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Take home
aworld

champion.
$85* gets you atechnical knockout.

The Fluke 70Series.
Winners of the digital vs. analog battle,
Since their debut, they've become

the worldwide champions of the industry.
Never before have such tough, American­

made meters offered so many professional
features at such unbeatable prices.

Each comes with a3-year warranty, 2,000+
hour battery life, and instant autoranging.

You also get the extra resolution of a3200- - •
count LCD display, plus aresponsive analog

. bar graph for quick visual checks of continuity,
peaking, nulling and trends.

Choose from the Fluke 73, the ultimate in
simplicity.The feature-packed Fluke 75. Or the
deluxe Fluke 77, with its own protective holster
and unique "Touch Hold" function** that
captures and holds readings, then beeps to
alert you.

So don't settle for just acontender. Take
home aworld champion.

For your nearest distributor or afree
brochure, call toll-free anytime
1-800-227-3800, Ext. 229. From outside the
U.S., call 1-402-496-1350, Ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 77
$129'

FLUKE 75
$99'

Analog/digital display
\bIts. ohms. lOA. diode
lest
Aulorange
0.7%basic deaccuracy
200) + hour batlery life
3-year warranty

FLUKE 73
$85'

, Suggested U.S. listprice,etfective July1.1984.
.. Palenlpending.

Copyrighl © 1984, John Fluke Mig. Co" Inc. All rights reserved. Ad No. 4701-70



More reasons for choosing Iwatsu.
• 20 kV 6" CRT with auto focus
• Maximum sweep speed of 2ns
• Separate intensity controls for A & B sweep
• Wide operating temperature range from

-10°C to 50°C
• SS-5711 C includes an optional counter/timer
• SS-5711 0 comes with DMM and counter/timer
• 60MHz Model SS-5710 is our 4-channel

scope...just $1,245 including probes, front cover
and pouch

• SS-5710 is also available with optional
counter/timer as well as DMM

"ERE'S A FACE
ANY ENGINEER COULD LOVE.

Iwatsu's Four Independent Channel Scope.
There's 30 years of oscilloscope design
and manufacturing experience behind the
SS-5710-11 Series. Experience that translates
to 27,000 hours MTBF. Four independent
channels with no trace shift. A 3 year
warranty. And that's just the beginning.

Add up our features and you'll see no
other scope measures up.

The list starts with easy to read controls
that make any Iwatsu scope, a pleasure
to work with.

Then there's features like excellent linearity
for high-frequency measurement. A special
jitterless circuit, making it easier to trigger
signals. Independent A and B triggers for
digital applications. Plus a guaranteed time
difference between channels.
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Products
Communications Electronics:

the world's largest distributor of radio
scanners, is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp­
oration of America. Because of this
acquisition, Communications Elec­
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Benoit" radar
detectors. To celebrate this acqui­
sition, we have special pri ci ng on the
Uniden line of electron ic products.

BearcatCf 300 -E
List price $ 5 4 9 .9 5/C E price $339.00
7-Band, 50 Channel • Service Search • No­
crystal scanner . AM Aircraft a n d Public
Service bands• • Priority Channel . AC/DC
Bands: 32- 50, 118-1 36 AM.144- 174, 421- 5 12MHz.
The Be arcat 30 0 is th e most adva nc ed auto mat ic
scanning radio th at has eve r been offered to th e
public. Th e Bearcat 3 00 uses a bright gr een flu o­
rescent digital di spl ay, so it's ideal for mobile
applicat io ns. The Bearcat 300 now has th ese adde d
features: Servi ce Sea rc h, Display Int en sit y Co nt ro i,
Hold Search and Resum e Sea rc h keys, Separate
Band keys to permit loc k-in /l ock-out of any band for
mor e effic ie nt se rvice sea rc h.

Bearcat" 20/20-E
List pric e $ 449.95/C E price $269.00
7-Band. 4 0 Channal • Cryslalless • Searches
AM AIrcraf t an d Public Service bands. AC/DC
Priority Channel . DlreclChannelAccess. Delay
Frequency range 32,50, 118-1 36 AM, 144-174, 420-512 MHz.
Find an ea sy cha ir. Turn on yo ur Bearcat 20/20
and yo u' re in an air plane cockpit. List ening to all
th e alr- t o-q round co nve rsat io ns. Mayb e yo u' ll pic k
up an exci ti ng se arch and rescu e missio n on the
Coast Gu ard c ha nne l. In a fla sh, you' re back on the
ground lis tening as news crews rep ort a fast
brea king story. O r hearing police and fir e ca lls in
yo ur ow n neigh borh ood, in pl enty of time so yo u
ca n take precautio ns. Yo u ca n eve n hea r ham radio
transmiss ion, bu sin ess phon e calls and go vern­
men t inte lligence age nc ies. Without lea ving your
easy chair. Because yo u've go t a Bearcat 20/20
right beside it.

The Bearca t 20/20 monitors 40 fr equ en ci es from
7 bands, inc lud ing ai rcr aft. A two-position sw itc h,
located on th e front panel, allows monitoring of 20
channe ls at a tim e.

Bearcat" 2 1OXL-E
List price $349.9 5/C E price $~09.00
6-Band, 18 Channel . Crystalless • AC/DC
Frequency ran g e 32 -50, t 44 -174, 42 1-512 MHz .
The Bearcat 21OXL scanning radio is the seco nd gener­
ation scan ner that replaces the popular Beareat 210
and 211. It has almost twice the scanning capac ity of
the Bearcat 210 with 18 channeis plus dual scanning
speed s and a br ight green fluorescent display. Auto­
mat ic search finds new frequencies. Featur es scan
delay, sing le ah ten na, pate nted track tuning and more.

Bearcat" 260-E
List pr ice $399.95/CE pric e $249.0 0
8-Band, 16 Channel. Priority. AC/DC
Frequency ran g e 30-50, 138-1 74, 40 6-5 12 MH z.
Keep up with poli ce and fi re calls, ham radio operators
and other transmissio n while you're on the road with a
Bearcat 260 sca nner. Designed wit h police and fire
dep artment coo peration, its unique, practi cal shape
and specia l two-posit ion mountin g bracke t makes hump
mount ed or under dash installati on possible in any
vehicle. The Beareat 260 is so ruggedly bui lt for mobil e
use that it meet s milit ary standard 810c, curve y for
vib ration rating. Incorporated in its rugged, al l metal
case isa specia lly positionedspeakerdelivering3 watts
of crisp, clear audio.

NEWl Bearcat® 201-E
Li st pric e $279.9 5/C E price $179.00
9-Band, 16 Channel. Crystalless • AC only
Priority. Scan Delay. One Key Weather
Frequency range 30-50, 118-136 AM. 146-174.420-512 MHz.
The Beareat 20 1 performs any scanning functi on you
could possibl y want. With push butto n ease, you can
program up to 16 channels for auto matic monitoring.
Push another butto n and search fo r new frequencies.
There are no crysta ls to limit what you want to hear.

NEWl Bearcat" 180-E
List pri ce $249.95/C E price $149.00
a-Sand, 16 Channel. Priority. AC only
Frequency range: 30 -50, 138-174, 406-5 12 MHz.
Police and fire calls. Ham radio transmissions. Business
and gove rnment undercover operations. You can hearit
all on a Beareat 180 scanner radio. Imagin e the thrill of
hearing a major news event unfold even before the
news organizatio ns can report it. And the sec urity of
knowing what's happening in your neighborh ood by
hearing police and fire calls in time to take precautions.
There's nothin g like scanning to keep you in-the-know,
and no bett er way to get scannerr adio perf ormance at a
value price than with the Bearc at 180 .

Bearcat" 100-E
Th e tlrst no-crystal programmable handheld scanner.
Li st pri ce $4 49.95/C E price $234.00/SPECIAL!
S-Band, 16 Channel. Liquid Crystal Display
Search • Limit • Hold. Lockout • AC/DC
Frequen cy rang e: 30-50,138-1 74,4 06 -512 MHz.
The world's fir st no-crystal handh eld scanner has
compressed into a 3" x 7" x 1W' case more scanning
power than is' found in many base or mobil e scanners.
The Beareat 100 has a ruu ie cnannets wllh frequency
cove rage that includ es all public service bands (Low,
High, UHF and "T" bands), the 2-Meter and 70 cm.
Amateur bands, plu s Military and Federal Government
frequencies. It has chrome-plated keys for functi ons
that are user contro lled, such as lockout. manual and
auto matic scan. Even search is'provided, both manual
and automatic. Wow...what a scanner!

The Bearca t 100 producesaudio power output of 300
miliiwatt s, is track-tun ed and has selectivity of bett er
than 50 dB down and sensitivity of 0.6 microvolts on
VHF and 1.0 microvolt s on UHF. Power consumpt ion is
kept ext remely low by using a liquid crys ta l display and
exclusi ve low power int egrated circuits.

Includ ed in our low CE price is a sturdy carrying case,
earphone, batt ery charger/AC adapte r, six AA ni-cad
batte ries and flexibi e anten na. The Bearcat 100 is in
stock for quick shipment, so orde r your scanner today.

Bearcat" DX1000-E
List price $ 64 9. 95/C E price $489.00
Frequency range 10 k Hz to 30 MHz.
The Bearca t DX1000 shortwave radio makes tuning in
London as easy as dialing a phone. It featur es PLL
synt hesized acc uracy, two time zone 24-hour digit al
quartz clock and a buil t-in lim er to wake you to your
favori te short wave stat ion. It can be programmed to
activate periph eral equipment like a tap e recorder to
record up to five diffe rent broadcasts, any frequency,
any mode, while you are asleep or at work. It will receive
AM, LSB, USB, CW and FM broadcasts. •

There's never been an easier way to hear what the
world has to say. With the Beareat DX1000 shortwave
receiver, you now have direct access to the world.

Uniden® PC22-E
Li st price $ 15 9 .95/C E price $99.00
The Uniden PC22 is a 40 channel AM remote mobil e CB
radio. It's the answerfo rtoday'ssmallerca rsw hic h don' t
always provide adequate space for mounting. Since all
the controls are on the microphone, you can stash the
"guts" in the t runk. The microphone has up/d own
channel selecto r, digit al display, TX/RX ind icator and
exter nal speake r jack. Dimensions: 534" W x 7 'i,' D x
1'12" H. 13.8 VDC, posili ve or negative grou nd.

QUANTITY DISCOUNTS AVAILABLE
Order tw o sc a nne rs at th e same time a nd d educt
1%, fo rthreescannersdeduct 2%, fourscanners
d educt 3%, fiv e scanner s deduct 4% and si x o r
more scanners purchas ed at th e sa me tim e
e arns yo u a 5 % d iscou nt o ff o ur s u per lo w
si ng le unit pri c e.

Both Ba!1JIC'" radardt'tecturs [eauae E D IT .... tht '
Elt'ccwnlc Data In lt' r[n t'nct' Tt'Tffllnar llT chac t"dlts-ouc
faht' alarm signab
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Un iden® PC33-E
Li st price $ 59.95/C E price $ 44.00
The Uniden PC33 boasts a super-compact case and
fro nt-panel mike connec tor to fit comfortab ly in today's
smalier cars. Controls: Power & Volume, Squelch:
Swi tches: ANt.. Other features of the PC33 inc lude
Graduated LED "S"IR F Mete r. Digital channel indicator.
Dimensions: 6" W x 6" 0 x 1'i,' H. ±1 3.8 VDC.

Uniden® PC55-E
Li st pric e $89.9 5/C E price $ 59 .00
The full feat ured Uniden PC55 front-panel mike con­
nector makes installation easie r when space is a factor.
It has ANL, PA-CB, Channel 9 and RF Gain switches.
LED "S"IR F meter. TX lite, PA & exte rnal speaker jacks.
Dimensions: 6" W x 6" 0 x FI,' H. ± 13.8 VDC.

Bandit" Radar Detectors
Now that everyone e lse has taken th eir best shot at
radar det ecti on, th e Unid en Bandit" hasdonethem
o ne be tt er...w ith E.D.I.T.;' th e Electroni c Dat a
Int erference Terminat or that actua lly edits-out
false alarm sig na ls.

Th e Ban dit 55, features a co nve nient brig htness/
dimmer co nt ro l for comf ortabie dayor night dri ving,
plu s a han dy high way/ city co nt ro l for maximum
flexibility whe rever yo u drive. The Bandit 95 Rem ot e,
is a two-pi ece modular uni t t hat let s yo u mount th e
long -rang e radar ante nna be hind th e grill, ou t of
view. Th e ultra-compact co nt ro l unit ca n th en be
inconspi cu ousl y tu cked und er th e dash or c lippe d
to th e viso r.Orde r Bandit55-E for $ 11 9.00 eac h or
th e Bandit 95-E Remote for $ 139.00 each.

OTHER RADIOS A N D A C C ES S ORIE S
FB-E-E Frequency Directory for Eastern U.S.A. 512.00
FB-W-E Frequency Directory for Western U.S.A 512.00
BC·WA-E Bearcat Weather Alert' 535.00
A60-E Magnet mount mobile antenna 535.00
A70-E Base station antenna S35.00
Add 53.00 shipp ing for all accessories ordered at the same t ime.
Add $3 .00 shipp ing per sca nner ante nna.

B UY WITH CONFIDENCE
To get the fastest delivery from CE of any
pro d uc t in this ad, send o r phone y o u r order
di rectly to our Scanner Di stribution Center :"
Michigan residents pl ease add 4% saies ta x o r
supply you r ta x I.D. numbe r. Written purchase
orders ar e acc epted from a pp ro ve d govern­
ment ag en ci es and m ost w ell rated firms at a
10% surcharge for net 10 billing. A ll sales ar e
subject to availa b i l ity, accepta nce a nd ve rif ic a­
ti on. A ll saies o n accessories a re final. Pri c es,
terms and specifications are subject to c ha nge
w it hout notice. All prices a re in U.S . dollars. Out
of sto ck items w i ll be pl aced on backorder
automatically unle ss CE is instructed differ­
e nt ly. A $ 5 .0 0 addition al handling fe e w i ll be
c harg e d for all o rd e rs w it h a merchandise t otal
under $ 50 .0 0 . Shipments are F.O. B. Ann Arbor,
M ichigan. No COD's . M ost p ro d uc ts that w e sell
ha ve a m anufacture r's warranty . Fre e c o p ie s of
w a rra nt ies o n th ese pr odu ct s a re available
prior to purchase by w rit ing to CEo Internation al
o rders ar e in vited w it h a $20 .0 0 surcharg e for
s pecia l handling in ad d i tio n t o shipping charges.
Non-certified c h ecks require bank c le a ra nce.

Mail. orders to: Communications El ectron­
ic s" Box 1002 , An n Arbor, Mi chigan 4 8106
U.S .A. Add $ 7. 0 0 per sc an ner, radar d etector o r
C B"or $ 12.0 0 per shortw ave receiver f or U. P.S.
ground sh ipp ing and handling in the cont inenta l
U.S. A. For Canada. Pu erto Rico, Hawai i, Al as ka,
o r APO/FPO d elivery. sh ipp ing c ha rges ar
three tim es co nt inenta l U.S. rates. If yo u have a
V isa or M aster Card, yo u m ay ca ll an d pl a ce a
c re d it card o rd e r. Orde r toll-fre e in th e U.S. Di al
8 0 0- 5 2 1- 4 4 14. In C an ad a, order toll-fre e by
calling 8 0 0 -22 1-3 475 . WUI Tel ex C E anyt ime,
di al 6 7 1- 0 155 . If you a re o uts ide t he U.S. o r in
Mi chigan di ai 3 13-973-8888. Ord er t oday.
Scanner Dist ribution Center" and CE logos are.trade­
marks of Communications Electr onics." Ad # 070 184-E
t Bearcat is a reg ist ered trade mark of Un iden Corporation.
Copyright @1984 Communications Electronics

OrderTo ll Free ... call
1-800-521-4414

4~OMMUNICATIONS
..ELECTRONICS™
Consumer Produc ts Division
818 Phoe ni x 0 Box 1002 0 Ann Arbor . Michigan 48106 U.S.A.
Call TOLL-FREE 800- 5 21· 4 41 4 o r out side U. S.A. 313·9 7 3·8888
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No alarm 'system is complete w it ho ut a
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compute r can do it better! Floyd l. Oats

12 VIDEO NEWS
Tomorrow's news and technol ogy in thi s
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As a serv ice to readers, Rad io-ElectrOnics publishes available plans or Information relatln9 to newsworthy products , tech niques and scle ntific and technological developments. Because of possib le
variances in the quality and condition of materia ls and workma nship used by readers, Radio- Electronics disclaims any responsi bility for the safe and proper functio ning of reader-built projects based
upon or from p lans or information pub lished in this magazine.
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The mo st effective (hard-to-defeat) bu rglar-ala rm syste ms are those
that include some way to sense motion . Wh ile motion detectors are
usually expensive, they don't have to be : We 'll show you how to build
an inexpensive motion sensor for your alarm system . Not only w ill the
motion detector save you money, it may save your po ssessions, too .

Don 't th ink that the motion detector is on ly for those with burglar
alarms . Even if yo u don't have an alarm system, you can use the
motion detector to create a hand s-off light switch, an automatic door
opener, or simply a high-tech doorbell! The story begins on page 51.

NEXTMoNTH

On Sale September 20
Satellite TV.
A look at components , syste ms, specificatio ns, and
pri ces.

Stereo Demodulator for Satellite TV.
You have a TVRO without stereo? Build thi s and hear
w hat you've been missing .

Digital Ie Tester.
In Part 2, we'll expand the lC tester to do more than
ju st test lC's .

And lots more!
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Your West CoastA/terna t; el
FRIENDL Y SERVICE - KNOWLEDGEABLE AND COURTEOUS SALES PEOPLE

OUR PRICE

$189.9 5
$2 25.00
$ 3 19.9 5
$388.00
$549.00
$285.00

$228.00
$ 325.00
$4 58.00
$599.00

:AS $50.00
NEW LOW

PRICE:

$19.95

40 MHz
DUALTRACE

RIBKPI 540P List Price: $950.00

~,..~~
~~A

80MHz ~+'"7
OUAD TRACE ~

RI BKP1570P List Price:$1395.00

$ 1145

80 MHz Frequency Counter $290.00
175 MHz Frequency Counter $450.00
520 MHz Frequency Counter $575.00
1.2 GHz Frequency Counter $750.00

1 MHz Function Generator $229.00
200 KHz Sweep/Function Generator $281.00
2 MHz Sweep/Function with Pulse $394.00
5 MHz Sweep/Function Generator $468.00
5 MHz Sweep/FuncI Lin/LogSweep $671.00
5 MHz Puise w/Pulse Burst $390.00

Frequency Counters:

Signal (, Pulse Generators:
DllcrTpUon Ust Prtce

100 MHz
OUAD TRACE

RIBKP1580P List Price $1595.00

$1349
60 MHz

TRIPLE TRACE
RI BKP1560P List Price: $11 50.00

RIBKP3010
RIBKP3015
RIBKP3020
RIBKP3025
RIBKP3D30
RIBKP3300

~lmM'
------~

RI BKP1805
RIBKP1B22
RIBKP1B51
RI BKPIB55

$1045 $ 795

GSC LP-1
LOGIC PROBE
50 nS Response time
With Pulse and
Memory Modesl

Pert Number

Terms (Check, VISA, MasterCardor Mooey Order). Minimum Order is SI5 .00. CAresidents add 61'tlb sales lax.
Pncesvalid through September 30. 1984. Pre-Pad Orders - Shipping and Insurance (4B States):

SOto S500 S 4.50 •-=- S500 to 1000 S10.00 • • •
_ S1000 andup S15.00

Credit Card Orders Will BeChargedAppropriate Freight

PRIORITY ONE ELECTRONICS
':Ie I ;:) . 'rlliQ " C t orth, CA 91311

3% accur
RIFLU77

5% accur

RI FLU75

$99 $129

$985
20 MHz

DUAL TRACE
HITY222 List Price $695.00

7% accur

RIFLU73

$85
RIFlUC70 CustomHoster (included w/FLU77) S SI.OO
RIFLUC71 Soh ',\nyl Case S s.oo

RIFLUB062A
4'h O'9lt .05% DMM

$1279
40 MHz

DUAL TRACE
RI HITY422 List Price $885.00

$649 $545

RIFLUB060A
w/Freq and COOlinUity Test

~FLUKe:1 DIGITAL MULTIMETERS
from PRIORITY ONE ELECTRONICS
YOUR AUTHORIZED FLUKE
INDUSTRIAL DISTRIBUTOR

~~~..\ SEPJES 70
I)~~~'( Autoranging

~~~~ 3% Digit With Analog Bar Graph
• Full 3200 count instead of the oormal 2000
• ULTRA-Fast analogbargraph
• Beeper included In the75 & 77
• True touch and held on the77

$349 $279
RIFl UA8 1 115VACadaotor/BalleryEliminator S 20.00
RIFlU80JIO I DA Current shunt S 30.00
RIFlUCIlO Virryl carrying case S 10.00

8060 SEPJES
4V2 Digit .05% DMM

• True RM S • dBmrange (B060 only)
• RelatM! reference and continuity test
• .01 to 200KHzfrequency range (8060 only)
• Cooductance range • One year warranty'

~ ~\~ HITACHI
~.~"i '$' Hitachi Denshi,Ltd.

~~f.~100 MHz 60MHz
~~ OUAD TRACE TRIPLE TRACE

RIHITY1050F List Price: $1595.00 RIHITV650F List Price: $1195.00
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EDITORIAL

When Is A Change
Not A Change?

When you flip through th e pages of this issue of
Radio-Electronics, you may notice something
different. No, it s not a change in content. Thi s issue
covers th e broad gamut of consumer electronics in
the same dedicated fashi on that you' ve become
accustomed to. What you wil l notice is a change in
appea rance. We've re-d esigned the " f ront-of-the­
book" and th e " back-of-the-book" departments to
give them a bra nd -new " loo k."

The last t im e you saw a change was in May 1984.
That issue contained th e first copy of Computer
Digest , our magazine-within -a-magaz ine concept.
Let me tak e thi s opportun ity to once again
reinforce th e fact that Radio-Elect ronics w ill not
become another computer magazine. Even after
four issues of Computer Digest, I'm still receivin g a
large number of letters pleading w ith us not to
chan ge Radio-Electron ics. We are dedicated to not
lett ing that happen.

As a magazin e, ou r pri mary respon sib il ity is to you,
our readers. We provide an informat io n service. For
us to succeed, we must provide the information

ART KLEIMAN

t hat our audience wants to read and we must
deli ver it accurate ly, concise ly, and in an interesting
format. Altho ugh there's always room for
im provement , we fee l that we cons istent ly meet
t hose goa ls. However, we 're a tec hnical pub licat io n,
and w hen we set that in fo rmati o n down on a
magazin e page, th e page can someti mes appear
dull and lacklu ster. The in formati on isn' t dull, but
th e page can sometimes appear to be dull . Thi s is
espec ially t rue in o ur regular departments w here
we lack the same kind of f lexib i lity that we have in
our feature art icles . Ou r re-des ign is an attempt to
p revent dullness.

The " new look" in our departme nts that beg ins in
this issue is a majo r step in that di rection. We
recogni ze that the re is always roo m for
improvement both in conte nt and grap hics. We
would like to hear fro m you, our reade rs, for yo ur
reacti on to our new look and yo ur suggestions for
furth er improvem ents. If yo u wo uld take a mom ent
to jot them down and send th em to me at Radio­
Electronics, 200 Park Ave. South, New York, NY
10003, I'll take th e t ime to read them.

ART KLEIMAN
EDITOR
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SOLDERING STATION
MODEL EC2000
OUR PRICE

$13995

.-_ - .{9- :;:;
o

NTSC VECTORSCOPE
MODEL LV5-5850 OUR PRICE

REG. $2050.00 $1850
Convenient method for ob serving and measunng the
relative phas e and amplitude of chrominance signal
components.

WELLER
SOLDERING STATION

• ld entical to the EC2000 excep t LED

~i~~ wg'fo'b~~;~,~a~O~;Olled

VIZ DC TRIPLE POWER SUP~LYST
MODEL WP.708
REG. $489.00
OUR PRICE

$ 3999 5
"----iI' r-----'-=------'--'--~

MODEL EC1000
OUR PRICE

$10995 --.......-

. . ... .....

~g_g!5~RogHIPPING ANDI NSUHl~C5~ "~"IiiIIoIl~
S251 .00 toS 500.00 S 6.50
S501.00 10 S 750.00 . . S 8.50
S751.00 10 S100000. .. S12.50

COO's extra I r~ed 25%~Q over StOOO.OO . . S15.00
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Built-inmcniter displaysupto80
characters insixmodes. Offersthe
flexibility and capacity for easyword .......
processingand spread sheet
programs.

Understanding You Build Only
Through Experience

You need no experience or
previous knowledge to succeed
with NRI.You start with the basics,
rapidl y build on the fundam entals of

And you 'll use it for hard copies of
important programs, bus iness
records , and word processing.

Model 4Technical Refer­
enceManual enriches your
trainingwith information
like programming
guidelines, special utilities
(SUbroutines) , and
completeschematics.

Professional3'h digit muilimeter
featuresliquidcrystal display and
fourkeyfunctions.Action Audio
Cassettetalksyou through
operationand professionaluseof
your meter.

a
CO.....1IlI

Blte-slzelessons build
knowledgeand
understanding stepby
step. Pientyofphotos,
illustrationsanddiagrams,
clear, easy-to-followtext.

Electronicscomes tolifeonyour
NRI Discovery lab"'. Youset up
andmodify prototypecircuits,
demonstrate actionof
components, gainvaluablebench
experience inconstruction,
diagnosis, and repair of circuitry.

modifying programs to fit your busi­
ness or family computing needs.

Add High Performance
Peripheral Printer

Only NRI gives you a total sys­
tem training by including the flexible
Gemini 10Xprinter as part of your
hands-on learning. Working with it ,
you 'll get practical experi ence in
adding peripherals, learn mainten­
ance and servicing operations like
adjusting the printer head gap or
replacing the 100-million-character
head. You'll learn how to create com­
puter graphics, change type faces,
even create your own characters.

Get Inside the Famous TRS·80
Model 4 Computer

You'll work with one of the most
popular computers ever designed.
And explore it inside and out. You'll
learn programming techn iques for
troubleshooting. You go inside to
expand its RAM from 16K to a
powerful64K. You'll even install a
double density f loppy disc drive.

You' ll become familiar with
computer languages ... BASIC , the
most popular microcomputer pro­
gramming language, and machine
language for diagnosis and repair
wo rk. You'll run software that
demonstrates computer operation,
even learn t o do your own program­
ming. You'll become proficient at

· . ._ " " _
.... .. . . . . ° • • • • • ° 0°.°.' 0";-

COMPUTER • MONITOR •
DISC DRIVE • PRINTER • AND
SOFTWARE...
It's all included with N RI at-horne
training in Microcomputers and
Microprocessors. And onlywith
NRI training.

If you really want to learn
how to work on computers, you
have to learn how to work on
com put er systems. Only NRI
inc ludes a complete system with
your trai nin g .. .total training that
gives you hands-on experience
wi th computers , peripherals, and
software. Training that builds the
know ledge, skill and co nfidence
you 'need to become a computer
professional.
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9x 9 dotmatrix printer completes
your computer system togive you
training withperipheral hardware
installation, operation, and
maintenance. Prints graphics,
scientificsymbols, and foreign
languages infourtyp~ sizes.

(J)
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CD
m
::D

NRI-supplied software includes
TRSDOS" operatingsystem,
DOSPLUS" operating system, NBUG
machine language monitor, and two
game programs.

NRlscHOOLS
McGraw-Hili Continuing
Education Center
3939WisconsinAve. ~'~~
Washington, DC20016 l~nHI
WE'LL GIVE YOU TOM ORROW.

FreeCatalogTells MuchMore
... Send Today

See all the interactive training
equipment you get in this state-of­
the-art course in today's technology.
Look over the lesson outlines and
descriptions of the exciting experi­
ments you 'll perform. And look at
other high-tech career fields like
Robotics, TVlVideo/Audio Servicing
and Data Communicat ions.

Mail the pos tage-paid card .
today to see how NRI can give you
the skills and confidence you
need to start a good- paying career
as a microcomputer technician . If
the card has been used already,
please wri te.

- by your own NRI instructor and the
entire NRIstaff of educators and
engineers. They 're always ready to
answer questions, give you guid­
ance, follow your progress and help
you over the rough spots to keep you
moving toward your goal.

More practical experience
asyou install double­
density floppy diskdrive.
Each disk stores upto
180,000charactersof
information.

Do It at Home inYour SpareTime
NRI trains you in your own

home at your convenience. You learn
at your own pace, backed at all times
(TRS-80 isa trademark ofthe Radio Shack divisioo of Tandy Cop.)

demonstrate
computer perfor­

mance. And ,you 'll probe into the
very heart of your computer using
the Discovery Lab and professional
digital multimeter included in your
traini ng program.

and experiments that give you real­
world experience and build almost in­
tuitive skills. You'll use the exclusive
NRI Discovery Lab®to see what
makes transistors tick, build and test
working electronic circuits that
duplicate key computer circuitry,
construct digital logic circuits that.........1'/.1'.1'/;

.1'.1'.1/.1;;.1

/.1'/,,//;

"""" Yourhands-on trainingtakesyou
, insideyourTRS-80Model 4
""'" computer toinstallintegrated

~
" " Circuit,sandeniarge memoryto

"" 64K. Full-functionkeyboard
includes number pad and single­
stroke data entry.

electronics with bite-size lessons to
master advanced concepts like
digital logic, microprocessors, and
computer memories.

You'll reinforce this new under­
standing with hands -on, practical

demonstrations

11



VIDEO NEWS
DAVID LACHENBRUCH
CONTRIBUTING EDITOR

• LCD color TV. Here come the flat-screen
color sets. A tiny 2-inch set, which looks like a
transistor radio with a picture, is scheduled for

• First digital TV's. A dark
horse-Toshiba-appears to have won the race to
be first in the United States with a color-TV set in
which all signal processing is digital. At least, it
had taken the lead at presstime, estimating
deliveries to start here around October 1. The set
will be assembled in Toshiba's U'S. plant, using a
20-inch "Flat Square Tube" (FST). The set has a
stereo amplifier and is designed to receive the
new multi-channel TV sound transmissions. In
addition, it features "picture-in-picture," which
permits a picture from an external video source
(VCR, computer, etc. ) to be superimposed in the
corner of the main picture. A button on the
wireless remote control permits the viewer to
switch the main and subsidiary pictures. Another
remote-control button "freezes" the small picture.
It will sell for about $1,200.

A similar set from Matsushita went on the
marke t in Japan this summer at about $1,000,
and is scheduled to appear here under the
Panasonic brand name next spring. The first
digital set to be marketed was the ITT Standard
Elektrik in Germany, which went on sale early
this year. In other news, barring last-minute
glitches, Zenith is now expected to introduce its
first digital set in January 1985. Little is known
about the features of that receiver, except that it
will be a large-screen set (25 inches or larger)
and that it will contain some special features
possible only in digital sets.

General Electric, which once had planned to
introduce a digital set in 1984 using the ITT IC's,
has now backed aW8(f and says it isn't interested
in running a "horse race to see who can be first."
GE says now that its R&D on the digital chassis
isn't finished. In Germany, ITT's Standard
Elektrik is now marketing digital sets, and
Panasonic says it will introduce one in Japan this

(f) year with a "picture-in-picture" feature, probablyoz exporting it to the United States in 1985.
@ All digital sets announced so far are based ono VLSI IC's made by ITT in Germany.
w
w
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marketing here under the Seiko and Epson brand
names this fall at about $500. The set uses a
backlighted color liquid crystal display of the
twisted nematic type with 52,800 pixels, each
driven by a thin-film transistor. Either bright
sunlight or a fluorescent built-in backlight will
provide the set's illumination. It can be powered
by five "AA" cells. Seiko and Epson brands are
both owned by the maker of Seiko watches. Next
year, a larger color LCD set is scheduled to be
introduced by another Japanese watch maker,
Citizen. This one has a larger screen-2.7
inches-and is somewhat smaller in overall
dimensions. It will be priced at around $350. A
five-inch version is understood to be under
development by Sanyo.

• "Two-channel" TV. In an unexpected twist,
the FCC has ruled that it's perfectly legal to
manufacture TV sets with tuners designed to
receive only one or two of the standard television
channels. The ruling came in response to a
petition by Sanyo Manufacturing Company, which
makes TV sets in Forrest City, Ark. for Sears,
Sanyo, and others. Since the early 1960's, it has
been illegal to manufacture TV sets that can't
receive all allocated RF channels. That regulation
has been known as the "all-channel rule,"
and was designed to encourage the growth of
UHF.

Sanyo asked to be permitted to build sets that
could tune only to Channels 3 and 4 for
attachment to cable-TV systems, VCR's,
videogames, and home computers that feed their
RF signals through those channels. The
Commission ruled that such a two-channel set
was perfectly legal under the all-channel rules so
long as it was "marketed without an antenna and
not intended to receive over-the-air broadcast
signals." Sanyo estimated, when it filed the
petition early in 1982, that a simple RF switch on
such a set in place of an all-channel tuner could
save customers $30 to $40 per set. If such two­
channel sets are actually built, their principal use
is expected to be for connection to cable systems
that supply their own tuner boxes to convert all
incoming channels to Channel 3 or 4. R-E



SWI7CR YOURTV
TO SIX DIFFERENT
PROGRAM SOURCES
E£EC7'BD.,CA££r!

Now, with the Zenith Video Organizer
at your command, you switch your TV
electronica lly .. .f rom one func tion or
program source to another...free of the
nuisance of chang ing cable connec­
tions by hand.

You select anyone of six different pro­
g ram sources for view ing, includ ing
up to three different sources for record­
ing. You can even watch one program
source while recording another.

Fact is, you can watch your favorite
football team in action while simulta­
neously recording another ga me...the
news ...or so me othe r p rog ram for
playback at another time.All this without
having to change cable connections
by hand!

Thanks to the Zenith Video Organ­
izer, you do all your TV switching elec­
tronically - from one program source or
function to another with push-button
ease.

It's this crisp, electronic push-button
versatility of the Video Organ izer ­
achieved by typically Zenith advanced
engineering - that brings the television
receiver closer to its promised service
as a comb ination home entertainment
and information center all-in-one.

Ifyou're not yet in tune with the variety
of functions and program sources ad­
dressable with Zenith'sVideo Organizer,
check with your Zenith dealer soon.

There you will see that today there's
more to Zenith than meets the eye !
The broadest-ever line of Zenith video
accessories, for example!

Zenith Sales Company
Service, Parts &Accessor ies Division
Franklin Park, Illinois 60131



LEADER

73

• 0.7% Accuracy
• Autorange Only
• 10 Amp Only

EIJllJII8J
70 MHz Dual Time Base
SCOPE MODEL

1570
.1.......: • • ,'.. , -~
:!~!lt.:'~ ~l

75

FLUKE~
SERIES
MULTIMETERS-----~ -

• 0.5% Accuracy
• Manual or .

Autorange
• 10A + 300 mA

Range
• Beeper

MODEL
5208

• Now with HI/LO Drive

• Works In-circuit when
others won't

• Identifies all three tran­
sistor leads

• Random lead connection

• Audibly and visually in­
dicates GOOD transistor

• Analog Display • Rotary Knob • Volts AC &
DC • Resistance to » 32 Mil· 10 Amps • Diode
Test • 3200 Counts • Fast Autoranging • Function
Annunciators in Display • Power-Up Self Test
• 2000 + Hour Battery Life wI Power Down "Sleep
Mode" • New Test Leads • VDE & UL Approval

EfJllI1JIIf!1IINDUSTRIAL
TRANSISTOR

TESTER

$199 95

• Non-Line.' Syat.rne

WE CARRY A FULL
LINE OF FLUKE
MULTI·METERS.
IN STOCK NOW

• Frequency measuements to
200KHz

• dB measurements
• Basic dc accuracy 0.4%; 10llV,

10 nA and 10 m(l sensitivity
• Relative measurements
• True RMS
• High-speed Beeper

.... ..;-~."--
$329 95 MODEl 1650

• Functions as three separate
supplies

• Exclusive tracking circuit
• Fixed output 5VDC, 5A
• Two 0 to 25VDC outputs at 0.5A
• Fully automatic, current·llmlted

overload protection

• 0.3% Accuracy
• Manual or

Autorange
• 10A + mA Range

• Beeper
• "Touch-Hold"

Function

77

MODEL
1601

MODEL
8060A

POWER SUPPLIES

4% DIGIT
MULTIMETERS

• Isolated 0-50VDC, continuously
variable; 0-2A in four ranges

• Fully automatic shutdown,
adjustable current limit

• Perfect for solid state servicing

MODEL 820

• Resolves to 0.1pF

• 4 digit easy-to-read
LED display

• Fuse protected
against charged
capacitors

• Overrange Indication

CAPACITANCE METERS

$199 95 $15995

MODEL 830

• Automatically mea­
sures capacitance
from 0.1pF to 200mF

• 0.1pF resolution

• 0.2% basic
accuracy

• 3% digit LCD display

FUNCTION GENERATORS
MODEL

3020

SWEEP FUNCTION
• Four Instruments in one package

- sweep genera tor, function
generator, pulse generator, tone­
burst generator

• Covers 0.02Hz·2MHz
• 1000:1 tuning range
• Low·distortlon high-accuracy

outputs

• Sine, square and tria ngle out put
• Variable and fixed TIL outputs
• 0.1 Hz to 1MHz in six ranges
• Push button range and function

selection
• Typical sine wave distortion

under 0.5% from 1 Hz to 100kHz



-Small Size
-Complete
Autoranging

-"Touch Hold"
-Audible
continuity
checking

.$939 95
V·650F
60 MHz Dual Trace
w/delay sweep

$1,249 95

V·1050F
100MHz Quad Trace
wIde lay sweep

PRICEDOES NOT INCLUDE
PROBES. PROBES $50. A PAIR
WHEN PURCHASED WITHSCOPE.
$15 SHIPPING WITHIN
CONTINENTAL U.S.

The OM 77 gives you
the convenience of

autoranging plus 10
amps acldc

measurement
capability. You simply

select the function
you want, and the

OM 77 automatically
sets the required

range.

$63 95

The DM73 is the smallest digital
multimeter on the market. Its

probe-style design makes It Ideal
for taking measurements In hard- .

to-reach test areas.

V.222 $49
DC to 20 MHz,
1mVldiv, dual-trace,
DC off. func., Alt.
magnify function

~HITACHI

$599 95
V·422
DC to 40 MHz,
1mV/div, dual-trace,
DC offset function

$69 95

$89 95

Clrcuitmate OM 45 ­
3Y2-digit multi meter;
0.5% Vdc accuracy,

diode test ,continuity
beeper, 10 amps AC

and DC ranges, auto­
zero, auto-polarity,

auto-decimal

Circu itmate DM-40 ­
3Y2-diglt multi meter;
0.8% Vdc accuracy,

diode test, auto­
polarity, auto-zero,

auto-dec imal

$79 95

$64 95

Circuitmate OM 20­
3Y2-d lgit, pocket-size

multimeter; 0.8% Vdc
accuracy, diode test,

hFE test, conductance,
10 amps AC and DC
ranges, auto-polarity

. auto-zero, auto-
decimal

Circuitmate DM-25­
3Y2 digit, pocket-size
multi meter; 0.5% Vac ....-iiii:i.
accuracy, diode test ,

capacitance, continu ity
beeper, conductance,
10 amps AC and DC

ranges, auto-polar ity,
auto-zero, auto-

decimal

TOLL FREE HOT LINE

800·223·0474
26 WEST 46th STREET. NEW YORK. N.Y. 10036

212-730-7030

V·222

HI-PERFORMANCE
PORTABLE
OSCILLOSCOPES
ALL FEATURE 6" RECTANGULAR CRT
Full 2 year parts & labor warranty.

BECKMAN'S CIRCUITMATE ®

ALL UNDER $100
AVAILABLE NOW. . . .



WHAT'S NEWS

Caption generator for video viewers

A NEW RCA DEVICE ge nerates TV captio ns fo r videodisc and ta pe players, giving viewe rs
inst ructions on use, pro mpt ing, and timing of the player.
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CED disc production
to continue

The RCA VideoDisc Division wi ll
con tinue to market videodiscs ac-

A device that helps TV viewers
operate their video p layers w ith
greater efficiency, ease, and con ­
venience has been patented by
RCA. Called a caption generator, it
produces printed instructions on
the TV screen when operated with
a videodisc or tape player.

Some typical captions that the
device can write on the TV screen
are: "Please load the disc," "End of
side, 1," " End of side 2," and band
numbers that help the viewer to
locate des ired selections on the
disc. Discs are banded to permit
the player to access any segment,

tively after production of CED play­
ers is phased out by the end of
1984, reports RCA Group VP Jack
Saute r. Di sc-pr essing operat ions

usin g t he RCA random -access
player. Fo r t he first time, users
have t he capability to p rog ram
their own selections .

A unique feature is that informa­
tion can be displayed even when
there is no disc or cassette in the
player. In t he past, some players
produced on-sc reen d isplays , but
only when a disc or tape was play­
ing . When there was no disc or
tape in the player, there were no
sync sig na ls to operate an o n­
screen d ispl ay. The new caption
gene rator detects the absence of
sync and generates its own .

are pl anned to cont inue fo r three
years or as lon g as reasonab le de­
mand continues, he said, quoti ng
"The ext reme ly high leve l of con­
sumer sat isfact io n w it h Vid­
eoDisc" as motivation.

The dec isio n to phase out
VideoDisc p layers was d ue to
"continuing financia l losses and
narrow p rospects that the busi­
nesswo uld turn profitab le," stated
Mr. Sauter, citing "pressure of pric­
ing competition from ot her video
products ." From an introductory
retail price of $499, RCA's player
was forced down to $199 in less
than three years, he said.

It is expected that by the end of
the year there will be more than
700,000 CED players in use.

Optical digital disc
to improve education

" Immensely soph ist icated edu ­
cational software" t hat wo uld
open "hithe rto unimagined vistas"
to educators, and "si lence the cr it­
ics of today's limi ted-capabili ty of ­
ferings" are expected from the
tremendo us storage capacity of
the erasable optical disc. That is
the substa nce of a174-page report
by International Resource De­
velopment, a Norwalk, CT, market
research firm.

The report points out that "the
dubious qua lity" of many existing
educational programs is due , at
least partly, to the fact that soft­
ware quality depends on-among
other things-the amount of space
with which software developers
have to work , and that limited
space invariably means limited
software. The merits of the erasa­
ble disc wi ll show up particularly
in soph isticated forms of comput­
er-aided instruction, such as sim­
ulation and model bui lding, which
req uire large amo unts of storage
to be effect ive . R-E



Our new4V2 digit D M
onlyacts expensive.

fS L!CKMAN .........,u

the INSTA-OHMS®continuity indicator works at the
speed of a glance. For even more convenience, the
single rotary switch makes function and range
selection simple and sure.

Built to last
Packed with overload protection, the 4410 is

designed for reliable service. It withstands 1500 Vdc
or 1000 Vac on all voltage ranges as well as 6kV
transients. A rugged 2N600V fuse protects current
ranges and resistance ranges against overloads up to
500 Vdc. For extra long life, the 4410 uses the
Beckman Industrial Corp. custom designed switch and
self-cleaning gold contacts.

With so much performance and reliability at your
convenience, you'd expect the Beckman Industrial
Corp. 4410 DMM to be expensive-not just $239.

For more information, see your local distributor
today. For the one nearest you, call or write:
Instrumentation Products Division, Beckman Industrial
Corp. a Subsidiary of Emerson Electric Company.
630 Puente St., Brea, CA 92621; (714) 773-8111.
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Now you can get 4% digit resolution plus an
unmatched combination of high performance features
for just $239.
Performance Power

The Beckman Industrial Corp. Model 4410 DMM
gives you precise readings with resolutions down to 10
microvolts and 10 nanoamps. The 4410 offers you
0.05% basic Vdcaccuracy plus true RMS Vac

capability for accurate
readings of complex
waveforms. Add to this
RF shielding and high
input impedance, and
you have superior 4V2
digit performance.
Easy to use

Build-in lOAac/dc
capability eliminates
the need to carry an
external shunt. For
fast continuity tests,
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D I'm here. You're there. I've never learned that
way before. I'm not sure itwill work for me.

Ifyou have
put off learning more
electronics foranyof

these reasons,act now!
D I don'thave the time.

D High school was hard for me and electronics
sounds like itmay be hard to learn.

.D I can'tafford any moreeducation.

D I havea family now. .
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~ Read the oppositepage and see how you can get started today!
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Print Name _

Check box for G.!.Bill bulletin on Educational Benefits: 0 Veteran 0 Active Duty
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RE-92

wants to keep pace with electron ics
in the eighties. Or a Microprocessor
Training Laboratory you learn to
program and interface with displays,
memories, switches, and more.
Your credentials can impress
employers.

One of the best credentials you
can have in electronics - or any
other career field - is a college
degree. That's why CIE gives you
the opportunity to earn an Associate
in Applied Science in Electronics
Engineering Technology. Any CIE
career course can offer you credit
toward the degree...more than half
the number needed in some cases.

You can also prepare for the
government-administered FCC
(Federal Communications Commis­
sion) Radiotelephone License,
General Class.Itcan be a real mark in
your favor...government-certified
proof of your specific knowled ge
and skills.
Find out more! Today. Now.

There's a card with this ad. Fill
it in and return. lf some other ambi­
tious person has already removed
it, use the coupon.

You'll get a copy of CIE's free
school catalog, along with a
complete package of personal home
study information.

For your convenience, we'll try
to arrange for a CIE representative
to contact you to answer any ques ­
tions you may have.

lf you are serious about a
rewarding career, about learning
electronics or building on your
present skills, your best bet is to go
with the electronics specialists - CIE.
Mail the card or coupon today or
write CIE (please mention the
name and date of this magazine),
1776East 17th Street, Cleveland ,
Ohio 44114.

This could be the best decision
you've made all year.

Age Area Code /Phone No.__ / _

Address Apt. _

City State Zip _

MAIL TODAY!

YES.. .I want to learn from the specialists in electronics - CIE.Send me my FREE
CIE school catalog. ..including details about the Associate Degree pro gram...
plus my FREE package of home study information.

r · · · · _· · · · · · · · · · _·RE-92• C IE Cleveland Institute of Electronics, Inc.

I
1776 East 17th Stree t, Cleveland. Oruo 44114

Ac credited M ember Nat ional Home Study Council

•I••••••

Step-by-stt;P.lear~includes
"hands-on training.

The kind of professional you
want to be needs more than theory.
That's why some of our courses
include the Personal Training Labo­
ratory, which helps you put lesson
theory into actual practice. Other
courses train you to use tools of the
trade such as a lOMHz, solid-state,
triggered-sweep oscilloscope. Or a
Digital Learning Laboratory to let
you apply the digital theory that's
essent ial today for anyone who

NOW:.W YOU AGREE CIE
1RAIl~ING CAN WORK FOR
YOUJ..HOW ELSE CAN CIE
HELrYOU?

CIE is one of the largest inde­
pendent home study schools in the
world that specializes in electronics.
Although "big" does not always
mean "best" it is evidence that CIE
is a strong, successful institution
with the people and resources to
help you succeed.You don't have the time.

Be realistic. All you have in life
is a period of time. Use it Try to
know more tomorrow than you do
today. That's the proven way to
success.

Electronics sounds like it
may be hard to learn.

You already know something
about electronics or you wouldn't
be reading this. Now, build on that
CIEAuto-Programmed" Lessons
help you learn. Topics are presented
in simple, logical sequence. All text
is clear and concise for quick, easy
understanding. You learn step by
step, at your own pace. No classes
to attend. Nobody pressures you.
You can learn.
You can't afford any more
education.

Actually, you can't afford NOT
to gain the skills that can put you
ahead of the others. It makes sense
to invest in yourself through
education - learning a skill. lf you
are not able to pay full tuition now,
convenient monthly payments can
be arranged.
You have a family now.

All the more reason why you
have the responsibility to advance
yourself. For the sake of your family.
Do you want them to have what
you had or have more than you had?
The choice is yours. Electronics is a
rewarding career choice. CIE can
help you to get started on that career.
You're there. We're here.
How does CIE help you learn?

First, we want you to succeed.
You may study at home, but you
are not alone. When you have a
question about a lesson, a postage
stamp gets you your answer fast.
You may find this even better than
having a classroom teacher. CIE
understands people need to learn at
their own pace. When CIE receives
your completed lesson before noon,
it will be graded and mailed back to
you the same day with appropriate
instructional help . Your satisfaction
with your progress comes by return
mail.That's how CIEhelps you learn.

Be honest with yourself. Are
the reasons really excuses?
You already know enough
about electronics to be inter­
ested in reading this maga­
zine. So why not learn more?
If you need encouragement,
read on and see how excuses
can be turned into results.



LETTERS
SAM-NOT SARA!

My thanks to the editorial de­
partment of Radio-Electronics for
their fine handling of my article,
"Hugo Gernsback : A Man with Vi­
sion +" in the August issue . Un­
fortunately, due to a glitch that
popped up when the final correc­
tions were made, an embarrassing
misprint appears twice on page
75: Sam Moskowitz is referred to
as Sara Moskowitz.

It was Sam-not Sara-who edi­
ted Hugo Gerrisback's final sci­
ence-fiction magazine, Science­
Fiction + , in 1953; and again,
Sam-not Sara-who edited Hugo

Gernsback's posthumous novel,
The Ultimate World.

Sam Moskowitz is among the
most prominent historians of sci­
ence-fiction. He was a member of
the Science Fiction League, the
very first international science-fic­
tion fan organization . The League
was founded and sponsored by
Hugo Gernsback in Wonder Sto­
ries in 1934. Moskowitz was the
first to write a book about early
science-fiction fandom and has
written many other books dealing
with science-fiction and science­
fict ion personalities, aswell as edi­
ting innumerable anthologies. He

WRITE TO:

LETTERS
Radio -Electronics
200 Park Ave Sout h
New York, NY 10003

has been a consistent champion of
Hugo Gernsback from the first .
ROBERT A . W. LOWNDES
Hoboken, Nj

PUBLISHER'S PROPAGANDA
The "Publisher's Letter", in your

April, 1984issue is one of the great-

The new AWl DM-3010. It's not just another DMM.
It's a complete electrical/electronic testing system.

SJA·870 JAW ADAPTOR HVp·860 HIGH VOLT PROBE

\'-~~

So compare the DM-30l0Testing
System for yourself. You'll find that no
other company offers a comparable
system at these low prices.

For more information on the AWS
DM-3010 Testing System, see your local
distributor today or contact A.W. Sperry
Instruments ltic., P.O. Box 9300,
Smithtown, N.Y. 11787. Call Toll-Free
800-645-5398 (N.Y., Hawaii, Alaska call
collect 516-231-7050).

A••• SPERRY
INS...RUMEN...SINC.

HFE-840 TEST ADAPTER
~

\~OJ~=,,",-----,

Complete the system by simply adding
the following accessories as you need
them .. .
SJA-870 Snap-Around Jaw Adaptor.
Reads 0-1200Amps AC. Its large jaws
fit easily around any conductor up to
2-15/16" in diameter.

HFE·840 Test Adapter. If your work
requires transistor and diode testing,
this pocket-size adapter is a must.

HVP-860 High Voltage Probe. Provides
safe, easy and reliable readings of 0­
50KVDC on low power high impedance
circuits.

DM·3010 DIGITAL MULTIMETER

Today's electrical and electronic
testing requirements call for
equipment that can handle a wide
range of applications. That's why now
more than ever you need the new AWS
DM-30l0 Testing System.

To start off with, the DM-3010 Digital
Multimeter has an unbelievable $80
price tag. It offers 34 ranges with push­
button control plus features usually
found in much more expensive models
such as: 10Amp AC/DC range; ULl244
type test leads; overload protection on
all ranges; Hi and Low power ohms in
all resistance ranges and more.
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True DualTrace • 10 MHz Real Time Bandwidth • 3 Input Channels • I/O Port
Digital Waveform Storage • Boolean Waveform Operations • AudioFunctions

8.25 (L)x 4.5 (D) x 1.75 (H) Inches • 1.25 Pounds • 9 Volt Battery/ AC Operation
Consider the LogicScope 136
• The LogicScope 136 is the next logical step in test instru­
mentation for you. It combines many of the features and capa­
bilities of sophisticate d logic analyzers and oscilloscopes . ..
and it fits in your hand . Never before has so much technology
been availabl e in so small an instrument, at such a low price.
• The pocket-sized LogicScope 136 is made possible by a
patented breakth rough in disp lay techno logy. T he conven ­
tional cathode ray tube has been replaced by a unique array of
400 LED's that permits simultaneous display of two digital
waveforms.
• The 136 can be used for viewing single shot events, or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisit ion and storage of up to
24 128-bit waveforms. These can be reca lled, logically com­
pared (AND, OR, EXCLUSIVE OR) to other store d/input
waveforms, or outp ut to an exte rna l dev ice via an RS 232 port.
• Its very low.cost, convenience and ease-of-use make the
LogicScope the ideal instru ment, for designing, troubleshoot ­
ing or repairing digital sys tems.

Consider it s Engineering & Field Service Applications:
• On microprocesso r-base d systems, check the timing rela­
tionship of various param eters relative to the system clock and
other key events . Its storage capability allows visual and logi­
cal comparison of non-repetitive waveforms to known refer­
ence signals. Output in the start-up of the digita l dev ice can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
• Its light weight and small size make th e LogicScope conve­
nient to take on every service call. The 136 provides much
more information for trouble shooting a digital system or pe­
ripheral tha n a logic probe or digita l multimeter, without hav­
ing to lug an oscilloscope or logic analyzer along .

Contact us for the name of your local distributor

?ocat tiCCl-nOLOG'4, Inc.
7320 Parkway Drive, Hanover, MD 21076
301-796-3300
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DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

attract co mpute r advert ising (its
primary object) and ru in my last
remain in g interest .
FRANK R. ANTAL
West Springfield, MA

You are righ t and I believe you
are wrong.

Certainly, we intend to sell ad­
vertising in the ComputerDigest
sectio n currently e nclosed in
Radio-Electronics magazine, but
this section is truly a bonus to the
Radio-Electronics reader who does
want to kn ow something about
computers. It is an added editorial
section . You will note that the
pages are numbered separately
and do not in flate the number of
pages in each issue o f Radio-Elec­
tronics.

If we are successful with Com­
puterDigest, and that means if we
sell enough adve rtising and the
section continues to gro~ it will
then be removed from Radio-Elec­
tronics and becom e a magazin e of
its own.

Either way, Radio-Electronics will
continue to carry the same type of
editorial cove rage it currently
provides.

Certainly, Radio-Electronics has
changed, but the e n ti re e lec­
tronics industry has also changed
and we have simply kept up with it.
To graphically illustrate this point,
Iam enclosing a reprint of the first
publication we ever produced.
Volume 1, Number 1 of Modern
Electri cs in 1908. Iam sure you will
agree that electronics has changed
substantially since that time and it
is the duty of a publication cover­
ing a field to keep track of those
changes and follow them for its
readers.

I am s urp rised to le arn , al­
tho ugh our adve rtisers will be
happy, that the only thing le ft of
interest in Radio-Electronics is the
advertising . I would have though t
that a person such as yourselt. a
p racticing se rvice technicia n ,
would be greatly interested in the
things that are happening in our
industry and those include proj­
ection TV, satellite TV, stereo TV,
the compact audio disc, telephone
technology, and of course, the
computer.

My final point : Including Com­
puterDigest in Radio-Electronics
does not change the rest of the

NOT A
KIT!

on the market fo r th ose nuts to
subscr ibe to.

As far as yo ur " bo nus" tea r-out
section, yo u can tear min e ou t be­
fo re my magazin e is mail ed . As a
service techni cia n, I have abso­
lutely no use for it .

Your magazin e is not th e same
one th at I subscribed to years ago
and now you te ll me t hat it is get ­
ti ng better ! The only thing left of
interest in your magazine is th e
advert isi ng . Wi th th e adve nt of
ComputerDigest, you w ill no doubt

Protection built in, current limiting, with
thermal shutdow n.

Power: 108-135 VAC.
Dimensions: 8 v." x 3V<" x 7v." (WxHxD)
Wood grain finishe d metal case.
Weight: 4 Ibs., 9 ozs.
Lighted on/at! power switc h, easy-to-read

Voltmeter and large binding posts .
Warranty : one year full replacement

warranty from date of purchase.

$119 88FULL 1
YEAR

REPLACE­
MENT

WARRANTY

- Made In The United States -
SPECIFICATIONS--------------------,

3 outputs:
Fixed 5 VDC ± 0.2V
2 variable ~1 'h V to ~15 VDC
Polarity- floating; can be used as pas. or neg.

Ripple less than 1OmVat full load,
Regulation ~1% no load to full load,
Line Regulation < 0.2% 108 VAC to 135 VAC.

Current:
Fixed supply 1.0 amp max.
Variable supplies 0.5 amp max.

I;;;;;~iiiiiiiiiiiiii-"-"~MODEL PS101
This DC triple regulated variable power supply FULLY ASSEMBLED & TESTED!
has all the features you could ask for plus a full 1
year guarantee. Fully adjustable fro m 1Y, VDC to
35 VDCI Three complete ly independent suppl ies
that offer many advantage s! They can be eit her a
pas. supply or a neg. supply.. . they can also be
stacked in series so that a 5V and two 15V sup­
plies can total a 35 VDC supply or any combina­
tion of the th ree...(afte r one of the termin als Is
grounded to give It a reference). ..fort he first t ime
you can now purchase this American made fully
adjustab le powe r supply at a price that is one­
half of what you'd expect to pay!

A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,
LOW PRICEII

-w-- -- -E.~ENGINEERING t INC.

VISA, MASTERCARD, AME X TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E.Granby, CT 060260 203/651-0285

est pieces of propagand a of al l
t ime . In it, yo u are try ing to ju sti fy
the insert ion of computer articles
in yo ur magazine by ind icat ing
that it is t he result of " reade r inter­
est, " and you further indicate that
we the readers hip, are going to re­
ceive a b ig bo nus in Computer­
Di gest.

As far as "reade r interest" is con­
ce rned, I suggest that it is mo re a
case of t he usual chasing after th e
" Go d Almighty Dollar" since the re
are plenty of computer magazines

4



ro-Professor ~
~.....-:

earn Computing!
uke a Course from Micro-Professor!

iu've seen it all. Fancy software,
iwerful hardware, and ironclad
iarantees.

Total Learning Tool

rt you haven't seen a computer
at offered you a comprehensive
troduction to both hardware and
ftware. One that gives you hands­
I training in troubleshooting,
irninq chips, and developing
iplications while giving you a solid
ounding in programming.

ersattlttv and
onvenience

ultitech proudly presents the unique
icro-Professor MPF-IP-the most
rsatile Z-80 *-based educational
rnputer for its price on the market
day.

.S. DISTRIBUTOR LIST

For only $199.95, you get a state-of­
the-art CPU, display, and full ASCII
keyboard-in a casing that easily fits
on your bookshelf. And to make sure
you use your Micro-Professor to
its fullest, each unit comes with
impressive documentation, leading
you step by step through the world
of microprocessors.

A Wealth of Options

But that's only the beginning. Now
you can buy miniature options that
fit snugly to your unit: a printer, an
EPROM programming board, and a
speech synthesizer, to name a few.
Add to that standard assembly
language programming, pius op­
tional BASIC and FORTH chips,
and you've got a total learning tool.

Learning Can Be Fun

And with the Micro-Professor,
learning can be an adventure. Design
an electronic clock. Or a burglar
alarm. Or anything else that suits your
fancy.
So don't just program. Discover what
a computer really can do for you!

*Z·80 is a trademark of Ziloq Inc.

ARNING LABS. INC.
) . Box 122
lhoun . GA 30 701
14) 629-1521

CHNICAL LABORATORY SYSTEMS, INC.
) . Bo x 218609
uston . TX 772 18
3 ) 46 3-7652

L.A.B. CORPORATION
44 16 River Road
Afton. MN 55 001
(61 2) 4361169

ETRONIX
39 28 1481h N. E.
Redmond. WA 9805 2
(20 6) 88 1-08 57

hlultltech

MULTITECH ELECTRONICS INC.
19 5 West El Camino Real Sunnyvale. CA
94 087 U.S.A.
TLX: 176004 MAC SUVL FAX: (40 8) 749 ·8032
Tel : (40 8) 773 -84 00 .

OTHER U.S. STATES (800) 538 -1542
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reasons for taking the direction we
have with ComputerDigest.
LARRY STECKLER,
Publisher

PLEASED READER
Althoug h I have be en famil iar

with Gernsback Publications for at
least forty years, I have not been a
regular reader of Radio-Electronics
during the past f if teen year s or so .
Apparently this has be en a seri ous
oversigh t on my part. I shall try to
co rrect thi s in the futu re by sub-

magazine, in any way nor does it
take any editorial space away from
those readers who are not inter­
ested in computers. Yo u can p rove
this point to yourself very simp ly.
Tear o u t th e Compute r D igest
section and throw it away. If you do
that, what you have left is exactly
the same issue of Radio-Electronics
that you have be en receiving these
past several years.

My than ks for takin g the time to
express your views and for giving
me the opportunity to present our

mitting my subscript io n right now.
Somewhat. by accident, I pur­

chased a copy of the Apri l, 1984
issue and was ext remely pleased
with what I found . To begin with, I
was pleased to f ind that you were
not sacrif ici ng everythin g else to
become a computer magazine .
The balance of first-rate technical
articles was most gratifying . More
irnp o rtant , however, I found
something that has got to be evi­
.dence of an editorial policy t hat I
am pleased to see (and support).

What pleased me most in the
April issue were the three articles

N The new Model 1301 Triple Power Supply from Global in which reference to ele ctric cur-

O_.TSpecialties is designed to meet your DC voltage rent dire~tion. was made i~ term s'nt, requirements for product development, testing, quality f th d t t
t I . . ddt' I' 0 e irec Ion conven Ion ac-

I
con ro , servrcmq an e uca Ion app I· d d d d d

a 0_ .11 cost cations. This fully regulated power cepte, recomm~n e '. an a .vo------, - -'n- - source- is-especially-useful-tor-analog- - cate.d- by-p rofesslonals In physl c~ ,
and digital circuit design and offers a engineering, and electronics SCI-

wa~ to fl-IIfixed 5 VDC, 1.0 A output which is ideal ence. Joseph Carr's art icle, "De-
for TIL applications. In addition, the signing with Linear ICS," de-
Model 1301 offers two continuously
variable ±5to ±18VDC,0.5Asupplies. scr ibed the differential amplifier

~our
The three voltage supplies are completely isolated and in correct engineering terms in-
outputs are available through six front panel, color-coded stead of the fouled -up electron
binding posts . A separate binding post is connected to the con vention that many vocational

DC chassis and ground. I .. f

~o
-.7Qr Each of the two continuously variable e ectrorucs Instructors pre er. Doc
'n~ outputs has a separate voltage adjust Savage ("Hobby Corner") ex-

_ control. Two front panel plicitly referred to "conventionalrequirements meters provide for the mono current" in his fine tutorial on tran-
I . I ' itoring of voltage from 0·20 V sistor t est ing, and Bob Scott 's

and current from 0·1 A. Cur-

b
rent limiting protects against ("State of Solid State") article on

t e De-.Tshort circuiting and outputs may be true RMS converters showed th e___ ,n interc~>nnectedto i~cre.asevoltage range analysis in conventional current

Global 1301;~~~~:~ :~~:~~1~~~:~~:~;~~~~1~~ ~~~~tS~ (~r~~ ~hpep~~rt;~~t I;~:r;;~~~
provides precrsron performance in would.

1] - I engineering laboratory applications, This pleases me very much . I

rip e schools, testing and servicing, and production lines. hope it will have the effect of wak-
Because of its lowprice-under$250.00-the 1301 ing up some of the "R ip Van
is also excellent for use by hobbyists. Rugged

~ower
construction and a durable metal case permit the 1301 W inkles" that still refuse to accept
to withstand the wear and tear of regular use and the scie nce and industry standard
provide many years of trouble-tree service. definiti on for ele ctric cu rrent .

S I Seethe new Model 1301 Triple Power Supply at Good going. Keep it up!Upp Yyour electronics distributor, or, for the name of
your local distributor, call our toll-tree customer LUCIUS B. DAY, JR.
service number: 1-800·243-6077. Lakewood, CO
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G GLOBAL SPECIALTIES An Interplex ElectronicsCompany
70 Fult on Terr ., New Haven, CT 06509-1819 (203) 624-3103, TWX 710-465-1227
OTHER OFFICES, San Francisco (415) 646-0611, TWX 910-372-7992
Europe, Phon e Saffron-W ald en 0799-21682, TLX 817477
Canada: Len Fin kler Ltd .. Downs view, Ont ario
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3-D TV
I thoroug h ly enjoyed your arti­

cle on 3-D televi sion in th e M ay,
1984 issue of Radio-Elect ron ic s.
However, I would like to comment
on increasing the f ie ld rate fo r the
StereoDimensional system to re­
duce fli cker.

The article states, " Chang ing t he
number of f ields per second does
not af fect su ch sig na l factors as
bandwidth . Thu s, altered signa ls
could be broadcast over t he air,
used in a closed-circuit system, o r

continued on page 79
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Professional Books That Help You Get Ahead-And Stay Ahead!

Join the Electronics and Control Engineers'
Book Club®and...

INTEGRATED CIRCUITS APPLICA­
TIONS HANDBOOK. By A. H. Seid­
man. 6 73 pp., iI/us. This Handbook
presents information on everything from
TTL, ECL, MOS, and CMOS logic fam­
i li es to semicondu ctor and bubble
memories. The emphasis is on appli­
cat ions, with a minimum of theory. The
math used is essentially limited to sim­
ple arithmetic and elementary algebra.
582860-X Pub. Pr., $39.95 Club Pr., $29.95

INTRODUCTION TO RADAR SYS­
TEMS, zr« By M. I. Skoln ik . 698
pp ., 244 iI/u s. Thi s new edi t ion of a
wide ly used t ext on radar from th e
syste ms eng inee r's point of view
brings you fu ll di scu ssion s of th e
many maj or changes th at have oc­
curred in th e fi eld recently.
579/091 Pub. Pr.,$40.95 Club Pr., $31.00

CIRCUITS AND SOFTWARE FOR
ELECTRONICS ENGINEERS. By H.
Bierman. 352 pp., 200 iIIus., outsized
8Y2x11 format. This collection of over
340 proven-re liable ci rcuits, com­
puter programs, test methods, and de­
sign tools have been selected because
of the ingenious ways they adapt de­
vices to other uses.
052/433 Pub. Pr., $35.00 Club Pr., $27.95

HANDBOOK OF ELECTRIC POWER
CALCULATIONS. Edited by A. Seid­
man, H. Mahrous and T. G. Hicks. 448
pp., 300 iIIus. Hereare 285 tested and
proven procedures for handling th e
electric power problems most fr e­
quently encountered in actual practice .
You'll find ingenious, t ime-saving ways
to calculat e fuel costs, motor eff i­
ciency, and power output.
560/617 Pub. Pr., $39.50 Club Pr., $29.95

STA NDARD HANDBOOK FOR
ELECTRICAL ENGINEERS, 11/e. By
D. G. Fink and H. Beat y. 2 ,'448 oo.,
1,414 iI/us . Today's most wide ly
used source of elec t rica l engi neer­
ing in forma t io n and data se rves
you as no ot her sing le work when
you need det ail ed , t im ely, and rel i­
able fact s .
209/74X Pub. Pr., $74.95 Club Pr., $53.95

MODERN ELECTRONIC CIRCUITS
REFERENCEMANUAL. By J. Markus.
1,264 pp., 3,666 circuit diagrams.
Complete with valuesof componentsand
suggest io ns for revis ions-plus the
original source of each circuit in case
you want addit ional performance or
construct ion details.
404/461 Pub. Pr., $74.95 Club Pr., $57.95

ELECTRONICS ENGINEERS' HAND­
BOOK, 2/e. Edited by D. G. Fink & D.
Christiansen. 2,272 pp., 2,189 iI/us .
This updated and enlarged edition cov­
ers all the latest knowledge in the field ,
including new advances in integrated
circuits , pulsed and logic circuits, laser
technology, te lecommunications, and
much more.
209/812 Pub. Pr., $79.90 Club Pr., $57.50

DIGITAL CIRCUITS AND MICRO­
PROCESSORS. By H. Taub. 608 pp .,
heavily iI/us . Th is fast-paced . ca re­
f ull y written guide gives you t hor­
oug h explanat ions of aI/ th e basic
princip les of d igit al syste ms and
logic design- plu s a solid introdu c­
tion to mi croprocessors and micro­
pro cessor-based designs.
629/455 Pub. Pr., $34.95 Club Pr., $26.50

• Keep up with current technology
• Sharpen your professional skills
• Be ready for new career opportunities
• Boost your earning power ~

------ ~;";;: f.!.:~('I'EER~~ . ; . ,.~_ '>1" " >1.:
;:,.~ " " ",, ,, 11'
~~:-: ",l ............

