or voice . Be ing an SSCC, 
however. MCI's lines will not reach the smal l user-they will 
simply operate microwave channels between c ities . 

During Goeken 's long legal ordeal , University Computing 
Co. of Dall as, Texas, set up a subsidiary, Data Transmission 
Co. (Dat ran), which plans a completely digital microwave 
common ca rrier for da ta t ransmission in ca tegories of up to 
150, 4800, 9000, or 14,400 bits/ s. An ambitious under
taking, estim ated to cost $375 million at co mpletion, the 
Datran system di ffers from MCI's in that it t r< nsmits only 
digital information . Also . since it reaches small subsc ribers , 
it is switched-any Datran subscriber ca n com munica te 
directly wi th any other subsc ri be r. 

Although the FCC has not formally ruled on Datran , a 
staff report, in an unprecedented act io n. was re leased in 
mid-July by the Commissioners th at sta ted: " We think Dat
ran ·s proposed system should be co nsidered separately. It 
alone has proposed a swi tched , occasional use, all d igital 
and end-to-end network devoted exclusively to data trans
mission . The other applica nts have proposed to provi de a 
variety of private l ine, point-to-point, specialized se rv ices. 

D The so-ca ll ed " Interconnect ion" study. Since the 

Carterfone decision in l 968 , a number o f products such as 

modems and switchboards have appeared in the m arket , 

and the telephone co mpanies have compl ained th at th e con

nection o f th ese products to telephone lines could be 

" harmful " to other subsc ribers. The National Academ y of 

Sciences studied the m atter fo r th e FCC, and agreed that 

" uncontrolled interconnection . .. wou ld be harmful. " 

NAS defined harm as "cross talk , Joss of privacy, increase 

in circuit noise, excess ive wrong numbers, and ph ys ica l 

harm to the personnel or eq uipment o f a ca rrier or to a 

third party." T o prevent such problem s, the Academ y rec
ommended ce rtifi ca ti on o f eq uipment , and of in sta llat ion 
and maintenance personnel. 
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which may include data transmission but are primarily 
aimed at offering subscribers flexible , low-cost communica
tions channels adaptable to their own particular needs and 
requ ire ments." 

On the basis of this and other statements . Datran has is
sued approximately $7 million worth of contracts for a sys
tem integration program . Col l ins Radio Corp., Martin Mar
ietta Corp .. Raytheon Co .. and Comset will work on areas of 
the three elements of the d igi tal transmission network-a 
transco ntinenta l microwave trunk system th at employs 
time division multiplexing and digitized transmission . com 
puter-contro ll ed switching centers . and local distribution 
systems that may use a co m bination of low-power micro
wave. optical, and cable techniq ues. The FCC has shown a 
particular interest in this phase. according to Edward A. 
Berg. Datran vice-president. 

o Collins Radio Corp.-a digita l modulator for the trunk 
systems. 

o Martin Marietta Co rp.- integra te a time division multi
plex (TOM) system for the trunk network which. when used 
with the digital modulator . will permit simultaneous trans
mission of over 4000 digita l channe ls, each with a 4800 
bits/ s rate . The company will also refine an optical trans
ceive r t o be used in the loca l distri bution system: this proj
ect will inc lude studies on IR and laser solid-state optica l 
systems. 

o Raytheon Co.-overa l l systems integration of the local 
distribution system, stressing the need to conse rve fre
quency and reduce interference. 

o Comcet-further integration on com puter-controlled 
switchi ng system. Initially. Comcet will refine specialized 
hardware. supply a supervisory conso le and ear ly software 

A losing battle? 
Burch has been characterized as a man who does his 

homework . But handicapped by a small staff and a small 
budget, he may have a problem that just plain hard work 
can not ove rcome. Although a Republican Commiss ioner 
has said that AT &T's problems alone require at least 500 
people , Burch contends, "We are not a hardware organiza
tion and we shouldn't try to be .. . . The FCC has generally 
felt th a t they were not obligated , nor was there a need, for 
them to be an innovator in technol ogy .... We co uldn ' t 
gather the kind of staff that GE, Motorola, or I BM has." 

Even wi th such advantages as the cooperation of the 
President 's Office of Telecommunicat ions Policy, his own 
qualities, and the best efforts of the other Commissioners 
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outlines. and consult with proposed switching matrix ven
dors. 

Datran is testing a new opti ca l system developed by Com
puter Transm ission Corp. for the local distribution of their 
system. Designated Optran, the system so far has pleased 
Datran. According t o Berg. "The test results are just begin
ning to come in. but it looks like th e system will operate at 
extremely high degrees of reliab ility in the normal , short 
hop situation. " 

All this act ivi ty in data transmission has brought over 
1800 applications from some 30 new common carriers be-

fore the FCC. As Commissioner Robert E. Lee has sa id , " I re
ga rd this as one of the most impo rtant issues we have ever 
consi dered in the common ca rri er field . .. . I believe that the 
decis ion (MCI) has resulted in the almost 2000 conflicting 
applications now on f ile which give rise and urgency to th e 
problems before us." 

Not so ironically, the 1wo firms that have most 
vehemently fought the MCl -Datran proposals, AT&T and 
Western Union . have developed data transmission systems 
not unlike th ose of the new app licants. (The Stanford Re

search lnstitu te's study undertaken for the FCC on " Reg
ulatory and Policy Prob lems Presented by the Interd e
pendence of Computer and Commun ications Services and 
Facilities." stated that. by 1980. data transmission will be 
between 10 and 50°0 of the common carrier's wo rkl oad. On 
the oth er hand. AT&T has contended that by th e same time 
data transm ission will be 10% of the business, at the most.) 
No matter who is right. the lure of the estimated $20 bil lion 
market by 1980 is hard to resist. even if it's not all your bal l
game. 

and Commission staff, Chairman Burch may find the in
exorabl e progress of teleco mmunicati ons technol ogy out
running the Comm iss ion 's best effo rts, as it is presently 
cons titut ed. However, the undeni a ble ac hi eve ment of 
Burch's tenure al this time has been to open up com
petition to the telecom municati ons mark etpl ace as neve r 
before. As Burch sees it , "A lthough we' re a regulatory 
agency and lassez-faire cap it a li sm j ust doesn't exist today , 
we are ce rtainl y willing to encourage competit ion , which , 
eventually becomes a classic form of regulatory de vice." 

INFORMATION RETRIEVAL 
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THE WHAT, WHY, WHEN, HOW AND WHOM 
OF COORS MICROCERAMICS 

Q. WHAT ARE COORS 

MICROCERAMICS ANYWAY? 

Q. WHEN SHOULD I USE COORS 

MICROCERAMICS? 

) 

A. Glad you asked. They are A. When you want ceramic components 

small, precise parts of alu- , .. of highest quality and reliability. Also 
( • 

o ;me ~ mina or beryllia ceramic for , . when you need a ceramic producer 
BB ~ 

microelectronic applications. We , with dependable, high-volume pro-

::~~=~~::: l::·~z:s :: ,· ..... l: :::ti::r::~t~ro::t::: :~~ 
dime and a BB. The definition : : : . : : : II small-run quantities economically. 

of precise is more .. ~~~~~~~a0~;~s We're geared to do both. 

precise: our standard toler-

ance js ± 1%;. tighter toler

ances are available if needed. 

More Mic roceramics 

Q. WHY SHOULD I USE COORS 

MICROCERAMICS? 

A. (1 ) Because you can be sure they 

will be manufactured exactly to your 

specifications and not modified to suit 

our production capabilities; (2) Because 
I 

you can be sure they will be 

of uniformly high quality; 

(3 ) Because of (1) and (2) 

your yields will improve and 

your unit costs will be lower. 
And Others 

Circle 24 on Inquiry Card 

I 

Q. HOW CAN I GET MORE 

INFORMATION ON COORS 

:I~::~E:::~:: 2 .a 
be glad to counsel with you 

anytime by letter or phone. 

Or have our sales engineer in 

your area contact you for 

personal assistance. Or send 

you an informative C 
data pack. Or all three/' · · 

I } 
\, 

Q. WHOM SHOULD I ASK? 

A. Whoelse? 

St ill More 

Coors Porcelain Company • 600 Ninth Street 
Golden, Colorado 80401 • (303) 279-6565 

leoou/cERAM1csl 
the tough stuff CP-137 
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for the newest 4PDT-5amp miniature relay 
Give us a cubic inch on your printed 
circuit board ... and we'll fill it with 
a plug-in relay. The logical relay 
for logic systems, computers, 
business machines-any applica
tion requiring maximum endur
ance and reliability in minimum 
space. Our new 1310, 4PDT-
5 amp miniature relay is just a 
little more than one cubic inch 
in size, with inductive load 
contact rating of % hp @ 120V 60 Hz. But the 
small size doesn't limit its mechanical life of 100 
million operations DC, 50 million AC. Minimum! 

GUARDIAN® 
ELECTRIC 

The miniature size doesn't limit its versatility, 
either. It's available with a choice of solder lug, 
quick connect .110, or printed circuit terminals 
-sockets for "plug-in" installation 
available with PC or solder 
lug. Other features like 
AC and DC versions, the 
Lexan dust enclosure that's 
standard, plus U/L and CSA 
recognition make this relay 
the answer to an engi
neer's prayers. (And all this 
time you didn't really believe 
you had a Guardian Angel!) 

COMPLETE APPLICATION DATA 
is yours for the asking on 
this and o th er Guardian Relays. 
Send for Bulletin B -9 . 

MANUFACTURING COMPANY· 1550 West Carroll Avenue, Chicago, Illinois 60607 

Circle 21 on Inquiry Card 



Don't be a go-between. 
Let your instruments and computer communicate directly. 

You shouldn 't have to hand-type data to 
get your research or production test 
results processed on a computer. Nor 
control test conditions manually when 
the computer could be doing it for you. 

Instead, use our new HP 2570A 
Coupler/ Controller. It automatically 
transfers data from a group of 
instruments to a central computer or 
time-sharing terminal- or records on 
punched tape for off-line processing. 
And it allows the computer to control 
your test conditions. 

Up to seven devices at a time can be 
interfaced through the 25 70A to a 
central computer or time-sharing 

terminal. Plug-in cards for the 25 70A 
mate with measuring instruments l ike 
digital voltmeters and counters; with 
stimuli like voltage sources and frequenLy 
synthesizers; and with logging devices 
like teletypewriters, high-speed tape 
punches and graphic plotters. 

Because the 2570A communicates in 
ASCII, it can be used with most 
computers and commercial time-sharing 
services. Plug-in program cards take care 
of instrument housekeeping, simplifying 
your computer program. 

Mainframe price for the 2570A 
Coupler / Controller is only $1625: 
interface cards average around $600 per 

Circle 22 on Inquiry Card 

device. With this low-cost Coupler/ 
Controller, you can bring all the 
computing power, memory capacity and 
sophisticated program library of a large 
computer to bear, inexpensively, on your 
research or production test problem. Your 
local HP field engineer has all the 
details. Give him a ca ll or write 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT ?w PACKARD 

DATA ACQUISITION SYSTE M S 
06003R 
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The read-only 
mentOfI that can 
c its mind 
Take a look at our optical masks. They 
program the OM-1000 Read-Only Memory. 
To change the program, change the 
mask. Just slide one out and another in. 
If you're a computer manufacturer, 
this means you can totally re-program 
your customer's ROM by mail ; 
or if you're the user, you can 
even change individual bits . 
It's that easy. 
Now take a look at the OM-
1000 Read-Only Memory. 
It's the one that uses the 
interchangeable optical 
masks. Access time is less 
than 70 nanoseconds, and 
storage capacity is 16,384 
to 14 7,456 bits. Word length is 
16 to 144 bits in almost any 
word/bit organ ization . Output is 
TTL compatible . 
For more complete information about 
our interchangeable program masks and the 
OM-1000 Read -Only Memory, write or phon 
at Optical Memory Systems, 1520 South Lyon Stree , 
Santa Ana , California 92705, Phone (714) 547-4344. 

Circle 410 on Inquiry Card 
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creative doodling 
made easy: 

While you may have troubl e getting 
through to your teen-age son occa
sionall y, you have no idea of what a 
rea l co mmunications gap is until 
yo u try a two-way co nversa ti on 
with a co mputer. Co mputers are 
marked by massive memory, super 
fast compu tational abi li ty, selective 
reca ll and an extreme ly limited 
voca bul ary. Couple this fact wi th 
the rapid ly growing list of co mputer 
applicati ons and you have an appar
ent need for a soph istica ted means 
of direct man-machine interaction . 

Traditionall y, communication be
tween man a nd machin e has favored 
the machine. Man has been obli
ga ted to translate his problem into 
"word" descriptions. These words 
a re then fed into the machine via such 
means as key boards and punched 
ca rd s. Output re sult s fr o m th e 
co mputer must be ex trac ted from 
vo lumin o us tabular li s tings which 
have to be then converted into so me 
mo re easi ly comprehensible form 
such as graphs or tables. Alth ough 
some a ttempts have been made to 
plot results on lin e printers or type
writers they have been usua ll y less 
th an sat isfactory because of the lim
ited reso luti ons of these devices. 
Off-line plott ing and film recording 
equ ipment have helped man in his 
a ttempts to understand the ma
chine. In genera l, however, these de
vices lack the abi lity to input to the 

CRT 
terminals 

by WILLIAM H. SASS and 
HAROLD S. RASMUSSEN 

IBM Corporation, Kin gston, N.Y. 

Whether you use it to 
design a circuit or to 
save your seat on an 
airplane, here's how the 
CRT terminal lets you 
"talk" with a computer 

computer which is necessary fo r tru
ly conversationa l opera tion. 

At presen t, the best so lution to 
this problem is the CRT display ter
min al. Combined with suitabl e aux
il iary equipment , the CRT terminal 
ca n provide graphic output pl us the 
required input capabi lity. 

Hardware organization 

All computer-contro lled CRT ter
mina ls basica ll y consist of the CRT 

and its assoc iated de fl ec ti on c ir
cuits, ana log and digital con trol cir-

The Electronic Engineer . .. Inst ruments and Control Systems 

cuit s, and data storage. 
The CRT which is usua ll y a stand

ard telev ision envelope , uses lorig
persistence ph os ph ors to max imi ze 
the amo unt of inform ation which 
ca n be displ ayed wit hout excessive 
fli cker . 

The cont ro l circuit s accept com
mands from the co mputer , interpret 
image data and con trol inform ati on 
from storage, and initi ate comp uter 
ac tion s in res po nse to o pera to r 
requests. 

Except fo r storage- tube displ ays, 
a ll of today's C RT display sys tem s 
mu st be continuously refreshed to 
mainta in the image on the sc reen. 
The sys tem must, therefore , have 
the image data avai lable in a con
tinu ous strea m. Usually this fun c
tion is acco mplished by having the 
co mputer set up the image data in 
storage and eq uippin g the termin al 
to fetch th e data as needed . This 
storage may be part of the genera l 
com puter memory, or a se parate 
sto ra ge dev ice that, a fter being 
loaded by the computer, is devoted 
entirel y to maintaining the displ ay 
im age. 

We ca n divide CRT displays into 
two broad types, raste r dispiays (see 
box) and vec tor displ ays. As an in
terface device, ihe CRT ca n gra ph
ical ly displ ay the output from the 
co mputer. The raster type of C RT 

lends itse lf to simple drawings or 

03 
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RASTER CRT'S 
We can compare the raster type of CRT dispiay to a conventional T V tube. The CRT 

beam is swept in a raster of lines by applyinq synchronized volta!1 e ramps to the X and 
Y deflection circuits . The system form s an ima!1e by modulatin!1 the beam intensity (Z 

axis) with a video si!1nal at appropiiate times durin!1 the raster sweeps. 
Typical commercial TV vide~ is essentially a continuous analog signal which exhibits 

about 10-20 different grey levels. In order to minimize storage and bandwidth require
ments. digital raster systems use only two levels of the grey scale. on and off. 

A video signal can therefore be presented to the CRT as a stream of 1 's and O's. 
representing beam -on and beam -off. respectively . The image is made up of a sequen
tial series of dots (and no dots) interpreted as lines. characters , etc . 

Raster displays are characterized by 
D Simple deflection circuitry 
D Simple digital logic 
D Inexpensive regeneration storage (bit-at -a-time serial) 
D Constant flicker rate. independent of the amount of information displayed . 
D Difficulty in using a light pen with a raster display because of the disassociation of 

image elements 
d Required storage for blank areas of the screen 
D Quadrupled storage to double resolution 
D Doubled resolution reduces the display rate to one -fourth . or else the circuit speed 
must be increased by a factor of four 
D Cumbersome image preparation (for non -alphanumeric displays) for conventional 
digital computers to perform . 

im ages of a regul a r nature, such as 
character di spl ays and halftone pic
tures . On th e other hand , a vector
drawing displ ay system ca n handle 
co mpl ex lin e d ra win gs mo re ef
fi c ientl y. Furtherm ore, th e di gita l 
logic of a vec tor sys tem ca n per
form many gra phic opera ti ons fas
ter and better than could a general 
purpose co mputer. For thi s reason, 
most co mputer termin als today use 
the vector type of C RT. 

Vector displays 

A program (a sequence of pos i
ti oning and cont ro l " orders") con
trol s im age generati on in a vec tor 
displ ay. The orders, which are exe
cuted one at a time by the termin al 
a re simil a r to the in struct ions in a 
CPL: progra m. Because the order ex
ecuti on ra te is hi gh, th e di spl ay 
cycle (time to execute a ll orders of 
an im age) can be faster than the de
cay tim e of the ph os ph or on th e C RT 

face pl ate. Th e picture thus appea rs 

to be steady. If a great many orders 
mu st be executed, the cycle time in 
creases and th e picture " fli ckers." 
Whil e th is fli cker is objectional aes
th etica ll y, it does not prevent crea t
ive work . 

Th e di spl ay a rea o n th e C RT 

sc reen is divid ed in to a number of 
equ all y spaced horizontal (x) and 
ve rti ca l (v) Ca rtes ian coo rdin ate 
reference pos iti ons. A reference grid 
is defin ed by th e intersections of 
these x and v pos iti ons. Typ ical di s
pl ays in use today have I 024 sepa
ra te points on each axis to cover ap
prox im ately 12 x 12 in. of usable 
im age area on a 20 in . (no min al di ag
onal) C RT. Such a reference gr id 
con tains over one million address
ab le points. d ther displays have em
pl oyed grids with 512 , 2048 or 4096 
(sq uared) posi t ions. 

Each pos iti on ing order specifies a 
refe rence x and Y add ress as we ll as 
bea m-on or beam-off control. When 
the termina l receives an order , it d i-

ree ls th e bea m to go in a straight 
line from wherever it was previously 
to the new grid positi on speci fied , 
and to draw (beam on) or not draw 
(bea m-off) while movin g. 

We sa id th a t the positi oning or
ders ca use the bea m to be defl ected 
in a stra ight I ine bet ween the old 
posit ion and th e new one. When the 
change of posi tion in vo lves only one 
axis , stra ight lin es are fa irl y simple 
to achieve. However, when the mag
nitude of change in one ax is differs 
fr om the change of the oth er axis, it 
is rath er diffi cul t to produce a truly 
stra ight move ment. 

On e so luti o n for thi s probl em 
consists of brea king up the move
ment into a se ri es of a rbitra ril y 
short vec tors (dots) and metering 
defl ecti on steps to each ax is pro
portiona ll y. This produces a cl ose 
a ppr ox im a ti o n o f the de s ir e d 
stra ight lin e. The amoun t of time 
requir ed to acco mpli sh a g ive n 
movement is roughly proport ional 
to the length of the line. Th e circuit
ry required, however, is relati ve ly 
co mplex . 

Another so lution to the pro blem 
is to des ign a va riable ve locity de
fl ect ion sys tem . In this scheme, all 
vec to rs are d raw n in th e sa me 
amount of time, but the defl ection 
velocity of each ax is is propo rtional 
to the total change for th at ax is. 
With thi s method , bea m ve locity is 
proporti onal to the length of the 
vec tor . Thi s scheme has th e di s
adva nt age th a t sho rt vec tors a re 
brighter th an long vec tors because 
the electron bea m impinges on a 
given area of ph osph or for a longer 
time. While adjusting the bea m cur
rent can cor rect this shortcoming, 
thi s sys t e m h as a n o th e r di s 
advantage. With this technique it 
takes just as long to draw short vec
tors as it does fo r the longest vector. 

So me hybrid sys tem s a ut o mat
ica ll y subdi vide ve ry long vectors 
int o a se ri es o f shorte r vectors. 
Each of th ese short vectors is han
dl ed by a va ri abl e-velocity circuit. 
These sys tems exhib it most of the 
advan tages of bot h co nstant and 
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variable vel oc ity deflection without 
requiring the great am ount of hard
wa re usua ll y needed in a s in gle
mode design. 

Character generation 

In vector di spl ays, subroutines 
may be used to generate characters 
a nd other o ften repeated shapes. 
This technique , however, usuall y re
quires a great deal of time and 
man y memory accesses during each 
regeneration cycle. The result is a 
sig nifica nt reduction in the tota l 
a mount of information which yo u 
can di spl ay without objec tionable 
fli c ker. For thi s reaso n , co nsid 
erable work has been done on o ther 
meth ods for the rapid generation of 
characte rs. 

One ea rl y a pproach was bea m 
sha ping. Here, the CRT bea m was 
ro uted to the screen through a spe
c ia l mas k pl ate which contain s a 
numbe r o f a pertures. Th e bea m 
then ta kes o n the sha pe of the a per
ture as it pass e s throu g h . Thi s 
scheme is not ve ry popul a r today 
beca use of the rela ti ve ly high cost of 
these specia l CRTs and because of 
the fixed , inflexible character size 
and sha pes. 

T ypi ca l ch a racter genera tors in 
today's vector di splays use a n addi
ti ve deflection meth od . Here, sma ll 
excursions about the prim a ry beam 
pos itio n, in effect , superimpose a 
s m a ll re fer e nce grid ab o ut th e 
bea m , rega rdless o f it s pos iti on . 
These small excursions are obtained 
by such meth ods as injecting meas
ured a m ounts o f current in the main 
de fl ec ti o n sys te m , low-reac t a nce, 
hi g h -s pee d a u x ili a r y defle c ti o n 
yokes, or e lectrosta tic pl a tes. This 
second a ry de fl ection system d ra ws 
"stro kes" as o pposed to "vectors" 
o f the mai n defl ecti on system . 

The size a nd spac ing of th e secon
d a ry grid can be va ri ed a nd does 
not necessa ril y have any relation
sh ip to the spaci ng of the primary 
g rid . Th e r e fo re, a s in g le se t of 
st ro kes can produce many different 
sized cha racte rs by simply se lecting 
the seconda ry grid sca le fac tor. If 

CPU ---.i Order storage 

Order decoder 1----- Sequence and mode control 

Character 
position 

Absolute1 Incre mental 
position position 

Beam 
con troll 

Character 
position register Main position register 

X, Y 

System organi zation of a typ ical vecto r-type CRT term inal. 

bias is a pplied to o ffset th e secon
dary grid with respect to the ma in 
deflection, you can fo rm sub- and 
superscripts. Because the secondary 
grid covers littl e of the screen a rea , 
rela ti vely fas t deflecti on speeds can 
be reali zed when d rawing st ro kes . 

During a typica l operation, an or
der will cause the main defl ection 
system to pl ace the bea m a t so me 
specified pos ition. All foll owing or
ders fo r a complete character will 
then be directed to the secondary 
deflection circuit. When the charac
ter is complete, control will then be 
switched back to the ma in defl ec
tion circuit a nd the beam will be 
moved to some new location. 

Several techniques a re poss ible to 
improve storage and execution effi 
ciency. The most obvious is the use 
of subro utines. Another ap proach is 
to des ign th e ha rd wa re logic to 
a uto m a t ica ll y rese t th e seco nd ary 
grid and move the ma in defl ecti on 

one character space as each charac
ter is completed . 

Because of the numerica ll y small 
reference addresses of the seconda ry 
grid , the stroke orders can be ef
ficientl y packed to conserve storage 
requirements. 

It is not necessa ry to directl y in 
te rpret strok e o rd ers to gene(a te 
secondary de fl ection value. For ex
ample, if character codes fo rm th e 
secondary orders, a subro utine li nk 
ca n be si mul a ted in hard wa re to 
fe tch the st ro ke orders fr om stor
age . A lth o ugh thi s technique im
poses a slight executi on-time pena l
ty , it usua ll y results in a t least a 
two-fo ld improve ment in sto rage 
space over direct order sub ro utine 
link ages . 

Another variation on th is genera l 
theme creates st ro kes from a pre
wired log ic un it o r read-onl y memo
ry. This meth od of characte r gener
ation interprets the 8-bit character 
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code and creates the series of stroke 
positions for the symbol to be dis
played. Although it improves stor
age efficiency and reduces the de
mand on the storage unit , this tech
nique increases hardware costs and 
suffers from a lack of flexibility . 
Changing characte r fonts requires 
engineering changes. 

Operator input devices 

Providing the input to the com
puter from the CRT terminal is the 
function o f devices such as key
boards , se rvo co ntrols , sensitive 
probes, tablet s and light pens. 

Keyboards 

Alphanumeric keyboards are gen
erally used to enter textual data . 
Depress ing a key generates a char
acter code . This code may be han
dled entirely by the program , o r it 
m ay enter the character directly 
into display storage or otherwise 
perform the function of the key . 

Function keyboards allow the op
erator to enter program-interpreted 
co mmands for cont rolling such im
age characteristics as selection, scal
in g, pos itioning , additions, dele
ti ons, etc . They have a lso been used 
fo r co ntrol o f such non-graphic 
fun ct ions as job initiation , or sign
o ff, and data so rting and retrie va l. 

Servo controls 

Servo co ntrols usu a ll y o perate 
with some variation o f a " joy
stick. " With the joy-stick the oper
a tor ca n direct some marker spot o r 
pattern to be moved abo ut on the 
sc reen . In operation, the man be
co mes an integral part of the servo 
loo p whi ch includes the stimu lu s 
(joy-stick), the display control pro
gram and the display. Servo control 
has been used effective ly to crea te , 
modify and select image elements as 
well as co ntrol di splay and non-di s
pl ay program fl ow. 

Sensitive probes 

A voltage-sensitive probe oper
a tes in co njunction with a trans
parent, electricall y conductive layer 
on the outside of the CRT faceplate. 

06 

10 20 30 40 50 

6X=+IO 
6X= - 10 

6X=O 
6Y=-IO 

Here's how a vector display generates the image th at you see . The seq uence o f ord ers 
is: move to XlO, Y 10 (in iti al position to A); draw to X40, Y40 (A to B); d raw to X50, 
Y30 (B t o C); draw to X50. Y20 (C to D); draw to X lO, Y20 (D to Al 

Assume that the co mputer uses a 16-bit word and that the CRT has 1024 refer
ence posi tion on each ax is. For this ca se , it takes two words for each beam movemen t 
(10 bits for X. 10 bits for Y and one for beam on/ o ff ). You can achieve storage and ex
ecution time sa vings by elim ina ting those coo rdina te va lues which do not change. 
The sequence in this case would be : m ove to X l O. Y20 (2 wo rds); draw to X40 . Y40 (2 
words); draw to X50. Y30 (2 words); draw Y to 20 (1 word ); draw X to 10 (1 word). 

A low voltage applied to opposite 
sides of the faceplate creates a uni
form vo lt age gradient ac ross the 
facep late. When the probe contacts 
the faceplate, it senses a voltage 
which is proportional to the dis
tance from the edge. This vo ltage is 
then converted to X-Y position by 
so me A/ D method . 

The principal advantage of probes 
over light pens is that you can use 
them even when there is no image 
di splayed . The probes , however, 
have several design and operating 
di s advantages when com pared to 
light pen s. The circuitry required is 
more complex and programs must 
perform a rather difficult corre la
ti on between an absolute screen po
sition and an image which may have 
been formed from man y intrica te , 

in c rem entall y pos iti o ned subrou
tin es . Also , false pos iti ons a re often 
reported because of irregularities in 
th e voltage g radient ca used by 

scratches in the coating, fingerprints 
or even differences in the operato r 
contact pressure. Because the A/ D 

and o / A conversions are performed 
by different sets of circuits, the in
put va lues are on ly an approxima
tion of the displayed x-v position 
intended and a significant program
ming problem result s. 

