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FLUKE PHILIPS

Great Choice.
More professionals in more industries
make Fluke their first choice in
multimeters.
FlukeDMMs. Reliable.Accurate.Powerful.
Tough. Versatile. Easyto useand simple to
operate.Backedbythe longest, most
comprehensive warranty in the business.
Made in the U.S.A. Inshort,Flukemakes
metersyou canbet your reputation on.
More choice. No matterwhat thejob,
there's aFluketo handle it.
There'sthe new 80 Series-the most
powerful,most complete test and
measurement systemavailablein a
handheldpackage.

Thepopular70Series-simplyput, the
most requestedDMMintheworld,with
nearly 2million units in service since
1984.Andthe Fluke21 and 23- 70Series
simplicity inhigh·visibilityyellow.
TheFluke25and 27- the most rugged
meters ever built, totally sealedagainst
water, dust andother contaminants.
And theprecise8060Series-withthe
versatility of atest lab, theaccuracy ofa
benchinstrument, and the convenience
of ahandheld.
Smart choice. CompareFlukeDMMs
withanyother handheld.Nooneelse gives
you as muchmeter for your money.And
no other meter costs lessto own.
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Your choice. For thenameof your
nearest Fluke distributor,callto ll-free
1·800·44·FLUKE, ext. 33. And make a
great choice.

JohnFlukeMfg. Co.. Inc. P.O BoxC9090MIS250CEverett,
WA 98206.US: (206) 356·5400 Canada (416) 890-7600
Other Couotries: (206)356·5500.e 1989 JohnFluke Mig.Co..
Inc. All rights reserved. Ad No. 0491·F70
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If you do any kind of electronics
troubleshooting on a regular basis,
then a frequency counter is a must­
have. The problem is that most fre­
quency counters are too cumber­
some to take along on a field job.
However, our lOa-MHz frequency
probe will easily fit in your shirt
pocket, and take accurate measure­
ments. Turn to page 31 for details.
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A 68705-based, keyless entry system is programmed for top security!

As a service to readers, RADIO -ELECTRONICS publishes availab le plans or information relat ing to newsworthy products .
techniques and scientific and techn ologi cal developm ents. Because of possible varia nces in the quality and co ndition of
materials and workmanship used by readers , RADIO -ELECTRONICS discl aims any responsibility for the safe and prop er
fun cti on in g of reader -built proj ect s based upon orfrom plans or informat ion publis hed in thi s magazin e.

Since some of the equ ipme nt and circuitry described in RADIO ·ELECTRONICS may relate to or be covered by U.S. patents .
RADIO·ELECTRON ICS discla ims any liabil ity for th e infringement of such paten ts by the mak ing , using , or se lli ng of any such
equ ipment or ci rcuit ry. and sugge sts that anyone inte reste d in such projects cons ult a paten t atto rney.
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WITH CIE,
THE WORLD

OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

r--------------------------------------------------
ARE-159

C IE Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114

MAIL
TODAY!

Zip: _

START WHERE YOU WANT,
GO AS FAR AS YOU WANT.

CIE's broad range of entry,
intermediate, and advanced level
courses in a variety of career areas
gives you many options. Start with
the Career Course that best suits
your talents and interests and go as
far as you want-all the way, if you
wish, to your Associate in Applied
Science Degree in Electronics
Engineering Technology. But
wherever you start, the time to start
is now. Simply use the coupon
below to send for your FREE CIE
catalog and complete package of
career information. Or phone us,
toll-free, at 1·800-321·2155 (in Ohio,
1-800-523-9109). Don't wait ask for
your free catalog now, After alL
there's a whole world of electronics
out there waiting for you.

CIE
Cleveland Institute of Electronics, Inc.
1776 E ast 17th S treet. C le veland, O h io 44114

MemberNHSC
Accredited Member Nat iona l Home StudyCouncil

YEs... I want to learn from the specialists in electronics-CIE.
Please send me my FREE CIE school catalog, including details about
CIE'sAssociate Degree program, plus my FREE package of home
study information.

Name (print): _

Address: -----------------------
City: State:

Age: Area Code/Phone No.:__ / _

Check box for G.I. Bill bulletin on educational benefits :
o Veteran 0 Active Duty

such study demands. Programs that
give you the theory you need
backed with practical experience
using some of the most
sophisticated electronics tools
available anywhere, including our
Microprocessor Training
Laboratory with 4K of random
access memory, Of course , if you
ever have a question or problem,
our instructors are only a phone
call away,

SPECIALISTS NEED
SPECIALIZED TRAINING.

Ii stands to reason that you
learn anything best from a
specialist and CIE is the largest
independent home study school
specializing exclusively in
electronics, with a record that
speaks for itself. According to a
recent survey, 92%of CIE
graduates are employed in
electronics or a closely related
field. When you're investing your
time and money, you deserve
results like that.

L ook at the world as it was 20
years ago and as it is today.

Now, try to name another field
that 's grown faster in those 20 years
than electronics. Everywhere you
look you'll find electronics in
action, In industry, aerospace,
business, medicine, science,
government communications­
you name it. And as lugh
technology grows, electronics will
grow. Which means few other
fields, if any, offer more career
opportunities, more job security,
more room for advancement-if
you have the right skills,

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it putsyou in a
classroom of one. So you can study
where and when you want. At your
pace, not somebody else's.And
with over 50 years of experience,
we've developed proven
programs to give you the support



WHAT'S NEWS
new vacuum-t ube techno logy is
sti ll in its in fancy, it co uld never­
t he less offer severa l adva ntages
ove r t ransistors. Electrons can be
made to t ravel m uch faster in a
vacuum tube than in a solid-state
t ra nsisto r,' per m itt i ng faster
speeds fo r data tra nsm ission . Vac­
uu m tubes are also much less sus­
cept ib le to te mperature changes
and var io us types of rad iat io n, so
they might be more sui tab le for
use in host il e envi ro nments such
as those that are fo und in outer
space and nuclear reacto rs.

The prob lem facing researche rs
has bee n to create an emitter t ip
sharp enough to prod uce ma ny
elect ro ns at low vo ltage . Un ti l
now, t he sha rpest tips were be­
tween 20 to 40 nanometers w ide.
By app lyi ng an ox idatio n-treat­
ment process to t iny si licon co nes,
the research team has developed
tips th at are less than 1-nanom eter
w ide. (A human hair is 50,OOO-nm
w ide; the d iameter of an ato m is
abo u t three t e n th s o f a
nano meter.) The mi croscop ic si l­
icon t ips can produce substantially
more electrons whi le usin g less
vo ltage . Besides vacuum-tube ap­
pli cat ion s, the needles cou ld be
used for exa mi ni ng ato ms w ith
scann ing t un ne ling microscopes
and as biological probes fo r med i­
cal research.

needl e co uld pl ay a vita l rol e in th e
resur gence of vacuum tubes, serv­
ing as an electron emitter.

The new vacuum tubes are qu ite
different fro m thei r p redecessors .
Today's tu bes are so small that th ey
can only be seen t hro ugh a micro­
scope, and e lectrons are p ro ­
d uced in them by apply ing vo ltage
to a ve ry sha rp ti p, rat her t ha n
using a hot f i lame nt. W h i le th e

Scientists at Bellco re (Mi d ­
d letown Townsh ip , NJ)-collabo­
rat ing with scientists from the New
Jersey Institute of Technology, the
University of Californ ia at Davis,
and Lawrence Live rmore Nati onal
Laboratory in Califo rn ia-have
created a silicon needle w hose tip
is 50,000 times smaller than the d i­
ameter of a human hair. O nly the
width of a few atoms at its t ip, the

Tubes makin g a comeback?
:r:::--_- GII"""ilIf-..._"""...~-';\""'I~_?,('
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THIS TRANSMISSION ELECTRON MICROGRAPH of a silicon needle shows a radius of
curvature of less than 10 angstroms- the distance of only a few atoms. The closely
spaced lines are the 111 planes of the silicon atoms, spaced 3.13-angstroms apart.

Diamond-film technology
A new diamond-fi lm -coating

process create d by Professor Roin­
t an Bun shah , Dr. Chandra De ­
spandey, and colleagues at UC LA's
School of Engin eering and App lied

8 Science offers key advantages over
z the deposit ion methods that are
~ currently in use.
[:) The new te chnique removes
~ obstacl es that have lim ited the ap­
6 plicat ion s of diamond-fi lm tech­
o no logy-part icularly t he inab i lity
C? to deposit high-qua li ty, smooth ,

4

transparent, and non-faceted dia ­
mond fi lm s. Cal led Plas ma -As­
sisted Physical Vapo r Depos it io n
(PAPVD) , t he process invo lves
using an electron beam to evapo­
rate grap hite to form carbon va­
po rs. The vapors are int roduced
into a gas-p lasma that contains hy­
drogen . W hen the material to be
coated is held in t he gas p lasma,
t he resu lt ing reaction depos its a
d iamond fi lm on the mater ial's sur­
face that has all of the requ ired
attr ibutes . The process is also

do ne at low er temperatures ­
350°C, as compared to 850-1000°C.

The PAPVD process opens up a
broad range of novel ind ustrial ap­
p l icat ions, including protection of
hi gh-cost infrared and UV optical
co mponents , heat sinks fo r high­
power and mi crowave devices, d i­
ap hragms for h igh- fi d el ity loud­
speake rs, and very-high -speed
microe lect ron ic devices that can
operate at temperatu res m uch
hig he r t han cu rrent si licon and
galli um-arsen ide dev ices . R-E
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810 SELECTION AND LOW PRICES-COME IN TODAY!

Join the.Fun of Ham Radio Battery Special-Order Service
Novice and General Class
Study Packages Prepared by
Gordon West, WB6NOA

Durable Storage
Binder Included

No vice. Two self-paced code cassettes, study guide with exam questions ,
answers and fu ti explana tions, FCC Form 610. #62-2402
General. The speedy way to upgrade! includes test questions, answers
and exp lanations, two speed-bu ilding code tapes . #62-2404

In addi tion to our iarge in-store stock, Radio Shack can now supp ly almost
any battery. Our expanding selection even includes spec ial batte ries for
walkie-talkies and pagers. Batter ies are sent fro m our warehouse to the
Radio Shack near you . Never a postage charge!

Super Speaker Accessories (4)

- ~ )

(1) MEGACABLE'· . 12-ga. braided pure copper. #278-1268 Per Fool 99<;
(2) SpeakerTerminal Plate. For large speaker wires. Features special-design 3/."
diameterknobs. Mounts in 33fB x 29M' hole. #274-626 4.99
(3) One red, one black knob as above, less plate. #274-619 Set of 2/5.95
(4) Large Gold-Plated Terminals. 4 red, 4 black. #64·401 Set of 814.99

(5) s-Pcsltton Hood. #276-1513, 1.49
25-Position Hood. #276-1536 .. 1.99

Fig. Description Cat. No. Each
3 Male-9 276-1427 .99
4 Female-9 276-1428 1.19

Male-25 276·1429 2.49
Female-25 276-1430 2.99. .

(1) In li ne RS-232 Tester. Seven
LEDs pinpoint prob lems fast . D-
sub 25 . #276-1401 14.95
(2) o-sue Pin Crimper. This pro ­
qua lity too l accepts #20, #24 and
#28 pins. #276-1595 9.95

RS-232 Connectors and Accessories
(2) (4) t:l -

t'.iiii~

(1) Metal Grounding Post . With
knurled grip . #274-667 ... 99<;
(2) Stackable Banana Plug s.
#274-734 Set of 211 .59
(3) 14" Test Cables With Cli ps.
#278-1156 . . ... Set of 10/ 3. 99

Posts and Plugs
(~ I
m: I.. \t

(3) "'C- lI::::----
(1) 1:1 Audio Transformer. Z:
600-9000. #273-1374 . . . . . 3.59
(2) Audio Output Transformer.
#273-1380 1.69
(3) Inductor Assortment. 30
pieces! #273·1601 1.98

Inductor Values

i~1
(,~/ \

(1)~ (2) ' (3)
(1) SPST Momentary Button .
#275-1556 1.99
(2) SPOT Toggle. 5A at 125VAC.
7ha" stem. #275-603 . . . . . 1.59
(3) SPST Push On /Push Off.
3A at 250VAC . #275-617 .. 1.39
(4) PC·Mountable Light·Duty
SPST. #275-645 1.99

SwitchBargains
1 ij JL.
~ (3) (4)~

project Lighting

~(,)~ (2)~

(1) Jumbo 5000 mcd LED . Big ,
bright. #276-086 4.99
(2) Blinking LED Indicators.
Red. #276-036 1.29
Green. #276-030 1.29
(3) 12-Volt Flashing Lamps.
#272-1097 Set of 3/1.29

"T1
m
OJ
:IJ
C»
~

(1) Accepts1/4" stereoplug. Plugsinto
'Is" stereojack. #274-875 . . ... 2.99
(2) Accepts'Is"stereoplug. Plugs into
1/4" stereo jack. #274·876 .. . . . 2.99
(3) Accepts1/8" stereoplug. Plugs Into
'18" mono jack. #274·877 . .. . . 2.99

"Cold" Adapters
(1)

!tadle IhaeK
The Technology StoreSM

A DIVISION OF TANDY CORPORATION

(1) Deluxe Breadboara . Mold ed 21f. x 6
'
12"

board is mounted on a 7 x 4" stee l base with
rubb er feet. Featur es 640 plug -in points and
thre e binding posts . #276-169 19.95
(2) Breadboard Jumper Wire Kit . Includes
140 insulated, pre-stripped wire s in a handy,
snap-shut box. #276-173 Set 4.95

B-Board and Jumpers
(2)

(1) SPST. Rated 5A at 250VAC . In­
cludes 12-volt lamp. UL listed.
#275·678 6.99
(2) SPOT Push-On/Push-Off.
Rated 3A at 125VAC. Includes 12-
volt lamp. #275-676 6.49

Lighted Switches

Capacitance and
HFERanges

Top -qua lity digital vo lt ­
ohmmeter with an easy­
to- read 0.5" LC display.
Measures ACIDC volts and
current, resistance, capac­
itance, transi stor gain . With
prob es. #22-194

Extra-Feature LCD DVM
7995 '=

TNC Adapters

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More!

Prices apply at participating Radio Shack stores and dealers

Hobby Motor

(1) Dual·WattageIron. Go from15 to 30watts with
the flick of a switch. Has a replaceable tip and it's
8'/. " long. UL listed AC. #64·2055 8.95
Chisel Tip. #64-2056 1.19
Replacement Tip. #64·2065 99~

(2) Vacuum Desoldering Tool. #64-2120 6.95

For robot ics , mode ls, pro jects .
8300 RPM maximum. Operates
1'/2 to 3VDC. About 1' /2" iong,
1511 a" dia. #273-223 99<;

Soldering Accessories

CIRCLE 78 ON FREE INFORMATION CARD
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VIDEO
NEWS

• New VCR sources. Not long ago, all VOR's
sold in the United States came from Japan. With
the mcreastng costs of Japanese production and
the tough competition that is forcing prices down
in the U.S. , an increasingly large proportion of
VOR's are now coming from other Far-Eastern
countries. In the fir st seven months of 1989,
more than 300/0 of all VOR's imported into this
country came from sources other than Japan.
Major source countries were Thailand (mostly
Emerson recorders produced there by Orion, a
Japanese manufacturer), Mala;ysia (made by a
JVC subsidiary there ), and Singapore. How about
the U.s.? A few VCR's are being assembled here
from Japanese parts-c-by Matsushita (Panason ic)
in Vancouver, WA; by Hitachi in Oaliforrna; and by
Toshiba in Tennessee.

In the same period, the major sources for
imported color-TV sets were~inorder of
quanttttes-i-Mexicc, Taiwan, Korea, Malaysia,
Singapore, and mainland China. Japan came in
seventh, followed by Hong Kong and Canada,
Where did the Tl.S. rank as a source of color TV
sets sold here? Despite What you might have read
elsewhere, it was number one-ahead of all other
countries.

• New n ames in video. Two well-known
audio names are entering the video field-neither
of them for the first time. Aiwa, which was a
pioneer in Beta VOR's but has been out of the field
for several years, is now moving back with VHS
recorders. Aiwa, owned by Sony, will concentrate
on high-end, four-head models. The company is
also surveying the TV market, but has decided to
sta;y out for the time being because of the tough
price competition in that field .

Sansui, however, plans to jump into the
television-receiver as well as the VOR field with
both feet . The venerable producer of high-end
audio products had fallen on hard times, but
recently received a fresh transfusion of capital
from the British firm, Polly Peck International,
which is acquiring 51% of Sansui stock in an
extremely rare instance of a western firm
acquiring control of a major Japanese company.
Polly Peck, which produces consumer-electronics
equipment in the Far East and Turkey, plans to

manufacture both TV sets and VOR's for sale
under the Sansui label. Also in the works are
Sansui-brand fax machines. Bansui once fielded
VOR'swithout much success.

• Movies on VHS-C? One of the top priorities
of JVO, inventor of VHS recording, is length ening
the recording time of the miniature VHS-C(for
"compact" ) cassett e to two hours. To date, the
recording time in the SLP mode on the longest
playing VHS-O cassette is 90 minutes-i-nct quite
enough for today's long-winded movies. JVO
obviously is concerned about the inroads of the
8mm Video Walkman, developed by Sony, which is
extremely compact and can accommodate ful l­
length movies with carry-along portability. Th ere
are two Video Walkman models, both with LCD
color screens. The VHS-O format is doing well in
Japan and Europe, particularly for camcor der s,
but in the U.s. it is lagging behind 8mm. In
addition to a longer-playin g cassette, another
high priority for JVO is the development of a VCR
that can p lay both VHS and VHS-O cassettes
without an adaptor. Prototypes of those so-called
"F/C" (FUll-size/Compact ) recorders have been
shown and JVO hopes to have them on the
market late this year or early in 1991.

• SAP is rising. In 1984, when the FOO
approved Multichannel TV Sound (MTS) , the
breakthrough involved more than st er eoph onic
audio. In addition to stereo sound, each TV
station was authorized to transmit a Secondary
Audio Program (SAP). Although a few stations
have transmitted bilingual sound, SAP has not
been widely utilized. PBS's flagship station, WNET,
New York, i s aiming at vir-tually full-time SAP
some time this year. Its first major use of SAP
was for descriptive commentary for the blind
accompanying the musical, "Show Boat." WNET
also is planning to add a Spanish translation of
th e "MacNeil-Leh rer News Hour," and might even
present the BBO World Service fr om shortwave
transmissions-as well as music, book readings,
and even countdowns for vtdeotapmg-c-all on its
extra audio channel. Out of about 550 TV stations
with MTS capability, approximately 100 are
equipped to transmit a SAP channel. R-E



Global Spec ialties. An Interplex Electronics Company.
70 Fuiton Terrac e. New Haven. CT 06512 .
Telephone: (203) 624-3103 . C9 Interplex Electroni cs 1989.
All Glob al Specialti es breadboardin g produ cts made in USA.

AOO IO

frequencies from DC to half-a-GigaHertz
or 500MHz.

Need power? A powered PROTO
BOARD Brand offers up to triple voltage,-"'I!t!I:II~:!j
power supplies, +5V, + 12V, - 12V, with reg­
ulated/current limited DC power. Over 2,250
tie points with 24 IC capac ity and 14 pin
DIPs. Super for TTL , CMOS, Op-Amps and
microprocessor circuits. And lots more.

Best of all, your hassle-free American-made
PROTO BOARD Brand comes with an unlim­
ited lifetime guarantee on all the breadboard
sockets. Prices are so modest, you'll wonder
why you waited this long to specify PROTO
BOARD Brand. Order today.

(5
GLOBAL

SPECIALTIES
Call toll-free for details

1-800-572-1028

Now you can take those hot , new logic or
block design diagrams, and quickly, easily
bring them up to reality...in minutes...without
solder!

Build circuits as fast as you can think . Test.
Modify. Expand. Without burned-out parts or
burnt fingers. Save time, money...and prove
that you know that you 're talking about. . .
before you use your CAD.

Specify PROTO BOARD Brand, Today's rec­
ognized Standard for Quality in breadboard­
ing. Here are five expandable breadboards,
offering countless arrays of solderless sock­
ets and bus strips that emulate pc board lay­
outs. Pop in components . Pop them out
again. Microprocessors . Memory. l.arqe DIPs.
Tiny discretes. Makes no difference. The pat­
ented aluminum backplane lets you work at

ONCE YOU'VE
GOT IT DESIGNED, YOU'VE
. OTITMADE.

CIRCLE 184 ON FREE INFORMATION CARD
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soc ket next to the one containing
the BIOS EPROM. I've noticed that
some manufacturers are building
boards that have IBMIO.COM,
IBMDOS.COM and COM­
MAND.COM burnt into EPROM's
on the motherboard. That lets the
compute r boot DOS immediately
without loading from a disk. I'd
like to do the same using the empty
socket on my motherboard, but I
haven't been able to get any infor­
mation. Any ideas?-T. Dunn, No.
Miami Beach, FL.

Several, but f irst some obse r­
vation s. I've never seen th e ads
yo u menti on ed and, altho ugh I
don 't dou bt yo u've seen them,
I'd take them with a grain of salt.
You 're ri gh t in assum i ng t hat
those three ROM fil eswould give
you a permanent DOS , bu t the re
are some things you 're probably
ove rloo king .

IBM DO S (and IBMI O .CO M
and IBMDO S.CO M w hic h are
par t of PC-D O S) is owne d ex­
clu sively by IBM . People sell it ,
but I've never heard of it be ing
licensed fo r use in a PROM . IBM
i s ve ry qui c k to jum p o n
copy r ig ht i nfr i ngement. MS ­
DO Sis the version that 's li censed
to vario us man ufacturer s. Th e
hi story of DO S and the reason s
behind the two versio ns are in­
terest ing, but both are propri e­
tary. Be caref u l th at w hat you' re
buy ing is legal before yo u w hip
out yo ur cred it card .

If it 's legal, and you want to do
th e same t hi ng you rse lf, yo u
need some info rmat io n o n your
moth erboard 's EPROM sockets .
Althou gh there's awide variety of
XT clone boards aroun d (a gross

L£P D/.5PLA Y

DOS ON A MOTHERBOARD
I have an XT clone with a spare

vice. The cost for such a service
is minimal.

The circuit yo u' d have to set up
is somet hing lik e th at in Fig. 1.
The part s co unt is minimal , and it
co uld be bu i lt usin g any con ­
st ruct io n method . Sin ce each
EPROM output contro ls a d isplay
segme nt, th e best way to create
th e EPROM code is to use a chart
like th at in Fig. 2. If yo u' re using a
co m m o n-cat ho de di sp lay, as
show n in Fig. 1, a high will l ight
th e segme nt, and a low w ill turn
it off. Comm o n-anode d isp lays
work ju st th e oppos ite . That sub­
ject was cove red in co nside rab le
detai l in recent issues of " Draw­
ing Board ," so you should loo k
th em up.

BINARY TO DIGITAL READOUT
I'm looking for a circuit to con­

vert 8-bit binary into a digital read­
out. The solution is probably very
simple and I'm just overlooking it.
I'd be grateful if you could po int
me in the right direction.- H.
Vaughn, Mt. Airy, NC.

The easiest way is to use an
EPROM to t rans late b in ary to
de cim al. Think of th e ad d ress
pins as inputs and use the data
outputs to drive a 7-segme nt di s­
play. Entering th e b inary number
cou ld be don e via DIP sw itches,
and t he d ec imal eq u iva le n t
would im me d iate ly appe ar o n
the di spl ay. A lthough that'd in ­
vo lve programming an EPROM,
doing that is much easie r now
si nce most co m p uter c l u bs,
parts supplie rs, and even som e
comp ut er sho ps offe r it as a ser-
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Discover Your Career Potential In The
Fast Growing Field Of High-Tech Electronics!

CIE Gives You The Training You Need to Succeed...
At Your Own Pace...& In Your Own Home!
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Send For Your
Catalog Today!

. Practical Training...
AtYour Own Pace.

Through CI E. you can train for your
new career while you keep your pres­
ent job. Each course allows a gener­
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CI Eoffers
several courses which start at the
intennediate level.

"State-Of-The-Art"
Facilities & Equipment.

In 1969, CIE pioneered the first elec­
tronics laboratory course. and in 1984.
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE'sstate-of-the-art equipment.
And all your laboratory equipment is
included inyour tuition cost. There is
no extra charge-it's yours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional

In Electronics!
Every CIEcourse you take earns you

credit towards the completion ofyour
Associate inApplied Science Degree. so
you can work towards your degree in

stages. And CIE isthe only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelor's Degree programs!

I City/State/Zip

I A~ _

I Checkbox for G.I. Bill bulletin on educational benefits: 0 Veteran 0 ActiveDuty

I Mail This Coupon Today!
~----------------------~

r-------------- ----
I CIE World Headquarters ......= .:::,.-:;;.= ._.
I Cleveland Institute of Electronics, Inc.
I 1776 East 17th St. , Cleveland, Ohio 4411 4 ARE-1oo

o YES! Please sendme your independent study catalog (For your convenience,
CIE will have arepresentativecontact you-there isno obligation.)

Personal Training From A
Renowned Faculty.

Unlike the impersonal approach of large class­
room study, CI Eoffers 'youone-on-one instructional
help 6 days a week, toll-free. Each CI Elesson is
authored by an independent specialist. backed by
CIEinstructors who work directly with you to
answer your questions and provide technical assis­

tance when you need it.

If you're anxious to get ahead ...and
build a real career...you owe it to

yourself to find out about the Cleveland
Institute of Electronics!

CI Ecan help you discover your
career potential in the fast growing
field ofhigh-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feeling ofpersonal accomplishment...
and deliver a level of financial security
you may have only dreamed ofbefore!

As the leading school inhome-study
electronics, CIE has helped over
150.000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send for aCIE catalog TODAY!

A Growing Need For
Trained Professionals!

The career opportunities shown here
are only a few of the challenging. high­
paying careers you could enjoy as an
electronics technician.

You could be the "brains" behind the
scenes ofan exciting TV broadcast...
trouble-shoot life-saving medical equip­
ment...design exotic new aeronautics
systems...CIE's job-oriented programs
offer you the quickest possible path to
the career ofyour dreams! And CI Ealso features
military and union re-training. tobuild on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't sure which career isbest for
you, CIEcan get you started with core lessons
applicable toallareas of electronics. As you
advance, CI Emakes job opportunities available
to you through the bimonthly school paper,
The Electron.
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Un less yo ur mothe rboard is
radica lly different than those I've
seen , its EPROM space is li mited
to 32K bytes (th e addresses fo r
BASICO), and the 8K bytes used
by BIOS, or a total of 40K to play
arou nd with . Since DO S usually
takes up at least 60K fo r DOS 2X,
and 80K for DOS 3X, it'd take mir­
rors and a lot of heavy equipment
to sq ueeze both DOS and the
BIOS in to the availab le add ress
space . But wait, t here's more bad

Real IBM 's have f ive 64K ROM's news.
o n t he moth erbo ard , o ne for DO S was designed fo r a par-
BIOS, and four for BASICO. t icular p lace in memo ry, insid e
Given t hat, yo u can assume that t he 640K m em ory space . Th e
t he empty socket o n yo ur moth - EPROM space on yo ur mother-
erboard is mapped to the same board is way o uts ide that, so
ad.d.r.ess_r.ang e-occup.i ed_by~you'd_probably_b faced.with.,
BASICO on the real IBM boa rds, havin g to rewr ite the DO S code
o r F6000h-FDFFFh . Since yo u (jumps, des ti nat io ns, and any
only have one em pty socket o n absolute add ress referen ces).
yo u board , I'd guess that it was You co uld do that, but assuming
designed for a 27256 EPROM. yo u overcame t hose obstac les,
That'd let one chip hold the same yo u'd have a prett y strange ver-
amo unt of code as the fo ur 64K sion of DOS, and up grading to a
PROM's on the IBM board . That new versio n wo uld be a Her-
is just an educated guess, but a cu lean task . Th e b asi c co n-
p retty good one . The BIOS, of c1 usion is, that yo u' ll probably be
co urse, is mapped from betterof ifyouboot DOS li kethe
FEOOOh-FFFFFh. rest of us. R-E

FIG. 2

und er st at em en t) , m o st have
empty socket space to let them
co py . IBM 's PC and XT moth er­
boards.

The IBM board s had a strip ­
ped-down BASIC in ROM on the

__moth erboard .W hen.you.bo ugh
DOS (you did bu y it, I hope), yo u
got a file called BASICA.EXE. That
BASIC wasn' t th e complete lan­
guage; it was an over lay that en­
hanced the ROM ve rsio n, t hat
co uld only be run if you already
had the more primitive half on
th e motherboard. Since clon e
mak er s want to p rodu ce clo nes,
puttin g empty soc kets on t he
moth erb o ard was as close as
th ey co uld legall y get .
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DigitalStorageScopes
VC-6025 20MS/S

SOMHz Bandwidth
2K Word Memory

Capacity

$2349.00
Advanced storage functions create new dimensions in
scopes such as one shot observation, flicker free display,
bright display for even high speed event, trace observation
for low speed event, hard copy by plotter and data output to
computer.

Ye-6045100MHz 40MSIS 4K word Memory cap (call)
All Hitachi scopes include probes, schematics, and Hitachi's
3 year wo~dwide warranty on parts and labor. Many acces­
sories available for all scopes.

Y-422
Y·423
Y-425
V-660
V-I065
V-l100A
V-1150

40MHz
40MHz
40MHz
60MHz
100MHz
100MHz
150MHz

D.T., 1mV sens, DC Offset Vert Mode Trigger, Alt Mag
D.T., I mV sens, Delayed Sweep , DC Offset, Alt Mag
D.T., 1mV sens, DC Offset, CRT Readout, Cursor Meas
D.T., 2mV sens, Delayed Sweep, CRT Readout
D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas
Q.T., I mV sans, Delayed Sweep, CRT Readout, DVM, Counter
Q.T., I mV sens, Delayed Sweep, Cursor Meas, DVM, Counter

LIST
$940
$1,025
$1,070
$1,295
$I,e95
$2,450
$3,100

• DC to l00MHz
• Dual Channel
• Delayed Sweep
• CRT Readout
• Sweep T im e
• A u to rang ing
• T r ig ger Lock
• 2mV Sensit ivity

PRICE SAVE
$740 $200
$825 $200
$849 $221
$1,145 $150
$1,670 $225
$2,095 $355
$2,675 $425

ELENCO PRODUCTS AT DISCOUNT PRICES

$19.95
$23.95

P-I 65MHz, l x, lOx
P-2 l ooMHz, 1x, l Ox

.6" CRT
• Built in

component tester

• TV Sync

35MHz Dual Trace Oscilloscope
$495

MO·1252
• H igh luminance 6" CRT
• 1mV Sensitivity
• 6KV Acce leration Voltage
• 10ns Rise Time
• X·Y Operation · Z A xis
• De layed Triggering Sweep

Top qual ity scopes at a very reasonable price. Contains all desired features. Two t x, lO X p ro bes, diagrams and manual. Two year guarantee.

20M Hz Dual Trace Oscilloscope

$375
MO·1251

Measu res
Coi ls 1uH·2ooH
Caps .1pf·200uf
Res .01·20M

ACClamp·On
Current Adapter

ST-265
$25.00
0-1000AAC

Works with
mostDMM

Digital LCR Meter
LC-1801

$125

Decade Blox
-: :.~ ~. := .:.::..... [.#9610 or
~!l= :J.. {~ : #9620

. ::::::=. ~.::: : $18.95
19610 Resistor Blox
47 ohm to 1M & lOOK pot
19620 Capacitor Blox
47pf to 10MFD

Provides sine.tn.squ wave
from 1Hzto lMHz
AMor FM capability

Function Generator
Blox

#9600

J.,;;.;;;.;;;;;;,;;;;.;~.$ 28 . 95

'eijff:" :§~I 9430
. .: •.•-'... 1,100 pins $15

l " . 9434

~
. -' 2,170p ins$25

I ~---- P::';' 92483660 , $35
, , pin S
I ~ ._~ All have co lor

9436 SHOWN co ded post s

Digital Capacitance Meter
CM-1550

$58.95
9 Ranges
.1p f·20,OOOufd
.5 % basic acc y
Zero cont ro l
with case

2 10 15Vat l A.
-2 to ·15V at lA
(or 4 to 30V at l A)

and5V at 3A

AC Current Meter
ST-1010

$69.95
1000 Amps
Data&Peak Hold
8 Functions
Deluxe Case

Multlmeter with
Capacitance and
Transistor Te ster

$55 CM-1500

Reads Volts, Ohms ,
Current , Capacitors ,
T rans is tors an d
Diodes w it h case

TRIPLE POWER SUPPLY XP-620
Assembled $ 65

Kit $45

Contains all the desired features for
doing experiments. Features short
circuit protection all supplies

M-7000

True RM5 4 'h
Digit Mulllmeter

$135

Bench DMMS

.05 % DC Accuracy

.1 % Resistance
w ith Freq. Counter

.• and deluxe case

M·3500 M·4500
3'/2 dig it $125 4'12 digi t $175
.1% accy .05% accy

Wide Band Signal Generators
SG-9000 $129

RF Freq l00K-450MHz
AM Modulation of 1KHz
Variable RF output

5G·9500 with Digital Display
and 150MHz built-In Freq Ctr $249

PRICE BREAKTHRU
on Auto Ranging DMMs

3to
choose
from:
MDM-1180
$24.95
MDM-1181 t----=---:--====--+------::-:-:---_+-=--:~~""""="-_:_:____:__+------
$27.95
MDM-1 182
$29.95

• 3 1/2 LCD Display .
• 27 Functions
• Auto IManual Ranges
• Audible Continuity
• Data Hold (MDM-1182)
• .1% Accuracy (MDM-1181)
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MODEL
MM-8000

$129.00

Startingfrom scratch youbuild a complete system. OurMicro·Master
trainer teaches you to write into RAMs, ROMS and run a 8085
microprocessor,whichusessimilar machine language asIBMPC.You
willwnte theinitialinstructionsto tellthe8085 processor tog~t started
andstorethese instructions inpermanentmemoryina2816 EPROM.
Teaches you all about Inputandoutput ports, computer timers. Bui.kl
yourown keyboard and learnhowtoscan keyboardand display. No
previous computer knowledge requied. Simpleeasy to understand in·
structionteachesyoutownte inmachinelanguage.

LEARN TOBUILD AND PROGRAM
COMPUTERS WITH THIS KIT!

INCLUDES: All Parts, Assembly and Lesson Manual

2-20Vat2A
12Vat lA
5V at 3A
·5V at.5A

XP-5BO

$59.95

Quad Power Supply

GF-8016 Function Generator
with Freq. Counter

$249
" - r-!:ri!.l:&!;r.a.,.fSine, Square, T r iangl e

Pulse, Ramp, .2 to 2MHz
Freq Counter .l ·10MHz

GF-B015 without Freq. Meter $179

Fully regulated and
short c ir c ui t protected

XP-575 without meters $39.95

XP-765

$249

Four-Function Frequency Counters
F-100 120MH

$179
F-10DO 1.2GH

Fre;nCy, Period, Totalize, $259
Self Check with High Stabi l ized Crystal Oven
Oscillator, 8 digit LED display

Digital Triple Power Supply

WE WI~L NOT BE UN~ERSOLD! C & S SALES INC. 15 Day Money Back Guarantee
UPS Shipping: 48 Stales 5 ' 0~~ 1245 Rosewood. Deerfield. IL 60015 2 Year Warranty Pnces subject to ch~nge

($10 Max) IL Res., 7% Tax~~ (800) 292-7711 (708) 541-0710 WRITE FOR FREE CATALOG

0·20VatlA
0·20VatlA
5Vat 5A

Fully Regulated, Short c irc uit protected wit h
2 Limit Cont. , 3 Separat e supp lies

XP-660 with Analog Meters $175
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Put Professional Knowledge and a

UP TO DATE
I was am use d wi th Mi ch ael

Catu dal's letter (Radio-Eelct ronics,
Dece mbe r 1989), chast is ing th e
magazine for not keepi ng up wit h
"new techno logy."

In late 1995, the Gali leo Prob e
w ill start its descent to a moon of
Nept une. What wi ll co nt ro l its last
45 secon ds before it is cr ushed by
atmosphe ric pressu re? Why, th e
ve ne ra b le RCA 180 2 mi c ro­
processor, of co u rse. Rem ember

L£TT£R.S
~£)IO-ELEcrNONlcs

500-6 6/-COiJNTr ISOI./L£YARD
FAIlMINGDALE, NY 117.35

"/if;l~? 111;;. n ­
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and the interestin g proj ects and
theories that yo ur staff brings to
atte nt io n that stirred my interest
and helped improve my li fe. l owe
you a great deal.

Now, afte r all this t ime, I need to
ask fo r some person al assistance
from your readers and staff :

I rece nt ly fell in to a trem end ou s
piece of luck, and purchased an
IBM PCjr (peanu t) fo r $30.00 at a
garage sale. I've decid ed to use
this machine for a dedi cated pro­
cess cont ro l in real t ime. Does any­
one know w he re I can obta in any
docume ntation for hard w iring my
own in terface boa rds for it s very
limi ted expansio n slots, or wh ere I
can get a pin-ou t designation for
same? I contacted IBM and, afte r
fin ally f inding someone who even
rem embered th e IBM PCjr, was
di sappointed to find that IBM no
lon ger has anything to do w ith any
attac hme nts o r periph er al s. It
seems that IBM has virtually di s­
ow ned the produ ct.

Thanks again fo r all your help.
SHAWN D . BO BBITT
403 Green Stree t, # 1
Ma rtinez, CA 94553

PCjr PROBLEMS
As a lon g-time reader of Radio­

Electronics, I'd like to say th ank s.
O ve r th e yea rs I have li t er all y
t au gh t mysel f how to desig n,
bui ld, p rog ram, and im pl em en t
my own single-board computers
fro m the art icles and info rmation
you have pre sented. I have used
w hat I learned to advance my ca­
reer fro m a simple warehouseman
to an operational researc h tec hn i­
cian-and I'l l be go ing back to
school short ly to obtain the piece
of pape r th at says I know wh at I
know I know. It was yo ur magazi ne

DIGI-COMPASS PARTS
I've h eard f ro m a nu mber of

" Dig i-Co rnpass" builders (Radio­
Electronics, November 1989) t hat
th e TLC-548 AD C IC is impossib le
to f ind . It has been di scontinu ed
by Radi o Shack, alt ho ugh it's pos ­
sib le that some stores may have
sti l l have a few avai lab le (pa rt
#276-1796, $6.95).

As a specia l service to Radi o­
Electronics readers , I wi l l supp ly
t he part fo r $6.95. Those who do n't
want to download the software fi le
can also purchase th at fro m me,
for $6.00. (That mi ght be cheape r
th an down loading the 100K f i le at
1200 baud f rom the RE BBS.) It w ill
be supplied on a 360K PC data flop­
py di skett e.

To orde r, pl ease send a check or
mon ey orde r only (Califo rn ia resi­
dents add 6.5% sales tax) p lus $1.75
shippi ng and handl in g to Di gital
Products Co mpany, c/o Thom as E.
Black, 134 Wind sta r C i rc le ,
Fol som, CA 95630. Thi s offe r is
subject to change and is valid fo r a
short time only.

Thanks fo r pu bli shing my arti ­
cle. I'm thrill ed that it has sti rred
up some interest.
THOMAS E. BLACK
Folsom, CA

Accredited by
the Accrediting Commission of the

National Home Study Council

Write for our fr ee catalog (see address
bel ow), or ph on e us at toll- fr ee
1-800-955-2527 (for catalog requests
only) and ask for our " degree catalog."

Add prestige and earni ng power to
yo ur technical career by ea rn ing
yo ur Associate or Bachelor degree
thro ugh directed hom e study.

Grantha m Co llege of Engineer ing
awards accred ited deg rees in

electronics and computers.

An impor tant part of being pre­
pared to move up is holdin g the
right college degree, and the ab so­
lutely necessary part is kn owing
your field . Gran th am can help you
both ways- to learn more and to
ea rn your degree in the pr ocess.

Grantham offers two degree pro­
grams-one with major emphasis
in electronics, the ot her with major
emphas is in computers. Asso ciate
a nd bach elor degrees are awa rded
in each program , a nd both pro­
gra ms ar e available completely
by correspond ence.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understa nd lessons, with
help from your Grantham instruc­
tors when you need it.

COLLEGE DEGREE
in your Technical Career through

HOME ~ ~ L
STUDY ~l} : , ETTERS

(f)

~
z

@ GRANTHAM
o
~ College ofEngineering
o 10570 Humbolt Streeto
~ Los Alamitos, CA 90720
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You Have Counted on Us for 15 Years

OPTOELECTROIIICS IIIC.
5821 N.E. 14th Avenue· Fort Lauderdale, Florida 33334

1-800-327-5912 FL (305) 771-2050 FAX (305) 771-2052

OPTOELECTRONICS
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cleaned with some kind of grease­
cutt i ng cl ean er (l ike Era, liquid
Tid e, o r Freon TF) to remove th e
oily f ilm .

That meth od will surely ben efi t
th ose expe ri me nt ing with surface­
mount techn ol ogy. I've tri ed elec­
troless tin pl atin g, bu t after build­
in g circuit s o n refl ow- sold ered
boards I'll never go back to un­
plat ed co ppe r o r ti n-plated copper
again.
RON DOZIER
Wilm ington , DE

And more and more of you are counting on
us, techni cians, engineers, law enforcement
officer s, private investigators, two-way radio
operators, scanner hobbyists, and amateur
radio operators, just to name a few.

You have counted on OPTOELECTRONICS
Hand Held Frequency Counters to be the
best quality, to be affordable and reliab le.
We have been there for you with Frequency
Counters that are compact and ultra sensitive.

Hand Held Series Frequency Counters and Instruments
MODEL 2210 1300H/A 2400H CCA CCB
RANGE: FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz

TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz
APPLICATIONS General Purpose RF Microwave Security Security

Audio-Microwave
PRICE $219 $169 $189 $299 $99
SENSITIVITY
1 KHz < 5 mv NA NA NA NA
100 MHz < 3 mv < 1 mv < 3 mv < .5 mv < 5 mv
450 MHz < 3 mv < 5 mv < 3 mv < 1 mv < 5 mv
850 MHz < 3 mv < 20 mv < 5 mv NA < 5 mv
1.3 GHz < 7 mv < 100 mv < 7 mv NA < 10 mv
2.2 GHz < 30 mv NA < 30 mv NA < 30 mv
ACCURA CY ALL HAVE +1- 1 PPM TCXO TIME BASE.

All counters have 8 digit red .28" LED displays. Aluminum cabin et IS 3.9" H x 3.5" x l ". Internal Ni-Cad batteries
provide 2-5 hour portable operation With cont inuous operation from AC line charger/power supply supplied. Model
eee uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes. antennas, and accessories
is availab le. Orders to U.S. and Canada add 5% to total ($2 min. $10 max). Florida residents, add 6% sales tax.
COO fee $3. Foreign orders add 15% . MasterCard and VISA accepted .

Orders to U.S. and Canada add 5% 10 total ($2 min. $10 max). Florida residents. add 6% sales tax. COO fee $3.
Foreign orders add 15% . MasterCard and VISA accepted.

ported above the surface of th e
pan with standoffs works well. If
th e board rests on th e bottom sur­
face of the pan it will de-laminate­
th e f ibe rglass. I pl aced a pi ece of
solde r into the o il to determine
wh en the te m pe rat u re is hi gh
eno ug h to reflow th e solde r; usin g
a th ermometer sho uld work even
better. The board can th en be re­
moved with tongs and wiped with
a rag to remove th e excess so lde r.
It can then be dipped again to pro­
vid e a shiny surface . It can be

PC BOARD RECIPE
I wou ld like to share the results

of my ex pe rimen ts w ith re-f low
so l de r plating of hom em ad e
printed-circu it boards with other
Radio-E lectronics read er s. After
th e board is etched, but before
drill in g, th e resist can be removed
with a little pain t st rippe r, and th e
co ppe r can be cleaned with a mi x­
ture of vin egar and salt.

Solde r can be sme ared onto th e
PC board with a hot i ron wi th a
wide tip. Use a minimum of solde r.
Atthi s point, th e board looks ugly;
th e so lde r now need s to be re­
flowed to provide a uni form solde r
su rface .

A hot bath of peanut oi l (avail­
ab le at th e supe rmarket) can faci li ­
tate th e ref low p rocess. I have
fo und t hat heating the peanut o i l
slow ly with the PC board su p-

BELATED THANKS
I ju st want to show my apprecia­

t ion for the article and BASIC pro­
gram, " Coping W ith Co ils," that
appeared in the November1988 is­
sue of Radio-Electronics. When I
f ir st got that issue, I d id n't really
look at the sto ry, since I wasn't in
need of any coi ls. Recent ly, how­
ever, I had to calcu late coi l sizes
for several inductances, and I hap ­
pen ed to remember seein g th e
program . I used it on my PC, and it
worked mu ch better than I ex­
pected-particularly in that it lets
you select various wire and form
sizes to d et erm ine th e best ar­
rangem ent.

Anoth er thing I discovered from
using th e program was that th ere is
a math ematical correlation b e­
tween AWS wire gauge s and equiv­
alent in ch d iameter. I always
thought that gauge sizes were ju st
arb it rary. It's one of th e most
usefu l programs I've ever worked
w it h.
J.E BURTON
Downers Grove, IL

th e old "Cosrnac Elf"?
As I recall , Radio-Electronics had

a co nst ruc t io n project on that in
th e 1970's!! I wonder if th e project
manager thought the designer was
nuts when he saw the 1802 in th e
de sign . I think not.

Keep up the good work.
JOHN CONNELLY
Naperville, IL
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FACTORV NEW! FACTORV PERFECT!

co ntest fo r li censed amateur-radio
operators . To enter, yo u must sub­
m it by March 1, 1990 a video tape
about ham radio that you make on
yo u r h o m e video eq uip ment
(VHS, Beta, or 8mm). It can be
about any aspect of ham radi o , and
can be a documentary, educa­
t iona l, technical, or ente rta in ment
fil m . It m ust be less than 15 min­
utes in length and be made using
o nly consu mer-g rade eq uipment.
Al l li censed amateur-rad io oper­
ato rs (except members and fam­
ili es of members of WWATS and
ATVQ and publishers and staff of
ham- rad io magazin es) are elig ib le
t o w in some fantast ic prizes in­
cl udi ng an ICOM IC 12751 .2-GHz
t ransceiver and an AEA FS430 ATV
t ransceiver.

Entry fo rms and complete rul es
and regulat io ns for the co ntest can
be obtained by writi ng to the ad­
d ress bel ow.
WWATS/ATVQ VIDEO CONTEST
353 South 116th Street
Seattle, WA 98168 R-E

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are ab le to work with common small hand
tools,and arefam iliarwithbasic electronics(l.e. able
to use voltmeter, understand DC electronics). . ..
IFyoupossessaveragemechanicalability,andhavea
VCR onwhichto practice andlearn . .. .thenwe can
teach YOU VCR maintenance and repai r!
FACT: upto90%ofALLVCR malfunctions aredueto
simple MECHANICAL or ELECTRO-MECHAN ICAL
breakdowns!
FACT: over 77millionVCRs in use todaynationwide!
Average VCR needs service or repair every12to 18
months!
Viejo's400 PAGE TRAINING MANUAL (over 500 pho­
tos and illustrations) andAWARD-WINNING VIDEO
TRAINING TAPE revealstheSECRETS ofVCR mainte­
nance and repair-"real world" informafion that is
NOT available elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of runningasuccessful serviceop-
eration! FREE INFDRMATIDN

CALL TOLL-FREE 1-800-537-0589
Orwrite to: Viejo Publications Inc.

3540 Wilshire BL. STE. 310
Los Angeles, CA 90010 Dept. RE

CIRCLE 180 ON FREE INFORMATION CARD

NO MORE FRIED BATTERIES
For those of you wh o have nu ­

m erou s ha nd he ld transce ive rs­
and , th eref o re , num erou s bat­
teries-here's an id ea fo r a batter y­
charger shutoff th at I have used for
some ti me. Obtain th e " gard en­
vari ety" light-t imer f rom any d ru g­
store, m ark et , o r jun kb o x . Re­
move th e cam t hat turn s the tim er
ON, leaving o nly th e O FF cam in ­
tact. Plu g the batte ry charge r into
th e t imer an d set th e ti mer to the
approp riate t ime (8 hours o r wh at­
ever). The n plug th e tim er in an AC
outl et , turn the tim er on manually,
and forget it. The tim er w i ll turn it
off but not o n- thus, yo u won 't
have to dea l wi th those fri ed bat­
teri es any mo re.
DON R. SM ITH, K6CH S
Palm Sp rings, CA

AMATEUR VIDEO CONTEST
Th e W e st e rn W a shin gt on

Amat eur Tel evision Soc ie t y
(WWATS) and Amateu r Tel evi sion
Quarter ly (ATVQ ) are sponso ring a

DAMARK PRICE :

Manufacturer's
Suggested Reta il

$3,449.00

Item No. B-1729-132142
Insured Ship/Hand.: $39.00

I VISA I MasterCard [dJ

FOR FASTEST
SERVICE CALL

TOLL FREE
1-800-729-9000

Ctty.State .Ztp _

o CheckiMO 0 VISA 0 Master Card 0 Discover
Card No. _

• 80286 microprocesso r (operates at 12 MHz}.
• One 3-1/2" 1.44 MB floppy drive.
• One 5-1/4" 1.22 MB floppy drive
• 30 MB hard drive. • 1 MB RAM on mother-

board: expandable to 3 MB.
• Includes VGA 14" color monitor & VGA card.
• High res. monitor: 480 x 600. & 256 colors.
• IBM compatible. • AT compatible.
• 8 expansion slots. • Dual FDD/HDD contro ller.
• 2 half height drive cavit ies exposed.
• 1 half height drive cavity enclosed.
• 2 serial ports. • 1 parallel port.
• System configuration in CMOS with

battery back-up.
• Included software: MS DOS 3.3 & GW BASIC.
• 145W Universal power supply.
• Socket for 80287 co-processor on motherboard.
• Zero wait state. • One Vear Warr anty!