HANDBOOK OF PRACTICAL ELEC­
TRICAL DESIGN. By J. F. McPart land.
416 pp., 300 iI/us. This volume pro­
vides a step-by-step explanation of de­
signing electrical systems for indus­
t ri al , commerc ial , and resid ent ial
applications. Packed with helpful t ips
for saving t ime and complying with code
requirements from branch circuits to
wiring size:
456/95X Pub. Pr., $39.50 Club Pr., $27.50

DIGITAL LOGICDESIGN.By B. Holds­
worth . 338 pp., 192 iI/us. All of the
recent advances in digital design tech­
niquesare presented here in depth . It's
both a text covering basic concepts and
a practical guide to design techniques
for combinational, clock-dr iven, and
event-driven circuits .
582852-9 Pub. Pr.•$39.95 Club Pr., $27.50

ELECTRONIC COMMUNICATIONS
SYSTEMS. By W. D. Stanley. 566 po.,
iI/us. Emphasizing the signal-process­
ing functions of modulation and de­
modulation operation, thi s book pre­
sent s th e essent ials of elec t ronic
communicat ions in a logical, step-by­
step sequence.
582834:0 Pub. Pr., $25.95 Club Pr., $20.95

Spectacular values up to $95.00

MICROPROCESSOR AND MICRO­
COMPUTER DATA DIGEST. By W. H.
Buchsbaum and G. Weissenberg. 336
pp ., 93 block diagrams, 106 pin con­
figurations. If you work with electronic
devices that use microprocessor or mi­
crocomputer integrated circuits , th is
much-needed book contains all the de­
tailed technical data for every micro­
processor IC that is currently listed as
a " standard," off-the-shelf item.
582835-9 Pub. Pr., $29.95 Club Pr., $22.50

MICROPROCESSOR APPLICATIONS
HANDBOOK. Ed it or-in Chief, D. F.
Stout. 472 pp ., 284 iI/us . At last - a
ref erence guide t o microproc essor
applicat ions to help you make your
systems t imel y, ve rsatil e, and
co st- effect ive.
6171988 Pub. Pr., $39.95 Club Pr., $31.45

THE McGRAW·HILL COMPUTER
HANDBOOK: Applications, con­
cepts, Hardware, Software. Ed­
it ed by H. Helms. 99 2 pp., 475 iIIus.
Everything you need to know about to­
day's computer science and engineer­
ing is here in this massivetreasure trove
of information. Covers everything from
Boolean algebra to hardware selection
techniques to artif icial intelligence. A
handy reference work that brings you
right up to the minute!
279/721 Pub. Pr., $79.50 Club Pr., $49.95

VLSI SYSTEM DESIGN: When and
How to Design very-large-Scale
Integrated Circuits. By S. Muroga.
496 pp., iIIus., inc ludes self-test prob­
lems. This book provides a straight-for­
ward explanat ion of how to design the
integrated circuit chips that are causing
thi s electronics revolution . It focuses
on every signif icant aspect of LSI/VLSI
system design.
582823-5 Pub. Pr., $34.95 Club Pr., $26.50

ANTENNA ENGINEERING HAND­
BOOK, 2/e. Edi ted by R. C. Johnson
and H. Jasik, with contributions by 57
recognized authorit ies. 1,408 pp., 946
iI/us. This widely acclaimed Handbook
givesyou the guidanceyou needto solve
problems in antenna design and appli­
cat ion. It provides detailed informat ion
on physica l fundamentals, patterns ,
structures, and design techniques for
practical modern antennas.
3221910 Pub. Pr., $95.00 Club Pr., $62.50

RADIO HANDBOOK, 22/e. By W. Orr.
1,136 pp., more than 1,300 iI/us.
Here's the latest editio n of what IS Uni­
versally regarded asthe most useful ref­
erence in the industry. It 's a "co urse"
in communications, a fact-packed ref­
erence, and a how-to guide-all in a
single book!
582442-6 Pub. Pr., $39.95 Club Pr., $33.95

I NTUIT IVE IC ELECTRONICS: A
Sophisticated Primer for En­
g ineers and Technicians. By
T. M. Frederi ksen. 20 B pp. , iI/ us .
Cover in g both the simple st and th e
most complicate d IC de signs, thi s
lively, easy-t o-read volume provides
a sophist icated, non mathemat ical
exp lanat ion of th e basi c intern al
mech an isms common to all semi­
con du ctor dev ice s.
219/230 Pub. Pr., $24.95 Club Pr., $18.95
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MAIL THIS COUPON TODAY

Mc Gr aw -Hill Book Clu bs

Electronic s and Co n tro l Engineers'
Book Club'P
P.O. Box 582, High ts to wn, New Jer sey 08520

Write Code No. of
first se lection here

ANALYSIS ANDDESIGN OFDIGITAL
INTEGRATED CIRCUITS. By D. A.
Hodges and H. G. Jackson.
291/535 Pub. Pr., $31.00 Club Pr., $23.95

HANDBOOK OF OPERATIONAL
AMPLIFIER CIRCUIT DESIGN. By D,
E. Stout & M. Kaufman.
617/97X Pub. Pr., $39.50. Club Pr.. $29.00

ENGINEERING MATHEMATICS
HANDBOOK, u« By J. J. Tuma.
654/298 Pub. Pr., $34.50 Club Pr., $26.95

PCM & DIGITAL TRANSMISSION
SYSTEMS. By F. F. Owen.
479/542 Pub. Pr., $34.95 Club Pr., m.95

SIGNALS AND SYSTEMS. By A. Op­
penheim, A. Willsky, and I. Young.
582674-7 Pub. Pr.. $32.50 Club Pr., m .95

DIGITAL COMMUNICATIONS. By J.
Proakis
5091271 Pub. Pr.. m.50 Club Pr., $29.50

LARGE SCALE INTEGRATION: De­
Vices, Circuits. and Systems. By M.
J. Howes & D. V. Morgan
582851-0 Pub. Pr., $35.95 ClubPr., $29.95

MICROWAVE SEMICONDUCTOR
ENGINEERING_ByJ. F. White.
582553-8 Pub. Pr., $32.50 ClubPr., $25.95

MICROPROCESSOR SUPPORT CHIPS:
Theory, Design, and Appllca·
tlons. ByT. J. Byers.
095/183 Pub. Pr., $39.50 Club Pr., $31.00

ENGINEERING FORMULAS, 41e. By
K. Gieck.
2321199 Pub. Pr.. $16.95 ClubPr., $13.50

ELECTRONICS CIRCUITS NOTE·
BOOK. Edited byS. Weber.
19214-48 Pub. Pr., $35.50 l'Club Pr., $27.50

Be sure to
consider these
important
titles as well!

Write Code No. of
S2 .89 se lection here

Please en roll me as a mem ber and sen d me the two
books indi cated , billing me for the52.89p remium and
my first selec tion at the disco un ted member 's price ,
plus local tax,shipping, and handling charges . I agree
to purchase a min imum of two add itional books dur­
ing my first yea r of membership as out lined under the
Club plan descr ibed in th is ad . A shipp ing and han­
dlin g charge is adde d to all shipmen ts.

_----111'-----

r--------------~---,
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DIGITAL CONTROLSYSTEM ANAL­
YSIS AND DESIGN. By C. L. Phillips
and H. .T. Nagle, Jr., both Auburn Uni­
versi ty. 55 6 pp ., 316 iIIus, 7 ready-to­
run computer programs. Itanalyzes and
des igns c losed-loop systems to which
digital compute rs have been added to
modify system dynamics. The book de­
velops a wide range of control-system
techniques applicab le to linear, time­
invariant, discrete-time system models.
582944-4 Pub. Pr., $39.95 ClubPr., $31.95

HANDBOOK OF MICROCOMPU·
TER-BASED INSTRUMENTATION
AND CONTROLS.By J. D. Lenk. 307
pp., 227 iI/us. Digital or microcompu­
ter-based instrumentation and control
systems can be very complicated- or
relatively simple-depending on the
app lication. In this book both systems
are described and illustrated- and many
examples of actual systems now in use
in industry are included throughout.
582866-9 Pub. Pr., $22.95 Club Pr., $18.95

COMPUTER METHODS FOR CIR·
CUlT ANALYSIS AND DESIGN. By J.
Vlach and K. Singhal. 656 pp., 148 i/­
Ius. Computat ional methods have be­
come an integral part of circuit analysis
and design. And a solid understanding
of the basics of computer-aided design
is a must for engineers who want to
achieve theircareer objectives. This self­
teaching book provides that know-how
in a logical, easy-to-follow presenta ­
t ion.
582855-3 Pub. Pr., $42.50 Club Pr., $33.95

computer
methods for .

'rcuit analySISCI •
and deSign

OPTICAL FIBER SYSTEMS: Tech­
nology, Design, and Applica­
tions. By C. K. Kao. 197 pp ., iI/us .
From a basic explana tio n of optical
f ibe r sys t ems to t he e c onom ic
ramif ications of th eir us e , this vol­
ume provides full c ove rag e of a
rap idly c hang ing fie ld.
33V770 Pub. Pr., $29.50 Club Pr., $23.95

McGRAW-HILL ENCYCLOPEDIA OF
ELECTRONICS AND COMPUTERS.
By S. P. Parker, Editor-in-Chief. 960 pp.,
1,266 iIIus., outsized 8lf2x 11 format.
It's a single-volume library that covers
the entireworld of electronics from Edi­
son's pioneering work in electricity right
up to opt ical fiber communicat ions,
control systems, lasers , radar, TV re­
ce ivers , ar t ific ial inte lligence , and
compute r storage technology.
454/876 Pub. Pr., $59.50 Club Pr., $41.50

BONUS BOOKS-You w ill im m ed iate ly begin to partici pate in our Bonus
Book Plan that a llows you savings u p to 70% off the p u blish ers' prices of
m any professional and ge neral inte re st books!

• BEST AN D NEWE ST BOOKS IN YOUR FIEL D - Book s are select ed from a wi de
range of p ublishers by exper t ed ito rs and co nsultan ts to give yo u co n ti nu ing access
to th e be st and lates t books in yo u r field.
• BIG SAVINGS -Build your libra ry and save money to o ! Savings ranging up to
30 % or more o ff publis h ers' list p r ices - usually 20 % to 25 %.

Why YOU should join now!

ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS' EX­
AMINATIONS. By C. R. Hafe r. 336
p o ., m ore tha n 200 iI/us . Actua lly
two books in one-a q uick prepa ra­
tion manual t o he lp you pass your
P.E. exa ms on th e first t ry and a
ric h source of practi cal e lec t ronics
e ng inee r ing inf o rm a t ion a n d
know-how.
254/303 Pub. Pr., $29.95 Club Pr., $21.50

PRACTICAL DIGITAL DESIGN US­
ING ICS,2/e. By J . D. Greenf ield. 717
pp ., iI/us. This revised and expanded
Second Edition of a popular guide shows
how to get the most out of a wide range
of popular integrated circuits. What 's
more, it conta ins the specialized know­
howtoday's designer needs to interface
ICs with microprocessors.
582853-7 Pub. Pr., $25.95 Club Pr., $19.95

E336 78

• CONVENIENCE - 12-14 times a ye ar (abo u t once eve ry 3-4 w eeks ) yo u receive
the Club Bulletin FREE . It fu lly d escribes the Main Selection an d Alternate Selec­
t ion s .A d at ed Rep ly Card is in cluded. Ifyo u wan t the Ma in Sel ection,yo u simply d o
no thing - it w ill be sh ip ped au tomatic ally. If you w an t an Alternate Selection - o r
no book a t al l - you sim p ly indicate it on th e Reply Card an d return it by the date
specifie d. You will have a t least 10 days to decide . If, because oflate delivery of th e
Bulle ti n yo u re ceive a Main Select ion yo u do no t wan t, y ou may ret urn it for c re d it
a t th e Club's ex pense .
As a Clu b mem be r you agree on ly to the p urchase of three books (in cl u d ing you r
first se lectio n) during you r firs t year of member ship . Me m bers hi p m ay b e d iscon­
tinued by eit her you or the Club a t any tim e after you have purchased the firs t
se lectio n p lus two addi t ional books .

Oth er McGraw-Hill Book Clubs :
Architects' Book Club ' Byte Book Club ' Chemical ,Engineers' Book Club
• Civil Engineers' Book Club ' Mechanical Engineer s' Book Club
For more inf ormation, \vrite to:
McGraw-Hill Book Clubs, P.O. Box 58.2 , Hightstown, New J ersey 08520

Signature _

Name _

Address /Apt. #

City _

State Zip _

This order subject to acceptance by McGraw-Hill. All
prices subject to cha nge without notice. Offer good
on ly to new members .L ~
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EOUIPMENT REPORTS

CIRClE 101 ON FREE INFORMATION CARD

A LTHO UGH THE SCREWDRiVER i s LIKELY

t he wo rld's most-u sed too l, i t
rarely gets mu ch atte nt io n- unt i l
it doesn't do th e job properly.
Howev er , Pal adin Co rpo rat io n
(3545 O ld Co ne jo Road , #10 2,
Newbury Park, CA 91320) claim s to
have given the screwd river "so me
respect " and say th at they have th e
"wo rld's best" screwdrive rs. Be­
fo re we tak e a look at wh at th ey
have to offer, let 's look at some
potential screwdriver problems.

O ne of the most commo n prob­
lem swi th screwdrivers is th at of t ip
deformat ion . On ce th e t ip ha s
been defo rm ed , a screwdriver will

JERROLD 60 CHANNEL
WIRELESS REMOTE
CONTROL CONVERTER
LCC 58-3 $9985

EXTRA HAND
REMOTES $1985

PHILIPS 67 CHANNEL WIRELESS REMOTE
CONVERTER with VOLUME CONTROL and
MUTEING. FINE TUNING CENTERING. $18900

PIONEER 57 CHANNEL WIRELESS REMOTE
CONTROL with PARENTAL LOCKOUT and 10
CHANNEL FAVORITE MEMORY RECALL.
DEALERS WE HAVE VIDEO RECORDERS,
ENHANCERS, STABILIZERS AND ACCESS .

12' GALVINIZED RADAR MESH q
SATILITE DISH $107500

Dealers call for pricing! .

SATILITE RECEIVERS WIRELESS
REMOTE CONTROL - HIGHEST
QUALITY $59900

RETAIL · WHOLESALE

305·981·1112 • 305·981·1113

ELECTRONIC 'EQUIPMENT WHOLESALERS AND EXPORTS

• TV On-Off Feature
• Infra-Red Wireless

Remote Cont rol

ONLY$S9~S

/
• 10% Off On All Quant it ies Over 50
• Available Only While Quantities Last
• Warranty Restri cted to 15 Days After Receipt

of Goods
• Allow 2 Weeks for Personal Checks to Clear

- SPECIAL-
• Fact ory Re-Furbs Available at $49 .95 Each

With Full Guarantee

SUNSET CABLE
1 Mad ison Street • East Rutherford NJ

(201) 777-6733
Master Charge • C.O.D. • Visa

PALADIN
SCREWDRIVERS

• 60 Channel Capacity
• P.L.L. Tuning
• 6 Channel Memory

When your screwdriver
tells, you realize that irs as

important to your
electronics workbench as
your multimeter or any

other tool.
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do nothing bu t destroy th e head of
any screw yo u want to remove­
and make it imposs ib le to remove
th e screw wi th any other screw­
driver. That can be frust rat ing, to
say the least.

If the t ip of t he screwd river sur­
vives, anothe r pot en ti al p roblem is
t hat of a handle that fal ls off the
shaft- even without th e abuse t hat
many peopl e treat th eir scr ew­
drivers w it h . (Reme mbe r: Screw­
drivers are m eant to rem ove
screws . They are not meant to be
used as chise ls o r crowbars .)

shaft m eets the han dl e . Th at al­
low s yo u to use a w rench for mo re
torqu e, if necessary. Th e screw­
drivers in t hat series are availab le
w it h slotted o r Ph i ll ips tips, in shaft
len gth s f rom 2% to 11 inch es; the
pri ces range from less than $4 to
more than $17. (Shaft length s are
measured fro m the screwdriver tip
to w he re it enters the handl e.)

Paladin's series 200 f eature
ro und shafts and sli mme r profi les
and are we ll su ited to the elec­
t ro nics workbench . Slotted and

Ph i lli ps sty les are ava i lab le in
len gth s from 2% to 12 i nch es;
p rices range from abo ut $2.50 to
$6.50 . Anot her series 200 driver
that we saw was a multi-ti p, %-inch
hex-sh aft mode l. Six m agnet ic
screwdriver b its (3 slotted , 3
Phillips) store in t he han dl e. A
hand y feature that we li ked is a
shie ld that prevents more than one
b it at a ti me fro m droppi ng from
the handle. The shaft len gth of the
model PA1955 is abo ut 4Y2 inches.
It is pr iced at about $16.

Paladin Screwdrivers Where's Your ELECTRONICS CAREER Headed?

For full informa tion, write for Bulletin 9-84

Grantham CoUege of Engineering
2500 So. La Cienega Blvd.

P. O. Box 35499
Los Angeles, CA 90035
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B. S. DEGREE
may fill an imp ortant need for you.
This is a comprehensive correspond­
ence program in which you first review
some things you already know, in
preparation for the studies that come
later. Some previous knowledge in the
field is presumed, but is thoroughly
reviewed in dept h, so as to give you
a thorough foundation for the level of
studies you have not prev iously under­
taken. Even tho ugh some students
hold associate degrees before enrol­
ling, an A. S. Degree is awarded along
the way toward the B. S. Degree.

Grantham College of Engineering is
a specialized institution catering to
mature individua ls who are employed
in elect ronics an d allied fields such as
computers. The field of electronics is
so enormous that opportunity for
adva ncement is always present. P ro­
mot ions and natural turnover make
desirable positions avai lable to those
who are prepared to move up!

Advancement in electronics is made
easier and more certain by (I) superior
knowledge, and (2) documentation of
that know ledge . Grantham specializes
in making both I and 2 as listed above
avai lab le to you.

Grantham's home-study program
lead ing to the

"

in your Electronics Career through

No commuting to class. Study at your
own pace, while you continue on
your present job. Learn from easy-to­
und erstand lessons, with help from
your instru ctors when you need it.

Grantha m has peen tra ining stu­
dents for electro nics degrees longer
than any other home-stud y, indepen­
den t-study, or correspondence insti ­
tution. Grantham is the on ly school
in the United States offering an ac­
credited B. S. Degree in electronics
by home study, independent study, or
correspo ndence.

Our free bu lletin 'gives full details
of the home-study program, the de­
grees awarded, and the requ irements
for each degree . Write for our free

Bulletin 9-84 .

Earn Your

DEGREE

Put Profe ssional Knowledge a nd a

COLLEGE DEGREE

HOME
STUDY

EASE
OF USE

OVERALL
PRICE

PRICE/
/VALUE

INSTRUCTION
MANUAL

Preventing problems
Th e sc rewd rive rs that Paladin

sell s (whi ch are imported f ro m
Germany) show t hat th ey have rec­
ogniz ed sc rewd r ive r probl em s
and have taken some steps to pre­
vent the m . For example, to pre­
vent t ip deformation , the shaft and
bl ad e are m ad e of ve ry h ard
chrome-vanad ium stee l (a stee l al­
loy th at contain s up to 1.1 % ch ro­
mium and abo ut 0.15% vanadi um).
Both chromium and vanadium in­
crease the tou ghness and ten sil e
stren gth of stee l. The t ip of the
screwd rive r's bl ade is hard en ed by
a heat blastin g process to a rock­
well hardness of abou t 57. (Rock­
well hardn ess is determined from
th e rockwell test, in w hich a dia ­
mond cone is p ressed in to t he
steel to a standa rd dep th to deter­
mine its resistance to pen et rat ion).

Th e handle is in ject ion-mol ded
to th e shaft to reduce t he chances
of it s co ming loose, and it is app ar­
ent ly made fro m a very hard plast ic
th at is resistant to ch ipping and
cracking.

We loo ked at a rando m samp le
of th e screw drive rs from Pal adin 's
Seri es 100, 200, an d 300. The ser ies
100 screwdrive rs have hex shafts
and feature a hex nu t w he re th e
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Diskette
Users•••
When you've
heard from
all the
animals in
the diskette
zoo, but you
need fast
delivery and
high quality
diskettes...

,

CE qllll
100 prtca

par ~I.k (I)

3M
diskettes =.':.
$1.44 each
31

Plrt #

CE ~lIIl
100 prlca

p., ~I.k (I)

BASF
diskettes =.':.
$1.44 each

IAIF
Plrt #

CE ~lIIl
100 prlca

plr ~I.k II)

Qo
Wabash

diskettes =.':.
$0.99 each

.Ih.~

Plrt #

CE ~...l
100 prlca

p., ~I.k II)

~r .~
a ,....-::..- ,,*,'

Super Disk
diskettes =.':.
$0.94 each

Ilplr DI.k
Put#Product Description

Call Communications Electronics
Diskette order desk
800-USA-DISK
In Canada 800-CA1-DISK

Choose your brand
Choose your price

CIRCLE 35 ON FREE INFORMATION CARD
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8" SSSD IBM Compatible 1288/S, 26 Sector
8" SSSD Shugart Compatible, 32 Hard Sector
8" SSDD IBM Compatible(128 8/S, 26 Sectors)
8" DSDD Soft Sector (Unformated)
8" DSDD Soft Sector (256 8/S, 26 Sectors)
8" DSDD Soft Sector (512 8/S, 15 Sectors)
8" DSDD Soft Sector (1024 8/S, 8 Sectors)
5V." SSSD Soft Sector w/Hub Ring
5V." SSSD Same as above but bulk product
5W' SSSD 10 Hard Sector w/Hub Ring
5W ' SSDD Soft Sector w/Hub Ring
5W' SSDD Same as above, but bulk product
5V." SSDD Soft Sector Flippy (use both sides)
5W ' SSDD 10 Hard Sector w/Hub Ring
5W' DSDD Soft Sector w/Hub Ring
5W ' DSDD Same as above, but bulk product
5V." DSDD 10 Hard Sector w/Hub Ring
5W ' DSDD 16 Hard Sector w/Hub Ring
5W ' DSDD Soft Sector w/Hub Ring (96 TPI)
3'12 " SSDD Soft Sector micro-floppy

For more information
about this brand call:

8431-P 1.14
8437-P 0.94

8m·p 1.29
B487-P 1.09

8481·P 1.54
8487-P 1.34

B5DI-P 2.44

Llt.tlm• ... rr.nCy
ft< _ .. 1.1.H ..", Dlat .11

800-USA-DISK
I••,uIIU 313·113·1111

F111-P 1.59
F3lA-P 1.79
F131-P 1.89
FUA-P 2.09
F144-P 2.09
F145-P 2.09
FU7-P 2.09
IllA-P 1.19
11IAB-P 0.99
14lA-P 1.19
113A-P 1.34

113AB-P 1.14
IIIA-P 1.99
143A-P 1.34
IUA-P 1.59
IUU-P 1.39
14U-P 1.59
15U-P 1.59
lISA-P 2.49

fJ , ••r rr.nCy
ft< _ .. Ilf. tI II

800-323-9868
I, 11111111 312-513-&383

54174-P 1.44

5418D·P 1.79

54m-p 2.99
54112-P 2.74

LIt.tlm• ... rr.nCy
FIr_ .. I.f. II UIF 1111

800-343-4600
I, .......,III1,ll1-%71-400D

USSD-P 1.94

UIDD-P 2.39
BDIDD-P 2.89

BDIDD·1D24-P 2.89

5SSDD-RH-P 1.64
5SSDD-Bl-P 1.44

5DIDD-RH-P 2.19

5DIDD·16RH·P 3.09
3SSID·P 3.74

Llt.tlm• ... rr.nCy
Flr_.. I.I.tlll .. 1I

800-328-9438
I••'II..,1a112-131-1524



Buyyourdiskettes from CE with confidence
To get the fastest delivery of your diskettes, phone your order directly to
our order desk and charge itto yourcredit card .Written purchase orders
are accepted from approved 9.Qvernmentagencies and most well rated
firms at a 10% surcharge for net 10 billing. For maximum savings , your
order should be prepa id. All sales are subject to availability, accept·
ance and verification. All sales are final. All prices are in U.S. dollars.
Prices, terms and specifications are subject to change without notice.
Out of stock items will be be placed on backorder or substituted for
equivalent product at no extra cost to you unless CE is instructed
differently. A$5.00 additional handling fee will be charged for all orders
with a merchandise total under $50.00. All shipments are F.O.B. CE
warehouse in Ann Arbor, Michigan. 90D terms are available, in U.S.
UPS areas for$5.00 extra, and are pa'yablewith cash or certified check.

For shipping charges add $8.00 per 100 diskettes and/or any
'fract ion of 100 8-inch diskettes, or $6 .00 per 100 diskettes and/or any
fraction of 100 5V.-inch or 3'h-inch diskettes for U.P.S. ground shipping
and handling in the continental U.S. UPS 2nd day air rates are three
times continental U.S. rates. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping is three times the continental U.S. rate.

Mail orders to: Communications Electronics, Box 1045,
Ann Arbor, Michigan 481 06 U.S.A. If you have a Visa or Master
Card, you may call and place a credit card order. Order toll-free
in the U.S. Dial 800-USA-DISK In Canada, order toll-free by
calling 800-CA1-DISK If you are outside the U.S.or in Michigall
diaI313-973-8888. WUI telex anytime 671-0155. Order today.

CE...your best source for diskettes
Foryou the diskette buyer, it's ajungle out there. There are
so many different brands to choose from, you need to go on
a safari to find a good brand at a reasonable cost.
Fortunately, CE has already hunted for the best diskettes
and oHers you an excellent choice at a CE price. To save
you even more, CE also oHers bulk product where 100
diskettes are packed in the same box without envelopes or
labels. Since we save packaging costs, these savings are
passed on to you. Diskette envelopes are also available
from CEo These super strong and tear resistant Tyvek"
envelopes are only $15.00 per 100 pack. Use order:# TE-5
for a 100 pack of 5%" diskette envelopes.

Quantity Discounts Available
Our diskettes are packed 10 disks to a carton and 5 or 10
cartons to a case. The economy bulk pack is packaged 100
disks to a case without envelopes or labels. Please order only
in increments of 100 units for quantity 100 pricing. With the
exception of bulk pack, we are also willing to accommodate
your smaller orders. Quantities less than 100 units are available
in increments of 10 units at a 20% surcharge above our 100
unit price. Quantity discounts are also available. Order 300
or more disks at the same time and deduct 1%; 500 or more
saves you 2%; 1,000 or more saves 3%; 2,000 or more saves
4%; 5,000 or more saves 5%; 10,000 or more saves 6%;
50,000 or more saves 7%, 100,000 or more saves 8%,
500,000 or more saves 9% and 1,000,000 or more disks earns
you a 10% discount off our super low quantity 100 price.
Almost all our diskettes are immediately available from CEo
Our efficient warehouse facilities are equipped to help us get
you the quality product you need, when you need it. If you need
further assistance to find the flexible diskette that's right for
you, call the appropriate manufacturers compatibility hotline
telephone number listed at the bottom of this ad. Dealer
inquiries invited.

Copyright C 1984 Communications Electronics Inc.

4~OMMUNICATIONS
"ELECTRONICS'"
Computer Products Division
Box 10450 Ann Arbor, Michigan 48106-1 045 U.S.A.
Call toll-free 800-USA-DISK or outside U.S.A. 313-973-8888

Ad #080284

Verbatim
diskettes 1:.':.
$1.59 each

f,
r

Memorex
diskettes 1:.':.
$1.59 each

MINI fLEXIBLE DISKS

Ultra
diskettes 1:.':.
$1.59 each

-M2iiXls_
10K

diskettes 1:.':.
$1.59 each

Fuji
diskettes 1:.':.
$1.59 each

D»D.11
Dlakett.

Oysan
diskettes 1:.':.
$1.94 each
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3.14

3.14
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The ser ies 300 screwdrive rs fea­
ture round shafts . They are ant i­
stati c and are insul ated to 1000
vo lts. We ex am i ned th e m ode l
PA1971 slotte d screwd river, w hich
is on e of the screw-ho lding drivers
in the 300 series. We fo und it a
ref reshin g cha nge fro m othe r
screw-ho ld ing mod els we 've used
in the past : The main advantage is
th at three qu arters of the screw
head is f irmly held in place. The
series 300 in cl ud es both slotted
and Phill ip s heads in shaft length s
from 3% to 7 inch es; pri ces range
from $3.50 to abo ut $10.

Paladin also has two ot her series
of screw d rive rs. The series 400
co nsists of ball- style hex drivers.
The ser ies 500 is round-shaft ed
screwd rive rs t ha t ran ge in size
from 2% to 8 inches, and in price
from $1.20 to abo ut $6.50.

Paladi n 's screw d rivers are o b­
viou sly we ll made. They are- not
su rp r is ing ly- a bit more expe n­
sive t han most screwdrivers. But
they appear to be made to last a
lon g t ime . So if yo u can appreciate
t he quality of good too ls , t he n
yo u' ll be sat isf ied with them.

Th e Craftform h andl es are
shape d so th at t hey're not o nly
comfortable ; they help to redu ce
fati gue and, Paladin claims, let yo u
use yo ur power up to 50% more
eff ic iently th an standard screw ­
driver handl es. Whil e we co uldn' t
co nfi rm th ose exact f igures , we
co u ld agree qu al itativel y, m ost
noti ceably w ith th e larger mod els.
. For gene ral elec tronics wo rk,
we'd recommend drivers of either
the 200 or 300 (insu lated) series.
For heavier work (auto mechanics,
fo r example), t he JOO-series drivers

.
"What do you have in the way ofa IV that
uses an indoor antenna?"
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DON'T
FORGET

• Memory IC's
• Thermal Cut-Offs
• BridgeRectifiers
• Unijunctions
• RFTransistors
• MicrowaveOven

Rect ifiers
• Selenium Rectifiers
• NEW! The Protector

6000 ,. Transient
Voltage Protection

.Strip

THE
IGHT
TUFIi.

• Transistors
• Thyristors
• Integrated Ci rcuits
• Rectifiers and

Diodes
• High Voltage

MUltipliersand
Divi.ders

• Optoelectronic
Devices

• Zeners
• Microprocessors

and SupportChips

YOU'l l FINO ALL THE RIGHTSTUFF FOR
REPLACEMENT, MAINTENANCE ANO REPAIR:

Look for our Replacement semiconductors in the
bright green polybags and cartons that list rating
limits, device type, diagrams and competitive
replacement right on the package. NTE quality
parts are available from your local NTE distributor
and come backed by our exclusive two-year
warranty. Ask for your FREE NTE Replacement
Master Guide and take off with NTE!

The growth of NTE quality replacement parts has
been nothing short of astronomical. And the proof
is in our new 1984 Replacement Master Guide,
destined to be the standard directoryfor technicians
across the country. In excess of 3,000 quality NTE
types are cross-referenced to more than 220,000
industry part numbers.

NEW -ToNE ELECTRONICS ,INC.
44 FARRAND STREET · BLOOMFIEL D, NEW JERSEY 07003
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Creating useful product s
and services for you.

TEXAS .."
INSTRUMENTS

200-mV to 20-volt ranges.
Resi stan ce is measured ove r

seven ranges from 20 ohms to 10
megohms full scale. Specifi ed ac­
cu racy var ies according to t he
range from a high of 0.1 % ±1 di gi t
for the 2-ki lo hm throu gh th e 2­
megohm range, to a low of 3% ±1
di git for the 20-oh m rang e. Th e
voltage output by the meter for th e
resistance tests is 0.25 volts max­
imum at full scale, 3.2 vo lts max­
imum into an open circu it.

continued on page 42

Understanding Telephone Electronics.
State-of-the-art technology is revolu­
tionizing telephone communications.
Enhancing capabilities. Lowering costs.
Expanding functi ons .

Learn why digital systems are replac­
ing analog. Why cordless phones
are practic al. How cellular mobile
phones work.

Fully illustrated, Understanding
Telephone Electronics is written in
concise, nontechnical language,
ideal for self-paced learnin g.

To order Telephone Electronics,
or any other book in the
Understanding Series;" use
the coupon below.

™ Trademark of Texas Instrum ents Incorporated

Here's one phonebook
worth buying

...and reading.

I-p;';e~~-------Q;';;l;-;;;;e-Ma~:-------------I

I Understanding series Tltl. s: I
o Understanding Telephone Electronics- Texas InstrumentsI (LCB7141) --@ $6.95 r.o. Box 3640, MIS 54 I

I
0 Understanding Solid-State Electronics-3rd Dallas, Texas 75285 I

edition (LCB3361) __@ $6.95

I 0 Understanding Digital Electronics-(LCB331 1) --@ $6.95 Add $\.25 per book for postage and handling. Prices I
o Understanding Microprocessors-(LCB4023) --@ $6.95 subject to change without notice.

I 0 Understanding Calculator Math-(LCB3321 ) --@ $6.95 I
o Understanding Communications Systems- Enclose check or money order with sales tax (exceptI (LCB4521) - - @ $6.95 AK, DE, NH, OR). Foreign orders must he in U.S. I

I
0 Understanding Computer Science-(LCB5471)__@ $6.95 dollars and include sh ipping charges. No phone orders, I
o UnderstandingDptronics-(LCB5472) _ _ (0 $6.95 please.

I 0 Understanding AutomotiveElectronics- I
(LCB5771) __@ $6.95

I 0 Understanding Electronic Security Name I (f)
Systems-(LC B7201) - - 0 $6.95 I mI 0 Understanding Electronic Control of Energy "1J

I Systems- (LCB6642) - -@ $6.95 Address I rri
o Understanding ElectronicControlof s:I Automation Systems- (LCB6641) --@ $6.95 I OJ

I
0 Understanding Data Communications- C ity I m

(LCB7981) __@ $6.95 JJ

I sen StUdy Cours. s: I
o P£Aud~ (1.C8665 1~P£ Text (1.CW8168) __(u' S2U 5 State Zip ~

I_O~~(~5922)I~ (I.CW81 61 ) ---=-@~95_~2~6 ©1984~ ~~~1 -I>.
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Specifications
Let's turn next to the unit's speci ­

f ications . It can measure AC and
DC vo ltage over five ranges from
200 mV to 1000 vo lts ful l scale. For
DC voltage, accuracy is specified
as ± 0.1 % of the readi ng ±1 digit.
For AC voltage, accuracy is spec­
ifi ed as ±0.75% of the reading ±2
digits over all ranges for signals
from 45 Hz to 500 Hz. For signals
from 500 Hz to 5 kHz, the accuracy
is ±2% of the read ing ±5 digits;
that spec ification is valid for the

Hickok MX·333 DMM

CIRClE102 ON FREE INFORMATIONCARD

A GOOD DMM IS ESSENT IA L FOR ANY­

one planning to do any amou nt of
electron ics wo rk . But for some in­
dividuals, espec ia lly t hose for
whom electron ics is a profession,
the quality of the device is para­
mount. After all, the unit must
stand up to the strain of constant
use and be capab le of del ivering
highly accurate measurements.
We recently had a chance to exam­
ine an instrument that in our opin­
ion meets that descript ion. That
inst rument is the Hickok (10514
Dupont Ave . , Cleve land, OH
44108) M X-333.

There's quite a bit of measure ­
ment capab ility packed into that
2.2 x 6.7 x 6-inch , 22-ounce unit.
Of course it measures resistance,
AC and DC current, and AC and
DC voltage, and provides a diode
test feature ; but it also offers a lit­
t le more by includ ing both 20-ohm
and 10-amp ranges. Tho se ranges
are not found on man y meters.
Al so provided is an audible ou tput
feature, called Vari-Pitch. As that
name implies, th e pitch of the au­
d ibl e output varies as the read ing
changes. Finally there is a lo gic­
t est i ng cap ability, called Logic­
Trek, th at works with Vari-Pitch to
provide rapid troubleshooting of
logic circuits .

are hard to beat.
Paladin cla im s that their screw­

drivers are the world's best. Wh ile
we wo uldn 't be w illing to go that
far, we do admit that we have yet to
see any better. R-E

IThis high-quality instrument
even lets you "troubleshoot"
'by ear."



In Computer Electronics...

NTS ~flTADfl~CTM HOME
TRAINING GIVES YOU
THE EDGE
The competition for
High-Technology
careers is strong,
and the rewards
are great. Give
yourself the edge
you need by training
with NTS.
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NTS InTPlOnlC home train ing provides
you with a special kind of "Hands-On"
experience that prepares you better,
develops your skills faster. You advance
as quickly as you wish, working with
actual circuits, diagrams, schematics,
and state-of-the-art hardware. There are
a dozen different NTS programs in
electronics to help you develop and
reach your potential. They range from
basics to advanced areas in several
fields. And the ALL-NEW NTS course
catalog spells it all out. It's free, and
does not obligate you in any way . Send
for it today.

A GROWTH INDUSTRY

High-Technology is a growth industry. The
evidence is clear, and most observers predict a
steady expansion due to a relatively strong flow
of investment capital into computers, electronics
and precision instruments. Sales of computers
alone will reach an estimated ten million units
this year. This means challenges and new

employment opportunities, especially in
servicing and maintenance. Computer servicing
skills can best be learned by wo rking directly on
field -type equ ipment. NTS electronic hardware is
selected and deve loped especially for the
training program with which it is associated . You
learn by doing, by assembling, by performing
tests and experiments , covering principles of
computer electronics, microprocessor trouble­
shooting , and circuitry.

MICROCOMPUTERS

NTS offers three programs in computer
electronics. You will rece ive training covering
sol id-state devices, digital logic circuitry, and the
fundamentals of the computer itself. Instruction
includes micro-control technology and detailed
ope ration of microcomputers. These courses will
prepare you for entry-level in many facets of the
computer industry such as f ield service and
customer engineering as well as programming.
In addition to written texts your course includes
the NTS/HEATH disc-drive computer which you
assemble as part of the training process. The
assembly and use of the computer will serve to
reinforce practical application of principles.
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City Sta le _

Name ~-----_ Age _

Address Apt. _

Zip Phone (

o Check If interested ONLY in classroom training in Los Angeles
o Check If interested in G.!. Bill Information.

Usa tha mall- In card or f/ll out and mall tha coupon. Ind lcata tha flald of your cnotce.
(Ona , only plaasa.) FREE full color cafalog w/II ba sant to you by raturn mall.

America's industrial giants are turning more and
more frequently to home study as an effect ive way
to upgrade employee skills. You benefi t from the
experience NTS has gained in its 79 years as a
leader in technical training. The skills and
experience gained in the building of kits and test
equipment provide you with tra ining that cann ot
be duplicated. And ,
depending on the .
program you select,
you 'can earn up to
30 CEU credits for
successful
completion.
Complete detai ls
included in the
catalog.

NATIONAL TECHNICAL SCHOOLS Depl 206-·094

4000 South Figueroa Str eet , Los Angeles, CA 90037

Please send FREE color cata log on course checked bel ow :

o Robotics 0 Computer Electronics
o Digital Electron ics 0 Video Technology
o Auto Mechanics 0 Home Appliances

o Air Conditioning /Solar Heating

manufacturi"ng processes. In Video technology, a
new course features the advanced NTS/Heath Z
Chassis "Smart Set" color TV with computer
space comm and remote control and space
phone. This is an exce llent program for those
interested in a career in video servicing with
microcomputer basics.

r-------------------~--------------------,

NO SALESMAN WILL CALL

The field of indust rial and microprocessor
technology encompasses the application of
electronic microprocessor control pr inciples.
Your course takes you from fundamentals of
digital electronics and associated circuitry
through the application of the microprocessor as
a con trol device. You will learn how to move and
manipulate instructions and intorrnation. The
microprocessor trainer included in your course is
a microcomputer system designed as a practical
tool for learning the use of software and
hardware techniques utilized in the linking of
microprocessors to various systems.

MICROPROCESSOR TECHNOLOGY

The NTS Compu-Trainer is a fascinating solid­
state device which you will build in order to
perform over ninety logic circuit expe rim ents.
These experiments serve to emphasize an area of
electronics which is essential to the under­
standing of state-of-the-art control equipment;
they are also extremely important to those
wanting to pursue a career in computer
servicing. Separa te courses involving the
Compu-Trainer are also available in
Microcomputer Serv ic ing and Digital/Analog
Electronics.

ROBOTICS &VIDEO TECHN..=O=LO=G=Y==.

NO OBLIGATION

DIGITAL ELECTRONICS
-':--:::==-=';=:::...JI'

Other NTS courses cover a wide range of
specialization. In Robotics , the NTS/Heath Hero I
is included to train you in roboti c applications in

TECHNICAL TRADE TRA INING SINCE 1905
Resident and Home-Study Schools

4000 So. Figueroa St., Los Angeles, CA 90037

"NATIONAL'

115·TECHNICAL
. SCHOOLS

L J
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705 WATERVLIET AVE, DAYTON,OHI0 .45420
IN DAYTON:(513) 252-5662 TELEX NO. 288-229

CIRCLE 18 ON FREE INFORMATION CARD

ALL OF YOUR ELECTRONIC
PARTS NEEDED!

MX-333

EASE
OF USE

OVERALL
PRICE

PRICE/
/VAWE

Hickok

INSTRUCTION
MANUAL

screw onto the end of either probe.
Using the meter is simple. It is

mere ly a matter of plugging the test
probes into the appropriate con­
nectors and selecting the requ ired
function and range . The ranges are
color coded for each funct ion . The
res istance ranges are shown in
green, the AC and DC voltage and
current ranges are shown in yellow,
and the specia l functions are shown
in blue.

All readings are d isplayed on a 3Yz­
di git LCD readout . The readout tea­
tures a polarity indicator, decimal
po ints, and a low- battery ann un­
ciator that lights w hen batte ry life is
down to 20% (a 9-volt transistor-ra­
dio-type battery is used by the
meter) . The display is t ilted upward
at a45° angle fo r easy view ing on the
bench. A belt-c lip is also prov ided
fo r portable use.

The Vari-Pitch feature is turned on
and off using the AUD IO SWITCH. That
feature can be used w ith all ranges
and functions, and is desig ned to
respond almost instant ly to prac­
tica lly all inputs . What is inte resting
about that feature is that different
kinds of input signals w ill produce
cha racteristic and d isti n c t i v e
sounds . Once yo u've used the in­
st r ument for a while and have
learned those sounds , there's quite
a bit of troubleshooting that can be
done by ear. Other uses of the Vari­
Pitch function include checking ca­
pacitors in circu it and nu lling and/or
peaking a circuit.

The Logic-Trak featu re has its own
separate BNC input connector and
requ ires the use of a10:1,80 MHz or
better osci lloscope probe (one is
not supp lied but is avai lab le from
the manufacturer). Because of the
high input impedance and low ca­
pacitance of that type of probe, it wi II
have min imum effect on the circuit
under test. That allows you to easily

OHIO WATS

range, which has an accuracy of
2.5% ±2 digits.

Use
All of the meter's ranges and

functions are selected from the
front panel. The four test-lead
connectors are located on the side
of the unit. Those co nnectors, v/w,
COM, MA , and 10A, are of the re­
cessed variety for safety. A set of
co lor-coded test probes (red-black)
are provided w ith the unit, as is an
alligato r clip attachment that can

NATIONAL WATS

OVER 500 NEW ITEMS!

CALL TOLL FREE TODAVI
1·800·543·3568 1·800·762·3412

WHAT OWIOLL "YOU
. . . .

FIND ION COEI'S ° FREEo
1984 FALL CATALOG?

EQUIPMENT REPORTS
continued from page 37

Both AC and DC currents are
measured over five ranges from 2
mA to 10 amps full scale. Accuracy
for the DC ranges va ries from
1% ±1 d igit (2 mA-200 mAl °t o
1.5% ±1 digit (2 amps). Accuracy
for the AC ranges, for input signals
from 45-400 Hz, is 1.5% ±2 digits;
the exception to t hat is the 2-mA

en
o
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Measurements are di splayed on a
Y2- inch , 3Y2-d igi t LCD readout.
Control s are simple , but to th e
point. They con sist of a front-panel
ON/OFF sw itc h and a front-panel
ZERO ADJUST cont rol. The in stru­
ment is not auto-ranging. Eight
range s f rom 200 pF to 2000 f..LF full
scale are selected , using a series of
pu shbuttons located on the side of
the case.

Capacitors can be tested in one
of two way s. Smaller capacitors
can be plugged directly into a set

Good idea! You told us you wanted to build
larger projects. And, that you needed big­
ger breadboards to build them. Well, our

two new A P PRODUCTS All Circuit
Evaluators are just what you had

in mind.
TheACE245 has 25% more capacity

than our previous largest bread­
board. It has a circuit building

matrix of 4520solderless, plug­
in tie-points. And, if bigger
is better our new ACE 254

has a circuit building
matrix of 5424

solderless tie-points.
For the

APPRODUCTS
dealer near you
call TOLL FREE
800·321·9668.

(In Ohio, call
collect

(216) 354-2101.)

AP Pf'ODUClS INCORPOAAffil IelfI9450 Pineneedle Dr. • Box540
Mentor, Ohio44060

[216] 354-2101
TVVX:810-425-2250

In Eur ope, cont act A P PRODUCTS' GmbH
Baeumlesweg 21 • 0 -7031 Weil 1 • Wes t Germany

THERE' S LITTLE DOUBT TH AT A CA PACI ­

tance meter is a hand y inst rume nt
to have around th e workshop or
lab. The problem is that many of
those instruments are either ex­
pensive or terribly inconveni ent to
use. We recently had the pl easure
of examining an in strument that
fits neither description. It is the
Krista (PO Box 3423, Torrance, CA
90510) model30B-240di gital capac­
itance meter.

This is a small (7.1 x 3.2 x 1.5­
inch, 9.9 ounce) hand-held unit.

Dlr W&@~~lr @M~ D[Q)M
lr@ &[Q)[Q) lrW@ ~~W @D~~@

lr@ @M~ [bD~~ @[?
&©~ [ID~~[Q)[ID@&~[Q)@D
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Krista Model 308-240
Capacitance Meter

A low-clost, eesy-to-use
meter

find the presence 'of logic highs and
lows, as well as opens , floating in­
puts , and shorts to either the power
supply or ground. Individual pulses,
pul se train s, or changes in voltage
levels, are indicated by the presence
of the colon in the display. Any such
change will cause the colon to ap­
pear for about 0.1 second. If the
chan ges in le vel are occurring
rapidly, the colon will appear to be
on continuously and the display will
show the average DC level.

The Logic-Trak function is es­
pecially useful when used with Vari­
Pitch. That'sbecause the various log­
ic states, and pulse activity, can be
identified quickly without looking at
the display by using that feature.
High logic-levels cause a high-fre­
quency tone to be generated , low
logic-levels cause a low-frequency
sound (or no sound at all) to be gen­
erated, and pulse activity is signaled
by a chirping sound.

The instruction manual that ac­
companies the unit is excellent. It
features everything that you woutd
expect , including information on
use, applications, calibration , and
maintenance. There is also a com­
plete parts list, parts-placement di­
agrams, and a schematic.

In summary, the Hickok MX-333 is
an excellent and well-made instru­
ment that would be awelcome addi­
tion to any electronics bench . It is
covered by a one-year warranty and
sells for $290.00. R-E
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CALL NOW
AND

RESERVE

YOUR SPACE

• 6 x rate $605 per each insertion.
• Reaches 215,460 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at not

additional charge.

Call 212-7n-6400 to reserve space .
Ask for Ar line Fishman . Limited num ­
ber of pages availab le. Mai l materia ls
to : min i-ADS. RADIO-ELECTRONICS,
200 Park Ave. South. New York , NY
10003 .

MODERN ELECTRICS. Miniature souvenir
of the first publicationeverproducedby Gerns­
back Publications, This issue appeared in
April 1908-just 75 years ago, You can own
your own reprint of this unique first edition for
just $2.50 plus 75~ P&H. It's available from
R-E BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003

FRE E 1984 ELECTRONIC TOOL & IN­
STRUMENT CATALOG is packed with over
5,000 quality technical products for assem­
bling, testing and repairing electronic equip­
ment. All products tu lly illustrated with
photographs, detailed descriptions and pric­
ing to allow for easy ordering by phone or
mail. Most orders are shipped within 24
hours. 100% satisfaction guarantee. CON­
TACT EAST, 7 Cypress Drive, Burlington,
MA 01803. (617)272-5051.

CIRCLE 50 ON FREE INFORMATION CARD

ELECTRO IMPORTING CO. CATALOG.
This reprint of the historic 176-page catalog
No. 20 gives you an accurate look at the state
of electronics in 1918. Contains everything
from a Zinc Spark Gap to a 1OOO-Mile Receiv­
ing Outfit. You can get your own copy of this
modern antique, profusely illustrated, for only
$4.95 plus $1,00 P&H, Order yours from R-E
BOOKSTORE, Rad io-Electronics, 200
Park Avenue South, New York, NY 10003.

-~;~
"-

SATELLITE CONTROL CABLE-NEMAL
ELECTRONICS has designed a new series
of combination cables for TVRO installations,
These cables provide all necessary wires for
signal, motor and receiver power and sense
circuits together in one direct burial jacket.
TYPE-1 RG-59 + 9 conductor (2-18gu)
$495/1000' , TYPE-2 RG-59 + 11 conductor
(2-12gu) $689/1000', TYPE-3 dual RG-59 +
11 conductor (2-12gu) $879/1000' , all made
with milspec RG59 , 96% copper shie ld,
tinned drain wires. Over 500 types of cable,
connectors , SMATVproducts in stock. Autho­
rized distributor Klnqs-Amp henol-Columbia.
NEMAL ELECTRONICS Inc., 12240 N.E.
14th Ave., N. Miami, FL 33161 (305)
893-3924.
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30B·240

EASE
OF USE

OVERALL
PRICE

PRICE/
/VALUE

Krista

INSTRUCTION
MANUAL

of spring-loaded test terminals on
the front panel. Larger devices can
be tested, using a set of leads (sup­
plied). Those leads plug into the
front of the unit directly below the
test terminals. The connectors
used are of the recessed type for ­
safety.

Specifications
The eight fu ll-scale ranges cov­

ered by the unit are 200 pF, 2 nF, 20
nF, 200 nF, 2 J.1F, 20 J.1F, 200J.1F, and
2000 J.1F. The accu racy, which is
specified at 25°C±5°C, is 0.5% of
the full-scale reading±1 least-sig­
nificant-digit; that specification is
valid for the 200-pF to 200-J.1F
ranges. For the 2000-J.1F range, the
accuracy is claimed to be1% of fu ll
scale ±1 least-significant-digit.

The device is powered by a 9­
volt transistor-rad io-type battery.
The specified.power consumption
is 3-4 mA. The expected batte ry
life is 200 hours if an alkaline type
is used; 100 hours for a carbon­
zinc unit. A low-battery condition
is indicated by a LOBATannunciator
on the readout. The specified op­
erating environment is O°C to 40°C
(32°F to 104°F) and a maximum rela­
tive humidity of 85%.

Use
The meter is extremely easy to

use. All that needs to be done is
turn on the unit, select the appro­
priate range, zero the display, in­
sert the capacitor into the test
term inals (or use the test leads in

. the case of larger units), and read
the value on the display. The units
of the displayed reading are the
same as indicated by the selected
range switch . If the value of the
capacitor is comp lete ly unknown,
such as in the case of unmarked
units, simply start at the lowest
range (200 pF) and work upward

continued on page 92
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DIGITAL BOARD TESTING COURSE-This
18 lesson course , including lesson books,
cassette tapes, and workbooks , will give you
the information you need to enter the field of
test engineering and to learn the latest tech­
niques used in automatic test equipment.
Earn your certificate from the Test Engineer­
ing Institute. Gheck/M.O./MastercardlVisa.
$450 plus shipping. 10 DAY NO RISK TRIAL.
Logi cal Solutions, Inc., 1799 S. Win­
chester, Suite 201, Campbell , CA 95008.
(408) 374-3650 .

CIRCLE 46 ONFREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS-13
vo lumes by se rv ice expe rts ; easy -to­
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerato rs,
washers, dryers, microwaves, etc.) , elec.
housewares, persona l-care app liances.
Basics of solid state, sett ing up shop, test
instruments. $2.65 ' to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789. Lombard. IL 60148.1-(312) 932-9550 .

CIRCLE 92ON FREE INFORMATION CARD

Califomia·DC Regulated Switching Power
supp ly +5v de @ 5 amp + 12vde @ 2 amp
+12v de @ 1.8 amp -12v de @ .5 amp
115-230v ac input, fused. EMI filtered.
Removable DC Power Harness and Sche­
mat ics included. 7.4" x 6.2" x 1.7" ht. New
units, identical to the Kepco/TDK Supplies
as seen at $59.95.
$37.50 ea. freight pre-paid in U.S.
1·8QO-327·7182 Power Plus.
(Call for Quant ity Price)

CIRCLE 8 ONFREE INFORMATION CARD
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THE LE COUNT 24 is a unique satellite an­
tenna positioning system because it is the
first do-it-yourself system, and it is the only
low voltage AC (QUITE) system on the mar­
ket today. R.tro Fit motor and 4 digit control­
power unit IS available direct at $239.95.
Motor unit alone is 109.95, counter as add on
uni t : 135.00. THE SPACEAGE ELEC­
TRONICS CORP., P.O. Box 15730, New Or­
leans, La. 70175, (504) 891-7210.

CIRCLE 23ON FREE INFORMATION CARD
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FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000 quali­
ty items. Your single source for precision
tools used by electronic technicians , engine­
ers, instrument mechan ics, schools , labora­
tories and government agencies. Also c?n­
tains Jensen's line of more than 40 tool kits.
Send for your -free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85040. (602) 968-6231.
CIRCLE37ONFREE INFORMATION CARD

ZENITH Z-TAC CABLE T.V. DESCRAMB­
LER. Bra nd new tag -a long . Posit ive and
negative video $225.00 plus 5% shipping and
handling. Visa, MasterCard, C.O.D. accept­
ed. For Complete information and our Cata­
log send $5.00 to R&M DISTRIBUTORS,
P.O. Box 266-R15, Boston, Ma. 02190. (617)
871-5838.

CIRCLE 24ON FREE INFORMATION CARD

TIMEx/SINCLAIR 1000, 1500, 2068, ZX81,
SPECTRUM PRTR I/F-A Centronics paral­
le l printer interface . Orde r PRTIF : $50 .
EPROMMER-Programs 2716,2732, 2764's
Order EPRMR: $75. Software for TS2068,
Spectrum: ASM/DSM-A fu ll featured as­
sembler /disassemble r. Order ASMDSM:
$40. TEXTEDIT- A very complete editor, in­
cluding 64-column mode . Order EDIT: $40.
When ordering , specify type of computer.
Money orders or G.O.D. only. Send to RE­
SEARCH SERVICE LABORATORIES P.O.
Box 19124, OKC, OK 73144.

CIRCLE 10ONFREE INFORMATION CARD

• 6 x rate $605 per each insertion .
• Reaches 215,460 readers.
• Fast reader serv ice cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge .

Call 212-777-6400 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to: mini­
ADS. RADIO-ELECTRON ICS, 200 Park
Ave. South, New York, NY 10003.

SCRAM8l1NG

TECHNIQUES

VIDEO

CALL NOW
AND

RESERVE
YOUR SPACE

SUBSCRIPTION TV MANUAL. This infor­
mat ion packed book details the methods
used by subscript ion TV companies to
scramb le and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies. Includes circuit schematics, the­
ory, and trouble shooting hints. Only $12.95
plus $1.50 first class P&H. Info $2.00, refun­
dable. RANDOM ACCESS, Box 417.70-R,
Phoenix, AZ 85080.

CIRCLE 31 ONFREE INFORMATIONCARD
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NEW IDEAS
Pulsating doorbell

C ONVENTI ON AL D O OR BEL LS CA N

often fa il to get you r attention.
That can happen when you are in a
remote part of your hou se, such as
your basement or att ic , or when
there are other loud noi ses, such
as w he n yo u ar e wo rk ing wi t h
power tools. While it is po ssible to
replace your doorbell with a loud ,
pu lsating buzzer, such buzze rs
will pulsate o nly as lon g as the
doorbell button is pressed. In ad­
dition, t hey can be rather expen­
sive. However, aswe'll see, there is
a better solution .

Figure1 shows a simple doorbell
circuit that, w hen activated , will
emi t a loud, pulsating sound . The
circuit is easy to build and uses
re ad il y available pa rts . Unlike
ot her doorbells , this one will con­
t inue t o so u nd for about 1Yz
mi nutes before it autom aticall y
turns off. An addit ional feature of
the circ uit is that it will automat­
ically shut off if the door is opened
before the 1Yz minutes is up.

How it works
The operation of the circuit is cen­
tered around tran sistor Q1 (a
2N3819 general-purpose FET) and
IC1 (a 555 timer configured as an
astahle multivibrator). The door-

bell circui t is power ed by two
power supp l ies, 12- and 18-volts
DC, made from several batteri es. If
you don't like the ide a of using
batteries, you can, of co urse, use a
DC power supply.

Capacitor C1 determines the on ­
time for the buzzer, while D1
provid es a di scharge path fo r that
capacitor. When 51 (the doorbell
bu tton) is closed , 0 char ges to
the supply rail and a voltage is ap­
plied to the gate of tran sistor Q1,
turning it on . Turnin g on Q1
provides a ground path for the rest
of the ci rcuit . With Q1 on, current
flows and a tri gger pulse is de­
veloped at the junction of C2 and
R1. That trigger pulse is appli ed to
pin 2 of IC1 , causin g it to begin t he
timing operati on .

The output of 10 (at pin 3) is
used to turn relay RY2 on and off.
Here , th e output is used to sink
current . When that output is low,
current fl ows throu gh t he coil;
when it is hig h, no current f lows.
As the ou tput of the 555 is chan g­
ing states rapid ly, the relay con­
tacts open and close repeatedl y.
The relay, of course, controls t he
soundi ng of th e buzzer, so that it is
continually being tu rned on and
off, causin g the pul sing effect.

W hen 0 has di scharged (timed
out), the gate voltage is removed
and Q1 turns off, effectively open­
ing th e signal path and turn ing off
th e buzzer. But, as stated earlie r, if
the door is opened before that
t ime, the buzzer automat ica lly
shuts off. That action is caused by
52. W hen the door is opened, 52
closes and shorts the charge on C1
to ground . That removes the Q1
gate -vo ltage and turns the tran ­
sistor off, cutting off the path to
ground. Switch 52 (Radio Shack
49-496, or equiva lent) is a magnet-

continued on page 102

NEW IDEAS
This column is devoted to new ideas, cir­

cuits, device applications, construction tech­
niques, helpful hints, etc.
. All published entries, upon publication, will

earn $25. In addition, for U.S. residents only,
Panavise will donate their model 333-The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight­
position rotating adjustment, indexing at 45­
degree increments, and six positive lock posi­
tions in the vertical plane, giving you a full ten­
inch height adjustment for comfortable work­
ing.

I agree to the above terms, and grant
Radi o-E lec t ro ni cs Magaz ine the right to
publish my idea and to subseq uent ly re­
publish my idea in collections or compilations
of reprints of similar articles. I declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. I also declare that this material has
not been previously published.

DatePrint Name

Street

Signature

Title of Idea

City State Zip
Mail your idea along with this coupon
to: New Ideas Radio-E lectronics,

200 Park Ave. South,
New York, NY 10003
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'Nhat's New at
AMERICAN SURPLUS TRADING?

" The Source" of
electro-mechanical components
for the hobbyist.
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1
MINIMUM .1

ORDER
$15.

Number

Industrial
quality­
regulated,
providing
variable
outp ut from
20-28V DC. Input: 105-125
VAC,60HZ. Compact solid
state package with integral
heat sink. AC fuse
protection, terminals are
quick-connect slide on type.
Dim : 4 " x 8'/2" x 7"/4"0 .

$19.95 RFE

Pre-re­
corded bulk
erased, by a
var iety of manu-
facturers such as: Ampex,
3M, or Scotc h. 7" Reels.
1800 ft .-1 mil. 2400 ft -
.75 mil. Bakers Dozen

13 reelsl $9.95

N. 24V @ 6Amp
DC POWER
SUPPLY

H. CONSTANT VOLTAGE
TRANSFORMER

Protect your
computer from
voltage surges .
Save your
programs from
crashing. 500VA­
provides 120V/6 0HZ
continuously, with input
variations as great as +1­
15% . Input voltage: 95-130
or 190- 260VAC, 60HZ.
(accepts either voltage)
Dim: STI1 6"H x 7' 5132"W x
12'11 6"L.
Mfr. Sola. $99 .00 NEW

Rotary vane pump,
oil- less. 4CFM/15PSI max.
(or 26" HG). Directly
connected to a (GE 'hHp,
1625RPM,115VAC/60HZ)
thermally protected motor.
Mounted on a metal base.
Mfr: GE& Gast

$39.95 RFE

Clly

Addre ss

Slate

Name

Telephone Area Code

Signature

Ca rd No

Exp Date

G. AC SYNCHRONOUS
STEPPING MOTOR

9.3 oz. magnet,
20 watts RMS.
Frequency re­
sponse : 50-18,000HZ,
Free air response: 86HZ.
8 Ohm, Voice coil Dia: 1".

$15.00/pair NEW

r
I

'Ii.

Consists of a 5" Dia. 1.5kW.
120V heating element, cast
into a multi finned, heavy
white metal radiator: Dim:
8" sq. x 11'k "H . 2-Hole
mounting . Mfr: Electromode
#3954

120V, 60HZ, 1.1amp.
72RPM. Torque 700 oz/ in.
Continuous duty, rap id
startinglstopping and
reversing . Stainless steel
keyed shaft : 'k " Dia. x 2"L.
Dim: 4'/4" Dia. x 7' /.." L. Mfr:
Superior Electric #SS400-
1122U $39 .95 RFE

c. 115 CFM MUFFIN FAN'

Metal frame with 5 high­
impact plastic blades. For
cooling HiFi, electronic
equipment, computers, etc.
Mounts for intake or
exhaust. 115VAC, 60HZ.
Dim : 411/' 6 " x 1'/2"0.

$7.95 RFE

Factory ,~~~~~~returns .
TV tested.
Utilizes
280A CPU (socketed)
2016P and other chips.

$14.95 RFE

F. DC STEPPING
MOTOR

American Surplus Trading riO~)~~~~2~~6 Moona chie , NJ 070 74

Synchronous,
motor
driven,
provides
accurate &
adjustable
" off" delay timing . 1 min .
minimu m sett ing. Sett ing
knob calibrated in 2 minute
increments. 120VAC, 60HZ.
33/4 " L x 29/,6"W x 33/.. " H.
Base mount. Mfr: Eagle
Signal #BR19A601

$24.50 NEW

2 Phase-4 wire type. Shaft
advances 200 steps/ Rev.,
1.8 deg. step. Input: 1.8VDC
@ 2.8 amp. 65 deg. Crise,
holding torque 72 ozli n.
Dim: 2"/' 6" L x 23I1a"OD.
Shaft: ' /4" Dia. x "/4" L.
Mounts on 2"/' 6" plate, 15"
wire leads. Mfr: Superior
Electric #M0 61FF-6201B

$37.50 NEW

B. 35 CFM SPRITE FAN'

L. RESET TIMER
0-30 minutes

I
Compact 3'1, ". For
cooling equipment
where space is at a
premium . Universal
mountin g, reversible air
flow. 115VAC, 60HZ. Dim:
3'/4" sq . x 15/.0. Rotron or
equiv. $6 .95 RFE

$9.95 RFE

All inquiries and free catalog requests call 201·939 -2710.

For all phone orders, call TOLL-FREE 800 -228-2028 ext. 825 . In Nebraska, 800 -642-8300 ext. 825.

AMERICAN SURPLUS TRADING, 62JOSEPH STREET, MOONACHIE, N.J. 07074

YES! Please send me the following items: 0 My check or money order is enclosed.
o Charge my credit card.

o Visa 0 Master Card
A,B,C, How

etc . Mlny? Description Price Totll

Totll

C/t.T/t.LOG 01
ShIpping and handli ng , we stnp UPS unless
ctbe rw.se specrneo Add $3 prus 10% total.

a_mechaniCal Canada: $3 plu s P.P. cost. Charge only

Sa les Tax (N J res idents only,
es sent with please add 6% of tota l)

yarder. ORDER TOTAL

60 Key Typewriter Layout
Utilizes 8041 8 bit
microprocessor, 8243 10
expander, 2316 ROM and
more. Charcoal grey key
caps with sound transducer.
Power requirement: 5 VDC.
26 pin header connector.
Mfr: Brothers Ind. Ltd. 556-
504 $14.95 NEW .

o. 12V BATTERY
PACK-NICKEL
CADMIUM

~
~

Pkg. of
1O-1 .2V AA cells.
Delivers 12V @ 450ma.
Recharge rate 45mA,
16-18 hours. Case with tab
output connections . Dim:
2'J, 6"H x 11/4" X21 ~f, 6 " L .

Mfr: GE #123233 or equiv,
$5.95 RFE

A. 160 CFM BLOWE R

E. WINDJAMMER
BLOWER

Creates
high volume
of air at
low pressures,
or light vacuum
for small enclosures.
120VAC, 60HZ, 1.5amp.,
3400RPM. Vacuum
approximately 12" of H20 at
" 0" CMF, 9 " of H20 at
25CFM and 2" of H20 at
52CFM with pressure side
open. Air flow speed 3"
from outlet, 6000 ft. per
minute. Inlet at top: 1"/4"L ,
Outlet at side: 1" L. Dim:
7'/4" H x 9'/4"Dia.

$59.95 RFE

8"/4 'H X 629h2"W x 8'/' 6"0.
Air Outlet: 3"H x 3"/a"W.
115VAC,60HZ. Used in
heating, ventilating, and
exhausting.

W e warehouse 60,000
items at American

Surplus Trading-expen­
sive, often hard- to-find
components for sale
at a fraction of their
original cost!

You'll find every par t
you need-either brand
new, or removed from
equipment (RFE) in excel­
lent condition. But quanti­
ties are limited . Order
from this ad, or visit our
retail showroom and find
exactly what you need
from the thousands of
items on display. Open
Mon.-Sat., 9-5. '

>
Origi nally desig ned for use in Atari
coi n-operated games. Contai ns a
19VLUP22 3-g un color tu be, focus
and brightness controls. Has elec­
tromagnetic def lection and solid
state ci rcuitry with three " Z" amp
inputs (red, green, blue). Ideal
for arcade replacement or, wit h
the addition of external ci rcuit ry,
for color graphics display.

$129.00 NEW

Contains an assortment of optical
elements that can be used for many
purposes. Includ es: front surfaced
and parti ally silvered mirrors, plastic
double convex magni fying lens (1 2"
foca l length), two-faced mirr or, plus
others. The heart of the un it is a 2­
tier mu lti-m irrored rotating assembly
with ball bearing shaft, consisti ng of
two decks. It would be suitable as a
rotatable reflector (with a light source
and a low speed motor), giving a
" disco" effec t. All of this and more is
housed in a heavy cast white metal
enclosure 14"L x 11'/2"W x 9 "H.
Op ens easily with a screwdriver.

$39.95 RFE

s.
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GRAPHIC EQUALIZER/ANALYZER,
the Pioneer model SG-50M, is a
ten-band graphic equal izer that
has been combined with a spec­
trum analyzer to evaluate and indi­
cate the acoustic settings for any
room.

The model SG-50M uses its own
microphone and a built-in pink­
noise generator to determine
electronically the most desirab le
acoustic settings for the room in
question. It then ind icates ideal
frequency-output leve ls on a large
fluorescent display. Settings are
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Platt introduces the ultimate static-free circuit board case"
Circuit boards can now be transported safely from job to

job with protection from electrostatic discharge (ESD) as wen
as cushioned protection from shock and vibration.

Platt's circuit board case is made of lightweight, handsome
jet black static free cotton duck and RCASTM 1200 Pink Poly
anti -static end shells,

Inside , circuit boards are further protected from damage
and degradation in a compact, static -free, cushioned environment.
. The adjustable separators make it possible to carry a

number of circuit boards of varying sizes .
So, if you're looking for a way to safely carry sensitive

circuit boards, remember Platt's case won't give you any static .
Write or can Michael Platt for~

complete information on our great
new circuit board case and fun
line of tool cases. LUGGAGE
ir.~~i~~ Professional cases for business and industry

. 23 01 S. P rairie Ave., Chica go, Ill. 60616
Toll free number: 1-800-222-1555

CIRCLE 89 ON FREE INFORMAT ION CARD

Electric Mini -Drill
This precision electric mini-drill is ideal for

prototype work; P.e. board revision and
redesign, solder removal; lead hole

cleaning; grinding and polishing.
Comes supplied with

EDG-Ol detachable finger
guard and 6

collets:

EDG·02

Use with transformer EDG -03

crA~
DAVLE TECH INC.

.. ELECTRONC TOUS &ACCE$~IES
TM 205 Banta Place Fan Lawn-Nd 07410 USA Tel 201·796- 1720

CIRCLE 54 ON FREE INFORMATION CARD



AT LEADING ELECTRICAL/ELECTRONICS DISTRIBUTORS

4 Yz - Iglt 474rM
.03% Basic DC Accuracy
$219 ..

V' Large, Easy-to-Read LCD Display
V' High Impact ABS Case
V' 2-Way Tilt Stand
V' Extended Batte ry Life
V' UL Recognized Test Leads
V' Full Line of Opt iona l Accessories
V' Full Simpson War ranty

two lines are provided with sepa­
rate battery feeds; it accepts tone
and rotary input; it has a unique
station number for each l ine ;
there is a ringing-voltage source
with short-circuit protection, and
there are three ways to app ly ring­
ing to on -hook lines. The TLS-2
sells for $290.00.--Teltone Corpora­
tion, 10801 120th Avenue, NE, PO
Box 657, Kirkland , WA 98033.

TEST SET, model HX-93, is de ­
signed for testing insta lled cables.

en
m
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SIMPSON ELECTRIC COMPANY ;rj
A Katy Industries, Inc. Subsidiary 115

853 Dundee Avenue, Elgin, Illinois 60120-3090 gJ
(312) 697-2260 • Telex 72-2416
Cable SIMELCO

3Yz Digit 470rM
.15% Basic DC Accuracy
$139

ask for

1984 - OUR 50th ANNIVERSARY YEAR

I

V' Full Measurement Capabil ity
V' 6 kV Trans ient Protect ion
V' Double Fusing System
V' Audib le Continuity Indication
V' Diode Test Function
V' User Engineered Range/Funct ion

Selector Knobs

FULL FUNCTION DMMs WITH THESE MOST WANTED FEATURES .. .

For Quality 31/2 or 41/2 Digit Hand-Held DMMs

fol lowing features : It provides
loop and ground-start operation;

CIRCLE 123 ON FREE INFORMATION CARD

CIRClE122 O N FREE IN FO RM ATION CARD

The 0.563- inch LED read o ut ,
wit h programmable decimal
poi nt, is readab le from 30 feet. The
meter is designed for scient ific
ana lyt ica l equipment, med ical
equ ipment, and test and process­
control equ ipment, as we ll as ap­
plications for hobbyists and elec­
t ronics exper imenters . Calcula­
tions invol ving meter load ing are
elim inated, in most cases, by the
high-i mpedance input.

