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Now! The new 60 MHz Tek 2221 joins the 
world's best-selling family of digital 
storage oscilloscopes. All featuring 20 
MS/s digitizing along with familiar, full - 
bandwidth analog operation. It's the best 
of both worlds in an easy -to -use portable. 

Discover the potential. With digital stor- 
age you can freeze waveforms. Capture 
events invisible to nonstorage scopes. 
Find signals buried in noise. And build a 
library of reference waveforms. 

Digital storage display accuracy 
enhances your confidence in 
measurements. And all you 
have to do is push a button 
for real-time display analysis. 

Compare the 2230, 2221 
and 2220 to each other- 
and all others. The new 
2221 offers such advanced 
features as CRT readout and 
measurement cursors. For 
even more performance and 
flexibility, there's the 100 
MHz, dual time base 2230 
with optional battery -backed 
memory for saving up to 26 
waveform sets. And if it's 
economy you want, choose 
the 60 MHz 2220 with many 
of the same features at an 
even lower cost. 

THE ANSWER IS IN 
TEK DIGITAL STORAGE: 

$2995 
995 
995 

With each scope you can capture 
events as narrow as 100 ns at any sweep 
speed thanks to Tek's proprietary peak 
detect mode. View events prior to or follow- 
ing a trigger event with pre/post trigger. 
Store waveforms into 4K records. Auto- 
mate measurements with optional GPIB 
and RS -232-C interfaces. And output 
direct to a printer or plotter. 

Tek software is available to help you 
make the most of the 2230, 2221 and 2220 
in system configurations. 

Call Tek for a free video 
brochure or to place an Features 

Analog/Digital Storage BW 

Maximum Sampling Speed 

Record Length 

Peak Detect 

2230 
100 MHz 

20 MS/s 

4K/1 K 
(selectable) 

NEW! 2221 

60 MHz 

20 MS/s 

4K 

2220 
60 MHz 
20 MS/s 

4K 

100 ns 100 ns 100 ns 

Save Reference Memory 

Vertical Resolution 

One, 4K 
Three, 1K 

8 bits 
10 bits 
(AVG mode) 
12 bits 
(AVG mode 
over the bus) 

One, 4K 

8 bits 
10 bits 
(AVG mode) 

One, 4K 

8 bits 

CRT Readout/Cursors Yes Yes No 

GPIB/RS-232-C Options 
Battery -Backed Memory 
(save 26 waveform sets) 

Yes ($750) 
Yes (inc with 
GPIB/ 
RS -232-C) 

Yes ($500) Yes ($500) 

No No 

Price $4995 $3995 $2995 

order. 
Ask about free digital 

storage application notes 
and educational materials. 
Orders include complete 
documentation, manuals 
and 3 -year warranty on 
labor, parts and CRT. 

Call Tek direct: 
1-800-426-2200 
for free video brochure 
for orders/assistance. 

w= I MOSterCwd 

Téktronbc 
Prices subject to change without notice. 

Copyright ©1987, Tektronix, Inc. All rights reserved. TXA-795E-1 

CIRCLE 92 ON FREE INFORMATION CARD 
COMMITTED TD EXCELLENCE 

www.americanradiohistory.com



Radio August 1988 Electronics. 
Vol. 59 No. 8 

BUILD THIS 
33 MICRO -SIZED AMPLIFIER 

Build a super -sensitive amplifier in a super -small package. 
Frank Polimene 

37 INFRARED COMMUNICATIONS SYSTEM 
Put infrared technology to use in this wireless speaker system. 
Rudolf F. Graf and William Sheets 
Rio 

45 Electronics ADVANCED CONTROL SYSTEM 
Part 7. Adding a CRT controller and printer port. 
Michael A. Tucker 

50 L/C METER 
Part 2. Construction details for the digital LIC meter. 
Neil W. Heckt 

TECHNOLOGY 
8 READ/WRITE CD 

Tandy announces the world's first erasable compact disc. 
Brian C. Fenton 

53 GENERAL-PURPOSE INTERFACE BUS 
Part 2. GPIB accessories, plus customizing and troubleshooting. 
Vaughn D. Martin 

61 TESTING SEMICONDUCTORS 
Part 9. More on testing TTL devices. 
TJ Byers 

57 THE EARLY DAYS OF RADIO 
Better radio design with improved tubes. 
Vaughn D. Martin 

>iJ;l;Id wtl,` 
6 VIDEO NEWS 

The latest happenings. 
David Lachenbruch 

20 EQUIPMENT REPORTS 
Beckman's HP 153 DMM. 

24 COMMUNICATIONS 
Personal -communications. 
Herb Friedman 

69 HARDWARE HACKER 
Remote controls and more! 
Don Lancaster 

75 AUDIO UPDATE 
Can you hear the difference? 
Larry Klein 

78 SHORTWAVE RADIO 
General conditions. 
Stanley Leinwoll 

80 DRAWING BOARD 
Planning displays. 
Robert Grossblatt 

RS232 CONTROL/MONITOR SYSTEM 

BUILD R PAIR OF LINE -CARRIER 
MODEMS 

CD CLASSROOM 

PAGE 81 

0 

READ/WRITE' 
COMPACT DISCS 

i 

i t, 

T ' 

PAGE 8 

116 Advertising and Sales 
Offices 

116 Advertising Index 

10 Ask R -E 

117 Free Information Card 

12 Letters 
98 Market Center 
23 New Books 

30 New Products 
66 PC Service 
4 What's News 

t 

www.americanradiohistory.com



ON THE COVER 

TANDY ANNOUNCES RECORDABLE 
- COMPACT AUDIO DISCS 

Electronics 
,.,.«,.OI.OG.-Y,,.,0 s.,Of 0 COOK, r,«.:.,.,,,,,.,. 

BUILD A 
SUPER SENSITIVE AMPLIFIER Í 
FOR LONG.RANGE LISTENING 

BUILD AN 
LC METER 
FOR YOUR TESTBENCH 

BUILD 
WIRELESS SPEAKERS 
FOR YOUR STTRED SYSTEM 

BUILD A PAIR OF 

LINE -CARRIER MODEMS 
FOR CABLÛFREE 
INTERFACING 

PO» 
r.ees.NN 

tlA., 

BUILD AN RSïz 
MONITOR 
CONTROL. 
p rA, 

We have so many great con- 
struction projects, that we couldn't 
limit this month's cover to only one. 
First, we have a super -sensitive am- 
plifier that uses surface -mount tech- 
nology to achieve its tiny size. And 
we have complete details on how to 
build a set of wireless speakers that 
use infrared light instead of wires! 

We also have a couple of projects 
that we have to finish up this month. 
First is an easy -to -build LC meter for 
your workbench. It accurately mea- 
sures capacitance from 0.1 to 
99,990 pF, and inductance from 0.01 
to 99,990. In ComputerDigest, we 
tell you how to build a set of line - 
carrier modems for cable -free com- 
puter interfacing. 

COMING NEXT MONTH 

THE SEPTEMBER ISSUE 
IS ON SALE 
AUGUST 2 

BUILD THE TELEGUARD-II 
Prevent unauthorized out -going calls with this easy -to -build project! 

QUANTUM IC's? 
A new theory could change integrated circuits forever. 

BUILD A WALKMAN AMPLIFIER 
Use it to get big sound from your personal stereo, or as a 

benchtop utility amp. 

COMPUi ERDIGESi 
Build a Biofeedback Monitor and a Hemi-Sync Generator. 

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 relaté 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) August 1988. Published monthly by Gernsback Publications, Inc., 500-B Bi -County 
Boulevard, Farmingdale, NV 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 $2.25.' a 1988 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 
80321-5115. 

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is 
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or 
photographs while in our possession or otherwise. 
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Intermittents. We Hear You. 
Introducing The Heavy -Duty DMM With An Audible 

Readout That Lets You Keep Both 
Eyes On The Job. 

Intelligent design and 
solid construction make 
the new HD 150 Series the 
best DMMs in their class. 

They're the latest in a distinguished 
line that began when Beckman Industrial 
pioneered heavy-duty DMMs with their 
distinctive yellow color. Many competitors 
have since imitated that color. As for 
imitating their performance, no one 
comes close. 

The HD 150 Series attains new levels of 
excellence with a range of advanced 
features. They're waterproof. Drop proof. 

Beckman Industrial Corporation 

Ins -fomentation Products Division 

A Subsidiary of Emerson Electric Company 

3&.3 Ruffin Road, San Diego, California 92123-1898 
(619) 495-3200 FAX: (619) 268-0172 TLX: 249031 

CIRCLE 98 ON FREE INFORMATION CARD 

Auto -ranging. Slim -styled for one - 
hand comfort and convenience. 
With auto -off to prolong battery 
life. Plus 2 fuses, PTC resistor and 
MOV for unsurpassed overload 
protection. 

Audible readout. A "sound" 
reason to go with the HD 150 

Series. With this unique feature on 
the HD 153, you measure parame- 
ters by listening to a continuous 
variable tone. As the parameter you 
measure rises or falls, the tone's 
frequency increases or decreases, 
acrordingly. Use it for volts, amps, or ohms. It's 

ideal for peaking and nulling, too. 

\ 
TIME 

Intermittent alert. A key application 
of audible readout The HD 153 pinpoints 

intennittents by emitting a "crackling" 
sound when they're detected. The 
response sounds in about 1 msec-far 
faster than the information appears on 

any DMM display. 

Logic function. 
The HD 153 detects Auto -ranging 

Ì TTL or CMOS logic Y pulses using stan- 
dard test leads. 

Easy to use. 
- The HD 150 

Series lets 
you read the 

LCD even at 
wide angles. 

With the large 
rotary dial you 

select functions with one- handed 
(right or left) convenience. Auto - 

ranging speeds you to the right range. 

A tilt -stand and Skyhook let you set or 
hang the DMM almost anywhere. 

Built tough to work hard. The HD 150 

Series DMMs are so tightly sealed against 
water and grime that they're guaranteed 
for flue years against contamination. And, 

because they're built so tough, they're 
guaranteed for two years against any 
damage (except abuse). Crashes, overloads, 
moisture, dust... you name it. The HD 150 

Series can handle it all! 

Listening is believing. For a hands-on 
demo, see your distributor now. Learn why 
the HD 150 Series is the soundest DMM value 
you'll see Or hear 

Key Specifications 

HD 151 HD 152 HD 153 

Range Lock 

Audible readout 

Tilt Stand and 
Skyhook Optional Optional Included 

Logic pulse detector 

DC voltage accuracy 0.7% 0.5% 0.25% 

10A range 

Suggested list price $149.00 $169.00 $199.00 

InSetvice Beckman Industria/'" instruments 
WeieThe One. 

© 1988 Beckman Industrial Corporation 
Specifications subject to change without notice 
lalox is a registered trademark of General Electric Corporation. 
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WHAT'S NEWS 
Fastest inductor motor runs up to 50,000 RPM 

A number of industrial pro- 
cesses (such as some types of 
metal machining) require high 
speeds at fairly high power. Small 
motors can be built to operate at 
high speeds, but rotors with em- 
bedded coils or laminations have a 

tendency to fly apart as weight and 
speed is increased. Gears can 
often be used to increase speed, 
but that's only at the cost of effi- 
ciency and reliability. 

Engineers at REM Technologies 
(Albany, NY) have announced a 

design using a rotor machined 
from a single piece of steel-there 
are no coils or laminations. The 
three rotor segments follow the 

rotating field set up in the arma- 
tures, in a manner similar to that of 
a standard induction motor. 

Electric current for the new 
motor is supplied from an inverter 
that transforms the 60 -Hz power to 
any frequency from 3 Hz to 3,000 
Hz, providing variable speeds up 
to 50,000 RPM. 

The solid rotating field will re- 
mind old radiomen of the Alexan- 
derson alternators-used for high - 
power long -wave transmission be- 
fore high -power electronic tubes 
came into use-in which a toothed 
disc revolved past a large number 
of fixed poles to produce frequen- 
cies up to 200 kHz. 

REM TECHNOLOGIES' VICE-PRESIDENT OF ENGINEERING, Jim Grant (I.), and techni- 
cian John Cestra, are shown inserting a rotor machined from a single piece of steel into 
the Homopolar Inductor Drive (HiDrive) motor. That rotor is the only moving part of the 
HiDrive motor. 

Solar -to -chemical energy unties 
transmission snags 

A serious problem in the use of 
solar energy is that the areas 
where it is produced most effi- 

ciently are often far from the in- 
dustrial areas where it could be 
used effectively. Energy that is cap- 
tured from the sun is readily 
turned into other forms of energy, 

such as heat, normally in the form 
of hot fluids-which can be used 
to generate electricity or for other 
purposes. But heat losses make 
long-distance transmission of hot 
fluids impractical. 

A major goal is to eventually be 
able to transport solar energy long 
distances. The energy would be 
collected in solar -dish collector 
fields, located in a remote desert 
areas, and "piped" to highly indus- 
trialized areas where it could then 
be used immediately or stored for 
later use. 

Sandia National Laboratories 
(Albuquerque, NM), has pre- 
sented a new solution-the heat is 
used to produce a chemical 
change in a gas. The gas can be 
transmitted by pipeline over long 
distances and reconverted to its 
original state. On reconversion 
the gas gives up the heat it ab- 
sorbed in the first conversion. 

The solar receiver/chemical re- 
actor consists of a series of vertical 
pipes filled with a granular catalyst 
through which the active fluid, a 
mixture of methane and carbon di- 
oxide, flows. The pipes are sur- 
rounded by liquid sodium, which 
evaporates when exposed to con- 
centrated sunlight. The sodium 
then condenses on the pipes, giv- 
ing up its heat to the mixture with- 
in. That causes the methane to 
react with the carbon dioxide to 
form carbon monoxide and hydro- 
gen. The new gas can then be 
piped to the place of use and rec- 
onverted to methane and carbon 
dioxide, giving up the heat it ab- 
sorbed in the first conversion. The 
liquid sodium is recycled to the 
solar panels to be reheated. 

Tests conducted at the 
Weiszman Institute in Rehovot, Is- 
rael have been highly successful, 
and Israeli researchers expect to 
be able to use the system to trans- 
port solar energy collected in the 
deserts in the south to industrial 
regions. R -E 
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Nowyou can put your fingers on 
214,000 replacement semiconductors. 

Finding the precise, quality solid state replacement device is as easy as 
opening one book, the SK Solid State Replacement Guide. 

Inside you'll find listings for making over 214,000 solid state replacements 
using some 2,900 quality -built SK and KH types. From transistors and thyristors to 
integrated circuits and microprocessors. All cross-referenced so you can replace 
original parts of all makes quickly and easily. 

When you need a solid state replacement part for servicing a VCR, TV, audio 
component or personal computer, this is one book your fingers will turn to 
automatically. 

To get your SK Guide (SKG202E), see your local SK Distributor. Or write: 
Sales Promotion Services, Thomson Consumer Electronics, Inc., Distributor and 
Special Products, 2000 Clements Bridge Road, Deptford, NJ 08096-2088. 

SKReplacement 
Solid State 
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VIDEO 
NEWS 

CD Recorder. The surprise announcement 
by Tandy Corporation (owner of the Radio Shack 
chain and the Memorex consumer video- and 
audio -tape business), that it had developed a low- 
cost optical -disc recording system, could have a 
great impact on both the audio and video 
industries. The system, which Tandy calls THOR- 
CD (for Tandy High Intensity Optical Recording) 
is claimed to permit repeated digital recording 
and erasure of discs which are playable on 
standard CD players. Tandy says the recorder will 
cost less than $500 and be ready within two 
years. 

Although the system is capable of making 
digital audio and computer discs, Tandy noted 
that video discs are among its possibilities as 
well. The discs, however, won't be compatible 
with current laserdiscs, according to Tandy 
officials, because THOR is a digital recording 
medium. The THOR video disc could become the 
first medium for consumer digital -video 
recording. 

The THOR system is based in part on a process 
developed by Optical Data Inc., using a disc coated 
with a dye polymer coating, which forms bump - 
like deformations when exposed to a laser beam. 
The mark or bump, which doesn't deteriorate 
with repeated use, can be erased and rewritten 
when exposed to a laser beam of another 
wavelength. The system is inexpensive and can 
be manufactured in high volume with existing 
magnetic -media techniques. 

Ho hum, HDTV. The average person isn't 
particularly excited about high -definition TV; 
according to research conducted with the general 
public by Massachusetts Institute of Technology, 
HBO, and the Canadian Broadcasting Corporation. 
The MIT researchers, reporting on the opinions 
of 613 people who were shown HDTV and 
standard TV side by side in a Massachusetts 
shopping mall, found that HDTV "doesn't knock 
the socks off everyone who sees it," in the words 
of the study's author, Assoc. Prof. Russell 
Newmann. The survey results showed that 
HDTV's impact is much less than that of color TV 
as compared with black -and -white. Some of the 

DAVID LACHENBRUCH, 
CONTRIBUTING EDITOR 

test subjects actually preferred a standard NTSC 
picture to HDTV, with only 62%® preferring HDTV. 
All three surveys showed that about 50% of 
subjects would pay $100 premium for an HDTV 
set, but only 5% would pay $500 more. Current 
estimates are that, ff mass-produced, HDTV sets 
will cost between $1,500 and $3,000. 

Hi-fi Camcorders. FM "depth multiplex" hi- 
fi stereo has been available for a long time now in 
full-sized VHS decks and a very few VHS 
camcorders that are being sold, but now the 
principle is being extended to the miniature VHS - 
C system. The new system, expected to be 
introduced late this year, will be compatible with 
VHS hi -f1 stereo.. Because of VHS -C's small head 
drum, the system will use nine recording heads; 
four for the picture, four for sound, and one flying 
erase head. The 8mm-Video system provides for 
two sound systems; one FM -based mono system 
and a PCM digital -stereo version. A group of 10 
major Japanese companies is now developing 
standards for a stereo version of the FM sound 
system. Sony says that they won't add analog 
stereo, but instead will use PCM-stereo sound on 
its higher -priced 8mm camcorders. 

Surround -sound TV. Another audio -for - 
video development is a test that is being 
conducted by NBC on the transmission of 
surround sound along with the MTS stereo -sound 
signal No addit:onal audio -signal paths are 
required other than the standard L+ R and L - R, 
an NBC engineer explained, noting that the 
surround -sound information for motion pictures 
is matrixed into two channels. The network, he 
said, will "test the retrievability of surround 
sound under a variety of conditions," including 
satellite distribution, VHF and UHF 
transmissions, and cable systems, to determine 
how much degradation of the surround sound 
occurs. The network has already transmitted 
several programs with encoded surround sound. 
Reception requires a surround -sound decoder (an 
increasing number of those are being built into 
higher -priced TV sets) and one or two rear 
speakers. R -L 
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FULLY OVERLOAD 
PROTECTED 

TRANSISTOR 

TESTER 

9 FUNCTIONS 
34 RANGES 

CONDUCTANCE 
TESTER ADDS 
VERSATILITY 

TEMPERATURE 
TESTER TO 

2000 F 

OFF 

D 

71íA mA 
í!A MAX 

MODEL 
DMM-300 

1$A A 
2 m 

200m 

2000m i 

* 2 YEAR REPLACEMENT WARRANTY 
* 30 DAY MONEY BACK GUARANTEE 
* TOLL FREE TECHNICAL SUPPORT 
* NEXT DAY AIR SHIP AVAILABLE 

MODEL 2000 $389.95 
20 MHz DUAL TRACE OSCILLOSCOPE 
Model 2000 makes frequency calculation and phase 
measurement quick and easy. The component tester 
aids in fast troubleshooting. Service techniciansappre- 
ciate the TV Sync circuits for viewing TV -V and TV -H and 
accurate synchronization of the video signal, Blankma 
VITS, and V/H sync pulses. 

