


FL U K E AN D PHILIP S - THE G L O B A L ALL IA N CE I N T ES T & MEASU REME NT

FLUKE PHILIPS

Thenew Fluke 45 has dual display versatility.
With 2multifunction
displays and 16 dif­
ferent measurement
capabilities, the new
Fluke 45does virtu­
ally everything you
want ameter to do.
And for asurprisingly
affordable price.

The 5-digit,100,000 count dual dis­
plays give you more information in less
time - and with lesseffort. For example,
measure the VDC output ofapower sup­
ply while measuring the VAC ripple.Or
check the amplitude and frequency of an
AC signal. From asingle test connection!

And the Fluke 45 isdesigned to make
complex measurements easier,with stan­
dard features like a1MHz frequency
counter,Min Max, limits testing (Hi/Lo/
Pass), TouchHold ~ and Relative modes.
There are 21 different reference imped­
ances for dB measurements; in the 2n
to 16n ranges,audio power can be auto­
matically displayed in watts.
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Accuracy toget the job done right.
The Fluke 45 isatrue-rrns meter,

with 0.02%basic dc voltage accuracy
and 100,000 count resolution on both
displays.Basic de current accuracy is
0.05%,making the 45 ideal for servicing
4-20 mA current loops. Closed-case
calibration simplifies the calibration
process and increases uptime.

Even an nS-232 interface isstandard.
Connecting the Fluke 45 to PCs,

RS-232 printers and modems isas easy
as attaching the cable. An IEEE-488.2
interface and rechargeable batteries are
available as options.

CIRCLE 121 ON FREE INFORMATION CARD

Get everything
you've ever wanted.

Dual displays.
16 functions.Even the
security of an optional
two-yearwarranty
extension for only $35.
For all the information
on the new Fluke 45,
contact your local dis­
tributor. Or call toll-free
1-800·44·FLUKE,ext, 33.

FLUKE 45 DUAL DISPLAY MULTIMETER

Optional two yearwarranty
extension $35*

*SuggestedU.S.ListPrice

John FlukeMfg.Co.,Inc. RO.Box C9090 MIS250C Everett.WA 98206
U.S.:206·356·5400 Canada:416·890·7600 Other Countries:206-356-5500

OCOjlyright 1989 JohnFluke Mfg.Co.,Inc.Allrights reserved. IBMPCisaregistered
trademarkofInlernationalBusinessMachines Corporation.Ad No. 0591·F45.
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What is the first item on you r test­
equi pm ent wish list? If you're like
most of us , it's a spectrum analyzer.
And the reason you don 't have one is
because of its high price. We 're here
to offer a solution. Convert your os­
cilloscope into a 2- 600 MHz spec­
trum monitor for a fraction of the
cost of a real analyzer. For all the
details, turn to page 33.
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Put the 68705 microcontroller to work.

BUILD THE R-E FAX MATE
Now you can use your fax and your regular phone on the same line!
(It works wit h modems, too.>

BUILD A REM OTE AlB SWITCH
The ultimate couch potato's dream: Never leave your easy chair again!
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COAX ADAPTER KIT
• Create any adapter in seconds
• Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter­
faces. Simply screw any combination of24 con­
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC . 9178 Brown Deer, San
Diego, California 92121. Call toll-free for cata­
log: 1-800-368-5719.

No Better Probe Ever
at This Price!

Shown here
Model SP150 $49
Switchable lx-Itlx ....
CIRCLE 181 ON FREE INFORMATION CARD

BNC ATTENUATOR KIT
Contains 4 attenuators - 3dB, 6dB, IOdB,
2OdB; I feedthrough and I termination. Thick­
film circuitry for low reactances. Rugged de­
sign resists shock and lasts longer. Rectangular
shape stays put on the bench . Impedance: 50n
Frequency: IGHz. Maximum Power: IkW
peak, IW avg. VSWR 1.2:I. Attenuator
Accuracy :±O.2dB. Terminations Resistance
Tolerance: ±I%. $150.
TEST PROBES INC . Call toll-free for catalog:
1-800-368-5719 .
CIRCLE 212 ON FREE INFORMATION CARD

DELUXE TEST LEAD KIT
Users call TPI test leads The Absolute Best. The
TLS2000 features the highest quality cable in the
industry - with spring-loaded safety-sleeved
plugs. U.L.listed (file E79581) . Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 211 ON FREE INFORMATION CARD

TES T
PROBES, INC.

• 10 da y return policy ­
performance and satisfaction
guaranteed
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• Universal - works with all
oscilloscopes

• Removable Ground Lead
• Excludes External

Interference - even on
scope' s most sensitive range

• Rugged - withstands harsh
environments including high
temperature and humidity

• Advanced Strain Relief - 9178 Brown Deer Road
cables last longer San Diego, CA 92121

• Available in lOx, lx and Toll Free 1-800-368-5719
switchable lx-lOx 1-800·643·8382 in CA

Call for free catalog and Distributor in your area

Risetime less than 1.5 nsec.

ECONOMICAL SILICON
RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLlOOO $14.00. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

CIRCLE 213 ON FREE INFORMATION CARD CIRCLE 123 ON FREE INFORMATION CARD
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WHAT'S NEWS
Fastest megabit DRAM chip.

JIM BALLARD OF IBM'S semiconductor manufacturing and development facility runs a
robotic tool that processes the world's fastest one-million-bit DRAM chips on a-inch­
diameter silicon wafers.
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IBM's one-million-bit Dynamic
Random Access 'Memory (DRAM)
chip is now being manufactured in
volume at the company's plant in
Essex Junction, VT. The chip can
access a bit of data in only 65
nanoseconds (billionths of a sec­
ond)-almost a 20% improvement
over IBM 's other megabit chip. The
faster speed is a result of advance­
ments in the manufacturing pro­
cess. The chips are fabricated on 8­
inch diameter silicon wafers,
rather than the industry-standard

4- to 6-inch wafers. Because the
larger 8-inch wafers hold more

.chips, manufacturing-line produc­
tivity is significantly increased .

The first application for the new
chip is in the recently announced
Application System/400 (AS/400)
model 870, a powerful high-end
addition to the line of computers
designed for small and intermedi­
ate-sized companies. The 65­
nanosecond chip helps make the
870's processor faster by improv­
ing main storage-access time.

"Smart fluids" control hydraulic
equipment

Dr. Frank Filisko, a physicist at
the University of Michigan, Ann
Arbor, has developed a water-free
electro-rheological fluid, which
temporarily thickens when sub­
jected to electrical current. The
"smart fluid" might provide some
unusual alternatives to the valves
that are used today to control the

J ig u i d R [~.ssure that powers
hydraulic systems.

Those complex, expensive, and
relatively slow valves are the weak
links in all types of modern
hydraulic systems, and scientists
have been working on electro-rhe­
ological fluid as a valve replace­
ment for several decades. Because
the fluid thickens as the electric
field is increased, by controlling
the electrical field it is possible to
exert precise control on the thick­
ness of the fluid-which can
change from its at-rest milk-like
consistency to a gel-like state and
back to its original form in frac­
tions of a thousandth of a second.
All previous versions of electro­
rheological fluid, however, con­
tained water molecules that froze
at low temperatures and boiled
away at high temperatures , render­
ing those fluids impractical for me­
chanical applications.

Dr. Filisko's formulation con­
tains equal parts of electrically
nonconductive liquid and fine par­
ticles of a solid-for instance, pe­
troleum or silicon oil interspersed
with particles of baking soda ,
glass, or silica gel-but no water.
Already being used experimen­
tally by Chrysler in advanced-de­
sign prototype automobiles ,
" smart fluids" lead to improved
shock absorbers, clutches,
brakes, and power steering in cars
as well as improvements in any
electrical and mechanical prod­
ucts that contain hydraulic sys­
tems. Actually, there are probably
many future applications that have
not yet been thought of. R-E



Where's Your ELECTRONICS Career Headed?

The Move You Make Today Can Shape Your Future
Yes it's your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE
Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace ,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers ... and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from: .

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran­
tham staff for independent study at home, are
supplied by the College , and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran­
tham teaching staff.

Recognition and Quality Assurance
Grantham' College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

•
All lessons and other study materi als, as well as com­
munications between the college and students, are in the
English language. How ever , we have students in many
foreign countries; about 80% of our students live in the
United Stat es of Am erica .

,----------------------,I Grantham College of Engineering R-989 I
I 10570 Humbolt Street, Los Alamitos, CA 90720 ,

" Please mail me your free catalog which explains your I
, B.S. Degree independent-study program. I

I I
, Name AgEL-_ ,

, Address II
, I
I City State Zip__ IL ~
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VIDEO
NEWS

• No barriers. Electronics may accomplish
what politics never could do-the elimination of
technological barriers to visual communications
between nations. In the past, standards
converters costing hundreds of thousands of
dollars were used by television networks to
convert between PAL, SECAM, and NTSC
television standards. In the very near future­
like next year-our home VCR's will be able to do
the job. Both Panasonic and JVC have shown
video recorders that can convert from any of the
world's TV standards to any other. Neither
company has announced a definite price for its
standard-converting VCR, but both have indicated
that the VCR's will be consumer products. Both
use digital technology to play tapes recorded in
any one standard on a TV set of any other. Thus,
within a year or two, families separated by
oceans may be able to communicate irrespective
of arbitrary video standards.

• More small ones. Just about every
manufacturer is adding new carry-along video
systems combining LCD color screens with VCR's.
Sony has just introduced its second model-a
"giant-screen" 4-incher-as a step up from its 3­
inch Video Walkman. Both use 8mm VCR's.
Panasonic has introduced a 3-inch model using a
Super VHS-C compact cassette mechanism, to be
followed by a 4-inch with full-size VHS. Sharp,
which makes the 4-inch LCD used in both the
Sony and Panasonic models, introduced its own 4­
inch carry-along with a full-size VHS recorder.
Hitachi is offering a "laptop VCR" combining a
VHS Hi-Fi recorder with a 5-inch LCD screen.
JVC has shown a mini-modular model consisting
of a tiny camera, a VHS-C deck, a tuner, and an
LCD monitor that can be used in different
combinations. Snapped together, the deck and
camera comprise a miniature camcorder, while
the tun er, deck, and screen make up a portable
entertainment center.

Also getting smaller are 8mm camcorders.
Using a compact new transport and a 4-laorer
circuit board, Sony has miniaturized a full-feature
camcorder to the point where it weighs less than
two pounds and fits easily in the palm, or even in

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

a coat pocket. Yet it has a 6:1 zoom lens and a
variable-speed shutter.

• The big game battle. It would be different if
it were only a game, but this one is for keeps.
Nintendo, which has been responsible for the
video-game resurgence and has at least 80% of
the market, now finds its 8-bit game challenged
by two more-advanced, 16-bit games. One is from
its rival, Sega, and the other is a new entry by
NEC. Both systems have more sophisticated
graphics and are capable of playing more
complex games. While the basic Nintendo game
lists at about $150 (and sells for somewhat less),
the two newcomers will have tags of about $200.
The NEC game will even have a CD-ROM as an
accessory-for an additional $400. The big
question is whether Nintendo is vulnerable,
particularly from games whose price takes them
out of the toy category. Just in case, Nintendo has
a 16-bit game that it has already introduced in
Japan but hasn't brought here yet.

Nintendo has another ace up its sleeve. At
press time, it was negotiating with AT&Tfor a
service interconnecting its video games with
phone lines to provide stock-market reports,
home-shopping services, and other
communications functions. It already provides
similar services in Japan, where its video game is
called "Family Computer."

• Laserdisc on the brink? Is the laserdisc
family poised for a takeoff? It could be, with more
than a half-dozen companies marketing players
(m ost of which can also play CD's ) and an ever­
increasing number of discs available. Pioneer
expects to sell 80,000 players in the second half
of this year-three times the number it sold in
the same period in 1988. Pioneer thinks that total
player sales in the If.S. this year will be about
130,000 units, probably double last year's figure.
Some 500,000 players and 12,000,000 discs were
sold in Japan last year. Pioneer has doubled the
capacity of its American disc-pressing plant in
Carson, CA to 600,000 a month, and Sony is
beginning to press laserdiscs at its Terre Haute,
IN, compact-disc plant. R-E
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Membership Benefits • Big Savings. In addition to this introductory
offer, you keep saving substantialty with members' prices of up to 50% off the
publishers' prices.• Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers' prices. • Club
News Bulletins. 14 times per year you will receive the Book Club News, describ­
ing all the current selections- mains, alternates , extras-plus bonus offers and
special sales, with scores of titles to choose from. • Automatic Order. If you want
the Main Selection, do nothing and it will be sent to you automatically. If you prefer
another selection, or no book at all, simply indicate your choice on the reply form
provided. As a member, you agree to purchase at least 3 books within the next
2 years and may resign at any time thereafter . • Ironclad No-Risk Guarantee.
If not satisfied with your books, return them within 10 days without obliga­
tion! • Exceptional Quality. All books are quality publishers' editions especially
selected by our Editorial Board.

,
Please accept my membership in The Computer Book Club" and send Ihe 5 volumes iisted
below, billing me $4.95 plus shipping and handling charges . If not satisfied. I may return the
books within len days without obligation and have my membership cancelled. I agree 10 pur­
chase at least 3 books at regular Club prices (plus shipp ing/hand ling) during the next 2 years
and may resign any time thereafter. •

Name
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When it's new and important in business or personal computing,
The Computer Book Club ® has the information you need

at savings of up to 50% off publishers ' prices!

Signalu re _

• Valid for new members only. Foreign applicants will receive special ordering instructions. Canada must remit
• in U.S. currency . Th is order subject to acceptance by The Computer Book Club!' . RP1C989
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ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

+---------------------------- -----------------------------+
Hex Dump of the 748287 PROM that Creates Bit '9'

=========================================================
0 1 2 3 4 5 6 7 8 9 A B C 0 E F

=========================================================
00 - 00 02 04 06 01 03 05 07 09 OB 00 OF 03 05 07 01
10 - 00 00 00 00 02 04 06 05 O;J 09 OB 00 OF 07 09 08
20 - 00 00 00 00 02 02 02 02 04 06 09 08 00 OF 08 00
30 - 00 00 00 00 02 02 02 02 04 04 00 OF OF 01 03 05
40 - 01 03 05 07 0 9 08 00 OF 01 03 05 OF 07 09 00 OF
50 - 03 05 07 09 08 00 OF 01 03 05 OF 07 09 00 OF 03
60 - 05 07 09 08 00 OF 01 03 05 OF 07 09 00 OF 07 05
70 - 07 09 08 00 OF 01 03 05 OF 07 09 00 OF 03 05 07
80 - 07 09 08 00 OF 01 03 05 OF 07 09 00 OF 03 05 07

CJ) 90 - 09 OB 00 OF 01 03 05 OF 07 09 00 OF 03 05 07 09o
Z AO - 08 00 OF 01 03 05 OF 07 09 00 OF 03 05 07 09 08
0 80 - 00 OF 01 03 05 OF 07 09 00 OF 03 05 07 07 09 08a: CO 09 OB 00 OF 01 03 05 OF 07 09 00 OF 03 05 07I- - 09o DO - 08 00 OF 01 03 05 OF 07 09 00 OF 03 05 07 09 08w
...J EO - 00 OF 01 03 05 OF 07 09 00 OF 03 05 07 09 08 00wa FO - OF 01 03 05 OF 07 09 00 OF 03 05 07 07 09 08 00
is

, ,-------------- --------- -----------------------------------c
FIG. 1a:
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640K REJECTION
I'm the proud owner of an IBM

XT clone motherboard, but I'm
having a problem with "it . Every­
thing is fine when I set it up with
256K of memory, but it will lock up
whenever I try to put 640K on the
board. After some extensive trou­
bleshooting, I've determined that
the problem is the bipolar PROM
used to generate bit nine for the
256K RAM ch ips. I can't read the
one I have, and nobody will sell a
replacement PROM. Any ideas?-
C. Ellis,Tacoma, Washington

As a matter of fact, I have three
ideas. The first is to replace the
motherboard, the second is to
replace the PROM, and the third
is to simulate the action of the
PROM with some discrete logic.
Let's take those one at a time.

The easiest th ing to do is just
replace the motherboard. That's
what most people would do but

itwould rubmethewrongwayto
toss the motherboard away just
because one chip is bad-call it a
matter of principle. Even though
the cost of an XT motherboard is
a lot less than the cost of your
time, the fact that you 're writing
for help indicates that you're also
aman of principle. 50 option one
goes out the window.

The right way to fix the board is
to replace the PROM. And even
though lots of companies in the
USA are selling Taiwanese XT and
AT computers, there are rela­
tively few companies in Taiwan
that actually etch the boards.
Most computer companies buy
the boards, stuff them with com­
ponents, build them into com­
puters, and put their name on
the case. That means that there
aren 't that many different boards
on the market , so there's a
chance of finding a replacement
PROM.

Every motherboard I've seen
that can handle 640K uses a
745287 256 x 4 bipolar PROM to
map in the extra 384Kof memory,
and all the PROM's contain the
listing in Fig. 1. If you can't burn
PROM's yourself, check the ad­
vertisers in the back of this maga­
zine ; sev e ra l of them have
PROM-burning services.

The last alternative is to use
some logic to generate the
needed address lines. However,
before you even think of taking
on a job like that, you must have



EX AND YOUR CAREER HORIZONS...

The CIEMicroprocessor Trainer helpsyou to learn howcircuits with
microprocessors function in computers.

START WITH CIE.
Microprocessor~Technology. Satellite Communications.
Robotics. Whereveryou want to go in electronics...
start first with CIE.

Why CIE? Becausewe're the leader in teaching
electronics through independent study. Considerthis.
We teach over 25,000 studentsfrom all over the
UnitedStatesand in over 70 foreign countries. And
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thousandsof men and women get started in
electronics careers.
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Associate in Applied Science Degree in Electronics.
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an accu rate schemat ic of th e
board. You indicated in your let­
ter that you were including th e
board schemat ic, but it never got
to me so th ere 's really no way I
can suggest a circuit for you . If
you send me a copy of the sche­
matic, I'll take a closer look at th e
problem.

ALTERNATE DIMMING
I'm looking for a special-effect

lighting-control circuit. It has to
alternately increase the brightness
of one bulb while decreasing the
brightness of another. I'm pres­
ently using two regular dimmers
with small motors that physically
rotate the shafts. Is there some
easier way t o do t ha t elec ­
tronically?-l. Hurst, New Or-
-leans, Louisiana - - --

From what you described in
your letter, ju st about anything
else would be easier, although
nothing could be anywhere as
straightforward . You can do the
whole thing el ectronically, but
the problem has to be broken
down into a few parts.

In order to alternate ly dim and
brighten a light bulb, a circuit
has produce a low-frequency
sine wave or other similar output
waveform. If you use the sine­
wave to control a light, as the
voltage increases and decreases,
the light bulb will get brighter
and dimmer, and you 'll want to
be able to adjust the cycle time
from about 1 to 10 seconds.

The circuit in Fig. 2 uses a 555
oscillator, and the potentiometer
can vary th e frequ ency fro m ten
to one hundred Hz. We've multi­
plied the requ ired f req ue ncies
by ten because we're using th e
555 clock to control the 4018,
which is a programmable coun­
ter set to divide by ten .

By summing the outputs of the
4018, and connecting the Q5 out ­
put to th e Data input, the chip
will produce a risin g and fall ing
stair case waveform at a frequen­
cy of one-tenth the 555's clo ck
rate. It 's a kind Of make-believe
sine wave. Th ere 's not enou gh
room here to go in to a complete
descripti on of th e 4018, but a
good data book will help you un­
derstand w hat the chip is doing.

The stepped output from the
4018 looks something like a cross

between a triangle wave with a
flat top, and sine wave with steep
sides . If you want a better ap­
proximation , you have to cas­
cade 4018's to get more steps,
and add filte ring to smooth the
output.

Since we're only controlling an
incandescent bulb, however, the
waveforms we' re getting from
th e circuit are good enough. You
can add more stages and fi lteri ng
if you want, but f irst t ry the cir­
cuit as show n to see if you really
need th e extra stages.

The actual contro l of the bulb
is being done by a standard light
d immer. You can eit her bu ild the
one shown or modify a sto re­
bought one. Whichever yo u
choose, remember, that yo u' re_
playing around with the AC line
voltage, so be careful where yo u
st ick your fingers.

The varying voltage from the
4018 is directly driv ing the LED
half of an MOC3010 op tocoupler.
The other half of t he op­
tocoupler is contro lli ng the light
dimmer's triac. As the 4018's out­
put voltage increases, the inca n­
descent bulb w ill get brighte r,
and as the 4018's output voltage
dec reases, the bulb w ill di m.

The circui t in Fig. 2 controls
only one dimmer, but there are
ways around that. You can inve rt
the output of the 4018 and use it
to drive a second optocoup le r
and dimmer or, if you want to be
slick and sneaky about t hi ngs ,
you can use a single lig ht dimmer
to do th e whole job .

Remember that when the dim­
mer's triac turn s off the bu lb ,
you 've got 120 vo lts across the
dimmer. That means you can
hang one bu lb on the dimmer
outputs , and a seco n d o n e
acros s th e dimmer itself. That
way, the brightness of the two
bulbs will always be exact ly out
of pha se with each other.

If you decide to use one dim­
mer to control both bu lbs , make
sure that both bu lbs have the
same wattage. The bu lb sitting
across th e dimmer w ill be draw­
in g it s operating current through
the filament of th e fi rst bulb, and
nothing can cause more trouble
th an using the filament of a 60­
watt bu lb to supply current to a
500-watt flood light. R-E



No matterwhere you go
Tek's new222 isaperfect tit.
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Introducing Tek's new 222 Digital Oscilloscope. Weighing
in at under 4.5 pounds, the new Tek 222 is an ultra-portable,
10-MHz digital storage scope that's perfect for service applications.
So tough, rugged, and totally self-contained, it can go just
about anywhere. And it's incredibly easy to use-even in
extreme conditions.

Extraordinary capability and reliability at
a great price. The 222 is adual-channel
scope that can measure awide variety
of electronic instrumentation and
circuitry. It hasrechargeable on­
board batteries with afloating
ground to 400 volts, and
meets tough environmental
standards.

Plus, the 222 lets you pre-define front-panel setups, and call
them up with asingle button in the field. You can also save
waveforms in the scope's memory, then transfer them to aPC for
analysis and hard-copy output when you get back to the shop.

Best of all, the 222 is yours for only $2350.And that includes
Tek's remarkable three-year warranty
on parts, labor,and CRT.

,..... Get one to go! Pack ahandful of
•••,..... power with you wherever you go. To

..' '~ order your 222, or for afree bro-
., .t.~~: . ""f' chure, contact your local Tek rep-
~~ resentative or authorized

'" ....,...'.. '" distributor.
In ahurry? Call

1-800-426-2200.
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ISDN QUESTIONS...
First, let me co ng ratu late yo u. I

co nside r Radio-Elect roni cs to rank
r ig ht at th e top of pu bl icati ons
avail abl e f or ex peri me nte rs .
You 're do in g a great job.

I'd like to com me nt on the art i­
cl e " ISDN Prot otyping Teleph on e"
(Radio-Elect ronics, May and June
1989). I've bee n kee nly interested
in ISDN for many mon th s now. In
my mind, it may porten d a revo lu­
tion in th e way th at info rm ati on is
tran smi tted , affe ct i ng t he very
roots of our socia l, poli ti cal , and
ed uca tio na l syste ms . Fo r t hose
reasons, I recent ly t ried to ascer­
tain th e status of ISDN w ith both
AT&T and my local carrier, GTE.
What I di scovered was quite dis­
maying-th e corporate giants are,
on ce again , mounting a campaign
of secrecy to maximize the ir fut ure
finan cial gain from a dig ita l pho ne
syste m.

It seems that some peop le ju st
n ever learn th eir lesso n . In t he
case of ISDN, AT&T has everything
to gain, and nothing to lose, fro m
publ ic di ssem in ati on of the tec h­
nol ogy. Moreover, t here is sti ll no
standardization of the NT1's-yet
GTE has anno unced their inten­
t io n to begin w ides pread market­
in g in 1991 !

For th ose reason s I was most in ­
terested in the ISDN art icles . I was
somewhat d isapp o inted , however,
t hat it di d not ment ion the video­
data capabilities of ISDN (using ei­
th er or both of the 64-Kbit chan­
nels), the D-channel potential for
co ntro lling or man ipulating the
signal level, and the str ucture and
ro le of the NT1. Does the TE1 re­
pl ace t he NT1 in you r application?
Can t he two 64-Kb channe ls be
co mbined, using th e 0 channel, to

yie ld an effective data-rate trans­
mi ssion of 128-Kb?
HOWARD BARNES
Lompoc, CA

...AND ANSWERS
I understand yo ur chagrin with

" Co rpo rate America, " but I think
that we mu st remember that they
are in bu siness to make money,
not to produce engineering mag­
ic. Wh en th e users demand a
produ ct like ISDN , the vendors
will respond. In my area, South­
western Bell is aggressively mar­
keting ISDN .

The Millcom Prototyping Tele­
ph on e 'does need an NT1 before it
is co nnected to an ISDN subscrib­
er lin e, like any other TE1. We
m en ti oned video capabilities
twice in the article , but we didn 't
dwell on it. Nor did we go into
much detail about how an ISDN
network is engineered. We want­
ed to provide the readers-some
of w ho m may be unfamiliar with
t he spec if ics of ISDN and tele­
ph on e-comp any networking­
with a general ove rview. There are
publi cat ion s that de scribe ISDN
and baseband networks in greater
detail (see Radio-Electronics, Oc­
to be r 1988); we ju st felt that it was
beyond the scope of our article.
. Willi am Stallings has written a
book, ISDN: An Introduction , that
I'm look in g forward to reading . It 's
available from the Small Computer
Book Club.

As far as I know, the multiplex­
ing of the Band 0 channel s is a
funct io n of the ISDN switching
eq uip me nt and not under user
co nt ro l, if I understand your qu es­
tion co rrect ly. Also , in some ISDN
tria ls, I believe that they are using
D-chann el data to manipulate ana-

log devices, though that falls out­
side my area.

Several publications have de­
scribed ISDN as a "cult" tech­
nology. I feel that because users
have become technology-con­
scious after mastering the PC and
LAN 's, they don't immediately
trust anything that's not as easily
understood. It 's our job to explain
to those users that ISDN is simply a
problem-solving tool for profes­
sional communications people to
use-it's not a religion .
DOUG TOUSIGNANT
St. Peters, MO

PROPER TERMINOLOGY
I would appreciate it if your writ­

ers, especially those with scientific
and technical backgrounds, would
stop using the phrase " l ight-years
ahead" incorrectly, as in the sen­
tence : "Windows/386 is light-years
ahead of Windows/286."

A light-year is a measure of
distance (approximately 5.86 x 1012

miles)-not of time! Simply stating
that one product is years ahead of
another would convey the mes­
sage correctly.

By the way, in the same article
("Put a 386SX Tiger in Your Tank, "
Radio-Electronics, June 1989), re­
ducing the number of parts re­
quired in a standard AT design
from 100 to 29 is a reduction by
about 213 and not Y3, as stated . '
BUD DAMYANOVICH
Utica, MI

But, what the author meant to
say is that it's miles ahead! (You 're
right about the 31 !)- Edi tor

ASK R-E CORRECTION
For anyone who is interested in

the retriggerable monostable ci r-



You Have Counted on Us for 15 Years

cuit th at was in Fig. 1 of the June
1989 Ask R-E, take note of this cor­
rect io n. The di rect co nnectio n be­
tween the transistor's em itter and
+V sho uld be removed. Doing so
w il l prevent +V from shorting to
ground when the tran si stor is
t urned o n.- Editor

TO BE (OR NOT TO BE)
CON TINUED

I am com menting on yo ur edi­
toria l sty le in the hope that yo u w il l
sto p usin g a cheap marketing
tec hnique in favor of an approach
that w ill better serve your reade rs,
as we ll as yo ur own lon g-term in­
terests. I am referrin g to the meth­
od you use of havi ng a "teaser"
constru ct ion article t hat runs in
several parts in subseq uent issues.
As a subscriber, I've had to wait as
long as two mon ths to get the fu ll
in formati on o n a kit o r p roject.
When I have to wa it that lon g, I
gene rally lose interest.

If you ever decide to start pu t­
t ing the w ho le project in a sing le
issue, I mi gh t start subscribi ng
again . I just wish that yo u'd stop
revealing yo ur projects a bit at a
ti me, li ke a cheap strippe r.

I reali ze that this letter cou ld be
more diplom ati c, b ut the co m­
ments are hon est and well intend­
ed. Peopl e do n o t pay for a
produ ct alo ne; they pay fo r satis­
fact ion. As lon g as yo u satisfy- not
tease-they' ll pay.
JAMES GREENBERG
Carro llton, TX

TV-TRANSMITTING LEGALITIES
The article " Build This Amateur

TV Transm itter" (Radio-Electronics,
June and July 1989), was f ine tech­
nica lly-but I must point out a few
things about it.

The tit le sho uld reall y tell th e
tale : The only val id use of the de­
vice is by a licensed Radio Amateur
(ham) of Technician Class or high­
er. The art icle does say that is the
case with the 2-watt versio n. How­
ever, it seems to suggest that if. a
person ha s such a l icen se he

You have count ed on OPTOELECTRON ICS
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.

would be allowed to use the de­
vice for the purposes named both
in the first paragraph of the article
and/or those listed in the "Lia­
bi lity" paragraph on page 46 of the
June issue . Part 97 of the FCC rules
govern ing amateur radio speci f i­
cally limit th e natu re of transmi s­
si o ns to non-commercial-i n
other words , not for profit o r con ­
sideration of any kind .

In the article's first paragrap h,
seven possib le uses are listed. The
first , amateur TV tra nsmitti ng, is

And more and more of you are count ing on
us, technicians, engineers, law enforcement
officers, private invest igators , two-way radio
operators, scanner hobbyists, and amateur
radio operator s, just to name a few.
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We're sorry that you fee l as yo u
do, but p lease consider the alter­
nati ves. Radio-E lectronics would
have to (1) turn down any man­
uscrip t, no matter how in teresting
and well-presented, if it is too long
to fit in a sing le issue; (2) print on ly
projects that are simp le enough to
fit on three or four pages; or (3)
print on ly one or two complex
co nstruction projects each issue .
Obvio usly (1) and (2) are too intel­
lectu ally lim i ti ng, and (3) wou ld
great ly reduce each reader's
chance of finding a project that ap­
pea led to him. We feel we 're offer­
ing a good comprom ise . Elec­
tronics is a complex, challenging,
and rewarding hobby-even if it
doesn ' t always offer immediate
g rat ificat io n! - Edi tor

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 Secur ity Security

Audio-Microwa ve
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
ACCURAC Y ALL HAVE +1- 1 PPM TCXO TIME BASE.

All counters have 8 digit red .28" LED displays . Aluminu m cabinet is 3.9" H x 3.5" x l ". Internal Ni-Oad batteries
provide 2·5 hour portable operation with continuous operation from AC line charger/powe r supply supplied. Model
eG a uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories
is available. Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax.
COD fee $3. Foreign orders add 15% . MasterCard and VISA accepted .

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

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

1-800-327-5912 FL (305) 771-2050 FAX (305) 771-2052
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legitimate. The second , video in­
stallation s where cabl e hookups
are not possible, is only OK for
non-commerci al purposes by a li ­
cen sed ham. Number three , se­
curity and industrial work, is defi ­
ni tel y not allowed. The regulations
regarding th e fourth use, simulta­
neous viewing of several remote
TV receivers, are vague , but th e
ham-only rules apply, as they do
for number five, remote sensing.
The low-power version of the de­
vice mi ght be useful as a modu­
lator for a home-type MATV
system for the six th use , cable
transmission-but one must be
careful not to radiate any signal.
The seventh suggested use, as a
wireless VCR link, is another that's
absolutely not allowed .

As for the uses listed in the " Lia­
bility" paragraph: The ham-only
rule applies to educational pur­
poses; for legitimate TV broad­
casting, even low-powered TV
stations have a minimum power
output, and it's not 2 watts ; and
industrial and scient if ic purposes
are fo rbidden. Amateur TV trans-

mi tting is perfectl y all right (fo r li­
censed hams, of course).

Th e article mentions th e au­
tho rs' February 1986 art icle abo ut a
w ireless TV link. As I recall , on e of
th e fo llowing issues contained a
letter from the FCC remind ing Ra­
dio-Electronics and yo ur readers
that this type of devic e is not al­
lowed under FCC rules. That is still
the case. Although Part 15 has re­
cently undergone some chan ges,
it specif ically precludes the wire­
less VCR link use.

I must object to the Parts List for
off ering kits with crystals in the
430-MHz ham band while not mak­
ing it clear that not ju st anyone can
operate th ose for any purpose. Do
you know if the supplier checks to
see if those who orde r the kit are
licen sed radio amateurs? Many
commercial radio dealers that sell
amateur- radio equipment in sist
that purchasers be licensed . Cry s­
tals for operation on TV channels
14 and 15 are also offered-that is a
definite no-no.

I am a long-time subscriber to
Radio-Electronics and I reall y enjoy

the articles. I beli eve that th e TV­
transmitter articl e co uld encour­
age many techni cally ori ented
readers to stu dy and ob tain their
Amateur Radio Licenses. It sho uld
have been presented in th at light .
JOHN ANTONUK, AL7lD
Rhinelander, WI

LESSONS LEARNED
I built the "Act ive Antenna" (Ra­

dio-Electronics, February 1989). It
didn 't work, so I sent it back to the
autho r, Rodney Kreuter. He fixed it
fo r no charge! I was very happy
and surp rised. He found th at th ere
were two poorly soldered joints,
the FET was in wrong, and th e bat­
tery was intermittent.
FRED B. KOLCHIN
Texarkana, TX

We 're happy that Mr. Kreuter
was able to help you. He certainly
went beyond the call of duty. We
hope you 've learned something
from the experience- no t on ly
about Rod Kreuter, but abo u t
proper soldering and construction
techniques.-Editor R-E

• ATTENUATION· 45 dB TYPICAL
• BANDWIDTH · 4 MHz AT 5 dB POINTS

• INSERTION LOSS · Zea

• FOFlE LIMINATION O F SEVERE INTERFERENc e
• FOFl"CENSORING" OF ADULT BROA DCASTS

P.D.Box 94917
Las Vegas,NV 89193 -4917

j -800-433-63 19

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

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

FACTORY DIRECT FROM

Sttu~

band -stop filters
CABLE-TV

TUNING FOR SHIPPING!
MODEL RAN GE CHANNELS PASSBAND PRICE HANDLING

23H 50 ·66 MHz 2.3 (or 6 meter ham) 50 ·300 MHz $30 FREE I
46FM 66 ·108 MHz 4,5.6 (or any FM) 50 ·300 MHz $30 FREE
1417 120·144 MHz 141'1 15(81161C) 17101 50 ·4QQMHz $30 FREE
1822 144 -174 MH z 181El 191Fi 20(GI21(H) 22(1 ' 50·400 MHz 530 FREE

713 174 -216 MHz 7.8.9.10.11.12.13 5O-4QOMHz $30 FREE

~DEL 388-HD

Test Bench
Reg. $139 .00
SALE $106.95

Dig lto' Tut
Jns t~nts

Sign al G.eMnlors
tlJ1tlwters

Dscillo.cope,

P_r s..ppl1 . ,

~t- ~!...

EASY ORDER FAX LINE
(800) 545- 0058

P_In_1otc.

89 31 BrOOkville Rd
Silver Spring . MD 20910 US.A.
(BOO) 638 ·2020 (301) 587·7824

PRINT.

Complete B &K Line Avai l able.
"Call for your Pr ic e Quot at ions"
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SALE!
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~,~ Test

Instrument

Cl amp-On AC Cur rent
Prob e
Reg. $65. 00 SALE $29.95

MlDEL CP-l

Pr ograrrmable In /Out­
of Ci r c uit lC Tes t e r
Reg. $3500.00 SALE $2940.95
FREE AK560 SOFlVARE!!

MlDEL 2160

Osc ill oscope . 60HHz. Oual­
Trace . with Delayed Sweep
Reg. $1045 . 00 SALE $836.95

MlDEL 1541A

Osc il loscope . 40MHz .
Dual Tr ace
Reg . $B45. 00 SALE $598.00

FREE FREIGHT!!

MlDEL 2120

Oscill oscope. 20MHz.
Dual Tr ac e
Reg. $549 . 00 SALE Call for

Quote
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Now1esting Is
SevenTimes Easier

BecklTlan Industrial'"

© 1989Beckman IndustrialCorporation
Specifications subject tochange without notice.

and Audible Readout allow you to
spend lesstimefiddlingwithyour
meter.

Audible Readout •
Logic PulseDetector •
Fast Auto -Ranging • •
Self-Resetting Fuse • •
Auto-off Battery Saver • •
DCVoltage Accuracy 0.5% 0.25%
Warranty 2years 2years
Price $1 29.00 $1 49.00

The 200 Series.Multimeters that
take the work out of work. Call
or write for complete information.
1-800-227-9781 Inside California.
1-800-854-2708 Outside California. en
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. An Affiliate of Emerson Electr ic Co.

Instrumentation Products Division
3883 Ruffin Road, San Diego , CA 92123-1898
(619) 495-3200 • FAX (619) 268-0172 • TLX249031
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bleed-off is heardloud and clear with
the 200 Series' Audible Readout.

5. Find Logic Stuck-Ats.
Using standard leads,a fast Logic
Pulse Detector lets you easily detect
pulses down to SOns.

6. Adjust Voltage Levels.
When adjusting audio or video
response, an audible tone that changes
pitch as measured signals increase or
decrease permits faster and easier
adjustments.

'l StoQ Third Hand Problem.
Tilt stand and Skyhook" auto-ranging,

1. End Blown Fuses.
The new 200Series multimeter is
protected from excess voltage or surges
witha self-resetting fuse.

2. KeeQYomEyes OnYom Work.
QUickly probea circuit board listening
for audible tonechanges that pinpoint
the problem without glancing at
the LCD.

3. Detect Intennittents.
Hear a distinctive crackling sound
when anintermittent occurs.

4. Find Dead CaQacitors.
Capacitor voltage build-up or
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PRINTED CIRCUITS HANDBOOK,
Third Edition. By C.F. Coombs, Jr.960
pp., 556 iflus. Here in one handyvolume
is all the information you need to design ,
manufacture, test, and repair printed wir­
ing boards and assemblies. This new
edition features ten all-new chapters,
including three on SMT.
126/097 Pub. Pr., $63.50 Club Pr., $45.50

BUCHSBAUM'S COMPLETE HAND·
BOOK OF PRACTICAL ELECTRONIC
REFERENCE DATA, Third Ed. By
W.H. Buchsbaum, revised by R.C. Genn ,
Jr. 635pp., 357 iflus. & tables. This best­
selling reference is invaluable for
engineers whose work involves going
outsidetheir ownareaofexpertise. Cover­
ageincludesdigital lOgic; optoelectronics;
antennas and transmission lines; RF and
microwave fundamentals; communica­
tions sytems; television systems; com­
puters; radio; recording; and more.
583880·X Pub. Pr., $34.95 Club Pro$26.50

Join
the Electronics and

Control Engineers'
Book
Club®

• your one sourcefor engineering books
from over 100different publishers

• the latest and best information in yourfield
• discounts of up to 40% off

publishers' list prices

Spectacular values up to $99.90

New Members!
Take anyone of these great

professional 528 9books
for only -

as a premium with your
first selection!

MICROELECTRONICS, Second Ed.
By J. Millman and A. Grabel. 1.001 oo.,
646 iflus. Takes you from the basics of
semiconductor properties to an under­
standing of the operation of solid-state
devices , and then to more advanced
topics. Its up-to-date coverage , real-life
examples, and practical datamakethisan
ideal reference for theworkingengineer.
423/30X Pub. Pr., $53.95 Club Pr., $41.50

ENGINEERING MATHEMATICS
HANDBOOK, Third Ed. By J. J. Tuma.
512 pp.• iflus. This best-sellinghandbook
gives you the essential mathematical
tools-formulas, definitions, theorems, ta­
bles, and models for computer program­
ming - thatyouneedfor yourday-to-day
engineering calculations.
654/433 Pub. Pr. , 549.50 Club Pr., 534.50

CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog and
Digital Devices from Sensor to
Display, Second Ed.By D. Wobschall.
400 pp., 365 iflus. Bringsyou the entire
process of circuit designinacomprehen­
sive , easy-to-follow format. This new
edition reflects the latestin ICtechnology,
including CMOS and ECL devices.
n2/31X Pub. Pr., $49.50 Club Pr., $36.95

AMERICAN ELECTRICIANS' HAND­
BOOK, Eleventh Ed. By T. Croft and
W. Summers. 1.824pp., 1,560 iI/us. This
newly updated handbook showsyou how
toselect, install, maintain, andoperateall
thelatestelectrical equipment andwiring.
It includes themost recentcoderequi re­
ments, basic formulas, and a wealth of
circuit diagrams and illustrations.
139/326 Pub. Pr., $69.50 Club Pr., $49.50

ESSENTIAL CIRCUITS REFERENCE
GUIDE. By J. Markus & C. Weston. 528
pp., iflus. Collects into one convenient
volume more than 1,000 ready-to-use
circuit diagrams for today's electronics
applications. Nowyoucan havethecircuit
youneed inamatterofseconds- without
havingto reinventthewheel.
404/623 Pub.Pr.,$59.50 Club Pr., $47.50

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736pp., iflus.
Provides an overviewofautomaticcontrol
systems, including in-depth coverage of
classicalcontrol techniques, optimal con­
trol theory, andanalog and digital control
system design. This up-dated edition
discusses the latest ideas on theuse of
computers todesign control systemsand
ascomponents ofsuch systems.
583706-4 Pub. Pr., $51.00 Club Pr., $36.95

HANDBOOK FOR SOUND
ENGINEERS: The New Audio
Cyclopedia. Editedby G. Ballou. 1,247
pp.• over1.200iflus. Thisgiant handbook
gives you truly comprehensive coverage
of sound - and the methods of produc­
ing, reproducing, controlling, changing,
reinforcing, and measuringit.
583913-X Pub. Pr. , 579.95 Club Pr. , $55.95

Op·AMP HANDBOOK, Second Ed.
By F. W. Hughes. 320 pp.. 231 iflus.
Organized for on-the-job reference, this
handbook covers all facets of op-amps,
from stability and protection to signal
processing using op-amps. Includes a
collectionof over 60 practical circuitsfor a
variety of applications, procedures, and
expenments.
583651-3 Pub. Pr., $39.00Club Pr., $27.50

ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS' EXAM,Thi rd Ed. By L.
M. Polentz. 432pp., 170 iflus. Features
worked-out solutions and full explana­
tions for all sample problems so youcan
learnhowtosolvethem. It'sadependable
way to prepare for theexam or a perfect
on-the-job reference.
503/931 Pub. Pr., $39.50 Club Pr. , $27.95

ELECTRONICS
SOURCEBOOK
FOR TECHNICIANS
AND ENGINEERS
592pp., 800 iIIus., softbound 335/591
This condensed, paperback version
of the Handbook for Electronics
Engineering Technicians is the perfect
on-the-job reference forall electronics
professionals. From fully worked-out ex­
amples, explanations, tables, and graphs
... throughup-to-date coverage of active
filters, microwaves, and fiberoptics...
to using the full spectrum of technical
equipment, the Sourcebook is the
single mostconvenient professional
electronics reference available.

COMMUNICATIONS RECEIVERS:
pr incipl es and Design . By Ulrich L.
Rohde and IT.N. Bucher, 608 pp., 402
iflus. Every1hingyou need to knowif you
design or work with communications
receivers. from theory to practical design
approaches . Coverage includes all types
of receivers: shortwave, broadcast , radar.
military, marine, aeronautical, and more .
5351101 Pub. Pr. , $62.50 Club Pr., $44.50

MICROWAVE AMPLIFIERS AND OS­
CILLATORS. By C. Gentili. 150 pp., 79
iilus. Athorough, practical introductionto
thetheory anddesignofmicrowaveampli­
fiers and oscillators, withcoverage of the
scattering matrix, the gallium arsenide
field-effect trans istor, and microstrip
technology.
229/953 Pub. Pr., $39.95 Club Pr., $27.95

32·BIT MICROPROCESSORS. Edited
by H. J. Mitchell, 248pp., 104 iflus. and
tables. Acompletesurvey of thearchitec­
ture, operation, and applications of to­
day's most important new devices from
AT&T. Inmos, Intel, and Motorola.
425/85X Pub. Pr., $48.50 Club Pr., $35.00
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Write Code No. for the
First selection here

REFERENCEDATA FOR ENGINEERS: Ra·
dlo, Electronics, Computer, and com­
municatlons, Seventh Ed. Edited by E. C.
Jordan.
583619·X Pub. Pr., $69.95 Club Pr.. $49.95

THE LASERGUIDEBOOK. ByJ. Hecht
277/338 Pub. Pr., $55.95 Club Pr., $41.50

POWER GENERATION CALCULATIONS
REFERENCEGUIDE. By T. G. Hicks.
288/003 Pub. Pr.. $41.00 Club Pr. , $27.50

ELECTRONIC TEST EOUIPMENT: Pr lncl·
pres and Applicat io ns. ByTJ Byers.
095/221 Pub. Pr., $44.95 Club Pr. , $29.95

OPERATIONAL AMPLIFIERS AND LINEAR
INTEGRATEDCIRCUITS, Th ird Ed. By R. F.
Coughlin and F. F. Driscoll.
583754·4 Pub. Pr., $4D.00 Club Pr., $25.95

HANDBOOK OF ELECTRONICS CALCULA·
TIONS FOR ENGINEERS AND TECHNI·
ClANS, Second Ed. Ediled by M. Kaulman &
A. H. Seidman.
3351281 Pub. Pr., $49.50 Club Pr. , $37.50

McGRAW·HILL'S NATIONAL ELECTRICAL
CODE HANDBOOK, 19th Ed. By J. F.
McPartland.
457/077 Pub. Pr., $46.50 Club Pr., $31.95

INTRODUCTION TO RADAR SYSTEMS,
Seco nd Ed. By M. I. Skolnik
579/891 Pub. Pr., $5·4.95 Club Pr., $42.50

PROBABILITY, SIGNALS, NOISE. By J
Dupraz .
183/309 Pub. Pr. , $49.95 ClubPr., $34.95

HUMAN FACTORS REFERENCE GUIDE
FOR ELECTRON ICS AND COMPUTER
PROFESSIONALS. ByW.E. Woodson.
7171664 Pub. Pr., $39.95 Club Pr. , $29.50

Be sure to
consider these
important
titles as well!

Write Code No. of the
$2.89 selection here

_ _ 11'----_ _

E34085L ~

FOR FASTER SERVICE IN ENROLLING
CALL TOLL-FREE 1-800-2-MCGRAW

City _

This order subject to acceptance by ;\lcGraw-HiII.All
prices su bject to change wi thou t noti ce . Offer goo d
on ly to new m embers, For e ign m ember accep tance
subjec t to sp ecial co nd itio ns.

Signatur e _

Name _

Addres s/Apt. # _

State Zip _

r----MAIL THIS COUPON TODAY----,

I Mc Gr a w -Hill Book Clu bs
I Electronics and Control Engineers'
I Book Clubill>

p.o. Box 582, Hightst own , NJ ')8520-9959

Please enro ll me as a memb er and send me the two
books indicated. plus the ELECI'IIONICS SOURCE­
BOOK FOil TECHNICIANS AND ENGINEEIIS. I am to
r ec e ive one book for just $2 .89. th e other a t th e
discou n ted rn ernber-s p rice , plus local tax , sh ipping
and handling charge s . I agree to p urcha se a minimum
of one additional book during my first year of mem o
bership as outlined under the Club plan descr ibed in
this ad. I understand that a shipping and han dling
charge is added to all shipments.

BOB MIDDLETON'S HANDBOOK OF
ELECTRONIC TlME·SAVERS AND
SHORTCUTS. By R.G. Middleton. 378
pp., iIIus., softbound. Packedwith little­
known tricks of the trade and brand-new
techniques , thispopularhandbook makes
it easier than ever to troubleshoot radio,
l\/, audio equipment, CCTV, and more.
583865·6 Pub, Pr., 529.95Club Pr., 522.50

ANTENNA APPLICATIONS REFER·
ENCE GUIDE. Edited by R. C. Johnson
and H. Jasik. 496 pp., 368 iIIus. and
tables. Covers the major applications of
antennatechnology inallareasof commu­
nications and their design methods. Em­
phasizes important new applications such
asearthstation, satellite, seeker, aircraft,
and microwave-relay antennas .
322/848 Pub. Pr., 556.95 Club Pr., 542.50

RADIO HANDBOOK, Twenty-Third
Ed. Editedby w. I. Orr. 667 pp., 1,073
iIIus. and tables. The latest edition of the
most complete, current resource onradio
technology and its applications. Expert
contributors showyou howto select, de­
sign, build, testand operate all kinds of
equipment.
584638-1 Pub. Pr., 529.95Club Pr., 523.95

HANDBOOK OF ELECTRONICNOISE
MEASUREMENT AND TECH­
NOLOGY, Second Ed. By C. A. Ver­
gers.440pp., 213iIIus. Providesanswers
to all your questionsabout noise origins,
causes, effects. Also shows you how to
predict and measure noise, and how to
designlow-noise circuits.
583947-4 Pub. Pr., 539.95 Club Pr., 529.95

SWITCHGEAR AND CONTROL
HANDBOOK, Second Ed. Edited by
R. W. Smeaton. 1,056 pp., 789 iIIus. The
only handbook that treats all aspects of
switchgear control, including design, ap­
plications, safety, and maintenance. Up­
datedto reflect thechanges brought about
by the use of computers, solid-state
devices, and programmable controls.
584/494 Pub. Pr., 579.50 Club Pr., 556.95

HANDBOOKOF
ELECIRONICS
CALCULAnONS
~~N~

• I M PO RTANT I NFORMATION ••• WE MAKE IT EASY TO GET!
In our rapi dly ch anging world, th os e w h o perform best are those w ho are best
informed . Des igned excl u sively fo r th e pra cti cing en gin eer, the Elec tron ics an d
Co ntr ol Engin eers ' Book Club provides you wi th in for mation that is relevant ,
r eliable . and specifi c en ou gh to m eet yo ur n eed s . Each Clu b bu lle tin co m es your
way 14-16 times a year and offers you more than 30 books to ch oose from - th e
bes t and newest books from all p ublishers !
• DE PENDAB LE SE RVICE •••WE'RE H ERE TO H ELP!
Whether you want information abo u t a bo ok or h ave a questi on abo u t yo ur
m embership. our qu ali fied staff is here to h elp. Just call u s toll-f ree or write to our
Custom er Servi ce . We als o m ake su re yo u get on ly th e books yo u want, All yo u do
is simp ly te ll us you r choice on th e Reply Card an d return it to us by th e speci fied
dat e . If yo u wan t the Main Selec tion . do n othing - it will be se n t to you
a u tom a tical ly. (A small sh ip p ing and handling charge is adde d to each shi p men t .)

• CLUB CO NVE NIENCE ••• WE DO THE WORK!
Beyo nd th e benefit of tim ely in formation. Club membership offers many other
benefi ts. For exam p le , you get a wide choice of books th at cannot be matched by
any booksto re - anyw h er e. And all yo ur bo oks are conve n ien tly delivered r ight to
your door. You also get the luxury of 10 full days to decide whether you wan t th e
Main Selec tion. If vou sh ou ld ever r ec eive a Main Selection you don't want because
th e Clu b bulletin came la te , just re turn it for credit a t ou r expense.
• SUBSTANTIAL SAVINGS ••• AN D A BONUS PROGRAM TOO!
In ke eping wi th our goal to provide you wi th th e best information at the grea test
possible savings, you wi ll enjoy s ubstantial di scounts - up to 40%!- on every boo k
you buy. Plus , you 're a u tom atical ly eligible fo r our Bon us Book Plan w h ich allow s
you savings up to 70% on a wide selection of books ,
• EASY M EMBERSHIP T ERMS •• •IT 'S WORTHWHILE T O BELONG!
You r on ly obliga tio n is to purcha se one more book - a t a handsome discount ­
du ri ng the n ext 12 months. after which you en joy th e benefit s ofm ember ship with
no fu r th er obliga tion. Ei ther yo u or th e Clu b may cancel membership a nyt im e
thereafter.

