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Great Choice. 
More professionals in more industries 
make Fluke their first choice in 
multimeters. 

Fluke DMMs. Reliable. Accurate. Powerful. 
Tough. Versatile. Easy to use and simple to 

operate. Backed by the longest, most 
comprehensive warranty in the business. 

Made in the U.S.A. In short, Fluke makes 

meters you can bet your reputation on. 

More choice. No matter what the job, 

there's a Fluke to handle it. 

There's the new 80 Series-the most 

powerful, most complete test and 
measurement system available in a 

handheld package. 

The popular 70 Series-simply put, the 

most requested DMM in the world, with 
nearly 2 million units in service since 
1984. And the Fluke 21 and 23-70 Series 

simplicity in high -visibility yellow. 

The Fluke 25 and 27-the most rugged 

meters ever built, totally sealed against 

water, dust and other contaminants. 

And the precise 8060 Series-with the 

versatility of a test lab, the accuracy of a 

bench instrument, and the convenience 

of a handheld. 

Smart choice. Compare Fluke DMMs 
with any other handheld. No one else gives 

you as much meter for your money. And 

no other meter costs less to own. 

CIRCLE 121 ON FREE INFORMATION CARD 

PHILIPS 
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Your choice. For the name of your 
nearest Fluke distributor, call toll -free 

1 -800 -44 -FLUKE, ext. 33. And make a 

great choice. 

John Fluke Mfg. Co.. Inc. P.O. Box C9090 M!S 250C Everett. 

WA 98206. U.S.: (206) 3565400. Canada: (416) 8907600. 

Other Countries. (206) 3565500. V 1989 John Fluke Mtg. Co.. 

Inc. All rights reserved. Ad No. 9491-F70 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS 

FLUKE 
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If you do any kind of electronics 
troubleshooting on a regular basis. 
then a frequency counter is a must - 
have. The problem is that most fre- 
quency counters are too cumber- 
some to take along on a field job. 
However, our 100 -MHz frequency 
probe will easily fit in your shirt 
pocket, and take accurate measure- 
ments. Turn to page 31 for details. 
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GOES ON SALE 
FEBRUARY 1. 

BUILD A UNIVERSAL LABORATORY POWER SUPPLY 
Two fully floating supplies offer outputs of 0-50 volts DC at 5-5 amps, plus 
fixed + 5-volt logic supply adjustable from 0 to 3 amps. 

THE ION METER 
Discover the concentration of negative and positive ions in your 
environment-it could be affecting the way you feel. 

BUILD AN AUDIO LIMITER 
Eliminates distortion due to overdriving an audio amplifier. 

ALL ABOUT BATTERIES 
Ni-Cd's, alkaline, carbon -zinc, lithium-which one is right for your 
application? 

AUDIO AMP COOKBOOK 
Dozens of practical IC audio power -amplifier circuits that are easy to build 

COMPUTERDIGEST 
A 68705 -based, keyless entry system is programmed for top security! 

As a service to readers. RADIO -ELECTRONICS publishes available plans or information relating to newsworthy products. 
techniques and scientific and technological developments. Because of possible variances in the quality and condition of 
materials and workmanship used by readers, RADIO -ELECTRONICS disclaims any responsibility for the safe and proper 
functioning of reader -built projects based upon or from plans or information published in this magazine. 

Since some of the equipment and circuitry described in RADIO -ELECTRONICS may relate to or be covered by U.S. patents. 
RADIO -ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such 
equipment or circuitry. and suggests that anyone interested in such projects consult a patent attorney. 

RADIO -ELECTRONICS. (ISSN 0033-7862) February 1990. Published monthly by Gernsback Publications. Inc.. 500-B Bi -County 
Boulevard. Farmingdale. NY 11735 Second -Class Postage paid at Farmingdale. NY and additional mailing offices. Second -Class 
mail registration No. 9242 authorized at Toronto. Canada. One-year subscription rate U.S.A. and possessions $17.97. Canada 
$23.97. all other countries $26.97. All subscription orders payable in U.S.A. funds only. via international postal money order or 
check drawn on a U.S.A. bank. Single copies $2.50. 1990 by Gernsback Publications, Inc. All rights reserved. Printed In U.S.A. 

POSTMASTER: Please send address changes to RADIO -ELECTRONICS, Subscription Dept.. Box 55115. Boulder. CO 
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WITH CIE, 
THE WORLD 

OF ELECTRONICS 
CAN BE YOUR 
WORLD, TOO. 