Th e model X-34 Thriftmeter
comes w ith a case, red readout­
filter, and mounting hardware, and
is priced at $38.50 .-Non-Linear
Systems, 533 Stevens Avenue, So­
lana Beach, CA 92075.

TEST LINE SIMULATOR, model
TLS-2, is designed to provide a
telep hone/telephone system in­
staller a means to perform opera­
tional and functional checks of
telephone and system installations
when centra l-office lines are not
available.

The model TLS-2 includes the

made manually, and can be ad­
justed either by following the visu­
al recommendations or by setting
them for individual tastes.

The model SG-50M uses 10 slid­
ing frequency controls for precise
tonal adjustment . Each control is
ill um inated by its own LED for
quick and easy visual reference .
The suggested price for the Pi­
oneer model SG-50M is $259.95.­
Pioneer Electronics, 1925 E. Do­
m inguez St., Lo n g Beac h, CA
90810.

DIGITAL PANEL METER, the model
X-34 Thri ftm eter, is an LED-reado ut
digital pane l meter with a 0.5-inch
depth behind the case. The 3Yz­
digit, 2000-cou nt meter feat ures
automatic polarity indicat ion for
posit ive and negative input vo lt­
ages, out-of-range over load in­
dicat io n, and accuracy to 0.001
vo lt. .

CIRCLE 34 ON FREE INFORMATION CARD 49
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The unit features interchangeable
adapter p lates for one cable end,
wh ile the remote cable end con­
nects to a passive connector
block. Al l lines are checked elec­
tronically for shorts and opens, as
well as miswires. Testing can be
initiated at eit her end; a PASS/FAIL

indicator is included on the re­
mote-connector block.

Spring-loaded probes on the
tester assure reliable con nection
to the adaptor plates . The model
HX-93 is priced at $1195 .00.-Hol­
lex, Inc., 81 W. Wyomi ng Avenue,
MA 02176.

INTERFACE, model 200-C488, is an
IEEE-488 CPIB (Genera l Purpose
Interface Bus) i n t e rf ace that
provides talker- listener functions
for the full series of Bertan's ex­
panded 205N210 laboratory high­
voltage power supplies now avail­
able. (Those supp lies have output
vo ltages to 75 kilovo lts and output
power to 250 watts .)

CIRClE 125 ON FREE INFO RM ATIO N CARD

Com mands t hat are im p l e­
mented via the interface include
output-voltage sett ing, vo ltage
l im it, and curre nt l im it. In re­
sponse to a controller req uest, the
interface supp lies powe r-supp ly
status and output data . It can be
program med to automatically shut
down a power supply.and req uest

serv ice for an overvo ltage or over­
cu rrent cond ition .

The model 200-C488 interface is
priced at $1 ,000.00.-Bertan Asso­
ciates, Inc., 3 Aerial Way, Syosset,
NY 11791 .

SATElLITE RECEIVER, the System
70, features detent tun ing, po larity
contro l, a signa l-strength meter,
bui lt-in modu lator, scan tuning ,
and w ide and narrow audio-filters .
It isavailab le either asthe standard
model 70x or the stereo version,

CIRClE 126 ON FREE IN FORM ATIO N CARD

model 70s, w hic h decodes both
matrix and d iscrete stereo sound.

The System 70x is pr iced at
$750.00; t he System 70s costs
$900.00. -lowrance Electronics,
Inc., 12000 E. Skel ly Drive, Tulsa,
OK 74128. R-E

CIRCLE 90 ON FREE INFORMATION CARD
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THE SCOPE! -•100 MHz 8-TRACE
4 CHANNEL
DUAL TIME
MODEL 1590P
• 100 MHz response ano 35ns rise time
• 120 MHz response at - 6d B • 1mV/dlVl'
sron sensitivity to 100 MHz . 500m V/d lVlo
ston casc ade sens.nvrtv • 2ns/d ivision
sweep rate wit h lOx magnifier . Fourmput
ope ration provides trIgger views or lour sep ·
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used to set the high-frequency rolloff
characteristics of the op-amp and helps
prevent ICI from oscillating. Integrated
circuit ICI should be a fairly high-fre­
quency op-amp; the same holds true for
IC2 and IC3. If you are substituting a
device other than the one specified, check
the manufactures data sheet to be sure it
has sufficient gain at 17 kHz . For in­
stance, a 741 op-amp would not workhere
since its gain drops to a maximum of
about 40 at 17 kHz. Impedance matching
and voltage step-up between the tweeter
(used here as a sound detector rather than
a sound source) and the first stage is done
by T1, an 8-ohm/lOOO-ohm audio trans­
former. That transformer is placed in the
circuit so that the 8-ohm side is connected
to the speaker.

The second stage is a high-frequency
amplifier with a gain of about 100. Low­
frequency attenuation is provided by C3
and R3. High-frequency attenuation and
stability is provided by C5. Power-supply
decoupling is taken care of here by R5 and
C4. Themagnitude of the received 17­
kHz signal at this point should be about 4
to 8 volts P-P.

If there is a moving object in the range
of the device, there will be another fre­
quency present at the output of that stage.
In addition to the 17 kHz being reflected
from the walls, doors and other stationary
objects, there is also a weaker signal
whose frequency is determined by the
speed of the moving object. Those two
signals (a strong l7-kHz signal and a
weaker ± doppler signal) appear as an
amplitude-modulated waveform . Ger­
manium diodes Dl and D2 are used to
detect that AM signal, much like a crystal
radio.

The third stage is a variable-gain low­
frequency bandpass amplifier that rolls
off slowlybelow 15Hz and above200 Hz.
Those frequencies represent the average
range of doppler-shifted frequencies as
determined earlier in the article. That
stage uses a potentiometer, R6, to control
unit sensitivity; it varies gain from 1 to
about 200. The output of that stage should
be about 5 volts poP, if there is motion in
the range of the device.

That AC signal is rectified by D3 and
D4. The DC produced by those diodes is
fed to an integrator. The integrator makes
sure that motion is detected for about two­
tenths of a second before setting off the
Schmitt trigger (the fourth stage). That
ensures that random system noise and
room noise will not trip the unit. In addi­
tion, by placing C6 on the input of the
TIL Schmitt trigger, the unit will always
power up in the "not tripped" or still
mode.

The transmitter circuit (see Fig. 3) is
quite simple in operation. A 555 timer is
used as an oscillator to produce the 17­
kHz carrier. It is a good idea to use a
polystyrene capacitor for C26 (the .00fJ-F
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FIG. 3-THE OUTPUT OF the LM380, IC1, is used to either drive a speaker in a stand-alone system , or
an output amplifier in a multi-unit system.

in the 555 -oscill ator timing circuit ) to re­
duce frequency dr ift with temperature .

.The.signal can take.one.of.two.paths.after
that depending on whether a single- or
mult iple-un it setup is involved .

In single-unit sys tems, a 555 timer and
a single LM380 , or other suitable audio
power-amplifier, are used to drive the
tweeter directly (see Fig. 3). An LM380 is
a high-gain audio-power amplifier capa­
ble of producing about 3 watts of audio
power. Other desirable characteri stics of
that amplifier are that it requires only one
power supply, and its inputs are ground
referenced.

In the author 's set-up, which uses units
in five different rooms, the LM 380 shown
in Fig . 3 serves as a distribution amplifier.
Its output is fed to a seco nd LM 380 ,
which serves as an output amplifier, in
each unit (see Fig . 4).

The project requires 12 volts . Here, that
voltage was derived by feeding 14.5-17
volts from a wall-plug suppl y to a 12-volt
regulator housed in the receiver case.

One problem with that set-up is that the
system become s disabled if power in the
house is interrupted. A solution to that
problem is to supply a battery back-up as
shown in Fig . 5 . The circuit shown in that
figure will enable BI, a battery pack made
up of 10 NiCd cells in series, to cut in any
time that power is interrupted . It will also
trickle charge the cells so that the batteries
will not become depleted during the long
(hopefully! ) periods between uses.

Construction
Although there is little that is critical

about the circuit, good construction prac­
tices should be followed . The author's
prototy pes were built on perforated con­
struction board and po int-to-point wiring
was used with goo d results. Figure 6
shows the receiver and output-amp board
layout used by the author. Note that R6
and LED! are brought outside of the box
housing the receiver circuit and are ce­
mented to the cover of that box . Also Ys­
watt resist ors were used in the prototype .
As those resistors can be difficult to come
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PARTS LIST

All resistors Y4-watl, 10% unless other­
wise noted

R1 , R4, R5-10,OOOohms,trimmerp oten-
tiometer

R2, R13, R29--180 ohms
R3, R7-1000 ohms
R6-200,000 ohms, potentiometer
R8, R9--120 ,000 ohms
R10, R1 1, R27, R28-3900 ohms
R12-150 ohms, v.. watt
R14-R17, R23-470 ohms
R18-2200 ohms
R19, R24-1 000 ohms, multi-turn trimmer

potentiometer
R20, R21 , R25-6800 ohms
R22-20,000 ohms, multi -turn trimmer

potentiometer
R26-1200 ohms
Capacitors
C1 , C4, C12- 150 flF, 20 volts, electrolytic
C2-10 pF, ceramic disc
C3, C15-.02 flF, ceramic disc
C5-5 pF, ceramic disc -­
C6-220 flF, 6 volts, electrolytic
C7--Q.1 flF, ceramic disc
C8, C9, C16, C17-.0022 flF, polystyrene
C1 D-35 flF, 10 volts, electrolytic
C11 , C22-.001 flF, ceramic disc
C13--2 flF, 10 volts, electrolytic
C14, C18, C27-10 flF, 10 volts, elec-

trolytic
C19--100 flF, 20 volts, electrolytic
C20, C29--1 flF, 20 volts, electrolytic
C21-680 pF, ceramic disc
C23, C25-.01 flF, ceramic disc
C24-22 flF, 20 volts, electrolytic
C26-.01 flF, polystyrene
C28-100 flF, 20 volts, electrolytic
C3D-30 flF, 25 volts, electrolytic
Semiconductors
IC1-IC3--LM301 operational amplifier
IC4-74LS14 hex Schmitt trigger
IC5-555 timer
IC6, IC7-LM380 operational amplifier
IC8-MC7812 12-volt regulator
01-04, 06-08-1N270 or 1N34A
05-1N4733 Zener
LE01-green LED with holder (Radio­

Shack 276-019 or equivalent)
T1-transformer, 1000-ohm primary, 8­

ohm secondar y (Ra d io -S hack
273-1380 or equivalent)

SPKR1, SP KR2-tweeter (Radio-Shack
40-1270 or equivalent)

Miscellaneous: Perforated construction
board, metal project boxes (2), cabinet
materials (see text), wire, solder, etc.

be compromised , the least expensive suit­
able components were used . With careful
shopping, the cos t of building a unit
should run about $35.00, or less if you
have a well stocke d junkbox .

The cab inet shown here and on the
cover was made out of acrylic plastic for
appearance reasons. The author's pro­
tot ypes , however, we re mad e from
plywood , which is cheaper and easier to
work with . When you make your cabinet,
be sure that it is large enough to accom­
modate the two tweeter s and the two
boards. The tweeters can be mounted on
the front panel of the cabinet with either

R25
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.~

TBl
I 12V NiCd
I
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1.2K
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lN34A , 08

- lN34A
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FIG.5-A BATTERYBACK-UP will keep the sys­
tem active In case of a power interuptlon.

by, we sugges t using Y4-watt units instead.
Here are some tips: The ground leads

should be of heavier wire to reduce induc­
tance . Make an attempt to separate inputs
from outputs on the gain stages. Keep
leads short. Make absolutely sure to use a
regulated, filtered power supply as shown;
remember, the three stages have a com ­
bined gain of around 1,000 ,000 . It is a
good idea to hou se the receiver in a
shielded box separate from the transmit ­
ter. And be sure to use shielded cable from
the tweeter to the receiver.

Common parts are used in this design ,
and they are easy to obtain from a number
of sources. Where perform ance would not

+12V--.,---.t----<ir------o+12V

INPUT
(FROM
DISTRIBUTION
AMPLIFIER­
SEETEXT)

FIG. 4-IN MULTI-UNIT SYSTEMS, only a sing le
oscillator/distribution-amplifier is used . The
output from that ci rcuit (shown In Fig. 5) is fed to
an output amplifier, such as the one shown here,
located in each unit.
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Interfacing
Interfacing the unit to the outside world

is a matter of preference. Using an intrud­
er alarm as an example, the easiest way to
do something useful with the circuit
would be to connect the output directly to
a "noise maker" of some type. Youwould
probably want to have an outside hidden
or key switch to tum the unit on or off.

A more sophisticated approach would
be to drive a one-shot (possibly made
from the unused sections of the 74LS I4
and some capacitors) to keep the alarm on
for a minute or so to ensure that the intrud­
er leaves! In the author 's home , a KIM
computer and interfac e provides power
and monitors the outputs of five units. A
one-key code on the KIM keypad enables
the units when the house is empty, and a
six-key code turns off the units when the
house is occupied. R·E

your scope or meter to pin 6 of IC2. You
should see several volts of 17-kHz signal
at that pin . Next we'll set the 555 frequen­
cy and the transmitter-output level. Point
both speakers in the same direction , away
from nearb y objects. Obser ving your
scope or meter, make sure the signal level
is less than 7-volts P-P on the scope or less
than 2.5-volts RMS on the AC meter. Ad­
just the transmitter-level control to obtain
those voltages. Now adjust the transmit­
ter-frequency control for maximum in­
dication on your scope or meter. That is
the final setting for the frequency potenti­
ometer. Be sure to have the level potenti­
ometer set for about 7- volts P-P at IC2. It
is interesting at this point to observe the
amplitude modulation of the 17-kHz sig­
nal that is caused by movement.

On to the final amplifier stage. Detector
diodes D! and D2 and the following low­
frequency bandpass filter feed a signal to
IC3 that is proportional to the low-fre­
quency amplitude variations of the 17­
kHz carrier. IC3 amplifies that voltage to a
useful level. Connect your scope or meter
to pin 6 of IC3. With the sensitivity con­
trol set to mid-range, you should see
about I-volt P-P or Y3-volt RMS, which
represents circuit noise etc. Moving your
hand in front of the speakers should cause
the output of this stage to hit both rails.
Yourscope should see a squarewave down
to about 1 volt and up to about 11 volts
when a moving object is near the tweeter.
An AC voltmeter should see greater than 3
volts with nearby movement.

The last stage of the rece iver is a
74LSI4 Schmitt trigger, IC4. Its signal
comes from diodes D3 and D4, which
rectify the low-frequency AC of the pre-

,vious stage. The output of the diodes is
connected to an integrator, which is con­
nected to the input of the 74LS14. If all is
well , when the voltage at that point
reaches about I. 7 volts, pin 4 ofIC4 will
go high and LED! will light, indicating
movement in front of the detector.

Rec e iver alig nment is almost as
straightforward as the transmitter. You
probably noticed that Tl is not located on
the receiver board. To save room on the
circuit board, it is mounted on the receiver
tweeter. Connec ting the receiver tweeter
to the receiver board and applying power
to the unit, we are ready to proceed . Note:
to align the receiver, the transmitter must
be operating as it is the signal source. It
will help to have both tweeters pointing in
the same direction and away from moving
objects. Also, try to point them toward a
wall or surface that is no less than 10 feet
away.

First of all, the DC-level potentiome­
ters, RI , R4, and R5 on all the op-amps ,
should be adjusted. Disable the transmit­
ter for those measurements since they are
DC adjustments . Starting with ICI, a
scope or meter should be connected to pin
6 of each respective op-amp. Adjust ICI
and IC2 to read about 5.25-volts DC. Ad­
just IC3 to get about 6-volts DC.

Now tum on the transmitter. Looking at
signal at pin 6 of ICI with a scope, you
should see some indication of a 17-kHz
sinewave. You should be able to see some
small amount on the AC scale of your
YOM or VTVM . Depending on your
meter, you may need to put a I-IJ.F capaci­
tor in series with the meter to block the
DC level at the measurement points. If
you see no signal at that point, it is time to
adjust the transmitter frequency to obtain
maximum signal. It will help to point the
transmitter tweeter directly toward the re­
ceiver tweeter.

Assuming you have a l7-kHz signal at
ICI , we can now check out IC2. Connect

screws or glue. Be sure to cut holes out of
the front piece to allow sound to leave or
reach the tweeters unimpeded.

~
C29

(SEE
TEXT)

FIG. 6-THE AUTHOR'S PROTOTYPE was built on perforated construction board. Note that the unit
shown here, the receiver /output-amplifier combination used in multi-unit systems, Is a prototype and
differs sllghti y from the final design .

Circu it alignm ent
The easiest way to align the circuit is

with an oscilloscope, although it can also
be done with a YOM or VTVM.

Let's first check out the transmitter, re­
ferring back to Fig. 3 as we go . Power up
the tran smitter with the speaker con­
nected. If the circuit is operating, there is
a good chance a loud high-pitched tone
will be emitted from the tweeter, so you
may want to do this part of the checkout in
a secluded part of your house! Connect
your test instrument to pin 3 of the 555
timer. If using a scope, you should see a
12-volt P-P squarewave. If using a YOM,

'you should see about 6 volts on the DC
scale . Moving on to the output of the
LM380, connect to the speaker side of the
output coupling capacitor. When using a
scope, you should see a fairly distorted
sinewave of about IO-volts P-P. If using a
YOM, there should be about 3.5 volts on
the AC scale . The level control of the line
driver and/or output amplifier should be
adjusted to obtain the above values. Ifyou
have a frequency counter, adjust the fre­
quency potentiometer to get about 17
kHz . If you don't have a counter, a rough
adjustment can be made by turning the
frequency potentiometer so that a loud
high pitched tone is heard . Then adjust the
potentiometer so that the tone gets higher
in frequency. Continue turning the pot
until you can barely hear the tone pro­
duced. For the average .ear, you should
now be adjusted to around 17 or 18 kHz.
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Electronic Measurements
In Medicine
Ray Fish, Ph.D., M.D.

Learn all about the measurements, electronic
and otherwise, that doctors use to monitor the

health ofsick or injured patients.

A VARIETY O F ELECTRON IC M EAS URE­

ments are made on people who are ill or
injured. Those measurements tell the phy­
sician, nurses, and other health-care per­
sonnel much needed informatio n about
the condition of the patient that would not
be obvious from outward appeara nces .
This article will discuss some of the mea­
surements that are routinely used in many
hospitals today.

The first article in this series descr ibed
the anatomy (structure) and physiology
(function) of the heart . The manner in
which electrica l signals originate in heart
cells and cause contraction of heart mus­
cle was described . Problems with heart
rhy thm, including cardiac arrest, were
discussed. This article will go into more
depth in telling how electronic instru­
ments are used to measure the effec­
tivenes s of cardiac (hea rt) and pulmonary
(lung) functions. The importance of mea­
suring blood pressure , as well as blood
flow, pH, and gas content in various parts
of the body will be exp lained . The tech­
nique s used for measuring those and other
physiological parameters will be exam­
ined .

The electrocardiogram
The electrocardiogram is a record of a

volt age th at 's obtai ne d by connecting
wires (electrodes) to a person' s chest ,
arms, and legs . That voltage is generated

by heart-muscle cells. Much about the
functioning of a person's hea rt can be
learn ed by study ing th e elec trocar­
diogram .

Figure I shows a standard , normal elec­
trocardiogram . Twelve different voltages
are recorded, being measured from stan­
dard combinations of 10electrodes placed
at prescribed locations on the skin surface
(a subject to be explained in another arti­
cle). Three types of problems caused by
the recording equipment can be seen here .
In traces I (Fig. I-a to Fig. I-d) and III
(Fig. l-i to Fig. I-I), high-frequency sig­
nals from muscle tremor can be seen. In
Fig. I-f, the baseline is not positioned
properly, leading to pinning of the pen at
the bottom of the tracing. In Fig. l-k, the
baseline has shifted at A, possibly due to
movement of the electrode. The square
pulse at the end of the tracings (Fig. I-d,
Fig. l-h, and Fig. I-I) is a I-millivolt cal­
ibration signa l. Mo de rn e lectrocar­
diograp h machines will print out the 12
tracings, as shown in Fig. I, after the elec­
trodes are connected and one button is
pressed . The signals can be interpreted by
a computer with surprising accuracy.

With myocard ial infarction (a heart at­
tack), one of the arteries that supply blood
throughout the thickness of the heart mus­
cle becomes blocked . That blockage
causes a lack of oxyge n and nutrients in a
portion of th~ heart muscle . The injured

cells may not conduct electrical signals
(may not depolarize) as they should. At
other times, the injured cells become irri­
table and depolarize more frequently than
they should. Thus, a signal to depolarize
may be blocked . Also, extra signals may
cause inappropri ate co ntract ion s and
harmful signals to propagate throughout
the heart muscle .

Similar problems can occur with any
condition that interferes with oxygen or
blood supply to the heart . Thus, the heart
will often develop unusual rhythms (dys­
rhy thmias or arr hy thmias), funct ion
weakly, or stop when there is lack of oxy­
gen. Lack of oxygen may occur due to
poor breathing, drugs, head injury, chest
injury, drowning, or lung trouble . Ar­
rhythmias can also occur as a result of
injury to the heart, blood loss, or dehydra­
tion (depletion of body water). The heart's
electrical function and strength are also
predictably affected by an imbalance of
salts and other substances in the blood
such as calc ium and potassium. Man y
drugs affect the electrical function of the
heart .

The electrocardiogram is one means of
electronically monitoring the patient with
a myocardial infarction or other heart
problem. The electrocardiogram does not
tell the whole story, however. Sometimes
the electrocardiogra m will look normal
but the person will be having significant
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FIG.1-ELECTROCARDIOGRAM TRACINGS. Shown here are the 12 voltages taken when the standard
10-elect rode system Is used,
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FIG. 2-eIRCULATORY SYSTEM. Some of the major arteries and veins that carry blood throughout the
body are shown here. •
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problem s. Other measurements of the
heart function must be made.

The heart is the pump that moves blood
throughout the body. As shown in Fig. 2,
the heart receives blood from the body.
Blood from the top half of the body comes
to the heart through the superior vena
cava. Blood from the bottom half of the
body comes from the inferior vena cava.'

Figure 3 shows a chest X-ray in which
an intravenous catheter has been placed
through the subclavian vein into the supe­
rior vena cava. The catheter is a plastic
tube that is connected to a bag of sterile
fluid (see Fig. 4). A manometer (cali­
brated plastic tube) connected to the intra­
venous tubing can be used to measurethe
pressure in the superior vena cava. ~n

electronic pressure transducer can also be
used, as shown in Fig. 4. The pressure
measured is referred to as the central-ven­
ous pressure (CVP). In a person who is
deh ydrated or has been bleeding , one
would expect that blood return to the heart
will be decreased , and the central-venous
pressure will be low. If a person had re­
ceived too much intravenous fluids, or if
the heart is too weak to pump out the
blood returning to it , the central-venous
pressure will be abnormally high. The
central-venous pressure is normally 5 to
12 centimeters of water. The measurement
is made with the person laying down,
using the level of the right atrium as the
zero-pressure level.

After returning to the heart , blood first
goes into the righ t atrium . The right
atrium is the first of the four compart­
me nt s, or "" chambers" of th e heart
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FIG. 3-THIS X·RAY shows an intravenous catheter that has been placed through the subclavian vein
into the superior vena cava.

TUBE INTRACHEA
FOR BREATHING

CATHETER IN
SUBCLAVIAN
VEIN
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SUPER IOR CAVA

RIGHT LUNG

ECG
WIRE

LEFT LUNG

HEART

ing additional intravenous fluids will just
put more of a load on the heart, leading to
pulmonary edema . On the other hand , in
other patients with myocardial infarction
and low blood pressure, the reason for the
low blood pressure is that the person is
dehydrated. That person needs to be given
fluids .
. Dehydration is a lack of fluids in the
body and can be caused by a number of
condit ions that accompany myocardial in­
farction (and many other illnesses); those
conditions include sweating, decreased
liquid intake due to nausea or being too
weak to eat and drink, and losses due to
vomiti ng. De hydration ca n be made
worse if the person is taking blood-pres­
sure medication (diure tics or "water
pills" ) that causes increased urination . .

. The central-venous pressure measure­
ment will not always be sufficient to deter­
mine if there is fluid overload or dehydra­
tion. The reaso n for that is that some
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SUBCLAVIAN VEIN
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people with lung disease chronically have
higher than normal central-venous pres­
sures, even when they are somewhat dehy­
drated . In other patien ts, with normal
central-venous pressures, the overload of
the weakened left ventricle is not reflected
in the central-venous pressure measure­
ment early on because the right ventricle
is functioni ng well.

In the patient with suspec ted myocar­
dial infarction and low blood pressure,
giving fluids can be harmful or can be' of
great help. Whether fluids are needed or
not can be determin ed by measuring the
pulmonary-artery wedge pressure. If the
pressure is low, it is an indication that the
left ventricle is not pumping out enough
blood because there is not enough blood
going to it. More fluids would help this
situation . If the pressure is high or nor­
ma l, it indicates that additional fluid
wou ld just overload the left ventricle
more; the problem is a weak left ventricle .
Thus, measurement of the pulmonary-ar­
tery wedge pressure can tell the physician
whether the patient needs more or less
fluids to correct the low-blood pressure .

Measurement of the pulmonary-artery

ECG WIRE

SHOULDER

ECG ELECTRODE

FIG.5-THE CATHETER in-this X-ray has been place wedged in one .ot the smaller branches of the
pulmonary artery in order to measure the pulmona ry-artery wedge pressure .

pie cha nnels ' (side port s) wi th in the
catheter. .

The pulmonary-artery wedge pressure
measurement is valuable in patients with
myocardial infarction because in such pa­
tients it often happens that the left ventri­
cle does not function strongly enough to
pump blood out of it. The pressure in the
lungs becomes abnormally high , al­
though this might not be reflected in the
central-venous-pressure measurement s .
It is important to notice as early as possi ­
ble when the wedge pressure becomes
high, as high pressures will lead to the
leakage of fluid into the lung tissue. The
fluid leaks into the lung tissue because of
the high pressure and interferes with oxy­
gen intake and carbon-d ioxide removal
from the blood . The cond ition of fluid in
the lungs is common in heart attacks, but
occurs at other times also. The cond ition
is known as congestive heart failure or
pulmonary edema.

At times , a perso n with a suspecte d
myocardial infarction will have a low
blood pressure . It may be that the left
ventricle is simply too weak to produce a
normal blood pressure . In that case, giv-

TUBECONNECTED TO
SUCTION TO EXPAND
COLLAPSED LUNG

CATHETER
TIP

/
OPENING FOR
BALLOON
INFLATING
AND OEFLATING

through which the blood will pass. Blood
goes from the right atrium to the right
ventr icle . The tricuspid valve keeps the
blood from flowing backward . The right
ventricle will pump blood to the lungs.

Pulmonary-artery wedge pressure
If a catheter was inserted in the super ior

vena cava and advanced further, it would
go into the right atrium , the right ventri­
cle, and eventually through the pulmo­
nary artery. The catheter would wedge in
one of the sma ller branches of the pulmo­
nary artery (see Fig. 5). If a balloon near
the tip of the catheter were inflated, the
pressure measured in that wedge position,
the "pulmonary-artery wedge pressure,"
would be indicative of pressures in the left
atrium and left ventric le. Commercially
available catheters are used to make those
measurements and to obtain blood sam­
ples from vario us locations along the
length of the cathe ter by means of multi-

j /
BALLOON-SURROUNDS
THE CATHETER NEAR
ITS TIP

FIG. 4-CROSS-SECTIONAL DIAGRAMof an In­
travenous catheter. Pressure measurements
and blood samples can be taken from the side
port or the lip.
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wedge pressure is acco mplished with a
catheter placed as shown in the ches t X­
ray in Fig. 5. The end of the catheter
outs ide the body is connected by a saline
fi l led-tubing to a pressure transducer. The
pressure waveforms occurring with each
heartbeat as the catheter moves from the
right atrium to the pulmonary artery are
shown in Fig . 6. The pressure is measured
in mmHg (mi llimeters of mercury). When
the end of the catheter is wedged into a
small branch of the pulmonary artery, the
balloon at the end of the catheter is inf­
lated . Theresulting press ure is the pulmo­
nary-artery wedge pressure .

Figure 4 shows how measurements are
actua lly.made using a catheter. Catheters
used to measure the pulmonary-artery
wedge pressure have severa l channels.
However, even if the catheter had just one
channel, it would be suitable for giving
fluids, drawin g blood samples, and mea­
suring pressures. The pressure measure­
ment can be made by co nnec ting the
catheter through tubing and switchable
connectors to a fluid-filled manometer.
The manometer is simply a plastic tube . If
the zero-pressure mark on the manometer
is held at the level of the patient's right
atrium (the mid chest), the fluid in the
manometer will rise to a level equal to the
pressure at the end of the catheter which is
in the body. Instead of a manometer, an
elec tronic pressure -trans ducer ca n be
connected . Oscill oscope monitoring and
strip-chart reco rding of pressures can then
be done.

To learn about cardiac functio n in an
acutely ill patient, the blood pressure is
often measu red in the superior vena cava,
and in the pulmonary and systemic ar­
teries. The syste m ic arte ries are the
branches fro m the ao rta , suc h as the
femora l or radial (wrist) arteries. Those
meas ureme nts are don e with catheters
similar to that shown in Fig . 4 .

Cardiac output measurements
The actual function of the heart can be

determined by measuring the cardiac out­
put; the blood flow coming from the heart
as measu red in liters -per-m inute. The
measurement of cardiac output can be ac­
co mplished by inject ing a known amount
of sterile solution of known temperature
into the right atrium or superior vena cava
and measuring the resultant change in the
blood temperature in the pulm onary ar­
tery. The change of tem peratu re over time
is measured by a thermis tor near the tip of
the catheter. The change in temperature
over time will depend on the amount of
blood flowing. Calculations are made by a
"cardiac-output computer'; using the data
from the thermistor. That is known as the
therm odilu tion technique of meas uring
ca rdiac output. A dye-dilution technique
involves inject ing a co lored dye and cal­
culating cardiac output in a simi lar fash­
ion .
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FIG. 6-THE PRESSURE WAVEFORMS that oc­
cur with each heartbeat as the catheter Is moved
from the right atrium to the pu lmo nary artery are
shown here.

Blood gases
. The lungs add oxygen to the blood and

get rid of the waste gas (carbon dioxide)
tha t the blood had accumulated while
go ing through the body. Blood returns to
the left side of the heart from the lungs. It
is common to measure the content of oxy­
gen and carbon dioxide in the blood . The
acidity, orpH , is measured along with the
oxyg en and carbon-diox ide levels . Those
three measurements are called the '.'blood
gases ...

Blood passes from the left atrium to the
left ventricle through the mitral valve. The
left ventricle can then pump blood to the
body throu gh the aortic valve. The largest
artery in the body, the aorta, divid es into a
success ion of smaller arteries, then capill­
aries , then veins. The veins come together
to form the grea t veins which return blood
directly to the right atrium. Thus, the cy­
cle is completed . The actual exchanging
ofoxygen between the blood and the body
occurs at the capillary level.

Arterial blood gases are commonly ob­
tained by stick ing a needle into the radial
artery at the wrist, the brach ial artery at
the elbow, or the femoral-artery at the top
of the thigh .

Oxygen measurements
The air we breathe cont ains 21% oxy­

gen. The brain will be damaged by a lack
of oxygen for over five minutes. A low
level of oxygen in the blood will cause
mental confusion and poor cardiac func­
tion . A person may have a low oxygen
content in the blood because of injury to
the lungs, pulmonary edema, pneumonia ,
and a variety of other acute conditions.
The situation may be worsened if the per­
son has chronic lung disease . It is desir­
able to give oxygen to a person who needs
it , but giving too much oxygen can be
harmful ; if given 60% oxygen or more for
over 24 hour s, the lungs will start to be
dam aged . Ju st how mu ch oxygen is
neede d can be determined by measuring
the content of blood in the arteries ; the
arterial blood gases . If a person needs
over 60% oxygen, it can be given for a
short time or lesser amo unts of oxygen
can be given under press ure. Also, the
underlying problem can be corrected.

Measuring the oxygen content in the
right atrium and right ventricle can deter­
mine if there is a hole in the wall between
the right and left ventricles . The wall is

called the septum. A hole in the sept um is
ca lled a "ventricu lar septal defect ," or
YSD. YSD's can occ ur at birth as a con­
genita l prob lem or can come as a result of
a myoca rdia l infarc tion which damages
the septum. One would expect that the
content of oxygen in the right atrium and
right ventricle would be the same . If the
content in the ventricle is greater, it would
suggest that oxygenated blood from the
left ventricle is going into the right ventri­
cle through a YSD.

The measuremen t of oxygen in the
blood can be do ne within minutes by
blood-gas machines. Electrodes made of
various materials can measure the oxygen
or carbon-diox ide content of the blood.
Other electrode arrangements can mea­
sure the oxyge n and carbon-dioxide con­
tent of exhaled air. The pH of the blood is
also measured with electrodes made spe­
cially for that purpose . Electrodes can be
pasted on the skin to measure oxygen con­
tent of the blood . Digital readouts of the
partial pressures of oxygen and carbo n
dioxide along with the pH are printed out
automatically by modem blood-gas ma­
chines.

Carbon-dioxide measurements
Normally, people breathe in response

to the amount (partia l pressure) of carbon
dioxide in the blood . In some patients
with chroni c lung disease, the ability to
maintain a norm al partial pressure of car­
bon dioxide has been lost. In those pa­
tient s, the body has learned to regulate
breathing in order to maintain an adequate
amount of oxygen in the blood . Those
people with chronic lung disease have ele­
vated levels of ca rbon dioxide in their
blood .

The content of carbon dioxide in the
blood gives an indication of the efficiency
of breath ing. Carbon dioxide diffu ses out
of the lungs much more easily than oxy­
gen enters, so a person with an acutely
high carbon-diox ide level is really having
troubl e breathin g . That can happen in a
patient with chest trauma, drug overdose,
pneumonia, or pul monary edema, but
probably occurs most frequently in pa­
tients with asthma . When an asthmatic
tires of breath ing and has an even slightly
elevated arter ial carbon-dioxide level that
does not respond to treatment within an
hour, the person must be put on a respira­
tor until the condition improves.

Carbon dioxide co mbines with water to
form carbonic acid, which in turn can
com bine with sodium to form sodium bi­
carbonate . Those chemicals consti tute
one of the major acid-base systems in the
blood. Decreased breathing will lead to an
increased ca rbo n-dioxide level in the
blood . That in turn will lead to an acid pH,
a pH of less than 7.40 . That is referred to
as a respiratory acidosis . Let' s find out
more about acid-base balance in the body.

continued 0 11 page 81



THERE'S NO GETTING AROUND THE FACT

that as modem electronics becomes more
and more sophisticated, batteries havebe­
come an increasingly important part of the
electronics world . The development of
CMOS and all the other low-power tech­
nologies have changed even the way we
buy batteries-these days, it isn't as easy
as just zipping down to the supermarket
and pulling the right-sized blister pack
from the rack.

Modem batteries come in a mind bog­
gling array of configurations so there are
are lots of ways you can categorize them.
Probably the most basic categories are
"throw-away" and "rechargeable."
There can be a major difference in cost,
capacity, and characteristics between
those two types. Deciding which one is
best suited to your particular application
requires a good understanding of each.
This month, we'll look at the throw-away
or disposable battery.

Before we go any further, though, we
should point out what we mean by the
words "battery" and "cell." A cell is the
basic building block of a battery. A bat­
tery is generaly thought of as a single,

What's
Mewi
lTERIES
Ever since electricity was first
discovered, .people have
been working on ways to
store it. Let's take a look at
today's battery technology
and how you can choose the
right battery for your
application.
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integra l unit made up of one or more cells .
If a single cell is packaged with termina­
tions and insulation (such as a "0" cell),
it can be correctly called either a battery or
a cell.

Disposable batteries
Disposabl e (no n-rechargeab le ) bat­

teries are available in a huge range of
sizes . And as if that wasn' t confus ing
enough, every one of those sizes is avail­
able with a variety of electrochemical sys­
tems (what we' ll ca ll "chemistries") . And
even if the voltages of two batteries with
different chemistries are the same, just
about every othe r characteristic-from
the power capacity to the price--can be
different. Like most things, you get what
you pay for-more power means more
bucks .

So far I haven't said anything earth­
shaking , but let me give it a shot: For
some applications, batteries that use the
more expe nsive chemistries won ' t per­
form any better than cheaper batteries. As
we' ll soon see , battery life isn't always
dependant on the battery type.

The voltage of a disposable battery, no
matter wha t the chemistry, is always
stamped on the package. What is (almost)
never stamped anywhere is the other es­
sential piece of information you need to be
able to make an intelligent choice about
which battery to use: that is the amp-hour
capacity.

The amount of energy that a battery can
deliver (some times ca lled its service ca­
pacity) is usually expressed in amp-hours,
or milliamp- hours . It would be nice if the
amount of power available from a battery
was a fixed amount, kind of like a pail of
water. Unfortunately, things aren ' t that
simple and when you' re dealing with bat­
teries of any kind, linearity is usually out
the window.

How much current you can get from a
throw-away battery depends on a number
of things:

1. The temperature of the battery.
2. The rate of discharge.
3. The chemistry of the battery.
4. The frequency of use.
5. What you call a dead battery.
6. Other stuff.

In order to give us a starting point , we
decided to find the short-circuit current of
disposable batteries of different sizes and
chemistries . Table I, which lists short­
circuit currents, is the result of sacrificing
a bunch of new batteries on the alter of
science . Even though you would never use

a battery in a short-circuit situation, we
felt that it would be a good starting point
for understanding j ust how much elec­
tricity we're talking about.

Of course, Table I doesn't list all avail­
able battery sizes and che mistries, but the
batteries listed are the most commonly
used. The figures for other battery sizes,
such as "AAA" and "N" will be less than
those listed for "AA " cells since they're
smaller and , conseq uently, their energy
capacity is less.

There are two main things that stand out
when you look over Table I. The first is
that the amount of energy stored in any of
the batteries is surprisingly large . Sec­
ond, you can see that the chemistry of the
cell makes a tremendous difference to the
total amount of energy that you can pack
into a battery.

Battery construction
Th e inte rnal co ns tructio n of mos t

th row-away batteri es is very si mila r:
Basically you have two electrodes sepa­
rated by an electrolyte. The construc tion
of a typical disposable cell is shown in
Fig . I and the chemicals used in the vari­
ous cells are listed in Table 2. The elec­
trolyte used in all the cells has two basic
purposes.

First and foremost, it is the current­
conducting medium between the elec ­
trodes of the cell. But the chemical reac­
ti on that p roduce s the c urre nt a lso
generates gas as a by-produc t. The second
main jo b of the electrolyte is to absorb the
gas . The warnings on the side of batteries
about excessive drain, recharging, and so
on are all related to the gas . If gas is
produced faster than it can be absorbed by
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FIG. 1-ZINC-CARBON CELL CONSTRUCTION.
This cutaway view shows that the standard cell
consists, basically, of two electrodes and elec­
trolyte.

the electrolyte, the battery will explode .
It's as simple as that.

The outer cases of all batteries are made
out of steel because the gas creates pres­
sure. (Alka line batterie s, as shown in Fig.
2 also have an inner case .) If the jacket
warps and destroys the seal of the case , the
electrolyte will dry out and that will be the
end of the battery, But that's not the only
problem. Some of the chemicals used in
the ce ll are dangerous and a blown seal
means that they 'll leak. Since a lot of
battery changing is done by chi ldren , it
pays to make sure that you don 't abuse the
battery.

Battery life
The short-circuit current shown for the

batteries in Table I is , un fortun ately,
nothing like the worki ng current. Re­
member that the unit for measuring bat­
tery capacity is the amp-hour-a product
of current and time. And as mentioned
before, the rate of discharge is going to
have a major influence on the useful life of
the battery. As a general rule for all dis­
posable cells , the more current you pull
from it, the shorter its life is going to be .
There 's a fixed amount of energy available
in a new battery and the lower the current
drain , the more efficiently the battery can
convert its stored energy into electricity.
Heavy drain means that some of the ener­
gy is going to be transformed into heat,
the conductivity of the electroly te is going
to decrease , and other factors are going to
all contribute to a significantly shortened
battery Iife.

Figure 3 is a graph showing the dis­
charge rates for both a carbon-zinc and
alkaline "C" cell. To obtain data for the
graph, an appropriately sized resistor was
used to load the cell and the time for the
cell voltage to drop one volt was mea­
sured . The graph clearly shows that both
types of cells are more efficient at lower
current drains . It also shows that at low
current drains, the efficiency of carbon­
zinc and alkali ne cells is pretty much the
same.

Trans lated into more practical terms,
the less current your circuit needs to oper­
ate, the less of a difference there is be­
tween the efficiencies of carbo n-zinc and
alkaline ce lls. So unless your device
draws a lot of current (like a photo flash ,
etc. ,) there 's no reason to spend the extra
money for alkaline cells.

Don't forget that the graph was plotted
by putting the batteries under a constant
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TABLE 1- TYPICAL DATA

Size AA C D 9V
Type Zinc Alkaline Mercury Zinc Alkaline Zinc Alkaline Zinc Alkaline Mercury

Rated voltage (volts) 1.50 1.50 1.40 1.50 1.50 1.50 1.50 9.00 9.00 8.40
Measured voltage 1.49 1.56 1.46 1.50 1.55 1.48 1.58 8.90 9.20 8.41

(volts)
Short-circuit current 4.40 7.70 10.3 5.50 9.70 6.80 11.8 0.60 1.40 1.70

(amps)
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TABLE 2-ELECTROCHEMICAL SYSTEMS
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FIG.2-ALKALINECELLSare built with an Inner
case, making them more rugged than zinc-car­
bon cells.
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Lith ium cells
Since lithium is the element with the

highest oxidation potential in the periodic
table, cells with lithium anodes will have
the greatest open-circuit voltage. Just as it
is with zinc-based cells, lithium cells can
be made with a variety of chemistries and
the composition of the cell will determine
the operating characteristics of the bat­
tery. Table 3 is a list of the possible lithium
cell chemistries and the open-circuit volt­
ages they produce .

Lithium -thiony l chloride cells have an
open circuit voltage of 3.7 volts (3.4 volts
when connected to a I kilohm load) and
more than ten times the energy density of
the lead-acid battery in your car. They
have a shelf life of over ten years and a
battery that is packaged in a standard "D"
size provides an energy capacity of 14
amp-hours!

The energy-discharge curve of those
cells is so flat that they come in packages
that are made to be soldered directly to
circuit boards to provide semi-permanent
backup systems for CMOS circuitry and
low-power memories. Specially made
cell s are surgically implanted in the
human body to provide long-term power
for cardiac pacemakers .

Battery engineers have known for years

and lithium cells .
The most common use for silver-oxide

cells is in digital watches and small cal­
culators. Although their energy density is
high, they are usually packaged as small
button cells and the available current is, to
be generous, limited.

All the batteries we've discussed so far
use some form of zinc as the anode mate­
rial. By changing the cathode and the
electrolyte, cells with different energy
densities and other characteristics can be
made. Recently though, batteries have
been introduced that have a different
anode material and are the result of more
than a decade of research and develop­
ment. The devices I'm referring to are
lithium cells .

FIG. 4-EFFECT OF TEMPERATURE ON CELL
CAPACITY Is shown for zinc-oxide and mercury
batteries. You can draw more current from a
battery at high temperatures, but, of course, the
battery won't last as long.

Electrolyte
Ammonium and Zinc

Chlorides
Potassium Hydroxide
Potassium Hydroxide &Zinc

Oxide

expect your usable battery life to be more
than twice as long.

Temperature is a major consideration in
judging battery life. It's also one of those
things that everyone has a tendency to
ignore . Every data sheet I've ever seen
lists acceptable temperature ranges for the
operation of various devices and every­
body I know pays almost no attention to
the information. (Maybe it's because we
don't have any contro l over the weather.)
In any event, since a battery produces
electricity as a result of a chemical reac­
tion, the lower the temperature, the slower
the reaction, and the less electricity the
battery is going to produce. The effects of
that are often quite dramatic. Once again,
all of us with cars are familiar with what
starting the car is like on a cold winter
morning!

The effect of temperat ure on the capaci ­
ty of a battery varies with different cell
chemistries . Again another genera l rule :
The more constant the voltage of the bat­
tery under load, the less effect tem ­
perature will have on the ability of the cell
to deliver current.

Figure 4 is a graph that compares the
two extremes among the common dis­
posable batteries, carbon-zinc and mercu­
ry. It's immed iately obvious that the zinc­
carbon cell is extremely sensitive to tem­
perature-a 30°F rise in temperature will
raise the capacity of the battery by more
than a third! Mercury cells, on the other
hand, are much more stable: The same
30°F rise (from 70°_100°) will have only a
6% effect on the cell. Don't forget that
while increasing the temperature will
raise the capacity of the cell , we've al­
ready seen that heat will shorten the life of
the cell as well. Put another way, a hot
battery will put out a greater amount of
current, but it won't last as long as a
cooler one . (There 's no such thing as a
free lunch!)

Mercury cells have a slightly lower
open-circuit voltage than carbon -zinc or
alkaline cells, but the voltage is almost
constant over the life of the cell. As a
matter of fact , the voltage is so constant
that mercury cells used to be used in cir­
cuits as precision voltage reference s. They
are still used in equipment, such as smoke
alarms, where a constant voltage and high
energy capacity are important considera­
tions . Two newer chemistries have been
developed that have produced batteries
with even morestable voltages and higher
energy densities . Those are silver-oxide
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Manganese Dioxide
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current drain . So the battery life time
shown is for a worst-case situation. A
more realistic test might include rest time
for the battery. The amount of rest time
would have a large effect on the life of the
battery.

The more rest time the battery has, the
longer it's going to last. There's nothing
really surprising about that and anybody
who owns a car is familiar with the occa­
sionally miraculous recuperative powers a
battery will exhibit when it has a bit of
time off. Treat the information in Fig. 3 as
a guide rather than the gospel. The data
there reflects constant current draw­
worst case operation. You can only do
better.

In Fig. 3, we chose a cutoff point of one
volt. If your circuit can operate with less
voltage, your results, naturally enough,
will be better. If you're feeding raw bat­
tery voltage into a regulator, what your
cutoff point is will depend on how far the
battery voltage is above the regulated volt­
age. If you can live with a cell voltage of
.5 volt, for example, you can reasonably
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FIG.3-ENERGYDISCHARGE CURVESfor typ­
Ical alkaline and carbon "C"-slzed cells show
that fo r low-current applications, there Is not
much difference between the two types.
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TABLE 3-LITHIUM-CELL CHEMISTRIES
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Cell chemistry

Lithium-Thionyl Chloride
Lithium-Vanadium Pentoxide
lithium-Silver Chromate
Lithium-Manganese Dioxide
Lithium-Sulfur Dioxide
Lithium-Carbon Monofluoride
Lithium-Iodine
Lithium-Lead Copper Sulfide
Lithium-Copper Sulfide
Lithium-Iron Sulfide
Lithium-Copper Oxide

about the potential advantages (no pun
intended) of lithium-based batteries. The
development of a working cell, however,
has involved overcoming the kind of prob­
lems that are usually associated with the
development of any high-energy-density
system. .

In its simplest terms, a battery is a de­
vice that stores a quantity of energy and
the secret of a successfu l design is the
ability to provide some means to regulate
the release of the energy. The more energy
there is in the battery, the more danger
there is from a sudden, uncontrolled re­
lease of that energy. High current de­
mand, spikes, hea t, physical damage,
charging current, and overvoltage are a
few of the conditions that can lead to po­
tentially dangerous situations .

Heat , as we've already seen, is one of
the major enemies of any battery. Lithium
has a melting point of 1800 C and thermal
runaway in the cell caused by physical
damage , environmental or circuit condi­
tions can lead to a situation where the
entire energy of the cell is released in a
split second. That causes what is known in
scientific circles as a big problem. Rapid
generation of gas will make the battery
explode and spew out highly corrosive
material and 1800 molten lithium- an un­
desirable situat ion , to say the least. Mod­
ern cell de sign has overcome those
problems by building a pressure-release
valve into the seal of the cells and, in case
of high temperatures, providing a means
for the free lithium at the anode to com­
bine into more stable lithium compounds.

The last two major areas of concern
with the lithium cell are really problems
with all throw- away batteries-reverse
voltage and charging. The difference be­
tween the two is that the former problem
occurs normally in any series battery set­
up and the latter problem is the result of
circuit conditions.

No two batteries have exactly the same
characteristics. Since the action of the cell
is chemical , it's impossib le to predict ex­
act ly when the end of battery life will
come. If a few cells are connected in se­
ries, they will discharge naturally and a
time is going to come when one cell will

Open circuit voltage
(volts)

3.7
3.4
3.3
3.0
2.9
2.8
2.8
2.2
2.1
1.8
1.8

BATTERY POLARITY REVERSED ON
B21FNOCHARGE IS LEFTIN
THE CELLAND Bl ANDB3ARESTILL GOOD.

FIG. 5-A REVERSE-VOLTAGE CONDITION oc­
curs because all batteries of the same type do
not discharge at the same rate. Above, battery
82 has disc harged, and a negative voltage Is
developed across It.

be completely exhausted while the others
are still producin g power. As you can see
in Fig. 5 , current will still flow through the
circuit and the dead cell will be acting as a
resistor. A reverse voltage will be present
at the terminals of the dead battery. Heat
will be produced and chemical reactions
will take place that can lead to explosive
venting . The higher the reverse voltage,
the more potentia lly dangerous the situa­
tion is. Battery engineers have designed
several method s to handle that hazardous
situation.

By making the potential of the cathode
less than that of the lithium anode, there
will always be some free lithium left when
the total potential of the cell is zero . When
current flows through the battery in a re­
verse-voltage situation, it will be carried
by lithium ions from the anode instead of
ions created by a dangerous chemical re­
action in the electrolyte . Altus Corpora­
tion has gone one step further to handle
that problem by designing an elec­
trochemical switch into all of their bat­
terie s. When the battery voltage goes
negative, from either reversal or charging,
the switch closes, the current through the
cell is shunted, and the actual cell voltage
is never allowed to exceed - 0.1 volt. And
that voltage is too low to cause any of the
possibly dangerous chemical reaction s
mentioned above.

Now that we've covered throw-away
batteries from Alkaline to Zinc, the ob-

vious question is which battery should
you use. Well, we don't have a definite
answer: Which battery you need depends
on what you want to use it for. Make a list
of the parameters of your circuit and then
see which battery comes closest to satisfy­
ing them.

If your requirements aren' t very strict,
you can use one of the less expensive
batteries such as zinc or alkaline. More
exacting needs almost always mean more
expensive batteries.

In general, the more expensive the bat­
tery, the more predi ctable its charac­
teristics. Zinc batteries are cheap, but the
number of factors that go into determining
exactly how the battery will behave is
mind boggling. As you go upmarket in
price , things become more scientific and
clearer. The only advice I can give you is
that whichever ones you decide to use ,
make sure you buy the best constructed
throw-away batteries you can. Every bat­
tery uses and produces highly corros ive
chemicals. A poorly constructed battery
can' t withstand a lot of abuse and any
adverse conditions will cause the cell to
rupture-with highly unpredictable and
frequently disastrous consequences.

Let' s next turn our attention to re­
chargeable batteries such as nickel-cad­
mium and, yes, they're still around , lead­
acid batteries.

The rechargeables
The history of battery development is

the story of trying to squeeze more into
less. Research is constantly being done to
develop schemes and elec troc he mica l
systems that will increase the energy den­
sity of the cell and make the energy-dis­
charge curve as flat as possible. In other
words, the primary goal of every battery
company is to make a battery with the
capabili ty of lasting , if not forever, then at
least a very long time.

The two basic approaches to the prob­
lem can be called the idealistic and the
pragmatic. Up to now we've looked at the
idealistic approach-designing batteries
that can store greater and greater amounts
of energy. There are problems with that:
The more energy a battery contains, the
more engineer ing it require s to guard
against the uncontrolled release of the en­
ergy. In the rest of this article we'll con­
centrate on the more pragm at ic ap­
proach-designing batteries that can be
reused.

The most popular rechargea ble bat­
teries use either a nickel-cadmium or
lead-acid chemistry. Yes, that's the very
same lead-acid chemistry that came into
being with running boards and horseless
carriages. It 's been improved, refined ,
and made more effic ient, but it' s still
basically two electrodes and a container
of acid electrolyte .

When we continue this article we will
take a closer look at the rechargeables.R-E
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Useyour computer to test digitallC's and eliminate your troubleshooting guesswork!

HOW DO YOU TEST IC ' S? IF YOU'RE A DIGI­

tal enthusiast on a tight budget , then you
probably go about it the low-cost way: You
set up your breadboard , a handful of ju m­
pers, a power supply, and a measuring
instrument such as a logic probe or os­
cilloscope. Manual operation of such a
crude se tup ca n qui ckl y becom e te­
dious-especially when the circuit being
tes ted has multiple edge-se nsitive inputs.

There's a bigger problem with such a
setup, however: Since you must perform
the tests one gate at a time or one latch at a
time, you can expect to find only the most
obvious failures . The more subtle types of
failures-such as interact ion between
eparate circuits within the same pack­

age-are best found by some kind of auto­
mated tester.

If you have a compu ter, you can easily
build an automated tester for digitaI IC's .
The tester we' ll describe perm its automat­
ic testing of digital integrated circuits with
up to sixteen pins. The host may be an
eight-bit or a sixteen-bit microcomp uter

and can have either separate input and
output data busses or a bi-directional data
bus. While the author's prototype was
built as a tester for ITL Ie's, the princi­
ples that we' ll discuss apply equally well
to other popular logic families.

Although the tester we'll describe was
designed for use with an S-IOO system,
you should be able to adapt the circuit for
virtually any computer. We should note
here that using the tester will require some
programming proficiency. While the arti­
cle will describe what the software has to
do, actual program instructions are not
included.

Figure I shows the basic idea behind the
IC testing scheme. A host computer is
used as a stimulus generator : It sends data
patterns, called stimuli, to the circuit un­
der test. Each stimulus is sixteen bits
wide-r-one bit is assigned to each pin of
the test circuit. After the stimulus is sent,
the host will accept a response (also six­
teen bits wide) from the circuit under test
and will perform an analysis of that re-

sponse . Response analysis begins with a
comparison between the actual response
and some known expected response. If
they are equal , the host continues with the
next stimulus. What happens if they're not
equal depends on the software that is used
by the host system.

Stimulus generation
How do we determine the set of stimuli

that we want the host system to generate?
We must ensure that the set of stimuli for a
given type of integrated circuit is both
valid and complete. At first glance , you
might think that a set of stimuli that pre­
sents every possible bit combination to the
input pins of the circuit under test would
meet those requirements. Those stimuli
could be created very easily simply by
causing the host to "count through" the
input pins. Consider the simple hex inver­
ter with six input pins and six output pins.
Using bit-masking techniques. the host
could "count through" those six input
bits from zero to sixty-three and thereby
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HOST COMPUTER

FIG. 1- THE IC TESTER SENDS a 16·blt stimulus to the IC to be tested, and then examines the
response.

STIMULUS
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present sixty-four stimuli for the hex in­
verter.

That counting scheme does generate a
complete and valid set of stimuli for Ie's
that contain noth ing but raw gating. But it
falls short with Ie's that have edge-sen­
sitive inputs . For example , co unting
through the input pins of an ordinary flip­
flop allows the clock pin to change simul­
taneously with the data pines) at some
counts. Those coun ts lead to an indeter­
minate response ofthe flip-flop, rendering
the set of countin g stimuli invalid .

Let' s assume further that the clock pin
is assigned to , say, the fourth significant
bit of the stimulus generator and a data pin
is assigned to the second or third signifi­
cant bit. Due to the nature of the up-count
function, the clock pin will change only
when the data pin is high-the stimuli set
is incomplete as well as invalid . In that
particular case, the problem is partially
solved by counting downward. But with
multiple edge -sensitive inputs, the prob­
lem quickly beco mes unmanageable . As
we'll see, we' ll need to use methods other
than the counting stimuli to overcome
those difficult ies .

Response analysis
Once we present the stimulu s to an IC,

we have to look at the response . Response
analysis includes all 16 pins of the test
circuit. You might wonder why we want to
look at all 16 pins- after all, we don 't

have to look at the input pins to determine
the output response . There are two rea­
sons why we do look at all pins . First, it is
simpler from the software standpoint-it
eliminates the extra steps required to ex­
clude certain pins from analysis. The sec­
ond and better reason is that if we examine
the input pins' of the test circuit, we can
detect failures associated with input load­
ing problems. Also, we can verify that the
stimulus was actually preserited to the test
circuit. In other words, we can give the
tester self-diagnostic capability.

If the host is going to analyze the re­
sponse ofan IC, it has to know what type
of response to expect. The only way it can
know what to expect is if we teach it. A set
of good responses can be generated by
presenting stimuli to an IC that is known
to function properly. The responses along
with the stimuli used to produce them can
then be stored on disk or tape for future
use .

Functional description
Figure 2 is a block diagram of the tester;

it should help to make our description of
the schematic (Fig. 3) clearer. As shown
in both figures, data or stimuli from the
host system comes into a set of latches
made up of ICI , IC2, IC4 , and IC5. (In
eight-bit systems , eight data lines and the
lower eight address lines are used to feed
the stimulus latches.) As shown in Fig. 3,
the S~IMULUS LOAD signal (which enables

the latches) is connected to all four latch
Ie's . Therefore, it 's essential that all six­
teen stimulus bits be presented to the
latches simultaneously. The use of eight
address lines to carry stimulus informa­
tion causes the tester to occupy 256 mem­
ory locations . (In 8-b it systems , that
corresponds to 256 bytes. In 16-bit sys­
tem, those 256 locations correspond to
512 bytes.)

The outputs of the four 4-bit latches are
fed to sixteen isolation switches . SI-S I6.
Only the switches that feed the input pins
of the IC to be tested will be closed.
Switches connected to the output pins of
the test circuit will be open to prevent
interference between stimulus latches and
output signals. Switches connected to the
power supply pins will be open to prevent
possible damage to stimulus latches.

The lines from the isolation switches go
to test socket SOl. As you can see from
the schema tic, the isolation-swi tch num­
bers correspond to the test-circuit pin that
they feed . For example, switch SII feeds
pin 11 of test socket SOl. That makes
determi ning the switch positions a little
easier.

The power supply consists of a five-volt
regulator (ICll), filter capacitor Cl, and a
power-supply-source socket, S03 . (The
regulator can be omitted from many sys­
tems that contain central five-volt power
supplies .) Notice that the voltage is wired
into S03 accordi ng to standard co n­
vention: Vee on pin 14, and ground on pin
7.

Power is supplied to the IC under test by
a pair of movable jumpers connected from
the power-supply-source socket, S03, to
the power-s up ply-se lec t socket, S02
(which is wired in parallel with the test
socket). If, for example, you wanted to test
a 7475, you would connect a jumper from
pin 14of S03 to pin 5 of S0 2. You would
also jumper pin 7 of S03 to pin 12of S02.

Response data are accepted by the host

...
8 DATA LINES > ISOLATION

16·BIT "- SWITCHES IC BUS
16·BITSTIMULUS .> STIMULUS :> UNDER RESPONSE> I-

~ STIMULUS AND DRIVER.
TEST MULTIPLEXER

8 LEAST-SIGNIFICANT LATCH JUMPER v -
ADDRESS LINES V .OPTIONS

EN EN
HOST iCOMPUTER

BMOST'SIGNIFIC~
ADDRESS LINES /

ADDRESS
DECODER

CONTROL LINES >v

/~
16·BITRESPONSE (2 SETS OF 8 BITS) BACK TO HOST COMPUTER i
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15<: FIG. 2-BLOCK DIAGRAM OF THE IC TESTER shows how the host computer 's data, address, and
CC control lines are used to control the tester.
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FIG.3-IC TESTERSCHEMATIC. If you use a 16·bit system, you do not have to useaddress lines for the
stimulus input-use the 16 data lin es instead. Note that to make building and troubleshootlnq easier,
you should use DIP switches for 51-516.

one byte at a time. Pins 1-8 of the test
socket 501 are gated to the host system
through drivers made up ofIC? and part of
IC3. Pins 9- 16are gated through portions
of IC 's 3 and 6. The two sets of drivers are

enabled by control signals from IC8 .
Control logic . made up of IC8. IC9.

and ICIOdevelops signals that contro l the
loading of the stimulus latches and the
gating of response data to the host. The

eight most significant address lines are
brought into an address-recognition cir­
cuit consis ting of IC9 and part of IClO.
Two address lines. Al2 and Al3, are in­
verted before being applied to IC9. That
selective inversion contro ls the address
range of the memory space occupied by
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FIG. 4-THE AUTHOR'S PROTOTYPEwas wire-wrapped on an S·100 prototyping board. Parts place­
ment and construction technique are not critical.
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the tester. In this case, the address range
chosen is CF00H through CFFFH . (Note
that an " H" indica tes that a number is
written in hexadecimal form.) While there
are two inverters shown in the schematic ,
any number of inverters may be used .
They are placed so that , when the address
lines are designating the memory area as­
signed to the tester, all inputs to IC9 are
high. That , presents a high to ICS pin 6,
partia lly enabling it. Pins 4 and 5 , fed by
inverted I/O-status lines, must be low to
complete the enabling of ICS. Those lines
will be low when the addre ss lines carry a
memory address as oppo sed to an input/
output port addres s (the latter being indi­
cated by a high on IC6 pin 12 or 14). In
systems where all inpu t/output areas are
memory-mapped and there are 110 sepa­
rate input/output functions, pins 4 and 5
of ICS should be directly grounded.

When ICS is enabled , it will decode the
inpu ts on pins I, 2, and 3 into an active­
low signal on one of eight output pins.
When SMEMR, the memory-read status
signal, is high (and MWRT, the memory­
write enable signal, is low), pin 12 or 13
will be low, depending on the state of A0.
If A0 is low, ICS pin 13 will gate pins I
through S of the test circu it to the response
lines. When A0 is high , ICS pin 12 will
ga te pins 9 through 16 of the test circuit to
the response lines.

To write to the stimulus latches, MWRT

is brought high while SMEMR is low. That
causes either pin IO or II of ICS to go low.
Since A0 is part of the stimulus informa­
tion, the ST IMULUS LOAD signal must be
insensitive to the state of A0. This is ac­
co mplished by the diode s DI and 0 2 con­
nected to ICS pins IO and II- they permit
the ST IMU LUS LOAD signal to be generated

by MWRT without regard to the condition
of A0.

Construction

You can build the tester using either
printed-circuit or wire-wrap techniques.
Component layout is not critical and there
is no need to be concerned with special
considerations such as lead lengths and
extensive decouplin g. The author's pro­
totype was wire-wra pped on an S-IOO
plugboard . It is recommended that you
use a board that is configured for your
computer system.

We recommend th at you use DIP
switches for the isolation switches : It
keeps the board much neater and , thus,
easier to troubleshoot. Be sure to label the
switch numbers. Mount the DIP switch
packages and all of the Ie's in wire-wrap
socke ts . The power-suppl y jumper sock­
ets S02 and S03 should also be empty
wire-wrap sockets . For the test socke t,
SO I, you might want to use a "zero inser­
tion force" type socket. Do not substitute

PARTS LIST
IC1, IC2, IC4, IC5-74LS75 4-bit bistable

latch
IC3, IC6, IC7-74367 hex bus driver
IC8-74LS138 s-e-a line decoder/multi-

plexer
IC9-74lS30 8-input positive NAND gate
IC1G-74LS04 hex inverter
D1, D2-1N914
Rl , R2-2000 ohms
Sl -S16 SPST switch (DIP switches are

recommended)
C1-20I-lF, 10 volts, electrolytic
Miscellaneous: IC sockets, plugboard,
wire-wrap wire, hardware, power-supply
jumper wires, +5-volt DC power source,
etc.

LS-type Ie's for IC3, IC6, and IC?
If your S-bit system has separate input

and output data busses, the data-output
lines should be fed to the stimulus latches
while the data-input lines should be fed
from the response output of the tester. In
sixteen-bit systems, the stimulus latches
may be loaded from the sixteen data lines
rather than using the lower eight address
lines as part of the stimulus. And, of
course , the response drivers may be tied to
the sixteen data lines instead of being
multipl exed into two sets of eight.

If your host computer system uses a
bidirectional data bus instead of separate
input and output busses, then the data
lines (but, of course, not the address lines)
into the stimulus latches and the data lines
from the response drivers may be con­
nected to the unified bus.

Using a host computer with sixteen-bit
organization simplifies the control circuit
by permittin g the AD input (ICS pin I) to
be grounded (since its only purpose is to
split the sixteen response lines into two
groups .) Pins 12 and 10 of ICS could be
left open, and the output from pin 13
would gate all sixteen response drivers.

The control circuit shown was designed
for an eight bit host with sixteen address
bits . In hosts which have fewer than six­
teen address bits, there will be fewer than
eight lines feeding into IC9. Consider a
system with only fourteen address bits .
The eight least-signi ficant address bits
will be assigned as stimulus bits. leaving
only six bits for the address recog nition
function. The two unused pins of IC9 may
be connected together and tied to + 5
volts through a one-kilohm resistor.

When we continue , we' ll begin by test-
ing the tester. R-E
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FIG. 1-A BASIC 1 kHz astable multlvlbrator
using a pair of bipola r transistors.

In this article we'll show you how to use transistors, op-emps. and 555 timers to make a variety
of squarewave or "clock" generator circuits.
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voltage. Consequently, if the supp ly volt­
age exceeds the reverse base-emitter
breakdown voltage of the transistor (typ­
ically about 9 volts), the timing operation
of the circuit will be upset. That snag can
be overcome by connecti ng a IN4148 di­
ode in series with the base input terminal
of each transistor. 111at effectively raise s
the reverse base-emitter breakdown volt­
age of each trans istor to about 80 volts .
The maximum supply voltage of the cir­
cui t is then limited only by the collector­
em itter breakdown characteristics of the
transistors, and may be several tens of
volts . In practice , such a "protected" cir­
cuit gives a freque ncy variat ion of on ly
2% when the supply voltage is varied be­
tween 6 and 18.

Figure 2 shows the collector and base
voltages of Q I and Q2. Note that the lead­
ing edges of the outp ut waveforms (Vd
are slightly rounded. The lower the values
of RI and R2 become relative to collector
resistors R3 and R4 , the worse that round­
ing becomes. Conversely, the larger the
values of R I and R2 relative to R3 and R4 ,
the better the waveshape will be. The
maximum per missible values of RI and
R2 are equal to the products of transistor
curren t gain (say 90) and the R3 (or R4)
values (1.8 kilohms in this case), so the
maximum possi ble values of R I and R2 is
162 kilohms . .

The rounding of the leading edges of
the basic astab le circuit occurs because
the collector voltage of each trans istor is
prevented from rising immediately to the
pos itive rail voltage as the transistor turns
off beca use of loading by its cross -cou­
pled timing capacitor. That deficie ncy can
be overco me, and exce llent squarewaves
obtained, by effectively disconn ecting the
capacitor from the collector of its tran-

Vee

Vcc

can be made variable by using two ganged
variable resis tors (in series with lO-ki l- .
ohm limiting resistors) in place of R I and
R2 .

Outputs can be taken from the coll ector
of either transistor, and the two outputs
are opposite in phase . The operating fre­
quency of the circ uit is substantially inde­
pendent of power-supply levels in the
range of 1.5 to 9 volts . The upper supp ly­
voltage limit is set by the fact that, as the
transistors sw itch regeneratively at the
end of eac h half-cycle, the base-emitter
junction of one transistor is reverse-b iased
by an amo unt roughly equa l to the supp ly

o I
I I

t:±kiI

o I
I I

-vcc ,

I I I I

bd±I I I I
o I

I I

-Vcc
FIG. 2-VOLTAGE WAVEFORMS at the base and
collector of Q1 and 02. Note that the two out­
puts, which can be taken from the collector of
either transistor, are opposite in phase.

THE SQ U A REWAV E GENERATOR IS ONE OF

the most bas ic circuit building-bl ocks
used in modern electronics . It can be used
for flashing LED indicators , for generat­
ing aud io tones, for clocking logic or
counter/d ivider circu itry, etc . The gener­
ators themselves may produce either sym­
metrica l or non-sym metri cal waveforms,
and may be of either the free-running or
the ga ted type.

Squarewave-generator circuits are quite
easy to desig n, and may be based on a
wide range of semiconductor tech­
nologies , including the hum ble bipolar
transistor. the op-arnp, the 555 timer, or
CMOS logic elements. In thi s article ,
we' ll confine our discu ssion to designs
based on the transistor, the op-amp, and
the 555; CMOS -base d circuits will be sav­
ed for a later date.

Transistor astable circuits
One of the easiest and chea pest ways of

ge ne ra ting repetitive squa re and rec­
tangular waveforms is to use the basic
two-t ran sistor astable multivibrator c ir­
cuit show n in Fig . I. A major advantage of
that rather old-fas hioned transistor circuit
is that it can quite happ ily operate from
supp ly voltages as low as1.5 volts or, with

. a slight mod ification, from supply volt­
ages up to several tens of volts.

The Fig. I circuit ac ts essentially as a
self-oscillating regenerative sw itch, in
which the on and off periods of the circuit
are co ntrolled by the Cl -RI and C2- R2
time constants . If those time constants are
equal (C I = C2 and RI = R2), the circuit
acts as a squarewave generator and oper­
ates at a fre quency of ap prox imate ly
1/(1.4CI R1). Thus , the frequency can be
decreased by raising the values of CI-C2
or RI -R2, or vice versa. The frequency
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sistor as it turns off. That is what's done in
the I-kHz generator shown in Fig. 3.
There, D1 and D2 are used to disconnect
the timing capacitors at the moment of
regenera tive switching. The main time
constants of the circuit are again deter­
mined by Cl-RI and C2-R2. The effective
collector loads of QI and Q2 are equal to
the parallel resistances of R3-R4 and R5­
R6 respectively.