Here's how the Club works to
serve YOU:

BASICTELEVISION AND VIDEO SYS·
TEMS, Fifth Ed. By B. Grob. 592 pp.,
iIIus. Provides theclearestpicture of how
television and video systems work, and
what to do when they don't. Covers
television receivers, VCR 's, video cam­
eras, andcablesystems- all in readable,
practicaldetail.
249/334 Pub. Pr., 535.95 Club Pr., 524.95

ANALOG ELECTRONICCIRCUITS. By
G. M. Glasford. 480pp., 350 iIIus. Gives
you the detailed information and equa­
tionsyou needto create and analyze top
quality circuit designs or effectively utilize
the designs of others.
583768-4Pub. Pr., 555.00 Club Pr., 539.50
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Elenco XK-220 Digital

Trainer

The Elenco XK-220 Digital
treiner is the logical choice

for your logic designs.

CIRCLE 45 ON FREE INFORMATION CARD

D ESIGN ING D IG ITAL CIRCU ITS ON PA PER

is always p retty easy; getting the
ci rcuits to work in real li fe is an­
ot he r sto ry. But wh en you use th e
right tool s fo r th e jo b, you can at
least minimize th e hassles. Th e
XK-220 Digital Trainer fro m Elenco
El ectronics (150 W. Carpente r Ave­
nu e, Wheel in g, IL 60090) is th e
ri ght tool to use for developin g
dig ita l ci rc ui ts. It provid es yo u
w it h many co nve nie nt features,
such as + 5-, + 12-, and -12-vo lt
DC power suppl ies; t hree cl ock
outputs at 1 Hz, 1 kHz, and 100
kHz; eight LED logic ind icator s;
eig ht data sw itc hes; two n o­
bounce logic switches; a 590-pi n
breadboard ; and 100-pin functi on­
out put br eadb oard .

The XK-220 is espec ially good fo r
stude nts, because it is availab le as­
sembled o r as kit, w hic h includes
everyt hing you need to co mplete
th e un it , in clu d in g so lder. Th e
XK-220 shou ld be affordable even
fo r people on a bu dget ; th e ki t
costs $110.00, and the assembled
version costs $150.00.

The XK-220 comes w ith a we ll ­
wri tt en assemb ly/o pe rat ing man­
ual , wi th step -by-step assembly in­
structions to guide yo u throug h
th e p ro ject. It also t horoug h ly

covers testing and t ro ubleshoo t­
ing, and includes a complete sche­
matic. It goe s a long way to ensure
yo ur gett ing th e trainer to work
properly. Unfortunately, th e man­
ual make s no mention of what to
do once yo u've compl eted th e
train er. We thin k that a couple of
sampl e expe ri me nts would have
been app ropriate.

Specifications
The XK-220 is powered by an AC

tran sformer, so there's no need fo r
any batteri es, and an on/off swi tch
is provi ded on th e co nt ro l pan el.
All of the XK-220's ci rcuit ry is con­
tained on two PC boards, one fo r
the power supply and on e fo r th e
rest of th e circuit ry. Both are silk­
scree ne d fo r easy par t s place­
ment. Th e + 5-vol t D C p ow er
supply can provide half an amp,
and the + 12- and - 12-vol t sup­
pl ies can deli ver 150 mA-all t hree
power sup p lies are fuse prot ected.

Ei ght sing le-po le double-throw
data sw itches are provided , each
w ith o ne end co nnecte d to + 5
an d o ne e n d co n necte d to
gro und . And w hile data switc hes
are f ine for permanentl y holding a
lin e high or low, th e probl em with
o rdi na ry sw itches is t hat , w he n

they are activated , their contac ts
have a ten dency to bounce (they
open and close several times be­
fore comi ng to rest). Of co urse,
you cou ld never visually see th e
bounce in, say, an LED's out put,
but a high-speed d igital ci rc u it
sees eac h bounce as a sepa rate
th row of the switch . Therefor e, no­
bou nce circuitry is provide d for
the two logic switc hes to provid e
single-pulse inp uts fo r co unt ing
circu it s and t he li ke . Th e n o­
bounce ci rcuit ry is made up of
NAND gates arranged as f lip-f lops,
allow ing only t he first change at its
input to appear at its output.

A 555-ti mer circu it generates th e
three output clock pu lses, 1 Hz, 1
kHz , and 100 kHz. A 60-Hz pul se
deri ved fro m the AC line vo ltage is
availab le as we ll. All clock pulses
are 5-vo lt peak-to-peak sq uare
waves. Eight LED log ic indicato rs
are provi ded , so t hat yo u can
monitor the logic state of inputs ,
outputs , and w hateve r else you
like. They are set up to t urn on
wh en the ir input is ove r 2.8 vo lts .

A 2-p in by 50-p in b readboard
provides the outputs for each of
th e XK-220's function s- +5 , + 12,
- 12, the clock, etc; each funct io n
has 5 co nnect ing pin s. A 590-p in
breadboard is provided for w iring
your own digita l circuits. It w il l ac­
commodate up to eight 14-pin lC's
at once, w it h plenty of roo m fo r
exte rna l components . The sturdy
stee l co ntro l panel is co mplete ly
labell ed , and housed inside a rug­
ged plastic case. Space is provided
for sto ring th e li necord.

The XK-220 allows you to simply
" pop" lC's in and out of a circuit, to
help you qu ick ly develop an un­
derstandin g of how dig ita l circuits
wo rk , and wit h the kit you can also
devel o p assembly ski ll s as wel l.
The Elenco XK-220 Dig ita l Train er
kit may just be the perfect pro ject
for an elec t ro nic's stude nt , but
anyone invo lved in ele ct ro n ics
wo uld fi nd it to be usefu l. R-E



WITH CIE,
THE WORLD

OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

r--------------------------------------------------
C IE CI I d I · f EI . I . ARE-141eve an nstltute 0 ectronlcs, nco

1776 E a s t 17th Street, Cleveland, Ohio 44114

MAIL
TODAYI

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
Eng ineering 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 Eas t 17th Stree t . C le veland, O fu o 4 4114

MemberNHSC
Accredited M ember National Home Study Council

'YEs... I want to learn from the specialists in eledronics-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 (p rint): _

Address: _

City : State:

Age: Area Code/Phone No.: / _

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

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it puts you in a
classroom of one. Soyou can study
where and when you want. At your
pace, no somebody else's. And
with over 50 years of experience,
we've developed proven
programs to give you the support

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 eledronics in
adion. In industry, aerospace,
business, medicine, science,
government communications­
you name it. And as high
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.

SPECIALISTS NEED
SPECIALIZED TRAINING.

It stands to reason that you
learn anything best from a
specialist and CIE is the largest
independent hom e 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.

CIRCLE 60 ON FREE INFORMATION CARD



plastic trapezoidal case that mea­
sure s rou ghly 3.5 x 2 x t inches .
The fron t panel features 4 con­
trols: a power swi tch , a si ne/
square/triangle selector, a range
switch, and a continuously varia­
ble control to adjust the output
frequency within each range. The
output of the FG-1 is made avail­
able at two 5-way binding posts at
the top of the case. The output
waveforms are 5 volts pe ak-to­
peak.

The heart of the FG-1 is an Exar
2206 function-generator lC. That ,
coupled with well-designed pack­
aging , keep s the size to a mini­
mum. Four internal PC-mounted
potentiometers are avai lable fo r
calibration of the output level ,
sym met ry, and distortion . (See
Fig. 1)

The only feature we didn 't like
abou t the FG-1 w as its power
sw it ch . That mini ature toggle
sw itch is sure to get turned on
when the FG-1 is tossed into a tool
bo x. A pu shbutton sw itch would
be better.

The FG-1 unquestionably
doesn't offer any new technology,
and its range of function s is quite
limited. Yet we we re impressed by
how useful such a simple gener­
ator cou Id be-especially wh en it 's
compared to a full-featured gener­
ator that is sitting behind on a test
bench when you 're out on a ser­
vice call. The FG-1 al so ma ke s
sense for a student or a hobbyist
who is unsure of what features are
really important fo r the first-t ime
function -generator purchase.
With a suggested reta i l price of
$96.95 , th e FG-1 sho u ld find a
home in a lot of shirt pockets. R-E

A miniature function
generator that's truly

pocket-sized!

Sibex fG-l Handheld
function Generator

CIRCLE 44 ON FREE INFORMATION CARD

ONE OF TH E DI SADVANTAG ES O F HAV­

in g a well-stocked te st bench is
th at yo u can't take it with you- on
a service call, that is. But li ke other
electronic gear, test equipment is
gett ing smaller all the time. A good
case in point is the FG-1 function
gene rato r from Sibe x, Inc. (1040
Harbor Lake Drive, Safety Harbor,
F-L 34695).

The FG-1 is a handheld function
generato r that is powered by a 9­
volt alkaline battery. It's certainly
not a replacement for a bench-top
generator. But then again, a full ­
sized funct ion generator can't fit
in your shirt pocket like the FG-1
can.

The FG-1 offers three waveform
outputs: sine, triangle , and square
wave s. Th e output frequency is
variable from 1 Hz to 1MHz over six
decade ran ges, and a maximum
distortion of .5% THO is claimed
by Sibex.

The enti re unit is housed in a

Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Profession al Experience. and can great ly reo
duce the time reqused to complete Program and
reach graduation. No residence schoo ling reo
quired for qualified Electro nic Technicia ns.
Through this Special Program you can pull all of
the loose ends of your electronics background
toge ther and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
monthsor less. Students and graduates in all 50
States and throug hout the World. Established
Over 40 Years! Write for free Descriptive Lit­
erature .

EARN YOUR \ ,;,"';d.
B.S.E.E. \ ~
DEGREE

THROUGH HOME STUDY
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NEW PRODUCTS
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CONDUCTIVE PEN .
Planned Products ' Ci rc uit
Works Pen makes appl yin g
solderab le elect ron ic trac es
to most surfaces as easy as
writing wi th a normal pen.
The pen "w rites" in a highly
conducti ve si lve r in k ,
provid in g a low- cost and
easy means of making sol­
derable terminati on s and
trace s for application s such
as making and repairing PC
boards, el ectromagnetic
sh ield ing, and conductive
point-to-point traces.

Th e Circuit Wo rks Pen
has a valved t ip that allows
the smooth application of
the liquid-silver conducto r.
The pen tip open s under
normal writing pressure,
and th e liquid co nd uctor
flows easi ly. Th e sp r ing­
loaded t ip clo ses to prevent
dryin g w he n not in use .
Traces as narrow as JAb-inch
can be drawn with the pen ,
which comes fill ed with
enough silver conductor to
make 150 feet of conductive

TElESERVICING SOFTWARE
PACKAGE. Th e Tektron ix
Tele Servicing Soft wa re
Package incorporates three
tele servicing fun ctions­
data communicat ions, data
man agem ent , and wave­
fo rm graphics. Design ed for
use in field service, remote
moni toring, and data-l og­
ging application s, the pack­
age links, via mod em , a
Tektroni x 2230 portabl e
D i gi t al Sto rage Osc i l lo ­
sco pe (DSO) w it h an IBM
PC, XT, AT, or compat ible.

Standard teleph on e lin es
and an RS-232-C in terface
are used to t ransfe r info r­
mation between th e DSO
and a PC, or between two
DSO's. Th e pack age fea-

traces. The polymer ink­
which is many times more
condu ctive than sold er,
with r e si stivit y in th e
.03-. 05-oh m s-s q /rn i I
range-dries in minutes at
room tempe rature.

Solde rab le terminati on s
can be made using a 250°F
cure for 15 to 20 minutes
after appl icati on . Tin, lead,
or silver sold er can be used ,

CIRCLE 11 ON FREE
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tu res w indows and pop-up
menu s fo r easy access to a
variety of functio ns. It has a
ph on e directory that sto res
20 user-programmabl e au­
tom atic-di alin g entries . For
data co mm unicatio ns, th e

but sho uld not exceed 350°F
for more than 5 second s.
Hand solde ri ng is possibl e,
but not recomm end ed ;
wave solde ring is preferred .

Th e Circuit Works Pen
cos ts $9 .9 5 (p l us $1.00
po st ag e an d handlin g ;
$2. 00 outsid e th e US).­
Planned Products, 21105 San­
ta Cruz Hwy., Los Gatos, CA
95030; Tel. 408-353-4251 .

software can qu ickly conf ig­
ure PC communi cati on
ports, i n it ia li ze modem s,
and direct data to and from
th e remote di gi tal sco pe .
Dat a man agem ent f unc ­
ti on s incl ude f i le capt ure,
sto rage, and retri eval ; i.e .,
wavefo rm data can be re­
tri eved from a remote DSO ,
di splayed or sto red to di sk
on th e computer, or tr ans­
ferred to a local DSO for ad­
dit ion al analysis. By adding
a compatible graphics card
to the PC, waveformscan be
p lotte d o n sc reen an d
printed eit her graphically o r
numeri call y. Users can also
add titles and description s
to the waveforms for subse­
quent recall.

Th e Tel eServi cin g pack ­
age sim p lif ies th e t rou­
bles hooting of ob scu re or
di ffi cult signals. It enables
users to bu ild libraries of
ref eren ce in formation for
archival purposes, for do cu­
m entin g p erf orm an c e
characteristics of the equip­
ment bein g service d, and
fo r compa ri ng kn own -to­
be-good waveforms to on ­
site waveforms.

In its " babysitt ing" mode,
the package can be used for
remot e m onitorin g of
equi pme nt during normal
ope rat io n in distant, haz­
ard ou s, o r hard-to-reach
sites, or fo r monitoring in­
termittent failures.

Th e Tel eServ icin g Sof t ­
ware Package (S49-TSS1) re­
qu ires a Tektroni x 2230
por tabl e di gital stor age os­
ci lloscope with RS-232-C in­
terface; an IBM PC, XT, AT,
o r compatible personal
co m pute r; and a Hayes­
compatibl e modem. It has a
sugg e ste d pri ce of
$295.00.- Tekt roni x, P.O.
Box 1700, Beaverton , OR
97075; Tel. 1-800-426-2200.

SWEEP/FUNCTION GENER­
ATOR. B&K-Precision 's
M odel 3026 sweep/funct ion
generato r is a 0.5-Hz to 5­
MHz signal source with the
added versat ili ty of a built-in
freq uency counte r. Its fea­
tures include intern al o r ex­
te rnal AM modulation ; vari­
ab le DC-off set ; inte rnal or
exte rnal gated-burst ope ra­
tion; three calibrated steps;
and vari abl e attenuators.

The mul ti fun ct ion inst ru­
ment offe rs f u lIy var iab le
sweep widt h and rate, and a ~
sweep- ramp outp ut fo r os- ~
cilloscope sync. The sine- ~
wave, square-wave, and tri- ~
ang le-wa ve outputs are :JJ

available with no rmal o r in - cD
verted pol arity select io n ~
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2-IN-l CAMCORDER LENS.
Ambico's Auto Flip (mode l
V-0365) len s let s yo u ge t
0.6 x wide-angle and 1.5 x
tel eph oto sho ts from your
cam corder without chang­
ing lenses. In on e sett ing,
th e Auto Flip creates a shot
that is approximate ly 60%
broader than a camcorde r's
normal w ide -ang le f ie ld of
view. By pull ing o ut th e lens

CIRCLE 16 ON FREE
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barr el slight ly and rotating it
unt il th e len s is "flipped"
around in the opposite di­
recti on , it in stantaneou sly
converts to a 50% lon ger
te lephoto zoo m len s. The
len s co ntains four multi­
coa ted glass ele me nts . It
has a 3-inch di ameter and is
1Y2-inches deep, and we ighs
ju st 6 ounces.

Th e V-0365 Auto-Flip 2­
in-1 camcorder len s has a
suggeste d ret ail pri ce of
$109.95 .-Ambico, Inc. , 50
M aple Street, Norwood , NJ
07648.

The M -5000 digital multi­
meter, complete with man­
ual, test leads, and batt ery
has a suggested retail pri ce
of $69.95 .- El enc o Elec­
tronics, Inc. , 150 West Car­
pen ter Avenue, W hee li ng ,
IL 60090.

AUTORANGING DMM. The
Elen co M-5000 is a hand­
held, 3V2-d igi t autoran gin g
multi meter that's designed
for o ne-hand operatio n. It
provid es all VOM funct io ns,
plu s Hi -Low o hms, d iode
check, 10-amp ACIDC cur­
ren t ran ges, audib le co n­
tinui ty check, and V2 % basic
acc u racy . Th e devi ce also
has a data-ho ld feat ure to
manuall y freeze th e display,
memory to compensate for
test leads o r to make relative
measurem ents, and manual
o r auto ranging operatio n.

CIRCLE 15 ON FREE
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memory channe ls. The ra­
dio offe rs ad j usta b le f re­
qu ency ste p select io n of 5,
10, 12.5, 15, 20, and 25 kHz,
and mult i -m od e scan n ing
with carrie r- or t ime -o pe r­
ated sto p. It has dual digital
VFO 's and a built-in CTCSS
ton e enco de r. (An optio nal
TSU-6 enables ton e decod­
ing.)

The TM-701A dual band er
has a sugges ted retail pri ce
o f $599 .95 .- Ke n w o o d
U.S.A. Corporation , Com­
municati on s & Test Equip­
m ent Group , 22 01 East
Domin gu ez St ree t, Lon g
Beach , CA 90810.

selectab le full -duplex oper­
ation , and a bright ambe r
LCD disp lay.

Th e radi o provid es ex­
te nded frequency coverage
o n 2 meters, receives f rom
136- 174 MHz, and can be
modified to pi ck up M ARS
and CAP. (Permits are re­
qu ired for modification in­
fo r mat ion .) Th e TM -701A
co mes wi t h a DTMF/con­
tr ol-fu ncti on mi crophon e.
Besides the standard DTMF
for autopatch use, th e mi­
cro pho ne can co nt ro l call
channel , VFO , memory re­
call , and one user-program­
mabl e functi on key, and it
can b e u sed to c ha nge

DUAL-BAND RADIO .
Kenwood's mod el TM -701A
FM du al-band amate ur ra­
di o produces 25 watt s on 2
meters and 70 centi mete rs.
It has 20 memory channels,

The t ester is ab out th e
size of a M agic Marker, and
weighs less than 2 o unces
including th e batter ies th at
come w ith it . It can be used
to qu ickl y locate breaks in
cab les, defecti ve in -seri es
light bulbs, and blown fu ses
inside plu gs or fu se boxes.
It can identi fy voltage-carry­
in g ca b les in jun cti on
boxes, or faulty switches in­
line. The device can also be
used to check ci rcuit break­
ers, ou tl et s, power too ls,
and appliances.

The Volt Stick, which car­
ri es a lifetim e guarantee,
has a suggested li st price of
$24.98.- MBD International
Inc. , P. O . Bo x 870596,
Dallas, TX 75287-0596.

DIGITAL MULTIMETERA. W
Sperry 's DM-4000A is an
eco nomical 3V2-d igit multi­
meter d esign ed for hob­
byi sts as well as enginee rs
and techni cians. The porta­
ble unit fits in a shirt pocket,
and ha s 150-hour battery
life. It has overload protec­
ti on and a large, easy-to-
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read LCD . The DM-4000A of ­
fers 6 functio ns-including
D C volt s, AC vo lts, D C
amps, O hms, diode check ,
and a co nt inuity buzzer­
on 19 ranges.

Th e DM-40 00A di gital
multi meter has a sugges ted
retail pri ce of $44.95.- A.W.
Sperr y Instruments Inc. , 245
Ma rcus Bo u leva rd, Haup­
pauge, NY 11788.
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and var iab le duty-cycle co n­
tro l. The 3026 can also gen­
erate ram p and pul se sig­
nals. A separate TIL output
provides th e proper out put
level w ithout set-up adjust­
ments. The 5-d igit LED dis­
pl ay can be used to indicate
o utput frequ ency o r to mea­
sure ext ernal signa ls to 10
MHz. Four selecta b le gating
ti mes are availab le in th e ex­
ternal-counter mode.

The mod el 3026 swee p/
function ge ne rato r has a
suggest ed use r p rice of
$595.00.- B& K-Prec ision ,
Maxtec In tern ation al Co rp.,
6470 West Co rt land St ., Chi­
cago, IL 60635.

AC-CURRENT TESTER. The
Volt Stick f rom MBD Inter­
nati onal provides immedi­
ate, safe, non-int rusive test ­
ing fo r the presence of 110 to
480 vo lts AC. The pocket­
sized device can distingui sh
betwee n live and neu tral
wire s w itho ut coming in to
contac t w it h the wire or its
insu lat io n, and no current
f low is required .

The Volt Stick-whic h can
be used t o detect sing le­
and three- ph ase ci rc uit ry,
and ret urn loops- works by
detecting th e E-fie ld created
by the 60-Hz cycle in alte r­
nat ing current. W he n the
dev ice 's plastic tip is within
Va-inch of the w i re insu la­
tion, it wi ll glow bright red
to ind icate the presence of
110 to 480 vo lts AC. It w ill not
glow if no voltage is pres­
ent . Warm -up and respon se
tim e is instantaneou s.
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NEW
LIT
RF DATA MANUA l.
Motorola's RFProducts Data
Manual (DL110/D) is a 2-vo l­
ume set that has been ex­
panded to in clu de an add i­
ti on al 280 d evices an d 23
ap p licat ion notes. Vo lu me 1
fea t u res d i scret e t ran­
sis to rs, and Vo lume 2 in-

c1udes am p lifie rs, d iod es,
and ap p l icat io n l it erature .
Th e com p re hens ive refer­
enc e co ntains a tota l of 63
app licat ion notes and engi­
neerin g bu ll et in s. Th e RF
Products Data Ma nual co sts
$11.60.- M oto ro la Inc. , li t­
erat u re D istr ib ut io n Ce nter,
P.O . Bo x 20924, Phoenix, AZ
85063.

AMATEUR-RADIO CATA­
lOG. Th e 16-p age brochure
fro m MFj Enterprises fea ­
tures mo re th an 80 amateu r­
radi o accessor ies. In cluded
among t he m are popu lar
ant enn a tun er s , th e
MFj-1278 mul t i-m od e dat a
co ntro ll e r, th e M Fj -931 ar­
ti ficia l RF ground , and sev­
e ra l n ew produ c t s. Th e
cata log also describes M Fj's
full -Iine of keyers, filter s,
p ac ket -radi o co n t ro ll e rs ,
co m pu te r inter faces, dum­
my loads, ham soft w are , an ­
tenna sw it ches, co de -p rac­
tice osci llators, wattmet er s,
clock s, and other useful ac­
cesso r ies . Th e M Fj 1989 Cat­
alog is fr ee upon req uest .-

MFJ ENTERPRISES. INC.
1989CATALOC
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MFJ Enterprises I nc. , 921
loui svi l le Road , Starkv i lle ,
M S 39759 ; Ca l l tol l fr ee
1-800-647-1800.

DMM SElECTOR GUIDE.
Beckm an 's HD150 Series
Heavy-Duty Digital Multi­
meter Guide describes th ei r
new line of 3Y2-d ig it , heavy­
d uty, autoran ging DMM's.
M odels HD151, HD152, and
HD153 are e xce p t i o n a lly
ru gged in struments, an d
eac h car ries a 5-year wa rra n­
t y aga i ns t o u ts ide c o n -

tam inatio n as w ell as Beck ­
man 's2-yearwarranty. Th ere
is no charge fo r th e b ro ­
chu re. - Beckman Industrial

Corporation , In strum en ta­
ti on Products D ivi sion , 3883
Ruffin Ro ad , San Di ego , CA
92123-1898.

With Just One Probe Connection, You Can ConfidentlyAnalyze Any
Waveform To 700MHz, 70 Times Faster, 70 Times More Accurately,

Absolutely Error Free, Guaranteed - Or Your Money Backl

SC61 Waveform Analyzer ™
Patented

$3295
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Other time-saving features include exclusiveECl sync circuits
that allow you to lock quickly ontowaveforms up to 100 MHz. Plus,
with 3000volts of input protection, you never have to worry about an
expensive front end repair job.

Call 1-800-843-3338 to find out more about what the SC61
cando for your servicebusiness. In Canada call 1-800-851-8866.

SE:f'JCORE:
The SC61 Waveform Analyzer is a triple patented high

performancescope that provides youwith a digital LCD read-out of all
key waveform parameters (DC volts, peak-to-peak volts, and
frequency) at the push of a button, andall with one probe connection. 3200 Sencore Drive , Sioux Falls , SO 57107
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There are other digital readout oscilloscopes, but none of
them completely eliminate graticule counting and calculations
like the SC61 Waveform Analyzer. The innovative, time-saving
AUTO-TRACKINGTM digital readout automatically gives you every
waveform parameter you need for fast troubleshooting.



technology, NRI includes the
powerful new Packard Bell
VX88 computer as the
centerpiece ofyour 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.

You assemble and test
your computer's "intelligent "
keyboard, install the power
supply and 5Y4 /I disk drive ,
then interface the high­
resolution 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

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

Now you 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
electronics and computers
the NRI way.

NRI's practical
combination 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. You
even learn to program in
BASIC and machine
language, the essential
language for trouble­
shooting and repair.

Thain With a Powerful
XT-Compatible ­

Now With 20
Meg Hard Drive!

To give you hands-on
training with the absolute
in state-of-the-art computer

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 512K RAM and
POwerful20meg
harddrive



Your NRI computer training includes
all this:· NRl's unique Discovery
Lab@for circuit design and
diagnosis. NRl'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 " intelli gent" keyboard,
360K double-slded, double­
density disk drive, 512K
RAM, 16K ROM· 20megabyte
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.

throughout your
training, you 've

got the full
support of

your personal
NRI instruc­
tor and the

NRI technical
staff, always ready
to answer your

questions and help you whenever
you need it.

FREE lOO-Page
Catalog TellsMore

Send today for NRI's big, lOO-page,
full-colorcatalog that describes
every aspect of NRI's innova tive
computer training, as well as
hands-on training in robotics,
video/audio servicing, electronic
music technology, security
electronics, data communications,
and other growing high-tech career
fields. If the coupon is missing,
write to: NRI School of Electronics,
McGraw-Hill Continuing
Education Center, 4401 Connect icut
Avenue, NW, Washington, DC 20008.

~4!!!!!S~School of
~I'WC~ Electronics

IBM is a regis tered
trademark of
Interna t ional Business
Machines Corporation

McGraw-Hill Continuing
Education Center
4401 Connect icut

Avenue, NW
Washington, DC 20008

service. You learn at your own
convenience in your 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

McGraw-Hili Continuing Education Center
4401Connecticut Avenue, NW, Washington, OC 2()(X)S L...;;;"';;=";';;';''';;';';;;;;;';'...J

I'lf CHECK ONE FREE CATALOGONLY 0 Electronic Design Technology 0 Air Conditioning, Heating & Refrigeration
o Computer Electronics 0 Industrial Electronics 0 Small Engine Repair
o TV/ Video/ Audio Servicing 0 Communications Electronics 0 Electrician
o Robotics 0 Basic Electronics 0 Locksmithing & ElectronicSecurity
o Electronic Music Technology 0 Bookkeeping and Accounting 0 Travel Careers
o Security Electronics 0 Building Construction 0 ComputerProgramming
o Digital Electronics Servicing 0 Automotive Servicing 0 Paralegal

the data storage capacity ofyour
computer while giving you lightning­
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 computer,
performing key demonstrations
and experiments at each stage of
assembly, you get the confidence­
building, real-world experience you
need to work with, troubleshoot,
and service today's most widely
used computer systems.

No Experience Needed,
NRl Builds It In

This is the kind of practical, hands-on
experience that makes you uniquely
prepared to take advantage of
today's opportunities in computer

Name (Please print)

Street

City/ State/ Zip We'll Ziveyou tomorrow. Accredited by the National Home Study Council

Age
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GET YOUR RECHARGE CATALOG
FREE.. .EARN BIG $$ IN YOUR SPARE
TIME-All supp lies and Do-It-Yourself kits
with complete 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 Copier also . CHENESKO
PRODUCTS,-62 'N- Co leman Rd., Cen- - ­
tereach, NY 11720, 516 -736-7977,
800-221-3516, Fax: 516-732-4650
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APPLIANCE REPAIR HANDBOOK5-13
volumes by serv ice experts ; easy-to­
understand diagrams , illustrations . For major
appliances (air conditioners, refrige rators ,
washers, dryers, microwaves, etc .), elec .
housew ares, persona l-care app lia nces .
Basics of solid state , selling up shop, test
instruments. $2.65 to $7.90 each. Free
brochure . APPLIANCE SERVICE, P.O. Box
789, Lombard, IL 60148. (312) 932-9550.
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THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y4 mile range. Adjusta­
ble from 70-130 MHZ. Comp lete 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.

-CABLE TV CONVERTER S AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M35B $89.00 JRX-DIC $129.00
Special 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 04 072 (207)
967-0726.
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FR EE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000
quality items. Your single source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools, labo­
ratories and government agencies . Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85044. (602) 968-6231.
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SIMPLY SNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio . 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.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $890 .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 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 -County Blvd ., Farmingda le, NY
11735.



FIG. 1-BASIC SPECTRUM ANALYZER. The first function generator produces a linear
ramp waveform (either a triangle or a sawtooth) V1• That is applied to the FM input of the
second function generator to produce an FM sinusoid, V2 , which is applied to the inputs
of a filter or amplifier. The output, V3 , is applied to the vertical amplifier of an oscilloscope,
the time base of which is set to external sweep. The ramp V1 is applied to the horizontal
amplifier, and the amplitude spectrum appears on the CRT.

TRIANGLE WAVE FM SINE II~ I
GENERATOR WAVE GENERATOR

60 + ® V2 FILTER V3 + HORIZ
V1 ~ + + VERT + 0-

I-
a FM FM OR AMP
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You can build a
20-600 MHz

spectrum monitor

plied to the horizontal oscilloscope
inputs , the CRT beam will sweep out
a horizontal line along the x-axis of
the graticule. Varying the amplitude
of V1 controls the length of the line on
the oscillosco pe screen. By making
the frequency of V I high enough and
experimenting with its amplitude,
you can make the beam occupy the
whole length of the bottom of the
graticule, and make its retrace com­
pletely invisible.

Now take any audio filter or ampli­
fier, a piece of stereo equipment, for
example. If you apply V2 to this filter

OSCILLOSCOPE
WITH TIME

BASE ON EX­
TERMINAL SWEEP

FRED BAUMGARTNER

If VI' the output of the first func­
tion generator, is a I-kHz triangle
wave applied to the FM input of the
second function generator, and if V2

is a lO-kHz sine wave , then V2 would
be an FM sinusoid . Varying the fre­
quency of V I varies the rate of change
about the carrier frequency, and vary­
ing the amplitude of VI varies the
deviation from that center frequency,
or the modulation index . However,
while the FM waveform is needed to
generate a spectrum , it isn 't the spec­
trum itself.

If the I-kHz triangle wave is ap-

Spectrum analyzer theory
The function of a spectrum ana­

lyzer is to tune across a controlled
frequency range and display RF am­
plitude versus frequency on a CRT.
Frequen cy increases from left to right
(the + x-direction), while amplitude
increases from bottom to top (the +y­
direc tion ). The signal being analyzed
is applied to the vertical amplifier of
an osc illoscope, and the horizontal
amplifier is driven by a linear ramp
like a triangle or sawtooth.

The simples t spectrum analyzer re­
quires an oscilloscope and two sine/
square/ triangle function generators,
connected as shown in Fig. I. The
osc illosco pe time base is set for exter­
nal swee p, and the scope's horizontal
input is grounded . The beam is posi­
tioned at the bottom center of grati­
cule , which will be the origi n.

SPECTRU
MO ITOR

WE HAVE ALL. AT ONE TIME OR ANOTHER.

needed some of the capabilities that a
spectrum analyzer offers . Unfor­
tunately, sophisticated analyzers can
cost more than a new car! So most of
us have managed to live without the
benefits that those instruments offer.
After all, a meter, osci lloscope, fre­
quency counter, and RF probe can
actuall y give quite a bit of information
about a signal environment. But none
of those instruments can depict the
total spectral content clearly and un­
ambi guously, and give you informa­
tion on modulation or spurs.

Th e so lut io n is th e spec tr u m
monitor presented here. It doe sn 't
have the frequency or amplitud e reso­
lution of a professional version, but it
costs only around $200, and you' ll be
able to view the 20-600 MHz range
and compare relative levels.

The spectrum monitor has two op­
erating modes; you can use it to either
visually display an amplitude spec­
trum on an oscilloscope, or as a re­
ceiver to help identify FM signals.
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FIG. 2-TUNER/CONVERTER BLOCK DIAGRAM. The Zenith SX Series 175-2292A tuner/
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or amplifier, and apply the filter or
amplifie r's out put V 3 to the os ­
cilloscope 's vertica l amplifier, yo u
should see some smooth continuous

curve with valleys and plateaus in its
shape. That is the amplitude frequen­
cy-res ponse of the filter or amplifier, a
visual dep iction of the amplitude of

the FM signal coming out as a func­
tion of frequency. The voltage gain in
decibels (AdS) as a function of fre­
quency is equal to 20 times the
base-IO logarithm (log) of the ratio of .
V 3 to V2 . Or :

AdS = 20 X 10g lQ(V3/V I)'
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FIG. 3-SPECTRUM MONITOR BLOCK DIAGRAM.

Note that AdS is a functi on of f re­
quency , not time . That ratio (or the
log of it) is called the amplitude spec­
trum of a signal, and is a plot of how a
filter, amplifier, or any other elec­
tronic component responds to varia­
tions in frequency.

Tuner/converter principles
The previous example was at audio

frequencie s, while th e spect ru m
monitor discussed here works at RF.
Certain variation s in the previous idea
are necessary to make spectral analy­
sis practical at such frequencies. An
RF spectrum analyzer ordinarily uses
a sawtooth wave rather than a triangle
wave as the horizontal scanning wave­
form, sir.ce that waveshape is easier to
generate at RF. Also, rather than gen­
erating an FM sinusoid as the driving
waveform which generates the spec­
tral response, most spectrum ana­
lyzers use a tuned receiver to scan
over a frequency range .

The real object behind using a tri­
angle or sawtooth waveform is that
their slopes are essentially linear, so

the resulting FM generation is also .
The minimu m frequency for a tri ­
angular waveform correspo nds to the
negati ve-most point of eac h cycle ,
and the maximum frequency to its
positive-m ost point. The frequency
range for a sawtooth waveform goes
from minimum to maximum during
its long rise time , with a sharp retrace
at the end of a cycle . In both cases, the
duration of each ramp must occupy
the entire length of the x-axis of the
CRT graticule.

The spectrum monitor uses a com­
merciall y available tun er/converter
normally found in TV's, VCR's , and
cable converters to down-convert nor­
mal RF to a standard 63-MHz con­
stant-level IF, tunable over the desired
frequency range. As mentioned ear­
lier, there are two distinct operating
modes; you can either observe a sig­
nal in sweep mode regardless of mod­
ulation type , or you can demodulate
FM using the internal FM receiver Ie.

There are all sorts of ways to obtain
tuner/converters from cable convert­
ers and TV or VCR front ends; the rest

of the parts are readily available. If
you use the Zenith tuner discussed
here , enough information is provided
regarding its internal circuitry and pi­
nouts so that you shouldn' t have any
real difficulty. Without proper test

- gear and some reasonable familiarity
with RF electronics , you shouldn' t
use a different model.

The spectrum monitor can be made
to work with a wide variety of tuners,
includin g those that use bipolar sup­
plies or need negative tuning volt­
ages. The important tuner charac­
teristic to look for is continuo us
tuning. Many tuners also have band
switching, like those for TV's and
VCR's, although they require a switch
to supp ly band-ch ange voltages .
Also, there may be gaps in frequency
coverage, lik e between channels 5
and 6, or between the VHF and UHF
band s. Cable converters use those
spaces , so a cab le-ready set or cable
tuner probab ly won' t have that prob­
lem. However, they may not tune all of
th e U HF ba nd (app rox imate ly
470-850 MH z). Ideally, the tuner
should reach at least 550 or 600 MHz.
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• DC to 100MHz
• Dual Channel
• Delayed Sweep
• CRT Readout
• Sweep Time
• Autoranging
• Trigge r Lock
• 2mV SensitivityList $560

Save $141
20MHz Dual Trace Oscilloscope
All Hitachi scopes include probes, schemati cs
and Hitachi 's 3 year guaranty on parts and
labor. Many accessories available for all
scope s.

V-425
List $995
V·223 20MHz
V·422 40MHz
V·423 40M Hz
V-660 60MHz
V-l 065 100MHz
V·l 100A 100MHz
V-1150 150MHz

D.T., 1mV sens, Delayed Sweep, DC Off set , Vert Mod e Trigger
D.T., 1mV sens, DC Off set Vert Mode Tri gger, Alt Mag
D.T., 1mV sens, Delayed Sweep, DC Off set. All Mag
D.T.• 2mV sens, Delayed Sweep, CRT Readou t
D.T., 2mV sens, Delayed Sweep, CRT Readout, Curso r Meas
a .T.• 1mV sens, Delayed Sweep, CRT Readout, DVM, Counter
a .T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter

LIST
$770
$875
$955
$1,195
$1,895
$2,295
$3,100

PRICE
$695
$725
$825
$1,025
$1,670
$2,045
$2,565

SAVE
$75
$150
$130
$170
$225
$250
$535

ELENCO PRODUCTS AT DISCOUNT PRICES

SCOPE PROBES
35M Hz Dual Trace Good to 50MHz

$495
P-1 65MHz, 1x, 10x $19.95 M0-1252
P2100MH 1 10 $23 95 • High luminance 6 " CRT

• 6" CRT - Z, X, X • • 1mV Sensitivit y
• Built in Fits all scopes with • 6KV Acceleration Voltage

component tes ter BNC connector • 10ns Rise Time
• TV Sync • X-V Operat lon > Z Axis

X.Y Operation • Delayed Triggering Sweep
Top quality scopes at a very reasonable price . Contains all desired featu res. Two 1x, 10x probes, diagrams and manual. Two year guarantee.

20MHz Dual Trace Oscilloscope
$359

MO-1251
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Measures
CoiIs 1uH·200H
Caps .1pf·200uf
Res .01·20M

Compatible

$595
MODEL
PC·1000

Digital LCR Meter
LC·1801

$125

o150W Power Supply
- 5110MHz Mothe rboard o256K RAM
-8 Expansion Slots Expandable to 640K
oMath Com presso r Slots - Monochrome Monitor
o360K Floppy Drive °Monographic Vide o Card
- AT Sty le Keyboard -P arel tel Printer Port

FREE spreadsheet and word processor
3.XXMS DOS and GW Basic add $75

Provides sine, tri ,squ wave
From 1Hz to 1MHz
AM or FM cap abili ty

10MHz XT 100% IBM®
5 Year
Warranty

Digital Capacitance Meter
CM-1550

$58.95
9 Ranges
.1pf-20,000ufd
.5% basic accy
Zero cont rol
wit h case

2·20V at 2A
12V at 1A
5V at 3A
-5V at 5A

XP-580

$59.95

Multlmeter with
Capacitance and
Transistor Tester

$55 CM·1500

Reads Volts, Ohms,
Current , Capaci tors ,
Trans istors and
Diodes wi th case

SOLDERING STATION
TEMPE TURE CONTROLLED

SL·30
$135

Dig ital display
Temp range:
300F·900F
Grounded ti p
Overheat prot

31/2 Digit Probe Type DMM
M-1900

$39

GF·8016 Function Generator
with Freq. Counter

$239
Sine, Square, Triangle
PUlse, Ramp, .2 to 2MHz
Freq Counte r.1 · 10MHz

GF-8015 without Freq. Meter $179

Con ven ient one hand operation wit h batteries
Measure s DCV, ACV, Ohm s and case
Aud ible co nti nuity check , Data ho ld

. ~;";';l ' 1

~•. "f;F .' .c '· , !:T.T.1_

Quad Power Supply

Full y regulated and
short circuit prot ec ted

XP-575 without meters $39.95

M-7000
$135

True RMS 41h
Digit Multlmeter

.05% DC Accuracy

.1% Resistance
with Freq. Counter
and deluxe case

Bench DMMS

XP-765

$249

M·3500 M·4500
3'12 di gi t $125 4'12 dig it $175
.1% accy .05% accy

9 Functions
Memory and
Data hold
1/2 % basi c ace
3'12 digit LCD

AC Clamp-On
Current Adapter

8T·265
$22

0·1000A AC
Works with
most DMM

Wide Band Signal Generators
86·9000 $129

RF Freq 100K·450MHz
AM Modulation of 1KHz
Variable RF outpu t

.-- ....:.-.-
SG·9500 with Digital Display
and 150MHz bullt-ln Freq Ctr $249

Autoranging DMM
M-5000

$45

_. -
. -

Four-Function Frequency Counters
F-l000 1.2GH

$259
F·l00 120MH

$179

Digital Triple Power Supply

0·20Vat 1A
0-20V at 1A
5V at 5A

Fuil y Regu lated, Short c ircuit protect ed with
2 Limit Con t., 3 Separa te supplies

XP-660 with Analog Meters $175
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Build Your Electronics Skills-Join Now!
A n Absolutely No-Risk Guarantee.

FREE when you join!
Here's 15 Easy Electronic Projects
From Delton T. Horn

Projects you can build-some unique,
some old favorites-from"the author's
vast treasury of electronics know-how.

(a $7.95 value!)

I
I ~JtQn T.!iorns

All-TimeFavorite
, Electronic Projects

IJ

Phone

(~ j4: tH:~Tr\[J~~~S B[][]V) LLUB'
~ -, Blue Ridge Summit, PA 17294-0810

Please accept my membership in the Electronics Book Club" and send the 5 volumes listed
below, plus my FREE copy of Delton T. Horn 's All-Time Favorite Electronic Projects (3105P),
billing me $4.95 plus shipping and handlin g charges. If not satisfied. i may return the books
within ten days without obligation and have my membership canceled. I agree to purchase at
least 3 books at regular Club prices (plus shipping and handling) during the next 12 months
and may resign any time thereafter.

en
m
~
ms::
OJ
m
:xl

· .··········•·············• Name·• Add ress·: City

• StatelZip·: Signature _

: Valid for new membe rs only. Foreign applicants will receive specia l ordering inst ructions. Canada
• must remit in U.S. currency, This order subject to accep tance by the Electroni cs Book Club'
• RE989 •... ..... .. ..... ..• ....... ....... .... ... ..... ......•

Membership Benefits • Big Savings. In ad­
dition to this introductory offer , you keep saving sub­
stantially with members' prices of up to 50% off the
publishers' price . • Bonus Books. Starting immedi­
ately, you will be eligible for our Bonus Book Plan, with
savings of up to 80% off publishers ' prices . • Club
News Bulletins. 14 times per year you will receive the
Book Club News, describing all the current
selections-mains, alternates, extras-plus bonus
offers and special sales, with hundreds of titles to
choose from . • Automatic Order. If you want the
Main Selection, do nothing and it will be sent to you
automatically. If you prefer another selection, or no
book at all, simply indicate your choice on the reply form
provided . As a member, you agree to purchase at least
3 books within the next 12 months and may resign at
any time thereafter .• Ironclad No-Risk Guarantee.
If not satisfied with your books, return them within 10
days without obligation! • Exceptional Quality . All
books are quality publishers' editions especially
selected by our Editorial Board.
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All resistors are %-watt, 5%, un­
less otherwise indicated.

R1, R6, R17, R24, R26, R28, R30,
R37, R38--1,000 ohms

R2- 2 ohms
R3, R21-220.000 ohms
R4-5600 ohms
R5-4.7 ohms
R7, R33-22,000 ohms
R8--82,000 ohms
R9, R1 0-8200 ohms
R11-330 ohms
R12-S1-cabinet-mounted 10,000-

ohm potentiometer with SPST
switch

R13. R15, R19. R27, R31 , R34-
10,000 ohms

R1 4-1 0 ohms
R16-33 ohms
R18-cab inet-mounted 100,000-

ohm to- turrrpotent lometer
R20-S2-cabinet-mounted 10,000­

ohm potentiometer with SPOT
switch

R22-1 megohm
R23-330 ohms
R25, R32-5000-ohm PC-board

potentiometer
R29, R36-4700 ohms
R35-150,000 ohms
Capacitors
C1 , C2-3300 f-lF. 35 volts,

electrolytic
C3, C11 . C19, C28--0.01 f-lF, 25volts,

ceramic disc
C4-G6 , C8-G10-3.3 f-lF, 25 volts,

electrolytic
C7-0.0022 f-lF, 25 volts, ceramic

disc
C12,C17,C21 , C29,C30,C32-

0.1 f-lF, 25 volts, ceramic disc
C13-47 f-lF, 25 volts, electrolytic
C14, C15, C24-0.0033 f-lF, 25 volts,

ceramic disc
C16-100 pF, 25 volts, ceramic disc
C18-0.022 f-lF, 25 volts, ceramic

disc
C20-180 pF, 25 volts, ceramic disc
C22, C25-330 pF, 25 volts, ceramic

disc
C23-220 pF, 25 volts, ceramic disc
C26-7- 70-pF PC-board trimmer

capacitor

Thi rd , you' ll want a usable output
IF TV Channel 3 (63 MHz) is popu­
lar, but Channel 4 (69 MHz) is suit­
able and with in the ran ge of the

~ project. Also, you' ll want relatively
z stable gain characte ristics and few im­
oa: ages or spurs .o Some adjustme nt of the spectrum
~ mon itor may be necessary for use
w6 with your tuner. Automatic Gai n Con-
o tro l (AGC) voltages can be brought
<t:
a: out to a front panel contro l to set RF

42

PARTS LIST

C27, C38--33 f-lF, 16 volts,
electrolytic

C31-3.3 f-lF, 50 volts, electrolytic
C33-0.001 f-lF, 25 volts, ceramic

disc
C34-10 f-lF, 50 volts, nonpolarized

electrolytic
C35-10 f-lF, 25 volt, electrolytic
C36-0.033 f-lF, 25 volts, ceramic

disc
C37-0.047 f-lF, 25 volts, ceramic

disc
C3~.1 f-lF polystyrene
C4G-O .01 f-lF polystyrene
C41-220 pF ceramic disc
Inductors
L1-12 turns, Va-inch, No. 26 enamel

wire
L2-8 turns, Va-inch, No. 26 enamel

wire
L3-1.2-Jit=l RF choke '
Transformers
T1-ROOCO Class 2 power trans­

former, Model OV-1260, 120-volts
AC/12-volts AC, 60-Hz, Oigi-Key
catalog number T201-NO

T2-3:1 toroida l auto-transformer
using No. 26 enameled wire on a
toroidal core (Mouser Electronics
542-T68-2), with eight turns for the
primary and 24 turns for the sec­
ondary (see text)

Semiconductors
01, 02-1N4004 silicon diode
03,04,06,09,010-1N4148

germanium diode
05-1N5253B 25-volt Zener diode
07 , D8--1N5226B 3.3-volt Zener

diode
D11-combination red/green LED

(Mouser Electronics ME351 -261 )
Q1-2N2222 NPN transistor
IC1 , IC3-7810 to -volt DC regulator
IC2-7805 5-volt DC regulator
IC4-LM386 audio amplifier
IC5-555 timer
IC6-Signetics TDA7000 FM

receiver (Radio Shack 276-1304)
IC7-NE5514 quad op-arnp
Modules
MOOULE1-multipurpose cable TV/

VCR tuner/converter (Motorola SX
Series 175-2292A)

gain , or tied to a voltage representing
full ga in . Measuring the local os ­
cillato r output with a frequency coun­
ter will enable you to ca lculate the
center frequency.

Zenith SX tuner/converter
Th e Zenith SX series tun er/con ­

verter (part number '175-2292A) used
in the prototype is represent ative of a
suitable tune r; a block diagr am is
shown in Fig . 2 . It can be bought with

Other components
PL1- miniature monophonic plug
PL2-RCA-type monophonic plug

connecting to braided-shield coax­
ial cable

PL4-ANT- folding monopole anten­
na with BNC plug (optional)

PL5-2-socket PC-board-mounted
SIP version, not a separate item,
attached to the tuner (MOOULE1),
intended for NB SWITCH (unused)

PL6-6-socket PC-board-mounted
SIP version, not a separate item,
attached to the tuner (MODULE1),
used for the majority of the tuner
pinouts

J1-miniature monophonic jack
J2-RCA-type monophonic jack, not

a separate item, built intocabinetof
the tuner (MOOULE1), used for IF

OUT

J3, J4-BNC jack
J5-"F"-type jack, not a separate

item, built into cabinet of the tuner
(MOOULE1), used for IF OUT (63
MHz)

J7-RCA-type monophonic jack, not
a separateitem, built into cabinet of
the tuner (MOOULE1), used for
PRESCALE OUT

J8-6-pin PC-board-mounted Sin­
gle-/nline Package (SIP) jack

PL3-J6-adapter with "F' -type plug
and BNC jack (optional)

SPKR-8-ohm loudspeaker, 2- x 2­
inch

Miscellaneous: Cabinet (minimum
size 8- x 4.5- x 2.5-inches), large
knob (for R18), small knob (for R25
and R32), four 1-inch standoffs,
LED bezel, wire, solder, etc.

NOTE: The follOWing is available
from FM Broadcast Services,
3825 South Olathe Street , Au­
rora, CO, 80013 : A complete
spectrum monitor kit with all
parts, PC board , hardware,
tuner, cabinet, transformer and
postage for $187.00. The PC
board alone is $12.00.

the kit descr ibed in the Parts List , or
directly from Zenith Corp. It contains
both up- and down-con verter sec ­
tions , and fits into a 4 .25- x 2. 78- x
I.05-inch aluminum shell with one
" F" -type and two RCA-type jacks.

The " F" -type jack (15) is the RFIN,

w i t h a fr e q ue ncy r an g e o f
55 .25-553 .25 MHz. One RCA-type
jack (J2) is the 63-MHz IF OUT , and the
seco nd (17) is the PRESCALE output ,

continued on page 64



LOW
FREQUENCY
TRANSMITTER
Here's how to join the "Iowfers"

on the no-license-required

1750-meter band.

RICHARD A. NELSON

RECENT DEVELOPMENTS IN SOLID-STATE TECHNOLOGY

have pushed the high end of the usable RF spectrum well
into the millimeter-wavelength region. Simply because
there is so much emphasis on the very-short wavelengths,
an electronics hobbyist might easily assume that there is
little interest at the LF (Low Frequency) end of the RF
spectrum. However, the truth of the matter is that the
frequencies below the AM broadcast band-what is called
"the basement of radio"-aren't deserted at all. In fact,
the low frequencies are heavily populated, and they are
wide open to hobbyist experimentation because the FCC
has authorized unlicensed operation in the 160-190 kHz
portion of the band. The only restrictions are that the
antenna-including the feedline-must not exceed fifty
feet, and that the power input to the transmitter's final
amplifier must not exceed l-watt .

Unlike the millimeter-wavelength bands where circuits
take the form of critically-etched striplines on expensive
substrates, often using high cost and hard-to-handle sur­
face-mounted components, LF construction is simple even
for a beginner. No delicate GaAsFET's are needed, audio
transistors are adequate, and only normal audio-wiring
techniques are required . If you can solder, you can build an
LF Morse-code transmitter that will work right the first
time!

How it works
Designing a l-watt transmitter for 180 kHz is very

straightforward . A few inexpensive FET 's or transistors
are all that are needed. Unfortunately, the price of the
frequency-determining crystal is about $20, which is
somewhat on the high side for experimentation .

But crystals for 1.8-1.9 MHz (the 160-meter band) can
be found at hamfests and surplus dealers for almost pocket
change, and almost as common as those surplus crystals
are inexpensive 1.8432 MHz microprocessor-clock crys ­
tals . Even though those crystals will oscillate at ten times
the desired 185 kHz transmit frequency, by dividing down
with a simple CMOS divider, inexpensive 160-meter crys­
tals can easily be used to generate a 1750-meter signal.

The complete transmitter circuit-including the anten- Ul

na tuning network-is shown in Fig. I. The crystal os- qj
cillator, which uses two sections of ICl, a 4001 quad 2- i1i
input NOR gate , is a standard and reliable design . The ~
oscillator's 1.85-MHz squarewave output feeds IC2, a gJ
4017 divide-by-IO counter. The count ENABLE and RESET ~

1ilterminals, pins 13 and 15, are normally held high by <0
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FIG. 1-THE HEART OF THE TRANSMITTER is the oscillator section, which actually
divides the crystal frequency by a factor of 10.