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

Now, try to name another field 
that's grown faster in those 20 years 
than electronics. Everywhere you 
look, you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications- 
you name it. And as 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 home study school 
specializing exclusively in 
electronics, with a record that 
speaks for itself. According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field. When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

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

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. 

r 

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

CIE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options. Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want-all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 

catalog and complete package of 

career information. Or phone us, 
toll -free, at 1-800-321-2155 (in Ohio, 
1-800-523-9109). Don't wait, ask for 
your free catalog now. After all, 
there's a whole world of electronics 
out there waiting for you. 

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

Member NHSC 
Accredited Member National Home Study Council 

ARE -159 
CIECleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

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

Name (print): 

Address: 

City. State: Zip: 

Age: Area Code/Phone No.: / 
Check box for G.I. Bill bulletin on educational benefits: MAIL 

Veteran D Active Duty TODAY! 



WHAT'S NEWS 
Tubes making a comeback? 

o 
50A 

THIS TRANSMISSION ELECTRON MICROGRAPH of a silicon needle shows a radius of 
curvature of less than 10 angstroms-the distance of only a few atoms. The closely 
spaced lines are the 111 planes of the silicon atoms, spaced 3.13 -angstroms apart. 

Scientists at Bellcore (Mid- 
dletown Township, NJ)-collabo- 
rating with scientists from the New 
Jersey Institute of Technology, the 
University of California at Davis, 
and Lawrence Livermore National 
Laboratory in California-have 
created a silicon needle whose tip 
is 50,000 times smaller than the di- 
ameter of a human hair. Only the 
width of a few atoms at its tip, the 

needle could play a vital role in the 
resurgence of vacuum tubes, serv- 
ing as an electron emitter. 

The new vacuum tubes are quite 
different from their predecessors. 
Today's tubes are so small that they 
can only be seen through a micro- 
scope, and electrons are pro- 
duced in them by applying voltage 
to a very sharp tip, rather than 
using a hot filament. While the 

new vacuum -tube technology is 
still in its infancy, it could never- 
theless offer several advantages 
over transistors. Electrons can be 
made to travel much faster in a 

vacuum tubg than in a solid-state 
transistor, permitting faster 
speeds for data transmission. Vac- 
uum tubes are also much less sus- 
ceptible to temperature changes 
and various types of radiation, so 
they might be more suitable for 
use in hostile environments such 
as those that are found in outer 
space and nuclear reactors. 

The problem facing researchers 
has been to create an emitter tip 
sharp enough to produce many 
electrons at low voltage. Until 
now, the sharpest tips were be- 
tween 20 to 40 nanometers wide. 
By applying an oxidation -treat- 
ment process to tiny silicon cones, 
the research team has developed 
tips that are less than 1-nanometer 
wide. (A human hair is 50,000 -nm 
wide; the diameter of an atom is 
about three tenths of a 
nanometer.) The microscopic sil- 
icon tips can produce substantially 
more electrons while using less 
voltage. Besides vacuum -tube ap- 
plications, the needles could be 
used for examining atoms with 
scanning tunneling microscopes 
and as biological probes for medi- 
cal research. 

Diamond -film technology 
A new diamond -film -coating 

process created by Professor Roin- 
tan Bunshah, Dr. Chandra De- 
spandey, and colleagues at UCLA's 
School of Engineering and Applied 
Science offers key advantages over 
the deposition methods that are 
currently in use. 

The new technique removes 
obstacles that have limited the ap- 
plications of diamond -film tech- 
nology-particularlythe inability 
to deposit high -quality, smooth, 

transparent, and non -faceted dia- 
mond films. Called Plasma -As- 
sisted Physical Vapor Deposition 
(PAPVD), the process involves 
using an electron beam to evapo- 
rate graphite to form carbon va- 
pors. The vapors are introduced 
into a gas -plasma that contains hy- 
drogen. When the material to be 
coated is held in the gas plasma, 
the resulting reaction deposits a 
diamond film on the material's sur- 
face that has all of the required 
attributes. The process is also 

done at lower temperatures - 
350°C, as compared to 850-1000°C. 

The PAPVD process opens up a 
broad range of novel industrial ap- 
plications, including protection of 
high -cost infrared and UV optical 
components, heat sinks for high - 
power and microwave devices, di- 
aphragms for high-fidelity loud- 
speakers, and very -high-speed 
microelectronic devices that can 
operate at temperatures much 
higher than current silicon and 
gallium -arsenide devices. R -E 
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BIG SELECTION AND LOW PRICES -COME IN TODAY! 