Operation of the basic astable multi­
vibrator relies on slight imbalances of the
transistor characteri stics, so that one tran­
sistor turn s on slightly faster than the
other when power is first applied. If the
voltage to the circuit is applied by slowly
increasing it from zero volts, both tran­
sistors may turn on simultaneously, in
which case oscillation will not occur. That
snag can be overcome by using the sure­
start circuit of Fig. 4. In that circu it, the
timing resistors are connected to the tran­
sistor collectors in such a way that only
one transistor can ever be turned on at a
given moment.

3V- 9V

OUTPUTo
1

C2
.01

0 1
2N3904

Rl
10K

1.5V-9V

R5
lOOK

R2
10K

Cl
.01

R4
1.8K

OUTPUT
2

R2
lOOK

R3
lOOK

>-+-- <:>VOUT

ly, it has excellent frequency stability and
waveform symmetry, and its operating
frequency can be varied over a wide range
by altering any one of RI-R3 or Cl .

The basic operation of the Fig. 6 circuit
is fairly easy to follow. As configured, the
output of the op-amp alternately switches
between the positive and negative supply
voltages ( + V and - V). Thus, a positive
or negative reference voltage is applied to
the non-inverting termin al of the op amp,
with that reference voltage being a fixed
fraction (determined by the ratio of R2 to
R3) of the supply voltage .

Let' s see what happens in more detail.
Suppose initially that CI is discharged
and the op-amp output has just switched
to + V. In that case, CI will cha rge
positively via RI until its voltage reaches
the reference voltage applied to the non-

FIG. 6-A SIMPLE operational amplifier relaxa­
tion oscillator.

01
2N3904

b
FIG. 5-A VARIABLE mark/space (duty cycle) squarewave generator operating at 1100 Hz. The circuit
In b has waveform correction and sure-start added.

for making a fixed-frequency (about llOO
Hz) variable mark/space (mark is the por­
tion of the waveform where the signal is
high , space is the portion where the signal
is low) ratio waveform generator, in which
the ratio can be fully varied over a range of
1:10 to 10:1. (Another, perhaps more fa­
miliar term for the mark/space ratio is
duty cycle .)

The leading edges of the output wave­
forms of the above circuit may be objec­
tionably rounded for some applicatio ns
when the mark/space control, R5, is set to
its extreme positions . Also, the circuit
may be difficult to start if the supply volt­
age is applied to the circuit slowly. Both of
those snags can be overcome by using the
circuit shown in Fig. 5-b. That circuit
features sure-start and waveform-correc ­
tion diodes .

Op-amp squarewave generators
Good squarewaves can be generated by

using a fast op-amp, such as the LF351, in
the basic relaxation-oscillator configura­
tion shown in Fig. 6. That circuit requires
the use of dual power supplies and, be­
cause of the slew-rate limitations of op­
.amps, its output-waveform rise and fall
times are not as good as those obtained
from transistor, 555, or CMOS astables .
The op-amp circuit has, however, some
distinct advantages over those alternative
types of squarewavegenerator. Specifical-

OUTPUT
1

R4
1.8K

3V-9V

R3
1.8K

01 C3
lN4148 .1

OUTPUT
2

FIG.3-AN IMPROVED VERSION of the circuit In
Fig . 1; waveform correction Is supplied here by
0 1-0 2.

FIG. 4-THIS CIRCUIT Is configured to ensure
that the transistors will not turn on simul­
taneously.

The transistor astable circuits that we
have looked at so far are designed to give a
symmetrica l ou tput waveform. A non­
symmetrical waveform can be obtained by
simply making one set of astable time­
co nstant com ponent s larger tha n the
other. Figure 5-a shows the connections
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R2
75K
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3 ICl

tl555
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; F' C2 ;f'

.1

_L..

VOUT

ble over the range of ll :l to l:ll , and the
frequency is variable over an approximate
range of 650 Hz to 6.5 kHz via R5 . Vary­
ing the mark/space ratio setting causes
only slight interaction with the frequency
control.

Note that the Fig. 6 to 9 circuits can be
used with virtually any type of op-amp,
but that the maximum usable frequency
and the output rise and fall times depends
on the slew rate of the op-amp that is used.
The LF361, for example , gives a perfor­
mance that is about ten times better than
the 741 inthose respects. Also note that
although we ' ve shown the circuits as
being powered from 9-volt split supplies,
they can in fact be powered from any split
supplies in the range 5 to 18 volts.

555 astable circuits
The IC known as the 555 timer makes

an excellent squarewave generator when
used in the astable mode . The device is
readily available and inexpensive. It can
be powered by any supply in the range 4 .5
to IS volts, has a low-impedance output
that can source (supply) or sink (absorb)
load currents up to 200 mA and, when
used in the astable mode , generates out­
put squarewaves with typical rise and fall
times of about 100 ns. The 555 astable has
excellent frequency stability, can span the
frequency range from near-zero to about
100 kHz, and its frequency and mark/
space ratio can be accurately controlled
by using two external resistors and one
capacitor.

Figure IO-a shows a practical I-kHz
squarewave generator built around a 555
in the astable mode . The formulas used to
define the timing of the circuit are shown
in lO-b. The circuit operation is such that
Cl first charges exponenti ally via the se­
ries RI-R 2 combin ation until eventually

5V-15V

VOUT

R6
10K
LEVEL

02
IN4148

R5
lOOK

R12
10K

LEVEL

R6
10K

01 R4
lN4148 lOOK

MIS RATIO

+9V
RI
10K

6

R2
lOOK

- 9V

R5
Cl lOOK
.01 FREUUENCY

R3
10K

CI
I

FIG. 9-THIS SQUAREWAVE GENERATOR fea­
tures a variable mark/space ratio (duty cycle).

Finally, Fig. 9 shows how the basic re­
laxation-oscillator circuit can be modified
so that it provides both a variable frequen­
cy and a variable mark/space ratio output.

frequency range of the R5 frequency con­
trol to a precise minimum value. Potenti­
ometer R6 is used as an output amplitude
control.

Figure 8 shows how the circuit shown in
Fig. 7 can be modified to make a general­
purpose squarewave generator that covers
2 Hz to 20 kHz in four switched decade
ranges . Note that preset controls R7 to
RIOare used to precisely set the minimum
frequencies of the 2 Hz-20 Hz, 20
Hz-200 Hz , 200 Hz-2 kHz , and 2
kHz-20 kHz ranges respect ively, without
requiring the use of precision compo­
nents .

SI·a

R3
180K

20Hz·200Hz

20Hz-200Hz I

<
\
\
\
\ (>-,-<>'--1

4 \ I- --- -0 v»3

+9V

Rl
47K

RI
1.8MEG

R2
l OOK

R5 VOUT
lOOK R6

Cl 10K
lO/-lF R3 LEVEL

10K

R4
lOOK

PRESET

R7
lMEG
2-Hz
PRESET

FIG.7-A 500 Hz to 5 kHz squarewave generator.

inverting terminal of the op-arnp, at which
point the op-amp output voltage (and thus
the reference voltage) will start to fall and
thus initiate a switching action in which
the output switches abruptly to the nega­
tive supply voltage . Capacitor Cl will
then start to charge in a negative direction
via RI until its voltage reaches the new
(negative) reference value at the non-in­
verting terminal, at which point the op­
amp output will again switch high and
initiate a new action in which the whole
sequence repeats itself.

The action of the op-amp circuit is such
that a symmetrical squ arewave is de ­
veloped at the output of the op-amp and a
non-line ar triangle waveform is developed
across C1. Each waveform swings sym­
metrically around zero volts. Note that the
operating frequency is virtually indepen­
dent of the supply voltages , but can be
varied by altering the Rl or Cl values , or
by altering the R2-R3 ratios .

FIG. 8-A FOURDECADE, 2 Hz to 20 kHz squarewave generator. The four PRESET potentiometers allow
the circuit to use a single calibrated frequency scale .

Figure 7 shows the practical circuit of a
simple 500 Hz to 5 kH z op-amp square­
wave generator, in which the frequency
variation is obtained by altering the at­
tenuation ratio of the R2-R3-R5 voltage
divider. Trimmer R4 is used to preset the

The mark/space ratio is variable via R4,
and the circuit action is such that Cl alter­
nately charges positively via RI-Dl and
the left-h and side of R4 , and charges
negatively via RI-D 2 and the right-hand
side of R4. The mark/space ratio is varia-

11 ~ 0.7 (RI + R2) Cl
12 ~ 0.7 (R2) Cl
T ~ 0.7 ( R I+ 2 R2) C I

f ~ L
T

b
FIG. IO-A SQUAREWAVE GENERATORusing a
555 timer IC In the astable.mode. Formulas used
to calculate the circuit timing are shown In b.
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characteristic of that terminal is such that,
if the termin al is biased above a nominal

continued on page 94

a

5V-15V

GATE~
IN PUT : :

Vour~
b

FIG. 15-THE 555 CAN be electronically gated
by applying a signal to pin 4.

FIG.13-THE MARK AND SPACEperiods of this
circuit are Independently adjustable over the
range of 15 micro seconds to 1.5 milliseconds.

FIG.14-THE DUTYCYCLE of this circu it Is vari­
able from 1 to 99% via R3. The frequency Is
almost constant at 1.2 kHz.

A3
4 8 2.2K

7

3 IC I A4
+--- -=; 555 68K

5V-1 5V

onds . Here , timing capacitor CI alter­
nately charges via R I -R3 - D I and
discharges via R2-R4 -D2.

Figure 14 shows how the circuit can be
modified so that it acts as a fixed-frequen­
cy squarewave generator with a mark/
space ratio or duty cycle that is fully varia­
ble from 1% to 99% via R3. Here, CI
alternately charges via RI and the top half
of R3 and Dl, and discharges via D2-R2
and the lower half of R3 . Note that the
sum of those two timing periods is vir­
tually constant, so the operating frequen­
cy is almost independent of R3.

The 555 astable circuit can be gated on
and off (enabled or disabled) either by
applying a gate signal to pin 4 or by disab­
ling or enabling the main timing capacitor
via a transistor switch .

Figure 15-a shows how the circ uit can
be gated via the pin 4 (reset) termi nal. The

FIG. 12-THIS TWO-LED FLASHER operates at
just under 1 Hz. One LED turns on as the other
turns off.

its voltage rises to ¥:J of the supply volt­
age . At that point a switching action takes
place and CI starts to discharge exponen­
tially via R2 until eventually its voltage
falls to Y3 of tile supply voltage , at which
point a second switching action takes
place and CI starts to recharge towards ¥:J
of the supply voltage via RI-R2, and the
whole sequence repeats . Capacitor C2 is
used in this circuit (and those that follow)
to decouple the 555 from the effects of
supply line transients .

Note that the operating frequency of the
above circuit is virtua lly independent of
the supply-voltage value, and that both the
mark/space ratio and the frequency are
determined by the RI-R2-CI values. Also
note that if R2 is large relative to RI, the
operating frequency is determined mainly
by the R2 and CI values and that an almost
symmetrical output waveform is gener­
ated . The graph of Fig. 11 shows the ap­
proximate relationship between frequen­
cy and the CI-R2 values under the above
condition. In practice , the RI and R2 val­
ues can be varied from about I kilohm to
10 megohms .

The circuit in Fig. IO-a can can be mod­
ified in many ways. For example , it can be
made into a variable-frequency squar­
ewave generator by replacing R2 with a
fixed and a variable resistor in series .

Figure 12 shows how the circuit can be
used as a two-LED flasher in which-one
LED turns off as the other turns on, and
vice versa. The circuit operates at a fre­
quency of just under I Hz.

Figure 13 shows how the circuit can be
modified so that its mark and space peri­
ods are independently variab le over the
approximate range 15 to 1.5 microsec -

10 100 IK 10K lOO K

ASTAB LE FAE QUENCY- Hz
FIG. ll-WHEN R2 IS MUCH LARGER than Rl, this chart can be used to determine the relationship
between R2, Cl, and the frequency of the 555.
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Now that we've built the interfacing circuit
and discussed the basics of using it, let's put
your Sinclair ZX81 or Timex Sinclair 1000 to
work! We'll show you how to measure
temperature, create a security system, and
control high-power devices.

Inter:facing the ZX8
NEIL BUNGARD

P t 3 TH IS MO NT H WE 'LLar use the principles es­
tablished in the first two parts of this series
to build some fun and useful microcom­
puter projects. They include a home-se­
curi ty sys te m, a te mperature-sen si ng
circuit, and methods of controlling high­
current devices with the micro computer.

The number of things you can do with
your microcomputer and interface are
endless . In other word s, the methods and
principles that we ' ll use may be applied to
any numb er of projects that you might
dream up yourself. And you can combine
all of the circuits we prese nt to do numer­
ous things. So don't be afraid to take what
we start with and improve and expand on
it. Your imagination is the only limit on
what can be done .

TV interference
Before we get started building the add­

on circ uits, we should address a problem
that is created by those circuits- TV-pic­
ture deterioration. As more integrated cir­
cuits are added to the Sincla ir interface ,
you will not ice interference on your TV
picture. (Many ZXSi users have trouble

with screen in terfe rence even without
hooking anything up to the computer ')
You might want to try some of the follow­
ing quick-fix tips to help clear up your
picture.

One trick that sometimes work s is to
roll up the connecti ng cable that goes be­
tween the ZX8i and the antenna/ZX8i
sw itching box. Another trick that helps a
little is to move the Sincl air away from the
TV set--elevating the TV set see ms to
have the most fa';orable results . Perhaps
the eas iest way to improve your picture is
to gro und the antenna switching box to the
UHF-ant enn a input on the back of your
TV set. That can be done by wrapping a
copper wire around the sw itching box and
attachin g its end to the UHF antenna in­
put. If you do those three simple things,
you should be able to obtain a picture
that's almost as clear as the picture with­
out the interface circuit attached . Al­
th ou gh sh ie ldi ng th e interface and
associated circuits in a metal case is a bit
more work than the previous fixes, it will
give better results .

A home-security system
The first interface add-on we 'll look at

is a hom e-security system. We' ll present

only a minim um- securi ty syste m. But you
can add as much sophistica tion as you
want. The limiting factor is the amount of
program memory available on your mi­
crocomputer. . .

Figure 7 shows the security sys tem's
schematic. To guard eight doors andlor
windows, all you need are e ight magnets,
8 reed switches, and one eight-bit three­
state latch (lC ll, a 74LS373) . You could,
of course, use other alarm swi tches (such
as pressure mats, or door-mounted plung­
e r sw itc hes). But we ' ll d is cuss ree d
switches beca use they' re easy to mount.

You should mount the norm ally open
reed switch so that the magnet holds the
switch closed when the window or door is
closed . Then , when the window or door is
closed, the line asso cia ted with that win­
dow or door will be at.a logic 0. If the
window or door is opened, the associated
reed sw itch will also ope n, and IC II will
see a logic I (beca use of the pull-up re­
sistor). To check the status of the eight
windows or doors, all you have to do is
have the ZXS i periodicall y genera te an
" IN 05" device-code pulse . That input s
the window/door status informat ion into
the accumulator of the Z80 where the sta­
tus of each bit can be checked . The tlow
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PARTSLIST-SECURITY SYSTEM
Resistors Y4-watt , 5% unless otherwise

noted
R1- R8-1000 ohms
Semiconductors
IC11-74LS373 octa l D-type latch
IC12-74LS73 dua l J·K tlip-Ilop
Other components
S1-S8-Reed switches . See text
PB1-Piezoelectric buzzer

TABLE 17-SECURITY MONITORING

113 REM 123456789012
20 LET A =USR 16514
30 LET B = PEEK 16525
40 IF B =0 THEN GOTO 813
50 LET A = USR 16522
60 PRINT "SECURITY VIOLATION"
70 STOP
80 PRINT 'i'l LL DOORS AND

WINDOWS SECURE "
90 GOTO 20

, of those strange Sinclair idiosyncrasies
that you have to get used to.) The com­
mand " LD (BC),A" places the security
information into the memory location
pointed to by the BC register pair. That
storage location was defined in the first
two machine-l anguage instruction s as
408DH (16525). Execution returns to line
30 of the BASIC program, which sets
variable " B" equal to the security infor­
mation just placed in memory by the ma­
chine-language routine. If " B" is equal to
zero in line 40 (no security violation),
program execution branches to line 80
where an "all secure" message is printed,
and the entire process is repeated.

If, in line 40, " B" does not equal zero ,
then a security violation has occurred . In
that case, program execution continues to
line 50, where another short machine ­
code routine is called. That routine does
one thing: It generates an "OUT 08" de­
vice-code pulse. As you'can see in Fig. 7 ,
that device-code pulse is fed to pin 2 of a
74 LS 73 fl ip -flop (I C I2) . Whe n th e
74LS73 sees a negative-going pulse on
pin 2, it sets its output (pin 12) to a logic 0.
That causes the piezoelectric buzzer, PBI,
to turn on. After the alarm circuit is turned
on, program execution returns to line 60
in the BASIC program, where "security
violation" is written to the TV screen. In
line 70, program execution stops. When
pin I of the 74LS7 3 (JCI2) is grounded by
pressing S9, the output of the 74LS73 is
reset to a logic I and the alarm is turned
off. . ,

If you want to monitor more doors and
windows (or pressure mats, etc .) you can
add additional three-state devices to the
circuit and read the states by using a dif­
ferent input device-code pulse .

Temperature sensing
The next circuit we' ll discuss will allow

you to monitor temperature. It has a mea­
surement range from 0 to 100 degrees

PR INT
"A LL OD ORSAND

WINDOWS ARE
SEC~RE"

LD B,40
LD C,8D
INA.05
LD (BCl,A
RET
OUT 08,A
RET

+5V

P81

SOUND ALARM
& PR INT

"SECURITY
VIOLATION"

TABLE 16-SECURITY MONITORING

INPUT
SECURITY

BYTE

06 40
C:lE 80
DB 135
02
C9
0308
C9

+5 V

FIG. 8--THE SOFTWAREneeded to control the
basic security syste m can be as simp le as this
flowchart shows .
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FIG. 7-SECURITY SYSTEM. The simpl e system shown here can be made more comp lex-elther by
adding more swl tches (or sensors) or by controlling some device other than abuzzer when a break-in
is sensed. . -

chart in Fig. 8 describes the software re­
quired to operate the security system.

You can , of course , make the program a
little more extensive. For example, you
can check each bit of the status informa­
tion to determine which window or door
was opened. Or, if you waritto note the
time of the security breach (or to keep
track of when your teen age daughter
comes home) you can use the clock/calen­
dar circuit ,developed over the last two
months in conjunction with the 'security
system.

But because we have so much to cover,
we'll keep things simple. The machine­
code and BASIC programs in Tables 16
and 17 will accomplish the task expressed
by the flow chart in Fig. 8. To load the
above programs, first type "10 REM
123456789012." Next use the machine­
language entry program presented in Tab­
le 5 (Part 2) to load the machine-language
subroutines int o the REM statement. '
Once the machine language is .loaded,
erase the entry program and enter the re-
mainder of the BASIC routine. .

'Now let's look at how the programs
control the security-system circuit. Line
20 calls the machine-language routine lo­
cated at memory address 16514. The first
two instructions there define where the
security information is going to be stored
in memory once it is retrieved from the
74LS37 3. The command " IN A ,05"
fetches the security information from the
74LS373. (Remember: You must use odd
input-device codes or bits D6 and D7 will
be masked out when you input. That's one
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FIG.~TEMPERATURE SENSING CIRCUIT.Note that R11 and R12should be multlturn-type potentiom­
eters-it makes cali brati on easie r.
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PARTS L1ST­
TEMPERATURE SENSOR

Resistors Y4watt , 5% unless othe rwise
noted

R9-3000 ohms
R1o-10,OOO ohms
~1 1 , R12-10,OOO ohms, multiturn poten-

tiometer
R13-100,OOO ohms
Capacitors
C1, C3-10-J.4F, 10 volts, electrolytic
C2-150 pF, ceramic disc
Semiconductors
IC13-LM335 temperature sensor
IC14- AOC0804 ana log-to-digital con-

verter
IC15-74LS32 quad OR gate

above program and place the LM335 into
the glass of ice water along with the
known-accurate thermometer. Allow the
sensor and thermometer to sit for a few
minutes and then adjust resistor Rl until
the thermometer reading and the number
printed on the screen are the same. That
adjust s the zero sett ing. (If the tem­
perature of the ice water is not zero, or
very close to zero, suspect that something
is wrong.)

Now place the LM335 and the mercury
thermometer into the glass of boiling
water. After you allow them to set for a
few minutes, adjust R2 until the reading
on the screen matches that of the mercury
thermometer, That sets the span of the

OUT 0C,A
RET
LO B,40
LO C,80
INA,09
LO (BC),A
RET

+5V

+5V

20

9 +C3
R12 10IlF
10K

TWISTED -=
PAIR IC1 4

R10 ADC0804

10K 19 11
12
13
14

R1 1 15
10K

8
16
17

10 18

":" 2

lC4
74lS138

":"

IC3
74lS138

03 0C
C9
0640
0E 80
DB 09
02
C9

TABLE1~TEMPERATURE

MEASURING

TABLE 19-TEMPERATURE
MEASURING

20 LET A =USR 16514
30 LET A = USR 16517
40 LET B = PEEK 16525
50 CLS
60 PRINT "THE TEMPERATURE IS

";B;"CENTIGRAOE"
70 PAUSE 100
80 GOTO 20

reads the temperature information from
the ADC0804 and " LD (BC),A" stores
the temperature 'information in memory.
Program execution returns in line 40 of
the BASIC routine, which sets the varia­
ble " B" equal to the temperature informa­
tio n just pl aced in memory by the
machine-language subroutine. Line 50
clears the screen and line 60 prints the
new temperature. After a pause, the entire
sequence is repeated.

To calibrate the sensing circuit, run the

Celsius with an accuracy of a couple of
degrees Celsius. You can see that it's not a
precision thermometer, but you can use
the circuit to meas ure ambie nt tem­
perature or the temperature of a developer
bath in a darkroom . Based on the tem­
perature , you can have the computer tum
heaters or fans on or off (using control
circuits that we'l l" get to shortly).

Referring to Fig. 9, the thermometer
circuit consists of National Semiconduc­
tor's LM335 temperature sensor and the
ADC0804 single-channel, eight-bit ana­
log-to-digital (AID) converter.

The ADC0804 connects directly to the
interface circuit developed in Part I, and
only two signals are necessary to control
the circu it's operation. The ADC0804
control lines are connected to the two
74LS138's (IC's 3 and 4) of the Sinclair
interface circuit. An "OUT 0C" device
code pulse starts an analog-to-digital con­
version of the LM335's output voltage. At
the end of the conversion (about 100 mi­
croseconds), a digital value representing
the sensor's temperature is input into the
Z80's accumulator with an " IN 09" de­
vice-code pulse .

The temperature-sensing circuit can be
adjusted via resistors Rll and Rl2 so that
the temperature will be read directly in
degrees Celsius . Potentiometers Rll and
Rl2 should be ten-tum (at least) potenti­
ometers so that a fine adjustment of the
zero setpoint and the spa~ can be accom­
plished .

The LM335 should be soldered to a pair
of small-gauge, twisted wires and a small
amount of silicone rubb er should be
placed on the 'leads to insulate them from
liquids in which the sensor might be sub­
merged .

Once you have the sensor prepared, you
can calibrate the circuit. You'll need a
glass of ice water, a'glass of boiling water,
and a Celsius thermometer that you know
to be accurate. You will also need some
software.

Enter, for line 10, a 12-character RE­
Mark statement to reserve room for two
machine-language subroutines. Use the
machine-language entry program pre­
sented in Part 2, Table 5 to load the ma­
chine-langu age routines in Table 18. Then
load the BASIC progra!TI in Table 19.

Line 20 of that program calls the first of
the two machine-language subroutines­
the instruction " OUT 0C,A," which gen­
erates ail output device-code pulse that
starts an analog-to-digital conversion by
the ADC0804. Once the device-code
pulse has been sent, program execution
returns to line 30 of the BASIC program,
which calls the second machine-language
subroutine (at memory location 16517).

The first two instructions, " LD B,40 "
and "LD C,8D, " set the memory location
where the temperature information is to
be stored . That location is 408DH or
16525. The third instruction, " IN A,09, "
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FIG. lD-VOU CAN CONTROL high -volt age ci rcuits by either adding a solid-state or mechanical relay
(as in a) or by using a tr iac driver and tr iac (as in b).

TABLE 2o-RELAY CONTROL

3E 00 LOA,00 Relay
03 10 OUT 10, A on
C9 RET
3E 01 LO A, 01 Relay
03 10 OUT 10, t>- off
C9 RET '

generated , it resets the flip-flop's output to
a logic 0 and the triac is turned on. The
triac circuit is best suited for AC loads up
to 300 watts, and will not work on DC
loads at all.

The software to control the triac circuit
is a little different from the relay-circuit
software. The data bus is not needed for
control, instead, two output device-codes
are used. One device code turns the load
circuit on and the other device code turns
the load circuit off. The following ma­
chine language routine is all that is re­
quired to control the triac circuit:
To tum the triac on: OUT 10,A
To tum the triac off: OUT 14,A

Each of the three power-handling cir­
cuits has its own specific advantages , and
depending upon your application you can
choose the device that best suits YO!Jr
needs.

We've saved the best add-on-s-a speech
synthesizer-for last. Unfortunately, that
means that you' ll have to wait until next
month for its description. R-E

TOAC OR DC

r INTERFACE -1 POWERSUPPLV

I CIRCUIT I +5V J\
\ lCl0 I
I 74LS245 I 20
I
I 00 18 3

( +5V
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+5V\ [C16 2
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J lC4 2 11,
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-= -=
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I" I NTER FACE -,
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that it can handle a great deal of power (for
example 35 amps at 110volts), and has no
moving parts. That means that your 7X8I
can indirectly control a 3850-watt de­
vice- a formidable sized heater, for ex­
ample. The interface circuit for the solid­
state relay is the same as that for the me­
chanical relay. The solid-state relay's par­
ticular disadvantage is that it is relatively
expensive (about $18.00 for a 1;20 volt
AC, 20-amp model).

The software listed in Table 20 is to
control the relay circuits . When the two
routines are stored in a REM statement ,
they can be called with a simple " RAND
USR xxx " statement, where xxx is the
starting address of the routine .

The third power-handling device we'll
look at is a solid-state device for controll ­
ing AC loads. The device is called a triac;
the interface circuit is shown in Fig. IO-b.
Connected to the gate of the triac is an
optically-coupled triac driver (which al­
lows a logic signal to control the triac).
Since the driver is optically coupled to the
triac, the power circuit is electrically iso­
lated from the compu ter.

To control the circuit, instead of writ­
ing to a latch (as was done in the relay
circuit), a set/reset flip-flop (a 74LS73 ) is
used to generate the bistable logic-levels
that contro l the power circuit. When an
"OUT 10" pulse is genera ted, it sets the
flip-flop's output to a logic 1, turning the
triac off. When an " OUT 14" pulse is

PARTS LIST-POWER
CONTROLLER

Resisto rs Y. -watt, 5%
Rl4-100 ohms
R21-390 ohms
Semiconductors
ICl6-74LS373 octal O-type latch
ICl8-74LS73 O-type flip-flop
IC17-74LS04 hex inverter
ICl 9-MOC3010 optically coupled triac

driver
TR1-triac, 6 amps, 200 volts
Other components
RY1-SPOT relay, s-volt, 72 rnA coil

temperature -sensor circuit. With the cal­
ibration complete , temperatures mea ­
sured between the two setpoint s should be
accurate within a couple of degrees Cel­
sius. While that is not great accuracy, it is
accurate enough for many purposes. For
example, you could use the ZX8I to
monitor two different temperatures, say
the outdoor temperature and your attic
temperature . Then , you could use one of
the power-control circuits (that we 'll dis­
cuss next) to tum on your attic fan when
the attic temperature is higher than the
outside temperature . (But only in the
summer, of course.)

A power controller
An interface that can control logic cir­

cuits certainly has many applications . But
we're sure you'll agree that an interface
that can control devices that require high
voltage or current has many more possible
application s. For instance , if you want to
use a large siren and floodlights along
with the security system, or if you want to
activate a heater or fan, you' ll need more
power than the 7X8I or the interface alone
can provide. However, let 's look at a few
devices that can be connected directly to
the interface to control loads that require
higher voltage and higher current.

The first device we will consider for
power handling is the mechanical relay.
The relay is a simple device to use and can
be used for either AC or DC loads. Figure
IO-a shows a typical relay/microcomputer
hookup. If a logic I is written to the latch
(a 74LS373) through D0 of the micro­
computers data bus , the relay will be de­
energized. If a logic 0 is written to the
latch , the relay will be energized and the
load will be switched on. The disadvan­
tage of this configuration is that mechan­
ical relays that can be controlled with
logic-level signals typically can only han­
dle loads up to 0.5 amp at 120 volts.

Another kind of relay which has gained
popularity in the past five years is the
solid-state relay (SSR). Like its mechan­
ical counterpart, the SSR can be activated
with a logic-level signal, but it is gener­
ally used to switch AC loads. The new­
generation solid-state relay can switch
both AC and DC loads so that it is becom­
ing a direct replacement for the mechan­
ical relay.The real advantage of the SSR is
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Although operational amplifiers are widely used in a variety of
applications, there are some op-emps types that are still
relatively unknown. In this article we'll look at two such
devices, the COA and the OTA, and see how they are used.

Cfl
m
iJ

ni
s::
CD
m
JJ

C2

ft
Vo

1

+V

R2

R3

RlVIN Cl
<>---1f------AN>.~-"Nor---,

FIG. 2-BASIC INVERTING FOLLOWER CDA c ir­
cuit. Note the similari ty between this and a con­
ventional op-amp Inverti ng followe r.

volts, and the resistances (Rl- R3) are ex­
pressed in ohms .

Equation 1 looks imposing on first
glance (at least more so than R2/R!), but it
is really not that bad . The term VREP'R3 ,
for example is merely Ohm 's law'for cur­
rent IRE!" as the lefthand term reduces to a
simpler term IREF x R2. The right-hand
term is used to account for the contribu­
tion of an input transistor junction poten­
tial to the total output offset voltage. Since
that transistor junction potential is effec­
tively applied to the non-inverting input,
the gain it sees is (R2/Rl) + l.

The key to designing current-difference
amplifier circuits is to set a reference cur­
rent (IREF) that will set the desired quies­
cent value of Vo ' The 5 ~A to 100 ~A
constraint noted earlier must be observed
however, in which case the gain is approx­
imately - R2/Rl .

Selection of values for the circuit com­
ponents is further constrained by certain
other factors. The gain, for instance, will
help determine R2/Rl, while the mini­
mum required input impedance sets a
lower limit on the value of Rl . Similarly,
the reference potential (VREF) may be
constrained by other factors . If economics
or some pressing need for a specific po­
tential intervenes, for example, we may
not be able to influence VREP In many
cases, especially where low cost is a fac­
tor, VREF might actually be the ordinary
+ V power supply, especially if + V is
normally regulated .

In still other cases , the VREF potential
might be derived from a special power­
supply circuit whose main function is to
serve as the VREFsource. Low-cost three­
termi nal IC regulators make that alter­
native more attractive, especially when
there are several CDA devices in the Cir­
cuit so that the cost is spread out.

The frequenc y response of the circuit in
Fig. 2 is governed on the high end by the
propertie s of the CDA, and on the low end
by the values of Cl and C2. The values of
those capacitors should be high enough to
pass the lowest frequency that you nor-

+V

FIG. 1-SCHEMATIC SYMBOL for the CDA or
Current Dfference Amplifier. Another name for
the CDA Is the Norton amplifier.

INVERTING
INPUT

only. There is a feedback resistor (R2)
between the output 'and the inverting in­
put. Signal is applied to one end of the
input resistor (Rl); both Rl and R2 form a
junction with the inverting input. Capaci­
tors Cl and C2 block DC component s,
passing only AC signals. A DC bias cur­
rent (5 ~A to 100 ~A), IRE!" is applied to
the non-inverting input of the CDA.

Unlike the conventi onal op-amp, the
gain of the current-difference amplifier is
given only approximately by the ratio of
feedback to input resistances (R2/Rl) .
The actual gain may be slightly different
in practice .

The first step in the design process is to
set a quiescent point, that is, the output
voltage , Yo, when the input signal is
zero . The equation governing the quies­
cent point is:

VREFR2 (R2)
Vo = R3 + .7Vo R1 + 1

where V0 is the quiescent output potential
in volts, VREF is the reference potential in

DESIGNING
WITH
LINEAR Ie's." . .

JOSEPH J. CARR

Part 5 MOST DESIGNERS USE
. the operationa l ampli­

fier because it is a versatile device that can
be used in a wide range of applications .
Gain can be set using only a pair of re­
sistors, and the device can be made stable
by adding a few external component s.

Some devices, called frequency-com­
pensated op-amps are unconditionally
stable- a decided plus in some applica­
tions. There is a trade-off, however, as
those devices suffer in terms of frequency
response .

Despite its popularity, the "standard"
op-amp is not the be-all and end-all for all
applications . There are times when some
other type of op-amp should be used. In
this article , we are going to discuss two
lesser-known operational IC amplifiers :
The Current- Difference Amplifiers and
Operational Transconductance Amplifiers
(CDA' s and OTA's).

Current-difference amplifiers
The CDA is sometimes called a Norton

ampl ifier, after Norton's network the­
orem, because it can be modeled as a
current-source and resistance . The sym­
bol for the CDA is shown in Fig. i.

The CDA is an AC amplifier, although
it will also handle DC signals provided
that a large DC output offset potential can
be tolerated.

Figure 2 shows the basic inverting fol­
lower CDA circuit. Outwardly, there is
similarity between that circuit and the in­
ver ting follower op-amp circuit, es­
pecially when config ured for AC signals
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and
Ava = GmRL

where Gm is the transconductance in
millisiemans, IA SC is the programming
current in milliamperes, Avo is the open­
loop voltage gain, and RL is the OTA
output resistance.

From the foregoing equations it should
be evident that current IA SC controls the
operation of the OTA.

The CDAand OTA differ from the nor­
mal operational amplifier.but each have
special applications for which they are
uniquely well-suited. In some cases,
those special IC amps are better suited to
an application than the op-amp, and so
should be used.

The CDA, for example, is well-suited
to mobile, portable, and vehicular ap­
plications in which only a single power
supply is available. Theop-amp, if used in
such applications, requires two external
resistors to bias the non-inverting input to
a potential of 0.25 to 0.7 volt.

The OTA generally uses two power
supplies; +V and - V,and so will not be
used in some applications for which the
CDA may be suited. There are situations
where the OTAis preferred. The ability to
modulate the reference 'current permits a
wide range of applications.

In the next installment of this series we
will consider somedevices that are proba­
bly not familiar to many readers, includ­
ing such devices as iso lation and
logarithmic amplifiers R·E

tionality constant. The value of that pro­
portionably constant may be l.

Figure 4 shows a model for the opera­
tional transconductanceamplifier. The in­
put circuit models as a resistance (RIN)
and is essentially the same as an opera­
tional amplifier input circuit. If the OTA
wereideal, then RINwouldbe infinite,but
forpractical (in other words, real)devices
RINis simply "very, very high" .

The outputcircuit of a conventionalop­
amp can bemodeled as a Thevininequiv­
alent circuit, which consists of a voltage
source and a series "looking back"
(source) resistance. The OTA differsfrom
the op-amp in that its output is a Norton
equivalent circuit consisting of a current
source in parallel with the 'looking back
resistance (Ro)' For those OTA devices
that use a programming bias current
(IA SC ) ' the value of Ro is given approx­
imately by

Ro = 7.5 (lABel

where Ro is the output resistance in
megohms and lAse is the programming
current in milliamperes.

The programming bias current is the
key to not only normal OTA operation,
but also several special applications for
which the OTA seems specially suited.
Weknow that the transconductance Gm is
set by-}--+-----3..---OVo

I ABC -V

va - RF
- = Av =
V1N . R1N

For a transconductance amplifier, the
transfer function is defined as an output
currentoveran input voltage, Id VI' Since
that ratio also defines electrical con­
ductance (in mhos or siemans), the ampli­
fier is called a transconductance ampli­
fier. It's "gain" is expressed by the fol­
lowing equation:

10 K
Ag = v;;;- = Gm

where Gm is the transconductance in si­
emans (note: 1sieman = 1mho),VIN is the
input potential in volts, 10 is the output
current in amperes, and K is a propor-

INVERTING
INPUT

+V

R2

+V

NON·INVERTING
INPUT

FIG. 4- THIS MODEL of the OTA shows the
equivalent circuit of that device. ' '

(Av) and gave a resistor-ratio equation to
describe gain. For the op-amp inverting
follower, the gain transfer function is
given by:

+VCC
Dr
VREF

FIG.3--THE NON·INVERTING FOLLOWERCDA
circu it also strongly resembles its conventional
op-amp countell'art.

The OTA
The OTAis, in many respects, similar

to the ordinary operational amplifier. In
fact, the OTAresembles an op-amp even
more than the CDA does.

So what is a " transconductance" am­
plifier? Most of us are used to thinking in
terms of voltageamplifiers,or currentam­
plifiers, but the term transconductance
amplifier is strange.

To get a better understanding of what's
involved, let's first discuss what is meant
by the transfer function of an amplifier.
This term is an expression of the "gain"
of the circuit in term's of input and output
signals, and is expressed as the ratio of
output over input. For an ordinary opera­
tional amplifier, therefore, the transfer
function is VdVI' In earlier installments
of this series, we discussed voltage gain

mally expect the amplifier to encounter.
In general, that is found from the equa­
tion,f= 1I6.28RC.

A non-inverting follower circuit is
shown in Fig. 3. Note that that circuit is
also similar to its ' operational amplifier
counterpart.

The signal is applied through an RC
network to the non-inverting input of the
CDA, and a feedbackresistor is connected
between the output and the inverting in­
put. Note, however, that the circuit de­
partsfromthe op-amp version in that there
is no input resistor between the inverting
input and ground. As in the previous cir­
cuit, a referencecurrent is also applied to
the non-inverting input. Again, the refer­
ence current is' 5 ,.:LA to 100 ,.:LA. The
voltage gain of thecircuit in Fig. 3 is given
by the following:

A _ IREFR2
v - 25 R1

where IREF is VREplR3. Again, we have
some constraints besides the reference
current range. The gain determines ~21

Rl, and input impedancesets a lowerlimit
to Rl.

The lower-end frequency response is
set by networkRI-Cl . The values of those
components are selected according to
f= 1I6.28RICI, with the minimum value
of RI set by the input impedance require­
ments. As with all non-inverting fol­
lowers, that ZIN value should be not less
than ten times the source impedance of
the stageor devicepreceedingthe current­
difference amplifier.

The CDA is especially suited to ap­
plications requiring AC amplification but
where only single-sided DC power-sup­
plies are available. If bipolar DC supplies
are available, then it might be reasonable
to use an ordinary operational amplifierin
its place.

An example of a CDA is the National
Semiconductor LM-3900. That IC con­
tains four CDAamplifiers in one IC pack­
age.
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The
Professional
Super Case

70260

Builds tools
like your job
depends on it:

The world lamous Super
Case. Complete with 411 01
the most popular and
prolesslonal problem·solnng
tools. From screwdrl"'ers and
nutdrl't'ers to pliers, wrenches,
crimping tools and more. A
super 't'arlety and super
't'alue. All unconditionally
warranted Irom Vaco, 01
course . The Super Case and
all the line Vaco tools can be
seen In our latest catalog. It's
free, just write .

Federal tax fo rms to apply fo r th e
Energy Saver's Credit.

At $74.95 fo r the main con troll er,
we feel that it could be a very cost­
effect ive add-on to an inexpen sive
machine, and a pro fitable solut ion
for individuals seeking hom e en­
ergy mana gem en t/ control so lu­
ti on s. We rem ain y o u r av i d
readers.
CO RDO N CROSS
M inotaur Engineering
1840 East University
Mesal AR 85203 R-E

ervicei!

Our co mpany, Mi notaur Engi­
neering, has developed a "BS R"
in terf ace fo r t he Tim ex Sincla i r
1000 (ZXm) computer that wi ll do
many of th e tasks de scri bed by
yo ur p ro ject , and ve ry in exp en ­
sively. It has a real-time clock, all
the necessary software, and it con­
nects to the expansion bus of th e
computer. It will also control 256
lig hts and app liances over the AC
wi ring of a house or apartment. As
an opt io n we have available a ther­
mostat controll er and we include

di stributed via cable w itho ut any
problems."

Assuming that the existin g 262.5
lines per f ield is maintained , th en
doubling th e field rate to 120 Hz
would double th e lin e rate (and
w riti ng speed). The bandwidth re­
quirements would approx imately
double. If the existing NTSC sys­
tem would suppo rt 120 fie lds-per­
second, yo u can bet that it would
be in use by now! Even if th e stan­
dard 60-Hz field rate were main­
tained for th e transmission medi­
um ' and each field were di splayed
twice, th en some type of compli ­
cate d (expensive) frame sto rage
system would be required for th e
monitor.

Incidentally, a di fferent 3-D sys­
tem intended for computer gener­
ated images has been developed
at Georgia Tech's Engineering Ex­
periment Station. According to
the inventor, the image is coded by
the computer for viewing through
ine xpen sive eyeglasses which are
not electronicall y controll ed in
any way.
LEN CAYCE
Meriette, CA

HOME CONTROL COMPUTER
Your art icle on the " Home Con ­

trol Computer," (Radio-Elect ronics,
April, May, and June 1984), was
both interestin g and in formative.
In it you di scussed th e implemen­
tation of hom e contro l with one of
the many home computers avail­
abl e. We could not agree more
with your conclusion th at this is a
terrible waste of computing power
and money, becau se it requires full
dedication of al l compu t er re ­
sources available to a sing le task .
Your approach was to const ruct a
computer co nt ro ller to free up th e
other machine.

We feel th ere is an additional
alternative available to indiv iduals
w ho haven 't either the time or ex­
pertise to con stru ct your project.
You co r rec t ly main t ain ed t hat
home computers are to o expen­
sive to have sitting around doin g
home contro l all the t ime . We feel
this is correct onl y if th e computer
is expen sive.

continued fro m page 26
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DESIGNER'S
NOTEBOOI(
Designing with the Schmitt trigger ROB~RT GROSSBlATI

+10V

R3

Ot
2N3906

R2
470n

How it works
The inverter (lCl , a 4049) acts as

an integrator and produces a ramp
voltage at its output. (A ramp is a
li nearly rising sawtooth wave, so
named for its resemblance to an in­
cli ne-like a staircase.) The inte ­
grator continues producin g the ramp
unti l its threshold voltage is reached.
Becausewe're talki ngabout a CMOS
inverte r, th e thresho ld vo ltage is
equal to hal f the supply vo ltage.

continued on page 94

There are, however, some un­
usual things to watch o ut fo r when
using it. For starte rs, th e expres­
sio n th at shows how the frequency
vari es with th e voltage is:

M - 1
- =
L1 V 3.6(R 1C1)

Don 't worry abo ut where that
exp ression carne f ro m- t he im­
portant th in g to ' note is that the
minu s sig n indicates that as the
vol tage increases, the frequ en cy
decreases.

To understand wh at th e limits of
t he circui t are, let's see how it
works.

»--+-- --1 1JIC2~-+-..\M----<~-+-I

1/645 841/6 4049

C2
.01

Cl

R3= !U. 10

(5 -VIN}
fa = 3.6R1Cl (FOR Vee =IOV)

FIG. 2

pu t du ty- cycl e i s we l l w it h in
shout ing d istan ce of a perfect
50-50; pow e r re q u i re me nts are
low; and the ci rcui t osci llates pret­
ty much between ground and th e
supply rail. The out put frequ ency,
however, will depend on severa l
factors including the supply volt-
age, and th e threshold vo ltages fo r
th e Ie. For 10-volt ope ration, the
output f requency, t, of th at circuit
wi ll be Close to:

(= O.72(RC)

A much mo re useful applicatio n
of the Schmitt t rigge r in bu ild ing
an oscill ato r is show n in Fig. 2.
That ci rcuit is a low-power VCO
(Vo ltage Controll ed Oscill ator)
th at is easy to build and has the
added advantage of be ing lin ear
over a w ide range of vo ltages. The
circuit is a bit more complicated,
but much more versat ile than the
pr evi o us one . For ope ners, t he
out put fre q ue ncy can be caic ~ ­

lated w it h a hi gh degree of preci­
sio n . Fo r 10-vo lt o pe rat ion, it s
output f requency is:

f = (5 - Vi n )/( 3. 6(R1C~ ) )

TH E SCHMITT TRIGGER IS AN IN CREDI­

bly useful ci rcuit eleme nt w hose
popularity has in creased since th e
in troducti on of the integrated ci r­
cuit (IC). You can make a Schmitt
tr igger o ut of di scr ete co mpo ­
nents, but it requires th at carefu l
attentio n be paid to the math , plu s
the frequent use of non-standard
co m po ne nt valu es. And eve n
th en , th e results of hours of paper­
work have a nasty habit of "blow­
in g-up" w he n they' re translated
in to real-world ci rcuitry.

How ever, integrat ed ci rc uits
(and the con t rol poss ible in man­
ufacturing them) have changed all
that. Today, Schmitt tr iggers show
up in many app licatio ns, and, be­
cause of their unique prop erti es,
have simplif ied what used to be
some really hairy ci rcuit problems.
This month we'll look at just one of
th e ways those circuits can elimi­
nate all kind s of design hassles.

Schmitt-trigger oscillators
Everybody has seen the ci rcuit

in Fig. 1. If yo u have one Schmitt
trigger, a resistor, and a capacito r,
yo u r cl o ckin g probl em s are
solved. Any ti me you need an os­
ci llator for some down-and-dirty
clocking, yo u cou ldn 't ask fo r any­
thing simpler. It so utput isa typical
exa mp le of w hy Schmi tt tri gger
lC's are such useful design ele­
ments. The symmet~y of the out-

enozoa:
t; fa =0.72 RC
~ (FOR Voe = 10V)
w
o
o
~ FIG.l

80



MEASUREMENTS IN MEDICI~E

continued fro m page 58

Acid-base balance
If the pH of the blood is not near nor­

mal, the heart and other organs will not
function properly. Cardiac arrhythmias
may occur, making the problem worse. It
is possible to have a respiratory or a meta­
bolic acidosis . A respiratory acidosis oc­
curs when the content of carbon dioxide
in the blood is abnormally high . Meta­
bolic acidosis occurs when there are acid­
ic chemical s present in abnormal amounts
or there is less than the usual amount of
sodium bicarbonate.

A type of metabolic acidosis called lac­
tic acidosis occurs when the body ineffi­
ciently uses glucose to obtain energy.
When that happens , lactic acid is pro­
duced and released into the blood . Ineffi­
cient use of glucose will occur when there
is not enough oxygen to permit the effi­
cient use of glucose. That would occur
when pulmonary function was insuffi­
cient or when there is shock .

Thus , when a person is not breathing
well, it is possible to have an acidosis that
is partially respiratory and partly meta­
bolic . Metabolic acidosis can also occur
when there are acids in the blood in great­
er than normal amounts, as with certain
poisons. Also, when diabetics do not have
enough insulin and use fat to obtain ener­
gy, enough acids may be produced to
cause a metabolic acidosis.

Knowing how severe an acidosis is and
whether it is respiratory or metabolic will
help the physician determine what treat­
ments are needed to bring the patient back
to normal. Chronic disturbances to which
the patien t has adjusted are not changed
by the physician, as they are normal for
that patient. Acute, new disturbances
should be corrected . In general , respirato­
ry acidosis is corrected by improving
breathing . Metabolic acidosis may be cor­
rected by giving intravenous sodium bi­
carbonate as well as by tre at ing the
underlying condition, depending on the
reason for the acidosis.

Blood pressure
Any interference in the function of the

heart may decrease the blood pressure.
Loss of blood volume , as with bleeding or
dehydration, will also lower the blood
pressure . During myocardial infarction it
is desirable to keep the blood pressure
from being too high so as to reduce the
work of the injured heart . During brain
surgery it is sometimes necessary to lower
the blood pressure to reduce bleeding.

If the blood pressure become s too low,
a person will become confused due to
decreased circulation to the brain . With
low blood pressure , the heart will not re­
ceive enough oxygen through its own nu-

trient arteries, the coronary arteries . Also,
after several hours of low blood pressure
the kidneys will suffer damage.

Blood pressure can be controlled on a
minute-by-minute basis by giving intra­
venous fluids or drugs and by applying
external pressure to the abdomen and legs
with pneumatic co mpress ion devices,
sometimes called anti-shock trousers.

Measuring blood pressure
Blood pressure can be measured in

about 30 seconds by inflating and deflat­
ing a pneumatic cuff about the arm. Lis­
tening over the front of the elbow with a
stethoscope will allow one to measure
blood pre ssure during defl ation. The
blood pressure measured is that of the
brachi al artery, which one can feel by
pressing firmly on the front of the elbow.
When the pressure in the cuff becomes
less than the maximum (systolic) blood
pressure, turbulent blood flow will cause
sounds to be heard with each heartbeat.
When the cuff pressure becomes less than
the minimum (dias tolic) pressure , tur­
bulent flow is less, and the sounds become
greatly decreased .

Electroni c instruments are available
that inflate and deflate a blood-pre ssure
cuff and listen with a microphone to deter­
mine the systo lic and diastolic blood­
pressures. The heart rate is also measured
by some of those instruments .

When the blood pressure is low, sounds
are difficult to hear. It is then useful to
detect blood flow with an ultrasonic flow­
detector. Such devices transmit an ultra­
sound signal. The ultrasound signal is
produced by a crys tal transducer that
causes a mechanical vibration . Ultrasonic
frequencies of I to 10MHz are comm only
used in clinical applications. A portion of
the energy transmitted is reflected back to
the transducer (or a separate receiving
transducer) within milliseconds. When
the returned signal has been reflected by
moving blood, the frequency of the signal
is shifted by several hundred to several
thousand Hz. That is the Doppler shift,
similar to that encountered in radar. The
Doppler shift is detected by mixing the
received signal with the transmitted-os­
cillator signal. The high-frequency carrier
signal is then easily filtered out. The Dop­
pler flow detector can be used with a loud­
speaker to help one listen for the blood
pressure.

It is sometimes desirable to place a
catheter (a plastic tube) in an artery in
order to continuously measure the blood
pressure . The catheter is connected by
plastic tubing containing saline (" phys­
iological salt water") solution to a pres­
sure transducer. The blood pressure can
then be continuously measured . Blood for
arterial blood gases and other tests can be
drawn from the same catheter, avoiding
repeated needle sticks in patients who re­
quire many blood tests. R-E

60MHzor
100MHz SCOpe?

Look at all the
features of'

B&K·PRECISIOM's
60MHz 3·trace model!

Model1 560 $1150

With most of the features you
would expect to find on 100MHz
scopes, the Model 1560 is the
ideal scope for situations whe re
a 100MHz unit is not essential.

Check these features:

• 1 mV/div sensitivity

• Signal delay line

• Video sync separators

• X-V operation. Z axis input

• 16 kV accelerating voltage

• X10 sweep magnification

• Delayed sweep/dua l time base

• Single sweep. Auto focus

• V mode - displays two signals
unrelated in frequency

• Sum & difference capabi lity

• Channel 1 output

• Includes probes

For $950 , the 40MHz, Mode l
1540 has all the same features,
except it is dua l trace with 12kV
acce lerating voltage.

In stock for immediate delivery
from your B&K-PRECISION
Distributor.
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1000 ohms) side of the transformer
is connected to the amplifier and
the low side (say, 8 ohms) to the
speaker. Thus, both devices "see"
the proper impedance and they
work well together. But how can
we use a speaker as an input de­
vice or microphone?

First, consider . that a micro­
phone must produce electrical
signals corresponding to the audio

}
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OVER THE PAST FEW . MONTHS WE RE­

ceived several inquiries con­
cerning intercoms: It appears that
a number of you wish to modify
them to suit your specific needs .
So, this month, we'll take a look at
a couple of the changes that you
want to make and see what must
be done to make those modifica­
tions work.

Our first request comes from
Dick Ryszykow (NY), who wants to
know how a speaker can be made
to function as a microphone as
well as a speaker. Well, all speak­
ers are actually crude micro­
phones: You can prove that to
yourself by taking your stereo
headphones and using them as
microphones for your tape deck.
In order to use a speaker more
efficiently as a microphone,
however, you have to be con­
cerned about impedance match­
ing . The impedance-matching de-

source. A speaker normally does
just the opposite-it produces au­
dio that corresponds to electrical
signals. But if sound waves strike
the speaker cone, it vibrates; that,
in turn, vibrates the voice coil.
When the coil moves; it cuts across
the flux lines of the magnetic field
(produced by the speaker's per­
manent magnet) and an electric
current is generated. Thus, you
have an electrical signal that corre­
sponds to the audio source.

Unfortunately, you can't just
connect the speaker to the high­
impedance input of a typical am-

5WliCH
4 PDT

fiG. 3

vice usually used is an audio
transformer.

Speakers are low-impedance
devices, normally on the"order of
3.2 to 16 ohms . Most amplifiers,
whether for intercoms or what­
ever, have high-impedance input
and output circuits. In order to
avoid distortion and signal losses,
the impedances of the speaker
and . amplifier-output must be
matched. .

You are familiar with the use of
an output transformer between an
amplifier and speaker, asshown in
Fig. 1-a. The high-impedance (say,
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New for our readers ....A mailorder source of software for Atari 400, Atari 800, IBM P C, Commodore VIC-20,

Apple II, and other personal computer systems.

Radi8­
Ell!clranicB
--------- -------------~----------------------------.I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

VIC-20COMMODORE

APPLE
o MINER 2049 by MicroLab
... List $39 .95. Our price ...
$34.00. Chase into a Ura­
nium mine thru 10 levels of
traps and capture Yukon
Yohan. Scale ladders , jump
from moving platforms , and
win-if you can. (Apple II,
48k, disc)

o SUBMARINE COM·
MANDER by Thorn EMI ... List
$49.95. Our price ... $43.00. A

~,,",rn-~" submarine patrol simulator to
hunt and destroy enemy ships.
9 skill levels. Plug-in cartridge .
(Atari Cartridge 400/800)

..... 0 PIPES by Creative Software

L~~!!.~ ...List $39.95. Our price ...
r $34.00. Connect a pipeline

from the water supply tank to
every house. Watch out for
leaks . Use as little pipe as
possible. 5 skill levels. (Com-

• modore VIC-20 cartridge)

ATARI

o SHAMUS by Human En-
gineered Software List
$39.94. Our price $34.00.
Only you can stop the Shad ­
ow's mad reign of terror. Two
levels with 20 rooms each. A
joystick challenge. (Com­
modore VIC·20 cartridge )

o HOUSEHOLD FINANCE
by Creative Software ... List

...••11 $17.95. Our price ... $15.00.
III Home utility program records

and analyzes your monthly in-
9 :=f"'i-"1 come, expenses and budget in

16 categories. (Commodore
VIC-20 tape cassett e)

o HOME OFFICE by Creative
Software ... List $29.95 . Our
price ... $25 .00. Combines
VICPRO, a flexible and effi­
cient word processor with
VICDATA a powerful and so­
phisticated informati on storage
and retrieval system. (Com­
modore VIC-20, cassette tape,
8k additional memor y required)

o RENDEZVOUS by Edu­
ware ... List $39.95. Our price
... $34.00 . In four phases, sim­
ulates an actual space-shuttle
flight from Earth Liftoff through
Orbital Rendezvous and Ap­
proach to Alignm ent Docking
with a space station. Hi-rez
graph ics (Apple II, disc)

o MASTERTYPE by Lighting
Software ... List $39.95. Our
price ... $34.00. A typing In­
struction system in an exciting
hi-res game format. Learn to
type while battling waves of
attack ing enemy words. (Apple
II, 48kJ64k, disc)

o SAT WORD ATTACK
SKILLS by Eduware ... List
$49.00. Our price ... $43.00. A
tutorial for mastering vocabu­
lary, decipheri ng new or
unfamili ar words, and taking
tests. (Apple II, disc)

o THE GRAPHICS MAGI­
CIAN by Penguin Software ...
List $59.95. Our price ...
$53.00. Make your own ani­
mated graph ics. Handles up to
32 independent objects .
Stores hund reds of color pic­
tures. (Apple II, 48k, disc)

APPLE
o PRISONER2 by Interactive
Fantasies ... List $32.95. Our
price ... $28.00. Escape is
hardly possible. The island
keeps you under surveillance.
Just try and get out! (Apple II,
48k, disc)
o PRISONER2 by Interac­
tive Fantasies ... List $39.95.
Our price ... $34 .00. (Atari
disc)

o THE MASK OF THE SUN
by Ultrasoft Inc ... List $39.95.
Our price ... $34.00. An ani­
mated adventure through a
series of Ili-res screens. An
ultimate adventure challenge.
(Apple II, 48k, disc)

PCTUTDR

o MICROITERMINAL by
Microcom ... List $94.95 . Our
price ... $83.00. Allows ac­
cess to remote mainframes
and minis, information data
banks , and other persona l
computers. (IBM P C, disc)

o FLIGHT SIMULATOR by Mi­
crosoft ... List $49.95. Our price
... $43 .00. Highly accurate sim­
ulation of flight in a single-engine
aircraft. Working instruments.
Out the window graphics. Reai­
time flight conditions. (IBM P C,
64k. color graphics, disc)

MICROCOM
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o PC TUTOR by Comprehen­
sive Software ... List $79 .95.
Our price ... $69.00 . Interactive
program teaches you how to
use your IBM Personal Com­
puter, including hardware and
software. (IBM P C, 64k, disc)

o DEADLINE by In­
focom ... List $49.95.
Our price ... $43.00. A
locked door. A dead
man. You have 12
hours to solve the mys­
tery. One false move,
and the killer strikes
again. (IBM P C, 48k,
disc)

o ALGEBRA, Vol. 1 by Edu­
ware ... List $39.95 . Our price
... $34.00. A first year algebra
tutor ial covering definitions,
number line operations, sets ,
etc. (IBM P C, 48k, color
grpahics, disc)

o EASYWRITER II by In-
formation Unlimited List
$350 .00. Our price .
$300 .00. Turns your com­
puter into a word
processor, You see every­
thing on the screen. There
are no imbedded com­
mand s. (IBM P C, disc)

IBM PC

Radio-Electronics Software Store

200 Park Avenue South

New York, NY 10003

Numb er of items ordered D
Tota l Price of Software $, _

Sales Tax (NY State Residents Must Include)

Shipping ($2.00 per item) .

Name _

Address _

City State .LZIP _

TOTAL ENCLOSED (Sor ry, No COD's) $ SORRY _NOCREDIT CARDORCOD ORDERS

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



7 Printer Delay for the Commodore 64
Build this quick-and-easy project to trickyour Commodor 64 into
thinking it's working with a Commodore printer. Herb Friedman
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10 Computer-Aided Circuit Board Design
Use your computer to design PC boards and you save a lot of time
and money, Here's how the professionals do it. Glenn Calderone

14 Memories are Bits and Pieces
Let's clear up some of the confusion and misinformation about
computer memories. An in-depth report from our expert.
Herb Friedman
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5 New Products
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EDITORIAL

Getting friendlier

-In an obviousappeal to those who have little or no experience with
computers (and that's still practically everybody), many manufacturers have
used the words "User Friendly" in their advertising. Well, that may be all
well and good, but just how user friendly can a computer be without going
completely overboard? Let's face it: Computers real ly burst on the scene
with a suddenness that rivals an atomic explosion. The technology came
screaming at us out of no place, and actual ly caught most of us completely
unprepared for the veritable onslaught! The point is, that unless you learn
somethingabout computer technology, no computer wi ll seem "user
friendly"

The first, and most obvious result of the computer boom was that- since
nobody knew an awful lot about the subject-anybody with an interest
could become an overnight expert. The kids latched onto that, and picked
up on the buzzwords first, the technology later.

Well, the first wave is over. Computers are here, they perform an
important and worthwhile function in nearly every business you might be
involved w ith and, wonder-of-wonders, you do not have to learn to
program to operate and gain benefit from the use of a computer. You don't
have to be an "expert."

Sowhat happened? Those of us who warilyeyed this new phenomenon
and decided to dip a toe in the water, quickly learned about the benefits of
computers. Our approach to computing became more and more daring.
We experimented, met (usually) with success, and went on to biggerand
better things. Our expertise- in spite of ourselves-grew We learned, often
by trial and error, what the computer could and could not do. And "user
friendly" began to have some good, sol id meaning for us.

As the trust between man and machine began to groVY, and as the
computer proved itself in value, something elsebecame patently obvious.
There is a large segment of the community out there that still hesitates to
takethe big step. They probably recognize the inevitability, yet they
procrastinate. That's why I feel that we, as regular computer users, owe it to
them and to ourselves to "convert" those people. We all know who they
are. Take a positive step. Invite them to see how the computer works. Give
them an opportunity to get some hands-on time on your computer. Sell
them on the benefits. Remember that as more people buy more computers,
not only w ill the pricesw ill drop, but the technology will advance--and
that's going to be good for all of us.

Tell your non-computing friends, "C'rnon in. The water's fine!"

Byron G. Wels
Editor

ComputerDigest is published monthly as an inser t in Radio-Electronics magazine by Gernsback Publications. Inc.,
200 Park Avenue South, New York. NY 10003. Second-Class Postage Paid at New York, N.V. and additional mailing
offices . All rights reserved. Printed in U.S.A.

A stamped self-addressed envelope must accompany all submitted manuscripts and 'or artwork or photographs if
their return is desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts
and/or artwork or photographs whiie in our possession or otherwise.
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LETTERS
Likes us

Just wanted to tell you that I'm a
neophyte w hen it comes to
computers, and the instruction
manuals that came w ith my own
unit were so com plex that an
engineering degree would be
needed to make head or tails of
'em. I've been tentatively using a
"poke-and-try" system to learn
about the computer, but it w asn't
until I started reading
Comouteruiqes: that I really began
to make some headway and
understand what was going on.­
L. R., Fargo, SD

There'san old sayins amons us
writer-types .. . "Write to exp ress,
not to impress." It's our credo here

at Comp uterDis est, and we wish
more of the computer magazines
would adhere to it.

Here we go again!

I'm concerned that Radio­
Electronics w ill go the w ay of
other electronics magazines and
orient themselves more towards
computer technology exclusively
While Computeruiqest is only 16
pages now I suspect that in a
cou ple of months, you'll be
making it 17 pages, then 18 pages,
and so on...-D. P, Fresno, CA

No. 'Isin': so! Radio-Electronics
will always remain Radio­
Electronics, and that's the way it 's
soinS to be. ComputerDigest is in

no way soinS to ever be more
than an offsprins. Please don't be
the least bit concerned that this
supplement will in any way dilute
the wonderful content of the
meqezlre you have come to know
and love.

Wants to subscribe!

I've been looking all through
bo th Radio-Electronics and
Compateron est to find a card that
w ill let me subscribe to
Comoateroicest magazine. How
can I subscribe to Computer­
Dis est?-P D., New York, NY

Risht nov« you can 't. The only way
to s et ComputerDigest is to sub­
scribe to Radio-Electronics!~CD~

COMPUTER PRODUCTS
For more details use the free

information card inside the back cover

COLOR-GRAPHICS PACKAGE, FlyinS
Colors, for the Com modore 64 is the
latest in a series of computer-graphics
product s for microco mputers. A
w indowed screen menu lets the user
pic k the desi red functions for drawing.

Users can adjust thei r drawi ng
speed for exacting deta il w ork, and
paint with a selection of different
co lors and brush sizes. Text can be
ad ded anyvvhere on the screen, and a
grid feature helps users to align their
pictures . The pictures can be saved
and retrieved from d isk. FlyinSColors

CIRCLE 131 ON FREE INFORMATION CARD

is priced at $39.95- The Computer
Colorworks, 3030 Bridgeway,
Sausa lito, CA 94965

PORTABLE LINE CONDITIONERS, the
KLR series, are designed to protect
sensitive compu ter equ ipment.
Available for 250-, 500-, 1000-, and

CIRCLE 132 ON FREE INFORMATION CARD

2000-watt loads, the KLR line
condi tioners deliver 120 vo lts at 3"'0
regulation for 90- to 140-vo lt variations.
With 3% THD sinewave output, the
series offers input-sp ike suppression,
transformer-sp ike sup p ression,

wi d eband pre filtering, and isolated
line-noise elim ination .

The 250-watt units are pr iced at
$292.00, and 500-watt units at 5391.00
and are enclosed in a 7 x 14 x 8­
inch case. A larger case (9 x 17 x 10­
inches) houses the 1000-watt model at
$562.00 and the 2000-watt unit at
$977.00.- Elect ro nic Special ists,
lnc., 171 South Main Street, PO Box
398, Natick, MA 01760.

OUTLET EXPANSION, model P22,
model P2, and model P12 occupies
one grounded out let, provid ing four to
six in its p lace. Each is ind ividually
controlled by a labeled front-panel
switch, each sw itch has a pilot light,
and Power Director adds a master
switch for collective system power­
co ntrol. Each outlet is protected
against surges, spikes, and RFnoise. A
circuit breaker safeguards against
problems caused by equ ipment
overload s. Cord clutter is counteracted
by Power Directors ell-in-a-row out let
organization.

The stand -alone model P22 (sized
to stack with d isk dr ives, modems, or
small video mon itors) offers four

SEPTEMBER 1984 - ComputerDigest 5



occupy screen space. The Fame-2 is
priced at $795.00.- Falco Data
Products, 1286 Lawrence Station
Road, Sunnyvale, CA 94089.

DIRECT-CONNECT MODEM, the Mark
X; is a smart, 300-baud auto dial/auto
answer modem. The unit operateson
most popularsoftware communica­
tions packages (such as ASCII Express),
and canwork manually through a
keyboard, without computer cod ing;
or automatically, to answer and origi­
nate callsat 300bps for Bell -103
compatibility The Mark X detects dial
tone and busy signals and automat­
ically displays dialing status on the CRT.

CIRCLE 136 ON FREE INFORMATIONCARD

The Mark X uses a standard RS-232
serial interface. It comesequipped
with a built-in cable and two tele­
phone jacks, and a 12-volt power
supply The MarkX directly connects
to a modulartelephoneoutlet. It is
priced at $169.00.- Anchor Automa­
tion, Inc., 6913 ValjeanAve.,Van
Nuys, CA 94106.

DOTMATRIX PRINTER, the
Imagewriter, is available in both stan­
dard and w ide-carriage models. Both
print in a 7 x 9 dot-matrix rate of up
to 120characters per second. They
alsofeature eightcharacter-fonts, and

:.-------.1
~ .:f~·.:_- .. ,,~ .. _ ~

provide variable resolution, pitch, and
line spacing. Various fonts, underscor­
ing, and sub- and superscripts can be
mixed in the same line. Both printers
use either friction-feed or adjustable­
width pin-feed tractors. Each also
comesw ith an accessory kit that
contains the appropriateconnector
cables, a user'sguide, all applications
manual, and software for printing high­
resolution graphics.

The standard Imagewriter has a retail
price of $595.00. The wide-carriage
Imagewriter is suited for producing
documents that requirewide paper. It
is priced at $749.00.-Apple Com­
puter, Inc., 20525 Mariani Avenue,
Cupertino, CA 95014. ....CD~

CIRCLE 13S ON FREE INFORMATIONCARD
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CIRCLE 134 ON FREE INFORMATION CARD

support baud rates to 19.2 kilobaud
for communicationw ith the host and
other peripheral devices. Standard
ports provide RS-232C interfaces and
options, including RS-422 or current
loop, are available.

The Fame-2's split-screen feature
offerssmooth scrolling and a wid e
range of video attributes, including
underline, reverse video, blinking, and
blanking. Screen attributes do not

display control, and quick data
transmissions from eitherof two
independently configurable ports.
Flexible features, such as a print mode,
areprovided by two ports, which

• X and Y Inputs lor Hi-Resolution.
• Red, Green and Blue Inputs.
• IDEAL tor HI-Reso. Applications.
• Originally designed lor Video Games.

NEW 19-INCH (DIAGONAL) COLOR MONITORS

8199.'W.

8800, Dual Mlnidiskette Drive 8349 00
W/supply & 2 TtAC...(w/SA-4llO interface) Mini- 81
Roppy Drives inDEC case . Made forDigitalEquip- UNUSE·D.
ment Corp. Incl: Pwr Supply. Case.-' EW, UNUSEDI

IN BOXES

8389 00 ~
.81. I

PARALLEL, TTL INPUT I/O "SELECTRIC"
TYPEWRITERIPRINTER These machines have buih-indnverand
decoder ci rcuitry andtake TTL level.6-bit character. plus aHit
function input signals. Easilydnven by most any micro. Use atypewriter (with
add'l "repeat ci rcu~ry) 01as aKSR110 pnnterorboth. 'TableTop" style case.

END OF SUMM

-,~<

Prices do not include packaging and shipping .