•••••••• •OAMARK INTERNATIONAL, INC.
6707 Shingle Creek Parkway, Minneapolis. MN 55430

Customer Service> 612-566-4940

Please rush me:_Packard Bell Computer(s}
@ $1499 each. plus $39.00 slh each. Item
NO.B-1729-132142. MN res. add 6% sales tax.

Due to a special ar­
rangement, we were
able to obtain a large
inventory of thes e
comput ers with color
monitors. As a result,
we can now offe r
them to you at HUGE
SA VINGS!
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Sony CRf- V21 Visual
World-Band Receiver

The first of a new breed of
comm unicatio ns receivers.

IF WE A SKED THE READERS O F TH IS MAG ­

azine w hat featu res they wo uld
wa nt in a com m un ica tio ns re ­
ceiver, we 'd probab ly get a long
and greatly varied list . At t he top of
t he l i st would be freq ue ncy
cove rage from below the standa rd
broadcast band up t h roug h 30
M Hz, fo llowed by th e abil ity to re­
ceive AM and SSB sig nals . Un­
do ubted ly, extensive memory and
scann ing featu res wo uld be a po p­
ular request as we ll.

We do ubt, ho wever, if man y
peopl e wo uld req uest th e abil ity
to decode RTTY (Radio TeleTYpe)
and radi o facsimile. A lt ho ug h
those feat ures are des ired, they ' re
not expect ed o n a co mm unica­
ti on s receiver. Well, Sony Co rpo­
rat ion (Sony Drive , Pa rk Rid ge, NJ
07656) apparent ly ignored stan­
dard expec tat ions w hen bui ld ing
their CRF-V21. They've packed so
many features in the receiver that
it 's likely to become the new stan­
dard again st wh ich all ot her co m­
mu nicati ons receivers are judged .

XXX.\ X 221HIZ
n ClS ens 221SUU
ICE COSDITIO" ASD FORECAST FOR THE HSTERS ARCTI C
ISSUED AT ISUU H C SATURDAY 22 ILn 1I II BY
El'YIROSNES! CA SAD,I ICE CH TRE OTTAI.I

ICE EDG E ESTlllATED fRON THE COAST hEAR HERSCHELL ISU I
D TO ,I20S
moul TO ,HUS 13735' TO 704U I IJ,OOI TO CAPE BATHURS
T. NOSTlY
OPES TO IUY OPES DRIfT ISSIDE THE ICE EDGE SOUTH OF 7
US
THE SOC1 HERS EDGE OBNL\ ILD ICE LIES .IBoer SO m ES OFF

THE
Ttl PEII SSU U .ISO ABOUT \ 0 NIU:S OFF THE .lUSU COAST
AS FAR IrST
,\S BARTER ISU hG
HOSl1HORlVISEP IHCHEASES TO .IBOeT 100 NILES
SORTH OF BARRO'iO

FIG. 1

Basic specifications
The CRF-V21 receives lon g-, me­

dium-, and sho rtwave broadcasts
from 9 kHz th rou gh 30 M Hz; FM
b roa dc asts f rom 76 th ro ugh 108
M Hz ; sate l l i te f re q ue ncie s of
137.62 and 141 .12 M Hz ; and , as­
suming an optio nal dish is used ,

1.691 and 1.6945 GHz. Aud io -de­
tect io n mod es incl ude AM wide,
AM narrow, w ide band FM, narrow ­
band FM , USB, and LSB. The CRF­
V21 can also decod e and print
RTTY, radi o fax , and sate ll ite fax
broadcasts .

W hile most peop le are familiar
with w hat is availab le on th e stan­
dard b ro ad cast an d sho rtwave
b roadcast band s, RTTY and radio
fax is a mystery to most-most of
us know only th e sounds that such
t ransmissio ns make. The ability to

deco de fax and RTTY adds ano ther
dimen sion to monitoring and DX­
in g. Figures1-3 give a good feel for
th e types of activi ty that exists on
th e airwaves.

Figure 1 is a part ial printout of a
broadcast from Environment Can­
ada th at lists ice cond it ions for th e
western Arct ic. Figure 2 is a tr ans­
mi ssion fr om th e Naval Eastern
O ceano graphy Center in Norfolk ,
Virginia that showswave heights in
th e Atl anti c. Figure 3 is a sate ll ite
image from GO ES, the Geostation­
a r y O r b it i n g Envir onm en t al
Sate ll ite. Wh ile th at is th e sort of
im age th at th e satell ite capabili ty
makes possibl e, we received th e
im age as it was reb roadcast from
No rfo lk . We did not have th e op­
portunity to give th e sate ll ite ca-

pabi l ity a workout. All the im ages
here were received usin g Sony's
act ive telescopic antenna, w hi ch is
supp l ied as standard eq uip ment
w it h the receiver. Sate ll ite recep­
ti on req u i res t he o ptio na l AN­
P1200 sate ll ite dish.

Microprocessor power ~

The CRF-V21offers a host of fea- ~
tures t ha t it s mi cropro cessor ~
cont ro l mak es possibl e. For exam- ~

pi e, up to 50 " pages" of memory <0
can be sto red. Each page can hold ~
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PICK UP l\mular Electronics AT YOUR FAVORITE
NEWSSTAND, CONVENIENCE STORE, OR SUPERMARKET.

Exciting Features, Projects, Reports, & Columns
• EXPERIMENTS IN • MODEL TRAIN AND

ELECTROPHOTOGRAPHY SLOT-CAR CONTROLLER
Explore the world of Kirlian Build a model controller that
photography, Lichtenberg outperforms many more-expensive
figures, and more commercial units

And there is more!
PRODUCT REPORTS-Zen ith CIRCUIT CIRCUS-Shortwave
VM7150 Camcorder, MicroTac Soft- converters, active antennas, and RF
ware French Assistant, and more filters and more
DX LISTENING-what's new at HAM RADIO-Awards for award-
the Voice of America winning hams
COMPUTER BITS-The king of SCANNER SCENE-ox pes -
the Pascal programming hill sibilities for scanner enthusiasts

FIG. 3

up to seve n stati ons, for a total of
350 stat io ns. An id entifi cati on tag
can also be stored alon g w ith each
page. We found th at featu re es­
peciall y useful fo r f ind ing th e best
f req ue ncy fo r a give n time. Fo r ex­
am p le, in on e p age , w e pro­
gram me d seve n di ff erent freq ue n­
cies o n whi ch th e BBC broadcast.
By call ing up o ur " BBC" page, we
found th at we wer e ab le to easi ly
swi tch between th e seven ent ries
to find th e best possibl e recepti on
co nd it io ns .

On anot he r p age , we sto re d
some stat io ns we happen ed acro ss
on th e 25-me te r band . Rath er than
li sten and lo g t he t ransm iss ion
tim es, we decid ed to let the re­
ceiver do th e work fo r us. Usin g
simp le menu-ch osen co mma nds,
we in stru cted th e rece i ve r t o
monitor the f req ue nc ies o n th at
mem o ry page for a12-hour peri od.
A prin tout of th e activ ity is show n
in Fig. 4. It shows rath er clea rly
th at th ere is a f ive-hou r per iod
w here l ittl e act ivi ty takes pl ace.
W hi le any act ive shortwave l is­
te ne r knows w hen t he 25-meter
band is active, th at pa rt icular fea ­
tu re is in valu abl e w he n yo u' re t ry­
in g to dete rm i ne t he bro ad cast
tim es and sig nal st rength of, fo r
example , a news bureau's wire ser­
vice t ransmi ssions.

• AVISION SYSTEM FOR
ROBOTIC TOYS
Give your robotic creations the
gift of sight

• RECEIVER CIRCUITS
YOU CAN BUILD
Cook up a radio that meets your
needs with these useful circuits
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HT

Send 10:Healh Company, Dept. 020-854
Benlon Harbor, Michigan 49022

t he receiver 's .7 kn obs, 10 jacks,
an d 59 p us h button s (man y of
w hich serve several different fun c­
t io ns). If not fo r the $6000 pri ce
tag, we'd buy one tom orrow.

Despi te t he price, we expect
that there is a market fo r thi s inno­
vati ve receiver. The most enthusi ­
astic shortwave enthusiasts will
want one , as w ill, perhaps, gov­
ernment and embassy personnel ,
and navigator s. R-E

ER
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State Zip
A subsidiary of Zenith Electron ics Corporation

o

FIG. 6
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ti on . To th o se of u s wh o t ak e
noi se, inte rfe rence, and fading as
a necessary co nsequence of sho rt­
wave listening, the ability to by­
pass inter-station static and to sto p
at only clea r, strong broadcasts is
almost eerie.

We had a lot of fun exam ini ng
Sony's CRF-V21. Thi s review only
tou ch ed t he surface of t he re ­
ceive r's capab ilities . Fo r examp le,
we've ment ion ed only a handful of

286SupersPort Laptop by
Heathkif

Your logical sourcefor qualitycomputer and elec­
tron ic product needs, theFREE Heathkit Catalog

~
;~~~~;=~iS your key to afun and exciting hobby. The Heathkit

Catalog contains powerful kit laptop and desktop
computers, test instruments, weather equipment,

and hometheatercomponents, plus self-study
electronics courses. Order your FREE Heathkit

Catalog today! It's thelogical thing to do!

~ty__

. U l.IT~, PI1HSE I

' ':; U i O [ s t 3.n j b ~ :

FIG. 4

out supplies, is show n in Fig. 5.
The receiver offe rs three scan­

nin g mod es. First , it's possibl e to
scan th rou gh th e ent ire frequ ency
range of the receiver. The receiver
has eno ug h "smarts" to change

IACTI VE SE_,A_,R_C_H w_,w.... '1:

I
I

",":". ~- ~mg

FIG. 5
th e scanning ste ps and reception
mod e based o n the frequ ency. For
example, in the rang e between 88
and 108 MHz, the receiver would
automat ica l ly set th e recepti on
mod e to w ide band FM, and the
ste p frequency to 50 kHz. (It is pos­
sib le to ove rride any of the pre­
sets.) The seco nd scanning mod e
allows the user to select the upper
and lower limits b etween w hic h
scanning w ill take place. The third
scanning mod e scans only those
stat ions sto red in mem ory.

As i f t hose sca n n ing mod es
aren't adequate, Sony adds yet an­
ot her way to search for broadcast­
in g stations : a spec t rum analyze r.
Any part of the receiver 's frequen­
cy coverage can be examined in
spans of 200 kHz, 1MHz, or 5 M Hz.
Fig. 6 shows a di splay of th e activ ity
of a 200-kHz segme nt in th e 25­
meter band. It is also possi ble to
use a pointer to tun e into o nly
th o se sta t io ns that ar e st ro ng
eno ugh to guarantee good recep-

Of cou rse, most SWL's would
never be content in letting the re­
ceiver find stations to listen to. But
eve n as yo u hunt aro u n d th e
bands f ind ing new stat io ns, th e
CRF-V21 has ways to make the task
of loggin g easie r. A sing le pu sh of a
button w il l fee d all of the di splay
in formati on to the bu ilt-in high­
re soluti on pr int e r. A sa m p le
printou t , w hich also serves to il ­
lu strate the amo unt of in formation
th at th e receiver's hu ge LCD read-
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NEW PRODUCTS

CIRClE 13 O N FREE
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AC CURRENT METER. De­
signed fo r use by hobbyists
as well as elect ricians, ser­
vicemen , and techn icians,

Elenco 's 5T-101O AC current
meter is rel iab le and com­
p let e ly p o rt ab le . It mea­
sures AC current up to 1000
amperes, and has nine fu nc­
t ions: AC and DC vo lts, re­
sistance, AC current , d iod e
test, data hol d , peak hol d ,
audible cont inuity, and in-

- 120 dBc/H z at 25 kHz. The
VCO 's tun e ± 20 MHz from
th e use r-spec i f ie d cente r
freq uen cy. A m od u lat ion
port has sensit iv ity of 0.3 to
0.9 RMS ± 10% flatness, and
maxi m um modu lat io n d is­
tort ion o f 3% , for aud io ­
mod ulatio n rates of 50 Hz to

- - 5 kH z . The 0 -900 '5 have
buff ered o utputs of + 3 ± 2
dBm and operate off 8- o r t z­
vo lts DC at 25 and 40 mA,
resp ectiv e ly . Th e co m ­
p le t e ly e nc lo se d V CO 's
have a standard operati ng­
tem per atu re range of 0 to
700 C. They are also available
wi th an ex tende d mil itary
temp er atu re range of 55 to
1050 C.

Sample un its of th e 0-900
each cos t $85.00.- Z-Com­
municati ons lnc., 5450 NW
33rd Aven ue, Ft. Laud er­
dale, FL 33309.

CIRClE 12 O N FREE
INFO RM ATIO N CARD

RADIO VCO'S Z-Comm uni­
cations' 0-900 Series of 700­
to 1000-M Hz Voltage-Co n­
tr o ll ed Oci lla to rs (VCO 's),
based u pon coax ia l reso­
nator tech no logy, are de­
sig ned fo r use in ce ll u lar
phon es and for commerc ial
and mi li tary radio app l ica­
tions, w here low noi se and
hi gh stab ility are requi red .
The series has except ional
phase-no ise characte rist ics
of - 95d Bc/ Hz at 1 k Hz,
- 105d Bc/Hz at 5 kHz, and

St and ish Blvd ., Taun ton ,
M A 02780.

in memory, ready fo r instant
recall.

The mod el 408 multi-fo r­
mat vide o/all -c hannel gen­
era to r cos ts $3,3 95 .00.­
Leader Instruments Corpora­
tion , 380 O se r Av en ue ,
Haup pauge, NY 11788; Tel.
1- 80 0 - 64 5 -5 104 ( i n N Y,
516-231-6900).

CIRCLE 10 ON FREE INFO R¥ ATlO N CARD
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through ± 200 vo lts D C.
The enhance d-co nt rast LCD
has user- se lect abl e deci­
mal-po in t placement , exter­
nal-referen ce capabi lity for
ratiom etric measurem ents,
and an all -d ig its test pin for
chec king full f unct io na l ity.
Other features incl ude au­
to mat ic po lar it y change ­
over, over- and un der-range
indi cat i o n ,1 00-m egoh m s
input im pedance, and an in ­
pu t-off set adjus tment .

The OP-1765 d igi ta l panel
meter costs $64.00; th e op­
t ional bezel kit (8 -18) costs
$3. 00.- Acculex, A M et ra­
Byte Co mpany, 440 Myles

tio ns. O n-screen program­
ming makes the 408 easy to
use. Co nt ro l of key video­
signal levels- such as burst ,
sync, luminan ce, ch ro mi ­
nance, and setup- is pro­
vided , alo ng w it h RF-fr e­
quency selection . As many
as 100 sets of vi deo -leve l
spec ificatio ns can be sto red

VID EO/ALL-CHANNEl GEN­
ERATOR. Providin g m ore
th an 80 test patt ern s, Leader
In st r um ents ' m od e l 40 8
gen-Io cka b le NTSC Vid eo
Test Sig na l Ge ne rato r out ­
puts in composite , S-VHS,

_RG B ,X.R:.Y,_an d _B~Y_fo r.m ats_---,=

w ith RF channe l cov erage of
a ll b roa d cast an d ca b le
ch an ne ls . A sam p l in g of
th ose test patte rn s includes
multi b u rst, v ideo swee p,
SM PTE co lo r ba rs, modu­
lat ed an d unm odu lat ed
stai rcase, co nvergence, and
crosshatc h.

A m enu-dri ven , mu lti­
purpo se data-cont ro l panel
w ith LCD is used to set up
ch anne l f req uenci es and
video signal-level spec ifica-

D IGITAL PANEl M ETER . A
ba tterv-powe red i Ski-d ig i t
pan el m et er, th e OP-1765
fr om Accu lex , offe rs t rue
sing le-ended (bui lt-in nega­
t ive rail gene rat o r) inpu t
and very w id e pr i m ary­
p ow er o p e r at i o n- fr o m
+3 .5 to + 7.5 vo lts DC at
o nly 145 mA oThat ext reme ly
low power dra in allows up
to 8000 hours-on e year­
o f co nti n uo us o pera t io n
from any batt ery source in
that range. The me te r can
also be used for mobil e,
portab le, and ot her app lica­
tio ns usin g a 12-volt DC au­
to motive-t ype batte ry wi t h
vo ltage d ivid er. It is easy to
m oun t , requirin g o n ly a
small screw d river; an op­
t ional bezel k it is avai lable .

(/) The OP-1765 uses a high ly
~ accu rat e, d ual-slope-inte­zo grat ing AD C in co njunct io n
g: w ith a single-ende d input,
frl an integral DC-to-DC con­
rn verter, and common-mode
o rejecti on ratio of 85 dB. It
~ can be configured for ana­
a: log inputs from ± 200 mV
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$39. $35.
Each Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"

$48. $43.
Each Each

TB-3 (Tri-Bi) or SA-3
Quantity Prices
10 20

& SOCKETS
PLUGS

CABLE TV

1175-0 tndustrlal Ave., (p.O. Box JI ' Esoondldo. CA 9202s-0051 U.SA

CRAMOLlN~ is a fast-actinq, anti-oxidizing lubr icant that cleans and
preserves all metal surfaces, including gold.

When applied to metal contacts and connectors,CRAMOLlN~ removes
resistive oxides as it forms a protective molecular layer that adheres to the metal
surfaces and maintains maximum electrical conductivity.

CRAMOLIN" - USED BY THOSE WHO DEMAND THE BEST:
BeU" Howell Hewlett Packerd MCI(Sony) NakemlChl
Boeing John Ruke Mig. Motorola RCA
Capitol Records Mcintosh Labs NASA Swttchcraft

r:;:-:;-;;;-::;=ptI_....IlI'!"II......~IlI'!"II.....~!9!~SINCE 1956

Even the finest equipment in the world cannot guarantee noise-free operation .
One " dirty" connection anywhere in the electrical path can cause unwanted
noise or signal loss .

CIRCLE 14 ON FKH
INFORMATION CARD

COMPUTER/CONNECTOR
HARDWARE . Co llec t ions of
co m p u te r and co n nect o r
hardware-con si sting o f
turn ab le jack scr ews, " 0"
submini ature jack sc rew s,
and capt ive screws- are of­
f ered by Keyston e Elec­
tron ics. The Turnab le Jack
Scre w selec t ions, primarily
us ed to sec ure co m p ute r
co nnect io ns , are ava i lab le
in a vari ety of co nfigu rations
and are suppl ied with or
withou t scre w d r ive r slots.
The turnab le jack screw s
have knurled head s and are
avai labl e in len gth s fr om
1.75 to 4.5 in ch es with 4-40
thread ed len gth s, and i n
0.125- to 0.250-inch d iame ­
ters. They are mad e of stee l
w ith a cho ice of bl ack zinc ­
plate, yellow ch rom ate, or
ni ckel-p late finish es.

Th e " 0" Su b m i n ia t u re
Jack Scre ws includ e 0.250-,
0 . 312- , a n d 0 .62 5- i n ch
len gth s, and are mad e of

to set up murtipl c- scan list s
th at can be sch edu led to be­
g i n at u ser-d et ermined
tim es and exec uted at user­
determined rates. Th e di s­
play ca n b e cu sto m ized,
and data can be stored in
var iou s form ats. An on-line
learnin g aid is in clud ed .
Co l o r g r aphi c s sc ree ns
show th e use r how to attach
transducer s to th e System 10
and how to cre ate setups on
LABTECH NOTEB OOK. The
software contains both Fast
Fo u r ie r Tr ansf orm a n d
cu rve -f it ana lysis ro uti nes,
and a seamless lin k to Lotus
1-2-3 is provided if you w ish
to do custo m analys is and
data sorting.

The HP 75000 System 10
co sts $5,750.00, and the PC/
printer option costs an addi ­
ti on al $4, 650.00.- H ew lett­
Packard Company , Inquir­
ies , 19310 Prun e r id ge Ave ­
nu e, Cupe rt ino, CA 95014;
Tel. 1-800-752-0900.

sulat ion test (w ith an op­
tional 500-volt in sulation­
tester uni t. The hand -held
in strum ent fea t u res a 3Y2­
di git LCD readout , a w rist
st rap, and a carrying case. It
run s for 150- 200 hours on a
standard 9-vo lt batt ery.

Th e ST-WW AC cu rr ent
meter co sts $99.00.- Elenco
Electronics, Inc. , 150 W est
Carpe nter Avenue, Wheel­
in g, IL 60090.

DATA-ACQUISITION SYS­
TEM. Hewlett-Peckerd 's HP
75000 System "/0 is a data-ac­
qui sit ion package that re­
quires no programm ing to
co llec t data and obtain re­
sults . All th e necessary mea­
su re me n t h ardw are and
menu-driven software to at­
tach to a person al computer
are incl uded in the system.
For a total so lut ion, a pC!
printer opt io n is avai lab le
that provides th e user with
an HP Vectra PC and an HP
Ouiet let pri nt er.

System "/Os hardware in ­
clud es a 5Y2-d igi t mu lt i­
met er and a th ermocoup le­
relay mu ltip lexer for accu­
rate temperature m easure­
ments on as m an y as 16
thermocoup les. Two other
multip le xers ar e also in ­
c l ud ed , providing more
th an 100 ch annels of high­
accuracy m easurem ents .
Two counters are availab le :
a 4-chann el counte r mea­
sures co u n t s, fr equ en cy,
period , pulse width , inter­
val, and up /down co unts on
sig na ls up to 4 MHz and a 3­
chan ne l co un te r measures
those sam e fun cti on s (ex­
cept up /down ) to " G Hz . A 4­
chann el d ig it al/an alo g de­
vice al lows user s to output
eithe r vo ltage or cu rrent on
eac h cha n ne l . A built -in
quad 8-bit digital I/O card
allows th e system to cont ro l
dev ices and sense wheth er
th ey are on o r off . An HP
75000 B-size cardc age con­
tain s five empty slots th at
can be used with a vari ety of
ot he r plu g-in m easurem ent
cards. Add it iona l cards can
be factory instal led if th ey
are o rdered at th e same
ti me as th e syste m .

LABTE CH N O TEB O O K
dat a-acqu isit ion softw are is
used . Th e f lexi bl e , menu­
driven packa ge allow s users
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vent s the in str ument fro m
ch ang i ng ran ges, w hi ch
saves time for repet itiv e go­
no- go checks . Tho se two
mod els each have an aud i­
ble co nt inuity feat u re that
sounds a " beep" when the
circuit un der test is clo sed.
W hen the DATA-H butt -in on
th e mo del 3230 is pressed,
the meter captures the mea­
surement, beeps, and locks
it on the di spl ay. All mod els
co me with test leads, man­
ual, batt eries, fuse, and a 3­
year warranty.

The models 3210/ 3220/
and 3230 di gital multim eters
are each ve ry affordab ly
pr ice d und er $100.00.­
HMC, P.O . Box526 , Canton,
MA 02021.

Prob es Inc. , 9178 Brown
Deer Road, San Diego, CA
92121; Tel. 1-800-643-8382.

DIGITAL MULTIMETERS.
The Soar 3200 Series DMM's
(mode ls 3210/ 322 0/ and
3230) combine the featu res
of a state -of-the-art di gi tal
mul timeter w ith an analog
bar-graph display. The 3Y2­
di g i t 3200-c o u nt di spl ay
pr ovi d es hi gh resolut ion ,
and th e 32-seg me nt bar­
graph display is well- suit ed
for reading that change­
peak ing, null in g, and ob ­
serv ing t ren d s. All of t he
meter's fun cti on s are se­
lected w ith an 8-pos it ion ro­
tar y sw it ch and test; t he
meter automatica lly selects
the range w ith th e greatest
acc u racy and resolu ti on .
The funct ion and measure­
men t ran ge are d isp laye d
on the LCD.

M od el s 3220 and 3230
have a RANGE button th at pre-
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SCO PEPROBE. Specially de­
signed for durabil ity and in­
t e rf eren c e- free p erfor­
mance, TPI 's SP/50 150-M Hz
sc op e p r obe f eat ur e s
r i set i me fa st er th an 1. 5
nan o second s. It s design
elimi nates external in ter­
feren ce and cab le mi cr o ­
pho ni c s . T he p rob e is
sealed against moi sture to
withstand 95% humid ity at
40°C. Spec ia l ly d esi gn ed
strain reli ef and co nnecto r
crimp mo re th an tripl e the
cab le life of previou s de ­
signs. The SP150's swit ch has
self-clean ing co ntac ts fo r
lon ger li fe, and its ground
lead is replaceable.

The model SP/5 0 sco pe
probe cos ts $40.00.- Test

CIRClE 16 ON FREE
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die washers, and bow-ti e re­
taining clips, in a variety of
length s and sizes. The cap­
t ive sc re w gro up is also
mad e of z inc-p late d stee l
w ith go ld irri di te.

Th e Co mp uter / C o n ­
nector hardware collections
range in p rice fro m $6.00
per hundred to $11.00 per
hund red , depending upon
the quant ity o rde red .- Key­
stone ElectronicsCorp. , 31-07
20t h Ro ad , Asto r ia , N Y
11105-2017.

z i nc-pl at ed , go ld -i rr idite
stee l th at meet s mili tary
standards. The devices are
packaged both in bu lk and
in kits, and are comp lete
wit h f lat wa sh e rs, lo ck
washers, and nu ts.

The Cap tive Screw set
co mes w it h " U" clips, sad-

• ATTENUATION - 45dB TYPICAL
• BANDWIDT H - 4 MHz AT 5 dB POINTS

• INSERTION LOSS - 2 dB

• FOR ELIMINATION OF SEVERE INTERFERENCE
• FOR "CENS ORING" OF ADULT BROADCASTS

P.D.Bo x 94917
Las Vegas,NV 89193-4917

1-800-433-631 S

3 for $72-10for $180-mix & match
Call Toll Free For C.O.D. or Send Check To Order

No Shipping Charges
• Shipped Within 3 Days • 30 Day Money Back Guarantee

FACTORY DIRECT FROM

StaJt~

band - stop filters

TUNING FOR SHI PPINGt
MODEL RAN GE CHANNELS PASSBAND PRICE HANDLING

23H 50 -66 MH z 2.3 (or 6 meter ham) 50·300 MHz $30 FREE

46 FM 66·10B MHz 4,5.6 (or any FMl 50 -300 MHz $30 FREE

14 17 120- 144 MHz 14111,) 15( 8 ) 16(C) 17(0) 50 ·400 MH z $30 FREE

1822 144--174 M Hz 181E) 191F1 201G) 21(HI 22111 50· 400 MHz $30 FREE

713 174·216 MHz 7.8 .9 ,10 .11.12,13 50 ·400 MHz $30 FREE
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NEW
LIT
ELECTRON IC- /COMPUTER­
PARTS. Gea red to the needs
of m anu f ac turer s , eng i ­
neer s, and research e rs, as
w ell as hobbyi sts, students,
an d co m p ute r buffs, th e
American Design Co mpo-

nents cata log features co m­
ponents such as lC's, c rys­
tals, co n necto rs, switch es,
batteri es, lED's, se m ic o n­
ductors, and powe r sup­
p lies. It also feat u res co m­
puter- re lat ed p rod ucts in­
c l ud i ng d isc dri v e s ,
moni tors, add-on boards,
and complete co m p ute rs.
Th e 36 -pa g e , fu l ly i l l u s­
trated cata log i s f ree. ­
Am eri can D esign Compo­
nent s, 815 Fairview Ave nue,
Fa i rview, N J 07022 ;
800-776-3700.

TOOLS AND TEST EQUIP­
MENT. Th e 1989 Supple­
m ent t o Co ntac t East 's
Gene ral Catalog in cludes a
w ide ran ge. of top b rand­
nam e products for test in g,
repa i ring, and asse mbl ing
all ty pes of ele ct ro nic eq u ip­
me nt. Th e 47- page , f u ll ­
co lor booklet descr ibes all
products in full detai l w it h
specificatio ns, photo s, and
prices. Th e p roduct s co me
w it h an " i ro n -cl ad " gua ran­
tee, and are shi ppe d under
Co n tac t East 's " sam e-d ay
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sh ipment" po licy to ensure
fast del ivery.

Th e 1989 Supp leme n t is
f ree.-Co n ta c t East, 33 5
Wi llow St reet South, North
A n do v e r , M A 01 84 5 ;
508-682-2000.

VIDEO-TAPETIPS . Prov idi ng
answers to m an y of t he
q uesti ons that vi deo enth u­
siasts are l i kel y to h av e
w he n t hey begi n usin g cam­
co rde rs, The Maxell Video
Tape Han d b o o k i s f i l le d
with in formati on o n select­
ing tapes, p rodu cin g video s
th at p e o pl e wi l l e n joy
w at ch ing , an d car ing for
video hardware. It exp lains

th e d iff erent types of video
tapes avai lab le and how to
choose the righ t o ne. The
booklet offe rs help ful h ints
o n ac hievi ng i nte rest ing ,
hi gh -qu ali ty v ideos usin g
advanced " p lot " p lan ni ng,
effective li ghting, and how
to use di ff erent len ses. Sim­
p le m a int en an c e p ro­
ced ures to pro lo ng the li fe
of v ideo tapes and eq u ip ­
m en t are a lso in clu d ed ,
alo ng w it h a handy glo ssary
of camcorde r termi no logy.

maxell.
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The Maxell Video Tap e
Handbook is free upon re­
qu e st ; se n d a se lf -a d ­
dressed , sta m ped, legal­
size enve lo pe wit h $ .75
po st ag e .-Maxell Video
Guide Offer , P.O. Box 4623,
Monticell o , MN 55365-4623.

With Just One Probe Connection, You Can ConfidentlyAnalyze Any
Waveform To 100MHz, 10 Times Faster, 10 Times More Accurately,

Absolutely Error Free, Guaranteed - Or Your Money Back!

SC6f Waveform Analyzer ™
Patented

$3295

Call 1·800· SENCORE to find out more about what the SC61
cando for your servicebusiness. In Canada call 1-800-851-8866.

SEEEf'JCOFlEEE

Other time-saving features include exclusiveECl synccircuits
that allow youto lock quickly ontowaveforms up to 100 MHz. Plus ,
with 3000volts of input protection, you neverhave to worry aboutan
expensive front end repair job.

There are other digital readout oscilloscopes , but noneof
them completelyeliminate graticule counting and calculations
like the SC61 Waveform Analyzer. The innovative, time-saving
AUTO-TRACKINGTMdigital readout automatically gives you every
waveform parameter you need for fast troubleshooting.

The SC61 Waveform Analyzer is a triple patented high
performance scope that providesyouwith a digital LCD read-out of all
key waveform parameters (DC volts, peak-to-peak volts, and
frequency) at the push of a button , and all with one probe connection. 3200 Sencore Drive, Sioux Falls , SD 57107
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100% American Made
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AUDIO
UPDATE
Progress in hi-fi hearing-aid design. lARRY KLEIN,

AUDIO EDITOR

IT IS AN UN FORT UNATE FACT OF LI FE

th at w eakn esses an d di sabili t ies
begin to appear and multi pl y aswe
get o lder. O r as so meone o nce
sa id, " Ti me m ar ch es o n-and
leave s its h eelprint s o n o ur
bod ies." Part icul arly t roub ling to
th ose of us invo lved, professio n­
all y o r othe rw ise, in audi o pursuit s
is th e gradual impairme nt of our
hearing. In gene ral , it takes three
main forms: (1) an ove rall loss of
sensitivity, w hich means that most
sounds have to be lo uder to be
heard at a satisfactory level , (2) a
loss of re lative h igh-frequen cy
sensit iv ity, and (3) a loss of dynam­
ic range, w hich audio logists refer
to as " rec ruitme nt ." (A persistent
rin gin g in the ears called tinni tu s is
also a major hearin g probl em, but
the present state of o ur knowledge
and techn ol ogy doesn't seem to
offer mu ch hope to its sufferers.)

As we get o lder, we f req uent ly
have p robl ems in all three areas.
For examp le, if yo u need to have
t he so und of yo u r bed room TV
t u rne d up sl ig ht ly higher t ha n
yo ur w ife's preferred setti ng, then
p roblem (1) is at work. If records o r
tapes that once bothe red yo u be­
cause t hey had too mu ch back­
ground hi ss sound relat ive ly hi ss­
free th ese days, problem (2) is the
p robable cause. (Assumi ng, that
is, that yo u haven't upgraded to
quieter audio equipment.) An ear-

~ ly warning of prob lem (3) is an in ­
z creased sens it iv ity to-and an ­o
0: noyance wit h- lo ud no ises pro­
I-o d uced by m o t or cycl es, l awn ­
wuJ mowers, subway screec hing, po l-
o it ic ians, and so fo rth . Its p roverbi al
~ mani festati on is th e o ld lady w ho
0: demand s th at yo u speak up be-
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cause she can' t hear yo u-and
t hen co mp lains that yo u are sho ut­
ing at her when yo u do.

Obvio us ly, t he main emp hasis
in hearing-aid des ign has always
been to restor e o r enhance speec h
inte l lig ib i l ity. That is certa in ly a
laudabl e goa l, but anyo ne with a
hearin g loss wh o was interested in
listening to mu sic t hro ugh an aid
was in evitably left fru str ated by
di storti on s in the input and output
tra nsd uce rs and inadeq uac ies in
sig na l bandwid th , noi se, ove r­
load, and so fo rth.

Hi-fi hearing aid
With that once-over-l ight ly dis­

cussion as background, let 's look
at a hi-fi hearin g-aid design ap­
proach used by the Swiss aut ho rs
of a recent Au di o Engin eering So­
ciety pap er (" High Fid eli ty Multi­
band Hearin g Aid," Prep rint 2793
B-4).

Odd ly eno ugh, the autho rs li st
as their f irst des ign objective th e
widening of freq uency bandwidth
downwa rd to aro und 40 Hz. That
str ikes me as strange given the rel­
ative lack of music fundame nta ls
down th ere and the fact that few
peop le co mp lain abo ut-o r are
even aware of- the almos t univer­
sal lack of 40-Hz capab i l ities in
the ir home speaker systems. The
aut ho r's choice of low-end cutoff
frequency may have been inf lu­
enced by the fact that thei r test
subject for the aid des ign was a
professional vio loncello pl ayer.

The next step invo lved evaluat­
ing the "eq ual-Ioud ness co ntours"
of th e po tent ial heari ng-aid user.
In ot her wo rds, at each level, how
mu ch gain had to be app lied to

equ iva le nt st rength f reque nc ies
for each to be heard as eq uiv­
ale nt ly loud ? Wh en yo u th ink
abo ut it , it becom es obv io us that
th e key to enhancin g th e audio
qu ali ty of a hearing aid is to tailo r
its respon se to the spec if ic needs
of th e user. M erely addi ng ampli ­
f icat io n as was don e in th e earl iest
aids simply results in ear overl oad
at some frequ en ci es and in ade­
qu ate boost at othe rs.

Tod ay's conventional aids are all
frequ ency-con tou red to con fo rm
to the user 's spec if ic needs, but
th e hi-f aid designers we nt a step
fu rth er: They split th e right- and
left-ear channels each into three
bands (40-400 Hz, 400 Hz-4 kHz,
4---8 kHz), each band havin g its own
adj ustab le compressio n ratios and
levels. The compression ratios can
be adjusted from 1:1 (no compres­
sio n) to 4 :1 for each of th e six
band s. In addition , each channel

. has its ow n exte rna l Baxandall bass
and tre ble ton e contro ls and level
controls to allow user adj ustment
of th e aid's respon se within th e
basic para meters set by th e inte r­
nal calibrations.

Sta ndard mini ature input and
o ut p u t tran sdu cers w er e, of
co u rse, not up to t he require­
ments of th e hi-fi aid. The autho rs
chose a so mewhat b ulky e lec ­
trodynamic om nid i rec tiona l mi ­
c ro p ho ne (w hic h feeds bot h
channels) ove r the smaller, but
n oi si er, e lect ret ty pe . Co n ­
vent io na l sealed electrodynamic
headph o nes inten ded fo r hi gh ­
quality Walkman use served nicely
as outp ut transdu cers. Since, ac­
cordi ng to it s pi ctu re, th e pro­
totype hi- f i ai d and i t s ph on es
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EARN YOUR \,;,'V
B.S.E.E. \~
DEGREE

THROUGH HOME STUDY
Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience , and can greatly reo
duce the time required to complete Programand
reach graduation. No residence schooling re­
quired for qualified Eiectronlc Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree . Up­
grade your status and pay to the Engineering
Level. Advance Rapidly ! Many finish in 12
months or less. Students and graduates in ali SO
States and throughout the World. Established
Over 40 Years ! Write for free Descriptive lit­
erature .

ORDER
FROM
JAN

FOR
CRYSTAL

CLEAR
COMMUNICATION
• YOUR RELIABLE SOURCE

SINCE 1965
• QUICK DELIVERY
• PRICED RIGHT
• EMERGENCY ORDER

SERVICE AVAILABLE
FOR FREE CATALOG,

CALL OR WRITE:

JAN CRYSTALS
P.O. BOX 06017[ IFORT MYERS, FL 33906 .1~

~ (813) 936-2397 . . .

TOLL-FREE: 1-800-JAN-XTAL
(526-9825)

FAX ORDERS: 1·813·936 ·3750

A The freq uencies that contrib­
• ute to the ear's perception of

" loudness" are mostly in the mid­
range. (You can confirm that for
you rself by noting th e small effect
on the overall loudness of mu sic
produced by boosting or cutting
t he highs and lows w ith the outer­
most sliders of a ten -band grap hic
equa lize r.) Hence, any contro l in­
te nded to bo ost or cut the mid­
frequenc ies in a speaker system
will also necessarily influence its
relative "efficiency." R-E

• American Heart
~ Association

WE'RE FIGHTING FOR
'TOlJR LIFE

Give.

System imbalance

Q After a long st ruggle to f ind
• the reason for my having to

operate the balance control on my
preamp lifier at the 3-o 'c1ock pos i­
tion, I traced the difficulty to my
speakers rather than my amp lif ier
o r p reamp. It turned out t hat a
readjustment of t he mid rang e
control on one of my speakers
cured the prob lem . What would
accou nt for that?

preci se conformation to th e hear­
ing needs of th e user-and sim­
p l ifi ed readju stm en t as th o se
needs change over time. Anoth er
U. S. co mp any (N ico let In stru ­
ments 80 0/843-1055 ) is t he f i rst
company to have availabl e a full y
digital unit , but detai ls were not
available at press t im e.

It seems safe to say that in the
next year or two we should see the
in tro ducti on of a vari ety of fully
di gita l aid s. That imp li es that
th ere's an AID co nverte r after th e
input microphon e and ful ly di gita l
signa l processing from that point
on . For those who can afford such
dev ices-and I expect th em to be
very expensive- t he so und that
they deliver will be a cut above
what is pre sently available. But no
on e ever said th at good hi-f equip­
ment comes cheap !
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co u ld easily be m istaken fo r a
Wa lkman, I expect that anyone
wea ri ng it to a live event wi ll re­
ceive some strange glances from
ot her concertgoers.

The d igita l future
As might be supposed, digital

redesign is hi gh on t he agenda fo r
hearin g-aid d esign . In gene ra l,
digi talizati on offe rs littl e for low ­
gain, straig ht-fo rward aids meant
to correct mi nor hearin g deficits.
But w he n t he demands are for
mult ipl e w ide bandwidth , com­
p ressibl e c ha n nels, and sim ­
pli fi ed , bu t p recise , tai lo r ing to
th e specific need s of th e user, th en
d ig ita l co mes in t o it s own. A l ­
though the re was no attempt to
incorporate d igi tal circuitry in the
hi- fi aid , t he designers stated
strong ly t hat d ig ital tec hno logy
sho u ld ultimatel y be int rodu ced
into t he eq ua lizat io n and co m­
pr ession stages. Alteri ng the pa­
ram et er s of t hei r ex ist ing pro ­
toty pe ana log aid is a labo riou s
and de licate task t hat d igitalizat ion
w ill vastly simplify.

A t least o ne U .S. co m pany
(Ma ico H earin g In strum en t s
612/832 -4 400) m ak es a "dig ita l
hyb rid" aid w hose parameters are
programmab le ove r a w ide range .
The manu facturer clai ms the avail­
abilit y of a mill ion and a half set­
t ings, any of w hich can be stored
by a bui lt -in di git al memory pro­
grammed by an exte rna l comp ut ­
er. That enab les fa irly rapi d and
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Youassemble and test
your computer's "intelligent"
keyboard, install the power
supply and 5'14" disk drive,
then interface the high-resolu­
tion monitor. But that's not all.

Your hands-on training
continues as you install a
powerful 20 megabyte hard
disk drive-today's most­
wanted computer peripheral­
now included in your course to
dramatically increase the data
storage capacity of your com­
puter while giving you light­
ning-quick data access. Plus
you work with exclusive word
processing, database, and
spreadsheet software, yours to
use for your own professional
and personal applications.

As you build your com­
puter, performing key demon­
strations and experiments at
each stage of assembly, you get
the confidence-building, real-

Th give you hands-on training
with the absolute in state-of­
the-art computer technology,
NRI includes the powerful
new Packard Bell VX88
computer as the centerpiece
of your training. As you
assemble this fully IBM XT­
compatible micro from the
keyboard up, you actually see
for yourself how every section
of your computer works.

'Irain With a Powerful
XT-Compatible ­

Now With 20
Meg Hard Drive
and 640K RAM!

Jobs for computer service technicians willalmost double in the next
10 years according to Department of Labor statistics, making
computer service one of the top 10growth fields in the nation.

Nowyou can cash in on this exciting opportunity­
either as a full-time industry technician or in a computer
.service business of your own-once you've mastered elec­
tronics and computers the
NRlway.

NRI's practical combi­
nation of "reason-why"
theory and hands-on building
skills starts you with the
fundamentals of electronics,
then guides you through more
sophisticated circuitry all the
way up to the latest advances
in computer technology.

Train the NRI Way- and
Earn Good Money Servicing
Any Brand of Computer

Learn to troubleshoot.and
service today's com uter

T-compati Ie micro, .
complete with 640K RAM and
powerful 20 meg
harddrive
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A ge

o Air Co nditioning, Heating, & Refrigera tio n
o Smal l Engine Repair
o Electrician
o Locksmithing
o Travel Caree rs
o Pa ra legal
o Computer Pr ogramming

FREE IOO-Page
Catalog TellsMore

IBM is a registered
trademark of
International Busine ss
Machines Corporati~n

~4!!!!!!!!!a.School of
~1'fIr'. Electronics

McGr aw-Hill Continuing
Education Center
4401 Connecticut

Avenue,NW
Washington, DC 20008

Send today for NRI's big, 100-page
catalog that describes every aspect of
NRI 's innovative computer training,
as well as hands-on training in other
growing high-tech career fields. If the
coupon is missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center,
4401 Connecticut Avenue, NW,
Washington, DC 20008.

prepared to
take advan~e

of today s
oppor­

tunities in
computer service.

Youlearn at your
own convenience in
yom:: own home.

No classroom
pressures, no

night school, no need to quit your
present job until you're ready to make
your move. And all throughout your
training, you 've got the full support of
your personal NRI instructor and the
NRI technical staff, always ready to
answer your questions and help you
whenever you need it.

Accredited Membe r National Home Study Cou ncil\Ve ' Ugive you tomorrow.

No Experience Needed,
NRI Builds It In

Name (Please print)

City /Sta te/Zip

St ree t

McGraw-Hill Continuing Education Center 0 check for deta ils.
4401 Connecticut Avenue, NW, Washington, DC 20008 '--- -----'

I'I! CH EC K ONE FRE E CATA I.OG ON I.Y 0 Telecommunica tions
[1 Computer Electronics 0 Industrial Electronics
o TVI Yideo/ Audio Servicing 0 Electronic Circuit Design
o Robotics 0 BasicElectronics
o Electronic Music Technology 0 Bookkeeping & Accounting
o Security Electro nics 0 Building Construction
o Digita l Electronics Servicing 0 Automotive Servicing

This is the kind of practical, hands-on
experience that makes you uniquelyNow NRI also includes innovative

hands-on training in voice synthesis,
one of today's most exciting and wide­
ly applied new developments in com­
puter technology.

You now train with and keep a
full-featured 8-bit DIA converter that
attaches in-line with your computer's
parallel printer port. Working with the
exclusive text-to-speech software also
included with your course, you explore
the fascinating technology behind
both digitized and synthesized com­
puter speech.

NRI 's new hands-on training in
voice synthesis is just one more way
you get the confidence-building
experience you need to feelat home
with the latest advances in computer
technology.

world experience you need to wo
with, troubleshoot, and service today's
most widely used computer systems.

New! Explore the Latest
Advances in VoiceSynthesis

Your NRI computer training includes
all this: • NRI's unique Discovery
Lab®for circuit design and
diagnosis. NRI's hand-held
digital multimeter featuring
"talk-you-through"
instructions on audio
cassette • A digital logic
probe that lets you
visually examine
computer circuits
• The new Packard
Bell VX88computer
with "intelligent" keyboard,
360K double-sided, double­
density disk drive, 640K
RAM, 16K ROM • 20 megabyte
hard disk drive • Bundled
software including MS·DOS,
GW·BASIC, word processing,
spreadsheet, and database
programs • Packard Bell reference
manuals with programming guidelines
and schematics.
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SIMPLYSNAP THE WAT-50 MINIATUREFM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Freeshipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

REMOVE IC'S FASTER with this simple in­
vention than any other method , including
$6,000.00 vacuum desoldering stations. Sal­
vages hundreds of good IC's per hour from
junk board s, and also speeds up repairs .
Won't damage IC'sor circuit board. Removes
6 thru 40 pin IC's. This is a money making
labor saving tool. Order now. Complete set of
8 desoldering bit s $89 .95. VRS ELEC­
TRONICS, P.O. Box 813-R, Selmer, Tenn.
38375. (601) 287-1594.

CIRCLE 183 ON FREE INFORMATION CARD
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GET YOUR RECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME-All supplies and Do-it -Yourself kits
with comp lete instructions available. Sup­
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40 .00 to
$55.00 each. Printers include HP LaserJet
and Series II, Apple LaserWriter, QMS, etc.
Canon PC-25 Cop ier also. CHENESKO
PRODUCTS, 62 N Coleman Rd., Cen ­
tereach, NY 117 20 , 516-73 6- 7977 ,
800-221-3516, Fax: 516-732-4650

CIRCLE 190 ON FREE INFORMATION CARD

CIRCLE 127 ON FREE INFORMATION CARD

AMAZING POCKET REFere nce. : 480
pages of tables, formulas, constants, con­
versions and maps and it fit s in your shi rt
pocket ! (3.2" x 5.4" x 0.6") Chapters include
Electronics, Computers, Math,Tools, Glues &
SOlvents, Chemistry & Phys ics, Con­
struction, Carpentry, Geology, Hardware, Au­
tomotive , Air, Water, Weldi ng, Plumbing,
Pipe, 1-800 Airlines, Area Codes, Money, and
much, much more. $9.95 + $2.00 shipping
(Colorado inc. 56¢ tax). Check/Visa/MC. Se­
quoia Publishing, Inc., Dept. 951, P.O. Box
620820, Littleton, CO 80162.

CIRCLE 179 ON FREE INFORMATION CARD

THE MODEL WTT-20IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversat ion to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to V. mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S +H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford

. Hills, NY 10507. (914) 232-3878.

lIiiliiiII
CABLE TV CONVERTERS AND DE­
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M3SB$89.00 JRX-DIC $129.00
Specia l combos available . We ship COD.
Quantity discounts. Call for pricing on other
products. Dealers wanted. FREE CATALOG.
We stand behind our products where others
fail. One year warranty. ACE PRODUCTS,
P.O. Box 582, Saco, ME 04072 (207)
967-0726.

CIRCLE 75 ON FREE INFORMATION CARD

The REGEN-I module maintains the volume
level of amateur, bus iness (Police , Fire,
Power, Fleet, etc.), CB, marine radios and
scanners. The REGEN-I will amplify signals
and attenuate a strong audio signal keeping
volume at a nearly constant level regardless
of incoming signal strength and reduce un­
sque lched FM hiss . Simp le insta llation .
$49.95 phone orders OR $39.95 Pre-paid,
mail orders only. EMULATION ASSOCI­
ATES, 520 GLENBROOK RD, STE 203-B,
STAMFORD, CT 06906 SALES: 203­
356-1632 FAX: 203-323-9044
CIRCLE 192 ON FREE INFORMATION CARD
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ACTUAL
SIZE

Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi-Cou nty Blvd., Farmingda le, NY
11735.

• 6 x rate $940.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

CALL NOW
AND

RESERVE
YOUR SPACE
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TABLE 1-FREQUENCY PROBE SPECIFICATIONS

(*) NOTE : All leading zeros are suppressed during normal operation of the
frequency probe for both frequency and period measurement, and are re­
produced here merely for illustration.

Parameter Waveform Condition Performance (*)
Type

Frequency Period

Measurement Any Unmodified 00000.000- 00000.500-
Range PC Board, 99999 .999 99999.999

XTAL1 is X 1 kHz, X 1 us ,
1 MHz 10-s gate 10-5 gate

Modified 000000.00- 000000.50-
PC Board 099999 .99 099999.99
(see text), X 1 kHz, X 10 us ,
XTAL1 is 1-5 gate 1-5 gate
1 MHz

Unmodified 00000.000- 00000.500-
PC Board, 0999.999 99999.999
XTAL1 is X 10 kHz, X 10 us,
MHz t -s gate t -s gate

Modified 000000 .00- 000000.50-
PC Board 009999 .99 099999.99
(see text), X 10 kHz, X 1fJ..s ,
XTAL1 is 0.1-s gate 0.1-s gate
10 MHz

Input Sinusoid N/A 35 mV p-p
Sensitivity Square N/A 50 mV p-p

Maximum Any N/A 2 MHz
Period

Logic Any N/A 3 VDC
High

Logic Any N/A 1.8 VDC
Low

Supply Any N/A 4.5-1 5 VDC
Voltage

Maximum Any N/A 190 mA DC
Current

Input Any n/A 51 ohms
Impedance
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and fit s in a standa rd logi c-probe
case , modified for the purp oses of the
8-dig it LED displ ay. Table I lists the
probe 's spec ificatio ns . It fea ture s
sw itchab le ACi DC co upling and both
fre que ncy- and per iod -m easurem ent
ca pability. The bu ilder of the probe
can mod ify th e useful freq ue ncy
range by se lecting a differen t crystal,
and ca n also mod ify the gate time (or
sampling time) by ma king a simple
PC-b oard mod ification. The effects of
the modifications are sum marized in
Table I, and we' ll discuss how they' re
made shortly.