Join the Fun of Ham Radio 
Novice and General Class 
Study Packages Prepared by 
Gordon West, WB6NOA 

19 95 Durable Storage 
Each Binder Included 

Novice. Two self -paced code cassettes, study guide with exam questions, 
answers and full explanations, FCC Form 610. #62-2402 
General. The speedy way to upgrade! Includes test questions, answers 
and explanations, two speed -building code tapes. #62-2404 

Battery Special -Order Service 

In addition to our large in-store stock, Radio Shack can now supply almost 
any battery. Our expanding selection even includes special batteries for 
walkie-talkies and pagers. Batteries are sent from our warehouse to the 
Radio Shack near you. Never a postage charge! 

RS -232 Connectors and Accessories 
_ 

(3) 
(1) Crimp -Style "Gold" D -Subs. (5) 

(1) Inline RS -232 Tester. Seven 
LEDs pinpoint problems fast. D - 
sub 25. #276-1401 14.95 
(2) D -Sub Pin Crimper. This pro - 
quality tool accepts #20, #24 and 
#28 pins. #276-1595 9 95 

Fig. Description Cat. No. Each 

3 Male -9 276-1427 .99 
4 Female -9 276-1428 1.19 

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

5) 9 -Position Hood. #276-15 3, 1.49 
25 -Position Hood. #276-1536 .. 1.99 

arigaliiimmiase 
(1) (2) 

Super Speaker Accessories 

Ii 
(3) 

(1) MEGACABLE". 12-ga. braided pure copper. #278-1268 Per Foot 99e 
(2) Speaker Terminal Plate. For large speaker wires. Features special -design s/a" 

diameter knobs. Mounts in 33/8x 29/m" hole. #274-626 4 99 

(3) One red, one black knob as above, less plate. #274-619 Set of 215.95 
(4) Large Gold -Plated Terminals. 4 red, 4 black. #64-401 Set of 8/4.99 

Project Lighting 

(1) l°t' (2) 

(3) 

(1) Jumbo 5000 mcd LED. Big, 
bright. #276-086 4 99 
(2) Blinking LED Indicators. 
Red. #276-036 1 29 
Green. #276-030 129 
(3) 12 -Volt Flashing Lamps. 
#272-1097 Set of 3/1.29 

Switch Bargains 
lid 

(1) (2) 
'-, 

(3) (4) 

. 

(1) SPST Momentary Button. 
#275-1556 1 99 
(2) SPDT Toggle. 5A at 125VAC. 
Th6" stem. #275-603 1 59 
(3) SPST Push On/Push Off. 
3A at 250VAC. #275-617.. 1.39 
(4) PC -Mountable Light -Duty 
SPST. #275-645 1 99 

Inductor Values 

CO 

, 

(2) (3) 

(1) 1:1 Audio Transformer. Z: 
600-9000. #273-1374 3 59 
(2) Audio Output Transformer. 
#273-1380 1 69 
(3) Inductor Assortment. 30 
pieces! #273-1601 1 98 

Posts and Plugs 
(1) 

(2) 

(3) 

(1) Metal Grounding Post. With 
knurled grip. #274-667 ... 99e 
(2) Stackable Banana Plugs. 
#274-734 Set of 2/1.59 
(3) 14" Test Cables With Clips. 
#278-1156 Set of 10/3.99 

Hobby Motor 

e.4 
For robotics, models, projects. 
8300 RPM maximum. Operates 
11/2 to 3VDC. About 11/2" long, 
'she" dia. #273-223 996 

TNC Adapters 
Is I 

(2) (3) ßrir 

He e's just a sample of our big 
selection of RF adap ers. 

Fig. Accepts Plugs Into Cat. No. Each 

1 PL -259 Female TNC 278-118 3.49 
2 TNC Male TNC Female 278-143 3.99 
3 PL -259 Mini UHF 278-174 3.99 

Lighted Switches 

111, 
(1) (2) 

(1) SPST. Rated 5A at 250VAC. In- 
cludes 12 -volt lamp. UL listed. 
#275-678 6 99 
(2) SPDT Push-On/Push-Off. 
Rated 3A at 125VAC. Includes 12 - 
volt lamp. #275-676 6 49 

"Gold" Adapters 

(2) 1-,- 
(3)"- 

(1) Accepts Va" stereo plug. Plugs into 
'/s" stereo jack. #274-875 2 99 
(2) Accepts Ye" stereo plug. Plugs into 
Va" stereo jack. #274-876 2 99 
(3) Accepts Ve" stereo plug. Plugs into 
'la" mono jack. #274-877 2 99 