Write Of Call lor Ourl,lul f lyer NOW I!! "St lectric" is I registered tradt m.R of 11M CorporatiCNI

TERMINAL, the Fame-2, features a 14­
inch, green phosphor screen (amber is
optional) and 132columnsof data.
There are 20 user-programmable
function keys, with room in memory
for up to 1000 characters. The pre­
programmed function keys offer
complete editing capabilities, screen-

Needs hOnzontal and vertical oscillators lor standard monitoroperating . Requires 4VtCoior Beam
Drive plus 16VP-PforX&Yinputs. plus center-tapped power andXFRcomplete. •

OATAPROOUCTS 0·50 DAISY WHEEL TERMINAL:
• "35" Characler per second print rate.
• RS·232 Input("Receive-only" conligured) .
• 300-9600Baud rate lor last print speed.
• Takes standard DiabloDaisywheels.
• Offers 10 pitch and12 pitch. DUY JHlIII
• Full13'n " carriage width. DI ""tr
• 6 & 8 lines per Inch. SUPPlY [j, 'nED
These on-leaseDaisyWheel terminalsare cleaned and adtusted andreadytouse. 8
Wnh data and info . NowOnly

oEX 4100 FACSIMILE (FAX) MACHINES
Ideal for Experimental PageScanner

Found in offices everywhere, these units cantransmit & receive
to and from other StandardTelecopier Machines over standard
phone lines. Transmitsdocumentsandphotos. Fea- 8189 00
tures auto feed of originals, built-in roll feed, page
cutter for automatic sizing & 'photo" mode for the . • 81.
greyscale &halftones. OPERATIONALI

CIRCLE 133 ON FREE INFORMATIONCARD

outletsand is priced at $99.00. The
monitor-base model P2 (sized to fit
under a CRT or video monitor) offers
five outlets and is priced at $139.00.
Model P12 (sized to fit atop an IBM PC
system) offers six outlets, a digital
clock, and a disk-storage bin; it is
priced at $199.00-CA Computer
Accessories, 7696 Formula Place, San
Diego, CA 92121.

CIRCLE 68 ON FREE INFORMATION CARD
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FIG.1-SCHEMATIC DIAGRAM OF THE PRINTER DELAY is
simple and straightforward with most parts junk-box avail ­
ab le. Do not substitute for relay RY1. Other components are
not critical.

Construction

While com ponent values are not really critical, it is
suggested that you do not substitute for relay RY1. The

One is a DIN co nnector that handles the serial output
signals; it pl ugs into any serial connector on the
co mp uter or d isk d rivers). The other connection is a
co mb ination socket/p lug adapter for the co mpute r's
Datasette (cassette recorder) connector; it prov ides
only the 5 volts DC needed by the CARD? interface; no
signals come through the adapter connection. The
adapter slips over the regular Datasette connector and
the p lug from the Datasette 's umbil ical cord p lug slips
over the adapter. A single w ire from the adapter to the
CARD? carries the 5 volts (the ground is provided
through the serial DIN connector).

Refer to Figure 1 The printer de lay is connec ted in
series w ith the 5 volt wi re from the adap ter. When the
computer is first turned on, 5 volts is applied to the
555 timer, which does not interfere w ith the computer.
After 6 to 10 seconds, the timer provides a voltage to
01 's base, causing 01 to conduct. The current through
ors co llector flows through reed relay RYl The relay's
contact closes and applies power to the CARD?
interface. LED1 ind icates that power is applied to the
interface.

How it works

The CARD? interface has two comp uter connections.

Here's how to fool your Commodore 64 into thinking it's working with a Commodore printer.

HERB FRIEDMAN
-Just when you begin to think you 're ahead of the
game something co mes along to remind you that ": .You
can't w in... you can't break even... you can't even quit
the game'" Well, that's almost true, because w ith our
printer delay for the Commodore 64 computer, you
finally get a chance to wi n one.

The Commodore 64 is one of the best values in
home-and -family and schoo l co mpu ters (why it is is a
subject for another time), but like most computer
manufacturers, Commodore has put in a few zinqer: to
keep the customers from using non-Commodore
peripherals . One of the zins ers is an unusual serial
printer output that w orks on ly wi th Commodore
printers . Unfortunately, the Commodore printers for the
64 aren't all that great, and there is no inexpensive
da isy printer that w ill work w ith the 64-w hich
precludes low-cost " letter quality" word processing.

The entire printer prob lem for the Commodore 64
and the VIC-20 was resolved w ith a relatively low-cost
interface known as the CARD?( from Cardco, Inc., 313
Mathew son, Wichita, Ks 6721 4), which converts the
"Mickey Mouse" serial output of the 64 and VIC-20
co mp uters to a standard Centronics-compatib le
output. Centronics-compatib le means you can use the
Commodore 64 and VIC-20 comp uters w ith the most
popul ar high-performance prin ters from Epson,
O kidata, etc. Even the low-co st da isy wheel pr inters
from Smith-Corona, Comrex and Brother.

But good things d on 't last. Commodore changed the
ROM's in the most recent 64's. The result is that the 64
will lock up if you attempt to use the CARD? interface
and a popular pri nter instead of a Commod ore printer.
The w ay around the lock-up is to d isconnect the
interface from the computer, power up the system, and
then re-connect the interface... a heck of a w ay to do
things.

A more-convenient way to avoid the lock-up
without going through the d isconnect-co nnect hassle is
to bu ild our printer delay, a device that delays the
power to the interface for about 6-10 seco nds w hen
the computer is first turned on. When the printer
delay's LED glows, you can go ahead and pr int w ithout
fear or worry that the co mp uter is locked up. (Once
again, another manufacturer's z ins er is defeated!)

SEPTEMBER 1984 - ComputerDigest 7



CARD? interface taps slightly more than 100mA from
the computer, and the printer delay shown uses about
another25 mA, most of it for RY1. Other relays will
probably require much higher current, which might
prove to be an excessive current load.

The entire project is assembled on a VIs-inch by 27116
+5VDC

"-- - - -2-3/8 INCHES- - - - -+1

FIG. 2-FULL-SIZE CIRCUIT BOARD DIAGRAM is provided for
those who desire to make their own boards. The above pat­
tern can be reproduced photographically, or traced and
etched .

FIG. 3-USE THE RECOMMENDED CABINET, and the PC as­
semb ly just drops into place. Giving the wires a twist or two
will provide strain relief.

-inch printed circuit board (Fig. 2) which can be
tucked into a small plastic "pi ll box" (Fig. 3), The
printed circuit template shown is the minimum size. If
desired, you can expand the size of the board to fit
larger cabinets, but use the same printed circuit
template. For example, a sturdycabinet was wanted
for the unit shown in the photos, so the project was
assembled in a Radio Shack "Experimenter's Cabinet,"
(catalog No. 270-230). (See Fig. 4.) The outer
d imensions of the printed circuit board were increased
to 1 7/ S inch by 2 'li6-inches so the board could drop
directly into the cabinet without the need for any
mounting screws. Locate the hole for the LED in the top
panel.

All component holesare made wi th a No. 57 drill.
Even RY1's terminals w ill fit the No. 57 hole. If the relay's
terminalsdon't line up with the holes, just bend the
terminals to fit (they normally have substantial play and
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FIG. 4-POSITION THE PARTS on the printed circuit board as
shown in this reversed view. The LED mounts atop the board
and protrudes through the drilled hole in the cabinet cover.

can be repositioned slightly w ithout bending). (See Fig.
4.)

You w ill find no assembly problems whatever. Just
be sure the right ICand transistor terminals are in the
right holes. Note that as shown in the parts placement
diagram, the lead arrangement for 0 1, from left to right
is CBE. Should you substitute with a transistor having a
different arrangement, either modify the template, or
bend the transistor leads to suit.

LED1 can be any kind of light-emitting diode, though
the diffused-lens type is easier to see from any angle. If
you use the Radio Shack cabinet, pass the leads of the
LED only %-inch through the printed circuit board and
solder. The LED w ill stick up about one inch above the
board and will just pass through a hole that you drill in
the cabinet's metal cover panel.

Using12-inch lengths of No. 22 or No. 24 color­
coded insulated stranded w ire, connect a red wire to
the positive ( +) DC power-input hole and a red wire
to the output hole. Connect a blackwire to the input

FIG. 5-THE ORIGINAL WIRING of the Datasette adapter. The
wire connects to the 5-volt terminal. It will be replaced with the
wire from the delay cicuit. The terminal to the immediate right
of the wire is ground. Tack-solder the ground wire from the
delay circuit to this terminal.

ground hole and twist it (not too tightly) w ith the red
input wi re.

Dril l a %-inch wire-exit hole in each end of the
cabinet. Set the printed circuit assembly into the
cabinet (just drop it in), pass the wires through the
cabinet, and secure the top cover. If you used the
suggested Radio Shack cabinet, the LED w ill just fit



through the drilled hole in the panel.
Set the assembly aside for the moment.
Examine the Datasette connector/adap ter supplied

with the CARD? Take careful notice w hich side of the
adapte r has the power w ire (there is only one wi re).
See Figure 5. Using Solder Wick and a soldering iron

FIG. 6-THE MODIFIED ADAPTER. Note that both connec­
tions are to the left of the slot in the adapter. Use # 22 or # 24
stranded insulated wi re for the connections.

rated at 25 watts or less, unsolder the w ire. (Be sure to
use the Solder Wick or similar desold ering braid . If the
solder runs, you 'll be creating problems,) The red
pow er-input wi re from the printer delay circuit- the
one twisted together w ith the b lack w ire-wi ll be
co nnected in place of this wire (Fig. 6),

The power supply ground for the printer delay is the
# 1 adapter terminal, which is located at the edge of
the adapter, immediately adjacent to the terminal with
the red w ire. Tack-solder the b lack wire from the printer
delay to this terminal in the same relative location as
the red wire .. Use just a touch of solder so it doesn't
flow down the terminal.

Cut the original w ire from the adap ter to the CARD?s
DIN co nnecto r about three inches behi nd the
connecto r. Cut the remaining red w ire from the printer
delay to size and solder it to the w ire stub from the
CARD?connector. Wrap the connection with a few
turns of tape.

The installation is now complete.

Checkout and use
Connect the CARD7s DIN connecto r to the matching

socket on the co mputer or d isk drive and install the
CARD?'s Datasette adapter on the computer's Datasette
connecto r (see Fig. 7). Notice that the adapter has a
polarizing slot that engages a "key" on the computer
connector. You cannot reverse the adapter unlessyou
force it and break the "key" or the adapter. If you use a
Datasette cassette recorder, slip its umbilical cord
connector over the adapter.

Now turn on only the computer.-No peripherals.
The com puter should "corne up " with its usual READY
screen d isplay and the LED on the printer delay should
be off. In 6 to 10 seconds, the LED should light. If it
doesn't, something is w rong w ith the printer delay

FIG. 7··THE ADAPTER WIRE SLIPS ONTO the computer's
Datasette then onto the adapter.

circuit or the red and b lack connections to the
Datasette adapter.

If the LED lights, all is okay Turn the computer off.
Now turn on the computer, the printer and the d isk
drives, if used, in any order you want. After 6-10
seconds, the printer delay's LED wil l light and the
system is ready for use.

To check the system, simply enter the program:
10 OPEN 4,4
20 PRINT#4, "I DID rr
30 CLOSE 4
40 END

and then run the prog ram.
If everything is w orking properly; the printer w ill print

"I DID IT."
Next, check your disk drive. Place a disk with a

known file in the drive and LOA D it. If it loads,
everything is working properly

By using the printer de lay it should make no
d ifference in what sequence the peripherals are turned

PARTS LIST (All resistors 114watt, ± 10%)
R1-1 megohm
R2-1500 ohms
R3-270 ohms
Capacitors
C1-10 fLF, 10 volts , tantalum
Semiconductors
IC1-555 Timer
Q1-2N3053
01-1 N4001 Silicon rect ifier, 50 PIV or high er
LE01 -0iffused lens LED
Other Components
RY1-5-volt reed relay, Radio Shack 275 -23 2

See text
Miscellaneous-Cabinet, printed ci rcuit boa rd,

wire, etc .

on. There will be no lock-up of the computer
regardless of the power-up sequence, and it won't be
necessary to fuss or fiddle with any of the per ipheral
connections ....CD~

SEPTEMBER 1984 - ComputerDi\1est 9



COMPUTER-AIDED
CIRCUIT BOARD DESIGN. . . ' .

Design printed-circuit board layouts using your Apple II.
/'

GLENN CALDERONE
.CAD~Computer-Aided Design. In the manufacturing
of anything from automobiles to spacecraft, a design'
can make its debut and be tested long beforea
physical device that uses the design isactually built.
Tests, modifications and improvements can all be
implemented at the touch of a keyboard or the sweep
of a light pen.

Circuit-board design systems, like most industrial
CAD systems, are usually reserved for big spenders­
the necessary hardware and software cost a bundle.
Until recently, it wasn't practical for the small scale (or
part time) designer to even considerusing a computer
for circuit-board layouts. However, usinganApple /I
and a dot-matrix printer, just about anyone can create
even complex printed-circuit artwork without drawing
on paper or pasting lines and dots on acetate. The end
result will be a professional-looking, highly accurate
circuit board which you can expose, etch,and drill
yourself. Of course, you canalso send the computer­
generated artwork to a PC-board specialist for the
actual board making. .

After drawing the circuit trace pattern on the Apple
/Icomputer screen, you can store it as binary data on a
diskette, and then "dump it" to a dot-matrix printer. The
image printed on paper can then be converted into a
film positive (or negative) by the camera person at your
local graphic arts or offset print shop.

The Apple high-resolution graphics screen consists
of 53,760 square dots or p ixels (picture elements)
arranged in a pattern of 280across by 192 down. On
the computer screen, each pixel mayor maynot
appearas a square-it depends on the quality of your
CRT and how it'sadjusted. For example, a pixel may
look more likean oblong dot'on your screen. But when
the hi-res image is transferred to paper, each pixel will
appearas a nice square.

Drawing on the Apple /I
Althoughdrawing on the Apple /I hi-res screen can

be done w ith simple Appiesoft commands such as
HPLOT and XDRA\'l/, it is fareasier to use one of the
popular graphics software packages. (All samples
shown in thisarticle were done w ith E.z. Draw 3.3
from Sirius Software). Those let you use eitherthe
keyboard, joystick, drawing tablet, or light-pen to put
lines on the screen. Master the art of drawing straight
lines-starting and stopping on the same X or Yaxis
coordinate, before you start your first circuit design.
Most programs offer a continuous on-screen readout of
your drawing cursor location, so you can make sure you
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are lined up beforeyou draw Your best PC-board
design w ill have all lines and rectang les drawn either
perfectlyhorizontal or vertical . Avoid diagonal and
curved lines, since they take up too much space and
look ragged.

The apple II gives you four colors (p lus black) to
work with, but for our project, you should always use
white to draw w ith and black to erase. If you try to use
colors, some lines will not show up,and those thatdo
wi ll print as dotted lines. When viewed on a color .
screen, vertical lines may appeareithergreen or violet
even when you've selected the color white. That's
normal for the Apple /I, but distracting when you ~re

designing circuits. In fact, the resolution and sharpness
of most color sets when used wi th 'the Apple Ii is
unsatisfactory for high-resolution artwork, since you
need to clearly see each pixel as a separate dot. So
use a monchrome display screen (green, amberor
white) if possible. Or if you do use a color screen, turn
the chroma intensity all the way down.

Scale
We have chosen 1 pixel to represent the smallest

line, dot, or hole on our circuit beard. A distance of 60
pixels represents 1 inch on the finished board. That
scale means that our minimum foil trace size must be
0.0167 inches (1/60 of an inch), and we can locate
parts to plus or minus half that(.00834 inches). On a
12-inch CRTyou w ill have a working area of about 5 by
7 inches. It rea lly doesn't matter what sizescreen you
design your circuit on-the finished circuit board
pattern wi ll be a rectangle 3.2 inches high and 4.67
inches wide .

But is it large enough for your project? It depends on
how complicated your circuit is and how densely you
package the components on the board. You should be
able to easily lay out eight socketed16-pin ICs plus the
necessary resistors, capacitors and diodes on a board,
including input/output connectors. With mounting
hardware and connectors, the little circuit board w ill fit
nicely on readily available, pre-sensitized PC blanks (4
or 4Y2 by 6 inches).

Sincewe have chosen a scale of 60 pixels-per-inch,
we need to translate our component-lead spacing and
mounting sizes into pixel units. Common DIP sockets all
use 0.1-inch pin spacing, so we use six pixels. The
width of a16-pin DIP is about .325 inches-or 20
pixels. Suggested spacing for other Ie's and discrete
devices is shown in Fig. 1.

With care, you can safely make PC board patterns
one pixel w ide with only one pixel space separating



CLOSEUP OF PRINTOUT FROM a dot-matrix printer. Pixels
now appear as squares.

A CLOSEUP 'OF THE CRT d isp lay. Hi-res pixels appear as
oblong, rounded po ints of light. .

OIMENSION A

20-PIN; 24
24.PIN} 36
28·PIN

8'W~}14·PIN 20
16-PIN
18·PIN

40·PIN: 34
22·PIN: 25

5 X30R5 X5
[lij.....----. (WITH l ·PIXEL HOLE IN CENTER)

[lij
[Q]
[QJ

[Q] l­
@J 6

[Q] T
f---l

DIMENSiON A
(SEETA8LE)

NOTE: ALL OIMENSIONSIN PIXELS

DIPSOCKETS [Q]
[Q]
@J

lID
[QJ
lID
IQ]

Storing and printing
The Apple /I stores its hi-res graphics page (8192

bytes) on disk as a 34 sectorbinary file, and one 5.25

somewhat on the avai lable featuresof your draw ing
software. Some programs allow you to rnark anarea
and dup licate it severa l times at different locations on
the screen. That is useful when your circuit uses
identical stages, such as a decoder-driver/LED
assembly Draw it once, and create two or three side­
by-side dupl icates. Use your program 's "fill", "color," or
"paint," feature to fill-in large areas, especially parts of
the board where no components w ill be mounted and
no traces wi ll go. The less copper you have to remove
form the board, the longeryour etchant w ill last and
the less timeyou'll have to wait to see the results.

Since Ks, resistors, and capacitors all require
differentsize holes, you can code your pattern to the
proper size drills. For example, all dip sockets could
use a 3 x 5 pad w ith a 1-pixel hole in it; resistors, a
4 x 5 pad with a 1x 2 hole; capacitors, a 4 x 6 pad
wi th a 2 x 2 hole (See Fig. 2.) Adjust the pad and hole
sizes to match the lead diameterof the components
you are using. Hint: Make all pads at least 3 by 4 pixels.
If they are any smal leryou risk lifting the copper foil off
the board when soldering. .

FIG. 1-SUGGESTED SPACINGS REQUIREDfor some of the
common components you may find yourself dealing with.

RESISTORS

~~ 1/4 WATT ~TO-3 _ 26 RESISTORr-flflrn,
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~
29 58 _. 0100ES)\--22 ---.j .--.j 7 I-

_ 112 WATT ~TO·66 _ 12 RESISTOR rmn-,
(ALSO LARGEI - \

23 OIOOES.
SMAL L \--34---.j

CAPACITORS)

~ .--.jllf-

ro-zzu r"",,,,,,,.,SO"" " '"" """

---jf+-- 6 (STR AIGHT) 9 (SPREAOAPART)

11

TO-39-ill- (ALSO GOOD FO R
- TO-92 W/ LEADS SPREAD)

12

them. If you have the room make all foil patterns as
wide as possible. This keeps resistance to a minimum
and makes it easier to expose the board and reduces
the chance of etching away a trace.

How to begin
Outline the on-screen working area by marking the

four corners (or tracing the entire rectangle). Lay out
your power-supply ra ils, inputs and outputs first. If your
software permits it, draw and store images of the
patterns you use most often, such as DIP sockets, small
transistors, and edge connectors. Recall ing them from
disk and moving them about as necessary is much
faster than drawing identical patterns overand over.

a
a
a
a

Remember you are designing the foil side of the
board, which is a mirror-image of the component side.
For DIP sockets, "p in 1" w ill be on the upper right hand
corner. Use normal PCboard layout practices:
• Keep inputs and outputs separate.
• Allow enough room for components on the other
side of the board.
• Double check every trace against your schematic.

As a beginneryou maywant to sketch a rough layout
on paper before going to the computer, but after
awhile it should be easy to design and draw right on
the screen. The ease of design at this point depends
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FINISHEDAND TESTED PC board made using the Apple CAD
method.

FIG. 2-SUGGESTED COMPONENT-PAD SIZES. The size of
the pad depends on the diameter of the components' leads.
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IIIIII fu:~~~~;~' ' 'ClNG

NOTE: ALL DIMENSIONS IN PIXELS -1 5 I-

6 pixels. Spacings such as .125 and .156 are shown in
Fig. 3. If you w ish, you can apply edge-connector
decals to your actual-size film positive, and draw
connecting lines w ith an opaque-inkpen.

With some practice you wil l find it faster and easier

FIG. 3-SPACING REQUIREMENTS for typical edge con­
nectors are shown here. You could use edge-connector de­
cals on your film positive, if you prefer.

is making a film positive for contact-printing onto a
light-sensitive PC board-s-and there the size can be
adjusted. At this point you mayw ish to sendyour
artworkout to a PC board fabricator. If you'regoing to
etch the boards yourself, have your artwork
photographed by a commercia l offset printer. Rates
vary, but expect to spend about $5.00 for a finished
piece of film up to 8 x 10 inches, including the
necessary image size reduction. Need a negative
instead of a positive film?Your computer graphics
dump program can reverse the image before it getsto
the printer. Or the print shop can make a negative. Of
course, if you're handywith a large-format (press, view
or process) camera and have access to a darkroom,
you can keep the entire project in-house.

Doing more than one board design? Put them all
together and shoot them all on one piece of film and
cut them apart later. When choosing the size to make
your hard copy, it's best to go larger than life and have
it reduced when it's photographed. That way you can
more easily touch up any defects in the printout (or
errors in your design that you didn't previously catch).
The circuit boards in the pictures here were printed on
a dot -matrix printerwith the graphics-dump software
set for 2 x enlargement, so that each pixel printed as a
2 x 2 dot pattern. The resu lting paper printout was
larger than the finished board, so we madea reduction
to 60% with the film camera.

Here's how to determine the amount of reduction:
measureexactly the distance between 60 pixels on
your hard copy, in inches. Take the reciprocal (d ivide
into 1) to arrive at the necessary percentage. Hint: Make
two marks on your PC board layout that are exactly60
pixels apart. They needn't be larger than one dot each.

For edge connectors using .1-inch (on centers)
spacing, make your lines 3 pixels wide, centered every
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I
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diskette can hold 14of those files. Some drawing
programs, such as Graphics Masician, store the drawing
instructions as a binary file rather than the graphic itself.
That takes up less memory space, which means fewer
sectors on the diskette.

To print the graphic on paper you need a printer
with dot-graphics capability, and either a hardware
graphics interface or a software graphics dump
program. One hardware device is the Grapp ler card
from Orange Micro, and one popular software package
is Zoom Graphics by Phoenix Software.

The size of the hardcopy printout will depend on
the printer and graphics dump program used. What
you get on paper will probably not be the exact size
of the finished board. That's okay, because the last step
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Softwar~ listing

This is a partial listing of currently available graphics
programs for the Apple 1/+ and lie:

Apple Graphics Tablet from Apple
Applesraphics 1/ from Apple
The Complete Graphics System from Penguin Software
for joystick or tablet
E.l. Draw3.3 from SiriusSoftware
Graphic Solution fromAccent Software
GraphicsMasician from Penguin
The Artist from Sierra On-Line Software
Versa-Writer from Versa Computing

Commercial circuit-board CAD systems

Commercial circuit board designers use elaborate
computer-aided design systems to create the artwork (or
evenactual boards) for large, complicated double-sided
circuit boards w ithout ever Ilfting a pendl. Combine eAB
with CAM(Computer Aided Manufacturing) and even the
film and etching processes can be eliminated.

Commercial systems are a dream-come-true for design
engineers, considering someof the things the computer
can do . For example, the engineercan digitize a hand­
drawn schematic, or draw the circuit on the computer
screen directly Next, the computer routes the traces as
desired, and checks the schematic to make sureall
connectionsaremade. It also lists all unconnected pins
and w iring errors. Using advanced rule-checking, the CAD
system looks for traces, pads or components that are too
close together. The ultimate design aid is a feature that
automatically moves partsaround to make room for
design changes.

Commercial CADsystems offervery high-resolution
displays using RGB COlor-monitors, so that parts outlines
and traces on each side of the board appear in different
colors. The circuit-board design is not stored aspixel
data, but asvectors. Whatyou see on the screen is
independent of the actual design data, 50 resolution is not
limited by the computer hardware. That letsyou pick an
area on the circuit board, magnify or "zoom-in" to draw
the traces, and drop down to a lower magnification to
seethe entire board.

Printing the finished circuit-board pattem is done on
eithera pen plotter or laser imaging-system. Plotted
images areusually very large, and reduced by
photographic means to anactual size negative or positive
film. Direct imaging by laser can be done on film or
directly onto the resist coating of a copper-clad circuit
board.

Some CAD/CAM systems actually machine the circuit
board traces, usinga computer-controlled router to grind
away the thin layer of copper on a blank circuit board.

If you have an IBM PC (or compatible computer) with
512K memory, two disk drives and color-graphics board,
you can get into the "big time" for as little as $4500.
Personal CAD SYSTEMS, Inc. markets a software package
called PC-CARDS for designing boards up to 60 by 60
inches, with 500 componentsor 10,000 pins,whichever
comes first. Ready to spend more? For about $37,000
theres ICON by Summagraphics Corporation. Other
contenders in the large system category include Insisht by
Scitex, Excellon Autorneuon, and EAS Series 700by
Engineering Automation Systems, Inc.

TYPICAL USEFUL DESIGN . CMOS 4511 (seven-segment de­
coder/driver) and MAN·? LED display. This one-stage display
circuit (stored on diskette) becomes a building block for more
complicated designs.

FOUR STAGES OF THE DECODER /DRIVER and LED. It took
only 30 seconds to assemble from the one shown in the
previous photo.

CAD FOR PCB'S: Workstation for Insight , a computer circuit
board design system by Scitex Corporation (Israel). Drawn,
photographed or digitized artwork can be entered, along with
drilling information. The computer enhances the design,
checks for errors and draws the finished pattern on its laser
scanner.

to d esign and draw PC boards on your App le 1/ than
any other way. For larger, more comp licated designs,
you can d raw them in sections and paste the pr inted
images together.~CD~
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MEMORIES
EBITS

& PIECES
HERB FRIEDMAN

Computers are often purchased based on the answer to the question "How much memory
is there, rather than "Can this computer do the job I needdone?"

-If you're an old hand at personal computing, you
probably know the insand outs of every memory
location in your computer. But if you'renew to personal
computing (or haven't yet gotten beyond
contemplating which entry-level computer to purchase
for the family), then you maystill be confused by the
terms RAM and ROM.

RAM and ROM are two kinds of computer memory:
There is actually a third kind, WOM-write Only
Memory (no joke).-but we will not get into thatat this
time. RAM is an acronym for Random Access Memory,
also known as read/write memory. A user can store
information in RAM, read the data stored there, and
change the information stored aswell. The data in RAM
isvolatile- it vanishes when its power supp ly is turned
off.

ROM is an acronym for Read Only Memory, ROM is
memory that has been preprogrammed w ith
permanent data that cannotbe changed; the user can
only read the data stored in the cell. The datacannot
be modified or erased: it is always there when power
is applied to the computer.

What is 64K
RAM and ROM can be employed in any combination

up to the maximum number of memory cells that can
be addressed by the microprocessor that runs the
computer. Without going into the mathematics of how
it's done, an 8-bit computer can address (or work with)
a maximum of 65,536 individual memory cells-what
we call 64K. (We'll explain why 65,536 iscalled 64K­
for 64,OOO-in a moment). A 16-bit computer can
theoretically address tens of thousands of memory
locations, but because of designconsiderations for
personal computers, the present limit is about 786K. To
keep the numbers simple and easy to comprehend, we
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w ill limit our discussion to 8-bit computers.
First, the "missing" memory. What happened to the

missing 1536 memory cells in the 64K computers, such
as Radio Shack's 64K Color Computer and the
Commodore 64? There is no missing memory: 64K is
electronic shorthand for 65,536. We use that
"shorthand" as a convenient way to describe partial
blocks, such as1K, 2K, 4K, 16K, etc.

Anyway, back to ROM and RAM. The computer
doesn't care whetherthe theory it works with is ROM
or RAM: there can be one single cell of ROM and
65,535 cellsof RAM, or one cell of RAM and the
remainder ROM. The total of RAM and ROM can be less
than the maximum. But without bankswitching it can 't
be more.

Memoryconfigurations
In the typical homecomputer, part of the available

memory is used for the ROM having built-in BASIC, the
video-screen memory, and assorted utilities needed to
run the computer. In the earlymodels of the Radio
Shack and Apple computers, the first 16K of memory
was reserved for the manufacturer: the user-available
memory started at 16K. Since the first 16Kwas reserved,
it meant that a maximum of 48Kwas available for user
RAM. There could be as little as 4Kof user RAM, but
the maximum was48K.

Bear in mind that contrary to the implications in the
advertising by their competitors, the Radio Shackand
Apple computers weren't inferior to a 64K computer;
theywere, in fact, 64K machines thatallowed only 48K
for the user. Depending on the software, the 48K
machines could be-and usuallywere- superior to the
so-called 64K computers.

Figure 1 shows how it was done. Depending on the
particular computer, the resident BASIC, the video
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FIG.1.-THE EARLY, SUCCESFUL,PERSONAL COMPUTERS
handled future expansion by reserving all memory addresses
below 16K for the manufacturer's use. Enhancements were
tucked Into the unused memory below 16K and did not inter­
fere with the user RAM located above 16K.

memory, and the I/O took up between 4K and 12K,
leaving at least 4Kavailable for future expansion. When,
for example, Radio Shack upgraded their version of
BASIC, they tucked the improvements into the "free"
memory below 16K. In thatway, Radio Shack and
Apple upgrades did not usually interferewith existing
software, or the user-written programs that used the
free RANI above16K. When Radio Shack introduced a
disk system for their computer theywereable to tuck
the diskcontroller's address into the reserved area
below 16K, and again, did not causeunnecessary
problems for users upgrading their basic computer.

Computers that don't have memory-mapped video
or BASIC in ROM have almost the entire64K of RANI
available for user use, as shown in Figure 3. (If the
video screen is memory-mapped, the RANI used for
the video is not available to the user.) Note that the
CPU (the microprocessor) "sees" both the 64K of RANI
and a small start-up program in a ROM separate from
the main memory The start-up ROM program causes
the CPU to read a small loader program from the
associated disk drive to RANI; the loader in turn reads
the disk operating system in from the disk to RANI. (If
the computer uses CP/M, the operating system loads

. into both the top and bottom of memory-the user
area is between the two.)

If the user decides to then program or run a BASIC
program, hewould use the operating system to load
BASIC into another part of memory---above the RANI
containing the disk operating system. Depending on
the particularversion of BASIC, the total RANI required
for both the operating system and the BASIC interpreter
could easily total 24K. Add in a few required utilities
here and there, and the original 64K of RANI shrinks to
about 32K of user-available memory; which isabout
what we had from the so-called "48K" Radio Shack and
Apple computers when they were running d isk BASIC.
(There is no such thing asa "free lunch" or "free
memory")

The advantage to having the full 64Kof memory
avai lable comesw hen you are running a non-BASIC
applications program. If an applications program is
written in BASIC, BASIC must be resident in the
computer for the program to run. But if the program is
in pure binary code there is no need for a resident

FIG. 2.-WHEN THE ENTIRE MEMORY IS FREE (empty), an
operating system must be loaded In from a disk. (Early non­
disk personal computers loaded BASIC and Its utilities from
cassette tape.) The loading process is usually started by a
small start-up program of less than 256 bytes located in ROM
outside the main memory. In the case of CP/M, the operat ing
system loads Into both the top and bottom of RAM; the user
RAM is between the two .

BASIC. Referring back to Figure 2, instead of the monitor
loading BASIC in from disk to RANI, it can load an
applications program into the RANI above the
operating system,with the remaining RANI being
available to the user.

But consider what would happen if we tried the
same thing with the arrangement shown in Figure 1,
where only the RANI available above 16Kis free. The
applications program would have to go in above 16K.
Without going into the arithmetic, the same
applications program would leave from 4K to 12K less
RANI available for the user in the ROM-BASIC computer
than in the computerw ith a full 64K of memory
available.

In their latest computers Radio Shack and Apple
make an extra 16K of RANI available by switching the
ROM's containing the BASIC in and out of the circuit. In
the simplest terms, Radio Shack does it this way: The
computer starts and attempts to load an operating
system from the diskdrive. If the CPU senses that the
disk contains the CP/M operating system the ROM's are
switched out and replaced with RANI, thereby making
a full 64K of RANI available to the user, and the CP/M
system loads into memory If the computer senses the
disk is loadinga TRSDOS-l ike operating system such as
NEWDOS or DGSPLUS, the ROM's are left in-circuit and
user-memory starts at 16K.

When the ROMis a cartridge
That kind of juggling of memoryworks out well

when done smoothly, but it doesn't adapt wel l to the
home-and-family computers such as Radio Shack's
ColorComputer and the IBM PCjr. The reason is thatthe
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FIG. 3.-THE HOME/FAMILY COMPUTERS genera lly use spe­
cific areas of memory for user RAM, BASIC, and I/O. They can
be positioned anywhere within the memorymap.A cartridge ,
with ROM preprogrammed for a game, applications program
or a disk operating-system, makes use of the unoccupied
addresses of the memory map. Special switch ing contacts
within the cartridge force the CPU to look at the cartridge for
its start-up instructions.

the cartridge containsa disk controller, the complete
disk operating system in ROM and, in some instances,
extra RAM for the diskoperating system's transient
functions. One side of the cartridgeconnects to the
computer, the other side has connections for the disk­
drive mechanism. (Or, the disk-operating ROM'sare
built d irectly into the disk drive's cabinet, and a
connecting cord connects the ROM's to the computer.)
Once again, "switch" fingers on the cartridge's edge­
connector forces the CPU to "see" the cartridge. There's
no need to load an operating system in from the disk
because it's already in memory, ready to go the instant
the computer is turned on.

Bank switching
Though we have been speaking in terms of 64K of

memory for 8-bit computers, many 8-bitters now
address 128Kof RAM. Bank switching is exactly what
the term implies: The memory is arranged in two (or
more) banks of 64K. Special hardware and software
automatically switches in the correct bank as needed.
Generally, the software for a computer with bank­
switched memory will provide some means whereby
the total memory can bepartitioned. For example, the
total memory of a Radio Shack Model 4 computer can
be partitioned so that some of the RAM functions as a
RAM-disk. As far as the computer is concerned, the
partitioned memory is actually a disk, only the data can
flow into and out of the "electronic d isk" a lot faster
than it can from a real disk. Unlike a real disk however,
when the computer is turned off, all the data in the
RAM-disk is lost unless previously saved in a physical
d isk.~CD~

"SWITCH"

SELECT

36K ­

32K -

64K -

home-and-family models musthave some way to load
in programs from ROM cartridges, and possibly an
expansion d isk drive.

Program cartridges are nothing more than read-only
memorythat the user can plug into the computer as
needed. The memory addresses used for the cartridge
ROM's are those not usually used by the computer.

Figure 3 is a composite of the various ways in which
ROM and RAM are intermixed by home computers. The
actual memory addresses w ill vary from computer to
computer, but the concept of reserving part of the total
memory that can be addressed is the same for all
models. And keep that word total in mind. The
computer doesn't really care at what addresses the
ROM and RAM are located as long as it knows where
the memory is and what's in the memory. ROM and
RAM don't have to be contiguous, for example, part of
a program can be in the lower 8Kof RAM and another
part at 32K. (In-between can be several functions in
ROM.)

Home computers, in genera l, have a socket
(connector) into which a program cartridge can be
inserted. When the socket is empty the computer's CPU
"sees" only the first 32K of memory, which contains the
start-up sequence, video memory, BASIC, etc. When
you turn on the power, the computer "comes up" in
BASIC, with the screen displaying a prompt such as OK
or READY

The program cartridge that plugs into the socket has
its ROM(s) installed on a printed-circuit board. The
circuit board's connector--ealled an edge­
connector--eonsists of foil "fingers" that match the
socket's terminals. Two (or more)of the fingers serve as
a "switch" for the computer's CPU.

When the cartridge is inserted into the socket the
"switch" finger contacts force the CPU to "see" the
ROM in the cartridge. The CPU carriesout the
instructions(p rogram) stored in the ROM, which is
usually a complete program: a game, a word processor,
a spreadsheet, etc. As a genera l rule, cartridge software
is completely resident in the memory locations above
32K (except for the common computer functions that
are normally resident in ROM below 32K, such as the
printer and cassette-tape I/O, color control, etc.). Also,
though the program is located above 32K, it uses the
free RAM located below 32K for transient data.

In the IBM PCjr, the cartridge called CartridseBASIC
is actually overlay enhancements to the BASICalready
in ROM. The cartridge starts the computer, applies the
enhancements, and then uses the original ROM
functions.

While we generally speak of cartridges containing
software in ROM, there is nothing to prevent the
cartridge from also having RAM. There are several
cartridge programs that require more RAM than is
normally supplied with the computer. In those
instances, the program cartridge alsocontainsthe extra
RAM required by the program; but the "extra" RAM is
lost when the cartridge is removed.

While we tend to associate plug-in cartridges with
software, they also can be used for disk systems; the
controller and the operating system. In that instance,
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DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED. ,
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• FULL 1

, YEAR
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- Made In The United States-

MODEL MPX101
FULLY ASSEMBLEP & TESTED!

150 rnv/step @ 5V Input
MUltipl ex Rate: Swit ch se lec table, 40

KHzor4KHz '
Impedan ce: 50 Ohms
Power: 105-135 VAC @ 1 Va
Dimensions: 6.25" x 3.25" x
. 4.75 " (WxHxD)
Operatin g Temperature: 0'40'C
Weight: 1 lb. 10.5 oz.
Warran ty: one year fu ll replace ment

warranty fro m date of purc hase
Light ed on/off power switc h
Wood grai n finished metal case

remember : You must be able to
di stingu ish between the ton es.

Altho ugh Fig. 2 shows th at we
used a transformer ascoupling de­
vice between th e osci llato r's o ut­
put and the in ter com w ires, yo u' ll
have to do a bit of experimenti ng
to de termi ne ju st w hat to pu t in
the circuit th ere. It depends on th e
input circuit of t he ampl ifi er and
the number of oscill ators you add.
Direct con nect io n might work but
yo u' ll most li kely have to add a

continued on page 94

SPECIFICATIONS--------,,-------------:-----,
Inputs: 8 sign als plus ground via 9

input leads te rminated with alli ga­
to r clips

Bandwidth: ± 1dB to 5 MHz
Imp edance: 10.9 K
Input Vciltage: ± 5V peak (diode

clamped to ± 5 Volt supplies)
Outpu t; Staircas e waveform summed

with input signals, 0-8 00 mV
full scale

Step Amplitude: Variable 0 to 150
mV/ step

Sign al Voltage: Variab le 0 to

..w..- ­.." ...
E. WENG/i IfERING,INc.

VISA, MASTERCARD, AME X TELEPHONE ORDERS ACCEPTED!
6 Merman Drive, E.Granby, CT 06026 D 203/651-0285

Now you no longer have to spe nd
tho usands on an expensive multi ­
t race oscilloscope - our single trace
Hitachi sco pe co mbined with this
modul e will allow you to view up to 8
simulta neo usly occurinq analog or
digital (or both) signals In their real
time and amplit ude relationship , The
MPX 101 may be used on any osc il·
losccp e,whether sing le, dua l or rnul­
tip le traces. Its low cost makes It a
particu lar favor ite for designers, test ­
ers, hobb yists and repai rmen who
want to compa re and analyze dis­
played signals In a t imi ng diagr am
formal. The controls on the front
panel of th e metal case allow you to
vary amplitude and sp acin g of the
displa yed signals.

on, an audio signal is input to the
intercom and you'll hear it ju st as
you would a voice in t he remote
speaker. By makin g the f requency
of the osci llato r ad justab le, and
using several at di ff erent stations,
yo u can te ll fro m which locati on
t he to ne is co rning . For example,
yo u could put an oscillator w it h a
high pitch at the fron t door and
on e with a low pitch at the back ,
Any practi cal number of osc i llato rs
may be used at various location s to
tel! you w hich one is act ivated . Just

VIEW 8 TRACES ON YOUR SINGLE
OR DUAL TRACE SCOPEWITH'THIS

- .- .LOW COST DEViCE!! .

Multiple inputs
' David O 'Brien (M N) would li ke

to add several call stat io ns to hi s
intercom and have each of them
give a distinctive sound, so that he
cCln tell which is being used . There
are a number of ways to accom­
plish that, David , but I'll show yo u
one that do es not requi re fo o ling
around w it h the in tercom 's ampli­
fier wiring.

Take a look at Fig. 2; it show s an
astable multivibrato r (oscillator)
connected acro ss t he rem o t e
speaker/microphon e w ires of an
intercom. (The oscillator circuit is
not given because of the large
number of 555 oscill ators t hat have
appeared in past "Hobby Corner"
columns and other plac es.)

When the oscillator is turned

plifier. Remember, th e imped­
ance s must be matched . Figure1-b
shows how an audio-input trans­
former is used to match two dif­
ferent impedances.
. You may have noticed th at the

t ransfo rme rs in di agrams1-a and 1­
b of the figure are alike, exce pt
that' the ir primaries and secon­
daries are reversed. Actually, th e
only difference between input and
output transformers is the nam e­
you 'can use an output transform er
as an input device'and vice-versa.
A tran sformer do e sn 't care
whether a signal is go ing from its
high side to its low sid e or the
other way around-just hook it up
in the direction you need !

That information can be very
handy for things othe r than inter­
c0!11 s. For' instance , a fe w years
ago , I needed t o reco rd t h e
sounds from a large area that was
some distance from the tape ma­
chine. Of course, I could have
used a standard microphone and a
long run of microphone cable, but
that stuff is expensive and the ca­
ble has fai rly high signal losses. So
instead, I simp ly connected an
output transfo rmer "backward s"
(with high impedance side go ing
to the recorder) and rail a lon g
length of old lamp cord between it
and a speaker.

My " micro phone" (in th is case
thespeaker) w as quite sensit ive
and the recording w as perfect.
That set up can be used fo r record­
ing anything. for instance bird
calls, from a remote location!

8
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WORKING ALONE INAN ISOLATED COR­
ner of the basement is great for the
concentration , but there are cer­
tain inherent disadvantages.
Floods and poor lighting, for ex­
ample, go with the territory.
However,' the biggest problem is
the isolation: It's impossible to
keep up with all the literature and
learn about all the latest time-sav­
ing devices if you remain tucked
away in your cocoon . Further­
more, we all have a tendency to
stick with familiar components­
so certain lC 's that could save us
loads of design time never find ·
their way onto the workbench. We
saw an example of just that over
the last several months with the
4018.

Well , there are a couple of other
Ie's that can make certain design
problems shrink from formidable
to trivial. Even though they have
been around for a long time, they
are special-purpose -lC's and , as
such, can handle only the job for
which they were designed. This
month we're going to examine the
rate multiplier, which is another
type of special lC, We'll find out
what it can do and how we can use
it.

Rate multipliers
One of the least understood

special-purpose lC's in use today
is the rate multiplier. Thi s special­
purpose counter, available in ei­
ther CMOS or TTL versions ,
comes in two basic configura­
t io ns- b inary and BCD (Binary­
Coded Decimal ). Figure 1 lists
some of the various rate multi­
pliers available. To put it in simple
terms, a rate multiplier is a number
cruncher. It allows us to do all
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kinds of arithmetic from simple
operations (like multiplication and
division) to more complex func­
tions (like logarithms and square
roots ). Which rate multiplier you
use depends on the logic family
you are us ing and the kind of
counting you want to do. _

There are minor differences be­
tween the TTL and CMOS ver­
sions , but we won't get into that
until we have a better idea of what
rate multipliers are all about. Be­
cause we need some starting
place , we'll look at the CMOS bin­
ary version (4089).

Figure 2 shows the pinout for
the 4089. In simple terms, a fre­
quency is fed into the IC at the
clock input (pin 9) and it, in turn ,

FIG.1

provides us with two kinds of out­
puts. The first (at pin 1) is called the
BASE-RATE output. That output fre­
quency is equal to the input clock
divided by 16. The second output
is at pin 6 (the complement of
which is at pin 5): For want of an
official name , we'll refer to it as the
MULTIPLIED RATE output. That output
is equal to the base-rate frequency
multiplied by whatever binary
number is presented at its weight­
ed inputs (at pins14, 15,2, and 3). If
all that seems bit complicated at
first, don't worry; you'll soon see
that it really isn't. .

The 4089 takes an input clock
frequency and divides it internally
by 16. The BASE-RATE output (at pin
1) will put out one pulse for every
16~pulses fed to the clock input at
pin 9. The weighted inputs, pins
14, 15, 2, and 3, are preprogram­
med to represent a numerical val­
ue (A=1, B=2, c=4, and D=8
respectively). Now let's assume we
present a binary 5 or 0101 at the
weighted inputs. In other words , a
high A, low B, high c, and a low Dis
equal to 5. The multiplied output is
going to be the base-rate multi-
plied by 5. '

If a frequency of 16 kHz is fed to
the clock input, the base-rate out­
put will be 1 kHz. The frequency at
the multiplied output then be­
comes 5 times that, or 5 kHz. The
rest of the pins are used either to



-r•C
r
J

: - Ba.a aaaa».. .-

: - 2 5a.a aaa0" " ,..,

• Ii •• • • :... 0
""

whi ch what we're interested in
finding o ut is " how many over a
period of time," rather than the
f req ue ncy at anyone in stant of
time. In other word s, we 're talking
about arithmeti c, not frequency
measurement. Of course, there's
nothing prevent ing you from pay­
ing absolutely no attention w hat­
soever to this di scussion and using
a rate multiplier to get some quick
and simple mean s of dia l-up fre­
qu en cy divi sion . After all, the

continued on page 93
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PRICES START AT $210.00
2-YEAR WARRANTY
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LEADER frequency counters lead a shie lded life
and are built to last. That's why INSTRUMENT
MART recommends them to customers in severe
RF and educational environments.

Buying a counter can be a confusing job .There are
optional time base stabilities, different gate times
and resolutions, and any number of variables that
affect performance. Cal l INSTRUMENT MART to
discuss which of our more than 20 counters are
right for your appl ication . We've been do ing it for
over 15 years.

All available at competitive prices. Call us and
compare.

Sales , Service, Rental/Leasing Programs . \OSA'
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same as t he incomin g clo ck
pul ses, bu t th e spacing will be de­
termined by w hatever number we
decid e to use. If the number divid­
es evenly into l b. the output pul se­
train is go ing to be picture perfect.
O n th e othe r hand , if th e number
we choos e doesn' t divide evenly
into 16, we'll get the right number
of pulses but the output waveform
is goi ng t o look Ii ke a broken
comb.

Rate mult ipliers are perfectl y de­
signe d to be used in circ u its in

control the operation of the IC or
to cascade several lC's together.
The easiest way to understand
what th ey do is to look at Fig. 3:
There you see a complete listing of
the var ious input po ssibi liti es
along with the ir outputs. But be­
fore we go into the details of the
device'soperation, let's tak e a look
at what was once called the big
picture.

Output symmetry
It sounds as though the IC is

doing all kinds of useful things that
we would ordinarily accomplish
with a circuit board full of gates .
Th i ngs, such as selectab le fre­
quency-division with nothi ng
more than a clock, an IC, and a
rotary switch is a wonderful idea.
But take a look at the example
we 've ju st gone through . Every­
thing seems to work out fine, bu t
consider thi s: Let's suppose that
the input clock isn't some con ­
venient multiple of 16.

Let's see what's go ing to happen
here if, for example , the input
clock frequency is17 kHz. Are you
beginning to catch my drift? Ob­
viously things are goin g to get
really messy, becaus e that would
make the base rate 17,000116, or
1062.5 Hz . Now, if we stick with a
chosen rate of 5, the multiplied­
rate output would be 1062.5 x S or
5312.5 Hz . Even that wouldn 't be
too bad-but there's another bit of .
nastiness that hasn't been men­
t ioned yet.

The rate-multip lier is designed
to output one base-rate pulse,
plus the dialed-up number (t he
base rate multiplied b y th e
number at weighted input) for
every 16 pulses fed to the clock
input. Now, if we look at the base
rate on a scope, there's no prob­
lem. The pulses are evenly spaced
and will t rack alon g at one-s ix­
teenth th e input clock-rate, but
the multiplied rate is another sto­
ry. Well , as we all know, 16 is not a
multiple of 5. But we will see 5
pul ses for every 16 in comin g
pul ses.. ...so w hat does that mean?

What it means is th at th e sym­
metry of the multiplied-rate pulses
are out th e window. Remember
that the multiplied-rate output is
tied to the incoming clock, not th e
base-rate output! The width of the
multiplied-rate pulses w ill be the
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A different kind of FET ROBERT F. SCOTT,

SEMICONDUCTOR EDITOR

ALUMINUM

P+SUBSTRATE

ANODE
(DRAIN) POLYSIUCON

FIG.3

somewhere between 5-20 mic ro­
seconds . The COMFET's switch ing
speed and low source-to-drain ON
resistance-when considered to­
gether-put this device on the
same plane as bipolar t ransistors
for most med ium-frequency ap­
plications.

The device's unusual high-volt­
age and low-resistance charac­
teristics are produced by applying
a P-type substrate on the drain side
of a conventional · N-c h an n el
MOSFET. (See Fig:3) . When a
positive voltage is applied to the
COMFET's gate, electrons enter
the N-type drain reg io n . That
causes a corresponding hole to be
injected into the drain from the P­
type substrate . The carriers or
holes modulate the conductivity
of the high-res istance drain, there­
by substantially reducing the over­
all value of ROS(ON)'

The P+ substrate , implanted at
the device's cathode, allows the
control of the NPN transistor 's
shunt resistance (Rs), and prevents
the sharp voltage drop at high -cur­
rent levels that is characteristic of a
four-layer thyristor. Therefore, the

ANOOE

FIG. 2

NPN

GATE

SHUNTING
RESISTANCE

t io ns . Conventio nal power
MOSF ET's are less usefu l because
their high ROS(ON) values cause ex­
cessive voltage drops and power
losses.

CATHODE

The COMFET acts like a power
MOSFET feeding a d irect-coupled
bipola r compound-connected
transistor (see Fig. 2). The specifi­
cations for COMFET's device are
similar to those of bipolar power­
tra nsistors, except that COMFET's
have a high input-impedance, li ke
that usually associated with con ­
ventional power MOSFET's . It s
high input-impedance makes it
simple and easy to drive from a
re lative ly low -power, low-vo ltage
source (such as a logic IC). In addi­
tion, they do not require the ex­
pensive high-power drivers and
complex drive-circuitry that bi­
polar transistors need. Thus, cir­
cuits using COMFET's can be less
expensive to operate.

The COMFET's switching speeds
are about the same as bipolar de­
vices, but somewhat slower than
conventional MOSFET devices. Its
typical turn-on time is less than 100
nanoseconds, and tu rn -off is

TYPICA L
MOSF ET

RCA COMFET
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SEMICONOUCTOR TECHNOLOGY HAS
given us some interesting and ver­
satile components . In fact, since
their introduction, semiconduc­
tors have been continuously up­
graded and redesigned so that
each new device can do the work
of several of its predecessors .

In keeping with that trend, RCA
has intr oduced a new "breed" of
MOSFET devices that combi nes
the characteristics of aMOS power
transistor, a bipo lar transistor, and
a thyristor. Called a COMFET-for
Conductivity-Modulated Field
Effect Transistor-th is device has
an on-resistance, ROS(ON)' that is
substantially lower than that of
MOSFET'swith the same chip area.
That is illustrated in Fig. 1.

The COMFET's on-resista nce is
typically less than 0.1 ohm with a
maximum drain current of 20 am­
peres flowing through the device.

The COMFET, with a chip area of
120 rnils-, blocks 400 volts in the
forward direction and 100 volts in
the reverse direction. Those
characteristics make it suitable for
high-vo ltage, high-power applica-
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COMPARE PRICE - COMPARE PERFORMANCE
Model Attenuation Bandwidth Price

M12SW X1-X1O Switchable X1-10MHz $69.00X10-25OMHz

M12X1o X10 250MHz 59.00
M12X10AP X10 with Readout 250MHz 65.00
M15X10o X100 250MHz 89.00
M15X10HF X10 300MHz 75.00
M12 X1 X1 30MHz 36.00

mcintosh
STEREO CATALOG

and FM DIRECTORY

Your Prob e
Specialists Coline U.S. Sales & Slocking Source P.G. Box 2113. La Jolla. CA 92038 (619)459-4197

For All Oscilloscopes

To 300MHz

X1 to X100
Attenuat ion

Get all the newest and late st information on the new
Mcintosh stereo equipment in the Mcintosh cata log . In
addit ion yo u w ill receive an FM station dire ctory that
covers all of No rth America.

MODULAR P DB S
FOR SALE

INSTAN
REPAIR
Probe tip, Head, BNC
and Cable all screw
into place easily and
quickly.

PR:ES,INc. ITPII

COMFET's current/voltage charac­
teristics resemble that of an ordi ­
nary bipolar transistor.

For the most up-to-date infor­
mation on the COMFET, including
device types, characteristics , and
availability, contact Tom McNulty,
RCA, Power Marketing, Solid State
Div., Somervi lle, NJ 08876.

IF system rc
National Semiconductor has an­

nounced its latest series of FM IF
systems, the LM186511965/2065, for
use in electronically and manually
tuned radio app licat io ns.

The LM1865 and LM2065 feature
a stop detector for electron ic tun­
ing. All vers ions offer a low total­
harmonic-d isto rti on (THO) of 0.1 %
at 100% modulation with a sing le
tuned quadratu re coi l. And THO is
not adversely affected if the radio
or quadratu re coi l is mistu ned .

The only difference between the
LM1865 and LM2065 is the d irec­
tion of the AGC control voltage.
The LM2065 develops forward
AGe. The th ree devices have dual ­
threshold AGe's to eliminate the
need for a local/di stance switch.
The AGC threshold-voltage is low
w hen strong out-of-band signals
are present-signals that might
deve lop an interfering third-order
intermodulation (1M3) product. If
there are no strong out-of-band
signa ls present, the AGC thresh­
o ld is high for best signa l-to-noise
performance.

The three devices are housed in
20-pi 11' plastic PI P packages and
sell for $2.45 in lots of 100 and
up .-National Semiconductor
Corp., 2900 Semiconductor Drive,
Santa Clara, CA 95051 R-E

NAME _

RE

ADDRESS

Mc intosh Laborat ory Inc .
East Side Station P.O . Box 96
Binghamton, N.Y. 13904-0096

r---------------,
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I
I
I
I
ICITY STATE_ZIP _L J

... __ . ' c:.

I:<?: ~!2-':_O ,0~c-0~ 0
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SEND
TODAYI

"He should have known better than to
tangle with a solid-state computer."

If you are in a hurry for yo ur catalog please send the coupon to Mcintosh.
For non rush servi ce send the Reader Service Card to the magazine .
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COMPUTER
CORNER
Yesterday's personal computers

lOU FRENZEl

KEEPING YOUR COMPUTER UP-TO-DATE

with the latest peripherals often
results in a pile of unnecessary
equipment building up around
the house. For example , just re­
cently, while cleaning up the base­
ment, I happen to run across all
kinds of old personal-computer
equipment that had been accumu­
lated over the years-most of
which still has some life left in it.
But while sorting through all that
stuff, '! wondered whether any of it
would ever again be of any use.
There are probably others out
there who like myself have been
fooling around with microcom­
puters since the very beginning
and have also accumulated a vari­
ety of odds-and-ends that today
are more nostalgic than practical.
The only problem with that is figur­
ing out what to do with all of it.

The old timers
One piece of equipment found

in that mountain of antiquity was
the first microcomputer that I was
ever involved with, the NRI model
832. The unit was designed back in
the early 70's when I was working
for the National Radio Institute-a
home-study school. That comput­
er, de signed before micro­
processor lC's became available,
came in kit form and was included
as part of NRI 's computer-tech­
nology course. The unit, housed
in a large metal cabinet, used 7400­
series TTL (Tran sistor-Transistor­
Logic) lC's mounted on ten
printed-circuit boards. The whole
idea behind the kit was to give stu­
dents hands-on experience in
working with TTL integrated cir­
cuits. The kit was also used to
demonstrate the principles of

FIG. 1

computer operation and program­
ming, and to teach the student
good troubleshooting techniques.
It featured an 8-bit-word , serial
processing, and an instruction set
of15 operational codes. The mem­
ory consisted of a large slide­
switch-diode matrix that formed a
programmable-read-only-memory
or PROM. Its memory capacity was
16 eight-bit words.

The computer also contained
sixteen bytes of random-access­
memory (RAM) built around the
old TTL 748916-bit RAM. That ma­
chine worked pretty well and
could be programmed to do al­
most anything. But today it just

wouldn't be practical because it
has no I/O instructions, and its
memory-expansion capabilities
are limited . Nevertheless, since its
introduction , in 1972,several thou­
sand of those units have been
shipped to students, and it has
aided them in learning about digi­
tal logic and computer fundamen­
tals. In fact, the unit is still
included with NRI's home-study
digital-electronics course. Though
it 's nice to have one of those units
around as a reminder of the past,
it's doubtful that it will ever be of
use again. It's been sitting in a box
in the basement for about twelve
years now and will probably go on
sitting there .

Another unit, found in that
nostalgic heap in the basement,
was my Teletype ASR-33 hard-copy
terminal (see Fig. 1). That terminal
was once the most popular I/O de­
vice available for those early per­
sonal computers and sold for
$1200 back in 1976. It featured a10­
CPS (Character-Per-Second)
printer with keyboard and a 10­
CPS paper-tape reader and punch.
The fi rst ti me that the unit was ever
used was when I first started play­
ing around with microprocessors.
Later, one of the early Motorola 02
boards with a 6800microprocessor
was added, which used a serial in­
terface to tal k to the ASR-33. That
combination was used to learn
how to program the 6800 in hex
machine-code. Unfortunately, the
02 board was loaned out some
years ago and was never returned.
The ASR-33 was used as the pri­
mary I/O device for my first real
personal computer, which was an
IMSA18080.

The IMSAI 8080 was built from a



kit and was used for a number of
years. Quite a bit of machine-lan­
guage programming was done on
it. Ail 8K BASIC was also available
in paper-tape form, but it took
about 20 minutes to load it on the
10-<::PS ASR-33. At times the pro­
gram didn't load properly on the
firsttry, so the procedure had to be
repeated. Today, waiting for 20
minutes to load a program is unac­
ceptableand having to repeat the
sequence is totally out of the ques­
tion. But, we've come a long way
since then.

Overall, the ASR-33 is still in
pretty good shape and though it
did get damaged slightly during
the recent move, there's nothing
wrong with it that can't be fixed.
But I have no idea of what in the
world I'd ever use that machine
for, and doubt that the time that it
would take to repair it would be
justified. Anyway, it's large, takes
up lots of space, and anyone who
ventures into my basement is usu­
ally impressed and asks 'about it.
, One of the more useful ma­
chines found lying around down

there, was one of the old Com­
modore PET2001 computers . You
may recall that machine with its
built-in 9-inch CRT, audio-cassette
player/recorder, and the tiny cal­
culator-like keyboard. That unit
was acquired in 1976 and has been
in use most of the time since then.
Several years ago, there was a
failure in the RAM, which was
promptly repaired. The most diffi­
cult problem encountered during
that repair was trying to locate a
supplier for one of the old odd­
ball MaS-technology 22-pin 4K
static RAM's. And beside that, it
cost a fortune! The unit's BASIC
and graphics capability are still
pretty good by today's standards;
however it doesn't feature color,
and the audio-cassette mass stor­
age is slow. Still my 13-year-old son
continues to use the unit for prac­
ticing his programming home­
work, and he has even written a
number of his own applications
programs for his Dungeons &
Dragons game. However, · t h e
games for the PET are nothing
compared to Flight Simulator,

Decathlon, Temple of Apshai, and
a host of other neat games for the
newer IBM rc.

Another item discovered in that
computer treasure trove was an
H8-S accessory board , which is a
serial-port and cassette-interface
card for Heathkit's original model
HB computer. The serial port and
cassette interface board was re­
moved from the unit when the
floppy-disk controller became
avai lable and was never used
again '. In fact, my older son took
the HB computer, an H9 terminal,
and the H17 floppy-disk unit off to
college with him and I haven't
seen it since. I suppose the lC's on

. jhe accessory board- might be
useful for experiments, but I
haven't the foggiest idea of what I
could build with them.

Continuing the search, I also
discovered an old RCA VIP Cos­
mac computer. That unit was pur­
chased sometime in 1977, but the
proposed application' escapes me
now. That computer features
RCA's unusual 1802 rn i c r o-

continued on page 102

"""'"'\IWIJJ'"---U , ' . .• It's , plenty tough being
an electronics sales and
service dealer these days.

That's why we're working so hard
to make it easier for you to operate
a cost-effective business , .
, NESDA offers business contacts,
technical and management certifi­
cation, substantial savings on bank­
card and Insurance- rates . - and
that's just the beglnnlngl

NESDA members are kept informed about industry develop­
ments and are offered the most comprehensive managerial and
technical training programs available, Besides, NESDA is your
representative at the national level - including your voice to
manufacturers and the agencies of the federal .government.
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Weller®
WTCPR $77.50
Safe for IC soldering. Closed loop, low-voltage circuit
automatically controls output. 700 F 1/16" screwdriver tip
provided. 600 F and 800 F tips available. Power unit has
non-heat sinking iron holder, storage tray for extra tips
and tip cleaning sponge with receptical. Send for free '
W.S. Jenks & Son electronics tool catalog for complete
accessories.
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SERVICE

CLINIC
A valuable piece of equipment JACK DARR

o

A LO NG TI ME AGO, BACK WHEN THIS

column first began to appear, I had
the habit of saying "Thiswill fix it!"
whenever I was confronted by a
problem. These days, I've learned
to say "This will f ix it, ! hope! "
instead. In other words , I found
out that th ere is always the chance
that th e cause of the problem is
something other than the obvious
one. That's how I learned that of all
your tools, the most valuable is-a
co mplete ly op en mind.

I have bored quite a few groups
of technicians by asking : " W hat
do you use to make a diagnosis?"
Someone, (or more) would always
say: "Test equipment." To which I
said: " Wrong! " Test equipment,
such asan oscilloscope (see Fig.1),
is very important because it is used
to get data, but yo u still need to
feed that data into the one instru­
ment th at can make the diag­
nosis-your brain.

FIG.l

What I mean is this; your brain is
th e o nly " inst rume nt " that can
take the data your test equipment
gathers, put it together, and come
up with a conclu sion as to the
cause of the problem. The success
of that pr ocess, of course , de-

pends on how well your brain can
work. If something interferes with
it, it will come up with the wrong
answers.
- For instance, rarel y will talking

to a set that has been giving you
trouble help. Sure, it might seem
that the set refuses to work just to
spite you, but talking to (or yelling
at) a device is not productive and
does not lend itself to a calm and
reasoned analysis of the problem.
Such an analysi s is needed if the
cause of the problem is to be
found and fixed.

Another common occurrence
that i nterferes with an orderly
analysi s is jumping to conclusions.
Gue ssing the cause of a problem
from the symptoms, or from a few
measurements , can sometimes
lead to a fast solution . But more
often , it can send 'you on 'a wild
goose chase. Sure, you get tired
sitting at the workbench all day,
but jumping to conclusions is a
poor way to get your exercise.

The proper approach
So what should you do to help

your brain make the proper analy­
sis. Above all, approach each set
with an open mind . Don 't guess at
the cause; that can lead yo u to
making test s for the sole purpose
of proving that your guess was
right. You really do not care what's
wrong with the set; you just want
to find the problem and fi x it.

Of course you already know
what the proper procedu re is; it 's
on e you've fo llowed many times.
Quite simply, it 's to make all of the
standard tests, loo king to be sure
that the various signal s and volt­
ages are what they should be .
Once you have found something

that is off, track down the cause.
That's all th ere is to it.

Finally, a kind word on behalf of
coffee breaks! If you do find your­
self st uck, get up, wal k out of the
shop, and go get a cup of coffee! I
have long used that method , and it
works. Don 't even think about the
job . You'll find that many times
when you go back , the so lution
"comes to you in a flash ." That's
becau se all the time yo u were
drinking coffee and making con­
versation , a small corner of your
brain was workin g on the prob­
lem. I've seen that happen hun­
dreds of times!

So, keep an open mind, be calm
and confident, and you will fix
many more of those "dogs" in a lot
less time. Good luck, and easier
servicing !

SERVICE
QUESTIONS

CLEANING TUNERS
What would you recommend to

clean the VHF tuner in a Quasar
TS-476? The stationary contacts are
etched pads on PC boards, and the
movable contacts are attached to
cylindrical plastic caps. Silicone
sprayhelped only a little.-/.H., Bet­
tendorf, fA

I'm not famil iar w ith the tuner
you describe, so I can't di scuss it
speci fi call y, but I w i l l say thi s:
Tuners that are far-g o ne need
more than ju st a chemical spray.
The contact s need to be w iped
clean with a pencil eraser, a finger,
anything. Th e problem that yo u
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describe suggest tome a trick that
I use when I want ~o clean up relay
contacts . I put a double-sided
piece of very fine sandpaper be­
tween the contacts and slide it
back and forth a couple times. For
delicate contacts, such asyou have
in your tuner, I would use a strip of
rough paper wet with cleaner.

A VERY DIFFICULT PROBLEM
I received a besket-csse Sony

KV-1750 as a gift. I found the reg­
ulator transistor, the GCS, the damp­
er diode and the 4A fuse missing. I
put them in, and using a Variac, I
moved slowly, monitoring with a
scope, when suddenly everything
blew again. Any ideas?-/. T., Sierra
Vista, AZ

The reason you received as a gift
a Sony with those parts removed
was because someone gave up on
it. You are dealing with what is
probably t he most difficult repair
in TV today. Any instantaneous
glitch in the horizontal sweep sys­
tem starts that cha in of fai Iures,
and it gets awfully expensive to fix.

If you can't locate a bad solder
connection, using first a 19-volt
supply and very low AC, the pos­
sibilities become awesome:
flyback, horizontal output tran ­
sistor, trip ier, mica insulator; and
nqne of them can be checked
other than by substitution and/or
very soph isticated troubleshoot­
ing.

DEAD SET
I have been benging my head

against a stone wall for a month
now-i-tbe ,stone ,wall being a Syl­
vania E-21-i that is in the "shut­
down" mode. I've changed so many
parts I sh'ould have kept a journ!JI,
but the enclosed list of parts and
voltage measurements will have to
suffice.---'-R.B., Orinda, CA

If you removed SCR430, the
shut-down switch, as you say, and
the set still does not come alive, I
would sayyou've got to give up
that approach. With SCR430 lifted ,
treat the repair like any other

. "dead set" condit ion. Is the hori ­
zontal oscillator working? I would
think not, with that missing volt­
age on pin 6 of the IC400 oscillator.
You've changed the IC, but have
you followed pin 6 back to its 20-

• L

DESCRAMBLER PARTS
We stock theexact parts andPC Boardfor Radio
Electronic's February Articleonbuilding yourown

CableTVDescrambler.

#701 PARTS PACKAGE $29.95
Includes all the original resistors, capacitors, diodes,

transistors, integratedcircuits, coils and IF trans'
formers (BKAN-K5552AXX).

#702 PC BOARD $12.95
Original etched & drilled silk-screened PC Boardused

in thearticle.

#704 AC ADAPTOR $12.95
(14 volts DC @ 285MA)

Both #701 80: #702 $39.00
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until the overrange ind icato r (a
displayed 1) disappears.

The un it is supplied with a pair
of color-coded test leads, a spare
fuse, a 9-vo lt transistor type bat­
tery, and an instruction manual.
The manual in this case is really not
much more than a pamphlet. It
provides on ly the sketc hiest of de­
tail concerning the unit, and there
is no theory-of -operation section,
schematics, or parts lists . On the
positive side , the manual does de­
scribe a useful setup for test ing
large valued .capacitorsvlt also
provides a handy table for convert­
ing between pF, nF, and flF. Finally,
there 's a table that summarizes
some of the most typical capacitor
characteri stics.

Above all else, w hat really makes
the mode130B-240 jump out at you
is the price. Remember, we are
dealing here with a hand-held ,
di gital-readout capacitance meter
with a fair degree of accuracy. The
co st for that is an outstand ing
$51.95. The uni t is covered by a
one-year warranty and is available
from your local di stributor or from
Fuji-Svea (PO Box 3375, Torrance,
CA 90510), R-E

volt source? Don't be intimidated
by the shut-dow n circuit. Turn on
the scope, and get the sweep sys­
tem to wo rk .

FLYBACK PROBLEMS?
. I have been working on RCA,
CTC97A, that has streaking in the
picture. When I'm off station, I get
vertical lines similar to Barkhausen
oscillations. I suspect high-voltage
breakdown, but have run out of
places to look.-B.P., Kinnewick,
WA

The place you probably would
find what you are looking fo r may
be where you can't look-inside
the integrated flyback . Turn off all
the lights and look around for an
arc, if t here is one to be seen,
there's one to be corrected . If
you're not lucky that way, you will
have to change the flyback, cross
your fingers, and hope that's it .
They do have a history of that type
of failure . R-E

continued from page 44
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Soo n yo u co uld be on yo ur way to being one of the
highest workersin theelectronic, field.Send for FREE
facts now. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LtCENSE TRAINING, Dept. 90 I
I P.O.Box 2223, San Francisco, CA94126 I
I Rush FREE factson howI cangetmy FCC License I
I in sparetime. Noobligation. Nosalesman will call. I
I NAME I
I ADDRESS I
I CITY STATE-----.ZIP_ _ JIL _

TOTAL PAGES
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PAGES
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=:-:-:-:-:-:::::-_ _ @ 50Ceach __-="-.".,.....,..,,

Mon. to Fri.

5 Mhz
Oscilloscope

$119.00

Toorder anyofthe itemsindicatedabove. check offthe ones
you want. Complete the'order formbelow. include yourpay­
ment,check ormoney order (DONOTSENDCASH). and mail
to Rad io-Electronics, Reprinl Department, 200 Park Ave.
South, New York, NY 10003. Please allow 4-6 weeks for
delivery
If youneed acopy01an articlethat isinanissue we indicate is
unavailableyou can order iI directly fromus. Wecharge50C'
per page. Indicatethe issue(monlh &year), pagesandarl;cle
desired . Includepayment in full, plus shipping and handling
charge.