* Exceptionally bright 5" CRT 
* Built-in component tester 
* TV Sync filter 
* X -Y operation * 110/220 volts 

MODEL 3500 $499.95 
35 MHz DUAL TRACE OSCILLOSCOPE 
Wide bandwidth and exceptional 1mV:.JIV sensitivity 
make the Model 3500 a powerful diagnostic "ool for =>21=Mr3i.,,t- 
engineers or technicians ata remarkable price. Delayed 
triggering allows any portion of a waveform to be 
isolated and expanded for closer inspection. variable 
Holdoff allows stable viewing of complexwavefcrms. 

Exceptionally bright 5" CRT 
Delayed and single sweep modes - C ' 

* Z axis intensity modulation v - 
* X -Y operation * TV sync filter¢ 
* Fast loos rise time 

OAK 

+- 
.4 

w u 'ne' 

7995 
This full function 3.5 digit DMM offers highly accurate performance and a host 
of added features to help you do the job-fast. Capacitance, transistor, tem- 
perature, conductance and audible continuity in addition to the ranges you'd 
expect from a DMM of this quality. Temperature probe, test leads and battery 
included. Input impedance: 10M ohm. Basic DC accuracy: plus/minus 0.25% 
Approx. 7"x312"x 13/4" Wt. 131 ozs. 

DC VOLTAGE TO 

1000 VOLTS 

A['DC CURRENT 
200µA to 10A 

CAPACITANCE 

TESTER 

2000pF Io 20µF 

Ì1 Ì1 
e 

ea WM 9_ 

DPM-1000 $54.95 
3.5 DIGIT PROBE TYPE DMM 
Custom 80 pin LSI chip provides accuracy and reliability 
in such a compact size. Autoranging, audible continuity 
and data hold feature help you pinpoint the problem 
quickly. Case and batteries included. 

* Basic DC accuracy: plus/minus 1% 
* DC voltage: 2v -500v, autoranging 

AC voltage: 2v -500v, autoranging 
Resistance: 2k ohms -2M ohms, autoranging 
Fully over -load protected 
Input impedance: 11M ohm 

* Approx. 612" x 1" x 3/4" Under 3 ozs. 

DMM-200 $49.95 
3.5 DIGIT FULL FUNCTION DMM 
Get highly accurate performance at a very affordable 
price. Rugged construction, 20 amp current capability 
and 22 ranges make it a perfect choice for serious field 
or bench work. Lo battery indicator and tilt -stand. Probes 
and 2000 hour battery included. 

* Basic DC accuracy: plus or minus 0.25% 
DC voltage: 200mv-1000V, 5 ranges 

* AC voltage: 200mv-750V, 5 ranges 
Resistance: 200 ohms -20M ohms, 6 ranges 

* AC/DC current: 200µA -20A, 6 ranges 
Input impedance: 10M ohm 

* Fully overload protected 
* Approx. 7"x 312" x 112" Wt. 11 ozs. 

DMM-100 $29.95 
3.5 DIGIT POCKET SIZE DMM 
Perfect for the field service technician. Shirt pocket size 
without compromising features or accuracy. Large, easy 
to read 12" LCD display. Fully overload protected for 
safety. 2000 hour battery life with standard 9v cell. Probes 
and battery included. 

Basic DC accuracy: plus/minus 0.5% 
DC voltage: 2v -1000v, 4 ranges 
AC voltage: 200v -750e, 2 ranges 
Resistance: 2k ohms -2M ohms, 4 ranges 
DC current: 2mA-2A, 4 ranges 
Input impedance: 10M ohm 
Fully overload protected 
Approx. 5"x 3" x 1". Under 7 o 

11ON 

JDR INSTRUMENTS, 110 KNOWLES DRIVE, LOS GATOS, CA 95031' 
RETAIL STORE: 1256 SETH BASCOM AVE, SAN JOSE, CA (408) 947-8881 

COPYRIGHT 1987 JOR MICROOEVICES 
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TANDY CORPORATION'S ANNOUNCEMENT 
of a major breakthrough in optical 
media generated a great deal of sur- 
prise in the electronics industry-and 
an almost equal amount of skep- 
ticism. Tandy claimd to have de- 
veloped the technology to produce the 
first read/write compact disc, called 
THOR-CD or Tandy High -intensity 
Optical Recordable Compact Disc. 

What makes Tandy's THOR-CD 
different from existing recordable op- 
tical discs is its complete com- 
patibility with CD -audio discs. Other 
recordable optical media include 
WORM (Write Once, Read Many) 
discs, which are becoming quite com- 
mon, and erasable magneto -optical 
discs, which were developed last year 
by several Japanese firms. 

Making erasable discs compatible 
with CD audio equipment has been 
difficult because of the way data are 
recorded-in tiny pits and lands that 
scatter or reflect the laser beam that is 
used to read the encoded data. Mak- 
ing the pit isn't too difficult; until 
now, erasing the pit has been. 

Tandy is very close-mouthed re- 
garding any details of their tech- 
nology, which is based on a process 
developed by Optical Data Inc. of 
Beaverton, Oregon. Knowing that, all 
we can guess is that Tandy's process 
uses a reflective disc coated with dye 
polymer layers that can be pitted by a 
laser beam; the pit can be removed by 
a laser beam of a different wave- 
length. The pit is permanent unless 
erased, and the discs are claimed to be 
as rugged as their pre-recorded com- 
mercial counterparts. 

Tandy predicts mat the tecnnoiogy 
will lead to compact -disc recorders 

iCÖMW 

READ/WRITE 
COMPACT DISCS 

The world's first recordable CD -compatible disc. 

BRIAN C. FENTON, EDITOR 

and recordable media in about two 
years, at an expected starting price of 
around $500. The discs are expected 
to be priced at about $5 each. That, 
incidentally, is about half the ex- 
pected price of blank Digital Audio 
Tapes (DAT). 

Recordable compact discs could 
have applications other than audio. 
However, without further technical in- 
formation, it is too early to say for 
sure what those applications will be. 
Mass data storage for computer sys- 
tems seems to be a likely candidate, 
but only if error detection and correc- 
tion schemes can be made sufficiently 
robust. 

Even then, it is uncertain whether 
THOR-CD data -storage devices 
would be accepted in the market- 
place. First, no one knows how many 
erase cycles the discs can survive. 
(Tandy spokespersons have said that 
the discs conceivably could survive 
an infinite number of write cycles.) 
Second, access times for CD-ROM 
drives are slow-on the order of flop- 
py -disk drives. That, however, is a 
function of the drive mechanisms, not 
the medium itself. 

Tandy's announcement generated a 
healthy amount of skepticism, es- 
pecially among Japanese firms who 
were early to experiment with erasable 
optical discs. One reason for that was 
the skimpy details that Tandy released. 
Another reason was the announce- 
ment's timing, at least two years before 
the product could be marketed. (Tandy 
did not have any prototype recorder to 
show, and played only a tape that they 
said was recorded from their prototype.) 
In the worst case, we'll know the an- 
swer in two years. R -E 

TANDY SUPPLIED THESE OSCILLO- 
SCOPE waveform photographs that show 
(a) the THIOR-CD media before recording, 
and (b) the digital) input. The waveform in 
(c) shows the same signal played back. 
Although differences between the wave- 
forms in b and c can be seen, the signals 
look identical to a CD player. In (d), we see 
the disc after erasure. 
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HITACHI SCOPES AT DISCOUNT PRICES! 

$100 Price Reduction 

V-212 

rc 
NOW $379 

was $475 

. , .r 

40MHz V-425 List 

CPT readout $835 
995 60MHz V-660 List 1,195 

Delayed sweep $949 

w, 

100MHz V-1060 List 1,595 

Delayed sweep $1,285 
List $560 

Plus `Free' 9600 Function Generator 
All Hitachi scopes include two 50 MHzprobes P 

and have a 3 year guaranty on parts and labor 

List Our Price Save 
V-223 20MHz D.T. 2rriV Sens. Delayed Sweep 770 695 75 
V-422 40MHz D.T. 1rrV Sens. DC offset 875 695 180 
V-423 40MHz D.T. 1n -V Sens. Delayed Sweep DC offset 955 795 160 
V-1065 100MHz D.T. 2rrV Sens. Delayed Sweep 1,895 1,575 320 
V-1100 100MHz D.T. 1rrV Sens. Curser meas. DVM counter 2,295 1,995 300 
V-1150 150MHz O.T. 1mV Sens. Curser meas. DVM counter 3,100 2,565 535 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

,:. $349 
MU -1251 

6" CRTMO-1252 
Built in component r tester 

.4 f TV Sync 

Much More 
20MHz Dual Trace Oscilloscope 

Scope Probes 

P-1 65MHz,1x,lox $19.95 
P-2 100MHz,1x,10x $23.95 
with 5 accessories 
10 Meg ohms input impedence 

Fits all scopes with 
BNC connector 

TL -3 BNC to Minigrabber $3.49 

$498 

t' High Luminance 6" CRT 

Y lmV Sensitivit 

lOns Rise Time 
- 

6KV Acceleration Voltage 4 ! 
i=_ X -Y Operation Z Axis 

Delayed Triggering Sweep 
35MHz Dual Trace Oscilloscope Much More 

Top quality scopes at a very reasonable price. Contains all desired features. Two lx, 10x probes, diagrams and manual. 

- illi True RMS 41/2 

Digit 

$135 M-7000 

.05% DC Accuracy 

.1% Resistance 
with Freq. Counter 

wi Deluxe Case 

10MHz Oscilloscope 

S-3000 i 
$239 r 

10MHz DC or AC 

Triggered sweep 
Calibrated Vert 8 Hor 
Reads Volts 6 Freq 

Decade Blox Low Cost 
Ma Multimeter 

M-1600 

$25 
31/2 Digit LCD ''' '' 1% DC Accuracy 
10A Scale 
Auto zero/ polarity p y 

Digital LCR Meter 

::. 
#9610 Resistor 
47 ohm to 1M 

#9620 Capacitor 
47pt to 1OMFD 

9610 or 96201111. 
$14.95 

Blox 

& 100K pit 
Blox 

` ` 

LC -1800 

$ 138 
Measures 

Colis (luH 2O0H) 

Caps (.1pf-200uí) 
Resistors 

( 
1 ohm -20M ohms) 

Breadboard 

9436 
Shown 

Multimeter with Digital Capacitance Meter 
aim CM -1550 

$58.95 
9 Ranges 

.1pf-20,000ufd 

.5% basic accuracy 
Zero control 
w/case 

Analog Multimeter 31/2 Digit Meter 

H U Auto and 
Manual Ranging 

ing 
-r- 

t 
- 

Capacitance and 
Transistor Tester 

$55 CM -1500A 
Reads Volts, Ohmst 
Current, Capacitors, 
Transistors and 
Diodes w/case 

® M-1100 
28 Functions , Fully Protected 

1itl M-1160 .7% Ac $36.95 
i%, ( M-1181 .1% Ac $42 95 

$19.95 
19 ranges 
High Accuracy 
10A reading 
Mirrored scale 
Kit 17.50 

9430 1.100 pins $15 
9434 2,170 pins $25 
9436 2,860 pins $35 ' M-1182 .25%Ac $39.95 

Function Generator Blox Soiderless Breadblox 

... 

550 tie pts #9550 
including 2 power @ 

bus lines $7.50 

IC Test Clips 
16 pin $6.95 
20 pin $8.25 
24 pin $10.75 
28 pin $11.75 
40 pin $18.50 

All are gold plated to 
assure trouble free contact 

Temperature Probe 
M-110CF 

- $29.95 
Semiconductor 

type 
Range 

-58F -302F 

Fits most digital multimeters 

50MHz Logic Probe 
LP -700 

aq° $23 ` 
Logic Pulser LP -600 $23 

#9600 

$24.95 
Provides sine, tn, squ wave 

From 1Hz to 1MHz 
AM or FM capability 

Digital 3 Amp Power Supply 

, ,e4141, 
IN 

-- 0 0 0- 
- 

- .. 

XP -650 with Analog Meters 

XP -750 

' $175 
0-40V ®1.5A 
0-2V ® 3A 

$129.50 

Regulated P.S. Breadboard 
XK-400 

GF -8016 Function Generator 
with Freq. Counter 

-' eiiit't $239 
' w11ti« Sine, Square, Triangle 

Pulse, Ramp, .2 to 2MHz 
Frequency .1 thru 10MHz 

GF -8015 without Freq. Meter $179 

$99.95 
Fully regulated 
Short circuit protection 

3550 test points 
3 power supplies 

5V @ 2A,12V ®.3A, -12V r^q .3A 

Fully 
2 Limit 

XP 

Digital Triple Power Supply 
XP -765 

$239 i +%m ^" Ail,- 0-20V ®1A eari 
0-20V @ 1A 

Regulated, Short Circuit Protected with 5V @ 5A 

Cont. 3 Separate Supplies 

-660 with Analog Meters $169.50 

Quad Power Supply 

..- .. -----... 
Fully regulated and 
short circuit protected 

XP -575 without 

`I 
?= - 

meters 

XP -580 

5 $59.95 
2-20V ®2A 

12V ®1A 
5V 3A 

-5V ®.4A 

$44.95 

Four -Function Frequency Counters 

F-1000 $259 
1.2GH 

F-100 $179 r 120MH 
Frequency, Period, Totalize, Self Check with High - 

Stabilized Crystal Oven Oscillator, 8 Digit LED Display 

WE WILL NOT = C & S SALES INC. (800) '292-7711 15 Day Money Back Guarantee 
2 Year Warranty 1245 Rosewood, Deerfield, IL 60015 (312) 541-0710 

BE UNDERSOLD! q Add 5°%, for Postage ($10 Max) IL Res., 7% Tax ASK FOR FRt F CATALOG 
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Asu R -E WRITE TO: 

ASK R -E 

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

t9V 

M/OKE / 

ON/OFF 
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R5 
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'7 

/0 

R/3 
560n 4N 
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Wr 

SC/ -d /i/6 
LM3900 ezzo12 

5 

6 

/N 

3 
Vcc 
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3 

-6 

RHr 
REF DL/T /2 

R/7 
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z 

rc 
LM39/5 -/B 
RL 

REF ADJ 
2/ 
zs, 

G/VD 27 
/ifODE 

9 

S2 

BARO l DOT 

R6 
56011 er- 
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LED VU METER 
Is there any simple circuit I could 

use to have a series of LED's light in 
response to the volume of an incom- 
ing audio signal? The circuit should 
be battery powered and have a small 
amplifier in it to handle a variety of 
input signals.-J.K., Altoona, IA 

If this letter looks familiar to 
you, it's because we ran it in May. 
The only problem was that we 
printed the wrong schematic 
along with our answer. We hope 

FIG. 1 

that we didn't confuse you too 
much, although some of you prob- 
ably picked up on the error before 
we did. So, now we're going to 
answer the question and include 
the right schematic. 

What you're really talking about 
building is an LED VU meter. You 
could put one together with dis- 
creet parts but it's a lot smarter to 
use an LM3915. That IC has the 
buffers, drivers, and precision 
voltage reference on board to do 

the job. Best of all, they're not ex- 
pensive and you can probably find 
one at your local supplier. 

A circuit that does what you ask 
is shown in Fig. 1. You didn't say 
what kind of audio signal would be 
used as the input, but, the circuit 
has both a microphone and line - 
level input. 

You only need two of the four 
op -amps in the LM3900 package 
implement the basic circuit. You 
can use the extra amps to provide 
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more gain, more inputs, etc. As 
shown in Fig. 1, I've elected to use 
them for additional inputs, but 
you can change that and use them 
for anything else you have in 
mind. 

Switch S2 is used to change the 
display from a dot to a bargraph. 
You can use any construction 
technique you want. The circuit 
doesn't draw much current, so a 

nine -volt battery will keep the cir- 
cuit going for a long time. 

POWER -LINE INTERFERENCE 
I am plagued by interference from 

local power lines. Representatives of 
the power company have not been 
able to deal with the problem. The 
noise level is between S-9 and 20 -dB 
over on my Yaesu FRG -7 receiver. It 
appears that I'll have to add a noise 
blanker to the receiver. Can you or 
any reader help with a circuit that 
can handle the level of noise that I 

have here?-D.S., Steinbach, Man, 
Canada 

Sometimes, public utilities are 
not as diligent as they should be in 
eliminating sources of RFI from 

their equipment. Sometimes the 
interference is caused by a loose 
connection on a high-tension line, 
a defective transformer, corona 
discharge, or arcing across a dirty 
insulator some distance away from 
the consumer experiencing the in- 
terference problem. In other in- 
stances, the noise may be caused 
by heavy electrical equipment in 
an industrial plant many miles 
from you. 

In such cases, the consumer 
should do all that he can to pin- 
point the source of the inter- 
ference. If you can localize the 
source of interference, most 
power companies will quickly 
clear up the problem. 

WHAT'S A HALF DIGIT? 
The multimeter I'm planning to 

purchase is described as a 31/2 -digit 
instrument. I don't know what the 
"half digit" is all about, and local 
store clerks can't explain it either. 
Can you?-M.H., Dover, DE. 

An instrument with a 3Y2 -digit 
display has four LED or LCD read- 
out devices. Three of those dis- 

plays, counting from right to left, 
can display all numerals 0-9. The 
fourth display, the one on the left, 
can only display a 1. That is the 
"half digit." The purpose of the 
"half -digit" display element is to 
increase the full-scale value of 
each range by one decade. For ex- 
ample, the display's capacity can 
increase from 99.9 to 199.9. There- 
fore, the full-scale reading of any 
range will be 1.999 or multiples 
thereof. The circuitry involved in 
the single -digit display is simpler 
and much less expensive than the 
flip-flops and counters that would 
be required to add another full 
digit to the display. 

To illustrate, let's connect a vari- 
able 0- to 150 -volt source to a 31/2 - 

digit voltmeter and gradually in- 
crease the voltage starting from 0 
volt. As the voltage is applied, the 
meter displays 0.001 to 0.999,1.000 
to 1.999, 2.00 to 9.99,10.00 to 19.99, 
and 20.0 to 150.0 volts on the 200 - 
volt range. Note that the "1" comes 
on when the display reading 
reaches the full-scale value of each 
range. R -E 

HOLD IT ANYWHERE YOU WANT IT! 

PanaVise electronic work holding systems allow you to position, tilt an,i rotate 

your projects without removing them 

from their holding devices! With over 

30 years experience and made -in -USA 

quality, PanaVise ensures reliable, long- 

lasting service. 

MULTI -PURPOSE WORK CENTER: 

Self -Centering Extra Wide Opening 

Head (opens to 9"), famous "split ball" 

Standard Base (moves in three planes), 

and convenient Tray Base Mount (with 

parts wells) handle difficult to hold 

items with ease! Model #350. $52.95. 

ELECTRONICS CHASSIS HOLDER: 

Hold up to 100 lbs. (45 Kg) with our 

sturdy, efficient Chassis Holder. Fea- 

tures 9" pivot -center height, positive - 

lock detents, and all metal friction 

brakes for left/right-hand use. Knobs 

are at a natural angle for seated opera- 

tor. Rugged, durable and convenient! 

Model #601 (with scissor clamps for 

odd -shaped chassis). $199.95. Model 

#602 (with self -centering, extra wide 

opening heads). $199.95. 

CIRCUIT BOARD HOLDER: Eight - 

position rotation, tilt -angle 
and 

height adjustments plus six positive - 

lock positions in the vertical plane 

mean convenience and versatility! 

Spring -loaded arm holds circuit 

boards securely, but allows quick, 

easy removal and replacement. Per- 

fect for component insertion and sol- 

dering: a must for maximum work 

efficiency. Model #333. S i9 95. 