FIG. 2-The PC BOARD'S PARTS PLACEMENT. Coils L1 and L2, and C6 for an external
antenna tuner.

resis tor R3, and the counter is act i­
vated by br ing ing those pins low by
closing telegraph key S l-an ar­
ran gemen t that guarantees tha t the
final sta te ofIC2 pin 12 is always high.
The high on IC2 pin 12 is inverted by a
third section of the 4001, IC1-c , to
prevent DC current flow throug h
power-amplifier Q1 during key-up pe­
riods .

Because it requ ires a low drive cur­
rent, a VMOS transis tor is used for
the power amplifier. Whi le the device
is avai la ble from seve ra l manu fac­
turers , note that the pinout isn' t stan­
dardized, and devices having similar
characteristics may not be direc tly in­
terch an geabl e . Th e PC layout pro­
vided is for for an IRF511.

To ensure maximum stability and

en
o
Z
o
a:
I­o
W--J
W

6
o
<t:
a:

~ii
C7

the reby prevent any trace of chir p
caused by keying , the oscillator cir­
cuit is powered by a three-terminal
voltage regulator (IC3). Power amp li­
fier Q1 is powered by the same source
that feeds the voltage regulator. The
main power source, Tl , D1, D2, etc . ,
is externa l to the transmitter and can
be asse mbled any way that you want.
Although a transformer with a 12.6
volt secondary is spec ified in the Parts
List , anything can be used that will
result in 12-1 8-volts DC at 500 rnA .

Building the oscillator
Wiring techniques aren't critical at

185 kHz and vi rtua lly any co n­
struc tion tech niqu e can be used ; but
to reduce the chance of wiri ng errors
and ass ure re peatab le re sult s , a

C5

printed-circuit assembly is suggested ,
for whic h a foil pattern is provided in
PC Service .

Parts placement and external con ­
nections to the PC board are shown in
Fig. 2 . Coil s Ll and L2 , and variable­
capacitor C6 comprise an antenna­
tuning network that is external to the
osc illator circuit. Note , in particular,
that an earth ground is shown for both
the antenna-tuning network and the
oscillator. While you can use a com ­
mon gro und for the circ uit , that cir­
cuit must eventually connect to an
eart h ground because an earth con­
nection is extreme ly im portant for
propagation of the low frequencies .

Getting it all together
The prototype transmitter is shown

in Fig. 3 . It is actually assembled on a
piece of 12 X 16-inch particle board.
Since the tran smitter will be mounted
outdoors, several coats of paint are
applied to the board to prevent decay,
and a wood cover is installed over the
board during severe weather. Coil s Ll
and L2 , and capacitor C6, are
mounted directly on the board . The
remainder of the circuit-the os­
cillator-is mounted inside a 5Y4 X 3
x 2Ys-inch aluminum cabinet. The
power supply and key connection s are
brought in via the connector on the
front of the aluminum cabinet.

Since any feedline is considered to
be part of the antenna, it is convenient
to insta ll the tran smitter at the base of
the antenna , as shown in Fig. 4 . The
only maintenance it will require is to
occasiona lly brush spider webs from
the tun ing capacitor.
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FIG. 3-THE TRANSMITTER IS ASSEMBLED on a breadboard. Note how the small link
co il, L2, s lides over the larger coil, L1.

~

CD
co
CD

Antenna and matching network
A resonant Y4-wavelength vertical

antenna is approximately 1250-feet
high at 185 kHz. Obviously, that's a
shade too long for the average back­
yard so it must be shortened. But as an
antenna is shortened its radiation re­
sistance (RRAD) decreases and the
feedpo int becomes capacitively reac­
tive . At a height of 50 feet, RRAD has
decreased to approximately .04 ohm ,
with about 7000 ohms of capacitive
reactance (depending on the diameter
of the radiating conductor). Looking
at the formu la for antenna efficiency:

EFFI CIENCY = RRAD / (RRAD + RLOSS)

it is obvious that with a very short
antenna (less than YIo wavelength)
even a fraction of an ohm of loss resis­
tance can tremendously reduce the ra­
diated power.

Significant resistive losses will oc­
cur in two portions of the transmitter/
antenna circuit: the ground system
and the matching network's tank coil.
The matching network is necessary to
transform the high feedpoint imped­
ance (consisting of a large capacitive­
reactance component and a small re­
sis tive component) to the approxi­
mately 100-ohm output impedance of
fi nal-amplifier Ql. One might be
tempted to eliminate tuning -network
losses by eliminating the tuning net­
work, but attempting to drive the an­
tenna directly from power-amplifier

fl.

Q1 will result in a tremendous mis­
match , and essentially zero radiated
power. The matching network also re­
duces harmonics from the transmitter;
without it, the harmonic-rich square ­
wave signal could radiate overtones of
the 185-kHz fundamental frequency.

The resistance of tank-coil Ll will
be the primary source of matching­
network loss . Losses are decreased by
using larger-diameter wire for Ll .
Copper tubing would be ideal, but to
obtain adequate reactance at 185 kHz,
such a coil would be very large; the
tank coil is therefore a compromise
between efficiency and size. Because
of the much higher circuit resistance,
losses in coupling-link L2 are negligi ­
ble and the size of the wire used for L2
isn't of great importance.

Coil Ll is close-wound from #16
enameled magnet wire on a 16-inch
length of 3Y2" outside diameter PVC
water pipe . A total of 200 turns are
wound, covering slightly more than
10 inches of the form . The measured
inductance of the tank coil is 0.86
mH, which gives an inductive reac­
tance of about 1000 ohms. The coil
form is attached to the chassis by a
pair of 5" standoffs cut from a piece of
broom handle. They help keep the
magnetic field isolated from the lossy
ground surface .

Tuning capacitor C6 is a dual -sec­
tion broadcast-band variable unit hav­
ing a measured range of 35-900 pF

•

PARTS LIST

All resistors %-watt, 5%.
R1-10 megohms
R2-15,000 ohms
R3, R4, R5-1000 ohms
Capacitors
C1-5-pF, ceramic disc
C2-6-50 pF, trimmer
C3-22 !J.F, 25 volts, electrolytic
C4, C5-0.1 !J.F, ceramic disc
C6-0ual-section air-variablecapac-

itor,18-450 pFpersection,seetext
C7- .01 !J.F, ceramic disc
C8-470 !J.F, 25 volts, electrolytic
Semiconductors
IC1-C0 4001, quad 2-input NOR

gate
IC2-C04017, divided-by-10 counter
IC3-7808, 8-volt regulator
Q1-IRF511 or IRFZ10 power FET
01, 02-1N4002, silicon rectifier
Other Components
PL1-Control cable connector, any

type
PL2-AC powerline plug
81- Telegraph key
T1--12.6volts, 500Ma,center-tapped
XTAL1-1 .6 MHz to 1.9 MHz crystal
Miscellaneous: 5% x 3 x 2% inch

aluminum enclosure, 3" PVC pipe
(16 inches required), #16 enam­
eledmagnetwire(approx. 180feet)

NOTE: The follOWing are available
from Analog Technology, PO
Box 8964, Fort Collins, CO
80525 : Etched and drilled PC
board, $3.75; PC Board kit (all
parts required , including
184.320 kHz crystal, to build PC
board assembly-does not in­
clude power supply, matching
network, enclosure, etc.) $18.00.
Antenna-matching network
parts are also available (write for
current prices). Add $1 postage
and handling per order (Visa and
MasterCard accepted).

when both sections are connected in
parallel. (The capacitor must be able
to resonate with Ll at the transmit
frequency-approximately 185 kHz).
A smaller-va lue variable capacitor
can easily be substituted by con­
necting one or more fixed-value ca­
pacitors in parallel to achi eve the
required range. In that instance, sil­
ver-mica capacitors rated for at least
600 volts are suggested.

Coupling link L2 is 30 turns of (fl

close-wound #20 strande d wire ~
wound on a piece of tubing cut from a m
3W' diameter polyethylene bottle . ~
The required number of turns for L2 ~
will vary depending on your antenna's
impedance and the power-supply volt-
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FIG. 4-SINCE THE FEEDLINE is considered part of the antenna, the transmitte r should
be installed directly at the base of the antenna. The antenna/ground post design allows
the antenna to pivot on a single bolt, making installation a one-man job.

range may also be constructed from
sections of telescoping TV mast or
similar thin -wall steel tubing . The key
to building an efficient but inexpen­
sive LF antenna is creativity; the an­
tenna details are presented only as a
guideline; your design will depend on
the materials available. But whatever
design you decide to use , be ex­
tremely careful of overhead power
lines when erecting that or any other
type of antenna!

The ground system
Once you have built your antenna

you must provide a ground system to
carry the return current. Establishing
a low-resistance ground for a vertical
antenna can be a tedious job. An ideal
ground system consists of 120 wires
each about Yz-wavelength long ex­
tending radially from the base of the
antenna. Even if you have the acreage
to lay 2500-foot radials, such a sys­
tem would require almost 60 miles of
wire. The design of your ground sys­
tem will depend on existing grounds
and local soil conditions . Highly re­
sistive soils (granite, limestone, and
sandstone) will require a more exten­
sive ground system than conductive
soils (clay, shale, loam). You should
hammer severa l ground rods around
the base of your antenna, connecting
them with heavy-gauge wire or straps .
The use of multiple rods significantly
reduces ground losses through paral­
lel connection of the individual
ground-rod resistances . If possible,
run a heavy wire to your water main
(assuming , of course , that it is metal­
lic). If you have access to a deep well
with a metallic casing you are really in
luck. Deep-buried grounds are a good
choice for the experimenter, while
limited radial fields are probably not
worth the effort and wire .

age to QI; you can tweak L2's turns by
measuring the RF radiated from the
antenna . Coupling-link L2 slides over
Ll to allow the coupling factor to be
optimized in order to achieve the best
match to the antenna .

For maximum efficiency, you
should use a vertically-polarized an­

~ tenna with a total height as close to 50
z feet as possible . The antenna shown in
a? the photograph at the top of the page
G is assembled from pieces of alumi­
~ num tubing salvaged from old ham­
6 radio antennas. It tapers from a 2"
o diameter at the base to W' diameter at
~ the tip. The tubing is all 6061-T6 (the
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preferred alloy and temper for anten­
nas) with a .058 inch wall.

A four foot length of 2" sched­
ule-40 PVC pipe insulates the antenna
from ground . It is attached to the base
of the antenna with two bolts and two
aluminum clamps. A seven foot long,
two-inch diameter steel fence post is
used as the ground anchor. It is driven
about three feet into the ground, and
is drilled to accept the mounting hard­
ware. The antenna is secured with
nylon-cord guys located at 24 feet
above ground . Three heavy-gauge
steel tent posts act as guy anchors .

Vertical antennas in that height

Setup and operation
With the transmitter/matching net­

work installed at the base of the anten­
na, apply voltage and key the
oscillator. Quickly but carefully, tum
C6 to resonance as indicated by a
field-strength indicator or a monitor
receiver, and check voltage and cur­
rent to the power amplifier stage using
a VOM . Compute the input power
using the formula:

W = E x I

If the calculated power is more than
watt , reduce the power amplifier's

continued all page 63



THE FREQUEN CY RANGE JU ST BELOW TH E AM-BROAD­

cast band (from 10 kHz to 550 kHz) has been clearl y
omitted from most communication receivers. How come?
It appears that the extra coil sets , increased assembl y
costs , and additional RF circuitry has not ju stified the
inclusion of the low-frequency band. But that doesn 't have
to stop you from sneaking a peek at the band " down­
under. " Among the signals you' ll find below 550 kHz are
maritime mobile , distress, radio beacon s, aircraft weather,
European longwave-AM broadcast, and point-to-point
communications. A brief summary of those signals is
found in Table I.

Up convert
Low frequenci es make conventional shortwave radio

desi gn impractical. In the usu al four-b and ge nera l­
coverage receiver, four coil sets are used to cover the
frequencies from 550 kHz to 25 MHz, and sometimes up
to 30 MHz, the upper limits of shortwave reception . To
adequately cover the low-frequency (LF) spectrum an ad­
ditional three , and more likely four coil sets are needed;
moreover, with the usual 400-pF variable capacitors used
in medium-frequency (MF) tank circuits, inductances of
around 600 mH are needed to reach the 100-kHz low­
frequency limit used for radio communications .

Many radios produced for the European markets cover
the ISO-kHz to 400-kHz range; however, they're usually
des igned solely for AM reception where a high-sensitivity
figure is not requi red. That' s because European longwave
stations generally run 50-1 00 kW (or possibly more) to
their antenn as .

Here in America , it's more practical to up-convert the
low-frequency range to a medium-frequency range. Our
converter does just that. It converts the 10-kHz to 550-kHz
LF range to a 1.01-MHz to 1.55-MHz MF range , by

LOW
FREQUENCY
CONVERTER
Find out what's happening
below the AM-broadcast band
with our low-frequency converter.

WILLIAM SHEETS AND RUDOLF F. GRAF

simply adding 1MHz to all received signals. Connect our
converter to any communications receiver, or AM-broad­
cast radio for that matter, and bingo--you have a longwave
receiver. Radio calibration is unnecessary because signals
are received at the AM-radio 's dial setting, plus I MHz. A
100-kHz signal is received at 1100 kHz , a 335-kHz signal
at 1335 kHz, etc., just drop the first digit to read the
longwave frequency.

One problem at low frequenc ies is man-made noise;
many of our everyday device s and appliances are notorious
in that regard . Motors, fluorescent lighting, light dim­
mers , computes, TV-rece iver sweep radiation , and many
small household digital devices generate " hash" in the
spectrum below 550 kHz . Fortunately, most noise is car­
ried chiefly on power lines, and doesn 't radiate very far.

One misconception is that tremendous antennas are
needed for longwave reception. It 's easy to understand
why someone might think that way. At shortwave frequen ­
cies (3-30 MHz) , it's common to errect a halfwave dipole
at the operating frequency; the resulting antenna length is
usually quite reasonable for anyone s backyard . Try to do
the same for longwave (10-550 kHz) , and you'd end up
with a dipole I-mile long. The remedy is to use an active
antenna, where excellent longwave reception can be had
with a simple vertical only a few-meters long . In fact , our
converter (using an active antenna ) even picks up quite a
few signals with a clip lead only 30-centimeters long .

Circuit description
According to Fig. I-a, low-frequency signals that are

picked up by an 8-inch whip antenna (a standard CB/ham
lO-meter whip) are fed to the Ql's gate , a source follower.
FET-transistor Ql matches the whip's high-impedance
(which looks like a small 20-30-pF capacitor) to the low­
pass filter formed by CI through C3, and Ll through L4 .
That filter rejects signals above 500 kHz , preventing break­
through and cross modul ation from strong broadcast and en
shortwave signals. Coupling capacitor C4 is selected to ~

attenuates frequencies below 10 kHz. m
Resistor RI provides a DC ground for QI 's gate . Resistor ~

R2 is ' needed for a return path for Q l 's drain current ~

because capacitor CI blocks the DC-path to ground . Di- (0

odes 01-04 bleed-off any static charge on the antenna that ffi
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TABLE 1-LONGWAVE SIGNALS BELOW 550 kHz

Frequency Range Signals Found Remarks

510-535 kHz Misc. Radio Beacons

500 kHz Distress (CW)

415-490 kHz Maritime Mobile (CW)
Ship to Shore

Radio Beacons, Weather:
Weather info, AM,285-400 kHz Aeronautical and Marine
voice and Carrier

190-285 kHz Radio Beacons, Weather: Current (Power Line)
European Longwave Transmissions..
Broadcast

160-190 kHz Fixed Public, License-Free Some experimenters
Experimental, European Long run 1-watt transmitters
Wave Broadcast, Fixed in this band, no

license needed

H10-160 kHz Maritime Mobile, Lowest Freq. fends to be noisy,
Long-Wave Broadcast, Fixed also some RTIY
(point to point) transmissions

90-110 kHz Loran Navigation

30-90 kHz Fixed, Mobile, Standard Freq. RTIY transmissions,
and Time Signals some CW, noisy

14-30 kHz Submarine Communications. RTTY transmissions,
VLF Worldwide High-Power, some CW heard at
Military and Commercial times. noisy

10-14 kHz Omega Signals, Freq. Lowest part of radio
Standards, Atmospheric spectrum, frequently
Phenomena, Whistlers used

Below 10 kHz Atmospheric Noise, Whistlers, Experimental
Experimental Transmissions,
Military

might have accumulated, while hav­
ing no effect on RF signals that are
less than about I volt on the antenna.

The low-frequency signals are fed
to ICI, a doubly-balanced mixer,
that's easy to use and quite reliable. It
has balanced (dual polarity) inputs
and outputs but, as used here, single­
ended (unbalanced) inputs and out­
puts may be accommodated by using
only one of the balanced lines (either
will do). Resistors R3-R7 provide an
adjustable bias network for the input
pins 1 and 4. Resistors R8-RlO and
RI4 provide the correct DC operating
voltages and bias levels. Capacitors
C5-C7 are supply-bypass capacitors.

~ Resistor Rll sets the mixer 's gain (at
z about x 3). Resistors RI2 and R13
~ feed bias to the local-oscillator inputs
o 8 and 10.
~ Transistor Q2 and associated cir-
w6 cuitry form a Hartley 1.000-MHz lo-
Ci cal-oscillator, which is coupled from
Cf Q2's drain, through C8, to ICI pin 8.
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Signals in the 10-550 kHz range are
converted to 1010-1550 kHz. A
450-990-kHz output is also pro­
duced, but it's ignored because direct
readout of those frequencies isn't pos­
sible with most AM radios, which
only cover down to 530 kHz, or there­
abouts. (Actually, if you're so in­
clined, other local-oscillator frequen­
cies may be used. For example, to
receive the 80-meter ham band use a
3.500-MHz crystal-controlled os­
cillator.) Components RI5 and C9 are
supply decoupling components. Re­
sistor RI6 provides bias to Q2. Tank
circuit L5-Cll is slug-tuned to reso­
nant at 1MHz . Capacitor ClO couples
Q2's source to the top of the tank. The
local-oscillator signal via RI7 is set to
the correct level at pin 8 of ICI.

The mixer heterodynes the incom­
ing low-frequency signal and local­
oscillator signal. The output frequen­
cies then appears at both pins 6 and 12
of ICI: Pin 12 is used arbitrarily for

easier PC-board layout. Small-value
resistor R21 is used as a PC board
jumper, so its value is not critical.
Resistors RI8 and R20 provide bias to
the output stages of ICI, while RI9
and CI2 decouple the DC power sup­
ply. Transistor Q3 reduces ICI 's high­
output impedance to about 100 ohms
to match most receiver inputs. Capac-

PARTS LIST

All resistors are V4-watt, 5%.
R1-2.2 megohms
R2, R12,R13,R15, R16--2200 ohms
R3, R4-100,000 ohms
R5, R6--22,000 ohms
R7-25,OOO-ohm trimmer potenti­
ometer
R8--680 ohms
R9-470ohms
R10, R19, R23-220 ohms
R11-1000 ohms
R14-1500 ohms
R17-15,OOO ohms
R18, R20, R22-3300 ohms
R21-10 ohms
Capacitors
C1,C3-82 pF, ±5%, NPO, ceramic
disc
C2-270 pf, ±5%, NPO, silver mica
C4-0.001 ILF, 50 volt, mylar
C5, C6, C7, C9, C12-47 ILF, 16 volt,
electrolytic
C8, C10, C13, C15, C16, C18--0.01
ILF, 50 volt, ceramic disc
C11-180 pF, ±5%, NPO, ceramic
disc
C14-470 ILF, 16 volt, electrolytic
C17-22,OOO ILF, 16 volt, electrolytic
Inductors
L1, L4-680 ILH, ± 5%
L2, L3-1000 ILH, ±5%
L5--100-160 ILH, tapped
L6-4.7 ILH, RF choke
Semiconductors
D1-D5--1N914B diode
01, 02-MPF102 transistor
03-2N3563 transistor
IC1-MC1496L
Other components
J1, J2, J5, J6--suitable connector of
your choice
J3, J4-F-type chassis connector
Miscellaneous: Weatherproof box
for the main converter, small metal
box for the RCVR/DC adaptor, CB­
whip antenna and mounting hard­
ware, PC board, wire, cable, solder,
hardware, etc.
Note: A kit containing the PC
board and all parts that mount on
the board is available from North
Country Radio, P.O. Box 53, Wy­
kagyl Station, New Rochelle, NY
10804. Price is $33.75 plus $2.50
postage and handling.
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radio. The rece iver/DC adaptor (b) doesn't need a PC board, and can be hard wired in its
own metal box.
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FIG. 2-YOU CAN REDUCE RECEIVED NOISE (HASH) by not mounting the LF converter
within 50 feet of AC high-tension lines (power poles), near any AC outlet, or near any
telephone-service entrance cables.

itor CI5 couples the 1010-1550 kHz
frequenc ies from Q3 's emitter to out­
put-jack 13, while blocki ng any DC

bias. Resistor R22 is a DC return and
bias resis tor for Q3.

Inductor L6 couples the DC volt-

age that's carri ed in the RF-signal ca­
ble from the RCYR/DC adaptor. The
DC voltage and RF signals don' t in-
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FIG. 4-THE PC BOARD IS MOUNTED IN A METAL BOX FOR RF SHIELDING. Make sure
you use small standoffs under the PC board to prevent the copper traces from shorting
against the metal box . The author shimmed up the PC-board 1/8 inch by screwing an extra
nut under the board at all four corners.

J5 C17 R23 C18

C16 J4 D5 J6

Tuneup
Tuneup is simple. First check all

your wiring and components to make
sure they 're all properly sea ted and
polarities are correct. If everything
checks out , connect + 12 volts to the
adaptor-box jack J6 . Now check for
+ 12 volts at 13, or L6 if you are not
using a remote setup. Next verify that
+ II volts or so is across capacitor
C14. Measure the current drain from
your + 12-volt DC supply, and if you
measure more than 15 rnA, that may
indicate probl em s.

continued on page 76

Construction
You can etch your own PC boa rd

using the artwork in PC service, or
order the kit of parts that includes an
etched and drilled PC board from the
source in the Parts Li st. Figu re 3
should help you stuff the PC board
correctly. .As you might expect, first
mount the resistors and capacitors,
then mount Dl through D4, QI , Q2,
Q3 , and last install Ll through L6,
and ICI . A socket for ICI is desirable
but unne cessary. If you are using a
remote installation, then assemble the
RCVRJDC adaptor; its part s layout
isn't critical , but be sure to com­
pletely shielded the adaptor in its own
metal box to avoid picking up strong
AM sta tions in the IOIO-1550-kHz
range.

DC resistance each , and cabl e losses
as well .

For local installation (non -remote) ,
inductor L6 may be disconnected
from jack 13. The + 12-volts DC is
then fed directly from any convenient
supply, about 11-15 milliamps is all
that' s required .

FIG. 5-RECEIVER/DC ADAPTOR allows
the converter to be powered through its
RF output in remote install at ions. That
way you don't have to run an extra power­
supply line all the way out to the converter.

GNO

RF OUT
+12V INICl

R7

wiring and other interfering devices
as poss ible. Ifyou live in a quiet coun­
try location or are willing to tolerate
some line noise, the converter can be '
mounted near the receiver. The loca­
tion is entire ly up to you.

Figure 2 shows one possible remote
installation. The coax ial cable from
13 carries both RF signals and DC
power; that cable is run from the re­
mote converter to a RCVR /DC adapt­
or located in your radio shack. The
RCV RJDC adaptor help s out in two
ways. It pumps DC power down the
cable to the converter, and route s RF
from the converter into the receiver.
An extra volt or two of output DC is
recommend ed to make up for losses
in L6 and L7 that have about 60-ohms

L5
LOW-FREQUENCY
WHIP ANTENNA

terfere with one another at all ; that
saves running a separate power-sup ­
ply wire , which simplifies installation
at a remote location . Capacitors C14
and C13 provide DC supply filtering .

Figure I-b shows that the RCVRI
DC adaptor is small enough to fit in a
small shield ed box containing J4 , J5 ,
DC-blocking (RF coupling) compo­
nent C16, and DC filter cap acitors
C17 and C18. DC is fed in via J6 ,
wh ich should be well filtered (less
than 1% ripple).

Installation
The converter with it s ante nna

work s best, and has the least noise
and interference, wh en remotel y
mounted as far away from any AC
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BEYOND STEREO
The Sound Retrieval System adds a new dimension to audio reproduction.

(~ LEN FELDMAN

STEREO SOUND ON BROADCAST TELEV ISION H A S BEEN

available for about five years, and nearly half of the TV
sets sold last year incorpora ted MTS (Multi-channel Tele­
vision Sound) decoders. They enable viewers to hear ster­
eo sound tracks from programs that are transmitted locally
in stereo, as well as a SAP, or Seco ndary Audio P rogram
channel, which ca n be a second-language translation of a
movie sound track .

However, for all the success that stereo TV has enjoyed,
there are still two major prob lem s with the way stereo TV
sound is reproduced in the home. If you depend on your
TV's two built-in speakers to provide the stereo effect, you
are likely to be disappointed. That' s because the two
speakers are usually spaced too close to eac h other to
provide a pleasing stereo "sound stage. "

If yo ur T V monitorlrece iver has jacks for externa l
speakers, you can use a pair of separate speakers, or even
your home-stereo speakers . The stereo effect will be best if
they are separated by eight feet or more , but then a new
problem arises: When actors on the TV scree n speak, if
you are even slightly off center between the two speakers,
you will get the impre ssion that sounds are coming from
the neare st loudspeaker instead of from the actor who is
speaki ng .

A psychoacoustic solution
More than two years ago, Hughes Aircraft, a division of

the Ge nera l Motors Co rporation, developed what or igi­
nally started out as a car-stereo enhancement syste m. It is
called the Sound Retrieval System, or SRS for short .
Hughes demonstrated the system by placing two sma ll
speakers so close together that their side panels pract ically
touched . As you might expec t, music played over the
speakers sounded "cramped," because it lacked proper
stereo imag ing and spread. By merely pressing a button,
the two little speakers could be made to sound as though
they had been moved apart to the corners of the room.

Two more knobs allowed the music to be adjusted so
that you could walk all around the room without altering
the tremendous sprea d of sound and sense of ambience .
The demonstration was so dramatic and effec tive, that
peop le couldn't help but look for additional hidden speak ­
ers. Of course, there were none .

A similar demonstration, this time in a car, revealed that
same spread of sound when the "magic" button was
pressed . Instead of the sound bein g confined to the narrow
width of the automotive interior, it seemed to extend well
outside the car. And while Hughe s' primary interest was in
enhancing the stereo effect in car-stereo sys tems, it was
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FIG. 2-THE EAR'S FREQUENCY RESPONSE CHANGES with both azimuth and eleva­
tion. Here is an example of our hearing system's response to frontal, side, and rear
sounds.

FIG. 1-THERE IS A FOURTH FACTOR, that governs the way in which we judge where
sounds originate. It has to do with the way our hearing system's frequency response
varies .

Hughes , has incorporated it into near­
ly a dozen new stereo TV models , and
the sound is truly incredible . (Editor's
note: For those of you who don ' t be­
lieve that this new system sounds as
good as we say it docs, we encourage
you to prove it to yourse lf by going to
your local Sony dealer and listen ing
to one of thei r new SRS-equipped
televisions.

Theory and operation of SRS
SRS is based upon several psycho­

aco ustic principles that have been
written about in obscure scholarly pa­
pers over the years , but have never
been put to practical use until now.
SRS technology is so valuable that
Hughes has been granted one com­
prehensive patent containing no fewer
than 159 separate claims. Two addi­
tional patents involving further im­
provements and add itional claims
may well have been granted by the
time you read this article. Here is how
SRS works .

Much of what happens when SRS
is working involves psychoacoustics .
As Arnold Klayman, the inventor of
the system explains it, humans per­
ceive the direction from which sounds
com e by at least three different
means. We detect the relat ive phase of
sounds in the case of low frequencies
(between about 20 Hz and 200 Hz.)
For mi d-range so unds (300 Hz to
4000 Hz), we detect the relati ve inten­
sity. That mean s that sounds coming
from one side sound louder to the
nearest ear, and softer to the other ear.
For higher frequency sounds-a-those
having a fast rise time-we judge di­
rection by the relative time of arrival.
Those sounds reach the closest ear
sooner than they reach the farther one.

There is , however, a fourth factor
that governs the way in which we
judge where sounds originate, which,
up to now, has been ignored in stereo­
reproducing systems . That factor has
to do with the way our hearing sys­
tem's frequency respon se varies (see
Fig. I ).

The outer ear, known as the pinna,
has an effec t on the spectrum of the
sound reaching the eardrum , while
the concha (the section that leads to
the ea r canal) has an effect on the
frequency at which the ear canal is
resonant. Together, those two parts of
the ear co ntrol the spectral shape (fre­
quency response) of the sounds reach­
ing the eardrum. In other words , the
system functions as a sort of multiple

I

I
I

I

I

I

ment. More than a year and a half
later , Sony Corporation , havin g li­
ce nse d the SR S Technology fro m
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clear that stereo TV, which was then
just gaining a footh old , could also
benefit from this remarkable enhance-
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FIG. 5-FREQUENCY RESPONSE at the L - R test POint, with only the left signal applied
to the input.

FIG. 3-AMBIENT, REFLECTED, AND SIDE SIGNALS produce a complex sound field.

<0co
<0

filter, emphasizing some frequencies,
attenuating others, and letting some
through without any change at all .
The ear's frequency response changes
with both azimuth and elevation, and
together with our binaural (two ear)
capabilities, they help us determine
whether a sound is coming from
above, below, the left, the right,
ahead, or behind . Examples of our
hearing system's response to frontal
sounds , sounds from the side, and
from behind are shown in Fig. 2.

As Klayman went on to explain,
"Microphones used in making re­
cordings don't behave like human
ears. Omnidirectional microphones
have a flat frequency response for
sounds coming from all directions .
Cardioid, or directional microphones

- -- have a flat response for sounds com- ­
ing from the sides and from the front,
but are 'dead' to rear sounds. So,
during playback, if sounds that origi ­
nally came from the side are re­
produced by speakers located 'up
front, ' those sounds are heard with an
incorrect spectral response. The result
is a spatial distortion of the sound
field, and we are prevented from hear­
ing the proper spatial cues of what
was originally performed."

The SRS technique helps to correct
those problems by processing the au­
dio signals so that the spatial cues are
restored. SRS first combines or adds
together the left and right channels to
create a sum signal (L +R). It then
subtracts each one from the other to
create two difference signals; (L - R)
and (R- L).

The signals are then subjected to
various forms of processing and
equalization . Ambience and spatial
characteristics are derived from the
processed difference signals. Di­
alogue, vocalist, and soloist sounds
are derived from the processed sum
signal. Once the complex and dynam-
ic processing sequence has taken
place, the signals are revised and rec­
onstructed into new (L + R) and
(L - R) signals, which are matrixed
back together in the same fashion
used in stereo FM and in stereo TV.
That is , using simple algebra, the new
(L +R) is added to the new (L - R),
yielding a new L signal (actually 2L, (J)

but the 2 is simply an amplitude co- ~
efficient which can be ignored). The m
new (R - L) signal is added to the new ~
(L + R) signal to form a new R signal. gJ

In a stereophonic signal, sounds
coming from "in front" of you pro-
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FIG. 4-BLOCK DIAGRAM OFTHE SRS CIRCUITRY. Control circuits detect the content of
the music, and dynamically adjust both the level and the spectral content of the sum and
difference signals.
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4 shows the block diagram of the SRS
circuitry.

The frequency response curves of
the (L - R) and (R - L) signa ls are
shown in Figs. 5 and 6 respectively. It
is clear that the SRS system does alter
or equalize the response of the de­
rived signals.

The selective boosting of the dif­
ference signa l is automaticalJy ad­
ju sted while audio signals are applied
so that the perceived stereo effect is
.re latively co ns istent. Without such
automatic adju stment , the amount of
enhancement provided would have to
be ma nually adjusted for different
program materi al. For example , in
order to avoid excess ive boosting of
artific ia l reverberation , whic h is
sometimes added to stereo record ­
ings, the enhancement techn ique of
the SRS deemph asizes the freque ncy
range in which excessive reverbera ­
tion is most likely to occur. That area
is then reinforced by appropriate in­
jection or additi on of the sum signal.
Th e pe rcei ved effect is th a t the
amo unt of art if ic ia l reverberat ion
does not change appreciably when the
SRS is turned on and off.

In th e SR S- equipped So ny T V
sets , the re is only an SRS on/off
swi tch. That 's because the speakers
are at a known distance apart, and
because stereo TV broadcasts are han­
dled in a predictable manner.

The license acquired by Sony for
SRS is non-exclusive , so don ' t be sur­
prised if you see other manufacturers
offering SRS technology in their TV
sets and audio components in the not
too distant future , R-E
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FIG. 6-FREQUENCY RESPONSEat the R- L test point, with only the left signal applied
to the input.
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duce equal-amplitude sounds in the
left and right channels, and are there­
fore present in the sum sig nal (L +R).
Ambient, reflec ted, and side signals
produce a com plex sound field (see
Fig . 3), and are prese nt prim arily in
the differen ce sig nals (L - Rand
R -L).

The Hu ghes SRS circuitry pro­
cesses the difference signals to bring
back the missing spatial cues and di­
rectional information. The difference
s ignals are th en dyn amicall y in­
creased in amplitude in order to in­
crease th e appare nt im age width .
However, since the ear has increased
sensitivity to mid-range frequencies,
select ive emphas is of the difference
signals is necessary to produce a real­
istically wider stereo image without
introducing annoying image shifts .

The selective emphasis of certain
freque ncies in the difference signal
accomplishes several things. For the
qu ieter co mponents , it fur ther en­
hances the stereo image by restoring
the ambie nce of the Iive performance,
which is normally masked out by the
louder, direct sounds . It also provides
a much wider listenin g area, as you
can walk about the room and still re­
tain a sense of direction of all the
musical instruments- you no longer
have to sit midway betwee n the two
loudspeakers!

There 's a lot more goi ng on inside
the SRS circuit than what we've brief­
ly described . There are many control
circuits that detect the content of the
music , and dynamicalJy adjust both
the level and the spect ral content of
the sum and difference signals. Figure
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Troubleshooting VCR
tape-loading problems

PETER M. HANSEN

ONE OF THE MOST COMMON PROBLEMS

found in VCR's is the inability to
properly load a tape. Before you try to
fix any VCR, though, you should be
somewhat familiar with basic VCR
disassembly skills and simple servic ­
ing precautions. You can learn about
the various components inside a VCR
by reading our last article on VCR
main tenance (Radio-Electronics,
March 1989). That article covered
basic VCR mechanism identification,
cleaning techniques, and the neces ­
sary hand tools .

Tape-load problems
It is important that you clearly un­

derstand the difference between cas­
sette-loading problems and tape­
loading problems. A cassette-loading
problem is where the cassette carriage
assembly does not properly accept the
cassette (the shell) into the VCR. A
tape-loading problem is when the
tape is not properly extracted from the

cassette once the cassette is fully seat­
ed inside the VCR .

Figure 1shows the basic VCR com­
ponents. You should be somewhat fa­
miliar with them before attempting
any servicing, but right now our main
concern is the tape-loading process .
To be able to see the internal compo­
nents, you first have to remove the
VCR's top cover and head shield. You
may also have to remove the cassette
carriage in order to fully access the
components involved in the tape­
loading process. Figure 2 shows the
cassette carriage being removed from
a VCR-there are usually four Phi­
llips-head screws on the top of the
assembly that secure it to the VCR
chassis. Figure 3 shows the cassette
carriage assembly by itself. The gear
block and motor assembly on the
right side of the carriage is the drive
system that is used in front-loading
VCR's to load the cassette into the
VCR when it is first inserted .

The VCR's guide rollers and slant
poles are what actually extract the
tape from the cassette and guide it
across the video head/drum assemb ly.
After you select play or record, you
will see the two guide posts start the
tape-extraction process; the video
drum starts to spin counterclockwise
(it reaches 30 rpm in about 3 sec­
onds), and the pinch roller starts its
short movement toward the capstan
shaft. It is the action of the pinch
roller "pinching" the rotating capstan
shaft that actually pulls the tape
through the machine during play or
record.

Most recent VHS VCR's use a ded­
icated DC motor to load the tape
across the video-drum assembly. The (j)

motor is located either above or below CB
the mechanism, and is usually driven ~
by an integrated circuit that receives ~
the motor load and unload signals g:J
from the VCR's main microprocessor. cD
Figure 4 shows a typical tape-load ~
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FIG. 1-MAJOR VCR COMPONENTS. You should be able to identi fy these basic mecha­
nisms found in all VCR's.

Diagnosing malfunctions
A very common malfunction in

VCR's is cracked, dirty, or worn (slip­
pery) load belts. The major symptom
of that is that when the operator se-

board to the chassis . Many times
there will be identifying arrows
printed on the PC board indicating
which screws must be removed. If you
remove the wrong ones, you may be
dismantling the wrong thing .

In some VCR's, you must remove
the front panel in order to release the
PC board . Many times the front-panel
assembly (which contains the switch ­
es, display, etc .) is secured to the
chassis by small (fragile) plastic re­
taining tabs-give the unit a close
visual inspection before attempting to
remove it so that you don 't crack any­
thing! Remember that any mistake
can cause you much grief-not to
mention the added expense .

With the VCR placed in its service
position (see Fig. 7), you can closely
observe the loading components dur­
ing a tape load. To do that, plug in the
unit, insert an inexpensive test tape,
and hit the play button . As soon as
you hit play, you should see move­
ment of the loading gear train as well
as the the guide posts. On many units,
you'll also see the cam gear as it shifts
position from " stop" to "fully load­
ed." Sometimes a mirror placed on
your workbench surface can help you
see both sides of the VCR's loading
mechanism simultaneously.

PINCH
ROLLER

BELT

CAPSTAN
SHAFT

BRAKES

A.C.E.
HEAD

FIG.3-THE GEAR BLOCK AND MOTORASSEMBLYon the right side ofthe carr iage is the
drive system that accepts the cassette into a front-load ing VCR.

- --'-"-.. .-:---

tom side of the chassis .
To get at components on the under­

side of the chassis, first make sure that
power is off and the unit is unplugged,
and then remove the VCR's bottom
plate . There are usually several Phi­
llips screws securing the bottom plate
to the chassis . Next, you have to iden­
tify the screws that secure the PC

IDLER

VIDEO HEAD
DRUM ASSEMB LY

motor located on the bottom of the
VCR's chassis; in this case, the unit is
a later model Fisher VCR. In Fig. 5
we see a load motor that is located on
the top of the mechanism, with the
video drum behind it.

FIG. 2-THE CASSETTE CARRIAGE as­
sembly is usually secured to the VCR
chassis by four Phillips-head screws.

Tape-loading components
The load gear train is located (al­

most always) on the VCR's bottom
side chassis. The load gear train is

~ connected to the load motor via the
z load belt (or worm gear) and associ­
1i? ated linkage rods and connectors. The
b load-gear assemblies are made out of
~ hard plastic, and have one and some­
w6 times two cam gears with grooves that
o contain a lubricant. Figure 6 shows a
<l:
II typical loading-gear train on the bot-
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FIG. 4-A TYPICAL LOAD MOTOR is located on the bottom side of the VCR's chassis.

the load motor shaft in the same direc­
tion as it was turning by itself. If the
belt is bad, the action of your finger
will most likely complete the load.
The load-complete signal will now be
received by the microprocessor, (J)

which will issue the signal to activate q]
the pinch roller. A bad belt should be ~

replaced, but sometimes you can ex- ~

tend its life a bit by cleaning the belt gJ
and applying some rubber revitalizer. -'

CD
Sometimes the lubricant that is ap- ~
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FIG. 5-THIS LOAD MOTOR is located on top of the mechanism, with the video drum
directly behind it.

cess with your finger (see Fig. 8).
With the VCR in its service position,
and a tape inside the machine , select
the play mode; you should have your
index finger or thumb placed gently
on the load-motor shaft. You will feel
the rotation of the load motor shaft
against your finger. Wait for the load
process to be completed (when the
load posts appear to have reached the
end of their travel), and then "assist"
the load process by manually turning

Peter M. Hansen is the author of
the Viejo Method of VCR Mainte­
nance and Repair and president of
Viejo PUblications. The manual is
available with or without the VCR­
maintenance kit and training video.
The kit contains VCR cleaning mate­
rials and an assortment of replace­
ment belts, tires, idlers, etc. Contact
Viejo Publications, 3540 Wilshire
Blvd., Suite 310, Los Angeles, CA
90010. 1-800-537-0589.

lects play or record, the guide posts
will start their path toward the "V"
stoppers (the metal brackets situated
at the end of the loading grooves), but
they will not reach the end of their
path . Many times they will appear to
have completed the load process, but
closer inspection reveals that they
only completed about 90% or 95% of
the load process. The loading posts
will then start retracting back toward
the stop position and the video drum
will stop spinning . Most of the time,
that type of failure is due to a bad load
belt.

Because the slipping load belt pre­
vented the load posts from traveling
their full distance, the microprocessor
did not receive what's called the
"load complete," the "after load,"

- or, more simply, the "AL" signal.
Some of the older units have a small
microswitch embedded in the load
gear train that is activated when the
load posts are fully extended . How­
ever, most newer VCR's have infrared
sensors built into the cam-gear assem­
bly that transmit the various mechan­
ical load stages during the tape-load
mode to the microprocessor.

In an aborted tape-load attempt,
you will also be able to see that the
pinch roller does not come in contact
with the capstan shaft. The pinch
roller will come in contact with the
capstan shaft only when the system
microprocessor receives a load-com­
plete signal .

A simple test for a malfunctioning
load belt is to "assist" the load pro-
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FIG. 6-A TYPICAL LOADING GEAR train
is usually covered by a protective plastic
guard that must be removed for servicing.
This gear train is on the bottom of the
chassis.

x.

FIG. 7-A VCR IN ITS SERVICEPOSITION.
A mirror on your workbench surface will
allow you to see both sides of the VCR
simultaneously.

moving the old lubricant. It is also a
good idea to first take a photo or make
a quick sketc h of an assem bly before
dismantling it for cleaning, so that
everything goes back correctly. Many
times there will be small align ment
aITOWS imprinted on the gears them­
selves- pay careful attention to any
arrows, as they must be exactly align­
ed during reassembly.

If the load belt appears to be good,
and there is no dried-up lubrica nt,
then you have to inspect the load gears
for any signs of cracking-especially
hairl ine crack s. Any gears that show
signs of cracking must be replaced .
Note that load motors do not usually
go bad , but if there is excess freedom
of shaft movement, or any signs of
excessive friction in the motor.it may
have to be replaced .

Anoth er quick test of the load sys­
tem is to perform a tape "load " by
hand, with the unit unplu gged and no
tape inserted . That will provide an
unob structed view of the loading
mechanisms as they operate. Also ,
the loading process will be greatly
slowed down , so you' ll be able to
see- and perhaps even feel-exactly
when a problem occurs. Then you can

determin e which part might be caus­
ing it to happen . To perform the test ,
turn the load-motor shaft by hand and
observe the unit's operation. Watch
for freedom of movement of all of the
mechanical components involved in
the load process, and check for any
obstructions that may impede proper
load ing. R-E

plied in sliding tracks and to various
componen ts dries up and harde ns.
That can cause much added friction
for the load components , and may
cause the load to be aborted. If that's
the case, you have to dismantle the
assembly, clean offthe dried-up lubr i­
cant, and apply a fresh coat. It is best
to use a cleaner like acetone for re-

; :5 / )
) . ~

FIG. 8--A MALFUNCTIONING LOAD BELT is can be tested by " assisti ng" the load
process with your finger.

mAre Most VCR Problems Mechanical?
~ Yes, most agree more than 3 out of4

VCRproblems are due to a mechanical
malfunction.

mAre There Universal TestTools Available
OrDoYou Have ToBuyAllThe Different
Tools Shown InService Manuals?
~ TENTEL provides easier to use, universal,

morepowerful gauges than allfactory
tools combined.

mWhat Mechanical Measurements Should
Be Made ToProperly Check OutAVCR?
~ Holdback tape tension, tension servo

check, reel table heiflh ts, carriage align­
ment, tapeguide height, take up torque,
restoring torque,braketorques, FF/REW
torques & video head wear.

il Il l l lur
uJ ~e'l'J ,TENTELl~Corpo ration
6 .10~eSS . 4475 Golden Foothills Pkwy
~ ~o EI Dorado Hills, CA 95630
a: (800) 538-6894 / (916) 939-4005
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58 CIRCLE 185 ON FREE INFORMATION CARD



op.AMPSop-amps show their versatility in instrumentation circuits.

IN INSTRUM TATION
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01
6 lN4148

6

02
lN4148

- 9VR3
4.7K

R1
10K

AC YIN (via R4-R is simply inver­
ted to produce a + Yo T' The circuit
analysis for the positive wing of AC
YIN is a bit more complic ted . Op­
amp ICI inverts the signal to pr duce
a negati ve output that is pas cd
through DI to the summing junction
of IC2, where it's combined with the
positive AC YIN (via R4-R5). At the
summi ng junction, the negative out­
put of ICI is doubled and inverted via
IC2 , R3-R5 , to produc e a +2YO UT '

while the positive AC YIN is only CD

inverted via IC2, R4-R5 , to produce ~

- 9V

FIG. 3-PRECISION HALF-WAVE rectifier.

negative- going hal f-wave rectifi ed
output, the polarities of the two di­
odes must be reversed .

igure 4 shows how to combine an
op-amp half-wave rectifier and an in­
verting amplifi er to build a precision
full-wave ~ ctifier. When the AC YIN
swin gs negati e , the inverted output
of ICI goes to ear zero because of
D2. At the invertin g input of ICi , the

01
lN4148

6

01
lN4148

6 Your
PU LSATINGDC

~

Precision rectif iers
Figure 3 shows a precision half­

wave rectifier. When the AC YIN goes
negative , the output swings positive ,
whic h forward biases D1. The op­
amp's gain equals unity because DI 's
forward resistance is negli gible .
When the AC YIN goes positive , the
output swings negative , but is limited
to - 600 mY by D2. Resistor R3 cor­
rects for op-arnp DC-current errors,
and holds the noninverting input at
grou nd potential. The negative-feed­
back loop will always try to hold pin 2
at virtual ground (because the idea is
to drive the inverting input to the
same potential as the noninvert ing in­
put.) Consequently, the output at DI 's
cathode does not swing much below
zero. The YOUT is a positive-going
half-wave rect ified signal that resem­
bles pulsating DC . To produce a

through RI when the signal falls be­
low the peak value. eanwhile , IC2
is used as a (voltage 1'0 I wer) buffer
stage, so that RI is not shunted by any
external loading.

FIG. 2-PEAK DETECTOR with buffered output.

FIG. 1-HALF-WAVE RECTIFIER circuit.

RAY MARSTON

Electronic rect if iers
Convent ional diodes can' t rectify

millivolt AC signals becau they
do n' t conduct unti l their knee vo tage
is exceeded . Silicon diodes have kn
values of about 600 mY, and thus
don ' t rectify AC voltages below that
value. Luckily, op-amps can effec ­
tively reduce the diode 's knee voltage
by a factor equal to the open -loop
gain; a diode can then rect ify AC­
signa l amplitudes that are smaller
than a millivolt .

Figure I is a half-wave rectifier con­
nected as a noninverting amplifier;
feedback is through 0 1. (Notice that
the rect ified output is taken from the
invert ing input.) When the noninvert­
ing AC-YINswings positive by only a
few microvolts, the output is quickly
driven to Drs 600-mY knee voltage.
The feedback through DI forces the
inverting input to accurately follow
the positive-input signals . However,
when the AC-Y IN swings negative,
the negative output causes D I to be­
come reverse-biased, whose reverse­
leakage resistance (typ ically hun­
dreds of megohms) acts as a voltage
divider with RI; that determines the
op-a rnp's voltage ga in during the
ne gat ive-inpu t swing. The circui t
thu s follows the positi ve-input sig­
nals , but rejects the negat ive ones
and, hence , has the characteristics of
a nearly perfect rectifier.

Figure 2 shows a peak-voltage de­
tector. Capac itor CI charges rap idly
throu gh DI to the peak positive value
of AC YIN' but discharges slowly

RECISION VOl:rMETERS. AMMETERS . AND

ohmmeters use op-arnps in a wide
varietY' f applications. You' ll find op­
amp recti ier s. ran ge-scal in g net ­
works, con rters, and voltage refer­
ences . Let's tak a look at how those
circuits work .
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DC OUTPUT
0-2VOLTS

R5
I1.1K

IN HI

GROUND

- 9V

Voo

ACIOC
CONVERTER

R7
2.7K

R3
5K

R4
10K

is distinguished from power supplies
using an output filter-capacitor, which
delivers a steady-state DC equal to the
rectifier's peak output-voltage .

Digital meters
Preci si on Di git al Vo lt Meter

(DVM) modules using op-amps can
form the basis of a DC multimeter. To
fun ction as a multi range DC volt­
meter, the input voltage is conditioned
through an attenuation network; for a
multi range DC ammeter, the input
current is applied through a multi­
range current shunt.

01
lN4148

02
lN4148

- 9VR6
4.7K

Fl

AC INPUT
Ooo2V RMS

R4 R5
10K 10K

+9V
R3
5K

6

Your
PULSATING DC

R7
- 9V2.7K

"='

FIG. 8-5-RANGE AC VOLTMETER (converter) using a DVM module.

Voo

1R2 P.
2.2MEG !"-7 C2 02
~ 4.7f.1.F R6

lN4148 22~~RI ICI 6 II .. IN HI
lOOK LF355 + " ..

,,- 3V 4 D1
AC VIN

lN4148 '!'" R4 DVM
C1 10K MODULE

1 •2211F R3 •

\1 10K
C3 ~

II R7 If.l.F '''~ r IN LOR5
3.9K l]2.2K

GNO

CAL "'::-
1 Vss

FIG. 7-AC/DC CONVERTER used with a DVM module.

FIG. 6-PRECISION FULL·WAVE AC/DC converter.

DC DUTPU
0-2VOLTS

01
6 lN4148

Cl R2
l lJ.F 22.2K

02
lN4148

Rl 02
10K 2 lN4148

6
AC VIN

01
lN4148

R6 - 9V
4.7K

FIG. 4-PRECISION FULL-WAVE rectifier.

Figure 5 shows a half-waveconvert­
er that uses a voltage gain of 2.22 via
R2/Rl , while integration is accom­
plished via CI-R2. Figure 6 shows a
full-wave converter with a voltage
gain of 1.11 , while integration is ac­
compli shed via CI-R5 . Notice that
op-amp converters compute the aver­
age value of rectified AC-voltage; that

a - VO UT' The summing resultant is
+VOUT at the IC2 output that is
equal to the original AC VIN positive
swing . Therefore , the IC2 output sig­
nal is always a positive-going full­
wave rectified signal.

AC-to-DC converters
In a standard DC power supply, a

rectifier takes the AC current from a
step-down transformer and produces
a pulsating DC current, which is then
filtered into steady-state DC by a large
filter capacitor. That system has
worked great for years , and still does,
but designers' would like to get rid of
those bulky filter capacitors; and in­
deed, a more compact arrangement is
possible by using an op-amp rectifier
combined with an integrating feed­
back-capacitor.

FIG. 5-PRECISION HALF-WAVE ACIDC
converter.

(f)
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RANGE

b

5

convert a I-rnA meter into a fixed­
range DC-mV meter having a full­
scale sensi tivity of I mV, 10 mV, 100
mV, or I volt. The table shows appro­
priate values of RI for the full-scale
sensitivities. To null the op-amp's in­
put-offset voltage, short-circuit the
input terminals and adjust R6 for zero
deflection of the meter.

Figure 12 shows how you can put
together a 4-range DC-mV meter hav­
ing full-sca le ranges of 1 mV, 10 mV,

R4
2.7K

6

SET
ZERO

a

+ 9V

R3
lK

R2
47K

a

Rl
SEE

TABLE

IN HI } TO DVM
GROUND MODULEL--<>-..- _

+ Voo

FIG. 11-A DC MILLIVO LT meter.