Tablets 

The tablet devices are a va riation 
of the sensitive probe method in 
which a writing surface other than 
the CRT face is used . The tablet de
vices provide a grid sur face and a 
pencil which the operator hold s. 
When the pencil is placed near a 
g rid intersecti o n , the program is 
presented with the X- Y position va l
ue. A piece of paper containing in
formation may be placed on the 
tablet surface and traced into the 
co mputer. The CRT display genera l
ly provides visua l feedback. 
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617 ---- 6 

616 

4 

615 ------ 3 

2 3 4 5 6 7 

328 329 330 33 1 

To draw the character A on a vector-type CRT wi th secondary de flecti on system th e 
sequence is: move to X329 , Y615 (m ain deflection); enter charac ter m ode (control to 
secondary); move to XO, YO; draw to X3, Y7 (lef t leg); draw to X6, YO (right leg); m ove 

t o X5 . Y3 ; draw to Xl. Y3 (cross-bar): move to X3. Y3 (restore to main position): leave 
character mode. 

Light pens 

The light pen operates by detect
ing the light emitted when the CRT 

beam passes within its field of view . 
Since the image is created from line 
seg ments which are sequential in 
time, one (and only one) segment is 
illuminated at any instant. When a 
detection occurs, the display hard
wa r e co ntain s the inform a ti o n 
which un iq uely identifies the par
ticu lar line segment "seen" by the 
pen . 

Often the specific line segment 
detected is in itself of little impor
tance to the program , a nd must be 
rela ted to a higher level image ele
ment. For instance, co nsider the 
disp layed co ntrol message "SAVE 

IMAGE." It may have been written 
fro m a series of characte r subrou
tines. N ow suppose the light pen de
tec ts the stroke which crea tes the 
crossbar of the "A." The program 

which will act upo n the control 
request reall y is not concerned with 
which stroke o f which character 
within the message was detected . 
All it needs to kn ow is that so me 
pa rt of this pa rticular message was 
detected . 

Hardware "detect storage" logic 
a ll ows a program technique called 
"bracketing of entire image ele
ments. " This bracketing simplifies 
the problem of rel a ting a detected 
line segment through a hierarchy of 
subordin ate image elements to the 
significa nt element. The detect stor
age is reset by the program a t the 
begin ning of the image element and 
is interrogated a fter the element is 
co mpleted . Us ing the information 
th a t a detect either did or did not 
occur during the d rawi ng of an ele
ment , approp ri ate program action 
ca n be taken . 

Since the light pen needs acti ve 
images fo r operation, yo u might ask 

The El ectronic Engineer . .. Instruments and Control Systems 

how a line can be created where no 
im age exists . The answer is to pro
vide an image. A special image ele
ment known as a " tracking pat
tern " is used . The simplest tracking 
pattern is a small square, slightly 
la rger than the field of view of the 
light pen . If the pen is positioned so 
th at it detects an edge of the box, 
the program moves the box toward 
the detected edge until no detection 
occurs. Thus, the program centers 
the box on the light pen no matter 
where the pen takes it on the screen . 

Since it is possible to move the 
pen more rapidly than the box pos i
tion can be updated , the tracking 
pattern can be lost. Self-adjusting, 
va ri ab le-speed trac king can solve 
thi s probl em . Here , the program 
adjusts the magnitude of tracking 
pattern move ment according to the 
outermost box detected of several 
concentric boxes . 

The "enter x-v coo rdinate" func
ti o n ca n be pe rformed at hi g h 
speeds (using the light pen) by grid 
detection instead of tracking . The 
operator may move the pen as fast 
as he des ires, missing detects on 
many gridlines. As the pen comes to 
rest , a single detection of an x and a 
Y line updates the current x-Y pos i
tion. This time/ rate independence is 
especially important for a sha red 
system as it eases the real-time serv
ice requirement. 

Windowing 

The CRT display can manipula te 
very com plex images by progra m
ming an expansion a nd shift , com
mo nl y ca lled "windowing" or "scis
so ring. " The window provides an 
enlarged , detailed view of a portion 
o f the full image . Adjacent image 
areas a re viewed by mov ing the win
dow (using a different X-Y shift va l
ue). The a reas of the im age that lay 
outside of the wi ndow a re not dis
played . Any of the previously men
tioned input dev ices can direct the 
com put e r place ment, sizi ng a nd 
movement o f the window. Modern 
co mputa ti on techniques permit rap
id windowing, even when the display 
is attached to a small com puter . 
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small cases 
24 sizes 
rack-adaptable 

Circle 411 on Inquiry Card 

instrument cases 
19" and 24" panel width 
72 sizes 

Circle412 on Inquiry Card 

racks 
19" and 24" panel width 
108 sizes 

. ' 

. ' 
'' 

'' . ' 
'' 

Circle 413 on Inquiry Card 

DB 

3 basic designs for computer terminals 
made to fit your specific instrument . 

Circle 416 on Inquiry Card 

No matter what shape 
your equipment is, 
Optima enclosures 
will make it more saleable. 
Request our new catalog. 

OR;T•IMA a division of Scientific-Atlanta, Inc. 
'I Box 13654, Atlanta . Georgia 30324 

enclosures Te1. 404-939-6340 

Circle 417 for Full Catalog on Inquiry Card 
The Electronic Engineer ... Instruments and Control Systems 
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review of interactive 
CRT 

Interactive terminals a re em
pl oyed as links for on-line commu
nicatio n between users and co mput
ers . C RT de vices provide partic
ul a rl y powerful and nexible inter
faces, because considerable data in 
a variety o f formats can be present
ed and altered virtually in 
stantaneously. 

Systems have become common in 
com merci a l applications fo r trans
mission of sa les o r marketing infor
mation. Ho weve r, engineering uses 
a re increas ing , a nd CRT de vices are 
a p pea rin g as terminals fo r time
s h ari ng co mput ation, co mput e r 
a id ed design, process con t rol, and 
system simulation. The di splay be
comes a working surface for an op
erato r, in which memory and manip
ulati ve advantages of paper a nd 
pen c il are combined with direct 
e lectronic access to data , comput
ationa l a lgorithms, a nd signal trans
mi ss ion. Actual co mmunication is 
be tween man and computer , but in 
wel I-designed con figuration s the ter
minal ac ts as the sys tem. 

Cathode ray term ina ls may re
quire the associa ted central proces
so r to perform di spl ay generation 
fun ct ions such as plotting, editing, 
a nd refreshing . However ma ny ter
min a ls contain dedicated processors 
o r storage capabilities to relieve the 
cen tral co mputer of these tasks . 

Systems are ava ilable fo r provid
ing a lph an umeric and graphical in
fo rm ation . In shaped-beam tubes o r 
monoscopes, the electron beam is 
directed through a mask, o n which 
symbols a re stamped . The bea m is 
then deflec ted e lectros tatica ll y to 
the desired posi t ion on the di splay. 
Hig h speed s a nd hi gh charac te r 
qua lit y a re inherent. Disad va ntages 
a re the limited range o f character 
sizes on one mas k and a fixed char-
ac te r repertoire. 

terminals 
EDITORIAL STAFF 
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Selective sca nnin g may utili ze 
s t ro ke o r progra mmed d o t tech
niques. In the former an intensity 
modulated beam following se ries o f 
short seg ments can prod uce a large 
sy mbol repertoire . Arbitrary graph
ics a re a lso poss ible , but may re
quire co nside rable software effort. 
In the programmed dot technique, 
characters a re fo rmed as a beam is 
sequenced to pos itions on a 5 x 7 o r 
10 x 14 dot m a trix. The method is 
inexpensive, a nd standard so ftware 
pa c kages a re available o ffering 
la rge cha racter se ts a nd limited 
g raphics . 

In raster sca nning , a bea m is co n
tinu ously moved ove r the sc reen a nd 
characters a re generated by selec
tive inten sificati on. This method is 
slower th an selective scanning but 
hardware is simple a nd costs a re 
gene ra ll y low. Wide bandwidths and 
fast scan rates are necess ary to 
compete in speed wi th stroke gene r
atin g sys tems . 

Other techniques a re ava il a bl e, 
including co nve rsion of co mpute r 
out puts directl y to vo ltage to dri ve 
the C RT a long X and Y axes, and 
ramp generation where the di spl ay 
is driven between s pecifi ed end 
points . In a ny of th ese sys tem s, 
there is a trade-o ff bet ween fun c
tions whic h can be performed by 
hardwa re o r software a t the termi
nal a nd those which must be per
formed by th e central co mputer. 
Th e co nsidera ble cost of th e former 
ma y be j ustifi ed by the po tenti a l 
burdens imposed by the la tter. 

The Electronic Engineer ... Instruments and Control Systems 

A number o f input devices are 
used . Alphanumeric o r fixed format 
info rmation is usuall y entered fr om 
a keyboard or function switches, 
whi le graphica l data are supplied 
with devices such as light pens, joy
s ti c ks, tracking ba ll s an d dat a 
tablets (Refs. 1,2). Combinations of 
these devices are often used to pro
vide nexibility. 

Alphanumeric keyboard entry de
vices beg in at about $2000 for a 
simple terminal and a t $8000 for 
units with minimal storage and edit
ing capabi lities. Graphic terminals 
start at a bout $5000 , but prices 
from $20,000 to $50,000 a re most 
common , depending on the displ ay 
generation o r dedicated process ing 
hardware included. Primary costs of 
software- operated systems tend to 
be low, but generall y requi re ex
pendit ures for use r-ge ner a ted o r 
vendor supplied programs. 

This review is intended as an aid 
in the select ion of interacti ve C RT 
co mputer termin a ls . P rod uc ts of
fered by cooper ating manufacturers 
are sum marized. However, descrip
tion s do not necessa ril y represent 
th e co mplete line , a nd ve ndor s 
sho uld be contacted direc tl y fo r 
more deta iled information . Readers 
service numbers are provided fo r 
convenien ce, but addresses a nd tele
phone numbers are supplied for fu
ture reference. Please refer to thi s 
review when ma king inquiries. 
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mation Disp lay Systems, A Sur
vey, 1968 

2. Dennis, L. P., " Digi ti zation o f 
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ADAGE AGT di splay genera ti o n 

hardware pro vides vecto rs and char
acters. a s well as three-dim ensio na l 
windows and capability of adjust
ing beam intensity as an aid to 
depth per ce pti o n . Di spla v gen e r
a to rs ma v al so be o btained with 
matri x multipl ier subsvs te m s. so 
th a t coordin a te tran sfo rm a ti o ns ca n 
be prov ided fo r d yna mic di spl avs 
with minimum reco urse to th e cen
tral co mput e r . Ope ra to r fac iliti es 
include th e co nso le and C RT. a s 
well as ura phi c 1/ 0 clem ent s such 
a s joys t ic k s a nd d a t a tabl e t s . 
A GT / 10 is des igned to handle two
dimcn sional di spla ys co ntaining as 
man v as 5 00 0 lin e seg ment s. 
AG T /30 a nd /\ GT / 50 a re con 
fi gu red fo r appli cati o ns invo lving 
d yna mi c displ av o f three- dim e n
siona l im a.ges. S uch im ages can he 
ro tat ed . t ran sla ted . and sca led with 
pi c ture changes made fr o m fram e to 
fr a m e. Adage Inc. , 1079 Com
monw ea lth Ave., Bo sto n , Mass. 
02215 617 / 783-1100. Circle No. 350 

AP PLI CON DESlG N /\ SS I ST
A NT a ll ows a use r to deve lop co m
pu t c r re pr ese n ta ti o ns o f c ir cu it 
m as ks. Th e unit produ ces dat a de
sc ri bi ng co m p let ed m as k le ve ls . 
whi ch can be used fo r a uto m at ic a r
twor k ge nerati on a nd des i.un docu
m en tati o n . Syste m ha rd wa re in 
cludes a Co m pu tek sto rage tube d is
plav. a kevboard a nd da ta ta blet. 
a nd a n I BM 11 30 co m put e r. No 
use r pro,gra mmin g is requi red a nd 
software interfaces· are ava ilable for 
sta nd a rd artwor k ge ne ra ti o n eq ui p
me nt. Use r inte rac ti o n in vo lves ar
bit ra ry sv mbo ls dra wn free- ha nd o n 
the da ta tabl e t with an e lectro nic 
s t y lu s . Th ese sv m bo ls g ive com
m a nd s to th e system a nd indi ca te 
pos i t io ns o f cle m e nt s a nd com-

DlO 

po nent s. Applicon Inc., 83 Second 
Ave., Burlin gto n , Mass. 01803 
617 / 272-7070. Circle No. 351 

APPLIED DIGITAL DATA 
SYSTEMS te rmin a ls utili ze sta nd 
a rd E IA 525 lin t: TV raster sca nn 
ing . M ode l MRD-200 is a modula r 
a lphan umer ic uni t desi _gned as a di s
pl av sub -sys tem fo r o n-lin e appli 
cations. U nit s o ffer a cho ice in 
nu mbe rs of lin es di sp laved. cha rac
te rs pe r lin e. 1/ 0 inte r faces. a nd 
blink / pro tec ted ca pab il itv. ENVOY 
600 a nd 640 po rtabl e te rmin a ls util
ize 5- inch TY mo nitors whi ch ca n 
di sp lay 16 lines of 32 o r 64 bl ac k 
cha rac ters o n a white back gro und. 
A key board . aco usti c co uple r. a nd 
coax ia l co nnector fo r la rge sc reen 
slave monito rs are al so supplied . 
CONSUL se ri es free-sta ndin g ter
min a ls have 80-cha rac te r b v 24-lin e 
capaciti es. and a re offe red with a 
va ri e ty o f inte rfaces. Applied Digital 
Data Systems, Inc., 100 Marcus 
Blvd., Hauppauge, N. Y. 11787 
5 16 / 231-5400. Circle No. 352 

ATLANTIC TECHNOLOGY 
ATC 2000 displavs up to 1920 cu r
sive st roke characte rs o n a 15-inc h 
sc ree n. In addi t ion to seve ra l sta nd
ard edit and contro l func ti o ns. th e 
un it offers op tio na l g raphi cs. a pro
.gram-contro ll ed bli nk fun cti on. an d 
tru e lower case. O th er ava ilable fea
tures inc lude fu nct io n keys . a hard 

copy printer , a serial distributor, 
and a keyboard with numeric inset. 
Maximum line width is 120 charac
ters . The terminal is co mpat ible 
with m any com pute rs including 
IBM 360 a nd 370 systems . OEM 
models exclude specific interfaces, 
a nd can be adapted to most ex isting 
machines . Atlantic Technology 
Corp., Somers Point, N.J. 08244 
609 / 646-6300. Circle No. 353 

BEEHIVE C RT te rminal s are 
modular alphanum e ri c units. M odel 
I is the bas ic buildin.g bloc k. a nd 
contain s th e wi rin g harn ess . ca rd 
ca .ge. po we r s uppl y. T v m o nit o r . 
a nd ke yboa rd configurati o n needed 
fo r all ex panded sys te m s. The unit 
can displav 40 cha racte rs / line. with 
80 characters/ lin e a nd a pa rallel in
terface o pti o nal. M odel 11 add s tab 
ca pa bilit v. a lo ng w ith lin e a nd 
screen erasure and bl ock transfer . 
Adapter fo r rem o te print e rs and 
casse tt es are ava il a ble . M ode l 111 
o ffe rs form a t a nd lin e o r page edi t 
fun c ti o ns. M odel IV is a s ta nd
al o ne termin a l. conta inin g a ll neccs
sa rv log ic . buffin g . a nd m e m o r v. 
An ada pte r prov ides program and 
ha rdware interfacin g with up to 24 
M odel IV terminal s. Beehi ve Elec
trotech Inc. , 1473 South 6th West 
Ave. , Salt Lake City, Utah 84104 
801 / 487-0741. Circle No. 354 

? 
. BENDIX IC D-1 100 graphics dis-

play for the IBM 1130 computer 
unit is FORTRAN programmable 
and compatible with plotter soft
ware. A high-resolution JO-bit dis
play is provided, with all interactive 
function s performed through a two
s peed joy stick . Alphanum e rics in 
the $5,500 unit must be software 
generated . The Bendix Corp., Com
munications Div. , East Joppa Road , 
Towson, Md. 21204 301 / 823-2200. 
C ircle No. 355 

BUNKER-RAMO BR-90 offers 
random positioning as well as for
m a tted text modes. The former , uti
lized for symbols, circles, plotting 
points , and vectors, provides posi
tioning resolution o f one part in 
1024. A cursor sy mbol , co ntrolled 
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by a hand-operated ball , allows the 
operator to position element s on the 
di splay surface. The standard for
matted text mode accommodates 44 
lines of 64 characters . In either 
mode, the display is refreshed at a 
60 Hz. Editing or message gener
ation is available, and a 30-key vari
able function keyboard can be eas
ily modified . A light gun input is 
also available. The Bunker-Ramo 
Corp., Defense Systems Div. , 8433 
Fallbrook Ave., Canoga Park, Calif. 
91304, 213 / 889-2211. Circle No. 
356 

BURROUGHS 8 9351 has the ca
pacity to present up to 24 lines of 80 
characters on a 9 x 12 inch display. 
Characters are generated using up 
to 12 strokes, and a re refreshed at 
60 frames/sec . The memory, which 
is not spatially related to the screen, 
consists of 1024 characters of high
speed magnetic core. Up to 9 con
trollers, each having from one to 
four monitors and keyboards, may 
be directl y interfaced with a single 
computer through a common cable. 
Hard copy capability, editing func
tions, and format tabs a re avai lable 
as options. Burroughs Corp., 6017 
Second Ave., Detroit, Mich. 48232, 
313/ 875-2260. Circle No. 357 

COMPUTER DEVICES al
phanumeric interactive terminal s 
utilize 5 x 7 dot matrix characters. 
M odel 2 100 is a compact teletype
compatible unit providing portable 
data communication or fixed opera
tion at 1200 baud . The 3 x 12 inch 
screen presents 12 lines of 80 char
acters. Model 2300 is a large tele
type-compatible di sp lay with futt
page editing features including lin e 
a nd character insert or delete, cur
so r controls, page up and d own, 
erase, and clear. The screen pro
vides a flicker-free display of 40 
lin es of 80 characters. Co mputer 
Devices, Inc., IO Sonar Drive, Wo
burn , Mass. 01801 617 / 729-7436. 
C ircle No. 358 

COM P U TER DISPLAYS 
ARDS terminal can displa y over 
4,000 characters in either a horizon
tal or vertical fo rmat. The screen 
matrix contains 1,081 x 1,41 5 resol
vable and addressable points , with a 
window size of 4,096 by 4,096 loca
tions . Graphic input data can be 
achieved through a variety of de
vices including tablet , mouse, joy
stick and keyboard . Units are AS
CII and RS232C compatible, and 
software support is avai lable . Com
puter Displays Inc. , 223 Crescent 
St., Waltham, Mass. 02154, 
617 / 899-0480. Circle No. 359 

COMPUTE R TERMINAL 
Datapoint 3300, developed specifi
cally for time-sharing purposes, in
cludes a keyboard, CRT, refresh 
memory, communication interface, 
and power suppl y. Standard trans
mission is at 1 10, 150, 300 or 600 
bits /sec, but 1200, 2400, and 4800 
bits/ sec are possible with an option
al speed buffer. The display consists 
of 25 lines of 72 ASCI I characters . 
A magnetic tape cassette with 
800,000 data character capacity is 
optional. Computer Terminal Corp., 
9725 Datapoint Drive, San Antonio , 
Texas 78229 512/ 696-4520. Circle 
No. 360 

C OMP UT EK Series 400 C RT 
graphi c terminal ca n be used with a 
dedi ca ted co mputer or implemented 
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as se lf-co nta ined remote unit. Up
grading ca pa bil ity is prov ided by 
modular mechanica l and e lectrical 
inter chan gea bilit y. Othe r featur es 
in c lude d ispla y-labe led funct io n 
ke vs and a storage C RT module 
that maintain s over 800.000 points 
o f fli cker-free information . A curve 
gene ra tor . vector generator . and 
segmented charac ter generator are 
included. a nd interactive devices 
such as data tab lets a nd joysticks 
a re ava il a ble. Computek Inc., 143 
Alb a n y St., C ambrid ge, M a ss. 
02 139 617/ 864-5140. Circle No. 361 

CO N RAC 201 alphanumeric di s
pl ay termin al is a free-standing sys
tem adaptable to a variety of com
munication environment s . The 
standard configura ti on interfaces to 
a computer through a stand ard data 
set. Opti ons a re ava il able for direct 
comm unica tion through a two-wire 
interface. The system is avai lable in 
a horizo ntall y-o ri ented di spl ay with 
up to 80 characters per line, o r a 
vertica ll y-o riented di spl ay with up 
to 40 characters per line . Either a 5 
x 7 dot matrix or a sta rburst char
acter font can be pro vided. Conrac 
Corp ., 600 N. Rimsdale Ave., Cov
ina , C alif. 9 1722 21 3/ 966-35 11. 
Circle No. 362 

CO RN ING 904 terminal utili zes 
5 x 7 dot matri x to present 64 lin es 
of 72 character s. A ph otochrom ic 
storage C RT with a slide ove rl ay 
system is used for the di splay. A 
co mplete software support package 
is suppli ed . in c ludin g sub routi nes 
and programs for ca rtesian . semi 
log. log- log. an d polar coordin a te 
data plotting. circle or arc drawin g, 
pol ynominal fitting, functi on pl ot
ting, and vec tor genera tion. Key
board , mouse, and joys ti ck inputs 
can be ob tained. Corning Data Sys
tems, 3900 E lectro ni cs Drive, 
Raleigh, N.C. 27602 919/ 876- 1100. 
Circle No. 363 
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DATA 100 model 73 terminal 
can provide black-on-white or 
white-on-black displays. In on-line 
operatio n, characters are entered 
from the keyboard and transmitted 
to the computer and back to the ter
minal for storage and display. In 
the edit mode, keyed characters are 
stored directly in the buffer and dis
played. Data may be changed using 
the entry marker and keyboard con
trols . Options provide up to 1920 
di sp layed character s, 72 or 80 on 
each lin e. Data 100 Corp. , 7450 
France Ave. S., Minneapolis, Minn. 
55435 612/ 920-8800. Circle No. 364 

DATA DISC system can displa y 
over 4000 alphanumerics as well as 
any graphica l representation of up 
to 262,000 points, on 16 different 
terminals . Each displa y has its own 
dedicated refresh memory, equiva
lent to 32k bytes of storage . A 1-
phan umeric graphic generators sim
plify computer software require
ments for bar graphs, histograms, 
annotated graphs, and continuous 
or discontinuous functions . TV 
monitors can be used to provide dis
plays, or monitors with separate 
keyboards can be supplied. Track
ball or joystick cursor control is op
tional. Data Disc Inc. , 1275 Califor
nia Ave., Palo Alto, Calif. 94304 
415/ 326-7602. Circle No. 365 

DATA INPUT DEVICES Series 
70 Term-Mite key-to-cassette ter
minal is designed for off-line data 
entry . The 25-lb unit features a 5 in. 
CRT displaying up to 100 ASC II 
characters. The integral cassette can 
store up to 1200 80-character 
records . A lphanumeric, numeric 
and keypunch keyboards are stand
ard, with key-verify and left-zero in-

012 

sertion available as options. An on
line version, the Series 80, is under 
development. Data Input Devices, 
Rout e 28, Derry, N. H . 03038 
603 / 434-4551. Circle No. 366 

DELTA DATA SYSTEMS 
DELTA I terminal is designed for 
high-speed on-line access to com
puters and control devices. The in
tegral controller displays informa
tion on any standard TV receiver or 
monitor. An MOS read-only mem
ory is used to generate the 5 x 7 dot 
matrix for alphanumeric characters, 
and to generate and store the graph
ics data in a 128 x 60 dot matrix. 
Up to 24 lines of 40 characters can 
be represented, and serial or paral
lel data transmission is possible. A 
I k core memory is included to re
fresh the screen. The standard ter
minal features editing, line drawing, 
and format functions, and has op
tion al 4-color capabi lit y. Delta 
Data Systems Corp., Woodhaven In
dustrial Park, Cornwells Heights, 
Pa. 19020 215 / 639-9400. Circle No. 
367 

EVANS & SUTHERLAND 
LDS-1 is a modular three dimen
siona l line drawing system. When 
interfaced to a scientific computer , 
the unit relieves the central process
or of tasks such as transforming, 
scaling , rotating, and structuring. 
Dynamic perspective of generalized 
graphic const ructions is provided, for 
use in computer-aided-design of 
three-dimensional systems and 
aerospace simulations. Options in
clude multiple consoles, variable 
word lengths, character generators, 
and data tablets . Evans & Suther
land Computer Corp., 3 Resea rch 
Rd., Salt Lake City , Utah 84112 
80 I / 322-5847. Circle No. 368 

FOTO-MEM FOTO-V IS ION is 
a low-cost keyboard-entry alphanu
meric display. Standard ASC II 
code is used to maintain com
patibility with general purpose com
puters, mass memories , and stand
ard information storage and retriev
al systems. Characters are gener
ated in a 10 x 14 dot matrix, and up 
to 20 lines of 72 characters can be 

accommodated. Text editing is ac
complished one character at a time, 
with app ropriate spacing and auto
matic line change to maintain the 
display format. Line ro ll is also un
der operator control. Options in
clude blink for calling attention to 
specified characters, and 1/ 0 inter
faces for hard copy and remote con
trol. Foto-Mem Inc. , 6 Strathmore 
Rd. , Natick , Mass. 01760 617 / 655-
4600. C ircle No. 369 

GENERAL ELECTRIC DATA
N ET-760* consists of an EK B 761 
keyboard and a D MU 761 video 
display monitor . A two-field inter
laced raster scan system provides a 
60 Hz refresh rate. Horizontal and 
vertical lines may be generated, as 
well as upper case letters, numerics, 
punctuation and mathmematical 
symbo l s . Up to eight key
board / display terminals or read
only display monitors may be con
nected for shared input and display . 
General Electric, Information De
vices Dept., 4000 N. W. 39th Ex
pressway, Oklahoma City, Okla. 
73112 405 / WI6-5421. Circle No. 
370 

HAZ ELT INE 2000 displays up 
to 1998 alphanumerics in 5 x 7 dot 
matrix format, using a standard 525 
line TV raster. Thirteen editing op
erations are available from the key
board, with eight more under pro
gram control. Units cost under 
$3000 and can be supplied with a 
magnetic tape cassette , hard copy 
printers, and a remote monitor. Ha
zeltin e Corp., Indu stria l Products 
Div., Little Neck, N. Y. 11362, 
212 / 423-4800. C ircle No. 372 
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HEWLETT PA C KARD 2600A 
termin a l di sp lays 25 -l ines of 72-
characters in a 5 x 7 do t ma tri x fo r
mat. Da ta transmission rates from 
110 to 2400 ba ud are switch select
a bl e . Key boa rd -co ntro ll ed curso r 
pe rm its a ltera ti on or de let ion of 
cha racte rs or lin es . Uni ts are inter
changeab le with HP 2000 System 
T ime-Share te rmina ls and ca n be 
inte r faced di rectl y to H P computers 
by means of specia ll y-provided in
te rface ca rd s a nd soft wa re. Hewlett 
Packard, 1501 Page Mill Road , 
Palo Alto , Calif. 94303, 213/ 877-
1282. Circle No. 373 

Series VIP 
Sys tem s allow multiple di splay sta
tions to communi ca te s imult a
neous ly with a Series 200 central 
processor. Sing le-station unit s in 
clude alphanumeric keyboards. 12-
inch C RTs. and contro llers . Tab ca
pabi lity and line erasure and de le
tion a re provided , along with di s
play of multiple query / respon se se
q uences. Multi-station systems fea
ture se lection of either a horizonta l 
( 12 lines of 80 characters) or verti
cal (24 lines of 37 characters) di s
play, wi th image and optional up
per / lower case capabi lity. Honey
well Inc., Electronic Data Process
ing Div., 60 Walnut S t., Wellesley 
Hill s, M ass. 02181 , 617 / 235-7450. 
Circle No. 374 

H UG H ES da ta di spl ays utili ze 
TV monit ors with loca l character 
generation and refresh memory. 
The 5 12-character systems can be 
interfaced to keyboa rds. data sets. 
a nd cus tom co ntrol s. Systems for 
co nve rsion and storage of analog in
formation are also ava ilable . Op
tion s in clude custom controls. gray 
sca les a nd driving circuitry for writ-

ing. storage. erasu re, and d isp lay of 
graph ic and a lpha numeric d ata . 
Hughes Aircraft Co., 2020 Ocean
side Blvd., Oceanside, Calif., 92054 
714/ 757-1200. Circle No. 375 