Soldering Accessories 

(1) , 
(2) 

` 
(1) Dual -Wattage Iron. Go from 15 to 30 watts with 
the flick of a switch. Has a replaceable tip and it's 
8'l4" long. UL listed AC. #64-2055 8 95 
Chisel Tip. #64-2056 1 19 
Replacement Tip. #64-2065 996 
(2) Vacuum Desoldering Tool. #64-2120 6.95 

Extra -Feature LCD DVM 

7995 
Capacitance and 

HFE Ranges 

Top-quality digital volt - 
ohmmeter with an easy - 
to -read 0.5" LC display. 
Measures AC/DC volts and 
current, resistance, capac- 
itance, transistor gain. With 
probes. #22-194 

B -Board and Jumpers 

(1) 

(2) 

(1) Deluxe Breadboard. Molded 21/4 x 61/2" 
board is mounted on a 7 x 4" steel base with 
rubber feet. Features 640 plug-in points and 
three binding posts. #276-169 19.95 
(2) Breadboard Jumper Wire Kit. Includes 
140 insulated, pre -stripped wires in a handy, 
snap -shut box. #276-173 Set 4.95 

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

Prices apply at participating Radio Shack stores and dealers 

nacho lhaek 
The Technology Store" 

A DIVISION OF TANDY CORPORATION J 
CIRCLE 78 ON FREE INFORMATION CARD 
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VIDEO 
NEWS 

New VCR sources. Not long ago, all VCR's 
sold in the United States came from Japan. With 
the increasing costs of Japanese production and 
the tough competition that is forcing prices down 
in the U.S., an increasingly large proportion of 
VCR's are now coming from other Far -Eastern 
countries. In the first seven months of 1989, 
more than 30% of all VCR's imported into this 
country came from sources other than Japan. 
Major source countries were Thailand (mostly 
Emerson recorders produced there by Orion, a 
Japanese manufacturer), Malaysia (made by a 
JVC subsidiary there), and Singapore. How about 
the U.S.? A few VCR's are being assembled here 
from Japanese parts-by Matsushita (Panasonic) 
in Vancouver, WA; by Hitachi in California; and by 
Toshiba in Tennessee. 

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

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

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

Í3 

A % 
DAVID LACHENBRUCH, 
CONTRIBUTING EDITOR 

manufacture both TV sets and VCR's for sale 
under the Sansui label. Also in the works are 
Sansui-brand fax machines. Sansui once fielded 
VCR's without much success. 

Movies on VHS -C? One of the top priorities 
of JVC, inventor of VHS recording, is lengthening 
the recording time of the miniature VHS -C (for 
"compact") cassette to two hours. To date, the 
recording time in the SLP mode on the longest 
playing VHS -C cassette is 90 minutes-not quite 
enough for today's long-winded movies. JVC 
obviously is concerned about the inroads of the 
8mm Video Walkman, developed by Sony, which is 
extremely compact and can accommodate full- 
length movies with carry -along portability. There 
are two Video Walkman models, both with LCD 
color screens. The VHS -C format is doing well in 
Japan and Europe, particularly for camcorders, 
but in the U.S. it is lagging behind 8mm. In 
addition to a longer -playing cassette, another 
high priority for JVC is the development of a VCR 
that can play both VHS and VHS -C cassettes 
without an adaptor. Prototypes of those so-called 
"F/C" (Full.-size/Compact) recorders have been 
shown and JVC hopes to have them on the 
market late this year or early in 1991. 

SAP is rising. In 1984, when the FCC 
approved Multichannel TV Sound (MTS), the 
breakthrough involved more than stereophonic 
audio. In addition to stereo sound, each TV 
station was authorized to transmit a Secondary 
Audio Program (SAP). Although a few stations 
have transmitted bilingual sound, SAP has not 
been widely utilized. PBS's flagship station, WNET, 
New York, is aiming at virtually full-time SAP 
some time this year. Its first major use of SAP 
was for descriptive commentary for the blind 
accompanying the musical, "Show Boat." WNET 
also is planning to add a Spanish translation of 
the "MacNeil -Lehrer News Hour," and might even 
present the BBC World Service from shortwave 
transmissions-as well as music, book readings, 
and even countdowns for videotaping-all on its 
extra audio channel. Out of about 550 TV stations 
with MTS capability, approximately 100 are 
equipped to transmit a SAP channel. R E 
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ONCE YOU'VE 
GOT IT DESIGNED, YOU'VE 

GOT IT MADE. 