See your local electronics supplier or contact PanaVise 

for the source nearest you- 

Lung 

Street; 

ng Beach, CA 90806; (213) 595`7021 

CIRCLE 196 ON FREE INFORMATION CARD 
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LETTERS 

R1 

150!2 e 
LEDI LED2 

3 

ICI 

555 

B 

R3 

1K 

7 

R2 

4.7K 
6 

Cl 

100µF 
25V 

61 B2 63 
1.5V 1.5V 1.5V 

111+ 
Fig. 1 

DOUBLE INDEMNITY 
Are our faces red! We claimed 

that Fig. 1 in the "Good Knight" 
correction that appeared in last 
month's "Letters" column was the 
correct circuit. It was actually a re- 
print of the incorrect circuit that 
originally accompanied the article 
"Electronic Knighthood" in the 
April issue. The real correct circuit 
is shown above in Fig. 1. We apolo- 
gize for bringing you April foolery 
in July.-Editor 

HEARING AIDS 
I'm writing in response to 

J.B.C.'s letter in the May 1988 "Ask 
R -E" department, requesting infor- 
mation on a hearing aid capable of 
delivering more bass and having 
mid -frequency attenuation. 

The fitting of a hearing aid is not 
a black -and -white decision. If a 

behind -the -ear model is suitable, 
some of the recent innovations in 
ear -mold and ear -hook .tech- 
nology could give the required fre- 
quency response. With an all -in - 
the -ear model, it would probably 
have to be achieved electronically. 
The wearer's specific audio goals 

must also be considered: Is it to 
boost the base response, or to im- 
prove speech understanding? Or, 
is speech understanding suffering 
because the necessary bass re- 
sponse is lacking? Excessive low - 
frequency response could result in 
an upward spread of masking-an 
undesirable condition. 

Those are just a few of the many 
of questions necessary to render 
an appropriate fitting profile. The 
fitting of a hearing instrument is 
probably more important than the 
choice of a particular device. With- 
out having the basic audiometric 
information, any decision would 
be inappropriate. 

Finally, audiologists specialize in 
audiology. Otolaryngologists spe- 
cialize in the medical discipline of 
ear, nose, and throat. The medical 
specialists who have also com- 
pleted the necessary requisites to 
specialize in audiology are proba- 
bly few and far between. I would 
recommend seeing an 
otolaryngologist for a medical 
evaluation of one's hearing impair- 
ment, and then presenting that 
evaluation to an audiologist or a 

hearing aid dealer for fitting. I am 
sure that satisfactory response 
from a hearing aid can be attained. 
G. ALLEN BLOCH 
Kent, OH 

CURING CABLE -TV CONVERTER 
HUM 

I have the same problem with 
the cable -TV converters used here 
as that described by B.B. in "Ask 
R -E" (Radio -Electronics, May 1988). 
It isn't a problem with the televi- 
sion-the hum is there, regardless 
of the model or age of the set. 
Exchanging the converter doesn't 
help either; it appears to be a de- 
sign problem common to all the 

LETTERS 
RAO/O-ELECTRON/CS 
500-B B/ -COUNTY BOULEVARD 
FARM/NGLI4LE, NY //735 

converters. And my local cable 
company offered no more help 
than did B.B.'s. 

I came up with a solution to the 
problem, assuming the converter 
has a remote control. Turn the vol- 
ume level of the converter to its 
highest level, and the TV volume 
to a bit higher than normal. From 
that point, adjust the volume level 
with the converter's remote con- 
trol. This doesn't really cure the 
problem, but it sets the audio to a 
level that overrides the hum. 

By the way, in the same "Ask R -E" 
column, Fig. 1 does not match the 
LED V meter circuit that is de- 
scribed in the text. 
MELVIN ZION 
St. Joseph, MO 

You're absolutely correct, and we 
apologize for the mistake. The cor- 
rect circuit drawing for the LED VU 
meter appears in this month's 'Ask 
R -E. "-Editor 

MORE ON MACROSCRUBBER 
I must disagree with R. Falcone's 

letter (Radio -Electronics, April 
1988) about the "Macrovision 
Scrubber" (December 1987). I tried 
the unit on several recently re- 
leased Macrovision-encoded 
tapes, and it removed all traces of 
the encoding. 

However, there were a few er- 
rors in the article and in the kit. In 
Fig. 2, the block diagram of the 
DPDT switch, one of the poles 
should be reversed. The input to 
the buffer amp should be either 
the output of the sample and hold 
circuit or the clamped video. In 
the schematic in Fig. 3, the junc- 
tion of IC7 and R17 should be con- 
nected to the +12 volt source. 
(The PC board is correct.) 

Although the article stated that 
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BP195-INTRODUCTION TO SATELLITE TV $8.00. A definitive introduction to 
the subject written for the professional engineer, electronics enthusiast, or others 
who want to know more before they buy. 8 x 10 in. 
BP128-20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX82 $5.75. 
Included with each program is a flow chart and a description of what happens. 
Notes for converting programs for use on other computers are also included. 

BP235-POWER SELECTOR GUIDE $10.00. Complete guide to semiconduc- 
tor power devices. More than 1000 power handling devices are included. They are 
tabulated in alpha -numeric sequency, by technical specs. Includes power diodes, 
Thyristors, Triacs, Power Transistors and FET's. 

E BP234-TRANSISTOR SELECTOR GUIDE $10.00. Companion volume to 
BP235. Book covers more than 1400 JEDEC, JIS, and brand -specific devices. Also 
contains listing by case type, and electronic parameters. Includes Darlington 
transistors, high -voltage devices, high -current devices, high power devices. 

BP99-MINI-MATRIX BOARD PROJECTS $5.00. Here are 20 useful circuits 
that can be built on a mini -matrix board that is just 24 holes by ten copper -foil strips. 

BP157-HOW TO WRITE ZX SPECTRUM AND SPECTRUM + GAMES PRO- 
GRAMS $5.95. A crystal-clear step-by-step guide to writing your own graphics 
games programs. 

BP117-PRACTICAL ELECTRONIC BUILDING BLOCKS-Book 1 $5.75. 
Oscillators, Timers, Noise Generators, Rectifiers, Comparators, Triggers and more. 

BP184-INTRO TO 68000 ASSEMBLY LANGUAGE $6.50. The 68000 is a 
great new breed of microprocessor. Programming in assembly language increases 
the running speed of your programs. Here's what you need to know. 

BP179-ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF 
ROBOTS $5.00. Data and circuits for intericing the computer to the robot's 
motors and sensors. 

[1 BP126-BASIC & PASCAL IN PARALLEL $4.95. Takes these two program- 
ming languages and develops programs in both languages simultaneously. 

E BP198-AN INTRODUCTION TO ANTENNA THEORY...$6.95 
Basic concepts relevant to receiving and transmitting antennas. 

225-A PRACTICAL INTRODUCTION TO DIGITAL IC'S $4.95. Mainly con- 
cerned with TTL devices. Includes several simple projects plus a logic circuit test 
set and a digital counter timer. 

E BP170-INTRODUCTION TO COMPUTER PERIPHERALS $5.95. Shows how 
to use a variety of co computer add-ons in as non -technical a way as possible. 

227-BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS $5.00. 
How to tackle the practical side of electronics so you can successfully build 
electronic projects. 

BP169-HOW TO GET YOUR COMPUTER PROGRAMS RUNNING $5.95. 
Shows how to identify error in program and what to do about them. 

BP194-MODERN OPTO DEVICE PROJECTS $6.25. Crammed with great 
projects for the experimenter. Includes sections on Fiber optics, passive Infra -Red 
detectors, plus an assortment of miscellaneous projects. 

E BP180-ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF 
MODEL RAILROADS $6.25. It's easy to interface home computers to model 
railroad control. The main problem is in interfacing the computer to the system. 

BP110-HOW TO GET YOUR ELECTRONIC PROJECTS WORKING $5.00. 
How to find and solve the common problems that can occur when building projects. 

óoora Frnjeca ElectrOnIC 
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BP239-GETTING THE MOST FROM YOUR MULTIMETER $5.75. Covers 
basics of analog and digital meters. Methods of component testing includes 
transistors, thyristors, resistors, capacitors and other active and passive devices. 

BP36-50 CIRCUITS USING GERMANIUM, SILICON & ZENER DI- 
ODES $5.00. A collection of useful circuits you'll want in your library. 

BP37-50 PROJECTS USING RELAYS, SCR'S & TRIACS $5.00. Build pri- 
ority indicators, light modulators, warning devices, light dimmers and more. 

E BP39-50 FET TRANSISTOR PROJECTS $5.50. RF amplifiers, test equip- 
ment tuners, receivers, tone controls, etc. 

H BP42-SIMPLE LED CIRCUITS $5.00. A large selection of simple applications 
for this simple electronic component. 

BP127-HOW TO DESIGN ELECTRONIC PROJECTS $5.75. Helps the reader 
to put projects together from standard circuit blocks with a minimum of trial and 
error. 

H 13P122-AUDIO AMPLIFIER CONSTRUCTION $5.75. Construction details for 
preamps and power amplifiers up through a 100 -watt DC -coupled FED amplifier 

BP92-CRYSTAL SET CONSTRUCTION $5.00. Everything you need to know 
about building crystal radio receivers. 

E BP45-PROJECTS IN OPTOELECTRONICS $5.00. Includes infra -red detec- 
tors, transmitters, modulated light transmission and photographic applications. 

BP48-ELECTRONIC PROJECTS FOR BEGINNERS $5.00. A wide range of 
easily completed projects for the beginner. Includes some no -soldering projects. 

E BP49-POPULAR ELECTRONIC PROJECTS $5.50. Radio, audio, household 
and test equipment projects are all included. 

E BP51-ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING $5.50. 
Shows how you can make electronic music at home with the simplest and most 
inexpensive equipment. 

BP56-ELECTRONIC SECURITY DEVICES $5.00. Includes both simple and 
more sophisticated burglar alarm circuits using light, infra -red, and ultrasonics. 

E BP59-SECOND BOOK OF CMOS IC PROJECTS $5.00. More circuits show- 
ing C.MOS applications. Most are of a fairly simple design. 

BP72-A MICROPROCESSOR PRIMER $5.00. We start by designing a small 
computer and show how we can overcome its shortcomings. 

BP74-ELECTRONIC MUSIC PROJECTS $5.95. Provides the experimenter 
with a variety of practical circuits including a Fuzz Box, Sustain Unit, Reverberation 
Unit, Tremelo Generator and more. 

BP91-AN INTRODUCTION TO RADIO DXING $5.00. How you can tune in on 
those amateur and commercial broadcasts from around the world in the comfort of 
your home. 

BP94-ELECTRONIC PROJECTS FOR CARS AND BOATS $5.00. Fifteen 
simple projects that you can use with your car or boat. All are designed to operate 
from 12 -volt DC supplies. 
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ELECTRONIC TECHNOLOGY TODAY INC. 
P.O. Box 240, Massapequa Park, NY 11762-0240 

Name 

Address 

City State Zip 

SHIPPING CHARGES IN 

USA AND CANADA 
D 

$0.01 to $5.00 ... $1.25 0 G) 
$5.01 to 10.00 ... $2.00 

Total price of merchandise $ e 
$10.01 to $20.00 . $3.00 cn 

Sales Tax (New York State Residents only) $ -i 
$20.01 to $30.00 .$4 

Shipping (see chart) $ - 
$30.01 to $40.00 .$5.00 co 

$40.01 to $50.00 .56.00 All payments must 
Total Enclosed $ co 

L R8-88 $50.01 and above .$7.50 be in U.S. funds 
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SORRY No orders accepted Number of books ordered I I 

outside of USA & Canada 
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Call 1-800-843-3338 today 
to start thoroughly analyzing 

and pinpointing any trouble in any 
TV -RF distribution system, 

automatically to FCC specifications .. . 
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with the All New .IEEE - 488 

FS74 CHANNELIZER Sft T I TV -RF Signal Analyzer 
Patents Pending $3495 

Does your success in servicing RF distribution systems depend on locating 
problems quickly and accurately? If so, here's why your all new Sencore FS74 
CHANNELIZER SR. will mean success for you ... 
Quickly tune in all TV/FM channels from 5 MHz to 890 MHz. Exclusive all 
channel, microprocessor -controlled digital tuner checks every standard and 
cable channel with better than FCC accuracy to fully analyze any system. 

Exclusive 5 microvolt sensitivity to bring in even weak signals. Autoranged 
attenuator automatically selects the best sensitivity for simplifying your 
VHF, UHF, or FM signal measurements like never before possible. 

Automatic hassle -free S/N ratio, AN ratio, and hum level tests. Exclusive on - 
channel signal-to-noise ratio test eliminates time-consuming signal 
comparison and chart reading. Exclusive audio -to -video ratio test measures 
directly in dB for easy comparison to specifications. 

Exclusive checks for ghosts, co -channel interference, line reflections, and other 
signal quality checks. Portable 4 MHz wideband battery -operated monitor lets 
you finally check the quality of your cable or MATV system and stop 
annoying callbacks. 

Built-in autoranging AC/DC volt/ohmmeter makes troubleshooting a snap. 
Exclusive all-weather design holds tighter than FCC specifications from -4°F 
to + 104 °F. Truly portable, field-tested tough for dependable ease of use. 

Begin successfully locating TV -RF signal problems more quickly and 
accurately than ever before possible, with the new FS74 CHANNELIZER 
SR. Call WATS Free 1-800-843-3338 today for a free Product Guide or an 
industry exclusive "Try before you buy" 15 Day Self Demo. 

"CHANNELIZER SR." is a trademark of Sencore, Inc. 

WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851-8856 SNCOF- 
Means Success In Electronic Servicing 
3200 Sencore Drive, Sioux Falls, South Dakota 57107 
Call Collect 605-339-0100 In SD & AK 
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the Macroscrubber can be left in 
line and powered at all times, I felt 
that the video signal should be 
routed through as few processing 
devices as possible. I installed a 

power/bypass switch. 
WALTER M. SCOTT, Ill 
Knoxville, TN 

FUNCTION GENERATOR 
"Build This Function Generator" 

(Radio -Electronics, May 1988) 
caught my eye because the dis- 
crete -components -based function 
generator I am presently using 
shows signs of impending death. 
Mr. Wannamaker's project appears 
to be a versatile, precise piece of 
equipment. 

However, I am troubled by the 
grounding. The schematics show 
the utility ground (green wire in 
the cord) and the analog ground 
(one terminal of T-1) connected to 
the same point. That seems to in- 
vite unnecessary ground -loop 
noise and hum. 

Generally, the only reason to 
connect the utility ground to the 
box is to protect personnel from 
an accidental shock if the 120 -volt 
line shorts to the chassis. The 
power -supply secondary is con- 
nected to a ground plane, or to the 
chassis, to reduce stray capacitive 
coupling within the circuit by 
providing lower -impedance ca- 
pacitive coupling to ground. 

On a metal chassis, both 
grounds are usually the same. 
Your photographs, however, seem 
to show a plastic case with a metal- 
lic front panel. If the power switch 
and fuse holder are moved to the 
back panel, and the leads kept 
properly short, there is no danger 
from an electrified case except 
through the transformer -mount- 
ing screws. Those can be con- 
nected to the green wire, but kept 
separate from the analog -circuit 
ground. 

If the project is built in a two- or 
three-part metal enclosure, and 
R30 is connected to the front panel 
as suggested, a noisy output may 
result from imperfect contact be- 
tween the painted enclosure 
parts. That connection is in the 
ground circuit, bypassed only by 
the relatively high -impedance 
wires to the ground jacks. 

When a plastic case is used, a 
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capacitive ground environment 
can be created by mounting 
grounded sheet metal on stand- 
offs immediately adjacent to the 
circuit board. Better yet, a ground 
plane can be designed into the cir- 
cuit board, to be connected to the 
case and to the utility ground, or 
not, as the designer chooses. 

The second problem with the ar- 
ticle is that you have edited out 
almost all of the circuit descrip- 
tion, and much of what remains is 

confusing. Of course, I can puzzle 
out most of the circuit for myself, 
and Exar can provide a data sheet 
for the XR2206, but I have come to 
expect better from Radio -Elec- 
tronics. I realize it was a long arti- 
cle; I wish you had opted to spread 
it out over two issues. 
DAVID MARSHALL 
El Cerrito, CA 
The project, with the grounding 
shown, worked fine. We saw no 
reason to change the author's de- 
sign.-Editor 

CALIBRATION CORRECTIONS 
The article "All About Calibra- 

tion," in the June 1988 issue of 
Radio -Electronics, contains a slight 
error. In discussing the interna- 
tional standard for length, the au- 
thor states that the meter has now 
been redefined as "a certain 
number of wavelengths of an or- 
ange -red line of light irradiated by 
atoms of krypton86." That was, in- 
deed, the former definition-the 
exact number of wavelengths 
being 1,650,763.73. That value, to- 
gether with the definition of the 
second as the time for the elec- 
tromagnetic radiation from a ra- 
dioactive -cesium clock to make 
9,192,631,770 vibrations, later led 
to a measured value for the speed 
of light in a vacuum (c) equal to 
299,792,458 meters per second. 

The measurement of c had be- 
come so precise that in October 
1983, the General Conference on 
Weights and Measures decided to 
redefine the meter as the length of 
the path traveled by light in vac- 
uum during a time interval of one 
299,792,458th of a second. 

In effect, then, the meter is a 
unit derived from this more funda- 
mental quantity. 
WM. H. LAMB, JR. 
Eaton ton, GA 

108 full -color 
pages packed with 

the latest in high 
quality electronic 

products 

Featuring superior quality electronic prod- 
ucts in kit and assembled form. Innovative 
home products, test instruments, self - 
study electronics courses. Challenging 
and educational kits for first-time as well 
as seasoned builders. Quality ready -to - 
use electronic products for homeowners, 
sports enthusiasts and professionals. 
All from Heath Company, a leader in the 
changing electronics market. 

Send NOW for your FREE 
Heathkit Catalog. 

Send to: 
Heath Company, Dept. 020-682 
Benton Harbor, Michigan 49022 

Zip 
A subsidiary of Zenith Electronics Corporation 
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ATTENTION! 

ELECTRO!Âzrz 

i 
EARN YOUR \ 
B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced -Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 
duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up- 
grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 
months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit- 
erature. 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

DITE 4251 CYPRESS DRIVE Q/1E JACKSON, MISSISSIPPI 39212 
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Train with NRI for a 
servicing NEW! 

20 Meg 
Hard Disk 
Included! 

Get started now 
by building this 
fully IBM PC - 
compatible 
computer 
Now you get it all ... training 
for one of America's fastest - 
growing career opportunities 
... training to service all 
computers ... training on a 
total computer system, the 
Sanyo 880. Only NRI can give 
you the well-rounded training 
you need, because only NRI 
gives you a complete com- 
puter system ... computer, 
monitor, floppy disk drive, 
hard disk drive, software, even 
test instruments like a DMM 
and logic probe to work with 
and keep. It all adds up to 
training that builds the knowl- 
edge and ability you need to 
succeed as a computer 
service specialist. 

Get inside the newest, 
fully IBM PC -compatible 
Sanyo Microcomputer 
As an NRI student, you'll 
get total hands-on training 

DIGITAL MULTIMETER- 
Professional test instrument (or 
quick and easy measurements. 

LESSONS-Clear, well illustrated 
texts build your understanding 
of computers step-by-step. 

DISK SOFTWARE- 
including MS-DOS, 
GW BASIC, 
WordStar, and 
CalcStar. 

r 

SANYO COMPUTER -8088 CPU 
double -sided disk drive. 256K RAM, 
4.77 MHz and 5 MHz turbo speed. 