IBM 2250 presents a lph anumeric 
and graphic info rmatio n . Displ ay 
area is divided in to a 1024 x 1024 
grid , providing over l million pro
gram-addressable positions . T wo 
character sizes may be generated in 
a format of 52 lines by 74 characters. 
Points may be plotted directly, and 
vectors may be drawn between two 
addressable grid points. A pro 
grammed function keyboard and 
light pen are provided for operator 
interaction . Model 2265 display sta
tion for alphanumeric manipulation 
is also available. Both can be 
directly interfaced to IB M 360 and 
1130 systems. IBM Corp. , 112 East 
Post Ro a d , White Plains , N.Y. 
10601 , 914/ 949-1900. Circle No. 
376 

IOI IDIIOM graphic display sys
tem includes a general-purpose 4k 
(expandable to 32k) 16 bit comput
er, vector gene rator. 64 sy mbol 
cha rac ter ge nera t o r , a nd circle 
generator. Interactive input devices 
include a keyboard , light pen, and 
fun ction switches . Character size, 
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line structure , intensi ty level , and 
cha racter rota tion are program
mable. Software support with docu
mentation is available . M odel EI 
p rov ides the same hardware fea
tures, for integration with a custom
er-supplied computer or OEM use. 
Information Displays, Inc., 333 N. 
Bedford Rd. , P.O. Box 688, Mount 
Kisco, N.Y. 10549 914/ 241-1000. 
Circle No. 377 

IMLAC PDS- 1 progra mmabl e 
display system is designed to unbur
den C P U faci lities in time-sharing 
and data process ing enviro nments. 
The unit is programmed to dupli
cate com mun ica t ions characteristics 
of ex isting term inals, whiie provid
ing add it iona l fle x ibilit y . Four 
stroke-genera ted characte r sizes are 
avai lable incl uding upper and lower 
case characters. numerals , a nd spe
cial symbols. Combinations of char
acters and graph ics can be dis
played , and insertions, deletions or 
changes can be readily made. A 
stan dard text and graphics ed iting 
program a llows the use of light pens 
or data tablets . IMLA C Corp., 296 
Newton S t., Waltham , Mass. 02154 
61 7 / 891-1600. Circle No. 378 

I N FORMATION INTER
NATIONAL Model 1060 provides 
a common display processo r fo r 12 
remote key boards and d ispl ay con
so les. The equ ipment is designed to 
minimize com puter load , yet pro
vide simultaneous opera t ion of a ll 
stations. Writing capaci ty a t 30 
frames / sec is 5610 characte rs, 1400 
two-inch vectors, or 2600 quarter
inch vectors. The d isp lay has 1024 x 
l 024 addressable points, a spot size 
of less than 0.020 inch and a resolu
tion . greate r than 50 lines / in ch . 
Light pen, mod ified typewriter key
board , and fu nct ion keyboard are 
available, as are interfaces to time
sharing computers such as the PDP-
6 PDP-10, S DS 940, Sigma 2, a nd 
Sigma 7. Information International , 
89 Brighton Ave., Boston , Mass. 
02134 617 / 787-4700. Circle No. 379 
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MEASUREMENT SYSTEMS 
computergraphic input devices in
clude track balls as well as poten
tiometer and force-operated joy
sticks. Optional pulse rate, up-down 
counter, D/ A converter, and other 
circuit cards are matched to the in
put transducers to form the man
computer interface. A miniature 
force-operated joystick, the size of a 
single keyboard switch , allows posi
tioning to 1 part in 1,000 on 2 axes 
in less than 3 seconds. A digital cur
sor simulator is also available, 
which uses a 7 x 9 inch high-resolu
tion storage CRT. This includes tar
get-generating and error-measuring 
circuitry for human factors tests. 
Measurement Systems Inc., 523 
West Ave., Norwalk, Conn. 06850 
203/838-556i. Circle No. 380 

MEGADATA SYSTEM V-50 
video annunciators utilize color or 
black and white TV sets for display. 
Systems permit over 50 stations to 
display up to ten different messages 
simultaneously. The operator con
trol s and up-dates all information 
from a single keyboard . Formats of 
20 lines by 20 or 40 characters are 
available; a 400 x 400 graphic pat
tern matrix is also supplied. Mega
data Computer & Communications 
Corporation, 151-8 West Industry 
Court, Deer Park, N.Y. 11729, 
516/667-2900. Circle No. 381 

MONITOR 8100 provides high
resolution alphanumeric or graphic 
computer output. The system con
sists of a refresh computer, a dis
play processor, special purpose 
function generators, and one or two 
CRT consoles with associated 1/ 0 
light pens, function switches, and 
keyboard s. Standard so ftware in-

014 

eludes an assembler , FORTRAN 
compiler, debugging routines, diag
nostics , operating system and a 
multi-purpose library . Alphanumer
ic text editing, grid generation and 
sca ling, and light pen processing 
subroutines are also provided . The 
character generator forms a stand
ard alphanumeric in one of four 
sizes, from up to 20 strokes. The 
vector generator forms continuous 
line anywhere in the display area. 
Monitor Displays, An Aydin Co., 
401 Commerce Drive, Ft. Washing
ton, Pa. 19034, 215/646-8100 . 
Circle No. 382 

NCR 795 data display termin al 
can display 256 to 1024 continuous 
stro ke characters . Alphanumerics 
and symbols may be written at any 
of over 2000 locations, arranged in 
32 lines of 64 characters . Data are 
refreshed 46.5 times /sec to ensure 
fli cker-free operation . A split screen 
option enables two NCR 795 key
boards to share the same display 
sc reen . National Cash Register, 
Dayton, Ohio 45409, 513/ 449-2000. 
Circle No. 383 

OPTICAL ELECTRONICS dis
pl ays provide three-dimen sio nal 
monocular images based on light
pen inputs . Modular hardware per
mits customization to match OEM 
system requirements, and allows the 
use of computing time to generate 
the image and its depth cues, and to 
provide manipulation capabilities . 
Optical Electronics Inc., P.O. Box 
11140, Tucson, Arizona 85706, 
602/624-8358. Circle No. 384 

PHILCO Model D-30 can be ob
tained as an accessory to a Philco
Ford computer , or can be added to 
an existing digit al system . The sym
bol repertoire is capable of both al
phanumeric and special diagramatic 
presentations. Limited graphics and 
dot matrix alphanumerics are also 
displayed, in any of four colors. The 
refresh memory has the capacity for 
simultaneous di splay of 3456 char
acters without degradation . A light 
pen and a trackball may be used to 
select any character position on the 

CRT screen. The indicated coordi
nates are automatically made avai l
able as an input to the computer 
control lin g di s pla y electronics . 
Philco Ford Corp., 1002 Gemini 
Ave., Houston, Texas 77058, 
713/ 448-1270. Circle No. 385 

PRINCETON ELECTRONICS 
PEP-400 terminal is designed for 
graphics applications requiring stor
age of random input X-Y informa
tion with selective erase and write 
capabilities . Readout can be either 
at TV or slow scan rates, for display 
or raster printout. A complete video 
frame can be stored in 1 /30 sec. 
with ten logarithmic shades of gray, 
and either 800 or 1200 line resolu
tion . Contin uous refresh for 15 min
utes with gray scale or 60 minutes 
with black and white images is pos
sible. Units are priced from $3,750 
and $4,250. Princeton Electronics 
Products Inc., P.O. Box IOI, North 
Brunswick; N.J. 08902, 201/297-
4448. Circle No. 386 

RCA video data terminals are 
linked to processor and random ac
cess storage over voice grade lines, 
with transmission speeds from 120 
to 2400 characters/sec. Units afford 
direct access to a central file 
through a standard typewriter key
board. The terminals display up to 
1080 monoscope-ge nerated upper 
and lower case characters on 20 
lines. Editing is performed by posi
tioning a movable cursor under the 
copy on the screen and making the 
correction. Data may be inserted 
and a hard copy printout obtained 
through a teletypewriter. Formats 
stored in the computers are dis
played and held on the screen for 
tabular data entry. RCA Computer 
Systems Div., Cherry Hill, N.J. 
08034, 609 / 424-2385. Circle No. 
387 

RAYTHEON DIDS CRT termi
nal s feature integral monoscope
generated characters and delay line 
buffers. Up to 1472 alphanumerics 
can be displayed on a 14-inch screen 
with a 60 Hz refresh rate . DIDS-
402 is a stand-alone self-contained 
unit. A controller is required for the 
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DI DS-40 I. The standard con troll er 
can accommodate up to 64 displa ys 
or printers, but a compact con
troller is also available for up to 12 
displays . Standard editing features 
are offered, and communication 
rate is usually 2400 baud. Raytheon 
Company, Communications and 
Data Processing Operation, 1415 
Providence Highway, Norwood, 
Mass. 02062 617 /762-6700. Circle 
No. 388 

SANDERS ADDS/900 is a gen
eral-purpose interactive graphic ter
minal. The integral display process
or has a 1.8 µsec cycle time and a 
16-bit memory of 8k to 32k words . 
The display generator can provide 
character, symbol, and line vector 
information under control of the 
display processor. Typical character 
generator time is 2.4 µsec, and vec
tor generator time is 40 sec for a 
full screen axis. The unit may be 
operated in a stand-alone con
figuration or interfaced to a large 
computer and data base. Operator 
data entry devices include a pro
prietary light pen, function key
board, trackball , joystick, alphanu
meric keyboard, data tablet, and 
cursor. Sanders Associates, Inc., 
Daniel Webster Highway, S., Nash
ua, N.H. 03060 603 /885-2816. 
Circle No. 389 

SPIRAS alphanumeric terminals 
feature continuous characters and a 
variety of EDP and control-oriented 
options. Systems display 1025 upper 
and lower case characters on a 2500 
character field. Up to 32 lines of 80 
characters are possible on the 12 
inch non-glare screen. Alphanumer
ics are generated by a high-resolu
tion monoscope with a refresh rate 
of 60 Hz. Models offer several edit-

ing options as well as expanded con
trol and position functions. Re
sponse is made through standard 
keyboard and interfaces are avail
able for coupling the unit to all ma
jor computer models . Spiras Sys
tems Inc., Affiliate of USM Corp., 
332 Second Ave., Waltham, Mass. 
02154 617 /891-7300. Circle No. 390 

STROMBERG DAT AG RA
PHIX terminal employs a shaped
beam CRT to present alphanumeric 
data . Displays are offered as stand
alone units which interface to exist
ing computers, but may be provided 
with programmed controllers which 
operate multiple terminals . Up to 
I 030 characters can be presented in 
a 2800 position field, with up to 32 
lines of 80 characters. Format con
trol can provide split screen capabil
ities. Stromberg Datagraphix Inc., 
General Dynamics Subsidiary, P.O. 
Box 2449, San Diego, Calif. 92112 
714/ 283-1038. Circle No. 391 

SLI video T-6 uses a data in
put/output format with 10 switch
selectable transmission rates from 
110 to 2400 baud . Capacity is 128 
upper and lower case and control 
characters, typically presented as 20 
lines of 80 characters. Custom key
boards, parallel data transmission , 
and hard copy unit interfaces are 
available. Sugerman Laboratories 
Inc., 295 Northern Blvd., Great 
Neck, N.Y. 11021 516/466-0080. 
Circle No. 392 

SYS alphanumeric interactive 
terminals can perform editing func
tions prior to data transmission. 
Editerm 100 can be interchanged 
with ASR 33 and 35 teletypes. 
Memory locations are not assigned 
to fixed screen positions, so the for
mat is variable and the display win
dow can be moved back and forth 
over the memory . Editerm 200 is a 
general-purpose terminal, which op
erates in a page mode with upper 
and lower case letters and a fixed 
format of 24 lines of 80 characters. 
Both models have blink, tab, and 
format capabilities, and are pro
vided with a variety of editing con
trols . Terminals use the SYS micro-
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processor as the controlling ele
ment , and can be connected to tele
types, t y pewriters , line printers , 
channel magnetic tape units , card 
readers , and paper tape units. SYS 
Computer Corp., 17-75 DiCarolis 
Court, Hackensa'ck, N.J. 07601 
201 / 488-0300. Circle No. 393 

TASKER Models 9200 and 9210 
consoles were specifically developed 
for computer-aided design , and in
terfaces can be configured for any 
available computer. Fast writing 
speeds permit up to six consoles to 
be linked simultaneously to one 
com puter in real-time with editing, 
message composition, and program 
control accomplished on-line. Out
puts consist of individual interrupt 
lines fo r light pens, typewriter key
boards and func ti on keyboa rd s. A 
denecti on amplifier elimin ates hys
teresis , and yields increased linearity 
and high vector accuracies. Displays 
utilize a constant-line drawing rate 
for a ll vecto r and symbol presenta
tions, such that line intensity is al
ways uniform. Character and sym
bol generation are accomplished by 
a stroke-writing, at an average of 4 
µsec/character . Standard repertoire 
is 64 symbols, but special characters 
are available. Tasker Industries, 
4561 Colorado Blvd., Los Angeles, 
Calif. 90030 213/ 246-6761. Circle 
No. 394 

TEC Series 400 DATA
SCREEN terminals offer a reper
toire of 68 dot-matrix characters in 
a variety of formats . Up to 1536 
characters can be presented on a 
standard TV monitor. Available in 
single or multi-station con
figurations, unit s offer editing, page 
formatting and fixed message dis
play. A Plexiglas filter provides 
sharp character contrast. Series 400 
options include a choice of three 
key boards, so ft ware-control led 
fixed message displays, backlighted 
indicator positions on the front pan
el , selective blinking, a hard copy 
adaptor, and a variety of interfaces . 
TEC, Inc., 6700 South Washington 
Ave., Eden Prairie, Minn. 55343, 
612/ 941-1100. Circle No. 395 
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With the new HP 1925A 
Word Generator plug-in 
you get: 

2- to 16-bit word lengths 

• Complete remote programming 

• 0 to 50 MHz clock rate 

• Pseudo-random noise output 

• NRZ or RZ formats at the flick 
of a switch 

• Complementary output 

• Manual or automatic recycling 

All this for only 

$850. 
And , when you plug this digital signal 
source into the 1900 pulse system, 
you are compatible with ECL, TTL, 
DTL, MOS, core memories or any 
other type of circuit you are testing . 
For additional information, contact 
your local HP field engineer. Or, write 
to Hewlett-Packard, Palo Alto , Cal 
ifornia 94304. Europe: 1217 Meyrin
Geneva, Switzerland . 

089/ 11 

HEWLETT"' PACKARD 

PULSE GEN ER ATOR SYSTEM S 
Circle 419 on Inquiry Card 
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TEKTRONIX Type T4002 termi
nal is a self-contained display which 
provides complex graphics capabil
ity . Data input is achieved through 
a solid-state keyboard, while output 
is presented through a direct-view 
storage tube. A character generator 
provides high-density alphanumeric 
and complex graphics without flick
er or drift. The screen wilJ accom
modate up to 35 lines of 80 al
phanumeric characters. Two stand
ard character sizes are available un
der program control. Space is pro
vided in the terminal cabinet for an 
auxiliary expansion module. Stand
ard inter faces are avai lable for cou
pling to PDP-8 computers or com
mu nica ti on data sets. Tektronix, 
Inc. , P .O. Box 500, Beaverton , Ore
gon 97005, 503/644-0161. Circle 
No. 396 

ULTRONIC Videomaster 7000 
stan d-alone disp lay station inter
faces directly to an IBM 360/30 
with trans mission speeds of 1200 or 
2400 bits/sec. The serial 1/0 inter
face conforms to EIA Standard 
RS-2328 , so the unit may be inter
faced to a wide range of computer 
systems. The display consists of up 
to 960 5 x 7 dot matrix alphanumer
ic characters at 64 or 80 charac
ters/ line. Edit logic provides full 
operator c ursor control. Ult ronic 
Systems Corp., Data Communica
tion Products Div., Mt. Laurel In
dustrial Park , Moorestown, N.J. 
08057, 609/235-7300. Circle No. 
397 

VIDEO SYSTEMS terminals 
have switchable data transmission 
rates up to 1200 baud, with multi-

' page capacity . Sys t ems u ti l ize 
standard teletypewriter keyboards 
with accessory ten-key numerical 
boards. The C RT presents standard 
5 x 7 dot matrix symbols in a 18-
line 36-character fo rmat. Un its a re 
priced from $4470, with a 72 char
acter line format and standard AS
C II printer available at ex tra cos t. 
Video Systems Corp., 7300 North 
Crescent Blvd. , Pennsauken, N.J. 
08110, 609/665-6688. Circle No. 
398 

WY LE C OMP U T E RMINAL 
Model 80 displays up to 960 5 x 7 
dot matrix characters in an 80-char
acter 12-line format. An optional 10 
character /sec pr in ter is ava il a ble. 
The unit is func t ionall y iden t ica l 
with IB M 2260 and 2265 terminals, 
and therefore requires no software 
modification for substitu tion. Inter
faces a re available for several other 
computers. Wyle Computer Prod
ucts, 129 Maryland St., El Segundo, 
Calif. 90245, 213/ 322-1763. Circle 
No. 399 

XE RO X DA T A S YSTEMS 
model 7580 graphic and a lphanu
meric interactive displays a re de
signed for XDS Sigma computers. 
Consoles contain a C RT, display 
electronics, two keyboa rds, action 
switches, and a light gun . The C RT 
has a nominal 10 x 10 inch display 
area, accommodating 1024 divisions 
along each axis. Five ha rdware gen
erators are provided, including two 
vector, one character, one do t, and 
one raster unit. The raster generator 
eliminates tracking algorithms, con
serving memory and central proc
essor time. The light gun can be 
pointed at a blank portion of the 
screen to obtain coord inates. Char
acters are fo rmed by a st roke gener
ator with software changeable char
acter set. The 7580 is supported 
from the X DS Graphic Display Li
brary software pac kage. Xerox 
Data Systems, 701 South Aviation 
Blvd., El Segundo, Calif. 90245 , 
213/772-4511. Circle No. 400 
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Ohmite PC-58 radial lead resistors 
are a special breed. They eliminate 
tedious lead forming when 
manually inserting resistors on 
small to medium PC board runs . 
This means you can improve your 
production efficiency for manual 
insertion by as much as 28% 
over axial lead types. 

The Electronic Engineer • Nov. 1970 

The radial leads fit standard 0.1 " 
matrix boards with standard .046" 
holes. You don 't have to spend 
time cutting, bending or forming 
leads because they're ready to 
insert directly into the printed 
circuit board. 
Built-i n stand-offs maintain proper 

clearances be
tween the resistor 
and the printed 
circuit board for 
complete air cir· 

culation. And, you 
don 't have to worry 
about positioning the 
res istor to read the Am• 
markings. The 
radial leads auto· 
matically position 

A little stand-offish. 

the markings on 
top for quick 
determination 
of the resistance value. 

PC·58's are available with vitreous 
enamel or Ohmicone® silicone 
ceramic coatings in a wide range of 
resistahce values. Write for catalog 
120 or check with your local 
Ohmite Authorized Distributor. He 
has PC·58's in stock for all standard 
resistance values in both the 
3 watt and 5 watt sizes. 

And , there's nothing uppity 
about the price. 

OH MITE Manufacturing Co. 
3662 W. Howard, Skokie, Ill. 60076 

OHMITE 
A NORTH AMERICAN PHILIPS COMPANY 

Circle 23 on Inquiry Card 49 



Plan-It-Yourself Kits for 
MICROWAVE RECEIVING SYSTEMS 
Choose from : 

a 
RECEIVER 
CONTROL 

c 
RF DISPLAY 

b 
DEMODULATOR 

TUNER 

1-4 GHz 1-12 GHz 0.5-lSGHz 

Now you can specify exactly what you need, and get exactly what you specify. 
It's easy with the WJ-1140 Modular Microwave Receiving System. 

The basic system consists of a control unit, a demodulator, a frequency dis
play and any of six separate tuner modules, each covering one of the standard 
octave bands in the 0.5 to 18 GHz frequency range. 

You select the frequency coverage you want, then take only the equipment 
you need to build a customized acquisition and analysis receiver capability. 
When your frequency requirements change, simply change tuners. 

And if you decide to expand your system capability, a number of options, 
including modules for display, sector scanning and computer control, are 
available to meet the most sophisticated receiver requirements. 

UNITED KINGDOM : Shirley Ave ., Windsor, Berkshire , England 
Tel : Windsor 69241 • Cable: WJUKW • Telex : 84578 

WEST GERMANY: 8 Muenchen 2, Maximiliansplatz 12A 
Tel : (0811) 29 33 30 • Cable : WJDBM 

WATKINS-JOHNSON 

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

50 Circle 20 on Inquiry Card The Electronic Engineer • Nov. 1970 
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THI S MONTH 'S IDEAS PAGE 

No . 933: Man-machine interface circuit.... .... .. ......... .... ............. .. .. ........ .................. ... 52 

No . 934: Circuit performs up/ down counting and shifting.. .... .... ............ ... ...... ........ 52 

No. 935: Versatile triangle wave generator........................... .. ..... .... .... ...... .. ............ .... 53 

No . 936 : Oven temperatu re control ler........ ... ........ ...... .......... .. ..... .. .. .. ....... . .... .. .. ...... . 53 

VOTE for the one you like best 
Write the number of the Idea you like best in the box 
on the inquiry ca rd and send it to us . 

SEND us practical. reproducible ideas that are origina l wi t h you 
and have been implemented with linear or digital ICs. 
If we publish your idea, you win a check for $25.00. 
If our readers vote yours the best of the issue in which it appears , 
you have your choice of a Simpson 270 or Triplett 600 multitester. 
After 12 issues, our readers will vote on the best · idea for all 12 issues. 
The winner gets his cho ice of either a Hewlett-Packard 1206A or a Tektronix 3104A oscillosco pe. 

Submit your IC Ideas to: 
Alberto Socolovsky, Editor 
THE ELECTRONIC ENGINEER 
Chestnut & 56th Sts. 
Philadelphi a. Pa. 19139 

HOW YOU VOTED 

The winning Idea for the June 1970 issue is 
"Super-s imple squa re-wave generator". 

Paul Franson, our pri ze wi nn ing author . is the Director of 
Technica l Publi city for Teradyne, Inc. in Boston . Mass. 
Mr. Franson has selected the Triplett 600 TVO as his pr ize. 
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933 Man-machine interface circuit 
Alphonso H. Marsh Jr. Raytheon Co .. Sudbury . Mass . 
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934 Circuit performs up/ down counting and shifting 
Ken Erickson Interstate Electron ics Corp .. Anaheim . Calif. 

wn Up / do 
control 
up' 0 
down =l 

input 

Ycl l 

Here's a man-machine interface 
circuit that has the added advan
tages that you can operate it as 
one-shot and it can be synchro
nized to any arbitrary timing. 

The circu it is simply two cross
coupled NANO gate flip-flops . Ini
tially FF and I FF 2 are set (out
put high ) by the 0 input at termi
nal A. When the switch is acti
vated, terminal A goes hi gh and FF 

2 remains set until terminal B is 
changed from a 1 to a O by the 
switch . Flip-flop 2 resets until the 
machine responds by changing ter
minal C from 1 to 0. This resets 
FF 1 which sets FF 2. When the 
switch pole returns to terminal A , 
FF I is also set. 

For operation as a one-shot, an 
external RC network is connected 
as shown, either with or without 
the external sync timing. 

_Cl l .c-

You can build this 8-bit up/ down 
counter by combining adders and 
registers as shown. The circuit has 
one input to con trol whether the 
circuit counts or shifts and another 
input to determine whether to 
count up or count down. 

I Az A5 A4 e, B2 83 84 _f AzA3 A4 a, Bz 83 84 

The circuit simply adds one to the 
previous contents of the 9300 reg
isters to count up. A down count 
is performed by subtracting one 
(adding 2's complement). 

You can lengthen the counter 
by adding one 4-bit register and 
adder for each additional 4 bits. 
As many 4-bit stages may be added 
as desired , but the maximum clock 
freq uency for counting is limited 
by the sum of the C0 to C4 propa
gation delays of the adders. Using 
the newer counters with look
ahead carry will give you the maxi
mum counting frequency . 

hi ft 
in put 

Count Is 
control 
count= 
shift ' 

0 
I 

~ 0 
Lo 

SN7483 

t, t 3 t 4 

Po Pz P3 

9300 

Oo Oz 03 

C4 0 SN7483 c4 
Lo L 2 L 3 L 4 

E Po Po Pz P3 
r-

t+-t-!tot< 9300 

Cp Oo Oo 02 03 
Seria l 
data 
inpu t 

_f~:.: 
~ 

Clock 
input 

You can easily modify the cir
cuit for other counts such as count
ing by two's. In this case, the A 2 

and A1 inputs of the first stage 

Ou tput 

adder would be connected to V cc 

and ground respectively. The re
mai ning A inputs would be tied to 
the up/ down control. 

c 

) 

To next 
stage 

arr y to 
next 

sta ge 

To 
next 

stage 

To 
nex t 

stage 

To 
next 

stage 
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Frequently , co mponents such as os
cillato r crystals and Zener diodes re
quire active temperature co ntrol. 
Here 's a circuit that provides accu
ra te control a nd yo u can build it for 
less than $I 0 in small quantities. 

The circuit will co ntrol the tem
perature of an oven within ± 1°C 
over an ambient swing of - 50°C to 
th e temperature of the oven . In addi
tion , if yo u select R 2 to provide ade
quate drive to Qi, the input voltage 

can va ry fr o m I 0 to 37 V. Because 
t ra nsisto r Q1 is sa tura ted when on , 
no hea t s ink is required. 

Res isto r R 1 sets the trip-po int hys
tersis a t 2°C with the circuit values 

shown. If the heater current is less 
th an 150 mA , you can s uppl y it 

direct ly from th e µ A 723 by connect
ing the e lement between pin 6 a nd 
common . 

The Electronic Engineer • Nov. 1970 

Tr im 
for exoct 

Common 

RT IN OVEN 

935 Versatile triangle wave generator 
Adrian Moses Lear-Siegler. Inc .. Santa Monica . Calif . 

Eou t 

This circuit uses two op amps as 
positive and negative peak detectors 
letting you set the amplitude a ny
where within the range of the power 
supplies. 

The voltage at the junction of R , 
and R 2 determines the amplitude of 
the output. The circuit shown gives 
you 0 to +8V, but you can make it 
-8 (or any selected value) to +8 by 
putting a negative voltage on the in
verting input of amplifier A 2 . 

The circuit has good linearity and 
the amplitude is stable over a wide 
temperature range. The combination 
of R i and C2 determines the fre
quency of the output. The ratio of C1 
to C2 should be about 20: I . The val
ues in this circuit give you I kHz 
with the inverting input of A 1 at 
+8 V. Op amps A , a nd A , are 84 1 's 
and A 1 is a 74 1 as shown. 

936 Oven temperature controller 
S. W. Billingsley NASA. Godda rd 

+28V 

CO MPONENT 
OV EN 

4.5W 
heater 

element 
( 22Kil 35°C) 

l.5Kil IN747A 

22Kil 

2.7Mil 
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FUnCTIOn GEnEl\ATOl\S 
FOi\ SQUAl\ES ••• AnD mucH ELSE 

And much less expensive, to boot. Krohn-Hite's new line of fundion generators give you solid 
versatility, performance, and operating convenience. Two brand new models covering the 
frequency range of 0.002 Hz to 5 MHz. Each gives you wavemaking capability for sine, 
square, triangle, plus and minus ramps, and additional simultaneous square wave outputs. 
Ultra-fast risetimes. Provision for external V.C. of l 000: l over the full range. D-C offset con
trol. Ad justable symmetry on square wave for pulse operation. Best of all, we do everything 
with fewer components. 

NEW MODEL 5100 
FUNCTION GENERATOR, 
0 .002 Hz, to 3 MHz 

Simultaneous auxiliary square wave 

VCO 1000: 1 sweep capability 

Price: $375.00. 