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

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

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

;:; WCall toll -free for details 

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

Need power? A powered PROTO 
BOARD Brand offers up to triple voltage 
power supplies, +5V, + 12V, -12V, with reg- 
ulated/current limited DC power. Over 2,250 
tie points with 24 IC capacity and 14 pin 
DIPs. Super for TTL, CMOS, Op -Amps and 
microprocessor circuits. And lots more. 

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

GLOBAL 
1-800-572-1028 SPECIALTIES 

67tioro-wiwfm 
Global Specialties. An Interplex Electronics Company. 
70 Fulton Terrace. New Haven, CT 06512. 
Telephone: (203) 624-3103. © Interplex Electronics 1989. 

All Global Specialties breadboarding products made in USA. 
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BINARY TO DIGITAL READOUT 
I'm looking for a circuit to con- 

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

The easiest way is to use an 
EPROM to translate binary to 
decimal. Think of the address 
pins as inputs and use the data 
outputs to drive a 7 -segment dis- 
play. Entering the binary number 
could be done via DIP switches, 
and the decimal equivalent 
would immediately appear on 
the display. Although that'd in- 
volve programming an EPROM, 
doing that is much easier now 
since most computer clubs, 
parts suppliers, and even some 
computer shops offer it as a ser - 

e6 
R7 

e R2 

vice. The cost for such a service 
is minimal. 

The circuit you'd have to set up 
is something like that in Fig. 1. 
The parts count is minimal, and it 
could be built using any con- 
struction method. Since each 
EPROM output controls a display 
segment, the best way to create 
the EPROM code is to use a chart 
like that in Fig. 2. If you're using a 
common -cathode display, as 
shown in Fig. 1, a high will light 
the segment, and a low will turn 
it off. Common -anode displays 
work just the opposite. That sub- 
ject was covered in considerable 
detail in recent issues of "Draw- 
ing Board," so you should look 
them up. 

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

EPRON1 GEO D/SF'LA 

FIG. 1 

WRITE TO: 

ASK R -E 

Radio -Electronics 
500-B Bi -County Blvd. 
Farmingdale, NY 11735 

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

Several, but first some obser- 
vations. I've never seen the ads 
you mentioned and, although I 

don't doubt you've seen them, 
I'd take them with a grain of salt. 
You're right in assuming that 
those three ROM files would give 
you a permanent DOS, but there 
are some things you're probably 
overlooking. 

IBM DOS (and IBMIO.COM 
and IBMDOS.COM which are 
part of PC -DOS) is owned ex- 
clusively by IBM. People sell it, 
but I've never heard of it being 
licensed for use in a PROM. IBM 
is very quick to jump on 
copyright infringement. MS- 
DOS is the version that's licensed 
to various manufacturers. The 
history of DOS and the reasons 
behind the two versions are in- 
teresting, but both are proprie- 
tary. Be careful that what you're 
buying is legal before you whip 
out your credit card. 

If it's legal, and you want to do 
the same thing yourself, you 
need some information on your 
motherboard's EPROM sockets. 
Although there's a wide variety of 
XT clone boards around (a gross 

8 



Discover Your Career Potential In The 
Fast Growing Field Of High -Tech Electronics! 

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

If you're anxious to get ahead ...and 

build a real career...you owe it to 

yourself to find out about the Cleveland 

Institute of Electronics! 

CIE can help you discover your 
career potential in the fast growing 
field of high-tech electronics. A career 

that will challenge and excite you 

every day...reward you with a powerful 
feeling of personal accomplishment... 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home -study 
electronics, CIE has helped over 
150,000 students in the U.S.A. and 

over 70 foreign countries get started in 

this exciting field. To find out how CIE 

could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 
Trained Professionals! 

The career opportunities shown here 

are only a few of the challenging, high - 

paying careers you could enjoy as an 

electronics technician. 
You could be the "brains" behind the 

scenes of an exciting TV broadcast... 

trouble -shoot life-saving medical equip- 
ment...design exotic new aeronautics 
systems...CIE's job -oriented programs 

offer you the quickest possible path to 

the career of your dreams! And CIE also features 

military and union re-training, to build on what 

you already know. 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 

you, CIE can get you started with core lessons 

applicable to all areas of electronics. As you 

advance, CIE makes job opportunities available 

to you through the bimonthly school paper, 

The Electron. 