The probe ca n be powered eithe r by
th e c irc u it- unde r-tes t, o r by con­
necting its lead s to + 9-vo lts DC.

Building the prob e isn ' t d ifficult, but
it requires care and patience , because
th e co mpo ne nts are ve ry ti ghtl y
packed .

Circuit operation
Figure I shows the block diagram

of the frequency probe . The input can
be AC- or DC-coupled to the divide­
by-IOprescaler, whose output is fed to
the main co unter section and the LED
displ ay block . That co unts the pre­
sca ler pulses , and incl udes the neces­
sary logic for the 8-digit LED dis play.
The logic block indicates with LED I
and LED2 which co upling mode is in
use , and indicates logic levels .

The frequency-probe schematic is

shown in Fig. 2. S I either DC-coupl es
the input through RI , or AC-couples
it through C 1. The ce nter pole of S I
goes to the clock-pul se input (cr) of
ICI , a Nat iona l Semiconductor llC90
presca ler. The IIC90 is an ECL di­
vide-by- IO prescaler, uses + 5 volts,
has TTL- output , and operates over a
DC- 650 MH z band wid th with only
an RF-bypass ca pacitor on Ycc- In­
put sensitivity for AC-coupling is 350
mY p-p from DC-100 MH z , and 250
mY p-p above 100 MH z. The frequen­
cy response of the IIC90 is shown in
Fig . 3, but that 's the guaranteed mini­
mum , and actu al performance ca n ex­
ceed it substantial ly, S2 is located
between the frequency counter and
the LED display, and selects between
the frequency- and period -measure­
ment modes.

Triggering is simplified in ICI by
connecting the reference terminal (pin
15) to clock pul se (pin 16). By doin g
so , the probe input is automatica lly
centered about the input threshold . A
50% duty cycle gives the fastest oper­
ation, and since the flip-flops are mas­
ter-slaves with offset input threshold s,
there are no minimum frequency re­
strictions . That ensures that the cir­
cuit will operate with inputs with very
slow rise and fall times . The IlC90
can divide-by-IO or -II depending on
the levels on pins I and 2 (MI and M2).

A logic low on those pins places the
divider into divide-by-II mode , while
tying them high produces divid e­
by-IO mode . ICI is enabled by tying
pin I (C HIP ENABLE) and pin 14 (ASYNC

MASTER SET) low.
There are two YEE terminals (pins

12 and 13). 'TIle TTL output operates
from the same Ycc and YEE levels as
the co unter, but a separate pin is used
for the TTL YEE ' That minimizes
noise coupling when the TTL-output
sw itches, and reduces power con ­
sumption by leavin g pin 12 ope n
when the ECL outputs are used. Be­
cause the IC operates linearly with the
transistors always on, the cur rent
drawn can go up to 80 mA, with 35
mA typical. Thu s , the IC's run pretty
warm , but heat-sinking isn 't needed .

The TTL- output of ICI is pulled up
to CMO S levels by R6 and co nnected
to the c lock in put of IC 2 , a n
ICM7216B freq ue ncy co unter. The
72 16B has gating, timebase , latching,
decoding , and 8-digit LED displ ay­
driver c ircuitry . In addition , the
7216B measures period, frequ en cy
ratios (fA/f B ), time intervals , or total
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FIG. 1-FREQUENCY PROBE BLOCK DIAGRAM; the input is either AC- or DC-coupled to
the divide-by-10 prescaler (IC1) then sent on to the counting (IC2) and LED display (DSP1
and DSP2) blocks.
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counts. Due to limited space , only the
frequency and period functions were
used .

The 72168 has a la-MHz crystal
tim ebase , and accepts inputs up to 10­
MHz, whic h are divid ed intern ally by
105 . Inputs are gated with that clock
for a period determined by the RA NGE

INPUT (pin 14) setting , and passed to
the main co unter. The RANGE INPUT

automatica lly adj usts the LED display

decimal place , and allows longer gate
per iods for lower frequenc y input s .
When prescalers like IC I are used ,
XTALI should be scaled accord ingly.
Thu s , the inp ut was di vided -by- IO
using ICI and a I-MH z crysta l. That
mult iplies the intern al gate time by 10
(from the origina l range times), al­
lowing lOa-M Hz measurem ents with
I-Hz resolution .

Also , the 72 168 has lOoms , 100-

FIG. 3-SENSITIVITY OF IC1 AS A FUNC­
TION of sinusoidal input amplitude in mV
pop vs. frequency, for -55°C, 25°C, 75°C,
and 125°C.

ms, I-s , and 10-s ga te times. Se lec­
tio n of the gate time and decimal­
po int locati on is achieved by con­
nect in g th e range input (p in 14 )
through RIO to digit -driver terminals
DI-D4 (pins 4-7). The digit-drivers are
time-multiplexed with the range , con­
trol , externa l decim al point , and func-

FIG. 2-SCHEMATIC DIAGRAM FOR THE FREQUENCY PROBE. Note the dotted line
connecting R10with pins 5 or 6 of IC2; that variable connection controls the decimal point
and total count appearing on DSP1 and DSP2. The relative intensities and durations of
ON/OFF time for LED1 (green) and LED2 (red) give a rough indication of logic level and
duty cycle.
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FIG. 4-THE FREQUENCY PROBE CASE. Cutout dimensions for DSP1, DSP2, and C4 are
shown in (a). Cutout dimensions for S1 and S2 are shown in (b).
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Construction
You should use the PC board in the

kit (see the parts list), because it's
double- sided with plated-through
holes . If you wish to etch your own ,
foil patterns are given in PC Ser vice .
Before soldering the PC board , use a
metal file along the edges to get it to

The 2940 is, however, noisy, and
needs a filter capaci tor, sometimes on
eac h side. The output capacitor (C3)
takes up cons ide ra b le PC-board
space . The level -indi cating circuit
com posed of Q I, Q2, R2-R5 , LEDl ,
and LED2, is a easy way to indicate
logic levels and the position of SI.
The probe tip goe s to the base of QI
through R2, and when brought low or
allowed to float , Q I is cutoff and Q2
conducts, since the base is positive
with regard to the emitter. With Q2
co nd uc ti ng , LEDI sho u ld li ght.
Touchin g the probe to a logic high
makes Q I and Q2 complement states
(Q I conducting and Q2 cutoff), and
LED2 should light.

That feature indic ates the position
of S I since, in DC-coupled mode , the
reference voltage of ICI is coupled
through RI and R2 to the base of QI.
That 's about 3 volts (a logic high), so
LED2 should light. In AC-coupled
mode , no DC voltage from ICI is
passed to the base of QI , and it 's al­
lowed to float (a logic low), so LEDI
light s. That's a useful way of visuall y
checkin g the coupling mode with no
signal applied . When a low frequency
is applied , LEDI and LED2 should
light , and a rough idea of duty cycle,
whether high or low, can be made by
inspect ion .
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plexed digit drivers , which is a prob­
lem at higher multiplex frequ encies .

Next , DSPI and DSP2 are eac h 4­
digit , common-ca thode, multiplexed
LED di splays w ith the seg me nt
anodes wired togeth er to form a sing le
LED display. Each digit has a separate
cath ode whi ch is so urced by IC2 .
C urre nt - l im it ing re si st o rs a re n' t
needed with NSB3881 LED displ ays ,
but if a high- efficiency LED display is
substituted, use 40 -ohm resistors on
the seg ment drivers . The LED display
multiplex rate is directly related to the
crystal frequency. For a 10-MHz crys­
tal, the multiplex rate of the LED dis­
play is 500 Hz; the I-MH z cry stal
yielded a 50-Hz rate . As was shown in
Fig . 2, pin 28 (HOLD) is grounde d
through R9 , which pulls pin 28 low,
and allows the internal counter con­
tent s to be displayed after eac h mea­
surement cycle .

Power is supplied by IC3 , a Nation­
al Se mico nduc to r 2940 low-vol tage
dropout + 5-volt regulator. Ordinary
voltage regulators need an input volt­
age at least 2 volts above the desired
output. The 2940 , however, need s
only an addi tional 500 mY, so if you
put in 5 volts you' re guaranteed 4.5
volts out. Tha t' s a must for the fre­
quency prob e , since it' s suppose d to
operate from 4 .5-15 volt supplies . ICI
and IC2 need from 4 .5- 6 volts max­
imum , so some voltage regul ation is
needed . That 's not a probl em if you
attach the power leads to 12 volts, but
the probe may be rendered useless
when measuring 5-volt signals, be­
cause the output of a +5-volt reg­
ulator with a 5-volt input will be a
maximum of 3 volts .

tion se lects to save on pin count. The
range was fixed at I s, or 100 counts of
th e 10-Hz referen ce co unte r (100
Hz/IO). That gave a IO-s ga te time ,
which is inconveni ent at times , but
necessary for I-H z resolution from
DC-IOO MH z, without using space­
grabbing range-select switches.

To achi eve a I-s gate, you can eitheI'

modify the PC board by connec ting
the RANGE input (pin 14) to D2 (pin 6),
or you can use a IO-MHz crystal. If
you modi fy the PC board , the dec imal
place shifts one digit right (XXXX­
XX. XX instead of XXXXX .XXX),
and the least-significant digit means
10 Hz , not I Hz. The interpretati on of
the display remains as multiples of I
kHz, but the abso lute range of the
probe increases from 10 MH z to 100
MH z. To do that, cut the foil on the
component side from pin 5 of IC2 ,
and solder a ju mper from the foil side
to pin 6 .

If you change the crystal frequency,
th e decimal place stays unch an ged
(XXXXX.XXX before and after); the
LED display value reads in multiples
of 10 kHz instead of I kHz . A I-MH z
crystal provides a IO-s gate , and a 10­
MH z cry stal provide s a I-s gate. The
longer the gate, the more accura te the
measurement, but the measurement
itself will take longer. If you use a lO­
s gate, the probe might slip off a co n­
nector or IC pin before the 10 seconds
are up.

The best of both world s would be to
go with a IO-MHz crystal , because
you' ll save some money ($2 .00 for
IO-MHz vs. $ 12 .00 for I-MHz) , and
you' ll also be able to take quicker,
eas ier measurement s . After all, a 10-s
gate isn 't that much more acc urate
than a I-s ga te, as to warrant the addi­
tional cost (see Table I).

The 7216B crysta l goes between
pins 25 (OSC IN) and 26 (OSC OUT) in
parallel with R8. Pin 26 goes to Yc c
throu gh C 3 ; use a nonpol ari zed
(NPO) version to minimize frequency
drift due to temperature . Trimmer C4
on pin 5 lets the user adju st the os­
c illator output to I MH z for maximum
acc uracy. S2 selects the counter oper­
ating mo de (FREQ UE NCY or PER IOD).

~ The pole of S2 is co nnected through
Z R7 to the FUNCT ION INPUT (pin 3) of
a? IC2. In the PERIOD pos ition, S2 goes too D8 (pin 12) , so IC2 is in period count­
~ ing mode . In FREQUENCY position , S2
wa is connected to DJ (pin 4). Also, R7
is and R8 prevent false trigger ing due to
Ci AC-coupled signals from the multi-
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a

b

FIG. 5- THE PARTS-PLACEMENT DIAGRAM fo r the frequency probe, showing the foil (8)
and component (b ) side s. In (8), both IC3 and XTAL1 are bent flat.

b

a

FIG. 6-TO MOUNT THE LOGIC PROBE
TIP onto the frequency probe PC board,
f ile Va-inch of the bottom of the hex-nut­
shaped solder lug flat down to the cen­
terline of the logic probe tip. Then, solder
it fl ush to the correct pad on the compo­
nent side of the PC board .

and inspect for poor solder joints .
Care here will go a long way to having
the probe work on power-up.

Next , install XTALl ; it lies flat
along the PC board surface, so bend
the leads at a 90° angle as close to the
crystal housing as possible . Use heat­
shrink tubing or electrical tape to in­
sulate the housing against the foils.
Next , solder R8 , lCI , and lC2 , insert-
ing from the component side, and sol- M1

0::der all the pins on the foil side . Solder ::IJ

the rest of the component-side com - §;
ponents , paying attention to the parts- :!i
placement diagram of Fig. s-a and b. <c
Also, R2-R7 and RIO are mounted gs

fit in the case . If you' re using the case
in the parts list, clip the four plastic
standoffs extending from the top with
a pair of wire cutters as close to the
base as possible. Next , cut the open­
ings for the LED disp lay and switches
in the case as shown in Figs . 4-a and
b. The case is polyethylene, so it can
be cut initiall y with an X-acto knife,
and finished with a jeweler's file or
emery board .

Solder SI and S2 first; clip the leads
so their length is identi cal to that of
the pads . Next, place each on top of
its pad s , and secure with solde r,
tweezers, or tape . Solder the three
terminals to the pads, and repeat for
the other switch . The bodies of S1and
S2 should fit snugly into the recess in
the PC board , and the fronts of both
switches should line up with the edge
of the PC board .·Then , solder all part s
except lC3 and LEDI-LED3, which
go on the foil side. When soldering a
component on a two-sided PC board
without plated-through ho les , you
must solder the leads on both sides of
the board . You must also solder short
pieces of wire through any holes that
do not have component leads going
throu gh them. Mount C2 on the foil
side, leaving a slight space . Solder
the leads as they go through the com ­
ponent side , clip as close as possible,

PARTS LIST

All resistors are Va-watt, 5%, un-
less otherwise indicated.

R1-470 ohms, Y4-watt
R2, R3-4700 ohms
R4-100 ohms, Y4-watt
R5-150 ohms, Y4-watt
R6-3000 ohms
R7, R1D-10 ,OOO ohms
R8--10 Megohms, Y4-watt
R9-100,OOO ohms
R11-560 ohms, Y4-watt
Capacitors
C1-0.47 f.l.F, ceramic
C2-0.1 f.l.F, ceramic
C3-33 pF, nonpolanzed (NPO) ce­

ramic
C4-15--60 pF trimmer (Active Com-

ponents # 17016)
C5-22 f.l.F, tantulurn
Semiconductors
IC1-11C90 National Semiconductor

650-MHz, divide-by-ta prescaler
IC2-ICM72168 lntersi! 8-digit, fre­

quency counter/timer
IC3-2940 National Semiconductor

+5-volt regulator
01, 02-2N2222 NPN transistor
DSP1, DSP2-NS83881 National

Semiconductor4-digit, 7-segment
LED display

LED1-green ligh t-emitting diode
(miniature)

LED2- red light-emitting diode (min­
iature)

LED3- yellow light-emitting diode
(miniature)

Other components
XTAU-1- or 10-MHz crystal (case

size HC49)
St, S2-SPDT switch (Active Com­

ponents # 22196)
Miscellaneous: Logic-probe case

with prob e tip and clip leads
(Global Industries # CPT-1), sol­
der, wire, etc.

NOTE: A complete kit of parts , log­
ic-probe case, and carrying case
is available for $139.95 U.S. or
$159.95 Canadian from Tristat
Electronics, 66A Brockington
Crescent,Nepean, Ontario, Can­
ada K2G 5L1, (613)225-9883.The
kit without the PC board is ­
$117.95 U.S.or $137.95Canadian
(Visa orders welcome). The PC
board alone is $22.00 U.S. or
$25.00 Canadian. All orders re­
quire $6 .00 for shipping and
handling. The sources for cer­
tain components are Active
Components, 1023 Merival
Road, Ottawa, Ontario, Canada
K1Z 6A6, (613) 728-7900, and
Electrosonic , 1100 Gordon
Baker Road, Willowdale, On­
tario, Canada M2H 383, (416)
494-1555.
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Checkout and calibration
To check out the probe , connect the

alligator cl ips to a 9-volt battery; the
LED display should read 0 .000 if it
works . If not, use a meter to check
voltages. Look for + 5 volts on pin 3
of IC3; if it's not +5 volts, the display
mig ht be upside down . If it kee ps
changi ng , or seg ments flicker on and
off, there's pro bab ly a cold joint. If
you light ly flex the PC board , you' ll
usua lly find the trouble . If the LED
display read s 0 .000 , you can ca librate
the probe .

Co nnect a 500 -Hz signal to the pro­
be tip, and adj ust C4 until the LED
display read s correctly. Aim for max­
imu m accurac y at the low end, be­
cause errors there will be substantial,
compared to signals at 50 MH z or
more . Next, try different frequency
signals, and adj ust C4 unt il satisfied .
You don't need a function generator to
check high-end operation; the average
ho useho ld has sources of sui tab le
high-frequency test signa ls. Two ex­
amples used on the prototype were a
Fisher-Price remote infant mo nitor
(50 M Hz ) , and an RIC model -car
transmitter (72 MHz). To do that, j ust
co nnect the clips to 9-volts DC , hold
the probe nearby, and read the LED
display.

The frequenc y prob e can be used
for RF, but is primari ly for high-fre­
quency logic circuits . When measuring
a signal, use the second or later gating
for best accuracy. Once you've gained
experience wi th the probe , you' ll be
surpri sed by its simplicity. R-E

DSP I and DSP 2 are wired correctly,
inser t the header into the PC board
unti l the back of the LED di sp lay
board touches the top of IC I and IC2 ,
and solder the head er in place .

Fig . 8 shows the prototype from
several perspecti ves , with component
ca llo uts . Fig . 8-([ was tak en from
above and shows DSP l, DSP2, and
the component side of the PC board ,
Fig. 8-b from the side of the header for
DSP I and DSP2, Fig . 8-c shows the
PC board from the foil s ide, and Fig.
8-d shows the fronts of S I and S2. The
completed PC board fits very tightly
in the PC board case , so there are
several specific actions to take to en­
sure proper opera tion . Just note that
there are several minor differences be­
tween the prototype and the plans
we 're giving you, so don 't worry if
you see som ething in the photos that
does not agree with the plan s .

to be wired togeth er to form one com­
plete display. Insert a 32-pin , single
in-line male header thro ugh the un­
derside of the LED disp lay boards
(LED side up), so that the LED dis­
play sits on the head er insu lation strip.
So lde r the LED disp lay to the head er
from the top ; don 't appl y excessive
heat , or the LED display pads may
lift. Using wirewrap or fine insulated
wire , co nnect the pins of DSP I indi­
cated in Fig . 7 to the correspo ndi ng
pins of DSP2 .

If you use wirewrap, use 4-5 turn s
because you' ll need to leave about V4­
inch of header pin bare to insert into
the PC board . Wirewrap is recom­
mend ed , and once the pin has been
wrapped, a little solde r will ensure
that the connection is sound. Once

d

a

vertically, and R I, R9 , and RI I hori ­
zo nta lly on the PC board .

The foi l layou t for C4 should accept
di ffe re nt size trimmers , but they
shouldn' t exceed 0 .5 -inch in height or
dia meter, Strip I inch of insul ation
from theleads of the alligator clips.
Solder the white stripped lead to the
positive pad on the foil side, and the
black lead to the negative pad . The
probe tip should be 0 .125 inch down
to its center line as shown in Fig . 6-0 ,
and soldered flush to the co mponent
side as shown in Fig . 6-b . Once the
probe is solde red , let it sit for awhile
because it'll ge t pretty hot.

The 8-digit LED display is com ­
posed of two National Semi conductor
NSB 388! 4-digit disp lays DSPI and
DSP2 , and their seg ment anodes have

FIG. 8-THE PROTOTYPE OF THE FREQUENCY PROBE; note th e callouts. Views are
shown from the component s ide (a), edge-o n sh owing the header st rip for D5P1 and D5P2
(b), from the foil side (c) , and edge-on show ing C4, IC2, IC1,51 and 52, from left to right (d).

FIG. 7-YOU MU5T CONNECT pins 2, 7, 8, 11, 12, 13, and 16 of D5 P1 to the corresponding
pins of D5P2 using wirewrap.
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RADAR
DETECTOR
TESTER
Is your friend's radar detector as good as yours? Why not prove it, then!

JOHN B. AVER

HAVE YOU EVER WONDERED HOW SEN­

sitive your radar de tec tor is? Or have
you ever had someone tell you that
their detector was better than yours?
Until now, the averag e radar-detector
owner had no way to prove or disprove
any cl aims made by the manufac­
turers co ncerning the perform ance of
the various detectors on the market.

The radar-detector tester pictured in
this article is an easy- to-build, low­
power X- or K-band radar transmitter.
With the device 's low-level emissio ns,
you do not need a license to use it.
The average detection range is 12 feet ,
which is more than enough to deter­
mine the sensitivity of your radar de­
tector. You can then do a side-by-side
test with your friend who's been tell­
ing you his detector is better!

Operation
The heart of the ci rcuit (see Fig . I)

is a one-transistor oscillator that oper­
ates at a funda me nta l frequency of
11 69 .44 MH z. The 9th harmonic of

...'I..
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FIG.1-THE HEART OF THE X-BAND UNIT
is a one-transistor oscillator that operates
at a fundamental frequency of 1169.44
MHz; the 9th harmonic of that frequency is
10.525 GHz, which happens to be the cen­
ter of the X-band police radar assignment.

that frequency is 10 .525 GH z, whic h
happens to"be the center of the X-ba nd
police radar ass ignment. The K-band
unit operates at a fundamental of
1857 .7 MH z with the 13th harmonic
fallin g at 24 .150 GH z. As you proba­
bly have guessed, 24 . 150 GHz is right
in the center of the K-ba nd poli ce
radar ass ignme nt.

Th e oscillator uses a microwave
transistor in order to maximi ze the X­
or K-band output. The fund amental
frequency is determined by the tuned
circuit that is attac hed to the base of
the tran sistor. The tuned circuit con­
sists of a 50- oh m strip line that is
etched onto a PC board , and then cut
to the proper length during the tunin g
procedure .

The printed circuit board is made
out of double-sided copper-clad teflon
with fibe rg lass re inforcem en t. Th e
teflon is necessary because of the high
frequencies involved (standard G- IO
epoxy printed circuit boards act like
short circuits at frequencies above 3
GH z). Although teflon sounds exotic ,
it isn 't , and it is readi ly available from
the suppliers listed in the parts list.

So me people may not be familiar
with strip-line circ uitry. Any line that
is etched on one side of a doubl e­
sided PC board will have inductance
along its len gth and capaci ta nce
through the dielectric (the fiberglass,
teflon , etc.) to the gro und plane (the
copper plating on the other side of the
board). In a properl y designed strip
line , the indu ctance and capac itance
cance l each other leaving the designer
with just a resis tive impedance to wor-

ry abo ut. As it turns out, the width of
the line and the thickness of the di­
e lec tric determine the resi sti ve im­
pedance.

In this parti cular case, it was deter­
mined that 50 ohms was the optimum
impedance . After deciding which PC­
board material would be best suited
for this project , the following equa­
tion was used to determine the width
of the strip line needed :

Z,,= (87/v'Er + 1.41) x
Ln[5 .98H/(T + .8W)],

Z" = characteri stic impedance (50
ohms)
E, = dielectric constant (2 .48 )
L, = natural logarithm
H = thickn ess of dielectric (0. 0 156
inches)
W = width of line (0 .038 inches)
T = thi ckness of co ppe r c laddi ng
(0.0004 inches)

Once the width of the line is deter­
mined , all that's needed to finish the
jo b is to determine the length of the
line for the target frequ ency. (The os­
c illa to r is simi lar to a pip e organ
where the length and diameter of a
pipe determines the tone that is pro­
duced ; the length of the strip line de­
termin es the resonant frequency.)

Construction
Etch the circuit board using the pat­

tern provided in PC Service; a ready- ri1
ma de board is a lso avail abl e . Th e gJ
tran sistor has four leads; two are co n- §;
nected to the emitter, and you mu st ~
determine which they are . Use an ~

ohmmete r if you are not sure . (The ~

37



FIG. 2-PARTS-PLACEMENT DIAGRAM. Resistor R1 must be in a different location,
depending on whether you 're building an X- or K-band unit. Also, when aligning the unit,
the strip line must be cut in a different location depending on the type of unit.

PARTS LIST

R1-10,000 ohms, %-watt resistor
R2-470 ohms, Y2-watt resistor
Q1-MRF-901 Motorola transistor for

X band , or NE68137 California
Eastern Laboratories transistor for
K band.

B1-9-volt battery
S1-push-button switch
PC-board material-6 x 6-inch piece

of 0 .0158- inch thick teflon -fi ­
berglass (Taconic Plastics , part
number TLT-9-0150-C1 /C1)

Plastic project case
Note: A complete parts kit is avail­

able from MICROSERVE, 60
Thompson Street, Maynard , MA
01754. Besides the parts, the kit
also includes a custom plastic
enclosure with an integrated
battery holder and decorative
face plate. X-band kits are $55,
and K-band kits are $65. Ship­
ping and tax extra. Spare parts
list available on request.

Motorola Semiconductor
Products

3102 N 56th St.
Phoenix, AZ 85018
602-952-3000 or 800-521-6274
California Eastern Laboratories
3260 Jay St.
Santa Clara, CA 95054
408-988-3500
Taconic Plastics LTD.
Petersburg, NY 12138
518-658-3202

FIG. 3-GLUE THE PC BOARD into the
plastic enclosure using a silicone-type
adhesive.

defeat the entire project by usin g a
metal box . Be sure to orie nt R I so that
it' s close st to the front of the box ,
because most of the radiation is emi t­
ted from tha t point.

Attatc h the ba ttery and switch as
shown in Fig. 2, being careful not to
reverse the polarity. Route wires away
from the strip line and components,
because stray wires can de-tune the
osc illator. Co nstruc tion is now co m­
plete and you are ready to tune the
tran smitter (see Fig . 3).

Alignment
To align the unit , you will need a

radar detector and an X-acto knife
with a fine blade. Turn on the radar
detector and the tester. Now make an
initi al cut in the strip line starting at
the point spec ified in Fig . 2 for either
the X- or K-band unit. Be sure to cut
all the way across and through the
copper trace . If your detector does not
sound an alarm, make another cut
about YJ 6-inch clo ser to the tran sistor.
At some point your detector will
sound an alarm , and the tester will be
properl y tuned. Be careful not to cut
too much at one time, because if you
go too far you will have to carefully
solder the line back together.

However, if you go j ust a little too
far, you ca n save so me work by cut­
ting nicks in the remai ning strip line
(cuts that go part way across the strip
line). That has the effect of mak ing the
strip line elect rica lly longer.

If you find that your range is limited
you may have tun ed to the wro ng har­
moni c resulting in low output . It will
be necessary to experiment with dif­
ferent line length s to achieve max­
imum range .

Your tes ter is now read y for use.
Simply hold the unit near a detector
and turn it on. The range of the X­
band tran smitter is about 12 feet ,
whil e the range for the K-band unit is
about 5 to 10 feet . R-E

EMITTER

CUT
HERE~

EMITTER

STRIP LINE
DIELECTRIC

START TRIMMING
HERE FOR X-BAND

SCRAP
OF

COMPONENT
LEAD

START TRIMMING
HERE FOR K-BAND

RI LOCATION
~OR X-BAND

emitter leads are the onl y two that wi ll
exhibit a dead short from one to the
oth er.) Cut off the left-h and emitte r
lead , as show n in Fig. 2 .

A fter removin g th e ex tra lead ,
place the tran sistor in the hole on the
board so that the base lead is on the
strip line and the collector lead is on
the positi ve bus , and solde r them in
place (see Fig . 2). Place R2 on the
board and , keeping both leads as
short as possibl e, solder one of its
lead s to the remaining emitter lead of
QI. The othe r resistor lead should go
through the hole in the PC board , and
solde red on both sides (a th rou gh
hole , if you will). A scrap piece of
co mponent lead must go through the
othe r hole o n the left side of the
board , and also solde red on both sides
(another through hole).

Cut one lead of RI so that it 's Ys ­
inch long. Refer to Fig. 2 for proper
placement of RI for either the X or K
band . Then so lder the shortened lead
of RI to the strip line so that the re­
sistor is standing on end . The lon ger

(J) lead of the resistor should then beoz so ldered to the positi ve bus of the PC
a? board (see Fig . 2).
o Using a silicone adhes ive, glue the
~ PC board into the enclosure that you
6 have selected. DO NOT use a metal
15 enclosure. The microwaves need to
C'2 escape from the box , and you will
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Our AFG will turn any livingroom into a
full-sized movie theater or concert hall.

ACOUSTIC
FIELDGENERATOR

servatively and thus do not require
heat sinks . However, the LMI875T
audio power amplifiers must always
be operated with a heat sink. Failure
to use a proper heat sink will cause the
Ie's to quickly overheat and possibly
destroy them selves . Althou gh they
contain on-boa rd circuitry to shut
them down in case of overheating un­
der normal operat ing conditions, it is
best to leave fate untempted and re­
frain from operating the AFG until
after the heat sink has been installed.

The heat sink used on the prototype
was homemade from a 2- x 2- X Vi6­
inch thick piece of aluminum angle
stock cut 5Y4-inches long and notched
out in the front to fit over R77. If you
use a commercially made heat sink,
be sure that it provides about 8 to 10
square inches of surface area for each
Ie. Assuming that you are using a
homemade heat sink like the one
shown, temporarily position it so that
the bottom edge is even with the bot­
tom of the Ie cases. or about 3/8"
above the circuit board. Be sure that it
does not touch 01. Mark the heat sink
where the holes in the IC tabs fall and
drill mounting holes at those points .
In order to provide additional sup­
port, holes were also added at the top
corners of the heat sink in line with
the PC-board mountin g holes. 3-inch
screws with double sets of nuts were
then used to mount the PC board as
well as to hold the heat sink in place. ;H
Care fully examine the photograph s 35
that are shown in Fig. 10 to see how §;
that was accomplished. ~

Bec au se th e met al tab of the <D
LMI875T is not at ground potential , ~
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Next moun t the capacitors . Please
note where polyester and metal-film
capacitors are called lor in the parts
list. Do not subst itute ceramic capac i­
tors; they perfo rm poorly in audio cir­
cuits and their use will destroy the
performance of the AFG. Also, don't
subst itute polarized e lectroly tic ca­
pacitors where bi-polar units are spec­
ified in the parts list.

Using so me of the excess leads
clipped from the capacitors. install
bare jumpers where indicated, except
for the six long jumpers.The two long
jumpers in the audio power amplifier
should be made from insulated heavy­
gauge wire, as they carry relatively
high current-s- no. 18 will do . The
other lour long jumpers in the decoder
section should be made from lighter
gauge insulated hookup wire.

Finish stuffing the circui t board by
installing 01, 0 2. IC7-ICIO, and the
three large potentiom eters , R77 ,
R78, and R79. ")X)U can plug in the
Ie's now, but you should take static­
electricity precautions with them.

Finish up the wiring between the
PC-board pads and the switches , the
input/output jack panel , the speaker
terminal jacks. the power transformer,
and the pilot LEO. Use shielded ca­
bles for the leads to the input/output
jacks. Try to keep all wiring as short
and direct as po ssi bl e to avo id
cross talk and hum. Use no . 18 or
heavier wire for the speaker connec­
tions. To simplify construction, the
prototype used inline fuse holders in
the positive speaker leads and the
power transformer primary circuit. as
indicated in the schematics .

The power-supply regulator Ie's
a re bein g o pera te d ve ry co n-

LAST TIME WE DiSCUSSED THE AFU'S CIR­
cuitry. So, by now, you must be anx­
ious to experience its special sound
effects. With out further ado, let's
continue with complete construction
details.
Construction

All of the electronic components
are mounted on a single PC board as
shown in Fig. 9 . The board can be
made using the foil pattern provided
in PC Service or purchased from the
source mentioned in the parts list.
Only the power transformer, the input
and output jack s, and the function
switches are mounted off-board.

The chassis shown is readily avail­
able, but it makes for a rather tight fit.
If you plan to use a simi lar chassis,
study the pictures of the prototype
care full y before dri lling . II' you
choose a different chassis , keep all
the leads between jacks , switches,
and the circu it board as short as possi­
ble . Locate the power transformer as
far away from the circuit board as pos­
sible to avoid 60-Hz hum. If you must
mount the transformer near the circuit
board, wait until your unit is opera­
tional before you choose a final posi­
tion for the transformer. Then, while
listening, you can try the transform er
in different positions until you find a
location where no hum is coupled into
the circuit.

Begin stuffing the board by mount­
ing all of the fixed resistors and the
small potent iometers. Note that R35
and R69 are mounted upright. Next
mount the IC sockets . Position each
socket's pin I iden tifier so that it
matches the small dot indicating pin I
on the circuit board (do not insert the
IC's into their sockets at this time).



PARTS LIST

Note: The following items are
available from T3 Research, Inc.,
5329 N. Navajo Ave., Glendale,
Wisconsin 53217-5036: An
etched, drilled, and plated PC
board, $15.00; a basic parts kit
consisting of all semiconduc­
tors, resistors, and capacitors,
$55.00; a piece of aluminum
stock for the heat sink, $3.00.
Please include $2.50 for postage
and handling with your order.
Wisconsin residents please in­
clude appropriate sales tax.

Setup and operation
Figure II shows one method of inte­

grating the AFG int o a home audio­
video system. A s menti oned earlie r, a
separate power ampl ifier is required
for the subwoofer channel , in addition
to the subwoofer speaker it sel f. In the
setup in Fig . II , the center channel is
connected to the audio inputs of a
monitor-style tel evi si on receiver
which has provi sions for amplifying
external line-l evel audi o sig nals . If
your TV set doesn't have audio in-

All resistors 1f4-watt , 5%, except as
noted.

R1-1500 ohms
R2, R3, R54--22,000 ohms
R4, R5, R32, R33-1000 ohms
R6, R7, R61, R62, R74-20,000

ohms
R8, R9-1 ohm, V2-watt, 5%
R10-R13, R19, R34, R35-47,000

ohms
R14-R17, R2D--R25, R47-R49 , R55,

RS6-100,000 ohms
R18, RS7-330,000 ohms
R26-R31, R66, R70-1S0 ohms
R36-R43, R67-8060 ohms, 1%
R44-R46-16,000 ohms
RSO, R51-S600 ohms
RS2-2400 ohms
RS~8200 ohms _
RS8-R60, R63-R6S, R71-R73-

10,000 ohms
R68-9S30 ohms, %-watt, 1%
R69-102,000 ohms, V4-watt, 1%
R75, R8D--100,000 ohms,

potentiometer
R76-10,000 ohms, potentiometer
R77-50,000 ohms, PC-mount

potentiometer
R78, R79-1000 ohms, PC-mount

potentiometer
Capacitors
C1-C4-2200 fl F, 2S volts,

electrolytic
C5, C6-10 flF, 35 volts, radial

electrolytic
C7-G12, C19-G22, C27, C28, C30,

C31, C4S, C49,.CS8-D.1 flF, so
volts, metal film

C13, C1 4, C23, C24,C43-2.2 fl F, SO
volts, bi-polar radial electrolytic

C15, C16-22 flF, 16 volts, bi-polar
radial electrolytic

C17, C18-D.22 flF, metal film
C25, C26-D.047 fl F, metal film
C32-C34-3300 pF, polyester
C36, C37-2700 pF, polyester
C38-C41-270 pF, S% ceramic disc
C42, C47-D.47 fl F, metal film
C44--120 pF, S% ceramic disc
C46-0.S6 fl F, metal film

mica insulators and plastic shoulder
washers must be used between the
cases of the IC's and the heat sink .
Use a small amount of si l icone grease
between the IC' s and the heat sink to

~ increase thermal conduct ivi ty. M ake
z sure that the tabs of the IC's are actu­
~ all y insulated from the heat sink be­
t) fore operat ing the unit. A lthough
~ adequate , th e heat si nk becom es
UJ6 moderately warm during operation,
o so be sure to provide good ventilation«
II: in your chassis.

puts, or if you use the A FG in a mu­
sic -o nly sy stem, yo u ' l l have to
provide a separate ampl i fie r and

C48-0.039 fl F, metal film speaker for the center channel as well.
CSD--0.012 fl F, metal film PI
CS1 , CS6-D.01 flF, metal film ease note that although the sub-
CS2-1000 pF, 5% polyester woofer-channel and center-channel
CS3-GS5-D.027 fl F, metal film speakers are a desirable part of any
CS7-S600 pF, S% polyester audio system, they are not absolutely
CS8-4700 pF, S% polyester necessary. The AFG may sti ll be used
CS9-470 pF, S% ceramic disc as an excellent surro und-channel de-
Semiconductors coder simply by adding a pair of small
D1, D2-1NS400 SO PIV3-amp diode speakers for the surround channels.
IC1- IC4--LF347 quad JFET The best place to patch the AFG
ICS-MN3008 2048 -stage bucket into your system is between the pre-

brigade device I' fi d h
IC6-MN3101 z-phase clock amp I er outputs an t e power-am-
IC7-7812T +12-volt regulator plifier inputs of your receiver or am-
IC8-7912T - 12-volt regulator plifier. Most component receiver/am-
IC9, IC1D--LM1875T audio amp plifiers allow for that connection by
LED1-light emitting diode pilot lamp providing removable jumpers be-
Other components _ __tween.the appropriate phone.jacks on__
T1-Power Transformer 2S.2 Volt their rear panels. By placing the AFG

Center Tapped 2 Amp. in that loop, all the audio signals se-
F1-F3-1 -a.mp fuse. lected by the amplifier will also pass
J1-J8-8-pln RCA-style Jack panel throueh the AFG Furthermore the
J9-J12-4-position pushbutton vo l u~e and tone c'ontro ls of the ~lain

speaker-terminal panel . .
S1 , S2, S5-SPDT switch ampiIfi.er w i l l have con~ro l over all the
S3 S4--DPDT switch levels In the system simultaneously;
Mi~cellaneous: spea kers of your i .e. the subwoofer, surround speak-

choice, S14-pin IC sockets, 18-pin ers, and the center channel , as well as
IC socket, 1 heat sink (2 x 2 x SV4- the regul ar left and right speakers. If
inch aluminum angle stock) , 2 your ampl i fier doesn't provid e pre-
: 0-220 mica in~~latorswith mount- amp out/main input j acks, you may
I~g hardware,SI licone grease, 31.n- still use the AFG by connecting it into
I!nefuse holders, 3 knobs, chassis, a tape-m onitor loop, or even more
linecord, solder, etc. simply, to the audio output of a stereo

VCR; but then you will have to adjust
the levels of the subwoofer and sur­
round channels independently of the
main amplifier via the level controls
on the AFG .

Calibration of the AFG is easy. Be­
gin by setting, R75, R76, and R80 to
their center positions. Now feed a
mono signal into the AFG from some
source in your system (an FM tuner
switched to mono operation is a good
choice). Set the balance control on
yo ur ampli f ie r to its exact center
mark . With the A FG switched to the
matri x positi on (L - R) , adju st R80
for the minimum output from the sur­
round speakers. Now switch the re­
ceiver back to stereo and the A FG to
concert (L + R). Adj ust R76 for mini­
mum distorti on . R7 5 pro vides a
means for matching the drive level of
the AFG delay section to your sys­
tem's norm al audio levels. The BBD
delay line has a maximum recom­
mended input-signal level of 1.5 volts.
To maximize the signal-to-noise ratio
of the delay amplifier, the signal go­
ing into the delay line should be as
high as possibl e without driving it
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FIG.10--THE HEAT SINK AND PC BOARD are installed as shown. Two 3-inch screws with
double sets of nuts are used to mount the PC board on one side and hold the top of the
heat sink in place (a). Two shorter screws hold down the other side of the board (b). Be
sure to use spacers to prevent the board from touching the metal cabinet.

into dis tortion . While using the high­
est normal level you are like ly to feed
the AFG , adjust R75 to obtai n the
maxi mum level that does not cause
distortion.

The speakers you choose for the
surro und cha nne ls don't have to
match your front-channel speakers in
sonic charac teristics. The frequency
response of the surround channel is
limited at the time of encoding to a
bandwidth from approximately 100
Hz to 7 kHz by the Do lby process .
Sma l l b oo k sh el f- st yl e speakers
mounted toward the rear of the room
at ear level or slightly above are ade ­
quate . Although it is customary to use
two speakers for the surro und chan-
nel, one placed to the right rear and
one to the left rear of the listenin g
posi tion, the surro und channel signal
that fee ds those speakers is really
monaural. The internal power ampli- ri1
fiers in the AFG dr ive the signal to the gJ
two rear speakers 180 degrees out of ~

phase . That tends to spread apart the ~
sound field created between the rear
speakers . However, that mayor may
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CENTER
FRONT

SPEAKER

tended to supple me nt th e main
channel, not to be a separate channel
that is always eq ual in level to the
front channel. That is particularl y true
for surround-encoded movies .

The delay of the surround signal
can be adjusted via R77 from about S
to 3S milliseconds. In matr ix opera­
tion, delay ing the surround sig na l
tends to acoustica lly mask any leak­
age of front-channel informat ion into
the surround channel. Setting R77 to
the center of its range provides a delay
of approx imately 20 milli seconds ,
which is about right if your listen ing
position is between 10 and 20 feet
from your television scree n and your
surround speakers are located just to
the left and right of that positi on .
However, if your surround speakers
are located any farther than that , sub­
tract 1 millisecond for eac h adde d
foot. Likewise , add 1 milli second for
each foot less. For concer t opera tion,
adjust the delay for a pleasing am­
bience effect. R-E

lEFT FRONT
SPEAKER

FIG. 11-HERE'S ONE METHOD OF INTEGRATING THE AFG into a home audio-video
system. A separate power amplifier is required for the subwoofer channel, in addition to
the subwoofer speaker itself.

not sound well in your listen ing en­
vironment, depending on such things
as speaker placement and actual lis­
tening posit ion . You may restore the
speakers to in-phase op er ation by
simply reversing the lead s co nnected
to one of the speakers . Try setting up
both ways to find which sounds better
to you. Note that phase integrity is
maintained throu gh the AFG for the
left , rig ht, ce nte r, and subw oo fer
channels.

Actual level adjustme nt of the sur­
round channels , center channel, and
subwoofer is a subjective process.
The source material itself, the listen­
ing area, and personal preferences for
tonal balance must be take n into ac­
count. Use the AFG in the matrix and
wide mod es for surro und-e nco ded
movies. Use the concert mode to add
ambience and depth to musical per­
fo rma nces. Ge nerally speaki ng,
don 't set the level of the surround
channel so high as to make it over­
whelming . The surround signal is in-

~ SECRETS!
~ Page through the pri vate note­
~ books of a bui lder of lightning

bolt generators! Incredible
diagrams and secrets! Rare in fo !
Paperback book. O nly $6.95

OFFICIAL 1934
Shortwave Manual
Build simple but powe rful shor t­
wave radios from plans in this
1934 handboo k. Includes new chapter showing
how to use transistors to repl ace tubes! Heavil y il­
lustrated paperback! Excell ent! O nly $14.95

MANY OTHERS:
Static Electrici ty $5.95, Electrical Designs $11.50,
Experim ental Physics $23 .95, 5torage Batteries
$8.95, Pow er Inverter Techn ology $4.00, Arma­
ture W ind ing & Motor Repair $16.95, 50 Perpetual
Motion M echanisms $3.75 , more! 5ee Catalog!

Experimental Science
Incred ibl e two vo lume set from
1906. Bui ld cameras, phonograph,
hydrauli c ram, Geissler tube, mi ­
croscope, batteries, lenses, much,
much more. Classic how-t o refer­
ence. Over 1000 pages. Two
vo lume set only $34 .95!

OR WRITE FOR
A CATALOG!

W rite for yo ur copy of
Lindsay's unu sual Electr ical
Books catalog and see for
yourself w hat you've been
missing! Send $1.00 (U5 &
Canada) or $3.00 foreig n air­
mail . We' ll send your catalog
imm edi ately ! Wr ite tod ay!

(f) - - - - - -----

~ Lindsay's Electrical Books
o I PO Box 12-WA7, Bradley IL 60915 I
~ I 0 5end the books marked and a free catalog! I
~ 10 5end just a catalog! $1.00 enclosed. .. I
6 I Name I
~ I Address I
a: • City St - -Zip _ •----------_...

HAMMARLUND
Shortwave Manual!

Build 12 di fferent hot short­
wave receivers from thi s 1937
construction manual. Photos,

<I!lIiii;iiiiiiiiiiilID di agrams, text! Wa ll-to -wa ll
how to ! O nly $4.95

MUCH MORE!
O ther great books on getti ng high pow er from auto

__ _alternators,run three phasemo torson sing le phase.;
high vo ltage projects, perpetual mo tion, Tesla's
lost inventi on s, magnets, unu sual electrica l instru­
ments, lighni ng bolt generators, and much more!
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Despite its size, you 'll be seeing a lot of a new display called

the Private Eye. It promises to change the way we

look at portable computers, TV's, video games, and more.

IF SOMEONE W ERE TO SUGG EST REPLACING

your computer monitor with a l-inch
display, you' d probabl y co nsider that
person crazy. But that' s exact ly what
Re flecti on Technology, a Waltham,
Massachu sett s-based com pany would
like to do .

Ac tua lly, no one- incl udi ng Re­
flect ion Technol ogy-thinks th at
computer monitors will be replaced
by their di spl ay ca lle d the Pri vat e
Eye . But just as So ny's Walkman cre­
ated an entire new category of stereo
eq uipme nt, th is " walkman for the
eye" promi ses to do the same for
man y other products. Pocket-sized
com puters are only the first to hit the
market. But just imagine the advan­
tages of an osci llosco pe display that is
worn in front of your eye. Or imagine
what the next generation of portable
video games-with a true three-di ­
mensional image-will be like .

Although the Private Eye is inno­
vative , the techn ology it uses is nei­
ther new nor dramatic. Instead , the
display is a new combinatio n of exist­
ing tec hno logie s . At its heart is a
hybrid circuit co nsisting of a column
of red LED's and dr iver circ uit ry,
along with a mag nifying lens and a
mir ror. Whil e those components are
ce rtainly not exo tic, the way they're
used, and the result s , are imp ressive
nonetheless. The entire display mea­
sures slightly more than I x I X 3V2
inches and weighs 2V2ounces . It can
disp lay text and graphics at a resolu­
tion of 720 x 280 pixels, which is
slightly better than a Hercules com­
puter monit or. Total power consump­
tion is ju st V2 watt.

The idea of peering at a I-inch dis­
play might not see m too comfor tab le .
However, the Private Eye is a virtual
screen display that creates an image

larger than the screen itself-in this
case 50 times larger. The user see s a
co mpletely read abl e , fu ll-s ize , 12­
inch screen by lookin g into a I-inch
window. The image app ear s to be
floatin g in the air a few feet in front of
the user. The result isn 't as strange as
the descri ption sounds. The user isn' t
aware that the screen's plane of focus
is a distance in front of him. Rather,
he simply sees a perfec tly readable
screen that he doe sn' t have to strain to
look at , despite the fact that it is only a
couple of inches away from his eye.

It's all done with mirrors
As shown in Fig. I, the main co m­

ponent s of the display are a co lumn of
LED's , dr iver circuitry, a magni fying
lens, a mirror, a cou nter weight, and a
case .

At first glance , a column of LED 's
might not seem to be a logical way to
create a display. The commo n ques- ;:H

IIItion is, " Why not just use a matrix of JJ

LED's'? " Unfortunately, while LED 's ~
are bri gh t , eff icie nt , fast, inexpen- ~
sive, and easy to manu facture , current <D

<0
manu facturing technology is not ad- 0
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FIG.2-THE MOVEMENT OF THE MIRROR
forms a horizontal " raster" as the pattern
on the LED co lumn changes. In the actual
display, the LED column is made up of two
offset bars , which are blended together by
the mirror's movement.

The magnetic counterwe ight is also
spring-mo unted . Th e reso na nt fre­
quenc y of the co unterwe ight system is
designed to be the same as the mir­
ror's , so essentia lly the entire mirror/
co unterwe ig ht/co il mech ani sm acts
like a tun ing for k. Not only does it
co nsume very little power-s-only Vim
watt is needed to keep it go ing- but
most of the vibration that would be
created by the osc illation of the mirror
alone is canceled out. The resonant
sys tem is also rel ati vely immune to
external shocks and vibration.

Synchroniz ing the mo ve me nt of
the mirror is achieved by usin g a pho­
tod etector sensor. As shown in Fig . 4 ,
a tab mounted to the back of the mir­
ror interrupts the photosen sor light
beam c irc uit as the mirr or crosses
maximum de flec tion. At that time ,
power is app lied to maintain reso­
nance . The adva ntage of thi s system
is tha t the exact frequ ency of the
vibration is not important.

The photo sensor signa l also pro­
vides the inform ation to determine the
right time to sta rt turning o n the
LED 's for each screen. Due to the
sinusoidally varying speed of the mir­
ror thro ugho ut its cycle (it slows down
to a stop at each end), a tim ing correc­
tion mu st be app lied to make the col­
umn s appea r in the right location s .

The spring mounts for the reson ant
sys tem act as frictionless pivots for

SPRINGS(21

COUNTERWEIGHT/MAGNET

LED co lum n is illumin at ed at a
s lig ht ly different ti me to a llow th e
mirro r 's move ment to co mbi ne the
co lumn s, makin g the pixels appea r to
tou ch each other, top-to-bottom. The
image that result s from th is " hard­
ware interl acin g " is a solid field with­
out any of the blank interrupt lines
that are normall y see n on a CRT.