NEW MODEL 5400 
FUNCTION GENERATOR, 
0.002 to 5 MHz 

!\/u A.v _/L ~ 
Symmetry offset provides pulse and 

sawtooth 

VCO 1000: 1 sweep capability 

Price: $550.00 

-

-
If you would like to know much more about much else, drop us a line: The Wavemakers, Krohn
Hite Corporation, 580 Massachusetts Avenue, Cambridge, Mass. 02139 

LILI KROHN-HITE 
~ C::::: c::> ~ F= C:=> F=t ..c>.._ -r 1 C:=> f'-.J 

OSCILLATORS I FILTERS I AC SOURCES I FUNCTION GENERATORS I AMPLIFIERS 

OVERSEAS SALES OFFICES : BELGIUM, C. N. Rood s. a.; DENMARK, SC Metric A/ S; FRANCE , Antares ; GERMANY, Nucletron 
Vertriebs-GMBH ; HOLLAND, C. N. Rood n. v.; ITALY Dolt. Ing. Mario Vianello ; SWEDEN, Telein strument ; ISRAEL, R. D. T. 
Elect. Eng. Ltd . ; JAPAN, Shoshin Shoji Kai sha , Ltd. ; AUSTRALIA, Sampl e Electronics (Vic. ) Ply ., Ltd .; G. B., B & K Inst. Ltd . 

Circle 25 on Inquiry Card 



NEW 
Trimmers, resistors matched in new network 

Many of yo u have had occas io n to 
match, as closely as possible, a ll of the 
resistive components in yo ur ci rcuit 
from a TCR standpoint. However, you 
probably fo und it difficu lt to acco m
pl ish, si nce you may have had to match 
a resistor with a negative TC with a 
trimmer with a positive TC. Thus, yo u 

had a problem when you at tempted to 
predict what th e c ircuit wo uld do under 
average co nditions and to compensate 
for induced errors . 

So , what was yo ur so lut ion? Yo u 
probably matched them as closely as 
poss ible and accepted the shifting as a 
fac t of li fe. But , this enforced phil o
so phica l approach is no longer neces
sa ry because you can now purchase a 
tr imming resistive ne twork whose ele
men ts drift o nl y slight ly wi th respect to 
temperature change, and drift toge ther 
in a predictable manner. The 14-lead , 
OIL-packaged trimmin g net wor k uses IC 

··:a:' , 
techn ology to repl ace one trimming pot 
and five fixed resistors. The TRN (t rim
mer / res istive network) Series 3765 re
sistive elements a re prepared fr om a 
cermet pas te th at has a nomin a l 50-ppm 
TC over th e ave rage ( - 40 t h rough 
+85°C) tem p. range. Screened toget her, 
a ll res istors a re of the sa me paste , re
su lt in g in very close TC matching . Since 
each resis tor in the net is connected to 
its own set of te rmin als , yo u can inter
co nnect termin a ls in any ma nner des ir
ed. They can be used with the trimmer 
or wit h any other co mpone nt in the cir
cuit. 

As the dimensional configuration is 

Programmer patterns new ROMs 
Several manufacturers ha ve ei ther a l

ready introd uced o r will soon a nn oun ce 
programmab le RO\ts. (See "A new 
mem ory: the l'RO:vt, " The Electronic En
gineer, Aug . 1970, p. 75) . And , ho t on 
their heels co mes the int rod uction of a 
mem ory programmer designed spec ifi
cally to pattern th ese new integ rated cir
cuit RO:vt 's . It lets yo u take an off-the
shelf blank and sa fely and accurately es
tablish the logic pattern. 

With the Model 402 yo u can manu al
ly or a utomatica ll y program and ver ify 
without hav ing to use aux ili ary equ ip
ment. The RO\t chip is addressed with 
binary coded data, its outputs se t for 

PLATED WIRE MEMORIES 
The NM- 1000 se ri es is a medi um ca

pacity, hig h- speed , r andom-access, 
read / write memory fami ly. Speeds a re 
read access 200 ns, read time 300 ns, 
and write tim e 500 ns . Maximum ca
pacity is 163,840 bits. From 0.037 to 

0 . 11 / bit. Nemonic Data Systems, Inc., 
1301 West Third Ave., Denver , Colo. 
80223. (303) 892-70 12. 

Circle 285 on Inquiry Card 
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the desired logic, and the req uired sig
na ls are applied to acco mplish th e pro
gra mming. 

A typica l 64 x 8 RO\t ca n be manuall y 
programmed in minutes with a spec ia ll y 
designed program data card . The ma s
ter pattern may then be used to au to
matica ll y progra m dup lica te ROMS. 

METAL FILM RES ISTO RS 
Th ree sizes of these thick fi lm resist

ors cover a range of I 00 kl! thru 50 Ml!. 
It has TCs of ± 150 ppm and to l. as 
close as I% as std . Wattage ratings are 
\4 , 1/ 8 and 1/ 10 W . Mil equiva lents 
RN50, RN 55 and RN60 . They meet or 
exceed environmenta l requirements of 
Mil-T-10509. Mepco, In c., Morristown, 
N .J. 07960. (20 I) 539-2000. 

Circle 286 on Inquiry Card 
<-- ·~ 

ident ica l to typical DtL 1cs, the nets ca n 
be automatica ll y inserted , savi ng board 
space. The package pi ns ca n be wave 
so lde red , solderless wrapped o r inserted 
in receptacles . As the cost o f prepa ring 
and in serting separate parts can run as 
high as $0. 10 each and the TRNs re

p lace s ix comro nents, th ey affo rd a 

$0.50/TRN saving. They a lso cut pro
curemen t / inspection / stoc ki ng costs. 

TRNs available cover a range of 10 I! 
to I M 11, wi th ± 10%, std. and a ± I% 
specia l tolerance. Power rat ing is 0 .75 
W a t 40°C, derated to ze ro at I 25 °C. 
Operating temp. range is - 25 to +85 °C 
std .; - 55 to + l 25°C special. Their TC 
is ± 100 ppm f°C max., std. and ±50 
ppm /°C, specia l. About $3.00 ea. in 
production quantities. 

Amphenol Co nt ro ls Di v., The Bunk
e r-Ramo Corp., 120 S. M a in St., Janes
vill e, Wisc . 53545. 

Circle 283 on Inquiry Card 

The new programmer has an address 
secti on wi th a 512-word capabi lity . It 
includes an up / down cou nt e r, a 3-digi t 
word number readout , and a word ca
pacit y se lec to r . Program swi tche s le t 
yo u se lect up to eight log ica l l 's for 
each word. 

Optional features let you program 
from external so urces such as ca rd or 
tape readers. 

The 402 can accommodate many 
package types such as 16- .and 24-pin 
DILS and 24- pin flat packs . Measuring 
12 x I 0 x 5 in. , the programmer costs 
$945.00. Spectrum Dynamics, Inc., Box 
236699, Ft. Lauderdale, Fla. 33307. 

Circle 284 on Inquiry Card 

CE RAM IC PAC KAGES 

New fami ly of a ll- a lumina-ceramic 
circuit packages is pr imarily for \'IOS 
MSl / Ls t app lications ; The famil y in
cludes a 42-lead mu lt ipurpose f1atpa ck, 
a 40-lead edge-plug-in package, a 40-
lead wide-base DIP, an d a narrow-base 
DIP with either 24, 28, or 40 leads. 
Coors Porcelain Co., 600 Nin th St., 
Golden, Colo . 8040 1. (303) 279-6565. 

Circle 287 on Inquiry Card 
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QUALITY 
SMALL DIMENSION FUSES AND FUSEHOLDERS 

For The Protection of All Types of Electronic 
and Electrical Circuits and Devices .. . 

f s \) 
includes dual-element "slow-blowing", 
single-element "quick-acting" and sig
nal or visual indicating t ypes . .. in sizes 
from 1/500 amp. up. 

TRON Rectifier Fuses For the Safe 
Protection of Solid State Devices. 
Provide extremely fast opening on over
load and fault currents, with a high 
degree of restriction of Jet-thru current. 
Many types and sizes available. Ampere 
ratings from Y2 to 1000 in voltage ratings 
up to 1500. 

( ! 

! ) 

HKA lamp
indicating, signal 
activat ing holder. 

LED READOUT PACKAGE 

TEC-Lite SSR-70 solid state digital 
readout package combines an infinite 
life 7-bar segmented LED display, deco
der / driver , current limitin g resis tor s 
and mounting provisions within an as
sembly which is about 1.9 x 0.4 x I in. 
The bezel assembly accommodates fr om 
I to 10 of them. TEC, 6700 S. Washing
ton Ave., Eden Prairie, Minn. 55343. 
(612) 941-1100. 

Circle 223 on Inquiry Card 

DIL CA RD 
These new ca rds fit std. rack con

figurations. They have a 55 socket pat
tern and 14 and 16 DIL socket mixture. 
The board is double sided with ground 
and power planes so ldered to solderless
wrap post. Data Numerics, 141A Cen
tral Ave., Farmingdale, N.Y . 11735. 

Circle 224 on Inquiry Card 
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• 

HMR RF. shielded 
holder for )4 x 1 )4 
in. fuses. 

HKP panel 
mounted holder for 
)4 x 1)4 in. fuses. 

T RI MMER CAPACITO RS 

These PC mounted 9300 series min
iature a nd microminiature trimmers 
have a rotor assembly of specially for
mulated ceramic material s to provide 
longer life and co mplete environmental 
stability . They feature very even linear 
tuning . Series includes a range of 1.7 pF 
to 50.0 pF. $1.90 to 0.18 ea. Joha~son 
Mfg. Corp., 400 Rockway Valley Rd. , 
Boonton , N .J. 07005. (20 I) 334-2676. 

Circ le 225 on Inquiry Crad 

RESISTOR NETS 
These thick film resistor networks are 

avai lable to I% tol. , TC matched to I 0 
ppm . Change in resistance over 1000 hr. 
life a t 85°C is < I%. They come in D IL, 

conformal coating or epoxy molded 
packages. Cal-R, Inc., 1601 Olympic 
Bl vd., Santa Monica , Calif. 90404. 

Circle 226 on Inquiry Card 

PIN DIODE LINE 

New line of PIN microwave switching 
diodes, consists of 12 basic types avai l
able in 6 different styles. The GC-4000 
series features fast transition speed with 
voltage breakdown as high as 750 Y. 
Also offers low combination of resist
ance and capacitance and complete 
passivation. GHZ Devices, Inc., Kenne
dy Dr., North Chelmsford, Mass. 
01863. (617) 251-4981. 

Circle 227 on Inquiry Card 

TELETYPE TERMINAL 
New model 37 teletype terminal has 

all the flexibility and sophistica ti on of 
the current model 37. but has a wider 
platen to acco mmodate std. 15-in . sprock
et-fed computer print-out paper. 
Telet ype Corp., 5555 Touhy Ave . , 
Skokie. Ill. 60076. 

Circle 228 on Inquiry Card 
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IC TEST CLIPS 

Fo ur new test clips accom modate 24 
th rough 40-pin DI P packages. Model A 
P 923724 straddles 24- pin D IPS and is 
ava il a ble off- th e-shelf whi le 28- , 36-, 
a nd 40-pin cl ips are avai la ble on spe
cia l order. Fro m $21.00 ( 1-9). A P In
corporated , 72 Corwin Dr. , Painesvi lle, 
Ohio 44077. (2 16) 357-5597 . 

Circle 229 on Inquiry Card 

TRIMMER POTS 
Ne w 2300 Series 3/s in . sq . wire

wo u nd mu lt i tu rn pots meet Mil- R-
27208, RT24. They come in PC card 
mo unt ing, side adjust , or top adju st 
configurations. Resistance ra nge is 10\1 
to 20 k!!, and power rating is 0.75 W at 
85°C. Am phenol Controls Div ., 120 S. 
Main S t. , Janesville, Wisc. 53545 . (608) 
754-22 11. 

Circle 230 on Inquiry Card 

F NA F USETRON 
Fuse 13/ 32 x l Y. 
in. slow-blowing, 
Visual-Indicating, 
Alarm-Activating. 
(Also useful for 
protection of small 
motors, solenoids, 
transformers in 
machine tool 
industry.) 

P LUG-IN POWER SUPPLIES 

T hese low-cost reg ul a ted suppli es 
(Card/ Pac series) are o ffered with both 
si ngle and du a l de outputs on a single 
PC board . Regul atio n is 0.0 I% fo r line 
va ri ations and 0.05% load reg . fr om no 
load to fu ll load . Power/ Mate Co rp ., 
5 14 S . River S t. , Hac kensack, N .J . 
0760 I, (20 I ) 343-6294. 

Circle 231 on Inquiry Card 

1/2% PANEL METERS 
High accur acy o f th ese meters is 

achieved in two ways: by individually 
drawing dial divisions to suit each meter 
movemen t and by matchin g the meter 
movement to a pre- printed scale . The 
first assures track ing a t roo m temp. 
within ± V2% for a single temp. Beede 
Electrical Instru ments Co., Penacook, 
N.H. 03301. (603) 753-6362. 

Circle 232 on Inquiry card 

BUSS 
MIC-13/ 32 x 
l Y. in. 
Visual
Indicating, 
Alarm
Act ivating. 

BUSS 
MIN-13/ 32 x 
lY. in. 
Visual
lndicat ing. 

BUSS 
GLD-~ xl~ 
in. Visual
Indicating, 
Alarm
Activating. 

BUSS 
GBA-~ x 1~ 
in. Visual
Indicating. 

The Complete Line of Signal-Indicating Alarm
Activating Fuses 

DIP STRIP 

New contact str ips are fo r mounting 
odd-size DIP packages, or any device 
with leads in-line on 0. 1 in . spacing and 
up to 0 .025 in . dia . Longer lead length 
of 0.7 15 in . lets yo u stack three wire 
wra ps. Robinson-Nugent , Inc ., 800 E. 
8 th , New Alba ny, Ind . 47 150 . (8 12) 
945-02 11 . 

Circle 233 on Inquiry Card 

DUAL POWER SUPPLY 
Model 50 has I A output on each 

side. There are three models wi th sepa
rate ly adj . voltage. Outputs of± 10.0 to 
13.5 Y, ± 13.5 to 16.5 V, a nd ± 16.5 to 
20 .0 Y. Max im um rip ple is 500 V rms. 
Line reg. is 0.0 I% and load reg . 0. 10%. 
Elec tros tat ics, In c., 77 18 C la ire mont 
Mesa Bl vd ., San Diego, Calif. 92 111 . 
(7 14) 279- 141 4. 

Circle 234 on Inquiry Card 

BUSS GMT 
and HLT 
holder, 
Visual
Indicating, 
Alarm
Activating. 

For use on computers, microwave units, communi- •--------------
cation equipment, all electronic circuitry. 

SUB-MINIATURE 
FUSES 

Ideal for space tight applications, light 
weight, vibration and shock resistant. 
For use as part of miniaturized inte
grated circuit, large multi-circuit elec
tronic systems, computers, pr inted 
circuit boards, all electronic circuitry. 

BUSSMANN MFG. DIVISION, 
M cGraw-Edison Co., St. Louis, M o. 63107 

For fuses and fuseholders of unquestioned high quality for 
every protection need ... 

TRON 
Sub-Miniature 
Pigtail 
Fuses- Body size only 
.145 x .300 inch . Glass 
tube construction per
mits visual inspection 
of element. Hermatical
ly sealed. Twenty-three 
ampere sizes from 1/ 100 
thru 15. 

The Electronic Engi neer • Nov. 1970 Ci rcle 26 on Inquiry Card 

BUSS 
·Sub-Miniature 
GMW 
Fuse and HWA 
Fuseholder 
Fuse size only .270 x 
.250 inch. Fuse has 
window for visual 
inspection of ele
ment. Fuse may be 
used with or with
out holder. 1/ 200 to 
5 amp. Fuses and 
holders meet Mili
tary Specifications. 
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SOLID-ST ATE DISPLAYS 

These two numeric displays are sev
en-segment, diffused planar GaAsP 
types that emit visible red light. Both 
are partially alphabetical since they pro
duce the letters A, C, E, F, H, J , L, P, 
and U, as well as digits from 0 to 9. 
T IXL302, is a direct replacement for a 
s imil a r unit currentl y available. 
T IXL301, comes in an hermetic T0-5 
metal can with window . Texas In
struments Incorporated, Box 5012. Dal
la s. Tex. 75222 . 

Circle 235 on Inquiry Card 

ELECTRICAL TAPE 

New Scotch brand electrica l tape N o. 
X-1244 accepts perm anent printing by 
normal methods, yet printing does not 
co me off even in direct contact with 
cleaning solvents, jet fuels or hydraulic 
fluids. A I-mil polyester fi lm tape, it 
has a thermosetting pressure sensitive 
adhesive protected with a liner . For 
most a pplications, no thermosetting is 
required. 3M Co., 3M Ctr., Box 3050, 
St. Paul, Minn. 55 10 I. (612) 733-9654. 

Circle 236 on Inquiry Card 

ANALOG MULTIPLIER 
Model 422 analog multiplier provides 

5 MHz sma ll signal BW, 1.6 MHz full 
power response, I 00 V / µ s slew rate, and 
on ly I 0 phase shift at 2 MH z. Un
trimmed, the gain accuracy is 1%; this 
accuracy is sustained for freq . to 300 
kHz. $109 ( 1-9). Analog Devices, Inc., 
22 1 Fifth St., Cambridge, Mass. 02142. 
(617) 492-6000. 

Circle 237 on Inquiry Card 

REED SWITCH 
This switch lets you contro l 480 VA 

in an ac version (D RAC-5) and 85 Win 
a de version (D RDC-6). Overall switch 
length is 3.465 in . nom . Major dia . of 
the glass envelope is 0.212 in . max . and 
envelope length is 1.640 in . max. Use of 
solid tungsten button contacts and a 
specia l reed configuration provides opti
mum magnetic coupling . Hamlin, Inc., 
Lake Mills, Wisc. 53551. 

Circle 238 on Inquiry Card 
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PC SPRAY 

Cramolin® solderable spray coating 
prevents corrosion on PC boards and 
many other electrical wired connections. 
The coating also serves as a neutral sol
dering agent (flux) . Drying time is < I 0 
min. at 23°C (73.4°F) . Caig Labora
tories , In c. , 455A Union Ave., West
bury, N.Y. 11590. (516) 334- 1940. 

Circle 239 on Inquiry Card 

CAPACITOR ELEMENTS 

This line of NPO monolithic elements 
has a range of 1 pF through 27,000 pf 
in 17 sizes, star ting from 0.050 x 0.050 x 
0.050 in. The max. capacitance change 
is ±0.3% over the range of - 55° to 
+ l 25°C. Republ ic Electronics Corp., 
Dept. K, 176 E. 7th St., Paterson, N.J . 
07524 . (20 I) 279-0300. 

Circle 240 on Inquiry Card 

MODEL 10000 MODEL 11000 12000 13000 14000 15000 16000 17000 18000 

HEI GHT 3. 19 HEIGHT 3.19 3.19 4.94 4 .94 4.94 4.94 3.50 5.25 
WIDTH 3.75 WIDTH 4 .94 4.94 4.94 7. 50 7. 50 7.50 19.00 19.00 
DEPTH 6.50 DEPTH 6.50 9.41 9.41 9.41 11 .75 16. 50 t6.50 16.50 

voe AMPERES voe AMPERES 

0- 7.5 2. 10 3.7 4.0 5.6 12.0 14.0 21.0 33.2 50.0 8 7.0 

0 - 16 1.25 5.0 3.9 5.3 11.3 13.0 20.0 32.5 49.0 82.0 
0- 25 0.85 6 .0 3.5 5.0 10.5 12.8 19 .0 3 1.0 47.0 82.0 
0 - 33 0.68 12.0 2. 8 4 .2 8.0 10.5 15.0 23.0 36.0 58. 0 

15.0 2.4 3.7 7.5 9. 5 14.0 20.5 27.0 47.0 
24.0 1.5 2.8 4. 2 7.0 11 .0 15.0 21.0 33.0 
28.0 1.4 2.4 4 .0 6 .3 9.0 14.0 20.0 29.0 

Note : Specifica tions subject to change wi t hou t notice. 
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HEAT BARRIER M INIATURE COAXIAL 

Cool-Heat insulating cream provides 
a heat shield when a pplied to a range of 
electronic asse mbly and repair oper
ations . With it, silver soldering a nd 
brazing can be done adj acent to critical 
surfaces wi th ou t scorching or damage. 
L.G.H. Products Corp., 1860 Broadway 
New York , N .Y. 10023. 

New coax cable, insu lated with an ex
panded PTFE fl uorocarbon resin, is now 
available in 95, 75, and 50 I! versions. It 
offers volume reductions as much as 
62% and weight redu ction as much as 
70% over std . Mil-C-17 constructions . 
W. L. Gore & Assoc., Inc. , 555 Paper 
Mill Rd., Newark, Del. 19711. 

Circle 241 on Inquiry Card Circle 242 on Inquiry Card 

The new standard 
in standardized 

power 
modules. 
For 37 years North Electric has been 
meeting the exceptional requirements 
of the custom power equipment 
market. Now, out of this experience 
and the engineering skills developed 
by North, comes a great new line of 
standardized power modules ... All 
designed to give you more versatility 
and a new high in power reliability! 
Send for North's new Standardized 
Power Catalog and start buying your 
custom power and standard power 
from one great source ... NORTH. 
Call 419/468-8244 (orTWX419/ 
468-4860) for immediate service. 
Attention Product Manager, 
Standard Power Equipment. 

North Electric Company 
Electronics Division/ Galion, Ohio 
A Subsidiary of 
United Utilities, Incorporated 

Circle 27 on Inquiry Card 

PC BOARD FUSE CLIPS 

New easily in se rted, high grade 
spring bronze fuse clip, ra ted to 15 A is 
for PCB installation. Twin metal tab 
mountin g prevents rotation or mis
alignment during assembly. The clip 
(No. I 02068) can be hand or machine 
inserted. Earless clips withou t fuse stops 
(No. 102069) are also available. They 
are good for use as heat sinks for semi
co nduct o rs . Lit te l fu se, In c . , 800 E. 
Northwest Hwy, Des Plaines, Ill. 60016. 
(312) 824-1188. 

Ci rcle 243 on Inq uiry Card 

PLANAR T RIODE 
New conduction cooled planar triode 

of metal-ceramic design with a metal
capillary cathode is for oscillators, mod
ulators, power mixers, and amplifiers 
up to 3 GHz. The YD 1380/8 1 tube has 
a max . plate diss. of 250 W and will 
provide 100 cw power output with 1300 
Y plate in Class B grounded grid oper
a ti on. Siemens Corp ., Components 
Div., 186 Wood Ave . So., lselin , N .J . 
08830. (201) 494-1000. 

Circle 244 on Inquiry Card 

CONNECTOR SA YER 
Reusable "Sav-Con" connectors ab

sorb engaging and disengagin g wear and 
tear during equipment test a nd check 
out phases. In serted between test cable 
and unit conn ector, they require no wir
ing. and introduce min . resistance, in 
series with circuits under test. Glenair 
In c., 12 11 Air Way , Glendale, Calif., 
91201. 

Circle 245 on Inquiry Card 

PHOTOTRANSISTOR 
This ligh t ac tiva ted phototransistor is 

capable of 50 mW dissipation. The min
iature STPT60 has a fas t tim e switching 
characteristic ( 1.5 11 s typ . ri se time, 5 µ s 

fall time) to a ll ow a more rapid reading 
tha n mecha nica l contacts. It has a nar
row field of view, minimizing cross-talk . 
Sensor Technology, In c., 7 11 8 Gerald 
Ave ., Ya n Nuys, Ca li f. 91406. (2 13) 
781-2154. 

Circle 246 on Inquiry Card 
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Now you can save space and improve 
reliability by mounting an Acopian 
mini-module power supply directly 
into a printed circuit board . Sizes 
start at 2.32" x 1.82" x 1 ". Both 
single and dual outputs are available. 
And the duals can be used to power 
op amps or for unbalanced loads. 
Other features include: 
• Choice of 58 different single output 

modules ranging from 1 to 28 volts, 
40 ma to 500 ma 

• 406 combinations of dual output 
modules with electrically indepen
dent. like or different outputs in 
each section 

• 0 .02 to 0 .1 % load and line regula 
tion , depend ing on model 

• 0 .5 mv RMS ripple 
• Prices as low as $39 for singles, 

$58 for duals 
Do you have the latest Acopian cata
log? It lists over 82 ,000 AC to DC 
power modules for industrial or MIL
spec applications. For your copy, 
write Acopian Corp ., Easton, Pa. 
18042, or call (215) 258-5441. And 
remember, every Acopian power 
module is shipped with this tag ... 

Circle 28 on Inquiry Card 

MINIATURE READOUT 

Ser ies 0405 readout has the Cue
Switch® feature- an illuminated push
button switch with built-in projection 
system that provides for multiple mes
sage display. Unit displays a 0.50 in. 
character or message easily read IO ft 
away. $56.00 ea. ( 1-49). Industrial Elec
tronic Engineers, Inc., 7720-40 Lemona 
Ave ., Van Nuys, Calif. 91405. (213) 
787-03 1 l. 

Circle 247 on lnqurry Card 

VOLTAGE DIVIDERS 
These voltage divider a nd ot her 

m atc hed resi sto r assemblies (to 
±0 .005 % r a ti o to!. _match , and 1/2 
ppm f°C TC tracking) are up to 8 times 
smaller than equivalent networks. Units 
are avai lable with up to 4 discrete resist
ors and res . values up to 75 kl! ea. Vish
ay Intertechn ology, Inc ., 63 Lincoln 
Hway, Malvern, Pa . 

Circle 248 on Inquiry Card 

INJECTION MOLDER 

Polycraft 22 is a manually operated 
horizontal or vertical injection molding 
machine with a 11/2 oz. shot capacity. It 
provides over six tons of clamp, 15,000 
psi injection pressure, automatic parts 

ejection and a 300° to 700°F accurately 
co ntrolled temp. range. Polycraft Co., 
Box 28 , E. Prospect, Pa . 17317. (717) 
252-3293 . 

Circle 249 on Inquiry Card 

INDUSTRIAL IR EMITTERS 

Two new GaAs infrared emitters are 
30 to 50% less expensive than com
parable units already on the market. 
TIXL26 is for close range work . It has 

a l .0 mW typ. power output when for
ward biased at 35 mA. The TIXL27, 
light source has a min . radiant power 
output of 15 mW when forward current 
is 300 mA. TIXL26 is $2. l 8 ea. ( 100-
999); the TIXL27 is $16.50 ea. (100-
999) Texas Instruments Incorporated, 
13500 N . Central Expressway, Dallas, 
Tex . 75222. (214) 238-3741. 

Circle 250 on Inquiry Card 

BEAM EMITTERS 

Series CM-20 emitters project narrow 
cones of 1R and lumin ous energies over 
distances of 7 to 20 in . Minimum ft. 
candle of measurement across the target 
is 20 fc for the CM20-8-0l at 7 in ., and 
15 fc for the CM20-9-0l at 14 in. They 
cons ume only 850 mW of power. Chi
cago Miniature Lamp Works, 4433 N. 
Raven swood Ave., Chi cago, Ill. 60640. 

Circle 251 on Inquiry Card 

HIGH-DENSITY CONNECTOR 

These all-plastic , 51-contact rec
tangular connectors do not use metal to 
retain the contacts. Instead , a ring of 
plastic, molded within the insulator 
holds the contact firmly in place. Over
all size is only 0 .050 x 0.59 x l .69 in . 
Viking Industries, Inc ., 2100 I Nordhoff 
St., Chatsworth, Calif. 91311. 

Circle 252 on Inquiry Card 

The LL-4 logic lite provides four bits 
of logic status in a DIL packagl Inputs 
are TTL/DTL compatible and represent 
only one unit load . The unit requires 5 
Vdc power . Various markings are avail
able. $9.00 ea . in unit quan. Unique De
vices Co ., Box 786 , Reseda, Calif. 
91335. (213) 881-6634. 

Circle 253 on Inquiry Card 

COAX CONNECTORS 
Ridgelok series positive locking, all 

crimp 5011 connecto rs have only three 
pieces. Ridge lo k ca n be used in the 
same area needed for two 50\! BNCS . 

The connectors have a n avg . res. of 4 
ml! and max . contact res. of 8.3 mil at 
3A. Microdot Inc., Connector Div., 220 
Pasadena Ave. , So . Pasadena, Ca lif. 
91030. (2 J 3) 682-335 l. 

Circle 254 on Inquiry Card 

SENSITIVE RELAY 

New polarized de relay is for com
mercial uses . The std. Type PYZA is a 
precision sensing device with sensi
tivities as low as 70 µ W . Contacts are 
Form K, SPOT, null-seeking and rated at 
I A with a 110 V, 60 Hz ac resistive 
load . Electro-Mechanical Product s 
Div ., Bar ber-Co lman Co., Rockford , 
Ill. 61101. 