R8
22K
CAL

HI
10K

coil meter, the I-rnA DC range of an
exis t ing multimeter can be sub­
stituted, and the circuits shown in
Figs. II to 15 will functio n as " range
converters." Notice that each circuit
has a 2.7K resistor in series with the
op-amp's output. That resistor limits
the available output current to a few
milliamps , thereby providing the
meter movement with automatic over­
load protection .

Figure II shows a simple method to

FIG. 1Q-S-RANGE OHMMETER (converter) using a DVM module.

FIG. 9-S-RANGE AC AMMETER (converter) using a DVM module.

Analog meters
As shown in Figs. II to 15, an op­

amp can al so convert a st andard
(D'Arsonval) moving-coil meter into
a sensitive voltage, current, or ohm­
meter. All of the circ uits are designed
aro und the LF3S6 JFET op-amp,
which has a high input impedance,
and opera tes from a ± 9-volt supply.
Offset nulling is provided to set the
output to precisely zero . The moving­
coil meter should have a full-scale
sensitivity of I rnA.

o Instead of using a I-rnA moving-
~ 0

As shown in Fig. 7, a DVM module
can be used to measure AC (rather
tha n DC) voltage by connecting a
suitable AC-to-DC converter to its in­
put. Op-amp ICI is used in the nonin­
verting mode, with DC feedback
applied through R2, and AC feedback
applied through CI-C2 and the diode­
resistor network. Resistor R7 adjusts
the amplifier ga in over a limited
range . The rectified output of the cir­
cuit is filtered by components R6-C3
for DC co nversion.

Figure 8 shows a frequency-com­
pensated attenuator network used to
convert a standard DVM modul e into
a 5

0-

range AC voltmeter. Figure 9
shows how a switched-shunt network
can be used to convert a DVM module
into as-range AC ammeter.

Figure 10 shows how to convert a
DVM mod ule into a S-range ohm­
meter. The circuit actually functions
as a multi-range constant-current gen­
erator, where a constant current feeds
(from Q I collector) into Rx . The re­
sulting voltage drop across Rx­
which is directly proportional to the
unknown Rx value-is read by the
DVM module .

Transistor Q I and the op-amp are
wi re d as a voltage-fo llower-the
emitter-voltage follows the voltage set
by potentiometer R8. In practice , that
voltage is set at precisely I volt below
VDD ' Consequently, the Q I current
source equals I volt divided by the
selected (R3 to R7) range-res istor val­
ue. For example , the current through
the R3 range resistor when the non in­
vertin g input is set to I volt equals I
volt/ IOOO ohms, or 1.0 rnA. The
DV M module typically read s full
scale when its input voltage equa ls
200 mV. That reading is obtained
when 1.0 rnA X Rx has a value equal
to 200 mY; therefore, Rx should
equal 200 ohms for a full-scale DVM
reading.
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Voltage reference
An op-amp can function as a volt­

age reference by connecting a known
voltage to its noninverting input. Fig­
ure 16 shows a positive-voltage refer­
ence whose output is fully variable
via R3 from + 0 .2 to + 12 volts.
Zener diode DI provides a regulated

FIG. 16-VARIABLE POSITIVE-VOLTAGE
reference.

scale ohmme te r, having full-scale
ra nges fr om 1000 o hms to 10
megohms. Range resis tors R5-R9
determine the full-scale values . Tran­
sistor QI applies I volt to one side of
the range-resistor network . The gain
of the op-amp is determined by the
ratios of the selected range resistor
and Rx. When the range resistor and
Rx are equal, the meter will read full
scale.

To zero-set the meter in Fig . 15,
follow this procedure: Set SI to the
1O,000-ohm position and short circuit
the Rx termin als. Now adjust RI3 to
set the meter needle to zero. Next ,
remove the short circuit and connect
an accurate 1O,000- ohm resistor in the
Rx position . Now adjust RI4 for full­
scale deflection . The circuit is now
fully calibrated and ready to be used .
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FIG. 14-4-RANGE AC millivolt meter.

FIG. 15-5-RANGE LINEAR-SCALE ohmmeter.

FIG. 13-4-RANGE DC microammeter.

FIG. 12-4-RANGE DC millivolt meter.
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100 mY, and I volt. Figure 13 shows
how you can make a DC- fLA meter
having full-sca le ranges of I fLA , 10
fLA , 100 fLA, and I fLA. The range
resistors should have a tolerance of
2% or better.

Figu re 14 show s a useful fixed­
range AC-mY meter. The circuit 's in-

put impedance is equal to RI , which
varies from 1000 ohms at I-mY full­
scale sensitivity, to I megohm at 1­
volt full-scale sensitivity. The useful
frequency range is about 100 kH z
when used in the 1- to 100-mY range ,
and 50 kHz for the I-volt range .

Figure 15 shows as-range linear-

FIG. 17-VARIABLE NEGATIVE-VOLTAGE
reference.

12-volt source voltage. The CA3 140
op-amp can track input reference volt­
ages to within 200 mY above ground .
Figure 17 shows a negative-voltage
reference whose output is fully varia­
ble via R3 from - 0.5 to -12 volts.
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FIG. 2o-0VERLOAD PROTECTED, 3-30-volt stabilized power supply.

LF TRANSMITTER

continued fro m page 46

voltage or increase the number of
turns on L2. Now you have to tune C6
again, and note the shape of the tun­
ing curve. If you see only a single
peak while tunin g C6 , try increasing
the loading by moving L2 toward the
" hot" end of Ll. If you see a double­
peaked tuning response, reduce the
loading by moving L2 toward the
ground end of Ll . Repeat those steps
as necessary in order to achieve the
most efficient match at l-watt input
power.

The exact transmit frequency can
be trimmed by adjusting trimm er ca­
pacitor C2. The adju stment range will
depend on the particular crystal used
in your unit.

Fortunately for beginners and new­
comers to "basement radio, " slow­
speed CW is the favored operating
mode , so you won 't have to do much
brushing up on your dits and dahs. At
185 kHz the biggest enemy is noise­
both atmospher ic and man-made. It is
for those and other reasons, that the
best signal-to-noise ratio can be ob­
tained by using a low data-rate mode
(slow keying).

Most operators congregate toward
the upper end of the band, centering
around 185 kHz. Keep in mind that
many stations use crystal control , so
it is importan t that you tune your re­
ceiver as carefully as possib le when
calling CQ, and don't be surprised to
hear a reply several kHz away from
your ca ll ing frequency. The winter
month s are the most popular for ex­
perimental LF operation because
northern latitudes suffer from extreme
atmo spheric noise from May through
September. The best openings gener­
ally occur on cold winter nights when
the band is stable and quiet. Under
those conditions it is possible to es­
tablish regular contacts to 100 miles
or so, with occasional OX of several
hundred miles.

The trick to success ful LF opera­
tion is experime ntation, so don 't hesi­
tate to tr y di fferent antenna and
matching network de si gn s . Even
though you will find the transmitter en
useful , once you get hooked, you will ~

fi nd yourse lf co ns ta ntly pl anning m
changes . You will always be on the ~
lookout for .a big spool of #6 magnet ~
wire , and daydreaming about helium a;
cooled, superconducting coil s. R-E ~
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Your
3-30V
O-lA

+ 40 TO 45V
(UNREGULATED)

porate automatic overload-protection
circuitry. Here , resistor R6 senses the
magn itude of the output curre nt .
When I amp is exceeded , the resulting
voltage drop across R6 starts to bias
Q3 on; that shunts away transistor
Ql 's base-dri ve current , thereby limit­
ing the output current. R-E

02
2N3055

mi ze th e affe cts of temperature
changes on the junction voltage . TIle
output-c urrent limit is determined by
the power rating of the transistor. To
extend the output range down to zero
volts , co nnec t pin 4 to a - 2-vo lt
power supply.

Figure 19 shows an alternat ive type
of power supply circuit , whose output
voltage is variable from + 3 to + 15
volts at currents up to 100 rnA. A fixed
3-volt reference is applied to the non­
invertin g input via Zener diode 01
and the R2-R3 divider network . Vari­
able voltage gain is set by potentiome­
ter R4 . When R4' s wiper is at one
extreme position , the circuit has unity
gain for an output of + 3 volts; when
the wiper is in the other extreme posi­
tion , the circuit has a gain of x 5 for
an output of + 15 volts . The gain is
fully variable between the two values .

It is quite easy to modify the power­
supply circuit shown in Fig. 19so that
it can supply up to ten times the out­
put current. That can be done by using
a Darlington transistor pair at the out­
put instead of the s ingle transistor
shown, to supply the current. You'll
also have to power the circuit with 40
to 45 volts, instead of 18 .

Of course , any of the circuits we've
shown can be altered to suit your spe­
cific needs . Just don't exceed any
component's ratings.

Figure 20 shows how you can incor-

R4
2.7K

R3
3.9K

02
6.8V

01
33V
lW

Rl
2.7K

R2
3.9K

Cl VOUT
11-'F 3-15V

O·l00mA

l01
6.8V

Voltage regulators
Figure 18 shows how to modify Fig.

16 to function as a l-1 2-volt variable
power supply having an output cur­
rent ca pability of about 100 mA .
Notice that the base-emitter junction
of the output transistor is included in
the negative feedback loop to mini-

R2
10K

1 18V (UNREGULATED)

+18V (UNREGULATED)

FIG. 19-5TABILIZED POWER SUPPLY,
3-15 volt, (HOO rnA.

FIG. la-VARIABLE-VOLTAGE regulated
power supply.

The LF356 op-amp can track input
reference voltages to within - 0 .5
volts below ground. The op-amps in
Figs. 16 and 17 are wide-band de­
vices ; resistor R2 is used to enhance
their circuit stability.
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SPECTRUM MONITOR

continu ed from page 42

which isn't used here.
There are two PC-board plugs sup­

plied with the tuner. One is a two-pin
version, PL5 , used for AlB SWITCH ,

which along with Cl is unused . The
other is a Single-Inline-Pin (SIP)
plug, PL6, which connects to most of
the pinouts. Pin 1 (black) of PL2 is
ground, pin 2 (green) is the SECOND

LOCAL OSCILLATOR + 12-volt supply
(unused) , pin 3 (orange) is the UP­

CONVERTER + 12-volt supply, pin 4 (vi­
olet) is the FIRST LOCAL-OSCILL ATOR

TUNING VOLTAGE, and pin 5 (yellow) is
the AUTOMATIC FREQUENCY CONT ROL

(AFC) voltage for tuning the second
local oscillator over the range
517-617 MHz. Pin 6 is not wired .

Even though the up- and down­
converter supplies are labeled as nom­
inally needing + 12 volts, + 10 volts
proved to be adequate. The AFC po­
tential on pin 5 of PL2 should nomi­
nally be + 2 .5 volts, to keep the
second local oscillator at 567 MHz.
Enough information is provided to let
you look into suitable replacements if
you can't get this version , or want to
experiment with others .

Spectrum monitor operation
The block diagram of the spectrum

monitor is shown in Fig. 3. It can
operate using either 12-volts AC or
+ 12-volts DC , and provision is also
made for optional Ni-Cd batteries. An
RF signal over the frequenc y range
55 .25-553.25 MHz is applied to the
Zenith tuner via J5. The tuner will
down-convert to a 63-MHz IF, the
center frequency being adjusted using
R18, and the sweep width using R20 ;

the IF exits the tuner via 12. It is then
fed to an FM receiver IC that acts as
detector/demodulator. The input reso­
nant frequency of the IC is adjusted
using trimmer capacitor C26 .

The output of the detector/demod­
ulator IC is applied simultaneously to
a discrete NPN transistor preamplifier
and an op-amp buffer/impedance
converter. The preamplifier output
goes to an IC power amplifier and
speaker, the volume being adjusted
using R12. This is the FM-receiver
audio output, letting you listen to FM
broadcast stations, TV audio, two­
way FM communications , etc .

The buffer/imp edance converter is
part of the vertical output section, and
is followed by a two-pole low-pass
filter which suppresses any signal am­
plitude overshoots, preventing the
spectrum monitor from forcing the
oscilloscope beam off the graticule.
That's followed by a vertical offset
clipper and oscilloscope driver ampli­
fier, which is adjusted using R4 . The
output of this amplifier is fed to the
VERT OUT jack 13.

Note that S2 feeds power to either
the audio amplifier for receiver opera­
tion, or IC7 for sweep operation in
spectrum monitor mode. The two op­
erating modes are mutually exclusive;
you can 't use the monitor to simulta­
neously observe a region of the RF
spectrum, and listen to whatever sta­
tion is at the center frequenc y of the
display. However, it is a simple matter
to switch between mode s.

The horizontal circuitry begins
with a horizontal oscillator, which
al so acts as a line-voltage sy n­
chronizer. When the spectrum
monitor is powered by 60-Hz AC, the
12-volts AC from the secondary of T1

is coupled into the horizontal os ­
cillator, locking it to the 60-Hz power­
line frequency automatically. When
12-volts DC is applied directly to 11 ,
synchronization to 60 Hz becomes
impossible , so the horizontal os­
cillator will be free running.

The horizontal-oscillator waveform
then passes through a network that
generates the sawtooth waveform
used for horizontal scan/retrace. That
sawtooth is amplified by a horizontal
driver and appears at HORIZ OUT jack
J4. The sweep frequency is adjusted
using R32 , but the adjustment is
effective only when the spectrum
monitor is operated using AC.

Circuit description
The complete schematic of the

spectrum monitor is shown in Fig. 4.
The spectrum monitor uses 12-volts
AC or + 12-volts DC, allowing opera­
tion from a car battery, or a plug-in 12­
volt AC adapter. It also can operate off
of a Ni-Cd power pack .

Diode Dl is the power rectifier for
12-volts AC, D2 and resistor Rl pro­
vide a charging path for the Ni-Cd
cells , and SI is an SPST ONIOFF

switch . While a full-wave rectifier
would be much easier to filter, it
would prevent ACiDC compatibility.
The filter is composed of R2 and ca­
pacitors CI and C2 . Also , C3 samples
AC to synchronize the sweep os­
cillator to 60 Hz. The three voltage
regulators provide reg ulated + 10­
volts DC to the tuner, and + 5-volts
DC to the s weep circuits . The
TDA7000 receiver uses +4.5 volts;
the drop across D3 provides +4.3
volts, which is adequate .

While the 555 timer (IC5) is con­
continued on page 92
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DON LANCASTER

WE ll, A MONTH HAS PASSED . FOR ME,

t his is st il l late M ay. In credibly, th e
co ld fusio n has neither been fully
proven nor di sproven . Here's how
t hings stand at this writing:
• Ve ry low level and muon cata­
lyz ed f us io n effects have now
been dem on strated at room tem­
perature, pretty much to every­
o ne's sat isfactio n.
• Among ot he r tests, some cells
are p roducin g a tritium fusio n by­
p rodu ct that is nearly a thousand
times above th e ex pected back­
ground levels.
• Whil e appa rent ly usel ess fo r
power produ cti on , t he low -l evel
st ud ies do point to wards solving
some st icky geoc hro no logy prob ­
lem s, and have opened up major
thinking abo ut new directi on s fo r
fu sion research.
• Separate ly, a few labs (some­
where between 4 and 35, depend­
in g o n wh o is co unt ing and w ho is
talking) have dem on strated a very
substant ial heat gene rat io n in test
setups w hich far exceed thei r elec­
tri cal ene rgy input and w hich ap­
pear to be way in excess of w hat
yo u wo uld expect from any rea­
sonable or easily explained chemi­
cal reacti on . To date, the argume nt
that high-leve l co ld fusion is taki ng
pl ace is based o n a "What else
co uld it possibl y be?" theory.
• Appare nt ly, the metallurgy of
t he palladium ano des is very crit­
ical, and th ere is some othe r b lack
magic invo lved wh ich certain re­
searchers ref use to talk abo ut. At
least so far.
• The bi g reaso n for worryi ng
abo ut wh eth er th e excess heat
product ion is really co ld fus io n o r

not is that any chemical reaction
would require som e earl ier energy
input.
• All cold fu sion would require is
ni ckel-a-gallon heavy water. Thu s,
if the reactio n is ph ysical, chemi­
cal, or simply a subt le fo rm of a
catalyzed hydrogen explosi on, we
w ill probably end up w ith an im­
proved yuppie ski -boot heater, o r
a possibl e new directi on fo r bat­
tery research.
• If th e react ion is, in fact, co ld
f usio n, th en we now have the de­
velo pme nt of th e century, if not
the millennium .

So what 's a hack er to do? First
and forem ost , ge t and keep in­
fo rmed ! The best pl aces to do that
are th e News and Comments sec­
ti on fr om Science magazin e; in
th e Technology co lumns (usually
on page B-4) of your Wall Street
j ournal; and th e many on- line re­
sources of th e Dialog In formation
Serv ice at your library.

What you want to watch out for
is somethi ng some place that says
" Do exact ly this exact ly th is way,
and the odds w il l be ve ry high that
yo u w il l get excess heat produ c­
tion." Then go fo r it. But t i l l th en ,
th er e's no sense in bu ying pal­
ladium rod s that end up with the

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

wrong metallurgy or involve other
fundame ntal probl ems.

I will let you know w here to look
next , ju st as soon as I f ind out my­
self.

M eanwhil e, the re appears to be
noth in g but bad new s f ro m t he
hi gh-temper ature supe rcond uc­
tor research these days. It seems
t hat th er e are some very f unda­
mental (and possibl y insurmoun­
tabl e) reason s w hy all the known
typ es of the high- temperature su­
perc onductor s appear to be un­
abl e to ever suppo rt th e extrem e
current densiti es needed to levi ­
tate train s o r mak e commercial
power distribution more eff ici ent.
See Scie nce magazine for th e
on go in g bad news.

For some good news, we have a
tinaja quest winner fro m our
ph ase place contest. And he has
some great new free stuff fo r you,
nam el y an IBM Pascal pro gram
that can di rectl y gene rate full color
or h ard -copy Loren z attract o r
"ow l's mask" chaot ic tra demarks
fo r yo u. Just send a di sk and a
postpaid return package to Toni
Patti of the Cryp tosystems j ournal
fo ryourfree copy. If you can afford
to , it wo uldn't hurt to throw in an
eng raved po rt rait or two of Abe
lincoln for h is troub le.

Our big feat ure fo r th is month
in vol ves seve ra l new humidi ty­
sensor p roducts . But f irst.. .

(J)

Mystery chip solved ! CH
--lEvery once in a while, some new m

chip co mes alo ng t hat every ~
hacker wants to glo mp onto, in gJ
on e way or ano the r. So much so ~

that I've been getting over a dozen ~
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NEW FROM

DON LANCASTER

SYNERGETICS
Box 809-RE

Thatcher , AZ 85552
(602) 428-4073

HANDS-ON BOOKS
Hardware Hacker Reprints 11 24.50
Ask The Guru Reprints I or 11 24.50
CMOS Cookbook 18.50
TTL Cookbook 16.50
Active Filter Cookbook 15.50
Micro Cookboo k vol I or 11 16.50
Enhancing your Apple I or 11 17.50
AppleWriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine 10.50
LaserWriter Reference (Apple) 19.50
PostScript Cookbook (Adobe) 16.50
PostScript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22,50

UNLOCKED SOFTWARE
PostScript Show & Tell (lie/Mac/PC) 39.50
Intro to PostScript VHS Video 39.50
PostScript Perspective Draw 39.50
PostScript Beginner Stuff 39.50
PostScript Technical Illustrations 39.50
PostScript Work in Progress 39.50
PostScript BBS stuff 19.50
Absolute Reset lie & lie 19.50
AppleWriter/Laserwriter Utiliti es 49.50
Enhance I or 11 Companion Disk 19.50
AppleWriter CB or Assy CB Disk 24.50

minutes afte r the auth or sub mits
hi s manu script ; and th at changes,
revisions , or updates can be made
at any t ime.

If we we re to sum up four years
of research and countless Ask the
Guru co lumns into five book-on­
dem and rul es, th ey would be as
foll ows: (1) use only a later version
PostScript speaking laser printer ;
(2) use a local hard-disk directl y
attached to yo ur printer ; (3) do all
yo ur ow n cart ridge refiling to get
your tone r costs under 0.33 cents
per pa ge; (4) use dup lex (two
sided) printing if po ssibl e; and (5)
compile your PostScript run -time
co de to el im inat e or minim iz e
page mak e-ready times.

So what does all that have to do
with our hardware hacking? Just
thi s-the new or used printing ma­
chine ry is outrageou sly expensive
and mo st used -printing -equip­
ment salesme n are totally useless
and in credibly arrogant epsi lo n
minu ses. Th ere is a whole new
world of laser printing out there
that need s brand-n ew an d ultra
low-cost designs of small-sca le
pr ess and bindery systems.

For instance, in previou s co l­
umns we've seen a low-cost sub­
stitute for th e gro ssly overpriced
Kroy and Omnicrom fu sion ma­
chines. And I am current ly work­
ing up a new method to convert a
$25 sander into a paper jo gger. The
stuff we really need, though, is a
cl amping guillotine pap er cutte r
that costs the end user less th an
$99; cheap folders and padd ers,
low-co st home bindin g systems
that could use any cover material s
and suppo rt spine printing; paper
drill s; sane co lo r-p ro of ing tech­
nology ; hom e foil hot stamp ing
syste ms; slitter s and perforato rs;
cheape r "print on anything" pad
printers ; new di e-cutt in g meth­
ods; laser-compatible th ermogra­
ph y solut ions; etc. , etc.

To get an idea of wh at is needed ,
pi ck up a free copy of The Printer's
Shopper, and open it to nearly any
page. Then figu re out how to re­
duce all the prices by not less than
5:1.

I suspect t hat yo ur ul t im ate ap­
proach wo uld be build-your-own
kits o f o n ly t he esse nt ia l part s
needed for any of those . And all
you hardwar e hackers have th e in­
side t rack o n that sort of thing. Go

Book-on-demand publishing
Those of yo u that are following

my sister co lumn to th is one over
in th e Comp ute r Shopper maga­
zine know t hat I am doing book­
on-de mand publi sh in g in a very
bi g way.

Very simply, yo u can now pro­
du ce books on any subject w hi le
usi ng nothin g b ut a Pos t Scrip t
laser prin ter on your ki tch en tabl e,
and do so fully profession ally, and
at th e costs and qu ality levels that
to day can match and often surpass'
ji ff y pri nt ing.

You can now literally beat yo ur
ow n book o ut o n a bri ck in the
back yard, and have it turn o ut as
good as comme rcial pu blishing.

Amo ng the many overwhe lm ing
adva ntages of th e bo ok-on -d e­
mand prin ti ng are that t he author
can be paid as much as a 50 per­
cent royalty of yo ur f ina l sel l ing
p r ice; t hat t he prod uc t io n time
gets measured in minutes rath er
th an mon th s; that no monumental
(and non -refun dabl e! ) f ro nt -end
costs are invo lved, since yo u only
print the books you need at any
given t ime; t hat t he custo me r's
name can be custom prin ted in
go ld on the cove r; that yo ur back
li st can con t inue forever wi tho ut
any invento ry tax and similar IRS
penalti es; th at review and promo ­
ti o nal copies a r~ availab le twenty

to -FM co nverte r is a Rohm part
number BA-1404, and is availab le
through Jay O hm Electronics. Cost
is aro und $1 .50 each in lots of
twe nty.

Ready-to-go kits are also li sted
in seve ra l class ified-ad sou rces
here in Radio-Elec t ronics, an d in
the Nu ts and Volts sho ppe r.

I don ' t have my samp les yet, so
we'll hold off on full detail s for a
co lumn o r two . But for th e first
co ntest th is mo nt h, ju st tell me
w hat you wo uld do w it h a cheap,
low-power, high -qu ality ste reo FM
broad caster chi p.

Th er e 'll b e a l l th e u sual
Incredible Secre t Money M achine
books for th e bett er ent ries, alo ng
wi t h an all- exp en se-p aid (FOB
Thatche r, AZ) tinaja qu est goi ng to
the very best of all.

Be sure to send all of your en­
tri es d irect ly to me per that Need
Help ? box, and not to th e Radio­
Electronic s edito rial offices .

VISA/MCFREE VOICE HELPLINE

call s a day on thi s on e. Thi s dude is
a ste reo FM modulato r chip, in­
tended to wirel essly co uple a CD
player to a FM car radio. And do so
w ith top quali ty. '

Now, th e normal way yo u fi nd
ou t about new hacker chips is
throu gh all of those electro n ics
t rad e journ al s. Esp eci all y E.E.
Tim es, Electronics, EON, Elec­
tronic News, Electronic Design ,
Ele ctronic Produ cts , an d t he
Electronic Component News. As
per usual, yo u get add resses on
those and the 55,000 other trade
journal s (many fre e to qualifi ed
subsc r ib ers ) throu gh Uhlrich t's
Periodicals Dictionary on th e ref­
erence she lf at yo ur libr ary.

A second way of getting at chips
is by going to those low-cost ECG
and NTEdirectories. They are great
for leafing through backward s on a
chip pinout-by-pinout basis to get
at th e good stuff. And th ey do sell
singl e quantities of mo st li sted
chips on a no-hassle basis.

This particular chi p hasn't mad e
it yet to th e trade jou rnals . The CD-
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FIG. 2-WEATHER FORECASTERS OFTEN will use a wet-bulb dry-bulb sling, psy­
chrometer to measure the relative humidity. The lower the humidity, the more the evap­
orative cool ing of the wet bulb, and the lower its temperature. This graph calculates the
relative humidity for you.
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very im porta nt fo r weathe r fore- !iJ
cast ing, air co nd ition ing , environ- rri
mental moni toring, p ro ce ss co n- 1\5
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t houg ht th at we mi gh t rev iew ju st
w hat humidity i s and how we
mi gh t sense it.

" The humid ity " is si m p ly how
much water vapor is present in th e
air at any parti cular t im e. That gets

-+

50,000

FIG. 1-THE ALLOWABLE AMOUNT OF WATER VAPOR in air is a very strong function of
temperature. Absolute humidity is a direct measure of that amount, expressed in parts
per million or similar units. Relative humidity is instead a percentage ratio of how much
moisture is really present, compared against the maximum allowed for the current
temperature.

HUMIDITY RESOURCES
Abbeon-Cal
123 Gray Ave.
Santa Barbara, CA 93101
(805) 966-0810
Edmund Scientific
101 E. Gloucestor Pike
Barrington, NJ 08007
(609) 573-6250
Fair Radio Sales
Box 1105
Lima, OH 45802
(419) 223-2196
General Eastern
50 Hunt S1.
Watertown, MA 02172
(800) 225-3208
Heathkit
PO Box 1288
Benton Harbor, MI 49022
(616) 982-3200
Measurement & Control
2994 West Liberty Ave.
Pittsburgh, PA15216
(412) 343-9666
Mitsubishi/Shibaura
520 Madison Ave.
New York, NY 10022
(212) 605-21 46
Omega Engineering
Box 4047
Stamford, CT 06907
(203) 359-1660
Panametrics
221 Crescent S1.
Waltham, MA 02254
(617) 899-2719
Phys-Chem Scientific
36 West 20th S1.
New York, NY 10011
(212) 924-2070
Pollution Equipment News
8650 Babcock Blvd.
Pittsburgh, PA15237
(412) 364-5366
Weathertronix
1165 National Drive
Sacramento, CA 95834
(800) 824-5873

Fundamentals of humidity
The price of ha cker humidity

se nso rs is at lon g last dropping
down into th e $ 5 ran g e , so I

for it.
So, as a second c o n tes t th is

month, just sh ow me any ultra­
cheap way you can think of to slash
the end -user co st of any printing
o r p rodu ct ion eq u ipme nt that is
suitable for use with home book­
on-demand publishing.

Let 's have your input on this sub­
ject. It 's a hot topic with unlimited
potential.
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FIG. 4-THIS NEW ABSOLUTE HUMIDITY SENSOR from Shibaura makes use of the
difference of thermal conductivity between dry and humid air to produce an output
voltage. Both thermistors are run in their self-heating range.

FIG. 3-PRECISION LABORATORYMEASUREMENT of relative humidity is done by chill­
ing the air to its dewpoint to find the equivalent air temperature for full saturation. Usually
a servo-driven mirror will fog or frost at the dewpoint, altering a sensing beam of light.
Dewpoint measurements are best used at the higher humidity and temperature ranges.

output voltage is
proportional to

absolute humidity

thermistor
in open
chamber

SHIBAURA HS-5
SENSOR

) '

o %-RH( aluraio.d:.alr)

80 HK

curacy yo u need , and each meth­
od w ill work best over some spec ­
ifi ed range of te mpe rat ures and
relat ive humiditi es.

The Humidity Resources sidebar
shows yo u so me of th e m any
pl aces to go to get in fo on humidi­
ty sensors and sensing syste ms.

The simp lest humi dity senso r is
a lon g, unwashed blond hair. Thi s
is an example of a hygroscopic ma­
te rial that w ill get lon ger o r sho rte r
as it absorbs or releases the wate r
vapor. Some nylon co rds are also
m o ist u re se ns it ive. For years,
the re have been Honeywell hu ­
mid ity senso rs based on a nylon
st r i p, t hat have bee n k ick in g
around the surp lus mark et. O ne
$1.95 source fo r th em is Fair Radio
Sales, as stoc k #H46B1150.

D ial-t yp e analog humidity di s­
pl ays are availab le in smal l qu an­
ti t ies fro m Abbeon-CA L, Heath kit,
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vice versa. In particular, cooling air
co nd i t io ne rs hav e to cond en se
out some water as the te mpe rature
is lowered.

Th ere is often a co nde nsa te
pump or a condensate line in air
co nd itio ne rs t o d isp ose of t he
" rain" that results as yo u coo l the
ai r. In some parts of the co unt ry,
th e eva porat ive coo le rs, or
"swamp boxes" pu rp osely in ject
water in to th e ai r. The evapo ration
lowers t he te mpe ratu re and raises
the humidi ty.

Un f o r tun at el y, evaporat ive
coo lers are really useful only in the
driest of cl imates. They can get un­
bearably muggy elsewhe re.

Humidity sensors
As you mi ght guess, the re are

many different meth od s of mea­
suring both abso lute and relativ e
humidity. They depend on th e ac-

positi vely cruc ial in w ildland f ire
f ight ing .

Air co nsists of a mixture of many
gases w hich is mostly 4fsths nitro­
gen and Ysth oxygen . Since wate r
vapor is also a gas, it can form a
mi xture w it h t he other gases in air,
fo l lowing a chemical law ofpartial
pressures. The maximum amo un t
of wate r vapo r possible in the air
will vary w it h th e exact ai r co m­
p o sition an d th e at mos p he ric
pressure. It al so chan ges ve ry
st rong ly with temperature.

One way to measure th e amo unt
of wat er in air is in parts per mil­
lion. At ze ro degree s Fahrenheit,
th e maximum amount of allowable
water vapor in the air is around
1200 parts per mill ion ; at 100 de­
grees Fahrenheit , your maximum
allowable amo unt of water vapor is
something like 63,000 parts per
million.

Thi s temperature relationshi p is
very non-linear. Rule number one
in humidity sensing is tha t humidi­
ty is a very stro ng and a highly non­
lin ear fun cti on of temper ature;
yo u always have to measure and
spe ci fy yo u r tempera ture at t he
same time you make yo ur humidi­
ty measurem ent.

There are two ways of spec ify ing
humidity : absolute and relative.

Th e absolute humidity is how
much water vapor that really is
present at a given temperature,
and is expressed in parts per mil­
lion , grains per pound , or in some
similar way. The relative·humidi ty
is the perc enta ge of wat er vapo r
that's present as a ratio of t he max­
imum al lowab le for t he cu rre nt
temperature.

Figure 1 shows th e relat io nshi p
between th e two . Air t hat holds all
of th e water vapor it possib ly can at
so me te mpe rat u re is said to be
satura ted . Try to add an y mo re
water vapor to th e air and it w ill
rain on you, o r else turn to fog . Ai r
th at holds no wate r vapo r at all is
said to be dry air.

Totall y saturated air has a relative
humidi ty of100percent. Totally dry
air has a relative humidity of 0 per­
cent. Air that holds half th e allowa­
ble m oi sture ha s a r el ati v e
humidity of 50 percent.

Cool air can not retain as much
water vapor a warm air can . Thu s,
as you lower t he temperature, yo u
ofte n w ill raise yo ur humidity, and
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Advanced Mic ro Devices
PO Box 3453
Sunnyvale, CA 94088
(408) 732-2400
Computer Shopper
5211 South Washington
Titusvile, FL 32780
(407) 269-3211
Cryptosystems Journal
9755 Oatley Lane
Burke, VA 22015
(703) 451 -6664
Crystal Semiconductor
4210 S. Industrial Dr.
Austin, TX 78744
(800) 888-5016
Dialog
3460 Hillview Ave.
Palo Alto, CA 94304
(41 5) 858·2700
Dinsmore Instrument
1814 Remell St.
Flint, MI 48503
(313) 744-1330
ECG
70 Empire Dr.
W Seneca, NY 14224
(716) 325-2620
Electronic Manufacturing
17730 W. Peterson Rd.
Libertyville, IL 60048
(312) 362-8711

or Edmond Scientific.
Th e traditi on al weat he r-fo re­

cast ing meth od of me asu ri ng rela­
t i ve hum idity i s w ith a s l i ng
p sychrom e t er. With a p sy­
chrometer, you have two ther­
m ometers. One is kept dry, w hi le
th e o t he r is kep t wet wi th a
moi stu rizi ng w ic k. What yo u have,
in esse nce, is a min iature evap­
o rat ive coo ler. The wet-b ulb tem­
p e rature w i l l su p p ress as th e
eva po rat ing wa te r coo ls it. Th e
amount of suppressio n can be re­
lated to yo ur humid ity sim p ly by
fo llow ing th e curve of Fig. 2.

In practi ce , the w et -bulb dry­
bulb setups do not perform all t hat
acc u rate ly, owing to w ater co n­
tami nat io n and dep osit bu ildups.

Th e t rad it io na l laboratory meth­
od of measuring relative hu m idi ty
is by lower in g the te mperatu re un­
ti l it rain s or fogs, and then mea­
suri ng that dewpoint temperature
w he re t he air becomes fu lly satu­
rated with water.

In man y in st rum en ts, a chille d
mirror gets t he r moe lec t r ica l ly

NAMES AND NUMBERS

Fifth Dimension
801 New York Ave.
Trenton, NJ 08638
(609) 393-8350
Interlink Electronics
PO Box 40760
Santa Barbara, CA 93103
(805) 684-2100
New Equipment Digest
1100 Superior Ave.
Cleveland, OH 4411 4
(216) 696-7000
Nordic Lite
14124 East 10 Mile Rd.
Warren, MI 48089
(313) 772-8120
NTE Electronics
44 Farland St.
Bloomfield, NJ 07003
(201) 748-5089
Nuts and Volts
Box 1111
Placentia, CA 92670
(714) 632-7721
Ohm Electronics
746 Vermont
Palatine, IL 60067
(312) 359-5500
PMP
125Leader Dr.
Piedmont, SC 29673
(803) 269-0749

cooled . A light beam bounces off
the mirror. If th e mirror is not fog ­
ged, th e light beam reach es a pho­
to sensor. If the mirror fogs at the
dewpoint, the li ght beam diffuses
and causes a different reading.
Normally a servo syste m is used to
co nt inuo usly track th e dewpoint
ove r time.

Th e dewpoint is di fferent from
and lower than th e wet -bulb tem­
perature. That happen s because of
th e hi ghly non-linear relati on be­
tw een the temperature and hu ­
midi ty. Figure 3 shows you th e
rel ati on ship between dewpoint
and relative humidity.

In ge ne ral, d ewpoint in stru­
ments are qui te accurate and quite
cost ly. The y also w il l work across
the full range of rel ative humidities
and are o ne of the few meth ods
w hic h can accurate ly measure ex­
trem ely hi gh humidity valu es.

There are a number of elect ro nic
humidity sensors, and th e pri ces
are f i nally droppin g to a p oin t
wh ere they are of hacker interest.
For in stance, Phys-Chem Scie nti fic

Printers Shopper
Drawer 1056
Chula Vista CA 92012
(800) 854-2911
Rohm Corporation
Box 19515
Irvine, CA 92713
(714) 855-0819
Science Magazine/AAAS
1333 H Street NW
Washington, DC 20005
(202) 326-6400
Signetics
811 E. Arques Ave.
Sunnyvale, CA 94088
(408) 991-2000
Surface Mount Technology
17730West Peterson Rd.
Libertyvile, IL 60048
(312) 362-8711
Texas Instruments
Box 655012
Dallas, TX 75265
(800) 232-3200
TRW LSI Products
Box 2472
La Jolla, CA 92038
(619) 457-1000
Wall Street Journal
420 Lexington Ave.'
New York, NY 10170
(212) 808-6960

has a line of humidity sensors that
are based on the surface resi stivity
of a custo m polym er. Their resis­
tance chan ge s as a non-linear
function of relative humidity. Sur­
face sen sors of that type tend to be
fast , but they are also sensitive to
contamination.

The Panametrics people have a
line of Minicap humidity senso rs
that do , in fact , drop down to $5
per unit in large quantities. These
senso rs are essentially a capacitor
whose d ielectric is humidity-sen­
sit ive. Unlike the surface-sensing
units we just looked at, the sens-
ing tak es place throughout all th e
volume of th e material. The sensor
works best at medium relative hu­
midity values. While less sen sitive
to co ntam inat io n, the respon se
time can also be longer. Since th e
sensor is basicall y a capacitor, it ~

lends it self very well to low-power ~

sensi ng . The CMOS 555 timer can ~

be used with it to convert relative 1Ilm
humidity to fr equency. JJ

Th e big n ew s thi s month , ~

continued on page 74 (0

69



AUDIO
UPDATE
The evol ution of car stereo

LARRY KLEIN,
AUDIO EDITOR

FIG. 1
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THE FEATU RES, FUNCTIONS, AND CA­

pabili t ies of today's autosou nd
equip me nt are remarkab le-and
were ce rta i n ly un dream ed of
w hen I did car-aud io repa irs and
in stallati on s at a Delco-Radio war­
ran ty stat ion in Q uee ns, New
York. It was my fi rst civi lian job
afte r an 18-month st int in the U.S.
Army Signal Co rps.

The .new car radios that I han­
dled in 1949 were impress ive by the
standards of th e day. Push-p ull6V6
or 6K6 outp ut t ubes provided 8 to
10 watts of power-which was
abo ut as hi gh as you were likely to
find in the typical ho me conso le
radi o . All of the sets had vibrato r­
dri ven tra nsforme r power sup­
pli es that we re a sort of mec hanical
versi on of to day's so l id -s tate
sw itc h ing p ower supp lies. Th e
supplies provided 250vo lts or so to
the pl ates and screen elements of
th e o utput tub es, whi le the tube
fi lame nts were direct ly heated by
th e car's 6-vo lt batte ry. As many as
seve n tubes were found in the
hi gher powered sets with their ex­
tra RF stages and push-pu ll out put
ci rcuits. Alt ho ugh pr imitive by to­
day's standards, th e radi os we re
th e end product of a lon g evo lu­
t io nary process that started during
the late 1920's.

The fi rst "car" radios were actu­
ally b ig batte ry-operated sets in
woode n cabinets that were
w rested out of the ir normal livin g­
room locati on s and into the back
seats of cars. Of co urse, the sepa­
rate horn had to co me alo ng, too,
unl ess yo u were conte nt w it h
headphon e listen in g. Desp ite all

CONTROL PANEL --'I:'ftlf-i..-..;,:.....,

the effort , the elect rica lly noi sy au­
to motive ignition systems of th e
day eli mi nated any possibil ity of
mus ic o n the move. But if yo u we re
parked with yo ur mo to r off in an
area of reason abl e reception , and
if your antenna was good eno ugh,
you co uld usually f ind something
to listen to . Some of th e early ph o­
tos show hom e-grown antennas
st rung high over a car on fr on t and
back T-bars that bear a st riking re­
semb lance to backyard clothes ­
lin es.

Dedicated car radios
Since radio in those days was

very mu ch of a build-it-you rse lf
hobby, it wasn't lon g before some
drivers began assemb ling and in­
stall ing sets designed spec ifically
for car use. Their task, I im agin e,

SPARK PLUG
SUPPRESSORS

DISTRIBUTOR
\ -f-~~" SUPPRESSOR

was not too mu ch differen t from
th at faced by to day's autosound in­
stalle rs dealin g wi th hi gh-powered
t r ia m p lifie d mult i- sp eak er sys­
tems. In other wo rds, w he re do
you fit al l th e parts?

The radi o 's elec t ro nic co mpo­
nents were hou sed in a metal cab­
in et abo ut th e size of a large br ead
box, and it was co nnected to a sep­
arate encl ose d spe ake r th e size
(and shape) of a hat box. The vo l­
um e and tunin g co nt ro ls we re
usually hou sed in a separate small
modul e, whi ch was cla mpe d to
t he s tee ri ng co l u m n and
mechanically lin ked to th e elec­
t rica l compo nents w ithin th e chas­
sis box. The "ae rial" mi ght be a
large grid of chicken wire hidden
ben eath th e car's cloth-cov ered
roof. Th e sepa rate tube-filam ent



"A" batteries, h igh- voltage "B" bat­
te ries, and bias "C" batte ries were
in stall ed , if po ssibl e, un der t he
car's f loorboards. To ease the in­
stallatio n task, co mpanies such as
Chrys le r, Studebaker, Pierce-Ar­
row, and othe rs sho rt ly bega n
building cars with bu ilt- in-roof an­
te nnas and the req ui red f loor-cut­
o ut battery co m pa rt me n ts (see
Fig. 1).

Eventu ally, sh ie ld ing tec hniques
an d "s uppresso rs" were d e­
ve lo ped that reduced elect rica l-ig­
ni ti on noi se to an acceptable level
fo r mu sic on th e go-and O EM
car-radio install ati on to ok off. In a
promotional effort late in 1929, th e
A ut o mob i le Radio Corpo rat io n
joined fo rces with a large New
York City Dod ge dealer in a suc­
cessful 30-day showroom dem on ­
stration . By 1930, 34,000 un its had
been sold , and the car radi o was
slow ly evo lving f rom a novelt y to a
necessity. Despite magazi ne arti­
cl es claiming th at radi os kept d riv­
ers awake and ale rt, more t han
o ne lo cali ty t ried to pass o rd i­
n an c es aga i ns t t he m o n t he
grounds that t hey caused loss of
atte n tio n and d rowsin ess and
co uld eve n di stract th e driver s of
o the r cars. The Radio M anu factur­
e rs Associat io n (RMA)- now th e
EIA- successfull y fo ught all such
efforts to out law car radi os.

Wh en cars w it h solid-stee l tops
appeared in 1934, the chic ken-w ire
grid in th e roof was suddenl yno
lo nger a feasib le ante nna opt io n.
A ll sorts of alte rnat ive locatio ns fo r
the antenna we re t ried, includ ing
a wire strung under th e run ning
b oard . As radi os became more
sensitive, t he w h ip antenn a be­
came a pract ical and easy-to-i nstall
alte rnat ive, and it 's been in use
eve r since.

Car-rad io sales rea lly took off
during the post-WWII boom. In
ea r ly 1947 , t he Na t io na l
Assoc iat io n of Broadcasters (NAB)
rep orted th at t he re were ove r
seve n million sets on the road. Of
co urse, they al l used t ubes and
we re AM only. FM was barely off
the ground as a broadcasting me­
di a, and the invent ion of the tra n­
sisto r was abo ut a year away. In the
late f ift ies, FM was f inally ju dged
sufficie nt ly popular to warrant it s
use in a car. It f irst appeared as an
opt io nal be low-dash adapto r de-

sig ned to be co nnected to the ex­
istin g rad io . By th at time, th e AM
radi o itse l f had evo lved into a
sleek un it , on ly a littl e larger th an a
cigar box.

Hybrid radi os
In the mid-1950's, t ransistors be­

ga n to appear i n cons u me r
products, but it took seve ra l more
years before t hey fo und th ei r way
into car radi os. A 1960 Lafayett e ra­
d io catalog offered seve ral models
with "trans istor powered" chassis.
The sets were actual " hyb rids" in
that the t ransistors were used only
in the output circu its and th e rest
of th e funct io ns were handled by
t ubes. The adva ntage of suc h a
co nfiguration was th at the newl y
developed RF tu bes, li ke th e out ­
put t rans istors , co u ld wo rk di­
rectl y fro m the car's12-vol t battery,
thu s elim inat ing th e need fo r a
hi gh-vol tage supp ly with it s trou­
bl e-pron e vib rato r.

Th e t ran sistor-ou tpu t c i rc u its
had the vi rt ues of coo l ope ration
and ve ry low curre nt d rain , but
t hey did result in lower power-out­
put rati ngs and some strange out­
put imped an ces. I re me mbe r
in st all in g a h ybrid A M/ FM
M otorol a that req uire d a 32-o hm
speaker. In th e early 1960's, stereo
came to FM , bu t not yet to the car
radi o. Co nside ring the barely ade­
qu ate specs of th e typ ical FM set,
it 's li kely th at th e eng inee rs fo und
that a ste reo FM radio had exces­
sive multipath and sig nal-f luctua­
t ion probl em s in a movin g vehicle.
In fact , it was we ll into the 1970's
before AM/Ste reo FM car radios
became commo nplace.

Tape pl ayer s appeared some ­
w hat earl ie r, part icul arl y o n th e
West Coas t. A 4-track Fid elpac­
based mach ine made a brief show­
ing bu t was shortly swamped un­
der by the pro liferatio n of the 8­
track fo rmat. It was only after the
early success of 8-t rack car pl ayers
th at Nor th Ame rican Phil ip s dec id­
ed that cassettes mi ght also be a
viab le source of mobile music.

Future formats
Judgin g f rom the number of pro­

to ty pes I saw in Jap an , t he
Jap an ese at o ne t im e were se­
ri ou sly co ns ide ri ng making th e
mi crocassett e a hi-fi med ium for
both hom e and car. But eit her the

task proved too di ffi cult (w hich I
dou bt) or th ey we re di verted by
ot her fo rmats that th ey conside red
more p romi sin g . Spea k ing of
promisi ng fo rmats-despite all the
promot io nal efforts, I'm not op ­
t imistic abo ut widespread pub lic
accepta nce of CD car players-and
I fee l only slig ht ly more posit ive
abo ut OAT.

As to co nvenie nce , th e OAT for­
mat has more goi ng fo r it th an CD,
but I doubt that the typical car­
sound bu ff wi ll ru sh to trade in a
high-quality cassette player fo r a
OAT machine w hose only real ad­
vantage is ext ra playin g t ime and
co nve nie nt random access- par­
t icularly co nside ring how cost ly it
wi ll be to bu y and feed. As with
CD, the genuine sonic advantages
of OATare unlikely to be heard in a
movin g vehicle. With in a year or
so, we sho uld know wh eth er CD
and OAT were able to successfully
tak e th eir shows on th e road. R-E
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The more you use it the more
useful it becomes.
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DRAWING
BOARD
The contest is over.
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ROBERT GROSSBLATT,

CIRCUITS EDITOR

FIG. 2

CIIARACTER GENEI<ATO,R. TRUTH TA/5L E

INPUT5 - -- -
OUTPU TS

B/#ARY IIE X 1J7 I 1J6 D5 D4 D3 D2 D/ DO HE X LED'S
.DATA DATA DP 'G' 'F ' '£ ' 'D' 'C' '8' ~' DATA LIT

0 000 0 () 0- I I / / I / I 3F ~

w

000 1 / 0 0 0 0 0 / / 0 06 /
,

00/0 2 0 I 0 / I 0 / / 58 -,-
all/ 7 0 0 0 0 0 / I I 07 7

I 'VE BEEN PUTT ING T H IS O FF FOR A FEW

month s now, but it's t ime to wrap
-" up t he EPROM co ntest th at I ran

some mon th s ago . There we re lots
of e nt r ies and I wa s reall y im­
pre ssed w ith both t he number of
ent ries and t he amount of time
that was put in to some of th em.

It 's bee n some time since th e
contest started so, before we loo k
at t he ent ries and start handing o ut
medals, let 's go over the rul es.

The contest
The rules we re really simple. We

had spent some time ta lk ing about
custom-characte r generato rs and
had go ne throu gh the design of
on e usi ng a 2716 EPROM. Th at
worked o ut we ll bu t a lot of the
space in t he EPROM was wasted.
The simple design we started with
used o n ly fo ur of t he EPROM's
eleve n add ress lines, and even t he
complex one we ended with (it did
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hex and some ASCII cha racte rs)
used o n ly eig ht of the address
lin es and also left lots of hol es in
th e 2716.

The aim of the contest was to
develop a use for all th e remaining
space in th e EPROM , given that the
basic purpose of the EPROM was
as a cu stom-charact er ge nerato r
for seven-segment LED di splays.

The mail
It's terrific to get reader mail be-

FIG. 1

cause, aside fro m letting me know
that people actually read thi s stuff,
it also indicates wh eth er o r not I'm
exp laining things clearly. And in
goi ng th rou gh the contest mail , it
became evide nt that some of yo u
are a bit conf used abo ut w hat an
EPROM actually is.

Wi th out m en ti onin g nam es,
several ent r ies suggeste d (o cca­
sio nally at great length and co nsid­
erable detail) using an EPROM to
do a var iety of math and logical
ope rations. It wou ld be nice if yo u
could do those things, bu t thi ngs
are only w hat they are.

An EPROM can only output w hat
it's stuffed with in t he fi rst pl ace.
The closest you' ll get to havin g an
EPROM do somethi ng li ke math is
to use it as a state machine to do
odd ba ll logi c d ecod in g. Th at 's
reall y w hat's goi ng on with the
custom-cha racte r gene rato r, bu t
it 's a far cry f rom some of th e sug­
gest io ns th at came in the mail.

Let's put a cap on this by point­
ing out that an EPROM isn't the
ki nd of me mo ry yo u can re­
program on the fly. In essence it 's
just a passive device and, as such,
yo u can' t expect it to change as
circ uit co nd it io ns change . A pro­
grammed EPROM isn't anywhe re
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near t he same as a programmed
microprocessor. The words may
be the same but that's where any
kind of similarity ends.

Some of the ent r ies included
ways to display the entire ASCII
character set on a seven-seg ment
LED. That 's great in theory, but un­
less yo u're w i ll i ng to devote a
portion of yo ur life to remember­
in g how to translate some weird
lookin g characters, it 's not a very
practi cal thing to do. The character
set we developed was shown in
Fig. 1 in the March, 1989 column.
We did only a small portion of the
ASCII set and , asyou can see, even
some of the ones we did choose
weren't exact ly what Albrecht Du­
rer would comfortably refer to as a

_~well "fo rmed . characte r. ':"__
When it comes right down to it ,

se ve n -s eg m en t displays were
made to di splay numbers, and it 's
only by a stroke of luck that you
can also get it to display all the hex
numbers as well.

The rest of t he entries were from
people wh o understood the limits
of th e di splay and concentrated
their effo rts on increasing the
amount of th in gs yo u could do
with the display. In general, those
included adding some of the fea­
tures you'd find in a standard MSI
di splay chip like a 7447, 4511, 4543,
o r any of the others. That includes
things like lamp testing , display
blanking, and the ability to handle
more th an one seven-segment dis­
pl ay. That last one wasn't strictly
the kind of thing addressed (no
pu n intended) by the contest since
it does take some external parts ,
bu t it's a neat idea otherwise.

The envelope please
It 's hard to p ick one winner

when there were so many terrific
ent ries, but that's what I have to
do. However, be fore I pick the
w inner I'd like to thank everyone
who too k the time to send in an
entry. I know (believe me , I really
do know) how much time it takes
to pu t an idea into practice. If
yo u' re on e of th e people who sent
something in , yo u should award
yourself nin e design points and I'll
keep a special eye on the mail for
anything else you 'd care to send
in.

Before I con gratulate the win­
ner, let me announce the three

runners up. They are Heath Kehoe
of Waterloo, Iowa, Christopher
Eddy of Pittsburgh, Pennsylvania,
and Steve Trapp of Columbia
Heights, Minnesota. And now, the
winner of the contest is Randall
Logan of Coquitlam , British Co­
lumbia in Canada. He decided to
use the EPROM to convert eight­
bit binary data into either hex or
decimal and then add some addi­
tional ci rcu itry to allow the EPROM
to control four digits.