Apparent brightness is achieved not
by overpowering am bient light , as in
most other displ ays, but by putting
the displ ay in a ligh t-tigh t enclos ure.
The ima ge appears as vibrant, high ­
contras t red cha rac te rs o n a deep
black backgrou nd .

Whil e the LED co lumn is imp or­
tant to the success of the d ispl ay, the
sca nning mirror co mp letes the pic­
ture . The mirror is hin ged and sup­
ported by springs at o ne e nd . As
show n in Fig . 3 , a small voice co il,
sim ilar to that of a speaker, is attached
to the back of the mirror and pushes
agai nst a magneti c co unterwe ight.

MAGNI FYING

LEN~/

FIG. 1-A HIGH-RESO LUTION DISPLAY is packaged in a housing that measures about
3.5 x 1.2 x 1.2 inches (a). The heart of the display consists of an LED column, a magnifying
lens, and a mirror (b).

vanc ed eno ugh to produce a matri x
that is den se eno ugh.

A n elegant so lutio n was devised
usin g a co lumn of LED 's , wh ich can
be manufactured re liab ly in lon g ,
dense arrays . Of co urse, a single co l­
umn of LED 's is not very useful as a
computer di spl ay. But instead of try­
ing to add dots (pixe ls) by bru te forc e
to make a matrix , the developer s of
the di spl ay co mbined the single LED
column wi th a scanning mirror and
magnified the result. One co lumn of
dots is shown at a tim e , and the mirror
is moved to spread the sing le co lumn
across the full scree n as the pattern on
the column cha nges . As shown in Fig.

~ 2 , that makes it possibl e to crea te the
z perception of a full-sc reen di splay.oa: To improve the picture 's resolution ,o two columns are used instead of one .
wm Th ey are laid out as a staggered, or
o z ig-zag, array, Th e indi vidual LED 's
~ (pixels) a ltern ate be tween the co l­
a: umns . To crea te a sing le image , eac h
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Potential applications
If you've ever used a laptop co m­

puterwith an LCD scree n, you're well
aware of the need for improvements .
Even the highest-resolution and eas ily
read laptop screen has the disadvan­
tage of having to be large enoug h to
see. The Private Eye will dramatically .,.
shrink the minimum size of laptops . IT

Il
In fact. by the time you read this arti- :r

cc l e , a t l e a st o ne c omp an y :t:
:r(Cyber space of Norcross , Geor gia) -<

wil l have introduced a pocket PC ss:

about the size of a video cassette. ~

Future developments
The technology we 've described is

still only in its infancy. In fact, the
deve lopment kit that we examined
when preparing this articl e used tech­
nology that is already outdated . For
examp le, the developm ent kit , which
is used with a PC, requires two plug­
in card s . One card contains logic cir­
cuitry, whi le the other contai ns the
servo circuitry to control the mirror 's
mot ion . Most of that c ircuitry has
been incorporated inside the display
package for future versio ns . At the
same time, the display has been made
lighter and easier to manufacture. and
the slight vibration of the develop ­
ment unit has been redu ced to be even
less noticeable . We wouldn' t be at all
surprised iffuture displays use a wire­
less rad io-data link to receive their
Images.

Other improvements have be en
successfully demonstrated in the lab­
oratory, but will have to wait for re­
finements in LED manufacturing be-

as other objects in the user's field of
view. Because the optics are adju sta ­
ble, users do not suffe r from eye strain
and do not need to refocus thei r eyes
when shifting their gaze from the dis­
pl ay to other objec ts surro undi ng
them .

SO LI D
TAB

BACKOF
MIRROR

COU NTERWEIG HT
WITH MAG NET

t
TO SERVO
CIRCUIT

LEO

FIG. 4- ACCURATE TIMING is essential to
keeping the pattern of the LED column in
sync with the movement of the mirror. A
photosensor assembly makes the job
easy. When the mir ror reaches the end of
its travel , the photodetector sends a sig­
nal to the servo circuit, which gives the
mi rro r a " kic k" back.

the mechanism and create minimal
power loss . And, because the motions
required are small (the mirror travels
on ly 15 degree s) , the springs are
stresse d to a small fraction of their
fatigue life . In addition , because of a
resonant system 's tendency to resist
any di sturbance to the sys tem (such as
rapid movement or out side vibration),
the image is not onl y extremely stable
and c lear, but remains so und er a
broad range of conditions.

The magnifying lens that sits be­
tween the mirror and the LED array
allows the user to adju st the optics so
that the displayed image appears to be
at a poi nt in space anywhere between
9 inches and infini ty. An image can
therefore be located on the same plane

FIG.3-THE SCANNING MOTOR. The mir­
ror is set into motion by a small voice coil
that is mounted on back of the mirror ; the
voice coil pushes against a magnetic
counterweight.

fore th ey beco me a co m merc ia l
reality. Reflection Techn ology's five­
year target is to produce a megapixel
(1000- x 1000-pixel) full-co lor dis­
play in an even smaller, but substan­
tial package . Before that goal­
essentia lly HDTV in a matchbox-is
reach ed , a number of sma ller ad-

Other features vances are plan ned.
If a portable display is to be sue- First will be the addition of gray

cessfu l, its power con sumption must sca le or, in the case of the Privater
be kept to a minimum . We ' ve already Eye ," red sca le ." Showing brightn ess
seen how the LED 's and res ona nt levels merely req uires redesigni ng the
vibrating mi rror are very effic ient. electron ics to vary the light cycles of
Additional power reduction is the LED 's acco rding to the desired
ach ieved by being able to use a low brightn ess.
refresh rate of 50 Hz. Other displays Resolution will increase continu-
that refresh at that rate, such as TV's ously from model to model. Moderate
in Europe , suffer from very notice- increases within the existin g packag-
ab le fl ickering , part icularly whe_n_~ing technologY.-iRerhaRs to 640 x

--- - --- - - - - - - - - - - - -:-:vleweClw itn penpneralvisi~The 480) will occ ur, and then larger in-
Private Eye is flicker-free becau se it creases as den ser packaging becomes
has high contrast and is see n throu gh available . Only current wire-bonding
the central porti on of the eye, which is manufacturing practices limit the de-
relatively insen siti ve to flicker. velopment of higher-density displays .

The P r i v a t e Eye run s Integrating the co mpo nents onto a
asynchronously from the host device . single subs trate and using conductive
The display has an internal control path s bet ween them will ce rta inly
chip and screen buffer memory. The provide the leap that is needed for
co ntrol chip takes bit-map data trans- megapixel reso lutio n.
mitted as serial dat a up the cable to the Co lor can be attained when gree n
intern al memory. It then takes the bit and blue LED 's become available in
map and places it into shift registers . arrays similar to those used for red
The display is autom atically and con - LED 's tod ay. The scanning mirror
tinuou sly refreshed with the current will combine the red , green, and blue
image until new data is sent by the pixels from individual LED arrays to
host device . visually superimpose the pixels and

produ ce co lors (in much the same way
that it now co mbines the staggered red
LED columns). Blue and green LED
arrays are still a few years from com ­
merci al availability.

The price for the display can also be
expec ted to drop. The onl y costly
component is the LED hybrid , which,
lik e othe r se mico nd uc to r co mpo ­
nent s , will lower in price as produ c­
tion vo lume increases a nd new
manufacturing techniques are used .
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Another real product that uses the
Pri vate Eye is a pocket video fax
(from Medbar of Quee ns, New York).
Bui lt-i n memory al lows the fax to
store incoming pages for review. We
expect that it's only a matter of time
before that sort of feature becomes
standard equipment on portable ce l­
lular phones .

There are also a num ber of produ cts
that , while not on the market as far as
we know, are sure to be in the work s .
The Private Eye could easi ly be used
to develop visua l assembly and main­
tenance manuals . For example, some­
one testing an electronic product at
the end of an asse mbly line could see
a picture that would show where to
place a probe. Becau se the technician
would not have to look away from the
task at hand , he cou ld presumably
work more efficiently and accurately.

Can you imagi ne bein g able to use
an osci llosco pe or meter without ever
looking away from where you're plac­
ing the probe? The sa me technique
could be used by automotive techni­
cians, who could read an eng ine ana­
lyzer at the same time they 're under
the hood adju stin g a ca rburetor. Sur­
geons performing m icrosurgery­
who now must look away from their
work to see a magnified image on a
video displ ay-wou ld find a head­
worn display to be an immensely val­
uable tool.

A min iature display could also be
incorporated int o rad io pagers or
other mobil e data dis plays . Potenti al
users might include field eng ineers
needing technical documentation ,
salespeo ple wanting access to product
documentati on during a sa les ca ll,
drivers need ing maps to their destin a­
tion , or subscribers to publi c service
such as news, spo rts, or stock-market
information.

Another applica tion that you can
bet on is videogames. We can imag­
ine goggle-like headsets with one dis­
play mounted in front of each eye.
That would allow for completely por­
tabl e , very excit ing , tru e three-di­
mensional games.

In short, the Private Eye will be
used wherever the information con­
tent and clarity of desktop screens can
be used-from pocket PC's , to elec ­
tronic instrument ation , from pocket
fax rece ivers to ISD N teleph one dis­
plays , from educat iona l devices to
toys and games . Even more exciting
are the applications that haven 't yet
been thought of. R-E
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This inexpensive piece of equipment can turn
a second VCR into a valuable troubleshooting tool.

generates a field, but it is interlaced
with the field from the first head . The
two interlaced fields make one frame .

A sta nda rd four-head VCR uses
onl y two heads at a time, one pair for
" SP" (two -hour standard play), and
one pair for " EP" (six-hour extended
play). If one of the video heads is bad ,
the VC R will send a full- size picture
to the TV, but with only hal f the pic­
ture informati on , with eve ry ot her
field composed of " snow."

Each head has its own pre-amp, and
the output of each one goe s to an

~o~"iii
SOURCE VCR INPUT OUTPUT VCR BEINGTESTED

HEAD AMP TESTER

"'T1
m
OJ
:0
C»
:0
-<

FIG.1-THE VIDEO HEAD-AMP TESTER enables you to use a good signal from a working CD

VCR to test a VCR with possible head problems. ~

combined signals are usually referred
to as video-head RF or RF envelope .

Two video heads are needed to
" read" the information from a stan­
dard VHS videoc assette (see Fig . 2).
The two heads are mounted 180 de­
grees apart on a polished aluminum
cy linde r that spins co unter-clockwise
at 30 rpm. When one head completes
a scan of the tape , the other head is
ready to start its sca n . In one scan,
one video head genera tes a " field ," a
full top-to-b ott om picture on the TV
screen. The second video head also

VCR
HEAD AMP
TESTER

VCR operation
There are several signals that a vid­

eo head generates during playback .
The lumin ance and sync is a signal
from 3 .4 to 4 .4 MH z , freque ncy­
modul ated by video lum inance and
sy nc in formation. The chro ma, or
color information , is a 629 .371-kHz
signa l record ed by amplitude modu­
lating the 3.4 MH z FM carrier. The

THE MAJOR ITY OF PROBLEMS TH AT OCCUR

in a VCR are mechanical in natu re.
Problem s caused by dirt y heads, worn
idlers , stretched belt s, and jammed
gea rs are perh aps most common, but
VCR's also have their share of elec­
trical problem s. Such probl ems may
be bad end se ns o rs , burned o ut
motors, power-supply probl ems , etc .

A good oscilloscope and a digital
voltmeter can ge t you throu gh the ma­
jority of VCR problems quickly and
easi ly. However, probl em s involving
the video heads , rotary transformer,
head pre-amps , and head- swit ching
circuits ca n be tou gh to troubl eshoot.
There are low-cost ($6 0) video -head
testers , but they won' t indicate if a
head is co ntamina ted or if the gap is
clogged ; in eit her case the output will
ser iously be degraded .

You co uld replace the video head in
question , but that requires that you
have a spare head for every make and
model of VCR you service . Changing
head s is time co nsuming, and keep­
ing lot s of head s in stock is expens ive .
What 's rea lly needed is an instrument
that can ge nerate a known-to-be-good
video-head playback signal, and one
inexpensive source for such a signal is
anothe r VCR . A VCR creat es that
signa l whenever it plays a tape , so a
work ing VCR can be used to troubl e­
shoo t a broken VCR (see Fig . I).

If you are repairing VCR 's as part
of a service busin ess, you prob abl y
have more than one working VC R in
the shop at any g iven time. What 's
needed is a video jumper cable to take
the signal from the source VCR and
inject it into the VCR bein g repaired .
This projec t makes it possible to do
just that, with no modi ficat ions to ei­
ther VCR .

ED BATHGATE
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TO VIDEO DEMO DULATO R0----,

Checkout
After assembly, chec k the voltages

on Q I and Q2, and the current draw, to
verify proper ci rcu it operation. Co n­
nect the VC R to be used as the signal

Construction
The circuit should be built on a PC

board , because RF as high as 4 .5
MHz will be present. A single-si ded
board was used in the author 's pro­
totype with no problems. The board
layout is very s imple and can be
drawn by hand directl y on the co pper
with an etch-res ist pen . See Fig . 6 for
a part s-placem ent d iagram ; a foil pat­
tern is provided in PC Se rvice .

Th e assembl ed circuit should be
mounted in a shie lde d box and coaxial
lead s should be used for input and
output. Keep the lead length as short
as possibl e (2-foot leads were used on
the prototype with no problem s).

only 12 mA , so a 9-vo lt battery is well
suited for the project.

PINCH RO LLER
TENSION-­

POST

TAPE GUIDE
(SOURCE)

UPPER CYLINDER

I / VIDEO HEAD A

ANGLE POST

FIG. 2-VHS BASIC MECHANISM . Two video heads are needed to generate the standard
VHS format. The two heads are mounted 180 degrees apart on a polished aluminum
cylinder that spins counter-clockwise at 30 rpm.
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e lectronic head switch (see Fig . 3).
The hea d-switching ci rcu it combines
the outputs from each head pre-amp,
by switching to the head which is in
co ntac t wit h the tape at that time . The
head-switch ing co ntro l pulse is a 30­
Hz squa re wave derived from the rota­
tio n of the head-cylinder motor. The
outp ut envelope (wave form d) is the

PARTS LIST

All resistors are Y4-watt , 5%, un-
les s otherwise indicated.

R1, R4-100,OOO ohms
R2-220,OOO ohms
R3-10,OOOohms, aud io-taper
potentiometer
R5-150,OOOohms
R6-2200 ohms -
R7- 1000 ohms
Capacitors
C1, C3, C4-D.001 fJ-F, ceramic disc
C2-39 pF, ceramic disc
Semiconductors
LED1-red light-emitting diode
01, Q2- 2N2222 NPN transistor
Other components
J1, J2-RCA-type jack
S1-SPST on/off switch
Miscellaneous: Coaxial cable, PC

boa rd, metal case, solder, etc .

sum of the two ind ividual head pre­
amp enve lopes (waveforms a and b).

If the head-switching pul se is not
present , or if it 's di storted or inverted
in phase, the sympto ms will be sim­
ilar to bad heads or a bad pre-amp .
So me exam ples of bad waveforms are
show n in Fig. 4 . Wavefo rms a to d are
ca used by mec ha nical misalignment
of the tape guides, and the waveforms
in e and ! indicate proper al ignment ,
but show a problem with the video
head s , pre-amps , or head switcher.

Head-amp tester circuitry
Th e sc he m atic for the test er is

shown in Fig . 5. The inp ut is an RF
enve lope from a working VCR, ap­
pl ied to QI through co upling-capaci­
tor Cl. Q I is connected as an em itter
follower, with a high-imped ance in­
put and a low-impedance output, and
a volt age gain of I.

Potent iometer R3 is used as the
emitter load for QI and level co ntro l
for the sig na l applied to Q2 . Capaci­
tor C2 is for improving the frequenc y
response of R3 . Transistor Q2 is also
a 2N2222, wired in the same config­
uration as Q I, but with a lower output
impedance in ord er to drive circuit s in
the VCR under test. The circuit draws

WAVEFORM C 0---- -+

WAVEFORM a 0---....,

HEAO~II
B ~t

ROTARY
TRANSFORMER

\
H EfO~1I

WAVEF ORM b 0-_ _ -'

a

b

C

FIG. 3-EACH HEAD HAS ITS OWN PRE­
amp, and the output of each one goes to
an electron ic switch that co mb ines the
outputs from each head pre-amp.

52



~

<J:
<J:
C

source VCR for proper flatness . The
RF enve lope should be between 100­
and SOO-mV p-p in most VCR's.

Now turn on and connect the head­
amp tester to the source VCR at the
same po int in the circ uit that you mea­
sured the RF envelope (Fig. 3-c) with
the oscilloscop e . There may be a
slight amount of sig nal degradation
but if the entire picture disappears, it
is loading down the source and the
output signa l will be unusable .

Check the output signa l of the
head -amp tester with the o sci ll o­
sco pe; it should be the same ampli­
tude as the input signal with the level
contro l a t ma xim um . The ou tp ut
should be 0- V with the level co ntrol at
minimum.

Using the tester
To substitute a signal in place of

bad or questionab le video heads, first
put the source VCR into play, con nect
the head- amp tester, and adj ust the
output for S-IO-m V p-p. Put the VCR
to be tested into play with a blank
tape , and co nnect the output of the
tester to the input of one of the head
amps. That may be done at the con ­
nector end of the cable between the
rotary transformer and the head amps.
You can also capacitively inject the
signal by cl ippin g the output lead over
the insul ation of a non-shielded wire
(no e lectrical co nnection), and in­
creasing the output level to about Y2to
% of maximum. Signals ca n also be
injected into the input and output of
the head switcher. The output level
should be high and direct e lec trica l
co nnec tions should be made.

The rot ary transfo rmer (one that
can co uple a signal from a rotating
dru m to the rest of the circuitry) ca n
be tested with the VCR under test in
"stop" mode , but the source VCR
must be in " play" to supply a signa l.
Co nne ct the o utput lead d irectl y
across one head at a time, and mea­
sure the output at the pre-amp input
co nnec tor. You should disconn ect the
pre-amp co nnec tor from the pre-amps
if poss ible . The signal from the rotary
transformer should be equal or greater
in voltage than the applied signal volt­
age . Test eac h head and the co rre­
spondi ng transformer winding .

The head-amp tester is not go ing to ~

rep lace any major test equipment, but gs
it doe s help you to troubl eshoot some ~

probl em s . A nd, afte r a l l, wh y ~

wouldn' t you want all the help you
ca n ge t? R-E
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MECHANICAL
ALIGNMENT PROBLEMS

ing of the news or some other show.
Use an osci lloscope to check out the
head RF enve lope (Fig . 3-c) , from the

1 WORN OR BAD HEADS,
ROTARY TRANSfORMER OPEN/SHO RTjPROBLEMS IN PRfAMPS OR 'fAO SWIT"ER

R3

e

.. ----- -----.,
OPTIONAq .~7.. ~® II I ~. LED1 IL ...,...,....,_ ...., _J

C4
.001 J2

'--__"'- -+ + +-_ _ :1oUTPUI

FIG. 4-IMPROPER WAVEFORMS. Waveforms a-eJ are caused by mechanical misalign­
ment of the tape guides. The waveforms in e and f indicate proper alignment, but show
that there's a problem wit h either the video heads, pre-amps, or head swi tcher.

J1 (C»--+--!-iL?l

FiG. 5-t HE SCHEMATIC for the head-amp tester.

FIG. 6-PARTS-PLACEMENT DIAGRAM . Use the foi l pattern provided in PC Service to
make your own board.

source to a TV or monitor, and playa
tape to use as the test signal; it can be a
test pattern , or a hom e-m ade record-
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An in-depth look at National Semiconductor's
LM38X series of audio preamp Ie's .AUDIO

PRE AMP re-s

FIG. 1-BLOCK DIAGRAM OF ONE CHANNEL of a stereo system.

each D ual -Jnline P ackage (DIP),
while Table I gives a performance
summary.

Tone control may involve refine­
ments like "scratch" and s , rumble"
filters. All five Ie's in the LM38X
family use single-ended power sup­
plies, and have the same basic ampli­
fier circuitry, but differ in internal de­
tails and pinouts . Also, all five have
internal compensation, power-supply
decoupling and regulation , large ca­
pacity for output-voltage swing, and
wide power bandwidth . They 'd be
used for both the preamp and tone­
control blocks in Fig. I, since both
functio ns occur prior to power ampli­
fication . The differences are:
• The LM381 and LM38 1A: , shown
in Fig. 2, allow external noise figure
optimization and compensation (nar-

RAY M. MARSTON

ONE OF THE MOST VERSATILE SERIES OF

linear preamp Ie's is the LM38X ver­
sions from National Semiconductor.
They're extremel y useful for audio
and tone-contro l app lications, and
have exce llent ripple rejection, low
sig nal distortion , wide bandwidth ,
and low noise. You' ll find them in
virtually any modern piece of audio
gea r. This discussion will investigate
how they work , and look at several
useful app licat ions .

The LM38X IC's
Figu re I show s a representative

block diagram of a conventional ster­
eo system channel with both volume
and tone control. National Semicon­
ductor produce s five low-noise dual
preamps in the LM38X series, the
LM381, LM38IA , LM382, LM387 ,
and LM387A; the "A" denotes ver­
sions with super ior noise figure per­
formance. Figures 2-4 show the con­
figurations of the three different ver­
sions for one of the two amplifiers in

II PH ONO
IN

row-band or low-gain use). They're
normally used differentially, but can
be used single-ended for ultra-low­
noise purposes.
• The LM 382 , shown in Fig . 3 ,
doesn ' t provide for external compen­
sation or single-ended operat ion, but
has a built-in resistor matrix to let the
user se lec t fro m amo ng seve ra l
closed-loo p gain and frequency-re­
sponse options .
• The LM387 and LM387A, shown
in Fig. 4 . are utility versions of the
LM3811lA, with only the input and
output term inals accessib le, and no
provision for external compensation
or single-ended operation .

LM381!1A basics
All the fC's in the LM38X family

can be understood by examining the
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1 + IN 1 + IN 2 14
l M381/1A
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FIG. 2- THE LM381/1A DUAL LOW-NOISE PREAMP.
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FIG. 4-THE LM38717A DUAL LOW...NOISE PREAMP.
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LM38 111 A shown in Fig. 2. It has a
first stage (Q I and Q2) , second stage
(Q3-Q6), output stage (Q 7-QIO),
and bias network (Q II-QI 5); Fig. 5
shows a simplified equivalent. The
first stage is biased at 1.2 volts via RI,
and can be operated either differen­
tially or single-ended, although dif­
fere ntial operation generates 41%
more noise .

In differentia l use , the first stage
has to be balanced by externally bias­
ing the base of Q2 at 1.2 volts . In
sing le-ended mode, Q2 has to be
turned off by grounding its base , and
QI has to be balanced by externally
biasing the emitter of Q2 at 600 milli -

volts. The first stage has a different ial
voltage gain of 80, or 160 when used
single-ended .

The second stage uses co mmo n­
emi tter Q5 and constant-current load
Q6, and is dr iven by QI via
Darlington emitter follower Q3-Q4.
Its voltage gain is 2000, and it's inter­
nally compensated via CI for unity
gain at 15 MHz, givi ng stability at
closed-loop gains of 10 or more . At
lower gains , an external capacitor can
go in parallel with CI for compensa­
tion purposes .

The output stage uses Darlington
emitter follower Q8-Q9, with active
current sink Q7 . Then, Q IO provides

short-c irc uit pro tection by limiting
output current to 12 rnA. The bias
network gives 120 dB of supply-signal
rejection, and includes the high-im­
ped anc e con stant-current gener ato r
QII-Q I2-Q I3, which generates rip­
ple-free reference voltage across D3 .
That reference voltage operates the
first two stages via QI4 and Q15, and
biases the base of Q I internally.

Differential operation . ;+1
OJIn differential mode , the IC output JJ

is given a positive quiescent value in- ~
dependent of supply-voltage varia- ~
tions , by connecting divider RI-R2 as . CD

a DC negati ve-feedbac k loop, as ~
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shown in Fig . 6. The inverting input is
biased internally at 1.2 volts . When
RI and R2 are used as in Fig . 6 , DC
negative feedback makes the non -in­
verting input go to 1.2 vo lts, and the
amplifier output to 1. 2
vo lts X [ I +(R I/ R2) ] . In practi ce :
R2<250K.

Figure 7 shows a non-in verting AC
ampl ifier with an input impedance of
250K; input signals must be lim ited to
300 mY RMS to avoid distortion . The
DC voltage gain is determined by R I
and R2, whi le the desired AC gain is
set by AC shunting one of the bias
resistors . Here , the DC gain is fixed
by R I and R2 at less tha n 10, but the
AC gain is fixed by RI and R3 at 100 .

That shunting tec hnique can be ex­
panded for frequency-dependent AC
gain in various filter applications . Fig-

TABLE 1-PERFORMANCE OF THE LM381/1A/217I7A LINEAR IC'S

Characteristic LM381 LM381A LM382 LM387 LM387A

Supply Voltage (VDC) 9-40 9-40 9-40 9-30 9-40

Quiescent Current (mA) 10 10 10 10 10

Power Bandwidth (kHz)* 75 75 75 75 75

Supply Rejection 120 120 120 110 110
Ratio (dB at 1 kHz)

Equiv. Noise Input Typ. 0.5 0.5 0.8 0.8 0.65
Figure (IJ.V RMS)

Max. 1.0 0.7 1.2 1.2 0.9

* NOTE : Power bandwidth is the audio frequency range over which an amplifier
can produce half of its rated power; without exceeding its rated distortion. It
indicates how much power is available at the critical high and low frequencies,
and the wider the power bandwidth , the better the amplifier.

SIGNAL
OUT

+ 24V
MAGNETIC

PICKUP
INPUT

II

-f 24V

the output via a DC amplifier. The IC
can be operated in sing le-ended mode
by gro unding the base of (and disab­
ling) Q2 , but it need s to be biased

Single-ended operation
The differential first stage of an

LM 3 81 co m pose d o f QI-Q 2 is
powered via the internal 5. 6-volt reg­
ulator, and the co llec tor of Q I is fed to

FIG. 8-AN LM381/1A USED AS A low­
no ise phono preamp with RIAA equa liza­
t ion .

FIG. 9-AN LM381/1A used as a tape play­
back amplifier with NAB equalization.

SIGNAL
OUT

TO 02 Rl }BASE OR EXTERNAL
EMITTER BIASIN G

ISEE TEXT! R2 NETWORK

FIG. 7-A LOW-NOISE LM381/1A non-in­
verting ampli f ier, w ith a gain of 100.

2NO·STAGE OUTPUT
AM PLIF IER STAGE

EXTERNAL
COMPARATO R

I EXIERNAl 6!COMPARATOR ~

! +-----+-t--f-t
I
I

: Cl
I

----1"
R2 1.2V

-!-

7

RI

011

I
I
I

02 :
I
I
I
I

1.2V !+ lNl
I
I,
I,
I
I,,,

BIAS 1ST·STAGE
NETWORK AM~UfIER

FIG. 5-EQUIVALENT CIRCUIT OF THE LM381/1A ampli fier.

inverting terminal is grounde d , and
the input signal is fed to the inverting
terminal via RI . Th e AC ga in is R3/
R2 = 10, the quiescent output is + 12
vo lts , and th e input impedan ce is
about RI . Figure II show s a unity­
ga in, 4-input audio mi xer.

FIG. 6-DIFFERENTIAL BIASING OF THE
LM381/1A.

ure 8 shows the same amplifier co n­
~ figuration used as a low-noise phono
~ preamp with Recording Industri es As­
g: soc iation of Am erica (RIAA) equa l­
~ ization , whi le Fig . 9 show s a similar
u:J tape-playback amplifie r wit h Nation al
6 Association of Broadcasters (NAB)
~ equa lization . Fig ure 10 shows an in­
a: verting AC amplifier; here , the non-
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GAIN
REQU IRED
CAPAC ITOR

40dB Cl ONLY

55dB CZ ONLY

BOdB Cl AND CZ

-

LM387 circuits
The internal circuitry of each half

of a LM3 8717A is identical to an
LM38 1, exce pt for el iminating ce r­
tain terminal co nnections, lett ing the
IC be used di fferentially without ex­
terna l compe nsa tio n. The IC is never­
th eless quite ve rsat ile, and Figs .
18-24 show some practical applica- ;+1
tion s . Figure 18 shows how to co nnec t gj
an LM387 as a non-in verting ampli- ~
fier with an AC gain of 52 dB . The DC ~

gain and qui escent output voltage of <D

the amplifier circuit are determined ~

57

for non-inverting use onl y, with a typ­
ical input impedanc e of 10K . Ide all y,
input sig nals should have source im­
pedances below 2K , and all resistors
should be of the low-no ise , metal-film
variety. Figure 12 is an ultra-low-noise
version wi th a gain of 1000 , where C3
lim its the upper 3-dB frequency re­
sponse to 10 kH z, and R5 adju sts the
DC output volta ge to half-supply val­
ue . Figure 13 is a magnetic phono
preamp circuit that uses RIAA equa l­
ization , with the DC output voltage
set by R7 .

LM382 circuits
The internal circuitry of each half

of a LM382 is identical to a LM381 ,
except for a 5-resistor matrix and
elimination of celtain terminal con­
nections . Eliminating those terminals
means that an LM382 can't be used
single -ended or externally compen­
sated . The res istor matrix greatly sim­
plifie s bias- and filter-network design .
The matrix is specifically intended for
applications where the IC is powered
from a + 12-volt suppl y. Figures
14-17 show various ways to use the
LM 382 with a + 12-volt supply. fig­
ure 14 shows a non-inverting ampli­
fier with 40 , 55 or 80 dB of AC gain .
Figure 15shows an inverting amplifier
with 40 dB gain, Fig. 16 shows a
unity-gain inverting amplifier, and
Fig . 17 shows a phono preamp with
RIAA equalizat ion .

OUT

+ 12V

H2
41K

C2
.33

PHONO II
PICKUP •

~1f-~!lr--4
Cl
.1

CZ
.1

FIG. 17-LM382 phono preamp with RIAA
equalization.

plies 600 milli volt s to pin 3 when the
IC output is at the desired DC level. If
a qu ie scent + 12- volt o utp u t is
needed , the divider needs a DC volt­
age gain of 20.

In practi ce , the noise from the input
transistor varies with co llector cur­
rent , and is minimized at 170 f.1A.

A sing le-e nde d LM381 is intended

">-'-- - -Cl OUT

FIG. 16---SHOWN HERE IS AN LM382 uni ­
ty -ga in inverter.

FIG. 15-THE LM382 is used here to make
a 40-dB inverting amplifier.

FIG. 14-AN LM382 FIXED-GAIN non-inverting amplifier with a 12-volt power supply.

Rl
39K

R3
3uK

R&
2.5K

BIAS
ADjUST

7

C3 HZ
lOOpF lOOK

+ 24V........----- ---.

" = METAL f iLM, 1% TOLERANCE
+ 33V........-- - - - ---,

using emitter feedback .
Suitabl e DC biasing is obtai ned by

connecting a voltage divider that ap-

FIG . 13-LM381A ULTRA-LOW-NOISE
magnetic phono preamp that includes
RIAA equalization.

FIG.11-THE LM381/1A is used here as a 4­
input unity-gain aud io mixer.

FIG. 12-THIS LM381A ultra-low-noise
preamp has a gain of 1000.

FIG.1G-THIS LM381A low-d istor t ion (less
than 0.05%) inverting amplifier has a gain
of 10.



+24V
C2

Cl R9 .05

IN lJ1F
lOOK

OUT BASS +0:tI
Rl R2 C5

Rl 11K 11K lJ1F R8
n OK R3 2.2MEG +24V

NOTES :
11K

A DC '" RI +R2 C3
v R2 .005

RIO
Cl AvAC = Rl t R3 500K

lOflF R3
R4 TREBLE R5

3.6K 3.6K '='
FIG. 18-LM387 NON-INVERTING AC am­
plifier with a gain of 52 dB. FIG. 21-THE LM387 CAN BE USED TO MAKE an active tone-cont rol circ uit.

NOTE: IC1=lM387

0 .1 f-lF ce ramic or 0.00 1 f-lF tantalum
capac itor across the IC power pins .
The latter. RF pickup, man ifests itse lf
as AM dem odu lation . It can usually
be e liminated wi th a 10- f-lH RF choke
in series with an IC's input term inals.
or by also dec oupling the input with a
capaci tor, as in Fig . 25 . R·E

11 : I
10flH I ,.Ly 1'
fr1' ~.....I -"

10pF TO 3OOpF:
CERAMIC I

I
I
I
L_

IN

Usage hints
Thi s article has examined various

circuits using the LM 38X linear IC's .
These are high- gain , wide-band de­
vices, and some care must be taken if
they 're to work . The two most fre­
quent problem s are RF instability and
RF pickup. The form er, RF instability,
is usually caused by inadequate high­
frequency power supply dec oupling .
In all pream ps, the IC power supply
has to be RF-decoup led by wir ing a

FIG. 25-THE CIRCUIT SHOWN HERE can
be used to eliminate RF pickup.

270Kl 130K

47K

560pF

2.2MEG + Z4V

..............._ ......1-.1- - - -.-- --........- -4---'

R3
470K

~If-+-U--i-.....-=-t
Cl

.0033

"scratch" filter of Fig. 23 is a 2nd­
orde r low-pass filter that rejects sig­
nals above 10 kHz . The "speec h" fil­
ter of Fig. 24 co nsists of a 2nd-orde r
high-pass and a 2nd-orde r low-pass
filter in series , to give 12 d B/octave
rejection to signals outs ide 300 Hz- 3
kHz .

FIG. 24-BOTH HALVES OF AN LM387 make up a two-section " speech" filter (300 Hz- 3
kHz).

FIG. 23-AN LM387 USED AS A "scratch"
filter.

FIG. 22-AN LM387 USED AS A "rumble"
filter.

FIG . 19- LM387 PHONO PREAMP with
RIAA equalization.

FIG. 2o-AN LM387 USED AS a tape play­
back amplifier (NAB).

by RI and R2 , and the AC gain by RI
and R3 . Figure 19 shows an LM387
used as a phono preamp with RIAA
equalization , whi le Fig . 20 shows
how it ca n be used as a NAB tape
playback amplifier for use in all kinds
of devices ranging from cassette play­
ers to telephone-answer ing machines .

Figure 2 1shows an active tone con-
trol giv ing un ity gain wit h its co ntrols

~ in the " flat" positi on, o r 20 dB of
z boost or reject ion wi th the co ntrols
~ fully rotated . The " rumble" filter of
o Fig . 22 is a 2nd-order high-pass active
~ filter that rejec ts signa ls be low 50 Hz
w6 at 12 dB/octave . Figures 23 and 24
(5 show various ways of using an LM 387«
a: in inverting mode in active filters . The

II
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Take anyone of these HANDBOOKS
ELECTRONICS and CONTROL

• your one source for engineering books from
over 100 different publishers

• the latest and best information in your field
• discounts ofup to 40 % offpublishers' list prices

047/790

Publisher's Price $98.50
TELEVISIONENGINEERING
HANDBOOK
Edited by K. B. Benson
• 1,478 pages, 1,091illustrations
• packed with all the technical information

todays engineer needs to design, operate,
and maintain every type oftelevision
equipment

• extensive coverage ofreceivers, broadcast
equipment, video taperecording, video
disc recording, and the latest
technologicaladvances

• provides television system and industry
standards for the U.S. andother countries

• the most comprehensive book on the
subject oftelevision engineering

322/910

Publisher's Price $75.00

SfANDARD HANDBOOK OF
ENGINEERING CALCUlATIONS,
Second Edition
ByT. G. Hicks
• 1,468 pages, 793 illustrations, 499 tables
• puts more than 1,100 specific calculation

procedures at your fingertips
• every calculation proceduregives the

exact, numbered steps to followfor a
quick, accurate solution

• virtually allprocedures canbe easily
programmed on your PCor calculator

• uses USCS and SI units in allcalculation
procedures

Publisher's Price $114.50

ANTENNA ENGINEERING
HANDBOOK, Second Edition
Edited by R. C.Johnson and H.jasik
• 1,408 pages, 946 illustrations
• covers alltypes ofantennas currentlyin

usewith a separatechapterdevoted
to each

• provides detailed dataonphysical
fundamentals, operating principles, design
techniques, and performance data

• up-to-the-minute information on antenna
applications

• a must for those involved in any phase of
antennaengineering
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4 reasons
to join today!
1. Best and newest books from ALL pub­
lishers! Books are selected from a wide range of
publishers byexperteditors andconsultantsto give
you continuing access to the best and latest books
in your field.
2. Big savings! Build your library and save
money, too! Savings range up to 40% off pub­
lishers' list prices.
3. Bonus books! You willautomaticallybe eligi­
ble to participate in our Bonus Book Plan that
allows you savings up to 70% offthe publishers'
prices of many professional and general interest
books!
4. Convenience! 14-16 times a year (about once
every 3-4 weeks) you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in­
cluded. If you want theMain Selection, you simply
donothing- itwill be shippedautomatically. If you
wantanalternateselection- or nobookatall- you
simplyindicate it onthe ReplyCard andreturnit by
thedate specified. Youwill have at least10days to
decide. If, because of late delivery of the Bulletin
you receive a MainSelection you do notwant, you
may return it for credit at the Club'sexpense.
Asa Club member you agree only to the purchase
of two additional books during your first year of
membership. Membership maybe discontinuedby
either you or the Club at any time after you have
purchased the two additional books.209/758

Publisher's Price $92.00

STANDARD HANDBOOK FOR
ELEC1RICAL ENGINEERS,
1\velfth Edition
Edited byD.G. Fink and H.W Beaty
• 2,416 pages, 1,388 illustrations, 430 tables
• the essential reference for allelectrical

engineers
• ranges from basiccircuits and measure­

ments to advanced topics, such as power
distribution and telecommunications

• fullyupdated to cover all recentadvances
and developments

• written and compiled by 115 contributors
- allexperts in their fields

for only $14.95 - when you join the
ENGINEERS' BOOK CLUB#~~~~~.

(
' '4<' ~\~,pS u\, to .",,).,\: .~_

. ~.~v~ ~

- i~ 14.~o ....~~:.i
Publisher's Price $89.95 ,- ~ $1 .< .~~

. :.~_, .~~;:'~'r.
MODERN ELEClRONIC CIRCUITS "~~ ;;. " ,-
REFERENCkuE MANUAL .., .. . ,~-._, _.~
ByJ. T. Mar S ""'C!r-';.";~~~;': .

• 1,264 pages, 3,666 circuit diagrams
• a handy, desktopreference with 103

chapters organized by"family" grouping
• filled with predesignedand use-tested

circuits to save you production time and
money

• includes concise summaries ofall the
recent applications notes, journal articles,
and reportson each circuit, efficiently
organized and indexedfor thepracticing
engineer

FOR FASTERSERVICE IN ENROLLING CALL TOLL FREE 1-800-2-MCGRAW

'T1
m
ID
JJ
C
}>
JJ
-<

Signature _

Name _

McGraw-Hill BookClubs
Electronics and ControlEngineers'BookClub<ll>
P.O. Box 582
Hightstown, l'{J 08520-9959

Please enroll me as a member of the Electronics and
Control Engineers' Bookd ubQl) and send methe book I
have chosen foronly $14.95 plus local tax, postage and
handling. I agree to purchasea minimum of two addi­
tional books duringmy first year as outlined under the
d ub plandescribedin this ad.Membership inthe club is Address/Apt. #- - - - - - - - - - - - - - --- - - - - - - - -
cancellable byme or McGraw-Hill any time after the two Clty/StatelZlp .....,-."..-::---:=-:c=----:--:-__.....,-----=----,-_....,.-__.....,-c:-_ --:-;.....,-,.,--
book purchase requirementhas beenfulfilled.Ashipping ThIS order subject toacceptancebyMcGra. ·tI1U Offer goodonly to0" members Foreignmemberacceptancesubject tospecialconditions

and handling charge is addedto all shipments. ECGA-025

L ~

r------------------------------------------------~Iwish to order the followingbook:

o ANTENNA ENGINEERL'IG HANDBOOK(3221910)

o MODERN ELECfRONICCIRCUITS REFERENCEMANUAL (404/461)

D 'STANDARD HANDBOOK FOR ELECfRICAL ENGL\'EERS, lYe (2091758)

o TELEVISIONENGINEERING HANDBOOK (0471790)

o STANDARD HANDBOOK OFENGINEERING CALCUlATIONS (287/ 35X)
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HARDWARE
HACI{ER
Cold-fusion papers and kits

Dew sensor circuits
Direct toner pc update

Hacker cold fusion kits
Midnight Engineering mag

Alarm & security resources

DON LANCASTER

TH ERE' S LOTS OF EXCI TING NEWS TH IS

month , including co ld-fusio n ki ts,
an u pd ate o n th e direct -t on er
printed- ci rcui t process, a majo r
new hacker magazi ne, and some
de ta i ls o n unu su al dew -sen sor
co mpo ne nts . So, let 's just jum p
rig ht on in ...

Cold fusion kits
There seems to be lots of good

news o n t he co ld -f usion f ro nt
th ese d ays. At a recent co n ­
fe rence, seve ral more ind ep en­
dent researchers confi rmed those
excess heat produ cti on effects,
ve rifie d ex pecte d nu cl ear by­
products, and mad e lots of simi lar
suppo rti ng observat io ns.

See th e O ct ober 27t h, 1989
Scie nce o n page 449 for a go od
summary. The key sente nce : "Th e
experime nta l evi de nce for co ld fu­
sion, o r at least some un kn own
nucl ear ph enom en on , is too great
to ignore."

At th e same time, many of th ose
earlier measurem ents and experi ­
ments have been made far more
p reci se, and many poss ib le error
sou rces seem to have been elimi ­
nated. In part icul ar, ti ghter cont ro l
expe r ime nts invo lving non-d eu ­
terium and non -react ing cells have
been carried out to th e satisfact io n
of seve ral p romi ne nt skept ics. The
gene ral fee ling seems to be t hat
somet hing really is happening
here. And the mo st reasonab le ex­
pl anati on fo r t hat somethi ng is
th at co ld fusio n is actually tak ing
place, o r else some pr eviou sly un­
known nu clear reacti on seems to
be occurri ng.

O n th e ot her hand , th e exces-

sive ene rgy prod uct io n is sti ll ve ry
er rat ic, rather low, and highl y un­
predi ct abl e . Tre mendous q ua n­
t it ies of ti me and effort are usually
requi red un der extreme ly careful
co nd it io ns to get any observable
resul ts at all.

There's bee n two major co ld -fu­
sio n d evel o pm en t s t his mo nth
th at sho uld be of major hardware
hackin g interest. The first is that all
of t he key fu sion papers are now
readil y available, and the second is
th at yo u can now get your own
low- cost ($27) expe rimental cold­
f usion kit.

By the ti me yo u read this, over a
hundred key co ld-f usio n pape rs
sho uld be availab le by way of that
Dialog Informati on Service t hat
you will fin d t hro ugh your local
library. Figure 1 sho uld get yo u
started. I' ve l isted two dozen ear­
l ier papers, gotten th ro ug h t he
INSPEC service w it hi n Dialog.

Th e costs of generating your
own co mp lete and up -to -date
co ld-fusio n abstract listing should
be aro und $35, and sho uld take
twenty min utes.

As a remi nder, the best sources
fo r cur rent in fo on co ld fus io n are
in th e News and Comments sec­
t ion fo und in Science magazine,
and the Techn ology section that is

NEED HELP?
Phone or write your Hardware
Hacker questions to:
Don Lancaster
Synergetics
Box 809-RE
Thatcher, AZ 85552
(602) 428-4073

usually found on page B-4 of your
Wall Street Journal.

On to those kits: Guy Wicker is
a name-brand hardware hacker
and a well-known energy re­
searcher. By a special arrange­
me nt , Guy has offered to put
together severa l co ld-fusio n mini ­
kits for all you Radio -Elect ron ics
hacker s. The k its cost o nly $25,
p lus $2 shipping and handling.

As Fig. 2 shows us, the kit con­
sists of a small test tube fu ll of a 0.1 ­
mo lar deuterium and lithium hy­
droxide solution , a short piece of
50-mil palladium rod , and a small
loop of nickel wire. Nickel is used
instead of platinum fo r the anode.

A classic co ld-fusion cell is bu ilt
up something like what you see in
Fig. 3. Use a coiled nicke l-wire
anode, and a nicke l suspended
pal ladi um-rod cathode. You app ly
a DC current in the 4 to 20 milliam­
pere range, w ith positive to the
nickel anode and negat ive to your
pallad ium cathode.

Be sure to carefully monitor
your temperatures at several loca­
tions. If possible, also monitor for
radiation. A "charging" time of
several hours or a few days seems
normal for that size pal ladium rod.
Look for both avery low level and a
separate "bu rst mode" excessive
heat production effects.

Some sort of a continuous tem­
perature recorder, possibly based
on a personal computer, is proba­
blya very good idea . You'll want to ;i
work inside of a styrofoam block ~
which itself sits inside a p icnic $
cooler o r other wel l-insu lated box. 3

Guy reports that very smal l cells <.l:

like that one are far more likely to ~
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Guy also offe rs fanci er cold fu­
sio n kits and other products for
serio us researchers. Contact him

Triple collision reaction of deutronsas a possible explanation of cold fusion
E. Becker, Neturwlssenscnetten (W. Germany), May 1989, Vol 76 #5, pp 214.

Cold fusion in metals
J. Kondo. Journal of the Physical Society of Japan, June 89, Vol 58 #56. pp 1869-1870.

Deuterium nuclear fusion in metals at room temperature
P. Tomas . Fizika (Yuqoslavie). vol 21 #2.1989. pp 209-2"~l-:'4". ---------.J

Exact upper bound on barrier penetration probabilities for cold fusion
A. Lettitt , Physics Review Letters. (USA). Vol 63 #2. 10 July 89, pp 191-194.

Cold fusion: how close can deuterium atoms come inside Ilalladium?:... .J
Z. Sun. Physics Review Letters (USA), Vol 63 #1. 3 July 89, pp 59·61

Search for fusion reactions between deuterium atoms inplanted into titanium
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Search for neutrons from cold nuclear fusion
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Screening corrections in cold deuterium fusion rates
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Cold fusion in the solid state?
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Nuclear fusion
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Theoretical considerations on the cold nuclear fusion in condensed matter
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Chemical forces associated with deuterium confinement in pall adi um
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Cold fusion in condensed matter: is a theoreti .cal description possible?
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O. ROSSler, Z. Nat. Pttys. Chem. Kosmopllys (W Germany), Vol 441\ #4, Af>rir89. PP 329.

Observation of cold nuclear fusion 'in condensed matter
S. Jones , Nature (UK), Vol 338 #6218,27 :A:pri! 89, pp 737:740.

Electrochemically induced nuclear fusion of deuterium
M. Fleischmann . Jour . Electraan. Cllem. (Switzerland). Vol 261 #2A. 10 April 89. pp 301.

Cold nuclear fusion
A. Rusu. Energetica (Romania), Vol 3 #6. June 88. pp 258·261 .

On the practical use of the cold fusion (problems and prospects)
Y. Petiov, Muon Catalyzed t=usion (Swilzerlan(j), Vol 3 #1-;; , 1968. I'll 525"535.

Observation of enhanced low-energy charged-particles in cold fusion
U. Gollerthan, Physics Letters 8 (Netherlands), Vol 201 #2, If Fetl 88, pp 206-21Q.

FIG. 1-S0ME KEY COLD-FUSION PAPERS. For a complete and up-to-date list, use the
Dialog Information Service at your local library. Start with their INSPEC resource data
base. Fleischmann's paper started it all.

pect s of all those kits are co m­
pl etely off scale .

Go lly gee, Mr. Science .
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49.50
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LaserWrlter Corner (lie/Mac/PC)
PostScript Show & Tell
Intro to PostScript VHSVideo
PostScript Beginner Stuff
PostScript Perspective Draw
PostSCript Technical Illustrations
PostScript Work in Progress
PostScript BBS stuff
Absolute Reset lie & IIc
AppleWriter/Laserwriter Utilities
Enhance I or II CompanionDisk
AppleWriter CBor Assy CB.Disk
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HANDS-ON BOOKS

Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TIL Cookbook 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Enhancing your Apple I or II 17.50
AppleWrlter Cookbook 19.50
Apple Assembiy Cookbook 21.50
Incredible Secret Money Machine 10.50
LaserWrlter Reference (Apple) 19.50
PostSCript Cookbook (Adobe) 16.50
PostScript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22.50
Real World Postscript (Roth) 22.50
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produce a low-level tri tium radi a­
ti on th an excess heat producti on .
Gett ing both to happ en at on ce
when someone is watchin g is usu­
al ly fru stratingly diffi cul t. It is also
t he Hol y Grail of co ld-fusio n re­
search.

Some warnings here. You r cell is
ex t reme ly sma ll and th e excess
heat producti on , if any, is likely to
be correspo nd ing ly tin y. Oppor­
t unit ies of cell co nt amination are
very great. Your odds of your co ld­
f usion cell working at all are only
somet hing like one in te n, and the
odds of yo ur bein g abl e to observe
th at ope rat ion wh en and as it oc­
curs is also esti mated as around
one in ten or so. Thu s, yo ur est i­
mated odds are only o ne in on e
hundred t hat yo u w ill be able to
p rove yo ur cell act ually wo rks.

So, wh at we have here appears
to be a crap shoot .

On t he oth er hand, here yo u
have a sure fire winner for a sci­
ence fair entry, show-and-te ll, o r
schoo l report. And th e " to uchy­
fee ly" and "See what I've got !" as-
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Printed-circuit update
There sure were a lot of helpline

ca lls a n d l ett e r s over our
PostScript di rect ton er prototyp e
pri nted-ci rcuit b reakt h ro ug h in
the December issue. I t ho ught I
wo uld summarize some of yo ur
hacker suggestions to date. They
appear in Fig. 4.

FIG. 2-LOW-COST HACKER FUSION KITS consist of a small test tube filled with heavy
water, a short palladium-rod anode, and a nickel-wire cathode. While the odds of positive
resul ts are rathe r low, this is a great show-and-tell item.