Circle 255 on Inquiry Card 
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OIL TRANSFORMER 

New 16-pin Model 4252-1005 min
iature pulse transformer meets Mil-T-
21038 grade 7 requirements, and fea
tures high insulation resistance, fast rise 
and fall times, good pulse integrity,.and 
low coupling capacitance. Bourns Pacif
ic Magnetics Corp., 2815 1 Highway 74, 
Romoland, Calif. 92380. (714) 657-
5195. 

Circle 256 on Inquiry Card 

REMOTE CONTROL SYSTEM 
New LA 7922/7923 system remotely 

contro ls communications equipment 
such as receivers, transceivers, trans
mitters, and power amps. It operates 
over a single pair line by de for short 
distances and by FSK tone keying for 
long di stances. Racal Communications, 
Inc., 8440 Second Ave ., Silver Spring, 
Md . 20910. (301) 587-8515. 

Circle 257 on Inquiry Card 

SIZE 8 DC MOTOR 
Model 08-dc motor offe rs a high 

torque to inertia ratio of 62,500 
rad /s/s, a low ripple torque and low 
magnetic detent characteristics. It uses 
a 12-bar a rm ature to minimize cogging 
and arcing . C lifton Div ., Litton Pre
cision Products, In c., Marple at Broad
way, C lifton Heigh ts, Pa. 1901 8. (215) 
622- 1000. 

Circle 258 on Inquiry Card 

LIGHTED SWITCHES 

This line of Rockette switches has 
completely illuminated rockers (rather 
than merely lighted windows) to quickly 
provide function indication , they are 
rated to 20 A, 125 Vac. From $2.94 to 
$7.45. Specialty Products Div ., C utler
Hammer, Inc., 4201 N . 27th St., Mi l
waukee, Wis . 53216. 

Circle 259 on Inquiry Card 
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how to get a 
s400 frequency counter 

for s1999s· 

... build the new 
Heathkit® IB-101 

• Accurate counting, 1 Hz to over 15 MHz 
• Automatic trigger level for wide range input without adjustment 
• Five digit readout with Hz/kHz ranges & overrange indicators 

give eight digit capability 
• High Z input 
• Computer-type integrated circuitry eliminates divider chain adjustment 

The latest Heath breakthrough in low cost, high quality instrumentation. New 18-101 
counts from 1 Hz to over 15 MHz; advanced integrated circuitry eliminates blinking 
readout & divider chain adjustment. 
Overrange indicator & Hz/ kHz switch give the 18~101 8-digit capability. Set the range 
switch to kHz & the display reads out to the nearest kHz ... push the range switch to 
Hz and read down to the last Hz. Overrange & Hz/ kHz indicators light up to give 
error-free measurement & correct range at all times. Automatic decimal locator elim
inates interpolation & figuring. 
Exclusive Heath-designed input circuit uses a dual-gate, diode-protected MOSFET 
... provides proper triggering without adjustment from less than 100 mV to over 200 
V. Input Z is 1 megohm shunted by less than 20 pF to minimize circuit loading & error. 
Other features include sockets for all 26 IC's & 5 display tubes ... 120/240 V AC 
operation & convenient handle/ tilt stand. 
Compare the new Heathkit 18-101 ... then order yours. Kit IB-101, 7 lbs . .. . $1 99.95* 
IB-101 SPECIFICATIONS: Frequency Range: 1 Hz to greater than 15 MHz. Accuracy: ± 1 count ± lime 
base stability. Gate Times: 1 millisecond or 1 second with automatic reset. INPUT CHARACTERISTICS 
- Sensitivity: 1 Hz to 1 MHz, less than 100 mV rms. 1 MHz to 15 MHz, less than 250 mV rms, after 
30 minutes warmup. Trigger Level : Automatic. Impedance: 1 Megohm shunted by less than 20 pF. 
Maximum Input: 200 V rms, DC - 1 kHz. Derate at 48 V per frequency decade. TIME BASE: Frequency: 
1 MHz, crystal controlled. Aging Rate : Less than 1 PPM/ month alter 30 days. Temperature : Less than 
±2 parts in 107 / degree C. 20 to 35 degrees C after 30 minutes warm up. ±.002% from O to 50 degrees 
C. GENERAL: Readout: 5 digits plus overrange. Temperature Range: Storage ; -55 to 80 degrees C. 
Operating; 0 to 50 degrees C. Power Requirements: 105-125 or 21 0-250 V AC, 50/ 60 Hz, 8 watts . Cabinet 
Dimensions: 8¥4" W x 3Ve" H x 9'1 D not including handle. Net Weight: 4Y, lbs. 

r-------------------- l~lfrfii§f&F•l---1 
I HEATH COMPANY, Dept. 520·25 I 
I Benton Harbor, Michigan 49022 a Schlumberger company I 
I o Enclose d is $ , plus shipping. I 
I Please send model (s) I 
I D Please send FREE Heathkit Catalog. o Please send Cred it Application. I 
I Name I 
I ~~ I 
I City State Zip I 
L-~~~:_~c:;.:~~~2:~i:s:~e~i~t~n=-=~j~t~~a~~~~=~e.:._T_:~_J 
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New generation 
of magnetic 

shielding. 
The name of the shielding material is Westinghouse 
Hipernom® alloy, and the idea is: less does more. 
Shielding effectiveness is greater, especially at high 
frequencies, than the older shielding alloys. You can 
use Hiperhom in thinner sections and save weight. Or 
use it as straight replacement and get more effective 
shielding. 

Among the people who need Hipernom ... 
• Astronauts carrying rock cores 

back from the moon in Hipernom 
cans to preserve lunar magnetic 
characteristics. 

• Circuit designers who, having 
mastered the art of shielding in 
milliamp circuits, are starting to 
move to the microamp range. 

• Tape-head designers. 
• Image or display tube and 

oscilloscope manufacturers. 
• Computer designers; especially 

for miniaturized computer 
components. 

• Anyone developing electronic 
medical equipment. 

• Anyone concerned with meeting 
electromagnetic pulse require
ments. 

• Anyone at a// using the same 
magnetic shielding material he 
was using five years ago. 

Hipernom as formed by one of its many users into flexible tube. 
Very time-saving, often very cost-saving . Hipernom is available 
from Westinghouse in strip, sheet, plates and bar. Total metals 
capabili ty to serve the electronics and aerospace industries. 
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Westinghouse Specialty Metals Division 
Box 45, Blairsville, Pa. 15717 

( 412) 459-9400 

You can be sure ... if it's Westinghouse 

® 
Circle 30 on Inquiry Card 

Lt'6 IN5TRJMENT0 

FUNCTION GENERATORS 

Marked by their versatility. 

:t .. 
l· 

~ ()) - iii -: 
*"" - I ~ ~ .....v -

First in this new line of instruments is the Model 5100. This 
unit has a dynamic frequency range of 0.002 Hz to 3 MHz 
and gives you a full range of function including sine, square, 
triangle and positive and negative ramp. Main output is 20 V 
pk-pk open circuit. A 5 V pk-pk square wave output with < 
15 ns risetime can be used for synchronization, gating, and 
blanking, while you use the main output for other functions. 
Among the suggested applications are amplifier response 
measurements, recorder linearity checks and response and 
linearity tests of servo-systems. Krohn-Hite Corp., 580 Mas
sachusetts Ave., Cambridge, Mass. 02139. 

Circle 277 on Inquiry Card 

DIGITAL MARKER 

Has five variable, crystal-accurate markers. 

oc»ooo 
• •••• -

The Model 8600A operates with the manufacturer's Model 
860 I A sweep generator and any swept display to produce five 
frequency markers. You can set each of the markers to any 
frequency in the sweeper' s range. The unit employs no tuned 
circuits to generate sweep markers . In stead it halts the sweep 
at each marker setting for a period long enough to brighten 
the scope trace at that position, then re-starts the sweep at the 
predetermined rate, stopping again at each preset marker. It 
costs $1100 with a 45 day delivery. Inquiries Manager, Hew
lett-Packard Co. , 1601 California Ave ., Palo Alto, Calif. 
94304. (415) 326-7000. 

Circle 278 on Inquiry Card 

FREQUENCY SYNTHESIZER 
. The WJ-1154 covers L-, S-, C- and X-bands in a single 
instrument. You can use this microwave synthesizer as the 
l<_>cal oscillato~ in microwave receivers or as the swept 
signal source m automatic test equipment. The unit has 
both local and remote di~ital programming ~BCD), fre
quency steps of 1 MHz (with smaller steps available), and 
a power output of 1 mW (0 dB) leveled to ±2 dB across 
the band. Watkins-Johnson Co., 3333 Hillview Ave., Stan
ford Industrial Park, Palo Alto, Calif. 94304. 

Circle 279 on Inquiry Card 
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X-Y RECORDER 

Has six-signal ca pability. 

The Contour / riterTM I I will reco rd as many as six different 
signa ls (five X, plus one Y) at the same time. The recorder 
comes with one, two , three or four overla pping pens, or, with 
du al charts, up to five pens. The manufacturer describes it as 
a "profiling" recorder, suited to unattended recording of 
many types o f process runs, experimental or production test
ing, and anal og tracing of computer results. Automatic re
framing and two-color inking systems are avai lable. The 
si ngle-pen model is priced at $2240.00; delivery in 45 days. 
Digital Systems Div ., Texas Instru ments Incorpora ted, Box 
66027, Houston, Tex. 77006. (7 13) 526- 141 l. 

Circle 280 on Inquiry Card 

WAVEFORM GENERATOR 

Has digital frequency dial, VCF, and sweep source. 

The standard Model 127 has a frequency bandwidth of 0.1 
Hz to 3 MHz, or you can get it with a range of 0.0 l Hz to 5 
MHz. It produces sine, square, triangle, ramp, pulse and sync 
waveform . You can operate the generator in any one of six 
modes: run , gate, triggered , burst, pulse and sweep. In the 
pulse mode, pulse duration as well as repetition rate are vari
able. Sine di stortion is 0.25% over the audio range. Output 
voltage is l 0 v pk-pk into son, (20 v pk-pk , open circuit) 
with 60 d B of a ttenuation . It carries a price tag of $645 with 
delivery in 3 weeks or less. Exact Electronics, Inc., Box 160, 
Hillsboro, Ore. 97 t 23. (503) 648-666 l. 

Circle 281 on Inquiry Card 

IMPEDANCE COMPARATOR 
The Model 1521 impedance comparison bridge lets you 

make rapid production and receiving inspection of R, L 
and c components. The unit h as adjustable limit switches 
for automated sorting of components into tolerance bands, 
test rates of up to 10 kHz and a sensitivity of ± 0.3% 
full scale. The instrument features built-in reference volt
ages for each range and you can also use it for measuring 
phase angle differences. $975. B & K Instruments, Inc. , 
5111 W . 164 St., Cleveland, Ohio 44142. (216) 267-4800. 

Circle 282 on Inquiry Card 
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CASE HtSTORY NO. 3 

r£1Cll ·Ii B 
ONE OF A SERIES OF ASTRODYNE 

COOPERATIVELY ENGINEERED SOLUTIONS 
TO INTERESTING COOLING PROBLEMS . 

.---rroblem------, 
Sixteen (16) TO-J's each dissipating 70 watts and 28 
resistors each dissipating 8 watts with limited space for 
forced air cooling. Maximum ambient air 45°C. 
OBJECTIVE: To maintain temperature at case at about 

106°C . 

.---Approach __ _ 
1. Thermal Resistance calculated at .67°C/ watt for each 

device nearest the fan using Astrodyne 2404 assembly 
Tc = l06°C 
Interface At= 14°C T,. = 45°C 

At= 47°C 

2. Assuming 15 CFM per quadrant and taking worst.case 
condition: 70 
(last station) At= 3.1 6 x15 = 14°F;:; 8°C . ·. 47°C 
is reduced by 8°C. 39° 
Therefore : BHs (worst case) = ---ro- = .56 °C/ watt 

3. Length of station / module required at each of the 
4 locations for the 70 watt devices (assuming 20 
CFM air flow): ( BStd ) 
Length of station = std length BReg 

= I V4 ( g·:6 ) = 2.02" for worst case 

Thus, over-all length required is about 8" producing 
head loss of about .25 " H,O with air flow reduced to 
about 14 CFM per quadrant (using PAMOTOR fan). 

4. With reduced air·flow, longer stations are required to 
achieve required thermal resistance : 
They were calculated to be : 
L (!st unit) = 2.08" L (3rd unit) = 2.32 " total 9 28 .. L (2nd unit) = 2.20 " L (4th unit) = 2.68" · 
This length results in head loss of .28" H,O and re
quires use of another fan. Customer has room for 
Tarzan fans which can supply necessary air-flow. 
Including 28 resistors at 8 watts each requ ires in
creasing over-all length to JO " to provide both mount
ing space and thermal capacity. 

5. Removing every other fin in central section of each 
module provided signficant increase in air-flow, re
ducing head loss with Rotron-Tarzan fan. 

.----SOIUllOD_-A•"' 
2404-24SP ASSEMBLY 
Thermal Resistance: 

.56°C/ watt !worst case) 

.67°C/ watt !best case) 
Air Flow: 16 CFM/ quadrant 
Maximum Case Temp: 99 °C 
Watts Dissipated 1344 

WE WILL BE HAPPY TO PROVIDE, 
WITHOUT OBLIGATION, THE MOST EFFICIENT SOLUTION 

FOR YOUR COOLING PROBLEM. 

1:1 as~!:l~R~FYuA~E~:RP.inc. 
~ 353 MIDDLESEX AVENUE• WILMINGTON, MASS. 01817 

(617) 272-3850 
CANADA: DOUGLAS RANDALL CANADA, LTD. (416) 751·7911 

Circle 31 on Inquiry Card 63 
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10 YEAR OPERATING LIFE WITHOUT MAINTENANCE PROVEN 

MUFFINS FAN MOTOR COMPACT-ONLY 1){,' DEEP FITS INSIDE 

1W RACK MOUNTED INSTRUMENTS HIGH PRESSURE BLOWER 

PERFORMANCE LOW NOISE LEVEL AVAILABLE FROM STOCK 

Rotron's new 
BISCUIT® BLOWER 

is not 
~evolutionary 

It's unique! 

Call 914-679-2401 or 
.,,._.,,.,, . .,~, IEI 

write Rotron Incorporated, ROTRON 
Woodstock, New York 12498 ® 

INCORPOflATlD 

Circle 32 on Inq uiry Card 

5 VOLTS 
15AMP 

POWER 
SUPPLIES 

Circle 33 on Inquiry Card 

MICJOJ\CJ<LO 
ECL SERIES 

This series, the ECL 9500, initially includes the 9502 dual 
4-input OR/ NOR gate, the 9503 triple 2-input OR/NOR gate, 
the 9504 quad 2-input NOR gate, the 9528 dual data flip- fl op, 
and the 9581 8-input multiplexer. The series is made up of 
non-saturating gate elements with typical propagation delays 
of 2 ns. Temperature compensating networks balance out 
variations in base emitter voltage and cause certain significant 
parameters, such as noise margins and speeds, to remain rela
tively constant over the range of 0 to 75°C. Prices ( 1-24 pcs) 
start at $2.95. Fairchild Semiconductor, 313 Fairchild Dr., 
Mountain View, Calif. 94040. (415) 962-3563. 

Circle 209 on Inquiry Card 

DUAL TTL ONE-SHOT 
In both ceramic and plastic DIPS 

The SN54 /74123 is a dual-retriggerable and resettable one
shot TTL multivibrator designed to control output pulse width 
either by lengthening (retriggering) or by shortening (resetting 
or clearing) . The circu it features de triggering from high-level 
and low-level active inputs, and also provides an overriding 
direct clear input. You get both positive and negative going 
output pulses with fanout to JO normalized Series 54/ 74 
loads. Prices, in I 00-999 pc quantities, start at $4. 72 for the 
74 I 23N. Texas Instruments Incorporated, Inquiry Answering 
Service, Box 5012, M / S 308, Dallas, Tex . 75222 . 

Circle 210 on Inquiry Card 

MONOLITHIC OP AMPS 

Models AD502J and AD502K have superior input offset 
current and input bias current specifications when compared 
with the pin-equivalent 741. The max. offset current at 25°C 
is 12 nA for the AD502J and 4 nA for the AD502K. Max. 
bias current at 25°C is 25 nA and 7 nA respectively. The im
provement in input specs comes from a combination of Dar
lington input circuitry, and stringent processing technology . 
Both amplifiers feature full short-circuit protection , internal 
compensation and a high common mode voltage range. Prices 
(1-24 pcs) a re AD502J , $6.80 and AD502KH, $11.80. Analog 
Dev ices, In c., 221 Fifth St. , Cambridge, Mass. 02142 . 

Circle 211 on Inq uiry Ca rd 

C-MOS IN PLASTIC PACKAGES 

The manufacturer has announced the availabilitv of the 
c o s/MOS line of digital integrated circuits in plastic-pack
ages. The new CD4000E series contains 19 circuits including 
basic building blocks and MSI functions . Electrically, the plas
tic packaged c o s/Mos circuits will have all the character
istic operating features of the CD4000 and CD4000D ceram
ic-packaged series except that the operating temperature 
range is - 40 to 85°C and th e quiescent power dissipa tion lim
its a re slightly higher. RCA Commercial Engineering, Harri
son. N.J . 07029 . (201) 485-3900. 

Circle 212 on Inquiry Card 
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RANDOM ACCESS MEMORY 
With 35 ns access. 

The Model RAM-0064 uses Schottky clamped transistors 
to achieve high switching speeds. It is suitable for scratch pa? 
memory applications and is organized as a 16-word by 4-btt 
array with full decoding. Power dissipation is 6 mW /bit. Oth
er features include a single 5 V power supply, input and out
put voltages of 7 V, 16-pin dual in-line packaging, high-speed 
write operation with write pulse width of 25 ns, input currents 
of - 1.6 mA and output current of 16 mA. Prices, in quan. of 
100 to 999 are: $25.60 for the 0 to 75°C unit and $32.00 for the 
- 55 to l 25°C unit. Harris Semiconductor, Melbourne, Fla. 
32901. (305) 727-5412. 

Circle 220 on Inquiry Card 

LOW NOISE PREAMPLIFIER 
The P A329 is designed for amplifying low level signals in a 

low noise application . It consists of two identically matched 
86 dB gain amplifiers and features matched open loop voltage 
gain, low audio noise, and short circuit protected outputs. Ap
plications include stereo tape players/ recorders, dictating 
equipment, movie projectors, video preamplification, driver
post-amp for lossy networks and super gain cascaded ampli
fiers. Suggested price, $3.42 ea. (100-999). General Electric 
Co ., Northern Concourse Office Bldg., North Syracuse, N. Y. 
13212. (315) 456-2396. 

Circle 221 on Inquiry Card 

CUSTOM LSI CAP ABILITY 
The manufacturer says that the MOS Polycell LSI System 

can cut non-recurring costs in the design and production of 
custom MOS LSI arrays by 50% or more. The system provides 
custom design including logic verification, test sequence gen
eration, chip layout, and artwork preparation. It uses a group 
of logic cells that are basic logic building blocks. Each cell 
represents the specific arrangement of diffusion and inter
connections to perform a pa rticular logic function . Technical 
Information Ctr ., Motorola Semiconductor Products Inc., 
Box 20912, Phoenix, Ariz. 85036. (602) 273-6900. 

Circle 222 on Inquiry Card 

MORE NEW MICROWORLD PRODUCTS 
TTL circuits. Sprague adds a 4-bit register (US7494A) and a 
4- to 10-line decoder (US7442A). Circle 213 
TTL buffers. The SN54/7437 and 38, announced by Texas 
Instruments, an; .positive NANO buffers. Circle 214 
ROM. The 8224 is a 256-bit read-only memory for alphabet 
code conversion . From Signetics. Circle 215 
TTL gates. Fairchi ld has added two quad gate circuits (the 
9014 and 9015) to its 9000 series. Circle 216 
Low-power MSI. Advanced Micro Devices adds the 9200 
series to i'ts product line. Circle 2 17 
More 74/'s. Two mo11:: manufacturers have announced a line 
of741-type op amps. Sprague, Circle 218 

Analog Devices, Circle 219 
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Test Clips 

@Push a ~Posts , 

II , 

Stand-Off u , 

'

Insulators ~ 

Binding 
Posts 

Sockets 

Test Clips 
Adjustable tension, threaded studs or plug 
in bases, various sizes. 

Push Posts 
Plunger act ion lets you connect and dis
connect quickly and easily, assures posi -
tive contact. 

Binding Posts 
Screw type or spring loaded, banana plug 
or stud mounting, single or multiple units, 
with various colors for circuit identification . 

Stand-Off Insulators 
High dielectric strength, low loss insu la 
tion, low moisture absorpt ion, various 
mounting styles. 

Sockets 
Lamp or transistor, various colors, various 
mountings incl ud ing printed circuit. 

Custom Molded Parts 
Tight tolerances provide you with " assem
bly ready" units . Thermosetting p lastics to 
meet mast specifications . 

.'~(' Plastic 
Molded 
Parts Cata/cg offering complete technical ~~ , 

~ ' 
for your Grayhi/I Engineering e· ~. 

data-contact ' 

543 Hillgrove Avenue ·.. ,i,i 
LaGrange, Illinois 60525 
Area Code 312, Phone 354-1040 

. . . the Difference Between Excellent and Adequate 

New 
insulate 
An exclusive design improvement for insulated feed
thru terminal blocks. Available in a variety of terminal 
pin and hardware configurations. 
This is one of the many new products Kulka has for en
gineers who innovate. Kulka keeps up to date with new 
terminal block concepts, new designs, and new mate
rials to meet every requirement. Send for the latest 
Kulka catalog. Kulka Electric Corp., 520 So. Fulton 
Ave., Mount Vernon, N.Y. 10551 or call (914) 664-4024. 

A North American 
Philips Company 

Circle 35 on Inquiry Card 
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ANNOUNCING 
TELEDYNE tmm.. §ml 

SEMICONDUCTOR'S l 
DUAL MONOLITHIC 

66 

N-CHANNEL FET 
Teledyne's new monolithic FET with interlaced construction 
features matched parameter current performance for low 
noise, low leakage FET input op amps. 
D High Common Mode Rejection Ratio-100 db D Linear 
Temperature Track Trimming less than 3 µA delta lo D High 
Transconductance 1500 µmhos at lo = 200 µA D Low Offset 
Voltage less than 5 mV 0 Outstanding Temperature Tracking 
less than 10 µV per •c D Standard 6 lead T0-18 Package 
D High Device to Device Breakdown Vollage-75V. 
In addition to these superior features, we offer you immediate 
delivery. 

Vgs 1-2 ~Vgs 1-2 IG CMRR* 
mVmax µV/°C max pAmax db 

SU 2365A 5 10 20 100 
SU 2366A 10 10 20 100 
SU 2367A 10 25 20 100 
SU 2368A 15 25 20 100 
SU 2369A 20 40 20 100 
• Typical 

TELEDYNE FIELD SALES OFFICES: Palo Alto, Cali
fornia (415) 321-4681 • Hawthorne, California (213) 
772-4551 •Anaheim, California (714) 635-3171 •Dallas, 
Texas (214) 357-0259 • Des Plaines, Illinois (312) 299-
6196 • Westwood, Massachusetts (617) 326-6600 • 
Lutherville, Maryland (301) 825-1920 • Little Falls, New 
Jersey (201) 256-8557 • Wappingers Falls, New York 
(914) 297-4316 • Winter Park, Florida (305) 647-781 3 
• Dayton, Ohio (513) 298-7207 • Liverpool, New York 
(315) 622-2021 • Wiesbaden, Germany 370243 • Hong 
Kong K 207764. 
...,~TELEDYNE 

SEMICONDUCTOR 13UO Terra Bella Ave., Mountain 
View, Calif. 94040 Phone (415 ) 968-9241 TWX: (910i 379-6494 

Circle 36 on Inquiry Card 

MIODACT<LD 

DRIVER AND FET SWITCHES 
The D1 25 BK is a 6-channel driver; 

the G 11 5 BK is a 6-channel MOS FET 

switch, and the G 123 BK is a 4-channel 
commutator. The driver performs t.he 
amplifica tion and de level shifting re
quired between low-level logic and 'v!OS 

FET switches. All of the multiple switch
es have integrated FET current-limiter 
elements to supply co llector current to 
the drivers so no external components 
are required. Siliconix Inc., 220 l Lau
rel wood Rd., Santa Clara, Ca li f. 94054. 
(408) 246-8000. 

Circle 201 on Inquiry Card 

TTL IC GATES 

The SN54/ 7423 and SN54/ 7425 ~re 
dual 4-input positive NOR gates with 
separate strobe inputs . You can expand 
these gates by paralleling the expander 
inputs and outp ut s. or by using a 
S 54 / 7460 expander gate . In lots of 
100-999, prices start at $1.58 ea. Texas 
Instruments Incorporated, Inqu iry An
swering Service, Box 5012, M / S 308, 
Dallas, Tex . 75222. (214) 238-3741. 

Circle 202 on Inquiry Card 

CONVERSION PROD UCTS 
Complete except for power supply. 

This line of hybrid conversion prod
ucts consists of: AID and DI A converters, 
analog multip lexe rs, and sample- ho ld 
modules. Because of their compatible 
design , you can use them separatel y o r 
combine them . All modules come in a 
14-lead DIP with fulJ TTL compatibility. 
Zeltex Inc ., 1000 Chalomar Rd ., Con
cord, Cali f. 94520. (415) 686-6660. 

Circle 203 on Inquiry Card 

ASSOCIATIVE MEMORY 

The µ L41 OL signals a match whenever 
data at its inputs correspond to data a l
ready stored. The memory features a 35 
ns access time and is organized into 
four 4-bit words, each with its own ad
dress line. Price is $50 ea . in quan . of 
100 to 999 . Fairchild Semiconducto r, 
313 Fairchild Dr. , Mountain View, 
Ca lif. 94040. (415) 962-3563. 

Circle 204 on Inquiry Card 
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SHIFT REGISTER ARRAY 

c/MOS device has 64 bits. 

Model MS612 has serial input and 
serial output, and can operate from de 
to 25 MHz. Jn the static mode, the ar
ray has less than I µA current drain 
from 5 to 16 V. Other features include 
single clock input (input clock capaci
tance is 5 pF) and single power supply 
operation. Ragen Semiconductor, 53 S. 
Jefferson St., Whippany, N .J . 07981. 

Circle 205 on Inquiry Card 

EIGHT-BIT D/ A CONVERTER 
The MN302 comes complete with op 

amp output. switching network and pre
cision resistors . The converter has an 
operating range of 0 to 70°C; slew rate 
of 0.5 Y /µ s max. and a temperature 
coefficient of± 10 ppm j°C. $79.00 ea. 
(1-24 pcs). Micro Networks Corp. , 5 
Barbara Lane, Worcester, Mass. 01604. 
(617) 756-4635 . 

Circle 206 on Inquiry Card 

MEMORY SYSTEMS 

With MOsiLSI components. 

These units are available as 
read / write , read-only, or RAM/ ROM 

combinations . The systems include 
clock drivers, decoders, and interface 
circuitry . Typical specs are 750 ns cycle 
time, 500 ns access time and 0.25 
mW / bit power consumption. North 
American Rockwell Microelectronics 
Co ., 3430 Miraloma Ave ., Anaheim, 
Calif. 92803. (213) 647-5958 . 

Circle 207 on Inquiry Card 

ANALOG MULTIPLIER 
These multipliers are scaled for com

patibility with commonly available op 
amps . Two versions are available, one 
with a 2% total accuracy and the other 
with I%. Both come in epoxy (Model 
4090) or a hermetic flat-pack (Model 
4091 ). Prices start at $45. Burr-Brown 
Research Corp. , International Airport 
Industrial Park , Tucson , Ariz. 85706. 
(602) 294-1431. 

Circle 208 on Inquiry Card 
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Computer Labs has delivered 
hundreds of analog-to-digital con
verters with 7-bit and 8-bit words at 
10 MHz rates; or 4 bits at 25 MHz; 
or 9 bits at 5 MHz (and aperture 
time of 0.2 ns)! You can get yours 
with a matching D/A in 3-5 weeks. 

COMPUTER 
-~~-LABS 
for tomorrow's technology today 

1109 South Chapman St./ Greensboro, North Carolina 27403 I (919) 292-6427 I TWX 510 922-7954 

Circle 37 on Inquiry Card 67 



Pulling 
do1111n 
the cost of 
lighting 
up an 
instru111ent 

For a high-reliability light source, the 
Tung-Sol baseless cartridge lamp is 
about as simple as you can get. Elimi
nation of cemented-on bases removes 
two potential failure sources while 
lowering cost. There are no anchors 
to generate noise and no soldered 
connections. Design permits use of 
an inexpensive clip-type mounting 
bracket which achieves low silhouette. 
Can be supplied in 6 v. and 12 v. 
types. Complete information and ap
plication assistance available. Write 
for catalog A-21. Tung-Sol Division, 
Wagner Electric Corporation , 630 W. 
Mt. Pleasant Avenue, Livingston, N.J. 
07039; TWX: 710-994-4865, Phone: 
(201) 992-11 00; (212) 732-5426 . 