MAIL TO: Radio-Electronics
Reprint Department. 200Park Ave. South. New York. NY 10003

Total price of order .
Sales Tax (NewYorkSta te Residents orily) . . . . . .. . .
Shipping & Handling(U.S & Canada only) (lncludes FIRST CLASS POSTAGE) $1.00 per item .

All other countries($2.00 per item, sea mail) .
($4.00 peritem, air mail) .

Total Enclosed ..
Name ----, _

Address _

City State Zip _

I · REPRINT 'ranIllS.BOOKSTORE
o Build Your Own SatelliteTV Receiver $7.00 0 Special Projects (Spring 19B1 ) $4.50
o 8-Ball Satellite TVAntenna . .. S5.00 :] Special Projects #4 (Summer 1982) $4.50
o Build Your Own Robot S12.00 :] Special Projects # 5 (Winter 1983) $4.00
:] TV Descrambler (January. February 1981) $3.00 'J Special Projects #6 (Spring1983) $4.00
:] Radio-Electronics back issues (1984) S3.00 J SpecialProjects #7 (Summer 83) NOT AVAI LABLE
o Radio-Electronics back issues (1 983) S3.50 :] Special Projects #8 (Fall 83) .. . $4.00

Write in issuesdesired [] Special Projects # 10 (Spring 84) $3.00
o Rad io-Electronics back issues (1983) $3.50 J Radio-Electronics Annual 1983 S3 .50

(January, February1983 notavailable) 0 Radio-Electronics Annual 1984 . . . . S2.50
Write in issues desired 0 How to Make PCBoards , $2.00

::J Radio-Electronics back issues (1 981) . . . . . S4.00 :] AllAbout Kits . . . , . . . . . . . . . . . . . S2,OO
(Jan.. Feb.. March. Dec. 1981 not available) :::J Modern Electronics (Vol. 1. #1 S2.25
Write in issuesdesired Apr)1 1908)

'J Etchyour ownPCboards , . , $3.00 J Electro Importing Co. Catalog .
(1918) (176 pp)

J Low Frequency Receiving Techniques . .. $6.00
BuUding and using VLFAntennas

9 AM·5 PM

Auction Company liquidating million
dollar inventory of Heathkit Brand
Electronics in kit form .

UP -
TO 75% OFF

(LJ

MasterCard • Visa
or send check with order

Call your order today

CERTIFIED ASSOCIATES, INC.
1912 W. l70th Street

Hazel Crest (Chicago), IL 60429
(312) 335-0043

Model 1O-4540-Compact, versatile, easy to
build Electronic instrument. Measures frequen-
cy and AC or DC voltages. .'

PAY ONLY $119----------------
25" COLOR TV

HEATHKIT Solid State Color T.V. Model GRD
. 900 Automatic UHF and VHF channel selector,
instant on, automatic fine tuning. Perfect for
custom installation. CRT and Cabinet not
included.

PAY ONLY $119
Note: All NEW Heathkits in Factory Sealed
Cartons w/Step-by-Step instructions .. .as sold
in electronic stores and technical schools
across the nation. .
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Ttus kit has over 76 erect-one parts Including: speaker,
rrucroor one. microswitch, 12 button keypad. two Circuit
boards, transformer, two LED's eight transrsto s, one
Integrat ed Circu it, twelve diodes , five e lectro lytic
capaci tors and sixteen resistors.Comes WIthstep-by-step

Instruct ion and learnrng
manual.
Learn about
• Large scale Integration

pulse generator rc's
• Matrix keyboards and

decoders
• Dial tone generation
• Busy tone qeneraton
• Ring pulse generation
• How to repair

electroni c telephones

EKI ELECTRONIC KITS
INTERNATIONAL, INC.

791 RED ROCK ROAD
ST. GEORGE. UTAH 84770

Call TOLL FREE
1-800-453-1708

For store nearest you .

OVER 50 KITS AVAILABLE
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FREE
CATALOG OF ALL KITS

Available nationwide at your local
electronics store. .

(Or send $1.00 shipping & handling
to address below.)

FROG PHONE W/CB & CASE

A "Fun to Build'"super ••"shlve 6-tranllltor AMr.dlo.
Exciting hands-on experience. Le.rn the how and why
of. rldla by building It you ....lf. All parts necessary are
inc luded. so tune in and discover
the fun of building your own'
Features: Low power consumpt ion,
low cos t. easy ste p- by-s te p
ins tr uct ions with each kit.
a lign ment procedu re a nd
t roub leshoot ing rnstr ucucns
Included. Cnctnt operations
explained, Wrist strap and
cabine t Included

NUMeE.~ OF PUL'SE':>
(OR LOGo IC S T ....Te.)

should tell you that there's a lot left
to discuss . The result of bringing
the C LEAR input high depends on
the state of pin 3, the 0 input. If pin
3 is high, the frequency at the mul ­
tiplied-rate output will be the
same as that at the clock input and
the base-rate output will be zero.
If the 0 input is high when you
activate the CLEAR input, both the
multiplied- and base-rate outputs
wi l l be zero. Things . are not as
straightforward as they might
seem at first; therefore mak ing a
rate multiplier work for you means
spending time w ith it. There's no
ot her way.

O nce you get a handle on the
IC, however, you ' ll find that, like
most other specialized lC's, it can
save you an unbelievable amount
of brain damage in solving par­
ticular circuit problems .

Go over the data in Fig. 1 and
pick up a few of the rate multi­
pliers to fool around with . Next
month we'll start to put those spe­
cial lC's to work. R-E

DRAWINC BOARD

temptation is strong and parts sup­
pl iers don't ask questions . Just re­
member that the outputs you get
wi ll probably be wrong in the short
run , but right in t he long run-and
how much time is covered by "the
lo ng run" is anybody's guess .

Using the 4089 is simple . You
just route a clock to pin 9, pick a
number for the weighted in puts,
and p ick off the output frequency
on either pin 5 or pin 6. All the
control inputs, pins 4,8,10,11,12,
and 13, should be connected di ­
rectly to ground fo r no rmal use.
The base rate is available on pin 1
and the remaining output, pin 7, is
used for cascading more tha n one
4089. That's all there is to it . But, as
you no doubt expected, if you
want to make the IC do really
usefu l work, you have to learn how
it works.

A glance at the tabl e in Fig. 3

con tinued from page 85

FIG. 3
Special Prices for Educators
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10K

TOGATESIGNAL

Cl
.01

8

R2
75K

C2
.1

3

Rl
VOUT 2.2K

0.7 volts, the astable is enabled; but if it is
biased below 0.7 volts by a current greater
than 100 f.LA (by taking pin 4 to ground via
a resistance less than 7 kilohms , for exam­
pIe) the astable is disabled and its output
is grounded. Thus , in the Fig. 15 circuit,
the astable can be turned on by applying a
high or logic I signal to pin 4, or off by
applying a low or logic 0 signal to pin 4.
The appropri ate waveforms are shown in
Fig . 15-b.

5V-15V

continued fr om page 70

GENERATOR CIRCUITS

Finally, to complete this month 's look
at squarewave generator circuits, Fig. 16-a
shows how the 555 can be gated on and off
via a transistor wired across main timing
capacitor Cl. Here , with zero gate drive
applied, QI is cut off and the astable is
free to operate in the normal way, but
when a high gate signal is applied , Ql is
driven on and discharges Cl , thus disab­
ling the 555 . Note that the output of that
circuit is driven high when the 555 is
disabled in this way (see Fig. 16-b). R-E

GATE .-.
INPUT ---! !--

VOUT .IlJIJ1I1.t--ir
b

FIG.16-ANOTHER WAYof electronically gating
the 555 circuit. Here the gate signal is applied to
C1 via Q1.

AUDIO" --~
R'S 'ARcH ,~ I "1\ 10-
SWN 6 UN ~.J 'JP;r

• )~ 00 (4)

~~I ;Y
----..::: ..t~ l2E
"Nope- it still doesn't work."

DESIGNER'S NOTEBOOK
continued from page 80

When the voltage at the input of IC2
reaches itsthreshold voltage, the out-
put of the 4584 goes low and turns on
transistor Q1.

Capacitor C2 begins to discharge
rapidl y, whi ch produces a narrow
negative-pulse at the output of the
4584. Capacitor C1 di scharges as
well, but the inherent hysteresis of
the Schmitt tri gger keeps the 4584
output low. Don 't forget that the in-
verter changesstateat half the supply
voltage, and th e Schmitt trigger
changes at higher voltage than that.
That's what hysteresis is all about.

In any event, the inverter finally
changes states and the whole busi-
ness starts over again. Now, the lower
the input frequency, the faster both
Cl ,and C2 will discharge. That
means that as the voltage applied to
the inverter decreases , the output fre-
quencv of the oscillator will in-
crease, and vice versa.

The lowest frequency will be when
the input voltage iszero and the max-
imum will be when the input voltage
is equal to the threshold voltage of
the Schmitt trigger. This is because
the inverter and the 4584 will be
changing states very close to each
other. The circuit is extremely easyto
use, and its advantages over other
VCO's include a minimal parts cou-
nt, high reliability, and, 'of course,
excellent linearity. R-E

HOBBY CORNER

continued from page 83

dropping resistor or an imped-
ance-matching (audio) trans-
former.

Intercom switching
Another reader, John Carson

I (IN) , has asked about the switch-
ing arrangement in intercom
speakers. Well John, it's all in a
four-pole , double-throw (4PDT)
switch, as seen in Fig. 3. When the
sw itch is in one positi on , t he local
speaker/microphone is connected
to the intercom's amplifier input
and the remote is connected to the
output. When the switch is in the
other position , the connections
are reversed and the remote

.. speaker is an input device. R-E

TOTAL ENCLOSED S-S _

Home Bu sin ess
Recomme nded You Pay

Li st Pri ce
I"] Bank StreetWnter (Brodcroond) $6995 $4995

RSk
)oaase II (Ashton· Tate) (Disk ) ]0000 400 00

Home Accountan t (Cc ntmenta! 74 95 4995
Soltware l (Dlsl()
r] Ta:o:: Advantage tcontmeruar Software) 59 95 3995

~l\~~Ttlstar w1ree CP M Cl1fd [Mlcropm 6'200 38500
Intl } (Dlsl()
r] PFS , FIle liE .. II .. (Soll ....are 125 00 85 00
PuOhShJOg) IDISl()
fl PFS Graph liE .. 11 .. (Software 125 00 8500
PubliShing ) (Disk)
rl PFS Report liE .. II .. (Software 125 00 8500
PubliShing) (DISk)
F"] VISlCa"c liE (Vlslco rp ) IDISl(} 250 00 179 95

~

fJ Mastering the SAT (CBS So!twarel 15000 11000

~IS~~ccess Addit ion Subtractio n (CBS 2495 19 95
Sottware) (Disk)
r:l Success MultiplicatIOn Drvtstcn (CBS 24 95 19 95
Sollwa re) (Disk)
fl Sceueccter (Deslgn ....are) IDlsk) 39 95 29 95r J Algebra I (Eduware) (Disk) 39 95 29 95
r"J Rockys Boots (The Learning 49 95 3995
Company) (Disk)
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~lS~ndefcomp (Splnnaller Software) 29 95 2495
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}Q.lS~ GraphICSMagICIan (PengUin 5995 4250
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Zark I ll nfocomj (Dl sJ() 39 95 29 95
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Radio-Electronics Software Store
200 Park Avenue South

New York, NY 10003
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New for our readers....A mail order
source of software from Apple
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MARKET CENTER
FOR SALE

CABLE-TV SECRETS-the outlaw publication the
cable companies tried to ban. HBO, Movie Channel,
Show1ime, descramblers, converters, etc. Sup­
pliers list included. Send $8.95 to CABLE FACTS,
Box 711 -R, Pataskala, OH 43062.

RESISTORS V<W&1hW5% 3ce nts. 1% metalfi lms,
precision custom wirewounds, $1.00 refundable to:
JR INDUSTRIES , 5834-B Swancreek, Toledo, OH
43614.

A ,MCGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
Tel.: 1 (816) ll42 5092

1901 MCGEESTREET KANSAS CITY. MO. 64108

FREE catalog featuring scanner accessories, car­
rierlsubcarrier detectors, voice scramblers, unusual
kits. CAPRI ELECTRONICS , Route 1R, Canon, GA
30520.

DESCRAMBLERS for downconverters , high gain .
Send $1.00. RB ELECTRONICS, PO Box 643, Ka­
lamazoo, MI 49005.

PCB and TOKO calls for TV project in February,
1984 article only $17.00. JIM RHODES, 1025 Ran­
some Lane, Kingsport, TN 37660.

CONNECTORS-audio,co-axial, aviation, comput­
er, industrial, and many other types. Send $2.00 for
complete price list and orde ring information .
Largest inventory in country. CONNECTOR TECH­
NOLOGY INC., 5A Veronica Ave., Somerset, NJ
08873.

WHOLESALE F-59 cable connector $80.00/1000.
Free MATVcatalog SASE, (212) 897-0509. D&WR,
68-12 110 St., Flushing, NY 11375.

CHANNEL 3-60dB notch filter. 63.5MHz. $32.00.
CROSLEY, Dept. 763, Box 840, Champlain, NY
12919.

LATEST bug-detection equipment for home or of­
fice. Literature, $1.00. CLIFTON, Box 220-X, Miami,
FL 33168.

CABLE-TV converters and descramblers. Low
prices, dealers wanted. Send $5.00 for catalog. R &
M DISTRIBUTORS . Box 266-1, Boston, MA 02190,
(617) 871-5838

TUBES new and used transmitting and receiving,
test equip., vacuum capacito rs and relays . J.
HEIMAN, PO Box 2392, Northridge, CA 91323.

WANTED: Old RCA, Cunningham, Western Elec­
tric tubes, amplifier, speakers. Mcintosh, Marantz,
Tanno y, Allec, JBL . (713) 728 -434 3, MAURY
CORB, 11122Atwell, Houston, TX 77096.

CABLE-television facts and secrets. Now you
can get the informative publication that CATV com­
panies have been unsuccess fully trying to get
banned for 15 years. Movie Channel, HBO, and
Show1imeconverters, etc. Send $8.75 to: CABFAX,
P.O. Box 091196, Bexley, OH 43209.

TUBES , new, unused. Send self-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

TROUBLESHOOT faster using circuit scanners».
Diagnose easily by non-technical comparison of de­
layed waveform checks active and passive compo­
nents, assists in locating leaky semiconductors .
Two models available, CS 200 stand alone unit with
waveform storage $150.00. CS 100 interfaces with
oscilliscope $89.00, user manual only $5.00. Send
check or money order to: PEAKE ENTERPRISES ,
PO Box 2566, Culver City, CA 90231.

NEW amazing projector kit. Engineer designed. Get
comparab le reception to commercial projector cost­
ing $2500.00 or more. Only $24.50 (for portable
television only). QUEEN ENTERPRISES, Box 159,
Toronto. Ontario M6M 4Z2.

CONVERTERS all types for all systems. Lowest
prices anywhere, quantity discounts, dealer inquir­
ies accepted. Send $1.00 for catalog, PG VIDEO
CORP., PO Box 296, Latham , NY 12110. (518)
274-6593 .
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your TV se t by remote ~

cont rol up 10 20 It away. 2 pc. [ ..
Thi' Unit recertts cean - REMOTE CONTROL •

nels 2·13 plus mKl & suo = ===='"
~;~:t:~e~~a~~ I :.":-:=:'~: l
Channel 3 • t or more

750HM J1))~
CABLE lW
CONNECTORS

F·51 Iolale connector lor RG·
59iU cable Comes complete
with your choice (speci fy) of
.,~ ~ or w- cr lmp·t ype I.rru".

100 for '1 0.50
20c ea.

\SJ'W1N. a ....RD 7-El EMENT SANYO UHFVARACTOR TUNERS
75 OHMUHFYAGIANTENNAS 75 OhmInput - 45 MHz Output

For Channels 14 . 83

UP to $500.00 per month. Sell computer software in
your home. Write to: COMPUTER SERVICES, PO
Box 7748, Tucson, AZ 85725.

NEW!... repair any TV... easy. Anyone can do it.
Write. RESEARCH , RR No. 3. Box 601BR, Colville,
WA99114.

POLICE code unsc ramblers, other scanner ac­
cessories, telephone recording device, ONE, Inc. ,
Rt. 7, Box 257, Hot Spr ings, AR 71901, (501)
623-6027.

• Causes speed radar guns to read out either: -a per­
cent"lle of your true speed . or whatever speed you dial in
• ActIVated by your Escort and most other detectors
• Especially effective against instant-on radar
• Operates on both X and K bands (not FCC approved)
• MONEY-BACK GUARANTEE, if not satisfied.
WARNING : The device described in this literature is not
legal for Useagainst police radar.
Complete literatu re & plans package. send $14.95 to :

Philips Ins trument Design Co. Inc.
9513 SW. Barbur. Blvd. # 1095. Portland. OR. 97219

VISA and MIC order line: (503) 626-6764

CABLE-TV equipment , notch filters for "beeping"
chann els. Information $1.00. GOLDCOAST, PO
Box 63/6025 RE, Margate, FL 33063.

RECONDITIONED test equ ipment. $1.00 for cata­
log. JAMES WALTER TEST EQUIPMENT, 2697
Nickel, San Pablo, CA 94806 .

RF parts/Motorola transistors. MRF454 $16.00,
MRF455 $12.00. Catalog available. RF PARTS CO.,
1320-4 Grand, San Marcos , CA 92069. (619) 744­
0720 .

THE Intelligence Library-Restricted technical in­
formation & books on electronic surveillance, sur­
veillance-device schematics,lock-plcklng, in­
vestigation, weapons, Identification docu­
ments, covert sciences, etc. The best selection
available. Free brochures. MENTOR, (Dept. Z),
135-53 No. Blvd., Flushing , NY 11354.
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TI99/4A. Explore abandoned spaces hip, an exciting
text sty le adventure. Cassette and listing $10.00
postpaid or write for info: J-TECH , Box 1573, Santa
Barbara, CA 93102 .

CABLE-TV manual: How to turn on cab le-TV, con­
verters and desc ramb lers for all programmabl e and
addressable syste ms . Send $10.00, cash or money
order to MODERN TECHNOLOGIES, PO Box 419­
A1, Bosto n, MA 02186.

BRADFORD part s 50 % off - "JOE", TROY TV
PARTS , 76 Seco nd Ave ., Troy, NY 12180

TI -99/4A owners. Get your free catalog of new, ex­
c it ing , low cos t software. DYNA, Bo x 690 ,
Hicksville, NY 11801.

FREE Pay-TV rece pt ion . " How-To" boo k. HBO,
Show1ime, Cinemax. $4 ,95. DIPTRONICS, Box 80
(R1), Lake Hiawatha, NJ 07034.

NEW computer hardware /software debugging tool.
Memory activity monitor saves time with Sinclair,
Commodore & more. SASE br ings complete infor­
mation. SYNCHRONICITY RESEARCH, PO Box
153, Tonkawa, OK 74653.

TOP-quality impo rted, dom estic kits, surplus, dis­
count electronics , compu ter componets. Free cata­
log . TEKTRASONIX, 175 Fifth Ave., Suite 3194,
N.Y., NY 10010.

SATELLITE descramblers- Late night movies
send $5.00 for cata log. MODERN TECHNOLOGY.
Box 419, Bosto n, MA 02186. (617) 871-5838.

ELECTRONIC surve illance: Amazi ng report reveals
secret techniqu es $15.00. Catalog $3.00. A,T.I.S.,
61 Gatchell, Buffa lo, NY 14212.

IMPROVE TV RECEPTION
UHFNHF/FM signa ls will come alive with this re­
markab le 24d8 amp lifier.Not a kit, but a
preassemb led amplifier that features indoor mount­
ing, integrated circuit design, low noise figure and
tremendous gain to realiy pull in those weak TV
stations. Price $39.95. Inciude this ad with your
prepaid order and receive a TV stereo simulator
absolutely free . Great for concerts, movies and
even adapts to VCR's. Maryland residents include
5%. HOWARD RESEARCH AND DESIGN, Box
204 , Ellicott City, MD 21043. (301) 465-8116.

DESCRAMBLERS-CABLE-UHF­
TVRO

" SINEWAVE" TV descrambler, video and sound in
TV or VCR . Complete kit and instruction manual
ready to go $114.95 plus $6 .10 S & H. "Free flyer
informat ion." CABLE SEARCHER, P O. Box 182,
Car le Place Stat ion, NY 11514.

EDUCATION & INSTRUCTION

LEARN HOW TO USE A COMPUTER

EARN your university degree through evaluation
assessment , of existing education, experience ,
achieveme nts. Ca ll, (614) 863-1791, or write , AS­
SESSMENT, Box 13130R, Co lumbus, OH 43213.

F.C.C. General Radiotelephone license. Home
study. Fast , Inexpen sive! "Free" details . COM­
MAND, 0-91, Box 2223 , San Francisco, CA 94126.

BASIC gate relationships building blocks of com­
puters and electron ic control circuits, 2 hr VHS vid­
eo tape $47.98 plus $3.75 for Sand H, send check
or money orde r to INTREPIDTEC INC., PO Box 175,
Fountain Green, UT 84632.

Trainathome inspare lime! No previous
experience neededl Now you can learn
it all! Comp uter prog ramming . . .
computer applications . . .computer
games .. .everyth ing you ever wanted
to know about computer operations.
Use hund reds of prog rams already
availab!e or write your own ... bUdget­
ing, real estate, bookkeepi ng, ex­
penses, investments, interest, taxes,
shoppi ng lists, vacation planning , ad­
dresse s, phone numbers. . .even foreign
languages and graphics . Experts

Si~ili!!i!i=-';l explain everything in easy-to-under-
S"O'<' \ stand langu age with step-by-step

Rushneelactmputer directions. Computer included with
can \eaT~ ~ pro- your trai ning . . . plugs into your TV.
app\ic~tIOn 'd cp- Send for free facts! ~ .u

~~~~:nlOi\ ~~me ,nlC~je"OMPu"TER TRAiNING.;;P;;E-;' 1
spare tIme. ' ' 'Ct 'fI ' Scra nton . Pennsylvani a 18515 I

_ ___ _ _ _ _ _ __ Ag. I
~dress I
City/Slale/Zip ------------- I
Phone No. including area code( J

In the United States:

The One Stop Electronic Shop!

all Toll FREE 1· 00·343·0874

UNIVERSITY offers state authorized degree pro­
grams in Business or Comp uter Management. Low
tuitio n. No class attendance. Write, including phone,
for brochure : UNIVERSITY OF SANTA MONICA,
5161 Venice Blvd. , Los Angeles, CA 90019 .
Call:(213) 933 -4200 .

REPAIR any so lid state amp or receiver with just
your VOM. No expe rience necessary. Average re­
pai r time one hour. Mike 's Monste r Method on VHS
T120 or BETA 500 . Send $39.95 shipping $3.50 to
MKW ELECTRONICS, 12345 Lake City Way N.E.,
Suite 115., Seattle, WA 98125.

H!ghly Effective Home Study BSEEDegree Pro­
gra m for ExperIenc ed Electronic Technician s
Our New Advance d Placement Prog ram grants

r,-...: Cred it for pr eviou sSchoo ling &:. Professio na l Ex-

~
p erl enc e, Adva nc e Rapidly! Our 40th Year!

, FREE DESCRIPTM lI TERATUREI
~ Cook's Insiliule of Electroni cs Engineering
, '" P.O. eox 20345, JACKSON, MS 39209

MORSE code keeping you from ham radio? Interna­
tiona l Morse Code trainer for your 64 computer.
AC3L SOFTWARE, Box 7, New Derry, PA 15671.
Tape or diskette $14.95.

Downsview
86 St. Regis Cr. N.
Downsview, Ontario
M3J lY8
(416) 630-0400
Vancouver
3070 Kingsway
Vancouver, B.C.
V5R 5J7

Seattle
13107 Northup Way
Bellevue, Wash.
98004
(206) 881-8191

Boston
133 Flanders Road
Westborough, Mass.
01581
(617) 366-9684

Montreal
5651 Rue Ferrier
Montreat, Quebec
H4P 1Nl
(514) 731-7441

Ottawa
1023 Merivale Road
Ottawa, Ontario
K1Z 6A6
(613) 728-7900

Mail Orders
P.O. Box 8000
Westborough, Mass.
01581
(Mass) (617) 366·0500

In Canada:
Toronto
14 Carlton Street
Toronto, Ontario
M5B lK5
(416) 977·7692
Calgary
3220-5th Ave. N.E.
Bay 2
Calgary, Alberta
T2A 5Nl
(403) 235-5300 (604) 438-3321

Visit your nearest Active store, call, write or circle
the Reader Service Card for your copy of Active's new catalog.
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7400
76HOSK $5 ,95 l M14 14N $1.90

7'00 S .19 7475 s .38 7416 1 $ 6978M06 1.49 l M1458CN N ••78MG 1.49 MC1488N 99 7401 .1' 7476 .34 74162 .6.
l M108A H 2.95 MC1489N 99 7.02 .19 7'79 ' .60 74163 .69
l MJOOH .99 LM1496M 69 7403 .19 7'90 •• 74164 6.
LM30 1CN 35 lM1556N 1.60 7'04 .1' 7'82 95 74165 69..... LM3<HH 1.98 lM1820N 95 7405 23 7'83 '5 7( 166 1.20
LM30SH 189 l M1850 N 95 7.06 Call 7.85 55 7(167 2 95

eeooc $47,95 65'" ,." 87.49 ..,..
lM306H 325 l Ml889N 3 ,10 7407 Call 7486 35 74170 149

6000 ,.. 6505 ." 8155 "" l MJt) 7CN 29 LM2111N 1.75 7408 2. 7489 1.75 74172 4.75
O8BOO '''50 ' 507 ." Z.so '" 7409 .19 7'90 .35 74 173 .696802 750 eecs ." Z·8(lA ' ''' LM308CN .98 l M2900N .99

7410 .19 7491 45 7-4174 .69

RAM UP-GRADES
68802 zo" 6039 1195 Z·OOO '50 l M309 K 1.49 l M290 1N 2.50

74 11 .2' 7492 45 1(175 69"'" "50 6080 '50 ZBOO' " .. l M310C N 1.25 LM2917N 2.95
7.('2 2' 7493 35 7.(176 696808 "50 '''65 '" Z8OO2 "" LMJt 10 CN 89 CA3013T 2.19

6809' 12 .. 8085.0\·2 1100 F.~ 19 95 l M3 12H 1.75 CA30 18T 1.99 7413 29 7.94 69 74177 .69
66llO9' 27.~ ecee " "

,.,., 16OS l M317T 1.70 CA3021T 3.9 74 14 .49 7495 .50 74179 1.34

(4164-200nS)
6809 1150 ""'7 " ' 00 '602 ' " LM31SCN 1,49 CA3023 T 299 74 16 C• • 7496 .69 74180 .7564K 0 RAM 66llO9 21 ,95 eoee "" "",., 1695 7417 C'" 7497 290 7. '6 1 1.756502 '" eoe .", zoo, ... LM319N H 1,25 CA3035T 2.75

7420 .19 74 100 290 74 182 .75.502A . 50 87.41 ,.OS ZOO' 4 .50 l M32OK·XX· 1,35 CA3039 T 1.29
7~21 35 7~ 1 07 .2' 7~ 184 2259 pes for $5000 65021l '" '14. "os Zae71 379 5 lM 320 T·XX· 1,39 CA3046N 1.29
7'22 .29 7~ 109 .37 7~ 185 2.25WE STOCK IN DEP Tti l M32OH·XX· 1.25 LM3053 N 1.49
7~23 1.19 7~ 11 6 1,25CAL L FO R VOLUME PRICING UI 323K 495 CA3059N 3,19
7~25 .29 7~ 121 29

16K D,RAM (4116-200nS) ... l M324N .95 CA3000N 3.19
7426 29 74 122 .39 74 190 1.15l M33 7K 5 95 CA3062N '95

1702 ..'" >7" .. " 21&-4 ·250 $7,75 l M338 K 6.95 LM306 5N 1.49 7~27 25 741 23 .45 74191 1.15
7429 .45 74 125 .39 74192 .758 pes for $1295 Z71lll '65 2732·250 .'" 21&-4·200 1650 l MJ3 9 N 95 CA3080T 1.29
7'30 .18 741 26 44 74193 .75"'. ,OS 2732·200 '" 0876' 39 95 LM340t';. XX· 1.75 CA308 1N 169
7432 29 74 128 .59 74 194 .752716 '65 '132M ." 63766.. 41 os l M340T-XX' 125 CA3082N 1.69
743 7 25 74 132 .45 74 195 .682716-1 515 >7324 »t 27128 27os LM34OH·XX· 1,25 CA3083N 1,55
7'38 29 74 136 .75 74196 .75REPEAT OF SELL·OUT STEPPER MOTOR TMS2116 7.50 >73242 "00 'Z03AO 1450 l M344H 1.95 CA3086N 90
7439 1.19 74 197 .75TM$2516 s e '7'" '7' ""'0 "50 l M348 N 1 20 CA3089N 299

58Key Unimcoded Keyboard "'52S32 5 15 l M350K 560 CAJQ96N 3.49 7440 .19 74141 .65 74 198 1.29
Operates by ap plYing 744 1 .79 74 142 2 .95 74 199 1.29
12VDC in one dtrcctlOtl LM358C N 98 CAJa97N 199

7442 .45 74143 ' .50 74221 1.19

~.1995••.

lM360N 14 9 CA3130 T 1.30a nd t h en reve rs ing
LM372 N 1.95 CA3 140T 1.19 74~3 .95 74 144 2.95 7425 1 .89

po la r ity (or sq ua re 2101 $2 .75 2 147 $-4..75 5516 $1 1.95
l M376N 3,75 CA3146 N 2.49 7444 65 74145 .59 74273 1.05

wa ve) . Us e s 12VDC, 2102·1 .99 2016·200 4.95 6116-4 4 ,95
l M377 N 2.75 CA3160 T 1.19 7445 .79 7414 7 1.69 74276 1.69

2 102 l-4 1 29 2016-150 5.95 6116-2 8 ,75 7446 .79 74 148 1,19 74279 .75ClOCk Wtse Rot a t ion , 2102 l·2 1.49 20 16 ·100 695 6116l P·4 590 l M380CN N 1.25 CA3190N 1.95
7447 65 7..150 1 09 74283 1.40R a te d 3 RPM a t 4 21 11 2.75 "044-4 3.95 6116l...P2 10.95 l MJ8 1N 1.79 CA34 10N 59

.79 7"1 5 1 .49 7'284 3 ~9This is a new 58 key te rmina l Keyboard lM383 T 1.95 MC3423N 1,49 7' 48P.P.S . With a 5 degree 2112 2.89 40'4-2 6 50 Z6132 32 .50 7450 .19 7..152 .67 74285 369manu fact ured by a maJOrmarwtectcre r. ttt s
steppi ng angla. 2 114 1.49 4118 950 HM6264 47 .50 l M386 N 1.25 MC3460N 3 95

7451 .19 74 153 .4s 74290 .89unooded WithS PS T keys unattached to any
211" l ·2 1.89 55 14 3.50 6167 9 ,95 l M387N 1.40 SG3524N 395

7. 53 .19 74154 1.19 74298 .95PC board . 50lld rnokiod plas tICbase rnee-
ACP prlce·$395 lM390N 1.95 CA3600N 3 39

7'54 .19 7415 5 .69 74385 65sures ~ 1 · x 4" . ., NE531 V!T 3.75 l J.43900 N .59
74 59 .25 74 156 .78 7'386 .65NE555V .39 l M3905N 1.19

Unentoded / .. . 10 forS34.95 MK<W>27 $ 1,85 4116-200 $1.49 Nl::556N .98 l M3909N . .98 74SO .23 741 ~7 .49 74367 .65
UPD410 8.95 4164 ·200 .9. NE561T 19 ,95 LM391 4N 3.75 747 0 29 74 158 1.65 74386 .65.ey'a' _ UPD4 11 4.95 4 1&4-150 675 NE565 N'H 1.25 l M3915N 3,95 7472 .29 74159 2.49 7"390 1.45

RS232 MM5280 2.95 ...C6605 8.50 NE566H ·V 1.75 l M3916N 3,75 7473 .29 74160 .79 7'393 1.90
15 key Keypad WIth MM5290 1.49 TM54 164· 15 850 NE56 7VIH 1.50 RC" 13 1N 295 74 74 .34 7~4lilO 1 90
1-10 koys .andtab, re- SIGNAL TESTER MM5298 1.49 41256 79 .95 NE592 N 2.75 RC4 136N 1.10
turn, (-j, (,) and (.). WE STOCK MOST OBSOLETE RAMS . l M702H 1.99 RC4 151 N 3,7 0 II

0.;,1995... •
CAL L FO R YOUR t1ARD TO FIND PARTS. l M709 NH 29 RC4194TK ' 95COEXRS232

:111 ·... lM 710N"H .75 RC4 195 TK 540 74l$OO S ,26 74LS l13 s .39 74LS245 $2.99LINETESTER LM711 N l-l 39 Ul N20Ql 1,25 74LSOl 25 74LS114 .39 74lS247 1.10
(7) LED l ndtcato~

8 155 $9 .95 8238 $4 .75 8271 $74 ,95 LM715N 1.95 Ul N200 3 1.50 74L$02 25 74LSl22 .• 9 7" lS248 1.10UV "EPROM" 8156 9.95 8243 550 8272 37 ,SO l M723 N H 65 S N75450N 59 74LSOJ 25 7" LSl 23 1.19 74lS2 49 1.19

On~ $2495 8202 23.50 8250 10 .50 8275 3495 l M733 ti'H 98 S N7545 1N .35 74LS04 69 74L5 124 2,75 7" LS251 1.40
ERASER 8203 36.50 8251 595 8279 895 lM 739N 1.15 S N75452N ' 9 74L$05 25 74LSl25 69 74l $2S3 1 40

820> 3.25 825 1A 9.95 6279 -5 9 ,95 l M741 CNH 33 S N75453N .9 74LSOB 25 7"L51 26 .49 74lS257 85,-' O ther Styles Also Av ai lable
82 12 1.95 8253 6.50 8282 7.95 l M741C N-14 .19 S N75454N .9 7'lS09 25 74LSl32 89 74lS258 98
82 14 .50 8253 -5 9 95 8283 7.95 l M747N l-i .75 S N7549 1N 89 74LS10 25 74LSl36 .• 9 7'lS259 295. DE-4

CONNECTORS 82 16 1.95 8255 5,95 8284 7.95 l M748NH .39 SN75492N 89 74LS11 39 74LSl 38 .59 74lS2OO .65• . $8995 822. 220 8255 A 9 95 8286 7 95 l M760C N 2.95 S N75493N 89 74LS1 2 33 74LSl39 .59 74LS261 ~'9
8226 2.75 8257 7.25 8287 7.95 l M131 0 N 190 SN75494N 89 74LS13 39 74LS 145 1 25 7' l.S2<;6 .59

Holds 4 EPR OM 's . - 8228 335 825 7-5 9.95 8288 2495 MCl 33Q 1.95 Tl 494C N .20 74LS 14 .59 74L5148 1.49 74LS273 1.75
a l a time ... i .Jii .. 8237 18.50 8259 7.25 828!l .-:a ,50 MC1350 1.95 Tl 496C P 1,65 74LS15 33 74LS15 1 .99 74lS275 '40Madel 5-52T . $325.00 823 7-5 21.50 8259· 5 37 _50 MC1358 1.! 5 Tl 497 4,9 5 74LS20 26 74LSl 53 .99 74lS279 .89

74lS21 29 74L5154 1.70 7. lS283 .99" ·...
" 74l$22 29 74LS l 55 1.19 74lS290 .99

FILTER
DB25P (AS 232 ) $2.95

6520 $4.25 6532 $9.75 6545A $2650 74lS26 29 74LS156 1.49 7. lS293 99

CQRCOM DB25S Fem ale 3.25 6522 6.75 65324 11.75 6551 • H .50 74SOO S 39 74S 124 $369 74S244 $2 99 74LS27 29 74LS157 1,49 74lS295 1.10
Hood 1 ,49 6522A 8.50 6545 21 .SO 655 1A 12.95 74502 .43 745 133 .54 74S251 1,35 74L528 29 74LS158 1,49 74l.S296 1.19Popular $ot With Hood . Sale 6.95 74503 45 745 134 .66 74S253 1.35 7.lS3O 25 74L51 60 1,49 74lS32" 1.75,- 2S,SO SIT. Apple 3.95 .: " ·... 74S04 .89 7451 35 1.15 745257 129 74lS32 33 74LS161 1.49 74lS347 1.95CORCOM
25.'SO W,W. Apple 4.95 6810 $2 .75 68B40 $17 .95 68.50 $5 .75 7~S05 ,52 • 7451 36 1 69 74S258 1 29 74LS33 .55 74LS162 1.49 74lS348 1.95

74S08 .' 9 745 138 1.99 74S260 .75 74lS37 3s 7" LSl63 1,49 7.lS352 1.19Filter 311'62 SIT , IBM 4.95 68810 6.75 ....3 31 .50 6852 5.50
74S09 .9 74S 139 1.29 74S280 2.79 74LS38 39 74LS164 1.<49 7'lS3S3 1.19

6amp s
S495 31/62 W.W, IBM '.95 6820 4 ,25 6844 2500 6860 7_75

74510 .' 2 74S140 .73 7"5287 299 74LS40 25 74LS165 '1,49 74lS363 1.49
50/ 100 WIW, 5- 100 Connector 4.95 6821 3.75 6845 14.75 68" 6 25

74S 11 '2 745151 129 745288 255 74LS42 59 74LSl66 248 7'l.S365 .99
Compabble Line Cord Add • . •.••.. $3 .50 50-'100 S iT, 5 ·100 Connoctor 3 .95 68821 5.75 68..5 17.50 6880 250

74S 15 .2 745 153 1 29 74S373 3.10 74LS47 .79 74LSl 68 1.15 74lS366 996828 12.50 68. 7 11.75 68047 2295
7" 520 .42 745 157 1.29 74S374 3.10 7'lS48 .79 74LS169 1.15 7.lS367 .99• .. ....0 12.50 6850 3.50 68488 19 ,5O
74S22 .2 745 158 1 29 74S387 2.75 74LS5 1 25 74l.S 170 1.99 74lS36B .99

SWITCHER :1 ·... 74S3O .2 745 160 2.79 745471 7.95 74LS~ 29 7416 173 69 74LS313 ~99
....5 $14 .75 8275 $34 .95 74532 .49 745174 1.49 74S472 7.95 7.lS55 29 74LS174 .89 74LS374 2.99
68"5 17.50 7220 8950 Z80CTC $J ~ Z80QART S10 15 ZB:IASlO1 $12 50 74538 1.19 745 175 1,49 7..$473 7.95 74LS73 .39 74LS175 .89 74LS375 .69
....7 11 .50 COM5027 17 .95 ZSOACTC .( 75 Z8OAOART 109 5 180510,2 11,50 74540 '9 745 188 2.69 74$474 9.95 74LS74 99 74lS181 220 74L$3 n 1.95

SPECIAL
H0466Q5SP 15.75 COM503 7 22 ,00 Z80BCTC 975 Z8080ART 1895 Z8OA$102 1250 74551 . 2 745 194- 1.89 74$475 995 74lS75 .39 7415 190 1.15 74lS3B5 1.95
MC1372 6.75 8350 39 .95 Z80P1O '" Z80StO'O 11.50 1808 5102 36 00 74564 .46 748 195 1.89 745570 5.75 74LS76 39 74LS191 1.15 74LS386 .65
TMS99 18 39 ,95 6545 21.50 Z80APlo' .. 75 Z80ASIOO 12 50 Z80SIO'9 11 50 74565 .46 745 196 1.89 745 571 5.75 74LS78 .4. 74LSl92 96 74lS393 1.95

zsoePlO 1250 -Z80S 10 1 1150 Z80AS1O'9 12 so 745 74 99 745240 2.75 74S572 895 74LS83 .59 74LSl93 .98 7'lS393 1.95by AS TEC I • • • • 7'586 .72 745241 2.75 74S573 8.95 74lS85 .69 74LSl 94 1.15 74LS395 1.70
Originally designed fo r the Ap p le III 745 112 .72 74S242 2.99 74S940 2.90 74lS86 .39 74LSl95 95 7.lS399 235DACOl $5 .95 ADC0900 $ 15 ,25

7451 13 .72 745243 299 74S941 2.90 74lS90 .57 74l S1 96 .69 74l$424 2.95+ 5 (0 4 .0A only DACOS 7.50 ADC0804 3 .95 ., LOW PROFILE 745114 .72 74lS92 .49 7415 197 .89 7. lS668 1.75- 5 (j-I .25A DAC 100 7.50 AllC0809 495
74lS93 .59 74LS221 1.15 74lS670 2.29

+ 12 (t, 2.5A $4995
OAC0800 4 .95 AOC08 17 9 .95 SOCKETS (TIN) 74LS95 .79 74l$240 1.99 81 LS95 1.69DAC0808 2.95 "'C3470 4 .95

74LS96 89 74lS242 1.99 81LS96 1,69- 12 (i, .30 A DAC 1020 8.95 1406L6 1.50 1-2" 24 -49 50-100 DIP

~
74LS107 39 7" LS243 1 99 8 1lS97 169DAC 1022 5.95 1408 L8 • 2 .95
74LS109 .39 74lS244 1 99 81LS96 1.69' 970j! 4 ,95 DAC86E X 8 95 8 pin l P .16 .15 .14 SWITCHES ' " ,. ;:"."~ " 74LS112 "" 25lS252 1 2.95 25LS2569 495..•. 14 pm l P 20 .19 .18

16 pin lP 22 21 20 •MM57 40AAC 995 ~1FIFO $4 75 1691 $ 16 ,95 219 1 $49 .50 18 pin LP .29 28 27
AY52376 13.75 2513-Q01UC 950 177 1 16,00 279 3 49 .SO 20 pon lP .34 .32 .30

2 Posibo n S .99 7 Pcsucn $1 .39 '000 s 29 '037 $1 .95 '08' $2.95AY53600 13.75 2513-Q02LC • 9 SO 1791 22 .95 2795 55 .SO 22 pm lP .29 .27 2.
4 POSltoon 1.19 8 Pos Ition 1.49 '001 2. '040 .• 5 '093 .45UPD720 1 • .29 .95 71.07C Pl 11 .50 1793 25 .95 279 7 55 .50 24 p n l P .38 37 .38
5 Po SitIOn 1·29 9 P05ulOn 1.65 4002 2. .041 .75 '094 2.95ULN 2003 225 1795 27.95 ....s 31. SO 28 pin l P .45 .4. .43
6 POSltl()fl .1.35 10 PQSlhon 1.69 ' 006 .79 4042 .65 '098 2.2940 pin lP 60 .59 .58WE S~OCK 7~HC & 7..C CMOS 1797 44.50 8272 . 3600 '007 .25 .043 85 4099 1 85

2143 18.95 UPD765A 3600

I' . 008 .95 4044 .69 14408 12.95

3LWIREWRAP MUFFIN® FAN ' 009 .39 4046 .90 14409 12.95
4010 39 4047 89 U410 12.95PAl1 QH8 $3 .75 PAl14L4 $395 SOCKETS (GOLD) 40 11 .2' 4048 99 1....12 12.95PAL12H6 395 PAL1618 9 .95 75188 $1.19 8T95 s .65 Th e depe n da b le . lo w 4012 .2' '049 .35 144 15 895PA114H-4 395 PAL1~ 7.75 75189 1.19 8T96 85 1·24 25~9 so-too cos t , larg o s t selling fa n 4013 35 4050 34 14419 .95PAl10l8 3 95 PAl1 6R6 7.75 8T26 1.75 8T97 .85

fo r comme rcial cooling 4014 .75 '051 .75 '501 .39PAll 2l6 3.95 PAl 1.6R4 7.75 8T28 1.85 8T98 .85 8p!nWN .55 54 '9 40 15 39 '052 75 '502 .958T31 2.75 75150 1.50 10 pin WW (Tin) 65 63 .58 applicatio ns.
4016 35 4053 .75 '503 .62• 9636, 3.75 75 154 1.50 14 pin WW .75 .73 67 • 105c lm free M de hvery 40 17 .65 4055 395 '505 8 959637 3 .76 16 pin WW .90 .77 .70

• .. 68" sq x 1.50" deep 4018 .79 '056 2.95 .506 .75MC402. $3 ,75 l ...566 $1 .95
18 pn WN .95 90 81 40 19 39 4059 9,25 '507 .95803B 3.75 XR2206 3 75 • 20ptnWW 1.15 1.08 .99 • Weight- 17 oz .

' 020 .69 4060 .85 '508 125
MM5369 $3 .50 MM508174 $ 10 95 22 pin W'N 1.45 1.35 1,23 SPECIAL PURCHASE 4021 69 '066 .39 45 10 .79
MM581 67 11.95 M5M5832 395 24 pin WN 1.35 1.26 1.14 4022 69 4069 28 45 11 .79

AY5-1013A $395 23.0 $9 .75 28 pin WW 1 60 1.53 1.38 .. $9.50 ell. 4023 25 4070 .35 45 12 .79
AY5- 10 14A 6.75 8250 12 ,50 • .. 40 pin WN 220 2.09 1.89 402• .59 4071 .28 45H 1.18
AY5-1015 6 ,75 1"' 6402 7.75 4025 25 4072 28 "5 15 1.79
TA1602A 3.75 1"' 6403 875 1 000 $ 10 95 8000 $ 10 ,95

* CRYSTALS *
4027 45 4073 26 4516 1.45

1.8432 10 ,95 10.000 10 .95 4028 .65 4075 .28 4518 85 U: . I ..
2000 10 ,95 12.000 1095

14318MHi: 4029 .75 4076 .75 '520 .75 n
' 000 10 .95 16000 10 95

15 000M Hz 4030 .45 4077 .3' '555 .95 ,
Me 14411 $ 11.50 COM50 16 $ 15 .95 .000 10 .95 18432 10 ,95

16 ,OOOMHz 4031 325 4078 .35 4556 .99 -BRl 941 10,50 COM8 116 11 .95 50688 10 .95 19.6606 10 .95
18000MHz ' 032 2.15 4081 .29 '566 2_25 n34702 ' 12.75 MM5307 11.95 6000 10 .95 20000 10 .95
18 432MHz '034 1.91 4082 .29 SOC95 1.50 S6144 10 .95 22 .1184 10 ,95
32 .000MHz 4035 .79 4085 .95 SOC97 1 25

C.. • TERMS: l,4() Ca~'$~. Bri Wore P..-.onIII cNd<' n76477 $3.50 '-'C3340 $1 .95
aIow 2 ~'ot~s~ 1~ Dnv-ers u.:.nse .",;l J76488 5.90 SC<I1Nocrax 3995 14PI N21f $5 .75 24P IN2 1F $7 .95 Ct'edtot tarCl #SVotol. AMEX.CB.od3"lo~cfVIrge . Adl;176'89 850 DT1Q5OJ 16P IN21F 595 28PIN21F 9.50 3'\0 stlIppng & 1'IoI~ (Ii" $2 SO.~ ISg eater. Add (iAY38 910 895 DIglt alkel' 34 .95 18P IN21F 7.75 4OPlN21F 10 .75 1 0'Jl01or~ Ofdeft(li" US PMCelPostJnct,ldeT~ 0AX38912 12 .50 MM54104 14 ,95 2OPIN21F 7.95 64P IN21F 19 95 numbet , P«:ICOI:>l Pncfl~lod\arlge~/'lOtet .j:
Some ll""" subftdlopnor ~ We res«v-elhenghtlO
Mbsbtule manuf~lff. Aetall prote ' lTIAy yary
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fully .
DIGITAl
RS232
Interface

200 etectronlc s kits , projects , plans, send stamps
for list, MATCO ELECTRONICS Box 316R, Ca­
dillac, MI 49601.

ZX81 joysti ck adaptio n plans $8 .79 , key board
adaption plans $9.25. J. WILL IS, 4043H Harpers
Road, VA Beach, VA 23454-5321.

PCB and TOKO coils for TV project in February
1984 article only $17.00. JIM RHODES, 1025 Ran­
some Lane, Kingsport, TN 37660.

CABL E-TV co nve rters : Jerrold , Hamlin , SB-3,
AN-3, Mini-Code, Zenith & more. UHF converters :
Deluxe II sinewave kits $95.00, gated pulse add/on
$70.00. Complete units $195.00 with gated pulse
$255.00. (Quantity discounts .) Repairs of all con­
verters & cable boxes, Send SASE (54 cents
postage) or call for info. 1 (312) 637-4408 . HIGGINS
ELECTRONICS, 6014 W. Nelso n, Chicago, IL
6.0634.

SCANNERS-discount price s Bearcat BC- l00
$279 .99; Bearcat 210XL $214.99 ; Bearcat 300
$335 .99; Regency MX3000 $186.99; JIL SX100
$138 .99 ; J IL SX200 $269 ,99 ; Bearcat 20/20
$275 .99; Spect rum radar detector $214.99; plus
$3 .00 shipp ing. Free discount cata log . Lowest
prices anywhere on scanners, radar detectors, ma­
rin e rad ios, two-way accessories. SCANNER
WORLD, 10-RE New Scotland, Albany, NY 12208
(518) 436-9606.

NEW!... repair any TV... easy. Anyone can do it.
Write RESEARCH, RR No.3, Box 601BR, Colville,
WA99114.

SCANNERS

SPEECH syntheslzer-'Un limited vocabulary.
Schematics and programs for Apple, VIC, Comm
64, TRS .80, and Color Computer, $6.00. Talking
Clock for :VIC, Comrn 64, $3.00. All Radio Shack
parts. MICROTALK, 39 Raymond St., Providence,
R132901.

PROJECTION TV...Convert your TV to project 7
foot picture...Results compa rable to $2,500.00 proj­
ectors...Total cost less than $30.00...Plans and 8"
lens $19.95 ... llIustr ated information free. MAC­
ROCOMA-GA, Washington Cross ing, PA 18977 .
Creditcard orders 24 ho~rs , (~1 5) 736-3979.

QUA LITY light chaser/co lor organ kits. Refundable
$1.00 for flyer. DESIGN SPEC IALTY, Box 1995,
Huntington Beach, CA 92647.

SPEECH synthesis PC board forSP0256-017. Mini­
mum external parts, easy 30 minute construction.
PCB and plans $7.50. JV CIRCUITS, 1209 Hunter
c i., Addison, IL 60101,

SERIAL and parallel printer interfaces Centronics,
Selectric, Teletype. CULLINS, 917 Prestwick, Bed­
ford, TX 760,22.

J & 0 ENGINEERING
P.O. Box 6099

Falmouth, Maine 04105

Deale rs Wanted
Specia l Qua ntity Pric ing

COD's -OK

C ELECTRONIC
ASS EMBLY BUSINESS

PLANS & KITS

Buy 1 kit
Get 2nd kit
at 1f1 price

BIG .
PROFIT

Start home. spare time. Investment knowledqe or
experience unnecessary, BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-Q Box 248

Walnut Creek. Calif. 94597

PROJECT ION TV...Make $$$'s assembling proj­
ecto rs ...Easy...Results comparable to $2,500.00
pro jecto rs .. .Your total cos t less tha n $20.00 .. .
Plans, 8" lens & dealer's information $17.50... Illus­
trated inform ati on free ... MACROCOMA GAX,
Washington Crossing, PA 18977. Creditca rd orders
24 hours (215) 736;2880. _

MECHANICALLY inclin ed individu als desi ring
ownership of small electronics manufacturing busi­
ness- wit hout investment. Write: BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11 235.

All J & 0 products are engineered. 001 COPltd aU are guaranlet d
90 days & we stand behind our products whereothers 1,all10

MAKE money by the minute around the clock for
doin!il 8 hours a week from home. Grows to a life­
time Income. Totally new ultra modern project unlike
anything before. Still ground floor-,No experience or
education requirerpent. 3,000 people already doing
division of major .U.S. corporation. For details write :
MULTIMARKETING, 225 S.w. Walnut, Dept. No.1,
Dallas, OR 97338.

64K 6502 /Z80 d ual p rocessor computer
USS420.00. Hundreds Apple-compatible softwares.
Detai ls US$1 .00 . RELIANT, PO Bo x 336 10,
Sheungwan, Hongkong.

BUSINESS OPPORTUNITIES

C-l00 / JERROLD TYPE
Cable Descrambler lor in-band gated
suppressed systems

Ready to go C-l0 0 119.95
Complete Xit C·l00X 54.95

SEND $2 FOR COM PLETE INFORMA TlVE CAT ALOG TO
DET ERMIN E WHA T TYPE YOU NEED .

BUY direct from Taiwan/Hong Kong. Details $1.00.
Refundab le. TONY COLUCCI, 56 Central Blvd .,
Merrick, NY 11566.

VIDEO game repair business. Start your own. Infor­
mation/parts list $5.00. BEST ELECTRONICS,
4440 Sheena, Phoenix, AZ 85032.

DESCRAMBLERS
AM ERICAN -CANADIAN

New Satellite Oescrambl ers
C-1000 / ZENITH TYPE

Descrambles " over the air " and
" cable" sync suppressed acnve
videoinversionSignals

., Ready to go C·IOOO . , . . 379.95
..;: : Complete X,t C·1000X 274.95

Pnnted Circurt & Manual 24.95

DEALI;RS: Sell solderless breadboards IC DIP
sockets. Very competitive prices. L1CATEK,26051
Vermont Ave. 203C, Harbor City, CA 90710, (213)
539-8997 .

PRINTED-circuit boards. Qu ick prototypes, pro­
duc tio n, des ign, reflow so lder. Se nd print or
description for quote to KIT CIRCUITS, Box 235,
Clawson, MI 48017.

INCREASE rada r detector effect iveness, or use
without detector, distort true speed . Easily as­
sembled, plans $10.95. APG ASSOCIATES, 6040A
Six Forks Road, Suite 138, Raleigh, NC 27609 .

HI-FI speaker kits, auto spe ake r syste ms and
speake r components from the world's finest man­
ufacturers. For beginners and experts. Free liter­
ature. A & S SPEAKERS, Box 7462R, Denver, CO
802Q7 (303) 399-8609 .

20" Aluminum Dish
Up to 55dB ·Gain

$9895
Low Priced

Add 10% for Fcrerqn orders or U.S. Parcel Post

Varible from 1.9 to 2.5 GHz
The latest advance

in microwave
technology,with a

.J>J SNOW-FREE
PICTURE.

Cal l 601-323-5869 in M iss., outside continental
USA, ,tech/ order / repair info. TELEX 53-4590.

M~U ENTERPRISES,ri INCORP.ORATED
Box 494, Mississippi State, MS 39762

CIRCLE 66 ON FREE INFORMATION CARD

~lgh Gain Vagi Antenna wi~h Down Converter and $8995
Power Supply , Compl ete System, Ready to Use.

.ACTIV ·
RECEIVING
ANTENNA

Gives excellent reception,
50 KHz to 30 MHz.

New MFJ -1024 Act ive Receiving
Antenna mounts outdoors away f rom
electr ical noise fo r maxi mum sig nal.

Gives excellilnt reception of 50 KHz
to 30 M Hz signals. Equivalent to wire
hundreds of feet long. Use any SWL,
MW, BCB, VLF or Ham receiver .

High dynamic range RF amplifier. 54
in . whip. 50 foot coax. 20 d B attenuator
prevents receiver overload. Switch be­
tween two receivers. Select auxiliary or

active antenna. Gain contro l. " ON"
LED. Remote unit , 3x2x4 in. Control,
6x2x5 in. 12 VD C or 110 VAC wi th

opt ional adapter ,
MFJ-13)2, $9.95.

$1291~J>oo
sh'"",ngl

Ordet from MFJ and try it. If. not delighted,
ret urn wit hin 30 days for refund (less shipping) .

One year uncondit ional guarantee.
Order today. Call TOLL FREE 800-647-1800.

Charge, VISA, M.C . Or mail 9neck, money order .
WrIte for . free catalog. Over 100 products.

I : I I " : I I

Two Models to choose from.

Both Models Include:
• 20" Parabolic Dish
• Pre-assembled Probe

with Down Converter
• Power Supply and coax Sw itch
;. 60 ' of RG,59/U Coax w ith Co nnector
• Transformer for 75 to 300 Ohms
• toll Mo unting Hardware for Fast and

Easy Inst all ation

20" Fiberglass Dish
Up to 55d B Gain

. $9895
Special
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SATELLITE TELEVISION
UNSCRAMBLE secret satellite cha nnels watch all
the good stuff. Plans $19.95-kits $169.95-com­
plete units $395 .0G--Details and order forms $3 .00.
SCRAMCO, 8688 Roya l Dr ive , Noolesvl lle , IN
46060.

SATE LLITE-TV receive r breakthrough! Bu ild
your own system and save! tnstructlon man­
uals, schematics, circuit boards! Send stamped
envelope: XANDI, Box 25647 , Dept. 21C, Tempe,
AZ ,85282,

MULTI cha nnel mi crowave ante nnas , h igh est
quality, low prices dea lers welcome D.T. compact
$38 .00 , PT-1 $48 ,00 , SR-1 $65.00, D.T. gr id $69.00,
PTS-33 $75 .00 , all units complete. DA ISY TENNA,
Box 42010, Phoe nix , AZ85080, (1-800) 874 ·9033.

MOTORIZED satell ite dish drives , gear motors ,
mou nti ng bracket; co ntro l $99 .95 , Jack shafts
$40 .00, AC DC vo ltage , ISS, 4970 Apache ,
Pocate llo, ID 83204. .

ENJOY SATELLITE TV
Save money wit h easy, guaranteed,
do-it-yourself antenna plansrkits.
Electronic knowledge not necessary.
Send $1.00 for cata log or $8 ,95 for
1984 "Consumer Guide to Sate llite
Television .···

@
GFI.D9

~/J Box 9108
Missoula, MT .59807

GRAPHIC 'EQUALIZERS, ETC.
NO ISE elim inato rs , expanders, power met ers ,
others . Twelve-24 bands/channel equalize rs from
$89.00 Kit see R-E 5-6/78 , 2/80, 3-4 /81. Cata log :
SSS: 856R Lyn nrose, Santa Rosa, CA 95404: (707)
546-389?

SINE WAVE PATENT SECRETS
INCLUDES pate nt, comp leteexplanations of authc;>­
rization and contro l, video Signal correction, audio
syste m, internal design , $20 .00. SIGNAL Box 2512-
P,Culver City, CA 9023 1. , •

CB EQUIPMENT
PALOMAR/Pride electronics-exclusive repair fa­
cili ty. Service-update-improvements on these
and similar equipment. PALOMAR-PRIDE RE­
PAIR, 1320-4 Grand , San Marcos, CA 92069 (619)
744-0720.

NEWSLETTERS
ELECTRONIC SYST EMS NEWSLETTER is a­
monthly publication written espec ially for the elec­
tronics hobbyisUexperimenter. Fascinating projects,
new ideas, sources. Free deta ils. AF PUBLISHING,
Dept. R2, PO Box 524, So . Hadley, MA 01075.

EPROM PROGRAMMERS
EP ROM , EE PROM, & microcon troller prog ram ­
me rs operate through your persona l compu ter 's
RS-232 co mmun icatio ns port. PC boaros from
$25 .00 ; assembled $139.00 to $269.00; custo m
software included for IBM, CP/M, or Radio Shack
computers . Free brochure. ROSS CUSTOM ELEC­
TRONICS, 1307 Darlene, Suite A12, Boulder City,
NV 89005. (702) 29~·7426 .

REEL-TO-REEL TAPES
AM PEX professional series open reel tape, 1800-or
2400-feet on 7-inch reels, used once . Caseot 40,
$45.00. 10Y.> x 3600 feet and cassettes available.
Maste rCardNisa. VALTECH ELECTRONICS, Box
6-R E, Richboro, PA 18954 (215) 322 -4866. .

- \ ,

ELECTRONICS, PHYSICS,
PSYCHIC PHENOMENA

PSYCHIC phe no mena exp lained, learn to read
minds, develop a photog raphic memory and more
No.1 $3.50, How U.F.O.s work, produces spiraling
lines 6f electricity, art ifical gravity NO.2 $3.50, How
to Tran smute the -Elements, the secrets been
aro und s ince 1899 NO.3 $4.00 , Prophecies of
Nostradamus over 80 propheci es.fwo showing the
destruction of the M,X., exp lai ns bib lical, my ­
thological mysteries, best interpretations around.
No.4 $10.00. Many electronics kits , modulated door
lock, ruby crystal laser, electron ic bug dev ices, just a
few. Free cata log. No COD, or charge cards. Add
$2 .00 postage , handling, MIKE REilLY, 3520 SE
5th Ave., Cape Coral, F~ 33904.

WANTED
INVENTIONS, ideas, new products wanted for pre­
sentat ion to indu st ry and exhibit ion at national
tec hno logy exposition. Call 1-800-528-6050, Ari ­
zona 1-800-352-0458. X831.

OLD tubes: 2A3 , 10's, 45's, 50's, 80's, 81's, 211, 242 ,
845 , VT-52 , VT-62. WESTERN ELECTRIC EQUIP­
MENTS : (818) 576-2642, David, POB 832, M·Park ,
CA 91754

CABLE TV
DEALERS wanted: Channe l 2: 3, and 4 notch fil­
ters . Money back guarantee. Send $15.00 for
sample and quantity price list. Specif y channel(s).
LEE KURTZ, PO Box 291394, Davie, FL 33329.

INVENTORS!
INVENTORS! IDEAS HAVEVALUEI Ever think of
an idea, forget it, and see it later on the market?
Many people don't forget, act quickly, and are re­
warded by Amer ican industry. Write down your idea!
We offer free disclosure. registration and initial con­
sultation regard ing your idea's potential value. Ca ll
or write without delay for your free information pack­
age . AMERICAN INVENTORS CORPORATION,
82 Broad Street , Dept! RE,.Westf ield, MA 01086,
(413) 568-3753 .
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NORTH AMER~C~N.SOARcbr~ora~ion

PEN-STYLE DIGITAL MULTIMETER
MODEL 3100 $49.00

GREAT PRICE

NEW!

Hand Held LCD Display - Fast One Hand Operation
SPECIFICATIONS:
Display: LCD 31h d igi ts maxim um read ing of 1999 /conllnu lty beeper burlt -m
Range : Auto ranging . •
Polarity: Auto matic no Ind ication for postttve po lari ty . minus sign for neqatrve potant y
Overrange Indication: MBS , or - 1 Ind ication
Data Hold: Data hold In all ranges With hold SWitch on
Low Batt ery Indica tion: - B" mark displayed whe n batte ry drops below ope rating voltage
SampUng: 2 Tim es/second
Power Supply: SR-44 battery 1155V) X2
Power Con sumption: 5S mW • ,
Slze:.6" x11J. " LWH (less probe lips) Includes 'h" and 2'" probes

Add $2.50 For Shipp ing

STOCKING DISTRIBUTOR

($)IIIlC,' S' ELECTRONICS
\II ~ CORPORATION

SEMICpNDUCTOR PARTS AND PRODUCTS

1043 N. STADEM DR, {602} 967-6945
TEMPE, AZ 85281

. • Call ~j. Write for FREE
Semiconductor Parts & Products Catalog

CIRCLE 83 ON FREE INFORMATION CARD

ivlicROWAV'E TV ANTENNA SYStEMS- .. , ., . . .. , . ,.
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IT'S SMART TO BUILD WITH SHAC ® PARTS
NO Minimum Order! Low Prices! NO Mail Order ays!

Power Transformers
120 VAC Primaries

Low-profile DIP Sockets Replacement ----.::~~ ..
Quality non-wicking sockets for PC use. low- Transistors
resistance contacts.

Tantalum Capacit ors

Ceramic Disc Capacit ors

Pkg .
of 2

For RF, bypass and coupling . Hi-Q. Moistureproof
coating. 50 WVDC.

.89

.99
1.29
1.89
2.99
1.39
1.49

Each

.89

.99
1.29
1.59
1.09

Each

Cat. No.

276-007
276-038

276-171 1
276-1715
276-1714
276-1713
276-1712

(Single)
(Dual)

(Quad)
(Dual)

(Quad)
(Quad)
(Quadj

7400 276-180 1
7404 276-1802
7408 276-1822
7447 276-1805
7490 276-1808

Type Cat. No.

741
MC1458
lM324
Tl082
Tl084
lM3900
lM339

Tvpe

Type Cat. No. Each

2N1305 PNP 276-2007 1.19
MPS222A NPN 276-2009 .79
PN2484 NPN 276-2010 .89
MPS3904 NPN 276-2016 .69
TIP31 NPN 276-2017 .99

TIP3055 NPN 276-2020 1.59
MPS2907 PNP 276-2023 .79
MJE34 PNP 276-2027 1.49
2N3053 NPN 276-2030 .99
MPS3638 PNP 276-2032 .79

TIP120 NPN 276-2068 1.29
2N3055 NPN 276-2041 1.99
2N4401 NPN 276-2058 .59
MPSA06 NPN 276-2059 .59

MPSA13 NPN 276-2060 .59
MPSA42 NPN 276-2061 .69
2SC945 NPN 276-2051 .79
2SC1308 NPN 276-2055 7.95

2N3819 N-FET 276-2035 .99
MPF102 N-FET 276-2062 .99

4000-Series
CMOSICs ~

With Pin-Out and Specs TTTTi 'T'T
Type Cat. No. Each
4001 276-240 1 .99
4011 276-2411 .99
4013 276-2413 1.19
4017 276-2417 1.49
4049 276-2449 1.19
4066 276-2466 1.19

TTL DigitallCs
In Stock at Low Prices!

i

Operational Amplifiers

Type Cat. No. Price
8-Pin 276-1995 2/.59

14-Pin 276-1999 2/.89
16-Pin 276-1998 2/.89

Tvpe Cat. No. Each
18-Pin 276-1992 .49
20-Pin 276-1991 .59
24-Pin 276-1989 .79
28-Pin 276-1997 .89
40·Pin 276-1996 .99

Ohms Cat. No.

10 271-130 1 Ohm s Cat. No.

100 271-1311 10k 271-1335
150 271-1312 15k 271-1337

220 271-1313 22k 271-1339

270 271-1314 27k 271-1340
330 271-1315 33k 271-1341
470 271-1317 47k 271-1342
lk 271-1321 68k 271-1345

1.8k 271-1324 lOOk 271-1347

2.2k 271-1325 220k 271-1350
3.3k 271-1328 470k 271-1354
4.7k 271-1330 1 meg 271-1356
6.8k 271-1333 10meg 271-1385

1/4-wat t , 5% Resistors

!S~~ Pk9.Of5~

Computer/Came Connectors
Repair or make your own RS-232 cables and joy-
stick extension cords and save!

Type Positions Cat. No. Each
ID Card Edge 34 276-1564 4.95
CardEdge Socket 44 276-1551 2.99

No-Solder Sub-D Male 25 276-1559 4.99
No-Solder Sub-D Fern. 25 276-1565 4.99

Solder Sub-D Male 9 276-1537 1.99
Solder Sub-D Female 9 276-1538 2.49
Hood for Above 9 276-1539 1.99
Solder Sub-D Male 15 276-1527 2.49
Solder Sub-D Female 15 276-1528 3.49
Hood for Above 15 276-1529 1.99

Solder Sub-D Male 25 276-1547 2.99
Solder Sub-DFemale 25 276-1548 3.99
Hood for Above 25 276-1549 1.99

Communications ICs

Type Cat. No. Each
XR 2206 AFSK Generator 276-2336 5.95
XR 2211 Decoder/Pll 276-2337 5.95
MC1330 Video Detector 276-1757 1.99
MC1350 IF Amp With AGC 276-1758 1.99
MC1358/CA3065 FM Detector 276-1759 1.79

.49

.49

.49

.59

.69

.79

Each

Cat. No. Each

273-1511 5.99
273-1512 6.29
273-1515 6.99

273-1384 2.59
273-1385 2.79
273-1 386 3.49
273-1365 3.59
273-1366 3.99

273-050 3.79
273-1505 3.99
273-1480 4.39

Cat.No.
272-1432
272-1433
272-1434
272-1435
272-1436
272-1437

Current

3.0 A
2.0A
2.0 A

300 rnA
300 rnA
300 rnA
450 rnA
450 rnA
1.2 A
1.2 A
1.2 A

35
35
35
35
16
16

WIIDC
0.1
0.47
1.0
2.2

10
22

pF Gat.No. Pkg. of 2 IJF Cat.No. Pkg. ol 2

4.7 272-120 .39 .001 272-126 .39
47 272-121 .39 .005 272-130 .39

100 272-123 .39 .01 272-131 .39
220 272-124 .39 .05 272-134 .49
470 272-125 .39 .1 272-135 .49

Mini 6.3
Mini 12.6
Mini 25.2
Mini 12.6 CT
Mini 25.2 CT

Type Volls

H-D 12.6 CT
H-D 25.2 CT
H-D 18.0 CT

Std. 6.3
Std. 12.6 CT
Std. 25.2

• 20% Tolerance
• Standard IC Pin Spacing

149
Each

Low
As

Ultra-Compact
SPST Reed Relays-

Approximately 1" x 5"6~ Pin s for PC mount ing .
Contacts rated 1 amp at 125 VAC. l ow-current
coils.
5 VD~ Call. 275-232 1.49

.12 VDC Call . 275-233 1.49

A DIVISION OF TANDY CORPORATION ladle Ihaeli

Type Adjustable Cat. No. Each

lM723 o to 40 VDC 276-1740 .99
lM317T 1.2to 37VDC 276-1778 2.79

Type Fixed Output Cat. No. Each

7805 +5VDC 276-1770 1.59 CIl
7812 + 12 VDC 276-1771 1.59 m

""C
7815 +15VDC 276-1772 1.59 -i
7905 - 5 VDC 276-1773 1.59 m

~
7912 -12VDC 276-1774 1.59 co

m
:D

OVER 8800 LOCATIONS WORLDWIDE CD
co
~

cetting Started voltage Regulator ICs
In Electronics !_ _ -- ~- \

249 By Forrest .....~\\_)~

Teaches t~~::s::Iof _.:WI~:-
modern elec t ro ni cs
with an emphas is on in­
tegrated circu its . Easy-
to-read t ex t and . .' .
diagrams . 128 paaes . ~ _ .,. -
Already a "ctasslc".
276-5003 2.49

!"Wi'-

r'

~
~$.. _---:.-:::::..

:=..-~--=--:.........~--.------

understanding Automat ion

295

Understanding Elec ­
t ronic Control of Au­
t omat ion Syst ems.
This illustrated, 256­
page book expla ins
how electronics is be­
ing applied to indus­
trial a uto mat io n to
increase productivity.
62-1387 2.95

Prices apply at part icipat inq Radio Shac k sto res and dealers

CIRCLE 61 ON FREE INFORMATION CARD



NEW IDEAS
continued from page 46

ic burglar-alarm type switch with
normally open contacts (the type
that's mounted recessed in the
door frame) -.

Relay RY1 is optional; it's used to
turn on an outside lamp so that
you can see the person that's at the
door.

Relay RY1 is a SPDT 12-volt coil
relay with 125-volt, 3-amp contacts
(if you wish, Radio-Shack sells a
oPoT relay, 275-206, that is rated
appropriately and can be used
here; w ith that relay, one set of
contacts is simply not used) and
RY2 is a mini SPDTrelay with a 6-9­
volt coil and contacts rated at 1­
amp at 125 volts (Radio Shack 275­
004). To make RY2 operate prop­
erl y, it is necessary to strip off 4 or 5
turns of wire from the coil tension
spring to increase its tension .
Transistor Q1 and diode D1 are
general-purpose devices . The
bu zzer is a 2-20-vo lt piezo type
(Radio Shack 273-060) .-Fred
Jellison, Jr.

particularly those items that may
still be useful. Other items will re­
main in the basement for old times
sake, and then there may be a few
items that will just be thrown away
or cannibalized .

In any case, most of the stuff is
in pretty good shape and could be
used for experimenting or learn­
ing . Other than using it for experi­
mental and learning applications,
the best thing to do may be to give
the stuff away to somebody who
can use it. Anyway, the basement
is straighter now-or at least some
of it is!

My next chore will be to sort
through the old magazines: There
must be every issue of every per­
sonal computer and electron ics
magazine since the early '70's
down there. Most of them should
be thrown away, since they take up
so much space. But I just can't
bring myself to do that, because
those magazines contain the his­
tory of personal computing­
again, nostalgia ! Anyway, going
through all of those magazines is
more than a week's project (es­
pecially since I'll probably try to
read every issue). I wonder if I'll
ever get around to it. R-E

COMPUTER CORNER
continued from page 89

processor, a hex keyboard, and
video output. It also has 2Kof RAM
and an audio-cassette interface.
The unit has never been used and
is still packed in its original box. I
suppose it might be good for
learning about microprocessors or
as a special controller for some
project. But the 1802 is not exactly
what you'd call a mainstream CPU.

Also among my basement co l­
lect io n was a Heathkit £T-320, a
6800-based microprocessor train­
er. The unit works f ine and is out­
standing for learning micro ­
processor operation and applica­
tions . Heath still sells that unit, but
I suspect that mine w ill reside in a
cardboard box in my basement
along w ith some of the other
goodies that I hate to give up.

Just recently, a pair of Tandon
100-1 floppy-d isk drives were add­
ed to my basement junkbox .
Those single-sided double-density
160K byte drives came out of an
IBM PC, which was purchased
when that computer first became
available late in 1981 . Since most of
the newer software for the PC uses
double-sided drives, I was forced
to upgrade to a couple of Control
Data doub le-sided dr ives. Now
the question is what to do with the
Tandon units? They are probably
worth a couple of hundred dollars
apiece if purchased separately, but
who wan ts single-s ided drives
when double-sided drives seem to
be the most popu lar thing?

Computer components
Finally, we come to my compo­

nent junkbox. Beside all the old
TTL devices, a number of 256-bit
bipolar RAM lC's, some 4K NM O S
RAM lC's, a 1702A PROM, and
some LED displays were found .
Also in that junkbox were a couple
of microprocessors that had been
acquired somewhere along the
way. One type was Intel's original
8088 8-bit microprocessor and th e
other a Signetics 2650 8-bit micro­
processor.

So far, I haven't really decided
what to do with all that stuff; most
of it has been around for years, so
there's no great rush to get rid of it'.
Perhaps some of it will be sold ,

Lab accuracy al an
everyday price
...reada 1 gram or.1 oz.

GIVe. tu t exact wetghl tnOYt'ICes or grams
for the lab , doelll'lg. pos tage . photography
Gapacrty : 1999 grams / 70 olS IINttl
a ulomallc Ulre Free POS1&Q4t & doel ch l rt

SCIENTIFIC

10Xtl i l 2651fl 1~.()C)!I Ifl , Kaleckvlwons

2OX has .190 1fl heId • .OO2In,SCMdtvtslonS

4< ",sa...t .. _ ''' o<20x$14.95
GOLDSMITH

I .... I CORPORATION
no E.lndualrtal Park Dr., Manchesler, NH 03103

PHONEORDERSWELCOME(803) 824-8030

FREECATALOG OF NEW DEVICES
.-o STAGl- ADD , . PlUS '1.50 INSURANCE. C.O.D. $1.00 lXTIIA

SATISFACTIONFULLYGUARANTEED

A Dashboard for your
Bike
HandSO!Mm.tl. b(ac:k~

Wlthkeyt>oard lOpUt.D1spa'1lyour
spHd, dil ta nce 1 c.~. bUrMd
on 2 aq In, lCD kfHfl .Ou aru
doctVslQ9Watch bul" In . Complete
WIt"MAG PICkup & aKmounts

$49.95
UPflrade .1t)' bib to. deluxe exMC1Hmachine

NEW DIGITAL SCALE

Best Value $74.95

POCKET MICROSCOPE

DELUXE 46 CHANNEL
CABLE TV CONVERTER

With Fine Tuning Dial
• SMt1 allcatH~to UHF
• Extend pay TV 10all your TV Mil

WIthoutelrtramoorhly f..
• ANowstapi ng pay TV (dec:ocMf

requir ed ) wMe NwIng anothe r
",,,mol

• Restores TV ,. mole control and VCR
pr09' uWT'Ill"Ig ablllty

QUALITY SPECIALS

$24.95
BICYCLE COMPUTER

PERSONAL DEFENSE AND PROPERTY PROTECTION
UTIL IZE SPACE AGE TECHNOLOGY.
CAUTION THESE DEVICES CAN BE HAZARDOUSAND MAY SOON
BE ILLEGAL.
POCKET PAIN FIELD GENERATOR - IPG50
Assembled $59.50
IPG5 Plans $7.00 IPG5K Kit/PI. ns $39.50

• PHASOR PAIN FIELD CROWD CONTROLLER - PPF10
• Assembled $250.00

PPF1 Plans $15.00 PPF1K Kit/PI. ns $175.00
BLASTER- Provides. plasmadisch.rge capableofpuncturing
acan.
BLS1 0 Assembled $79.50
BLS1 Plans $10.00 BLS1 K Kit/PI.ns $59.50
SHOCKER/PARALVZING DEVICE - Very intimid. tingand
effective.
SHG60 Assembled $99.50
SHG6 Plans $10.00 SHG6 Kit/Plans $79.50
RUBY LASER RA YGUN - Intense visibleredbeam burnsand
weldshardest ofmetals. MAY BE HAZARDOUS.
RUB3AII Parts AvaHable for Completing Devlce$ 15.00

• CARBON DIOXIDE BURNING, CUTIING LASER - Pro­
ducesacontinuous beam ofhighenergy.MAY BE HAZARDOUS.
LC5 ..AII Parts Available for Completing Devlce..$15.00
VISIBLE LASER LIGHTGUN - producesintense red beamfor

• sighting. spotting, etc. Hanc heldcomplete.
LGU3 ..Plans..$10.00 (Kit & Assembled Units Available)
IR PULSED LASER RIFLE - Produces 15-30 wattinfra-red
pulses at2OQ-2000 per sec.
LRG3 AII Parts & Diodes Aval/able_ $10.00
BEGINNERS LOW POWER VISIBLE LASER - Choice 0/
red,yellow, green- provides anexcellent source ofmonochromatic
light.
LHC2 Plans $5.00 LHC2K Kit., $29.50
SNOOPER PHONE - Allows user tocal lhispremisesand listen
inwithoutphoneever ringing. .
SNP20 : : Assembled , ,.,._ $89.50
SNP2 Plans $9.00 SNP2K Plans/Kit.....$59.50
LONG RANG E WIRELESS MIKE - Miniafuredevice clearly
transmitswell over one mile. Super sensitive. powerful.

• MFT1 ........ Plans........$7.00 MFT1K.....Plans/KIl.....$39.50
WIRELESS TELEPHONE TRANSMITIER - Transmitsboth
sides of phone conversationoveronemile,shutsoffautomatically,
VWPM5 ..... .Plans......$8.00 VWPM5K...Plans/Kit...$34.50
TALK & TELL AU TOMATIC TELEPHONE RECORDING
DEVICE - Great for monitoringtelephone use .
TAT20 _.., , Assembled , $24.50
TAT2 Plans $5.00 TAT2K PI.ns/Kit.....$14.50
Ourphoneisopen forordersanytime.Techniciansareavailable9-11
a.m..Mon·Thursfor thoseneedingassistance orinformation.Send
forfree catalogothundredsmoresimilardevices.Send check,cash,
MO, Vis., MC, COD to: INFORMATION UNLIMITED

OEPT R8. PO. Box 716. Amherst. N H 03031Tel·: 603·673-4730

CIRCLE 88 ON FREE INFORMATION CARD
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PHOTO-FLASH
CAPACITORS

170 MFD 330 VOLT
1 118" " 7/8 "

2 FOR $1.50 10 FOR $700

~ Iq t~
750 MFD 330 VOLT

2" HIGH " 1 114" OIA.
$1.25 EACH 10 FOR $11.00

CLEAR CLlPLlTE
HOLDER
~ MAKE LEOA FANCY
~ INDICATOR. CLEAR.

4 FOR $1.00

SOLID STATE
RELAY ~
HEINEMANN ELECTRIC
. ID1·5A·140 - 5 AMP
CONTROL,3-32VDC
LOAD, 140VAC 5 AMPS
SIZE: 2" X i-x ~4" HIGH
$5.00 10 FOR$45.00

SOLID STATE

@BUZZER
- STAR . SMB·06 L.

6V DC.
D TIL COMPATIBLE

$1.00 EACH
10 FOR $9.00

MORSE

~!::~~~~~~~ MODEL 94·A

ALL ARE .156" SPAC ING

EDGE
CONNECTORS

~~!:=:!:!~

22/44 GOLD

PC. STYlE 1~~~~ ~l~C~

2K10TURN
MULT1-TURN POT

~
SPECTRO L

• _MO D 534-716 1

$5 .00 EACH

10 PIN EDGE
CONNECTOR

TRW . 50-IDA2D $2 .00 EACH

SLlDg~O~S

100K linear tape
2" LONG
1 5/8" TRAVEL 75e EACH

500K linear taper
271 8" LONG
1 3/4 " TRAVEL 75e EACH

DUAL 100K audio taper
31 /2" LONG
2 1/ 2" TRAVEL. $1 .50 EACH

ILl CRYSTALSTT CAS E STYLE HC33/U

COLORBURST
2 MHZ 3579.545 KC

$3.50 EACH $1.00 EACH

METALOXID
VARISTOR

G E. • V82ZA12
50 VOLTS. NOM INA L D.C.
VOLTAGE. 518""DIAMETER.

2 FOR $1.50

$1.50

$2.00

$3.50

$2. 50 t----..a..-..;..;,;,;,~

$3.00

NEWC.B . STYLE MIKE WITH
PUSH S.P.D.T. SWITCH.
$5.00 EACH

PUSHBUTION
POWER SWITCH

~

SPECTRA·STRIP RED MARKER
STRIP. 28 GASTRANDEDWIRE.
$5.00 PER ROLL (100 FT.)

COMMUNICATION
MICROPHONE

DOUBLE POLEPOWERSWITCH
PUSH·ON. PUSH·OFF.
$1. 00 EACH

120V INDICATOR
~'Ot! m'''pS::;;;
'NEON I ND ICATO~ATED
120 V 1/ 3 W. MO UNTS IN
5/ 16" HOLE . .• RED LENS.

75e EACH
10 FOR $7.00

100 FOR $65.00

MINIATURE TOGGLE SWITCHES
ALL ARE RATED 5 AMPS @ 125 VAC