10 MIL
NICKEL WIRE

CATHODE

20 MIL x 0.8 INCH
PALLADIUM ROD

ANODE

0.1 MOLAR
DEUTERIUM OXIDE +
LITHIUM HYDROXIDE

(-) (+)

ALARM & SECURITY SYSTEMS RESOURCES

direct ly for more info rmat io n on
those kits .

Needless to say, be sure to let us
know the outcomes of all yo ur test
experiments. That is a wi de ope n
fie ld with mind-boggling hacker
poten t ial.

Midnight engineering
There's a brand new magazin e

out called Midnight Engineering .
It is specifically aimed at you hard -

ADEMCO
165 Eileen Way
Syosset, NY 11791
(800) 645-7492
CIRCLE 200 ON FREE INFORMATION CARD

Alarm Installer & Dealer
2512 Artesia Boulevard
Redondo Beach, CA 90278
(213) 376-8788
CIRCLE 201 ON FREE INFORMATION CARD

ARIUS
959 Concord Street
Framingham, MA 01701
(800) 241-3278
CIRCLE 202 ON FREE INFORMATION CARD

Cain Security Systems
2593 Wexford Bayne Rd, S301
Sewickley, PA 15143
(412) 934-1000
CIRCL E 203 ON FREE INFORMATION CARD

Jensen Tools
7815 South 46th Street
Phoenix, AZ 85044
(602) 968-6231
CIRCL E 204 ON FREE INFORMATION CARD

ware hack er s and softwa re d e­
velop ers w ho are t ryi ng to market
thei r high-tech produ ct s o n a
smal l-scale or sta rt up basis. It s
shoot -f ro m-the -hi p sty le is very
mu ch cast in the same mold as my
Incredible Secre t Money M a­
chine. Emphasis is on real-world
solutions and new hacker oppor­
tunit ies. Free samp le co pies are
available to yo u. It really is a " must
have. "

King Alarm
145 English Street
Hackensack, NJ 07601
(800) 526-0162
CIRCLE 205 ON FREE INFORMATION CARD

Security Dealer
210 Crossways Park Drive
Woodbury, NY 11797
(516) 496-8000
CIRCLE 206 ON FREE INFORMATION CARD

Security Distributing
1350 E Touhy Avenue
Des Plaines, IL 60017
(312) 390-2117
CIRCLE 207 ON FREE INFORMATION CARD

TechniTool
5 Apollo Road
Plymouth Meeting , PA 19462
(215) 825-4990
CIRCLE 208 ON FREE INFORMATION CARD

Valley Security
PO Drawer J
Thatcher, AZ 85552
(602) 428-2142
CIRCLE 209 ON FREE INFORMATION CARD

FIG. 3-A TYPICAL COLD-FUSION test
setup. Apply a DC current around 10 rnA.
The anode and cathode should not con­
tact. You measure for excess temperature,
neutrons, and tritium.

Many of you totally and com­
pl et el y under estimated just how
cru ciall y important the PostScript
language is to that breakth rou gh
process. Amo ng its many othe r ad­
vantages , PostScript lets you exact-
ly t rim yo ur final image size to pre­
cise ly 1:1; i t is tota l ly o ut p ut ­
inde pe ndent , meaning that yo u
can use ei t he r a desktop laser
p rinter o r a more preci se pho­
totypesetter ; it easi ly let s yo u
wo rk 1X, 2X, 4X, fro ntward or back­
ward , normal o r reversed , to as
many as eight layers at once; it has
no up per size or any complex ity
limit ; it is tota lly host-ind ep en­
dent, w hic h allows you to use any
o ld-worl d p ro cessor o n any o ld
person al com pute r; it simply lets ;:H
yo u pass layou ts over any BBS sys- ~
tem in the wo rld as a pl ain old ~
textfi le; and is compat ib le with vir- ~

t ually all of the existing CAD/CAM U;
programs, eithe r through a direct ~
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Thompson Nyliner
Shore Road & Channel Drive
Port Washington , NY 11050
(516) 883-8000
CIRCLE 226 ON FREE INFORMATION CARD

journals is availab le as Uhlrichts
Periodicals Diction ary on the ref-

Toshiba
1220 Midas Way
Sunnyvale, CA 94086
(408) 739-0560
CIRCLE 227 ON FREE INFORMATION CARD

Wall Street Journal
420 Lexington Avenue, 14th FI.
New York City, NY 10170
(212) 808-6960
CIRCLE 228 ON FREE INFORMATION CARD

Guy Wicker
30437 Fairfax
Southfield, MI 48076
(313) 647-1820
CIRCLE 229 ON FREE INFORMATION CARD

Taiyo Yuden
714 W Algonquin Road
Arlington Heights, IL 60005
(312) 364-6104
CIRCLE 225 ON FREE INFORMATION CARD

Samsung
3725 N tst Street
San Jose, CA 95134
(408) 434-5400
CIRCLE 222 ON FREE INFO RMATION CARD

Science/AAAS
1333 H Street NW
Washington , DC 20005
(202) 326-6400
CIRCLE 223 O~ FREE INFORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
CIRCLE 224 ON FREE INFORMATION CARD

Rogers Corp
100 S. Roosevelt Avenue
Chandler, AZ 85226
(602) 961-1382
CIRCLE 221 ON FREE INFORMATION CARD

NAMES AND NUMBERS

R&D Electronics
1224 Prospect Street
Cleveland, OH 44115
(216) 621-1052
CIRCLE 220 ON FREE INFORMATION CARD

Analog Devices
One Technology Way
Norwood, MA 02062
(617) 329-4700
CIRCLE 210 ON FREE INFORMATION CARD

muRata/Erie
2200 Lake Park Drive
Smyrna , GA 30080
(404) 436-1300
CIRCLE 218 ON FREE INFORMATION CARD

Dialog Information Services
3460 Hillview Avenue
Palo Alto, CA 94304
(415) 858-2700
CIRCLE 211 ON FREE INFORMATION CARD

Midnight Engineering
PO Box 7041
Fort Collins , CO 80525
(303) 491-9092
CIRCLE 216 ON FREE INFORMATION CARD

Panasonic
50 Meadowland Pkwy.
Secaucus, NJ 07094
(201) 348-7000
CIRCLE 219 ON FREE INFORMATION CARD

Ming Engineering
977 S. Merid ian Avenue
Alhambra, CA 91803
(818) 570-0058
CIRCLE 217 ON FREE INFORMATION CARD

Lehman Scientific RD1 Box 580
Wrightsville , PA 17368
CIRCLE 215 ON FREE INFORMATION CARD

Kroy Kolor
14555 North Hayden Road
Scottsdale , AZ. 85260
(800) 521-4997
CIRCLE 214 ON FREE INFORMATION CARD

DuPont
1007 Market Street
Wilmington , DE 19898
(302) 774-1000
CIRCLE 212 ON FREE INFORMATION CARD

IGLIDE/IGUS Bearings
PO Box 4349
Rumford, RI 02914
(800) 521-2747
CIRCLE 213 ON FREE INFORMATION CARD

bet is to start with th e trade jou r­
nal s. A complete li st of all tr ade

PostScript driver or by a PostScript
HPGL emulator.

Similarl y, u sin g th e h eat ed­
roller method works far better
than an iron. The obvious reasons
for that are th e far more uniform
pressure and temperature . You
also gain bunches in dimensional
stability, since the Mylar tran sfer
sheet does not get any chance to
distort all at once. As we've seen, I
recommend a fake Kroy Kolar ma­
chine to do the transfer. We 'll look
at some cheaper alternatives fo r
that in a future issue.

Several readers have now sug­
gested substituting Kapton film in­
stead of the polyester overh ead
sheets since it has better high­
temp stab.i li ty. Two of th e sources
of Kapton include DuPont and
Rogers Corp.

It also seems a very good idea to
doyourfinal c1 eaningwash of your
bare copper board with di stilled
water. A bri ef pre-etch before
transferring yo u r toner image
does appear to be quite important
as well. The etch will both guaran­
tee an extra-clean board and gives
you just the right " tooth" for the
toner to grab onto.

Some other suggest ions: Pre­
heat the copper board as much as
you dare before doing the transfer.
The idea is to keep the copper
from acting as a giant heat sink.
Something around 150 de grees
Fahrenheit should work. Note that
gloves are an absolute must at that
temperature .

And run an ice cube on the back
of the tran sfer sheet before sepa­
rating it from the PC board. That
seems to improve the transfer pro­
cess bunches.

Be sure to send in your own tips
and techniques for getting perfect
1:1 ton er transfers. When all of the
dust settles, we 'll try to separate
the black magic from the reality
and standardize on a useful direct­
toner process.

Alarm and security resources
To continue our on going series

~ of resource sidebars, this month
z w e'll look at what yo u need to
~ know to pi ck up in sider informa­
o tion on burglar alarmsand security
~ systems. Tho se magi c names and
o numbers app ear in that Alarm and
~ Security Resources sidebar.
a: As with any fi eld at all, you r best
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Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
inclu ding all necessarymath and
physics. 29 examinat ions to help
you gauge your personal pro-
gress. A truly great learning
experience.

Prepare now to take advan­
tage of the grow ing demand for
people able to workat the eng in­
eering level.

Ask for our brochu re g iving
co mp lete detailsof content. Use
your free informat ion card num­
ber, or write us directly. $99.95,
Postqge Included. Satisfaction
guaranteed or money refunded.

Now at home in your spare ~

time, without any previous
exper ience. you can train
for a money-making career
...even get a Specialized
Associate Degree. Call or
send for free information on the career field that
interests you most and how to train for it.
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DH ighSchool DWildlitelForestryConservation
DCateringIGourmetCooking o Diesel Mechanics
D Mlcrocomputer Repair O GunRepair
DAuto MechanICS oMotorcycleRepair
o Bookke<plng D Surveying & MappingoHoteVRestaurant Management D TVNCRRepair
DO raning D VeterinaryAssistant
D Air Cordrtioning& Refrigeration 0 Travel Agent "T1
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D Electrici. n DJoumalismlShortStoryWnling CDoPoliceSciences JJ
Name Age_ _ 1 §;
Address Apt.. 1 JJ
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33 Ways to Help
You Qualify for

the Job You Want
FreeFacts about Career
Diplomas and Degrees

Banner
Technical
Books, Inc.
1203 Grant Ave.
Rockford. IL 61103
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RED = DEW
OR MOISTURE

GREEN "" l OW
HUMIDITY

lar ger exa mple s are Kin g Alarm, .
Arius, and Ademco .

Two so urces of gene ral in stall a­
tion tools and test instruments in­
c l u de j en s en To ol s a nd
Techn iTool . Sad ly, both of t ho se
y u p pi e ized o utf its are rat h er
p r ic ey. But all of th ei r p rodu ct s
happen to be both f irst-rate and
top-quality.

There are now hundred s of se­
cu rity co nsulta nt s that wi ll be glad
to help yo u fo r a sane and reaso n­
ab le fee. Two examp les here are
W yatt Palm e r (n o rel at ion ) o f
Va ll ey Securi ty, and Jeff Lancaster
(my w iddl e brudder) of hi s Cain
Securi ty Systems.

Please let me know if yo u know
of any other sim i lar kinds of re­
so urces that yo u think sho u ld be
added to th e list.

con tinued on page 74

750K

PANASONIC
EYH-S0210

DEW SENSOR

4.

1. The PostScr ipt language is essential to the direct toner proces s. Its totally
overwhelming advantages include prec ise sca ling to 1:1, total format
flexibility, host and printer independence, easy BBS downloads, and the
ability to use nothing but a word processor .

Heated roller transfer methods work much better than an iron. Use a fake '
Kroy Kolar machine or its equivalen t. The reasons includ e better stabilit y

..._•....:;;a.n..;.d;;;. tighter temperature control.

Use a "dry" (si licon oil free) fuser wiper pad for several copies before your
transfer sheet is run.

=.-:::=""=':~

FIG. 5-A DEW-SENSOR TEST CIRCUIT. The red LED lights when the humidity exceeds
100 percent; the green one turns on in the absence of dew.

Preheat the copper to 150 degrees or so before the transfer to minimize
any heat sinking effects.

Rub an ice cube over the back of the transfer sheet before seperating it
from the pc board .

FIG. 4-HERE'S AN UPDATE on the direct-toner pr inted-circuit prototypes we first looked
at in the December 89 issue.

e re n ce she l f at yo u r n ei gh ­
borhood li b rary. A seco nd so urce
t hat i s a l m o st as goo d is t he
In ternational Standard Perio dicals
D ict io nary o n the same she lf.

Typ ical trad e journ als fo r the
fie ld incl ude Securi ty Dealer , th e
Security Distribu ting and Ma rke t­
ing , and the Alarm Installer and
Dealer.

Trade shows pl ay an important
part of t he alar m industry. A pair of
t he largest are t he In ternational
Security Co n ference and Exposi­
tion, and The Security Show. They
do move aro u nd f rom town to
town. Check any of th e t rade jou r­
nals for t he show dates.

There are a number of specialty
w ho lesale d ist ribu to rs that cater to
the alarm tra de. Yo u' ll find lots of
ads fo r t hem in al l th e trade jo u r­
nals and t hei r d irecto ri es. Three
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DRAWING
BOARD
A crystal -controlled video timing generator.

ROBERT GROSSBLATT,
CIRCUITS EDITOR

FIG. 1

nals maintain co nstant t iming wi th
regard to one ano the r, an absolute
mu st fo r vid eo . Th e sync -gene r­
ator acc uracy will dep end co m­
pl etely on that of th e master clo ck ,
so we have to use a crystal-based
circuit. That creates certain prob­
lem s, but it's th e best way to go .

The master clock
Crystal oscillators used to be ex­

oti c and expensive, but are now
cheap and easy to build . The issue
now is what frequ ency to use, and
wh at chip w ill produ ce it . Every­
one has his or her ow n pref er­
e nces , b ut on e that 's oft en
overlook ed is th e 8284 shown in
Fig. 3, in an appropriate oscillator
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Designi ng a vid eo syn c gener­
ator is an exercise in pure lo gic and
arithmetic. We need clock gener­
ato rs to contro l prod uction of the
needed fr equ en cies, and o ne ­
shots to pro du ce p ulses of th e
righ t w idth. Since the mo st basic
signal needed is horizontal sync,
that 's the place to start.

The block dia gram in Fig. 2 gives
a good overview of the circuit to
be designed . Th er e's a master
clock generator, whose frequ ency
is divided down to produce hori­
zonta l and vert ic al sync clock s.
They w il l t rigg er pu lse gen erator s
to o utput the actua l sync pulses .
By de riving everyth ing from a mas­
ter clock, the gene rated sync sig-

W HEN YOU STA RT FOOLING AROU N D

wit h video c i rc u it ry, t here are
th ree t h ings yo u always have to
keep in mind : t imi ng, t iming, and ,
above all else, t imi ng . The key to
de signi ng video ci rcuits is making
sure that the right vo ltages show
up at th e righ t ti me . The values can
be slight ly off, but if they don ' t
show up exact ly w hen they' re sup­
posed to, they mi ght ju st as well
not show up at all.

Since video is fairly complex, ev­
eryone has his o r her ow n ideas
abo ut the best way to get into it.
Theory is im portant ; after all , the
video wavefo rm is an agreed -upon
standard, and yo u have to un der­
stand its co mpo nent parts befo re
yo u can design hardware to pro­
du ce it. But t he best way to learn is
to do, and th e easiest way to pick
up theory is by havin g it demo n­
strated; so let 's see w hat's invo lved
in designing basic hardware.

Hardware basics
The wavefo rm in Fig.1 is one lin e

of Nat io nal Telev isio n Standards
Committee (NTSC) standard hori­
zo ntal co lo r video. We 've already
d iscu ssed its co mpo ne nt pa rts,
but thi s t ime I've included all the
t iming . There are several basic fre­
qu encies to be gene rated , and the
pulse w idth is strict ly defined . Na­
tional Semicond uctor, and other
manu factu rers, make lC's that can
take a basic clock frequency in at
o ne end, and put out all needed
video freq ue nc ies at t he other
end. They are good chip s for de­
sig ning real -wo rl d ci rcu it ry, and
we' ll loo k at some later; bu t f irst
let 's re-inven t t he wheel so we
know how it wo rks .
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produce our clock, we have to de­
cide on w hat clock to produce . It
would be really nice if all th e fre­
quencies needed were deri vabl e
fro m one easi ly avai lab le crysta l
freque ncy, but t hey 're not. There's
just no easy nu mber to p rovide ev­
eryth ing we need. For reason s
that' ll become apparent w hen we
are fart her along in our design,
14.318MHz is a good cho ice. O ne
obvious reason is that d ivis io n-by­
four wil l give 3.579545 MHz, the
co lorburst frequency. Getti ng a
horizon tal freq uency of 15734 kHz,
how ever, wil l take a li tt le more
work tha n that.

The 12-pF capacito r in se r ies
with the crysta l he lps start t he
8284's internal osc illator. Since it's
similar to an ampl ifie r, th e resis­
tance of t he crysta l netwo rk has to
be kept as low as poss ib le. If it 's
too high, the gain drops; and if it 's
too low, it wo n't oscillate. The two
resistors reduce the effects of stray
board capacitance and vo ltage
fluctuations on the frequency. A
breadboard is a good cho ice fo r
constructio n, but the re's co nsid­
erable capacitance between rows.
Since the crystal frequency is pret ­
ty high, that stray capacitance can
wreak havoc, so the two resistors
will keep the oscillato r freq uency
fairly stab le.

If yo ur osc i l lator fre q uency is
outside the 14.3-14.4 M Hz range ,
there's a problem on the bread ­
board. The easiest way to fix it is to
accept the breadboard -ind uced
error as unavoidable, and correct
the freq uency by vary ing the ca­
pacitor value over 4.7-47 pF. If
you're really ambitious, repl ace it
with a small t rimmer capacitor. R-E

ci rcuit. It was o rigi nally designed
by Intel as th e basic clock fo r th e
808X mic roprocessors, an d any
808X-based co m p ute r w i l l h ave
o ne on the motherboard. Its fre­
q uencies and duty cycles are really
geared to In tel 's microprocessors,
but it 's a hand y general-p urpose
clock generator, also.

M ost of t he 8284 co ntro l p in s
like AENl (pin 3), AEN2 (pi n 7), RDY1

(p in 4), RDY2 (p in 6), READY (p in 5),
an d CSYNC (p in 1) are used o nly
w hen yo u're using the chip in a
co m pute r; we wo n't use t hem
here. They have to be t ied eit her
hi gh o r low to make the chip work
fo r ou r pu rp oses.

All we want the 8284 to do is to
act asa stable osci llator. That's easy
to set up, and the 8284 has severa l
f ree ext ras. The pins used here are
crystal inputs X1 (pin 17)and X2 (p in
16), and clock o utputs osc (pi n 12),
Cl K (pin 8), and PClK (pin 2).

In Fig. 3, the 8284 takes the crys­
tal and provides t h ree diffe rent
out put clocks . The osc output (p in
12) is a buffered version of the crys ­
tal frequency, the cix output (pin 8)
is Y3the crysta l freq uency at a 33%
duty cycle , and PClK (p in 2) is half
t he ClK f req uency with a 50% duty
cycle . The ClK output has an un­
usual duty cycle fo r use w it h an
Intel micro processor.

Also, note the FIC (Frequency or
Crysta l) inpu t o n pi n 13. Since the
chip is a co llection of fl ip-flopsand
buffers, it needs an input freq uen­
cy divided dow n interna lly to pro­
vi de the output clocks. The state of
FIC determ ines the origin of the in­
pu t clock . If FIC is t ied low, the 8284
wi ll loo k at its internal oscil lator,
the freque ncy of which depends
on th e crystal hangi ng off in puts X1

and X2. If FIC is high , the 8284 w ill
look at the clock being fed to EFI

(Externa l Freq uency In) input at
pin 14.

That means that you can change
th e output clocks simp ly by chang­
in g th e logic level on FIC (p in 13).
M ost two-speed IBM-XT clones
use that feature to switch from
" normal " to "turbo" speed . By
trapping a scan code from the key­
board and using it to toggle a flip­
f lop, they change the leve l of FIC,

and switch the master clock speed
of the mi cro p ro cesso r, giving a
two-speed co mputer.

Now t hat we have a circuit to
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No costly School. No commuting to class.
The Origi nal Hom e-Study course pre­
pares you for the "FCC Commercia l Radio­
te lep ho ne License". This valuable license
is your " ticket" to thousands of exc it ing
jobs in Communications. Radio-TV. Micro­
wave, Compute rs . Radar. Avionics and
m ore ! You do n't need a co llege degree to
qualify. but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven cou rse is easy. fas t a nd low
cost! GUARA NTE ED PASS - You get your
FCC License or m oney refunded . Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING, Dept . 90 I
: P.O. Box 2824, San Francisco, CA 94126 :
I Please rush F R E E details immediately! I
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R-E Engineering Admart
Rates: Ads are 2Y4" x 2'l's". One insertion $950.Six insertions S925.each Jwelve
insertions S895.each. Closing date same as regular rate card. Send order with
remittance to EngineeringAdmart, Radio Electronics Magazine. 500-8 Bi-County
Blvd .. Farmingdale, NY11735. Direct telephone inquiries to ArlineFishman . area
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FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam . The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITS ARE NOW AVAILABLE.

WPT PUBLICATION
979 Young Street, Suite A
Woodburn, Oregon 97071

Phone (503) 981-5159
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HARDWARE HACKER

continued from page 71

Dew sensors
We've looked at humidity sen­

so rs in seve ral earl ie r co lum ns.
On e uniqu e and low-cost humidi­
ty detector is called a dew sensor.
They cost only a dollar each and
are intend ed to protect moi sture­
sensit ive VCR drums.

Thre e typi cal part numb ers
would be th e Murata HOS 101-100,
the Taiyo Yuden TD-P-100, o r that
Panasonic EYH-S0210.

At a100percent humidity, th e air
retains all of th e moisture it possi­
bl y can. Beyond that, th e moisture
in th e air will co nde nse out, fo rm­
ing a rain or a dew coating .

A special moi stu re-sensing paint
dramati call y raises it s resistanc e
well beyond 1 M egohm wh enever
it gets wet . Thu s, your sensor is
typicall y at 10K when dry and 1
Megohm wh en wet. A good deci­
sio n point is to split up the dif­
ference on a log basis, and do yo ur
tripping at a 100K level.

~ Figure 5 shows you one poss ib le
z sensing circu it. Because you have
~ to keep th e total system power un­
b der two milliwatt s, th e maximum
::: DC voltage th at yo u are allowed to
w6 · apply is only 0.8 volts. The sensor
o acts as a current -ro bber. At low hu­«
a: midities.ithe senso r's resistance is

74

6805 MICROCOMPUTER
DEVELOPMENT SYSTEM

The MCPM -l system allows the IBM PC and compatibles
to be used as a comple te development sys tem for the
Motorola MC68705P3, P5, U3. U5. R3 and R5 Single
chip microcompu ters . The system include s a cross
assembler program. a simulator/ debugger program and a
programming board that connec ts to a senal port .
Pnce-$449.00 VISA and MASTERCARD accepted ,

1 ,. THE EltGJItEERSEC COllABO RATIYE. II C

RR#3. BOX 8C Barton, Vermont 0582 2
Phone (802) 525-3458 FAX(802) 525-3451
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aro und 10Ka nd steals so mu ch cur­
rent, that th e NPN tran sistor re­
mains off. When we t, th e sensor
impedan ce goes above 1 megohm,
and co nvent io nal cu rrent fl ows
in to th e base of th e NPN tr ansistor,
turning it on .

That invertin g CMOS Schmitt
trigge r gives yo u an on-off snap
acti on . Your red light-em itt in g di­
ode lights wh en we t and th e green
wh en dry.

Tell yawhat. For this mon th'scon­
test, just tell me about a new or
unique use for dew sensor s. There
will be all of th ose usual Incredible
Sec re t M on ey M ach i ne b o ok
pri zes going to the best dozen o r
so ent ries, w it h an all expense paid
(FOBThatch er, AZ) tinaja qu est fo r
two fo r th e best of all.

As usual , all ent r ies mu st be
written and sho uld be sent di rectl y
to me here at Syne rge tics, rath er
th an to th e ed ito r of Radio-Elec­
tronics. Show me what you can
co me up with .

New tech literature
Data book s thi s month includ e

th e Data Co nversio n Produc ts
Databook fro m Analog Devices ,
and an abso lutely asto unding new
Sem icond ucto r ' Produ ct Guide
from Samsung . That latter gem is
chock full o f new h acker int e­
grated circuits fo r use as scient if ic
ca lc u lato rs, speec h sy nt hes is ,
melod y chi ps, cassette recorders,

wat ch es, for ala rm cloc ks, and
bunches more.

Two surplus catalogs are avail­
ab le fr om R&D Electron ics, and
Lehman has weathe r radi osonde
t ransdu cers that include humidity,
pressure, and te mperat ure sens­
ing for only $3.50. Stock number is
MC-1019-MO D.

Some surp rising ly chea p and
high-qu ality di gi tal vo ice reco rd­
in g and p laybac k m odul es are
availab le from M ing Engineering.
The sing le-quant ity pri ces start at
$49. They are all fully EPROM-pro­
grammable. They apparent ly use
that new Toshiba TC8830F speec h
synthesis chip.

Turnin g to mecha n ica l st uff,
low- cost nyl on bearings and a free
calc u lator are avai la b le f ro m
Th o mpson Nyline r , w h i Ie t he
IGUS fo lks offe r all sorts of the
self - lubricati ng pl asti c bearin gs.
Pri ces for the m sta rt at fifteen
cents in qu anti ty.

A reminder here th at I am book­
on-de mand pub lish ing a complete
set of the edite d, indexed, and up­
dated rep r in t s of everyt h i ng
yo u've seen here in these columns
si nc e day o ne . Ask fo r m y
Hardware Hacker, vo lume II , now
availab le throu gh Synergetics.

For those of yo u w ho are not yet
into PostScri pt , I also stock an
Intra to PostScr ip t VH S vid eo that
shows yo u w hat yo u need in orde r

continued on page SS
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ROBERT GROSSBLATT

Building the Port-A-Matic

Modular I'C programming
system

EDITOR'S
WORI{,• .BJ . •

tIDBENCH ' , .. =-~-~-

I t was n't so long ago when '
EPROM's were n ovelties , an d

2716's (2K bytes) were conside red
high densi ty. Now 64 K EPROM's
are com mon, 128K EPROM's are
becoming eco nomical, and there
a re several other types of p ro ­
gram mab le d evices, includ ing
PAL's, EEPROM's, stan dard b i­
pola r PROM's, and more. You can
spe nd thousan ds of dollars for a
unive rs al p rogram me r for dif­
ferent types of devices. Or you
can la tch on to JDR's m odular ~

system , let your PC provide the ~
intell igence, an d buy on ly the ~

modules you need when you n eed ~

them. <0

Several modules are avail able. I 8

Mario Mani scalco's $ 100 chal­
lenge to Com puter Diges t

readers to crack the secret mes­
sage published in the April 1988
issue has gone unanswered . so
he will n ow sen d the key to any­
one who sen ds an SASE to P. O.
Bo x 11008 2 , Cleve lan d . OH
44111. (Th e address published in
the Oct ober 1989 issue is tn cor­
rect.) Mario also plans a newslet­
ter on the encryption program;
write to him at that address for
more in format ion.

IAnnouncement

Fig. 2 . Of cou rse, be su re to ob­
serve the pol arity of di odes, tran ­
s istors , elect rolytic capac itors ,
an d Ie's. None of the Ie's on the
board are rare or expensive , but
you should still be ca refu l when
you're handling t he m since
blown IC's look an awfu l lot lik e
good ones.

Since you'll probably make oc­
casional changes to the look-up
table in the EPROM, you'll want
to install it in an IC socket. In
fact, all Ie's shou ld be socke ted
becaus e there is n o absolu te ly
safe way to desolder a suspect IC.
If you suspect that an IC is fri ed.
desoldering it to check it m ay
make you r susp icio n a reality if
yo u don ' t k n ow what you 're
doing !

Although you ca n put pa r ts on
the board in any orde r you want.
assem bly is eas ie r if you s tar t
with the IC sockets, then go
through the passive com ponen ts
(resistors an d ca pacito rs ), and fi­
nally the active compo nents (di­
odes and trans istors) . That's a
good order to foll ow b ecause

continue d on page 78

BUILD THE
PORT·A·MATIC

T h e Po rt-A-Ma t ic is a fairly
complex circu it that depends

on tight s ignal timing. Although
you co u ld wirewrap it on perf
board, you 're better off u sing a
PC board ; patterns are shown in
PC Service an d a supplier is listed
in the "ordering information "
box.

The Port-A-Matic was desi gned
to be built on two PC boards ; an
internal bus interfac e (that in­
stalls in any 8- or 16-bit PC-com­
pa tible ex pansion s lot) a n d a n
external di splay board. The two
boards a re con nected by ribbon
cable, and the pins are a rranged
in the same order on both boards
so yo u can u s e a st ra ight­
th ro ugh ribbon-cabl e con nec­
tio n .

S ixteen con d ucto rs are re ­
qu ired. but you 'll probably want
to us e 20-con ductor cables, be­
cause they're easy to obtain (and
in exp ensive) b e caus e t hey 're
used as data cab les con necting
co ntrolle r cards an d h ard-disk
drives in PC compat ibles .

To install the components, us e
the di agrams shown in Fig. 1 an d
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• T he XT-AT Handbook
($ 9 .95 ), Joh n Cho isser and
J ohn Foster, An nabooks, 12145
Alta Carme l Co urt, Suite
250-262, San Diego, CA 92128.
(619) 271-95 26 .

CIRCLE 47 ON FREE INFORMATIO N CARD

• (E)EPROM Programmer
(MOD-MEP, $ 119.95) and host
adapter (MOD -MAC, $29.95),
J D R M t c r o d e v t c e s , 2233
Branham Lane, San Jose, CA
95 124.

CIRCLE 46 ON FREE INFORMATION CARD

ITEMS DISCUSSED
• 75C188 N driver, 75C189N re­
ce iver ($0.751M), Texas In s tru­
men ts, Li te ra ture Center, P.O.
Box 809066, Da llas , TX
75 380-9066.

CIRCLE 48 ON FREE INFORMATION CARD

is a quality molded 25-conductor
job with 25-pin 0 connectors on
both ends . Unfortunately, the
connector on the card is iden ti cal
to a standard PC printer con­
nector; make sure you don't con ­
n ect a printer cable to that port­
a h igh-voltage pulse could have
the mis fo r tu n e of frying your
printer ins tantly!

Ins talli n g the card requires set­
ting a couple of jum pers that de­
te rmine the card 's I/O address.
In s talling the software consists
of copying the contents of a 360K
di s k to a s ubdirectory on your
h ard d is k , and then running a
s e tup p r og r am in which you
specify your computer type and
speed. Neither my computer type
nor its speed were listed, but I
pi ck ed the closest match and had
n o trouble.

The m odule can program a ll
com mon and several uncommon
EPROM's that you might want to
u se ranging from the 2716 to the
27010 , CMOS versions thereof,
a nd 28 16 , 281 7 , and 2864
EEPROM's. However, it can't pro­
gram p aged EPROM's, such as
the 27011.

The software is menu -driven,
as shown in Fig. 2. You can list a
d irectory and load a file in to a
m emory b uffer. You can then
modify the contents of that buffer
using either the software's built­
in ed itor or DEBUG. COM, which

\\-

(or severa l, for the multi-gang
models).

Ifyou 're planning to buy two or
more modules, you'd probably be
better off going with the Univer­
sal Module, wh ich lis ts for about
$500, an d can perform all func­
tions of the individual modules .

Whi ch ever modul e( s) yo u
ch oose, you'll need a $30 h os t
adapter/cable. The adap ter is a
short card that fits in any 8- or
16-bit exp an s ion s lot. The cable

FIG. 2

FIG. 1

.p·MODUlARCIRCUITTECHNOLOGY"

EPRON PROGRAMMER

t es t ed th e EPROM/EEPROM
module (shown in Fig. 1), which
lists for ab ou t $120; 4- , 8 -, and
16-socket versions are available
for vo lu m e production. Other
programmers include one for
PAL 's ($ 250 ), one for mi cro­
processors ($1 80), and one for b i­
polar P RO M's ($2 60). An IC
tester20is also available for $1 30,
a n d PAL d evelopment s oftware
for $ 100 . Each module includes a
ZIF (Zero Insertion Force) s ocke t

(f)
o
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G
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o
o
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Blvd ., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area
code·516·293·3000. Only 100%Computer adsare acceptedfor this Admart. '

BP181-lt is probable that 80% of dot-ma­
trix.printer users only ever use 20% of the
featuresoffered by theirprinters. This book

_ wjlLbeJp..Y.9..lLunlockthe_spjlj:.@1 feC!!!!res and
capabilities that you probably don 't even
know exist. To order yourcopy send $6.95
plus $1.50 forshipping intheU.S. to Hee­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

DYNAMIC RAM
SIMM AST Prem386/33Mhz 5300.00
SIMM (1) 256Kx36 80 ns 300.00
SIMM I 1Mx9 80 ns 122.00
SIMM ( 2) 256Kx9 100 ns 35.00
1Mbil 1Mx1 100 ns 11.25
41256 256Kxl 60 ns 4.95
41256 256Kxl 80 ns 3.95
41256 256Kx1 100 ns 2.80
41256 256Kx l 120 ns 2.65
4464 64Kx4 120 ns 3.75
41264 (3) 64Kx4 100 ns 7.95

EPROM
27C1000 128Kx8 200 ns
27512 64Kx8 200 ns
27256 32Kx8 150 ns
27128 16Kx8 250 ns

STATIC RAM
62256p·l0 32Kx8 100 ns 512.95
6264p·12- 8Kx8 120 ns-4.85
6116AP·12 2Kx8 120 ns 4.50

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)S QUANTITY ONE PRICES SHOWN for OCT. 22. 1sas .-e' • •" . ••.• .~.

-_..'
Secr .t'l of the
COMMODORE 64

SECRETS OF THE
COMMODORE 64

BP135-A beginners guide
to the Commodore 64 pre-
sents massesofusefuldata
and programming tips, as
well as describing how to
get the be st f rom the
powerful sound and graph- '--, ~

icsfacilities. We lookathow thememoryis
organized , random numbers and ways of
generating them, graphics-color-and sim­
ple animation, and even a chapter on ma-

-ch l ne-code~Get-yo urcopy- tod ay.- Send-

S5.00 plus$1 .25for shipping inthe U.S.
to Electronic Techology Today Inc., P.O.
Box 240, Massapequa Park, NY
11762·0240.

Getting The
Most From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER
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T h is 70-p age booklet fi ts in ;+l
y o u r s h i rt po ck et a n d ~

modestly proclaims that it con- j;
s ists of "a collec t ion of h ardware ~

and s oftwa re fact s an d data on
con ti n ue d on page 82

er and a line receiver, both of
which a re pin-compatible with
th e 14 88 a n d 14 89 s tan da rds .
Overa ll power consu m p t ion of
the new devic es is reduced by a
factor of abou t 2000. compared
with standard Ie's . In addition ,
the n ew drivers con ta in on-chip
s lew-rate limiters that elim inate
the n eed for ex te rnal capacitors.
The 75C188N and the 75C189N
are priced a t $0.75 in quantities
of 1000.tm .

IThe XT-AT Handbook

Texas In s t ru m en ts recen tly in­
troduced an RS -232 line driv-

s pe cify s ta r t ing a n d s topping ad­
dresses for a ll activities . A sepa­
rate utility is provided with the
package that converts h ex format
files output by some assem blers
a n d compilers to binary image
format.

A short u ser 's gUide expla in s
how to use the programmer, and
outlines several programming al­
gorith ms , but it sorely lacks tech­
nical information on (ElEPROM
pi no uts , progr ammin g a l ­
gorithms, and programming
voltages .

My only other complaint is that
it is poss ib le to crash out of th e
program by pressing Ctrl-C at the
wrong time. If you did so while
th e prog ramming puls e was
being appli ed, you cou ld fry a
ch ip. So th e software s hou ld take
con tro l of the DOS interrupt lBh
handler.

Otherwis e, th e p roduct per­
formed flawl essly. At $150, it 's an
excellen t buy for a nyone who
n eeds that kind of eq u ip men t.
tm.

ITrs new RS-232 interfaces

the s o ft ware will load for you
when you ch oose item 4 from the
m enu. Th e built- in edito r is
rather weak. but by using DE­
BUG you can se a rc h the memory
buffer, fill it with a con s tant, as­
semble code into it , et c. You can
a lso save all of the contents of the
memory buffer to disk if you like.

Other fun ctions a llow you to
s et up the programming param­
eters. including (E )EPROM man­
u fa c t u re r, type . a n d program ­
m ing algorith m . Not all manufac­
turers a re represented, however,
so you may have to do some re­
s earch (or exper imen tat ion ) to
determine the proper program­
ming voltage and algorithm for
some types of EPROM's . I had no
trouble burning Intel EPROM's,
but I burned up several junk-box
varieties of EPROM'S tha t the
programmer didn 't s u p por t.
Also, the software do esn 't a llow
you to set the programming volt ­
a ge independently of the pro­
g ram m ing a lgor ith m .

Other functions allow you to
verify that a n (E)EPROM is eras­
ed , to read the conten ts of a n
(E)EPROM into the memory buff­
er, to program a n (E)EPROM, a n d
to verify programming by com ­
parin g buffer con t en ts to
(E )EPROM co n ten t s . You can

77



continuedJrom page 75

there a re lo ts of h oles on the
board an d mounting the IC sock­
e ts firs t g ives yo u reference
points for loca ting the other com­
ponents . Also, several co rnpo­
n ents are mounted on pads by
feedthroughs, so b e su re not to
install a compo nen t in the wrong
pad !

Sp eaking o f feedth ro ughs,
bo th Port-A-M ati c boards a re
double-sided , an d seve ra l con­
nections "ju m p" from one s ide of
the board to the other by means
of feedthroughs . The pattern was
designed to make most of those
ju mps at com po nent mounting
h ol es, but there were seve ra l
places where that wasn't possi­
bl e. In each of those places you 'll
h ave to so lde r a pi ece of hookup
wire to both the foil and the com-

ponen t s ide s of the board . (Of
cou rse, that applies on ly if you
make you r own boards. Ifyou use
plated-th rough boards, the con­
necti ons will be made au to mat­
ically by so lde r ing one s ide. )

Several of the jumps a re done
on the legs of the IC's , and that
ca n be a p roblem is you use stan­
da rd low-p rofile IC sockets. You
can get around the problem by
u sing m a chined -pin so cke ts
wit h long legs . Mount the socke t
sligh tly above the board so that
you can so lde r the legs to both
s ides of it. A better solu tio n is to
use socket str ips, which are s in ­
gle st r ips o f machined socket
pins . They're s im ilar to Molex
pins , but they have the advan­
tage of being mounted in p ieces
of plas tic. Wirewrap sockets are
not recommended because their
legs a re too fat.

The th ree FND-500 di gits on
the di splay board h ave rows of
pins that a re spaced 0. 6-inches

apa r t. You ca n make a so ck et for
them by doing a bi t of surgery on
a 40-p in socket. There's a space
of 0 .2 inches between each digi t ,
so you really need a 38-p in sock­
et. Make one by removi ng the un­
wan ted pins from a 40-pin
socket ; you'll find that there's
more than enough room at the
s ides of the digi ts to fit a 40-p in
socket on the board.

Lookup tables
The Po r t-A-Matic n eeds two

programmed EPROM's to work.
Listing 1 shows the bina ry file for
the character ge nerator ; Fig . 3
shows how the characte rs look.
You can change the m any way
you want ; just beware that it's
d ifficul t to di s tinguish between 6
an d b. In our des ign , the 6 has a
"tail" on the top segment , but it 's
s t ill easy to mistake one for the
other.

The Port-A-Mati c won 't work
wi thout a port-select EPROM in-
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Fig . 2 DISPLAY BmRD PARTS PLACEMENT DIAGRAM.

LISTING 1-CONTENTS OF CHARACT ER-GENERATOR EPROM IC10

pansion slot, an d even the bes t
designed motherboards are noisy
places, elect ro n ically speaking .
Putting a scope probe on an ex­
pansion-slot pin is a real eye ­
opener; you 'll find so much ring­
ing, noise, and hash that you 'll
b e a m azed th e com p ute r can
work a t all.

Realize that the Port-A-Ma ti c
processes high-frequency sig­
nals, an d there's no way you're
going to be able to troubleshoot
com plex problems without an os­
cilloscope, Too much is happen­
ing too fas t to be able to use logic
probes a n d multtrneters . How­
ever, as we go th rough the trou ­
bleshooting procedure, we'll try
to provid e alte rnatives for s ignal
monitoring.

If the computer hangs up with
the Port-A-Matic in a slot, but it
works fine when the board is re­
moved, you've probably got a
shor t between two of th e lines on
the board tha t a re con nected di­
rectly to the bus. The cu re for
that is a s trong light, a magnifier,
and ca refu l inspection. ;+1

coAssuming that you r computer :0

works with the Port-A-Matic in- ~
stalled in a slot and that you have ~
installed a SUitably programmed to

CD
port-selector EPROM in the Port- 0
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FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF

39 5E 7 9 71
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF

I

7 F 6F 77 7 C
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF

I
i s no t u s ed

I
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF F F FF
FF FF FF FF

Oh no-it doesn't work!
Ifyou build the Port-A-Matic on

PC boards, yo u s h ou ldn 't h ave
much trouble ge tting it to work.
If you do have trouble, mos t lik ely
you've made some sort of assem­
bly er ror. Before you s tar t a ny
h eavy-duty troubleshooting ,
check for solder bridges and cold
solde r jo ints,

B e fore w e discu s s trou ­
bleshooting, remember that the
Port-A-Matic is s itting in an ex-

66 6D 7D 0 7
FF FF FF FF
FF FF FF FF
FF FF F F FF
FF FF F F FF
FF FF FF FF
FF FF FF FF

I
o f t h e EPROM

I
FF FF FF FF
FF FF F F FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF

Th e res t

0 6 58 4F
FF FF FF
FF F F FF
FF FF FF
FF FF FF
FF FF FF
FF FF FF

I

I
FF FF FF
FF F F FF
FF F F FF
FF F F FF
FF FF FF
F F FF FF
FF FF FF
FF FF FF
FF FF FF

00 0 - 3F
0 1 0 - FF
0 2 0 - FF
0 3 0 - FF
040 - FF
050 - FF
0 60 - FF

I
770 - FF
78 0 - FF
790 - FF
7AO - FF
780 - FF
7CO - FF
7DO - FF
7EO - FF
7FO - FF

s talled, an d a blank EPROM pro­
duces th e s a m e effect as no
EPROM . Listing 2 sh ows one pos­
sible port-decoding table. When
yo u r Port-A-Matic is up and
working, you can alte r the table
to decode a ny addres s es you
want, but for the purpos es of
testing, go with the default. That
table decodes the five most com­
monly us ed port a d d re s s es :
COM!, COM2, LPT l, floppy disk,
an d joystick 1.



LISTING 2-L1STING FOR BASIC PORT SELECTOR EPROM IC11

3FBh 0 First Serial Port (COM1)
2FBh 1 Second Serial Port (COI~2)

3BCh 2 First Parallel Port (LPT1)
3F5h 3 Floppy Disk Data Port
20lh 4 First Joystick Data Port

FF 0 4 FF FF FF FF FF FF FF FF FF FF FF FF FF
FF F F F F FF FF FF FF FF FF FF FF F1' FF 1'1' FF
FF FF FF FF FF FF FF F F FF FF FF FF F F FF F F
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF F F FF F F FF FF FF FF FF FF FF FF FF FF FF
FF FF FF F F FF FF FF FF FF FF FF FF FF FF FF
FF FF F1' FF F1' F1' FF FF 1'F 1'F F1' 1'F FF 1'1' 1'1'
F1' 1'1' FF FF 1'F 1'1' 1'F 1'F F1' FF FF FF F1' FF F1'
1'F FF FF FF FF FF FF FF FF FF FF F1' FF FF F1'
FF FF FF FF FF FF FF FF FF FF FF FF 02 FF FF
FF 1'1' FF 1'F FF FF FF FF FF FF FF FF FF 1'1' FF
F1' FF F1' F1' FF F1' FF FF 1'1' FF FF FF FF FF 1'F
FF FF FF 1'F FF FF FF FF FF FF FF FF FF FF FF
FF FF FF F1' FF 03 FF F1' 00 FF FF FF FF F F 1'F
FF 04 FF FF FF FF FF FF FF FF FF FF 1'F FF FF
FF FF FF FF FF FF FF 1'F FF F F F1' FF FF 1'F FF
FF FF FF FF FF-FF F1' 1'1' 1'F FF FF FF FF 1'F FF
1'F F1' FF F1' 1'F F1' 1'F F1' FF FF FF FF FF 1'F 1'F
FF FF FF FF FF FF FF FF FF 1'F FF FF FF FF 1'F
1'F 1'1' 1'1' FF FF 1'1' FF FF FF FF FF F1' 1'F FF FF
1'F FF 1'1' FF FF F1' FF F1' FF F1' 1'1' 1'1' FF FF 1'F
1'1' FF FF F1' F1' 1'F F1' FF FF 1'1' 1'1' FF F1' 1'1' 1'F
FF FF FF FF FF FF F1' FF FF FF 1'F FF 1'F 1'1' 1'F
1'F 1'1' 1'1' 1'1' 1'1' FF F1' F1' F1' 1'F FF F1' 1'1' 1'1' 1'F
F1' 1'1' 1'1' FF FF F1' F1' F1' FF FF FF 1'1' F1' F F F F
1'1' 1'1' F 1' FF FF F1' 1'1' F1' FF FF FF 1'1' 02 FF 1'F
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF F F FF FF FF FF FF F1' FF FF FF FF F1' FF
F1' 1'F FF FF FF FF 1'F FF FF FF FF FF FF FF FF
FF FF FF FF FF 03 1'F FF 00 FF FF FF FF FF FF
FF 04 FF FF FF FF FF FF FF FF FF FF FF FF F1'
FF FF FF FF FF FF F1' FF 1'F FF 1'1' FF 1'1' FF F1'

1'F 1'F FF 1'F
FF FF FF 1'F
FF FF FF FF
FF FF FF F1'
FF F1' FF FF
FF F1' FF FF
FF FF FF FF
FF FF FF FF
FF FF FF FF
02 FF FF FF
FF FF FF FF
FF FF FI-' FF
FF F1' 1'F F1'
FF F1' FF FF
FF FF FF FF
FF 1'F 1'F FF
FF FF FF FF
FF FF FF FF
FF FF F1' FF
F1' F1' FF F1'
FF FF FF FF
FF FF FF FF
FF FF F1' FF
1'1' F1' 1'F 1'F
F1' F1' 1'F FF
02 1'F 1'F F1'
F1' 1'F 1'F 1'F
FF F1' FF FF
FF FF F1' F1'
FF 1'1' 1'F FF

I
I

FF F1' FF FF
FF 1'1' F1' FF
1'F FF FF 1'F
FF 1'F F1' FF
FF FF FF FF
FF F1' FF FF
1'1' FF FF F1'
F1' FF FF FF
FF FF FF FF

FF FF F F
FF FF FF
FF FF FF
FF FF FF
FF FF F1'
FF FF FF
FF 1'1' FF
FF FF FF
FF FF FF
FF FF FF
FF FF FF
FF FF F1'
FF FF FF
FF FF FF
FF FF FF
FF FF FF
FF 1'F FF
FF FF FF
FF FF FF
FF 1'F F1'
FF F1' FF
F1' FF F F
FF FF FF
FF F1' FF
FF FF 1'1'
1'F F1' 1'F
FF 1'1' 1'F
FF F1' 1'F
FF 1'F FF
F1' FF FF

I
is not used

I
F1' 1'1' FF
1'1' FF FF
1'1' 1'F FF
FF FF FF
FF 1'1' 1'F
1'F 1'F F1'
FF 1'F FF
FF FF FF
FF FF FF

220 - F1' 1'1' FF F1' FF F1' 1'1' F1' FF
230 - FF F1' FF F1' FF FF FF 1'F FF
240 - FF F1' FF FF FF FF FF F1' FF
2 50 - F1' 1'F F1' 1'F 1'F F1' FF 1'1' 1'1'
260 - FF 1'F FF FF FF 1'F FF FF F1'
270 - F1' 1'F 1'1' F1' FF 1'F FF FF FF
280 - FF FF F1' FF F1' 1'F 1'F FF FF
29 0 - FF FF FF FF FF F1' FF FF 1'F
2 AO - FF FF FF FF FF FF FF FF FF
2B O - FF FF FF FF FF F1' FF F F FF
2 CO - FF FF FF FF FF F1' 1'1' FF 1'F
200 - 1'F F1' FF F1' 1'1' FF F1' FF F1'
2E O - F1' F1' 1'F F1' FF 1'F FF 1'1' FF
2 FO FF F1' 1'F FF FF 03 F1' FF 01
300 - FF 04 FF FF F1' 1'F FF FF FF
3 10 - 1'F FF FF FF 1'F FF FF 1'F FF
320 FF FF FF FF FF FF FF FF FF
330 - FF FF FF FF FF FF FF FF FF
340 FF FF FF FF FF FF FF FF FF
3 50 - FF FF FF FF FF FF FF FF FF
360 - FF F F FF F1' FF FF F1' FF FF
370 - 1'1' F1' 1'F FF FF FF FF FF FF
3 80 - FF FF FF FF FF FF FF FF FF
390 - FF 1'1' FF F1' 1'1' FF F1' FF FF
3 AO - FF F1' FF FF 1'F FF FF F1' FF
3 BO - FF FF FF FF FF FF FF FF FF
3CO - FF FF FF FF FF FF FF FF FF
3DO - FF FF FF FF FF FF FF FF FF
3 EO - FF FF FF FF FF FF FF FF FF
3 FO - F1' FF FF FF FF 03 FF FF 00

I
I The rest of1 the EP ROM

1 1
770 - FF FF FF FF FF F1' FF FF F1'
7 80 - 1'1' 1'1' FF F1' FF F1' 1'F FF FF
790 - 1'F F F F1' 1'F F F FF FF F1' FF
7 AO - FF F1' F1' FF FF FF 1'F 1'F FF
7 BO - FF FF FF F1' FF 1'F FF FF FF
7 CO - FF 1'1' FF FF 1'F FF F1' FF 1'F
7DO - FF FF FF FF 1'1' FF FF FF FF
7 EO - FF FF FF FF F F FF FF FF FF
7 FO - FF FF FF FF FF FF FF FF FF

FF
F1'
F F
F1'
F1'
FF
FF
FF
FF
F1'
FF
1'F
FF
FF
FF
FF
FF
FF
1'F
n '
FF
FF
1'1'
FF
1'F
1'F
1'F
FF
FF
F F
FF
1'F
FF
FF

LED CommentPort No .