TUNG·SOr 
BASELESS 

C ARTRIDGE 
LAMP 

TUNG-SOL-WHERE BIG THINGS 
ARE DONE WITH SMALL LAMPS 
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®Trademark TUNG-SOL Reg . US . Pat. Off. 
and Marcas Reg1stradas 

Circle 38 on Inquiry Card 

OPERATIONS MONITOR 

············ .. ' ~ ············ 
.. . ,,.,, ., 

The AM-10 remote operations moni
tor is a low-speed digital data link for 
industrial telemetry uses. All logic and 
modems needed to transmit up to 100 
channels of data are included. It a lso 
can be used as a I 00-channel controller, 
or as a combina tio n supervisory con
trol / monitor system. $860.00 terminal. 
Metric Systems Corp., 736 North Beal 
St., Fort Walton Beach, Fla. 32548. 
(904) 242-2111. 

Circle 260 on Inquiry Card 

D/ A CONVERTER 
Dacpac ™ MP 1808 converter comes 

in a ll std. unipolar or bipolar 8 binary 
bit or 2 BCD digit configurations. Set
tlin g time to ±0.10% F.S. accuracy is 5 
pS, with a TC of 100 ppm / 0 C. The 
DTL/TTL compatible unit has an output 
slew rate of I OV /11s and a 20 mA cur
rent capabi lit y. $59.00 ea . Analogic 
Corp., Audubon Rd., Wakefield . Mass . 
01880. (617) 246-0JOO. 

Circle 261 on Inquiry Card 

CASSETTE RECORDERS 
Three new digital cassette recorders 

provide error-free data registration for 
ht:avy bit density applications. Model 
400T incremental recorder offers com
pletely automatic interchangeable Baud 
rates of 110, 150 and JOO. Model 205 
synchronous recorder can store two mil
li on bits of inform ation for < $1000 unit 
price. Model 425 incremental block 
recorder features block recording of 16. 
24 or J2 parallel data lines at 120 
blocks / s. Mobark In strument, In c .. 
10J8 West Evelyn Ave .. Sunnyvale, 
Ca lif. 94086. 

Circle 262 on Inquiry Card 

CORE MEMORY SYSTEMS 
New series of 35 memory systems of

fer storage capabi liti es from 4 k x 20 to 
8 k x 10 bits and feature al ,,s full cycle 
time. Access time is J90 ns . The Fl-4 
systems use TTL circuits and Si semi
conductors. Construction is JD, J wire 
organization using 18 mil low TC cores. 
$2000. Ferroxcube Corp., Saugerties, 
N.Y. (914) 246-2811. 

Circle 263 on Inquiry Card 

OIL-COMPATIBLE CONVERTER 

Packaged for use with std. JO mil OIL 

sockets and common PCB layouts, this 
8-bit DI A converter features low power 
consumption and TTL compatibility . 
The MNJ02 comes co mplete with op 
amp output, switching network and pre
cision resistors . $79 (1 -24) - $53 (100 
quan .). Micro Networks Corp., 5 Bar
bara La ., Worcester, Mass . 01604 . 
(617) 756-46J5 . 

Circle 264 on Inquiry Card 

STORAGE TUBE 
Images can be held for more than a 

week with the beam turnt:u off in this 
1.5 in. dia . tube. The SP5105 uses a mo
nolithic-silicon-array target which pro
vides resolution better than 1.000 lines. 
and retention times of over 12 min. for 
gray scale and over I h. for black and 
white . Sylvania Electric Products Inc .. 
730 Third Ave .. N.Y. 1001 7. 

Circle 265 on Inquiry Card 

DESK TOP COMPUTER 

Printed tape output is a feature of 
this computer. It has a programming 
capabi lity of 256 steps, a dynamic range 
of I 0- 0

• to I 0", and it ca n be pro
grammed for 85 % of common ly encoun
tered technical, engineering and scien
tific computations. Eugene Dietzgen 
Co., 2425 N . Sheffield Ave .. Chicago, 
Ill. 606 14 . (Jl2) 549-JJOO. 

Circle 266 on Inquiry Card 

VOICE RESPONSE UNIT 
Model JI 00 is a J2 track h a rd 

mounted head per track magnetic anal
og memory. It provides parallel outpu t 
of J I pre-recorded spoken words of 500 
to 600 ms duration at a 0 dB level. Met
ro lab. In c .. 10457 Roselle St .. San 
Diego. Ca lif. 92121. (714) 453-2741. 

Circle 267 on Inquiry Card 
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KEYBOARD MODULES 

Keyswitch modules of the Mercutron
ic Coding Keyboard are now avai lable 
mounted on a fiberglass PC B. Operation 
is the same as earlier models, but the 
keyswitches are fas tened to the PCB with 
screws, allowing greate r fl exibi lity. Gen
erally, a keyboard mounted on a PCB 

costs 5- 10% less (in prod. quan.) than 
the equivalent keyboard in a metal ex
trusion . Mechanical Enterprises, Inc., 
5249 Duke St., Alexandria, Ya . 22304. 

Circle 268 on Inquiry Card 

BATCH FABRICATED MEM ORY 
Des igned for main frame memory appli 
catio ns, with cycle times of < lOOns for 
an 8k-bit array, this memory is non-vol
at ile and 100% redundant. Each bit is 
co mposed of two " flu x rings," which 
are thick film permalloy elements with 
flux closure paths in the sa me plane. 
Packi ng density is 32k-bits in a 4 in. 
square. Cost of undecoded 8k-bit arrays 
is 0.7-lc/ bit. Fully decoded modules of 
up to 5 I 2k-bits will cos t 3-4c / bit. Memo
ry can be o rgani zed as 2D or 2 1/2 D. Sig
nal Galaxies , 6955 Hayvenhurst Ave. , 
Van Nuys , Calif., 91311. 

Circle 269 on Inquiry Card 

9-BIT D/ A CONVERTER 
ew 9-bit DI A converter operates 

"glitch-free" at speeds up to I million 
conversions/s. Set tling time is typ. 500 
ns. Full sca le outpu t of the Model 6439 
is ± I 0 V into a 2 kl! load. Paralle l TTL 

outputs are included for special inter
face requirements. $350.00. Data Tech
nology Co rp .. 1050 East M eadow 
Circle, Pa lo Alto, Calif. 94303. (415) 
321-0551. 

Circle 270 on Inquiry Card 

CORE MEMORY 
This 3-wire, 3D system combines per

formance of 2 1/2 D with dependability 
and cost of a 3D system . The Nano
memory 4850 has a 850 ns full cycle 
time a nd 350 ns access time . About $0.3 
to $0.4 / bit in large capacities. Elec
tronic Memories, 1262 1 Chadron Ave., 
Hawthorne, Calif. 90250. (213) 772-
520 I. 

Circle 271 on Inquiry Card 
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This hunk of transformer is the Triad K-106 voltage stabilizer rated at 
1 KVA and weighing 60 lbs. Others in the series are rated from 50 to 
750 va. They allow you to hold output voltage constant within 1 % of 
nominal voltage when the input is varied as much as 15% from nominal. 
Sometimes only a "b lock-buster" will do the job. Triad has step-down 
autoformers rated up to 2000 va., universal rectifier powers rated up to 
20 amps, and isolation transformers rated up to 1000 va . - all big , rugged 
and built to last. 

Triad makes the miniature, too. Subminiature toroidal inductors, 
designed for easy printed circuit board 
mounting , are stocked in 28 ratings from 
50 micro-henries to 400 milli-henries. 
Tri ad's Red Spec transistor audio trans
formers and chokes are in epoxy molded 
cases with base dimensions of only .310 
by .410 inches. Open-type miniatures in 
a wide range of ratings, mounting types 
and sizes are in stock. 

Call your nearest Triad distributor before you get in a bind on 
custom-designed components. He has hundreds of items in stock
many in depth for your production requirements. And -we back him 
up with quick service from our main plant here in Huntington, or from 
complete warehouse stocks in Venice, California, and Dallas, Texas. 
Get the Triad cata log today. Triad Distributor Division , 305 North Briant 
Street , Huntington , Indiana 46750. 

T Triad Distributor Division 
~ or Litton Industries rn 
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TOLEDO SCALE USES VISHAY 
LOW TC TRIMMERS to obtain 
accuracies down to +Q.01% in 
their platform weighing system. 

70 

Toledo Scale load cell circuits operate at low resistance . 
To provide high accuracy .and long term stability, they 
needed a system-adjust trimmer that would combine the 
high resolution of cermet with the low TC of wirewounds . 
VISHAY'S unique process of bulk metal film set on glass 
provided a trimmer which met their requirement with 
specs to spare. 

ONLY VISHAY MAKES TRIMMERS WITH ALL THESE SPECS --

Lowest temperature coefficient-10 ppm/°C 

Lowest resistance values-down to 2 ohms 

Lowest dynamic noise-10.n ENR max. 

Lowest setability- less than .05% 

VISHAY trimmers combine precision I stability I TC I and 
resolution to eliminate the need for padding resistors, 
decrease test time, and improve product performance. 
Request bulletin TR-101 for complete technical details 
and typical application circuits. 

PRECISION RESISTORS • NETWORKS • DECADE BOXES • TRLMMERS 

Circle 40 on Inquiry Card 

TIME-SHARING SOFTWA RE 
New, advanced time sharing oper

ating system is available to users of 
RCA's medium-scale Spectra 70/46 re
mote computing systems. An expanded 
version will be made avai lable to users 
of the larger Spectra 70/ 61 systems lat
er this year. TSOS-Version 6 is an ef
ficient operating system for simulta
neous local and remote batch, inter
active and transaction data processing . 
RCA News & Information, Cherry 
Hill , N .J . 08034. (609) 963-8000. 

Circle 272 on Inquiry Card 

MINICOMPUTER AID 
Quickflow assists in the generation 

and maintenance of software documen
tation . Written in ASA FORTRAN for 
ease of use on a variety of computers, it 
recognizes special comment cards in the 
program deck and creates flow charts of 
the progra m on the output printer. 
$200.00. Compata, Inc., 18345 Ventura 
Blvd., Tarzana, Cali f. 91356. (213) 881-
4000. 

Circle 273 on Inquiry Card 

CIRCUIT ANALYSIS 
Non-linear de circuit analysis design 

program (RELCAP) a nalyzes and eval
uates circuit design validity. The time
shared, direct-access program was im
plemented on the DCS/ XDS expanded 
Sigma 7 system . It can handle up to 70 
nodes, 160 branches , and 225 com
ponent parts. Davis Computer Systems, 
Inc . 280 Park Ave., New York, N. Y. 
10017. (212) 867-6406. 

Circle 274 on Inquiry Card 

OPTIMIZATION PROGRAMS 
ALPAC is a completely integrated 

set of optimization programs which pro
vide for the complete solution of linear 
or non -linear parameter optimization 
problems. Eight non-linear parameter 
optimization algorithms are available. 
Electronic Associates, Inc., West Long 
Branch, N .J. 07740. (201) 229-1100. 

Circle 275 on Inquiry Card 

CIRCUIT ANALYSIS TOOL 
LCAP (Linear Circuit Analysis Pro

gram) is a completely user oriented cir
cuit analysis tool, and is able to perform 
ac and de analysis of a circuit in the 
same program from the same file . It ac
commodates circuits of up to 100 nodes 
and 400 branches. On-Line Systems, 
In c., 60 E. 42nd St ., New York, N .Y. 
10017. (212) 661-1412 . 

Circle 276 on Inquiry Card 
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Published information is vital to your job. To save time in finding this 
information, we have abstracted the important technical features 
from eight electronic engineering publications. Should any of these ar· 
ticles interest you, contact the magazine. Reprints of articles with an 
asterisk are available free. Save this section for future reference. 

Amplifiers 

Precision op amps can be wasted , Robe rt Oemrow. 
An al og Devices. Inc .. " Electronic Design. " Vol. 18. No. 
19. Sept. 13. 1970. pp. 94-97. This is the second and f i
nal pa rt of a two-pa rt art icle. Almost all op am p cir
cui ts are va ria t ions of the basic inve rt ing or noninvert
ing confi gurat ions. so it is not di fficu lt to choose t he 
co rrect one. This art icle discusses the ma tching of op 
amps to the circ u it appl ication at hand. 

Circuit Design 

Feedback analysis can be speeded, Vasil Uzunoglu, Al
lied Research Associa tes , Inc .. "Electronic Design ." 
Vol. 18. No. 19. Sept. 13. 1970. pp . 84-88 . The criti cal 
factor in . anal~zin~ feedback networks is the driving

point impedance . The use of Blackman's and Sade's 
form ulas are suggested as replacements for c lassical 
loop equat ions. They are eas ier to use and prov ide 
more inf ormat ion . A comparison of classical methods. 
Blackman's approach. and Bode ·s approach is given . 
Networks with multiple feedback paths are included . 

Sequential contacting extends range of variable ca
pacitor, John Fab ricius and John Maher, Sprague Elec
tric Co .. " Elect ronics," Vol. 43. No. 19. Sept . 14. 1970. 
pp . .108- 11 2. This article descr ibes a new approach to 
gett ing a large capaci ty range in to a small variable ca
paci tor . Ci rcui t applicat ions fo r th is new product are 
discussed and described . 

Laser diodes need high-current drivers, Raymond Hunt 
Sr .. Monsan to Company. " Electronic Des ign," Vol. 18. 
No. 20. Sept. 27. 1970. pp. 50-51. Careful ci rcu it lay
out s that keep lead lengths short and stray ca paci 
tance mir imized are needed in designing a high-cu r
rent pul ser. Designs usi ng avalanche t ra nsist ors and 
silicon-controlled rect ifiers (SCRs) are descr ibed The 
SCRs are recommended for ci rcuits requ inng the high
est cur rents. A ci rcuit with a pu lse rate of SOHz pro
duces 40A pulses of 180ns duration. 

Components 

*Optoelectronics course, Part 3A, Jack Hic key, Manag
ing Editor . "The Electronic Engineer. " Vol. 29 . No. 10. 
Oct . 1970. pp . 59-63. By providing you with appli 
cations for optoelectronic devices. this co urse goes 
one step further than most. The appl ications a re kept 
to simple ideas so that you can gain the concept with
out gett ing los t in ci rcuit details. By looking at the vari
ous ideas suggested you Just might come across an 
idea you can use. 

Computers and Peripherals 

Positive and negative logic, Victor Ell 1ns. Sylvania Elec
tronic Systems. "Computer Design ... Vol. 9 . No. 9 . 
Sept. 1970. pp . 79-84 . What is the difference between 
pos1t1ve and negative logic? How do I switch from one 
to the other ? What advantage 1s there to using the 
gu idelines ca l led ou t in Md -Std-806 ? The au thor an
swe rs t hese pertinent quest ions. identify1rg the dis
tin c t ion between posi ti ve and ne ga t ive log ic and 
presenting fi ve theorems wh ich let you m anipulate 
easily between positive and negative logic systems . 
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The advanced avionic digital computer system, Ronald 
S. Entner. Naval Air Systems Command. " Computer 
Design," Vol. 9. No. 9. Sept. 1970 . pp . 73-76 . Th is 
fourth-generat ion compu ter will co mbine many of the 
m ost advanced hardware and software concepts now 
under development. The AADC 1s a modular computer 
concept designed to meet l 97= · 1985 Naval airborne 
data processing requirement s. This a~ proac h uses o ld 
and new technologies to c reate a cos t-e ffective . in
tegrated ~ystem capability based on the concepts of 
functional and by t e~func t1ona l modularity. 

Digital Design 

Be logical- consider unfamiliar gating, Gilbert Starr. 
QED Systems Inc .. " Electronic Design." Vol. 18. No. 19. 
Sept. 13 . 1970. pp. 90-91. AND/OR and OR/ AND two
state logic are familia r to most. There are eight canon
ica l. nondegenerate. gate com bina t ions of two-state 
logic. and the designer who co nsiders all of them may 
find additional design opt ions and save money. All are 
interchangeable. 

Universal LSI package for implementing control logic 
functions , Osca r Lowenschuss. Rayt heon Co .. "Com
puter Design." Vol. 9. No. 9. Sept . 1970. pp. 67-70. You 
can use a single-package type to implement an y pos
sible con trol logic funct ion . It can be bu ilt 1n LSI logic 
using today·s technology . It's faster and more con
ven ient than cont ro l memories and it's easy to use as 
1t reduces interconnection complexity. 

Binary-to-BCD conversion with complex IC functions, 
John R. Linford . Motorola Semiconductor Products 
Inc .. " Computer Design ," Vol. 9. No. 9. Sept. 1970. pp . 
53-61 . Fou r meth ods of convert ing from the binary to 
the BCD code are discussed and compared in th is ar
t icle . All fou r o ffer you a tradeo ff in speed ve rsus pack· 
age count . The cost of conversion 1s reduced by com 
plex funct ion ICs. 

Integrated Circuits 

* Hybrid resistor trimming : an industry report, Stephen 
A. Thompson . Western Ed ito r- Los Angeles. " The Elec
tronic Engineer," Vol. 29 . No. 10. Oct . 1970. pp . 48-55. 
Trimmin g hybrid res istor s is the domain of ai r abra· 
sive systems right now. But th ere is a challenge on the 
horizon in laser trimmers . Steve Thompson looks at 
both methods in this article and includes comments 
from typical users throughout the co untry . 

•What's your MOS IQ? Arthur J . Boyle. Technical Editor . 
" The El ectronic Engineer ." Vol. 29 . No. 11. Nov . 1970. 
Here's a comple te exam on all aspects of MOS tech
nology covered 1n the previous installments of this 
very popular cou rse. From design t o testing. the reader 
may test hi s knowledge and receive a certll icate if he 
passes. 

*Testing MOS, the how and •J1hy, Ron Danklefs. Redco r 
Corp .. 'The Electronic Engineer ." Vol. 29. No. 10. Oct . 
1970. pp. 41 -46. The new generation of com plex MOS 
in tegrated ci rcuits has brought with it a new gener
at ion of testing problems. Th is artic le describes what's 
involved in tes ting the new MOS ci rcu its. 

Three-state switching brings wired OR to TIL, John 
Sheets. National Semico nductor Corp .. " Electronics." 
Vol. 43 . No. 19. Sept . 14, 1970. pp . 78-84. A problem 
with TTL circuits has been their inabili ty to take advan 
tage of a common bus system in computers. Every 
other major sub-assembly could communicate wi t h all 
others. but TTL req u ired a modi f ication which affected 
the system 's speed advantage . A new form of TTL per
mits t hem to be disconnected electronica lly from the 
bus. eliminating short ci rcuit problems that prevai led 
befo re. 

Saturating operational amplifiers add up to a simple 
way to compress ac signals over many decades, Mel
vyn G. Morris . National Semic onductor Co rp .. " Elec
tronics." Vol. 43 . No. 19. Sept. 14. 1970. pp. 105-107 . 
Connect ing several operational amplifiers in cascade. 
they saturate one after the other as the am plitude in
creases . Then. as the outputs are summed. a loga r ith
mic vers ion of the input ac signal is produced . Thi s 
method offers a simple. inexpensi.ve way to handle a 
wide range of ac signals and compress several dec
ades. 

Miscellaneous 

Solid-state relays come on strong , Ro bert E. Koe
per, M anaging Editor , "EDN," Vol. 15, No. 15, 
Aug. I , 1970, pp. 25-36. M r. Keeper points out 
that recent developments in so l id-sta te re lays 
mean t hat you can no longer think of such re
la ys only in ter ms of direct replacements for 
electromecha nical t ypes . But even t hough the 
solid- state relay has come into its own , t he g rea t 
es t emphasis is st i ll on custo m products, with hy
brid relays very popular for their lower cast and 
greater input/output isolat ion than all-solid -state 
types. The author briefly discusses the capabilities 
of various types o f solid-st a te relays, and con 
cludes the article with a t a b ula tion, by ma ker , 
of available re lays and their specificat ions. 

Shift p hase independent of freq uen cy, Frederi ck 
Shirley , So nders A ssociates, "Electronic Design," 
Val. 18, N o. 18, Septe m ber I , 1970, p p. 62-66. 
By placing a zero in the right ha l f of the 
complex freq uency plane for each pole in the 
left half-p lan e, a pair of non-mi nimu m- phase 
networks with the some input can provide a 
90-deg ree ph ase difference betwe en their outputs . 
A BASIC program for computi ng t he component 
va lues for a four-pole phase sh i fter is included. 

Generate functions from discrete data , H. Schmid & D. 
Bu sch. General Electnc Cc. . .. Electronic Design." Vol. 
18. No. 2C. Sept. 27. 1970. pp . 42-47 . Gene1ating arbi 
trary functions of one or two variable~ poses accuracy 
and complexity problems. The author·s method uses a 
read+only memory to store disc rete va lues of the func
tion . and t1me·averaging interpolation t o const ru ct 
stra1ghtl 1ne segmen ts between data points . Memory 
si ze determines 1f one or two var iables can te hand led . 
Several t1m1n g and block diagrams accompany the ar· 
t1cle . 
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L TER/\TURE 
MOS/LSI arrays 

Computer-aided design of MOs!LSI ar
rays is the topic of this 12-page bro
chure. This system transforms the logic 
design of an equipment into a set of 
glass master pl a tes, the production tool-
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Cell of standard logic circuit 

ing for the manufacture of MO s!LSI ar
rays . The method is carefully explained 
to you in this booklet and illustrated 
with logic diagrams, program printouts, 
and plots. Micro-Design In c., 1055 First 
St. , Rockville , Md. 20850. 
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Ceramic chip capacitors 
Monolithic ceramic chip capacitors 

and discoidal feed-throughs for use in 
the hybrid, high voltage, and RFIIEMI fil
ter industries are described in a 6-page 
brochure. A handy reference chart 
shows actual physical chip sizes as well 
as dimensions and maximum capaci
tance values available. A page of graphs 
of typical characteristic curves illus
trates capacitor changes and dissipation 
factors . Monolithic Dielectrics Inc., 
Box 647 , Burbank , Calif. 91503. 
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Optoelectronic devices 
Photodiodes , phototransistors, and 

photovoltaic cells are described in this 
8-page brochure . Photos and charts pro
vide dimensions and performance data, 
while specs are provided individually for 
each product version in a table of prod
uct types. Siemens Corp., 186 Wood 
Ave. S. , lselin, N.J. 08830 . 
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Electronic components 
Electronic componen ts are offered to 

yo u at below manu fact urers' prices in 
this 24-page who lesa le componen ts 
catalog. You'll find bargains on resist
ors, capacitors, relays, switches, a nd 
transformers, to name a few. Param
eters are listed in chart form a long with 
the manufacturer and price. Hazelton 
Scientific Co. , Box 163, Hazel Park, 
Mich . 48030. 
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Memory product summary 
All standard ferrite cores, com

mercial a nd military stacks, and sys
tems produced by this company are de
scribed in a sho rt-form catalog. You ' ll 
find information on core memory prod
ucts and systems for electronic data 
processing, industria l control, and aero
space applications. Electronic Memo
ries , 12621 Cha ldron Ave., Hawthorne, 
Cal if. 
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all these design benefits . . . only with 

PANDUCT® 
PLASTIC WIRING DUCT 

• Unique Snap-In Slot design for easy insertion and 
removal of wires • Exclusive Non-Slip Cover wi th Soft 
Vinyl lining locks securely in place , snaps on and 
off easily • Exclusive Rounded Edge design 
protects wire and workers ' hands against 
cuts or abrasions • Made of durable, 
impact resistant polyvinyl Chloride 
• Meets J.l.C. requirements. 
Approved by Canadian 
Standards Association 

Immediately available from stock nationwide thru 
Panduit Distributors - Free Samples on Request. 

World 's Largest Manufacturer of Plastic Wiring Duct 

~wrnJDu C ORP. 

Tinley Park , Ill. 60477 Phone : 312-532-1800 Telex 25-4560 

VIS IT PAN DU IT AT BOOTH 222 AT N.E . C. SHOW 
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Optical electronics 

All standard products and th eir guar
anteed specs are listed in this company's 
24-page product cata log. Included in the 
prod uct listi ngs are o p amps, current 
boosters and voltage followers, non
linear fun ction modules, ana log memo
ries , analog multiplier s, and hybrid 
analog/digital interface circuits . Optical 
Electronics Inc ., Box 11140, Tucson , 
Ariz. 85706. 
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Magnetic components 

Pulse transformers, SCR trigger trans
formers, delay lines, and inverter trans
formers are discussed in this 6-page 
short form catalog. Full specs, termi
nation and schematic draw ings, and out
lin e dimensional drawings are included , 
and a one-page application guide gives 
you 36 specific applications for these 
products. Pulse Engineering Inc ., Box 
12235, San Diego , Calif. 921 12 . 
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MS-230 

CONTAC1 
RE-NU 
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Card selection guide 
A reference source is avai lable to de

sign engineers and technicians who are 
seeking information on a line of logic 
cards and accessories. The 12-page 
guide lists a pplications and power re
quirements for DTL , TTL and ana log 
(AID, DI A, sample and hold , and multi
plier) cards. Complementary hardware 
and accessories da ta is also included . 
Data Technology Corp., 1050 E. Mead
ow Circle, Palo Alto, Ca lif. 94303. 
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Copper-resin system 

"Con-Cu-Bind" is the name of the 
new cond uctive copper-resin sys tem , dis
played in this techni ca l data sheet. The 
sheet discusses wet properties, curing, 
and typical properties of a cured sys
tem . Application information is a lso 
provided. Conshohocken C hemicals 
In c ., 8 Rodne y Rd ., Rosemont , Pa . 
19010. 
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Philosophy and design of MSI 
That 's the titl e of a 12-page paper 

which discusses standard MS! circuit s 
from the sta ndpoi nt of phi losophy, logic 
design, semiconductor processing, and 
pa ckag in g co nstrain ts. Special attention 
is given to 30 digita l functions, and the 
commentary co ncludes with the adva n
tages of MS! bu ildin g blocks and their 
use in typica l app li ca tion s. Fairchild 
Semiconductor, 313 Fairchild Dr., 
Mou ntain View. Ca lif. 
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Speedy D / A converter 

An ultra-fast D/ A converter, whose 
40-ns settling time to 0 .05 % accuracy 
makes it industry's fastest I 0-bit D A 

modular type, is described in a new ap
plication note . Applications for the con
verter are contained in the da ta sheet as 
a re salient features, specs, and schemat
ics . Analog Dev ices In c., Pastoriza 
Div ., 22 1 5th St., Cambridge, Mass. 
02142. 
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Working with 
low voltages and 
currents? 

dirty contacts 
degrade 
performance 
The smallest bit of dirt, the thinnest grease film, can serious ly impair 
the performance of low power circuitry. MS-230 Contact Re-Nu is 
the idea l cleaner for switches, relays, connectors, indi cator light 
bases and sockets ... wherever dirt can introduce an unwanted 
resistance. Try it. 

Price: $2.65/ can in ca rtons of 12 16-oz. cans. 
Trial order: 4 cans @ $3.75/can. 

Prices f.o.b. Los Angeles, Chicago or Danbury, Conn. 

@ miller-stephenson chemlca1 co.,lnc. 
ROUTE 7, DANBURY, CONNECT ICUT 06810 
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10% Off 
Call Now 

DiUital 
Panel Meters 
3~ and 4~ digits 
All of the high qua lity DPM's listed below 
are specially priced with a 10% discount in 
quantities of 1-9 . If you call or write within 
7 days as a result of this ad (you must men
tion thi s publication), you will receive a 
10% di scount card good fo r one month . 

If you require specials for OEM applications 
such as ratiometers, comparators, or cus
toms (mechan ical / electrical) we would like 
to quote it and g ive you the best price. 