Your NRI total systems training 
includes: NRI Discovery Lab' to design and 

modify circuits Your four -function digital multimeter 
with walk -you -through instructions on audio tape Digital logic probe 

for visual examination of keyboard circuits The newest Sanyo 880 Series Computer with 
"intelligent" keyboard and 360K double -density, double -sided disk drive High -resolution monochrome 
monitor 8K ROM, 256K RAM Bundled software including GW BASIC, MS-DOS, WordStar, CalcStar 

Reference manuals, schematics, and bite -size lessons. 

as you actually build your 
own latest model Sanyo 880 
Series computer from the 
keyboard up. It's fully IBM 
PC -compatible and, best of 
all, it runs programs almost 
twice as fast as an IBM PC. 
As you assemble the Sanyo 
880, you'll perform 

demonstrations and 
experiments that will give 
you a total mastery of 
computer operation and 
servicing techniques. You'll 
do programming in BASIC 
language-even run and 
interpret essential diagnostic 
software. 

16 
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high paying career 
computers 
HARD DISK -20 n -,,y -e fard disk 
drive you install into nJy for 
dramatic improvement is tata storage 
capacity and data acesst-cc 3. 

MDNITOR-High -resolution. 
;r en screen displays, crisp 
bit and graphics. 

Understanding you get 
only through experience 
You need no previous 
knowledge to succeed with 
NRI. You start with the basics, 
rapidly building on the 
fundamentals of electronics 
with bite -size lessons. You 
perform hands-on experiments 

TECHNICAL MANUALS-with 
complete specs on Sanyo computer 
and professional programs. 

DISCOVERY LAB-Using it, 
you construct and test circuits 
like those used with computers. 

DIGITAL LOGIC 
PROBE-Simplifies 
analyzing digital 
circuit operation. 

with your NRI Discovery Lab 
and then move on to master 
advanced concepts like digital 
logic, microprocessors, and 
computer memories. 

Learn at home in your 
spare time 
You train in your own home 

at your own convenience, 
backed at all times by your 
own NRI instructor and the 
entire NRI staff of educators 
and student service support 
people. They're always ready 
to give you guidance, follow 
your progress, and help you 
over the rough spots to keep 
you moving toward your goal. 

Free 100 -page catalog 
tells more ... send today 
Send the postage -paid reply 
card today for NRI's 100 -page 
catalog that gives all the facts 
about computer training, plus 
career training in robotics, 
data communications, TV/ 
audio/video servicing, and 
many other fields. If the card 
is missing, write to NRI at 
the address 
below. 

AraWISCHOOLS 
McGraw -1 fill Continuing Education Center 
3939 Wisconsin Avenue Ili ri 
Washington, DC 20016 C 

We'll give you tomorrow. 1 h Y 
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EQUIPMENT REPORTS 

Beckman HD150 Series 
Super -Smart Digital 

Multi -Meters 

This new generation of 
DMM's is not only smaller 

and more rugged, they also 
tell you audibly what's 

happening to the readings. CIRCLE 49 ON FREE INFORMATION CARD 

INPUT 
NETWORK 

V/S2 
0 

COM 
0 - 

mA 
O 

A 

Ú 

FUSES 
SHUNTS 

FUNCTION 
SWITCHES 

ATTENUATOR 
AND 

PRECISION 
NETWORK 

r CUSTOM CMOS IC 

SIGNAL 
CONDITIONER 

FRONT-END 

AUTO -ZERO 

RANGE 
AND 

FUNCTION 
SELECT 

L 

ROTARY 

FUNCTION SELECT 

AC 

i 
AC CONVERTER 

0 200mV 

DC 

UNLIKE PREVIOUS HEAVY-DUTY DIGITAL 
multi -meters (DMM's), the new - 
generation DMM, such as Beck- 
man's HD150 Series, is not only 
smaller, but you don't even have to 
touch the meter after you set the 
basic function: The proper range 
is set automatically by a smart chip 
within the meter. 

And you don't often have to 
even look directly at the meter. In- 
stead, you can monitor continu- 
ous audible tones, whose pitch 
varies with the magnitude of the 
reading in proportion to the "posi- 
tion" of the reading within the 
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se. The combination of auto- 
sing and audible readout lets 

H ,keep your eyes, your hands 
your mind focused on your 
rather than having to shuttle 

oack and forth between adjusting 
or looking at your DMM and set- 
ting or moving test leads and mak- 
ing adjustments. 

Keeping your attention on the 
test leads is also a safer way to 
work, but, the meter will warn you 
if your test leads do accidentally 
make contact with dangerous volt- 
ages. As the meter enters either 
the 200 -volt or the 1000 -volt range, 
it beeps, warning you of the pres- 
ence of voltages greater than 20. 

The latest technology 
The new meters are designed 

around two powerful micro- 
chips-a custom -programmed mi- 
croprocessor and a custom -de- 
signed CMOS analog -to-digital 
(A/D) converter. The micro- 
processor performs digital mea- 
surement algorithms and it also 
drives the LCD output. 

The fast A/D circuits used in ear- 

lier auto -ranging DMM's tended to 
be noisy, so that several readings 
must be taken and averaged to as- 
sure accuracy. The averaging is 
done in software, and then the 
reading is displayed. 

The new Beckman DMM's im- 
plement auto -ranging and A/D 
conversion differently. Two paral- 
lel circuits are used-one to select 
the range, another to take the 
reading. In the first circuit, a volt- 
age -to -frequency converter se- 
lects the range. Although not 
accurate enough to make the actu- 
al measurement, it is very fast and 
is sufficiently accurate to select the 
range. A related benefit is that the 
signal can be amplified and con- 
nected to a speaker so that the 
user can actually hear the reading 
as a tone that is proportional in 
frequency to the magnitude of the 
reading. Since the audible readout 
operates off the very fast voltage - 
to -frequency converter, the tone 
reacts quickly to any change in the 
parameter being measured; it is 
fast enough to measure transient 
or intermittent signals. 

Once the range is determined, a 

low -noise A/D circuit makes the 
actual measurement, measuring 
the parameter only once and dis- 
playing the result on a liquid -crys- 
tal display. 

This two-step process is so fast 
that it can keep the tone varying 
continuously with the input, 
changing along with digital read- 
outs that actually correspond to 
"true signal." That is, even in the 
auto -ranging mode, the new cir- 
cuitry can sense and measure ana- 
log input in real time, rather than 
as discrete, averaged readings of 
events that have passed. 

Reliability 
From a practical viewpoint, the 

new DMM's also provide greater 
reliability. For example, automatic 
shutoff, extends the life expectan- 
cy of the batteries. Although this 
feature has been advertised widely 
in the test instrument marketplace 
in the past, the claim rarely meant 
that the device would shut itself 
down completely. On some 
DMM's having auto -shutoff, the 

PACESETTFR P 
Smart scopes, perfect setup! newsfasttpace 

$1795/$2395 for frequent measurements with automatic front panel 

setup. Nonvolatile memory for up to 20 front -panel 

setups (2246A). Time and voltage cursors. Exclusive SmartCursors i" track waveform 

changes fo- voltage measurements. All backed by Tek's 3 -year warranty. 

VOL .4 <tU. 

cil VITY 

Call Tek direct 

for PaceSetter specs! 

1-800-426-2200 
Prices subject to change without notice. 

COyrighl 311988, Tektronix, Inc. All rights reserved TTA 906-A 

Tëktronbco 
COMMITTED TO EXCELLENCE 
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device just switches to a low -drain 
condition. The HD150 Series, how- 
ever, will turn itself off-com- 
pletely-after an hour of unat- 
tended operation. 

Another aspect of reliability is 
less obvious: The HD150 Series is 
engineered to include a minimum 
of moving parts. Auto -ranging 
eliminates much of the need for 
mechanical switch movement and 
reduces the number of electrical 
contacts in the meter, which per- 
mits the designer to "design out" 
some of the potential sources of 
failure, such as corrosion and re- 
sistance of the contacts. 

CMOS benefits 
A related benefit of CMOS tech- 

nology is increased DMM sen- 
sitivity and lower operating volt- 
ages; which is particularly helpful 
when using the meter in its resis- 
tance mode because you may be 
able to measure resistors in -cir- 
cuit, without concern that diodes 
might "break over." When re- 
sistors are tested in -circuit in all 
but the 20 Megohm range, the test 

voltage output by the meter will 
not exceed 200 mV, which is far 
below the 700 mV at which diodes 
will switch. 

Improved LCD 
The HD150's liquid -crystal dis- 

play is direct -drive, meaning non - 
multiplexed. The more an LCD is 
multiplexed, the less the contrast 
and viewing angle. Compared 
with prior models, the HD150's dis- 
play is brighter and easier to read 
over a wide viewing angle, and 
over a wider range of ambient 
lighting. 

Logic detection 
While logic -detection capability 

in a DMM is not new, the ease of 
using it has been improved in the 
HD150 Series. For example, a sepa- 
rate logic probe is not needed for 
sensing digital signals; the meter 
uses its conventional probe to de- 
tect digital pulses that are typically 
too brief to be measured by analog 
detection circuits. If a data signal is 
present, the meter emits an audi- 
ble beep (1875 Hz). 

We created Tools4U to give you the best possible 
prices on the tools you need. Just pick up the phone 
and give us a call. You can use your Mastercard or 
Visa or send us a check. We ship most orders the 
same day! So get your tools & test equipment fast 
and easy...Give us a call TODAY! 

(FLU KEI 

8050A 

8060A 
8020B 
8021B 
8024B 
8026B 

Rechargeable Bench DMM 

41/2 Digit DMM 

8 Function DMM 
6 Function 
11 Function 
Hand Held 

è 

unGaR 
UTC100 Electronic Soldering System 

DMM 
DMM 

DMM 

Retail Sale 
Price Price 

$399.00 $321.75 

$369.00 $297.95 

$219.00 $176.60 
$169.00 $144.95 
$259.00 $208.95 
$229.00 $184.66 

DAGM 
MBT100 Desoldering System 

MBT200 Soldering/Desoldering System 

Sale EIG:= OINAi AN Price 

1420 Dual Trace Mini -Scope $740.73 
1590AP 100MHz Oscillioscope $1520.64 

Retail 
Price 

$77.95 

Sale 
Price 

$55.95 

TOOLS4U 
1933 Montana Ave. NE Washington DC 20002 

ATOLL -FREE 1-800-638-6405 202-529-6020 
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Try the 

bulletin board 
system 

(RE-BBS) 
516-293-2283 

The more you use it the 
more useful it becomes. 

We support 300 and 1200 
baud operation. 

Parameters: 8N1 (8 data 
bits, no parity, 1 stop bit) 
or 7E1 (7 data bits, even 
parity, 1 stop bit). 

Add yourself to our user 
files to increase your 
access. 

Communicate with other 
R -E readers. 

Leave your comments on 
R -E with the SYSOP. 

RE-BBS 
516-293-2283 

More "hands -free" 
To some designers of electronic 

gear, high-tech means more than 
custom VLSI and packaging that 
looks like some NASA prototype. 
The engineering of the HD150 Se- 
ries reflects the attitude that 
there's still a place for simple fea- 
tures that are downright handy. 
For example, the meters feature a 
Skyhook; a one -inch tab that folds 
out from back of meter at a 45° 
angle. Sized to fit over anything up 
to 3/4 -inch electrical conduit, the 
hook allows you to hang the meter 
virtually anywhere-on the edge 
of a shelf, on a pipe, on the door of 
an electrical panel, etc. This inge- 
nious idea should make it even 
easier to work hands -free. 

To round out the hands -free 
concept, the meters also features a 
tilt stand that folds out from the 
case, much like a stand for a pic- 
ture frame. There are also anti-skid 
pads to prevent the meter from 
sliding if it's placed face -up on a 
surface that's not level. 

Using audible readout 
So, how would you work dif- 

ferently if you had a DMM with 
audible readout and auto -ranging? 
Well, how many times when work- 
ing with TV or stereo gear do you 
have to adjust an amplifier circuit 
for peak output? Or for low noise? 
Using an HD150-Series DMM for 
these kinds of peaking and nulling 
tests, you can keep your hands- 
and your eyes-on the test leads 
and adjustments while you merely 
listen for the highest or lowest 
tone produced by the meter. 
(Once you select the function and 
attach the test leads, you shouldn't 
have to touch or look at the meter 
again.) 

Another example? The time- 
honored diagnostic technique for 
tracking down intermittents is the 
"wiggle test." You simply flex the 
board or connector and try to 
force a failure. With a DMM con- 
nected to either side of the circuit, 
you can test for changes in output 
as you stress selected compo- 
nents. On a conventional analog 
meter, the intermittent connec- 
tion shows up as a fluctuation of 
the needle. On a DMM, the digital 
readout shifts numerically up and 
down. The difficulty in either case, 
of course, is that you have to look 
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at the meter to see this. With audi- 
ble readout, however, you con- 
nect the DMM, wiggle the board 
or connector, and simply listen. If 
there's an intermittent connec- 
tion, you'll hear a characteristic 
crackling noise as the tone breaks 
up. Since you don't have to look at 
the meter at all, you'll have a better 
chance of seeing exactly what you 
were doing when the elusive bad 
connection revealed itself. You 
can do this in volts, ohms, or 
amps-whichever is most conve- 
nient at that time. 

The Beckman HD150 Series 
contains three models: the HD151, 
$149; the HD152, $169; the HD153, 
$199. (price is determined by fea- 
tures and tolerance.) Take note 
that the Skyhook and tilt stand are 
optional features of the lower cost 
models, while the audible readout 
is available only on the top -of -the - 
line model. 

So, no matter which model you 
choose from the HD150 Series, it's 
going to make your testing and 
troubleshooting much easier, and 
a lot less time consuming. R -E 

NEW BOOKS 
ELECTRONICS SOURCEBOOK FOR 
TECHNICIANS AND ENGINEERS, 
edited by Milton Kaufman and 
Arthur H. Seidman; McGraw-Hill 
Book Company, 11 West 19th Street, 
New York, NY 10011; 624 pages; 6 
x 9 inches, including index; soft- 

cover; $22.95. 
This condensed version of 

Handbook for Electronics Engi- 
neering Technicians is designed to 
meet the day-to-day needs of elec- 
tronics technicians, without re- 
quiring an extensive background 
in high-level engineering princi- 
ples. The sourcebook covers fun- 
damental topics by examining 
practical applications. Each topic is 
illustrated with worked -out exam- 
ples that can be applied to the 

reader's problems. 
The book contains 24 sections 

covering, in detail, such topics as 
resistors and capacitors, coils and 
transformers, fiber optics, prac- 
tical circuit analysis, semiconduc- 
tors, analog and digital integrated 
circuits, power supplies and bat- 
teries, test instruments, and mi- 
croprocessors and microcomput- 
ers. Each section follows the same 
concise format-definition of 
terms, breakdown of charac- 
teristics, analysis of basic and spe- 
cial functions, detailed practical 
problems and clear solutions, and 
clarifying charts, tables and il- 
lustrations-developed to help 
readers find the information they 
need quickly and easily. 

PACKSET 
100 MHz scope, counter, timer! 
DMM just $2795 The ultra -versatile Tek 2236 

makes measlring everything 
from frequency, period and width to delay time and 'A time push-button easy in 

addition to CRT display, you get digital readout display accurate to 0.001% and 

beyond. PaceSetter performance on a modest budget? Look at the 100 MHz, dual - 

trace Tek 2235 with the best of the basics-just $1575! 

Call Tek direct 

for PaceSetter specs! 

1-800-426-2200 
Ricer subject to change without notice 

Copyright e1988, TeldroniX Inc. All rights reserved. TM 906-6 
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COMMUNICATIONS 
CORNER 
Finally, a real personal -communications service. 

AT ONE TIME WE WERE THE LEADER IN 

non-military and consumer com- 
munications. We made the best 
transmitters and receivers; and 
more important, most new tech- 
nology originated here in the U.S. 

But CB radio changed all that. 
While our manufacturers were 
using antiquated circuits, or at- 
tempting to use up their stock of 
existing parts, the Japanese were 
developing circuits and hardware 
that literally buried our consumer - 
communications industry. An ex- 
ample? At the time that American 
mechanical filters were priced at 
$22, Japanese CB radios were 
using mechanical filters of their 
own design that cost about $2. 
Similarly, while our gear was using 
a separate crystal for each chan- 
nel, the offshore -manufactured 
transceivers had crystal syn- 
thesizers. Actually, the list of off- 
shore firsts is almost endless. 

The FCC, which had bobbled 
the ball on the CB market, then 
came up with what they believed 
was a stroke of brilliance. The FCC 
wanted a cellular telephone sys- 
tem; an idea that met with under- 
whelming enthusiasm because a 

cost-effective technology simply 
didn't exist. The FCC looked 
closely at the multi -megabuck CB 
market and discovered how easily 
multi -million sales resulted in a 

quick payoff of development 
costs; which almost immediately 
translated into high-tech gear at 
pocket -change prices. So the FCC 
started to make noises about mov- 
ing CB to approximately 900 
MHz-the approximate frequency 
band the FCC intended for cellular 
telephone service. 

IN -USE 

7-"\-\ 

HERB FRIEDMAN, 
COMMUNICATIONS EDITOR 

CONTROL WORKING 
CHANNEL CHANNEL 

1 1 1 I 1 1 

20 25 32 90 

100 CHANNELS 

I I 1 1 1 1 1 

15 v 

CONTROL 
CHANNEL 

90_7 

100 CHANNELS 

RECEIVER TRANSMITTER 

MICROPROCESSOR 

TUNING+CIRCUIT 

FIG. 1 

The idea was that the multi -mil- 
lion sales potential for CB's would 
result in low-cost 900 -MHz hard- 
ware, which could then be used 
for the cellular telephone system. 
Unfortunately, as soon as every 
man, women, child, and dog had 
two CB's, the CB market died, and 
with it the U.S. 900 -MHz personal 
radio band. 

Fortunately, about the time CB 
died there occurred tremendous 
developments in both micro- 
processors and 900 -MHz RF hard- 
ware, which together made 
modestly -priced cellular -tele- 
phone gear possible. 

But while the cost of cellular 
hardware can be considered up- 
scale mass -market, the actual cost 
of using the system can be pro- 
hibitive for small business and 
general family use. 

Inexpensive 900 MHz 
But look what's happened. The 

cellular market has resulted in 
low-cost 900 -MHz RF hardware, 

but what runs up the cost is a rela- 
tively high RF output and the com- 
plex microprocessor circuits 
needed for a cellular phone. But 
cut back the RE output to less than 
5 watts, and strip out the micro- 
processor -controlled networking 
and what have we got? The original 
900 -MHz personal radio service! 

Unfortunately, a 900 -MHz per- 
sonal radio service won't take 
place here but in Europe, where it 
will be known as PARS, an acro- 
nym for Private Advanced Radio 
Service. Presently, because the 
range of PARS equipment will be 
limited to about 3 miles, the sys- 
tem is intended to be free from 
both licensing and network/sys- 
tem control. (However, knowing 
the Europeans' fear of unlicensed 
and/or unregulated radio commu- 
nications, and their tendency to 
tax anything that remotely resem- 
bles a radio or TV, I would not bet 
the ranch on PARS being free of 
licensing or networking.) 

The PARS system is similar to the 
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simplex 900 -MHz Japanese 
Personal Radio Service (PRS). (Sim- 
plex means that both the transmit- 
ting and receiving stations are on 
the same channel, and only one 
station can speak at a time.) But 
unlike the Japanese PRS system, 
PARS is digital, right down to the 
modulation. That allows the sys- 
tem to have basic privacy from ran- 
dom eavesdropping, have direct 
ability to transmit digital data in its 
original format (such as from a per- 
sonal computer or whatever), and 
to easily maintain automatic chan- 
nel control to avoid the chaos that 
occurred on our 27 -MHz Citizen's 
Band. 