000 ­
010 ­
0 20 ­
030 ­
040 ­
050 ­
060 ­
070 ­
080 ­
090 ­
OAO ­
OBO ­
OCO ­
ODD ­
OEO ­
OFO ­
100 ­
110 ­
120 ­
130 ­
140 ­
150 ­
160 ­
170 ­
180 ­
190 ­
lA O ­
1BO ­
lCO ­
100 ­
lEO ­
IFO ­
200 ­
210 -

EPROM CHARACTER SET

Fig. 3 THE PORTAMATI C S CHARACTER SE T. You ca n mod ([ y a ny or a ll by p rog ram­
m ing th e ch a racte r-ge nera tor EPROM (l ClO ).
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A-Mati c, h ere's a step-by-s tep pro­
ce dure you can follow to t ro u­
bl eshoot the circu it.

Load BAS IC a n d type in th e
simple program s hown in Listing
3. That may n ot be the world's
m os t elegan t program , but it will
repeatedly access a port that the
Port-A-Matic is set to decode. The
alternating reads an d wri tes to
the port will test bo th halves of
IC9 (shown in Fig. 3 of the Janu­
a ry 1990 ins tallment) an d the de­
lay lo op will ca u se a vis ib le

change on th e activity LED's on
th e di splay board. You 'll have to
adjus t the length of the delay loop
to ma tch the speed of you r com­
puter, but the number in the list­
ing is a good s tar ti ng point

The key to th e op eration of the
circu it is pin 6 of IC2-b , which is
where the mas ter-enable s ignal is
generated . Ifyou have a scope you
should see a series of negative­
going pulses there . The frequen­
cy of the puls es will depend on
the speed of you r compu ter, but a

12-MHz AT will access the port at
a rate of abou t 1 kHz, so se t the
sc ope 's swee p speed accor dingly.
If the s ignal is there, you 'll see a
trace si m ila r to th e one in Fig.
4-a. You may have a hard time
locking the sc ope to that s ignal
because the time between pulses
isn' t co ns tan 1. However, reg­
ula r ity isn't important , since all
you want to do is make su re it's
there. If you don't have a scope ,
you can use a logic probe, but it
will be hard to tell whether the
sign al is ac tually presen t or
you 're just detecting noise. The
presence or absence of the MAST ER

E NABLE s ignal determines wha t
t ro u b leshoot ing route to follow
next.

With the master enable
If th e s ignal is present, you 've

got a problem farther down the
line. The mos t logical places to
ch eck a re the outputs of the ti me­
rs , since those are the s ignals
that enab le the di splays. You
shou ld see so meth ing s imilar to
the trace s hown in Fig. 4-b a t the
output of ICB-a. The reason that
signa l doesn't swing closer to the
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supply rails is that the timer is
retrtggered so often that the out­
put is driven high b efore it has a
chance to go low.

The test program causes the
outputs of ICg to swing a lte r­
nately high an d low. The frequen­
cy will depend on the number in
the delay loop and on the speed of
your computer, but you s hou ld be
able to see that activity wi th just
about any test equipment there
is: a scope, logic probe, even a
multimeter.

If you 're getting activity at the
timer outputs, your problem is
probably on the d isplay board.
Check the cable and make sure
that you have the co rrect orienta­
tion on the connectors. If th at's
correct and the board is generat­
ing th e M AST E R E NABLE sign al,
you've narrowed th e problem to
the timer circu its , which are so
simple that the problem sh ou ld
now be easy to find . Ch ances are
you've got one of th e assembly er­
rors di scussed ea rlie r, such as
poor solde r ing.

The pres ence of the MASTER EN­

AB LE s ignal means that the major­
ity of the Port-A-Matic is happy.
Aside from the timers , there a re
several other places on the board
that can h elp you locate th e prob­
lem. Some of these points can be
tested with logic probes and mul­
timeters, but once again you
should look at them with a scope.
As with the other test points, the
frequ ency will depend on you r
computer, but the exac t number
isn't important.

1. The Q2 output of IC7, the
dat a multiplexer, should look lik e
the tra ce in Fig. 4 -c . If there's
nothing there, check ICS-b , ICI 3 ,
and the reset logic made up of

THEMASTER ENABLE SIGNAL

II , l
~ I I

a

OUTPUT PULSES ATIC] PIN12

I I 1 1 I I I I
I J I I I I I I

c

OUTPUT PULSES ATIC13 PINS 7 & 9,.. t- r--, ...... r- "-
I I I I

- - -I I I I
I II I I I I J

~ '- - - I-

I II I I I I I I I I I
I I I I I I I I I I I I

I
e

OUTPUT PULSEAT ICll PIN 20

II
II

g

IC2 -d and ICI-b .
2. You should see square waves

s im ilar to Ftg; 4-d at the outputs
of ICI2 , the digit multiplexer.
Look at ICS-a an d ICI 3, as well as
Q4-Q6 on the di splay board. If
the waveform appears when you
di s connec t th e ribb on cab le ,
you 've got a shor t so mewhere on
the display board.

3 . The two leas t -signi ficant
outpu ts of rC I3, go and QI (p ins
7 an d 9), s h ou ld have square

tea a OUTPUT PULSES

b

1C12 OUTPUT PULSES PINS 15s 14

11 ,- IT 'r 1 i l 1
II I II I I I I I

11 r 1 r 1 1 r r
I I I I I I I I I

d

OUTPUT PULSES ICl l PINS 22& 23

r--~ r - I r
I 1 I I

~F1 --.: ..:......., ~

I I I I

f

Fig. 4 THE MAS TEH ENABLE SIGNAL
(a) appears at pin 6 qf1G2-b. The out­
put q{ 1GB-a pin 5 i b ) drives d ecod er
IGI 2 . Tile Q2 outp u t qf IG7 pin 12 I C}
d ri ves IGIO. The dig it -enable p ulses
from IGI 2. shou ld look like (d) . theQO
and QI outputs ojIG13 (e) d ri ve IGI 2 .
tile AS a nd A9 outputs qfIGII (fJ d rive
IGIO. a nd IGII pin 20 looks like (g ).

waves like the ones in Fig. 4-e. A
problem here ca n be caused by a
constan t high on the reset lin e
(pin Ill, or by the absence of in­
put clock pulses on pin 10. Check
IC2-b, rei -e. and res-e.

4 . The waveform in Fig . 4:f
shou ld be present on ICll, which
is the port-select EPROM, at pins
22 an d 23. Also make sure that
you check rCI- c, diodes DI and
D2, rC5 pins 11 and 13, and the
outpu ts of rC3 .

=== === ==== ======= == === ========= =====

Exercise the Po rt-A-Matic *
by r e a d ing a nd wr it ing *
t o Port 3 F5h *

*

LISTING 3-TEST PROGRAM

4 REM ******************************
5 REM *
6 REM *
8 REM *
7 REM *
8 REM ******************************
9 REM
10 X=IN P(1013) :FOR N = 1 TO 50 0 : NEXT
20 OUT 1013 , X:FOR N = 1 TO 500 :NEXT
30 GOTO 10
40 END

ORDERING INFORMATION
A set of two double-sided

printed circuit boards is avail­
able for $38.95 from Systems
80 Instruments Ltd., c/o CF
Liebert, Inc., P.O . Box L,
Blaine, WA 98230. The two
programmed EPROMs
(2716-1,350 ns) as described
in the article are also avail­
able from Systems 80 for
$19 .95. All prices include
shipping and handling.
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Without the master enable
No MASTER ENABLE signal means

either an error in the IC3 latch,
the control circuitry, or the input
buffers . The first place to look is
the control circuitry, s in ce th e
rest of the circuit won't work at
all unless the control circuitry is
operating properly.

The output enable line (pin 20)
ofICll, the port selector, is a good
place to start. A s ignal here, as
shown in Fig. 4-9, means that
IC2-a and ICl-d are properly de­
coding the I/O pulses from the
computer bus . That can be
checked with a logic probe s ince
the frequency isn't very high.

If you've got a constant high at
that pin and you're sure there are
no shorts or opens on the board,
look at the output of IC2-a. That
is only one step away from the
computer bus and the absence of
a s ignal there is an indication
that either the 74LSOO is bad
(unlikely), or that it isn't seeing
the I/O lines from the bus.

The next place to check is the
output of ICl-a (pin 1), since the
signal here has a direct effect on
the generation of the MASTER EN­

ABLE signal. The pulses there
should resemble Fig . 4-9, but de­
layed by the access time of ICIL
You can catch them with any
good logic probe but a scope is
better. The general appearance of
all the control-circuit signals will
be the same; very narrow, irreg­
u larly spaced, pos itive- or nega­
tive-going spikes .

The input buffers (IC4 and
IC5), are more difficult to check
since nothing will happen there
unless the MASTER ENABLE signal is
being produced by the control cir­
cuitry. There is one trick you can
use, but it's probably going to
cost you an IC. Remove IC2 from

WORKBENCH

continuedfrom page 77
fJ
:2" the PC-compatible family and its
~ operating system ." That's the
:> truth, but it 's not the whole
~ truth.
~ The XT/AT Handbook contains
S in summary form darned near ev­
~ erything a systems integrator,

12

the PC board (you do have them
in sockets, don't you?), bend pin
6 out straight and put the IC
back in the socket. Run a piece of
hook-up wire from pin 13 of ICI
to the opening of pin 6 in the
socket of ICI.

What we're doing is triggering
the Port-A-Matic directly from the
computer's I/O pulses. Check the
outputs of IC4 and IC5 for data
pulses. Since we're accessing the
same port over and over, you may
only see unchanging highs and
lows on the various pins. That's
fine. If you write down the state of
the pins in binary order you'll
find that they're carrying 11 1111
0101 or 3F5h, the port address in
the tes t program.

If you're still not getting any­
thing, there are a few things left
you can check to help locate the
source(s) of your problem(s).

1. Make sure the port-selector
EPROM is properly programmed
since any sort of error here may
keep the Port-A-Matic from work­
in g completely.

2. Lift pin 6 of IC2-b from its
socket and then check it for the
presence of the MASTER ENABLE

signal. If you see it when you do
that, you've got a board problem
further down the line (most likely
a solder short).

3. Check the values of R1 and
R12 .

4 . Check the value of C3 . The
Port-A-Matic will work with a val­
ue less than 0.001 f.LF (although
operation may be flaky), but a
larger value will stop the Port-A­
Matic completely. If you sub­
stitute a 0.01 f.LF capacitor for C3 ,
it will completely swallow the nar­
row MASTER ENABLE pulses , so the
circuit won't work. There are sev­
eral systems used to mark capac­
itor values, so let's just state for

technician, or designer needs to
know about the PC family, in­
cluding bus pin-outs, memory
maps, cab le connections, card
dimensions, programmable regi­
sters in the DMA20 and other
system controllers , interrupts,
BIOS entry points, switch set­
tings, keyboard scan codes, the
hard-to-locate dtagnosttc error
codes , DOS commands, and

the record that a marking of 104
is 0 .1 f.LF, 103 is 0 .01 f.LF, and 102
is 0 .001 f.LF.

Putting the Port-A-Mat ic to work
Although the Port-A-Matic was

originally intended to be a diag­
nostic tool for hardware, it's also
a terrific aid in debugging soft­
ware . A standard troubleshoot­
ing technique in program de­
velopmen t is to use a PRINT
statement in BASIC (or the equiv­
alent in whatever language you
use) to track program flow.

The Port-A-Matic can decode
sixteen different port addresses
(or thirty two if you dtstingutsh I/
o reads and writes), so you could
program some unused port ad­
dresses into ICll and replace
PRINT statements with INP and
OUT arguments.

The operation of the Port-A­
Matic is totally transparent to the
computer and that makes it es­
pecially valuable for those times
when you're do ing graphics pro­
gramming and PRINT state­
ments can't easily be seen on the
screen,

There 's no reason why you
can't use the Port-A-Matic to con­
trol a variety of external devices.
Remember that accessing a valid
port will result in a u n iqu e half­
second pulse. Although they're
being used to light LED's , there's
no reason why they can't turn ex­
ternal hardware on or off, as well.

The Port-A-Matic is a valuable
addi tion to any PC and the
number of uses it has is limited
only by your imagination. Even if
all you need is something that
tells you if that new I/O card is
properly set up or not, the
amount of time it will save you
may very well be worth having
one in your computer.•m.
more . I'd like to see a complete
listing of the DOS interrupt (21h)
services, and printer codes for
the IBMlEpson and HAP LaserJet
families. But, as it is, the book
can replace a foot of fancy (and
expensive) documentation. At
less than ten dollars, the price is
criminally low. The company also
sells some really neat software­
stay tuned for details.•m.
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MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz

ELECTRONIC test equipment, laboratory equip­
ment, - surp lus and priced to go! Catalog $1.00.
LEHMAN, R.D. 1 Box 580 , Wrightsville, PA 17368.

DESCRAMBLERS. Lowest pr ices on top nam e
bra nds. Tocom , Zenith, Oak, Jerrold, SA, Pioneer,
Hamli n. Examples: RTC 56 $150.00 - 10 @ 130
each . Tri-Bi @ $79 .00 in lots of 10. COD ok same
day sh ipp ing. MOUNT HOOD ELECTRONICS,
(206) 896-6837.

FOR SALE
PHOTOFACT folde rs, under # 1400 $4.00. Others
$6.00 . Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

GREAT bUyS! Surp lus prices, ICs, linears, transfor­
mers, PS , stepping motors, vacuum pump , pho­
totransistor, meters, LSASE, FERTIK'S , 5400 Ella,
Phila., PA 19120.

DESCRAMBLERS. A ll brands. Special: Com bo
Jerrold 400 and SB3 $165 . Complete cab le de­
sc rambler kit $39 . Comp lete satellite descrambler
kit $45. Free catalog. MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531.

T.V. notch filters , surve illan ce equipment, brochure
$1.00. O.K. VIDEO, Box 63 /6025, Mar gat e, FL
33063. (305) 752-9 202 .

SURPLUS ELECTRONICS. New giant wholesa le
catalog. Hundreds of amazing bargains. $2 . Box
840, Champlain, NY 129f 9 .

;.".dI.•. ·
"

"

2 CHCompact Dish System - 877.95
5 CH DishSystem - $93.95

12 CH Yagi (Rod)System - 8123.95
30CH Dish System-8163.90 Yagi-8183.90
SUN MICROWAVE INn . INC. Send $1 " for
P.O. BOX 34522 catalog onthese
PHOENIX, AZ 85067 and other fine
(602) 230-0640 video products.
QUANTITYDISCOUNTS UFETIME WARRANTY

CABLE TV converters and descramblers.
We sell only the best. Low prices. S8-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072. (207) 967-0726.
TEST equipmen t recond itioned (quaranteed). Ter­
rific prices, NBS cal ibration available . Visa, MIC,
Amex, COD. ELECTRONIC SURPLUS, INC., 4350
Town Plaza, Suite 203, Houston, TX 77045. (713)
728- 9718.

SAMS clos eout sal e. #2 to # 2600 $6.00 each
postpaid. MCNisa . Ca ll 1 (800) 888-1328 . 9-5 CST.

MEMORY chips, Simms and Sipps : 4164-100
$2.50, 41256-100 $3.50, 41464-100 $4.60. Ca ll EDI
DATAFIX, (201) 322-7666.

COMPUTERIZED linecard system for IBM compati­
bles. Fast. Easy. Just $24.95. NORTHSTAR, 2924
Stark, Eugene, OR 97404.

TUBES: " o ldest, " "latest." Parts and schemat ics.
SASE for lists. STEINMETZ, 7519 Maplewood, RE,
Hamm ond , IN 46324.

LASER Listener II, other projects. Surveillance,
descramblin g, fa lse ident if ication, information.
Plans, kits, other strang e stuff. Informational pack­
age $3 .0 0 refundab le . DIRIJO/BOND ELEC­
TRONICS, Box 212, Lowell, NC 28098.

ENGINEERING software , PC/MSDOS. Hob­
byists - students- engineers. Circuit de­
sign $59.00, FFT analysis $69 .00, Mathe­
matics $49 .00, Logic Simulation $49.00,
Circuit Analysis $29.00. Free catalog , (614)
491 -0832, BSOFT SOFTWARE, 444 Colton
Rd ., Columbus, OH 43207.

RESTRICTED tec hni cal information: Electronic
surveillance , sche mat ics, locksmithing, cover t sci ­
ences, hacking, etc . Huge selection. Free bro­
chures. MENTOR·Z, Drawer 1549, Asbur y Park, NJ
07712.

TEST equipment pre-owned now at affordable
prices. Signal ge ne rato rs from $50.00 . Os­
cilloscopes from $50.00. Other equipme nt, includ­
ing ma nua ls ava i lable . Sen d for Catalog . J.B.
ELECTRONICS, 3446 Dem pster, Skokie, IL 60076.
(312) 982 -1973.

COM MUNICATIONS. El ectronic equipmen t ,
sales, service, FCC li c ensed , free cat alog.
RAYS, PO Box 14862, Fort Worth, TX 76117-086 2.

CABLE TV conve rte rs : Jerrold, Oak, Sc ient ific At­
lantic, Zenith & many others. " New MTS " stereo
add -on : mute & volum e. Ideal for 400 and 450
owners! 1 (800) 826 -7623, Amex, Visa, MIC accept­
ed. B & B INC. , 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

SU RPLUS CATV converters and descramblers at
wholesale prices. Unmodified units only. Oak M35B
$30 . Jerrold 400 DIC w/remote $80 . (415) 566-9815.

STEPPER moto r drive & control with Commodore
64. Afforda ble hardware, interface, & software.
Send for detailed literatu re & prices to: MASE, RD.
# 2 Box 166, Mohrsville , PA 19541.

FEB 87 Tripart s $59.00 . Feb 84 SB parts $49 .00.
$3 .50 shipping. OCTE, Box 276, Alburg, VT 05440.
(514) 739 -9328.

RENTAL movie stabilizer. Con nect between VCRs
or to monitor. Satisfaction gua ranteed . $69.95 ,
$4 .00 handling. 1 (800) 367-7909 .

PARABOLIC reflecto rs . 18" sp un met al dish
focuses RF, light, sound . $25.00; PJC , 2981 Tess
Ave., Granger, Utah 84119.

MINIATURE electro nics like James Bond. Cata log
$3 .00, ref undable. F & P ENTERPRISES, Box
51272, Palo Alto , CA 94303-L.

CABLE boxes, all types in stock , lowest prices,
guaranteed , COD ok, sam e day shipment, Tocoms ,
Toc oms, Tocoms. G.D. ELECTRONICS, (602)
829-9441.

TUBES, new, up to 90% off, SASE , KIRBY, 298
West Carmel Drive , Carm el, IN 4603 2.

BOARDS for Radio-E lectronics and Popular Elec­
troni cs projects. Inexp ensi ve! Free sample! IN·
DUSTRIAL MICRO Box 596, Logan , Utah 84321. 1
(800) 359-0466.

TO COM 55 03 V.I.P. descramb ler "Turnon." All
cha nnels; forma ts . New easy hookup ; par ts in­
cluded ! Manual and remote tuning. Free "detailed"
sche matic. $39.00. MIKE, Box 743, Oldsmar, FL
34677.

ANTIQUE RADIO CLASSIFIED
Free Sample!~o

Antique Radio' s
Largest Circulation Mont hly . ~.~ 0

Art icles , Ads & Classif ieds . 0

6-Month Tr ia l : $11. l -Yr: $20 ($30- 1st Class).
A .R.C., P.O. Bo x 802-L4, Car li sl e, MA 017 41

LASERS from $35, for free catalog write MW K IN·
DUSTRIES, 1440 South State College Building 3B­
R, Ana heim, CA 92806 or call (714) 956-8497.

ENGINE ERING developm en t tools, IBM PC ex­
ten der bo a rd s , ti m ing software . DETROIT
DATACOM M, 1409 W. 14 Mile, Mod Hgts, M148071.

CABLE conve rters and descramb lers , wholesale
pr ices, full wa rra nt ys , RTC- 56 wl r $150.00,
MLD -1200 $4 5.00 , Pion eer 125 , Jerrold-400 wlr
$125.00. These are just examples, all makes in
stock, new this month only, Tocom wlr $199.00.
S.A.C., Orders 1 (800) 622 -3799 . Informati on (702)
647 -3799 .

CABLE TV converte rs/descramblers. All major
brands. Are you tired of ordering cable TV equip ­
ment and receiving inferior merchandise, not at
K.D. Video. We are a well established company that
will offer you the best quality, service and prices .
Our units have worked where others have failed.
Call Toll free 1 (800) 327-3407. K.D . VIDEO INC.,
PO Box 29538 , MLPS., MN 55429 .

JOB? Top electronic firms addresses and PH#s.
$2 .00. ENGINEERING, 6611 Edgemont, Hunt­
ington Beach, CA 92647.

TUBES Sylvania 6LQ6 6L6GC 20LF6 etc. Huge
discounts. ARLEN SUPPLY, 7409 West Chest er
Pike, Upper Darby, PA 19082. 1 (800) 458-1301.

GRAl - ANTI GRAVITYGENERAroR . . . . . . .... $10.00
... LC7 - 40WATTBURNINGCUTTINGLASER . . .$20.00
!:'i~RUB4 - HI PCNYERPULSED DRILLING LASER $20.00
~ E' BTC5 - 1MILLION VOLT TESIACOIL . . . . . .. . $20.00=Iii MCP1 - HIVElOCITYCOIL GUN .. .. . .. . . . . . .$15.00
if~ LLSl- LASERLIGHT SHOW 3METHODS .$20.00
v.l EHl- ELECTRONIC HYPNOTISM TECHNIQUES $8.00
Z EMLl - UM'ER PCNYEREDCOIL GUN LAUNCHER . . .$8.00
c:e JL3 - JACOBlADDER 3MODELS . . $1000
..J SD5 - SEEINTHE DARK .. . . . . $10.00
D.. LEV1 - LEVITATIONDEVICE $10.00

~ FMV1K - 3MILEFM VOICETRANSMITTER . . . . . $34.50
:5PFS1K - HANDCONTROLLED PLASMA FI RE SABER $49.50
C NIG7K - HIFWX NEGATIVEION GENERAroR . $34.50

~ iil: PG5K - PLASMA LIGHTNINGGLOBE $49.50
z:J! LHC2K - VISIBLESIMUlATED3COLOR LASER $44.50
1!i a:: HDDlK- HOMINGfTRACKINGBEEPER TRANSMITTER .. $44.50
eng LGU6K - 2.5 MWHAND-HELDVISIBLELASERGUN $249.50
~ lE BTC3K- 250000 VOLTTABLEroPTESIACOIL $249.50
v.lIOG2K - ION RAYGUN, project energy without wirlls: .. $129.95
.... TKE1K- TELEKINETIC ENHANCERIELECTRICMAN . .. .519.50
5i2 VWPM7K - 3MILEAlJro TELEPHONETRANSMITTER .. $49.50

Q ASSEMBLED INOUR LABS
W UST10- INFINITY XMTR Listen inviaphonelines ... .. $199.50
...... IPG70 - INVISIBLE PAIN FIELDBLASTWAVE GENERAroR$14.5O
a::l ITM10 - 100,000 VOLT INTIMIDAroRUP ro 20' . . . . .899.50
::E TAT30 - AlJroMATIC TELEPHONE RECORDING DEVICE. $24.50
W PSP40- PHASORSONICBLAST WAVE PISTOL $89.50
v.l DNE10 - ALLNEW 26" VIVIDCOLORED NEON STICK $14.50
v.l LGU20- .5ro lMWVISIBLE REDHeNe LASER GUN . .$199.50
c:e BLS10 - 100,00WATT BLASTEROEFENSE WAND . .. $89.50

EASY OROERING PROCEDURE · rou,FREE 1·800-221-1705 "T1
or24HRSON 1-603-673-4730 orFAX ITro 1-603-672-5406 m

VISA, MC,CHECK,MOINUSFUNDS.INCWDE10%SHIPPING.ORDERS 1D
$100.00 &UP ONLY ADO $10.00.OOALOG $1.00 OR FREE WITH ORDER. ~
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Build Your Own Diagno stic Scan Too/I
The KeyTo Understanding the Modern
Electronically Controlled Automobile Engine.
Access Stored ECM Data . Read-Out Fault Codes., "-"'iY........II
Challenging NEW Electronic Assembly KIT­
PLANS- PARTS-ASSEMBLEDIT ESTED UNITS.

C8U1-800·535-3091 or wri te for com pJete Infonnatlon
S & M Electro-Tech P.O. Box 34334 Blaine,MN55434

MICROPROCESSOR alarm kit. For home, auto,
RV.8 zones . Delay, valet , continuous modes. $31.95
plus $2 .00 S/H. Just add power supply. case. sen­
sors. PREC ISION ELECTRONICS, 4N306 Norris
Ave., West Chicago . IL 60185.

LEARN electronics the practical way. Build your own
kit or do tens of experiments with your own self
trainer. For free cata log : ARLI ELECTRONICS,
2155 Verdug o Blvd. # 22, Montrose, CA 91020.

BUILD remote control car starter. Without keys
from home turns on/off engine, heater/air conditi on .
lights etc.... Locates car in crowded parking lot.
Built-in antitheft sensors , reliability. Detai led instruc­
tions . send $5. SASE to N.Y. ENGINEERING CEN­
TER, PO BOlf0831, Syosset. NY 11791-0831.

ALARM kit for hom e, 12vDC, .delay and in ­
stant aneous loop. Includes board and comp onents.
$47.50 + $3.50 S&H . For purchas e or free info :
K.E.P. , PO Box 83 0123 , Stone Mountai n, GA
3008 3.

DAZER protector kit $44.95! Exciting electronic kits !
Catalog $1.00. QUANTUM RESEAR CH, 17919-77
Avenue, Edmonton , Alberta T5T 2S1.

CLOSEOUT "TV Frequency Standard" April 1988
R-E, kit/antenna coil $55.00, finished units $200.00,
PERSHING TECHNICAL, Box 1951, Fort Worth, TX
76101.

BUILD the " Invader," common construction mate­
rials . electronic kits available, complete robot plans
$11.95. detail s free, ROBOT WORKS, Box 1979,
Co lorado Spri ngs, CO 80901.

SINGERS. At last, build your own vocal filter. Re­
move lead voca ls fro m sta ndard st ereo reco rds ,
CDs, tapes, FM broadcasts, so you can be the lead
singe r of your favorite band. Theory, manual. sche­
matics $6.95, WEEDER TECHNOLOGIES, 14773
Lindsey, Mt. a rab, OH 45154.

DESCRAMBLING, new secre t manual. Build your
own descramblers for cable and subscription TV.
Instruct ions, schema tics for SSAVI, gated sync,
sinewave, (HBO. Cinema x, Showtime, UHF, adult)
$8 .95, $2.00 postage . CABLETRONICS, Box
30502R. Bethesda , MD 20814.

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS: 6403 N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
" The Source for Laser Surplus"

DETECTION - Surveillance, debugging. plan s,
kits, assembled devi ces. Latest high-tech catalog
$5. DETECTION SYSTEMS, 2515 E. Tho mas,
# 16-864F, Phoenix, AZ 85016.

CATALOG: hobby/broadcasting/HAM/CB : Cable
TV, transmitters, amplifiers , surveillance devices,
compute rs, more! PANAXIS, Box 130-F2. Para­
dise, CA 95967.

CB Tricks II boo k. Power amplifi er design and theo­
ry, UHF CB tune ups . Send $19.95 MEDICINE MAN
CB, PO Box 37 , Clarksvi lle, AR 72830 .

RADIO Astronomy! Mon thly magazine, boo ks ,
components. $3.00 br ings sample package . BOB 'S
ELECTRONIC SERVICE, 7605 Deland , Ft. Pierce,
FL 3495 1.

ELECTROLOCK programa ble keypad door release
sy stem, compl ete kit includ ing elect ric strike :
$129.95. Assembled and tested: $149.95. Free bro­
chure and orders: SYSTEMS ASSOCIATES INC.,
1320 Cranston Street , Cranston, RI 02920. (401)
943 -2986 .

AUTO alarm. Deter ever increasing crime from
striking you. Modern features and loud! Install your­
self and save. Includes two RF keychain tran smit ­
ters, $99. Featu re-packed, $114. Money order or
cashie r's check only. Add $5.00 S&H. SASE for
details . SURVIVAL SYSTEMS, PO Box 2627, Des
Plaines, IL 60017.

INVESTIGATORS , experimenters - Qualit y new
plans . Hard to find micro and restri cted dev ices.
Free catalog. Self add ressed stamp ed envelope to
K ELLEY SECURITY INC ., Suite 90 . 2531 Sawtelle
Blvd ., Los Angeles, CA 90064.

SURVEILLANCE transmitter kits are available to
profess ional City, State and Government law en­
forcement agenc ies tha t ope rate on frequ encies
they prefer. Our trans mitters have proven generally
to outpe rform theirs . Four models of each ; tele­
phone, room, combination telepho ne/room trans­
mitters tu ne from 65 to 305 MHz . Se nd $1.00
(overseas ai rmail $2. 00) for catalog. Inc luded is
Popular Commun ic ations boo k review of " Now
Hear This! Electronics Eavesdropping Equip­
ment Desi\ln" by Winston Arrington. Book contains
58 transmi tterschematics. SHEFFIELD ELEC­
TRONICS, 7223 Ston y Isla nd Ave., Ch icago, IL
60649 -2806.

FM transmitter 88 to 108 MHz kit $12.95; power
suppl y 0 to 20 V 1 AMP kit $79 .99; Flyback tester
assembled $95.99; shipping and handling 4% unit.
SASE for information . SIERRA ELECTRONICS,
PO Box 709 , Elfers, FL 34680-0709.

ELECTRONIC kits ! Tracking transmitters! Voice
disquise rs l Bug det ectors! Surve illance items !
More ! Catalog $1.00 : XANDI ELECTRONICS, Box
25647, 60A, Tempe, AZ 8528 5-5647.

PLANS AND KITS

STEREO FM trans mitte r! Transmit your VC R/CD/
Walkman to any FM stereo radio. One chip does it
all! Free schematic and info . Send a self addressed/
stamped envelope to : OJ INC., 847A Second Ave.•
Suite 113, New York, NY 10017.

BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre­
quency meter. Detailed instructions $2.50. BAG ­
NALL ELECTRONICS, 179 May, Fa irfi eld , CT
06430 .

Bea TV/VCR'
Repair Specia list

NoWyoucantrain athomein spare timeforamoney-making
career as a TVNCR Repair Specialist. No previous experi­

ence necessary. Noneed to Quit your job or school. Everything
isexplained ineasy-to-understand languagewithplenty ofdraw-
ings. diagrams and photos. We showyou howto troubleshoot
and repair video-cassetterecordersand TVsets. howto handle
housecallsandshoprepairs for almost any makeof televisionor
VCR. Tools are included with your course so you can get
" hands-on" practice asyou follow your lessons step by step.
Send for free facts about the exciting opportunities in TVNCR
Repair and find out how tO U can start making money in this
great career. MAIL COUPON TODAY xoac

r ~ ~] SCHOOLOi=iVNCR REPiiR:-DePtDE010-I 50'"'' ".. 925 Oak Street. Scranton, PA 18515 I
I

Pleasesend mefullinformationand color brochureonhowI canI
learnTVNCR Repair at home in my spare time. I understandI there isnoobligation and no salesman will visitme. I
Name Age__1

I Address Apt # __
ICity/State zip 1
L!.h~L _L ~

(1 1\11111

10+
UNITS

TOTAL
PRICE

TOTAL

SUBTOT.
Shipping
$a/ Unit
COD:

Add 5%

Signed:

OUTPUT PRICE
CHANNEL EACHITEM

ONE
UNIT

CABLE TV CONVERTERS
& EQUIPMENT

OlY

NO CONNECTICUT SAlES. ~
is not the intent of VlDEo-UNK1-::7-:'-'7-"-t------j
to defraud any pay television
operator andwe will not assist f---'-='="="'-'-t- ---j
any company or individual in
doingso. f--'....:...:....:...:.'--+------j

Daled:

PANASONIC WIRELESS
CONVERTER . . . . . . . . . . . . . . 85.00... 69.00

JERROLD 400COMBOW/REMOTE
(DRX3DIC) 134.00. . . 95.00

JERROLD 400OR 450 REMOTE HAND
UNIT 24.00 . . . 15.00

JERROLD JRX 3DIC 84.00 . . . 65.00
JERROLD SBADD ON 74.00 55.00
JERROLD SB ADDONWITH TRI-BI 95.00 70.00
OAK M-35 COMBO 79.00. . . 50.00
OAK MINICODE (N-12) 84.00 59.00
HAMLIN MLD 1200 64.00. . . 45.00
SCIENTIFIC ATLANTASA-3

ADDON '.' 109.00. . . 75.00
INTERFERENCE FILTER

(CHANNEL 3 OR 6) 24.00 14.00
NEWSCIENTIFIC ATLANTA

COMBO 275.00. . 215.00
PIONEER DESCRAMBLER 250.00 200.00
TOCOMVIP 200.00. 175.00
ZENITH FLASHING 175.00. . 150.00
ZENITH SSAVI 125.00 90.00
EAGLE PD-3 95.00. . . 75.00

PLEASE PRINT:

o CASHIER'S CHECK 0 M.O. 0 C.O.D.
NAME _
ADDRESS _
CllYJSTATE/ZIP _
PHONE _
SIGNATURE _

WAIVER. Since I, the undersigned, fully
understand that the ownership of a cable decoder
does not give the owner of the decoder the right to
decode or view premium cable channels without
proper authorization from their local cable company,
hereby declare under penalty of perjury that all
products purchased, at any time, will only be used
on cable TV systems with proper authorization from
local officials or cable company officers in
accordance with all applicable federal and state
laws. Federal and various state laws provide for
substantial criminal and civil penalties for
unauthorized use.

VIDEO-LINK
Enterprises, Inc.

520 GLENBROOK RD., SUITE 202
STAMFORD, CT 06906

ORDERS: 1-800-622-9022
CATALOG & INFO: 203-975-7543
MONDAY· FRIDAY 10AM - 5:30PM, E.S.T.

IMPORTANT: Have make and model
# of the equ ipment used in your area.

(J)
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H AM LI N Me c JOOU36 COAD ED HEMOTE CUNVERTER 1(; 11 oS ( )Il ly I

' SCIEN TIFIC ATLANT A ADD -ON REPLACEMENT DESCRAM BLER

•JERR OLD 450 HAND REM OTE CO N TROL

1 100R
UNIT MORE
;>900 1B OO

98 00 7900

BBOO 6900

' 69 00 >1900

;>900 ' B OO

'9900 ' 39 00
;>900 'BOO
9900 6300

'0900 7500

9900 7QOO

'0900 7500

9900 6200

10900 6500
145 00 10500

6900 42 00

7900 46 00

9900 6200

99 00 6200
irs oo ' 25 00
2400 ' 4 00

11900 6500

119 00 B500

Price TOTAL
Each PRICE

Output
Channel

' CA LL FOR AVAILASILITY

ItemQuantity

PANASO NI C WIRELESS CON VERTER tour bes t buy t

STARGATE 2000

' ZENITH SSAVI CA BLE READY

IN TE RFERENCE FILTER S ICh 30nlyl

"EAG LE PD -] OESCAAMBLER ICh 3 0utpul only ,

ECONOCODE rmrmcooo subs trtute t

' MINICODE VARISYNC WITH AUT O ON·OFF

"M LD - l 2OQ· 3 ICh ac utouu

'MI NICODE IN·'2' WITH VARIS YNC

JERROLD 400 HAND REMOTE CONTRO L

JERROLD SB-ADD·O N

' M IN 'CODE IN·'2,

ECONOCOD E WITH VARIS YNC

' M-35 B COMBO UN IT WITH VARISYNC

"M-35 B CO MBO UNI T ICh ao utput on lYI

"M LO-1200 -2 (Ch 2 o utpull

'J ERRO LD 450 CO MBO

'J ERROLD 400 CO MBO

•JERRO LD SB-AD D·ON WITH TRIM ODE

SATELLITE TV

DESCRAMBLER: Build our low cost video on ly ,
satellite TV descrambler for most satellite channels.
Uses easy to get, everyday parts. Board & plans
$35.00 US funds. Board, plans & parts $99.00 US
funds. Wired & tested unit $189.00 US funds. Send
check, money order or Visa to: VALLEY MICRO­
WAVE ELECTRONICS, Bear River, Nova Scotia,
Canada BOSlBO or phone (902) 467-3577. 8am to
4pm eastern time. Note: educational project only.
Not to be used illegally.

FREE catalog - Do-it-yourself save 40-60%. Lowest
prices worldwid e, systems, upgrades, parts, all ma­
jor brands factor y fresh and warrantied. SKYVI­
SION, 2009 Collegeway, Fergus Falls, MN 56537. 1
(800) 334 -6455.

CABLE TV secrets - the outlaw publication the
cable compani es tried to ban. HBO, Movie Channel,
ShoW1im e, descrambl ers , converters, etc . Sup­
plier's list included $8.95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062.

STRESSED out? Relaxtion tech nique easi ly
learned with the aid of a simple electronic device.
Not hypn osis ! Plans $9.9 5. BLUE CHIP ENGI­
NEERI NG, Dept. 33 , PO Box 1100, Walnut, CA
91789.
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o Mastercard

TOTAL

SUBTOTAL
Shippi ng Add
$3.00 per unit

COD & Credit
Cards - Add 5%

_____---'. Zipl _

o Money Order

Cali fornia Penal Code #593-0 forbids us
from shipping any cable desc rambling unit
to anyone residing in the state of Californ ia.

Prices subje ct to change without notice.

PLEASE PRINT

....

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby decla re under penally 01 perjury
thaI all producTs purc hased, now and in the future , will only be used on cable TV systems wilh proper
auThorization from local officia ls or cable compa ny officia ls in accordance -.r:ilh all applicable 'ederal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOIl SUBSTANTIAL CRI HAl AND CML
PENALn ES FOIl UNAUTHORIZED USE.

Pacific Cable Company, Inc.
7325V2 RESEDA BLVD., DEPT. R-2 • RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please havethe make_and model# of theequipmentusedin ourarea. Thank You

VIDEOCIPHER II manuals. Volume 1 - hardware,
Volume 2 - software. Either $32.45. Volume 3­
projects/software - $42.45. Volume 4 - repair­
$97.45. Volume 5 doc umentation - $42.45. Cab le
Hacker's Bible - $32.45. Clone Hacker's Bible­
$34.95 CODs : (602) 782-2316. 220 + Megabytes
IBM-PC/ XT software - catalog-$3.00 . TELE­
CODE, Box 6426-RE , Yuma, AZ. 85366-6426.

VIDEOCYP HER II descrambling manual. Sche­
matics, video and audio . Explains DES, EPROM,
CloneMaster, 3Musketeer, pay-per-view (HBO, Cin­
emax, Show1ime, adult, etc.) $13.95,$2.00 postage.
CABLETRONICS, Box 305 02R, Bethesda, MD
20814.

DESCRAMBLERS for movies, networks, $175, vid­
eo only, $450 complete. Visa, MC accepted. Cata­
log $4. SKYWATCH , 238 Davenport Road, Toronto,
Canada, M5R lJ6.



ASSEMBLE YOUR OWN
COMPUTER FOR LE$$ INVENTORS! Confused? Need help? Call IMPAC

for Free information package . In US and Canada: 1
(800) 225-5800 .

BURGLAR alarms-booming business. Get started
now. Information $2.00. DYNAMIC SECURITY, PO
Box 1456, Grand Rapids, MI 49501.

DESCRAMBLER MODULE

WANTED

SEISMOMETER wanted to measure earthquakes.
Pay cash. D. HUTCHINSON , 4000 Little Timber,
Edmond, OK 73034. (405) 341-9615.

YOUR own rad io station! AM, FM, TV, cable. li­
censed/unli censed. BROADCASTING, Box 130­
F2, Paradise, CA 95967.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

BUSINESS OPPORTUNITIES

INVENTIONS, ideas, technology wanted for pre­
sentation to industry/exhibition at national innova­
tion exposition. Call 1 (800) 288-IDEA.

LEARN gold, silver, platinum scrap recycling busi­
ness. Free information. Write: RECYCLING, Box
11216RT, Reno, NV 89510-1216.

EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

LATEST technology alternative to Jerrold SB-3 or
Radio-Electron ics Feb. 1984 projec t. Featuring
electronic tuning, AGC, auto-on/off, ACIDC power,
mini-size, A&T, and more. For literature - SOUTH­
TECH DISTRIBUTING, (813) 527-2190.

INVENTIONS/new productslideas wanted : Call
TLCI for free information 1(800) 468-7200 24 hours!
day - USNCanada.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

COLOR TV repa irs made easy! Fastest color TV
repairs anyone can do. $2 br ings sample.
CHECKMATE COMM UNI CAT IONS, PO Box
11-0808. Brooklyn, NY 11211.

EDUCATION & INSTRUCTION

VIDEO·LINK ENTERPRISES
520GLENBROOK RO .. SUITE 202. STAMFORD CT06906

LEARN IBM PC asse mbly language. 80 sample
pr0!;lrams. Disk $5. Book $18. ZIPFAST, Box 12238,
l.exinqton, KY 40581-2238.

••
• CRYSTAL CONTROLLED MI RONA VE ANTENNAS

FOR OVER THE AIR CABLE SYSTEMS (WIRELESS
CABLE)

• CAPABLE OF RECEIVING 30 CHANN ELS
• CONV ERTERS AVAILABLE FOR ZENITH SYSTEMS

CATALOG & INFO : (203) 975-7543

MAGIC! Four illustrated lessons plus inside infor­
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
Youget a binder to keep the materials in, and a one­
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed. You get a one-year sub­
scription to our quarte rly newsletter "IT's MAGIC'"
Order now! $29.95 for each course +$3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCo unty Boulev ard. Farm ingdale. NY
11735.

JINCO COMPUTERS INC.
5122WALNUT GROVE AVE.

SAN GABRIEL, CA91776
Tel: (818) 309-1108
Fax: (818) 309-1107

CIRCLE 178 ON FREE INFORMATION CARD

10 MHz 8088 Compatible Kit $379
....77/10 MHzlI088Molhe<t>oard _-==,.....--
• 256KBRAM (804OKB max)

• l!lOWPowerSupply
• Floppy DilleController
• One 5 1/4 3llOKB DrlYe
• MonoGraphlcs Card w/ P
. 101 K8yKeyboard
• Cue (3lED,2Button,~Yl

. 12' Amber Mono MonHor
• Installation Guide &MarIJal

12 MHz 80286 Compatible Kit $669
. 12MHz80286Motherboard
.512 KB RAM (.. MB max)
.~ PowerSupply
• Floppy DlekController
• One 5 1/... 1.2 MB DrlYe
.~Ics Card w/ P
• 101 K8y Keyboard
• e- (3lED,2Button.~
• 12' Amber MonoMonKor
.IMIaIIldlon Guide &Manual

20 MHz 80386 Compatible Kit $1399
All Componanta Fully Tested Before Ship
One Y_ Warrwtty on All Parts
IIllllaIIaIIon Awliable aI No Extra Charge III
VISA &MIC !add~ Amex!add 4%
PrIce I. Quantity 1Ubjec:l1o change wHhoutprior nollce
111% AeMocldng F.. on All Non-Defe<:tl\/e Hems

# 270-04 7

ThlU'ium is depariJed on .. polytns"
dcme to c:ombrle the advll'ltages of
bcchlwd and.at do....
te<::hnc:ioOea. 8 ohm. Ferro fhlicl
cooled voice coil . !s :: 1200Hl,
SPL-90dB lW/ IM. 5OwattsRMS,
10 watts rnu: . 4~ round.. Polydu
pan # DTW1OOT125.

$98.90 $89.50
# 290-200 (1-3) (4-up)

TITANIUM COMPOSITE
TWEETER

$36.80
(4-up)

$8.50
(1-9)

@PIONEER'

® MOTOROLA POIydax

#260-333

With this kit you
can malte speaker
grill frames up to
30" x 40". Kit
include s 4 comer
pieces, 2 .,..
brackets, and 7
frame bars. Grill
mounting kit
included.

#290-180

12" SUB WOOFER
Dual voice coil sub woofer.
30 oz. magnet, 2" voice
coils. 100 watts RMS, 145
watts max. fs = 25 Hz. 6 ohm
(4 and 8 ohm compatible).
SPL=89 dB IWIlM .
Response: 25-700 Hz.
OTS = .31, VAJi~ 10.3 cu . ft..
Pioneer # A3OGU30-5SD.
Net weight: 6 lbs .

#290.145 ~1~~)80

GRILL FRAME KIT

$5.90
(10-up)

$19.95
(4-up)

$6.50
(1-9)

# 260 350 $22.50
• (1-3)

Super quality,
genuine walnut
venee r cabinet. Kit
includes: routed and
mitred top, sides,
and boUom in
unfinished 314"
walnut veneer. Cut
your own custom
holes in the front
and rear to match
your drivers. IS" x
24" x 11". Volume:
1.9 cubic feet.

#270-050

PIONEER HORN
TWEETER
Mylar dome. 2.93 oz.
barium fenite magnet . 8
ohm. Response: 1800­
20000 Hz. 35W RMS,
sow max. fs~2000 Hz,
SPL= 106 dB. Pione er
# AHE60-5IF

" 15 daymoooy bid: guarantee "$15.00 minim.tm ctder "Weacx::ep1
_ v....[);scoyor. or<! COD. _ ' 24hem "'_
·Shipping charge = UPS chart rate +SlJ1J ($3.00minimum charge)
"Hours: 8:30 am- 6:00 pm EST, Monda y · Friday "Mail ord er
CI.1S1Omera, pleue call for shipping estimate on ord ers exceeding
Sibs.

$12.90
(6-up)

$34.50
(4-up)

$9.95
(1-9) (10-Up)

$36.80
(1-3)

$12.50

re:j,?Iss EMINENCE .~"
iiiiiiiliiiiliiii=lnte.rnati.onaliiilrlnc. 1-800-338-0531

340 E. Fim St. Dayton, Otio 4S4OO
LocU 1·513-222-ll173
FAX:513-222-41;«

#290-125

#260-235

12 dBIoctave ro lloff.
800Hz, 5000Hz
cr ossover po ints. 8
ohm. 100 watts RMS.

SPEAKER CONTROL
PANEL

3-WAY100W CROSSOVER WALNUT SPEAKER
CABINET KIT

Panel with SOwatt L-pads
for tweeter and midrange
and built -in LED po wer
meter. 5"x 2 m" 100
watt version available

$14.50
(1-5)

12" POLY WOOFER

#260-210

Super duty, 40 oz. mecnet,
100 watts RMS, 145 watts
max. 4 and 8 ohm compat­
ible (6 ohm) . 2" voice coil .
fs ~25 Hz. OTS ~ .I66,

VAJi~ 10.8 cu ft.
Response: 25-1500 Hz. Net

","eight : 9 lbs . Pioneer
# A3OGU40-51D

18" EMINENCE WOOFER
MADE IN USA

100 oz. magnet, 3" voice
coil . 2SOwatts RMS, 3SO
watts max. 8 ohm, 30 Hz
resonant frequency. 22­
2700 Hz response.1--------------_-------------_------------...-1 Efficien cy: 95 dB IW/IM .
Pape r cone, treated
accordian surround. Net
we ight: 29 lbs .
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SOFTWARE

COMPUTER BOOKS

M.e.
VISA

10 Lot
$85.00
$65.00
$62.00
$62.00
$78.00
5$8.00
5145.00
$85.00
5105.00
son
5295.00
5105.00
Call

--=-------:--.. S? .. .
- - - ---- - - - - - .: '- '

*NEW STARGATE 2000
CABLE CONVERTER

1-$89.00 10-$69.00 100-Call
Last chan nel recal l-Favorite channel select·
75 channel-Channel scan- Manual fine tune-
One yearwarranty ·surge protection-HRC & Stand­
ard switchabl e- and muc h more. ,

CABLE TV
DESCRAMBLERS

JERROLD"" Tri-Bi Modo. $105.00
JERROLD"" SB-3 OR 2 $89.00
HamlinMLD·12(Xl.... .. 599.95
Oak N·12 W/V.5... ...... 599.95
Oak·M -35-B W/V.5...... $99.00
OAK E·l3....... ......... 599.95
Zenith SSAVI............. 5185.00
Eagle PO-3............... $120.00
Scientific M anta. ........ 5129.95
SA·Combo'. ............ . CAlL
Tocorn.................... $350.00
Oak N· 12 WI AUlD....... 5140.00
Jerrold Starcom CSV.. .. 5139.95

INFORMATION(402)554-'0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

$44 ea. (Min. 5)
$40 ea. (Min. 5)
$60 ea. (Min. 5)

INVENTORS! Can you patent and profit from your
idea ? Call AMERICAN INVENTORS CORPORA·
TION for free inform ation . Over a decade of serv ice
1 (800) 338 -5656. In Massachusetts or Canada call
(413) 568-3753 .

FREE software for IBM and compatible computers!
Info $1.00. BLUE CHIP ENGINEERING, Dept. 33,
PO Box 1100, Walnut , CA 91789.