The block diagram of his circuit
is shown in Fig. 1. The best use for
the circuit, as Randall pointed out,
is to display port status. That could
be an eight-bit port on a computer,
the end product of an eight-bit A­
to-D conversion, and so on .

The EPROM's address lines.are__
divided into three groups. One
line (A10) is the page-select control
for choosing either hex or decimal
characters. The A2-A9Iines are the
data inputs, and they actually se­
lect the character pattern you want
at the EPROM outputs. The last
group is made up of the lower two
address lines and it selects the dig­
it you want the output character
displayed on.

If you want to use the circuit to
convert binary to hex, you 'll be
using only two of the displays
since two hex digits can handle
eight bits of binary. The idea of
using the circuit to convert binary
to decimal is cute and it's a good
one to remember.

Each decimal number is stored
in the EPROM in the form of four
sequential bytes. Assuming that
the A segment on the display is
controlled by the EPROM'sDO out­
put, the B segment by 01, C by 02,
etc., and 07 controlling the deci­
mal point, a decimal display of 0127
would be stored as 3Fh, 06h, 5Bh,
07h (see Fig. 2). For a common­
cathode display, those bytes
would light the segments needed
to display 0127. That's a kind of
brute-force method for con­
version to decimal numbers, but
it's also a neat way to get the job
done.

You may find it a bit misleading
to have four digits there, since the
circuit needs only two of them for
hex and can handle only three of
them for decimals. It's. certainly
possible to do away with one of
the displays but, as Randall men-

tions in his letter, the fourth digit
lets you display either signed or
unsigned decimal. If you 're using
signed decimal , the first digit in
the display can be turned into a
dash by lighting just the G seg­
ment (a 40h in the EPROM), indi­
cating a negative number.

The display multiplexing in Ran­
dall's circuit is done in a very
straightforward fash ion. A scan os­
cillator drives a counter whose
first two outputs are connected to
the EPROM's two low-order ad­
dress pins as well as to the two
select inputs of a two- to four-line
decoder. When the first digit is se­
lected, the first of the four num­
bers is present on the EPROM
outputs, selecting the second digit
selects th e second.Jnthe se­
quence of four bytes, and so on.

The idea of stuffing the EPROM
with four sequential bytes is an
original way to do binary-to-deci­
mal conversion-it 's also what
made Randall 's idea stand out from
all the others . I'm filing it carefully
away and I strongly suggest that all
of you do the same. Good ideas
are really rare; and any time you
come across one you should treat
it like gold.

The counter and two- to four­
line decoder in the diagram can be
any ones you want to use (al­
though the decoder has to have
active high outputs). Your choice
should depend on the logic family
that you feel most comfortable
using, and also what chips you
happen to have around when
you're building the circuit.
Nothing is particularly critical.

Randall says that he has also
written a program in BASIC to gen­
erate the EPROM data. If he sends
it to me, I'll print it in the column
and also put it on the RE BBS.

Once again , congratulations on
your design, Randall, and I hope
you enjoy your year's subscription
to Radio-Electronics. R-E
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FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine ann
aviation rules and regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATORLICENSE - STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITSARE NOW AVAILABLE.

WPT PUBLICATION
979Youiig 'Stree t: Suite A
Woodburn, Oregon 97071
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MIDI .~~
PROJECTS

BP182-MIDI interfacing enables any so
equipped instruments. regardless of the
manufacturer. to be easi ly connected to­
gether and used as asystem with easy com­
puter control of these music systems .
Combine acomputerand some MIDIinstru­
ments and you can have what isvirtually a
programmable orchestra. To get your copy
send $6.95plus$1 .25forshipping inthe
U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park,
NY 11762-0240.
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HARDWARE HACKER +5 VDC

continued from page 69

FIG. S-LOW-END DIGITAL COMPASS is cheaper than a fluxgate but has a very poor
resolution. Hall-effect sensors are used to drive the LED outputs as shown here. Eight­
point LCD compass rose displays are also possible.

DINSMORE .1490

SENSOR ASSEMBLY

(top view)

Pricin g in large qu antities is in
th e $5 area. The senso r would
seem to work best wh ere enough
power (half a watt) is availab le to
keep it up at it s operat ing tem ­
perature, and wher e an o ut put
computer can do all of th at lin-

470 n

lose very little heat thro ugh th er­
mal co nd uct iv ity, whil e th e wet
senso r will lose heat in proportion
to the humidity present. The result
w i ll b e an output voltage dif­
ference that's related to absolute
humidity for a given temperature.

thoug h, is t hat there is a brand
new, accu rate, and cheap way of
measuring absol ute humidi ty that
can comp lete ly bypass all t he
p robl ems of all th e relative hu mid­
it y methodswe 've just looked at. A
typ ical exam ple is th e HS-5 senso r
fro m Sh iba u ra, wh ic h is di s­
t ributed by Mitsubishi. Fig u re 4
shows the sensor.

It uses a sneaky and ind irect way
of measuring the hum id i ty. Th e
the rma l conduct iv ity of t he air var­
ies w it h humid ity, be ing lowest
w ith dry air and highest at the
h igh -h umid ity values . Th at 's o ne
reason why d ry air is generally far
more comfortab le than hum id air.

A pair of thermistor sensors is
used . One is hermetically sealed
into a container hol ding ext reme ly
dry air. The other lies inside a sim­
ilar container t hat has access to the
ambient air. Since both containe rs

~ are in contact with each other, they
z sho uld both remain at the same
a? te mperature.
G Cu rrents are t hen app l ie d to
~ both t he rmistors in a bridge ar­
wo rangement. Both thermistors are
(5 run up into the ir non-l in ear self ­
~ heatin g range. The dry senso r will
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Here's an excellentvalue in an all-around bench power supply. Dual
meters let you continuously monitor voltage and current, and 0-30
volt 3-amp output fills most common power supply needs. Use the
constant current mode to charge rechargeable batteries, limit power
to circuits undertest and operate devices that are current dependent.

for credit card orders, 24 hrs a day
For your free HEATHKIT catalog call1·800-44-BEATH

SP·2762 $199.95

Theseoscilloscopes offer the measurementcapabilityyou need, plus
luxury features that make them fun to own. TV triggers. 1 mVldiv
sensitivity, differential and X-Y measurements, plus beam finder,
component tester, graticule illumination, and other features many
manufacturers omit. Enjoy a top-quality 25 or 40 Mhz scope backed
by a reliable name, full warranty andcomplete specifications.
25 MHz: SQ-4552 ••••••••••••••••••••••••• $399.95
40 MHz: S0-4554 ••••••••••••••••••••••••• $599.95
SpocificatimJ: Vcttiall: 1mVJdjy-5V/dN. Bmd.idlhlo.1t1mVfdiot.Ar.curw:y±3"1t11Oh,~"
It 1 mV/dZ't. o-.bool: luolbm 51Io.lobxq- 4OOV.Modoo:CHA,am, c!lW.odd. Horisodal:
.z•. .1 .....c1iv. pi_ XlO mopifior. TriaP': CHA, am.liDD,"'L Auto, DllIm, TV-V. TV-II, +1-.
Powor.9O-132/19S-264 VAC, 50,'60 Hz,~W. Wciabl: 16.71bt.

To order CALL TOLL FREE 1·800·253·0570
Use order code 217·320

DELUXE
SCOPES ARE
A PLEASURE
TO USE

•

Spocificotjmo· 0a1pl&louI.: 0.30 VDC CODtizmoaaI)' variahIo. Cooroo aDdfiDoc:omoIo. 0aIpul:

I_ 0.3 A ClCldim..... Oalplt iDlpoda>co: 1)picoll)' lou 0.1n to 10 KIh. RipfIIo: To 10 klh, lou

1boD~mV P1'(0.5 mV.- typiall). LOId",platim: ±OZi"±3 mV.1·1aa.. ofrallldCUfttlIlt.Liao

",platim:±O.2S"±ZmVfor±1a..liDD.ma1MJD.CIInaIllimitiq:0.3A,vuiabIc.PO-.:120VAC/

140 VAC. ±1a...50.60Hz, 180_.

A POWER
SUPPLY
FOR EVERY
WORKBENCH

ONLY
$12.47

We guarantee every specification we publish on every product we sell.
Heath Instruments _

HALF
PRICE
SPECIAL!

Order any product fro ls ad get our popular shirt pocket
miniature DMM SM-2300-A for only $12.47 - half our regular
price.
Spedllcatlona: AUloranging 3-1/2dlgnDMM. DCvoIls: 2000mvto450V.±1.3%±4counta.
Approx. 11Mnlnput reslstanoo. MaxInput.450 VDC. ACYOIts:2000 mVto450V.±2.3%±8
counts, sO to 400 Hz. Approx, 11 loin Input resistance. MaxInput.450 V. Resistance: 2000
n to 2 loin ±2% ±4 counts.

ONE
OFOUR
BEST
SELLERS

SpocificatimJ:DCVol..: 200mV-lOOOV±O.5'fo ol.-liDc±l cfi&it. <>-laidprolOe:ticn: 1OOOVDC/

750 VAC ""copt SO(y,350 "" 200 mY. bJpat10 Ma. AC Vol..: 200 mV·7SOV ±lZi.. ol"'ldiDa±4

cIi&iI>.40 Hz..10kHz. <Mrlood: 1000 VDCllSO VAC""copt mJ50 ... 200 mY. bJpat 10Ma. DC

Amp: 200 jIA-10A, ±1.. of "'1diDa ±1 di&itexcopt ±ZM3 cIiPo m10 A. AC = 20 mA-10

A ±I.5'fo ±3 cIiPo acopt±Z.5'fol±4 diaiD m10A.~:2OOQ.20 Ma. o-Iald~tioa,

SOD VDC/VAC. ClpKltm= 1 DP·201'1'. Otbcr. ctiocIo cbock,cettilmity beepee,bola.

Here's a 3-1/2 digit DMM that will give you excellent and reliable
service, Full DMM functions include current to 10 A, capacitance
and transistor beta. A lined carrying case keeps your DMM safe from
the bumps and scrapes of everyday use. Kit version also available.
SM-2320 $77.95

ADMM
THAT'S
GOT
IT ALL

This powerfulhandheld does more than any DMM we've seen. It lets
you measurefrequency to 20 MHz, works as a logic probe to 20MHz,
tests transistor beta, measures capacitance plus does everything
you'd expect a DMM to do. Even measures resistance to 2000Mal
SM-2372 •••••••••••••••••••••••••••••••••• $99.95
Spocir....jm•• AI23 ±5"C.DC VoIlI: ±O.5'fo ofreodiz>&±lcli&it.2OOmV -lOOOV.bJpat~

10Ma.o-tald~2OOmV_.SODVDC/3S0VAC1~1OCODdo.0Ih0r_.12OOVDC/

8.50VAC, 60 oocmdI. AC Volll: 200 mV-7SOV. Ar.curw:y±l.o ..of.-,± 4 cIiaiD.,.copt 1.5..

...750V _.DC Ampo: 2OOjIA-10A.±1.. ol....sq±l cliaitacopt2.0" "" lOA...,.. AC
Amp: 200 jIA-10A. Jw:;unq ±1.5 of.-liDc ± 4 cIiPo.,.copt ±No ... 10 A. Il<oo_:200 Q.

2OOOMa.o-tald-,200mV _.~OOVDGl350VACfor1~-.II;0Ih0r ....... 1200

VDCJ850 VAC for 60 oocaado.Clpocitmao: 1DP-201'I'.1'roqueDcy. 1 Klb-20Mlb. LoP:: TIL ..

20 MIb. Otbcr. Dioclo -. CXlI11inu.ity bocpo<. belL

Benton IIarbor. :\11 )()__
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earization and absolute-to-re lative
humidity conversions for you.

Since absolute humidity is being
measured , your operation should
be equally good for low, medium,
or high relative-humidity.

The same company offers ther­
mi stors for temperature measure­
ment and fo r air-f low measure­
ment using hot wire anemometer
techniques. Lots of free data
sheets, price li sts, and ap-notes
are available on request.

One handy source of ready-to­
use industrial-grade humidity sen­
sors is General Eastern. Weather­
Tronics is a second.

A final company that has a very
w ide line of humidity sensors is
Omega Engineering. Their stuff is
usuall y very expensive , but be
sure to pick up their free catalogs.

Two good sources for humidity
sensing info are Measurements
and Control and Pollution Equip­
ment News.

For our third contest this
month , just tell me how or why
you would like to measure either
the relative or absolute humidity.

A low-end digital compass
We have looked at some solid­

state digital flu xgate compasses in
previous columns. They are proba­
bly the best way to electronically
measure a magnetic heading. Im­
portant uses of flu xgate sensors
are fo r cave mapping, navigation,
for car compasses, and for satel­
lite-dish po inting.

I've recentl y found a cheaper
and simpler method fo r electronic
sensing of a magnetic heading. It is
also con siderabl y les s accurate
than a fluxgate and, being a mov­
ing mechanical device, has all of
your typical compass damping and
hunting problems.

This is the Dinsmore digital com­
pass sensor. It isavailable for $10 in
hacker quantit ies, and much less
in production quantities. The sen­
sor con sists of four hall-e ffect tran­
sisto rs facing each oth er and a
movin g central magnet on a care-

~ full y damped pivot . The maximum
z the oret ical resolution is plus or
~ minus 22.5 degrees. The intendedo mar ket is for low-end auto and
~ bike compasses, but there should
6 be plenty of oth er low-end robotic
o and toy uses.
£ A simp le fo u r-LED di splay is
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shown in Fig. 5. A liquid-crystal
display showing N, NE, E, SE, S,
SW, W, and NW is also available. It
uses the same sensor in a slightly
more complex circuit.

For our fourth contest , just
show me some new or unusual
use for a low-accuracy but very
cheap digital compass.

New tech literature
New data books this month in­

clude the "must have" TTL Logic
Data Book from Texas Instru­
ments, that LSI Products Data
Book from TRW a Specialty Mem­
ory Products Data Book from
Advanced Micro Devices, and a
major upgrade of the Smart Ana­
log Data Book from Crystal Semi­
conductor. That last jewel has
some outstanding digital-audio in­
tegrated circuits in it.

A $15 kit full of unusual tilt and
impulse switches is now available
from Fifth Dimension, while a free
new PLC-V8 Design Kit is available
from Signetics , that involves their
new erasable logic arrays. Free
electroluminescent lamp samples
are available from Nordic Lite,
while free force-sensing resistor
cards are provided by Interlink
Electronics.

Turning to mechanical samples,
free baggies of vinyl-dipped prod­
ucts are gotten through PMP. One
great place to pick up free samples
of any mechanical goodie is'through
New Equipment Digest.

The new trade journals this
week include Surface Mount Tech­
nology and Electronic Manufactur­
ing. As usual, you can qualify with
your own laser-printed business let­
terhead .

For those of you that want or
need more info on all my book-on­
demand publishing, there's my
Ask the Guru reprints , volumes I
and II, and the Hardware Hacker
reprints for this column series. We
also stock lots of PostScript books,
software, and even videos. The
Hardware Hacker help line may
also be used for PostScript, book­
on-demand and laser printing
help, or networking.

Note that there are two Names
and Numbers sidebars this month,
one for the humidity stuff and one
for just about everything else. Let's
hear from you, and get to work on
those contests. R-E

VLF CONVERTER

continued fro m page 50

If all is OK so far, check these
measurements:

1. + 0.5- + 2 volts at junction of Ll
and L2.
2. +2- + 4 volts at Q2 source .
3. + 8- + 10 volts across R22.
4. + 5- + 7 volts, ICI pins 8, 10.
5. + 3.5-+ 5 volts across C5.
6. +0.8- + 1.5 volts, ICI pin 5.
7. + 8- + 10 volts, ICI pins 6, 12.

So far so good. Now connect any
radio that covers the AM-broadcast
band to 13, and tune to 1.000 MHz on
the AM dial (you're actually tuning to
000 kHz). Adjust L5 for the strongest
signal. Adjust R7 to minimize that
signal. Resistor R7 should cause a
definite null around the middle of its
range; if not, check ICI, R7 , and R3
to R6. Tune the radio dial between
1010 kHz and 1550 kHz, where you
should hear signals in the lO-kHz to
550-kHz longwave range. At 1100
kHz on the AM dial (you're actually
tuning to 100 kHz), a loud rattling
noise will be heard in most areas of
th e US and Canada; th at' s the
LORAN navigational signals.

Obviou sly, you shouldn't hear any
AM-broadcast stations; if you do,
check your cables and grounding be­
cause something's wrong. Make sure
the shielding is adequate, especially
the box used for the DC block. As a
last resort , check Ll through L4, Cl,
C2 , C3, and R7's setting. The circuit
should work when it' s fired up.

An extremely strong AM-broad­
cast signal may occasionally cause
"crud" to seep through that rides on
all the longwave signals. That may
occur when you live within a few
mile s of a high-powered broadcast
station. If so, try installing a 47-pF
capacitor across Rl. If that helps, then
try smaller values (or larger) until the
smallest value is found that reduces
the interference to a satisfactory level .
You might also try using a smaller
whip antenn a, or try removing Dl
through D4, although the protection
they afford QI will be lost.

With the LF converter assembled
and operating properly, you can now
put it to use. Try listening to the wide
variety of unusual broadcasts that
you' ll receive in the low-frequency
band , such as maritime , distress, mil­
itary, and amateur. R-E
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Programmable
architectures:

the next
breakthrough?

EDITOR'S
WORK,•.BJ •BENCH aD _=:__.......

I386SX kit

P er ip h era l Technology, sup­
plier of the 386SX mother­

board kit described in the June,
July, and August issues, can be
reached at 1710 Cumberland
Point Drive, Suite 8, Marietta,
GA 30067. (404) 984-0742. In­
.correct information was printed
in the June issue; we regret the
error.

IFile transfer with LapLink III I

I often become frustrated with
the limitations ofthe comput­

ers I use. When I feel the tension
rising, rather than let it get to
me, I enjoy just sitting back and
dreaming up better ways of de­
signing and building the inte­
grated circuits that make up our
computing machines.

One day I had an inspiration
about a new type of IC that I call
the programmable architecture.
It's not the type of thing that a
hobbyist can build on his own;
rather it requires expensive re­
sources that only the largest sem­
iconductor manufacturers pos­
sess. But perhaps this article will
stimulate those manufacturers
into developing the ideas out­
lined here.

Programmable array
Imagine a large array inside an

IC; the array contains thousands

ANDREW REEVE

of cells. Now imagine that each
cell can function as anyone of the
five basic logic gates (AND, NAND.
OR. NOR, NOT) or as a data line (a
connecting wire). and that its
function in any given situation is
determined by you.

Not only would you decide the
function of each cell; you'd also
decide on the interconnections
among cells. Thus you'd be able
to create your own Programmable
Logic Circuitry (PLC). Addi­
tionally, if what you just created
didn't suit your fancy, you could
simply erase the whole thing and
start over.

How could anyone bulld such
an amazing chip? It's simple.just
use existing technology.

A look Inside
Ifyou know anything about the

EPROM (Erasable Programmable
continued on page 80

Traveling Software has just re­
leased the ultimate file-trans­

fer program. LapLink Release III
combines the best features of its
competitors, throws in several
new ones of its own, and wraps
the whole thing up in a fast, easy­
to-use package.

Highlights include: serial and
parallel mode transfers, both
with "turbo" options; a six-head­
ed cable with both serial and par­
allel connectors; the ability to
duplicate itself on a remote PC;
integrated disk and file manager;
a batch mode for automating
common transfers; and a special
device driver that allows one PC
to have DOS-level access to an­
other PC's disk drives and
printers. (/)

If you're new to this type of ~
product, it was originally de- m
signed to solve the problem of ~
how to get files from a laptop PC ~

(with a 3.5-inch disk drive) to a <0
desktop PC (with a 5.25-inch ffi
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LapLink (3.08) Copyrigh 1986-89 Traveling Softwdre Inc. 05-25-89 2:13pm
Local Drive (C:) 3379200 Free~ Local Drive (C:) 3379200 Free

.. <PARENT DIR> 03-22-89 9:30a U .. <PARENT DIR> 03-80-09 9:36p
<ROOT DIR> 03-22-89 9:38a ;) <ROOT DIR> 83-08-89 9:36p

UTiLS <DIR> 03-22-89 9:39a n SOURCE <DIR> 03-00-89 9:36p
GO .OAT 38 03-09-89 9:15a :;1 TO <DIR> 03-16-89 l1:11a
LD-123-2.EXE 2151 05-02-88 9:16a ri TPR05 <DIR> 03-08-89 9:36p
LD-BC26A.EXE 191005-02-88 9:16a ;:.i BINOBJ .EXE 11088 08-29-88 5:0Ela
LD-LlJ13A.EXE 1926 05-82-80 9:16a H DISK .EXE 3552 03-31-89 10:56a
LD-U115 .EXE 1912 05-82-08 9:17a ~i DISK .MAP 1797 03-31-09 18:56a
LD-NUT2(UXE 1891 05-82-08 9:17a 1] DISK .PAS 1078 03-31-89 18:55a
LD-lJS3-3.EXE 1971 05-82-88 9:1?a I EATMEM .EXE 3188 03-21-89 6:1?p
LOAD .BAK 253 05-09-89 10:23a H EATMEM .MAP 1831 83-21-89 6:1?p
LOAD .BAT 36? 05-09-89 11:15a ;i EATMEM .PAS 2218 03-21-89 6:17p
OMIIIHIGH .COM 1553 00-21-80 lZ:2?p :1 GREP .COM 69?9 00-Z9-08 5:8Sa
I ' : .0: c 0.:' C ' ;1 MAKE .EXE 2711200-29-00 5:0Sa
OI1I1IlJIElJ.HLP 13213 05-09-88 7:58a fj 1I0llAME .EXE Z96003-26-89 1:41p
OPEN .EXE 3210 01-30-88 10:11p );1 NONAME .MAP 2139 03-20-89 1:41p
OlJ .BAT 220 03-22-89 10:33a :;! README Z0212 08-29-88 5:00a
OUSETUP .COM 16066 0Z-21-89 5:25p if! README .COM 1Z08 88-29-88 5:80a
OUSHELL .COM 35927 01-30-89 11:21a :n SHOWEMS .EXE 7136 03-17-89 9:81a
OUSTAT .EXE 7856 01-18-88 12:1?a SHOWEMS .MAP 1822 03-17-89 9:01a
C:\OlJ ============,,=l-= C:\TURB05 =========

FIG. 2

LOCAL
Rename Ztree Options Batch Dos ShowReport XporUlmport Quit More..

The basics
LapLink III runs on PC com­

patibles with 256K of free memo­
ry, a free serial or parallel port,
and any version of DOS from 2.11
through 4.00. Both 5.25-inch
and 3 .25-inch diskettes are in­
cluded in the package.

After starting the program on
both machines, you're presented
with two side-by-side windows
(as shown in Fig. 1).The left win­
dow lists the contents of the cur­
rent directory of the local drive;
the right lists the contents of the
remote . (You can reverse the
meanings of the two windows, or
make both windows views into
the local drive, thereby allowing
LapLink to function as an ordi­
nary file/disk manager.l You
switch between the two windows
using the left and right arrow
keys; for copy operations, the
window containing the highlight
bar is the source, and the other is
the destination.

LapLink III has twenty com­
mands, about half of which are
displayed along the bottom line
of the screen; you can see the
other half by pressing M (More).
You can move a highlight bar
through the list by pressing the
Spacebar and Backspace keys,
and then execute the desired
command by pressing Enter. Or
you can simply press the first let ­
ter of a command to execute it.
Some commands bring up sec­
ondary screens.

The Options command, for ex­
ample, brings up a screen that
allows you to set several aspects
of program operation. You can
choose between parallel and se­
rial modes, communications
port, baud rate (9600-115,200
Kbps) for serial transfers, and
turbo mode. To increase speed,
LapLink apparently decreases
the frequency of clock "ticks"
(normally about 18.2 per second).
Doing so decreases DOS over­
head and thereby allows commu­
nications to proceed at a faster
rate. However, it causes your PC's
clock to lose time.

Other options allow you to
choose how directories are dis­
played, screen colors, and copy
options. And here LapLink III
shows itself powerful and flexible
(see Fig. 2).

if you had to set up six PC's with
identical software, you really only
had to set up one from the in­
stallation disks supplied by the
software manufacturers. Then
you'd let the file-transfer pro­
gram duplicate the entire disk,
subdirectories and all, while you
did something more interesting.

Some versions of those pro­
grams include their own disk
and file managers to help you
copy, erase, rename, move, etc.,
files around your hard disk, and
even to back it up.

el

disk drive). However, systems in­
tegrators and PC support techs
soon discovered that file-transfer
programs have other uses as
well. When IBM first introduced
the PS/2 line (which has only 3.5­
inch drives), for example, a big

~ problem for many was simply get­
z ting their software transferred.
~ LapLink and similar products
t3 made it easy, but only for those
~ who knew the secret.
wo Once you learned that secret,
a you found that there were other
Ci similar uses as well. For example,

78



Table1-Transfer times (seconds)

As for speed, Table 1 shows the
time it took to copy the contents
of one subdirectory from a Dell
System 300 to an AST Premium
386/16. The subdirectory con­
tained 194 files, and consisted of
about 4 .5 MB of programs and
data. As shown in the table, the
turbo modes run 10% to 15%

In use
Learning LapLink III is easy,

and using it is a pleasure, be­
cause ofthewell-thought-out, in­
tuitive interface. There are a few
command discrepancies. For ex­
ample, from the window display
you can change directory quickly
by pressing Ctrl-Enter, but from
the Ztree display you must press
L (Log).

(0
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(0
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m
~
m
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m
m
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• Running MS-DOS ($22 .95),
Supercharging MS -DOS
($19.95), Microsoft Press, Mi­
crosoft Corp., 16011 N.E . 36th
way, Box 97017, Redmond, WA
98073-9717. (206) 882-8080.

CIRCLE 49 ON FREE INFORMATION CARD

ITEMS DISCUSSED
• LapLink III ($139.95), 1tavel­
ing Software, 18702 North
Creek Parkway, Bothell, WA
98011. (206) 483-8088.

CIRCLE 50 ON FREE INFORMATION CARD

Microsoft Press has released
updated versions of Van

Wolverton's Running MS-DOS
and Supercharging MS-DOS .
Running MS-DOS starts at the
beginning, discussing files,
disks, directories, etc. Batch files
are also discussed, as well as
useful but often unused DOS
commands like FIND . Super­
charging MS-DOS takes over
from there, showing you how to
customize your screen display
and keyboard using ANSI.SYS,
how to use DEBUG.COM, how to
build your own menu-based DOS
shell using batch files and the
fancy "extended" character set
(lines, boxes, etc.). Both books
have been updated to include in­
formation on DOS 4.0.•m.

IDOS books

faster than the regular modes.
Other programs run faster than
LapLink Ill. (FastWire II accom­
plished the same copy operation
about 20% faster.) However,
LapLink's user interface and doc­
umentation are superior. So , all
in all, Traveling Software has set
a standard for other file-transfer
programs to emulate.•rn.

Turbo
367
245

Regular
404
282

Serial
Parallel

both machines. Other manufac­
turers are already starting to
copy that ability.

LapLink also has the ability to
help manage ViewLink files.
(ViewLink is another Traveling
Software product: it allows you to
group files together in logical
units, called views, regardless of
the locations or types of those
files . See "Editor's Workbench,"
June 1989, Computer Digest for
more information.)

In addition, LapLink includes
a device driver that allows you to
access the printers and disk driv­
es of a "slave" machine. You load
the device driver via a statement
in the CONFIG.SYS file in the
"master" machine, and then run
DD.EXE on the slave. At that
point the slave's drives and
printers are available to the mas­
ter, but you can't use the slave for
anything else. The device driver
won't work under DOS 4.0. Trav­
eling Software sells another prod­
uct, DeskLink, that extends the
device driver concept so that the
two linked PC's are both active
and both have access to each
other's resources-like a mini­
ature network.

After you've got the options set,
you're ready to get to work. To act
on files individually, you move the
highlight bar with the cursor
keys and then execute the desir­
ed operation. For example, to
copy a file from the source to the
destination, just highlight the
file and press C. Or erase (delete)
it by pressing E. When a sub­
directory is highlighted, you can
change to it by pressing Ctrl-En­
ter or L (Log). Log also lets you
change drives, or specify a com­
plete subdirectory path. A sepa­
rate command (Ztree) presents a
graphic representation of your
hard disk's structure, allows you
to scroll through it using the cur­
sor keys, and log into the desired
directory

Working on one file at a time
can be tedious, so LapLink III lets
you tag one or more files or
groups of files . You tag files indi­
Vidually by highlighting them
and pressing T, or by groups by
pressing G (Group tag) . You
might. for example, tag all the
program files (*.COM, *.EXE,
*.BAT) in a directory. You could
then uri-tag a few of those (the T
command toggles tags on and off)
and transfer the whole mess
when you've got it right. If you
run out of space on the target
drive, or if you lose contact (if the
cable comes loose, for example),
LapLink IIIwill halt but give you a
chance to resume after changing
disks, deleting some files, reat­
taching the cable, etc.

When the operation is
through, you can re-tag all the
previously tagged files . For exam­
ple, after copying a group of files
from a laptop to a desktop PC you
might want to delete them from
the Laptop. Doing so is easy: Just
press A (Agatntag) followed by E
(Erase).

Advanced features
One of LapLink's neatest tricks

is the ability to clone itself across
the communications line. It
works only in serial mode, and
you must use Traveling Soft­
ware's supplied cable. To clone a
copy, all you do is type two DOS
commands at the remote, and
then let LapLink loose. In about a
minute you've got fully func­
tional versions of the program on
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R-E Computer Admart
Rates: Ads are 2\14" x 2W'. One insertion $900. Sixinsertions$875. each .Twelve
insertions $845. each . Closing date same as regular rate card. Send order with
remittance to Computer Admart, Radio Electronics Magazine , 500-B Bi-County
Blvd ., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area
code-5i6-293-3000. Only 100% Computer adsareaccepted for thisAdmart. '

BP181-lt is probable that 80% of dot­
matrixprinterusers only ever use 20% of
the features offered bytheir printers.This
book will helpyou unlockthe special fea­
tures and capabilities that you probably
don't evenknowexist.Toorderyourcopy
send $6.95 plus $2.00 for shipping in

- the U.S. to Electronic.Technology-Today
Inc., P.O. Box 240, Massapequa Park,
NY 11762-0240.

-
"'1Ii'

BP135-A beg inners guide
to the Commodore 64 pre-
sents masses ofusefuldata
and programming tips, as
well as describing how to
get the best from the
powerful sound and graph-
ics facilities. We lookat howthe memory is
organized, random numbers and ways of
generating them, graphics-color-and sim­
ple animation, and even a chapter on ma­
chine code . Get your copy today. Send
$5.00 plus $1 .25forshipping inthe U.S,
to Electronic Techology Today Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.

SECRETS OF THE
COMMODORE 64

Se Cr6b of th e­
COMMODORE 64

Getting The
Most From Your
PrinterGETTING

THE MOST
FROM YOUR
PRINTER

..

SAT DEUVERY MasterCard VISA or UPS CASH COD
'""Loor""" MICRO~ROCESSORS UNLIMITED iNC'

...,... OflDr RS 24 DOD S Peona A,. (918) 267 4'961'
RECEtVED BY: BEGGS. 'O K. 7442 1 • •

11r1WAi' .,. No minimum order. "'.'M"OM P«<SSlAect Iod".a~ '
fr."(S I1.25.. 111 ~ ",,,, rlnee .x trll . UP IO S l fot p.ad<·"'II "":.r_
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DYNAMIC RAM
SIMM (') 256Kx36 80 ns $400.00
SIMM 1Mx9 80 ns 220.00
SIMM 1(') lMx9 85 ns 195.00
SIMM 256Kx9 80 ns 95.00
1Mbll l Mxl 100 ns 16.25
41256 256Kxl 60 ns 8.50
41256 256Kx l 80 ns 7.35
41256 256Kxl 100 ns 5.95
41256 256Kx1 120ns 5.75

• 4464 64Kx4 120 ns 8.50
41264 (3) 64Kx4 120 ns 12.50

EPROM
27C1000 128Kx8 200 ns $27.50
27512 64Kx8 200 ns 9.95
27256 32Kx8 150 ns 7.25
27128 16Kx8 250 ns 4.50

STATIC RAM
62256p-l 0 32Kx8 100 ns $26.50
6264p-12 8Kx8 120 ns 7.95
6116AP-12 2Kx8 120 ns 4.95

CIRCLE 61 ON FREE INFORMATION CARD

Note: VOL=:::Vertical Data Line.

TABLE 1-LOGIC FUNCTIONS

Fig. 2. As shown, vertical connec­
tions are straightforward. For
horizontal connections, the A in­
put of a given cell can be con­
nected directly to that cell's C
output by closing switches 82
and 85 (in Fig . 1). In that scheme,
the B input cannot be connected
to the output line. That may
seem unappealing, but the cir­
cuits discussed represent the
least number of components per
cell, thus allowing more cells to fit
in an array.

One difficulty is creating an XOR

gate. Four NAND gates would be re­
quired, but that would greatly in­
crease the cost of each cell.
Therefore we wouldn't provide
prewired XOR gates. Instead we 'd
leave it up to the designer to build
XOR'S as necessary, to fit the par­
ticular application.

For many applications, the PLC

Fig. 2. INTERCONNECTING PLC CELLS
horizontally relies on switches S2 and
S5 ( in Fig. 1) a nd vertically on switches
S6 andS7.

shows the different switch com­
binations that are required to
achieve various logic functions .
(We'll discuss the vertical data
lines in a moment.)

The interconnections between
cells poses another problem. The
proposed solution is shown in

Fig. 1. BASIC PLC CELL STRUCTURE:
each "sw itc h " is i mp l e m e n ted with
EPROM-like technology. thereby a l low­
ing q u ick p rototyping and design
changes.

81 82 83 84 85 86 87

AND 1 0 0 0 1 - -
OR 0 0 1 0 1 - -
NOT 0 1 0 1 0 - -
NAND 1 0 0 1 0 - -
NOR 0 0 1 1 0 - -
Data Line 0 1 0 0 1 - -
VOL 1 - - - - - 1 0

VOL 2 - - - - - 0 1

continuedJrom page 77

ARCHITECTURE

Read OnlyMemory), then you un­
ders tan d the principle behind
PLC. Using basic EPROM tech­
nology, you would create three
programmable switches, 81-83
in each cell. Those switches
would be connected as shown in
Fig. 1. Only one switch at a time
could be closed; depending on
which switch was closed, you'd
get AND , OR, or a straight-through
function.

Two additional switches, 84
and 85, allow you to choose be­
tween inverted or non-inverted
output, thus providing the NAND,

NOR. and NOT functions. Table 1

(/)
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array w ill need a clock to syn­
chronize internal operation of
the array. Therefore, the PLC
would have a special clock cell
that could be switched in at cer­
tain points on the outer edge of
the array. Clock frequency would
be determined by an external
quartz crystal, just as many mi ­
croprocessors are.

Programming the PLC
Programming each cell would

be done in the same way
EPROM's are programmed, one
address location at a time. Of
course, you'd have to toggle more
than one switch in each cell in
order to program the function of
each cell. In an EPROM, that
would be analogous to program­
ming a byte instead of a bit at
each memory location.

Unlike an EPROM program­
mer, however, the PLC program­
mer would not use a computer
running an assembler program
to feed a PLC with its program­
ming data. Instead, a Pl.Cvort­
ented CAD (Computer Aided
Design) program would be used.
Ideally, the CAD program would
include debugging tools, chip
simulation, and function crea­
tion, i. e ., creating symbolic,
higher-level functions from sim­
pler ones. The XOR gate is a good
example of function creation. A
fast 16-bit computer would be the
minimum for running a PLC
CAD program.

Modes of operation
The PLC operates in two dif­

ferent modes . Mode 1 is used
when you are programming the
chip, and Mode 2 is used when
you are actually executing the
programmed functions in a cir­
cuit. Figure 3 shows a block di­
agram of the internal arrange­
ment of the PLC.

Note that there are two sets of
data buses. The one rou ted
through the address decoder is
used during programming (Mode
1); the other is for actual use
(Mode 2). The switch bank deter­
mines which bus is used; the
Mode input, which is directly
connected to one of the pins on
the outside of the chip, toggles
the switch bank between the two
buses.

Fig. 3. A SWITCH BANK. co n trolled by an
ex tern a l Mode input . switch es th e PLC
data bus between programming and in­
us e modes.

PLC applications
The manufacture and open

distribution of PLC's would be a
boon to everyone. IC manufac­
turers would benefit from easier,
faster, and cheaRer rotot)'Rin.
Hobbyists would enjoy almost
unparalleled freedom in playing
with circuit variations. IC man­
ufacturers would also be able to
draw upon the pool of hobbyists
for their own research and de­
velopment efforts.

Here are a few ideas for possible
PLC applications:
• Prototype microprocessors
• Parallel processor chips
• Lisp language machines
• Prototype "Neuro-Chips"
• Customized electronic lock
and key circuitry
• Video, audio, and digital sig­
nal processing

Variations on the PLC
Using EPROM technology to

build the switches in the PLC
would enable one to erase the ar­
chitecture of a PLC. But for a de­
sign that has stabilized, you
might want to etch it perma­
nently in silicon. The solution
would be to use the same fuse
design found in the PROM (Pro­
grammable Read Only Memory).
To store something in a PROM,
fuses are selectively blown. And
whereas you can erase an
EPROM, you can't fix internal
fuses, so a programmed PLC
PROM is permanent.

Other changes mi ght include
altering the basic cell structure.
For example, rather than forming
the basic cell from several logic
gates, you might form it from
fairly powerful micro-processing
units. The effect would be the
creation of a parallel processor.
(See ''A PC Run Circles Around a

Cray?" in the April 1989 edition
of Computer Digest for more in­
formation on parallel pro­
cessors.) Each of those process­
ing units would be limited in how
much it could do by itself. But
when combined with others, as a
whole they could have enormous
computing power.

For that matter, forget about
digital logic altogether. How
about building an array of op­
amps? An array of programma­
ble op-amps would allow one to
experiment with analog comput­
ing. Building an analog comput­
er was the never-realized dream
of computer pioneer Alan Thring.
Perhaps the prime motivating
factor for Thring was the fact that
the brain (at the neurallevell op ­
erates more in an analog fashion
than in a digital one. So with an
array of programmable op-arnps
one could experiment with neu­
ral networks.

Returning to the digital realm,
a bizarre variation would be a
self-modifying architecture,
which might be used in systems
with an evolving knowledge base,
expert systems, etc.

Conclusion
The Programmable Logic Cir­

cuit is really a very simple idea.
No new and revolutionary tech­
nology need be developed, nor
must any horrific physical barri­
ers be overcome. I hope that the
elegance of the idea of program­
mable architectures has convert­
ed you-or at least given you
some provocative ideas that you
can consider.tm.
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" We're ill big trouble.' The computer appliedfor a ~
patent all our nell' design!" ~
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68705 MICROCONTROLLER
How to build a single-Ie microprocessor system

direction of the controller. The
controller provides the timing
necessary to carry out the micro­
instructions (even basic opera­
tions such as addition are
composed of smaller steps called
"microinstructions"), and ensure
that they are performed in the
correct order.

The 68705 has several types of
memory. For starters, there are
112 bytes of RAM. That may not
sound like much, but keep in
mind that it is used only for stor­
ing variables and the stack; the
application program itself is
stored elsewhere. Typical micro­
controllers seldom use even 30 or
40 variables, so the 68705 has
plenty of RAM to handle almost
all situations.

The 68705 also contains ROM.
Actually, it has both ROM (Read
Only Memory) and EPROM (Eras­
able Programmable Read Only
Memory). The ROM, comprising
115 bytes, contains the EPROM
burner program, which Motorola
calls the "bootstrap."That means
that the means for programming
the EPROM is built right into the
chip itself!

The EPROM itself consists of
1804 bytes; it is used to hold your
application program and con-

S oph is tica ted burglar alarms,
stage-lighting controllers,

digital music synthesizers, fre­
quency counters, and other test
instruments-they all have one
thing in common. Designing
each of those circuits (and
others) using microprocessors is
fast and easy if you use the right
technology.

That technology needn't con­
sist of expensive ICE's (In-Circuit

----Emu lators )-and the like: In -fact.r­
by using a single-chip Motorola
microcontroller and building a
low-cost (well under $100) pro­
grammer, you can create custom
designs as fast as you can think
them up!

The MC68705P3 is a complete
microcomputer on a chip. It con­
tains CPU, ROM, EPROM, RAM,
timer, interrupt input, clock, and
twenty bidirectional I/O lines.
Magically, it's all contained in a
28-pin package, which means
that the data and address buses
are completely hidden from the
designer, so circuit-board layout
becomes trivial.

In this article we'll discuss the
68705's architecture, its register
structure, and programming
considerations. Then we'll go on
to build a programmer that
burns your software into the
68705's internal EPROM. Next
time, we'll put theory into prac­
tice when we design a two-IC dig­
ital alarm clock.

Hardware overview
To use the 68705 in your own

projects, you must understand
both its hardware and its soft­
ware capabilities. Let's examine
the hardware first. Figure 1
shows a block diagram of the

~ main subsystems that comprise
Z the 68705. First, note the CPU,
~ which is itself composed of an
G ALU (Arithmetic Logic Unit) and
~ a controller. Every instruction
UJa that the 68705 can execute (addi-
15 tion, subtraction, etc.) is per­«a: formed by the ALU under
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stant data. Since EPROM is non­
volatile memory, even if you inter­
rupt power to the IC and later re­
apply it, your program is still
there ready to be executed.

In addition, many I/O lines are
available. Logically they are
grouped into three ports (parallel
groupings of I/O lines). PortA and
Port B are each eight bits wide;
Port C is four bits wide. To send a
message to the outside world,

·_--you's imply store a byte in the de­
sired port register, and the asso­
ciated lines will reflect what was
written. In an analogous way, the
outside world can talk back; a
byte placed on the lines of a port
may be read by the CPU. VO in the
68705 is memory-mapped, un-
like the case in the Intel family,
which has a separate address
space and separate instructions
for reading VO ports.

Electrically speaking, the three
ports are easy to use. They're all
TTL compatible for both input
and output. Also, Port B can sink
as much as 10 rnA, so it can drive
LED's directly.

Associated with each port is a
DDR (Data Direction Register). It
is the duty of the DDR to config­
ure the associated VO lines for
either input or output opera­
tions. The DDR itself is pro­
grammed by writing to special
memory locations.

Referring to Fig. 1 again, note
that there is an external inter­
rupt line (INT) . Normally, the
68705 executes some sort of pro­
gram. But there may be times
when you wish to temporarily
halt execution of the main pro­
gram and then continue execu­
tion in a subsidiary program. An
external signal (a fire sensor or
burglar alarm) applied to INT

might cause such a change. Most
microprocessors and micro­
controllers have interrupt in­
puts, but what makes INT

.especially useful is the fact that it
can accept both digital and ana­
log inputs!



Fig. 1. THE 6870515 A 28-P1N M1CROCONTROLLER with RAM. ROM. EPROM. and 20
bytes of I/O.
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Fig. 3. THE 68705 consists ofan eight-bit
accumulator and index register. an 11­
bit program counter and stack pointer.
and a cond ition-code register.
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Software overview
Now let's change focus and con­

sider the software side of the
68705. If you've any experience
with the 6800 or other 8-bit mi ­
croprocessors. the 68705 will ap­
pear quite similar. Figure 3
shows the programming model.
Both the accumulator and the in­
dex register are eight bits wide.
As the name suggests. the results
of most arithmetical and logical
instructions "accumulate" in the
accumulator. The index register.
on the other hand. is typically
used to access individual ele­
ments of tables and lists; it does
so using special address modes
discussed shortly.

The program counter is 11bits
Wide. giving the 68705 a total ad­
dress range of2048 ($0800) loca­
tions. Those locations include all
the RAM. ROM. EPROM. DDR's.
and VO ports.

Also included in the program­
ming model is the stack pointer.
The stack is a LIFO (Last In. First
Out) type; it's maintained in the
user area of RAM. and its pointer
always aims at the next usable

Fig. 2-c shows how installing a
jumper will allow the internal
clock to run at a default rate .
Last. in Fig. 2-d. a crystal is used
for best accuracy and reliability.

loaded with a number. The regis­
ter will then proceed to decre­
ment at the processor's internal
clock rate; when the register hits
zero. an interrupt is generated
that causes the processor to con­
tinue execution at a special pro­
gram location . The prescaler
allows for longer periods between
timeouts. The timer can also be
clocked from an external source.
if desired.

Of course. all computers must
have some sort of clock to syn­
chronize activities (access I/O
ports. execute the microinstruc­
tions in the CPU. etc.) The 68705
has quite versatile clocking op­
tions. In fact. as shown in Fig . 2.
it can be clocked in four distinct
ways.

In Fig. 2-a we see how the
68705 can be clocked by an exter­
nal source; you would use that
method when a master clock is
present in existing circuitry with
which the microcontroller must
interface. Figure 2-b shows how
an external resistor can be used
to set up the internal clock. and

The reason is that the 68705
has an internal Schmitt trigger.
which means that it can detect
zero-crossings 'of an analog sig­
nal. That capability might be
useful in frequency-counter ap­
plications. in which a timebase is
derived from a 60-Hz AC signal.

The 68705 also contains a
timer with an optional prescaler.
The timer. which is actually an 8­
bit countdown register. can be

Fig. 2. CWCKING THE 68705 : (a) using
an external clock. (b) using a resistor. Ic)
using the default clock. and Id) by crys­
tal. control.
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Fig. 4 . EPROM BURNER FOR THE 68705 : IC2 decodes sequential memory locations in
the EPROM (J2). whose outputs are applied to Port A of the 68705 (Jl).

TABLE 1-68705 MEMORY MAP

~ location. The stack pointer is
z shown in the model to be ll-bits
g Wide, but the highest six bits areo fixed in such a way that the stack
I:J pointer always points into the
UJo RAM area. The maximum depth
Ci of the stack is 32 bytes, which
«a: may not seem like much, but

$000
$001
$002
$003
$004
$005
$006
$007
$008
$009
$OOA
$OOB
$OOC - $OOF
$010· $07F
$080 - $783
$784
$785 - $7F7
$7F8 - $7F9
$7FA - $7FB
$7FC -$7FD
$7FE - $7FF

Port A
Port B
Port C (low order nibble only)
Not used
Data direction register, Port A
Data direction register, Port B
Data direction register, Port C (low order nibble only)
Not used
Timer data register
Timer control register
Not used
Program control register
Not used
RAM
EPROM
Mask options register
Bootstrap ROM (EPROM burner program)
Timer interrupt vector
External interrupt vector
SWI interrupt vector
Reset vector

which should s u ffice for most
controller applications.

Also, a condition-code register
keeps track of the results of vari­
ous operations. For example, one
bit of the register is set whenever
a negative number appears in the
accumulator; another is se t

whenever a value of zero appears
in the accumulator. Another bit
informs us if a carry or borrow
was required to complete an
arithmetic operation (addition or
subtraction, respectively). The
half-carry flag is set if a carry re­
sults from adding two BCD (Bin­
ary Coded Decimal) numbers.
The interrupt mask lets us tell
the 68705 to ignore interrupt
signals applied to INT .

The 68705's memory map is
shown in Table 1. Note that all of
RAM s its in page zero , while
EPROM addresses start in page
zero and continue to higher ad­
dresses. The I/O ports and DDR's
are also located in page zero, as
are the timer's control registers.

At the highest memory loca­
tions you will find a set of vectors
(poin ters) that tell the micro­
processor where to continue pro­
gram execution in the event of an
interrupt. It is the designer's re­
sponsibility to program the cor­
rect values into the EPROM.

Interrupts in the 68705 can
take one of four forms: (1)RESET is
generated at power up; it is used
to s ta r t the processor from a

84



Fig. 5. PROTOTYPE OF THE EPROM BURNER. The author used wirewrap and point­
to-point wiring techniques.

....
CD
00
CD

Bit tWiddling
Although we don't have space

to discuss the entire instruction
set, it's worthwhile mentioning
several special instructions. With
most microprocessors, to access
individual bits within a byte, you
must "mask" that byte ; AND and
OR it with con s tan ts . The 68705
has four special instructions
that allow you to get at bits di ­
rectly. BRSET allows your program
to branch if a bit is set, and BRCLR

allows your program to branch if
a bit is clear. For example, BRSET (J)

7 ,20,46 says to test bit 7 of loca- ~

tion 20. If that bit is set, then rri
branch forward 46 locations and ~
resume program execution !:B
there.

BSET and BCLR allow you to set

and then accesses the location
specified by that sum.

The inherent addressing mode
covers one-byte instructions
whose operand is implied in the
nature of the instruction. For ex­
ample, CLR A says to clear (reset
to zero) the accumulator; ob­
viously, no external memory loca­
tions are involved. Unusually, the
68705 also allows the inherent
mode with the index register. So,
for example, CLR X would clear
the index register.

used in branching instructions.
Rather than specifying a precise
location to branch to, the relative
mode allows the programmer (or
the assembler program) to desig­
nate an address relative to the
current address at which execu­
tion should continue. For exam­
ple, BRA 10 would move execu­
tion to the tenth location
following completion of the cur­
rent instruction.

There are three types of in­
dexed addressing modes avail­
able. The no-offset indexed mode
takes its argument from the in­
dex register. For example, LOA(X)
says to load the accumulator
with the contents of the location
pointed to by the index register.

The one-byte indexed mode ex­
tends that concept. For example,
LOA 20,Xl tells the processor to
add the number 20 to the con­
tents of the index register and
then access the resulting loca­
tion . If the index register con­
tained the number 35, say, then
the contents oflocation 55 would
be fetched (20 +35 = 55).

The two-byte indexed mode ex­
tends the concept even further by
allowing a larger number to be
used. For example, LOA 450,X2
adds the two-byte number 450 to
the contents of the index register

Address modes
The 68705 has ten address

modes; many instructions are
functional in several address
modes. Unfortunately, we haven't
space to discuss operation of
each instruction in detail; con­
sult the appropriate Motorola
data sheets for more informa­
tion. We will, however, discuss
the basic address modes and sev­
eral unusual instructions.

The immediate addressing
mode is concerned with con­
stants. For example, LOA #20
says to load the accumulator
with the decimal constant 20.
The pound sign is what indicates
immediate mode.

Contrast that with the direct­
address mode instruction LOA
20, which says to load the ac­
cumulator with the number con­
tained in memory location 20.
Here the accumulator loads a
variable, not a constant. The di­
rect mode can only access loca­
tions in page zero, because the
operand (the address) is specified
by a single byte.

The extended-address mode
overcomes that liability by allow­
ing two-byte operands. For exam­
ple, LOA 450 says to load the
accumulator with the contents of
location 450 . Of course, ex­
tended-mode instructions take
more space and execute slower
than direct-mode instructions.

The relative-address mode is

known condition. (2) INT (external
interrupt) occurs when there is
activity on pin 2 of the 68705, as
discussed earlier. (3) An SWI, or
SoftWare Interrupt, happens
when the CPU executes an SWl
instruction, which is typically
used for debugging purposes. (4)
The last type of interrupt is trig-
gered when the internal timer
times out.

One additional location in the
memory map is interesting: the
mask options register ($784),
which is a location in EPROM
that allows the designer to deter­
mine how the 68705 operates.
For example, by burning various
bits in the location low or high,
you can specify what type of clock

- you're usmg.. how the. timer is . ---­
used, whether the prescaler is
used, etc.

85



Parts List
Resistors _

All resistors are 'I.- w a tt. 5 % unless
oth erwise noted.
Rl 100 ohms. 10

watts

R2 100 ohms
R3-R5 470 ohms
RS-RI0 4700 ohms

Capacitors _

Cl 75 pJ silver
dipped mica

C2 100 pJ silver
dipped m ica

C3. C4 0.01 J.LF disk
C5-C8 0.1 J.LF disk

C9 1 !LF. 10 volts.
electrolytic

CI0 .4 .7 !LF. 10 volts.
electroly ti c

Cll 1000 !LF. 50 volts .
electroly t ic

Semiconductors _

BRI 50-volt bridge
rectifier

Dl not used
D2-D4 IN4001
D5 lN4742A 12-volt

Zener

D6 lN4748A 22 -volt
Zener

LEDl red
LED2 yellow
LED3 green
Ql. Q2 2N2222 NPN.

general purpose

ICI 7805 5-volt
regulator

IC2 .4040 CMOS
counter

Other components------
Fl 0 .5-ampJuse
Jl 28-p ln ZIF socket
J2 24 -pln ZIF socket
SI-S3 SPST switch

and clear bits Indtvidually For ex­
ample , BSET 4,20 sets the fourth
bit of location 20, and BCLR 4,20
clears that bit.