A control channel 
PARS uses a control channel to 

keep conversations private and 
free from interference. Figure 1 

shows how PARS works. (Keep in 
mind that Fig. 1 is simplified for 
ease of understanding.) Assume 
that PARS provides for 100 chan- 
nels, and that channel 90 is desig- 
nated as a "control" channel. In 
the transmit mode, each trans- 
ceiver outputs on both its working 

channel and control -channel 90. 
Actually, there aren't two transmit- 
ters. Because the system is entirely 
digital, the transceiver can easily 
and almost instantaneously switch 
between the working and control - 
channel frequencies. 

The receiver section sweep - 
tunes all 100 channels. When 
someone keys the transceiver, the 
receiver section first checks con- 
trol -channel 90 for in -use channel 
codes being received from other 
users. The transceiver then switch- 
es the transmitter to an unused 
channel and transmits the ID code 
of the desired station, as well as 
the control -channel's digital code 
for the working (in -use) channel. 
The in -use channel code locks out 
all other transceivers from using 
that channel, while the working - 
channel ID code raises the desired 
transceiver or transceivers. For ex- 
ample, Fig. 1 shows channels 20, 
25, and 32 in use. Their in -use data 
is received on channel 90, so the 
microprocessor locks out those 
channels from the transmitter. The 
transmitter can operate on any 
channel except 20, 25, 32, and 90. 

PAC 
Best -of -class performance at 
$995/$2195 Get the PaceSetter start in digital storage with Tek's 

NEW 50 MHz 2210. Featuring 20 MS/s per channel 
digitizing, 4K record length per channel plus familiar, full -bandwidth analog operation 
for just $2195. And for pure and simple analog performance with unmatched economy, 
look at the popular, 2 -channel Tek 2225-just $995! 

nix 2210 . 

in1umilFnr 

In Fig. 1, we show that the micro- 
processor has selected channel 15 
for transmitting. So the transmit- 
ter outputs on channels 15 and 90: 
15 containing the digitized voice; 
90 containing the in -use data. 

No transceiver other than the 
desired one(s) is activated by the 
digital address code or channel -15 
code, nor can any other trans- 
ceiver use the active channel as 
long as a contact is taking place. 

Because PARS is a very short- 
range system, the same frequen- 
cies (channels) can be used 
throughout a geographic area. As 
long as the control channel does 
not receive an ID that a particular 
channel is in use, there can be no 
interference by other stations on 
the in -use channel. 

Another possibility for PARS is 
that the receiver will not sweep - 
tune all channels. It may monitor 
only the control channel, listening 
for both a paging signal and the in - 
use signal. On receiving a paging 
signal the receiving station may 
automatically switch to the chan- 
nel automatically selected by the 
transmitting station. R -E 

iii/i1r111>i1rr11r 

--------__ 

Call Tek direct 

for PaceSetter specs! 

1-800-426-2200 
Prices subject b change without natice. 
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REASONS FOR 
SELECTING CIE 

Approved for educational 
benefits under the G.I. Bill 
for Veterans and other 
eligible persons 

IS CIE provides printed job 
resumes, letters of recom- 
mendation, and lifetime 
Employment Service for all 
graduates at no extra 
charge 

State -of -the -Art laborctory 
equipment is yours to keep 
and it comes assembled, 
ready for hands -on - 
experiments 

Only CIE offers an 
Associate Degree program 
based on actual study 
time used. The faster you 
complete your degree, the 
less your overall tuition. 

Upon graduation, CIE offers 
you free preparation to 
pass the Certified Elec- 
tronics Technician Exam. 

CIE 
CLEVELAND INSTITUTE OF ELECTRONICS 1776 East 17th Street Cleveland Ohio 44114 

PHONE TOLL FREE 1-800-321-21551 In Ohio 1-800-523-9109 
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A CAREER IN ELECTRONICS STARTS WITH CIE. 
or the last few years, the elec- 
tronics field and related indus- 
tries have been growing at an 

incredible pace. And today, a 
career in electronics offers more 
opportunities and greater rewards 
than ever before. 

Just ask any of the many 
graduates of the Cleveland Insti- 
tute of Electronics who have landed 
high -paying positions with aero- 
space, computer, medical and 
communications firms They'll tell 
you success didn't come easy... 
but that CIE made it all worthwhile. 

SPECIALIZED 
TRAINING CIE isn't just 

another be -everything -to -everybody 
correspondence school. We're 
accredited by the National Home 

Study Council. And with more than 
1100 graduates each year, we're 
the largest independent home 

study school specializing 
exclusively in electronics CIE 

has been training career - 
minded students like your- 
self for over 50 years and 

we know the business 
inside and out. 

Some courses feature the CIE Microprocessor 
Training Laboratory, an integral part of com- 
puters. You'll gain all the practical experience 
needed to work with state-of-the-art equip- 
ment of today and tomorrow. 

RACTICAL 
TRAINING CIE students learn 

by doing, using sophisticated elec- 
tronic learning tools that we've 
designed and developed. One 
such too , our 4K RAM Microproces- 
sor Trainiig Laboratory, teaches 
programming, interfacing and lets 
you work with a broad range of 
computers in a way that working 
with a single, stock computer 
simply can't. 

We combine that valuable hands- 
on training with our unique Auto 
Programmed lessons, designed to 
teach you step-by-step and prin- 
ciple -by -principle. The result is 

practical) training...the kind of 
experience you can put to work in 
the marketplace. 

Accredited by the Accrediting Commission of the 
National Home Study Council, Washington, D.C. 

ERSONALIZED 
TRAINING While some of our 

students have a working know- 
ledge of electronics others are just 
getting started. That's why we have 
10 career course levels from Basic 
to Advanced. They let you start 
where you want. Learn at your own 
pace. And learn as much as you 
like. You can even earn an 
Associate in Applied Science 
Degree in Electronics And when 
you need help, our trained profes- 
sionals are on hand to assist you 
by phone or mail. 

Learning electronics isn't easy, 
but getting started is. For a CIE 
catalog and enrollment informa- 
tion, just mail the coupon below. 
Or call toll -free 1-800-321-2155. In 
Ohio, call 1-800-523-9109. 

CIRCLE 60 ON FREE INFORMATION CARD 

YES! I want to get started. Send me 
my CIE school catalog including details 

about the Associate Degree program. 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. I 

Check box for G.I. Bulletin on Educational Benefits 
L Veteran I] Active Duty 

MAIL TODAY! 

CIECLEVELAND INSTITUTE OF ELECTRONICS 
1776 East 17th Street, Cleveland, Ohio 44114 

ARE -92 
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NEW PRODUCTS 
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ETCH RESISTANT PATTERNS. Direct 
Etch is a system designed to make 
quality printed -circuit boards 
without formal artwork. The set in- 
cludes 69 sheets of donuts, traces, 
through -hole, and surface -mount 
patterns that transfer by pressure 
directly onto a copper -clad circuit 
board. Each pattern is also avail- 
able separately as a refill set. 

To make a circuit, patterns and 
donuts are rubbed down with a 

ball point or spoon burnishing 
tool. Connecting traces are put 
down by cutting to length with a 

drafting knife, then transferring 

the trace to the board. The final 
circuit is spray- or tank -etched in 
any standard etchant. The resist is 

removed by soaking the board in 
mineral spirits, then rubbing with 
a soft cloth. 

The DE -973 Direct Etch allows 
circuit designers to quickly try dif- 
ferent layouts, and engineers and 
technicians can make rough pro- 
totypes where printed circuits 
would not normally be cost effec- 
tive. DE -973 costs $34.95. The refill 
sets of two sheets cost $2.00.-The 
DATAK Corporation, 3117 Paterson 
Plank Road, No. Bergen, NJ 07047. 

TINY PC/AT-COMPATIBLE BOARD. 
Am pro's PC/AT-compatible Little 
Board/286 packs all the functions 
normally contained on a mother- 
board and three expansion cards 
into 46 cubic inches of volume- 
the space of a half -height 51/4 -inch 
disk drive. The board requires only 

8 watts of power, operates at tem- 
peratures ranging from 0-70°C, 
and has an 8- or 12 -MHz 80286 
CPU. A Small Computer System 
Interface (SCSI) allows the con- 
nection of up to seven external de- 
vices, including hard disks, tape 
drives, bubble memory, CD-ROM, 

scanners, RAM disks, and laser 
printers. 

Disk, serial, and parallel -port 
controller functions are socketed 
VLSI components set directly on 
the computer board. The optional 
video -controller (EGA, CGA, 
MDA, Hercules) can also be in- 
stalled on the board. Standard PC 
and AT bus plug-in cards can be 
connected via the Little 
Board/286's bus- expansion port. 
Added cards can be connected on 
a ribbon cable, or on Am pro's op- 
tional miniature two -slot passive 
backplane. Another option- 
"StackPlane"-permits a PC bus 
card, up to 8 inches long, to be 
mounted parallel to the board 
without additional hardware. 

Sockets on the Little Board/286 
allow on -board EPROM of up to 
256K, or battery -backed RAM of up 
to 1M bytes, to function as an MS- 
DOS -compatible solid-state disk 
drive. MS -DOS -based applica- 
tions are converted into EPROM 
format automatically, without the 
need for special programming 
techniques. A RAMdisk offers im- 
proved speed, reliability, and du- 
rability, as well as reduced power 
consumption and cost. The Little 
Board/286 runs all software ap- 
plications and utility packages de- 
veloped for IBM's PC and PC/AT. 

Other standard features include 
AT -compatible BIOS, a real-time 
clock, keyboard port for XT or AT 

CIRCLE 11 ON FREE INFORMATION CARD 
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kt. " floppy -disk controller 
for L X51/4- inch or 3'/2 -inch 
disk 'a. "RS -232C serial 
ports, tills "ç -timers, seven 
DMA charm. "klevel inter- 
rupts. Prices s `39.00, for 
quantity orders.- "omput- 
ers, Inc., 1130 Mour. ,w, Al - 
viso Road, Sunnyvale, 94089. 

CORDLESS MOTO -TOOL. Some- 
times less is more: The 
Freewheeler cordless Moto -Tool 
(Model 850) and Moto -Tool Kit 
(Model 8500) offer all the features 
of the original, corded rotary - 
power tool-plus added mobility. 
The Freewheeler can use all the 
attachments and accessories of the 
corded model. 

CIRCLE 12 ON FREE INFORMATION CARD 

The compact Freewheeler is 81/2 - 
inches long with a 13/4 -inch diame- 
ter; it weighs about one pound. 
The kit includes 30 accessories for 
sanding, cutting, polishing, grind- 
ing, sharpening, and drilling. Both 
models come with a charger unit. 
A keyless chuck-standard with 
the kit-is included with the 
Model 850 as a special introducto- 
ry offer. 

The two -speed (15,000 and 
20,000 RPM) tool uses a 6 -volt high - 
torque motor, that is powered by 
five nickel -cadmium batteries. An 
LED indicator shows when the tool 
is charging. Suggested retail 
prices are $59.00 for Model 850; 
$79.00 for Model 8500.-Dremel, 

4915 Twenty -First St., Racine, WI 
53406. 

RIBBON CABLE MARKER. Ribbon 
cable presents a difficult surface 
for labeling. Paper and polyester 
don't adhere well to its ribbing, 
and wrap -around labels limit its 
flexibility. Datak designed 
Cabelabel to solve those labeling 
problems. 

Each label has a white write -on 
surface that accepts pencil, pen, 
typewriter, or printer ink. A clear CIRCLE 13 ON FREE INFORMATION CARD 

Model 2120 
Oscilloscope 
DC to 20 MHz. Dual Trace, 
6" CRT, 1 my Sensitivity. 

-- y 
. 

_, 37940 
eg 

S5T0 

40TH ANNIVERSARY PRICE 

Model 2125 Oscilloscope 
Same great features as 2120, 
except with delayed 
sweep $519.40 Reg. $620 

EeTN ANNIVERSARY MICE 

Model 1541A Oscilloscope DC to 
40 MHz, Dual Trace. 6" CRT tmv 
Sensitivity $739 40 
Reg. $845 

ASTN ANNIVERSARY MICE 

Model 2160 Oscilloscope OC- 

60MHz, dual trace, delay sweep, 
6" CRT, 1mv. sensitivity 

$839.40 Reg. $995 
EeTN ANNIVERSARY MICE 

Model 2520 Digital Storage 
20MHz, Dual Trace, 2mv Sens. 

Reg. $1990 $1795.40 
MN ANNIVERSARY MICE 

Model 2521 Dig9a1 Storage 
20MHz. Dual Trace CRT Readout, 
Cursors, RS232 Interface 

Reg. $3050 $2745.40 
NTN ANNIVERSARY MICE 

Model 1249 NTSC/RGB Color Bar 
Generator. Composite Video 
Output, 
Reg. $499 

Output 
$419.40 

40TH ANNIVERSARY PRICE 

Model 2009 MTS TV Stereo 
Generator Ideal for Stereo TV, 

Receivers, VCR's and Stereo 
Adapter 
Reg. $499ervica $419.40 

ION ANNIVERSARY MICE 

Model 2830 31/2 DIGIT LED 
BENCH MuHlmeler .5 DCV 

Accuracy. ALL 33 Ranges and 
Functions are Push Button 
SelectabReg e 

$2413 $209.40 
NTN ANNIVERSARY MICE 

Model 1045 Telephone Product 
Tester Provides Basic Operation 
Tests for Corded and Cordless 
Telephones, Answering Machines 
and Automatic Dialers 

Reg. $495 $415.40 
40TH ANNIVERSARY PRICE 

Model 1803 Frequency Counter 
100 MHz, 8 digit display, zero 
blanking AC or Battery 

Reg. $199 $169.40 
ISTN ANNIVER0ARY PRICE 

We are celebrating our 40th Anniversary by Offering 
you huge savings on B&K Test Equipment. 

rend for FREE 480 page "Industrial 
Products Catalog." I understand it is 

FREE with any order or if requested 
on company letterhead. (Other- 
wise, $4.95 to cover catalog and 
shipping costs.) 

ORDER TOLL FREE 

i 

pSEpi1 

1-800-323-5925 
IN ILLINOIS 

312-297-4200 
FAX: 312-297-6923 

Model 2005 RF Signal Generator 
100 KHz to 150 MHz, in 6 
fundamental bands and 450 MHz 
in harmonics 
Reg: $195 

5 

165 40 
NTN ANNIVERSARY MICE 

Model 3011 Function Generator 
2 MHz, 4 digit display, TTL 8 

Rg. $239se 
°°`p°`5$199.40 

NTN ANNIVERSARY PRICE 

Model 1630 DC Power Supply 
0-30V, 0-3A, high -low current 
range, Low ripple 

Reg. $251 5209.40 
NTH ANNIVERSARY MICE 

Model 1001 DC Power Supply 
isolated 0-50V, 0-2A in ranges, 
fully automatic shutdown. Adj. 
current limit 
Reg. $463 

NTN ANNIVERSARY PRICE 

Model 1650 Triple Output Power 
Supply two 0-25 VOC p .5A and 
5VDC @ 5A. fully automatic 
shutdown 
Reg. $489 

MN ANNIVERSARY MICE 

Model 1053 AC Power Supply 
variable isolated 0-150 VAC 

2A, built-in isolation transformer 

0389.40 

$409.40 

Reg. $200 $169.40 
UN ANNIVERSARY PRICE 

NEW! Model 388 -HD 

Hand-held 31/2 Digit LCD 

TEST BENCH 
41 voltage ranges, frequency 
counter, capacitance meter, 
logic probe, transistor and diode 
tester. All packed into a drop - 
resistant case, SPECIAL PRICE! 

Reg. $139 $11 9 40 

JOSEPH ELECTRONICS, INC. Dept. R 

8830 N. Milwaukee Ave., Niles, IL 60648 
Rush merchandise per attached order. 

I understand rated accounts are shipped open 
account; otherwise send per credit card. 
Include $5.00 per item for shipping and handling. 

Visa Master Card Discover 
O Check Money Order Rush Catalog 
Card No. - Exp Date 

Name I C 
Company 

Street Address 

LELE . z ,- J viCS City State Zip 
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vinyl cover securely seals the label 
to the ribbon cable, and protects 
the label from dirt and abrasion. 
An acrylic adhesive has an initially 
low tack that increases after the 
marker is in place for several 
hours. Cabelabel is flexible, so it 
conforms to the corrugated cable 
surface and stretches as the cable 
is bent. 

The labels work at temperatures 
ranging from -55°C to +125°C. 
Sizes range from 1.8 x 0.25 inches 

to 1.8 x 1.8 inches, and quantities 
vary from 36 to 108 per set. The 
price, for any size, is $7.80 per 
set.-The DATAK Corporation, 3117 
Paterson Plank Road, No. Bergen, 
NJ 07047. 

LAPTOP COMPUTER CASES. 
Jensen is offering a line of carrying 
cases to accommodate popular 
laptop computers, including 
those from NEC, Zenith, Toshiba, 
and Tandy. The softside cases are 

Get your hands on the 
true original: POMONA 
POMONA is the original line of quality test accessories. 
The standard for comparison throughout the industry 
since 1951. So it's little wonder that we are proud of 
our leadership position. We intend to stay in front with 
new test products as well as the old reliable ones, and 
earn your confidence for years to come. 

For your FREE 1988 General 

Catalog, circle reader service 

number printed below 

POMONA 
ITT Pomona Electronics 

made of Propex-the same nylon 
fabric used in bullet-proof vests- 
for durability. 

CIRCLE 14 ON FREE INFORMATION CARD 

Model 3638001 measures18 x 13 
x 4 inches and features an exteri- 
or organizer pocket for paper- 
work. With a removable multi - 
pocketed portfolio that snaps in- 
side the case cover, Model 3638004 
also measures 18 X 13 X 4 inches. 
Model 3638005 (18 x 13 x 5 

inches) features a removable port- 
folio and an attached zippered 
pocket for a printer. All three carry- 
ing cases have diced foam inte- 
riors, and meet airline carry -on 
luggage requirements. 

Model 3638001 is priced at 
$109.00, Model 3638004 is $129.00, 
and Model 3538005 is $149.00.- 
Jensen Tools Inc., 7815 South 46th 
St., Phoenix, AZ 85044. R -E 

READER- 
HELP - 
READER 

If you have service literature 
for a Garrard "Music Recovery 
Module" model MRM 101, 
MARK DESZCZ will gladly cover 
the shipping costs to send it to 
P 0. Box 1168, Williamsville, NY 
14221. 

MICHAEL CARTER is trying to 
find a transformer for a Zenith 
radio, model 7S363, that dates 
back to the late 1930's or early 
1940's. The transformer number 
is C95 -526N. He can be reached 
at M.A.C. Electronics, RR4, Box 
110, Hutchinson, MN 55350. 

CIRCLE 101 ON FREE INFORMATION CARD 
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MICRO SIZED 

AMPLIFIER 
Because it uses surface -mount technology, 

this micro -size amplifier is not much larger than 
your thumbnail; but it can make your ears super -sensitive. 

BECAUSE THEY'RE SO TIN Y THAT THEY CAN 

be tucked directly inside the ear, high - 
gain micro -amplifiers add greatly to 
the quality of life for the hearing -im- 
paired. For others-those who can 
still hear the TV without cranking up 
the volume so high that it can be heard 
down the block-micro-amps can be 
lots of fun, because they make possi- 
ble projects that couldn't be done 

FRANK POLIMENE 

using conventional -size, or even min- 
iature amplifiers. 

As a general rule, commercial 
super -gain micro -amps are usually a 
component part of a larger, relatively 
expensive device, such as a hearing 
aid, a long-range Big Ear -type micro- 
phone, or a surface -microphone 
super -snooper device that you can use 
to listen through walls or to monitor 
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t //// 
METAL CHASSIS 

(IF USED) 

JI 
OUTPUT 

o 
I -Ili. 1-I Ills AMF'LlI-ItI CAN lit UUILI using either SMD or conventional components. 
Even IC1 and 01 are available in both SMD and conventional sizes. 

your own heartbeat. However, if 
you'd like to experiment with a 
micro -amp that's so small that it can 
almost hide behind a quarter, you can 
build an SMT (Surface -Mount Tech- 
nology) version of the amplifier 
shown in Fig. I for under $20. 