DISCOUNT computer books. All tit les available,
including recent releases. Please call or write for our
latest catalog . BOOKWARE, 147 Campville Road ,
Northfield, CT 06778 . 1 (800) 288-5662.

• Major Makes & Models!
• W ill match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

HAMLIN COMBOS .
OAK ADD/ON . . .. .
OAK M35B

DIGITAL CAR DASHBOARDS

PROJECT CABINETS/
ENCLOSURES

RIGID 1/16 aluminum shell , hardwood trim, contern­
pora ry styli ng. Severa l sizes and sty les available.
$10.99-$26.99 , free brochu res. PYRAMID ELEC­
TRONIC PRODUCTS, 15020 LaGrange Road ,
Suite 2100, Orland Park, IL 60462.

BUILD yourself com plete electronic dashboards.
Inform ation packa\le: $2.00 (refundab le). MODERN
LABS, 2900·F RUisseau, Saint-El izabeth, oc,JOK
2JO, Can ada.

WHOLESALE ad ap tors . RF, video , audio. Why
pay top dollar? Deal with importer. Connectors
too. Free catalog . C&D INTERNATIONAL, PO Box
4333A, L.l.C., NY 11104 .

CIRCLE 53 ON FREE INFORMATION CARD

MARl( V NEW FREE CATALOG g~~~~~~L~8~~8::8800 '423'348 3
. IS NOW A.,AIL A'Lrt IN CALIFORNIA 800·521-MARK

PI rPl PI 1:'. FAX (213) 888·6868

- WE ACCEPT M AJ OR CRE DIT CARDS MONEY O RDE RS AND CH ECKS - BUS INESS & SH OWROOM HOUR S ,PACI FIC TlM EI MO N FRI 9 30 A M 500 PM SAT I oj llt):, M
5 00 P M TERMS s 1000 M IN ORDE R ' $20 MIN CHARG E CA RD O RDER ' WE SHIP UPS GRO UN D ADD 10% OF TOTAL O RD ER ,M IN $3 00, FOR SHIPPI NG o,nSIII ' It".; .\1 II ,
20%(M IN $500, lRANSIT IN SUR ANC E ADD5%OFTOTALIOUTSIDE USA ONLY) CA RESI DEN TS ADD SALES TAX ' ALL M ERC HAN DISc SUBJECT ro PRIOR SALL PHIL C" " ' iF
SUBJECT TO CH ANGE WITHO UT NOT ICE ' WE ARE NOT RESPONSIB LE FO R TYPOGRAPH ICAL ERRORS

MARK V ELECTRONICS, INC. - 80 19 E. Sla uso n Ave.. Montebello. CA 90640

"mrn
:D
C
:>
~

25 .00
35 .00

4 6 .20

150 .00
8 3 .0 0
34.00
15.40
14 .4 0

ASSEM BLED
69 .50
20.76
20 .76
22 .65

ASS EMB LED
43.00
4 8 .00
44.50
52 .00
90 .00

179.00

TY·238

KIT
59 .50
14.55
14 .55
15 .7 5

KIT ASSEMBLED
56.04 574.50
12 .65

9 .22
18 .00
12 .00
15.00
20 .00
24 .15
33 .00
38 .45
19 .46

MI SCELLANEOUS

"'!!iii.

T2

INSTRUMEr."TS

POWER SUP PLIES
DESCRI PTION
D-15 V 2A Reg ula ted DC Pow er Supply .
D-15V 5A Regulated OC PowerSu pply .
D-30V 3A Heq uf ated OC Power Supply ..
Q-SOV 3 A Re gu lated DC Po w er Supply .. .. . . •. . .. . . .

DESCR IPT ION KIT
3 112Multi· Functinal Led D.P.M. .•. .. . .. . .. .. . . . . . . .. . . 34 .50
4 112 Hi-Precision D.P.M. 38 .00
31/2 Mul t i·Func t io nal LCDD. P.M {w/ hold fun ction) 36 .00
4 '/2 HI-P rec ision D.P . M. w/ stndrd c ase 4 1 .20
150 M C Dig it al F req u enc y Counte r 79 .00
1 GHz Freq ue ncy Co un te r .

OESCRIPTIO N
3 Ch an n el Co lor Lig ht Contro ler A A £. * $
Ste reo Lo ud sp eak er Pro tec tor 4 .
FM W ire less Micro phone • .. ..... . . . . . . •. . . . . . . . . . . . .
AC/D C Qua rtz 0I9itai Cloc k ..
So und/To uc h Co ntr o l Sw it c h 4. .
Inf ra red Rem ote Cont rol Un it .
Inf rar ed Remo te Control Un i t .
Bar /Dot Leve l M et e r 4. .
3 112Di gi t al Pan el M ete r'" .
20 Step s Ba r/ Do t Au dio Level Di spl ay .
Superio r E lect ro n ic Ro ulett e .
4 C ha nne l Prof ession al Co lor L ,ght Control ler .
Aud io/Vid eo Surround Sou nd Processor ... 4..* 62.00

EtDaThi~r~~i~~t~~~~~~i~~ft,:ouid·o~~·s~ns~~·*::. .. . .~.~:.~
LCD Th ermometer C lo ck w/ F & C me asurement • .

T1

MO DEL
TR·l00A
TR-355A
TR·3 55B
TR·50 3

MO OEL
SM·43
SM-4 8
SM·4 9
SM·4 8A
SM·l00
FC1000A

MODEL
TY·23 B
TY·2 5
TY-3 5
TY·36
TY·38
TY·41 MK11 1
TY·4 1MKV
TY-42
TY·43
TY·45
TY·47
SM·328
SM·333
SM·666
T·1
T·2

_ TA·3600

A Beginner A A Intermediate A A A Advanced * FUlly Assembled

75.00

49 .37
80 .58
95 .81
58 .24

116.80
9 0 .8 0

41.38
103.00

5 40 .00
16 .58
17 .71
38 .8 1

70 .00

ASSEM BLED

SM·666

A:\l l' L1FIEHS

~~.,~NEW} =-__."'.,...
TA-28 MKIISM-333

MODE L OES CRIP TION KIT
TA·001 1 W Mi ni·Amplifier 5 5 .07
TA·00 6 6W Min i·A mpl if ie r 6.90
TA·007 12W M in i-A mplif ier . t 1. 20
TA·10 St e reo Pre-Amp. w/ magnetic mrc. am p.. . . . . . . . 8 .20
TA-28MK2 Di9 it al Vo ice Rec o rder 30 .00
TA-50AlB Multi·Purpo se Me lo dy Ge ne ra to r A .. . . .. . .. . .. .. .. 11 .84
TA·50C Mu lti -Pu rp o se M el ud y Ge nera to r 12 .65
TA·120M K2 Class " A" M ain Power Mono A m p .4'" 27 .16
TA·300 30W Multi-Purp o se S mg le Cha nne l Amp A . . . 20.00
TA-302 60W St ereo Power Booste r * . 50.00
TA·3 221 50W+50W IC St ereo Amp. wi led level d is p lay ", 35 .50
TA·3 23A HQ 30W + 30 W Ster eo Amp. 29 .50
TA-377A FET Stereo Pre ·Amp 59 .95
TA-400 40 W Sol id State Mono Amp"" 28 .00
TA·477 12 0W Mostet Pow er Mo no Amp.• "" .. .. .. .. .. .. .. 68 .00
TA·800 80W -t 80W DC Pre·Main & Pow er Amp."". .. .. .. 60.92
TA·802 80W+80W OC Ste reo Ma in Powe r Amp."" "" .. .. . 45 .94
TA·820A 60W+ 60W OCL OC Pre· Main Stereo Amp. "" "" . 40.39
TA·1000A 100WCla s s "A" Ma in PowerMonoAmp44 ·. ··. 59.69
TA·1500 l00W x2 Class "A" DC Stereo Pre-MainAmp"" """"73.70
TA·2200 DC FET Super Class " A"' Pre·Amp.. .. .. .. .. .... ... 47 .70
TA·2400A Elec t ro n ic Ec h o & Revelation Amp * 93.30
TA· 25 00 HQ Pre-Amp. w/1 0 band g raphic equalizer•. . .
TA· 2800 Hi-Fi B i·Fet Pre-Am p. w/3 way tone contra ' ...... . 48.90
TA· 3000 Ste reo Si m ul at o r &. .................................. 30.20
TA·36 00 300W HQ Hi·Fi Power Mono Amp. "" . "" .. ..... 79 .00

A indicates the level of difficulty in the assembling of our Products.

@~
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All Jerro ld, Oak, Hamlin, Zenith, Scientific
Atlanta, Magnavox and all specialized cable
equipment available for shipment within 24
hours. For fast service MC / VISA or C.O.D.
telephone orders accepted (800) 648-3030
60 Day Guarantee (Quantity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK­
ENDS. Send self-addressed Stamped enve­
lope (60¢ postage) for Catalog.

TELEPHONE CALL SCREENING
REAL telephone call screening! Protect tele­
phones, Fax, computer, hearing Impaired, day .
sleepers. Eliminate wrong numbers, prank and
sales calls. Plugln unit provides variable ring
cadence signaling. 1hJeunlisted number on any
touchtone private line. Automatic call routing.

'Send $13.95 for com plete theory and con­
struction manual. ELECTRONiC CONTROL
SYSTEMS, R.D. 2 Box 3308, Wernersville, PA
19565. .

to get started with that outstand­
ing graphics language.

I also have a new and free mail er
for you that includes dozens of in­
sider and top secret sources for all
hardware hacking.

As always, this is your column
and you can get technical help and
off-the-wall networking per tha t
Need Help? box. The best calling
times are weekda ys 8-5 in
Mountain Standard Time . R-E

HARDWARE HACKER

i< i< i< i< i< PRESENTING i< i< i< i< i<

CABLE TV
DESCRAMBLERS
i< i< i< i< i< STARRING i< i< i< i< i<

JERROLD, HAMUN, OAK
AND OTHER FAMOUS MANU FACTURERS

• FINESTWARRANTY PROGRAM """'LABlE
• lQlNEST RETNl./'L'iOlESAU: PRICESIN us,
• ORDERSSHIPPEDFROMSTOCKWITHIN24 HOURS

FOR FREE CATALOG O NLY 1-800-345-8927
FO RAU INFORMATION ,-8,8-716-59 J4

continued from page 74

A1012 3/$1 .00

100 /$25 .00

C643 1 $34 .95
C4530 S12.98
C4725 S28.95
C6356 $13.95
C3806 U4.98
C6384 S12.00
C6350 $ 9.00
C6280 S 8.75
C6374 S 6.25
C4743 S12.49
C6268 S14.95
C6394 S 8.00
C6414 S 6.95

C6441 $5.95

Ulfra-t>nllianl ~kar SUPER BRIGHT LED
~::~[ t3a:'\~~<:d . ==C'l~

lilh tninc Boh Strobe Kit (12QVAC)
3 Channel Colo r Orpn Kit (12QVAC)
10Chann~ U&ht Sequenc er Kit (120VAC)
Blttery Opcnted BlackliJht Kit (6VDC)
Wheel of For tunc Kit (9 VDC)
Lop::Probe Kit (5VDC)
Ultruonic Pest Repeller Kit (9VDC )
Buill II' All nn Kit (6V DC)
Jun d e Bird Kit (9VDC)
Elf'ctron ic Intercom Kit (9VDC)
Micro Xenon Tu be Flasher Kit (I .5VDC)
Simullted Lu cr Kit (9VDC)
Billery Tester Kit [Tests 111 Types)(9VDC)

SURFACE MOUNT CHIP COMPONENTS
till 1llm0lS

~
1II ~ III I: m lOVIotOKl.~

C m til III AIIl111!YAlUllJ
51 co 131 COl lIllIlOlOI

1 11 $II III CJlIoCJIOIfi
lliI, II !! 110 III 20/$1.00. 100M00
lOr, w t il lSI IIO lllllllGl

C6430

All of o!:\~:~~~w~tSJ~~f;R~~~~t~~~}£~!:aK:~~ providt
tM battt ry IlIlJ U K (if J uorrd). Kiu t hai opnat t (ro m t 20VAC ih ou ld K built
by knO'WI~<~ubl~ builJn~ on ly ,JUt to AC IoIJ")' ron«rn•.

U~ _.itin H nloOr and d~etron i<: n ,­
cu ilT)' 10 r~1oPOnd t o all I)',," o f ;n(r arN
TV . VCR. ere, r~mou con t ro lln' s and
LE OS b), prod udnr IOUnd and lictll inc
a br icht red U :D . c.r ~'t (or r~~in l: and
",""lrKal ion o( infra~ OUtpu t - wn
wtlat )'o u u n not 1«. Sm allsu,t ; 2. S"
" I .e-, O pff.l rn on 9V ban try (not '--~-+- ...J.
indu<JcoJ l. Kir ~omn wit h all pan. anJ
PC,""", .

But What Do All These Good Ideas Mean?
Lower Prices!

30 Days Money Back Guarantee
We will refund the full Membership
Fee of any new member of Electronic
Buyers Club who within 30 Days
after receiving the M embership
Binder, returns the Binder to EBC
and asks for the cancell ation of
Membership.

1803 N.W, Lincoln Way • Toledo, OR 97391

PHONE (All 50 States & Canada): 1-800-325-0101

FAX: (503) 336-4400 • Hours: 6:00 AM - 6:00 PM PST

~Iectronic
[]3uyers

(Club
A Divi sion of International Components Corporation

12 Months Saving Guarantee
We will refund the fi rst year Membership
Fee of any member who has purchased
$300 or more worth of products from
Electronic Buyers Club and has not
saved an amount greater than the fi rst
year Membership Fee,i f buying the same
items elsewhere.

For the past few months we have been telling you, among other things, that because we ask for a $35 a year Membership Fee
we do not force our customers to subsidize the cost of sending hundreds of thousands of Catalogs every few months to
everyone on our Mailing List, and because our Catalog Isactually a 2-inch three ring binder we don not waste money in sending
the same old stuff to our customers over and over again, Sowhat do all these cost saving ideas mean? Much lower prices than
anywhere else on more than 10,000items of electronic components. The following is a sample listing of some of these low prices:
* 1/4 W alt, 5%, Carbon Film Resistors : $0.77/ 100, $4.76/ 1000 * 1/4 Walt, 1%, Metal Film Res istors: $0.32/10, $1.16/ 100, $8.25/ 1000* 74HCoo, 74HCTOO, 74lSOO Integrated Circuits: $0.18/ 1, $144.00/ 1000 * LM741 O perational Am plifiers : $2.00/ 10, $165.24/ 1000* 78xx Positive Vol tage Regu la tors (T()-220) : $0.38/ 1, $30.80/ 100 * 79xx Negati ve Voltage Regu lators (T()-220): $0.48 / 1, $39.60/ 100* Cambion Low Profile 14-Pin Solder-Tab Sockets: $0.10/1, $73.92/1000 * Panasonic IS-Turn Rectangular Trim Pots: $1.10/ 1, $632.00/1000* Panasonic ECQ-V O.lllF, SOVBypass Capacitors: $0.93/10, $64.53/1000 * Panasonic Dipped Tantalum 10J.lF,25V Capacitors: $5.11/10, $354.67/1000
* Packa ge of SO,3.0" Overall Len gth Wire-Wrap Wire: $0.60/ 1 *.AP Products (Associated Electronics/3M): 20% Off List* IN4oo1 Rect ifie r Diodes : $0.42/ 10, $285 2/ 1000 * IN4148 Switching Diodes: $0.28/ 10, $19.44/ 1000* 2N2222A Transistors: $0.32/1, $22.20/ 100, $185/ 1000 * 2N 3906 Transistors: $7.20/100, $60 .00/ 1000* Howard W. Samsand Hayden Books: 34% Off Co ver Price * Hammond Manufacturing Cases: 20% to 30% Off List

These are not Just a select number of items
that we have chosen as 'Loss Leaders', In
fact we have been selling these items for
the same (or lower) prices for the past 4
years! There are no grouping or volume
purchase requirements to obtain these
prices either! Become a Member today so
you can start saving on all of the more
than 10,000 items that we stock .en
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85Stata__Zip__

Name _

Addrell _

City

Order your 260 page catalog and price lilt with over
14,000 money laving electronic parta and equipment!
Send $3.00 in a check or money order, or call
1-800-643-3568 today and use your Maltercard or Vila.
Censelidated ElectroniCI, Incorporated
706 Watervliet Ave., Dayton, Ohio 45420-2599

DF·3/2
RLTERS

"We Cut Prices To The Bare Essentials"
There Is NO Com etition ANYWHERE !

10%UNDER ANYONE
Quoted or Advertised Prices...Even The whole~le

For ~r~:~~~:I~~:~: (402)331-3228 ~
SALESREGULATED BYFEDERAL & STATE LAW ANYONE IMPLYING TI-lEFT OF

SERVICES WILLBE DENIED PURCHASE.
Cable Nttwork Co. 50785. 108tI15t. Ste. 121,OmIka NE581-:rT
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Jameco®
~

M a il- O r d e r Electronics
- --2 4 Hour Order Hotline-- -­

415-592-8097--

CIRCLE 114 ON FREE INFORMATION CARD

PARTIAL LISTING. OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKI • CALL FOR QUANTITY DISCOUNTS
RAMs ARE SUBJEC T TO FREQUENT PRIC E CHANGES

CD-CMOS

pan No 1·9 10+
DS14 C88N 1.19 1.09
lM1489N 49 .45
DS14 C89N 1.19 1.09
LM1496N 69 .59
lM187I N 1.95 1.75
LM1872N 1.95 1.75
Ul N2003A.......... .79 .69
UlN2004A.......... .79 .69
26 l S29 2.95 2.75
26 LS31.. 1.19 .99
26 LS32 1.19 .99
26lS33 1.75 1.49
Ul N2803A 1.19 .99
LM2901N............ .39 .29
l M2907N 1.29 1.19
LM2917 N (8 pin) 1.75 1.49
MC3470P 1.29 1.19
MC34 79P 3.95 3.75
MC3486P 1.29 1.19
MC3487P 1.29 1.19
LM3900 N............ .49 .45
LM39 05N 1.29 1.19
LM3909N ............ .89 .79
LM3914N 1.95 1.75
NE5532 .89 .79
NE5534 .89 .79
7805 K 1.29 1.19
7812 K 1.29 1.19
78 15K 1.29 1.19
7805T.. . .49 .45
78 12T ,49 .45
78 15T.. .49 .45
78l 08 ..... ............ .35 .29
7905K 1.49 1.25
7905T 55 .49
75113 1.39 1.19
751 50 1.29 1.19
75154 1.29 1.19
75 174 2.95 2.75
75175 2.95 2.75
75176 2.25 1.95
754 5 1 .45 .39
7545 2 ................. .45 .39
75492 ............... .. .89 .79
MC1454 06P ...... . 2.95 2.75

part No Ptl ce
74HC I75 59
74HC221 .............. '" .89
74HC240 69
74HC244 79
74HC245 79
74HC253 .49
74HC259 49
74HC273 49
74HGJ73 69
74HGJ74 .69
74HC595 1.29
74HC688 1.49
74HC943 6.95
74HC4040 .79
74HC4049 .29
74 HC405O 29
74HC4060 . .69
74HC4511 99
74HC4514 1.79
74HC4538 .... ............. 1.19
74HC4543 1.19

74HCTI3 9 .39
74HCT157 29
74HCT174 29
74HCT175 ........... .. .29
74HCT240 69
74HCT244 49
74HCT2 45 .49
74HCT373 .. .49
74HC T374 39 ~

74HCTOO 17
74HCT02 .17
74HCT04 19
74HGT08 17
74HCT14 29
74HCT32 19
74HGT74 29
74HCT86 25
74HGT138 39

pan NQ Prtct
74 HGoo 19
74HC02 ......... . .19
74 HG04 ........... .19
74HC08 .. 19
74HC10 ........... .. .19
74HC14 29
74HGJ O 25
74HC32 25
74HG74 29
7.HC75 35
74HG76 35
74HC85 55
74HC86 29
74HGI23 59
74 HG125...... .49
74HG132 .49
74HG138.......... .45
74HGI39 39
74 HGl54 1.49
74 HGI 63 39
74 HGI 74 59

part No 1-9 lOt
Tl071 CP 69 .59
Tl072CP .79 .69
Tl074CN .99 .89
Tl081CP 59 .49
Tl082CP .59 .49
Tl084CN .99 .89
l M30lN .45 .39
lM 30BN .65 .59
lM 309K 1.49 1.25
lM31 0N 1.49 1.25
lM3 11N ......... .49 .39
l M317T .. 69 .59
l M318N 1.09 .99
lM31 9N 1.29 1.19
lM 323K 3.49 3.25
l M324N 39 .35
l M3352 1.49 1.25
lM336Z 1.09 .99
lM 337T 1.29 1.09
lM 338K 4.49 4.25
lM 339N .49 .39
l F34lN 1.49 1.25
l M348N .69 .59
l F351N .49 .39
lF353N .59 .49
lF356N .89 .79
lF35lN 99 .89
l M35BN .59 .49
l M380N .89 .79
l M3852 1.2 1.75 1.49
lM386N·3 89 .79
lM3 93N .45 .39
lF39BN 1.95 1.75
lF411CN .79 .69
lF412CN 1.29 1.19
NE555V ..... .35 .29
XRl 555 75 .65
lM 556N .49 .39
l M565N 99 .89
lM 566GN 1.29 1.19
lM 567V 75 .65
LM723CN .49 .39
lM741 CN .35 .29
lM747CN .59 .49
lM1 458N 39 .35
l M1488N 49 .45

74HCT-CMOSTTL

SWITCHES
JMT123 SPOT,On ·Qn 1.25 1206.8 SPST. 16pt nO IP 1.19
MPC121 SPOT.Qn.OI.Q11.25 MS1 0 2 s PST.l.AOl'nentary .3 9

D·SUBCONNECTORS
D825P Male, 25·pm .69 I D8258 Female, 25-pin .75

LEDS
XC209R j t . Rod 151 XC556G T1 " ~ , Green 17
XC556R TP'~ , Red _. .13 1 XC556Y T 1 ).~ , Yellow 17

IC SOCKETS
Low Profile Wire Wrap (Golen l evel '2

8lP............... .11 8WW 49
14l P 12 14WW 65
16l P 13 16WW.............. ......... .69
24lP........... .21 24WW 1.19
28lP.. ........... .23 28WW 1.39
40lP.............. ................ .29 40WW 1.89
SoIdeNI Stllnd.rd (Gold & Tin ) & He8iCMfPlug Socbls Also Avallllbl.

TANTALUM CAPACITORS
TM.I . 1 ~ 1 @ 35V...... .,9ITM4.7 4.7~1 @35V... .45

i~~.2 ~~urJ53~ii: : : : :~~ i~~~ ~o8~1:3
35s:.

::: :~~
POTENTIOMETERS

Values available (insert ohms into space marked MXXM) :
500n, lK, 2K, 5K, 10K, 20K, 50K. lOOK, aoox. I MEG

43P XX 3J4 Watt.15Turn .99 163PXX 112Watt, H um .89

TRANSISTORS AND DIODES
PN22 22 . 13·fpN2907 . . ' ~ I-'N4004 10
2N2222A .. . 29 2N4401 15 I N4148 07
2N3055 .. 69 l N270 .. .. . 25 IN 4735 25
2N3904 .. 12 1N751 15 Cl06BI 49

74HC HI-SPEED CMOS

LINEAR

MISC. COMPONENTS

74C17 .39
74C175 39
74C192 99
74C194 49
74C221.. 1.79
74C240 99
74C2 1.49
74C373 1.49
74C374 _ 1.49
74C1l1L.. 5.95
74C1l12 7.95
74C1l15 1.19
74C1l17..._ 3.95
74C1l2O 3 95
74C1l2L. 3.95
74C1l22 3.95
74C923 395
74C925 95
74C1l26 5.95

8000 Sl:RIES C ontinued
plnNo Prtce
8286 2.29
8741 9.49
8742 14.95
8748 125V) 7.95
8748H (HMOS)(21V) 9.95
8749 9.95
875 1H 13.5·12MHz) 34.95
8755 13.95
80286-10 (IOMHz)lCC 29.95
80287 ·3 (SMHz) I09 .95
80287 ·818MHz) 209.95

~~:lg~~.~~) : : ::~~~~
80387 ·16 (16MHz) 349.95
80387 ·20 12OMHz) 399.95
80387 ·25 (25MHz) 499 .95
82284IBMHz) 5.49
82288 IBMHz) 6.95

DATAACaulSrTlON
ADC0804lCN 3.25
ADC080BCCN 5.49
ADC0809CCN 3.75
ADCl 205CCJ ·l 19.95
DAC0808lCN 1.49
Ay ·3·1015D 4.95
Ay ·5·10 13A 2.95

part No Pdq
6402 3.75
6502 2.19
6502A 2.59
65C02 (CMOS) 6.95
6520 1.59
6522 2.95
65C22 4.25
6532 4.95
655 1 2.69
65C802 (CMOS) 15.95
6800 .. .. 1.75
6802 2.95
6808 2.49
6810 1.25
6820 2.75
682 1 . . 1.75
68B21 2.25
6840 3.49
6845 .. . 2.75
6850 1.75
6852 .75
MC68000LB 9.95
MC68000l1 o 11.95
MC68008P8 8,49
MC680 10110 19.95
MC6802ORC12B 59 .95
MC68450110 29 .95
MC68701 . ....19.95
MC88705P3 S 15.95
MC68705U3S 17.95
MC6B881RC16A 129.95
MC6B88IR C2OA 159.95

Commodore
WDI770 8.95
S 13052P 99
6504A 1.19
6510 14.95
6526 13.95
6526A 14.95
6545·1 3.95
6560 .. 6.95
6567 24.95
6572 6.95
6581 (12V) 12.95
8502 7.95
8564 2.95
8566 6.95
8701 9.95
8722 8.95

·82S 100PLA· · 15.95
3 10654·05....... 9.95
325572·0 1.. 17.95
901225·01 15.95
901226·01.. .... .... 15.95
901227·02 4.95
901227·03 15.95
901229·0 5 15.95
901460 ·03 1.95
901486·06 2.95

"No specs available
""'Ie :82StOOPlA . UI7(C·54)

74C/CMOS
74C00 25
74C02 25
74C04 25
74C08 25
74Cl0 19
74C14 .49
74C32 45
74C74... _ .49
74C85_ 129
74CB6 _.. .29
74C89- 295
74C90 99
74C151 1.75
74C164 2.95
74C157 1.49
74C160 49
74C161.. '9
74C162 ,49
74C173 49

6500/6800
68000 Seriesprice

8000 Sl:RlES Contin ued
partNg pr1ce
8155·2 3.75
81C5 5 25
8205 9.95
82C l , 6.95
8212 1.99
8216 1.39
8224 1..9
8228 1.49
8237 ·5 .4.25
8243 1.95
825OA 95
8250 B (Fo<IBM) 5.95
825 IA 1.95
B253 1.89
8253 ·5 1.95
82C53 ·5 3.95
8254 4.95
8255A·5 2.95
82C55,6,·5 49
8256 11.95
8259 ·5 2.25
8272 3.49
8274.... .. 4.75
8279·5 2.95
8282 2.95
8284A l .95

120", 5.95
150ns 5.49
150'" ("'M529ON·2)... .. 1.09
150", (Poggyback) 4.49
lOOns ....................... ... .. 2.75
120"' 2.39
15Ons 2.15
6Ons 6.95
80ns 5.75
100ns 3.95
120ns.................. .. 3.69
150"' _ 3.25
120nsVideoRAM 10.95
eOns 5.95
120ns... .. 4,49
150ns 4.25
lOOns StateColumn 8.95
80ns 11 Meg) 13.95
l OOns ll 'll ) 12 95
l OOns II Megl ......... . _ 14.• 9
100ns StallC Column 26.95

120ns..._.~._•..•.••.•••.•..._...•...••..•••._•••_2.95
35On5..•••..•..•••.••..•••••..•••..••.•••.••.•.....•..•..89
o45Ons-"OS........... . _ 2.49
450"'......................... .. 99
200nsLowPower •......• ................... 1..(9
200ns (CMOS) 9
450", (CMOS)................ ... 1.95
100", (16K) CMOS ..... .. 3.19
150ns (16K) CMOS 2.79
l OO ns (16K) lP CMOS 3.59
150", 1' 6K] lP CMOS 3.09
100", (54K) C"'OS 6.75
ISO", (6' K]CMOS _ 6.29
100", (54K)l P C OS 6.95
120", (54K)lP CMOS 6.75
150ns (6'K] l P CMOS 6.• 9
3SO"'CMOS 3.25
lOOns (256K) LowPower.••..•••••.••..•10.95
lSOns1256K]low Power 9.95
100", 1256K) lP CMOS 11.95
120", 1256K) lP CMOS 11.25
l SOns 1256K) l P CMOS 10.95

'SOns125V) _ _ - . ' .95
'SOns125V) _..5.95
4SOns (12.5V) 52 5
'SOns(25V) _ _ 6.95
450ns(·5V. +5V. +12V) 6.49
2K (I~s) 4.25
450ns 6.95
' 50ns (25V) 3.49
350ns 125V) 3.95
450", 125V)CMOS. .. 25
450ns 125V) 3.95
200"' 12IV) 3.95
4SO",125V)CMOS _ ' .25
250"' 12IV) _ 3.95
200", (12.5V) _ ' .19
250", (I2.5V) 3.'9
150", (12.5V)CMOS ' 95
200", (21V) 5.95
2SO"' 121V) 525
' 50", (12.5V) 6.95
2OO",(12.5V) 47 5
2SO",(2IV) CMOS 5.95
150", (12.5V) 8.49
200ns{12.5V) 5.49
2SOns (12.5V) 95
ISO",(12.5V) CMOS 7 25
2SOns (12.5V) C OS 5.'9
2SOns (12.5V) _ 725
ISOns(12.5V)CMOS 9.95
250", 1' 2.5V)CMOS _ 7.' 9
1SOns (12.5V)CMOS(1Meg) __ 199 5
54K'5 00s 125V) ICh,p EnallI. ) 14.95
54K350ns 125V) IOJIPUI Enalje) 1595

STATIC RAMS

2048x8
1024x1
256"
1024x4
102·414
102-4x4
25614
2048, 8
2048,8
2048,8
2048x8
8192x8
8192x8
8192x8
8192>8
8t92x8
102·414
32,768x8
32,768x8
32.768,8
32.768x8
32.768,8

Func tion

16,3~x4

16,384x"
16,384.'
131,072x1
65.536x 1
65,536x l
65.536.'
262.1.....1
262.14·h1
262,1«.'
262.14411
262.1«. 1
64Kx4
65,536x4
65,536x4
65.53614
262,144. '
' ,048.576"
1 ,~8.576xl

262.1«.4
262.14-b4

EPROMS

EEPROMS

2048x8
4096x8
4096x8
8192..8
2048,8
256..8
1024x8
2048,8
2048x8
2048x8
4096..8
4096,8
4096x8
8192..8
8192x8
8192..8
8192..8
16.384x8
16.384x8
16.384..8
16.384..8
16.384..8
32.768..8
32,768..8
32.768,8
32.768..8
32,768..8
65.536x8
65,536x8
65.536><8
131.072>8
8192..8
8192x8

DYNAMIC RAMS

T S2516
T S2532
TMS2532A
T S256'
T S2716
1702A
270B
2716
2716·1
27C16
2732
2732A·20
27C32
275425
2754A·20
2754A·25
27C6. ·15
27128·20
27128-25
271281. ·15
27128A2O
27C'28·25
27256·15
2725620
2725625
27C256·15
27C256·25
2751225
27C512·15
27C512·25
27C010·15
68754
68766 35

2016·12
2102
2112
2114N
211' N·2l
21C"
5101
6116p·1
6116p·3
6116l P·l
6116lp·3
6254p·IO
6254p·15
6254LP·l0
6254l P·12
6254lp·15
651,(
43256·10l
43256·15l
62256l P·IO
62256lP· 12
62256lP·15

PlrtNo

T"'S4ol16·12
TMS4ol1 6·15
4116·15
4128-15
4154·100
4164·120
4164·150
41256·60
41256·80
41256·100
41256-120
41256·1SO
412&4·12
41'54·80
41464·12
414&4·15
51258·10
511000P·80
511000P·IO
5142S6p·l 0
514258·10

MICROPROCESSOR COMPONENTS

2816A·25 2046x8 250ns (9V·15V) 5V ReadJWr1te ...... 5.49
2817A 2048x8 350ns 5V ReadIWrl te.......... ...•. 6.95
2864A 8192x8 25On5 5V ReadlWrlte (P,n 1. Nof\.'Bl 10.95
2865A 8192x8 25On5 SV ReadIWrlte 10.95

zeo, 2llOA,ZllOII . SEAlES
PartNo Pd ce

Z80 1.25
ZSOA 1.29
ZSOA·CTC 1.65
ZSOA·DART ' .95
Z80A·PIO 1.89
Z80A·S IOIO .. . 3 .95
Z80B 2.75
Z80B·CTC 3.95
ZSOB·PIO 3.95
Z8400HBl CPu·IlMHz 3.95

BOOOSERIES
803 1 3.95
8OC31 8.95
8035 1.25
8039 1.59
8052AHBASIC 24.95
BOBOA 1.95
8085,6, 1.95
8085A·2 3.59
8086 3.95

ggg~·\11:it1HZi: : : : :1~~:~~
8087·2 (BMHz) 129.95
8088 ISMHz) ' .95
8088·2 (8MHz) 6.95
8155 2.'9

29
.39
.35
.49
.55
.35

2.15
.39
.35
.49
.19
.29
.39
.39

1.89
1.25
.29

125
.59
.49
.49
.69

.49 .39

.49 .39

.49 .39
1.29 1.19
.45 .35
.49 .39
.49 .39
.59 .' 9
.75 .65
.89 .79
.' 5 .35
.39 .29
.39 .29
.59 .49
.69 .59
.69 .59
.69 .59
.69 .59
.59 .49
.59 .49
.59 .49
.79 .69
.49 .39
.99 .89
.89 .79
.49 .39
.49 .39
.79 .69
.79 .69
.89 .79

1.29 1.19
5.955.85
2.39 2.29

745 188' 1.49
74S 189 .... .. 1.49
745240 1.39
74S244 .......................... .99
7452 87' 1,49
7452 88 · 1,49
7453 73 ......................... .99
7453 74......................... .99
7.5387' ...... .. 1.29
7454 12· 2.95
7. S571· 2.49

Part No 1-9 lO t

7.7. .................... .39
7.75.................... .. 9
7.76.................... .45
7.83.................... .59
7'85. .65
7. 86.................... .45
7.89 2.25
7.90.................... .49
7.93........... .45
7495..... .59
74107 .29
74121.. .39
74123 ........ .49
74125 .... .. .49
74147 .. 1.99
74150 ... 1.35
74151.................. .39
74154 1.35
7416 1.................. .69
7. , 7. ............... .59
74175 .................. .59
7"93. .79

.19 CD405 1...... .59

.19 CD4052 . .59

.19 CD405 3... .59

.19 CD4060 65

.25 CD406 6 .29

.29 CD406 9 ..... .25

:~~ gg:g~~: : : : : : :: : : : : : : : : :~~
::~ CD40n 19
.59 CD4073 19
.49 CD408L. 19
.45 CD4093 35
.35 CD409 4........ .89

:~ gg:~n.: : : : . :: · . : : : : : :: : : :;~
.35 CD4518. .75
.65 CD4520................ .. .69
.49 CD4522 75
.59 CD4528 69
.65 CD453 8 79
.65 CD4543 79
.29 CD4584 .49
.29 CD4585 69

74LS

7400

.29 .19

.29 .19

.29 .19

.35 .25

.39 .29

.39 .29

.35 .25

.29 .19

.35 .25

..9 .39

.35 .25

.35 .25

.29 .19

.29 .19

.29 .19

.39 .29

.39 .29

.' 9 .39

.75 .65

.89 .79

.89 .79

.39 .29

1-9 10+

.26 .16 74LS139 .

.28 .18 74LS151.

.28 .18 74LSI53 .. .......

.28 .18 74LSI54 ..

.28 .18 7'LSI57 ..

.59 .49 74LSI61.. .

.59 .49 74LSI 63 ..

.28 .18 74LSI 64 ..

.28 .18 7'LSI 65 .

.26 .16 7. LSI 66 .

.29 .19 7. LSI 73-. .

.49 .39 74LS17 .

.28 .I B 7.LSI75 ..

.29 .19 74LSI 91... .

.35 .25 74LS192 ..

.28 .18 74LS193 ..

.28 .18 74LS194 ..

.35 .25 74LS221..

.49 .39 74LS240 ..

.85 .75 74LS241 .

.39 .29 74LS244 ..

.35 .25 74LS245 .

.39 .29 74LS257 .

.39 .29 74LS259 .

.55 ..5 7. LS273 .

.55 .45 7.LS279 ..

.29 .19 74LS36 7 .

.49 .39 74LS373 .

..9 .39 74LS374 ..

.49 .39 7'LS393 ..

.49 .39 7.LS541.. .

.49 .39 74LS590 .

.49 .39 74LS6B8 ..

74S/PROMS'

CD400L. .
CD400 2 .
CD4007 .
CD4011 .
CD40 12 .
CD4013 .
CD4015 .
CD40 16 .
CD4017 .
CD4018 .
CD4020 .
CD4021 .
CD402 4 .
CD4027 .
CD4028 .
CD4029 .
CD4030 .
CD404 0 .
CD404 2 .
CD4043 .
CD40 46 .
CD404 7 .
CD4049 ........ . .•...... .... ...
CD4050 ..

74500 .. .25
74504.. .25
74532.. ... .... .25
74574 .......... .25
7.S112 ........ ... ...... .25
745 12.......... 1.25
745 138 ................... .49
745153 ................ .29
745 163 ................ .75
745 174................ .29
7. S175... .39

7400 ..
7402 ..
7404 .
7405 .
7406 .
7407 ..
7408 ..
7410 .
7411 ..
7414... .
7416 .
7417 .
7420 ... .. .
7427 .
7430 .
7432 ..
7438 ..
7 2 .
7 5 ..
7"'5 .
7 7 ..
7.73. ..

7. l5OO ..
7. lS02 .
7.lS03 .
7. lS04 .
7.lS05.
7. lS06 .
7.lS07 ..
7. lS08 ..
7.LS09 ..
7. l S I0 ..
7.lS1 1.. .
7.lS14... .
7' LS20 ..
7.l521... ..
7. LS27 .
7.LS30 .
7.l532 .
74LS3B .
7' l542 ..
74lS47 ..
74l S73 .
74LS74 ..
7'lS75 ..
7. lS76 ..
7. lS83 ..
7.lS85 ..
7.lS86 .
7.LS 90 ..
7.LS 93 .
7.lS123 ..
7.LS I25 ..
74lS132 ..
7.lS138 ..

SIP & SIMM MODULES

NEC V20 & V30 CHIPS
Rep lace the 8086 or 8088 In Your IBM PC an d

part No Inc rease lis Spee d by up 10 30% pr ice

UP070 10 8·5 (5 MHz) V20 Ch ip 5.25
UP070 10 8· 8 (8 MHz) V20 Chip 6.95
UP070108· 10 (10MHz) V20 Chip 10 .95
UP070116·8 (8 MHz) V3 0 Chlp 7 .9 5
UP07011 6·10 (10MH z) V30 Ch ip 13 .49

Pin No

Pl rt Ng Fun ction pr ice
5.2KIT' IB... PS/2 100", 256K, 9 51 11(2 .acI1) 119.95
2MEGKIT' 18'" PS/2 100", I...EG, 9 SI 12.ach) 69 95
41256A9A·l0 262.''''>9 loons256K , 9 SIP (Has l . ads) ' 9 95
41256A9B·80 262,144x9 SOns 256Kx9 SIMM .. .. ...•.•••...•64.95
42' 000ASB·l0 1.043.576' 8 loons ''''EG, 8 SI I54.95
' 21000A9A·80 1.048.576' 9 80", , ...EG, 9 SIP(Has l . ads) 16995
.2. 000A9B·80 1.043.576,9 80", ''''EG, 9 SI 16995

'Upgrade 10< Models 30. SOZ and60
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Novv Avaiiable.••.Jarneco.,s NEW
1990 Catalog vvith 80 pages of

Computer Peripherals., Components & More!

M9070S

SPECIALS

XY999

...-.,.. .

. ~--- --
• Erases all EPROM's ' Erases 1 chip in 15
Min. and 8 chips in 21 min. • Maintains
constant expesure distance of 1" • Special
conductive foam liner eliminates static build·
up • Built·in safetY lock ' UV intensity: 6800
UW/CM'

DE4 $69.95

UVP
EPROM
Eraser

JE1061 DMS200S

DMS200S Mouse w'D"er& Glaph Slwr. & Pad $49.95
JE1045 Hard r.skJPoppy Controller(ATj $129.95
JE1061 RS232 ha"card (XTj $24.95
JE1079A ","ItiL'O& 360 Kb ContlOi1er (XTj $59.95
JEl198 Uoversal Printer Stand $7.95
JE2010 Vertical Case wf250W Power Supply•. $249.95
SCAN200 Log~ech 200DPIScanner $159.95
SMGC Monochro me Graphics Card $34.95
2012WR t.l ni V,rt~~ Case wf200WSupply $129.95

Hard & Hard/Floppy Disk Controller Cards
MFMHud RLL Hu d MFMHanlJFloppy RLLHard/Floppy

computer Type Pert No.1 Price Part No./ Price Part No. I Price Part NO. 1Price

808a(PCIXT)@ 3:1101,rteove XTGEto179.95 1~7J<.189 .95 JE11lWS109.95

80286(AT}'386@ 2:1In_ ava l003VloI loI l /$129.95 l003VSR1/$1.9.95 l 003V101 Io121$149.95 l 003VSA2I$I69.95

80286(AT}'386 @1:1 Inln", l006VIolIolI/$149.95 l006VSRI/$169.95 l006V101Io121$169.95 l006VSA2I$I89.95

60 Watt Digital Display Soldering Station • Electronic temperature control from 200' to 878' F
• Temperature displayed on easy to read .560"H 3·digit LED readout · Nichrome heating element

XY960 $99.95
60 Watt Analog Display Soldering Station • Electronic temperature control from 200' to 878'F
• Cartridge heating element for a longer life of the soldering tip

XY1683 $59.95
60 Watt Analog Display Soldering Station ' Electronic temperature control from 200' to 878'F
• Ceramic heating element for a steady temperature and long life

XY2660 $89.95
30 Watt Electronic Temperature Controlled Desoldering Station ' Electronic temperature control
from 212' to 842'F • Self·contained high rotary vacuum pump

XY999 $279.95

Soldering and
Desoldering
Stations

• Programsall current EPROMs in the 2716 to
27512 range plus the X2864 EEPROM· May
be operated by any RS232 pert w"erminal
emulation · Fully intelligent · ASCII command
driven ' Menu driven software included

EPP $179.95

A.R.T.
EPROM
Programmer

WM2

Display Monitors and Packages
_ AMBER _ 12: Amber.,Monochrome $99.95

HD55H 14" RGB 640 x 240 $249.95
M9070S 16" Multiscan Monitor 1280 x 800 $1099.95
TM5154 14" EGA 720 x 350 $369.95
JE1059 TM5154 EGA Monitor & EGA Card $459.95
TM5156 14" VGA 720 x 480 $399.95
JE2060 TM5156 VGA Monitor & VGA Card $529.95
TM5157 14" Multiscan 800 x 600 $4 69.95
JE2057 TM5157 Multiscan Monitor & EGA Card $559.95

MPF1 1 Pictu red

JE2017
54·Key StandardAT Style
Layout $59.95
101·Key Enhanced Layout
wilh 12FunctionKeys.. ... $69.95
111-Key Enhanced with Solar
PoweredCalculator........ $79.95
104-Key Enhanced with Trackball
(MicrosonCompatible).... $99 .95

Prototype
Design Stations

FIp-Ttll_ POXT case $39.95
S>leSlandall POXT case $39.95
S>leBaly AT Case ,••$59.95
t5ll_POXT -&.WY $59.95
1OO_BalyAT_&.WY $89.95
Vri:alcasewOOJW Pwr.&.WY $279.95
Mri-Vri:al Casewl21XIN Pwr.&.WY $149.95
Flp-Ttll Baly XTT<aboCase $69.95
Flp-TtllBaby AT Case $69.95

Jameco IBM PC/XT/AT
Compatible Keyboards

......

Sony
MPF11 3.5"720Kb lntemat Drive.... $69.95
SMK 5.25' InstallationKitw/Faceptate ..$14.95

Toshiba
356KU 3.5' 1.44Mb100emai Dnve $109.95

TEAC
FD55B 5.25" 360Kb Half HI. $99.95
FD55G 5.25" 1.2Mb HallHI. $119. 95

Jameco
JE1020 5.25" 360Kb Half HI.Black$89.95
JE1021 5.25" 360Kb Hall HI. Gray $89.95
JE1022 5.2S" 1.2Mb Half HI. Gray $99.95

3.5" and 5.25"
Floppy
Disk Drives

JE2015

JE1016

JE2016

JE2017

JE1010
JE1011
JE1 018
JE1030
JE1032
JE2011
JE2012
JE2014
JE2019

WM1 & WM2 Features: • Removable solderless bread­
board • Variable and fixed DC power supply • Multi·
frequency signal generator ' Analog multimeter • 8 bicol­
or LEDs (red & green) • 8 logic switches ' Logic probe
• Lighted power switch • Fuse overload protected
• Sturdy ruggedized case

WMl Special Features: • 4 pofentiometers • Built- in
speaker

WM2 Special Features: • Pulse Generator • Binary
coded decimal (BCD) to 7·segment decoder/driver ' DB25
connector ' Frequency counter (1Hz to 1MHz)

WM1 Analog Prototype Station •••• $199.95
WM2 Digital Prototype Station ••••• $249.95

IBM
__COmpatible_~E201 2__

Cases and
Power Supplies

400 $4.95
830 $6.95

1.360 $12.95
1,660 $17.95
2,390 $22.95
3,220 $32.95

Conlact Bindi ng
point' po!I , prlcQ

Dim.
L" xW"

40MHz Oscilloscope
Probe •••••••••••••• $19.95
1OOMHzOscilloscope
Probe $29.95

3.25 X2.125
6.5 X2.125
6.5 X3.125
6.5X4.25

6.875 X5.75
7.25x7.5

PROTOTYPING PRODUCTS
JamecoSolderless Breadboards

F180

F210

JE21
JE23
JE24
JE25
JE26
JE27

lscilloscope Probes
Attenuation: xl / xl0 I
Capacitance ~
.F180): 180pF e
22 F; (LF210):
op~ / 17pF ~ -~_ .~

Part
No

,:".~n",. _ ~ ".,: \",1,__\
~,

GS7020
Large 6" rectangular display ' High
ensitivity:-lIii"n IV - -- -

;87020 Oscilloscope.......$399.95
Wide measuring range' Measured
alue hold function

'C7102 FrequencyCounter $299.95

1600E

vrometneus 9600 Baud
iIIodem

l200B
!400 B

TEST EQUIPMENT
10ldStar 20MHz Oscilloscope
and 1GHz Fre uency Counter

Metex Digital Multlmeters
l/etex General specs:
Handheld, high accuracy
AC/DC Voltage,AC/DC

)urrent, Resistance, Diodes,
; ontinuity . Tran sistor hFE
. Manua l ranging w/overload
xctecticn rM4650
\/3650, 36508 & M4650 only:
,Also measure frequency and capacitance
\/4650 only: • DataHold Switch ' 4.5 Digit

~361 0 3.5DigitMultimeter $49.95
~3650 3.5 Olgit MultimeterwlFrequency &

Capachance $69.95
~3650B Same asM3650 wl8argraph $79.95
~4650 4.5DigitwlFrequency,Capacitanceand

Oata Hoi:! S",tch $99.95

'TI
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PJl4.J~J7 1'1I5 121

"'..... U '115133
'"4'" 10 ""5134
' " 49115 J6 '115135
~4911 J6

2li ""5136
21 ""Sill
26 ""SI 3'
35 MI4L

5% CA RBO N FILM RESISTORS
Au iletM .., 111.1 '4' 112 Weft

p~

No . DeKrip t 'or!