Designing with the 68705
The question now is how to get

~ a program into the 68705's inter­
z nal EPROM. The process is actu­
~ ally quite simple. First, you need
t3 to write the desired program. If it
~ is a s h or t program, you can
6 hand-assemble it (that is, look up
15 the instructions and find the ap­
~ propriate opcodes). Of course, it's
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faster and more accurate to use a
cross-assembler, a translator
that runs on one computer, say a
PC , and converts the ASCII
source code into 68705-compati­
ble object code (hex bytes). You
can either buy a commercial
cross-assembler or write one
yourself in BASIC or PASCAL.

After writing and assembling
the program, it takes two steps to
burn the program into the
68705. First you must burn the
code into a 2716 EPROM (a com­
mon device for which burners are
likewise commonplace). Then
the program is transferred from
the 2716 to the 68705 using the
bootstrap program in the latter. A
circuit for doing that is shown in
Fig . 4. The basic idea is that un-­
der direction of the bootstrap
program, the bytes in the 2716
are sent one at a time to VO Port
A, where the 68705 reads them
and then burns them into the ap­
propriate locations of its EPROM.

In the schematic, J1 and J2 are
Zero Insertion Force (ZIF) IC
sockets for the 68705 to be
burned and the 2716 containing
the program, respectively. The
4040, IC2, is a counter that is
clocked by PB3 of the 68705 . The
4040's outputs allow locations in
the EPROM to be accessed se­
quentially. The data outputs of
the EPROM are then read by Port
A of the 68705.

How does the 68705 know to
execute the bootstrap program?
Note that the TIMER input (pin 7)
of the 68705 is tied to + 12 volts.
Pin 7 normally acts like a stan­
dard TTL input. but if the voltage
on this pin rises to + 12V, the
CPU halts all other activity and
starts executing the bootstrap
program.

How to burn
To understand the remaining

circuitry, let's trace through the
sequence of steps involved in ac­
tually burning a 68705. Start by
assuming that S1 is open (no
power applied) , and that S2 and
S3 are closed. After inserting a
68705 and a 2716, close S1,
which powers up the device. Now
+ 12V is applied to the timer in­
put, so the CPU knows that it
must execute the bootstrap pro­
gram. However, since S3 is still

closed, the microprocessor is
stuck in a reset condition, so
nothing happens yet. In addi­
tion, since S2 is closed, Q1 is off,
so only + 5 volts is applied to the
Vp p input, rather than the + 22­
volt programming voltage. Also,
both programming indicators
(LE02 and LE03) are ex­
tinguished.

Now open switch S2. That al­
lows Q1 to turn on, which allows
it to pass the regulated + 22V.
Thus the programming voltage,
not +5V, appears at Vp p Now
open S3; that brings the CPU out
of the reset condition and allows
it to execute the bootstrap pro­
gram. After all bytes have been
transferred, LE02 lights up, in­
dicating that the internal
EPROM has been burned.

However, the bootstrap isn't
done yet. As a check, it goes back
and compares each byte in its in­
ternal EPROM with the associ­
ated byte in the 2716. If they
match successfully all the way
down the line, then LE03 lights
up, indicating that verification is
complete . At this point, you
would close S3, close S2, and
then open S1. At this point the
68705 is ready for use.

Construction
The 68705 programmer uses

only garden-variety components
and is easy to build. Figure 5
shows the author's prototype; it
was built ordinary wirewrap
techniques; the entire unit is
housed in a plastic pencil box.

Fig. 6. NEXT MONTH we'll show you
how to build this alarm clock.

In the next installment, we'll
discuss the design of a complete
alarm clock using the 68705 (see
Fig. 6), and show you how it can
replace dozens if not hundreds of
discrete components-and lead
to a better and much more ver­
satile designltm.
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CABLE-TV AT ITS BEST

N.A.S. INTERNATIONAL
LONG BEACH. CA (213) 631-3552

SCIENTIFIC ATLANTA:
Models 8500·8 550·8 580 .. $275.00
SA·3 [Add-On Descrarnbler] . . $ 99.00
JERROLD:
SB·3 [Inband Gated Svnc] $ 74.00
TRI-BI [Trirnode/ Bistate ' $ 95 .00
OAK:
M·35B [Comb o WN ari-sync l .. $ 99.00
N-12 IAdd-On w /van-svnc] ... $ 89.00
HAMLIN:
MLD -1200 [Add-On] .... s 89 .00
ZEN ITH : IZ-TAC Oescrarnbter] . $ 169.00
CONVERTERS: [80-Channelsl .s 95.00

LOW prices capacitors, ICs, transistors, switches.
Special: 27128-25 $3.25. Flyer SASE. SANT ECH,
11 ReverePlace, Tappan, NY10983 . (914)359-1130.

TOCOM V.I.P. shutdown? This "complete" module
"turns on" descrambler. All modes; inverted video;
no vertical jitter! Free schematic $37.00 COD 's.
MIKE, Box 2837, Champaign, IL 61825-2837.

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, POBox 582, Dept. E, Saco, ME
04072. (207) 967-0126.

TUBES: "oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324.

CABLE converters and descramblers. Call or
write for free catalog. Includes Jerrold, Oak, Zenith,
Hamlin, Scient if ic At lanta , many more. NU-TEK
ELECTRON ICS, 5114 Balcones Woods Dr. # 307,
Suite 298, Austin, TX 78759-5212. (512) 250-5031.

LASER Listener II, other projects. Surveillance,
descramb ling , false ident ification, info rmat ion .
Plans, kits, other strange stuff. Informational pack­
age $3.00 refundable . DIR IJO /BOND ELEC­
TRONICS, Box 212, Lowell, NC 28098.

ENGINEERING software, PC/MSDOS. Hob­
byists - students- engineers. Circuit de­
sign, FFT analysis , mathematics, log ic
simulation , circuit analysis. Free catalog,
(614) 491-0832, BSOFT SOFTWARE, 444
Colton Rd., Columbus, OH 43207.

SURPLUS ELECTRONICS. New giant wholesale
catalog. Hundreds of amazing bargains. $2. Box
840, Champlai n, NY 12919.

SOLAR ele ctric systems. Discount prices . SUN
POWER-TEXAS, PO Box 2788A-R, Freeport, TX
77541. (409) 233·8350 .

T.V. tunable notch filters . Free brochure. O.K. VID­
EO , Box 63 /6025 , Margate, FL 33063 . (305)
752-9202.

CABLE descrambler liquidation . Major makes
and models available. Industry pricing! (Example:
Hamlin Com bo's, $44 each...minimum 10 orders).
Deal er s on ly I Call WEST COA ST ELEC­
TRONICS, (818) 709-1758.

FOR SALE
PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpa id. LOEB , 414 Chestnut Lane, East
Meadow, NY 11554.

GREAT buys! Surplus prices, ICs, linears, transfor­
mers, PS, stepping motors , vacuum pump, pho­
totransisto r, meters, LSASE, FERTIK'S, 5400 Ella,
Phila., PA 19120.

DESCRAMBLERS. All brands. Special combo Jer­
rol d 400 and SB3 $165 . Complete cable de­
scrambler kit $39. Complete satellite descrambler
kit $45.00. Free catalog. MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531.

BANDS TOP filters - Clear up channels affected by
interfering signals. Channels 2, 3, 4, 8, 14,15, 16,17,
18, 19, 20, 21 and 22 available. $20 each - 10 for
$130. dB ELE CTRONICS, PO Box 98031, Las
Vegas, NV 89193-8031.
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M CM ELEC T R O NICS
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FOR YOUR FREE ONE-YEAR SUBSCRIPTION '/ : •
TO THE MCM ELECTRONICS CATALOG...
CALL TOLL-FREE 1-800-543-4330 •

Having trouble finding the elect ronic parts and components
you need? Finding it impossible to get answers to order status
inquiries or technical questions? Been bitten once too often by
the "backorder bug?"

Then it's time you look to MCM Elect ronics for.... A huge
selection of more than 11,000in-stock items. Competitive
prices that boost your profits. Convenient TOLL-FREE "
customer service and order hotlines • Virtually no
backorders!

Ask for your FREE MCM Electronics Ca talog today. When
it arrives, place an order and find out how thousands of
satisfied customers have erased their prob lems by turning to
MCM for all their electronic part s and components needs.

•
.MCM ELECTRONICS
HAS THE ANSWERS

IElE~§IE Yi~
PROD
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MECHANICALLY inclined individuals des irinll
ownership of small electronics manufacturing bUSI­
ness -wit hout investment. Write: BUS INESS-R,
C.S. 9008, Baldwin, NY 11510-9008.

Thenewestsystems. parameters, turn-ens, harassment and
countermeasures being used by and against cable, wireless
and satelliteoperators. New original information$15.95. Pay
TV ,Vol. 1 $14 .95. Volume 2 $12.95. Experiences with VC
$12.95. MDS/MMDS Handbook $9.95. Build Satellite Sys­
tems UnderS600. $12.95. Any3/$28 or 6/$42.Scrambling
NewsMonthly$24.95/yr.Sample $3. Scrambling NewsYear1
(200 pages)$22.95. NewSpringCatalog $1 or cal l.. '

EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

PAYTV AND SATELLITE DESCRAMBLING
NEW... 1989 EDITION... NEW

VIDEOCIPHER II manuals. Volume 1- hardware,
Volume 2 - software. Either $32.45. Volume 3 ­
projects/software - $42.45. Volume 4 - repair ­
$97.45. COD's (602) 782-2316. Catalog - $3.00.
TELECODE, Box 6426-R, Yuma, AZ. 85366-6426.

BUSINESS OPPORTUNITIES

All Jerrold, Oak, Hamlin, Zenith, Scientific
Atlanta, Magnavox and all specialized cable
equipmenl avai lable for shipment within 24
hours. For fast serv ice 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 Cata log.

SATELLITE TV receiver kits! Instruction manuals!
Boards! Semiconductor Parts!59 deg LNA's! LNB's!
Ku-Band LNB's! Catalog $1.00: XANDI ELEC ­
TRONICS, Bo x 25647 , 21YY, Tempe, AZ
85285-5647.

DESCRAMBLER : Build our low cost video only,
satellite TV descrambler for most satellite channels.
Uses easy to get, everyday parts. Boards & 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 cata log systems, Upgrades, Houston, Uni­
den, Chaparra l, etc. Save $$$$$. SKYV ISION,
2009 Collegeway, Fergus Falls, MN 56537. 1 (800)
334-8455.

CABLE TV secrets - the outlaw publication the
cable companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converters , etc . Sup­
plier's list included $8.95. CABLE FACTS,Box 711­
R, Pataskala, OH 43062.

DESCRAMBLERS for movies, networks, $175,vic
eo only $450 complete. Visa, MC accepted. Catalog
$4. SKYWATCH, 238 Davenport Road, Toronto,
Canada, M5R l J6.

2CHCompact DishSystem -577.95
5CHDishSystem- S93.95

12 CHYagi (Rod) System - 5123.95
3D CHDish System-5163.90 Yagi-S183.90
SUN MICROWAVE INn. INC. Send $1 " for
P.O. 8OX 34522 catalog on these
PHOENIX. AZ 85067 and other fine
16021 230-0640 video products.
QUAN TITY DISCOUNTS UFETIME WARRANTY

Multl -Chan net 1.9 to 2.7 GHz. 40dB Gain
3G-Channel System complete $149.95
12-Channel System compte te $104.95
2·Channel System com plete $79.95

PhI IPS-TeCh E18C11'On CI
PoD. Box 8533• 1cat1IdIII,11. ll52liZ
(602) 947-7700 1S3.OD Cr!dit.1l phone ord,rsl!
Mastertard • ViSJ • COD's Quantity Pricing

SATELLITE TV
VIDEOCYPHER II descrambllng manual, sche­
matics, video and audio. Explains DES, EPROM,
CloneMaster, 3Musketeer. Pay-per-view (HBO, Cin­
emax, Showtime, adult, etc.) $13.95, $2 postage.
CABLETRONICS, Box 30502R , Bethesda, MD
20814.

INFRARED remote tester, cable converters, more.
Free Brochure. ACT ION PRODUCTS, Box 916,
New Castle, IN 47362.

HELP - someone needed to "revive" SA 8550-321
Box & then "fix" it. MIKE, 104S. Broadway Peru, IN
46970. '

CANADA. Quality electronic components. Com­
mercial and retail distribution. Competitive prices.
No minimum order. For catalogue send $2.00 (cred­
ited to first order) to M.U.C. SALES, Box 994, King­
ston, Ontario K7L 4XB.

TUBES, new, up to 90% off list. KIRBY, 298 West
Carmel Drive, Carmel, IN 46032.

SOUTHWESTERN Beil home, business phone
porducts. Wholesale dealer pricing to all. Cordless
phone battery, antennas, more. $5.00 refundable,
for dealer catalog. RADD,104S. Broadway, Peru, IN
46970.

RESTRICTED technical Information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge se lection. Free bro­
chures. MENTOR-Z, Drawer1549, Asbury Park, NJ
07712.

CABLE TV convertersand descramblers bar­
gain headquarters. Zen ith, Jerrold, Scien­
tific Atlanta, Tocom. Hamlin combo w/re­
mote$130. Oak M35B$60.00 . Jerrold400­
DRX3DIC w/rernote $134. Visa-M/C-COD.
Call now (415) 584-1627.

FASTEST color TV repairs, eliminate "Guesstima­
tion" 100 priceless secrets. $2.00 for sample. MAR­
TIN AN D ASSOC IATES, 60 Surfv iew Drive,
Pittsburg, CA 94565.

LASERS, from $40, for brochure write MWK IN­
DUSTRIES, 9852 W. Katella, Suite 340R, Anaheim.
CA 92804. Or call (714) 956-8497.

STEPPER motor drive & control with Commodore
64. Affordable hardware, interface, & software .
Send for detailed literature & prices to: MASE, RD.
#2 Box 166, Mohrsville, PA 19541.
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*FMX-1 LONG RANGE (3 MI) ULTRA SENSITIVE
FM VOICE XMTR with fine tune, range contro l
plus $29.50

E .4 INDUSTRIAl.. EtECrROfllCSCA rAt. • J11. EDITION

CITY

ADDRESS

NAME

*TELX-l TELEPHONE FM XMTR (3 MI) auto­
matically operates when phone is used. Crystal
clear clarity with fine tune and range control.
Non detectable $29.50

*ATR-1 AUTOMATIC TELEPHONE RECORDING
DEVICE tapes telephone conversation all
automat ically $19.50

ALL THREE OF ABOVE FOR $59.50

CALL OR SEND VISA , MASTER CHARGE,
MONEYORDER, ETC.TOAMAZING CONCEPTS,
BOX 716,AMHERST, NH 03031. (603) 673-4730.

rt14-E-uLfiiYflf-E-'
ELECTRONICS CATALOG.
Order your 260page catalogue packed withover10,000
money savingelectronic parts andequipment, Send $3.00
check ormoney order, orcall 1-800-543-3568 today and
use your Mastercard or Visa.
Consolidated Electronics, Incorporated
705 Watervliet Ave., Dayton , Ohio 45420-2599
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EARN tho usands with your own part time elec­
tron ics bus iness. I do . Free proof, information. IN­
DUSTRY, Box 531, Bronx, NY 10461-0531.

YOUR own radio stat ion! AM, FM, TV, cable . li ­
censed/unlicensed. BROADCASTING, Box 130­
F9, Paradise, CA 95967.

INVENTIONS, ideas, technology wanted for pre­
sentation to industry/exh ibition at nationa l innova­
tion exposition. Call 1 (800) 288-IDEA.

1 10 OR
UNIT MORE
Z900 .800
9800 7900
8800 6900

.6900 11 900
Z900 ' 800

.9900 ' 3900
Z9 00 .800
9900 6300

109 00 7500
9900 7000

'0900 7500
9900 6Z 00

'0900 6500
145 00 ' 0500
6900 4Z 00
i9 00 4600
9900 6Z 00
9900 6200

"500 'Z5 00

"400 14 00

119 00 6500
119 00 8500

Price TOTAL
Each PRICE

Output
Channel

' CA LL FOR AVAILABILITY

ItemQuantity

'SCIENTIFIC ATLANTA ADD-ONREPLACEMENT DESCRAMeLER
'EA GL E PD-3 DESCA AM BLER ICh : ~ () ll t P lJ I I Jll I Yl

INTERFERENCE FILTERSICt, 30nly'

STAR GATE2000

' MLD-120Q-2 ICh z ccnouu
' MLD· 120Q· 3ICh 3 output t

JERROLD SB-ADO-ON

HAMLIN Me c sooo 36 CORD ED HEMOTE CO NVERTER 10 1 . ~ l ll l l y.

ECONOCOOE irmmcodc substu ute t

PANA SON IC WIRELESS CO NVERTER tour best buy I

JERROLD400HANDREMOTE CONTROL

' M· 35 B CO MB O UNIT ICh 3 output onlyr

ECONOCODE WITHVARISYNC

'MINICODE IN-,2)
'MINICODE IN· 'Z, WITHVARISYNC
'MINICOOEVARISYNC WITHAUTOON-OFF

.ZENITH SSAVI CAeLE READY

'JERROLO400COMBO

'JERROLOSB-ADD-ONWI TH TRIMOOE

'JERROLD 450 HANDREMOTECONTROL
'JERROLD 450COMBO

·M·35BCOMBO UNITWITH VARISYNC

An interesti ng and worth­
whl1e project. Thi s EASY­
TO-BUILD c1 rcu1 t l ot s you
use any regul ar TV se t as
a s impl e OSCI LLOSCOPE.
No modifications to TV!
Tiny . 9v battery powered.
Goes anywhere I Order now!
Ask fo r our FREE CATAlOG
of other plans and ki t s!

FINALLYI§I
DETAILED PI.AAS: t7 . V5

TV-SCOPE
PEHH RESEARal, Box 3543
WillI_port, PA 17701

LET the Government finance your small business .
Gran ts/loans to $500,000 yearly. Free recorded
message: (707) 449-8600. (KS1).

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS: 6403 N. 59th Ave.

Glendale. AZ 85301 • (602) 934-9387
liTheSource for Laser Surplus"

CREDIT. Free $1,500 merc handise credit-exclusive
platinum card-no one refused-no security deposit ­
no annual fees-$10,OOO credit line-(619) 280-5050,
Ext . ACC21S .

PROJECTION TV... Make $$$'s assemb ling Proj­
ectors . Easy!... Results comparable to $2,500 proj-
ectors Plans, 8" Le ns & Dealers information
$22 .50 Profession al syste ms avai lab le... illus-
trated catal9ll free. MAC ROCOMA, 15GAX Main
Street, Washington Cross ing, PA 18977... Credit­
card orders 24 Hrs. (215) 736-2880.

PLANS AND KITS

... ..

Name _
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TOTAL

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Cred it
Card s - Add 5%

_______ Zipl _

o Money Order

California Penal Code #593 -0 forbids us
from shipping any cable desc ramb ling unit
to anyone residing in the state of California.

Prices subject to change without notice.

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I, the undersIgned. do hereby declare under penally of perjury
that all products purchased , now and in the future. will ooly be used 00 cable TV systems with proper
authorization from local oIficials or cable company officials in accordance -..:ith all applicable federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PAOYlDE FOR SUBSTANTIAL CRIMINAL AND CML
PENALTIES FOR UNAUTHORIZED USE.

PLEASE PRINT

Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. # R-9· RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please havethemake andmodel # oftheequipment usedin ourarea. Thank You

MIDI retrofit kits. Technicians and experimenters
don't be left out of the Midi revolution! We have Midi
retrofit kits for organs, includ ing pipe, synthesizers,
pedalboards and accordions. Build your own Midi
controller keyboard! Write or call for free deta ils and
price list. TECHN ICAL MAGI C, Dept. RE1, PO Box
3939, Station "C, " Ottawa , Ontario, Canada K1Y
4M5. (613) 596-9114.

TRACKER circuit for your x-y input oscilloscope.
Simple t ransf?rmer/resistive circuit. Tes.t diodes,
transistors, ICs. Complete plans $8.00, kit $24.95,
assembled $34.95. TECH CENTER, 200 North
Madison, Edmond , OK 73034.

FM stereo transmitter. Transmit your VCR /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. Deta iled instructions $2.50. BAG­
NALL ELECTRONICS, 179 May, Fair f ield , CT
06430 .

CB tricks booklet. Modifications, tune -ups, chan­
nel expansion, clar ifier tricks . Send $19.95 to MEDI­
CINE MAN CB, PO Box 37, Clarksville, AR 72830.

FM trans mitter 88 to 108 MHZ kit $12.95. SIERRA
ELECTRONICS, Box 709, Elfers, FL 34680 -0709.

ELECTRONIC kits! Trans mitters! Record ers!
Phone devices ! Bug detectors! Surveillance items !
More! Catalog $1.00 : XANDI ELE CTRONICS, Box
25647, 60T, Tempe, AZ 85285-5647.

OESCRAMBLING, new secret manua l. Build your
own descramblers for cable and SUbscription TV.
Instruct ions , schematics, for SSAVI, gated sync,
sinewave, (HBO, Cinemax, ShoW1ime, UHF, Adult)
$8.95, $2 postage . CABLETR ONICS, Box 30502 R,
Bethesda, MD 20814 .
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SEISMOMETER wanted to measure earthquakes.
Pay cash. D. HUTCHISON, 4000 Little Timber, Ed­
mond, OK 73034. (405) 341-9615.

BUY BONDS

WANTED

.................... PRESENTING ....................

CABLE TV
DESCRAMBLERS

.................... STARRING ....................
JERROLD, HAMUN, OAK

AND OTHER FAMO US MANUFACTURERS

• FINESTWARRANTYPROGRAMAVAILABlE
• LOWESTRETAlL./'MiOLESALE PRK:ES IN us,
• ORDERSSHIPPEDFROMSTOCK\VI'THIN 24 HOURS

FORFREECATIILOG ONLY 1.800-545-8927
FORIIL1INFORWlTJON 1-81 8-71 6-59 14

LATEST technology alternative to Jerrold SB-3 or
Radio-E lectronics Feb. 1984 project. Featuring
electronic tuning, AGC, auto-on/ott, AC/DC power,
mini-size, A&T, and more, For literature - SOUTH­
TECH DISTRIBUTING , (813) 527-2190.

DIGITAL CAR DASHBOARDS

DESCRAMBLER MODULE

IBM PC. Learn assemb ly language. Spacesh ip
game. Find princess game. $5 each. Book $18.
ZIPFAST, Box 12238, Lexington, KY 40581-2238.

LEARN before you leap, plain-english quide to
buying computers . What questions to ask, what an­
swers mean. $8.50 PP, check, MCNisa. HMI, 5908­
R Pleasantridge Road, Arlington, TX 76016.

CCD Video camera. Learn how imaging IC's work
and how to use them to build a low cost video
camera. Send $19.95, VITRONICS, PO Box 7, Sta­
tion G, Calgary, Alberta, T3A 2G1.

BUILD yourself a complete electronic dashboard.
Free details, $1.00 P&H. MODERN LABS , 2900
Ruisseau, St.-Elizabeth, ac,JOK 2JO, Canada.

RADIO astronomyl Month ly magazine, books,
components. $3.00 brings sample package, BOB'S
ELECTRONIC SERVICE, 7605 Deland, Ft. Pierce,
FL 34951.

PROJECTION TV Convert your TV to project 7 foot
picture Easy... Results comparable to $2,500 proj-
ectors Plans and 8" Lens $24.95... Professional
systems available... Illustrated catalog free...
MACROCOMA, 15GA Main Street, Washington
Crossing, PA18977. Creditcard orders 24 Hrs. (215)
736-3979.

CONSTRUCT and package industria l circuits using
E-Z Buss prototyping system. Free brochure. NA­
TIONAL SYSTEMS, Suite 150, 17 Hammatt Street,
lpswich, MA 01938. (508) 356..1011 .

EDUCATION & INSTRUCTION

DETECTION - survei llance, debugging. Plans ,
kits, assembled devices . Latest high-tech catalog
$5. DETECTION SYSTEMS, 2515 E. Thomas,
# 16-864F, Phoenix, AZ 85016.

SCRAMBLE FACTS
718-343-0130

PHONE TODAY for 3 minutes of
satell ite TV industry news, technical
tips, and new product information.

CATALOG: hobby/broadcastlng/HAM/CB : Cable
TV, transmitters, ampl ifiers, surveillance devices,
comput ers, more! PANAXIS, Box 130-F9 , Para­
dise. CA 95967.

SURVEILLANCE equipment design gives 58
schematics of Sheffield Electronics'surveillance de­
vices. Circuits explained. Transmitters range from
pens to one-mile VOX's including crysta l, subcarrier,
carrier current, infrared, firefly, automobi le. Demod·
ulators given. Cube tap and duplex mains powered
transmitters presented . Eighteen telephone trans­
mitters are leech and battery types including crysta l
and subcarrier. Countermeasures chapter. Much
more.This 81/2 x 11inch 110·pagebook is illustrated
with photographs. Price $30.00 + $4.00 S & H. First
class mail U.S. & Canada . Overseas Airmail S & H
$9.00. One-day processing, pay with Money Order
or Cashier's Check. Send to : WINSTON AR­
RINGTON, 7223 Stony Island Ave" Chicago, IL
60649-2806.

MAGICI 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. Youget a one-year sub­
scription to our quarterly 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 BiCounty Bou levard , Farmi ngda le, NY
11735.

LEARN to develop microcontroller projects. New
platform reveals how. Interfaces to IBM PC/Com­
patibles . INTERRUPT TECHNOLOGIES, 117 E.
Apollo, Garland, TX 75040.

DAZER defense devices! Micro transmitters! Plans,
kits! Catalog $1.00 . QUANTUM RESEARCH,
17919-77 Avenue, Edmonton , Alberta T5T 281.

PRINTED circuit boards etched & drilled. Free deliv­
ery. K & F ELECTRONICS, INC., 33041 Groesbeck,
Fraser, MI 48026. (313) 294-8720 .

M.e.
VISA

-====---- 51 -r:.~

*NEW STARGATE 2000
CABLE CONVERTER

10 Lot
JERROLD.... Tri-8 i Mode.SI05.00 S85.00
JERROLD'" S8· 3 OR 2 $89.00 $65.00
HamlinMLD·I200....... S99.95 S6200
OakN·12W/V .S.......... S99.95 $6200
Oak-M·35-8 W/V.5...... S99.OO $78.00
OAKE·13................. S99.95 S58.OO
Zenith SSAVI............. SI85.00 SI45.00
Eagle PO-3................ SI20.00 S85.OO
Scientific Atlanta.. ........ SI29.95 SI05.00
SA-Canbo' . .............. CAlL SCali
Tocan..................... S35O.00 S295.00
Oak N·12 W/ Auto....... S14O.oo SI05.00
Jerrold Starcom CSV.... S139.95 Call

CABLE TV
DESCRAMBLERS

PLANS
BllildYoursen - All Parts Available inStock

~u!~'I!r~&um~~~Y~~L : :: :: : :::: : : : : :::~:~
1tC1- 3SEPARATE TESLA COILPLANS TO 1.5 MEV $25.00
10&2- ION RAY GUN .. . . . .. ... .. ••... .. . . . ... . . . . .. $10.00
GRAl- GRAVITY GENERATOR .. . . •. •. . . . .. . .. . .. . .. . .$10.00
EIlU- ELECTRO MAGNET COILGUNiLAUNCHER ....... •.$8.00

KITS
Wrth All NecessalY Plans
1IlFT3K- FM VOICE TRANSMIffiR 3MI RANGE $49.50
VWPM1K-TELEPHONETRANSMlffiR3MI RANGE $39.50
BTC31t- 250,000 VOLT 10-14' SPARK TESLA COIL $249.50
LHC21t- SIMULATEDMULTICOLORLASER... . .. . . . . .•. .$44.50
BlS11t-100.ooo WATT BLASTER DEFENSE DEVICE $69.50
II1G1lt-NEGATM ION GENERATOR KIT.. . . . . •. . ••. . . . . .$34.50
PSP4K- TIME VARIANT SHOCK WAVE PISTOL •... ..• .. . .SS9.50
STA11t- ALLNEW SPACE AGEACTIVEPLASMA SABER SS9.50
SDSIt-SEE IN DARKVIEWER KIT $199.50
PG5It-PLASMA LIGHTNING GLOBE KIT .... ... •. . . •... .$49.50

ASSEMBLED
WithAll NecessalYInstructions
BTClO- 50,000 VOLT-WORLD'SSMALLEST TESLA COIL $54.50
LGU40- 1MWHeNeVISIBLE RED LASERGUN $249.50
TAT30- AUTO TElEPHONE RECOROI NG DEVICE 524.50
1T1f10-100,000 VOLT 20' AFFECTIVE RANGE

INTIMIDATOR... . ... ... .•. . . . .. . .. . ... . ..... $99.50
usn O- SNOOPERPHONE INfiNITY TRANSMITTER ... . .$169.50
IPG10- INVISIBLEPAIN fiELD

GENERATOR MUTLIMODE . ••... . ....... ..... •. ••.. $74.50
• CATALOG CONTAINING DESCRIPTIONSOfABOVE PLUS
HUNDREDS MORE AVAILABLE FOR S1.00 OR USE OUR
PHONE FOR "ORDERSONLY' 603-673-4730.
PLEASEINCLUDE $3.00PHONALL KITS AND PRODUCTS
PLANSARE POSTAGEPAID. SEND CHECK,MO,VISA, MC IN
USFUNDS.

INFORMATION UNLIMITED
P.O. BOX716DEPT.REAMHERST. NH03031

1-$89.00 10-$69.00 100-Call
Last channel recall-Favorite channel select­
75 channel-Channel scan-Manual fine tune-

(/) One year warranty-surge protection-HRC & Stand­
~ ard switchable- and much more. ,

oa:
I­o
W
....J
W

6
o
-ca:

INFORMATION(402)554-0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E

90 OM AHA NE. 68114
CIRCLE 53 ON FREE INFORMATION CARD



Locations Nearest You
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Chicago,lL
3 12-593-6655
Seattle, WA

206 -88 1-8 19 1
Santa Clara, CA

408-727-4550
Baltimore, MD
30 1-536-5 400
BY PHONE

1-800-ACTIVE-4

Westborough, MA
50 8-366-8899
Woburn, MA
61 7-932-4616

Long Island, NY
51 6-471 -5 400

Mt. Laurel, N.J.
609-273-270 0

Detroit , MI
313-68 9-8000

Active
keeps you

active !

TOLL-FREE
1·800·ACTIVE·4

You can count on US!

Whether you are in an "after­
hour emergency" or are a
dedicated "do-it-yourselfer",
Active can help you! Visit
one of our conveniently
located stores, or refer to our
catalogue. Call toll-free to
access North America 's
largest and best selection of
electron ic components and
accessories! Active. an
affiliate of Future
Electronics has over 12,000
first grade, industrial items in
stock ready for immediate
delivery.

Name..e _

1IJ1MLII.\rticlc
crcal1l'ij~house

lnstltution/Company _

Departm ent, _

Addres,-' _

City, Stat"-Zip' _

Phone 1__1 _

Copies ofarticles from this
publication are now available from
the UMI Article Clearinghouse.
Yes! I would lik e to knowmoreabout UMIArticle
Clearinghouse. I am interested in electronic
ordering through the (ollowing systemts):
o DIALOG/Oialorder 0 ITT Dialcom
o OnTyme 0 OCLeILL Subsystem
o Other (pleasespecify) _
o I am interested in sending my order by mail.

o Pleasesend meyour current catalog anduser instruc­
tions (or the systemlsl I checked above .

INVENTORS

ATTENTION CABLE BROKERS

COMPUTER BOOKS

Title; _

Mail to: UniversityMicrofilms International
300Nort h ZeebRoad. Box91 AnnArbor, 1011 48106

SURPL.US CATV converters and descramblers at
w holesa le pr ices. Unmodified units onl y. Oak M35B
$3 0 , Hamlin MLD 1200 wlremote $35. (415)
337·8301.

DISCOUNT computer books. All titles avail­
able, including recent releases . Please call or
write forour latest catalog . BOOKWARE, 147
Campville Road , Northfield , CT 06778.
(203) 283-6973.

INVENTORSI Can you patent and pro fit from your
idea? Call AMERICAN INVENTORS CORPORA·
TlON for free information . Over a decade of service
1 (800) 338-5656. In Massachusetts or Canada call
(413) 568-3753.

CABLE TV CONVERTERS
& EQUIPMENT

OUTPUT PRICE TOTAL
QTY ITEM CHANNEL EACH PRICE

NO CONNECTICUT SALES. It SUBTOT.
is not the intent of VIDEO-LINK Shipping
to defraud any pay television S3/ Unit
operator and we will not assist COO:any company or individual in Add 5%
doing so.

TOTAL
PLEASE PRINT:

VIDEO-LINK
Enterprises, Inc.
165 W. PUTNAM AVE.
GREENWICH, CT 06830

(203) 622·4386
MONDAY· FRIDAY 10AM - 5:30PM, E.S.T.

IMPORTANT: Have make and model
# of the equipment used in your area.

U
ONNIET 10+

PANASONIC WIRELESS UNITS
CONVERTER 1403N 65.00 74.00

JERROLD 400COMBO WIREMOTE
(DRX301C) 134.00 ..100.00

JERROLD 400OR 450 REMOTE
HAND UNIT 24.00 15.00

JERROLD JRX 3DIC 84.00 65.00
JERROLD SBADD ON 74.00 55.00
JERROLDSB ADD ON WITHTRI-BI 95.00 75.00
OAK "1-35 COMBO 79.00 50.00
OAK MINICOOE (N-l2) 84.00 59.00
OAK ECONOCODE (E-13) 64.00 40.00
HAMLIN MLO1200 64.00 55.00
SCIENTIFIC ATLANTASA-3ADD ON . 109.00 80.00
INTERFERENCEFILTER

(CHANNEL 3 OR 6) 24.00 14.00
SCIENTIFIC ATLANTA 83 CHANNEL

CONVERTER 95.00 80.00
PIONEER CONVERTER SA 4500

SERIES 100.00 65.00
TOMCOM VIP Call for price and availabilily
ZENITH FLASHING Call for price and availabilily
ZENITH SSAVI Call for price and availabilily
EAGLE PD-3 Call for price and availabilily

o CASHIER'S CHECK 0 M .a . 0 C.O.D.
NAME _
ADDRESS _
CITY/STATEIZIP _
PHONE _
SIGNATURE _

WAIVER. Since I, the undersigned, fully
understand that the ownership of a cab le decoder
does not give the owner of the decode r the right to
decod e or view premium cable channels without
proper authoriza tion from their local cable company,
hereby dec lare under penally of perjury that all
products purchased, at any tim e, will only be used
on cab le TV systems with proper authorization from
local offic ials or cable company office rs in
accordance with all applicable federal and state
laws. Federal and various state laws provide for
substantial cri minal and civil penalties for
unauthorized use.

Loated : Signed: .J_._--- --- --._---

.. _-- - -_ .. _._----~
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SPECTRUM MONITOR

continued from page 64

figured as an astable, its real purpose
is to function as an additional voltage
source. It works in conjunction with
T2, a 3:1toroidal auto-transformer, to
prov ide th e tuning voltage. Most
tuner/co nverte rs need 0-25 volts for
full-ra nge co ntrol. The primary of T2
is supp lied by the + 10 volts from
IC3, and the 143.056-kHz oscillation
superposes an additiona l 20 volts ,
producing 30 volts across C31. The
duty cycle is very low to con serve
power. Next , D5 , a 25-volt Zener,
clamp s and regulates the tuning volt­
age, and Rl 8 controls the tuning volt­
age for the first local oscill ator in the
tuner.

-- ---For tuners requ ir ing negative -or
multiple voltages, T2 will have to be
modified. For a different maximum
amplitude required, change the ratio
of T2 , and for a negative voltage,
reverse D4 and D5 and also the non­
tap terminals on the auto-transformer.
This will force the auto-transformer to
gene rate neg ati ve-going pulses,
which will be superposed upon the

+ lO-volts DC. Reversing D4 and D5
allows current to be passed in the re­
verse direction, and the Zener voltage
of D5 could be changed if needed.
The horizontal sweep generator pro­
duces both sawtooth and pulse wave­
forms , and can be externall y
synchronized.

The purpose of D9, DIO, and R33
is to allow the negative and positive
slopes to be set independently. Note
that R33 is in series with D9, but that
there's no comparable resistor in se­
ries with DIO. Thus , R33 extends the
duration of the sawtooth waveform
up-ramp so the CRT beam fits on the
horizontal axis of the graticule. Then,
010 permits a steep , rapid discharge ,
minimizing the sawtooth waveform
fall time and permitting fast horizon­
tal retrace. Sweep-frequency potent]- _
omete-r-R3i iillows -the -time con stant
to be varied.

Zener-diodes 07 and D8 clamp the
output of the oscillations from IC7-c,
07 the negative-going direction , and
08 the positive-going direction.
Then, IC7-d buffers the sawtooth
generated across C39, and IC7-c
switches C39 from charge to dis­
charge based on the feedback through

R34 . Finally, D6 routes the blanking/
sync pul se to the vertical section
(IC7-a and IC7-b) for vert ical retrace .
Note that D6 may need to be shorted
or left out for faster vertical retrace ,
although some oscilloscopes will ex­
perience vertical overshoot as a result .
You'll have to experiment with what­
ever oscilloscope you use , in order to
decide.

True " Z" -axis control (blanking or
brightness) is difficult to obtain on
many oscilloscopes. If yours permits
external blanking control , it' s avail­
able as a positive pulse from pin 8 of
IC7-c. Thi s pul se drives the CRT
beam vertically off the screen during
retrace and turn s the vertical amplifier
off, preventing retrace from being
seen.
_ The Signetics TDA7QOQ ,.IC6 , is a
complete FM receiver on a chip. The
t an k LI-C 2 6 fo r th e V o lt ­
age-Controlled Oscill ator (YCO) on
pin 6 is the only RF adjustment. Only
L2, CI5 , and C16 are required on IC5
as external components to create the
RF input filter and perform matchin g.
If the IF is 45 MHz , the value of Ll
may need to be increased. By altering
Ll , any IF from 30-110 MHz may be

$24.80
(lO-up)

18" EMINENCE WOOFER
MADE IN USA

$98.90 $89.50
#290-200 (1-3) (4-up)

TITANIUM COMPOSITE
TWEETER

sa.50
(1-9)#260-333

® MOTOROLA PoIydax

@PIONEER'

12" SUB WOOFER
Dual voice coil lub woofer.
30 oz . magnet, 2"voice
coils. 100 watts RMS, 145
wa tts max. Is = 25 Hz. 6 ohm
(4 and 8 ohm compatible).
SPL =89 dIl IW/IM.
Response : 25-700 Hz.
QTS= .31, VAS = 10.3 cu. ft.,
Pioneer # A30GU30-55D.
Net weight. 6 Ibs.

#290-145 ~~)80

GRILL FRAME KIT

$5.90
(lO-up)

CIRCLE56 ON FREE INFORMATION CARD

$6.50
(1-9)# 270-050

# 260 350 $22.50 $19.95
- (1-3) (4-up)

PIONEER BORN
TWEETER
Mylar dome . 2.93 oz.
bariwn rerrite magnet . 8
ohm. Response : 1800­
20000 Hz. 35W RMS,
SOWmax. rs =2000 Hz,
SPL= 106 dIl . Pioneer
# AHE60-5IF

• 15cloy ....... bod<~ ' $l5lXlmN1'Ilm om. ·W . oooopl
_ VUo,DioooYw, ord 0.0 :0. codon '34 """~
-Shipping charge - UPSchart rate "'Sl11J(13.00minimwn charoe )
-Hours: 8:30 am- 6:00 pm EST. Monday - Friday -Mail order
C\LIIomen, p.... call for shipping ettima te on orde n exceeding
511>0.

$34.50
(4-up)

$12.50

f'':)\~ss EMINENCE .~
1'" Inte rnat ional Inc. 1-800-338-0531

340E. Fim St, Dayt"" Olao~
Loc>l : 1-513-222-0173
FAX: 513-=_

12 dBIoctav e rollcff .
800Hz, 5000Hz
crossover po ints . 8
ohm. 100 watts RMS.

$9.95
(l-9) (lO-up)

SPEAKER CONTROL
PANEL

3-WAY 100W CROSSOVER WALNUT SPEAKER
CABINET KIT

5uper duty, 40 oz. magnet.
100 watts RMS, 145 watts
max. 4 and 8 ohm compa t­
ible (6 ohm). 2"voice coil.
rs=25 Hz. QTS= .I66,
VAS= 10.8 cu ft.
Response: 25-1800 Hz. Net
weight: 9 Ibs. Pioneer
#A3OGU4Q-51D

# 290-125 $36.80
(l-3)

,~Parts

'I:XP~

Panel with SOwa tt L-pads
for tweeter and midrange
and built-in LED power
meter. 5"x 2 It.!" 100

wallYem on aY"': 4.50 $12.90
# 260-235 (l-5) (6-up)

12" POLY WOOFER

# 260-210
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~ With this kit you
can make spe aker

-OZ grill frames up to
30"x 40". Kit

~ includes 4 comer
U ~~,2~

~ I-------------.......-------------t brackets, and 7W frame bars. Grill
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ASSEMBLE YOUR OWN
COMPUTER FOR LE$$

used. It's also possible to simi larly
adapt L2 .

The TDA7000 reduces the received
signal deviation from ± 75 kHz to
± 15 kHz (suitable for the internal IF
of 70 kHz), using an internal Fre ­
quency inot phase) Locked Loop
(FLL). The TDA 7000 greatly sim ­
plifies the circuitry for many tuned
circuits and filters, and neither needs
nor uses AGe. In its place , a sample
of IF limi ter voltage is fed back to the
IF LIMITER CAPACITOR input (pin 12) ,
after being buffered and amp lified by
IC7-a. The gain oflC7-a is controlled
by R22. The prototype used 500 K for
R22, but the gain can be varied by
using a potentiometer.

The posit ive signa l portio n of the IF
envelope is amplified by IC7-b to pro­
duce the vertical drive . Potent iometer
R25 sets the base line to "rectify" the
signal from IC7-a . Between IC7-a
and IC7-b, a two-pole low-pass filter
smoothes DC ripple and reduces ver­
tical overshoots. Also, IC7- a con verts
the hig h-impedance receive r section
AGC, where the RF level is der ived,
to something low enough for proper
filter design, whi le also prov iding
some gain. Overall, IC7-a and IC7-b

provide a gain of about 40 .
The tuner is the heart of the spec­

trum monitor. It accepts the RF IN (J5)
and produces a 63-MHz IF OUT (12).
The FIRS T LOCAL-OSCILLATO R TUN ING

VOLTAGE controls the first local os­
cillator. Remember that there are two
operating modes , FM receiver and
spec trum monitor. In the former, the
tuning voltage is steady DC and is
determined by center frequency po­
tentiometer R18. In the latter, the tun­
ing voltage is swept.

Sweep-width potentiometer R20
controls the tuner sweep-voltage and
how much of the spectrum is dis­
played . The SPOT switch S2 selects
between modes, not merely by select­
ing between the outputs for each with
both sections (IC4 and IC7) operating
simultaneously, but actually switches
power between them, saving power
and avoiding any coupling problems .

Well , we regret that we must stop
here for now, as our space has come to
an end. However, next month we will
continue with complete construction
details, including PC Service. We'll
also show you how to troubleshoot
any problems . We will then, of
course, show you how to use it. R-E

IBM XT 10 MHz Compatible Kit. $379
. 4.n/10 MHz Motherboard
.256KB RAM (640KB max)
.150W Power Supply
• Floppy Disk Controller
• One 5 1/4' 360KB Drive
• MonoGraph ics Card wI P
.101 KeyKeyboard
• Case (3LED,2Butlon,Key)
.12" Amber Mon o Mon Uor
• Instal lation Guide &Manual e:::::::::~=:~~~

IBM AT 12 MHz Compatible Kit. $705
.8/12 MHz Moth erboard
.512 KB RAM (4 MB max)
.200W Power Supply
• Floppy Disk Controller
. One 51 /4' 1.2 MB DrIve
• MonoGraphics Card wIP
.101 KeyKeyboard
• Case (3lED,2Butlon,Key)
.12' Amber Mono MonUer
• Installat ion Guide &Manual

Display Upg rade: Hard Drive Option:
CGA Peckage $200 20MB wlCTRL XT-$275 AT-$315
EGA Peckage $455 30MB wlCTRL XT-$310 AT-$410
VGA Packag e $500 40MB wlCTRL XT-$390 AT-$415
MS-DOS with GWBASIC $75

All Componants Fully Tested Before Ship
VISA & MlC subject to 3% surcharge
Price & Quantity subj ect to change without prior notice
15% Restoc king Fee on All nems

JINCO COMPUTERS INC.
5122WALNUT GROVE AVE.

SAN GABRIEL, CA 91776
Tel: (818) 309-1108
Fax: (818) 309-1107

IBM, XT, AT are reg istered trademar1<s of
Internat ional Business Mach ine.

CIRCLE184 ON FREEINFORMATION CARD

CIl
m
~
m
s::
OJ
m
JJ...
<0
ce
<0

25.00
35.00

46.20

38.80
150.00
83.00
22.00

582.50

KIT ASSEMBLED
559.50 569.50

12.92
12.92
14.76

DESCRIPTION
0-15V 2A Regulated DC Pow'"Supply AA. * ..
0-15V 5A Regulated DC Pow",Supply .
0-30V 3A Regulated DC Pow'"Supply ..
0-50V 3A Regulated DC Pow'"Supply A ..