If the amplifier was assembled 
using standard technology it would 
occupy a space of approximately four 
square inches; but, by using surface - 
mount technology we will build the 
amplifier, including through -hole de- 
vices SI and R6. on a ;/, X 1 -inch PC 
board. Then we'll show you how to 
use the micro -amp for both a home - 
brewed Big -Ear type microphone and 
a super -snooper. 

Really small 
The operational amplifier (ICI) and 

transistor(Q1) shown in Fig. 1, as well 
as all the capacitors and fixed -re- 
sistors, are available in both con- 
ventional and SMD (Sur- 
face -Mounted Device) versions. 
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FIG. 2-THE SMT AMPLIFIER on the right and the conventional amplifier on the left have 
the same performance. although the conventional amp's PC board has room for a battery 
holder and an output jack. The 20 -DIP IC also serves to illustrate the small size of the SMT 
amplifier. 

FIG. 3-THE COMPLETE SMT AMPLIFIER, 
including an N -battery and an earphone 
jack, can be assembled in a small plastic 
pill box. 

SMD -type capacitors and resistors are 
called chips; hence, an SMD -type re- 
sistor is called a chip resistor. 

Figure 2 shows the SMT amplifier 
on the right and the same circuit, 
made using conventional miniature 
components, on the left. Note that 
when using conventional parts, the 
PC board gets so large that's its easy 
to install the battery holder and an 
output jack for the headphones di- 
rectly on the board. Obviously, for the 
SMT amplifier the battery (B1) used 
for the power supply and the micro- 
phone (MIC1) must be external to the 
amplifier. The 20 -pin DIP IC, also 
seen in Fig. 2, shows the relationship 
in size between the entire SMT ampli - 

tier and a single conventional inte- 
grated circuit. 

Why so small? 
While most of us can understand 

the reasons for using surface -mount 
technology in commercial equip- 
ment, it's logical to ask what real val- 
ue or purpose there is for the hobbyist 
to use SMT to build what is essen- 
tially a simple electronic circuit. 
First, it gives you a chance to build a 
practical device that could not be easi- 
ly done using conventional -size com- 
ponents. Second, using SMT pro- 
vides both acquaintance and experi- 
ence with the latest manufacturing 
technology used in consumer and pro- 
fessional equipments. 

The complete amplifier assembly 
(Fig. 3) that is used for for both the 
Big Ear -type microphone and the 
super -snooper is a good example of 
why a hobbyist would use SMT con- 
struction. The entire amplifier, in- 
cluding its battery and headphone 
jack, is so small it can be assembled in 
a plastic pill box that can be glued to 

FIG. 4-DROPS OF SOLDERING PASTE 
are applied only to the components' sol- 
dering pads. 

the front of a Big Ear -type micro- 
phone, or carried in a shirt pocket. 

The amplifier 
Sound detected by the electret mi- 

crophone (MIC1) is fed to ICI's input 
through resistor R2, and capacitors 
Cl and C2. Resistors R2 and R5 deter- 
mine the overall stage gain, while C2 
partially determines the amplifier's 
frequency response. To ensure proper 
operation using a single -ended power 
supply, R3 and R4 simulate a null 
condition equal to half the power sup- 
ply's voltage at IC1's non -inverting 
input. 
The output of IC1 is transferred to 
emitter -follower amplifier Ql via vol- 
ume control R6. The high-Z-in/low- 
Z-out characteristic of the emitter -fol- 
lower matches the moderately high - 
impedance output of IC1 to a low - 
impedance headphone load. 

Stop and think 
One note of caution on the SMT 

amplifier. There is a practical limit as 
to how small the battery can be. While 
N -size and larger batteries work fine, 
the small 1.5 -volt button cells don't 
have sufficient ampacity (current -ca- 
pacity) to provide a low -distortion 
output. So when figuring how you'll 
house the amplifier, keep in mind that 
the battery will be about the same size 
as the amplifier, or larger. Also, the 
battery's life depends on the type that 
you use. You can expect about 12-24 
hours of continuous use from a small 
watch battery, and two months or 
more from a D -type Alkaline flash- 
light battery. Keep in mind that the 
distortion is a good indicator of the 
battery's condition: A dramatic in- 
crease in distortion means that the 
battery is pooped out. 

Construction 
The most important part of both the 

long-range Big Ear microphone and 
the super -snooper is the SMT micro - 
amplifier, so we'll cover the amplifier 
construction first. 

It is almost impossible to create an 
SMT foil pattern "by hand," so we 
suggest that you use the double -size 
PC -board template shown in PC Ser- 
vice. Just make certain that you scale 
it down by a factor of 0.5. We suggest 
that a professional photographic 
positive or negative be used. Most 
copy houses and photographic dealers 
can use the PC Service template to 
prepare a negative or positive "stat." 
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PARTS LIST 

Resistors are '/a-watt chip -type un- 
less otherwise noted. 

R1-1000 ohms 
R2-2000 ohms 
R3, R4-150,000 ohms 
R5-220,000 ohms 
R6 -10,000 -ohm miniature control, 

Mouser ME322-9400 or equivalent 
R7-2700 ohms 
Capacitors are chip -type rated at 

least 6.3 volts. 
Cl, C4 -1µF 
C2-0.01 µF 
C3-33 pF 
Semiconductors 
IC1-ICL7611DCBA, operational 

amplifier (Intersil) 
Q1-MMBC3904, PNP transistor 
Other components 
B1 -1.5 -volt battery, see text 
J1-Miniature phone jack 
MIC1-electret microphone, Mouser 

25LM042 or equivalent 
S1-SPDT, miniature switch, Mouser 

10SP018 or equivalent 
Miscellaneous: printed -circuit 

board materials, 1 -oz. solder paste, 
32 -ohm stereo headphones, sol- 
der, etc. 

Note. The following components 
are available from BCT Elec- 
tronics, 8742 Belair Rd., Bal- 
timore, MD 21236: 

Etched and drilled printed -circuit 
board, $3.95; IC1, $3.95; com- 
plete kit including solder paste, 
$14.95. Add $1.50 postage and 
handling for each order. Mary- 
land residents must add 5% 
sales tax. 

If you don't want to go through the 
hassle of making the board yourself, it 
can be ordered from the source given 
in the Parts List. 

Although commercial SMT 
printed -circuit assemblies are made 
using a variety of methods, most use 
some kind of solder mask and/or auto- 
matic adhesive dispensing, and a 
pick -and -place machine to put the 
parts on the board. But you'll have to 
put the parts in place one at a time by 
hand, so you'll have to provide a way 
to position the component, hold it in 
place, and make it ready for careful 
soldering. 

The positioning, holding, and pre - 
fluxing is done with a special kind of 
solder paste that contains tiny balls of 
solder mixed with flux. (The mixture 
forms a paste that's similar in con- 
sistency to smooth peanut butter.) It is 
usually supplied in jars or cans, but is 

also available in syringe -type dispens- 
ers for precise paste delivery. 

Most electronic supply stores now 
carry some variation of SMT solder 
paste as a stock item. But a note of 
caution: Solder paste has a relatively 
short shelf -life -6-12 months after 
it's been opened-so purchase the 
minimum amount possible and store 
it in the refrigerator when not in use. 

Mix the solder paste thoroughly. 
Place a small amount on a piece of 
aluminum foil and allow it to reach 
room temperature. Stir the paste with 
a toothpick until it reaches a smooth 
consistency; then, as shown in Fig. 4, 
place small drops of the paste only on 
the soldering pads that will be used 
for the SMD's. 

If in the process of applying the 
paste to the PC board you mess up, 
simply use a toothpick to move or 
remove the paste. If the mess is 
beyond control, use a tissue to mop up 
all the paste and start over. 

Using tweezers, position an SMD 
over its pasted pad and gently press 
the SMD into the paste. The paste will 
hold the part in position until it's sol- 
dered. If positioning the components 
causes the solder paste to slop onto 
adjacent traces, use a toothpick to 
clean the area between the traces. 

Soldering 
Position the parts on the PC board 

as shown in Fig. 5. The SMD's don't 
have to be perfectly centered on the 
pads because the paste will pull them 
into position during the soldering pro- 
cess. After all the SMD's have been 
placed, prepare the soldering de- 
vice-a hot plate that's topped with a 

MIC11 l 

shallow aluminum pan or a skillet- 
by preheating the pan or skillet with 
the hot plate's temperature control set 
to HIGH. (Solder melts at approximate- 
ly 400°F) Pick up the completed 
board with tweezers and place it on 
the pan or skillet with the board's flat 
side down (component side up). 

It will take from 20 to 50 seconds 
for the solder to melt. Then remove 
the board quickly to prevent the com- 
ponents from overheating. Set the 
board aside to cool. Next, using a 
low -wattage soldering iron, install 
switch Si and volume -control R6. 
Microphone MICI, battery B1, and 
output -jack J1, are connected through 
wires that are hand -soldered to their 
respective PC -board terminals. 

Finally, as shown in Fig. 3, install 
the amplifier, along with BI and J1, in 
a small plastic pill box. 

The reflector 
Details for building the prototype 

Big Ear -type reflector are shown in 
Fig. 6. The reflector is an 11 -inch alu- 
minum bowl. Actually, unlike a para- 
bolic reflector-which is really 
what's needed-the bowl -shaped re- 
flector used for our prototype Big Ear - 
type microphone doesn't sharply 
focus the arriving sound into the mi- 
crophone. But the back of the bowl 
does have the approximate shape of a 
small parabolic reflector, and the tube 
that supports the microphone and its 
amplifier housing can be positioned 
for optimum sound pickup-so the 
assembly really can function as a 
moderately sensitive Big Ear. 

The amplifier's cabinet is cemented 
to the back of a 7 -inch length of 1/2- 

R5 R5 

Ici 

ON 

Sl OTHER 

SIDE 

C3 

C4 

R6 

ON 

OTHER 

SIDE 

R7 

01 

J1 

B1 

FIG. 5-THE SMT AMPLIFIER'S PARTS LAYOUT. Keep in mind that you're dealing with 
chip components that are all soldered in place at the same time. 
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inch copper tubing. Microphone ele- 
ment MICI is secured inside a 33/8 -inch 
rubber grommet that's cemented in- 
side the tubing with silicon rubber 
adhesive or hot -melt glue. The front 
of the microphone should be flush 
with the front of the grommet, which 
is set back about'' /4 -inch from the in- 
put end of the tubing. The details for 
the amplifier assembly and the micro- 
phone installation are illustrated in 
Fig. 7. 

As shown in Fig. 6, the micro- 
phone assembly is supported by three 
bands formed from 1/4 -inch copper 
tubing. One end of each band is 
screwed to the bowl; the other end is 
soldered to a'h-inch solder -type cop- 
per coupling. The microphone's pick- 
up is optimized by sliding the ampli- 
fier assembly back and forth in the 
coupling until the best sound pickup 

SCREW 

SCREW 

ALUMINUM-'' 
BOWL 

WOOD DOWEL HANDLE 

is attained. The actual Big Ear -type 
microphone prototype is shown in 
Fig. 8. 

Snooping 
A super -snooper's amplifier is built 

the same way as for the Big Ear, with 
the exception that the microphone is 
not installed in a pipe that's attached 
to the amplifier. Instead, using the 
same mounting arrangement shown 
in Fig. 7, install the microphone in a 
I -inch length of '/z -inch plastic tub- 
ing, PVC, or ABS pipe. Connect the 
microphone to the amplifier's input 
through approximately two feet of 
shielded cable. Since the amplifier is 
intended for listening to weak sounds, 
expect to hear considerable distortion 
if someone speaks directly into the 
microphone, or even nearby. As a 
gcneral rule, use the super -snooper 

Yl -INCH COPPER TUBING 

SCREW 

AMPLIFIER 

/2 -INCH COPPER COUPLING 

SOLDERED JOINTS 

/, INCH COPPER 
TUBING 

, 

FIG. 6-THE BIG EAR -TYPE MICROPHONE'S REFLECTOR is actually an aluminum bowl, 
so it does not have the sensitivity of a parabolic -reflector long-range microphone. 

H/ 
.- 1 

SILICON RUBBER ADHESIVE 

OR HOT -MELT GLUE 

R6 S1 

MICI 

RUBBER 
GROMMET 

S/í -INCH COPPER TUBING, 
PUC,OR ABS TUBING 

(SEE TEXT) 

MICRO AMP 

J1 

+ PLASTIC PILL CASE 

BATTERY AND 
HOLDER 

FIG. 7-THE SAME TYPE OF MICROPHONE ASSEMBLY is used for both the Big Ear -type 
microphone and the super -snooper. The only real difference is the length of the tubing 
used to hold the microphone element. 

FIG. 8-THE PROTOTYPE BIG EAR -TYPE 
microphone. The tubing containing the 
microphone and the amplifier is posi- 
tioned for optimum sound pickup. 

for monitoring weak sounds, such as 
your own heartbeat, and adjust vol- 
ume -control R6 for the minimum usa- 
ble gain. 

Unusual snooper 
Figure 9 shows an unusual kind of 

snooper; one that you can wear in a 

crowd and no one will be the wiser. A 
complete circuit, including the micro- 
phone, and a power source, is built 

FIG. 9 --USING BUTTON POWER, you can 
install the micro -sized amplifier in place of 
a headset radio. 

into both "headphones'. of a radio 
headset; one of those listen -while - 
you -jog radios. Simply strip out the 
guts from both earpieces-taking 
care not to damage the headphone 
unit itself-and install our micro - 
amp, a microphone, and a button - 
cell . R -E 
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FOR MANY YEARS. INFRARED TECH- 
nology was used mainly in military 
and industrial applications. Those in- 
cluded such things as snooperscopes, 
night -vision equipment, thermal 
cameras, missile -guidance systems, 
and satellites. More recently, how- 
ever, infrared technology has found its 
way into a wide variety of consumer 
and hobby applications. It will un- 
doubtedly be used to a greater extent 
in the future. 

Before we go on, it would be useful 
to define exactly what InfraRed (IR) 
radiation is. It can be broadly defined 
as any radiation lying between the low 
(red) end of the visible spectrum, and 
the upper limit of the radio spectrum. 
That includes the very short wave- 
lengths from about 700 nanometers to 
about 1000 nanometers. 

The advent of hobbyist -priced IR - 
LED devices and integrated circuits 
makes it possible for us to build con- 
trol and communication devices that 
operate in the near -IR (around 900 
nanometers) portion of the spectrum. 
Several applications that are suitable 
for IR technology are: 

Wireless links between audio 
equipment 

Remote controllers 
Computer -data interfaces 
Wireless intercoms 
Aids for the hearing -impaired 
Cordless headphones 

Many modern devices make 

use of infrared technology for 

communications. In this 

article we'll show you how to 

build one of those devices- 
a wireless speaker system. 

WILLIAM SHEETS and 
RUDOLF F GRAF 

In this article we are going to look at 
one of those applications: a wireless 
audio link. 

IR communications 
Although the IR region is free from 

radio interference, it is subject to in- 
terference from incandescent lamps, 
fluorescent lamps, stray reflections, 
and other sources; that is especially 
true of the near -infrared region. 

A simple way to overcome that 
problem is to create a "carrier" by 
chopping the IR radiation at a rate of 
100 kHz. The audio can then modu- 
late the carrier by modulating the 
chopping rate. A receiver can then 
detect the IR beam as a 100 -kHz FM 
signal. The only disadvantage is that 
instead of a simple audio amplifier, a 
high -gain FM receiver is necessary. 
However, with the IC's that are now 

available, an FM receiver is easy to 
build, and contains little more circuit- 
ry than a high -gain audio amplifier. 

The transmitter 
A schematic for a suitable IR trans- 

mitter is shown in Fig. 1-a. Basically, 
it is a voltage -controlled oscillator 
that drives up to four LED emitters. A 
line -level (1 -volt p -p, maximum) au- 
dio signal is fed to JI (an RCA jack), 
and appears across R1. The audio is 
coupled to the base of QI, which has a 
voltage gain of about five. It is then 
coupled to pin 5 of oscillator IC1, 
which operates in the 30- to 250 -kHz 
range. depending on the application. 
Capacitor C8 sets the oscillation -fre- 
quency range, and then the exact fre- 
quency is adjusted by R9. Values for 
C8 for several frequencies are shown 
in Fig. 1-b. A square wave at pin 3 of 
ICI drives Q2. which in turn switches 
Q3 on and off The collector current 
through RIS and R16 bias the IR emit- 
ters (LEDI and LED2). Up to four IR 
LED's can be used, depending on the 
output level required: depending on 
the number of LED's used, the value 
for RIS and R 16 may be between 100 
and 330 ohms. Our prototype. which 
has two LED's, uses 150 ohms for 
both R 15 and R16. 

The receiver 
The schematic for a companion IR 
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FIG. 1 -THE IR TRANSMITTER (a) sends audio signals to the IR receiver. The chart (b} 
shows the correct values for C8 for operation over different frequency ranges. 
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FIG. 2-THE IR RECEIVER (a) picks up signals from the transmitter and drives the 
speakers. The chart (b) shows the values for Li, C3, and C9. Those components cause the 
receiver to operate on the frequency of your choice. 

receiver is shown in Fig. 2-a; it oper- 
ates as follows: Photodiode Dl is a 
PD600; that photodiode has a built-in 
infrared filter that reduces the effects 
of stray visible light. When infrared 
energy from the transmitter is de- 
tected by D1, it causes the photodiode 

to conduct a small reverse current. 
The received modulated signal is cou- 
pled to amplifier Ql. Low -frequency 
noise is somewhat attenuated by a 
tuned circuit (L1/C3) that is broadly 
resonant between 30 and 150 kHz; 
that circuit allows the desired operat- 

ing frequency to be passed through. 
The chart in Fig. 2-b shows the L1, 
C3, and C9 values for different oper- 
ating frequencies. 

The signal at the collector of QI is 
coupled to Q2, which amplifies the 
signal and feeds Q3. The signal at the 
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PARTS LIST -TRANSMITTER 
All resistors are 1/4 -watt, 5% unless 

otherwise noted 
R1-4700 ohms 
R2-22,000 ohms 
R3-10,000 ohms 
R4-100,000 ohms 
R5-5000 ohms, standard trimmer 

potentiometer 
R6, R11 -R13-1,000 ohms 
R7-6800 ohms 
R8-47,000 ohms 
R9-10,000 ohms, standard trimmer 

potentiometer 
R10-2200 ohms 
R14-100 ohms 
R15, R16-150 to 300 ohms, see text 
Capacitors 
C1-0.0033 µF, 10%, mylar or ce- 

ramic disc 
C2, C4-06-10 µF, 16 volts, radial 

electrolytic 
C3-47 pF, 10%, ceramic or mica 
C7-0.001 µF, 20%, mylar or ce- 

ramic disc 
C8-470 to 2,200 pF, mylar, mica, or 

npo ceramic (see text) 
C9-0.01 µF, 25 volts, ceramic disc 
Semiconductors 
ICI-NE566 VCO 
Q1 -2N3565 NPN transistor 
Q2 -2N3904 NPN transistor 
Q3 -2N3906 PNP transistor 
LED1, LED2-1R155 LED 

collector of Q3 is limited to 1 volt, 
peak -to -peak (via D3/D4), and cou- 
pled to pin 2 of ICI, an NE565 phase - 
locked loop. That IC consists of a 
phase detector and a VCO; the input 
to pin 2 causes the internal VCO to 
lock on to the input -signal frequency. 