1"14001 5QPIV
1~100 PIV
1N.mJ 200PIV
lN4004 400 PlY
I N-4005(OJPlV
1~800PlV

lN4CQ1100QPIV

I"tt g . 1

0041 ­
0041 ­
0041 ­
00 41 ­
0041 _
OQ41 _
0 041 -

101000 1.000
10 50049 00
.15 6 00 52 !1O
80 640 5600
85 680 59 50
88 1 00 6125
98 1 80 68 2S

1.08 860 ni lS

.14
14

.16
22

"aa
".75
87

1.19
' .02
2,31

5% M ETAL OXIDE FILM RESISTORS
A...II...,. . In 1 • 2 W.ft

1'4'566 0021150 1,(6
1'4551 003J 15O lC6
P4558 0039/50 1.05
1'4559 0041150 105
p.(5OO 00!56!!50 1 (6
P4561 0068 '50 1.05
~5Q-l..OS

PANASONIC"' B SERIES
Pot y..t.~ Capacitors

PANASONI~ V SERI ES
St.eeked M. tarozed FlInt c.p.clton

;~!il.~~' '"';0. ~~ g.~:~ ;.~
1'4513 0 0l / !IO 1.23 P4SJ7 10l fQ U2
P4S14 0 ,012/50 1.2fi P4113 0011100 1 81
NS 15 0 015 ,!IO 1.28 1'4114 0012/ 100 1 38
f~~--.l.J2 P4115 0.01SI100 1,81
P4511 0.022150 1 35 P4116 0.0181100 1 11
P4518 O.021I!1O 138 1!..4ZJ..Z........OJoo.........La5
1'4519 O.033:!IO 1 41 P4718 0.0211100 1.89
P452\) O.039 '!IO 1..... P4119 0.033'100 1.93
~4~----l.!1 1'4120 0.039/ 100 1.96
P4522 O.055 ,!IO 1.54 P412 1 0041 1100 203
P4523 0 ,068/51) 1.63 ~722.-Q.Q56L1 ll:)---.2.1O
P' !l24 0082f!50 1.13 1'4123 0068 /100 223
P4525 O.l /!IO 1.69 P4124 0.082J100 225
~526 012/fQ '.Be P025 0.1/100 2.30
P4521 0. 15/50 1,95 P4126 0.12/100 2.57
P4528 0.18150 201 WZl 0151100 265
P4529 0 ,22/50 2.10 P4128 0 181100 2.15
N S30 0.27/ 50 2.45 P4129 0 22/100 2,94
~~~ P4130021/100 334

1'4532 0.39/50 3.10 P4131 0.33 /100 3 81
P4SJ) 041/50 3.451'4132 0.331100 422
1'4534 O!>6/!IO 414 1'1733 0 411100 471

..
. 14
20
21
23
26

"53
EO
97

1.14
'48

P62s9' .1i
P6260' .13
f'6261' 13
P626,2 ' 14
P6263' .14
Pe264' .16
..,.,. 22
..,.,. 23
F'6261' 24
P6268' .38
..,.,. 53
PQ]O' n
P6211" 90
P6272' 1.34
P62J3" 2.38

""93,..,..
""95""96P6191
""96

..,..
P62lt9
P6290
...",
P0292
P6293
".".
P6295
P6295
1'6297
P6298
P6299
P6300

21
.26
.29
35.,
.es...
.70
.79
95

1.38
'.53
303

P6371
P6372
P6373
P637'
P6375
P6376
P6377
P6378
P6379
P6380
P6J8'
P6382
P6383

~~In:g , _ 10_J~. ~~flOO

5 W, t! $~1008Q....1&29

1Q..'f{m 4 1 318 3.L!!Q.....!1!..OO--..ill..QP
5 W.tt Meu.! RHiator A.~...b

RSlD55 u c:hOl v';luH o .m -ioo .9 1l2 ~
-1.m...lsl:l!!...R~"! __
AS20S 4 Nth of velues1 .OQ109 .1Q. • • • . Ul.Jll

RS3os~h~"'OO~t~o~"~O-.-~.1Ull
~...,lg11!.JMgJL.....- _
RS«lI5 4 uch of ...,1u ... 10X'102.0I:.Q . . n l .Jll
------------.L2!!SJ9!~J)!!C!S'-! _

lOWettRe"tor~.

AllO~-2 Nch of . A10 ....,t! Sl, nd.a,d ' HIS'O' MI:.
"'''''IS hll ed WI tt\e Dogi·I(ay Cltalog

KowTo 0r6e0- : T,ke " '1y stand ..-d reS<Jtor ...aluI h.e
1.51:.1..nd,dd , ' W l " 'or 1 W' lI. 0< add ' "m·· fOt2
watt h.l . 1,SKWI for 1.5KQ 1 ......tt} , th 's i$ the Olgi
Key part num ber

How To Order. h k" ny&l,nd.a rd rltMl or ...... h'
32J and Idd , n " E"" for 118 wen or , " 0 -' IOf1/4watl
0 ' ''' " H- '0< 1/2 W'll 10, . 3 2Q lor 3 20 1/4w,lII .
thJslli tt>.. O"jlII:. !!~ fN'Tl~ _
Pric_~ _ 5 _ :oa _ l..~
UJ..!Y,U :;'L..L40_15 QQ.~

lL!..Wm ~_3.'!LV.w_
U~W.U- ~~-.J~JlO_

1/. W. tt R. ,-tor AseoJ1ments
AS1; { Set oI 5 Nc h ol tt\e 7:JIII N1.rd S.,(; ---....

1/8 wall c:arbon f~m ret!t$IOfS '" the
_IetI 1.0. 1 2. 1.5. 1.8. 2.2. erc.,
th 'ough 1 0 m~hm 1365 tolll

_~nl. .
AS212 Sel of5"th of the 72 Jt" ndoJ,d 5"" . ...-.

1,'8 wan t lr bon 1,1m r_to' s II'l Ihe
senes 1.1, 1.3, 1 6. 2.0. 2 4. etc.,

------!t'!.01JRh 910 kilohm 1~~I~~~!,_'__
1/4 Wen R••tor Ataor'tment.

AS125 S,,015e;t'hol"tht73~s--;r;::- .,'---:-.
11' watt t,rbon I~m " l4tors In the
$tfln 10 . 1.2, 1.5, 1.8.22. etc.,
Ih'ou gh 1.0 meogohm (365 tot ,l

R s22s~~-_-h-Of~,...~n~"-''''''-'d~5~''-~''=.''
1/4 w.n e.r bon f~," rtli islOfS WI I'"
_in 1.1. 1.3. 16. 20. 2.4. etc.,
~~gh 91 0 tllohm t360 tot.1 poKes l.

1/ 2 Wett R"'storAa~b
RSl50- s;tOj 5 Neh ol lhe 13 st' nd.i' d 5% - .,.to

1,2 W'U tarbott 1,Im ' '''''01'$ in It\e
serin 1.0. 1.2. 1.5. 1 8. 22. etc.,
through 1.0 megohm s 1365 toll l
poKesI .

H_ ToOrdet":T akl . ny stend" d r","- lor v.tlue h.e
1 .5l 'l"ld .dd '·W5·· for S ..... tt.or 'dd'· ·W1Q"fo .l0
w,tt l..e. 1.5W5 for 1 ,!jQ 5 wllltJ, Ihl$ II lhe D'\lt-Ke-y
~rt l"lumbtr,

' . .
PANASONIC" SU SERIES

M-.ture AIUI!'l... ..., E*troIytic Ca,..at_

p." Cap ./ Voft . Pri<:. 1'4158 l0c00 I!iO 1 24
No . Ipfl /lVI 10 P4158 15QC()160 1.35

==""""- ---,=0, I ~= fg~-:~ ~1t~ ~s: ~
1'4003 181500 .64 P4102 1501500 68
1'4004 22/500 64 P4103 1801500 68
P4005 27i!500 64 P4104 2201500 68
1'4006 33/500 64 P410S 270.'500 68

.===;c--z;= I ~! ~~~ ~ :::~ m~~ ~
P4010 . '50(1 .11 P4100 5001500 19
emL-lZl~ 71 1'4110 680/ 500 19
1'4141 1000125 !II P4111 820/ 500 .79
P4142 1500/25 !II 1'4112 10001500 94
1'4143 2200,25 98 e.41 1'l _tm:500~
P41.... 3300:25 98 P4116 100.'11( 12 8
1'4145 4700 '25 1 00 N IH 120I1 K 1.28
P4146 6lIOO125 100 1" 118 t !lOi l l( 1.28
P4141 1()()),):25 1.13 1'4119 180111( 1 28

.16 P4148 1!iOOO125 1.20 1'4120 220 '1 1( \.28
21 P.l49 22003'25 1.20 P4121 270 ' 11( 1 28
22 PUSL ..3.~.!.2L-LJ1i 1'4122 330111( 1 99
23 P41!l2 1000,50 1 00 P4123 390 11:. 199
38 P41S,J 1500/ 50 1 09 P4124 410111:. 1 99
62 N 1S4 2200,50 1 09 1'4125 !«l ' 11( 1 99
.81 1'4156 3JOO150 109 P4126 680111:. 1.99

1 01 1'4156 41'00150 1.20 p41n a20I1K 225
1.22 P41S1 6lIlOO150 1:14 P4128 lOOO '1JC 225

AJlW L.ed Racbl L.ed
W Y/Cap. otp. k ey Prk. 09-k.y Price
lVDCI/~fl p." No . 1 1'." No . 1
- 63'41- - Pe3::l-, - " .

631100 P5XJ2 :"6
6 3 '220 Pl53QJ .35
6.3/330 Pe304 42
63/410 P6305 .46

6311.000 P6305 64
6.3.'2.200 PSJ01 81
63·3 .300 PD:l8 9S
6.3,4 .103 PeJ09 1.13
6316.8lXl F'6Jl0 1.48
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*QUALITY PARTS *DISCOUNT PRICES * FAST SHIPPING

ALL ELECTRORICS CORR
3 to 6 Vdc MOTOR

w ith GEARBOX
Probably designed for childs toy.
Lever selects 2 forward and one
reverse speed. 1st gear aprox.

~
120 rpm/6vdc,

__ 2nd gear aprox.

300 rpmI6vdc,
f) • Reverse aprox.

120 rpm/6vdc.
3 .35" X 1.75" X 3 .25 "

CAn DCM-10 $ 6.00

4 AA BATTERY
PACK (USED)

:~~se~c:n:~:n:rieSlT
4.8 volt pack. Batteries are in a ..
2 X 2 configuration with a 2 pin : .
connectorattached. The four
batteries can be separated into .
single AA size solder tab nickel •
cadmiumbatteries or resoldered •:
into otherconfigurations. .

SPECIAL SALE PRICE - WQ:ll;-

$ U lQ " OF " 11011NOW $3.00 per pack
CAT# NCB-41AAU

STEPPER MOTOR
Airpax# A82743-M4

Brand new 12vott~
de stepper motor . • •
35 ohm coil.
7.5 degrees per
step . 2.25" diameter,
0.93" long excluding shaft .
0.22" diameter shaft is 0.75"long.2
hole mount ing flange, 2.675" mounting
centers. 6 wire leads.

CAT# SMT·5
$10.00 each

12 VOLT DC MINI FAN

Howard Indullri... ~
3-15-8 10 . Operat.a on • .
12 Vdc, 0 .10 1IIT'4'. 1.0 watt. I I
Compact plastic housing. . !

0.35- square X1.'<IS· 1I1id<. I
9 bIadofan.Two 9" pigtailleaos.

CATI CF·121 $9.00 each

115 VAC COOLING FA N
STANDARD SIZ E ~
CCXlLING FAN. - •
Features die cast metal housing -
lor strengll1 and durability. . :
IMPEDANCE PROTECTED J
4 11116' square X 1 llZ' deep.
FaclO!y now 120 Vac fana. CF1·N $9.50each

~
WALL

':' TRANSFORMERS
~ Ali PLUG DIRECTlY

INT012OVACOUTl£T

8 Vdc 6' 200 .... CAT. DCTX-82ll $2 .:/5

8 Vdc 6' 250.... CAT. DCTX-825 $2.50

18 VO/;II) 1 ....,. CATI ACTX·1U5 $3.5 0

2' Vac (I 82:5IN. CAT. ACTX-24S2 '3.25

SWITCHES
ITT PUSH BUTTON ~
fTTt.l0PL..n-. 31" - x .
112'8r"l'~
1loy_S.P.S.T. H.O.
P..h to dooo. RATEO:O.l """ swiIchi"ll .O.25
atf1) CIlT)' cumM'll P.C. rrou nt. CAT. PB-I

... ooch • 10 to< 58.00 - 100 lor $50.00

10 POSITION MINI·ROTARY
G rayhillt 56P36-01 ·' · lON-C ~
Mini rotary_ . IbHharmg.
1-" 0 podions. .125" d'" .
shaft X.'S15· 1ong. .377" behind
tho panol depth . P.C. .....
CATlIlRS-10 WAS$2.50 NOW$1.00 ....

SPOT PUSHBUTTON
Marq uar dt. 1843 ~
Rated8~ 0 1251250 V.,.
B_ plast;cpus_. I
_ body : .ll2' X,84 ' X .65' .

CATI PB-1' Sl .85 NCh ·'0 for Sl .50 Md1

PUSHBUTTON SWITCH i
ClCI1'homI-.lI~
S.P.S .T.. nonnoJly....., rnomon1at)' push­
button . wtch. R.cIplastic .etualor .57" d1L
ChI'Oml~ .68" dlarnet.... Thruded
buahlng mounta in .50"dlam. chualt heM.
RaI.cI 3 llfT1) @ 250 Vw;. Sold.,. k»opt.,.rri nall .

CAn PB~O $1.00each

WOK WHAT11.00 WILL BUY

200 ASSORTED ~
1/4 WATT RESISTORS ("-\

IIenIINdI, 0IIb0n """". and _ lim.
CATI GRE S $1.00 po< ............

...oPl 200 ASSORTED
~ 1/2 WATT RESISTORS

Bed -.dI. CIIbon OOI'I"P and eatbontum.
CAT' GR ABRE 't.oo per auortment

o 0 50 ASSORTED
n n DISC CAPACITORS
MOlt ate cut (p.c. -"'). Some 10500 votta

CAT' QRABDC $1.00 pe r auoftmIInt

15 VALUES OF ~'""
ELECTROLYTICS til

ContaN both.xl.! and radial 1t)1iM from 1 mid.
CAT' GRABCP lUX>per .-.ortment

LED'S
STAHDARD JUMBO

~
DIFFUSED T 1·3/<4. .iz.

RED CAT' LED·,
10I or$1 .50 • 100 tor$13.00

GREEN CATI LED·2
10 for $2.00 · 100 !of $17.00
YELLOW CArl LED-3

10 1or$2.00 · 100 fOf$17.00

FLASHING LED ~

f[7;~4j;~ •
GREEN $1.00 ooch II
CATI LEll-4G 10 fOf $8.50 ~

BI·POLAR LED
Lights REDOM direction.
GREENthe other. Two r-ad..
CAT' LED..a 2 for $1.70

LED HOLDER e
Two p*» hoId«. e
CAT' HLEO 10 fof as.

RELAYS
12 VOLT D.C. COIL S.P.D.T.
OmronaQ2E· 164P 4 AIrfJ cc:I'Itact.

335ohma>J. CO
Su;ar cube. il • .
.81· X..42'" X ..44" high.
P.C. mount with pins on DIP apac:il'lg.
CAT' RLY·717 $1.50 NCh

5-6 VDC SIP REED RELAY
EIoctr<>l
"BtueBoy'" ~
BBS 1A05Al0 Ij-,-rl'
5-<lVdc, "'" ohm col.
S. P,S.T. nonnal y open reed ,elay .
0.5 arrp contact,. S IP c:onfiglJration.
, . X .375"X s:
CAT' RRLy..sIP5

. $1.10eadl .. 10IorSl0.00

10 AMP SOLID
STATE RELAY

~~'S2181 ~.. ; » :

RiIIIled 5.5 '9 10 Vdc · or

('Mil"""'0 on 3-32 Vdc).
LOAD: '0 """, II) 2<0 VO/;
21 /4" X 1314" X71fr

CAT' SSRLY-l0B I ll-50 NCh
Q/JANnTY DISCOUNT

10 fof S85.00 " 25bS175.00
50 fof $300.00 .. 100 for $500 .00

XEN ON TUBE

fEIC=3t
l ' ionlllluhtlol>o ...-.cl wIIh

3 112"r.cSand I:Nck1NdI. IdMI tof
eIecltonlc nuhOf IIrobe profectI.

CAT. FLT., 2 lor $ 1.00

PHOTO FLASH CAPACITOR
Rubycon# FKX
200mfd.330 volts. ~
0.79"diarneterX1.11"high~
Solder loopterminals.
CAT# PPC-200 $3.25 each
10 for $30.00 • 100 for $275.00

22/44 PIN CONNECTOR

e;~i1Ii1ll1Jililillll>
.156- pin spacing, 0.200-between double

rows, gold contacts,P.C. mounting.
SPECIAL Sameas AMP# 2-530655-6.

CAn EBC·1G $1.00 each - 10 for $8.00

0·30 MINUTE AUTO· ~
SHUTOFF TIMER
Sankyo seik. Mfg.• TMCF35MY!l9 (y'
120 Vac60 hz. 10amp contacts.
UL rated. Tum shaft 11> tum on • •
lightsorother eIectricaJ deo;icea.
8.11 rings and drOllt breaks ane r speci fied amount
oftim• . Ideal for arry device 1hat needs11> shul off
automatically. 2.92" X 1.9" X 2.54' behind face
plate. 1/4' half-<O<Jnd ahaft.
CAT# TMe-30 $3.00 each

LED CHASER KIT
Build lI1isvariable \ \ \ III~I! "0" \\,,,),> \ ~
speedled chaser . .JI0:-,l'ciWo(~i'ij.J" u<-Jl-ull-"'O "'~...JL,,\

10ledsnash ' - Q"", .... i
sequentially <\
a t whatever
speed you set
them for. Easy 11> buildkitlndud. spc board, parts
and instructions. Operates on 3 to 9 volts . pc .
board Is5" X2.25". Agrealone hour project .

CATI AEC $6.50 each

1/4 WATT RESISTOR KIT

IdNI fOf thoWO<1<Ihop, tI'II ,1/4 W&tI: reUtor kII: c:ontam10
pIocoo Ndl of 42 of tho nut .

popuJorv_(420 pIocoo to-

tal). Incl.- • dividedbox and .
a palUlocatOf.

VALUES In We Idt ....:
1 ohm, 10 ohm, 38 oil",

47011", 51 ohm, 88 oh", 100 ohm, 130011",
150 ohm, 180 ohm. 220 ohm, 3XJ ohm. 470 ohm,
5eOohm. 680 oh m, 1K, 1.3<, 1.51<,2K. 2.21<. 2.7K.
3K.4.7K, 5.1K.5.61<. 10K.15K.221<. 3lJ(, 331<. 301<,

'7K. 56K.681<. lOOK, 1201<. 150<. 2201<. '1OK.
1 MEG. 5.1 UE G. 10 UEG

The ..... ten aIoM WOlJdMil tor$21.00 .

c~o kit • CATI REKIT·14 $17.00

PIEZO ~
WARNING
DEVICE

Uurata Erie . PKB8--4AO
H;ghpitched oudblo aJann. Op­
erat.. on 3 - 20 Vdo 0 20 l'1W. 1·
high lC7/PJ'dia. P.C. boardmount.

CAT' PBz..&4 $1.75 . ach

NICKEL-CAD
BATTERIES

(RECHARGEABLE)

SPEC/ALII AM SIZE
Panuoniol P-18AAA
1.2 voa O 190 MAh

CATI HCB-AAAX $1.50 ooch
10 b 113.50 • 100 fOf $125.00

~~~
AA SIZE $2.00 NC h

1.25 ""'" "'" rrAh
CATI HCB- AI.

M SIZE 52.20 ooch
WITH SOLDER TABS

CATI HCB-8 AA

C SIZE " .25 EACH
1.2Y01ts 1200 rn'.h

CAT. NCB-C

DSIZE " .50 00ch
12 ""'" 1200 rrAh

CATI HCB·D

TRANSISTORS
ORDER BYPART.

PN2222 NPN
T0-92 5 for75¢
PN2907 PNP
T0-92 5 for75¢
2N3055 NPN
T~ $l .oo each
MJ2955 PNP
T~ $1.50 each

MJE2955T PNP
T0-22O 75¢ each

MJE3055T NPN
T0-22O 75¢ each

T1P31 NPN
T0-22O 75¢each

TIP32 PNP
T0-22O 75¢ each
TIP121 NPN
T0-22O 75¢ each
T1P126 PNP

T0-22O 75¢ each

TIL·99 PHOTO TRANSISTOR
T().18 ca se w~h window. For wide-ang le viewing
appNcation, . Spectrall y and mechanically oofl'l)at -

:~~~~~l-":)1 ~o lorC:g~~TIL.Qa~

TIL·31B PHOTO DIODE
T().1 8 ca,. with window. Infrared emitingphoto
diode. CAli T1L-31B $1.00 ... " 10 for $9.50

N-CHANNEL MOSFET
A F-511 TQ.220 cue ~

CAT' IRF 511
$1.00eac:h " 10f or $g.oo

LARGE QUAHn1Y AVAILABLE

L.E.D. FLASHER KIT
TwoLE.O:. Huh in ~ I // <,\ 1/
unilOn whenagyoll:~/
batt...,. it atl:.ched.
This kl inckld.1 a
p.e . boNd . .. the
part, and in,truction. to make a IWrPe llasher cir­
CUL Aquick and ""y project fOfanyone w~h bas ic
$okkl rino , kills. CAli LEDKIT $1.75 peN' kit

TELEPHONE COUPUNG
TRANSFORMER

Uul l Produetl ln1emallonaJt A1QN.HO-1Di1
Prmo1y 600 oh m
Secondary: 600160O oIIm
.77" X .61' X .63"high.
6 p.e. pinion .1ST cenlerl.
Prtmary lnduet~:

3CXJ mH min.. &11kHz. 1 YOIt.
CATl TCTX-, $1.25_ ' 10 lor $11.00

OPTO ISOLATOR
~ =

S Ig"'" 301T1 ·1291 . S ignal arppIedtotho Input II
ooupIod by moanaof Ilgh' to lIo1a.od photo con­

dUdIv. c. lI. High r~labIlty Iwllchlng. 12 YOIt I~.

CAT' OP-301 $1.50 each

A.C. LINE CORDS
Blod <l'" .18/2, ...·2

~/~
NOHPOLARIZEDPLUG

CATI LCAC 2 fOf $1.00 • 100 lor $45.00
POlARIZEDPLUG

CATI LCP-1 601 Ndl • 100 fOf$ 50.00

14.7 VOLT TRANSFORMER
Sprite InduslrieS# ~
cs.S1M. 1 4.7 -.o1~ I - .1
60 hz, B.82 Va. . ' I ~ . ~I
1.61- high X 1.95" X • .....__

1.4T. MxJ nling holes on 2.32" centers .
CATI TX·147 $3.00 each
10for $27.00 • 100 for$250.00

•
CALL OR

WRITE
FOR OUR

FREE
CATAL OG

OVER
4000

PARTSI

kJ€~"2~-=
~7i~

•
~~~:T-":?;-
- -'- ~~='

_ .. .. --- - -
Now 60 pages!

MAIL ORDERS TO:

A LL ELECTRONICS
P.o . BOX 567

VAN NUYS, CA 91408

TWX-51 01 01 0163 (ALL ELECTRONIC)

OUTSIDE THE U.S.A.
SEND $2.00 POSTAGE

FOR A CATALOG!!

CIRCLE 107 ON FREE INFORMATION CARD

ORDER TOLL FREE
800-826- 5432
INF O: (818}904-0524

FAX: (818}781-2653
MINIMUM ORDER $10.00

QUANTITIES LI MITED

CALIF. ADD SALES TAX

USA: $3.00 SHIPPING

FOREIGN ORDERS

INCLUDE SUFFICIENT

SHIPPING. NO C.O.D.

"T1
m
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:IJ
C»
:IJ
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(0
(0
o
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IDC'S
IDE20 .55
IDE34 .89
10520 .65
10534 .75
IDB09P 1.39
IDB09S 1.45
IDB25P 2.25
IDB25S 2.35

• 62 BUS LINES
• USE UP TO 24 14-PIN ICS
• 1940 TIE POINTS
• DB25 D-SUB CONNECT .
PDS-604 $49.95

SOLDER STATION
• UL APPROVED
• ADJUSTABLE HEAT SETIING
• TIP TEMPERATURE READOUT
- REPLACEMEN T TIPS @ $2.95

168-3C $59.95

FOR AT
BIT WITH 110 DECODING LAYOUT 34.95
PARTS KIT FOR JDR·PR 10 ABOV E 12.95

FOR PS/2
32 BIT PROTOTYPE CARD 69.95
16 BIT WITH 110 DECODING LAYOUT 49.95
PARTS KIT FOR JDR·PR16 ABOVE .._ 15.95
16 BIT FOR VIDEO APPLICATIONS 39.95

FORXT
WITH +5V AND GROUN D PLANE ... 27.95
ABOV E WITH 110 DECODING LAYOUT .. 29.95
PARTS KIT FOR JDR·PR2 ABOVE 8.95

EXTENDER CARDS
SIMPLIFY PROTOTYPING AND TESTING

8·B IT FOR 8088 MOTHERBOARDS 29.95
16·BIT FOR 2861386 MOTHERBOARDS .. 39.95
MICROCHANNEL 16-BIT 69.95
MICROCHANNEL 32-BIT 99.95

PC BREADBOARD-ON·A~ARD

SOLDER~UP D-SUBS
FEMALE

.45 DB09S .49

.59 DB15S .69
1.49 HDB15 S 1.59
.69 DB19S .75
.69 DB25S .75

1.35 DB37S 1.39
1.85 DB50S 2.29

IC SOCKETS/DIP CONNECTORS
50LDERTAIL WIREWRAP ZJF SOCKETS
8 PIN ST .11 8 PIN WW .59 ZIF-14 5.95

14 PIN ST .11 14 PIN WW .69 ZIF-16 5.95
16 PIN ST .12 16 PIN WW .69 ZIF-20 6.95
18 PIN ST .15 18 PIN WW .99 ZIF-24 7.95
20 PIN ST .18 20 PIN WW 1.09 ZIF-28 7.95
24 PIN ST .20 24 PIN WW 1.49 ZIF-4Q 10.95
28 PIN ST .22 28 PIN WW 1.69
40 PIN ST .30 40 PIN WW 1.99

CABLES AND GENDER CHANGERS
MOLDED; GOLD- PLATED CONTACTS; 100% SHIELDED

CBL -PRNTER 6 FT. PC PRINTER CABLE 9.95
CBL -PRNTR-25 25 FT. PC PRINTER CABLE 15.95
CBL-PRNTR-RA RIGHT ANGLE PRINTER CABLE 15.95
CBL-DB25-MM DB25 MALE·DB25 MALE 6 FT 9.95
CB L-DB2 5-MF DB25 MALE-DB25 FEMALE 6 FT 9.95
CBL -9-SERIAL DB9 FEMALE -DB25 MALE 6 FT 6.95
CBL -KB D-EXT 5 FT. KEYBOARD EXTENSION 7.95
CBL-eNT·MM 36·PIN CENTRONICS ·MlM 14.95
CBL -FDC-EXT 37·PIN EXT. FLOPPY CABLE 9.95
CBL-MNT-9 9·PIN MONITOR EXTENSION 6.95
CBL -MNT-15 15·PIN MONITOR EXTENSION CABLE 9.95
CBL-MODEM MODEM ·DB25·DB25 FEMALE _ 6.95
GENDER-VGA DB9·DB15 ADAPTOR .. 4.95
GENDER-9-25 DB9-DB25 SERIAL ADAPTOR 4.95

. - *~f-~t
I I

FR-4 EPOXY GLASS LAMINA TE WfTH GOLD PLAT ED
EDGECARD FINGERS AND SILK SCREENED LEGENDS

EXT-8088
EXT-80286
EXT-16
EXT-32

JDR-PR32
JDR-PR16
JDR·PRl6-PK
JDR·PR16V

JDR·PRl
JDR-PR2
JDR·PR2-PK

JDR-PR10
JDR -PRlo-PK

200 WATT
• AT-COMPATIBLE ' UL

APPROV ED · 110·220V SWITCH
• +5V@ 20A,+12V@ 7A,

-5V @ .SA. ·12V @ .5A

P5-200 $89.95
P5-250 250W SUPPLY $129.95

f)etid'c

HIGH-TECH
SPOTLIGHT

EPROMS
PART ' SIZE SPEED Vpp PINS

2716-1 2048,8 350ns 25V 24
2732A 4096x8 250ns 21V 24
2764 8192x8 4500s 12.5V 28
2764-250 8192,8 250ns 12.5V 28
2764-200 8192,8 200ns 12.5V 28
27C64 8192x8 250ns 12.5V 28
27128 16384x8 250ns 12.5V 28
27128A- 2OO 16384x8 200ns 12.5V 28
27251; 32768 ,8 250n$ 12.5V 28
27256-200 32768x8 200ns 12.5V 28
27C25/; 32768x8 2500s 12.5V 28
27512 65536 , 8 2500s 12.5V 28
27C512 65536 ,8 250ns 12.5V 28
27Cl01-2O 131072,8 200n$ 12.5V 32

5PECTRONICS Mode l Ti me r , 01
CORPORAnON Chi .

9
9
12
30

DATARASE" $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTE
DATARASEII

I slopped recommending CGA display . ystems 10 my
friends about 4 years ago. Then , the c ost pe r pix el · was Jower
to<CGA than EGA, and my .uggestlon wa s ~equenlly Igno<ed.
Now , how eve" VGA hos a lower c ost per plxef than etthef
CGA 0< EGA. In tact , expecllo gel about~ more relOlullon
'Of your doUar wnh VGA 01 compared to eGA.

Thl. Isn'l jull a numben game. Operoto< com/art and
dtsptay pr. ..nta«on are tM rem key lsIue•. Wtthmor e and
more prog-rams uslng a GUI (graplllcal uM<lnl8f1oce). Ih e
need 10< high relOlullon color Inc reases.

i eadlng lext on a e GA display Is not parlIculorty easy '0<
an y length 01flme. The line. seen 10 Nn logether and during
scrolling the ftrst lew Uneson the screen ruck... .

WIth VG A. and 10 some ext ent EGA, those complaints
dltoppeol. They ore replaced wtth comments about the
smooth nne edge s. reollltk: shodtng, rapid screen update,.
and IW~lk. colon. In 256 cofer mod ., from a pakt"e of 256
thousand cdors. the abUIty of a VGA display to render near
photographic Image. mull be seen to be appreciated.

Illhe mave to tun color VGA Isn11n your pocketbook,
pktoH let me suggest a monochrome VGA system 01 an
alternate chdc• . With 16 Of 64 levels of gray scakt . It is
parlIcularty u"""l ro<d e sktop publishing where your prln ler
doesn't do cotor anyway.

Deric k Moore, Dkeelo< 01 Engineering

5 YEAR
WARRANTY

SPEED
12On5
150ns
120ns
120ns
lOOns

SPEED
150n5
120n5
lOOns
15On5
120ns
l OOns
15On5
l 20ns
lOOns
80ns
60ns

100ns
80ns

120ns
l OOns
80ns

I

j.
• . \ I

INCLUDES MANUA:

& SOFTWARE GUIDE

SIZE
2048 x8
8192x8
8192x8
32768,8
32768,8

SIZE
65536 , 1
65536 xl
65536,1
65536,4
65536,4
65536,4
26214 4xl
262144xl
262144x l
262144xl
262144xl
262144x4
262144x4
1048576, 1
1048576,1
1048576' 1

STATIC RAMS

74 SERIES LOGIC
7400 .19 74LS 32 .18 74LS245
74LSOO .16 74LS73 .29 74LS273
74LS0 2 .17 7474 .33 74S288
7404 .19 74LS74 .24 74LS 322
74LS04 .16 74S74 .49 74LS367
74504 .29 74LSl38 .39 74LS373
7406 .29 74LS155 .59 74LS3 74
7408 .24 74LS1 63 .39 74LS 393
74LS08 .18 74LS 24O .69 74LS68 2
7432 .29 74LS2 44 .69 74LS688

C.P.U.'S MISC PALS
8000 DACOBOO 3.29 16L8 2.95

8052AH 1793 9.95 16R4 2.95
BASIC 34.95 COM8116 8.95 16R6 2.95

8088 5.99 MCl4681 8 5.95 16R8 2.95
8250 6.95 MM58167 9.95 2OL8 4.95
8251A 1.69 INS8250 6.95 2OR4A 4.95
8253-5 1.95 NSl 6450 10.95 2OR6 4.95
8254 9.95 LM317T .69 2OR8 4.95
8255-5 2.49 NE555 .29 2OX8 4.95
8741 9.95 LM741 .29
8748 7.95 7805T .49 PAL KIT8749 9.95 7812T .49
8755 14.95 75150 1.95 AN ENTRY·LEVEL

75154 1.95 COMPLETE PAL

6500 14411 9.95 DEVELOPM ENT

65C02' 7.95 KIT FROM CUPL.

6522 2.95 CRYSTAL FULL SUPPORT

V-20 OSCIUATORS FOR 16L8, 16R4,
16R6, 16R8, 20L8,

1.0MHz 5.95 2OR4, 2OR6, 20RB,
1.8432 5.95 AND20X8.
20.0 4.95 MOD-MPL-SOFT
24.0 4.95 $99.95

8-8" COPROCESSORS
8087 5 MHz 89.95
8087-2 8 MHz 129.95
8087-1 10 MHz 169.95

18-8" COPROCESSORS
80287 6 MHz 139.95
80287-8 8 MHz 209.95
80287-10 10 MHz 239.95
8OC287 12 MHz 299.95

32-8" COPROCESSORS
80387-16 16 MHz 359.95
80387-S X 16 MHz 319.95
80387- 20 20 MHz 399.95
80387-25 25 MHz 499 .95
80387-33 33MHz 649.95

PART '
HM6116LP-2
HM6264LP -15
HM6264LP -12
HM43 256LP-12
HM43 25/;LP -l0

PARTI
4125/;A 9B-12
4125/;A9B-80
421OOOA8B-l 0
421OOOA9B-l 0
421000A9B-BO
25/;KX9SIP-BO
25/;KX9SIP-liO
1MBX9SIP-80

MATH COPROCESSORS

PART '
4164-150
4164-120
4164-100
TMS4464-1 5
TMS4464- 12
TMS4464-10
41256-150
41256- 120
41256-100
41256-80
41256-60
414256-100
414256-110
1 MII-12O
1 MB-loo
1 MB-80

94 CIRCLE 113 ON FREE INFORMAllON CARD
DEALERS CIRCLE 170 ON FREE INFORMAllON CARD
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3·1/2" $373
3-1/2" $429

5-1/4' $249 $309
5-1/4' $279 $379
5·1/4" $389 $449
5·1/4" $449 $549
5·1/4" $679
5·1/4" $859

AVO. FORM DRIIIE JeT ATF/H

SPEED FACTOR ONLY "" ""

8112MHZ MINI-286 .. $199.95
8116MHZ 286 $289.95
10/20MHZ 286 $389.95
STANDARD 4.77MHZ 8088 $8 7.95
4.77I8MHZ 8088 $89.95
4.77110MHZ SINGLE CHIP 8088 $99.95

25MHZ MINI 386 W/CACHE ..$1199 .00
8MB RAM CARD (0K) $99 .95
10I20MHZ 386 .. . $799.00
10/25MHZ 386 .. .. .. . $999 .00

IIIODEL

'@~ LOGITECH MICE
it":", .THREE·BUTION SERIES 9

lOGinGH :~iOR~:~ ~~~~~~~IBLE.
LOGC9 SERIAL MOUSE ..
LOGC9-e SERIAL (NOT PS/2 COMPATIBLE)..
LOGC9-P SERIAL MOUSE WITH PAINTSHOW
LOGC9·PC SERIAL MOUSE WITH PAINT/CAD ..
LOGB9 BUS MOUSE .....
LOGB9-P BUS MOUSE WITH PAINTSHOW $104.95
LOGB9·PC BUS MOUSE WITH PAINT/CAD $149.95

10MHZ MINI-286
° AT COMPATIBLE ' KEYBOARD SELECTABLE 6il 0MHZ
• EXPANDABLE TO 4MB ON·BOARD WITH 1MB DRAMS (0K)
, SIX 16·BIT. TWO 8·BIT SLOTS • AMI BIOS ° LED SUPPORT

MCT·M286-10
MCT·M286-12
MCT·M286-16N
MCT·M286·20N
MCT·XMB
MCT·TURBO
MCT·TURBO·10

MOTHERBOARDS
20MHZ386 $629
° 16/20 MHZ
, 16 MB RAM CAPACITY· 8MB

ON BOARD(0K ). 8 MB RAM CARD
• USES 256K OR 1MB SIP RAMS
° 8 SLOTS: 1X32-BIT RAM

2X 8·BIT & 5X 16-BIT
° MEMORY INTERLEAVING
• AMI BIOS • XT·SIZE BOARD
MCT-M386-20
MCT·C386-25
MCT·M386-M4
MCT·386MB20
MCT-386MB25

HARD DISKS KITS
21.4 MB $19921.4 MB $249
32.7 MB $21932.1 MB $279
42.8MB $339
65.5MB $389
80.2MB $5

• ULTRA HIGH DENSITY
• READNIR ITE 720K DISKS. TOO
FDD·1.44X BLACK FACEPLATE
FDD·1.44A BEIGE FACEPLATE
FDD-1 .44 SOFT SOFTWARE DRIVER $19.95

1/2 HEIGHT FLOPPY DISK DRIVES:
FD-55B 5-1/4' TEAC DS/DD 360K $99.95
FD·55G 5-1/4' TEAC DS/HD 1.2M $129.95
FDD·360 5·1/4" DS/DD 360K .... .. $69 .95
FDD·1 .2 5-1/4" DSIHD 1.2M . .. $95 .95

SIZE

$4 9.95
$99 .95

$129.95

$79.95
$59.95

$139.95
$59.95

$49.95
$4 4.95

$149.95
$169.95
$199.95
$119.75

$99 .95

$29.95
$49.95
$79.95
$89.95

$139.95
$149.95
$199.95

, UP TO 400 DPI • 32 LEVELS
OF GRAY SCALE ' SPEED
OVERRUN WARNING LIGHT
° INCLUDES SCANEDIT I
AND DR. GENIUSSOFTWARE
GS-4500

~iScan 400 DPI

$19995

MODULAR CIRCUIT TECHNOLOGY
DRIVE CONTROLLERS:
MCT·FDC FLOPPY DISK CONTROLLER
MCT·FDC·HD 1.44MB FLOPPY CONTROLLER
MCT·HDC HARD DISK CONTROLLER
MCT·RLL RLL CONTROLLER
MCT·FH FLOPPY/HARD CONTROLLER
MCT·AFH 2861386 FLOPPY/HARD
MCT·AFH·RLL 2861386 RLL CONTROLLER

DISPLA YADAPTOR CARDS:
MCT·MGP MONOCHROME GRAPHICS
MCT·CG COLOR GRAPHICS ADAPTOR
MCT·EGA ENHANCED GRAPHICS ADAPTOR
MC T·VGA-8 8·BIT VGA. ANALOGOUTPUT
MCT·VGA·16 16·BIT VGA, ANALOG OUTPUT
MCT·MGMIO MONOGRAPHICS MULTI VO
MCT-MGAIO 2861386 MONOGRAPHICS 110

MULTlFVNCTlON CARDS:
MCT·MIO MULTI I/O FLOPPY CONTROLLER
MCT·IO MULTI 110 CARD
MCT·AMF 286/386 MULTIFUNCTION
MCT·AIO 286/386 MULTI 110 CARD

MEMORY CARDS:
MCT·RAM 576K RAM CARD
MCT·EMS EXPANDED MEMORY CARD
MCT·AEMS 2861386 EMS CARD

ENHANCED KEYBOARDS:
BTC·5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT
K103-A AUDIBLE 'C LICK" STYLE ..
MAX·5339 MAXI·SWITCH WITACTILE FEEDBACK

EGA SPEC/ALI CARD & MONrrOR-JUST $479

EGA·MONITOR 14" RGB MONITOR $339.95
NEC-MULTI·3D DIGITAL 1024X768 RESOLUTION $649.95
JDR·MONO 12" TIL MONOCHROME· GREEN $69.95
JDR·AMBER 12" TIL MONOCHROME·AMBER $69.95

VGA COMPATIBLE
PACKAGE

$49995

° PROGRAMS27XX AND 27XXX EPROMS UP TO 27512
, SUPPORTS VARIOUS PROGRAMMING FORMATS & VOLTAGES
° SPLIT OR
COMBINE CONTENTS OF
SEVERAL EPROMS OF
DIFFERENT SIZES
• READ. WRITE. COPY.
BLANK CHECK & VERIFY
° SOFTWARE FOR HEX
AND INTEL HEX FORMATS
MOD· EPROM

° 720 X 540 MAX RESOLUTION,
640 X 480 IN 16 COLORS, 528 X 480
RESOLUTION IN 256 COLORS • IBM STYLE MONITOR

• VGA, EGA, CGA, AND MGA COMPATIBLE
VGA·PKG (INCLUDES VGA CARD AND MONITOR)

VGA MONITOR $359.95
014" ANALOG VGA • GLARE RESISTANT SCREEN' 720 X 480
• TILTiSWIVEL BASE · FRONT MOUNTED POWER SWITCH
VGA·MONITOR

CREu SYS MULTISYNCH $429.95
• FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED
COLORS , 1024 X 768 RESCLUTION, 14' NON·GLAREDISPLAY
" AUTO SWITCHING " TIUANALOG VIDEO INPUT
JDR·MULTI

·..........·U69•95
............ 259.95
............ 99.95

UNIVERSAL
MODULE $499.95
• PROGRAMS EPROMS, EEPROMS. PALS. BI·POLAR PROMS.
8748 & 8751 SERIES DEVICES; 16V8 AND 20V8GALS (GENERIC
ARRAY LOGIC)FROM LATII CE. NS. SGS ° TESTS TIL. CMOS.
DYNAMIC & STATIC RAMS , LOAD DISK. SAVE DISK. EDIT.
BLANK CHECK. PROGRAM. AUTO. READ MASTER, VERIFY AND
COMPARE • TEXTooL SOCKET FOR .3' ·6"W. IC'S ( 8·40 PINS)
MOD·MUP

EPROM MODULE $119.95
• PROGRAMS 24·32 PIN EPROMS. CMOS EPROMS & EEPROMS
FROM 16K TO 1024K ° HEX TO OBJ CONVERTER ' AUTO.
BLANK CHECKiPROGRAMNERIFY • VPP 5.1 2.5.1 2.75.13 .21
& 25 VOLTS · NORMAL. INTELLIGENT. INTERACTIVE & QUICK
PULSE PROGRAMMING ALGORITHMS
MOD·MEP
MOD·MEP-4 4·EPROM PROGRAMMER ...
MOD·MEP-8 8·EPROMPROGRAMMER
MOD·MEp·16 16·EPROMPROGRAMMER ..

• 2400112001300 BAUD
• FULL HAYES COMPATIBILITY
• CONFIGURE ASCOM1. COM2. COM3
OR COM 4 ° BUILT·IN SPEAKER' AUTO
WAIT·FOR·DIAL TONE AND AUTO·REDIAL· PROCOMM
COMMUNICATIONS SOFTWARE · MADE IN THE USA
MCT·2 4I
MCT·121 12oo BAUDINTERNALMODEM ..

2400 BAUD MODEM

$8995

MINI UPRIGHT CASE
SMALL FOOTPRINT MINI·UPRIGHT FOR
8088 OR MINI 286/386 MOTHERBOARDS
• ROOM FOR 6 EXPANSION CARDS
• HOLDS 3 5-1/4 & 1 3·1/2 DRIVES (1/2 HT)
° 200 WAn POWER SUPPLY
° 2·DIGIT LED SPEED DISPLAY
° 12" H X 16"L X 8' W
CASE·120

OTHERMODULES
MOD·MPL PAL MODULE $24 9.95
MOD·MIC DIGITAL TESTER MODULE $129,95
MOD-MBP BI·POLAR PROGRAMMING MODULE $259.95

• MOD·MMP MICROPROCESSOR PROG. MODULE $17 9.95
MOD·MPL·SOFT CUPL SOFTWARE..... .... $99 .95

UPRIGHT CASE
SPACE SAVING DESIGN HOLDS
ALL SIZES OF MOTHERBOARDS
AND INCLUDES: • 250W POWERSUPPLY
° MOUNTS FOR 3 FLOPPY & 4 HARD DRIVES
° TURBO & RESETSWITCH ' LED SPEED
DISPLAY ' POWER& DiSK LED'S
° ALL HARDWARE, FACEPLATES& SPEAKER
CASE·1QO

CASE· FLIP FOR 8088 MB'S $39.95
CASE·SLIDE FOR 8088 MB'S $39.95
CASE·70 FOR 286 MB'S $89.95
CASE·50 FOR MINI 286 MB'S $59.95
CASE-JR MINI-286 W/150W PS $149.95

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD-·
1 SLOT PROGRAMS EPROMS, PROMS, PALS, MORE!

HOST ADAPTOR CARD $29.95
• UNIVERSAL INTERFACE FORALL

PROGRAMMING MODULES!
• SELECTABLE ADDRESSES
PREVENTS CONFLICTS
• MOLDED CABLE
MOD·MAC

° FAX TRANSMISSION ONLY
° 4800 BAUD FAXCAPABILITY

TO ANY GROUP IIIFAX
° 2400 BAUD V.22BIX DATA MODEM
° XT/AT COMPATIBLE HALF CARD
° MENU·DRIVEN SOFTWARE
• MULTIPLE FAX TRANSMISSIONS

TO GROUPED ADDRESSES
MCT·FAXM

4800/2400 BAUD
FAX/DATA MODEM

$11995

CIRCLE113 ON FREEINFORMA11ON CARD
DEALERS CIRCLE170 ON FREEINFORMATION CARD
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SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan
Eastern Sales Manager
Radio-Electronics
259-23 57th Avenue
little Neck , NY 11362
1-718-428-6037 , 1-516-293-3000

Video Repair School. , . , , , 30

Video-Link , , , , , , 84, 86

TECI , , , , , , , , , , . , , , 74

Star Circuits , , , , , , , , , , , , . ... , , 22

Synergetics , , . , . , , , , , , , , 68

PACIFIC COAST/ Mountain
States
Marvin Green
Pacific Sales Manager
Radio-Electron ics
5430 Van Nuys Blvd, Suite 316
Van Nuys. CA 91401
1-818-986-2001
Fax 1-818-986-2009

Viejo Publications , , , , , , , , . , 16

WPT Publications . , , , , , , , , , 74

MIDWEST/Texas/Arkansas/
Okla.
Ralph Bergen
Midwest Sales Manager
Radio-Electronics
540 Frontage Road-Suite 339
Northfield, Il 60093
1-312-446-1444
Fax 1-312-446-8451

For Advertising ONLY
1-516-293-3000
Fax 1-516-293-3115
La rry Steckler

publisher
Arline Fishman

advertising director
Lisa Strassman

credit manager
Christina Estrada

advertising assistant

Ge rnsback Publications. Inc.
500-B B i-County Blvd.
Fa rmingdale. NY 11735
1-516-293-3000
Fax 1-516-293-3115
President : Larry Steckler
Vice President : Cathy Steckler

Parts Express , , , . , . , , , , . , , , , . . 86

Radio Shack , , , , , , , , , , . . . , , , 5
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REFURBISHED
FULL SIZE AT
MOTHERBOARD
WAS $299.95
SAVE 66% OFF THE ORIGINAL PRICE OF THIS
FACTORY REFURBISHED 8MHZ AT-COMPA TIBLE
MOTHERBO ARDI

• 6!8MHZ KEYBOA RD SELECTABLE SPEEDS
• 256K TO 1MB ON·BOARD RAM CAPACITY

(OK INSTALL ED)
• 8 EXPANS ION SLOTS (SIX 16-BIT & TWO 8·BIT)
• BATTERY BACKED CLOCK/CALENDAR
• SET-UP ROUTINES BUILT IN TO BIOS
• JUMPER FOR RESET SW ITCH , SPEED INDICATORS

AND KEYLOCK

R/MCT-286

LOCAL (408) 559·1200 CUSTOMER SERVICE 800·538-5001
TECH SUPPORT 800·538-5002 FAX (408) 559·0250

ORDER TOLL-FREE
BOO-53B~5000

...::..JDR Microdevices '
--::-- 2233 BRANHAM LANE, SANJOSE, CA 95124

JIM'S BARGAIN
~~ HUNTERS CORNER

Jim Wharton
JDR's VP Sales

3.5 DIGI1 PROBE TYPE DMM
• AUTO RANGING
• ACIDC 2V . 500V,
• RESISTANCE: 2K·2M
DPM-l000 (SHOWN )

HIGH/LOW LOGIC PROBE $1 7.95
• DETECTS TTUC MOS LOGIC STATES
• MEMOR Y FUNCTION FREEZES DATA FOR LATER USE
LP-2800

PULSER PROBE FOR QUICK DEBUGGING$19.95
• INJECTS PULSE INTO TEST CIRCUIT-VAR IABLE WIDTH
• TTL, DTL. TRL , HTL. HINIL, MOS, & CMOS COMPATIBLE
LP-540

1HEULnMATE
3.5 DIGIT DMM
• BAS IC DC ACCU RACY ±O.25%
• 34 RANGES
• TEMP. TRANSISTOR & RESISTANCE

FEATURES

OMM-300 (SHOWN)

VALUE-PRICED TEST
EQUIPMENT ALL WITH A

2 YEAR WARRANTYl

3.5 DIGIT POCKET SIZE DMM $29.95
• BASIC DC ACCU RACY ±O.5% • 14 RANG ES
DMM-l00

3.5DIGI1
FULL FUNCnON DMM $49.95
• BAS IC DC ACC URACY ±O.25%
• 22 RANGES
DMM-200 $49.95

35 MHZ DUAL TRACE
OSCILLOSCOPE
• WIDE BAND WIDTH • VARIABLE HOLDOFF
MODEL-3500 (SHOW N)

20 MHZ DUAL TRACE OSCILLOSCOPE $389.95
• TV SYNC FILTER • COMPONENTS TESTER
MODEL 2000
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THINK OF IT AS AN
ELECTRONIC
SWISS ARMY KNIFE.

TRANSISTOR
TESTER

CAPACITANCE
METER

FREQUENCY
COUNTER

This 41range
digital voltmeter,
ammeter, ohmmeter, frequency
counter, capacitance meter, logic
probe, transistor and diode testerfeatures
anextra-large LCD display, ru§'ed
drop-resistant case and high-energy fusing.

While you won't flip-out forks or knives,
you will flip for the versatility of this low­
priced wonder. for immediate delivery, see
your local B&K-PRECISION distributor.

AC
'"

I

lUge'
~ 388-HD

I

What an idea theSwiss had...
a hand-held device combining

many different tools in one
unit. The same inspiration is
behind B&K-PREClSION's

new Model 388HDTest
Bench. Itoffers the
capabilities of five

popular instruments
in one hand-held

package.

I

DIGITAL
MULTIMETER

B&K-PRECISION
TEST BENCH

$129
"~:'- ' BKftftr~.~.'.: r ......,.W1•..,..

MAXTEC INTERNATIONAL Cr.JRP.
Domestic and Internat ional Sales
6470 W. Cortland St . • Chicago. IL 60635
312-889-1448 • FAX: 312-794-9740
Canadian Sales. At las Electronics, Ontar io.
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