DESCRIPTION KIT ASSEMBLED
Ballery Flourescent Ught Driv", A .... .. . .. .. .. .... .. .... . 5 5.19
ElectronicTouchSw~ch A 7.15
ELectronic Lollo A 15.00
Mult~Functional Control Swilch A . . . . • . . . • . . . . .. . . . . . . . .. 5.19
Digital ClockwltimerA 16.63
ColorLedAudio Level Met", A 20.15
ElectronicShockA . .. . .. .. . .. .. .. . . .. . .. . .. .. . .. .. . .. . 6.25

~~~~~~~~ev~f3~:~t~ .~. :: : :: : : : : : :: : : : : : : :: 2m
3 ChannelCol",Ught Controler A AA* .. ........ ..... .. . 71.50
Stereo LoudSjle3k", Protector . . . . .. .. .. . .. . .. .. . .. . .. . .. 12.65
FM Wireless MicrophoneA 9.22
AC/DCQuartz Digital Clock A 18.00
SoundITouch Control Switch A .. .. .. .. .. .. .. .. .. .. .. .. .. . 12.00
Infrared Remote ControlUnit AAA _. . ...... . .... ... . .. . .. 15.00
Infrared Remote ControlUnit. AA _.... .. .. . .. .. . .. . 20.00
BarlDot level Met", • A 24.15
31'< Digital Panel Met"'. 33.00
20 Steps BarlDot Audiol evel Display A. 38.45
SuPefiOlElectronic Raulelle • • 19.46
7 8ands GraphIC Equaliz", •••* 26.80
4 ChannelProfessional Col", l ightContrail", ..
AudioNtdeoSurround SoundProcessor AAA. .. .. . ... .. . .. 62.00

tgg ~::=::~ g~~ :! i~~~:::~::;t. · :: :: : :: : : : : . '19.80
Parrot TalkingClock. 15.50
Mynah TalkingClock. 15.50

MODEL
lY-IA
lY-7
lY-a
lY-IIA
lY-I2A
lY-13
lY-14
lY-18
lY-20
lY-BB
lY-25
lY-35
lY-36
lY-38
lY-4IMKIII
lY-4IMKV
lY-42
lY-43
lY-45
lY-47
SM-222
SM-328
SM-333
T-I
T-2
11 850 1
" 8504

75.00

70.00

80.58

116.80
90.00

5 40.00
16.58
17.71

48.90
33.20 43.38
86.00 110.00

KIT ASSEMBLED
5 5.07

6.90
11.20
8.20

30.00
11.84
12.65
31.25
15.00
50.00
35.50
29.50
59.95
16.62
68 00
60.92
45.94 .
48.00
59.69
73.70
9330

TRANSFORMERS

MATCHING
TA-2800. TA-377A .
TA-32 21. TA-323A.TA-377A ..
TA-802, TA-820A.TA-1500. TA-12D.
TA·800. TA-l000A .
TA-477. TA-800. TA-1500. TA-l000 A .

METAL CASINETS

DESCRIPTION
3" x 12" x 7"
4" x16"x8"
4" x 19" x 11.5"

5" x19 " x11.5"

DESCRIPTION
lW Mini-Amplifier A .
6W Mini-Amplifier A .
12W Mint-Amplifier'" .
StereoPre-Amp. w/magnetic rnic, amp .
Digital Voice Real(der A'" . . . . . . . . .. . . . . •. • . . • . • . • • • • . • •
Mult~Purpose Melody Generator A .
Mul,"PurposeMelody Generator A • • . . . . • . . . • . • . . . . • . • . .•
Class" An Main Power Mono Amp .
30W Mult~Purpose Single Channei Amp. •. .. . . . . . . . . . . . . . .
60W Stereo Pow", Boost",••* .
50W-r- 50W IC stereoAmp. "'l iedlevel display • . . . . . . . . . . .
HQ 30W-+-30WStereoAmp. A ..
FETStereo Pre-Amp. • • • * ..
40W SolidState Mono Amp.. . ..
120WMostetPow", Mono Amp... . .
80W-+- 80WDC Pre-Main & Power Amp .
80W-+-80W DCstereo Main ""wer Amp. •• .. .
60W+ 60WOCl DCPre-Main StereoAmp. •• . . . . . . . . . . .
100WClass "A"Main Pow", Mono Amp.••. . . . . ... . . . . . . .
10DWx 2 Class"A" Dc Stereo Pre-Main Amp ..
ElectromcEcho& Revelation Amp. • A ..

~~F~~~~~fp~~~~/r:~~i~=~~~;.t~.:: :: : : :: : ::: :
StereoSimulator .
300W HQ Hi-FI Pow",Mono Amp ..

MODEL
TA-OO I
TA-006
TA-007
TA-IO
TA-28MKl
TA-5OA/B
TA-50C
T..... 120MKl
TA-300
TA-302
TA-3221
TA-3BA
TA-377A
TA-400
TA-477
TA-SOO
TA-802
TA-820A
TA-IOOOA
T..... 1500
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600

MODEL
LG-1273
LG-16114
LG-1924

LG-1925

MODEL DESCRIPTION MATCH ING PIECE

::~ ~~~ ggoA
60V

CT6A ~~:~~u~:m;.~tB322~~~t~Oo~O~ T.A-~ 5 0~. : : : : : : : : : : 5~~ ~~ MODEL DESCRIPTION KIT ASSEMBLED
'003 80VCT6A TA-477 24.00 SM-43 31'< Mult~Funct ionai l ed D.P.M. AA 534.50 $ 43.00
' 004 48VCT6A TA- 120 19.00 SM-48 41'< Hi-PrecisionD.P.M. A••* 38.00 48.00
'005 52VCT3A TR-355B 12.00 SM-48A 41'< Hi-PrecisionD.P.M. wi stndrdcase A A 41.20 52.00
' 006 36VCT5A TR-355A. .. . .. . .. . . . . . ..... .... .. . . .. . . . ... . ..... 13.60 SM-IOO 150MC Digital FrequencyCounter. 90.00
' 007 112V CT8A TA-3600 38.00 FCIOOOA 1 GHz FrequencyCount"' . 182.00

INFORMA TlON . {213} 888·8988. CALL OR WRITE FOR OUR FREE CATALOG • PHONE ORDER 1-800-423-3483 (IN CALIF.) 1-800-S21·MARK FAX . 213'888-6868

MARK V ELECTRONICS, INC, - 8019 E. Slauson Ave. , Montebello, CA 90640 e CEl=
- We ACCEPT MAJOR CREDIT CARDS, MONEY ORDERS AND CHECKS. - BUSINESS & SHOWROOM HOURS : (PACIFIC TIME) MON.- FRI.: 9:30 AM. - 5:00 P.M" SAT.: 10:00 AM - 5:00 P.M.
TERMS : $ 10.0 0 MIN . OR DER. $ 20 MIN. CHARGE CAR D ORDE R . WE SHIP UPS GROUND . ADD 10% OF TOTAL ORDER (MI N. $3.0 0) FO R SHIPPING OU TSIDE USA,
ADD 20% (MIN. $5.0 0) • TRAN SIT IN SURANCE : ADD 5% OF TOTAL (O UTSIDE USA ON LY). CA RESIDENTS ADD SALES TAX • AL L MERC HAN DISE SUBJECT TO PRIOR SAL E
• PRICES ARE SUBJECT TO CHANG E WITHO UT NOTICE • WE AR E NOT RESP ONSIBLE FOR TYPOGRAPHI CAL ERRORS .
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2816A 2048x8 350ns (9V-15V) 5VReadIWnte 5 25
2816A·25 2048x8 250ns (9V·15V) 5V ReadIWrite 5 49
2817A 2048x8 350ns 5V ReadIWrite 7.95
2864A 8192x8 250ns 5V Read/Write IP." 1 r~ R B113.95
2864A·30 8192x8 300ns 5V ReadiWr ite (P.., 1 r~ R 0112.95
2865A 8192x8 250ns 5V ReadIWrite 12 95
52B13 2048x8 350ns (21Vj 5V Read Only 1 49

74S00 .... SALE .19 745188' , ..........., ...." . 1,49
74504 . ............ ..SALE .19 7451 89. .......... .. ...,.,..._1.49
74832................ . SALE .19 748 240 . .............. ...1.39
74574,............... . SALE .19 7482 44...... SALE .75
745112 . ....... . ...SALE 25 74S287· .. ......................1.49
745124. ....... . ...SALE 12 5 74S288·... ...1.49
7481 38 . ... ....... ..SALE 49 74S373. .......... SALE .99
74S153 .... ..........SALE .25 745374. ...........SALE .99
74S163 .... ...... ..SALE .75 745387"... ....................1.29
74S17 4 .......... .... SALE 25 74S472 ' ... ...... SALE 2.49
74S175... ...........SALE 25 745 57 1' ............... ........ 2.49

.39

....... . .12

........ .07
..... .29

.49

LM1489N .45
DS14C89N (CMO S) 1.19
LM1496N 69
LM1871N 1.95
LM 1872N 1.95
ULN2003A .. ...... .75
XR2206 3.95
XR22 11 2.95
XR2240 .. .. 1.49
26LS29 2.25
26LS31.. ..... .99
26LS32.... . 99
26LS33 .... . 1.49
ULN 2803A 1.19
LM290 1N 25
LM290lN 1.29
LM291lN (8 pin) 1.79
MC34 70P 1.19
MC3479P 3.95
MC3 486 P .. ... 1.19
MC3487P .. ....99
UDN3613M .39
LM3900N ..... . .. .49
LM3905N ... 1.19
LM3909 N .89
LM3914N . 1.79
NE5532 .69
NE5534 69
7B05K (LM340K·5 j 1.29
78 12K (LM340K·12 ) 1.29
78 15K (LM340K· 15) 1.29
7805T (LM340T·5j 45
7812 T (LM340T- 12) .. .45
7815T (LM340 T-15) .. .45
7905K (LM320K·S) 1.35
790 5T (LM3 20T ·5 j .49
75113 1.19
75 150 . 1.19
75154 1.19
7517 4 ....... . 2.95
75175 . .. 2.95
7517 6 2.29
754 51 39
7545 2 39
75492 79
MC1 45406P 2.95

LINEAR

74HCTOO ...........SALE .15 74HCT139 ........SALE .29
74HCT02 ............SALE .15 74HC T157 . .......SA LE .19
74HCT04 ............SALE .17 74HCT174 . .......SA LE .25
74HCT08 ........ ...SALE .15 74HCT 175 . .......SALE .25
74HCT14.... .29 74HCT240 ........SALE .59
74HCT32 ............5A LE .17 74HCT244 ........SA LE .49
74HCT74. ...........SALE 2 5 74H CT245 ....SA LE .49
74HCT86. ...........SALE .15 74HCT373 ........SALE .45
74HCT1 38 . ....... ............. .39 74 HCT374 ........SALE .45

part No pr ice Part No Price
74HCOO ............. SALE .17 74HC175..... .59
74HC02 ............. SALE .17 74HC221 ....SALE .69
74HC04 ............. SALE .17 74HC240 ...........SALE .59
74HC08. SALE .17 74HC244.

..... ·S'AL'E
.79

74HC 10 .............SALE .19 74HC245. .69
74HC 14.

:: : 'SAL'E
29 74HC253 . ...........SALE .39

74HC30. .19 74HC259 .... .49
74HC32.... ..........SALE .25 74HC273. ... ....SALE .49
74HC74 .... ..........SALE 29 74HC373.

.:::::S'AL'E
.69

74HC75 ............. SALE .29 74HC374. .59
74HC76 ........... . SALE .29 74HC595 . ...................... 1 .29
74HC85 ....

.:::::::::SAL'E
.55 74HC688 . ...........SALE 1.25

74HC86... .25 74HC943. ........... SALE 7.95
74HCl23. ...........SALE .49 74HC4040..... .....SALE .79
74HC125.

sAL'E
.49 74HC4049... . .SALE .25

74HCl32. .39 74HC405O . SALE .25
74HC l38..

.: :·5'AL'E
.45 74HC4060 ... SALE .69

74HCl39. .35 74HC4511 ......... SALE .99
74HC l54. ...................... 1.49 74HC451 4 .... ............... 1 .79
74HC l 63 . ...........SALE .39 74HC4538 .........SALE .99
74HC174. ...... .59 74HC4543 ........ SALE .99

74HCT-CMOS TTL

74HC HI-SPEED CMOS

PN2222 .
2N2222A ..
2N30 55 .
2N3904.

TANTALUM CAPACITORS
TM .1135 . 1 ~ f @ 35V 19 TM4.7135 4 . 7~1 @35V.. .45
TMl135 l ~ f @ 35V 19 TM6.8J35 6 .8~f @ 35V.. .49
TM2 2135 2.2 1(@35V 25 TM101351 0 f 35V .. 59

POTENTIOMETERS
Values available (insert ohms into space marke d "XX"):
500(l . l K . 2K . 5K , 10K. 20K . 50K. lOOK. 200K . 1MEG

43PXX 314 Wall .15Turn .99 163PXX 1/2 Wall . 1Tum .89

TL07 1CP .59
TL072CP 79
TL074CN 99
TL08 1CP 49
TL082CP... . .. .49
TL084CN 89
LM301 N .35
LM30lN ... .39
LM308 N 59
LM309 K 1.25
LM310N 1.29
LM31lN .39
LM317T 65
LM318N 99
LM319N 1.29
LM323K.. . 3 .49
LM324N 35
LM335Z 1.39
LM336Z 99
LM337T 1.09
LM338 K 4.49
LM339N .39
LF34lN 1.49
LM348N ..... .69
LF351N .39
LF353N ... .49
LF356N ... .79
LF35lN 89
LM35 8N 49
LM380N .89
LM386 N·3 ... .89
LM393N 39
LF398 N.... ... . 1.95
LF411CN ...... .79
LF412C N 1.29
NE5 55V .... .29
XRL555 59
LM556N . .. 45
LM565N ..... . 89
LM566CN... ... 1.19
LM567V ...... .75
LM723CN. .39
LM741CN ... .29
LM747CN ... .49
LM1458N . .35
LMI 488N 45
D81 4C88N (CMOS) 1.19

MISC. COMPONENTS

74C174Sale .39
74C175Sa1e 59
74C192Sale 99
74C194Sa1e .49
74C221._179
74C240SaIe .75
74C244 . .. .. 1.79
74C373 Sale149
74C374 Sale , 49
74C91 1.._ .. 695
74C91 2 .........795
74C915 Sale 1.19
74C917 Sale395
74C920 Sale395
74C921Sale295
74C922_ .395
74C92L ....395
74C925 _ .549
74C926...._ . 5.95

74C/CMOS

Pa rt No Price
5402 M6 3.49
6502 2,l;6 2.25
6502A. .:ye 2.59
65CD2 (CMOS) ... . 7.75
6520 ...... 1.95
6522....... 2.95
65C22 . 4.25
6532 &4fl 4.95
655l... :!.96 2.69
65C802 (CMOS)-I&l101 4.75
6800 'Hl6 1.49
6802 .. 2.95
6808 . 1.95
6810 .-I~ .99
6820 . 2.75
682 1 ++& 1.49
6882 1. .+lle 1.75
6840 <l,49 2.95
6845 :ye 2.49
6850 +lle 1.49
6852 ,7& .59
MC68000 LB lHl5 8.49
MC68000LlO -I-Hl6 8.95
MC680 10LlO _ 29.95
MC6802ORC12S 89.95
MC68701.. 17 .95
MC687 05P3S.............. 9.95
MC68705U 3l _ 9.49
MC68 705U3S _ 9.49
MC684 50L10 4{l,95 29.95
MC6888 1RC16A 129.95
MC6888 1RC2OA 169.95

Commodore
WD1 no &116 7.49
8 13C52P ~ .99
6504A ... 1.19
6510 14.95
6526 14.95
6526A 15.95
654 5·1.. a.ll5 2.95
6560 _ 8.95
6567... . .. 24.9 5
6572 _ 7.95
658 1 (12V) 12.95
6582 (9V) ~ 9.95
8502 7.95
8564 4,95 2.95
8566 lHl5 7.95
870 1. 9.95
8722 . .. _ 8.95

·82S100PLA··.. .. 15.95
90 1225-01.. 15.95
90 1226· 01.. 15.95
90 1227·02.. 4.95
90 1227·03 1595
90 1229·05 1595
90 1460 ·03. 1.95
90 1486· 06. ..... 2.95

' No specs available
" Note: 8251OOPLA ""

U17 (C·54)

6500/68 00
68000 Series

74COO Sa'e .19
74C02 Sa'e .19
74C04 Sa', .19
74C08 Sa', .19
74C10 Sa'e .15
74C14.•.•_ 49
74C32 Sa'e .19
74C74._ .49
74C85 149
74C86 Sa'e .19
74C89. Sa'. 2.95
74C90 99
74C151Sa'e1.49
74C154 Sa'. 2.75
74C157 Sa'e1.25
74C160 Sa~ .49
74C161Sale .49
74CI 62Sa1e .49
74C173 ...._ .. .59

8000SERIES Continued
part No pri ce
8155·2.. .... .. .. ..... .. .. . 3.49
81C55 ...... ... 3.95

~~~ : : : : '.: : : : : . 9.49 . . ~ :
82C1 1 6.95
8212 ~ 1.99
8216 ..... ..... 1.39
8224 ++& 1.49
8228 +lle 1.49
8237 ·5 ~ 395
8243 ..... .... .... 1.75
825OA 4.ll6 3.95
6250 8 (For IBM) . §..GS 4.95
8251A .... 1 69
8253 ...... .... . 1 89
8253· 5 .. ... 1.95
82C53 ·5 395
8254 ....... .. .... 395
8255 A·5 ... ... 2.95
82C55A· 5 3 .49
8259·5 .... .. 2.25
8272 a.ll5 2.95
8274 6.ll6 4.95
8279·5 :!.96 2.75
8282 . 349
8284 1.75

4SOns (25Vj ~ 4.95
'SOns(25V)............. 5 95
'SOns112.5V)......... ......<-4!l 325
4SOns (25VI ........ ........ .......695
45Ons (·5V. +5V. +12Vj S4 6.49
2K (1 ~sj _ '25
.SOns ~ 5 95
4SOns 125Vj .,.. 3 25
3SOns 125VI :lJJ!i 349
' SOns 125Vj CMOS ~ 3 75
450ns (25V)...M........... .......3.95
20Qns 121V)._ ~ 3 95
2SOns 121VI :lJJ!i 3.75
450ns (25V)CMOS ~ 4 25
200ns l21VI _ 425
250ns l21VI..M_ _ _ 3 59
250ns (125Vj _._ <Wl 3 39
150ns(12.5VI CMOS "5 95
200ns 121V\ _ " ....., 5 95
250ns {21VI..•.__ _.5-!:f.S 495
150ns {12.5Vj __ , 7.75
200ns(12.5VI M _ ~ 4.75
2SOns 121V\ CMOS _ .. .~ 5'9
150ns112,5VI._._ _ 8 95
2OOns t12.5V) _M..M_ ~ 549
25On5(12.5Vj __ _ ~ 495
150ns(12.5Vj CMOS _ 72 5
250ns 112.5VI CMOS ....., 495
200ns l12.5Vj 10 95
2500s f12.5Vj __ _ 995
2SOnsI125VICMOS ~ 849
200ns 112.5VI CMOS (1 M,g) 2+% 19 95
64K 450ns (25Vj (Chip Enable) 19 95
64K 350ns 125Vj (Output E"ab1e) 16.95

EPROMS

1.048.576x9100!1s 1MEGx9SIP _ 229.95
1,048~76.9 100!1s 1MEG.9 SIM _ 209.95
1.048.576' 9 80ns 1MEG'9 SIP _ 249.95
1.048.576'9 80ns 1MEG,9 SIM _ 239.95
16.384x4 120ns .. G:76 5.95
16.384x4 1500s _ ~ 5.49
16.384" 1SOns (MM529ON·2) ;,all 1.25
131.072., 1SOns IP~gyback) 4.49
65.536x1 100ns•.••. .. ., 3.49
65.536x1 l20ns _-., 2.95
65.536xl 150ns ., 2.59
262,144x1 GOns ~ 9.25
262.144x.1 BOns ~ 7.95
262,144x1 100ns 9:-76 7.25
262,144x1 120ns Y 6,95
262.144x1 15Of1s io4Q 6.49
64K'4 12011s VideoRAM 12.95
65.536x4 l OOns , ~ 8.95
65.536'4 12011s .' I-l,D5 8.25
65,536x4 150ns _ ~ 7.95
262.144x1 100nsStaticColumn ~ 8.95
262.144x.9 100ns256x.9 SIP ~ 74.95
262.144. 9 100!1s 256.9 SIM _ 74 95
1.048.576" 100!1s (1 Meg) ~ 19.95
1.048.576" BOns(l Meg) ~ 22.95
262.144.4 lOO!1s (1 Meg). .. :l4,D5 2495
262.144x.4 10QnS StaticColumn _ 31.95

2048,8
4096x8
4096x8
B192x8
204BxB
256x8
1024xB
2048xB
2048x8
2048xB
4096xB
4096x8
4096xB
4096xB
B192.B
B192x8
8192.8
8192xB
16.384x8
16.384x8
16.384. 8
16.384xB
16.380h 8
32.768x8
32.7GBxB
32,768x8
32.768x8
32.768x8
65.536xB
65,536x8
65.536x8
131.072.B
B192.B
8192x8

DYNAMIC RAMS

pa rt No Function price
2016·12 2048x8 120ns......................... .... ......,.. 2 95
2102 1024x1 350ns

.~
......89

2112 256x4 450ns MOO .....,..•.. '95
2114N 1024x4 45Ons..................... ......... ,99 .79
2114N·2l 1024x4 200ns l owPower ...................1.49
21C14 1024x4 200ns (CMOS) ... ... ... . ........ .49
5101 256x4 4SOns (CMOS) .......... .........iM9 1 95
6116P·1 2048x8 lOO!1s (16K) CMOS... .........:lJJ!i 3.19
6116p·3 2048x8 1SOns (16Kj CMOS .............:w.J 2.79
6116l p·, 2048x8 100!1s (16K)LP CMOS .......4,1ll 35 9
6116Lp·3 2048x8 1SOns (16K) LPCMOS .......:lJJ!i 3.09
6264p·10 8192x8 l OOns(64KI CMOS.. ..........91l6 9.49
6264p·15 8192x8 1SOns (64K) CMOS.. ..........!><O 7.49
6264LP·10 8192.8 lOOns (64K) LP CMOS. ....-10 25
6264LP·12 8192x8 l20ns (64K) LP CMOS. ....- 8 95
6264Lp·15 8192xB 150ns (64K)LPCMOS... ..~ 7.95
6514 1024x4 35OnsCMOS..............

~.
3.75

43256·10l 32,768x8 100ns (256K)LowPower 23.95
4325615l 32,768x8 150ns (256K) LowPower ..~ 22.95
62256LP·l0 32.768xB lOO!1s (256K)LPCMOS ....27Jli 2495
62256LP·12 32.768x8 120ns (256K)LPCMOS ....~ 24.25
62256LP·15 32,76Bx8 150ns 1256K\LPCMOS ...~ 23 95

zoo,ZOOA, ZOOB, SERIES
Part No Price
Z80 1.19
ZBOA 129
Z80A-CTC 1.65
Z80A-DA RT.. +9&- 3.95
Z80A-PIO +.llfl. 1.49
Z80A-SIO 'O ~ 2.95
Z80S . ........ 2.75
Z80S ·CTC ~ 3.25
Z80S·PIO 3.95
Z868 1S1 ll<JO- 6.95

8000 SER IES
8031.......... .~ 3.49
80C3l... M&- 8.95
8035 +lle 1.25
8039 'Hl5 1.59
8052AHBASIC 24 .95
8080A ~ 1.49
808 5A 2,4fl 1.95
808 5A·2 3.59

~~;_\5~~~H;t'.:s.,~~~
8087-2 (8MHz) 134 .95
8088 (5MHz) 4.ll6 3.49
8088 ·2 (8MHz) .. 6.ll6 5.95
8116 .... .....4,95 395
8155 ..... ..... .... .2.49

MICROPROCESSOR COMPONENTS

421000A9A·10
421000A98·10
421000A9A-80
421000A98·80
TMS4416·12
TMS4416·15
4116-15
4128·15
4164·100
4164·120
4164·150
41256-W
41256-80
41256-100
41256·120
41256-150
41264·12
41464·10
41464·12
41464·15
51258·10
41256A9A·10
41256A98-10
511000P·10
511000p·80
514256p·10
514258·10

STATIC RAMS

TMS2516
TMS2532
TMS2532A
TMS2564
TMS2716
1702A
2708
2716
2716·1
27C16
2732
2732A·2O
2732A25
27C32
2764·20
2764 25
2764A25
27C64·15
2712820
271282 5
27128A·15
27128A·2Q
27C128·25
27256 15
27256 20
27256 25

. 27C25615
27C256·25
27512·20
27512·25
27C51225
27C1024
68764
68766·35

i

CD4 051 59
CD4052.. ..... .59
CD4053 59
CD406 0 65
CD406 6 29
CD4 069 19
CD4070..... .29
CD4071 .2~

CD4072 ... .. 22
CD4073 22
CD4081 22
CD4093 35
CD409 4 89
CD4503 39
CD4511.................. .69
CD4518 75
CD4 520 75
CD45 22 .. .. 79
CD4528 69
CD4 538 .79
CD4543 79
CD4584 .... .49
CD4585 69

7400
l Ot part NQ 1-9 l Ot

7474 SALE 25
7475.................... 49 .39
7476 ................... .45 .35
7483 ........ ........... .69 .59
7485 SALE 45
7486 SALE 29
7489 1.95 1.85
7490......... ........... .49 .39
7493 .45 .35
7495 SALE .29
74107 SALE .13
74121.. SALE 25
74123 SALE .35
74125 SALE .35
74147 SALE 1.49
74 150 SALE 1.10
74151.. SALE .13
74154 1.35 1.25
74 161.................. .69 .59
74173 SALE .59
74174 SALE .35
74175 SALE .35
74193......... .79 .69

74LS

.15

.19

.15

.25

.29 .
2 5
.25
.15
.19
2 5
.19
.19
.19
.13
.15
.29
.25
29
.59
.79
.79

1.85
.29

EEPROMS

CD-CMOS

NEC V20 & V30 CHIPS

CD 400 1 19
CD 4D02 19
CD4D07 25
CD40 ll 19
CD4 012 ..... 25
CD4 013 29
CD4015 .49
CD40 16 .29
CD40 17 .49
CD 4018 . .59
CD4 020 59
CD402 1 59
CD4024 .45
CD4027 35
CD402 8 ....... .... ....... ... .. 49
CD4029 69
CD40 30 35
CD4040 65
CD4042 59
CD4043 59
CD4046 ... 65
CD40 47 65
CD 4049 29
CD 4050 29

74LSOO SALE .15 74LS139 SALE 29
74LS02 SALE .15 74LS15 1. SALE .29
74LS03 SALE .15 74LS153 SALE .25
74LS04 SALE .19 74LS154 1.19 1.09
74LS05 SALE .19 74LS157 .... .45 .35
74LS06 . .59 49 74LS161.. SALE .29
74LS07........... .59 .49 74LS163 SALE .35
74LS08 28 .18 74LS164 SALE .35
74LS09 SALE .15 74LS165 .. ....... .75 .65
74LS 10 SALE .15 74LS166 SALE .69
74LS1l... 29 .19 74LSl73 SALE .35
74LS14 SALE 29 74LS174 SALE .29
74LS2O . SALE .15 74LS175 SALE .29
74LS2 l... SALE .19 74LS191.. SALE .39
74LS27.... .SALE .19 74LS192...... .69 .59
74LS30 SALE .15 74LS 193 ... .69 .59
74LS3 2 SALE .19 74LS 194 SALE .45
74LS38 SALE 25 74LS221 SALE .49
74LS4 2........... 49 39 74LS240 SALE .45
74LS47.......... .... 89 .79 74LS241 SALE .49
74LS73 SALE 2 5 74LS244 ..... . SALE .49
74LS74 SALE .19 74LS245 SALE .59
74LS75 SALE 2 5 74LS257 SALE .29
74LS76................ .39 .29 74LS259. ............ .99 .89
74LS83 .............. .59 .49 74LS273. .89 .79
74LS8 5................ .59 .49 74LS279.............. .49 .39
74LS86 ........ 29 .19 74LS367 SALE .29
74LS90 SALE 29 74LS373 SALE .59
74LS93 SALE 29 74LS374 SALE .49
74LS1 23 SALE .35 74LS39 3 SALE .69
74LS125... 49 .39 74LS541.. SALE .99
74LS132 SALE 29 74LS590 5.95 5 .85
74LS138 . 49 39 74LS688. .. 2 39 2 .29

74S/PROMS· 1

~ 1-9

7400.............• ..... SALE
7402.................... 29
7404 SALE
7405 ................... 35
7406.. ................. 39
7407 SALE
7408.................. .35
7410 SALE
7411.. SALE
7414... SALE
7416 .: SALE
7417............ .. SALE
7420 29
7427 SALE
7430 SALE
7432................. ... .39
7438 SALE
7442 SALE
7445 SALE
7446............. 89
7447... 89
7448 1 95
7473 ........ .. .39

I

I

,

PARTIAL LISTING · OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALLFOR QUANTITY DISCOUNTS
RAM'SSUBJECT TO FREQUENT PRICE CHANGES
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PROTOTYPING PRODUCTS
Jameco Solderless Breadboards

ENGINEERING/DATA BOOKS

JE2206 Pictu red

21035 SamsTTL Cookbook(881 $14.95
21398 Sams CMOSCookbook(88) $19.95
22453 SamsOp-Amp Cookbook(88) $21.95
270645 Intel s.bu Controller Hndbk. (89) $19.95
270646 Intel 16·bit Controller Hndbk. (89) $19.95
270647 Intel 32·blt ControllerHndbk. (89) $19.95
400041 NSCLinear Data BookVol.1 (88) .. $14.95
400042 NSCLinear Data Book Vol. 2 (881 $9.95
400043 NSCLinear Data Book Vol. 3 (881 $9.95
ICM89 1989 IC Master(3 VolumeSet) ... $119.95

$20.00 Minimum order- U.S. Funds Only
CA Residents Add 6%, 6.5% or 7% Sales Tax

Shipping · Add 5% plus $1.50 Insurance
(May va ry accordi ng to weight)

Terms: Prices sub ject to change WIthou t no tice .
We are not responsib le for typog raph ical errors .

We reserve the right to substi tute ma nufacturers .
Items subject to avai labihty an d pr ior sale,

Products pictu red may only be representative.
Complete list of te rms /wa rranties is ava ilable upo n request

\

QC1 478
Pictured

-~---Jameco®
~

Monochrome Graphics Card wlParallel Printer Port (PCl)n /AT)........•• $59.95
Color Graphics Card w/Parallel Printer Port {PC/XT/AT).................... $49.95
EGA Card wi256KVideo RAM (PC/XT/AT) $159.95
Multi I/O Card w/Controller & Monochrome Graphics (PC/XT)••••••••••••• $119.95
1/0 Card w/Senal. Game. Printer Port & Real Time Clock.(PC/XT).... .... $59.95
RS232 SerialHalf Card {PC/XT)............................................... .... $29.95
RS232 Senal Half Card (AT)......................................................... $34 .95
I/O Card w/Serial. Game and Parallel Printer Port (AT)......... ........ ..... $59.95
2MB Expanded or Extended Memory Card (zero-K on-board) (AT)...... $99.95
20/40MB Hard Disk.Controller Card (PC/Xl)... ..... ........ ..... ... ..... ... .... $79.95
360Ki720K/1.2M8I1 .44MB Floppy Disk Controller Card (PC/XT/AT)..... $49.95
360K Floppy/Hard Disk Controller Card {PCIXT) $129.95
360K!720K/1,2MB/1.44MB Floppy/Hard Disk Controller Card (AT)••.••• $149.95

12' Amber Mono $99.95
14- RGB 640, 240 $249.95
EGA t 4" 720' 350 $399.96 $369.95
EGAMonitor & Card ..~ $499.95
14" Multiscan 800,560$649.96 $499.95
14' VGA 720'480...... $44ll.ll6 $399.95
VGA MOnitor & Card.. $64lMl6 $599.95

Free! QAPLUS Diaanostic
Software Included!
Free! PC Write Word Pro­
cess ing Software Included!
256K RAM Included,
Expandable to 640K
AMI BIOS ROMs Included
4.77 or 8MHz Operation
Flip-Top Case w/150 Watt
Power Supply
360K Disk Drive
Parallel Printer Port
84-Key Keyboard i :~~=~~~~!~
Monochrome Amber Monitor -

ST225
ST225XT
ST225AT
ST238
ST238XT

1200H 1200/300 Baud Internal Modem wlMaxlMlte Comm. Software (PC/XT/AT).. .... $69 .95
2400H 2400/1200/300 Baud Internal Modem WIMaxrMite Comm. Sfwr. (PC/XT/AT) $129.95

External Modems and Pocket-Size Modem Also Available!

JAMECO IBM PC/XT/AT COMPATIBLE CARDS

JE1001 4.77/8MHz (PC/XT) $89.95
JE1002 4.7711 0MHz (PC/XT) ~ $99 .95
JE3005 Baby 811 2MHz (AT) $32Q,lI& $299.95
JE3010 Baby 8l16MHz NEAT {AT)$469.95 $399.95
JE3020 Baby 16MHz 80386(AT)$HQ9,9S $999.95
JE3025 Baby20MHz 80386(AT) $1199.95
JE3026 Full·Size 25MHz 80386(AT) $1999.95

JE1050
JE1052
JE1055
JE1071
JE1060
JE 1061
JE1062
JE1065
JE1081
JE1041
JE1043
JE 1044
JE1045

AMBER
HD55H
TM5154
JE1059
TM5155
aC1478
JE2055

~
~
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M4650 Pictured

3.5 Digit Multimeter•••.••.••.••••••• $49.95
3.5 Digit w/Freq. & Capacitance $69.95
Same as M3650 w/Bargraph..... $79.95
4.5 Dig. w/Freq.. Capacitance
and Data Hold Switch $99.95

SPECIAL! Monochrome Text Card
Sperry Monochrome Display Adapter
• IBM PC/XT Compatible
• Allow s for Co nnection
between Computer and
Mon ochrom e Monitor
• Use for Text only
• Great for Network
Servers and Dedicated
Wo rk Stations

TEXT $12 .95
TEST EQUIPMENT

Metex Digital Multimeters
Metex General Specs:
• Handh eld , high accuracy
• AC IDC Voltage , AC/DC
Cu rrent. Resistance,
Diod es. Continuity, Tran ­
sistor hFE • Manual rang­
ing w/overloa d protecti on
M3650lB & M4650 only:
• Also measur es frequen cy
and capacita nce
M4650 only:
• Data Hold Switch
• 4.5 Digit

M3610
M3650
M3650B
M4650

Logic Probes: PRB20Pictured
• High , low and pulse ind ication' 20 MHz and
50 MHz versio ns ava ilab le ' Circu it powered wi
ove r/undervo ltage indica tors
Logic Pulser (LP540):
• Generates "one-s hot" pulse or continuo us-5Hz
pu lse train' Audible tone ' Compat ible with: TTL,
DT L, RTL, HTL , HINIL , MOS and CMOS ICs

PRB20 20MHz l.oqic Probe $26.95
PRB20A 20M Hz Audi ble Logic Probe.. $33.95
PRB50 50 MHz Log ic Probe $47.95
lP540 Log ic Pulser $19.95

1355 Shorew ay Road
Belmont, CA 9400 2
24 Hour Order Hotline (4 15) 592·8097
FAX's (415) 592-2503 or (415) 595 ·26 64
Telex 176043 · Ans . Back: Jameco Blmt
Data Sheets - 50c each
Send $2.00 Postage for a FREE 1989 CATALOG
• 1989 Jameco Electronics 9/89
IB M IS a reqiste red trademark 01
Inte rnational BUSines s Mach mes

Metex Autoranging Jumbo
Readout DMM

• AC /DC Volt age, ACIDC
Curre nt. Resistance, Diodes,
Continuity and Frequen cy
• 3.75 Digit (.8' High)
• Rugg edized , Water­
resistant case
• Easy-to-use pushbu tton
sw itches

M80 $59.95

A.R. T.EPROM
Programmer
• Programs all curr ent EPRO Ms
in the 2716 to 27512 range plus
the X2864 EEPROM· May be
operated by any RS232 port wi
terminal emulatrcn - Fully intel­
ligento. ASCII command driven
• Menu driven software included

EPP $179.95

Oscilloscope prObes~
• Atte nuation : xl I xl 0 . " \"
• Ca pacitance (LFI80): )~
180 pF I 22pF ; (LF210): ..4~. . . '
40pF I 17pF _. . ~ ;.

l F180 Pictured ' <-:i~

lF180 40M Hz Oscilloscope Probe $19.95
l F210 1OOMHz Osci lloscope Prob e $29.95

Digital Logic Probes and

Logic PU1~~~a ~

24-Hour Order Hotline (415) 592·809 7 • The Following Phone lines Are Available From 7AM - 5PM P.S.T.:
• Customer Service (415) 592-8121 • Technical Ass istance (415) 592-9990 · Credit Departmen t (415) 592-9983' All Other Inquiries (415) 592-7108

CIRCLE 114 ON FREE INFORMATION CARD



EPROM ERASERS

- DA TA RASE /I $3 9.95
• SHIRT POCKET SIZE'
• ERASES MOST EPROMS/
EPWS IN 3 MINUTES , ALL
SIZES UP TO 4 AT A TIME
DATARASE II

$69.95
$74.95 - .
$84.95

$239.95
$79.95
$84.95
$94.95

$109.95
$279.95
$299.95

CRYSTAL
OSC/H.

1.0MHz 5.95
1.8432 5.95
2.0 5.95
2.4576 5.95
4.0 4.95
5.0688 4.95
8.0 4.95
10.0 4.95
14.31818 1.95
16.0 4.95
18.432 4.95
20.0 4.95
24.0 4.95

150n5
l20ns ­
100ns
100ns
150n5
120n5
100ns
80ns

100ns
80ns

STARTER KIT
COMPLETE ENTRY-LEVEL
PALDEVELOPMENTKIT
FROM CUPL.
MOD-MPL·SOFT $99.95

PART SIZE SPEED PRICE PART SIZE SPEED Vpp
4116-150 16384xl 150n5 .99 2708 1024x8 450n5 25V
4164-150 65536xl 15005 2.49 2716 2048x8 45005 25V
4164-120 65536xl 120n5 2.89 2716-1 2048xB 350n5 25V
4164-100 65536xl l OOns 3.39 2732 4096x8 450n5 25V
TMS4416 16384 x4 150ns 8.95 TMS2532 4096x8 450n5 25V
41128-150 131072xl 15On5 4.95 2732A 4096x8 250n5 21V
TMS4464-15 65536x4 150n 5 14.95 2764 8192x8 450n5 12.5V
TMS4464-12 65536x4 120n 5 15.95 2764-250 8192xB 250n5 12.5V
HM5125B-l oo 262 144x l lOOns 10.95 2764-200 8192xB 200n5 12.5V
41256-150 262144x l 150n5 6.49 27C64 8192x8 25005 12.5V
41256-120 262144xl 120n 5 6.99 27128 16384x8 25On5 12.5V
41256-100 262144xl lOOns 7.99 27128A·2oo 16384x8 2oon5 12.5V
41256-80 262144xl 80n s 8.49 27256 32768xB 250n5 12.5V
1 MB-12O 1048576xl 120n5 19.95 27256-200 32768x8 20005 12.5V
1 MB-l00 1048576x l lOOns 21.95 27C256 32768x8 250n5 12.5V
1 MB-80 1048576xl 80n s 24.95 27512 65536x8 250n5 12.5V
414256-100 262 144x4 l OOns 29.95 ?7C512 65536x8 250n5 12.5V
414256-80 262144x4 80ns 36.95 27Cl 01-2O 131072x 8 200n5 12.5V 29.95

• CA LL TO CONFIRM CURRENT PRtCES • • CA LL TO CONFIRM CURRENT PRICES •

$4.95
4.95
4.95
4.95
4.95

CRYSTALS
32.766 KHz .95
1.0 MHz 2.95
1.8432 2.95
2.0 1.95
2.4576 1.95
3.579545 1.95
4.0 1.95
5.0688 1.95
6.0 1.95
8.0 1.95
10.0 1.95
12.0 1.95
14.31818 1.95
16.0 1.95
18.0 1.95
20.0 1.95
22.1184 1.95
24.0 1.95

Oel'tdJc

HIGH -TECH~===-_.....
SPOTLIGHT

256K x 8-BIT FOR MAC
256K x 8·BIT - - FOR MAC
256K x 8-BIT FOR MAC
1MBx 8-BIT FOR MAC

256K x 9·BIT FOR PC
256K x 9-BIT FOR PC
256K x 9-BIT FOR PC
2S6K x 9-BIT FOR PC
1MBx 9-BIT FOR PC
1MBx 9-BIT FOR PC

PALS
$2.95 2OL8

2.95 2OR4
2.95 2OR6
2.95 2OR8

2OX8

CIRCLE 113 ON FREE INFORMATION CARD

M ISe.
ADC0804 2.99
ADC0809 3.85
DAC0800 3.29
DAC0808 1.95
1793 9.95
8272 4.39
COM8116 8.95
UPD765 4.39
1691 6.95
2143 6.95
AY5-3600

PRO 11.95
AY3-1015 4.95
AY5-1013 3.95
MC146818 5.95
MM58167 9.95
MM58174 9.95
MSM5832 2.95
IM6402 3.95
IM6403 9.95
INS8250 6.95
NS16450 10.95

16L8
16R4
16R6
16R8

412S6A8B·15
412S6A8B-12
41256A8B·10
421ooA8B·10
41256A9B·15
41256A9B·12
41256A9B-10
412S6A9B-BO
421ooA9B-l 0
421ooA9B-80

SIMM MODUL ES

It you reel you r hard disk is too slow, the so(ution to your
problem may require nothing more than the time It tokes to k)w
level REFORMAT your disk at the optimum INTERLEAVE.

Interleaving is beneficial whenever the hard disk can trc ns­
ler data faster than the CPUca n acc ept It. During the 16.6ms it
tokes lor one revolution of the disk, approximate ly 8,704char­
ac ters of data can be read from one trees .' If the processo r
ca nnot kee p up, the proper Interleave will help. The opt imum
inter1eove will be determined bythe numbe r of charac ters the
processo r can accept in one rev . For our example, let's say the
processo r can ac cept 3,102 characters In 16.6ms.

Instea d of numbe ring the sectors sequentia lly from 1to 17.
we will reformat the sector numbering. With an interlea ve fac ­
tor of 3, the sectors will be numbe red 1-14 13-2-8-14-3-9- 15-4­
10-16-5- 11-17-6-12.

This allows the CPUto store the data for sector 1 1 while 17
and ' 13are possing under the read/write head, and then con ­
tinue with sector ' 2 when It Is ready. In one revolution 6 sectors
of 512 bytes will be rea d and stored. In 3 revolutions a ll of the
sectors w ill be react. Any interlea ve other thon 3 will, In this
exa mple , couse disk acc esstime to Inc rea se.

Deric k Moore . DIrector or Enginee ring

·Usualty each trac k is dtvlded Into 11 sectors (sections) of 512
bytes (charaetel$) pe r sector .

PART SIZE SP EED PRICE
2112 256x4 450ns 2.99
2114 1024x4 45On5 .99
2114L~2 1024x4 2oon5 1.49
TMS4044-3 4096xl 3OOn5 2.49
TMM2016-2oo 2048x8 200ns 2.95
TMM2016-150 2048x8 150ns 3.25
TMM2016-1oo 2048x8 lOOns 3.95
HM6116--4 2048x8 200n5 2.95
HM6116-3 2048xB 150n5 3.95
HM6116-2 2048x8 12On5 4.95
HM6116LP-4 2048x8 200ns 3.95
HM6116Lp·3 2048x8 150ns 4.49
HM6116LP-2 2048x8 120n5 5.49
HM6264Lp·15 8192x8 150ns 8.95
HM6264LP-12 8192x8 120ns 9.95
HM43256LP-15 32766x8 150ns 24.95
HM43256LP-12 32766x8 120ns 29.95
HM43256LP-l 0 32766x8 l OOns 34.95

• CALL TO CONFIRM CURRENT PRtCES •

SHORTING
BLOCKS

5/$1.00

-'

•5 YEAR
WA RRANTY

PARTIAL LISTINGS ONL Y!
CALL FOR COMPLETECA TALOG

74 SERIES LOGIC
7400 74LS76 .29 74S

7400 .19 74LS83 .49 74500 .29
7402 .19 74LS85 .49 74502 .29
7404 .19 74LS86 .22 74504 .29
7405 .25 74LS90 .39 74532 .35
7406 .29 74LS92 .49 74574 .49
7407 .29 74LS93 .39 74586 .35
7408 .24 74LS109 .36 745112 .50
7410 .19 74LS112 .29 745138 .79
7411 .25 74LSl23 .49 745240 1.49
7414 .49 74LS125 .39 745244 1.49
7416 .25 74LS132 .39 745287 1.69
7417 .25 74LS138 .39 745288 1.69
7420 .19 74LS139 .39 745373 1.69
7432 .29 74LS151 .39 745374 1.69
7447 .89 74LS153 .39
7473 .34 74LS154 1.49 74F
7474 .33 74LS155 .59 74Foo .35
7475 .45 74LS1 56 .49 74F04 .35
7476 .35 74LS157 .35 74F08 .35
7586 .35 74LS158 .29 74F32 .35
7489 2.15 74LS161 .39 74F74 .39
7490 .39 74LS163 .39 74F138 .79
7493 .35 74LS164 .49 74F244 1.29
74121 .29 74LS165 .65
74123 .49 74LS166 .95 74HC74151 .55 74LS175 .39 74HCoo .2174154 1.49 74LS192 .69
74157 .55 74LS193 .69

74HC04 .25
74166 1.00 74LS197 .59

74HC08 .25
74HC14 .3574LS221 .59 74HC32 .3574L5oo 74LS240 .69 74HC74 .35

74LSOO .16 74LS241 .69 74HC138 .45
74LS02 .17 74LS244 .69 74HC139 .45
74LS03 .18 74LS245 .79 74HC154 1.09
74L504 .16 74LS251 .49 74HC157 .55
74LS05 .18 74LS257 .39 74HC244 .85
74LS08 .18 74LS258 .49 74HC245 .85
74LS10 .16 74LS259 1.29 74HC373 .69
74LS11 .22 74LS260 . .49 74HC374 .69
74LS14 .39 74LS273 .79
74LS20 .17 74LS279 .39
74LS21 .22 74LS322 3.95 74HCT
74LS27 .23 74LS323 2.49 74HCToo .25
74LS30 .17 74LS367 .39 74HCT04 .27
74LS32 .18 74LS373 .79 74HCT08 .25
74LS38 .2li 74LS374 .79 74HCT32 .27
74LS42 .39 74LS3n .79 74HCT138 .35
74LS47 .75 74LS393 .79 74HCT24O .89
74LS51 .17 74LS541 1.49 74HCT244 .89
74LS73 .29 74LS670 .89 74HCT245 .99
74LS74 .24 74LS662 3.20 74HCT373 .99
74LS75 .29 74LS688 2.40 74HCT374 .99

DISCRETE
.15 2N3904

10/1.00 2N3906
25/1.00 2N4401

.45 4N26

.25 4N35

.25 J MBO RED

.79 JMBOGRN

STAN DARD CMOS LOGIC
4001 .19 4050 .29
4011 .19 4051 .69
4013 .35 4060 .69
4015 .29 4066 .29
4016 .29 4069 .19
4017 .49 4093 .49
4024 .49 14411 9.95
4040 .69 4511 .69
4046 .69 4538 .95
4049 .29 4702 9.95

inter MATH
COPROCESSORS

8-81T COPROCESSORS
8087 5 MHz 97.95
8087-2 8 MHz 139.95
8087· 1 10 MHz 189 .95

16-BIT COPROCESSORS
80287 6 MHz 157 .95
80287-8 8 MHz 219.95
80287-10 10 MHz 264.95

32-BIT COPROCESSORS
80387-16 16 MHz 397.95
80387-S X 16 MHz 389.95
80387-20 20 MHz 469.95
80387-25 25 MHz 589.95
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$27.95
$29.95

$8.95

$34 .95
$12. 95

$69.95
$49.9 5
$15 .95
$39.95

CONTACTS

9 16 19 25 37 50
ORDER BY

• I: I , I j·+..;;Rn
' ,

I

llU"'llJi

W IREWRA P
PROTOTYPE CA RDS

FR-4 EPOXY GLASS LAMINATE WITH GOLO PLATED
EDGECARD FINGERS AND SILK SCREENED LEGENDS

fORXT
JDR-PRl WJTH . 5V AND GROUND PLANE
JDR· PR2 ABOVE WITH 110 DECODING LAYOUT
JDR·PR2P K PARTS KIT FOR JDR·PR2 ABOVE

f OR AT
JDR-PR10 16 BIT WITH 110 DECODING LAYOUT
JDR· PR1 0PK PARTS KIT FOR JDR·PR10 ABOVE

fOR PS/S
JDR· PR32 32 BIT PROTOTYPE CARO
JDR·PR16 16 BIT WITH 110 DECODING LAYOUT
JDR· PR1 6PK PARTS KIT FOR JDR·PR16 ABOVE
JDR-PR1 6V 16 BIT FOR VIDEO APPLICATIONS

MALE DBxxP .45 .59 .69 .69 1.35 1.85
FEMALE DBxxS .49 .69 .75 .75 1.39 2.29

ORDER BY
8 14 22 24

xxST .11 .11 .18 .15 .20
xxWW .59 .69 1.09 1.39 1.49
ZIFxx -- 5.95 6.95 -- 7.95
AUGATxx .55 .59 .79 .85 .85 .99
AUGATxxWW 1.30 1.80 2.40 2.50 2.90 3.15
ICCxx .49 .59 .99 .99 .99 .99

.85

D-SUBMI NIATURE CO NNECTORS

IC SOCKETS/DIP CONNECTORS

DESCRIPTION

IDC CO NNECTO RS/ RIBBON CABLE

RIBBON CABLE 10 FT. RCxx 1.50 3.00 3.90 5.10 6.00 7.60

HOODS

DESCRIPTION ORDER BY
CONTACTS

IDHxxS .82 1.29 1.68 2.20 2.58 3.24
IOHxxSR .85 1.35 1.76 2.31 2.72 3.39
D x 1. 2. 3. 28 .M'-

1:11 D
RIBB01'l.Jj~AQ!;;BJ>.Ql;,KET ID x .5 65 5 .75 1.1 1.1

RIBBON HEADER IDMxx -- 5.50 6.25 7.00 7.50 8.50

IDC RIBBON CABLE MALE IDBxxP 1,39 1.99 -- 2.25 4.25 --

1-- -+-7.'~~~:~E ~~~~XX ~:~~ ~:~~ 1~;6 ~:~~ 4~~9 --

PLASTIC soooo .39 .39 .39 .69 .75

RIGHT ANGLE MALE DBxxPR .49 ,69 .79 2.27 --
PC SQJJ"')EillR'---_+-7.F~MALE DBltxSR ,5.5 .75 .85 2.49 --
WIREWRAP MALE DBxxPWW 1.69 2.56 .. 3~89 5.60 --

FEMALE DBxxSWW 2.76 4.27 -- 6.84 9.95 --

FOR ORDERING INSTRUCTIONS, SEE D-SUBMINIATURE CONNECTORS BELOW

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED
"xx" OF THE "ORDER BY " PART NUMBER LISTED. EXAMPLE: A 15 PIN RIGHT ANGLE MALE
PC SOLDER WOULO BE DB15PR

35 MHZ DUAL TRACE OSClHOSCOPE
• WIDE BAND WIDTH · VARIABLE HOLDOFF
MODEL·3500 (SHOWN) $499 .95

ZO M HZ DUAL TRACE OSClHOSCOPE
• TV SYNC FILTER • COMPONENTS TESTER
MODEL 2000 $389.95

3.5 DIG IT PROBE TYPEDMM
• AUTORANGING • ACiDC 2V . 500V. RESIS. 2K·2M
DP M·l000 (SHOWN) $54.95

3.5 D IGIT POCKET SIZE DMM
• BASIC DC ACCURACY±0.5% • 14 RANGES
DM M·l00 $29.95

3.5 D IGIT f UH f UNCTION DMM
• BASIC DC ACCURACY ±0,25% ' 22 RANGES .
DMM·200 $49.95

THE ULTIMATE 3.5 DIGIT DMM
• BASIC DC ACCURACY ±0.25% • 34 RANGES
• TEMP. TRANSISTOR & RESISTANCE FEATURES
DMM·300 (SHOWN) $79 .9 5

JDR INSTRUM ENTS--2 YEAR WARRA NTY!

SOLDER/DESOLDER STA TION
• OIL·FREE VACUUM PUMP
• TEMP ADJUSTS (212 ' F·9OO· F)

& VACUUM (0·60 CMIHG)
• WITH GUN·REST, COOLINGTRAY,

WIRE BRUSH & TIP CLEANER ROD
XY999SD $399.95
XY999D DESOLDER ONLY $349.99

DnUXE SOLDER STATIO N
• ROTARY SWITCH TEMP

CONTROL (200 ' F·878 ' F RANGE)
• LED TEMPERATURE READOUTS
• INCLUDES COOLINGTRAY
XY 9· 60L $79.95

SOWER STATION
• UL APPROVED
• HEAT SETTING ADJUSTS
• TIP TEMPERATUREREADOUT
• REPLACEMENT TIPS @ $2,95
168 -3C $59 .95

SO LDER STAnONS

$12.95
$19.95
$24.95
$34 .95

1360 TIE PTS
1660 TIE PTS
2390 TIE PTS
3220 TIE PTS

EXTENDER CA RDS

• 62 CLEARLY LABELLED BUS LINES
• ACCEPTS UP TO 24 14·PIN ICS
• 1940 TIE POINTS
• EXT FEMALE DB25 D·SUB CONNECT.
PDS·604 $49.95

CIRCLE 170 ON FREE INFORMATION CARD
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GENDER CHANGERS
GENDER-FF FEMALE·FEMALE $7.95
GENDER-MM MALE·MALE $7 .95
GENDER-MF MALE·FEMALE $7. 95
GENDER-NM NULL MODEM $8.95
GENDER-JB JUMPER BOX $8.95
GENDER-MT MINITESTER $14.95
GENDER·VGA DB9·DB15 $19.95
GE NDER·9·25 DB9·DB25 $4 .95

PDS-l00
PDS-200
PDS-300
PDS-400

135 WA TT POWER SUPPLY
• UL APPROVED
• . 5V @15A.•12V@ 4.2A.

·5V @ .5A.· 12V@ .5A
PS -135 $59.95
PS-150 150WSUPPLY $69.95

ZOO WA TT POWER SUPPLY
• UL APPROVED
• +5V@ 20A. +12V@ l A,

·5V @ .5A. ·12V @ .5A
PS-200 $89.95

APPLE TYPESUPPLY
• WITH APPLE CONNECTOR
• . 5V @ 6A,.12V @ 3A,

'5V @ 1A. ' 12V @ 1A
P5-A $59.95

36 WA TTPOWERSUPPLY
• +5V @2.5A, +12V@1 .5A
• 3 PIN INPUT. 6 PIN OUTPUT
• SELECTABLE 110V·220V
P5-3045 $12.95

PARALl. SERIAL PRICE
AB·P AB·S 39.95
RSP ·2 RSS·2 24 .95
RSP·3 RSS·3 27.95
RSP·4 RSS·4 29.95

MOLDED COMPUTER CABLES

RS·232

BREA KOUT BOX
FOR TROUBLES HOOTING

SERIAL COMMUNICA TlONS

• OPENICLOSE INDIVIDUAL
CIRCUITS , 20 JUMPERS
CROSS·CONNECT ANY TWO
CIRCUITS • 10 CIRCUIT
ACTIVITY LEDS
GE NDER-BO $34 .95

SURGE SUPPRESSOR

GOLD-PLATED CONTACTS; 100% SHIELDED

CBL·PRINTER PC PRINTER CABLE 9.95
CBL·PRINTER·25 AS ABOVE·25 FT, 15 .95
CBL·PRINTER·R A RT. ANGL, PRINTER 15 .95
CBL·DB25-MM DB25 MALE·MALE 9.95
CBL·DB25·MF DB25 MALE·FEMALE 9.95
CBL·9·SERIAL 9 PIN·25 PIN SERIAL 6.95
CBL·KBD-EXT KEYBOARDEXTEN, 7 .95
CBL·CNT-MM 36 PIN CENTRON,·MlM 14 .95
CBL·HD-20 20 PIN HARD DISK 2.95
CBL·HD-34D 34 PIN DUAL HARD DISK 4.95
CBL·FDC·EXT 37 PIN EXT. FLOPPY 9.95
CBL·MNT·9 9 PIN MONITOR EXTEN, 6.95
CBL·MODEM DB25·DB25 FEMALE 6.95

PROTECTS YOUR EQUIPMENT!

• SIX 3·PRONG AC OUTLETS
• 15AMP CIRCUIT BREAKER
• 6' HEAVY DUTY CORD
• 15AMP MAX LOAD. 1875 WATTS
• ULAPPROVED
POWER·SURGE $12 .95
POW E R· STRIP WIO SURGE $9. 95

LITHIUM BATTER Y
• 6V FOR 286 AND386 PCS
• MOTHERBOARD CONNECTOR
• ADHESIVE VELCRO MOUNTING

STRIP
LI THIUM 6.8V $11.95

COIN TYPE BATTERY ,._~~~~II
LONG·LASTING 3V LITHIUM
L1THIUM·3V $1.95
3V ·MHW $1.49

A PPLE·COM PA TlBLE PRODUCTS
FLOPP Y DRIVE FOR APPLE /I SERIES
A p·1 50 (W/CABLE. CONNECTOR) $99 .95
REPLACEMENT KEYBOARD FOR APPLE /I & II'
KE YBOARD·AP $59.95
EPROM PROGRAMMER. NOT REC. FOR CMOS.
Rp·525 (NO POWER SUPPLY REO.) $8 9.95
16K RAM CARD BOOSTS 48K APPLE TO 64K
RAM·CARD (2 YEAR WARRANTY) $39.95



$99_95
$129 _95

$69.95
$9 5.95
$97.95
$97.95

$849.00
$149.95

$299

KITS
20MB $249
30MB $279
&9seagate

6110 MHZ MINI·286 $269.95
8116MHZ 286 $489.95
10120 MHZ 286 $589.00
STANDARD 4.77 MHZ 8088 $87.95
4.7718 MHZ 8088 $95.95
4.77/10 MHZ SINGLE CHIP 8088$99.00

ST·225 65 MS
ST·125 40 MS
ST·238 65 MS
ST·I 38 40 MS
ST·251 40 MS
ST·251·1 28 MS
ST·2n 40 MS
ST-4096 28 MS

• AT COMPATIBLE · KEYBOARD SELECTABLE 8112MHZ
• EXPANDABLETO 4MB ON-BOARD WITH 1MB DRAMS (OK)
• SIX 16-BIT & TWO 8-BIT SLOTS , AMI BIOS , LED SUPPORT
MCT-M286-12
MCT-M286
MCT·M286·16
MCT-M286-20
MCT·XMB
MC T-T URBO
MCT·TURBO·l0

• ULTRA HIGH DENSITY
• READtWRITE 720K DISKS. TO·v -__.--"~

FDD-l.44X BLACKFACEPLATE
FD D·l.44A BEIGE FACEPLATE
FDD-l.44 SOFT SOFTWARE DRIVER $19.95 .