Data Communications 

Aviopics 

Consumer Electronics 

Automotive Electronics 

Computer -Assisted Manufacturing 

Military Electronics 

Personal Training From 
Renowned Faculty. 

Unlike the impersonal approach of large class- 

room study, CIE offers you one-on-one instructional 

help 6 days a week, toll -free. Each CIE lesson is 

authored by an independent specialist, backed by 

CIE instructors who work directly with you to 

answer your questions and provide technical assis- 

tance when you need it. S° 

A 

Practical Training... 
At Your Own Pace. 

Through CIE, you can train for your 

new career while you keep your pres- 

ent job. Each course allows a gener- 

ous completion time, and there are 

no limitations on how fast you can 

study. Should you already have some 

electronics experience, CIE offers 

several courses which start at the 

intermediate level. 

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

In 1969, CIE pioneered the first elec- 

tronics laboratory course, and in 1984, 

the first Microprocessor Laboratory. 

Today, no other home study school can 

match CIEs state-of-the-art equipment. 
And all your laboratory equipment is 

included in your tuition cost. There is 

no extra charge-it's yours to use while 
you study at home and on the job after 
you complete your course! 

Earn Your Degree To 
Become A Professional 

In Electronics! 
Every CIE course you take earns you 

credit towards the completion of your 
Associate in Applied Science Degree, so 

you can work towards your degree in 

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

Send For Your 
Catalog Today! 

CIE World Headquarters 
z I Cleveland Institute of Electronics, Inc. 

ó 1776 East 17th St., Cleveland, Ohio 44114 

YES! Please send me your independent study catalog (For your convenience, 

CIE will have a representative contact you-there is no obligation.) 

ARE -160 

Print Name 

Address Apt N 

City/State/Zip 

Age Area Code/Phone No 

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

Mail This Coupon Today! 
J 
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understatement), most have 
empty socket space to let them 
copy IBM's PC and XT mother- 
boards. 

The IBM boards had a strip- 
ped -down BASIC in ROM on the 
motherboard. When you bought 
DOS (you did buy it, I hope), you 
got a file called BASICA.EXE. That 
BASIC wasn't the complete lan- 
guage; it was an overlay that en- 
hanced the ROM version, that 
could only be run if you already 
had the more primitive half on 
the motherboard. Since clone 
makers want to produce clones, 
putting empty sockets on the 
motherboard was as close as 
they could legally get. 

Real IBM's have five 64K ROM's 
on the motherboard, one for 
BIOS, and four for BASICO. 
Given that, you can assume that 
the empty socket on your moth- 
erboard is mapped to the same 
address range occupied by 
BASICO on the real IBM boards, 
or F6000h-FDFFFh. Since you 
only have one empty socket on 
you board, I'd guess that it was 
designed for a 27256 EPROM. 
That'd let one chip hold the same 
amount of code as the four 64K 
PROM's on the IBM board. That 
is just an educated guess, but a 
pretty good one. The BIOS, of 
course, is mapped from 
FE000h-FFFFFh. 

Unless your motherboard is 
radically different than those I've 
seen, its EPROM space is limited 
to 32K bytes (the addresses for 
BASICO), and the 8K bytes used 
by BIOS, or a total of 40K to play 
around with. Since DOS usually 
takes up at least 60K for DOS 2X, 
and 80K for DOS 3X, it'd take mir- 
rors and a lot of heavy equipment 
to squeeze both DOS and the 
BIOS into the available address 
space. But wait, there's more bad 
news. 

DOS was designed for a par- 
ticular place in memory, inside 
the 640K memory space. The 
EPROM space on your mother- 
board is way outside that, so 
you'd probably be faced with 
having to rewrite the DOS code 
(jumps, destinations, and any 
absolute address references). 
You could do that, but assuming 
you overcame those obstacles, 
you'd have a pretty strange ver- 
sion of DOS, and upgrading to a 
new version would be a Her- 
culean task. The basic con- 
clusion is, that you'll probably be 
better of if you boot DOS like the 
rest of us. R -E 

CABLE CONVERTERS NE 
78 Channel Wireless Remote Remote Fine Tuning Parental Control 

10 dB Amplifier Favorite Channel Memory Fine Tune Centering 
24 MONTH WARRANTY 

(#1) V7800-3 V7800.2 

15 Lot $62.95 
10 Lot $64.95 

(3-9)$69.95(1-2)$89.95 

(#2) with Volume & Mute Control 
Last Channel Recall 

Audio...Output 
Decoder Loop 

10 Lot $79.95 
(3-9) $89.95 (1-2) $109.95 

JERROLD_ 
(#3) 