Take off 10% from these 
Published 1-9 Prices 

31/2 dig it Model 510 Unipolar $195. Now $175.50 
31/2 digit Model 520 Autopolarity $225. Now $202.50 
41/2 digit Model 720 Autopolarity $370. Now $333.00 

I 
D :0,r~;;30;.o~~l~t~te~~f~;~iFations and in- I 
D Send me a 10% discount card . No obliga - I 
tion. It's good for 30 days. 
Model : D 510 Quantity I 

D 520 
D 720 

Name 

Title 

Company 

Address 

City 

State Zip 

Datasc an Inc. 
1111 Pau/ison Avenue , Clifton , New Jersey 07013: 

----- -- ~1.}_4!._8:3_8~--- --~3.J 
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LITERl\TURE 
A switch for a conversion 

A 6-page application note explains 
how o/ A converters, based on µ. DAC 
monolithic quad switch and thin-film 
resistance modules, outperform o/ AS 

based on discrete component and 

LOG IC INPUTS 

hybrid circuitry. Covered in the note 
is a description of the µ,DAC opera
tion, including specs and available 
options, schematics for a 12-bit o/ A 

converter, and an explanation of how 
and why Analog Devices can provide 
fully assembled o/ A and A/ D convert
ers. Analog Devices, 221 Fifth St. , 
Cambridge, Mass. 02142. 
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Signal averaging 
Techniques resulting in increases 

greater than 20 dB in the sensitivity 
of rf and microwave instruments are 
described in a 20-page application 
note. The note contains diagrams of 
the interconnections between the sig
nal averager and other instruments 
such as spectrum analyzers, network 
analyzers, sampling oscilloscopes, and 
time-domain reflectometers. The note 
explains the theory of signal averag
ing, concepts of calibrated and weight
ed averaging, and the use of the vari
ance display as an indication of the 
validity of a measurement. Hewlett
Packard, 1501 Page Mill Rd., Palo 
Alto , Calif. 94304. 
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Power transistors 
Designed to provide a basic under

standing of the theory and application 
of RCA's line of medium frequency 
power transistors is a 96-page manual 
designated PM-80. Physical theory, 
structures, packaging, and the opera
tion and requirements of power tran
sistors in various applications are dis
cussed . Schematics which illustrate 
the use of transistors in voltage regu
lators, linear amps, switching regula
tors, and inverters and converters are 
provided, as are selection charts which 
facilitate choice selection. Available 
for $2.00 from RCA Commercial En
gineering, Harrison, N.J. 07029. 

International terminology 
A new power supply catalog-issue 

B-703-does just what's expected of 
a company brochure: it provides in
formation on the company's products. 
This one goes one step further, how
ever, in that it has revised the language 
by which performance characteristics 
are described . For example-the 
terms "line regulation" and "load reg
ulation" have been dispensed with 
simply because a power supply never 
did these things. Instead, Kepco, fol
lowing the recommendations of 
NEMA and the International Elec
trotechnical Commission, describes the 
influence of the load on the power 
supply's stabilized output quantity as 
the load effect. Voltage and current 
offsets for the products are provided 
in the 68-pager, as are useful appli
cation notes. Kepco Inc., 131-38 
Sanford Ave., Flushing, N .Y. 11352. 
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Industrial timers 
Basic timer information, a glossary 

of industrial timer terminology and 
the basic types of timers offered com
prise this 40-page catalog. In addition , 

you' ll find descriptions of timers sup
plemented with dimensional and sche
matic diagrams and useful applications 
information. To select the timer that 
best suits an application, the company 
has included an ii lustrated selection 
chart. Raymond Controls Corp. , 217 
Smith St. , Middletown, Conn. 06457. 
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Atomic spectroscopy analysis 
A "how-to" booklet deals with 

atomic spectroscopy analysis using a 
demountable hollow cathode lamp. 
Spectral output curves show that 
greater stability and dynamic range 
are possible with the lamp because of 
its quick change cathodes. Perform
ance characteristics and calibration 
curves are included. Barnes Engineer
ing Co., 30 Commerce Rd., Stamford, 
Conn. 06902. 
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High voltage capacitors 
A new line of high voltage, fixed, 

and variable gas dielectric capacitors, 
with voltage ratings of 20 kV peak 
and capacitance ranges to 3000 pF 
are discussed in a comprehensive 48-

IL-- -

R 
~ ....... ,,_ .... : 

pager. Included in the listing is a chart 
which gives type numbers that are in
terchangeable with vacuum-type capa
citors. Special applications are also 
covered. Energy Labs., Inc., 58-09 
32nd Ave., Woodside, N.Y. 11377. 
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Clad metal strip 
Econ-o-clad, a metallurgical clad 

metal, offering solutions to design 
problems which can't be h andled with 
a single metal or alloy, is discussed 
in a 27-pager. Econ-o-clad is primarily 
used for those jobs that require low 
cost and also to obtain properties not 
obtainable in a single metal. Salient 
features of the material are discussed 
as are physical, mechanical and ther
mal properties . A chart listing prop
erties of commonly used metals and 
alloys is also provided. D . E. Make
peace, Div. of Engelhard Industries, 
Pine & Dunham Sts., Attleboro, Mass. 
02703. 
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Laser calculator 
Quick computation of laser param

eters is now possible. Sylvania is of
fering a calculator containing eight 
slide charts that will aid you in the 
calculation of average power, energy 
per pulse, Brewster angle, and diffrac
tion limited resolution angle. Convert
ing wavelengths into wave numbers, 
frequency , and energy per photon in 
electron volts and joules is also pos
sible with the calculator. A chart is 
included too which gives wavelengths 
emitted by a variety of currently 
avai lable lasers. Avail able on com
pany letterhead from: Electro Optics 
Marketing Dept., Sylvania Electric 
Systems, Box 188, Mountain View, 
Cali f. 94040. 

The Electron ic Engineer • Nov. 1970 

How to 
putGESSL's 
to work. 
At General Electric, we make a dozen solid state lamp products (previously called 
light emitting diodes). All of them tiny. All super-tough. All withstand shock and 
vibration far better than any incandescent lamp. So they last far longer. And 
practically eliminate your maintenance problems. 

But probably one of the nicest things about them from your point 'of view is that 
there are so many ways you can profitably use them. 

Indication: If you want to be positive that your system is working, use GE's red 
SSL-22 indicator light. Now in use as on-off indicators, on maintenance panels and 
for information displays. Or use GE's green SSL-3 as an indicator, or for film marking. 

Isolation: For electrical isolation and 
high-speed switching, we have delivery
ready stocks of two photon couplers. The 
PC4-73 has the highest transfer ratio (125 3 ) 
of any coupler on the market. Both PC4-73 
and PCl5-26 will isolate up to 2,500 volts. 

~ """'" 
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Communication: GE's SSL-34 has 
successfully transmitted (FM modulation, 
I 0.7 MHz subcarrier, 2W transmitter) in
frared signals over a mile through fog, rain 
and snow. Several of GE's infrared SSL's, 
operative in D.C. or pulsed modes, can be 
used in data transmission, communication 
links and remote telemetry applications. 

Detection: Eight different GE SSL 
lamps are already designed into detection 
systems, such as level indicators, indexing 
tables, intrusion alarms, choppers, smoke 
detectors, size monitors, card and tape 
readers and for edge tracking. 

rrO CONTROL 
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We'll be happy to send yo u free techn ical information on all 
of our SSL products. Or, for $2.00, we' ll send you the most 
complete SSL manual availab le. Covers theory, character
istics and applications, with I 08 pages of diagrams and 
circuits. 

General Electric Company, Miniature Lamp Department, 
M-EE, Nela Park, Cleveland, Ohio 44112. 

GENERAL. ELECTRIC 
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MICA TTER 

For fully automatic drafting and plot
ting, the Micro/ Plotter is now inter
faced with a high-speed, 2-axis control 
featuring a 300cps optical reader, 
selectable speeds to 240 ipm, 2-axis 
digital position display and an 8-
channel , variable-block, word-address 
programming system. Rectilinear and 
45° motions are programmed directly. 
Curved lines and arbitrary slopes are 
automatically computed and incre
mentally introduced. The NC-Micro/ 
Plotter control system employs sol id 
state, TTL circuitry. Remote input 
mode selector permits direct pulse in
put from data lines, computers or 
other digital information sources. 

For complete information write today : 
Consul & Mutoh, Ltd ., 519 Davis 
St., Evanston, 111. 60201 • 535 Penn 
sylvania Avenue, Fort Washington 
Industrial Park, Pa . 19034 • 1760 
Kaiser Avenue, Irvine Industrial 
Complex, Santa Ana, Ca. 92705 

See us at the VCC Show 
Los Angeles, November 11-12- 13 

MUTCH 
World Leader in Precision Drafting 

Machines and Micro / Plotter 
Coordinatographs 

Circle 46 on Inquiry Card 

LITER/\TURE 
Op amps for analog circuitry 

The practical and theoretical consid
erations needed to apply wideband op 
amps to high-speed analog circuitry are 
outlined in a 12-page brochure. Titled 
"Design Guide For Wideband Op 
Amps," the manual discusses basic de
sign theory and key parameters of wide
band amps, and includes user informa
tion about the company's own models . 

«• r-- -U- - 1 
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Applications in which such amplifiers 
have been used successfully are de
scribed. Intended as a source for engi
neers involved in the design of high
speed analog circuitry, the literature in
cludes schematics. lntronics, 57 Chapel 
St. , Newton , Mass. 02158. 
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Push/ pull solenoids 
Conical and flat-face solenoids, de

signed for short, high force strokes and 
fast response, are discussed in a 26-pag
er. Ranging in sizes from 3f.i in . diame
ter x 1/2 in . heigh t to 2 Y4 in . diameter x 
I I / 3 in . height , their output force sur
ges up to 85 lbs (custom models offer 
force outputs of 350 lbs) . A section on 
fundamentals of solenoids, covering en
gineering and application consid
erations, along with circuits and graphs 
for simplifying calculations are a lso 
provided. Ledex Div ., Ledex Inc., 123 
Webster St., Dayton , Ohio 45401 . 
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Industrial catalog 

A new industrial controls catalog ex
plains the 2TI system, a line of relay 
and solid state components designed to 
bridge the interface between solid state 
low level logic and inductive loads on a 
machine or other systems involving in
ductive loads . The components can 
directly replace existing industrial type 
relays. This system eliminates line tran
sients and arcing caused by contact 
switching of across the line loads . The 
result is an increase in life and reliabil
ity over equivalent systems. Metals & 
Controls Inc ., Div . of Texas In
struments Inc. , 34 Forest St. , Attleboro, 
Mass. 02703 . 
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Digital switch module 

Here is a digital switch module con
ceived primarily as a keyboard switch . 
Each switch produces a one-shot, milli
second, pulsed output when the switch 
button is depressed to the trip point. 
And the switch output is virtually 
bounce-free. The pulse is a lways stabi
lized in less than I 00 ns after first con
tact make resulting in a greater than 
10,000 to I signal/noise ratio. This 4-
page brochure is brought to you by Uni
max Switch Corp., Wallingford, Conn. 
06492. 
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Circuit modules 
New models of plug-in circuit mod

ules, which feature low cost, compact 
~ize, high-noise immunity, and low-pow
er requirements, are outlined in a new 
product folder. Electrical and mechani
cal specs for the series of modules which 

comprise a family of monolithic 930 
DTL integrated logic circuits are includ
ed in the description. Salient character
istics of the modules include positive 
logic NAND based circuits which contain 
two hermetically sealed 14 pin dual in
line elements and a power supply de
coupling circuit. Computer Products, 
1400 N .W. 70th St., Fort Lauderdale, 
Fla . 33307. 
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Electronic test equipment 

Over 5,000 items of electronic test 
equipment are li sted in this 64-page 
catalog. All equipment is listed under its 
manufacturer and companies are ar
ranged in alphabetical order. Extra sec
tions are devoted to wave guide and 
coaxial components, power supplies , 
and meters. Unless noted, all test equip
ment is used, reconditioned, and checked 
in their labs , and 100% guaranteed . 
Bayn ton Electronics Corp ., 2709 N. 
Broad St. , Philadelphia , Pa . 19132. 
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Thermoplastic resins 
A comprehensive 54-page design 

manual is devoted to Noryl thermoplas
tic resins. Prepared as an aid to design 
engineers, the catalog discusses the de
velopment of the resin, bridging the 
price/performance gap between ABS and 
acetal, n ylon and polycarbonate . 
Charts, tables and diagrams illustrate 
the resin's properties , lo a d co nsid
erations and structural design, design 
considerations , assem bl y techniques, 
and machining techn iques. A foldout 
section at the end of the guide provides 
an easy reference for for mula notations. 
Plastics Dept., General Electric, Noryl 
Ave. , Selkirk, N .Y. 12158 . 
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Class S amplifiers 
Class S kilowatt amplifiers in which 

the transistors act as switches at the sig
nal frequency are the subject of a 4-page 
technical memo. The memo illustrates 

Lfl 

typical ci rcuit s and discusses 
the behavior of the amps with reactive 
loads. Among the topics covered are ef
ficiency , power control, inductive loads, 
current and 'voltage spikes, and alterna
tive ci rcuit s. Instruments Inc. , Box 
10764, 3434 Midway Dr ., San Diego, 
Calif. 92110. 
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Logicware 

Hardware, software, and wiring serv
ice for plug-in dual-in-line 1cs are the 
topics of this 32-page catal og. You sup
ply a logic diagram (and it need on ly be 
a free-hand sketch) and this company 
handles all the work from a computer 
check of the logic diagram to fi nal hard
ware automatically wire-wrapped . 
H ardware includes modular frames , 
drawers, connectors , power supplies, 
and numerous circuit boards . Software 
covers computer print-outs of potential 
problems, 1c type li sts, pin assignment 
lists, wire or string li sts, and hardware 
assembly forms. Electronic Engineering 
Co. of Calif., 1601 E. Chestnut Ave., 
Santa Ana , Calif. 9270 I. 
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Who delivers design ecs 
for reconstituted Mica Capacitors 

the same day you ask? 

CUSTOM ELECTRONICS 
Custom Electronics' exclusive dedication to the develop
ment and production of Reconstituted Mica Capacitors 
has made it a foremost authority in capacitor design and 
applicability . On the strength of this specialized experi
ence, Custom can deliver capacitor designs and job 
quotes with in hours of your inquiry. And designs for high 
reliability in applications above 1 KV are continually im
proving at Custom Electronics, which means you can save 
time by consulting us from the beginning of your design 
project. 

Don 't worry about your purchasing department either. 
Custom's rather fanatical belief in quality control has re
duced overall cost by eliminating expensive final produc
tion mistakes. That same adherence to QC also means a 
more reliable capacitor for your system. 

Call Custom Electronics, Inc. with your capacitor design 
problem! 

( ; STOM ELECTRONICS, Inc. © 
The QC Fanatics 

Browne St. , Oneonta, N.Y. 13820 
Phone: 607-432-3880 
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For a true record 
of temperature 

1n service. 

~ 0 

Tempilabel 
Easy to use .. . 

: TOOOOEMPERATURE MONITOR ~ 
• u 
" .. 
; £ 

: lSO' F 200"F 250°F 300"F ~ 
"CENTERS TURN BLACK AT RATING SHOWNO.. 

BEFORE 

Easy to read 

! T...OEMPERATURE MONITOR ~ 
• u 
" .. 
i ~ 

~ 150"F 200"F 250"F 300"F 't'. 
!"CENTERS TUAN 8LACK ·ATAATING SHOWN~ 

AFTER 

Self-adhesive Tempilabels 0 as
sure dependable monitoring of 
attained temperatures. Heat-sen
sitive indicators, sealed under the 
little round windows, turn black 
and provide a permanent record 
of the temperature history. 
Tempilabel 0 can be removed 
easily to document a report. 

t:M.wtllmml . 0 e .;, 

0 
z 

• 100°F :'. 
"TUtflfMTUM MC»llTOR ~ 

AVAILABLE 
Within the range 100' to 500' F Tempi
labels' are available to indicate a 
single temperature rating each - and 
also in a wide choice of four-temper
ature combinatio ns per Tempilabel 0

• 

JUST A FEW OF 
THE TYPICAL APPLICATIONS 

• Electrical Apparatus 
• Electronic Assemblies 
• Appliance Warranties 
• Aircraft and Rockets 

• Machinery and Equipment 
• Storage and Transportation of 

Heat Sensitive Materials. 

For descriptive literature and a sample 
Tempilabel' for evaluation ... (please 
state temperature range of interest). 

Write to: SPECIAL APPLICATIONS DIVISION 

y.?'.£1'""' ~ 
/,,+ v.,. 

{ "· I.Lo 
~ Tempil 01v1s10N. 
~ ~ BIG THREE INDUSTRIES , INC . 

.;\............ .v('/' 
0 PR.0'9 

HAMIL TON BLVD .. SO . PLAINFIELD. N.J. 07080 
PHONE : 201 • 757 ·8300 • TELEX· 138662 
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LITERl\TURE 
Electronic components 

A 1970 guidebook of elec
tromechanical components and equip
ment introduces a transducer selection 
guide in its pages. The new feature de
scribes popular types, functions, and ap
plications for transducers and has been 

MltllontofUnltsln lt .. klorlmmffiote 
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added to the guidebook to aid engineers 
in selecting listed pressure and position 
transducers, accelerometers and load 
cells. The 100-pager is sectioned into 
counters, flow meters, precision pots, 
servo mechanisms, test equipment, and 
timers. Available from Electronics Div., 
American Rel ays, 39 Lispenard St., 
New York, N .Y. 10013. 
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Data entry keyboards 
This group of data sheets explains an 

electronic data entry keyboard. The 
first describes the keyboard's best fea
tures- a new key with tactile feel, a 
ke yboa rd th a t eliminates contact 
bounce . The next 4-page bulletin gives 
complete specs- standard keyboard 
configurations, key and assign
ment chart, enclosure detail s, etc. Then 
a 7-page report gives you preliminary 
instructions, carefully outlined and illus
tr a ted . Cherry Electrical Products 
Corp., 3600 Sunset Ave ., Waukegan, 
Ill. 60085. 
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Circuit component patterns 
Reporting on the results of a pre

production test on thi s company's "cir
cuit zap" boards, this technical bulletin 
explains the testing of pre-etched , pres
sure-sensitive, copper circuit component 
patterns, pads, and conductor paths by 
an approved De fense Electronics Supply 
Center Lab . The result- "circuit za ps" 
are suitable for uses under a ll conditions 
requiring compliance with Mil stand
ards. Bishop Graphics Inc ., 7300 Rad
ford Ave., North Hollywood, Calif. 
91605. 
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Digital computer 

The "other computer company" is of
fering a booklet describing their gener
a l-purpose digital computer, designated 
the H3 I 6. The 16-bit system is a full
sca le digi tal computer wit h 72 co m
mands, 1.6-µs memory cycle time, and 
memory size of 4K, ex pandable to I 6K. 
Applications for the system are covered, 
as is mode of opera tion and sa lien t op
erating characteristics . In structions for 
opera ting the machin e a re provided , 
too, as is a list of available software . 
Available from Honeywell, Computer 
Contro ls Div., O ld Conn ecticut Path, 
Frami ngham, Mass. 01701. 

Circle 456 on Inquiry Card 

Introduction to A/ D converters 
After readi ng thi s 24-page catalog 

you' ll be familiar with the essentia l de
tails of AID converters. Four sections 
cover everything from the basics of A D 

converters and codes used by AID con
verters to errors in the conversion proc-

TIME --• 

ess and typical app lications. Section 
three, for instance, care full y exp la ins 
digital, analog, and aper ture error, why 
these errors exist , and how they are con
trolled . Applications include color tele
vision signa ls, pu lse con tour measure
ments, and time compression and ex
pansion . Computer Labs Inc., 1109 S. 
Chapman St., G reensboro, N .C. 27403. 
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Multilayer ceramic capacitors 

This 28-page catalog opens with a 
full-color diagram of chip construction, 
followed by description s of the va riou s 
c<:ipacitor types avai lab le from thi s 
company . Then yo u ' re given product 
app li ca ti on notes , a nd performance 
data for the materials used in construc
tion . Each capacitor type is then de
tailed in its own chart, providing specs, 
ordering information, dimension s, a nd 
ava ilability data. Illin ois Tool Works 
Inc., 11620 Sorrento Valley Rd ., San 
Diego, Calif. 92121. 

Circle 458 on Inquiry Card 
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"What you hear about our 
ne"lV dry test bath is true. 
The tape recorder is operating in 
a dry bath of Fluorinert® Brand 
Electronic Liquids. Just as your 
electronic and microelectronic 
units will. 

Fluorinert Liquids give you an 
accurate method of temperature 
testing or testing for gross leaks. 
They keep their efficiency over a 
wide range of temperatures. They 
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do not react with even the most 
sensitive of materials. They won't 
deteriorate with use. 

And you can ship or use parts 
directly out of the test bath with
out cleaning because Fluorinert 
Liquids evaporate, leaving no 
residue. 

If you've been listening, you 
know that Fluorinert Electronic 

Liquids are specified for Mil
Standard 883 and Mil-Standard 
750A gross leak tests for microcir
cuits. 

The coupon will bring you 
copies of both Mil-Standards and 
a lot of good solid information 
about test baths. Send it or call 
yourlocal3Mn1an. 

3M Company, Chemical Division, 3M Center 
St. Paul , Minn. 55101 

KYZ 11-70 

Send me all the details about Fluorinert Brand Electronic Liquids. 

Company ___ _____ Title---------------

Address------------------------

City ____________ state-----ZiP'-----
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LITER/\TURE 
Electronic components compendium 

A comprehensive li st in g (76-pages 
long) of co m"onents for industri a l, mili
ta ry and co mmercial electronic appli
cations, is hot off the press. Designated 
Catalog C-560, it contains the most cur
rent of Sprague's 148 type capacitors, 
transistors, resistors , filters, and pulse 
transformers. Condensed technical data, 
ratings and sizes are included, as is an 
alphanumeric index which facilitates se
lection. Sprague Products Co., 233 
Marshall St.. N. Adams. Mass. 02147. 
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Selecting a real-time computer 
Tips for selecting a real-time comput

e r system for production testing are 
con tained in a handy file-type brochure. 
The applications-oriented folder empha
sizes the so lving of production testing 
problems rather than the benefits of 
specific computers or software systems. 
Advantages in using such a system are 
also discussed. Systems Engineering 
Labs .. 6901 W. Sunrise Blvd. Fort Lau
derdale. Fla. 33313. 

Circle 50 on Inquiry Card 
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MODEL 88 

80 

MODEL 
80 

A complete line of 
CUSTOMIZED ROTARY 
CERAMIC SWITCHES ... 

For RF and POWER APPLICATIONS 
RSC switches are available in a variety of switching 
models . RSC high precision , quality built units are de
signed for applications requiring long life maintenance
free service. Types include shorting and non-shorting , 
single and multi-deck, up to 18 pole posit ions. Features 
in c lude , 10 to 100 amp current carrying capacity, 20° to 
90° detents, 2000 to 24000 volts fla shover and corrosion
proof constru ction . 

Write for catalog no. 960 
and complete information. 

~~OOH ~wm~~ ~00~~00~~1noo~ 
Rt. 79, Marlboro , N. J . 07746 ~ 

c'I 

MODEL 92 
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Solid state lamps 

A theory and characteristics ma nu al, 
58 pages, provides you with information 
and data helpful to the engineering a nd 
application of solid state lamps. An in
troduction discusses the importance of 

SSLs to the in du str y; general a ppli
ca tions are given; and following a dis
cussion of theory and characteristics 
you' ll find sections on optoelectronics 
and photon couplers. An entire section 
is devoted to such helpful items as a 
g lossary, a table of co nversion fac to rs , 
prefixes, and symbols for semico nductor 
devices. The entire manual is supple
mented with illustrations, graphs, and 
charts. General Electric Co., Miniature 
Lamp Dept., #382, Nela Park, C leve
land , Ohio 44112. 

Circle 461 on Inquiry Card 

Transistors and diodes 

Key parameters and package outline 
information are given for more th an 
2,000 semiconductor devices in this 80-
page co nden sed catalog. For your con
venience, products are grouped by func
tion type: diodes, small signa l transis
tors, dual transistors, FETs, power tran
sistors, RF/ IF amps and oscillators, com
munication devices, SC Rs, and specialty 
diode products. Fairchild Semi
cond uctor, Box 880A, Mountain View, 
Calif. 94040 . 
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Programming devices 
Six data acquisition lin es, including 

drum programmers, badge and punched 
card readers, timers, random access 
programming circuit selectors, and pro
gramming matrix boards, are covered in 
a 12-page. quick reference cata log. Typ
ical appli cations for each product a re 
provided. as are salient features , sche
matics, and theory of operation. The 
units discussed have been designed for 
full-time service in commercia l appli
cations. Scalectro Corp .. 225 Hoyt St., 
Mamaroneck. N .Y. 10543. 

Circle 463 on Inquiry Card 
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Transformers, inductors, and toroids 
Available in either co mmercial or Mil 

construction, a line of toroida l power 
and DC-DC converter transformers has 
been tabulated in a selector guide. In 
addition to electrical ratings , charts, 
graphs, sch ematics, and app lication 
notes are included in the manual mak
ing the literature use fu l to those in
volved in specify in g magne tic com
ponents. Microtran Co., Inc ., 145 E. 
M ineo la Ave. , Valley Strea m, N .Y. 
11582. 
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Rf coaxial connectors 
Th is 148-page catalog contains a lot 

of information about rf coaxial con
nectors. Besides just listing all available 
products, the catalog serves as a hand
book , providing complete mou nting in
sta ll a tions, general characteristics, cable 
assembly, physical dimension s, numer
ica l index, a nd applications data for all 
commonly used rf connector series . ITT 
Gremar, 10 Micro Dr ., Woburn , Mass . 
0180 I. 
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Component selector 

Resistors, trimmers, pots, tap switch
es, transformers, relays, and solid state 
power controls are described in this 36-
page component selector. The con
venience of the catalog is that it in
dicates the availability of these and oth
er products based on nationally exhib
ited usage patterns. You 'II find photos 
of each product listed, along with di
mensional diagrams and essential specs . 
Ohmite Mfg. Co., 3601 Howard St. , 
Skokie, Ill. 60076. 
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Updated 54/ 74 
Off-the-shelf products, 63 in all , are 

described in this 52-page updated ver
sion of the company's 54/74 TTL IC bro
chure. Electrical and switching charac
teristics, logic diagrams, and pin con
fi gurati ons are parts of the descriptions . 
And 20 pages of diagrams and schemat
ics illustrate test circuits and voltage 
waveforms . Fairchild Semiconductor , 
313 Fairchild Dr. , Mountain View, 
Calif. 94040. 
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ESD timing circuits 
C ircuit and performance data on uses 

of a high capacitance ESD are in cluded 
in an application note which is one of a 
series. The ESD is combi ned in the tim
ing ci rcuit with com ponents available 
from multiple sources. Man y variatio ns 
of the circuits can be designed to pro
vide unique time del ays, pulse gener
a ti on, and the basis for a whole range of 
tim e-delay relays and electronic timers. 
Gould Ionics Inc ., Box 1377, Canoga 
Pa rk, Calif. 91304. 

Circle 468 on Inquiry Ca rd 

Capacitors/ resistors 
Precision thick-film a nd precis ion 

wirewound resi stor netw o rk s, ce rmet 
chi p resi sto rs, thermistors, re sisto rs, 
and ceramic capacitors are the subjects 
of a 12-page short-form ca talog. Specs 
are given for each product as well as 
photos and / or di agrams . Data is pro
vided according to series for easy access 
to the specific information you need . 
Ca l-R In c., 1601 Olympic Blvd., Santa 
Monica, Ca lif. 90404. 
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rotarv relays 
by Couch J 

PO\NERTEC 
THE POWER HOUSE 

Low Budget? for rugged relJability 
in small space 

Simple and reliable 
in operat ion . . . 
made with premium 
materials and over
size contacts . . . 
true 1/7th size 
crystal can relays 
. . . pull-in sensitivity 
of 100 milliwatts or 
less .. . fu lly tested to 
military specificat ions 
. . . ideal for missile 
and aerospace applica
t ions. Wri te for new Data"'- ""Ill 

Sheet 2X. "" 

s. H. COUCH DIVISION I fl!; I ~ .. ",( I 
ESB INCORPO RAT ED . . ~ . 