1/2 HEIGHT FL OPP Y DIS K DRIVES:
FD·55B 5-114' TEAC DS/DD 360K
FD -55G 5-114' TEAC DSlHD '-2M
FDD-360 5-114' DSIDD 360K
FDD-l .2 5-114' DSIHD '-2M
FDD-3.5X 3-112' 720K (BLACK)
FDD·3.5A 3-112' 720K (BEIGE)

EPROM PROGRAMMER $12995

• 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.
ERASE. CHECK & VERIFY
• SOFTWARE FOR HEX
AND INTEL HEX FORMATS
MOD,EPROM

SIZE MODEL S~~~D

MOTHERBOARDS
25 M HZ 386 $104 9
• 10/25 MHZ
• 16 MB RAM CAPACITY - 8MB

ON·BOARD(OK). 8 MB RAM CARD
• USES 256K OR 1MB DRAMS
• 8 SLOTS: IX32 -BIT RAM

2X 8-BIT & 5X 16-BIT
• SHADOW RAM FOR BIOS

VIDEO • AMI BIOS
• INTERLEAVEDMEMORY
• ADJUSTABLE BUS SPEEDS
MC T-386MB25
MCT-386MB20 10120MHZ 386
MCT·386-M 8MB RAM CARD (OK)

12 MHZ MINI·286

HARD DISKS
20MB $ 1 9 9

30MB $2 1 9

40MB $319

28MS $3 8 9

60MB $3 8

80MB $569

$59.95
$129.95
$139.95

$59.95
$49.95

$149.95
$199.95
$329.95
$119.75

$99.95

$79.95
$59.95

$139.95
$59.95

$29.95
$49.95
$79.95
$89.95

$139.95
$149.95
$199.95

DIGITAL IC MODULE $ 129.95
• TESTS TTL. CMOS. DYNAMIC & STATIC RAM
, AUTO SEARCH FOR UNKNOWN PART NUMBERS
• USER·PROGRAMMABLE TEST PROCEDURES
MOD·MIC

PAL MODULE $249.95
, PROGRAMS MMI. NS. Tl 20 & TI 24 PIN DEVICES
• BLANK CHECK. PROGRAM. AUTO. READMASTER.
VERIFY & SECURITY FUSE BLOW
MOD-MPL
CUPL SOFTWARE-ENTRY·LEVEL PAL DEV_KIT.
MOD·MPL·SOFT

EPROM MODULE $ 119.95
, PROGRAMS 24-32 PIN EPROMS. CMOS EPROMS
& EEPROMS FROM 16K TO 1024K • HEX TO OBJ
CONVERTER • AUTO. BLANK CHECK/PROGRAMI
VERIFY· VPP 5.1 2_5. 12.75. 13. 21 & 25 VOLTS
• NORMAL. INTELLIGENT. INTERACTIVE & QUICK
PULSE PROGRAMMINGALGORITHMS
MOD,MEP
MOD·MEp·4 4·EPROM PROGRAMMER $169.95
MOD·MEp·8 8·EPROM PROGRAMMER $259.95
MOD·MEp·16 16-EPROM PROGRAMMER$499.95

MODULAR CIRCUIT TECHNO LOGY
DRIVE CONTRO LLERS:
MCT·FDC FLOPPY DISK CONTROLLER
MCT-FDC-l .2 '-2 MB FLOPPY CONTROLLER
MCT-HDC HARD DISK CONTROLLER
MCT·RLL RLL CONTROLLER
MCT-FH FLOPPY/HARD CONTROLLER
MCT-AFH 286'386 FLOPPY/HARD
MCT·AFH·RLL 286'386 RLL CONTROLLER

DISPLA Y ADAPT OR CA RDS:
MCT·MGP MONOCHROMEGRAPHICS
MCT·CG COLOR GRAPHICS ADAPTOR
MCT·EGA ENHANCED GRAPHICS ADAPTOR
MCT·VGA·8 8-BIT VGA_ANALOG ONLY
MCT·VGA·16 16-BIT VGA. 1024X768 RES
MCT·MGMIO MONOGRAPHICS MULTI 1'0
MCT·MGAIO 286.'386MONOGRAPHICS 110

M ULTlfUNCTIO N CA RDS :
MCT·MIO MULTI If0 FLOPPY CONTROLLER
MCT·IO MULTI 110 CARD
MCT·AMF 2861386 MULTIFUNCTION
MCT·AIO 2861386 MULr ue CARD

MEMORY CA RDS:
MCT·RAM _ 576K RAM CARD
MCT·EMS EXPANDED MEMORY CARD
MCT-AEMS 286'386 EMS CARD

JDR·RGB 14' RGB MONITORTILTISWIVEL BASE $239.95
JDR·MONO 12' TTL MONOCHROME- GREEN $69.95
JDR·AMBER 12' TTL MONOCHROME-AMBER $69.95

VGA
COMPATIBLE

PACKAGE $499

KEYBOARDS
101 KEY ENHA NCED, WITH SEPARA TE CUR SOR PAD :
BTC·5339 AUTOSENSF FOR XTI AT. AUTOREPEAT $69.95
Kl03·A AUDIBLE 'CLlCK' STYLE $84. 95
MAX·5339 MAXI-SWITCH w rr ACTILE FEEDBACK $84.95

84 KEY STYLES:
BTC-5060 AUTOSENSE FOR XT/AT
MAX·5060 MAXI-SWITCH wrrACTILE FEEDBACK

I EGA SPECIAL I CARD & MONITOR-JUST $479

• 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
• 14' ANALOGVGA • GLARE RESISTANT SCREEN ' 720 X 480
• TILT,SWIVEL BASE · FRONT MOUNTED POWER SWITCH
VGA-MONITOR

RELISYS MUL TlSYNCH $429
• FULL FEATURED MULTISCANMONITORWITH UNLIMITED
COLORS ' 800 X 560 RESOLUTION. 14' NON-GLARE DISPLAY
• AUTO SWITCHING • TTUANALOG VIDED INPUT
JDR·MULTI

EGA MONITOR $339
· 640 X 20n'350 RESOLUTION · 14' BLACK MATRIX SCR~EN

· 16 COLOR DISPLAY' 9-PIN CABLE
EGA·MONITOR

$98.95
$109.95
$149.95
$154.95

$89.95
$104.95
$139.95
$149.95

$99.95
$69.95

$149.95
$99.95

HOST ADAPTOR CARD $29.95
• UNIVERSAL INTERFACE FOR ALL

THE PROGRAMMING MODULESI
• SELECTABLE ADDRESSES

PREVENTS CONFLICTS
• MOLDED CABLE

MOD·MAC

UNIVERSAL MODULE $499.99
• PROGRAMSEPROMS. EEPROMS.
PALS. BI-POLARPROMS. 8748 & 8751
SERIES DEVICES: 16V8 AND 20V8 GALS
(GENERIC ARRAY LOGIC) FROM LATTICE.
NS. SGS • TESTS TTL. CMOS. DYNAMIC
& STATIC RAMS , LOAD DISK. SAVE DISK.
EDIT. BLANK CHECK. PROGRAM. AUTO.
READ MASTER. VERIFY AND COMPARE
• TEXTOOL SOCKET FOR .3' TO .6·W. IC'S ( 8-40 PINS)
MOD-M UP

MODULAR PROGRAMMING SYSTEM
INTEGRATED MODULAR SYSTEM EASILY EXPANDSI ALL
MODULES USE A COMMON HOST ADAPTOR CARD-USE JUST
ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE

• 3-BUTTONOPTO-MECHANICAL
• 200 D.P.!. • 5-112' CABLE
• USES SERIAL PORT COM 112
• INCL. SOFTWARE DRIVERS
DMS·200E
MOUSE & HALO-OPE SOFTWAR
DM S·200 $59.95

NEW LOGITECH 3-BUTTON MIC
NEW SERIES 9 MICE FEATURE320 DPI RESOLUTION_ SERIAL
MICE ARE ALSO PSI2 COMPATIBLE_
LO G C9 SERIAL MOUSE
LOGC 9· P SERIAL MOUSEWITH PAINTSHOW
L O G C9-P B L SERIAL MOUSEWITH PUBLISHER
L O G C9· PC SERIAL MOUSE WITH PAINT/CAD
LO G B9 BUS MOUSE
LOGB9· P BUS MOUSE WITH PAINTSHOW
LO GB9· PBL BUS MOUSE WITH PUBLISHER
LOGB9·PC BUS MOUSE WITH PAINT/CAD

UPRIGHT
CASE $29995

SPACE SAVING DESIGN HOLDS ALL SIZES
OF MOTHERBOARDSAND INCLUDES:
• 250W POWER SUPPLY· MOUNTS
FOR 3 FLOPPY s 4 HARD DRIVES
• TURBO & RESETSWITCH · LED SPEED
DISPlAY · POWER & DISK LED'S
• ALL HARDWARE. FACEPLATES & SPEAKER
CASE· l00
CAS E·FLlP FOR 8088 BOARDS
CAS E-SLI DE FOR8088 BOARDS
CASE-70 FOR 286 BOARDS
CA S E-SO FOR 80881286BOARDS
CASE-J R MINI-286WI150W PS

Dn SERIAL MOUSE

CIRCLE 171 ON FREE INFORMATION CARD

• HAYES COMPATIBILITY
• AUTO DIAUANSWER
• SELF-TEST ON POWER UP
• FULL AND HALF DUPLEX
• TOUCHTONE OR PULSE DIALING
• 2ND PHONE JACK
MCT·241

PROMETHEUS MODEMS
PRO·241 2400 BAUD INTERNAL112 CARD
PRO·121 1200 BAUD INTERNAL 112CARD
PRO·24E 2400 BAUDEXTERNALMODEM
PRO·12E 1200 BAUD EXTERNALMODEM

2400 BAUD MODEM

$8995

Dn HANDY SCANNER-400 DPI

$19995
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*QUALITY PARTS * DIS COUN T PRICES *FAST SHIPPING

ALL ELECTRoniCS CORR
3 to 6 Vdc MOTOR

with GEARBOX
Probably designed for childs toy .
Lever selects 2 forward and one
reverse speed . 1st gea r aprox.

•

120 rpm/6vdc,
" 2nd gear apro x.

. 300 rpmI6vdc.
fl Reverse aprox.

120 rpm/6vdc.
3 .35" X 1.75" X 3.25"

CAT# DCM·10 $6 .00

CASSETTE MECHANISM

Alpine casse~tty . ' •
transport . ·; .
mochanism. ~ ~

Includes , '
stereo tape head, .
M~subishi # MET-3RF2B13.2 Vdc
motor. be lt. pulleys, capstan. fast­
forward. rewind and eject actuator.
Does not include amplifier section.
6 112"X 5 1/4" X 1 314".

CATI CMEC·5 $7.50 each
10 for $65.00

6 VOLT D.C"
9"5 AMP/HOUR

GEL-CELL

Elpower#695 OJ
6 von, 9.5 amplhour
rechargeable
gel-oell battery.
4.25" X2.75" X5.5".

Quick connect terminals.
CAT# GC-695

$15.00 each

12-36 VDC GEAR­

HEADMOTO~Brevel# .
780-953075 -- -
Rated for 36 Vdc: 95 rpm. '
0.5 amps no load. 65 rpm,
1.5 amp @ 12 Iblln torque. Gearbox
Is 3 114" X 3 114" X 1 15116" deep.
Motor is 1 1/2" diameter X 3 1/2"
long wfth double natted 5116" X 1"
shaft. Ideal for pumps. lift mecha­
nisms, robotics and other high torque
applications. CAT' MOTG -11
$15.00 each • 2 for $25.00

~
WALL

~ TRANSFORMERS
• ALLPLUG

DRECTLY
INTO 120VAC

OUTLET
OVdcill>200 ma. CAn DCTX-&20 $2.25
6Vdc @ 750 ma. CATI OCTX~75 $3.50
QVdo@250ma. CATI DCTX·125 $2.50
12Vac o m rna. CAli ACTX·1213 $3.50
18 Vac @1 &11'1'. CAn ACT X·1U5 $3.50

SWITCHES
ITT PUSH BUTTON ~
m ...DPL...... a'4..X -
'12" gtoy ..clangulor
kor_ S.P.S.T. N.O.
P..h 10doM . RATED:0.1""" ooMlcNno.0.25
atfC) CIIIl'T)'current. P.C. rmunt. CArt PB-a

650 _ • 1010<$8.00 • 10010<$50.00

10 POSITION MINI·ROTARY
G..yhiIlO~l·l ·l ON-C ~
Mini rdary -.n. NorHhon ing.
' dod<, 10 pooltionJ. .125' dilL
_ X .m · long. .3Tr _
tho ..... depth. P.C. pino.
CAn IIRS-'. WAS$2.50 tKNi $1.50 NOh

SPOT PUSHBUTTON
M....._'&13 tJRased. arrpe 0 125J250Vw:.B_ pIostic__

_ body: .ll2' x...•X.OS· .
CAT. ""tl $1.65 NCh "10 b l t .5OMCtI

WOK WHAT.1.00 WIlL BUY

200 ASSORTED ~
1/4 WATT RESISTORS ("-l
__<all>on """,. and "'-' 11m.

CAT. GRES $1.00 per auortment

....c:lO\ 200 ASSORTED
~ 1/2 WATT RESISTORS

s.nt INda. e:atbon~ and carbon film.
CAn QRAlIAE $1.00 po< ............1

o 0 50 ASSORTED
n n DISC CAPACITORS
...oIt .... cue (p.c.INdI). Some 10 l500Yetta

CAT' GRABOC $1 .00 P'l ' auorttn.nt

15 VALUES OF --c:D-,"­
ELECTROLYTICS ~

Contaila both axial and "'lalatyloM from1 mid.
CAT' GRABep $1.00 pet' auOfI rnent

LED'S
STANDARD JUMBO
DIFFUSED T ' ·314 l iz.

~
REO CATt LED·,

10101'$1.50 · '001 01'$13.00
GREEN CAT. LED·2

10 'Of $2.00 · 100 for $17.00
YELL OW CATt LED·.

1010( $2.00 ·'00101'$17.00

FLASHING LED k
wi11\ bui. i'l fluhirYtl crcuit "

c:;:.. on5~;·.00"'" ~
CATt LED" 1010<$' .50
GREEN $1.00 .....

CAn LED-4G 10 lo<$" 50 '~
BI·POLAR LED

ligh~ RED OM direa ion.
GREEN the otMc'. Two Heft .
CAn LED-O 2 10<$1.70

LED HOLDER e
~~~E~O for sSe a

RELAYS
12 VOLT D.C. COiL S.P.D.T.
ClmronOG2€·184P • An-.> oontact.

335 ohm ooil. e
Suo'" o.be , iz•.
.81· X 042' X.oW" high.
P.C. mount with pins on DIP spacing.
CAT' RLV·7I7 $1.50 NCh

5 VOLT DC SIP RELAY
Gould, .&.lied eomroW ~
SR-1A·5VOC
SPST-normatty
open S IP rMd ,. y.Q5 ohm ceil
2~oontIlcts. .rr X .2Q'"X ..39'"
high. Housing,..iats f!Mi&ts f1UOl'G­

carbon and chIoril\aled c::otm"IlNciaI
_ Is. CAr. RLY·S1P6

$1.00 each · 10 tOf$8.50

10 AMP SOLID
STATE RELAY

ElECTROlI 52181 ~
CONTROl: ·, ·
FbIl:ed 5.5~ 10V 6c , 'S'

(willop«aI. on 3-32 Vdc).
LOAD: 10 arT1J 0 240 Vw;
2 1U"X 13',,"X71ff'

CAT' SSRLY-tOB sg.50 each
OUANTITYC!ISCOl.NT

10 fOf$85.00 " 25 for $17 5.00
50 10< $300.00 • 100 10< $500.00

XENON TUBE

~
l ' k>ng IIoI htlbo p<eopod with

3 112" red andbl** 5Nda. kteaI for
oIoctronicIIoIh 0<" '_ p<ojocII.

CAn FLT4 210<$1.00

DOOR/WINDOW ALARM

:::~~~ ~•.~:,r "-0.-1
windows ~ --0
from •
intruders. •
Opening of door or windowpulls
pin from alarm moduleand triggers
loud buzzer. Simple instalation. Oper­
ales on 2 AA batteries (not included).
Plastic case is 3.32" X2.29" X 1.19".
Ivory w~h brushed aluminum face.

CATI DWA $2.00 each
5for$9.00

SOUND AND VIDEO =-
MODULATOR tL T
TJI:UM1381·1 . OMigned fOfUN ~ ~

::~~~~.=:ed .~

;':?:r~r. . lfl~~'C"
ditoonned:ion. ()p«aI.. on c:hanMi ~
3 Of4. Requi... 12 We. Hookup
diagram induded .
CAn AYMOO $5.00 ..... ~

LIGHT ACTIVATED MOTION

SENSOR =rI
=~t:::.:. 11O~!~1 000

sudden cNng. in rnEBanDentl\lht. Cou~ Q) "
be uMd as.door t •

=~=:;:,=. '\~~
5 112"X4" X l" . Ope, ....
on 6 Vdc. Requires 4 AA battMM (not induded)
CArt LSMD $5.75 pe' unit

1/4 WATT RESISTOR KIT
IdoaIIo<thoWOtbhcp .lhIs ,114wanrMktOfkttc:ontahI 10 ,

pIoc:oo ..... oI<2o1tho..- .
popuIorv_(<20 pIoc:oo to-

Ia/)._adlvl:lodboxand .
• paltlloca!or.

VALUES In thI. Idt .re;
1 ohm, 10 ohm, .. ohm,

47 ohm. 51 ohm. 68 ohm.100 ohm.130 ohm,
150 ohm.180 ohm.220 ohm. 330 ohm, 470 ohm.
580 ohm, 680 ohm.l K. 1.21<. 1.5K. 21<. 2.21<. 2.71<.
31<. .. 71<.5.11<,5.61<, 10K. 15K.221<. 3a<. 33I<.3OK,

471<, 56K, 681<. lOOK. 1201<. 1sa< , 22OK,41OK.
1 MEG, 5.1 MEG,10 MEG

The ret.ton Uone would sell bl' $2 1.00.

Complota kit " CATI REKIT·14 $17,00

PIEZO ~
WARNING
DEVICE

Murat. Erie. PKB6-4AO
Highpltchad aud blo aWm. Op­
lIfaI .. on3~20Vdo 020rTa.1·

high II 7trr diL P.C. bo.rd mount.
CATOPOZ... $1.75 .ach

NICKEL-CAD
BATTERIES

(RECHARGEABLE)

SPECIALII AAA SIZE
P~P·18AAA

1.2 YOIt 0 180 MAh
CAn NCB-AAAX $1.50 _
10fot$13.50 • 100 IOf$125.00

~m~
M SIZE $2.00 .....
1.25 YOIts 500 mA.h
CAn NCB-AA

MSIZE $2.20_
WITH SOLDERTABS
CAn NCB-SAA

CSIlE $ol.25E ACH
1.2 'tdts 1200 rMh

CATO NCO-C

DSIZE " .50_
1.2Y01t11200 rnM

CAn NCB-D

TRANSISTORS
ORDERBYPART.

PN2222 NPN
TO-92 5 for 75¢
PN2907 PNP
TD-92 5 for75¢
2N3055 NPN
T0-3 $1.00ead1
MJ2955 PNP
T0-3 $1.50ead1

MJE2955T PNP
TD-220 75¢each

MJE3055T NPN
TD-220 75¢ each

TlP31 NPN
TD-220 75¢each

TIP32 PNP
TD-220 75¢each
TlP121 NPN
TD-220 75¢ each
TlP126 PNP

TD-220 75¢each

WIDE BAND AMPLIFIER
NECOUPC1OS'G. 1200 Mhz0 . ~.

<>0;. : Illdb 0 1-500 hz. 5 "'" oporation . x..
Smal l pacbge 4nm dia. X 2.5 nvn thick.
CAr. UPe·l05, 2 10<$1,00
10fof$4.50 " 1ootOf$35 .00

N·CHANNEL MOSFET
RF-5 11 TO-220 c:..

CAT, IRF 511 ~
.,.00 _'1010< 18.00 ~

URGE OUAlmTY AVAJUBlE

STROBE KIT , ,\:1 ,

~~
Va.riIII* rid. wobe kl . f1uhM betwMn eo10120
tirnM per minut• • 'MI opetat. on elhef 6 01"12 Vdc
depending upon how you wiN 1M c:ircul. eom..
00f1'1)Iet.wl h P.C. bawd _ instructioM for euy

....rrbt{ . CAli STROBE·1 $7:60 Nd'I

TELEPHONE COUPLING
TRANSFORMER

Mufti Product. Intecnatic:lnallA1~-HQ.. 1 011

Prmary 600 ohm

Sooondary: 6001600ohm ~
.77" X .81" X .83" high.
8 p.c. pins on .18T cent~.

Primary induc:tanc.:
m mH min.• al1kHz. 1 d.

CAT. TCTX·l $, .25 .....
'0 10<$11.00 • 100 10< $05.00

OPTO SENSOR if
u shaipedpIICbge with mountmg
..,.. lJ8" opening. 31-''' rroun ting
hoIos . CAn osu-s 50< _

10 10< ...50·100 10< ....00

12 VOLT DC SOLID
STATE BUZZER tf3
Slid CMB-12 filS
14 pinDIP IOd<eL
CMOSc:c>mpatible.
OperaleSat 7 - 17 Vdc @ 1 rna. PC pins.
Has trigger 1Om1inal. 70 dB @ 20 an . 0.886"
X 0.63"X 5 75" higl .
CAT' CMB-12 $1.25 each

14.7 VOLT TRANSFORMER
Sprile Induotrie.. ~
C5-51M. 1U >'OIl, . . I
60 hz, 8.82 Va. . _ "
1.81"highXl .95" X - '.......

1.'T. Mountingholes at 2.32"conI .
CATI TX·147 $3.00 each
10for$27.00 • 100lor$250,00

CALL OR
WRITE

FOR OUR

FREE
CATALOG

OVER
4000

PARTSI Now 60 pages!

MAIL ORDERS TO:

ALL ELECTRONICS
p"o. BOX 567

VAN NUYS, CA 91408

TWX-5101010163 (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
INFO: (818}904-0524

FAX: (818}781-2653
MINIMU M ORDER $10,00

QUANTITIES LIM ITED
CALIF. ADD SALES TAX

USA: $3 .00 SHIPPING
FOREIGN ORDERS

INCLUDE SUFFICIENT

SHIPPING. NO C"O"D"
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EVERYTHING FOR BUILDERS, FIXERS, HOBBYISTS AND HAMS!

You r Radio Shack store manager ca n
spec ia l-o rde r a w ide variety of pa rts and
ac cessories not shown in our catalog ­
tu bes, ICs, phono ca rtr idges and styli ,
micropr ocess o r chi ps, scanner and CB
c rys tals, modules for TV/au dio eq uip­
ment , even SAMS Phototactss . Th ere' s
no m inim um or der o r handlin g cha rges.
Come in for deta ils.

One-Week Delivery on Most Items

Save With Our "Hotline" Order Service

(4)(3)

(2)

Essentials at Everyday Low Pricesn(5) Ci'\

(1) Xenon Strobe Tube . 100,000 flash life. #272-1145 3.29
(2) 12V Flashing Lamps. Red, yellow, green. #272-1097 . . Pkg. 3/1.29
(3) PC Board Kit . Includes two 4' /2X 3" copper-clad boards and every-
thing needed to etch them. #276-1576 9.95
(4) Pac kage of Five Photoc ells. #276-1657 1.98
(5) IC Pi n Aligner. For 6-pin to 40-pin DIPs. #276-1594 3.49
(6) Jumper/Test Cables. Set of 10, 5 different colors. #278-1156, 3.99

tP '6(;)

RS-232 Connectors and Accessories
(1) (3)

(4)

(1) RS-232 Min i Test. Data status indica tor for TD, RTS, DSR, CD, CTS
and DTR lines. Connects inline. #276-1401 14.95
(2) RS- 232 Modu la r Jack Adapter. 25-position D-Sub male to 6-pos ition
modular phone jack. #276-1405 2.99
(3) 25-Posi tio n Male n -sue. #276-1429 2.49
(4) 25- Posit ion Fem ale D-Sub. #276-1430 2.99
(5) Metalized Plastic Hood, 25·Position. #276-1536 1.99

General Class Ham
Exam Package

Upgrade to
General Class 1995
FCC License

The Quick and
Easy Way

Pa inlessly prepares the novi ce/technic ian fo r th e big step up to
world-w ide voice pri vil eg es . Incl udes an instr uction manual w ith
exam qu esti on s and answers, two se lf-paced code casse ttes and
FCC form 610 applicatio n. #62-2404 19.95

(3)(2)

AC-Line Insurance

I
(1) Heavy-Duty MOV. #276-568, 1.99
(2) 0.01 ~F, 2 kV Disc Ceramic Caps.
Bypass value with a " workhorse" rating.
#272-160 Pkg. of 2/99<:
(3) 100 ~H RF Choke. #273-102, 99<:

R & C Bargains

(2) ~ - j (1)n
(1) Thermistor. #271-110 1.99
(2) 5W, 25-0hmRheostat. Handy to at­
tenuate speakers. #271-265 .... 2.99
(3) 8-0hm Non-Inductive Resistor.
Rated 20 walls , #271-120 1.39

J(3)

Sight 'n Sound

(1) PC-Mou nt Transducer. 700 to
3000 Hz. #273-090 4.99
(2) Super -Bright LED. Requires
1.85V, 20 mA. #276-087 .... 1.69
(3) Loud Buzzer. #273-070, 9.95

(2) (3)

Alligator Clips

(1) 50-Amp Car Ballery Clips. Onered,
oneblack. #270-342 . . . Set of 2/2:49
(2) Claw Clips. Screwdriver terminals.
#270-345 Pkg. of 8/1.99
(3) Insulated. #270-347, Pkg. 10/1.99

High Torque
Low Voltage

DC Hobby Motor
:lr

Just the thing for projects in ro­
botics, solar power and science
class. High torque. 8300 RPM max.
1' /2 to 3VDC. About 1'/2" long (in­
cluding shaft). by 15hs " diameter.
#273-223 89<:

Instrument Cases

(1) Profess ional Proje ct Case.
Ideal remote enclosure. 55/8 x
2'/4 x 11/1S': #270-257 4.99
(2) Transmi tt er Case. Perfect for
an RF or IR transmitter or beeper.
33/4 x25hs x 1': #270-293 . . . 3.99

(3)

(2)

(4) a-Pin Mike Plug. #274-025 .. .. 2.19

Fig. Description at. No. ach
1 Phono 274-850 2.49
2 3-Conductor, 1f4" PhOnE 274-856 3,99
3 3-Conductor, 1/8" Phone 274-858 3.49

(1)

Gold·PlatedPlugs

Audio Connectors
(4)

(2)(1)

Cable and Ties
(3)

(1) Spea ker MEGACABLE~. 12­
gauge. #278-1268, Per Foot 99<:
(2) Cab le Clips . Adhesive back­
ing. #278-1641 . .. Pkg . of 311.79
(3) Cable/Tie Marker.
#278-1648 .. .. . Pkg . of 10/2 .49

en
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Universal Breadboard

ltadl8/haeK
The Technology Store-

A OIVISION OF TANDY CORPORATION

640 Plug-In Tie Points
The 2' /4x 6'/2" universal board is mounted on a
4 x 7" " stay-put" steel base with rubber feet.
Accepts DIPs, discrete components and up to
22-gauge wire. Three binding posts for external
power connections . #276-169 19.95

Ii j If

Clipped Analog Input-Requires No
Analog-to-D ig ita l Conversion

Speech-Recognition IC

VCP200. Recognizes spoken commands, re­
gardless of the person speaking. Five motion
and two on/off or yes/no commands. Few ex­
ternal parts needed. 20-pin DIP. With data.
#276-1308 9.95

(2)

Prices apply at participating Radio Shack stores and dealers

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capaci tor s, Chokes,
Clips, Coax, Connectors, Fuse s, Hardware, ICs, Jacks, Kno bs, Lamp s, Multitesters , PC Boards,
Plugs, Rectifiers, Resistors, Switches , Tools, Transformers, Wire, Zeners, More!

Handy Assistants

(1) Project Holder. A third hand for soldering ,
gluing, repairing . Ball joints and two alligator
clips adjust to hold work. #64·2093 ..... 7.99
(2) Mini-Vise. Vacuu m base firmly fastens to
smooth surface. #64 -2094 4.19
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Save on Scanners...

5. Save $81+ on deluxe Uniden 10­
channel/12-band mobile scanner.
Covers 800 MHz band forfull 12­
channel coverage. Weather search,
priority, squelch, lockout, delay, auto +
manual band search. Takes 13.8VDC.
BC-760X-LT (5 Ibs.) $248.88

1. Save $31 on Uniden 10-channell
10-band handheld scanner. Super
portable, programmable, direct channel
access, channel lockout, keyboard lock
switch prevents accidental reprogram­
ming. Requires 5,AA (not included) or
rechargeable NiCd batteries.
BC-55X-LT (1Ib.) Now $108.88

2. Save $51 on100-channel/11-band
Uniden handheld scanner. Automatic
and manual search, weather search, 10
priority channels, squelch, lockout and
delay. Snap on battery pack included.
BC.-100X-LT (3 Ibs.) $178.88

3. Save $30+ on Uniden tabletop
scanner. 11 bands ofcoverage, 5 or
15channels-per-second scanning
speed. Features automatic memory
search, backup, priority, programmable
lockout, scan speed control and auto­
matic squelch setting. Takes 117 VAC,
60Hz from an external wall outlet.
BC-175X-L (3Ibs.) Now $138.88

4. Save $61+ on 100 channel/11-band
Uniden mobile scanner. Auto search
aircraft, police, marine and emergency
bands. Programmable. Audio output
is1.5watts at10% THO; requires 13.8
VDC (vehicle battery orAC adapter).
BC-580X-LT (5Ibs.) $198.88

Heathkit~
to order CALL TOLL FREE

1·800·253·0570
Use order code 217·020

~ = •.g.klt AMERICAN

~ ~ OX. R....

forcredit card orders, 24hours a day.
Someitems are close outs. All itemsare
availableinlimited quanities. Pricesforsome
itemswerepreviousiy reduced.

For your free Heathkit catalog
call1-800-44-HEATH.

rr; " ,".-'-1
" ! ~ ¢l1-

, -• • l. ..- -"
.-- .' .. --- ..-:='"
~~

Kit projects...

Power linemonitor.
Warns you of
problem-causing
AC line conditions
bydisplaying line
voltage atany AC
electrical outlet. Accuracy of 1.5%.
Kit IM-2203 (3Ibs.) $39.00

Measure RF
voltages.
Easy-to-build .
probe
measures
RF voltage
for DC voltmeters with 10and 11
megohm input impedances.
Kit PK-3-A (1 lb.) Now $9.95

Program your
doorbell witha
favorite tune.
Includessongbook
with 50+ college,
seasonal, Christmas
and special occasion songs. Back
door button activates apart-tune.
Takes standard 16VAC, 50/60 Hz bell
transformer.Two-evening kit.
KitTD-1089 (3Ibs.) $32.95

Noise generator
kit.To properly
check outany
stereo or sound
system with a
spectrum analyzer, you need anoise
sourcewithanearly constant energy
output. One-evening kit.
KitAD-1309 (2Ibs.) $24.95

For the electronic
hobbyist. ..

Do-it-yourself
telephone lineanalyzer.
Save yourself the cost ofexpensive
service calls bychecking your own
lines, phones and phone cords. Check
outdo-it-yourself wiring, too. Phone­
line powered; doesn't require batteries
orexternal power.
ST-2204 (1 lb.) Now $19.95

Connector adapter
kit. Make 108
different
coaxial '\',
connector adapters
with gold-plated pins andTeflon
insulation. Kit contains male and
female, N, BNC, UHF, SMA TNC and
mini UHF connectors. Special in­
between fittings allow you to assemble
your own adapters inseconds. Heathkit Flood Alarm.
HCA-3000 (2 Ibs.) $69.95 detects leaking water

. . pipes or basement "
Coax adapter ~~. wall seepage.Three r
cables. SOlves~-av~:~- hours to build.
frustrating .~~:-~ N~eds 9Vbattery.
coaxconnection~ Kit GD-1701 (2Ibs.) $12.95
problems. Twenty cables letyou
make almost any connection . 50ohm
impedance.
TPI -5000 (5Ibs.) Now $49.95

Smallest
auto-ranging
DMM made.
Fits inshirt
pocket. This
practically
goof-proof,
31/2digit display shows readings up
to 1999. Ahandy extra meter that's
affordable and accurate.
SM-2300-A (1 lb.) $24.95

Two modular 10X 350 MHz
scope probes. Perfect for50or 100
MHz Oscilloscope.
P-350-2 (1 lb.) $99.95

Save time and
money with
breakout
box. Access
all25 lines of
RS-232C cable
linking computer system devices.

,-- ---, . One-evening kit.
KitPMK-130 (2Ibs.) $79.95

Dial up these
savings...

Save 28% on portable dictionary/
thesaurus/speller.
LM-2000 (1 lb.) Now $179.95

Full color fishfinder
MI-2040
(10Ibs.) $399.00

Amber screen fish
finder
MI-2020
(6 Ibs.) $244.95
Accessories: Transom '-- - ­
Mount Transducer
MIA-2020-1 (4 Ibs.) $44.95
Through-HullTransducer
MIA-2020-2 (6 Ibs.) $99.95

Save 28% on
Southwestern Bell
wall phone.
Switchable for tone
and pulse (rotary)
phone systems. ...... ~ .

Easy hookup. ~.

FC-2505 (3Ibs.) Now 24.99

Full-featured
Southwestern Bell
memory phone.
One-touch dialing
ofup to 24
numbers and three
emergency
numbers.
Last number redial and hold.
Switchablepulseltone dialing. Styled
fordesk orwall.
BT-1550 (3Ibs.) Now $49.95

Save $20 onportable electronic
speller/game player.
Words checked against 80,000-word
dictionary.
SA-103 (1 lb.) Now $59.95

Recharge your NICd batteries
BP-1234 (4 Ibs.) $17.95

CIRCLE 86 ON FREE INFORMATION CARD

Heatli Summer Electronic Celebration.
~
~
Full-featured remote
control center for
your TV, VCR and
CATV. Designed to
control units operated
viainfrared signals.
Three AM batteries
included.
GDZ-143
(1 Ib.) $29.95

(J)
oz
~
t;
W
....J
W

o
is
<a:

102



What's New at
AMERICAN DESIGN COMPONENTS?

The "First Source" for the
Tinkerer, Teacher, Hobbyist,

Technician, Manufacturer, Engineer

Delivers2MW01 632.8 NMlight Laser
head &associated electronicsare inte­
grated intoa single compact unit. Ideal
forholography &entertainment awica·
tions(lightshows. etc.). Req. 12V@1A
ACadapter. Mid. in Germany. Dimen.:
15"1.x2"iHx 2'li D.
Item#22726 New - $139.99
* 12V Power Supply
(Requirescompatible plug.)

ltem#19589 59.95

HELIUM-NEON
LASER-2MW...

48 TPI, 40 Tr ack,
Double Si de/Double Density
Mfr.- CDC 9409T

Item #7928 $79.00 New
2 for 5150.00 New

51/4" FUll-HEIGHT
DISK DRIVE
(18M *
Compat.J

Fig. 3

2'/8" sq.
x t .. deep

__ Prlce ,

SJ4.50 ea.
2 fo r 559.50
S9.95 ea.
2 for S1US

59.95 ea.
2 for $14.95

510.95 ea.
2 fo r $19.95

Fig. 2

31/ 2" FLOPPY
DISK
DRIVES

Half Height
Capacitance: 1.0Mb
(unformatted); 3msac­
cesstime. 135TPI, 160~ack . Power:
3.5W@12V±5%.Mfr. - Panasonic
#JU-363-10Item#22075 NEW

Full Height - Capacitance: 1.0
Mb (unformatted); 3msaccess time. 135
TPI. Power req.: +12 & .15V. Removed
from operational computers. Tested ­
LikeNew! NEC #FD1035 Item #17171

579.00 ' 2 for 5150.00

PM

Mfr. & Part No~ Fig.

Superio r 1
M0 92·FT-( 02

PM Applied Motio n
(011 ·839

PM App lied Motion
(0 11·838

Mitsubishi
SSS I-2SDAYA

900"

100"

100 "

' 2.0

'2.0

12.0

3.6"

1.5"

Step DC Torqu e
Anple. Vottaqe. Dz/in. _ Tyee

1.8" 3.0 200 PM

10,.
• Grams per em.

(ST225 Comp atiblel
Universal 5'/. mounting . For
PCI>IT/AT compatible computers.
Average access time: 62 msec.
Mfr - Lapine #LT2000.
Item #15853 New - 5179.00

2" L x 2' /.t."di a. x 21f,( H J

STEPPING MOTORS
for ROBOTICS... Fig. 1
Precision steppers with ,
increments (rom f to 7.!J3.
Speeds up to 5,000 steps.

31/2",20Mb.,

HALF-HEIGHT
HARD
DISK
DRIVE

CP/M COMPUTER ...
"TInkerer's Dream"

High Resolution,
Graphics Capability •••

THERE'S NO RISK!
With our 90·day warranty,

any purchase can be returned for
any reason for full credit or refund.

W e warehouse 60,000 items at
Amer ican Des ign Component s­

expensive, often hard-to-find com­
ponents for sal e at a f r action of t heir
o riginal cost!

Call Toll Free: (800) 524-0809
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MINIMUM
ORDER

515.
RE-989

Number

All inquiries and free catalog requests-call 12011941-5000.

City

Address

State Zip

Name

Telephone: Area Code

Signature

\ \~f"; l ~ ~-
I' " . .

• • I' •

IBM PC/XT Compat .
MONOCHROME
DISPLAY &
PRINTER ADAPTER

Please call or write with
any other requirements...

COMPOSITE
VIDEO MONITORS...

115 CFM MUFFIN®
FANS

InPllI:
Pow er reg ulate d: 1151230V,
12VDC. Green pho sphor. In 50160 Hertz (automatically switchable).
~~anSt~~1 ~~~~~g. w ith brightn ess Resolution: 640x 240 (RGB-horizontal x

Mf H· hi d f S Monochrome adaptor w/ paral- vertical). Complete withCGA card and
r - rtac .; ma e or perry. I I ' C b d IBMinterface cables. o" i"·in stand. Dol5" Monitor _ e printer port. an e use ou"

~;;en1~~s~hor. Schemat ic incl. Item #14536 IRFEI $24.95 :~l~. aR":s~~~n~~~g:,~:~ .~~~ ~~~r~\~~m~:'i; made lor Data
Audiotronics #900964-04 9" Monitor - Mode l #1504900. Special Offer...

Item #17198 New - $19.95 Item #22481 IRFEI $29.95 Item #22480 New - $24 .95 NIJW - $199.00
AMERICAN DESIGN COMPONENTS, 815 FAIRVIEWAVE.• P.O.BOX 220, FAIRVIEW, N.J. 07022

YES! P lease send me the fo llowing items- 0 My check or mon ey ord er is enclosed.
Item How 0 Charge my credit card .
No . Man 7 Descri tion Price Total 0 Visa 0 Master Card 0 Amex

12V
@

2.5Ah

Six 2V@ 2.5Ah 0 Cells. Enclosedin
clearplasticcasing.Dim.: 4'Wx2·314·Hx
3-314'0. Mfr .. Gates.

ltem#22370 NIJW - $12 .95
12V((i)8.0Ah
Dim.: 6'Wx 3-314"H x 4"0. Mlr - Eagle
Picher #CF12V8 RFE - Tested Good!

Item#22086 $19.95

GELL CELL/LEAD ACID
BATIERIES
Sealed, maintenance free, re­
chargeable!

Exp. Date
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Card No.

* D isk Drives
not inclu d ed
With
60W
power
supp ly
(fan cooled) .
Can accommodate:
2 ful l-ht. dri ves ADC item #7928
2 floppy drives #10005/17171
1 hard drive #19704

& 1floppy #10005
Input: 115/230V, 50/60 Hz.
Orig . for Burroughs comp ute r.
Dim.: 11"W x 8"H x 12" deep

Item #14541 $59.50
* Chassis with One 5 1h"
DS/Quad Density 720K
Drive...

Item #14541 + #1904 $139.00
* Chassis withTwo 5 1/ 4"
DS/Quad Density 720K
Drives. ..

Item #14541 + #1904 (2) 5199.00

Sold Separately•••
EXTERNAL DISK
DRIVE CHASSIS~r:=~"ll

21 .25KHz.; Hi-Resoluti on ; Am be r.
Oper ates on 115/230V, 50/60Hz. Req.
VGA card for op eration on IBM compati­
ble computers. Mfr - Telenova , Italy

Item #22078 New - 599.00

VGA MONOCHROME
MONITOR



ADVERTISING INDEX
RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
in the index below.

Free Information Number

Scope Electronics CV4

176, 177Sencore CV3, 27

Star Circuits 16

Radio Shack 10I

Parts Express 92

Print Products International. 16

56

186

78

Page

AMC Sales 24

Active Electronics 92

Ace Products 32

All Electronics 99

Amazing Concepts 88, 90

108

75

52

107POPULAR
SEMICONDUCTORS

VCR PARTS
SANYO RF Modulator *4-1164-031600 $17.95 Ea.
FISHER RF Modulator 191002-143-9-4300 17.95 Ea.
MITSUBISHI RF Modulator * PU57855-01 19.95 Ea.

TOSHIBA RF Modulator * MSU-911 19.95 Ea.
RCA Loading Belt 157061 or 157062 10/For 8.50

FISHER Loading Belt 143-2·7504-01000 10/For 8.50
GOLDSTAR Samsung Photo Interupter 1.99 Ea.
RCA Idler 164113 3.25 Ea•.

FISHER Idler 143-0-4204-00400 3.99 Ea.
SHARP Idler NIDL0005 2.99 Ea.
SHARP Idler NIDLOOO6 2.99 Ea.

185 Tental 58

182 Viejo Publications 54

83 Synergetics 66

Tektronix 13

123, 181Test Probes 3

210-213 Test Probes -:- 3

WPT Publications 74183

CEI 88

CIE II , 23

Beckman Industrial 17

Appliance Service 32

Banner Technical Books 58

American Design Components . . 103

C '& S Sales : -:-: 37 -

106

84

67

98

109

70

60

10 For $19.90
10 For 19.90

10 For 19.90

10 For 19.90

3.95 Ea.

3.95 Ea.
3.95 Ea.

(10 min.) 9.95 Ea.

15.95 Ea.
(10 min.) 99c Ea.

2501341 P Original Sanyo

250869 Original Toshiba
BU208A Original Toshiba

2501398 Original Sanyo
5TR3115 Original Sanken

5TR3125 Original Sanken
5TR30120 .Original Senken
STK4273 Original Sanken
STK0080 Original Sanken

375 Replacement
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ASK FOR OUR FREE CATALOG!

POPULAR ITEMS

SALES OFFICES

EASTISOUTHEAST
Stanley Levitan
Eastern Sales Manager
Hadio-Electrcnics
259-23 57th Avenue
Little Neck, NY 11362
1·718-428-6037, 1-516·293-3000

For Advertising ONLY
1·516-293-3000
Fax 1·516-293-3115
Larry Steckler

publisher
Arline Fishman

advertisi ng director
Shelli Weinman

advertis ing associate
Lisa Strassman

cred it manager
Christina Estrada

advertis ing assistant

Gernsback Publications. Inc.
500-B B i -County Blvd.
Farmingdale. NY 11735
1-516-293·3000
Fax 1-516-293·3115
Pres ident: Larry Steckler
Vice President: Cathy Steckler

MIDWESTITexaslArkansasl
Okla.
Ralph Bergen
M idwest Sa les Manager
Radio-Electronics
540 Frontage Road-Suite 339
Northfield, IL 60093
1-312-446·1444
Fax 1-312-446-8451

PACIFIC COASTI Mountain
States
Marvin Green
Pacific Sales Manager
Hadio-Electronlcs
5430 Van Nuys Blvd. Suite 316
Van Nuys, CA 91401
1-818-986-2001
Fax 1-818-986-2009

NRI 28

Microprocessors Unltd 80

McGraw Hill Book Club 18

MD Electronics 90

Mark V. Electronics 93

Optoelectronics 15

Pacific Cable 89, 92

MCM Electronics 87

Jinco Computers 93

MAT Electronics 104

178

61

Command Productions 54

184

89

87

53

93

69 Crystek 12

113, 170JDR Microdevices 96,97

171 JDR Microdevices 98

114 Jameco 94

115 Jensen Tools 32

187 Heath Instruments 75

121 Fluke Manufacturing CV2

Grantham College of Engineering . 5

180 Comm unications Specialists 74

55 Contact East 32

58 Cook's Inst itute 24

179 Chenesko Products 32

86 Heathkit 102

127 Deco Industries 32

82 Digi-Key 100

188 Electronics Book Club 7, 38

$27.95 Ea.

27.95 Ea.

14.95 Ea.
14.95 Ea.
9.95 Ea.

11.95 Ea.
4.95 Ea.

4.95 Ea.
7.95 Lb.
5.50

20 For $10.00
10 For 5.50

10 For 7.50

5 For 12.50
5 For 12.50

10 For 12.50
10 For 4.50
10 For 5.00

3.95 Ea.
10 For 19.90

POPULAR
CAPACITORS

M!I ELECTRONICS ~
975 Jaymor Rd.

Southampton, PA 18966
CALL TOLL FREE:

1·800·628·1118

100MFD/50 Volts Radial
4.7MFD/250 Volts Radial

10MFD/350 Volts Radial

1000MFD/200 Volts Snap-In
680MFD/200 Volts Snap-In

1OOMFD/200 Volts Radial
47MFD/50 Volts Radial

10MFD/25 Volts Non Polarized
825MFD/250 Volts Snap-In
80MFD/450 Volts Axial

Sharp Flyback F0009G

Sharp Flyback F0003G
Sanyo Flyback F0260

Sanyo Flyback F0192
Tripier 523A1526A

Sanyo Focus Divider Z0064

Minus-62 Freeze 5pray

Freon TF Clnr.lPrecision Clnr. Degreaser
Chemtronics Solder-1 Lb. Spool .031 Dia.
Chem·Wick Lite 1/8 Dia. 25' Spool
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The PAS11s Truly The
IIMissing Unk In Audio Servicing ll

Walk troubles out01 any poweramplifier stage, step bystep, withthePABt.

PA81
HI Watt
Load Or
Spea ker

PA81
HI Watt
Load Or
Speaker

Direct Coupled
Preamps & I-'+P~------1

Driver s

Direct Coup led
Pream ps & 1-'+,.-,+ - - - -1

Drivers

Stereo AM-FM,
TV, Tape. Phone.

OrCD( Audio
Line)

Ste reo AM·FM ,
TV, Tape, Pnono.

Or CD (Aud io
Lin e)

Introducing the " Missing Link In AudioServicing," with theNEW PA81 Stereo Power
AmplifierAnalyzer™from Sencore Electronics. The PA81 provides everythingyou need
for power amplifieranalyzing integratedintoone complete package , with:

• TwinFrequency Compensated Autoranged Wattmeters : 250 watts perchannel (500
wattsif paralleled).and listen toaudioclarity withbuilt-in volumecontrol.

• Built-in IHF/EIA Testing Components At Your Fingertips: 2.4,8,16, and32ohm-zero
reactanceloads, andall specifiedbandpass audio filters.

• Measure RMS Volts And dBAs You Trace Through Circuits: Plus, programmabledBto
measure stage gain.

• Test Intermittents ToPrevent Amplifier Damage : Built-in DCbalance test, automatically
opens loads.

• Test Audio Line levels To Make Sure The Driver InputSignal Is Correct: Check
turntables, AMtuners, FMtuners, TVstereo demodulatoroutputs, CD players, etc. for
standard line levels.

• Monitor Stereo Separation To126dB: Monitor, troubleshoot, oralignAM-FM or TV
Stereo separationcircuits.

3200Sencore Drive, Sioux Falls, South Dakota 57107

• IHF- InstituteOf High Fidelity
E1 A-Electronics IndustriesAssociation

CaI/1-800- SENCORE
(736-2673J

In Canada Call1.IJ0tN151.IJ866

CIRCLE 176 ON FREE INFORMATION CARD

AskAbout
A 10Day
Video Preview



J' Super values on the tools and instruments you need to
identify problems, get .to them quickly and make repairs easily!

PRECISION HAND-HELD INSTRUMENTS
• Lightweight corwenlence. Easy to read

• Fast, precise results

B& KPrecision Test Bench™ SCOPE Digital Multimeter
• 41 range voltmeter • Ammeter • 11 function , 38 ranges
• Ohmmeter• Frequency counter including: Logic Level Detector,

• Capacitance meter Audible and
- ·-LOgic probe - Visuar -

• Transistor& Continuity,
diode tester Capacitance &

• Extra-large Conductance
'~ LCD display measurements.

. .;.'~ Model Model
~\;~).;~.~ 388·HO OVM·638
.~ $1~eJ15 ~50
~ Our Price OurPrice

$11900 $7995

CA·92 Deluxe Padded Case for DVM meters $9.95
TL·216 Transistor and Capacitance Test Leads $9.90

All-PURPOSE
92-PC.

mOL CASE
• Complete kit for home,
workshop and auto
• Includes 52-pc. socket set
with edenoers • 2 tool pallets
with roomy rearstorage
compartments • Attractive,
rugged carry case.

Model
FTK·28
Reg.
S169.95
Our Price

$12995

DUAL TRACE OSCILLOSCOPES

A.W. SPERRY 20MHz
OSCILLOSCOPE'
• Built-in component

=- checker- Z-axis input
===;:;~~.-",~..~. --~'-::~-:.-~r. 1 ~ Low pow~r consump­.' l! I"r- ' non> TV Video sync

=<. filter • High-sensitivity
x-v mode • Front panel
trace rotator • Includes
2 test probes

lie~~[~;Jp~ Model 620C

Our Price $34995
Special Price

HITACHI 35 MHz
OSCILLOSCOPE
• 19 calibrated sweeps
• 6" CRT with internal
graticule, scale
illumination & photo­
graphic bezel • Auto
focus • X-V operation
• TV sync separation
• Includes 2 probes
(10:1 and 1:1)

Model V·355

~~ce $59800

SCOPE
ELECTRONICS
260 Motor ParkwFlY
Hauppauge, New York 11788

ASK FOR YOURFREE CATALOG

~~~~ 6~2626
TELEPHONE (In NVState 800-832-1,446 Ext. 242)

~ I~I _tROW<

ORDERS -=-~ _Rm

NOW!

Servic e & Shipp ing Charge Schedul e
Contin ental U.S.A.

FORORDERS ADO
$25.50 .. . .. • • . . . • .. s<so
$51-100 . _ $SSO
$101-200 $7.00
S201-3OCl saoo
$3J\-4OO .. .. .. •.• . nco_-600 $10.()()
$501-750 .. . .. .. . . . . . .. $12SO
$751-1000 . • • •• • • . • • • . •• • •• •• . •• • ••••••• $15.00
$ ID01·1,250 • . • • • . •• • •• . • • . .. • . •••••••• •• $17.50
$1,251-1,500 . _.. _ • • • _• •• • • • • _. • .• • $20.00
$1.501-2000 . .. . . ..... ... .. .... • S25.oo
S2D01 and Up. . . . . .. •.. ':"": ... . $30.00