JERROLD450 
(44) 

JERROLDJSX 
68 Channels 
Automatic Fine Tune - , --:: 

Rebuilt - `- 
Ch. 3 Only ' 
90 Day Warranty 

(3-9) $63.95 (1-2) $73.95 10 Lot $53.95 

Fine Tuning 
Channels 

Rebuilt 
Ch. 3 Only 
90 Day Warranty 

Q Q 
(3-9) $34.95 (1-2) $39.95 0 Lot $29.95 

MOVIETIME 
REPLACEMENT HAND UNITS 

#6 JERROLD-550 

$14.95 #7 JERROLD-450 ` .7 #9 JERROLD-400 
24 1,4 #10 TEXSCAN 

AND MORE 

(#5) 
HAMLIN 4000 
42 Channels 
Fine Tuning 
Wired Remote or 
Set top 
Rebuilt 10 Lot 
Ch. 2 Only 
90 Day Warranty 

(3-9) $34.95 (1-2) $39.95 $29.95 (13-23) $16.95 
Single Lot $24.95 (2-12) $19.95 

LL OrrHE ABOVE CABLE WAVER rERS AF 

* NONE OF THE ABOVE UNITS 
E COMPATIBLE WI) H ALL CABLE DECODERS 

ARE CABLE DECODERS 

MOVIETIME 
20203 N.E. 15th Court Miami, FL 33179 

FAX: (305) 653-8102converter,ico 
For More Information Call For Orders Only Call 

1-305-652-1981C.O.D.COD 

Minimum Shipping Charge S6.50 + 51.00 for ea. additional converter 
o .25 for ea. Hand Unit. 

BLUE Lebel 2nd day al r: $12.50 Min. + S3.50 for additional 
converter, or .8. for in Hand Unio 

RED Label 1st day air: $18.50 oie.. a3.50 for additional 
o for a. Hand Unit.50 

Puerto Hawaii & Alaska add 
No COD Orders will be shipped Air. 
Shipping Charges are not Refundable. 

in'd d VISA 
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HITACHI SCOPES AT DISCOUNT PRICES 
Digital Storage Scopes 

VC -6025 20M$/SS 
50MHz Bandwidt 
2K Word Memory 

Capacity 
11111111 $2349.00 

Advanced storage functions create new dimensions in 

scopes such as one shot observation, flicker free display, 
bright display for even high speed event, trace observation 
for low speed event, hard copy by plotter and data output to 
computer. 

VC -6045 100MHz 40MS/S 4K word Memory cap (call) 

All Hitachi scopes include probes, schematics, and Hitachi's 
3 year worldwide warranty on parts and labor. Many acces- 
sories available for all scopes. 

ci. t,, V 212 

+r«e$435 
°"' ' ' ' " List $595 

Save $160 

DC to 20MHz 
Dual Channel 

DC to 100MHz 
Dual Channel 
Delayed Sweep 
CRT Readout 
Sweep Time 
Autoranging 

V-1060 $1, 9 
Trigger Lock 

35 List 51595 
2mV Sensitivity 

V-422 
V-423 
V-425 
V-660 
V-1065 
V -1100A 
V-1150 

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

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

LIST PRICE SAVE 
$940 $740 $200 
$1,025 $825 $200 
$1,070 $849 $221 
$1,295 $1,145 $150 
$1,895 $1,670 $225 
$2,450 $2,095 $355 
$3,100 $2,675 $425 

ELENCO PRODUCTS AT DISCOUNT PRICES 
20MHz Dual Trace Oscilloscope 

$375 
MO -1251 

Top quality scopes at a very 

6" CRT 
Built in 
component tester 
TV Sync 

FREE DMM 
with purchase of 

ANY SCOPE 

SCOPE PROBES 
P-1 65MHz, lx, 10x $19.95 
P-2 100MHz, lx, 10x $23.95 

reasonable price. Contains all desired features 

35MHz Dual Trace Oscilloscope 

$495 
MO -1252 

High luminance 6"CRT 
lmV Sensitivity 
8KV Acceleration Voltage 
10ns Rise Time 
X -Y Operation Z Axis 
Delayed Triggering Sweep 

Two lx, 10x probes, diagrams and manual. Two year guarantee. 