~~~:~~~.~ ~~~:~~~') ~~~:~j~~n~
pc ST't'LE. SOL DER LUG SOLDER LUG
NON-THR EADED ~;~~~~~S TERMINALS
BUSHING ftc..' $1.00 EACH
75c EACH '!~'I ~ g:~~R$~ 00 10 FOR $900
10 FOR $700 80 100 FOR $6000

S.P,D .T. s .P.D 'T '. 0 PDT •
(on-Off-on) (on-on) (~n:o~)'

pc LUGS.
NON -THREADEi THREADED SOLDER LUG .
BUSH ING BUSHING _ _ TERMINALS
PC STYL E ,':,; $1.00 EACH _4_ $2.00 EACH
75C EACH • . 10 FOR $900 10 FOR $19 00
10 FOR $7.00 100 FOR $8000 100 FOR $180 00

22 ,000 mId . 40 VDC
2" OIA • 6" HIGH

31 ,000 mid . 15 VDe
13/ 4" DIA • 4' HIGH

72 ,000 mid. 15 VDC
2- OIA. " 43/8 - HIGH

185,000 mid . 6 VDe
21/2- CIA.• 4.1/ 2 w HIGH

CLAMPS TO FIT CAPACITORS soc••.

METER
0 - 15 V.D .C.

~
THIS 2-1 14""

~ SQUAR E METER
•• ' , MEASURES

.< 0-15 VDC.

$04.50 EACH

MIKE
CONNECTOR

• ~ 8 T RACK RECORD WITH AUTO STO P. NOT FULLY FUN C- '

5CONDUCTO R IN-L1NE PLUG ..---------~Tl ONAL. REMOVED FROM ASS EM BLY LINE FOR M INOR
AND CHASSIS MOUN T JACK. PROB LEMS. ID EA L FOR PARTS. EACH UN IT CON TAINS
TWISTlOCK STYLE. SAME AS SW ITCH ES, LI GHTS , TAPE MOTOR , BELT, WH EELS ,
SWITCHCRAFT 12Cl5M PU LLE YS , PRE A M PS, TA PE HEA DS , ETC.

$2 .50 PER SET 'SPECIAL PRICE' $4 .00 EACH
10 lor $ 35.00

,

13 VDC RELAY
CONTACT; SP .N C .
10 AMP @ 120 VAC
ENERGIZE CO IL TO
OPEN CO NTACT .. .

COIL; 13 VDC 650 OHM S
SPECIAL PRICE $1.00 EACH

CIRCLE 12 ON FREE INFORMATION CARD

MINIATURE
6 VDC RELAY

SUPER SMALL
SPOT RELAY;
GOLD COBALT
CO NTAC TS

RATED 1 AM P AT 30 voc.
HI G HLY S ENSITIV E. T TL
DIRECT DRIV E POSSIBLE.
OPERAT ES FROM 4 3 TO
6 V. CO IL RES. 220 OHM .

1 3/1 6" " 13/32 " " 7116"
ARO MAT " RSD·6V

$1.50 EACH 10 FOR $1350

RELAYS

4 PDT RELAY

• 14 pin style I
• 3 amp co ntacts
- 24 volt d c or - - I

120 volt a C con •
• Used but ful ly test ed

5STAnON
NON-INTERLOCKING
SAME AS ABOVE. EXCEPT
EACH SWITCH OPERATES

INDEPENDENTLY.
$2.50 EACH

BRK MODEL ' 79R
Ul APPROVED
9 VOLTBATTERY OPERATION
FOR CEILING OR WALL MOUNT.

$8 .00 EACH 2 FOR $15.00

BATIERY
OPERATED

SMOKE DETECTOR

@

$3.00
$1.25
$2.00

$3.50
$4.50
$2.50
$4.50
$4.50

5 tor 51.00
4 lo r $1.00
8 tor $1.00
4 lor $1.00
4 lor $1.00
4 lor $1.00

LINE CORDS
::::00=. ==Q:

TWO WIRE
6' 18ga TWO WIRE

3 FOR $1.00

THREE WIRE
18 INCH 18ga THR EE WIRE

2 lo r $1.00

8 FOOT 18ga THREE WIRE

$2.00 EACH

4 VDC @70MA
6VDC @looMA
6 VDC @5OOMA

15 VAC@ 300 MA
16.5 VAC @ 10 VA
17 VAC@500 MA

2N706
2N 2222A
PH2222
2N2904
2H2905
2N 2907

SUB-MINIATURE
DTYPE

CONNECTOR
@\fufuH~

€b:: . :::: : :i1~
SOLDER TYPE SUB·MINIATURE

CONNECTORS USEDFOR
COMPUTERHOOK UPS.

DB- IS PLUG $2 .7 5
DB-IS SOCKET $4.00 18/36 GOLD
8~J~ ~~8g ~~: j~ NEON WI RESISTOR SOLDER EYELET $2 .00 EACH

OB·25 SOCKET $3. 50 ~OPE~:i~~ 22/44 TIN
2 CHANNEL LIGHT ORGAN t_0~B~-2~5~H~OO~07i~$~I~.2=';5~~7~I:or~$~I~.00::"'F:R::;O:M;':1~20:';V::;0~LT:..aP'C$i~Li~~M~UF~~N$~4~Rs:~~...------I

EASILY HOOKS INT O STEREO SPEAKERS~ "PARALLEL"
~7-i'HA~~~~S~~oOV;~p~I::TTES ,~~ ~:;C E PRINTER
OUTPUTS FOR HIGH AN D LOW FREQUENCY CONN ECTOR
AUDIO SIGNALS . USE TWO ORGA NS FOR • SOLDERSTYLE~

STEREO . . . $6.50 PER UNIT ~ ~~:bNO~AL E ~ •
"PARALLEL"

COLOR LI GHT STRING AVAILA BLE $1 .75 EA DATACABLES.
$ 5. 50 EACH

__ ",,~N~A""

TRANSISTORS

POWER SUPPLY W/PRE-AMP
THIS SU PPLY WAS USED TO POWER

AN 8 TR ACK/ CA SSETTE UNIT. IT
e / I<.._ ...... WilL SU PPLY APPROX . 18 v oc AND

INCLUDES A SMA LL PRE-AM P TO
BOOST SIGNAL LEVEL
RCA PLU GS FOR LINE IN/OU T.

WALL
TRANSFORMER
ALL ARE 115 VAC~

PLUGIH W
$2.00
$2.50
$5.00

$3.00
$3.50
$4.00

SOLDERING
IRON STAND

SPRING STEEL~
IRON HOLDER
ON WEIGHTEO

BASE ~-==j

$5.00 EACH

TRANSFORMERS
120-.0/1 ~

prim. rie. ~

5.6 VOLTS @ 750 MA
6 VOLTS @ 150 MA
12 VCT @ 2oo MA

18 V.@650MA
18 VOLTS @ 1 AMP
24 VOLTS @ 250 MA
24 VCT @lAMP
42 VCT @ 1.2 AMP

SPRING LEVER
TERMINALS

~~8ECDOlOR I~'•
WAMJ~~~~y , ~~ •
2 3/ 4- • 3 3/4 " . -
BAKElIT E PLATE. 0 •

GREAT FORSPEAKERENCLOSURES
OR POWERSUPPLIES

$1.00 EACH 10 FOR $900



2101 256 x 4 (450n5 ) ', :95 32.768 khz 1.95
4000 .29 45 28 1.195101 256 x .. (45:00$ ) tcrnos) 3 95 1702 256 x8 (lU5) 4 .50 1.0 m hz 3.95

2102 ·' 1024 x 4 ('(5Ons) 89 2 708 1024 x 8 (45On5) 3.95 1.8432 3.95 4001 .25 45 31 .95
2 102 l ·4 1024 x 1 (45On 51 (L P) .99 2758 1024 X 8 (450 n5) (5v) 5.95 2.0 2.95 4002 .25 453 2 1.952 102l ·2 10204 x t 125Ons )(LPI 1,45 27 16·6 2048 x 8 (65On5) 2.95 2.09 7152 2.95 4006 .89 4538 1.952125 1024 x 1 ( 45n 5) 2.95 2 716 2048 x 8 (450n5) (Sv) 3 .95 2.4576 2.95 4007 .29 4539 1.952 1" 256 x 4 (450ns) 2 49
2 111l 256 x .4 125Ons) (LPI 295 2 716· 1 20 48 x 8 (35On5) (5v) 5.95 3.2768 2.95 4008 .95 4541 2.642 112 256 x 4 (.(50 ns) 299 TMS2516 20 48 x 8 (45On5 ) (5v) 5 .50 3.579545 2.95 4009 .39 4543 1.192 11. 1024 x 4 ('( 5On 5) 81995 TMS 2716 20 48 x 8 (450 n5) 7.95 4.0 2.95 4010 .45 4553 5.792 11.c·24 1024 x" (25O n5) 8110.95 TMS 25 32 4096 x 8 (45On5) (5v) 5 .95 5.0 2.95 40 11 .25 45 55 .952 114 l ·4 102" x" ("5O n5) (l PJ 811295 273 2 4096 x 8 (450n5) (5v ) 4 .95 5.0688 2.952 1UL ·3 1024 x 4 (300 n5) (l PI 81134 5

273 2·250 40 96 x8 (250n5) (5v) 8 .95 5.185 2.95
401 2 .25 45 56 .952 1, 4L·2 1024 x 4 (200ns) (l P) 811395 40 13 .38 4581 1.95TC5514 1024 x e (65On5) tcm o s) 4 95 2732·200 4096 x 8 (2oo n5) (5v) 11 .9 5 5.7143 2.95 4014 .79 4582 1.952 147 4096 x ' ( 55n,) 4 95 2732A·4 4096 X 8 (450n5) (5v) (21vPGM) 6 .95 6.0 2.95TM S 4Q44 ·4 4096 x 1 (045On 5) 3 49 2732A 4096 x 8 (250n5) (5v) (21vPGM) 9 .95 6.144 2.95 40 15 .39 458 4 .75

TM S4Q44·3 4096 x 1 (300 n5) 3 99 273 2A·2 4096 x 8 (2oon51 (5v) (21vPGM) 13 .95 6.5536 2.95 4016 .39 4585 .75TM S404..-2 "096 x 1 (200ns) 449
2764 8192 X 8 (45On5) (5v) 6 .95 8.0 2.9 5 4017 .69 47 02 12.95UPD 41Q "096 x 1 ( lOOns) 395

M K..11a 102" x 8 noc-» 995 2764·250 8192 X 8 (25On5) (5v) 7.95 10.0 2.95 401 8 .79 74C OO .35TMM2016·200 2048x 8 (200ns) 4 15 2764·200 8192 X 8 (200n5) (5v) 19 .95 10.738635 2.95 4019 .39 74C02 .35TMM2016·15O 2048x 8 (l 50ns) 495 TMS2584 8192 X 8 (45On5 ) (5v) 14 .95 14.31818 2.95 4020 .75 74C04 .35TMM2016·100 2048 x 8 ( lOO nS) 6.15 MCM68764 8192 X 8 (450n 5) (5v) (24p in) 39 .95 15.0 2.95HM6"6·" 20048 x 8 (200ns) (ernest 47 5
MCM68766 8192 X 8 (350 n5) (5v) (24pin) 42 .95 16.0 2.95 402 1 .79 74C08 .35HM6116·3 2048 x 8 (l50ns){cmo s) 4 95
27128·30 16384 X 8 (3OOn5) (5v) 29 .95 17.430 2.9 5 402 2 .79 74Cl0 .35HM611 6·2 2048 x B (120ns) (erne st 895

HM6116LP·4 2048 x 8 (200ns) (crncs) (L PI 5 95 27 128 16384 X 8 (25On5) (5v) 34 .95 18.0 2.95 4023 .29 74C14 .59
HM6116LP·3 2048 x 8 (15Ons) tc rncs) (LP) 695 5, Single 5 Volt Supply 2 1v PG M Program at 21 Volts 18.432 2.95 4024 .65 74C 20 .35HM6116LP·2 2048 x 8 (120ns ) tc mo s} (LP) 1095 20 .0 2.95 402 5 .29 74C 30 35Te 5516 2048 x 8 (250ns) (c mcs) 9 95

22 .1 184 2.95TM$4016 20.(8 x 8 (200ns) 695
32 .0 2.9 5

40 26 1.65 74C3 2 .39Z·6132 .(096 x 8 (300ns) (O stal) 3495

* * * *HIOH-TECH* * * * 40 27 .45 74C42 1.29HM626<P·15 8 192 )( 8 (1';()(lS) (cmos) 19 ss
14C48HM6264LP·15 8 192 x 8 {15Ons} (crnosj 4995 40 28 .69 1.99

LP = Lower Po wer Ostat = Ouast-Stanc SSI 263 SPEECH SYNTHESIZER UARTS 4029 .79 74C 73 .65
DYNAMIC RAMS 4030 .39 74C 74 .6 5

AY5·101 3 3.95 4034 1.95 74C76 .80TM$4027 .(096 x 1 (25Ons ) 1.99 * MICRO PROCESSO R CO MPATIBLE AY3·1015 6 .952107 4096 x t (2oons) 1.95
PT1 472 9 .95 4035 85 74C83 1.95MM5280 4096 x 1 (3OOns) 1.95 * 5 8·BIT CONTRO L REGISTERS 4040 .75 74C85 1.95TM$4060 4096 x 1 (300ns) 1.95 TR1602 3 .95UPD411 4096 x 1 (300ns) 1.95 * ENH ANCE YO UR MOCKIN GBOA RD O R BUILD 23 50 9 .95 40 41 .75 74C 86 39TM$4050 4096 x 1 (300ns) 1.95

S TEVE C IARC IA'S SWEET TALKER 1/ 39 95 265 1 8 .95 404 2 69 74C89 450M K4108 8192 x 1 (2OC!ns) 1.95
(BYTE MARCH '84 ) • 1"16402 7.95 40 43 85 74C90 1 19MM5298 8192 x 1 (25On5) 1.85

4 116·300 16384 x 1 (3OOn5) 8111.75 ** **SPOTLIOHT ** * *
1"1640 3 8 .95 40 44 79 74C9 3 1 754 116·250 16364 x 1 (25On5) 817.95
INS 825 0 10 .95 4046 85 74C95 994 116·200 16384 x 1 (2oo ns) 8112.95
GENERATORS 404 7 95 74 C l07 8941 16·150 16384 x l (15Ons) 8114.95

4116·120 16384 x 1 (120 n5) 8129.95
BIT·RATE 4049 35 74C150 5 752118 16384 x 1 (15On5 ) (5v l 4 95

4050 .35 74C 15 1 2.25MK4332 32768 x 1 (200 ns ) 9 95 MC 14411 11.954 164-200 65536 x 1 (200n s) (5...) 5.44 BR1941 11.95 4051 .79 74 C1 54 3 254164-150 65536 x 1 (150ns) (5...) 5044
47 02 12.95 405 3 79 74 C 157 1 754164 ·120 655J1j x 1 (120ns) (5v) 8 95
CO M50 16 16 .95 4060 89 74C 160 1 19MCM6665 65536 x 1 (200ns) 15v) 895

TM 54164 65536 x 1 (150ns) (5v) 8 95 COM 8116 10.95 406 6 39 74C 16 1 1 19TM S44 16 16364 x 4 (150 ns) (5v) 99 5
"1"1530 7 10 .95 4068 39 74C 162 1.1941256·150 262144 x 1 (150ns) (5v) 5495

FUNCTION 4069 29 74C16341256·200 262144 x n 1200ns) (5v) 499 5 1.19
5v = Sing le 5 vo lt supp ly

MC40 24 3.95 4070 35 74 C 164 1.3 9
LM586 1.49 4071 .29 74 C165 2.00

6800 6500 Z-80 XR2206 3.75 4072 29 74C173 79
80 38 3 95 4073 29 74C174 1 1968000 49.95 1 MHZ 5.95 8202 24 .95 2.5 Mhz 407 5 29 74C 175 1 196800 2.95 6502 4.95 5.95 8203 39 .95650 4 6.95 407 6 79 74C 192 1 496802 7.95 17 .95 8205 3 .50 Z80 -CPU 3.95

MISC.6803 19.95 6505 8.95 49 .95 8212 1.80 Z80 ·CTC 3.95 40 78 29 74C 193 1 49
6808 13.90 6507 9.95 3.95 8214 3 85 Z80 ·DART 10 .95 UPD 72 01 29 .95 4081 29 74C 195 1 39
6809E 14.95 6520 4.3 5 4.95 8216 1.75 lBO -DMA 14.95 TM$995 32 29 .95 408 2 29 74C2 00 575
6809 11.95 6522 6.95 11.95 8224 2 .25 UlN 200 3 2.49 4085 95 74C22 1 1 75Z80 -PIO 3.956810 2.95 6532 9.9 5 24 .95 8 226 1.80 3242 7.95 4086 95 74 C244 2256545 22 .50 Z80 -S IO /0 11.956820 4.35

6551 11.85 199 .95 8228 3 .49 334 1 495 409 3 49 74 C 37 3 24 56821 2.95 29 .95 82 37 19.95 Z80 -SIOI1 11.95
MC3470 4.952 MHZ 40 98 2 49 74C 374 2.456828 14.95 6502A 6.95 89 .95 8237 ·5 2 1.95 Z80 -S IO /2 11.95 MC3480 9 0068 40 12.95 6.95 8238 4 .49 Z80 -SIO /9 11.95 409 9 1 95 74 C9 01 396522A 9.95 l1C90 13 956843 34 .95 7.95 82 43 4 .45 1440 9 12.95 74C902 856532A 11.95 4.0 Mhz 95H 90 7956844 25.9 5 6545A ' 27.95 6 .95 8250 10 .95 1441 0 12 95 74C 903 856845 14.95 29 .95 8 251 4 .49 Z80 A-C P U 4.49 2513-00 1 UP 9 .95

14 411 11 95 74C905 10 9 56551A 11.95
6847 11.95 3 MHZ 39 .95 8253 6 .95 Z80A-CT C 4.95 2513-002 LOW 995

1441 2 12 95 74C906 956850 3.25 650 2B 9.95 29.95 825 3·5 7.9 5 Z80A-DART 9.95 1441 9 7 95 74C 907 1006852 5.75 24 .95 8255 4 .49 Z80A-DMA 12.956860 7.95 24 .95 8255 ·5 5.25 14433 14.95 74C908 2 00
6875 6.95 DIS C 8257 7.95 Z80A ·PIO 4 49 CLOCK 4502 .95 74C909 2.756880 2.25 CONTROLLERS 8 257 ·5 8 .9 5 Z80A -S IO /0 12 .95 CIRCU ITS 450 3 65 74 C910 9 9 56883 22.9 5 1771 16.95 CRT 82 59 6 .90 Z80A-SI O / l 12 .95 "1"153 14 4 .9 5 4508 1.95 74C 911 8956804 7 24.95 1791 24.95 CONTROLLERS 8 259 ·5 7.50 Z80A -SIO/ 2 12.95 "1"15369 395 451 0 85 74C9 12 89568488 19.9 5 1793 26 .95 684 5 14.95 8271 79 .95 Z80A- S IO/9 12 .95 MM5369·E 5 T 4 25 451 1 85 74C 914 1 956800 lMHZ 1795 29 .95 68B4 5 19.95 82 72 39 .95

6.0 Mhz "1"153 75 495
45121797 49.95 82 75 29 .95 "1"1581 6 7 12 9 5 .85 74C9 15 1 1968BOO 10.95

2791 54 .95
HD 46505SP 15.95

8 27 9 8 .95 "1"1581 74 11.95 4514 1.25 74 C 918 27568B02 22 .25 684 7 11.95 Z80B -CPU 9.95
68B09E 29 .95

2793 54 .95
MC1372 6.95 8 27 9 ·5 10.00 Z80B -C TC 12.95 "15"1 58 32 395 4515 1 79 74C920 17.9 52795 59 .95 828 2 6 .50 4516 1.55 74C92 1 15.9 568B09 29 .95 2797 59 .95 68047 24 .95 8283 6 .50 Z80B -PIO 12.95

68Bl0 6.95 6843 34.95 8275 29 .95 5.50 Z80B -DART 19.95 45 18 89 74 C9 22 4 498 28468B2 1 6.95 827 2 39 .95 7220 99 .95 8266 6 .50 Z80B -Slon 39. 95 451 9 39 74C9 23 4 95
68B 40 19.95 UPD765 39 .95 CRT5027 19.95 82 8 7 6.50 ZILOG 4520 79 74C92 5 595
68B 45 19.95 MB8876 29 .95

CRT5037 24.95 8288 25 .00 4522 1 25 74C926 7.95MB88 77 34 .95
68B50 5.95 1691 17.95 TMS9918A 39 .9 5 8289 49 .95 45 26 1 25 74C928 7.9568BOO 2 MHZ 2143 18.95 DP8350 49 .95 8292 14.9 5 45 27 1.95 74C929 19.95
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DIP
SWIT-cHES

4 POSITiON .85
5 POSITION .90
6 POSITiON .90
7 P05ITION .95
8 POSITION .95

BIFET
TL084
LF347
LF351
LF353
LF355
LF356

1.40

7400 .19 74123 .49
7401 .19 74125 .45
7402 .19 74126 .45
7403 .19 74132 .45
7404 .19 74136 .50
7405 .25 74143 4.95
7406 .29 74145 .60
7407 .29 74147 1.75
7408 .24 74148 1.20
7409 .19 74150 1.35
7410 .19 74151 .55
7411 .25 74153 .55
7413 .35 74154 1.25
7414 .49 74155 .75
7416 .25 74157 .55
7417 .25 74159 1.65
7420 .19 74160 .85
7421 .35 74161 .69
7425 .29 74163 .69
7427 .29 74164 .85
7430 .19 74165 .85
7432 .29 74166 1.00
7437 .29 74167 2.95
7438 .29 74170 1.65
7442 .49 74173 .75
7445 .69 74174 .89
7446 .69 741/5 .89
7447 .69 74177 .75
7448 .69 74181 2.25
7451 .23 74184 2.0Q
7473 .34 74185 2.00
7474 .33 74191 1.15
7475 .45 74192 .79
7476 .35 74193 .79
7482 .95 74194 .85
7483 .50 74195 .85
7485 .59 74197 .75
7486 .35 74198 1.35
7489 2.15 74221 1.35
7490 .35 74246 1.35
7492 .50 74247 1.25
7493 .35 74259 2.25
7495 .55 74273 1.95
7497 2.75 74276 1.25
74100 1.75 74279 .75
74107 .30 74366 .65
74109 .45 74367 .65
74116 1.55 74368 .65
74121 .29 74393 1,35
74122 .45

RCA I

:A 3023 2.75 CA 3082
CA 3039 1.29 CA 3083
CA 3046 1.25 CA 3086
CA 3059 2.90 CA 3089
CA 3060 2.90 CA 3096
CA 3065 1.75 CA 3130
CA 3080 1.10 CA 3140
CA J081 1.65 CA 3146

CA 3160 1.19

TL071
TL072
TL074
TL081
TL08 2
TL08 3

TI
TL494 4.20 75365
TL496 1.65 75450
TL497 3.25 75451
75107 1.49 75452
75110 1.95 75453
75150 1.95 75454
75154 1.95 75491
75188 1.25 75492
75189 1.25 75493

75494 .89

83.00
119.00
175 .00
255 .00
349 .00
595 .00

Intensity
(uW /Cm')

8,000
8,000
9,600
9,600

17,000
17,000

DATAACQUISITION
15.55 OAC08OO

3.49 OAC0808
1.95 OAC1020
4.49 OAC1022

14.95 MC1408L6
9.95 MC1408L8

Capacity
Timer Chip

9
X 9
X 12
X 30
X 25
X 42

AOC08oo
AOC0804
OAC0806
AOC0809
AOC0816
AOC0817

LINEAR

EPROM ERASERS
ra SPECTRONICS
!II CORPORATION

PE-14
PE·14T
PE·24T
PL·265T
PR·125T
PR·320T

LM301 .34 LM348 .99 LM567 .89 LM1812 8.25
LM301H .79 LM350K 4.95 NE570 3.95 LM1830 3.50
LM307 .45 LM350T 4.60 NE571 2.95 LM1871 5.49
LM308 .69 U,1358 .69 NE590 2.50 LM1872 5.49
LM308H 1.15 LM359 1.79 NE592 2.75 LM1877 3.25
LM309H 1.95 LM376 3.75 LM709 .59 LMl889 1.95
LM309K 1.25 · LM377 1.95 LM710 .75 LM1896 1.75
LM310 1.75 LM378 2.50 LM711 .79 ULN2oo3 2.49
LM311 .64 LM379 4.50 LM723 .49 LM2877 2.05

.LM3 11H .89 LM380 .89 LM723H .55 LM2878 2.25
LM312H 1.75 LM380N·8 1.10 LM733 .98 LM2900 .85
LM317K 3.95 LM381 1.60 LM741 .35 LM2901 1.00
LM317T 1.19 LM382 1.60 LM741N·14 .35 LM2917 2.95
LM318 1.49 LM383 1.95 LM741H .40 LM3900 .59
LM318H 1.59 LM384 1.95 LM747 .69 LM3905 1.25
LM319H 1.90 LM386 .89 LM748 .59 LM3909 .98
LM319 1.25 LM387 1.40 LM1014 1.19 LM3911 2.25
LM320 (see 7900) LM389 1.35 LM1303 1.95 LM3914 3.95
LM322 1.65 LM390 1.95 LM1310 1.49 LM3915 3.95
LM323K 4.95 LM392 .69 MC1330 1.69 LM3916 3.95
LM324 .59 LM393 1.29 MCl349 1.89 MC4024 3.95
LM329 .65 LM394H 4.60 MC1350 1.19 MC4044 4.50
LM331 3.95 LM399H 5.00 MC1358 1.69 RC4136 1.25
LM334 1.19 NE531 2.95 MC1372 6.95 RC4151 3.95
LM335 1.40 NE555 .34 LM1414 1.59 LM4250 1.75
LM336 1.75 NE556 .65 LM1458 .59 LM4500 3.25
LM337K 3.95 NE558 1.50 LM1488 .69 RC4558 .69
LM337T 1.95 NE561 24.95 LM1489 .69 LMl3080 1.29
LM338K 6.95 NE584 2.95 LM1496 .85 LMl3600 1.49
LM339 .99 LM565 .99 LM1558H 3.10 LM13700 1.49
LM340 (see 7800) LM568 1:49 LMl800 2.37 MPQ2907 1.95

H TO-5 CAN T ~ TO -220 K ~,TO -3

LED LAMPS
1·99

JUMBO RED .10
JUMBO GREEN .18
JUMBO YELLOW .18
LED MOUNTING
HARDWARE .10

BYPASS
CAPS

.01 UF DISC

100/6.00

.01 UF MONOl

100/12.00

.1 UF DISC

100/8.00

.1 UF MONOl

100/15.00

INTERFACE
8T26 1.59
8T28 1.89
8T95 .89
8T96 .89
8T97 .89
8T98 .89
01.18131 2.95
OP8304 2.29
058833 2.25
058835 1.99
058836 .99
058837 1.65
058838 1.30

EXAR
XR 2206 3.75
XR 2207 3.75
XR 2208 3.75
XR 2211 5.25
XR 2240 3.25

INTERSIL
ICL7106 9.95
ICL7107 12.95
ICL7660 2.95
ICL8038 3.95
ICM7207A 5.59
ICM7208 15.95

VOLTAGE
74500 .32 745124 2.75 745197 1.49 REGULATORS
74502 .35 745132 1.24 745201 6.95
74503 .35 745133 .45 745225 7.95 7805T .75 7905T .85
74504 .35 745134 .50 745240 2.20 78M05C .35 7908T .85
74505 .35 745135 .89 745241 2.20 7808T .75 7912T .85
74508 .35 745138 .85 745244 2.20 7812T .75 7915T .85
74509 .40 145139 .85 745251 .95 7815T .75 7924T .85
74510 .35 745140 .55 745253 .95 7824T .75 7905K 1.49
74511 .35 745151 .95 745257 .95 7805K 1.39 7912K 1.49
74515 .35 745153 .95 745258 .95 7812K 1.39 7915K 1.49
74520 .35 745157 .95 745260 .79 7815K 1.39 7924K 1.49
74522 .35 745158 .95 745273 2.45 7824K 1.39 79L0574530 .35 745161 1.95 745280 1.95 .79
74532 .40 745162 1.95 745287 1.90 78L05 .69 79L12 .79
74537 .88 745163 1.95 745288 1.90 78L12 .69 79L15 .79
74538 .85 745168 3.95 745289 6 .89 78L 15 .69

LM323K 4.95
74540 .35 745169 3.95 745301 6.95 78H05K 9.95 UA78540 1.95
74551 .35 745174 .95 745373 2.45 78H12K 9.95
74564 .40 745175 .95 745374 2.45
74565 .40 745181 3.95 745387 1.95 C. T ~ TO -220 . K ~ TO·3
74574 .50 745182 2.95 745412 2.98 L ~ TO-92
74585 1.99 745188 1.95 745471 4.95
74586 .50 745189 6.95 745472 4.95 SOUND CHIPS
745112 .50 745194 1.49 745474 4.95 3.95 AY3·89 10
745113 .50 745195 1.49 745570 2.95 5.95 AY3·8912
745114 .55 745~96 1.49 745571 2.95 8.95 MC3340

551·263 39 .95

CONNECTORS
R5232 Male 2.50
R5232 Female 3.25
R5232 Hood 1.25
5 -1005T 3.95

ICSOCKETS
8pin iT 1 :~~ 1.~

14 pin T .15 .12
16 pin T .17 .13
18 pin T .20 .18
20 pin IT .29 .27
~~ Cl~ l jg j~
~g Cl~ l ::g j~
~l~ 51LD~·~~;~~1

8 pin WW .59.49
14 pin WW .69 .52
16 pin WW .69 .58
18 pin WW .99 .90
20 pin WW 1.09 .98
22 pin WW 1.391 .28

~a Cl~ ~~ 1:a~U~

•
. . . . . ... ~Wn=W.»;R~W~~~O

18 pin ZIF 6.95 call
24 pin ZIF 7.95 call
28il~ ~1~Ex~gblall
(Zero Insertion Force)

.69

.55

.55
2.15
8.95

.89

.89

.79

.79

.69

.69

.79

.79

.89

.95

.99

.99

.99
1.29
1.49

.75

.99

.99

.59

.59

.59

.59
2.75

.59

.55
1.49
3.35

.49
1.98

.69

.89

.89

.99

.89
1.75
3.50
1.75
1.29
1.29
1.35
1.95

.49

.49

.45

.45
1.39
1.39

.95
1.39
1.18
1.35
3.90

.45
1.19
1.19
1.19
1.49
2.95

.95
1.95
3.99
2.20
2.20
1.69
1.89
1.49

14.95
3.20
3.20
3.20
3.20
2.40
3.20
1.49
1.49
1.49
1.49
2.80
4.25

CC 1.29
CA .99
CC .99
CC 1.25
CC 1.49
'CA 1.49

HEX W/LOGIC 9.95

.43"

.3"

.3"

.375"

.5"

.5"

.270" .

74LSOO
.24 74L5173
.25 74L5174
.25 74L5175
.25 74L5181
.24 74L5189
.25 74L5190
.28 74L5191
.29 74L5192
.25 74L5193
.35 74L5194
.35 74L5195
.45 74L5196
.59 74L5197
.35 74L5221
.25 74L5240
.29 74L5241
.25 74L5242
.29 74L5243
.29 74L5244
.35 74L5245
.25 74L5247
.29 74L5248
.55 74L5 249
.35 74L5251
.35 74 L5253
.25 74L5257
.49 74L6258
.75 74L5259
.75 74L5260
.75 74L5266
.25 74L5273
.29 74L5275
.29 74L5279

1.25 74L5280
.39 74L5283
.35 74L5290
.39 74L5293
.39 74L5295
.49 74L5298
.60 74L5299
.69 74L5323
.39 74L5324
.55 74L5352
.89 74L5353
.55 74L5363
.55 74L5364
.75 74L5365
.89 74L5366
.39 74L5367
.39 74L5368
.39 74L5373
.39 74L5374
.39 74L5375
.45 74L5377
.79 74L5378

2.90 74L5379
.49 74 L5385
.49 74L5386
.59 74L5390
.59 74L5393
.39 74 L5395
.99 74L5399
.55 74L5424
.55 74L5447

1.20 74L5490
2.49 74L5624
1.35 74L5640

.55 74L5645

.55 74L5668
1.90 74L5669

.69 74L5670

.69 74L5674

.65 74L5682

.59 74L5683

.69 74L5684

.65 74L5685

.69 74L5688

.65 74L5689

.69 81L595 '

.95 81L596
1.95 81L597
1.75 81L598
1.75 25L52521
1.49 25L52569

© Copyrlghl1984 ~

JDR Mlcrodevlcel ~

74L500
74L501
74L502
74L503
74L504
74L505
74L508
74L509
74L510
74L511
74L512
74L513
74L514
74L515
74L520
74L521
74L522
74L526
74L527
74L528
74L530
74L532
74L533
74L537
74L538
74L540
74L542
74L547
74L548
74L549
74L551
74L554
74L555
74L563
74L573
74L574
74L575
74L576
74L578
74L583
74L585
74L586
74L590
74L591
74L592
74L593
74L595
74L596
74L5107
74L5109
74L5112
74L5113
74L5114
74L5122
74L5123
74L5124
74L5125
74L5126
74L5132
74L5133
74L5136
74L5137
74L5138
74L5139
74\.5145
74L5147
74L5148
74L5151
74L5153
74L5154
74L5155
74L5156
74L5157
74L5158
74L5160
74L5161
74L5162
74L5163
74L5164
74L5165
74L5166
74L5168
74L5169
74L5170

CIRCLE 74 ON FREE INFORMATION CARD

LED DISPLAYS
HP 5082-7760
MAN 72
MAN 74
FND -357 (359)
FND-500 (503)
FND-507 (510)
TIL-Jl1 4.7
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Coo's and Credit Card
Orders call TOLL FREE