An internally generated DC voltage 
controls the VCO. The internal phase 
detector's output (pin 5) is connected 
to the internal VCO-control input (pin 
4) via an external jumper wire. The 

Other components 
J1 -RCA jack 
S1-SPST switch 
Miscellaneous: PC board, wire, sol- 

der, etc. 

PARTS LIST -RECEIVER 
All resistors are'/4-watt, 5% unless 

otherwise noted 
R1-1 megohm 
R2, R3, R7, R10, R24-100,000 

ohms 
R4, R6, R9, R14, R18, R23-10,000 

ohms 
R5, R8, R11 -R13, R15, R20, R25- 

4700 ohms 
R16-10,000 ohms, standard trim- 

mer potentiometer 
R17, R31-2200 ohms 
R19, R26-1000 ohms 
R21-50,000 ohms, potentiometer 
R22-22,000 ohms 
R27-47,000 ohms 
R28-10 ohms 
R29-100 ohms 
R30-47 ohms 
R32-470 ohms 
Capacitors 
C1, 02-1 F, 16 volts, radial elec- 

trolytic. 
C3 -see text 
C4, C6, 08-0.01 µF, 25 volts, ce- 

ramic disc 
C5, C7, 010, 013, C15 -C17-10 µF, 

16 volts, electrolytic 
09 -see text 

tuning -control resistor, R16, is ad- 
justed so that the VCO's free -running 
frequency is approximately the same 
as the signal frequency. The recovered 
audio signal is obtained at pin 7. 

The recovered audio is first coupled 
to R21, the AF gain control, and then 
to the AF -amplifier, Q4. The gain of 
the Q4 stage is limited by R22 to 
about five, and a 0.5 -volt audio signal 
is available at its collector. Audio 
from the collector of Q4 is coupled to 
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FIG. 3 -USE THIS POWER SUPPLY to power your modules from the AC power lines if you 
want to avoid using batteries. 

C11, 012-0.01 µF, 20%, mylar 
C14-0.1 µF, 20%, mylar 
018, C19-470 µF, 16 volts, radial 

electrolytic 
Semiconductors 
IC1-LM565 phase -locked loop 
IC2-LM386N low -voltage audio 

power amplifier 
Q1 -Q4 -2N3565 NPN transistor 
D1-PD600 photodiode 
D2 -D4 -1N914 diode 
LED1-Red light -emitting diode (see 

text) 
Other components 
L1 -see text 
S1-SPST switch 
Miscellaneous: PC board, wire, sol- 

der, etc. 

PARTS LIST -POWER SUPPLY 
Resistors 
R1, R2--47 ohms, 1 watt 
Capacitors 
C1-0.01 µF 
C2-04-2200 µF, 16 volts, radial 

electrolytic 
Semiconductors 
D1 -D4 -1N4002 diode 
Other components 
F1 -0.5 -amp fuse 
S1-SPST switch 
T1-12 volt, 1 amp transformer (Ra- 

dio Shack 273-1365 or equivalent) 
Miscellaneous: 3 -prong line cord, 

fuse holder, perforated con- 
struction board or terminal strip 

IC2, an audio power amplifier, which 
can provide over % watt of audio to a 
loudspeaker. The audio is also cou- 
pled to R29, which is a limiting re- 
sistor used to avoid damaging low - 
impedance headphones. 

The project can be powered from 
either a 12 -volt power supply or bat- 
tery pack. Eight alkaline AA -cells in 
series can be used if desired. An op- 
tional pilot lamp formed by R3I and 
LEDI should be left out for battery - 
powered applications to minimize 
power drain. So for battery applica- 
tions use headphones instead of 
speakers to conserve power. 

Figure 3 shows a schematic for a 
12 -volt power supply to operate the 
modules from the power line. It has 
two separate outputs, each with its 
own filtering. 

Construction 
During construction, you should 

take the same precautions as you 
would with any high -gain circuit. The 
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low-level leads to the detector pho- 
todiode should be shielded cable, and 
try to keep them short to minimize 
capacitance. Be sure to use the spec- 
ified transistors and capacitors to 
keep the noise levels low. For best 
results, use a physically small coil for 
L3 to reduce stray inductive coupling. 

The LED's can be mounted on the 
space provided for them at the end of 
the PC board, or you can mount them 
as you see fit. We used old 35 -mm 
film cases to mount the LED's for the 
transmitter and the photodiodes for 
the receiver. You can use an RCA jack 
for J1. Just attach the jack to the cab- 
inet, and wire it to the board. Follow 
Fig. 4 when building the transmitter, 
and Fig. 5 when building the receiver. 

The PC -board layouts in the PC 
Service can be used to make your own 
PC boards. However, a pre -drilled and 
etched set is available from the source 
listed in the sources box. A kit con- 
taining all PC -board -mounted parts, 
including the photodiode and two 
LED's, is also available. (We recom- 
mend using two IR LED's for each 
transmitter; one will do the job, but 
using two will extend the range.) You 
can mount the components for the 
power supply (if used) on a terminal 
strip using point-to-point wiring; oth- 
erwise, perforated construction board 
can be used. 

Final adjustments 
A frequency counter is helpful 

when tuning the completed modules, 
but is not strictly necessary. All volt- 
age measurements are DC. Referring 
to Fig. 1 (the transmitter), check for 
about 12 volts on pin 8 of ICI. Next, 
check for about 6 volts on the collec- 
tor of Ql, although anything between 
5 and 8 volts is ok. There should be 
between 8 and 10 volts on pin 3 of ICI. 
With the LED's connected to the cir- 
cuit, there should be about 6 volts on 
the collector of Q3. 

Place an AM radio tuned to a low 
frequency (around 600 kHz) close to 
the transmitter and rotate R9. You 
should hear some squeals from the 
radio if ICI is oscillating. Set R9 
around midrange. Now, by listening 
for harmonics on the AM radio, you 
can tell the frequency of the transmit- 
ter. For example, if you hear a signal 
at 610 kHz, another at 720 kHz, and 
another at 830 kHz, the transmitter 
frequency is close to 110 kHz. That is 

because the harmonic spacing is 110 

kHz, which is equal to the fundamen- 
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FIG. 5-THE IR RECEIVER is built using this parts -placement diagram. 

tal frequency. 
To check out the receiver's opera- 

tion, connect an 8 -ohm speaker to the 
audio -output terminal. Set both R16 
and R21 to about midrange, and apply 
power to the receiver. You will hear a 
rushing noise if everything's working 
properly. You can check for 6 volts at 
the collectors of Ql-Q4, and on pin 5 
of IC2. You should be able to measure 
11 volts at pin 10 of IC1, and about 4 
volts at pin 2. If you have access to a 
signal generator with a calibrated at- 
tenuator, you can check the receiver's 
sensitivity. About 1 mV on the base of 

Ql (use a 0.1 µF coupling capacitor) 
should cause the receiver to quiet 
down by about 10 dB. If the generator 
can be FM modulated, set it for 25 - 
kHz deviation and adjust R16 for 
maximum audio. The generator fre- 
quency should be tuned to the reso- 
nant frequency of Ll/C3 (generally 
from 50 to 150 kHz). 

Next, set up the transmitter a few 
feet from the receiver and turn it on. 
The receiver should instantly quiet it- 
self. Adjust R9 in the transmitter and/ 
or R16 in the receiver to set them both 
for the same frequency. That should 
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be equal to the resonant frequency of 
LI/C3. Now, apply a 1 -kHz, 0.5 -volt 
signal to the transmitter -audio input. 
A 1 -kHz tone should be heard at the 
receiver, and should cease when the 
IR beam is interrupted. (Note that 
sometimes IR radiation will penetrate 
visually opaque materials.) 

Applications 
Before discussing the various ap- 

plications for the IR transmitter and 
receiver, it should be noted that one 
transmitter can send a monaural sig- 
nal to one receiver; therefore two of 
each circuit will be necessary if a ster- 
eo -audio transmission is desired. 

One application for the IR trans- 
mitter and receiver is in a wireless - 
speaker setup that's similar to the pro- 
totype shown in the opening of this 
article. It can be used in conjunction 
with a pocket stereo. Audio from the 
headphone jack can be used to feed 
two separate transmitters-left and 
right. In our prototype, two inexpen- 
sive -speakers were mounted in sepa- 
rate wood cabinets, with a receiver 
module and battery pack in each. The 
inside of one of our prototype speak- 
ers is shown in Fig. 6. If you like, you 
can use speakers from a small hi-fi 
set; there should be plenty of room 
inside the cabinet to mount the re- 
ceiver module, battery pack, and on/ 
off switch. 

The two audio channels in our ster- 
eo prototype operate at frequencies of 
80 kHz and 140 kHz; you can use any 
frequencies you choose, but make 
them as widely spaced as possible. 
Frequencies from 30 to 250 kHz have 
been tried with good results. Just 
make sure that you do not operate at 
exactly 100 kHz because there is a 
powerful loran -navigation signal on 
that frequency and the receiver might 
pick it up. (That may not be a problem 
away from the east coast of the US.) 

If you wish to install the modules in 
an opaque plastic housing, a visually - 
opaque filter that transmits IR can be 
made from stock red and green plex- 
iglass sandwiched together. The plex- 
iglass is also available from the source 
listed in the Source box. 

Figure 7 shows the inside of our 
prototype stereo transmitter. Two 
transmitter boards have been mounted 
along with the power -supply compo- 
nents. You can build a similar cabinet 
or make your own design. 

Figure 8 shows a mono IR transmit- 
ter. Since it's a mono unit, it can be 

RG. f-AN INE.PENSIVE SPEAKER n be mounted in a wooc cabinet along with a 
leceNem module and battery pack. 

F. 7-MOUNT flit MVJULLS tor the stereo transmitter in a c- oinet along win the 
power -supply components or a battery pack if you so desire. 

mounted in a more compact case. The 
unit only requüres that you build one 
transmitter circuit and one receiver 
circuit. If you're on a budget, you 
might prefer building a mono unit 

Another application for the IR 
transmitter and receiver is in a wire- 
less -headphone setup, which can be 
used to watch television without dis- 
turbing others. The audio signal for 
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FIG. 8-A MONO TRANSMITTER can be 
built that will fit in a smaller cabinet. 

the transmitter is obtained from the 
TV's speaker or earphone jack. If 
your television doesn't have an ear- 
phone jack, you'll have to open up the 
set and tap the audio directly off the 
speaker terminals. 

WARNING: Do not open your 
television set if you don't know 
what you're doing. There are high 
voltages that could be hazardous to 
yourself, and you could damage the 
set itself. Do not install on any set 
that has any conductive path be- 
tween ground and the AC 
powerline. 

The receiver module can be 
mounted in a small plastic case fitted 
with a headphone jack. Just make 
sure to include R29 (for use with 

SOURCES 

The following items can be pur- 
chased from North Country Radio, 
P.O. Box 53, Wykagyl Station, NY 
10804. 

A kit of parts for one mono system 
consisting of the receiver and trans- 
mitter PC boards, all components 
that mount on the boards, including 
LED1, LED2, and D1 is available for 
$39.95 plus $2.50 for postage and 
handling. 

A kit of parts to build two systems 
(for stereo) is available for $74.95 
plus $2.50 for postage and handling. 

Red and green plexiglass (2" x 2" 
x Vs") to make an IR filter can be 
purchased for $12.50 plus $1.75 for 
postage and handling. 

One receiver PC board and one 
transmitter PC board are available for 
$12.50 plus $2.50 for postage and 
handling. 

LED1, LED2, and D1 are available 
for $16.95 plus $2.50 for postage and 
handling. 

NY residents must add sales tax. 

headphones) in the receiver's output 
section and connect the headphone 
jack to it. Headphones from a pocket 

DARE TO COMPARE 
OUR 

LOGIC COMPARATOR? 
28 -Pin Test Capability VS. 20 -Pin. 
TTL and CMOS Operation VS. TTL or CMOS. 
20 MHz Maximum Testing VS. 10 MHz. 
And Much More... 
At Less Than Half the Price of the Competition 
YOU'LL FIND THERE IS NO COMPARISON! 

? 1ire 

ADVANCED CUSTOM IC DESIGN 

MEANS NO EXTRA POWER LEADS 

JUST ATTACH TEST CLIP AND 

PROCEED WITH TESTING 

Af11ERICAf1 RELIAfKE 
VALUE BEYOND MEASURE 

9241E. VALLEY BLVD. ROSEMEAD, CA 91770 
TEL (818) 287-8400 (800) 654-9838 

ARI manufactures a complete line of electronic test equipment, including EPROM, EEPROM, 
and PLO programmers. IC testers. Cable testers. DPMs. OMMs. and Logic testing devices. Call or write today for your free Brochure. 

stereo are excellent for use in a wire- 
less -headphone setup because of their 
light weight. 

Fiber optics are a good conductor 
of IR transmissions. A length of fiber- 
optic cable (with suitable termina- 
tions) can be used to connect the 
transmitter and receiver, and will en- 
able you to "bend" signals around 
corners or through a floor to another 
level of your home. The setup is par- 
ticularly useful for experimenting 
with fiber optics, and you can use 
your imagination to come up with the 
many possible applications for that 
unique medium. 

Figure 9 illustrates an IR perimeter - 
security system. If no audio is used to 
modulate the transmitter, the re- 
ceiver's audio output will be zero. 
When the IR beam is broken, the re- 

tRROR ROR 

LENS 

MIRROR 

IR BEAM 

PROTECTED AREA 

-I ALARM 

LENS 

RCVR HJ F 
MIRROR 

FIG. 9-THE IR MODULES can be used as 
a perimeter -security system for path 
lengths up to 1,000 feet. 

ceiver's output will produce a noisy 
signal. That noise can be rectified 
with a diode and an RC filter; the DC 
level that is produced can drive a relay 
circuit or some other type of alarm. 
The IR beam is completely invisible, 
and path lengths of several hundred 
feet can be obtained using special op- 
tics. Those optics are desirable any- 
way because they help to keep the IR 
beam as narrow as possible so it is 
more easily broken. The specifics of 
the perimeter -security system are left 
to the experimenter. 

You should get a range of at least 20 
feet from the system, however you 
will find the range to be somewhat 
directional. If you have white ceil- 
ings, aiming the LED's at the ceiling 
should give you complete room 
coverage. If you position a magnify- 
ing lens in front of the detector, you 
may be able to extend the useable 
range to as much as 100 feet. With 
optics at both ends, an even greater 
range might be possible. R -E 
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For the first time in the history of electronics, 
ith the information that's provided on the component itself, 

you can determine if a capacitor or inductor is good or bad 
anywhere without calculations, look -up tables or error. 

All capacitor and inductor tests 
display a simple good or bad 
readout to elim: nate errors! 

Fully automatic/autorangec 
capacitor value test with percent 
tolerance calculator. 

Automatic 1000 volt applied leck - 
age test with current or mephan 
readout. Test capacitor lea sage to 
EIA standards. 

IVDARD 

It's like having your own Standards Engineer 
with you at all times. 

AUTO -Z is a L acemark of Sencore. Inc. 

New dielecu is absorption tes, Patented Ringing lest dives 
el5_nir,aies interpretation. effective Q for coils. 

ESR tests eliminate tough capa- Dynamically test resistance up to 
citer Koh _ems. 1000 megohins. 

Fully autotr_aticiautoranged 
inductance test with percent 
tolerance _culator. 
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Automatic shutoff. hattcry test 
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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 1/4 mile range. Adjusta- 
ble from 70-130 MHZ. Complete kit $29.95 
+$1.50 S + H. Free Shipping on 2 or more! 
COD add $4. Call or send VISA, MC, MO. 
DECO INDUSTRIES, Box 607, Bedford 
Hills, NY 10507. (914) 232-3878. 

ZENITH SSAVI UHF INPUT FROM $199, 
ch. 3 input $229, reconditioned. UHF SSAVI 
handbook $6.50 ppd. Used Sylvania 4040s 
$169. New N -12 -VS $99, ch 2 or 3. 
MLD-1200s ch 2 or 3. Converters, amplifiers 
& accessories. Satellite systems. Profession- 
al used radar guns from $275. New Pan- 
asonic multi -line business telephone sys- 
tems from $1395. Catalog $1. AIS SATEL- 
LITE, INC., 106 N. 7th St./A, Perkasie, PA 

BECOME A WHOLESALE DEALER FOR 
all types of security electronic equipment and 
more. Controls, motion detectors, switches, 
sirens, CCTV, etc. Buy wholesale and make 
extra money reselling or installing alarm and 
surveillance systems. System examples and 
installation tips. Also built-in sound systems, 
intercome, vacuum systems. Call toll -free for 
catalog or write to: ACS SUPPLY CO. INC., 
2531 Jefferson NE, Albuquerque, NM 
87110. 1-800-545-6286. $9.95, + 3.00 

18944. 215-453-1400. Postage and handling if COD. 
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THE DIGITAL TACHOMETER MONITORS S 

\ á<m,r. 
engine speed with a fast, easy to read bar/ 

RECHARGE LASER PRINTER TONER graph along with an accurate digital readout. 
The Digital Speedometer's dual display deliv- CARTRIDGES -Earn big $$ in your spare SIMPLY SNAP THE WAT -50 MINIATURE FM 
ers vehicle speed with a 3 -digit readout and a time -All supplies and Do -It -Yourself kits with TRANSMITTER on top of a 9v battery and 
rapid -read analog display. Adjustable redline complete instructions available. Supplies hear every sound in an entire house up to 1 

on both units. See R -E June & July 1987. cost from $10.95 in qty and you can sell re- mile away! Adjustable from 70-130 MHZ. Use 
Complete kits only $75.00 ea. Assembled & charged toner cartridges for $40.00 to $55.00 with any FM radio. Complete kit $29.95 + 
tested $99.95 ea. Add 4% S/H. 90 day war- each. Printers include HP LaserJet and Se- $1.50 S + H. Free shipping on 2 or more! COD 
ranty. Contact: DAKOTA DIGITAL, 11301 ries II, Apple LaserWriter, OMS, etc. Canon add $4. Call or send VISA, MC, MO. DECO 
Kuhle Drive, Sioux Falls, SD 57107. (605) PC -25 Copier also. CHENESKO PROD- INDUSTRIES, Box 607, Bedford Hills, NY 
332-6513. Visa/MC accepted. Dealer in- 
quiries welcome. 

UCTS, 21 Maple St., Centereach, NY 11720, 
516-736-7977, Fax: 516-732-4650 

10507. (914) 232-3878. 
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PANASONIC CABLE CONVERTERS,411. 
Wholesale and Retail. Scientific Atlanta and RECEIVE WEAK UHF STATIONS WITH 
Pioneer Cable Converters in stock. Pan- OUT local station interference. Tunnel -vision RADAR SPEED GUNS AND SYSTEMS. 
asonic model 140N 68 channel converter pre -amps see only the station that you tune Professional units for clocking speeds irì 
$79.95, Panasonic Amplified Video Control with no overload! Complete line of DX UHF/ baseball, car & boatracing, etc., starting at 
Switch Model VCS -1 $59.95. Scientific Atlan- VHF FM long distance reception equipment. $269 used, $350 reconditioned. Moving and 
to Brand new Model #8528 550MHZ 80 Tunnelvision pre -amps (25DB) $159.95, stationary units available with dual displays. 
Channels Converter $89.95. Video Corrector (32DB) DX UHF preamps $99.95, (39DB) All units are road tested and have 30 -day 
(MACRO, COPYGUARD, DIGITAL) EN- amp $29.95 additional. 114 element UHF an- warranties. Catalog $1. Complete line of TV 
HANGER $89.95. We ship to Puerto Rico, tenna $109.95, package $199.95/$219.95 accessories. New Panasonic multi -line key 
Caribbean countries, & So. Amer. Write or call UPS shippable. Give channels. DX -TELE business telephone systems from $1395. AIS 
BLUE STAR IND., 4712 AVE. N, Dept 105, LABS, 6601 E. Clinton St., Scottsdale, AZ. SATELLITE, INC., 106 N. 7th St./A, Per - 
Brooklyn, NY 11234. Phone (718) 258-9495. 85254, 602-998-3966 kasie, PA 18944. 215-453-1400. 
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Build REACT S= 
THE RADIO -ELECTRONICS 

ADVANCED CONTROL SYSTEM 

Part 7 IN ORDER 
to write 

programs and develop prac- 
tical systems using RE- 
ACTS, some type of terminal 
is required as part of the de- 
velopment system. Many 
end -user applications also 
require a terminal interface 
for normal operation. RE- 
ACTS allows you to use any 
one of three devices for the 
terminal. The first choice is 
that you use a standard CRT 
terminal. The second alter- 
native is to use an IBM PC as 
a terminal, and the third 
choice is to build a general- 
purpose CRT controller/key- 
board interface module using 
the information supplied in 
this article. 