36 River Street, Boston , Mass. 02126 . 
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Model Vd< AMPS Regulat ion Ri pple Price 
SINGLE OUTPUT Line Load 

68615 0 -6V 15A !.01 % !..01 % .5 MVAMS $185.00 
68186 O·lBV 6A .t.0 1% !.01 % .5 MVRMS 185.00 
68363 0 36V 3A !..01 % !.01 % .5 MVRMS 185.00 

THREE OUTPUT 0 ·5V 5A 1.05% !.05% 1 MVRMS 

6C3000 0 ·36V IA !..05% ! .05% 1 MVRMS $335.00 
0-36V IA i.05% !.05% 1 MVRMS 

SIX OUTPUT 0 -6V 5A 1 .05% !..05% 1 MVAMS 
0 -l SV 2A , ,05% .!.05% 2 MVRMS 

60600C 
0 18V 2A !.05% .!..05% 2 MVAMS $495.00 
0 36V IA .!.05% ,,05% 3 MVAMS 
0 36A 1A .!.05% :!. .05% 3 MVAMS 
0 -200V .040A .! .05% ! .05% 30 MVRMS 

INPUT : 115Vac .! 10%57 to 440 Hz 1 tJ 

ASK ABOUT OUR BROAD LINE OF MODULAR AND OEM POWER SUPPLIES 

CUSTOM 
OEM CONTRACTS AVAILABLE 

MILITARY CALL US COLLECT (213) 882-0004 

POWERTEC AIRTRON
1

i°cNs
0

INc. 
9168 DESOTO AVENUE 

CHATSWORTH. CALIFORNIA 91311 
(213) 882·0004 TWX 910-494·2092 
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.. '·'.>DATA TRANSMISSION 
PROBLEMS? .. ~··>";·)-~:~~:.:~{:>·.-:~-~-::: ,':;;~ . 

'· ,:,:._ . :·(~: -;:·, :;·:-, 

Let the Sierra 1914B 
help you solve them. 

~-~r '·i -. 
_;..·, 

The Sierra 19148 Data Transmission Test Set localizes and identifies 
the problem. It checks all the supervisory control functions of a 
modem and the bit- and block-error rate of the entire data transmis
sion system. The 19148 is a field instrument with l9boratory fea -

. ture~ and can test both synch~onous and asyff2~f>'and 
, .. :~·:<:~~1~ · sys'.f~~};1:W·~~:y:".:?fg\:~N·kv,~c~~" '<:'':,;~.·.,._, .... >< .. ··.. . 

It is desigtiedef<)r: insfatlatiofl,JiJ<ifnte nance; 'lfnpttoilblesMo.ting. tests 
J::iy teleph~~·e 29mP.a:~y'.'.p~r;,or.1nei; . ~odem:.4sers and ·rri'anufacturers, 

·-time-shariol ~brr!p,lit~~ s~if P~plJ=i$ , afld. · · · ·· .oth~;:s ,. 
~*·1loe' "· ,<<· :f 't ;;<-.,~'.·:" .;:~ ,. 
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-• • > • N 0 < ., , 

" • 0 ' • • ~ • • N . . . . . . ~ . . . . . . ....... 
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LITER/\TURE 
Temperature millivolt table 

Designed as an aid to users of tem
perature instrumentation and thermo
couples is a handy-dandy thermo
couple temperature/millivolt tab le . 
The unique feature of this table is 
that whether thermocouple tempera
tures are measured in degrees Fahren
heit or Celsius, the reader can use the 
table to determine the generated milli
volt equivalents. Temperature ranges 
from -300 to +3270°F and -200 to 
+ 1800°C are detailed in separate 
charts on the table. Included too are 
conversion factors for 32°F and 0° C 
reference functions, and generic names 
and polarities for each thermocouple 
conductor. Thermo Electric, Saddle 
Brook, N .J . 07762. 
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Silicones 
A variety of silicone products for 

improving the performance, reliability, 
safety, and service life of all types of 
electronic products are featured in this 
20-page bulletin . The information in
cludes the principal features of each 
product family, specific properties, 
suggested applications, and packaging 
information . Among the products 
listed you'll find silicone resins, en
capsulants, protective coatings, adhe
sive/ sealants, and dielectric and heat 
sink compounds . Dow Corning 
Corp., Midland, Mich. 48640. 
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Thumbwheel switches 
Twelve new codes added to this 

series of industrial grade thumbwheel 
switches are described in this 8-page 
catalog. AJso, you'll find information 
on double width models , wave
soldered interconnection PC boards, 
and snap-on modules for mounting 
diodes and resistors. Truth tables, 
specs, and dimensions are provided. 
Electronic Engineering Co. of Cali
forni a, 1601 E. Chestnut Ave., Santa 
Ana, Calif. 92701. 
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Organometall ics 

High - purity organometallics for 
electronics are reviewed in this 32-
page catalog. It describes 15 materials 
which have been prepared and purified 
for use as dopants, or in the prepara
tion of 3-5 and 2-6 epitaxial layers, 
or in the growth of a single crystal. 
Vapor pressure and analytical data 
are included. Alfa Inorganics Inc., 
Congress St., Beverly, Mass. 01915. 

Circle 473 on Inquiry C3rd 
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What's your MOS IQ? 

Now that you have finished our course on MOS ICs, 
here's the opportunity to test your expertise. 
If you pass the following exam, we will send you 
a certificate showing successful completion of the course. 

Indicate your answer by blackening in the box that corre
sponds to the statement you consider correct for each 
question. All of these questions are based upon the infor
mation presented in the course on MOS integrated circuits. 

After you have completed all of the questions, tear out 

the complete examination and mail to: 
MOS Examination 
The Electronic Engineer 
56th and Chestnut Streets 
Philadelphia, Pa. 19139 

Please include $1.00 with your examination to cover the cost of handling, grading and printing of the certificate. 

1. The MOS transistor is an almost ideal switch 
because (a) no current flows through the 
gate oxide. ( b) when the gate is at the same 
voltage as the source, no current flows be
tween source and drain. ( c) when the gate 
is open, no current flows between the source 
and drain. ( d) the silicon substrate is "n
type," whereas the drain and source are posi
tive. 

2. In a p-Mos transistor, the threshold voltage 
must be (a) positive because the MOS is "p
type." (b) negative for a positive supply. 
( c) negative for a negative supply, positive 
for a positive supply. (d) negative because it 
must invert the n-type silicon under the gate 
to a p-channel between source and dmin. 
( e) positive because it must invert the n-type 
silicon under the gate to a p-channel between 
source and drain. 

3. The packing density for transistors in p-MOS 
is higher than in bipolar res because (a) 
since all junctions are reverse biased during 
normal operation, there is no need for an iso
lation diffusion. ( b) the oxide between gate 
and silicon substrate is insulating. ( c) the 
edges of both drain and source became 
automatically aligned with the gate. (d) there 
are no mobile contaminants that can collect 
at the oxide silicon interface under the gate, 
keeping the transistors on. 
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a. D 
b. D 
c. D 
d. D 

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

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

4. P-channel MOS transistors are used almost a. D 
exclusively for MOS 1cs, instead of n-channel b . D 
MOS transistors because (a) p-Mos transis- c. D 
tors are faster than n-Mos. (b) the threshold d. D 
voltage is higher for p-Mos than for n-Mos. 
(c) p-Mos tend to be normally on, while 
n-Mos tend to be normally off. ( d) p-Mos 
tend to be normally off, whereas n-Mos tend 
to be normally on. 

5. Which of the following MOS structures com- a. D 
bines both low threshold voltage, and self- b. D 
alignment of gate with source and drain? c. D 
(a) p-channel MOS on < 111 > silicon. ( b) d. D 
p-channel MOS on < 1 00 > silicon. ( c) sili- e. D 
con gate with oxide insulation, and diffused 
drain and source. ( d) aluminum gate with 
oxide insulation, ion-implanted drain and 
source. ( e) p-channel with oxide-nitride 
insulation. 

6. The difference between ac (or dynamic) a. D 
logic and de (or static) with MOS res is that b. D 
(a) de logic uses two supplies, whereas ac c. D 
logic requires only one. (b) dynamic logic d. D 
has a much higher frequency response than e. D 
de logic. ( c) dynamic logic does not require 
a pull-up resistor, whereas static logic does. 
(d) in static logic, the data bit is stored in the 
gate capacitance. ( e) in dynamic logic, the 
load (or pull-up) device is clocked to reduce 
the quiescent power dissipation. 
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7. The most important advantage of ratioless a. D 
dynamic shift registers over static shift regis- b. D 
ters is (a) the ratio between load and pull- c. D 
down resistance can be higher. (b) the value d. D 
of their gate capacitances becomes less criti- e. D 
cal. (c) they don' t have to be clocked. (d) 
they require less chip area, since their power 
dissipation is lower. ( e) they always present 
a de path to ground, regardless of state. 

8. In ratio logic, if we decrease the resistance of a. D 
the load device (to speed up the rise time), b. D 
we must also (a) increase the size of the pull- c. D 
down device. ( b) decrease the size of the d. D 
pull-down device. ( c) increase the clock fre
quency. ( d) decrease the clock frequency. 

9. If two of the four clocks of a four-phase sys- a. D 
tern are generated internally (on the chip) b. D 
then (a) the clock lines must be heavy c. D 
enough to charge all gate capacitances. (b) d. D 
the design becomes more economical for 
large systems than for small ones. ( c) the 
clocks cannot overlap. ( d) we must add a 
gate supply V 0 to charge the gate capaci-
tances. 

10. You can usually simplify the problem of driv- a. D 
ing the input to a Mos gate from a bipolar b. D 
output by (a) making V DD positive with c. D 
respect to V ss · ( b) making V cc of the bi- d. D 
polm circuit positive with respect to V ss· 
( c) making V ss negative with respect to the 
gate input. ( d) making V ss positive with 
respect to bipolar ground. 

11 . One method of driving TT L circuits from a a. D 
MOS output i~ to connect both V ss of the MOS b. D 
circuit and V cc of the bipolar circuit to +s c. D 
V. This scheme has the advantage of (a) d. D 
higher speed at the cost of increased power 
dissipation. (b) lower power dissipation at 
the cost of level changers at the other Mos 
inputs. ( c) lower power dissipation at the 
cost of increased parts at the Mos output. 
( d) input and output compatibility with all 
other MOS circuits. 

12. When comparing MOS circuits for use in desk a. D 
calculators with those used in computers, b. D 
generally (a) the adder in a calculator must c. D 
be fas ter than in a computer. (b) the adder d. D 
in a calculator operates on fewer bits that in 
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a computer. ( c) both calculators use random 
access memories but the calculator's is much 
smaller. ( d) both the adder and memory in a 
calculator are about the same size as in a 
computer but are much slower. 

13. When using MOS shift registers in a desk cal- a. D 
culator, (a) a digit-serial, bit-parallel organ- b. D 
ization is the most efficient in terms of hard- c. D 
ware necessary. ( b) a bit-serial, digit-serial d. D 
organization usually provides the fastest oper-
ation. ( c) the digit-serial , bit-parall el organ
ization, while fas ter, makes data correction 
harder than the digit- and bit-serial organiza-
tion. ( d) the digit- and bit-serial organization 
is the most efficient in terms of hardware but 
makes data correction more difficult. 

14. Which of the follow ing is not a feature of a. D 
complementary Mos? (a) higher packi ng b. D 
density than p-Mos? (b) operation from a c. D 
single power supply. (c) high noise immu- d. D 
nity. ( d) good temperature stability. 

15. The quiescent power dissipation of a com- a. D 
plementary MOS inverter ( a) is higher than b. D 
p-Mos because it uses more transistors. (b) c. D 
is lower than single polarity MOS because one d. D 
transistor is always off. ( c) is higher than 
p-Mos but lower than n-MOS. (d) depends on 
whether the output is high or low. 

16. In complementmy Mos logic circuits you a. D 
get the positive NAND function by connecting b. D 
(a) all n-channel transistors in series and all c. D 
p-channel transistors in parallel. (b) all p- d. D 
channel transis tors ,in series and all n-channel 
transistors in parallel. ( c) both n- and p
channel transistors in series. ( d) both n- and 
p-channel transistors in parallel. 

17 . The complementary Mos transmission gate a. D 
offers advantages over a single polarity MOS b. D 
switch (a) because the n- and p-channel c. D 
transistors in series give a higher off resist- d. D 
ance. (b) particularly in small signal applica-
tions. ( c) because it can switch a wider range 
of input voltages. (d) because it requires 
onJy a single polar,ity input signal input. 

18. When writing data into a MOS RAM cell, (a) a. D 
the voltages on the sense-digit lines determine b. D 
whether a 1 or a 0 is written. ( b) both of the c. D 
storage transistors are turned off for a 0 and d. D 
on for a 1. ( c) both of the storage transistors 
are turned off for a 1 and on for a 0. ( d) the 
word select line determines· if a 1 or a O is 
written. 
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19. When you want to read a bit from a MOS a. 0 
RAM cell, (assuming p-channel transistors) , b. 0 
(a ) both sense-digit lines are connected to c. 0 
V ss· (b) the word select line is brought high d. 0 
to sense the state of the cell. ( c) the state of e. O 
the cell is reversed when reading so the data 
must be written back. ( d) the choice of 
whether to use single- or double-rail sensing 
is usually determined by system organization. 
( e) the se'l1Se-digit lines are usually con
nected to Mos resistors. 

20. Which of the following statements is NOT a. O 
true? (a) dynamic memory cells are smaller b. O 
than static cells because they contain fewer c. O 
transistors . (b) both static and dynamic d. O 
memories store data in flip-flops, but the dy-
namic cell is smaller. ( c) dynamic memories 
must be refreshed while static memories do 
not. ( d ) the peripheral circuitry for a dy-
namic memory is more complex than for a 
static memory. 

21 . When considering the various types of MOS a. 0 
random access memories, (a) adding decod- b. 0 
ing circuitry to the chip increases the number c. 0 
of pins required on the package ( b) the big d. 0 
advantage of a dynamic memory over a e. 0 
static memory is that the dynamic unit has a 
much shorter access time ( c) you can in-
crease the speed of the MOS memory by 
using bipolar circuits to do the decoding ex-
ternal to the chip. This however results in 
increased cost per bit for the MOS chip. (d) 
a I bit/ word organization is usually the most 
useful but also requires the largest number of 
pins on the package. ( e) providing on-chip 
decoding usuall y simplifies the interface with 
the MOS RAM. 

22. Given two IC read-only memories, one bi- a. 0 
polar and the other Mos, which both store b. 0 
the same number of bits, then (a) the bipolar c. O 
chip would be smaller because it uses only d. 0 
one transistor per bit. (b) both would be 
the same size but the Mos chip would be 
easier to program. ( c) the Mos chip would 
be smaller but the bipolar chip would be 
faster. ( d) bhe MOS chip would be smaller 
but would consume more power. 

23 . Which of the following pro"'.ides the greatest a. O 
improvement in the access time of a MOS b. O 
ROM? (a) current sensing the memory matrix c. O 
( b) off-chip decoding. ( c) providing high- d. O 
level inputs instead of TTL levels. (d) pro- e. O 
viding complementary inputs. ( e) using a 
single-ended output. 
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24. Whether a particular location in a MOS ROM a. O 
contains a 1 or a 0 is determined by (a) the b. O 
initial layout of the sites in the memory c. O 
matrix. (b) the metallization mask. (c) the d. D 
p-diffusion mask. ( d) the gate-oxide mask. e. D 
( e) ,all of these. 

25. An associative memory (AM) differs from a. D 
a random access memory (RAM) in that (a) b. D 
the RAM stores data in a random manner c. D 
while the AM must store it in some orderly d. D 
fashion. (b) you must know the entire bit e. D 
pattern .of a word in order to retr~eve that 
word from an AM. ( c) storage and retrieval 
of information in the AM is independent of 
storage location. ( d) the RAM has write capa
bilities while the AM does not. ( e) ~he AM 
1is a sequential device. You get one word out 
for each access cycle. 

26. Associative memories are most useful in ap- a. D 
plications where (a) a number of lists or b. D 
tables are involved. (b) the data can conven- c. D 
iently be organized by some parameter of in- d. D 
terest. ( c) you want to perform different 
processing o n each word in the memory. 
( d) the data is always retrieved as a function 
of the same parameter. 

27. Which of the following statements is NOT a. D 
true? (a) it took integrated circuits to make b. D 
the associative memory practical. (b) the c. D 
associative memory cell is more complex d. O 
than a RAM cell. ( c) the associative memory 
looks at every word during each interrogate 
cycle. (d) the field of the data word that is 
used as the search criteria must be defined 
during the layout of the chip. 

28. When buying a memory system, you have a. O 
two alternatives : buy a standard, off-the-shelf b. O 
system, or specify your own system and have c. O 
the vendor bwld it. In evaluating the costs d. D 
of each, remember that (a) standard systems 
have cost advantages in the testing, tooling 
and packaging areas. (b) the custom system 
is easier to interface with . ( c) for small 
quantities, standard systems tend to be more 
expensive. ( d) if field repair and mainte-
nance are your chief concern, the custom sys-
tem probably offers the advantage. 

29. You must include the cost of peripheral elec- a. 0 
tronics (clocking, drive and sense circuits) b . 0 
in the total oost of a semiconductor memory. c. 0 
These a re (a) higher fo r bipolar ci rcuits. d. 0 
(b) higher for Mos static circuits. ( c) higher 
for Mos dynamic circuits. ( d) about equal 
for all three approaches. 
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30. If the oost of the package is low in compari- a. D 
son with the cost of a semiconductor memory b. D 
chip, then the minimum cost system will use c. D 
(a) more chips with fewer bits/chip. (b) d. D 
iewer chips with more bits/chip. (c) large 
dynamic MOS chips. ( d) bipolar chips with 
on-chip decoding. 

31. The single most important reason that MOS a. D 
testing is more difficult than bipolar testing b. D 
is that (a) all MOS devices need multiphase c. D 
clocks. (b) the clock lines of MOS devices d. D 
have larger voltage swings than those of bi- e. D 
polar devices. ( c) MOS devices are extremely 
sensitive to supply voltage variations. ( d) 
MOS devices require higher clock speeds than 
bipolar devices. ( e) MOS devices are more 
complex than bipolar devices. 

Don't forget to fill in your name and address. 

Enclosed is $1.00 to cover costs . 

Please send my certificate to: 

32. When comparing testing requirements for a. D 
Mos memories and Mos random logic arrays, b . D 
(a) memories are easier to test because they c. D 
are slower. (b) memories are easier to test d . D 
because they require simpler test patterns . 
( c) memories are harder to test because you 
must 'also address the device. ( d) random 
logic arrays are easier to test because they 
have fewer inputs and outputs. 

33. Random bit patterns (those that contain all a. D 
possible combinations of l's and O's) are b. D 
used as input test patterns (a) only to test c. D 
devkes which require high confidence testing. d. D 
(b) in most cases, because they fully exercise 
the · device. (c) rarely because they are too 
difficult to generate. ( d) represent a low con
fidence type of test. 

Title: ____________________ _ 

Company:----------------------------------------~ 
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Street : __________________ _ City; ___________________ _ 

State: __________________ _ ZIP Code: ________________ _ 

RUBBERIZED ABRASIVES 

:\ 

COMPLETE KIT $750 

a 
,_ 

-~O.~TE1NT~.: 8 t~pered ed~e wheels ~" .. di•;~. ¥.u";.,1 6 cylinder ~oints 1.4" di~ . a 111 :: lone; ,.16 bullet po ints '32" dia . 1 l " long; 8 bullet points .Ya" dia . x Ya" long; s straight wheels Vz" x 
V. x Vi, hole, 16 straight wheels V1 l V1 1 v,,, hole; 8 straight wheels 1 x Yi 6 1 Yi. 6 hole; 2 wheel mandrels Ya" shank; 2 point manarels V." shank . for use at speeds up to 25,000 RPM . 

$7.50 BUYS IT ALL- 80 piece introductory Kit 777 equal ly 
assorted in 4 grit textures: coarse , medium , fine and extra fine. 
TRY IT - Cratex Rubberized Abrasives improve the surface while pre· 
serving critical workpiece dimensions by its unique cushioning action . 
FINISH THE JOB-to your most exacting specifications-often in a 
single operation . SEND FOR KIT 777 - or your FREE SAMPLE and 
catalog illustrating the full Cratex product line and its applications. 

Circle 55 on Inquiry Card 

,.nA .,.~v® RUBBERIZED 
"1KHI &A ABRA SI V ES 
1600 Rollins Road • Burlingame, Calif. 94010 
Sold through leading industrial distributors 
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O\LEND\P 
NOVEMBER 

15 16 I 11 18 19 J20 21 

22 23 24 25 26 27 28 

29 30 

Nov. 17-19: Fall Joint Computer Conf., 
Astro Hall, Houston , Texas. Addtl. 
lnfo.-L. E. Axsom , IBM Scientific 
Ctr. , 6900 Fannin, Houston, Texas 
77025. 

Nov. 17-20: Magnetism & Magnetic Mate· 
rials Conference , P laza Hotel, Miami 
Beach , Fl o rida . Addtl. lnfo.-F. B. Ha ge
dorn . Bell Te lephone La bs. Murray Hill . 
N.J . 0797 1. 

6 I 1 

DECEMBER 
1 2 3 

8 g J 10 

4 

11 

5 

12 

Dec. 1-3: Nineteenth International Wire 
and Cable Symposium , Shelburne Hote l. 
At lantic City. N.J . Add tl . lnfo. -Co m
ma ndin g General. U.S. Army Electronics 
Command. ATTN: AMSEL-KL-EE (M r J. 
Spergel). Ft. Monm o uth . N.J . 07703 . 

Dec. 2-3: Conference on Display Devices, 
United Engrg. Ctr .. New ,Yo rk . N.Y. Addtl. 
lnfo.-Sam Stone. Gen 'I Tel. & Elec .. 208-
20 Will ets Pt. Blvd .. Bayside. N.Y. 11360. 

Dec. 7-9: National Electronics Confer· 
ence, Co nrad Hilton Hotel , Ch icago. Ill. 
Addt l. lnfo.- Nat'I Elect ronics Cont.. Oak
brook Exec. Plaza #2. 1121 W. 22nd St., 
Oak Broo k, Il l. 6052 1. 

'70 & '71 Conference Highlights 

NEC-National Electronics Conference, 
Dec. 7-9; Chicago , Ill inois . 

IEEE-International Convention & Ex· 
hibition, March 22 -25; New York, 
N. Y. 

WESCON-Western Electronic Show & 
Convention, Aug. 24-27; San Fra n· 
c isco, Calif. 

Call for Papers 

Apr. 12-15: National Telemetering Conf. 
& Exposition, Wash ington. D.C. Submit 
three cop ies of a completed manuscript 
(not necessa ril y in final fo rm ) and a 300-
wo rd abstract not later th an December 
14 to : Henry B. Ri blet. NTC '71 Technical 
Prog ra m Chairman. Th e Johns Hopkins 
Universi ty . Applied Ph ysics Laboratory. 
862 1 Georgi a Ave .. Silver Spring. Md .. 
20910. 
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ST\LL AT 
LOW 
PRICE 

Thermostatic 
DELAY RELAYS 

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

Delays: l 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 tem-
perature changes from - 55° to + 80°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 , $4.00 
*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 115V. 

PROBLEM? Send for Bulletin No. TR-81 . 

AM PE RITE 
BALLAST REGULATORS 

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. I 

List Price, $3.00 
Write for 4-p. Bulletin No. AB·S 1. 

Circle 56 on Inquiry Ca rd 

Update on a 
national problem 

In a Western Column (June, T he Elec
tronic Engineer, p. 27) Steve Thompson 
described one of the few pos itive meas
ures following in the wake of the aero
space a nd defense-re la ted engineers' 
layoffs - the A I AA workshop . As 
Thompso n explained, these workshops, 
sponsored by the American Institute, o f 
Aeronautics and Astron a uti cs, teach ef
fective job hunting . In a series o f three 
meet ings, the workshops, pa tterned af
ter the non-pro fit gro up , Thursday 13 , 
run the whole ga mut from planning the 
job sea rch through the follow up. 

The A IAA workshops have m oved 
ac ross the coun try, concent ra tin g in 
so me of the a reas o f most need . Listed 
below a re the a reas with appropriate 
phone numbers to ma ke reservations. 
Attendance, which is free, is on a first
to-ca ll , first-served bas is. As Geoffrey 
Pot ter , Directo r A IAA M ember Serv
ices, says, "These workshops will con
tinue as long as there is a need." 

D Los Angeles- (213) 322-5746 
D San Gabriel- (213) 331-6347 
D Orange County- (714) 543- 11 60 
D Long lsla nd- (212) 581-4300 
D Vandenberg AFB- (805) 866-

802 1, ext. 202 
A new wrinkle has been the funding 

($22,890) by the Department of Labo r 
for another series of worksh o ps in Phila

de lphia , Boston, Huntsv ill e, Da ll as-Ft. 
Wo rth , and Seattle. Conducted by the 
A IAA, with th e ass ista nce of State Em
ploy m en t Service agencies, th e same 
success ful fo rmat will be used. 

The Phil a delphia c h a pt er of the 

A IAA ((2 15) 839-0191) has organized 
the first · of the Department of Labo r
supported workshops. One of the inter
es t ing outgrowths of this effort has been 
the assis tance of vari ous g roups, such as 
the Society of American Value Engi
neers , the I EEE, Genera l Electric Co., 

and The Electronic Engineer . (The Chil
to n Co., publisher of T he Electronic En
gineer , has donated . office space to the 

Greater Phil ade lphi a sec ti on of th e 
A IAA to hand le reservations and ad
mini str ative duties.) The Philadelphia 
cha pter seems to be a li ve wire group; 
they are prese nting the first Aerospace 
Applications Award for "demonstrated 
accompli shme nts in applying aerospace 
techniques to improve the quality o f life 
in the Delaware Valley" in what may be 
the beginning of a nationwide trend. 
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Looking for 
a Better 

723 Voltage 
Regulator? 
Look at 

Teledyne's 
823. 

It your circuitry needs demand tighter regulation than the 
standard 723 can furnish, Teledyne Semiconductor's 823 

linear voltage regulator is the answer. It's a pin for pin Line 
replacement for the 723, with significant improvements in Regulation 

regulation, drift and standby power. No circuit modifications Load 
or adjustments in existing designs are required for this Regulation 

second generation regulator. The lower quiescent Temperature 
current of our 823 results in an increased performance Drift 

capability at higher temperatures. But no matter which of Input 
these linear voltage regulators satisfies your circuitry Voltage 

requirements, look to Teledyne Semiconductor and your Quiescent 
local Teledyne sales office, for high quality Current 

components, better prices and faster delivery. 

723 823 

0.1% 0.02% 

0.15% 0.10% 

0.015%/°C 0.005%/°C 

40V 50V 

3.5mA 1.5mA 

TELEDYNE FIELD SALES OFFICES: Palo Alto, California (418) 321-4681 • 4~TELEDYNE 
Hawthorne, California (213) 772-4551 •Anaheim, California ,. '111111 SEMICONDUCTOR 

(714) 635-3171 •Dallas, Texas (214) 357-0259 •Des Plaines, Illinois 1300 Terra Bella Ave 
(312) 299-6196 •Westwood, Massachusetts (617) 326-6600 • Mountain View · 

Lutherville, Maryland (301) 825-1920 •Little Falls, New Jersey Calif 94040 
(201) 256-8557 •Wappingers Falls, New York (914) 297-4316 • Pho~e (415) 968-9241 

Winter Park, Florida (305) 647-7813 •Dayton, Ohio (513) 298-7207 • TWX · (910) 379-6494 
Liverpool, New York (315) 622-2021 • Wiesbaden, Germany · 

370243 • Hong Kong K 207764 
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Now, RCA 
tubes for 
SSBcanbe 
"White Noise" 
tested 

RCA is the first tube manufacturer to 

offer power tubes for SSB applications 

whose distortion characteristics have 

been tested by "white noise". 

This means that RCA power tubes 

intended for multiplex service can be 

checked out under field use conditions 

before they are shipped. Thus, RCA 

tubes can meet conditions for distortion 

as it relates to noise loading procedures 

set forth by Mil Std 188C and Mil Std 1311 . 

Under these test conditions, you can 

forget questions of definition between 

peak envelope power and peak side

band power, of peaking characteristics 

taking on average characteristics in 

multiplex services, of intermodulation 

performance ratings and how they relate 

to power output. RCA power tubes for 

SSB when tested for "white noise" at 

average power output will supply the 

information to fulfill your application 

requirements . 

Whether speech, teletype, data trans

mission or any combination is your SSB 

application, see your local RCA Repre

sentative or your RCA Industrial Tube 

Distributor about RCA power tubes. For 

technical data on specific types, write: 

RCA, Commercial Engineering, Section 

59K /ZR4, Harri son, N.J. 07029. 

International : RCA, 2-4 rue du Lievre , 

1227 Geneva, Switzerland, or P.O. Box 

112, Hong Kong . 
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