PRICE BREAKTHRU 
on Auto Ranging DMMs 

3 to 
choose 
from: 

MDM-1180 
$24.95 

MDM-1181 

$27.95 
MDM-1182 

$29.95 
3 1/2 LCD Display 
27 Functions 
Auto /Manual Ranges 
Audible Continuity 
Data Hold (MDM-1182) 
.1 % Accuracy (MDM-1181) 

True RMS 41/2 

Digit Multlmeter 

$135 
M-7000 

.05% DC Accuracy 

.1% Resistance 
with Freq. Counter 
and deluxe case 

Multimeter with 
Capacitance and 
Transistor Tester 

$55 CM -1500 

Reads Volts, Ohms, 
Current, Capacitors, 
Transistors and 
Diodes with case 

O 43: 

Digital Capacitance Meter 

Cal CM -1550 

$58.95 
9 Ranges 
.1 pf-20,000ufd 

1, .5% basic accy 
Zero control 
with case 

Digital LCR Meter 

LC -1801 

$125 
Measures 
Coils 1uH-200H 
Caps .1pf-200uí 
Res .01-20M 

Bench DMMS 

r I>cuü 

M-3500 M-4500 
31/2 digit $125 41/2 digit $175 
.1% accy .05% accy 

AC Current Meter 

ST -1010 

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

Solderiess Breadboards 

9436 SHOWN 

9430 
1,100 pins $15 
9434 
2,170 pins $25 
9436 
2,860 pins $35 
All have color 
coded posts 

AC Clamp -On 

Current Adapter 

ST -265 

$25.00 
0-1000A AC 
Works with 
most DMM 

Wide Band Signal Generators 

SG -9000 $129 
RF Freq 100K-450MHz 
AM Modulation of 1 KHz 
Variable RF output 

SG -9500 with Digital Display 
and 150MHz built-in Freq Ctr $249 

Contains al the desired features for 
doing expe-iments. Features short 
circuit protection all supplies 

TRIP_E POWER SUPPLY XP -620 

Assembled $ 65 
Kit $ 45 

2 to 15V at 1A 

-2to-15Vat1A 
(or 4 to 30V at 1A) 

and 5V at 3A 

Function Generator 
Blox 

#9600 

$28.95 
Provides sine,tri,squ wave 
from 1Hz to 1MHz 

AM or FM capability 

Decade Blox 
#9610 or 

:47 :1!_ 1:4_:' #9620 
..' S18.95, 

#9610 Resistor Blox 
47 ohm to 1M & 100K pot 
#9620 Capacitor Blox 
47pf to 1OMFD 

Digital Triple Power Supply XP -765 

$249 

0-20V at 1A 
0-20V at 1A 
5V at 5A 

Fully Regulated, Short circuit protected with 
2 Limit Cont., 3 Separate supplies 

XP -660 with Analog Meters $175 

Quad Power Supply XP -580 

$59.95 

OUAO PowEq 

Fully regulated and 
short circuit protected 

XP -575 without meters $39.95 

2-20V at 2A 
12V at lA 
5V at 3A 
-5V at.5A 

Four -Function Frequency Counters 

F-100 120M H 

$179 
F-1000 1.2GH 

Frequency, Period, Totalize, $259 
Self Check with High Stabilized Crystal Oven 
Oscillator, 8 digit LED display 

GF -8016 Function Generator 
with Freq. Counter 

$ 249 
Sine, Square, Triangle 
Pulse, Ramp, .2 to 2MHz 
Freq Counter .1 - 10MHz 

GF -8015 without Freq. Meter $179 

LEARN TO BUILD AND PROGRAM 
COMPUTERS WITH THIS KIT! 

INCLUDES: All Parts, Assembly and Lesson Manual 

MODEL 
MM -8000 

$129.00 

Starting from scratch you build a complete system. Our Micro -Master 

trainer teaches you to write into RAMs, ROMS and run a 8085 

microprocessor, which uses similar machine language as IBM PC. You 

will write the initial instructions to tell the 8085 processor to get started 

and store these instructions in permanent memory in a 2816 E PROM. 

Teaches you all about input and output ports, computer timers. Build 

your own keyboard and learn how to scan keyboard and display. No 

previous computer knowledge requied. Simple easy to understand in- 

struction teaches you to write in machine language. 

WE WILL NOT BE UNDERSOLD! C & S SALES INC. 15 Day Money Back Guarantee 
UPS Shipping: 48 States 5°,. 

1245 Rosewood, Deerfield, IL 60015 2 Year Warranty Prices subject to charge 

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