GALAXY
ELECTRONICS

5644 N.53rd Avenue
Glendale, AZ 85301
1-602-247-1151

THE BEST PLACE to BUY. SELL or
TRADE NEW and USED EQUIPMENT

NUTS & VOLTS MAGAZINE
BOX III I ·E • PLACENTI A. CA 92670

(714) 632·772 1
join Tho usands of Readers Nationwide

Ever y Month
ONE YEAR U.S. SUBSCRIPTIONS
$7.00 · lrd Clus • SI2 .50 · 1st Clu~

. J $25.00 • Lifetime · lrd Class Z

~~~\ M~~1IR~~:~EL
*****************************
Complete Antenna Systems from '6995

Full 800 Mhz Range
Tune 1.9-2,7 Ghz
Includes all
ITFS Channels

DEALERS WANTED

USE

YOUR

READER

SERVICE

CARD

DON'T
FORGET

/

#72-320Backed By Our 2 Year Warranty
High Quality Hook-On Probes Included

- 7'lMYP AGC FUSES

DIGITAL STANDARD.. MULTIMETER 1Y4X1J4
HFETEST .25A 4A

. 1' 0.5" LCD display .5A 5A. DC input impedance .75A 6A

~ -- 10Mn 1A 7A
1.5A 8A

3.5C~~~~ $39.80 2A 10A
2.5A 15A
3A 20A
(100-UP/eCS.) h

#72,050 (NO MI ED QTYS.) eac

2~~:1JtAL TRACE $389.95
OSCILLOSCOPE

'.......~...................

TYPE NO YOUR COST

537 11.73
538 9.84
539 9.84
549 . : 14 .55
550 10 .05
556 11.90
557 11.75
564 11 .55

rPLA~CG:/TRIPLERS/MULTIPLIERS
------IMIN. 50 PC. PER TYPE)---__-J

TYPE NO. YOUR COST

530 10 .65
531 10.45
532 12 .40
533 9.90

·534 10.48
535 11 .48
536A 13 .B5

CIRCLE 11 ON FREE INFORMATION CARD

REPLACEMENT FOR ECG(!)TYPES

TYPE NO. YOUR COST lYPE NO. YOUR COST
85 FOUR for .99 125 SEVEN lor .99
102A THREE for .99 159AP FOUR for .99
123A FIVE for .99 177 EIGHT for .99
123AP SIX for .99 199 FIVE for .99

SUPER SPECIAL (MIN . 5 PC. EACH )
TYPE NO. YOUR COST TYPE NO YOUR COST TYPE NO. YOUR COST

124 .. .. .. .... . .. .85 165 2.25 375. .. .... ... ... .90
12B 45 171 65 506 55
129 45 184 .45 50DA B.95
130 80 185 45 523 9.95
152 40 238 2.25 526A 10.20
153 .. .. .. ..40 276 6.95 529 13 .75
154 60 291 95 712 1.25

JAPANESE TYPES (MIN.5 PC. EACH)

2SC867A 2.75 HA1366W 1.B5 STK00 29 3.80
2SC1 114 3.25 HA1377 A 2.90 STK00 80 9.99
2SC1 3DBK 1.95 LA41 02 1.25 TA7205 AP 1 .50
AN214Q 1.45 M51515BL 2 .95 TA7208P 1 .85
AN239A 4.60 STK433 . . . . . . . 3 .95 TA7222AP 1.95
BA532 .. .... .1. BO STK43 5 3.95 UPC1181H 1.25
GH3F .B9 STK437 6.25 UPC11 82H .... 1.25
HA1342A 2.30 STK439 . .. .. .. 8.50 UPC1185H .. .. 2.99

COD ORDERS WELCOME ($25 MIN . ORDER)
For Complete Component Catal09 Call or Write

DIGITROlY ELECTRONIC
110 HILLSIDE AVENUE, SPRINGFIELD, N . J . 07081

TOLL FREE: 800·526·4928
In N.J .: 201-379-9016

"ECG 15 A TRADE MARK O F PHILI PS ECG
OIGITR<?NELECTRONIC IS NOT ASSOCIATED IN ANY WAY WITH PHil iPS ECG

TYPE NO YOUR COST

SOOA.. .. .. 7 .65
521 10.98
522 9.50
523 7.75
526A 7.75
52B .. .. . 9 .40
529 .... B.90

#32-160

PANASONIC 2-4 HOUR

VIDEO HEAD REPLACES

PANAsONIC PART #VEH·0070

• $10 minimumorder. $1.00 charge for ordersunder $10.
• $20 minimumcharge card order.
• Orders shipped UPS C.O.D.
• Most orders shipped within 24 hours.
• Sales office open 8:30am to 6:00pm. Saturdays 10:00am to
spm, EST. .

We Also HaVe .••a full line 01: test equipment.
computer accessories, telephone accessories, spea kers,
television .parts. Ilybacks, yokes, switches. luses, lamps,
capacitors, resistors. cartndges. sty li. wire . CATV equipment.
and many more. Over 4,500 items AT THE LOWEST PRICES
AROUNDI

Terms:.

36 PIN PARALLEL

CONNECTOR

$3'.95
#83·310

CALL TOLL FREE
1.800.543.4330

, (ln onte, 1-800-762-4315)

CIRCLE 19 ON FREE INFORMATION CARD

CALL OR WRITE TODAY
FOR YOUR EBEE.120 PAGE
CATALOG! OVER 4500 ITEMS!

PRICESSUBJEGTTO CHANGE WITHOUTNOTICE

•

- • ••• THE ONLY
ELECTRONICS
PARTS COMPANY
YOU'LL EVER

ELECTRONICS NEED
858 East Congress Park Drive
centerville. Ohio 45459
513-434·0031

JAPANESE SEMICONDUCTORS
·01341 1.92 'M51515BL 2.49
• BUY69A 2.99 • STKoo50 3.95
• HA1377 2.49 • 4116-2ooNS 1.38

(min, 10 pes.)
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FEATURES
DualProcessorsCan~un Both Apple and

CP/M Programs. •

UK OnBoard Memory Expandable10192k.
801(0 Column Display ";'/So" Switch.
Dual Slim DiskDrivesBuilt In.
Detached Keyboa~ wINumeric keypad.
AuloRepeat onEveryKey andCursor ~ntrol.

with: 64K Computer Unit
(expandable to 192K)
12"' Green Monitor
Monitor Cable
1 Disk Drive

1 Disk Controller Card
1 Auto Center Joystick

10 Double Density
Diskettes

1 'SOFTAPPLE'Software
1 'Know Your Apple' Software

for all fhese goodies, you only pay $69900

Comput er Unit only $399.00 '

Without Disk Drives
and80 ColumnCant

$59900

.~ . T. DP.64E·
@~Ineco... 'THE BUSINESS

VERSION OF
AN APpLE

COMPATIBLE

Apinecom" 64K stARTER
. SYST~'"

APPLE II+ COMPATIBLE!
DP-64E

$109900

This Infra-red Contr ol switch
can be used to control appli­
ances on/off up to 500 watts.

0-15V 2 AMP VARIBLE
DC POV\(ER SUPPLY KIT

INFRA-RED BEAM
REMOTE CONTROL SWITCH KIT

MODEL: TY-45 " : ..: $29.50 pe; Kit

MODEL: TR 100
$59.50 ea.

Has effective control up to 30 feet. No antenna needed. Kit comes
with transmitter and receiver unit, case and all' compon ents.

Easy to build!

MODEL TK-41 KIT $19.95 ea.

. ~........ ,
" .-~~~T""

The circuitry employs all integrated circuits, BBO type echo
circuit , echo' time can be adjusted (max..30 Msec.) Also with a
micropho ne preamp on the board. Fully assembled.

STEREO MICRPHONE'AND
ECHO MIXER FOR ..

STERE9 AMPL!FIER SYSTEM

MODEL: MX205 , .
Part # 370-0300 $29.95 ea. -::;..

MODEL: MA-142 I

Part 1370-370 $6.95 ea.

20 STEPS LED TRI COLOR
LEVEL INDICATOR KIT

This new stereo level indicator kit consists of 40 3-color LED's to
indicate sound level output of your amplifier from - 57dB to OdB.
Comes with an attractive silk screen printed panel. Has selector
switch to allow floating or gradual output indicating. Kit includes
all parts. Front panel and power supply.

MAGNETIC HEAD EQUALI~ER

• Standard RIM curve for all kinds of magnetic heads· 3 stages
crossover circuit for best results· Output voltage guaranteed to
be stable without any osc illation ' Power Supply: 24 V.D.C.

All solid state circuitry with high efficiency power transitor I---::~~---"T'-- ~--I
2SD388 and IC voltage requlator MC1733. Output voltag e can be
adjusted from 0·15V at 2A current limited. Internal resistance is
less than 0.005U , ripple and noise less than 1mV, dual on panel
meters for voltage and current reading , also with on board LED
and audible over load indicator. Kit comes with pre-drilled PC
Board, instructions, all necessary electronic components, trans-
former and a professional looking metal cabinet. The best project
for school and the most useful instrument for repairmen . Build
one today!

MODEL: SA802C

Fully Assembled _ $75.00
Transformer (Optional) $22.50
ea.
Filt er Capacitor 4700~F 75V

(9ptlonal) $6.50 ea.

Dynamic Bias Class "A " circuit design makes this unit unique in
its class. Crysta l clear, 100 watts powe r output will satisfy the
most picky fans. A pertect combin ation with the TA-l 020 low TIM
stereo pre-amp.
Specific ations' Outpu t power l 00W RMS into 8n. 125W RMS
into 411 • Frequency response 1OHz-l OOKHz • THD less than
0.01% • SIN ratio better than BOdS· Input sensitivity 1V max. •
Power supply ± 40V at 5A.
Power Transformer (Optional) . . .. . . . . . . . . . . . . .• . .. $24.00

60W +60W O.T.L. AMP

100 WATTS
CLASS A

POWER AMP
KIT

$49.50

Stereo pre-amp +ton e control +power amp. All in on unit , fully
assembled! Compact in size: T x4:y...·x21h". Can be fitted into
most cabinets. Power transistors using 25C1667 X 4 to give a
max output of OOW +60W (811)
• Frequency response: 20Hz- 85KHz( - l dB) • Total harmonic
distort ion : 0.02% (1KHz) ' SignallNoise Ratio: 88 dB (open loop)'
Tone control: 100 Hz ::t16 dB 10 KHz ::t14dB · Dynamic range: 60
dB· Power Suppl y: 48V -70V 5 Amp. · Filter Capacitor: 4700 ~F

75V or better.

MODEL: SA -4520

Assembled Model $39.95
Transformer (Optional) $22.50
Filter Capacitor 4700~F 75V

(Optional) $6.50 ea.

NOW WITH ON-BOARD
LED LEVEL DISPLAY

* SPECIA!- *
Excellent Price! '
Mod el 001-0034
$29.50 per Kit
Transformer

$10.50 ea.

TA-322 30 WATTS TOTAL
15W + 15W STEREO AMP KIT

This is a solid state all trans istor circuitry with on board stereo
pre-amp for most microph one or phone input. Power output
employs a heavy duty Power Hybrid IC. Four built on board
controls for, volume, balance, treble and bass . Power supply

;:~~e~~~~~6~~zAa:r~~ls~:::(I~H~a~~ I~S~ t~:~~ 11~~d~1'
into 811).

* REDUCED PRICE *
LOW T.I.M. TRANSISTORS

100W +100W '
• Employs Hitachi low noise I.C. for pre-amp ' Max. output 16 V
p.p (non distortion) ~ With hi-low filter, and tone defeat circuit ·
Rear powe r amp with short circuit protection· Giant heat sink for
maximum results • Tone conirotse 14dB· All components (except
pots for volume. and tone controls) are pre-assembled, the
quality is guaranteed.• Power supply DC ±35V-50V

LOW TIM
DCSTEREO PRE-AMP KIT TA·1020
Incorporates brand-new DC design that gives a frequency re­
sponse from 0-1OOKHz ± O.5dB. Added features like tone defeat
and loudn ess control let you tailor yo ur own frequency supplies to
eliminate power fluctuation s!
Specifications: • THOn- IM less than .005% • Frequency re­
sponse DC to 100KHz ± 0.5dB 0 RIAA deviation ± 0.2dB 0 SIN
ratio better than l OdS • Sensitivi ty; Phone 2mV 47Kn, Aux
l 00mV l00Kll 0 Output level 1.3V. Max output 15V 0 Tone
controls; Bass x 1OdB(ill 50Hz, Treble ::!: 10dB (a 15Hz. Power
supply ± 24VDC «, 0.5A. Kit comes with regulated powe r supply.
All you need is a 48VCT transformer «< 0.5A.

Only $44.50
Transformer

$4.50 ea.

IBM PC/XT COMPATIBLES
and Full Line of Peripherals

and Accesories
Please Call

PC/XT COMPATIBLE
Bare PC Board , , $88.00

For Outside U.S.A. Purchases, Order Direct from Our Hong Kong Office.

PINEAPPLE COMPUTER PRODUCTS (HK) LTD .,
L-55 Peninsula Centre, Mody Rd. East. Tsim Sha Tsui East, Kowloo n. Hong Kong.
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74 LSOO 7400
7400 .18 7482 .94 74172 5.90 i 74800 .31 748163 1.9'0

74L800 .23 74LS173 .68 7401 .18 7483 .49 74173 .74 74802 .34 748168 3.9074L801 .24 74LS114 .54 7402 .18 7485 .58 74174 .88 74803 .34 748169 3.9074L802 .24 74LS175 .54 7403 .18 7486 .34 74175 1.75 74804 .34 148174 .9474L803 .24 74LS181 2.10 7404 .18 7489 2.10 74176 .88 74805 .34 748175 .9474L804 .23 74LS189 8.90 7405 .24 7490 .34 74177 .74 74808 .34 74818,1 3.9074L805 .24 74L8190 .88 7406 .28 7491 .39 74178 1.10 74809 .39 748182 2.9074L808 .27 74L8191 .88 7407 .28 7492 .49 74179 1.70 74810 .34 748188 1.9074LS09 .28 74LS192 .78 7408 .23 7493 .34 74180 .74 74811 .34 74S189 6.9074L810 .24 74LS193 .78 7409 .18 7494 .64 74181 210 74S15 .34 748194 1.4474L811 .34 74L8194 .68 7410 .18 7495 .54 74182 .74 14820 .34 748195 1.4474L812 .34 74L8195 .68 7411 .24 7496 .69 74184 1.95 14822 .34 748196 1.4474L813 .44 74L8196 .78 7412 .29 7497 2.70 74185 1.95 14830 .34 748197 1.4474L814 .58 74LS197 .78 7413 .34 74100 1.70 74190 1.10 74832 .39 748201 6.9074L815 .34 74LS221 .88 7414 .48 74107 19 74191 1.10 74S37 .87 748225 7.9074L820 .24 74LS240 .94 7416 .24 74109 .44 74192 .78 74838 .84 748240 2.15'74L821 .28 74LS241 .98 7417 .24 74110 .44 74193 .78 74840 .34 748241 2.1574L822 .24 74LS242 .98 7420 .18 74111 .54 74194 .84 74851 .34 748244 2.1574L826 .28 74LS243 .98 7421 .34 74116 1.50 74195 .84 74864 .39 748251 .9474L827 .28 7m244 1.25 7422 .34 74120 1.15 74196 .78 74865 .39 748253 .9474L828 .34 74LS245 1.45 7423 .28 74121 18 74197 .74 74874 .49 748257 .9474L830 .24 74L8247 .74 7425 .28 74122 .44 74198 1.34 74885 1.94 748258 .9474L832 .28 74L8248 .98 7426 .28 74123 .48 74199 1.34 74886 .49 74S260 .7874L833 .54 74L8249 .98 7427 .28 74125 .44 74221 1.34 74S212 .49 748274 19.9Q74L837 .34 74L8251 .58 7428 .44 74i26 1.44 74246 1.34 74S113 .49 74S275 19.9074L838 .34 74L8253 .58 7430 .18 74128 .54 74247 114 74S114 .54 74S280 1.9074L840 .24 74L8257 .58 7432 .28 74132 .44 14248 1.80 74S124 2.70 748287 1.8~14LS42 .48 74LS258 .58 7433 .44 74136 .49 74249 1.90 148132 1.20 748288 1.8574LS47 .14 74LS259 2.70 7437 .28 74141 .64 74251 .74 748133 .44 148289 6.8474LS48 .14 74L8260 .58 7438 .28 74142 2.90 74259 210 748134 .49 148301 6.9074LU9 .14 74LS266 .54 7440 .18 74143 2.90 74265 1.30 748135 .88 748373 2.40STATIC RAM~... 74L851 .24 74LS273 1.45 7442 .48 74145 .59 74273 1.90 748138 .84 14S374 2.4074L854 .28 74LS275 3.30 7443 .64 74147 1.75 74276 110 748139 .84 74S381 7.902101 256 • 4 1460111 1.90 74L855 .28 74LS279 .48 7444 .68 74148 1.75 74279 .74 74S140 .54 74S387 1.905101 256 • 4 14601l11e...1 3.90 74L863 1.20 74LS280 1.95 7445 .68 74150 1.30 74283 1.95 74S151 .94 74S412 2.932102-1 1024 • 1 (450111 .11 74L873 .38 74LS283 .68 74284 3.70 748153 .94 748471 4.90210n-4 1024 • 1 14501l1llPj .81 7446 .68 74151 .542102l·2 1024 • 1 12501l)llPj 1.45 74L814 .34 74LS290 .88 7447 .68 74152 .64 74285 3.70 74S157 .94 74S472 4.902tt I 256 • 4 145011) 2.45 74LS75 .38 74LS293 .88 7448 .68 74153 .54 74290 .94 74S158 .94 748474 4.902112 256 • 4 1450111 U5 74L876 .38 74LS295 .98 .18 74293 • .74 748161 1.90 748482 15.202114 1024 • 4 (460111 .gg 7450 74154 1102114025 1024 • 4 (250111 1.10 74L878 .48 74LS298 .88 7451 .22 74155 .74 74298 .84 mi62 1.90 74S570 2.902tt4l-4 1024 • 4 (4501l)llPj 1.20 74LS83 .59 74LS299 1.70 7453 .22 74156 .64 74351 210 80002114l-3 1024 • 4 13001l1llPj 1.30
2tt4l·2 1024 • 4 (2001l11lPj 1.40 74LS85 .68 74LS323 3,45

7454 .22 74157 .54 74365 .642125 1024 • 1 2.U 74LS86 .38 74LS324 1.70 7460 .22 74159 1.60 74366 .64 8035 .. .... 5.90 8089 . .. . .. 88.952147 4086.1 155111 4080 74LS90 .54 74L8352 1.25 7470 .34 74160 .84 74367 .64 8039 .. ... . 6.90 8155 .. .. .. 6.90TII14044-4 4096 • 1 1450111 3,45
74LS91 .88 74LS353 · 1.25 74368 .64 INS·8060 .. . 16.95 8155·2 .... . 7.90TII14044-3 4096 • 1 1300111 3085 7472 .28 74161 .68TII1404H 4086 • 1 1200111 4045 74LS92 .54 74L8363 1.30 7473 .33 74162 .84 14316 2.15 INS·8073 ... 49.95 8156 .. .... 6.90IIUIII 1024 • I 1250111 UO 74LS93 .54 74LS364 1.90 1474 .32 74163 .68 74390 1.70 8080 ...... 3.90 8185 ...... 28.95T1III2016-200 2041 • I 1200111 4.10 74LS95 .14 74LS365 .48 74393 1.30 8085 ...... 5.90T1III2016-150 2041.I (150111 4080 7475 .44 74164 .84

80m-2 ... 10.95 8185·2 ..... 38.95T1I1I2016-100 2041.I (100111 1.10 74LS96 .88 74LS366 .48 7476 .34 74165 .84 74425 3.10 8741 .... .. 38.95HIIII1I-4 2041 • I 1200111 Ie...) 4.70 74LS107 .38 74LS367 .44 1480 .58 74166 .95 14426 .84 8086 .... .. 28.95H1I111I·3 2041 • I (150111 Ie...) 4080 74LSI09 .38 74LS368 .44
74490 2.50 8087 ... . . 199.00 8748 .. .. .. 49.95H1I6111·2 2041 • 6 (12011) (e...) 1.80 7481 1.05 74167 2.90HII6I11LP-4 2041 • 6 120011) (e...) UO 74L8112 .38 74LS313 1.35 74170 1.60 8088 ...... 38.95 8755 .. .. .. 23.95H1I6111lP-3 2041 • 6 11501l1Ie...llLPI 6.80 74L8113 .38 74LS314 1.35 8200 Z·80H1I6111lP-2 2041 • I (l201l1Ie_llLPI U5 74L8114 .38 14L8317 1.35 8202 .. .. . 23.95z.&132 4096 • 6 130011110.111) 3U5

74LS122 .44 74LS318 1.13 6500 6800 8203 .. . .. 38 .95 2.5 MHZH1I1264P-15 6m • 6 (l501l1Ie.lI) 31.85
66000 . . . . . . 56.95 8205 ...... 3.45H1I121m:15 1m. 6 (l501l11c.1I) 41.85 74LSI23 .18 74LS319 1.30 1 Mhz 6600 .. . ... . . 3.80 8212 .. . ... 1.75 zao-cPu . . . . .. 3.9074LS124 2.85 14LS385 1.85 8214 .... .. 3 .80 zao·CTC .. .. .. . 3085lP= lI. PI.., 01111 = 01lxl,S1IUe

.48 74LS386 .44
6502 . . ... . . . UO 6602 ........ 7.80

8216 ...... 1.70 zaO·OAIT .. .. . 10.1574LS125 6504 ....... . 6.80 6808 .. .. .. . IUD Z60·01lA .. .. . 13085DYNAMIC RAMS 74L8126 .48 74LS390 1.15 8224 ... ... 2.20 Z60·P10 . . . . . . . 30856505 .. .... .. UO 6609E ... ... lU5 8226 .... .. 1.7574LS132 .58 74LS393 1.15 6507 ..... .. . 1.90 6809 .... ... 10.95 8228 ...... 3.45 ZIO·IIO/O . .... 11 .15
zao-SIO/1 . .. .. 11.95T1I14027 4091 r I 1250 ) 1.95 74L8133 .58 74LS395 1.15 6520 ...... .. 4.30 6810 .. .. . .. . UO 8237 . .. .. 18.95 zao-s10/2 .. . .. 11.95UP0411 4096 • 1 (30011) 2.15 74L8136 .38 74LS399 1.45 6522 ...... .. 6.90 6120 ... .... . 4.30 8237·5 .. . 20.95 ZIO-SI0/9 .. ... 11.958238 .. .... 4 .4511115260 4096 r I 130011) U5

74LS137 .Q8 74LS424 2.90 6532 ...... .. 1.90 6121 .... .. .. 3.20 8243 ..... 10.95IIK4101 1192 • I 120011) 1.90
4.0 MHZ11115211 1m • 1 1250111 1.10 74LS138 .54 74LS447 .36 6545 ....... 21.50 6121 .. .. .. . 13.95 8250 . .. .. 16.954111·200 183U • I 1200111 .79 74L8139 .54 74LS490 1.90 6551 ... .. .. 10.85 6840 ... .. .. 11.95 8251 ... .. . 4.45 zaOA·CPU .... .. 4298253 .... .. 6 .904111-150 11364 • I 1150111 1.20

74L8145 1.15 74LS624 3.95 6843 .. .. ... 33.95 8253-5 .. .. 7.90 Z6U·CTC .. . . . . 40802111 11364 • I Il5hil1511 4.90
Z8U·OART . .. .. 1.1541140250 Iml • I (25011) 4045 14LSI47 2.45 74LS640 2.15 2 Mhz 6844 ... .. . . 2U5 8255 .. .. .. 4 .45 Z80A-01IA .. .. 12.1541140200 Im6 • I 12001111511 5.45 74LS148 1.30 74LS645 2.15 6845 .. ..... 13.95 825!H5 . .. . 5.20 zaoA-PIO . . . . . . HI8257 ..... . 7 .904164-150 Iml • I (15011) (511 1.45

74LS151 .54 74LS668 1.55 650ZA .. .. . .. 6.90 6847 .. .... . 10.95
8257-5 .. . . 8.90 zaoA-lIOIO .. .. IU5

51=1111115' 1.,,1, 74LS153 .54 74LS669 1.85 6850 ..... .. . 3.20 8259 ...... 6.85 ZIOA-lIO/1 .. .. IU5652ZA ..... .. 1.90 Z80A-l10/2 .... IU574LS154 1.85 74LS610 1.45 6852 .. .. .. . 15.70 8259-5 .... 7 .45 zaoA-lIOI9 .. .. 1U56860 .. .. .. .. 9.90 8271 .. ... 75.00EPROMS 74LS155 .68 74LS614 9.60 653ZA . .... . 10.95
8272 ..... 38.956862 .. .. ... 10.95 6.0 MHZ1702 251.6Ihll 4045 74LS156 .68 74LS682 3.15 6545A . . ... . 26.95

6875 .. .. .. .. 6.90 8275 ..... 28 .952701 1024 r 6 145011) 2.49 74LS151 .64 74LS683 3.15 8279 .. .. .. 8 .90 Z601-CPU . . . . . . U5655IA .: .... 10.95 6880 .. .. .... 2.20 8279-5 .... 9.002756 1024 • I (450111 2.41 74LS158 .58 74LS684 3.15
6883 .... .. . 21.95 8282 .. . ... 6 .45 zaOI·CTC .. .. . IU52756 1024 • 6 14501111511 5.90

74LS160 .68 74LS685 3.15 8283 .... .. 6.45 Z601·P10 .. . . . 1U52716 2041 • 8 14601111511 U5 68047 ..... . 23.95 Zln-OART .... IU52711·1 2041 • 6 13501111511 5.90 74LS161 .64 74LS688 2.35 3 Mhz 68488 ... . . . 18.95 8284 .. ... 14.95
8286 .... .. 6.45TII12511 2041 • I 14601111511 5.45 74LS162 .68 74LS689 3.15 8287 .... .. 6.45 ZILOGTil12711 2041 • I 1460111 7.10

74LS163 .64 74LS783 23.95 65028 .... . .. 1.90 1 Mhz 8288 ..... 24.00TIl12532 4081 • 6 (45011)1511 5.90
zam .... . .. 33.152732 4081 r I 14601111511 4045 74LSI64 .68 8ILS95 1.45 68800 . .. .. .. 9,95 8289 ... .. 48.95 ZII7I .. . . . . . 31.858292 ..... 16.952732-150 4091 • 1 12501111511 1.45 74LS165 .94 8ILS96 1.45 68802 .. .. .. 21.25

INTERFACE CHIPS
2732-200 4081 • I 120011115¥! 11.45

74LSl66 1.90 8ILS97 1.45 68B09E . . .. . 28.9527U 1192 • I 14501111511 1.45
68809 . . ... . 28.9527640250 1m I I 12501111511 7.45 74LSI68 1.70 8ILS98 1.45 8T26 .. ..... 1.54 8T98 ....... .8827140200 1192 • I (20011)(511 11.45 74LSI69 1.70 25LS2521 2.75 68810 .. .. .. . 6.90

68T28 .... .. 1.84 oM8131 ... .. 2.90TII12564 1m. I 14501111511 14045
74LS17Q 1.45 25LS2569 4.20 68821 . .. .. .. 6.90

8T95 .88 OP8304 . ... . 2.24IICI8764 1192 • 6145011115.1124 ,II) 31.95 68845 . . .. . . 18.9527121 163U. I Cd 24045
68850 . ...... 5.90 8196 .88 088835 .. ... 1.94

8191 . ...... .88 088836 .... . .985. = II.p. 5hll I Iy
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16K RAM Card-Apple 11+
• 2-Year Warranty

Assembled & Tested . ••. 39.95
For the APPLE HOBBIEST

OoKay KITS:
16K RAM caret. 24 .95
80Column Card 11+ 89 .95
Z80 Card 69 .95
Printer Card 24 .95
80ColumnCard liE 89.95

KEYBOARD (99/4)
48 keys 4"x10" 6.95-
Reg. Power Supply

Model 4A/PS (99/4)
3 OC Outputs:

12V.@ .4A, +5V @1.1A
-5V @ .2A Highly Filtered

199,00

APPLE COMPATIBLE
POWER SUPPLY
74.95

- :..--.- --- -~

• Powers Apple type systems
• +5V @ 5A +12V @ 3A

-5V @ .5A - 12V @ .5A
• Inc ludes Instructions

The Flip Sort PLUS™
The new Flip Sort PLUSN adds
new dimensions to storage . Its
smoked acrylic elegance holds
over 100 diskettes with all the
features you expect from the Flip
Sort Family- $24.95

APPLE COMPATIBLE
DISK DRIVE

• Shugart mechanism. made in U.S.A.

• Directly replaces Apple Disk II
• Fully compatible with Apple Controller

. or other Apple compatible controllers .

• One Year Warranty

CONTROLLER CARD ... 59.95

COOLING FAN
38.95

ATHANA BULK 51f4"
DISKETTES

SS/SD. . . . 15.90 (NO LABEL)

SS/DD 16.90 SS/DD .. .1D/14.9o
DS/DD 22.90 100 up - CALL

APPLE ACCESSORIES
80 Column Apple 11+ 149.95
80 Column Apple liE 129.95
Z80 Apple 11+.. .. . •... . . 89 .00
Z80 Apple liE 89 .00
16K Card . . . . • .• . . . • . . . • • 39.95
Cooling Fan.. .. .. .. ..... 38.95
Power Supply...... .... . 74.95
Joystick...... ........ .. . 29 .95
RF Modulator .... . .. .... 13.95
Disk Drive 199.00
Controller Card 59.95

149.95

CIRCLE 99 ON FREE It;lFORMATION CARD

VIEWMAX·80

VIEWMAX·80e 129.95

• 80 Column card for Apple liE
• 64K RAMexpandable to 128K

64K RAM Upgrade 43.60

QUV-T8/1
EPROM Eraser

• 80 Column card for Apple 11+
• Video Soft Switch
• Inverse Video
• 2 Year Warranty

QUV-T8/1 Economy Model:
Low cost EPROM eraser in plastic en­
closure. The UV element is in the lid
and you place the EPROMS in the bot­
tom half. No timer or switch option.

• ErllIl up tl 8 EPROIIS In 15 - 20 mlnutll.
• 12,000 uWatts at 1" distance.

• 90-Day Warranty 49.95
The FLI P SORT™

The new FlipSort" hasall the fine
qualities of the original with some
added benefits: a new design
and 50% greater capacity. Holds
75 diskettes and the price is now
lower than ever- $16.95

IBM E x pan S Ion KIT
Upgrade Chips

4164 200"89 @ 5 .45 ea.

mlcromax

1984
THE Ie MASTER

Your ticket to fast and
easy Ie selections

$ 89.95

DIP SWITCHES
4 POSiTION 84
5 POSiTION 89
6 POSITION 89
7 POSiTION 94
8 POSiT ION 94

ZIF SOCKETS
16 pin ZIF 5.90
24 pin ZIF 7 .90
28 pin ZIF 8 .90
ZIF =TEXTOOl (Ze ro Insertion Force)

IC SOCKETS
(11099)

8 pin ST 12 8 pin WW 58
14 pin ST 14 14 pin WW 68
16 pin ST 16 16 pinWW 68
18 pin ST 19 18 pin WW 98
20 pin ST .28 20 pin WW 1.04
22 pin ST .29 22 pin WW 1.34
14 pin ST .29 24 pin WW 1.44
18 pin ST .. .39 28 pin WW 1.64
10 pinST.. .48 40 pll WW 1.94

ST = Soldertall WW = Wlrewrap

)JOLTAGE REGULATORS
7805T .. .. .74 7905T . .. .. .84
78M05C 34 790ST 84
7808T .74 79m 84
7812T .74 79m 84
7815T.. .. .74 79W.. .. .84
78241 .. .. .74 7905K .. .. 1.44
7805K. . . . . • • 1.34 7912K 144
7812K 1.34 79m.. · 1'44
7815K 1.34 79Z4K.. · 1'44
7824K.. . 1.34 m05" .. '78
m05 68 79LI2 '78
78L12 68 .
78L15 :: :: ::: : :68 79L15 .78
78H05K 9.90 LM323K 4090
78H 12K 9.90 UA78U0 1.90

C,T=TO-220 K=TO-3
L =TO'92

DlSC CONTROLLERS
1771 14095 2797 84.95
1791 23.95 6843 33.95'
1793 25.95 8272 38.95
1795 48.95 UPD765 38.95
1797 48.95 M88876 28.95
2791 79.95 M88877 33.95
2793 79.95 1691 16.95
2795 84095 2143 17.95

CRYSTALS
1.0000 MHz 3.69 8.0000 MHz 2.69
1.8432 11Hz 3.69 10.0000 11Hz 2.69
2.0000 MHz 2.69 10.7386 11Hz 2.69
2.0972 MHz 2.69 12.0000 11Hz 2.69
2.4576 11Hz 2.69 14.3182 11Hz 2.69
3.2768 11Hz 2.69 15.0000 11Hz 2.69
3.5795 11Hz 2.69 16.0000 MHz 2.69
4.0000 11Hz 2.69 17.4300 11Hz 2.69
4.1943 11Hz 2.69 18.0000 11Hz 2.69
UI60 11Hz 2.69 18.4320 11Hz 2.69
5.0000 11Hz 2.69 lU608 11Hz 2.69
5.0688 11Hz 2.69 20.0000 11Hz 2.69
5.1850 11Hz 2.69 22.1184 11Hz 2.69
5.2429 11Hz 2.69 32.0000 11Hz 2.69
5.7143 11Hz 2.69 36.0000 11 Hz 2.69
6.0000 11Hz 2.69
6.1440 11 Hz 2.69 48.0000 11 Hz 2.69
6.4000 11Hz 2.69 49,4350 11 Hz 2.69
6.5536 11Hz 2.69 49.8900 11Hz 2.69

32.768 KHz..... 1.69

CRYSTAL CLOCK OSCILLATORS
PART NO. FREQUENCY PRI CE

1.000 1.0000 MHz 9.95
1.843 1.8432 MHz 9.95
2.000 2.0000 MHz 9.95
4.000 4.0000 MHz 9.95
8.000 8.0000 MHz 9.95

~O.OOO 10.0000 MHz 9 .95
~ 8.000 16 .0000 MHz 9.95
~ 8.432 18.4320 MHz 9 .95
~ 9.660 19 .6608 MHz 9.95
20 .000 20 .0000 MHz 9.95
32 .000 32 .0000 MHz 9.95
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,.
" 74l(1)'i 11 " '0093 11 ",.
" 74tC147 11 ", '''''''7 11 ",.
" 14t(;151 11 " '""'" 11 '",.
" 74HCl53 11 " """"

,. ",,.
" 141(;15-4 " H' 141013 11 '",.
" 74tf';157 11 " "..",

,. 39',.
" 14HC158 11 " ,..", 11 ",,.
" 14HC160 11 '29 ''"'''' 11 '39,. .. 74tC16! 11 ' 29 ''"'''' 11 '",.
" 7411C1 62 11 ' 29 74tiC373 " '",.
" 741(:16) 11 ' 29 74HC374 " ' 39,.
" 7411Cl&4 ,.

'29 ''"'''' 11 '",.
" 14tt: 165 11 '" '0<:393

,.
'"11 " 7.u(;166 16 ,,,

'0033 11 '39,.
" 74tC113 11 ' 69 '''''''' " ' 39,.
" 141<11~ 11 " , .."" 16 3",. 19 74Hel15 11 "

,.....
" 319,. 79 74PCli2 11 '39 ''"'"''
,.

"11 " 74tC193 11 '" 74HC4il17 11 ",16 29 14HC19ot 11 '" """'" 11 , J9
11 ,,,

741<195 11 '" ,"""', ,. ll.,.
" '''''''' 11 '" ''''''''' 11 ' 39,.
" 14tiC2~0 "

,,,
''"'"'' 11 '39

11 " 14HC1-41 "
,,, 74tC4m ,.

"11 " 74tfC2~2 ,.
'" 7411C4(J7a ,. 69,.

" 74HC143 ,. ,,, 7-4ttC4511 11 '",.
" 74iOH "

,,, 14HC45 1 ~ " '",.
" 14tO~5 11 H' ,..,.'" 11 '"16 '" ,""", 11 "

,..,.,., 11 '"11 '" 14HCU04 IS IIMburtrted All ClIhels l rt burttrtd

U " 74C221 11 ,,,
" 35 74C240 20 '"" " "'" U ' 39 14C2-44 " ",U " 74Cl07 U " '14C373 " '"" " 14C151 11 '" 74C314 20 '"" 69 74Cl5-4 " '" 74C901 " "U " H CI51 11 '" 14C903 U "U " l~C l 60 11 ", 74C906 " "" 39 14C161 11 ", 14C'911 11 ",11 ,,, 74C162 11 ", 14C'912 11 ",11 ", 14C163 11 ", 1~C9 1 5 11 ",
" " 74Cl64 u '" 14C'911 " ",u 69 14C173 11 ", 74C912 11 ..,
"

,,, 74C174 16 ", H C923 20 ..,
" 39 74Cl1S 16 ", 74C925 16 ,,,
16 ,,, 14C192 16 '" 74C'926 11 ,,,
U ", 74CI93 11 ' 69 "'" 16 "U ", 14C19S 16 '39 '0"" 16 "• 79 Ul 74101 • "• ' J9 LM,.,. ,.

",. ,,, "'"... • ",
" lJoll.42P-5 " Ul t]l or. ,.

'"• 1.19 lJ,tJ.41P·12 69 llC,_ • ,,,,. ,,, lMJ.42P·15 69 MCI349 • ,,,. ,
" LF347H '" llC1390 • '",,, """" " llC' '''

,. ,,,,,, U43\O( ." Ul14S6V I '"" LF351111 I "' 1J,l14secN • "" LIJ>3H I ' 00 "'".... ,.
"" LI"'" I '10 "',- ,.
"'" ""'" I '10 Ul 14~ ,. ,,,

175 """"
,

" U.. """ '"" I.1069O ,.
'79 "'''00' 11 H'

H' U4370H ,. H' Ul l111H 16 '"1.19 U43". ,.
'" UlII12H 11 '"'" '1437711 ,. ,,,

U.l1871N 9 ,.
H', ,,, LJ430lCIj , 110 lMl8I9N 11 '",. ,,, ''''''''

,.
" "'''''''

,.
'"'" l U311H ,. ,,,

u.I2IlO2T ,,,
'35 '""" ,.

' 39 II.N2OO3A 11 "'" """'"
,.

' 79 """" 11 '"'" """"., I " XR22O' ,.
'"" 00'" • " ""'" 16 H'

"
...,.,. 11 ", XIl2211 ,.

'"" lMJ9IH-«J 11 119 Lll2S77P ,,,
" """" • 69 Ll'2"" '",.
'" c..- • '" """"

,.
"'" lM399H ' 00 """'"

,.
",.

" "'''''' 11 '" """'" ,.
H'

" no", ' I 1.19 """"" ,.
",

'" 10(531\1 • '" llf3'lOlCH , 1.19", ....... ,.
'" """'" • ",., ....... ,. ,,, Ll43'l'" 16 '"", .."" • " Ll43'l'''' 11 '"1.15 '0"'" I " lM39194 16 '",,,

""""
,.

" AW,," ,.
'"." ..- 11 '" 1IC4'5UIB I '",.

" ........ ,. 119 IlCU94TX H'1.39 """'" I '" 1IC4 195n H,,,, I.lWV ,
" "'''''''' • '"' 39 le70H 11 '" ....."'" 11 ,,,,,, oem 16 '" """" • H'

" """"" I U 9 16>3' I ".79 """"
,. 0 "... "79 Ul71C* ,.

" """'" " '"79 lJ,l711"l " " l l,l13OllCJf • 119

" lll723H " " ll,ll J6OCW 11 ",
" ""33H " '00 ''''' 11 '"" LlI739H "

,,, _.-.
3OOO3 1982 Nat. Linear Oata Book (1951 PQl I . $11,95

I'Ir1Ke F" nctiMI P'rtct
70451Pl CI,IQSPrKlSlOll TI'l'4If 14 95-
704~/KJf ' S\09IIlI.ak1'I C/loJI . XTl 19 95-
7106CPl 3" D9t AlOllCOCffltJ 9 95
H 0203D 3"[)IgotlCO()s.l)l.ll(crl1Q6&1116 1995
1106EVlr.tI· 40 IC ComlIt 8o¥ll ~, 3-495
710TCPl 40 3"" l)go4 AJO(UO [lr'rft1 1195
1101EVIkll:' 40 (; _ em..t 8oMd , !)1~ 29 i!!
7116CPt. 40 3 Y1 D91 A/OlCD ~ MlO 1695
71'OliUS l owB.inHy Yll'IlndoUlo'" 2 15
71051PG 14 CUOSlEDS1opwlltll fT~ 11 95
7205EV/lW l4 5loplfllt~ C....p. XTl 1495
7206CJPf 11 TQlltCift'lel' lcr 4 95
7206C[VI Kst" 11 TOIltGenetI \ofCl'loIl. XTL 795
7107AlPO 14 OsoIatcrConlrallf 5 95
1101AEVlM" 14 f leq ~r~trCh09 . XTl li!!
11151P(j %4 4 rU1"lCCll105~lt[/'l CItT 13 95
1Z1~{M' :4 4f ",'" SIw-m~ (;/'I; p . XTl 1495
72'16A1Jl :I llD91UIWf (A,IlttrCA 29 95
mfOlPl n 8 DgH req ~Mltr CC 1995
121M n 4 [logol l EOUp/Oown Coun!erC A 1095-
1217AIP! n 4Qlg1l l EOUp/DowtlCoun:erC C 11 95
12241Pl. 40 lC0 4" D91Up CounltrDRI 1095
712WVIKJ1" 40 5 FunctlQllCCKl!\lffClllp.XTl 1~ 95

moo
HC02
74C04
"COO
74Cl0
7~CU

'"'''''30
74CJ2
74C42
14C48
74C73
74C14
74C85
14CI6
74C8'i
" C9Q
7.1C93

TlDl1CP
tl012O'
M l -4CN
TlOllICP
n OOXl'
n""""""CH
Ll4301H
lM»4H
L""",

""'7tHL""""
""""U43' WO
UlJ l1l)t
00' '''
lM31TT
00171<
l/r,l]l8C1ll
U43'Ol
lMJ2OK·5
l.MJ2OI(·12
l.t.WO(.l!1
UtJ2Ol(·24

ll43""lJ,IJ2QT·12
UWQT·15
lM320H4
LlI322H
LlI323K
1.l4324H
LlI32lO2
ll4331H
Ul3342

'''''''l!f3362
ll4337W
ll433n

""""""""""""'"'1.MJ4()i;·12
\.M34lX·15
,-""",."
U43OlT.,
UU4DT.t2
lM14Uf.15
lM340H4
u.tJ.41p·5
l1,l]41P·12
L.M341P·15

P.~::c" 74HC High Speed CMOS
, ...",
,..",
,..",

'''''"'"0CU>4

'''''''14ICIO
74tCt l
14rlC14

""'"70U07
'00)

''''''',..,.,
"He"
''"'""He73
7oH;U
1~15,OV,,..,.,,.....
WfCl01
7~t1C l09

74HC112
'~1l3
14}(;125
74HC132
74HC137
14H(lJS

DT1050 - Application. : Taachlng aid s,
appliances, clock s, automot ive, telecommunlca·
tlons, langu age translation s, etc.
The OT10!:0 IS a standard OIGITAlKER kit encodl'd wit h 137 separal e
and useful words , 2 l ones. and !5dllf (ll'enl silence durat ion s. The
WOlds and lon es !'lave been assign ed di screle add resses. mak.ing It
pOssible 10 cctcvt Single WOlds Of words con catenal«1 inlo phraH S
or 8'l en sentence" Tne " voice" oul pul of Ihe 0T1 050 is a highly in ·
l elhglble male Y09ce. Female and cnil dren's YOlces can be synl l'wl' lz·
I'd . The voca bulary IS chonn so that It is app licable 10 many pro­
ducts and markel ,
TIM 0T1 05O con,l. l ' of a Speech ProceuOf Chip. MM54104 (40-plnl
and Iwo (2) SpeKh ROMs MMS2164SSR1 and MM52184SSR2 (24·lHn)
atong; wll h a Miller WOfd IIsl and a recomme nd«l schema llc
diagram on the appllcallon an..t.

0T1050 Oigijalker'· $34.95ea.
MM54104 Processor Chip $14.95ea.
0T1057- Expo.d. lhoOTl050 y bu~ry 170m13710O\'Ir260
words. IndudlS Z ROMs and specs.
PortNo. OTl057 .$24.95 ea ,

130009 19831NTERSIL Data Book /13560.1 •• •• $9.951

I',n H• .
1103<02,
~11~ -2

41l6frt·3
4116N·4
4164~ ·l SO

4164" -200
1011015261
MM52U
1,1"'5270
"''''5210
"Ill
1ol1ol !l29O-2
1,1 1,1 5290·)
MI,I 5290·4
1ol1,l!!291-3

" ""'I DYNAMIC RAMS !"rIc..!
11 1014~1 (3OQrl1) 99
11 40Hxl (25Ons) .. , ... , ..... 2.41
11 16.3I4~ 111~11 119 · 1/1 495
11 t6_3&bl lXll:)l11 1 69 ' 1/ 12 95-
11 16_3141 112»11 149 ·1 11095
11 65 S36-0 1 (15OnS1 695 · &/4995
11 65 5J6;o: 1 1Xll:)l1) 595 ·111449 5
11 1024~1 /3Ol)rl1) 43 · 111 95
n 2041 111 (HSns) _. . . . .10
11 4096~ 1 (25l)lI I MUQ96 4 95
II 4D96x.l lXll:)ls12101 39S
II & 1 ~ .
tI16.3!4 11 1 11SCklI I 189 .1 / 14 95
11 16,38411 1 (2OOn1) 1 69 · 11 /1 29 5
Hi 16.) 1411 (15OnS) 1 49 .1/ 10 95
11 11192d r2OOns) 1 69

- --- :STATIC RAMS - - - --'- I
1101 11 1S6ll1 16SOnIl 14 9
2101 n 2~4 14SOnsI l iOl 2 49
2102 11 . t02411 1) !J,00 1o 1 119
21102 11 102411 t4:.Qt1loil P 1 49
2111 11 2561.4 [4»'111111 29 5
2112 11 2~14 t4seMi 1,105 19 5
2114 11 102414 14SOnS) 1 49 .11 99 5
2114l 11 1024 ~ 4 14!1Ons Il P 1 95 . I IU 95
2114-1 1I 102411 4 10"l10rts l 1 75 · 1/1195
1114l ·2 11 1024,;~ {2'OOnl j l P 22 5 ·1 114 95
2147 11 409&al (10MSI 4 95
2141 11 1 0 2 ~x 4 (70lUj 49S
TM$4045 11 1024x ~ (4SoOns] 3 9S
T1,I540l 47·45 to 1024x4 (4SoQ!ls) 2 95-
5101 n 2~4 r45l)ls1CI,I05 295
MM5157 11 4096J(1 (4SQt!1) 4044 495
I1M6116p·) l4 ?().4ll:c1 11~s 1C Iol05 59 5-
tw6 116P-4 l4 10411xll 12!lOrIsjCIol05 4 95
HU61161. P-4 24 204h1 {:i'OC'_lsll P CUOS 5 49
HU6264P-l.So 21 1192.0;8 115OnSICl,lOS 4395
~15 tI III)bll lI5CN) l PCJolOS 4995
21lSOO 11 2.So6.l1 (80nl ll P 695
1419 11 16.ll4 t5Onsl 3t Ol 2 25
74C920 n 2S6x~ (2SCklsl 39 5
74C921 11 2~x~ (25()rlsj CU05 39 5
74C'929 16 101411 l25Qnsj CU05( 6S011 39 5
74C93O 11 102411 (2SOMS) CI,I05(6511j 39 S
745189 15 16.10: 4 l35/ls193-405 195
745200 16 2~x l l~sI 93-4 1 0 39 5
145206 11 2~,; 1 l6QllsI9 3-411 3 95
145289 16 16.ll4 t3Snsl )101 - 225
82S10 16 t024xl t5Ons)OC (934151 39 5
12S2S 16 16,x4 (SOnsIO C (745289) 225
---- PflOMSIE PROMS--- -
U~A %4 25k1l 11..11 _ .4_iS
2101 %4 1024~1 /4SOnsl 3 95
210115 %4 102411 (5SOns15U00246 2 95
11,152516 %4 204&.1 {4SOns12716 5 95
TI,(52532 24 ~096';1 (4SOMsI HUC2~2 69 5
TI,IS2~ 21 1192xl (4SQnsl 14 95
TI,(52716 %4 204ll:c8 (4SOns) J'IOlUg. 995-
2716 24 2O-l ld (4SQ1ls) 4 95
17C16 %4 204a~a 119S
2716·1 24 2()4ll:c1 ()SOnsj 5 95
27160·5 %4 lO4ll:cS (5!>01ls) 449
2132 24 4O%xd (4!>01lst 6 95
2132A·) %4 ~096.x8 (.3OOtISj 7 95
2732A-4 %4 4Q96.l1 (4SOnSj 21'i 6 95
27320-4 24 409611 I~sl 59 5
2151O·A l4 1024.1 {45Ons} 295
2764·4 1I 1192x8 (4SOnS) 9 95
2764-3 %1 819bl (3OOns) 10 i!!
1,1 10152040 :r4 5 1 2Jl8 I1 ~ s l 495
I,IC1ol6l 164 24 119218 (4SOns) 24 95
27121 1I 16_3I4d(450ns ) 1211ItEPROIol 2995
745111 11 3211 PROI,IOCI5330·11 1 49
7-4S287 11 2~.4 PROI,IT 5 r6301·1) 1 95
'45281 11 3bl PROI,IT 515331·1j 19 5
745387 11 2~.4 PROI,IOC (6300'1) 195
745411 to 2!16x8 PROI,lT5 16309·1j 59 5
745412 to 512.1 PRO/r,l 1St6349·11 4 95
74S47) n ~12x8 PROMOC (63411 4 95
745474 14 512x1 PROUT S (Olr,l17S2i6N1 4 95
74S475 %4 512x1 PROU O C 163401 495
14S476 11 1024x ~ I'M\U T 5 695
14$411 24 1024.18 F'fKlIolTS 195
745570 11 5 12~4 PADU ac (63051 295
745~11 11 512,;4 PRO,",T 5 16J061 295
145572 11 102~x ~ PAO/r,l 0 C (6352j 4 95
14S513 11 10241~ PRO'" T 5 (1125137) 4 95
12S2) 11 32x8 PROM O C 127511j 2 95
82S 11 ~ %4 51218 PROM T 5 (275151 995
825123 Hi 32xll PRO t-lT 5 127519) 2 95
825126 11 2!h4 PflQt.lOC (27520) 295
125129 11 2!>&.4 PRQt.lT S [27S211 295
82S13O 11 !! 1 2~ 4 PROMO C l275121 3 95

12511~ 11 204&.4 PRO /r,I T 5 ITBP14$1l11 9 95 tt;~;tiHI~il:min~rt=rf lgt5i~I 80~ ~: ~~ ~~IO C (12$180, 1; ~~
OU87S11Hl U 1024.18 PAQI,I T S (1251111 9 95
[;l,l 1 15 114~ " 204ll:c4 PAQt.l0 C (8251141 9 95
Ot.l17511s."l 11 204&.4 PADl.l T 5 (12SII!!} 9 95
O "'175190.~ U 2Q.C&.4 PROM O C (1251901 14 95

~DArtlc&tfl~rTfor~~
OCl0 M CI1I' k DC/OC ~l\"o'Ift ...5Vl0 ·9Y 29 5

~E~:~~r, ~ : ~~/~sc.,~:t:I~~~lCN ) ~ :i
l.lC14011l 1I 8-M OIA Con~tel lDAC0808lCN I 2 2~

AOCGa03lCN lO l -b1IAlOCon\'tll er ls: l / 1l 5B) 495
AOC0804 lO l - ~OJ O Convtrl t1 1 1 l 5B I 349
0AC0806 11 11 blt O/ AC/ltl.et1tf I0 11~ l ln 1 1 9!1
ADC0809 21ll - bo1 A / 0 Convtr1 tr l l ' C ~ I,Il1l11J 449
AClCOII1 4oa - tl" Al D Conwl,, (16' C ~ lr,l1l 'tJ I 995
D4C10D0 %410-tICOIAConY UotlO Comp (0 OS%) 1 95

g:g~~ ~ :~~ ~~E: ~~%'f:'\ 10 20%) ~ ~ I.;';;;"";';''';';;''
DACl 022 11 1G-flIt D/A COl'tY I0 2O% l lll l 5 95
DAC1222 11 '2 -tl,tO/A eon, (020% llll ) 695
l lol3J.41 ConlunI Curr'MI~rtl 119
l lllJ3!1Z Temw l luI.Tr,nSOuetr 14 0
l U399H Ttmll Comll Pre<: Rtl ( 5PJl'T1/C· 1 500
AY·5-1Dn A 40 JaKI,.lCI Uart Tlll lO%1 u s

LOW r n OFILE SOLDEnTAI L
(TIN) SOCKETS STANDARD (TIN),.. 10·" l(lO.u p 1·' 1 ~" 10()'up

."'" .11 ." .n 14 " .$1 " 27 ."14p .U' . 17 ... ." 15 "51 " .32 .30
15 pIAU' .11 .17 ." 11 ,. ST .. 36 "11pllllU' .21 ." ." 2G,. ST .u "" "" O'" 30 .27 2S %4,.ST ... ... ."n ,.,.U' .31 ." 21 lI""ST .09 17 .n
%4 pM U' .n .30 .11 411 pili ST .19 .IS .19
lI pift l l' ." .37 .35
Jlpift lP ... .., . 39 WIRE WRAP SOCKETS
40plltll' ... ... ." (GOLD) LEVEL '3

SOLDERTAIL (GOLD)
,.,

1~" 10().up

STANDARD ' '''ww ... .u ..,,., 10·" 100.up 111 ,.WW Il .12 .so
I ,. SCi . 30 .Z7 ST 14 "'WW Il " .so." l l pl1lWW 09 Il 11

U pIllSG " .39 37 11 ,.WW 19 " .79
11 ,. Sli ., ." " to ,._ 1 09 1.05 ."1I ,..SIi " ... .n iii U pillWW '" 1.11 US
%4 ,...S; .09 .Il .11 U ,..WW ". 1.%1 1,11
lI pm SG 11 .76 .n U pMlWW 159 1.30 US
UpiflSG 1.09 l _U .IT WW .."' WW 1.15 1." 1.11
411 pin SCi 1.21 1.14 1.01 4DpIllWW 1." 1.1t 1.71

$10.00 Minimum Ordar - U.S. Funds Only Spec Shoots - 30c aoch
California Residents Add 6YJ% Sales Tax

~tf$~9: ~~~~c;'C:C;;l~~~OGShipp ing - Add 5% plus $1.50 Insuranco
Sand S.A.S.f. for Monthly Salas Flyor! Price. Subjocl to Chango

,83 Jameco I V/S4' I

1355 SHOREWAY ROAD, BELMONT, CA 94002
9/84 PHONE ORDERS WELCOME - (415) 592·8097 Telex: 176043
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DE·4 UV·EPROM Eraser . . .$79.95
UVS·11EL Rep lacement Bulb . .$16.95

511." APPLE"'
Direct Plug-In

Compati ble Disk Drive
and Controller Card

The AD D- 5 14 Disk Drive uses
_ Shugart SA390 mechanics -143K

fo r matte d sto ra ge • 35 t racks
• Compatible with Apple Cont rol ­
ler & ACC - 1 Co ntro lle r · Th e driw

co mes c o m p lete with co nn ector a nd cable - just p lug
into yo ur di sk contr o lle r c ard • Size: 6"L x 3\2'W x
8-9/ 16'"0 . we ight: 411lbs.
ADD- 514 (Disk Drive) . ... .. •...•. $195.95
ACe-1 (Co ntroller card). . .••..•. $ 59 .95
Also Available ...
JE864 (80 Col. + 64K RAM for fie)• • • • • • $124.95
JE614 (Numeric/ Aux. Keypad for lie)• • • • • • $89.95
F051APC (Apple Compal. II -HI.Dr;",,) •••• $209.95

Jfi} ,-'f;LS riii £5 Protect Yourself. ..

• DATASHIELD QlI
.....'t-• .!m~a~-;.!~!~~!~!..

~. beforeit can damage}<>Ur equipment or cause
~ data loss' 6 month warranty· flower di ssipa-

.-. -s: ~~t~ ~~~=~6J~~'~~~~:S~t~
,. .... age indicator light · Brown ouVblack out reset

switch· weight: 2 tbs.

Model 100•.... ... .. . . . • ... . . . . $69.95

DATASHIELDQlI
Back-Up

Power Source

I
Provides up to 30 minutes of con tinuous 120

: we 60Hz power to yOur compute r sYStem
• • (load dependent) 'Nhen you have 8 black out

or ~ltage sag • OtJtput ratlng : 200 watts ' Six
month warranty · Weight: 24 Ibs.

Model 200 (PC200)• .. . • • • . •• • . . $349.95

For more demanding . ystem. (e.g. wit h ha rd disks)
, 0IJlpul rotin g: 300 watts

XT300 . • •• .• •. •. .•.. ... ..... .. $489.95

IBM MEMORY EXPANSION KIT .
. COMPAQ COMPATIBILITY

SAVEHUNDREDS OF $$$ BY UPGRADING
MEMORY BOARDS YOURSELFI

UV·EPROM Eraser

TRS-80 MEMORY EXPANSIONKIT

Ere.., 2T01, 2718, 2732. 2764, 25t .. 2S12. 2514. Er.... up to • chips
within 51 minute, ( t chip In 37 minutes). "elnil in. con,t. nt eXpoeIlmI
dllta~ of OM Inch. Speda' conductl.. IDam IIMr eliminate••tatlc
IKllld-up. au llt·ln ufety lock to~nt UYexpos ure. Compac t - only
8.00· II 3.70- II 2.80-. Com~ete with hcHdlng tray ,Of ' chipl.

IBM64K (Nine200ns64K RAMs) ... .. $49.95

:0

Easy to install ki ts comes complete with8 ea. 4164-2 (200nsl 64K
dynamic RAMs and conversion dccumentato n. conve rts TRS-SO
co lor computers with D. E. ET, F and NC circuit boar ds to 32K
Also converts l RS-SOco lor com puter II to 64K. Flex OOS or 05-9
required to uti lize full 64K RAMon all compute rs.
TR5-64K2. ... ... . .. . . . . . . .. . . . .• .. •. . . . . $44. 95

TRS·80 to 16K, 32K, or 48K
" "M.de I1 = From ( K t. 16K Requlro. (1) OneKK

M.d,13 = From ( K t. (BK Requlr.. (3) Throe Kill
Celor • From ( K t. 16K R,qulro. (1) One KK
··MlOell IlIllIp," WIllibpalll lH IIII'd . , I' 411(T.. 1OI1 RaqulfM

- O. KI RlCIlllrtd ferhe" 11K " bplllu. -

TRS·16K3 " 200", fo r Co lor & Mod el III . S12.95
TRS·16K( "250nl for Mod ei I. S10.95

Most of the popu lar memory boards a llow ' OU10 add an adent ional
&4K, 128K, 11i12K, Of 2seK. The ISMU KKitwillpopu late the.. boards
In 64Kbyte IncrerMnt,. The kit II ' Imple to Inl t.lI - JUl t Inl ert the
nl,.. &4K RAMchips In the pt"ovlded l ochts and .et the two group.
of I WItChel. Dlrectlonl . ... Included .

68-Key Keyboard with Numeric
Keypad for Apple II and 11+
• Plugs directl y into Apple II or It+ motherboa rd with
t e-pm ribbon cable con nector ' 26 specia l june­
tions ' Colo r (keys): white/g rey ' weig ht: 2 1bs.

KB-A68 • • •. ••.• . • •. .. • . $89.95

106-KEY 8-BIT SERIAL ASCII
KEYBOARD
• Tho terminals were designed to be da isy chained
around a central host compu ter and used as ind i­
vidual work etancne • Hall effect s'Nltch ing • numeric
and c ursor keypa d • 10 user dehnable keys ' 50­
interface cable with 9-pin sub- miniature connecto r
• 7 LED function displays' Secunty lock· N-keyrol l­
over ' Automatic key repea t ful'lCtion • Color : (case):
wh ite wlblack panel - (key caps) : grey and blue
• 'Neight 6~ Ibs. • Data inclu ded.

KB139 .

Mitsumi 54-Key Unencoded
Matrix All-Purpose Keyboard
• SPST keyswitche s • 20 pin ribbo n cable connec ­
tion • Low profile keys • Features: c urso r controls.
control . caps (lock), func tion. enter and shift keys
• Cok>r (keyca ps): grey' \\1 .: 1 lb. • Pinout incl uded

KB54 ..... •. ... •... .... $14.95

76-Key Serial ASCII Keyboard
• Simple seria l interlace ' SPST mechanica l switc h­
ing • Operates in upper and lower case • RYeuser
function keys :Fl-F5 ' Six finge r edge ca rd connec­
tion • Colo r (keys) : tan ' Wstght 2 Ibs. • Data incl.

KB76 • • . . . . .• . . • . • .• . .• $29.95

Intelligent 300/1200 Baud
Telephone Modem with

RealTIme Clock/Calendar
The ProModem" is a Bell 2 12A (300/1 200 oaucn intelii­
gent stand-alone modem • Full featured expandable
m od em ' Sta ndard fea tu res in clud e Auto Answer and
Auto Dial, Help Command s, Programm able Intelli gent
Dialing, Touch Tone'" and Pulse Dialing & More ' Hayes
command set compat ib le plus an addi tional extended
command set · Shown w/alphanumeric di splay option.

PM 1200. • • $375.00

TRANSACTION TECHNOLOGY, INC.
5VDC @ 1 AMP Regulated Power Supply
• Output : +5VDC@ 1.0 amp (also +30VDC regulated) • Input: 115VN::.. 60 Hz
• Two- tone (black/beige) self-enclosed case ' 6 foot, a-co nducto r black
power cord , Size : 6"' · L x t" wx 2"'- H' we ight 3 1bs

PS51 194 . ..

Power/Mate Corp. REGULATED POWER SUPPlY
• Input: 105~125/210-250 we at 47-63 Hz • Line rogu laUon : ::!:0.05% • Three
moun ting surfaces · CNcrvoltage protection ' UL recog nized ' CSA ce rtified
FWt No. Ovtwt Size w.ight Price

EMA5/6B 5V0 3A16VCl2.5A 4" "1.x 4'W x 2" "li 2 lbs. 529 .95
EMA5/6C 5V@6N 6Vft 5A 5~1.. x 4r, "W'x271 "H 4 Ibs. $39.95

Switching Power Supply for APPlE II, 11 + & lie'·
• Can dri ve four floppy di sk dr ives and up to eight expansion cards
• Short c i rc ui t a nd overload p rot ection · F lts in sid e Apple com p ute r
• Fully regulated + 5V @ 5A, + 12V @ 1.5A, -5 V @.5A.-12V @.5A
• Direct plug- in power co rd inc luded · Size: 9!, "L x 3\2"W x 2\r4 "H
• Weight: 2 lb • .

KHP4007.•. .•. • •. ••....•.•. ••.• •••.. • $79.95

KEPCOITDK 4-oUTPllT SWITCHING POWER SUPPlY
• Ideal for disk drive need . of CRTterm inals, mtcr'ocomputers and
video games · Input ; 115/230VN:.,50/ 60Hz ' Output : +5V " 5 Amp, +12V 0
1.8 Amp, + 12V CI2 AmP. -12V @ 0.5 Amp · UL recogn Ized · CSA ce rtified
• Size: 7~L x 6-3/ 16"W x 1'-"H •weight 2 Ibs.

MRM 174KF• . .... • • . . •.. •..... . . .•. .•. $59 .95

POWER PAC INC. REGULATED POWER SUPPlY
• Perfect for computer systems ' Output: + 5VDC ft 11 Amps. - 5VDC 0 1 Amp.
+ 12VDC 0: 2 Amps. - 12VDC 0. 0.5 Amp and +24VDC ft 3 Amp s • Over­
YOltageprotect ion ' Size: 12" 1. x 6~'W x 4"'" • 'Neight: 17 1bs. • Spec incl.

PS2922. •• . • . . .. . . •..• . . . • .. • • • . . • . . • $69.95

4-CHANNEL SWITCHING POWER SUPPlY
• Micro proce ssor, mini-computer. terminal, medi cal equipment and process
con trol applications' tnput:: 9O~ 130VAC. 47-440Hz • Output: + 5VDC CI5A.
-5VDC O 1 A; + 12VOC 0 l Ao· 12VDC O 1A· Un e regu lation s: :T0.2% · Rippkl :
30mV P-P • Load regu lation : ;!;. 1% • Overc urrent protection ' Adj: 5V main
output ,j:10% ' Size: 6~1. x l r, 'W x 4-15/ 16"H ·'Neig ht: 1 ~ Ibs.

FCS-604A. • • • .•. . • . .. .. . . . .• ....• $69.95 each

POWERSUPPlY +5 VDC • 7.6 AMp, 12VOC . 1.5 AMP SWITCHING
• Input . 11SVAC. SO-60Hz . 3 amp/23OVN::. !)()H.z • 1.6 amp ' Fan \IOltl~r suppl y
HkIct SWltcheS (11SI23OVACl • OutPUt ,SVOC. 7 6 amp. 12VOC O 1 S amp ' 8lootblack
powe r COfd • SIZe : 11"11. x 131oo"W x 3""" • Witlght: Sibs.

PS94VOS.. . ••.•.• •.• •• •.. . •. •. •. . . •.• $39.95

= ======""-:!:::,
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16- 9/1 6"l x 6, "W x 1:"1-1
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Nationally Known
Manufacturer!

~~
PROMETHEUS

- ~
.... . . . .. ..., ----..............' .
:\':.~,.~\\':.':a,,':.':.= I::: :::-===::::.::-- ....:::::

$10.00 Minimum Ord er - U.S. Fund s Only
Californi a Resldents Add 6Y, % Sales Tax
Sh ippin g - Add 5% pl u. $1.50 Ins urs nc e
Send S.A.S.E. tor Monthly S. '. s Fly. r'

IEB]Jameco"tVISAoII
1355 SHOREWAY ROAD, BE LMONT, CA 9400 2

9/84 PHONE ORDERS WELCOME - (415) 592·8097 Te(ex: 176043

$149'.>

$14t!l

$IU S

$14~

.. $t4~~n.HI&Idlo,OIlI .

MCLF,.cs...lII[C.--. ...-­,--
11V "f~OlIl .. $lU~

ForApple II, 11+ , . nd lie . .. .
For Commodore64 & VIC-20

..,.. TIll$21M,,"Vill

""'" ''''''''
...", ""
""'" "'"-.. """''''..",..'"- ''''- """"

::::':t P'MI "'="' ~ -..c!ID NICt
....... l1llf :5lf AICI-.""*",,,, n ... $1,(95

Joll'" 1116. T~16(TlJ lW -. ........... IifC.ll.
AIlII.~~ .

.5'1.+5'1.+12'1' ...... n

..10.... \11

!!!!'I- ...........

JE520CM
JE520AP

• Over 250word Yoa bulary-tfftxes allow theformation of more
than 500words. Built-In ampU",r I speaker, volumecontrol, and
audiojack · Recreatesa clear, natural male voice . Plug-in user
ready with documentation I nd sample sonwne • Case size:
7'/. "L x 3'4 "W x 1-3/8 "H

RS232 ADAPTER FOR
VIC-20 AND COMMODORE 64

e

The.H64 EPOOM~irIlf'I'IlI'~ar'lIIJfOI7J1Tl5vn)USa-IktWortlEPflOMsIrom8K 1o

&4f(.B.tmemtllY~ DlU t.anbr tr*r((\ IIIlo Ihe .l: 6&4 ·$ lIIkr~ 8K 1l a-8ItR.Ull/l\llree

'NJ'IS' I1Ilfoma OON It EPfO,t . (2)lJO'll :llltxlcmal tompUItr '0'\.01 !hi CllItKNl..lflM RS232C
EUi.(3! Iforr! J1s p;lllel~ The..(6&4'sRAMsmJybeacauedb'trIIIbl>onP\'po$tS
Irl)lllthe~·sttstSOCUllOantQfm.1l~. lnprogrlll1'WO\lll1d~1he

..fU.l-.ws torrlQrTllNbon. cNnotand~ atprogram con\tItt TheJE664"sRAMs
canbiproor~QUoCllJylOall · l-s lor~Vlluel.allowvIg~used~rutSlIllht~

10tit~ '* 'II'iChOI.rt necmoty at1N'e<U0r4 The.H64 ~OATAand
AOOI£5S III~ Ilt:xaOeom.lIl l~) /t:lrm& A "lllSPlAYEPflOM OATA~

blAtorod\¥lgrSltIt DATA 't.mA"I)'ll RA.Ull(ll dIc EF'fOll'lll'l:tllandl$~llIbot11

~atldtwl¥ycodtThtfl'or,(/)¥ottle.ltu'naCClll\'MltlltOllfl'~OOOtTheJEM4

Pf~~one JMl6A~~lJSbteodbdowl

JE664-A EPROM Pnt,.,..r. • • ... • • •.. .. $995.00
AsMmbled & Tu ted (Includes JM16A Modul e)

APPLICATIONS: • Security Warning • Telecammunicatkm
• Teaching • Handicap Aid
• Instrumentation • Games

The JE520 VOICE SYNTHESIZER will plug rig ht into your
computer and allow you to enh ance almost any eppuce- ,
l ion. Utili zing Natio nal Semiconducto r's DIGITALKER'"
Speech Processor Ie (with four cu sto m memory ch ip s),
th e JE520 co mpresses natura l speech into dtg ital mem ­
ory, incl ud ing th e origina l lntl ections and em phases. The
res utt is an ext reme ly clear, natural voca lization .
P. rt No. Descrip tIon

JE66S - IISZ32C _MAC[ 0PTlIlII - n. RS2J2C """'" """"_
~ac:autolhe..Q6.4sRAM ThdlllowstheCOft'lllUlt'rIo~slo"¥ld

lrMlSler fPKlM NU Ioand/l'om the.fU4 AsamPt proor""~ lSsupplted IIIM9A$lC1or
CP!Ill~~lS prOVIded lo aGlpt lht soltwart lo other t:Ql'l'lPlAer1 w:t!1 an

RS232port 96OO~&·l)IIword.odd~llynl 2_bU

FOR A UMITEO TIME A SAMPLEOF SOfTWAREWRIITENIN BASICFOR
THETRS-80~ Io4OOE:ll. LEVELII COMPUTERWIll AlSO BEPROVIDED

JE664-ARS EPROM Pnt. wlJE66S 1Ipti1l• ••• • $1195.00
Auembted & Tested (lnclude sJt.4 16AModuIeI

JE520CM

EPROMJUt.4PERMOOUlES l'he.fU4·sJ..M'EJIMOCUE lPtfSONlJlyMocUe) lSa
~IoloduIe N prt-sd$ the~ lof lhe proper progranvno'lO pulses Io 1tle Ef'AOt.l and

~thtEffOl~CCWIeCtlons b'tNilp.lrtlaNrEPfO,l

JE664 EPROM PROGRAMMER
8K to 64K EPROMS - 24 & 28 Pin Packages

CooplrWy Son-tollbined - lIe1uins No _ Spl!tls~r Dporotio,
• Programs and validates EPROMs • Choc ks lor pro perty erued EPROMs
• Emulates PROMs Of EPROMs ' RS232C Computer Interl ll ce tor odrtmg and
program Ioadong • Loads data Into RAMby keyboa rd ' Changes data In RAM
by keybo.ard · LGldsRAMfrom an EPROM•Compares EPROMs for" conlent
tlJfferences • ceees EPROMs' Power Input 11SVAC. 60Hz, less than 1r1N
DOW*!" consumpborl • Enclosur e : Coklr<OOl' dmated. light tan pa nels wllh
mokled end piece s III mocha brown • see. l S""L X 8" -0 X3't ' H ' Weight... .,.
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Learn micro-processing with the new

MICRO..PROFESSOR IP

••••...... ., . -
/--

ISO-I ISOLATOR
3 isolated sockets; quality spike
suppression; basic protection. . 881.95

ISO-3 SUPER-ISOLATOR
3 dual isolated sockets; suppressor;
commerc ial protection 8122.95

ISO-17 MAGNUM ISOLATOR
4 quad isola led sockets; suppressor;
laboratory grade protection.. 8213.95

Our Isolators eliminate equipment
interaction. clean up interference.
curb damaging power line spikes
and
lightning
bursts.

DON'T
BLAME THE
SOFTWAREI

~ Electronic Specialists, Inc.
171 S. Main. Natick. MA01760 (617)655-1532

Toll Free Order Desk 1-800-225-4876
MasterCard. VISA , American Express

':(~1)
~ 1M.

~HAL H HA ROLD C. NOWLAND
WOZXH

HAL·TRONIX, INC.
P.O. BOX 110 1 · DEPT. R
SOUTHGATE. MICH. 43195

PHONE (313) 285·1782

HAL 2304 MHZ AMATEUR DOWN CONVERTERS
(FREQ. RANGE HlOOt2S00 MHZ)

2104 MO DEL.1 KIT .. .••••••••••.. ..••••....•.••...•...11'.1$
BASIC UNIT WtTH PRE·AM P LESS OIE·CAST CASE I FlTIINGS

2304MODEL12 KIT ••• ••• • •• •• ••••••••••••••••••••••••. $21.1S
BAStC UNIT WITH PRE·AMP WITH OIE.cAST CASE l FITTINGS

2304 MODEL.3 KIT .. . • • • •... • • • • • • • • • • • • . • . . . • . . .. .. . .'''.IS
BASIC WITH HI-GAIN PRE·...MP WITH DIE·CAST CASE I FITTINGS

POWER SUPPLY •• • ••• • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • .11'.ts
FOR THE ABOV E · COMPLETE WITH ALL PARTS LESS CASE

POWER SUPPLY CASE • • • • •• • •• ••• •• •••••••••••••••••• •• 15.00
BLACK PLASTIC CASE . UNDRILL ED

CONIFER PARACEPTORANT ENNA •• • •••••••..••••••••. $41.• 5
PERFECT FOR THE 2304 MOO 2 & 3 · e DB OVER ANY DISH

HAL·P....1.1GHZ 2 STAGE PRE·AMP ••••• • •• ••••••••• (lon 134.15
DESIGNED FOR THE 230<'DOWN CONVERTER. MADE TO PlGGIE
BACK ON THE 230<'BOARD. OFF ERS 22 DB MORE GA IN, HAS 1M·
AGE REJECTION FILTER
PRE-AMPT RANSISTDR EXCHA NGE •••••••••••••••••••••• 15.00
EXCHANGE TRANSISTOR IN 2304 WITH NEC~~

SLOTTED ARRAY ANTENN A • ••••• •••• •••••••••••••••••• 121.'5
1& 08 GAIN USE WITH 2304 MOO 1 KIT. NO CASE REQUIRED

O
21()().2500 MHZ

'AMR COMPLETE UNIT
COMPLETE SYSTEM AS SHOWN . NOT A

.r: KIT. INCLUDES A PRE·ASSEMBLED PROBE
DOWN CONV ERTER. DISH, POWER SUPP·
LY, CABLES AND CONN ECTORS. TESTED
UNIT, OFF ERS 24 DB GAIN OR GREATER
IIUY ONEAT ' " .15
ISUY THREE OR MORE " , ••••••• 111.'5 •••
' AMATEUR MICROWAVE RECEIVER

EPRO 2000 PROQRAMME R ••• • • •••••• •••••••.••••••••. '1 " .15
EASY TO USE NO COMPUTER NEEDED. FREE STANDING EPROM
AND GAM E CARTRIDGE PROGRAMMER. EASY TO USE. NOW
MAK E ARCHIVAL COPIES FOR YOUR OWN RECORDS, THE EPRQ
2000 CAN ALSO MAKE BACK·UP COPiES OF 2732 AND 2716
EPROMS, OR OF THEIR RESPECTIVE EOUIVILENTS, IN EPROMS
OR ROMS SAVE ON THOSE INDUSTRIAL SERVICE CAL LS, EXTRA
B~NK CARTRIDGES ARE AVAILAB LE AT THE LOW COST OF
$6 .!lO EA OR se 00 IN LOTS OF 10 LESS EPROM.

PRE·AMPLIFI ERS
HALPA11 •••••••••••••• •• • • ••••• • • • • ••• •••• • • •••••••• 11.• 5
WIDE BAND 2·200 MHZ · l ' DB · BUILT AND TESTED

HAL PA 1 111.15
WIDE BAND · 10 MHZ TO 1." GHZ · 12 DB · BUILT AND TESTED

SHIPItI NG INFDRMATtOH: ORDERS OVER m WILL BE SHiPPeD
POST·PAID EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES
ARE REQUESTED. ON ORDERS LESS THAN I~, PLEASE INCLUDE
ADDITIONA L $2.50 FOR HANDL ING AND MAILING CHARGES.
MICHIGAN RESIDENTS ADD " % SALES TAX. SEND 20' STAMP OR
SASE f OR FREE FLYER.

- s-VISA- MaI~ .. ~

Full money ba ck guara ntee .

Students, engineers or technicians­
upgrade your micro-processing skills
with the new Micro-Professor IP.

The MPF-IP features:
• extensive softwa re supp ort
• more built-in memor y
• improved keyboard
• larger display

Three tutorial guides help cover all
capabilit ies. The ideal tra ining too l!
MPF -IP will deli ver you int o the growing
world of micro-p rocessing. Invest now!

Plus-FREE GIFT Only $179.95
o Check this box for FREE~
Z..SO Microprocessor ~l
Programming and
Inter facing text book When_ I
you order within 7 da ve. "_. Dept. RE094
$ 1Z.95 valu e. 14803 N .E. 40th

Redmond , WA 98052

For immediate ac tion call T OLL FREE:

1..800426..1044

CIRCLE 39 ON FREE INFORMATION CARD CIRCLE 75 ON FREE INFORMATION CARD CIRCLE 6 ON FREE INFORMATION CARD

CIRCLE 56 ON FREE INFORMATION CARD

FROM THE LEADI NG MANUFACTURERS OF TEST EQUIPMENT

CAL L TOLL FREE FOR
SAME DAY SHIPMENT

BBC MA1H $ 46
BBC M2031 $199
BU 2806 $ 64
KEITHLEY 128 $137

ON
LARGEST FULL ·L1NE INVENTOR Y OF

WINNER'S DEAL

EICO FLUKE GLOBAL HICKOK HITACHI

THE WM. B. ALLEN

HAND HELD METERS

UP TO 25% OFF

PLUS SPECIAL DISCOUNT PRICES ON SCOPES, INCLUDING HITACHI

flUKE 73 $ 75
flUKE 75 $ 88
flUKE 77 $115
flUKE 8022B $125

IN STOCK AND AVAILA8 LE NOW!

~:~
~~S}-+-<;'
~~

SOAR SX220 $ 22
SOARME540 $ 44
HICKOK LX304X $ 94
HITACHI 3510 $t36

WM. B. ALLEN SUPPLY
ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

LOUISIANA TOLL FREE 800 462-9520

en
o
Z
orco
w
.....I
W

oo«
a:
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..
'NEW'FROM RAMSEY-20 MHz
DUAL TRACE OSCILLOSC~PE
Uns u r p assed q ua l ity at an unb eatable p rice. t he Ramsey oscl l loscope
com pares to o thers cost ing hundred s m ore. Features in clude acom po­
ne nt testing c irc u it th at w i ll al low you to eas ily test resistors, ca pa c ito rs.
d igital circui ts and di odes. TV v ideo sy nc fi lte r . w ide bandw idth .S
h ig h sensit ivity . in te rna l grat icu ie • hi gh q ua l it y rectan g u lar C RT
• front pa nel t race rotato r • Z ax is . h igh sen si t ivi ty x -y mode . very
lo w power cons umption • regu lated power s up p ly. b ui lt-in ca li b rator
• roc k solid t r iggerin g. h igh quality h oo k-o n p robes

--
- ~. . -••-.

test leads and battery
Included

RAMSEY 0-3100
DIGITAL MULTIMETER
Reliable . accurate d igita l
measu rements at an amaz ­
ing ly low cost . In-l ine color
coded push but tons , speeds
range selection . abs plast ic
tilt sta nd . rece ssed input
jacks . ove rload protecti on
on all ranges. 31> d igit LCD
display.with auto 'zero. auto
po l arit ~ & low BAT. indicato r

$5995

high quality
hook-on probes included

J- b 5.01._.- ..

• >. ,.~ .~. ~~.-'" -

..... ; " 0 - ' 5 5.~ _ C I .

- - ' ''~j~
""'"'-~~- .-

hFE test lead s, battery & vinyl
carrying ca se included

RAMSEY 0-2100
DIGITAL MULTITESTER
A. compac t easy to use un it
designed to operate like a pro.
Featuring. 31> digit U f O . low
BAT. indicator . all range over­
load protection . overrange indi­
cati on • aut o-p olari ty . Trans is­
tor teste r . d ual-slope in tegra­
tio n • viny l carrying case

$5495
test leads and ball ery
Included

RAMSEY 0-1100 .
VOM-MULTITESTER
Compact and reliable: de-

~ signed to service a wide vari­
ety of equipment. Features in­
c lude • mirror back scale
• dou ble-jeweled precision
movin g co il . double over­
load p rotect ion . an ideal low
cost un it fo r the beginner or
as a spare back-up uni t.

$1995

(f)
m
-0
-i
m
s::
CD
m
J:J

CT-50 8 DIGIT
600 M-.z COUNTER
A versatile lab benchcounter with
opt ional receive frequ ency adapter,
which tu rns the CT-50 into a digital
readou t fo r mo st any rec eive r . 25 mV
@ 150 MHz ty pical sensitivity . 8 digit
display . 1 ppm accuracy

$16995'
wired

CT-50 kit . ... . . . . . . . . . . . . . . .. $139.95
RA-l rece iver adapte r kit 14.95

.,
PS-1 B. 6QO MHz
PRESCALER .
Extends lh~ ra~'ge of your presen t
counter to 600.MHz.• 2 stage preamp
• divide by 10 circ uit ry . sensrti vuy:
25mV (@150 MHz . BNC co nnectors
• dri ves any co unte r

$5995 .
wired Includes AC adapter

PS- l B kit". . . . $49.95

TER MS: • sattstaeunn guaranteed . examine lor 10days: il notpleased. return m
original lorm lor refund . add 6' , lor snippinq and insurance10 a maximum 01
SIO.00 • overseas add 15' , lor surlace mail • COOadd $750 ICOOin USA onlyl
• orders under S15.00add S1.50 • NYrestdemsadd 7' , sales tax . 90 dayparts
warranty onall kits . I year parts & labor warranty onall Wired units.

~
_ '= '= =:= __==== RAMSEY ELECTRONICS,INC.==- ~ === -=:.:;:; =- 2575 Baird Rd.

=="==-===~===--'="::: == Penfield, N.Y. 14626

8A().\()8A.IIIORF PAUWPllFlER
1O....,q . 1 GHl

CT-l25 9 DIGIT
1.2GHz COUNTER
A 9 digit cou nter that will outperfo rm
uni ts costing hun dr eds more. • gate
ind icator . 24mV @ 150MHz typical
sensit ivity . 9 digit display. 1 ppm
acc uracy . disp lay hol~ • dual inputs
with preamps

$169~5 .
wir ed Includes AC adapter

BP-4 nicad pack . . . . . • . . . .. .. . . . 8.95

wired Includes AC adapter

PR-2 kit . . ... $34.95

T he PR-2 ISIdea l fo r measu ring weak
signals from 10 to 1.000 MHz . flat 25
db gain . BNC co nnectors . gre at for
Sni ff ing RF • idea l receiverfT V
preamp

$4495

PR-2 COUNTER
PREAMP

$39.95

:-.- ---: -~~
l....:, . _~ ":'::'. ::.: - -

PHONE ORDERS CALL
716-586-3950

TELEX 466735 RAMSEY CI

PS-2 kit . . .

CT-90 9 DIGiT
600 MHz COUNTER
The most versatile fo r less than $300.
Featur es 3 select able gate t imes . 9
digits . gat e indi cato r . d ispla y hold
• 25mV @ 150MHz typ ica i sensit ivit y
• 10MHz timebase fo rWWV calib ra­
t ion • 1 ppm accu racy

$149~5 .
wired Includes AC adapter

CT-90 kit . . . . . . . . . . . . . . . . . . . $129.95
QV-l 0.1 PPM oven timebase 59.95
BP-4 nicad pack 8.95

PS-2AUOIO"
MU~TIPLIER
The PS-2 is hand y for h Igh resolut ion
aud io resolution measuremen ts. mu l­
tipl ies UP in freq ue'ncy • great fo r PL
tone measur ement s . mu lt iplies by 10
or 100 • 0.01Hz resolu t ion & bur lt -rn
signa l pr eamp / cond it ion er

$4995
wired

CT-70 7 DIGIT
525 MHz COUNTER

wired Includes AC adapter

CT-70 klt. . . . . 599.95
BP-4 mead pack 8.95

DM-700DIGITAL
MULTIMETER

Lab qual it y at a breakth rough pr ice.
Features . 3 frequenc y ranges each
with pre amp . dua l selectab le ga te
t imes . ga te ac t ivity Indicator
• 50mV @ 150MHz typi cal sens itivity
• wide f requency range . 1 ppm
accuracy '

$11995

Protessron al quality at a hobbyist
pnce . Feat ures Inc lude 26 d iffe ren t
rang es an d 5 funct ions . 3 lh d ig it. 'h
rnc tr LED disp lay . au tomatic dec imal
placement . automatic po larit y

$11995
wired Inc ludes AC adapter

OM-700 kit . . . . . . . . . 599.95
MP-l prob e set . . . . 4.95

ACCESSORIES FOR RAMSEY COUNTERS
Tel escopic whip antenna-BNC plug •• S 8.95
H igh impedance probe,light loading . .. 16 .95
Low pass probe, audio use . . . . . . . . . . . 16 .95
Direct p robe. general purpose use . . . .. 13 .95
Tilt ball , fo r CT-70.90.125 . •.. .• ..• . .. . 3 .95

CIRCLE 79 ON FREE INFORMATION CARD 113



Philips Tech Electro nics 100

Platt Lu ggage 48

Pocket Tech 23

Pom on a Electron ics Cover 3

Omnitron 50

Power Plus 45

Pr ior ity On e 5

Profession al Video . . . . . . . . . . . . . . . 100

Pa ia 9 1

OK Industries Cover 4

Radio Shack , 10I

Ramsey 113

N~I 8-11

NTS 38-4 1

Mult itech 25

M ultivision 32

Nema l Electro nics . . . . . . . . . . . . . 44

Newt one Electronics 36

Mcl ntosh La bs 87

MCM 100

MFJ , 98

32

B'UY 'SONDS
• • r ,1. . _'

Texas Instrument s 37

13 Vaco 79

5~ WM B Allen 112

48 WS J enks 89

Zenith 13

85

8

20

21

61

79

CABLE TV VALUAB LE NOTICE - SAVE HUN·
DR!=DS OF DOLLARS - DO NOT ~E MISLED.
Befo re yo u purc ha se lea rn the la te st tec hn ology o n
the correct conve rtors a nd descramb lers to fit yo ur
syste m. For th is important info rmatio n and catalog
send $3 .50 to Star Base Video, P.O. Box 7362
Johns ton , Fl .!. 029 19 •

31 Random Access 44 ,45

RE Bookstore 92

34 Simpson 49

23 Spa ceage Electronics 44,45

36 Spartan Elect~n ics 114

52 Test Probes , 97

10 Research Servi ce Lab 45

27 RF E!ectronics , 100, 106

24 R &M Distributors 45

98

90

51

29

89

19

66

7

17

96

93

17

.8 1

, .1 f2

PC\ge

... . . 96

.. .. . 92

. . .. .. .. . . 43

.. .. . fl 2

, 45

.. , . .. 27

. .. . .. . ... 85

.. . . . . . . . .. 22

, CD Section 2

, 44

. .. . . 106

108 .109
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SPEAKER PHONE
__- ---:lo:<'i'"

Model # 30·9558
Hands Free Conversation
Modular Connectors
Push Button Dial
Volume Control
Mute/Hold Button
PulseiTone Switchable
Last Number Redial

REFURBISHED MONITORS
9" and 12" Bell & Howells
or GBC Commercial Grade
as low as .
$10.00 off with a purchase
of 2 refurbished monitors

PROFESSIONAL
TELEPHONE PRODUCT TESTER

'B&IJJSI
Features: MODEL 1045

. ProY!dlts basoc OJle'<.tIon ~l b

~ and (;(ltdIIess 1MptllMt:
_~ madwles . .and av\QrTl,I loc.,...

. Chectt S~""' cordl arocl

I\Ir'ldNI s cords lor CCl"obnuIty. $hOrts
indll'll~tftS

• ...,.,.... runOef cbted Mel r.cN.*l lor
puIte I)( loudI·tone IeIephonH

• ProvasIoWMCl notmaI ...... onglHl
-""'"

• .......,'*~ rd OTMf(DuaI

Tone.......te* F~I~ .,.

atlcHe~~ .......

40 Channel VHF to UHF
. -=--=: Block Converter..._-- . ~

28.95 Ea.
24.954 & up

O';luxe Version - Feat ures fine tuninq knob.
matching X former & 2 ca bles $38 .95

BEFORE YOU PAY 55 FOR ATELEPHONE
SERVICE CALL, TEST ITYOURSELF

. B&I&Il
Telephone Line AnalyzeModel #1042~,

_ TeSlSlelephonellne l~Slhalatfeet ~

-=:n-IIM~~~IeYe4S ,~ i
- Checks c:onct.toon 01~~ne from
e.t'ICr"off«lOuser.~~ ·

- :-.:;-;..~....;::::::::~~ $19.95

BECKMAN CIRCUITMATE DM73

GREEN AND AMBER MONITORS
12" Sakata'Green $119.00
12" Sakata Amber $129.00

• ,5~o basic Vdc Accuracy $63 95
probe-sized dmm . •

• 4 ac de voltage ranges (autoranging)
• 4 resistance ranges (autoranging)
• cont multy beeper .....:alir-
• "touch hold" button '

Other Curcuitmate Meters Available.

I

: ci RCLE'36 ONFREE .INFPRMATIO~ CARD

Deetets Welcome
v-sa MC BAC Arne' All above

Volume prices Include ~ o , casn discount
Discounts C OD money order Check Addfor
Mm Oraer 525 00 $ll1 po,ng
tnternanonat ShIpping Add 'l
Prices sllblect to change
witnoetnotice
COD 2 00Extra
·Add 'i ShIppIng
tor momtors

(516)
499-9500

Jerrold 58 Channel Wir~less

Rilmot~ Converter $10'9 .95
Jerrold 36 Channel Remote
CATVCon ver t er 'w/ 0 n/ 0 If Fin e
Tu nin'g '$94.95
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HE POMONA PROMISE
Our constant goal is to provide the 'design engineer with

the best banana plugs and jacks made in this country.
Or anywhere.

And we've been doing it for
a long time. Since 1951 in fact.

That's when we promised
there wouldn't be anyone in the
world who could design and pro­
duce banana plugs and jacks the
way we could.

The world agreed.
Naturally, as the years have

passed, we've improved upon our
original designs. So much so that
today, our banana plugs and jacks
are out there alone. In their own
class.

The same can be said for ev­
ery other product we design and

produce. And each and everyone
of them is trusted by the profes­
sionals of the electronics industry.

At ITT Pomona Electronics,
we know there is no such thing as
standing pat. We also know that
your needs change and your ex­
pectations become greater as the
demands become more severe. To
this end we will continue to create
a better way. A better product.

That's a promise.

All of our products are
described and illustrated in our
General Catalog, and it's free. Just
call (714) 623-3463 or 623-6751.

CIRCLE 85 ON FREE INFORMATION CARD

TWX 910-581-3822. Write to us at
ITT Pomona Electronics, a Divi­
sion of ITT Corporation, 1500 E.
Ninth St., Pomona, CA 91766.

In Europe: ITT CANNON
BELGIUM S.A.lN.V. Rue Colonel
Bourg Str. 105 Space A (B.3) 1140
Brussels, Belgium. Phone: 02-735­
6094.

Our products are available
through your favorite electronics
parts distributor.

ITT Pomona Electronics



OKS Hot Tip for Desoldering problems
SA-6 DESOLDER IRON

Revolu tionary new electric desoldering iron comb ines the ease and
portab ili ty ofa hand-held, man ual, desolder pump, w ith performance of
an industrial desolder station. This unique AC powered compact tool
features portable, on e-hand desoldering eliminating the need for
separate soldering iron and desolder pump . No shop air required.
Essential for all tool kits, field service technicians, and repairmen, as well
as production app lications. Vacuum chamber is easily removed for
cleaning or replacement. Replacement tips available. Tool is supplied
with SAT-6-059 tip ; diameter .059 inch (1,5mm).

FEATURES:
• Self contained suc tion power and heating elemen t.
• Economical.
• Ligh tweight 40z. (113gms).
• Compact size 10 1,4 inches (26cm) .
• Replacement nozzles available.

MODEL NO.
SA-6-115
5A-6-230

NOZZLE

I