The interface has 2 micro- 
processors; one is a general-purpose 
Z-80, and the other is a special-pur- 
pose CRT controller. The design is 
flexible enough to allow you to create 
a custom terminal by simply chang- 
ing the on -board PROM. An added 
feature on the module is a Centronics - 
type parallel -printer interface, for an 
IBM PC compatible printer. 

Standard CRT terminal 
Over the past decade, computer ter- 

minals have come down in price (a 
quality terminal can be purchased for 
less than $400.00). A number of dif- 
ferent terminals have been tested and 
found to be satisfactory. There are also 
a number of used terminals on the 
market that can be purchased for next 
to nothing. Just be sure that the one 
you buy is compatible with a standard 
RS -232 interface, and try not to buy 
any terminal that doesn't have its 

MICHAEL A. TUCKER 

technical manual. 
The following parameters and their 

settings were used with REACTS and 
the Qume 101 terminal. They will give 
some idea where to start even if you 
use a different monitor. 

EMULATION-QVT101C 
PARITY-OFF 
DATA BITS -8 
STOP BITS -1 
BIT8-0 
FDX/HDX (Full or Half 
Duplex)-FDX 
CHAR/LINE/BLCK-CHAR 
ON LINE/LOCAL-ON LINE 
BAUD RATE -9600 

Your PC as a terminal 
The Radio -Electronics bulletin 

board (516-293-2283, 300/1200 
baud, 8N1) contains the software nec- 
essary to convert your PC into a termi- 
nal for controlling REACTS. That 

software is also available on a 
floppy disk with a manual 
from the source listed 
elsewhere in this article. The 
software package from that 
source contains a file -trans- 
fer program on a PROM, 
which, in addition to making 
your PC act like a "dumb" 
terminal, allows you to use 
your PC disk, hard or floppy, 
as storage devices for your 
REACTS. That capability is 
very useful when developing 
software and allows you to 
keep your investment in the 
system to a minimum. 

The PC -terminal software 
is contained in the file TER- 
MINAL.EXE. To invoke 
that software, just type TER- 
MINAL at the system's 
prompt. The software will 

automatically clear the screen. The 
only requirements for the software is 
that it must be run on an IBM PC or 
compatible, and REACTS be config- 
ured for a baud rate of 1200. The IBM - 
terminal software is designed to emu- 
late the Televideo -912 terminal, so 
any software designed for the Tele- 
video terminal should work as long as 
the host system is set up for 1200 
baud. The relatively low baud rate is 
due to the speed limitations of a stan- 
dard IBM PC. The REACTS will ac- 
cept and transmit data at rates of at 
least 10 times faster than the PC when 
the PC is operating in an emulation 
mode. 

The PC and its keyboard act just 
like a standard terminal at this point. 
Any operation that you would per- 
form on a standard terminal is possi- 
ble using your PC. With the PROM - 
based file -transfer program there is 
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FIG. FIG. 3-THE COMPLETE SCHEMATIC for the CRT controller/keyboard interface module 
is shown here. The module also includes a printer port. 
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the added capability of the PC's mass - 
storage potential; the terminal soft- 
ware can transfer your ASCII files 
from REACTS to the PC and vice 
versa. 

The REACTS controller 
In many applications it is desirable 

to have a terminal as part of the sys- 
tem. Also, the integral controller is 
the lowest -cost approach to the termi- 
nal problem. Additionally, many of 
the entrepreneur types will find it 
useful to develop special-purpose ter- 
minals using the REACTS and its 
CRT controller as the basis. Indeed, it 
is possible to emulate a multi -thou- 
sand dollar terminal-if you are will- 
ing to write the software. The 
monochrome monitor used by the 
controller can be any standard off -the - 
shelf IBM PC -compatible monitor. 

Module considerations 
As with all of the other modules 

we've discussed, this module will use 
two 60 -pin module connectors. All 
bus signals pass from module to mod- 
ule through those connectors, which 
provide a good, sound connection and 
eliminate any external cabling be- 
tween the modules. 

A 32K ultra-violet erasable PROM 
is used to store the video controller's 
program. You can rewrite the software 

on the PROM and create your own 
custom terminal or emulate some 
other terminal. You would use RE- 
ACTS itself as the development sys- 
tem to write the custom software. The 
program would then be burned onto a 
32K x 8 -bit PROM using the 
PROM -programmer option of the 
PROM/RAM module, covered in Ra- 
dio -Electronics, May 1988. 

System components 
The block diagram in Fig. I shows 

the basic layout of the CRT/printer 
interface -module circuitry. The CRT - 
controller portion centers around an 
Enhanced Vdeo Terminal Logic Con- 
troller (EVTLC), specifically the 
Standard Microsystem's CRT 9053. 
That integrated circuit will enable our 
video controller to display visual at- 
tribute features such as reverse video, 
intensity control, underline, and 
character blink. Also, the EVTLC is 
capable of producing limited graph- 
ics. 

The EVTLC's built-in character set 
consists of the 96 standard ASCII 
characters and 32 special characters. 
Each ASCII character occupies an 
area of 9 x 12 screen dots. In the 
wide -graphics mode, the space that is 
normally taken up by one alpha- 
numeric character is instead divided 
into six independently addressable 

segments. On a screen set up for 25 
rows and 80 columns, the graphics 
mode would allow the independent 
addressing of twelve -thousand seg- 
ments (80 x 25 x 6). In the thin graph- 
ics mode, the space that is normally 
taken up by one alphanumeric 
character is divided into four indepen- 
dently addressable segments layed out 
in a "cross -hair" fashion (see Fig. 2). 
The video controller will also allow a 
mixture of alphanumeric and graphic 
characters. 

Two modes of screen scrolling are 
available: jump and smooth scrolling. 
The data on the monitor is moved up 
or down one row at the time in the 
jump -scroll mode, and one scan line 
at the time in the smooth -scroll mode. 
If desired, a non -scrolling status line 
can be enabled. The line will remain 
at the bottom of the screen at all times; 
that is, it stays stationary while the 
rest of the screen is scrolled. Other 
than non -scrolling, the status -line 
data can be manipulated in the same 
manner as the rest of the screen data. 

As previously mentioned, screen 
attributes include reverse video 
(changing screen backgrounds), in- 
tensity control, character underline, 
and character blink. There are two 
modes of selecting the characters to 
be enhanced and the type of attributes 
to be used. In the first mode, called 

AO -Al 
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FIG. 1-THE BLOCK DIAGRAM OF CRT CONTROLLER/KEYBOARD interface module. 
This module allows you to interact with REACTS, and also allows REACTS to display 
messages on a CRT. 
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the 9 x 28 mode, each character to be 
enhanced is "tagged" with a tag bit, 
which is actually the most significant 
bit of the character byte. In that mode, 
only one attribute style can be enabled 
per screen. That is, all the "tagged" 
characters on any specific' screen will 
be reverse video, intensified, under- 
lined, or blinked. In the 9 x 56 mode, 
multiple attributes per screen and 
character are available. That is ac- 
complished by sending an attribute 
byte before the character byte that will 
be enhanced with the desired at- 
tribute. 

The fill -screen feature allows the 
entire screen to be filled with a given 
character without having to write to 
each display's memory address (that 
is ideal for quick clearing of the 
screen). 

In addition to the EVTLC, other 
main components of the video con- 
troller include a Z80 microprocessor, 
two 8K x 8 CMOS-RAM IC's, two 
82C55 programmable peripheral in- 
terfaces (PPI), an 82C52 universal 
asynchronous receiver/transmitter 
(UART), and an already mentioned 
32K x 8 UVPROM. 

The Z80 is the control center for the 
CRT controller. It manages the in- 
coming and outgoing data between 
the 82C52 UART, the EVTLC, and 

Sources 
The following items are available 

from DataBlocks, Inc 
579 Snowhill Road, Glenwood, GA 
30428. Or call (800) 652-1336; in 
Georgia call (912) 568-7101 

TERM -PROM: Software to enable 
the use of an IBM compatible as ter- 
minal for REACTS. Includes the soft- 
ware on a 360K floppy disk with 
instructions; $18.00. 

DP-CRT/PRT: Design package of 
schematics and instructions; $10.00. 

PC-CRT/PRT: PC board for CRT/ 
printer interface, includes design 
package; $36.00. 

CRT -PROM: A control program for 
the CRT controller installed on a 32K 
UV -erasable PROM, includes docu- 
mentation; $17.00. 

REC-CRT: Complete set of parts 
including the PC board, IC's, con- 
nectors, and PROM; $124.00. 

Keyboard for REC CRT controller; 
$85.00. 

Please include $5.00 postage for 
any order of $37.00 or less and 
$10.00 postage for any order over 
$37.00. Georgia residents must add 
appropriate sales tax. 
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FIG. 2-The EVTLC's BUILT-IN 
CHARACTER SET consists of the 96 stan- 
dard ASCII characters and 32 special 
characters. Depending on what graphics 
mode is being used, the screen space is 
dividec as shown in (a) for the alpha- 
numeric mode, (b) for the wide -graphics 
mode, and (c) for the thin -graphics mode. 

the 82C55 PPI's. That is, it enables 
and/or disables the correct IC's at the 
correct time to maintain a smooth 
data flow. The Z80's clock input 
comes from the 8 -MHz clock signal 
that is generated in the REACTS CPU 
and routed to one of the pins of the 
two 60 -pin connectors. One of the 
8K x 8 RAM chips is used by the Z80 
as a scratch pad or buffer. The other 
provides the display memory for the 
EVTLC. As already mentioned, the 
PROM contains the video controller's 
control program. The 82C52 UART 
receives the incoming keyboard data 
in serial form and converts it to paral- 
lel form before transferring it to the 

EVTLC and/or PPI's. The PPI's act as 
the interface between the video con- 
troller and the CPU; that is, all data 
being passed between the CPU and 
the video controller pass through 
those IC's. By checking certain hand- 
shaking signals of those IC's, the 
CPU determines whether the video 
controller is ready to send data to it. 
Likewise, the CRT controller can de- 
termine when the CPU is sending data 
to it. 

Controlling the EVTLC 
The EVTLC is connected to two 

data buses; one passes data between 
the Z80 and the EVTLC, and the 
other between the display memory 
and the EVTLC. That way we know 
that all the data we send or receive 
from the display memory passes 
through the EVTLC. The EVTLC 
contains several 8 -bit software -pro- 
grammable data registers which se- 
lect the desired screen attributes, 
move and keep track of the screen 
cursor, transfer data, and select oper- 
ating modes. 

The EVTLC's programmable data 
registers are selected indirectly by the 
address register, which is selected 
when the input on the A/D pin of the 
EVTLC is high (see Fig. 3) and a 
write occurs. Data is sent to and/or 
read from the data registers when the 
input on the A/D pin is low. That is, 
first the desired register is selected by 
raising the A/D input and writing the 
correct register address in binary 
form, then the data is written to or 
read from the register with the A/D 
input lowered. When the A/D input is 
raised and a read is done, the status 
register's contents can be obtained. 
Bit seven of the status register is used 
to synchronize data transfers between 
the Z80 and the EVTLC. When bit 
seven is low, the EVTLC is busy and 
will not receive or send any data. 
Only when bit seven is high, is the 
EVTLC ready to send or receive data. 

The data registers that are indi- 
rectly selected via the address register 
are: the top -of -screen address, cursor - 
low, cursor -high, fill -address, screen - 
attribute data, mode -1, mode -i, and 
character registers. We will give the 
correct address of each register and 
briefly discuss their functions. Unfor- 
tunately, that will have to wait unit) 
next month. We'll continue then with 
a discussion of the registers and then 
go on to building and programming 
the terminal interface. R -E 
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LC METER 
This month we show you how to build the 

inductance capacitance meter, and show you how 

to get the most out of using it. 

Part 2 LAST TIME WE EX- 
plained the theory 

behind the LC meter. Now we build 
and align the meter so that you'll have 
a very accurate instrument to add to 
your lab. 

Construction 
The instrument is assembled on a 

double -sided printed -circuit board for 
which templates are provided in PC 
Service. Alternately, a PC board hav- 
ing plated -through holes is available 
from the source given in the Parts 
List. 

The component placement is 
shown in Fig. 3. Note that the four 
display drivers, IC8-ICI1, are 
mounted under the liquid -crystal dis- 
play (DSP1). The display must be 
mounted about % inch off the PC 

C15 --- 

IC11 

DSP1 

IC8 
e."1 

-C9- 

NEIL W. HECKT 

board if it is to be reasonably 
close to the front panel of the 
specified Pactec HPL-9VB 
cabinet. Three layers of low - 
profile 40 pin IC socket - 
halves plugged together will provide 
the clearance. On the other hand. 
both the kit and the finished unit spec- 
ified in the Parts List contain some 
Samtec 0.56 -inch sockets. 

If S1, S2, and S3 are ITT's Cannon - 
type switches, they mount directly on 
the PC board. However, the switches 
supplied with the kit are from a dif- 
ferent manufacturer and it is neces- 
sary to mount them off the PC board 
in such a manner that less than 142 - 

inch of the longer leads protrude 
through the board on the solder side. 
In either case, the correct mounting so 
the push-button switches will fit 
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FIG. 3-THE PARTS LAYOUT for the PC board. Four integrated circuits, IC8-1C11, are 
located directly under the display module (DSP1). Binding posts BP1 and BP2 mount 
through the enclosure to spacers on the PC board. 

C16 

BP1 

through the holes in 
the cabinet is for the 
center line of the switch 
shafts to be I%2 inch above 
the component side of the PC 
board. (Note: The switches in the 
kit are supplied pre -installed.) 

The PC board provides for two 4 - 
pole double -throw switches and one 
2 -pole double -throw switch. The ex- 
tra contacts aren't used. 

The LM7805 voltage regulator, 
IC12, lies flat on the board and must 
have a small piece of plastic electrical 
tape between it and the PC board to 
prevent shorting the case of the reg- 
ulator to the circuit traces. Of course a 
standard mica insulator can also be 
used. Heat is not a problem as the unit 
draws only 17 mA. 

Binding posts BPI and BP2 are 
mounted in a somewhat unusual way 
directly to the PC board. Drill clear- 
ance holes for two 8-32 screws at the 
two binding -post locations shown in 
Fig. 3. Pass the screws through from 
the bottom of the board and secure 3/4 - 

inch 8-32 metal spacers at each loca- 
tion. When the cabinet is assembled, 
BPI and, BP2 are passed through the 
cabinet cover into the spacers, mak- 
ing the electrical connections and se- 
curing the cabinet. 

The completed unit, with the cover 
removed, is shown in Fig. 4. Notice 
that no binding posts are shown. In- 
stead, there are threaded spacers in 
the binding -post locations on the PC 
board. When the cover is installed the 
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binding posts pass through the cover 
and are screwed into the spacers; 
thereby securing the cover while 
providing electrical connections to 
the meter. 

FIG. 4-THE COMPLETED METER. Five 
IC's are installed on the PC board directly 
under the display module, which is raised 
off the board approximately 'h inch so it 
will be flush with the enclosure's window. 
The battery is in a separate compartment 
that is moulded into the bottom of the en- 
closure. 

Alignment 
All that's needed to align the unit is 

a frequency counter and a capacitor of 
approximately 68,000 pF who's value 
is known to an accuracy of at least 1%. 
That capacitor is much larger than the 
705-pF standard capacitor in the tank 
circuit, making the standard capacitor 
insignificant when adjusting the stan- 
dard 70.5-11H inductor. 

Ignore the display during the initial 
alignment because it might be doing 
some pretty wild things if the PLL is 
not in lock. (That particular adjust- 
ment will be made after the oscillator 
alignment.) Connect the frequency 
counter to pin 14 of IC3. The frequen- 
cy at that location is the oscillator 
frequency/16. 

First calculate the oscillator fre- 
quency when your known capacitor 
will be in the circuit: 

PARTS LIST 

All resistors 1/4 -watt, 5%, unless 
otherwise noted. 

R1, R2, R7-100,000 ohms 
R3, R5 47,000 ohms 
R4-1000 ohms 
R6-1 Megohm 
R8-25,000 ohms, trimmer potenti- 

ometer, 0.1" x .2" spacing 
RO 4700 ohms 
Capacitors 
Cl, 03-10 µF, 10 volts, tantalum 
C2, C4, C5, C9, C10, C15-0.1 µF, 50 

volt, ceramic disc 
C6 --not used 
C7-1500 pF, 100 volt, Mylar 
C8-2.2 µF, polystyrene (Panasonic 

ECQ-1225KZ) 
C11, C12-330 pF, polystyrene or 

propolyne 
*C13-12-70 pF, trimmer capacitor 

(Mouser ME242-1270) 
*C14, 016-3-10 pF, trimmer capaci- 

tor (Mouser ME242-2710) 
Semiconductors 
IC1-LM311 N 
IC2-CD4046 
IC3-CD4520 
IC4-CD4020 
IC5-CD4022 
IC6-CD4040 
IC7-27C256 special programmed 

EPROM (see ordering note below) 
IC8-CD4054 
109-1011-CD4056 
IC12-LM7805CT 
tDSP1-four digit LCD display, AND 

FE0202 
Inductors 
*Li -39 µH, variable inductor (Toko 

154ANS-T1016Z) 
*L2-33 µH (J. W. Miller 8230-56) 
*L3-0.39 µH (J. W. Miller 8230-10) 
*L4-0.33 µH, variable inductor 

(Toko BTKXNS-T1047Z) 

f2=1!(2x rx 
Ú(70.5E-6 x (Ck + 705)E-12))/16 

where CK is your known capacitor in 
pF. (f2 should be about 4500 Hz.) 

Connect CK across the test jacks, 
depress CX switch S3, and adjust LI 
to obtain the calculated frequency 
± 10 Hz. Release S3 and set coarse - 
adjustment C13 (12-70 pF) and fine - 
adjustment C14 (3-10 pF) to obtain a 
frequency of 44,582Hz ± 100 Hz. 
You may want to repeat the entire pro- 
cedure several times because there is 
some interaction between the adjust- 
ment of LI and the capacitors. 

Finally, set R8 to the center of the 
adjustment range that produces 0000 

Other components 
B1 -9 -volt battery 
*BP1, BP2-5-way binding post with 

8-32 thread 
*S1, Sg, S3-DPDT alternate action 

switch (ITT Schadow 51281) 
*3-pushbuttons for Sl-S3 
t2-LCD sockets 
*2-8-32 x 3/4 -inch threaded spacer 

with mounting hardware 
*2-8-32 screws and star washers 
*1-battery terminal clip !1-socket 

for DSP1, Samtec ESQ-120-12-T-S 
1-enclosure, Pactec HPL-9VB 
Note: The following parts and kits 

are available from Almost All 
Digital Electronics, 5211117th St. 
SE, Bellevue, WA 98006. 
A complete kit containing all 
components in the parts list with 
the exception of the EPROM, dis- 
play kit, enclosure, and the PC 
board: $69.95. A kit of hard -to - 
locate parts consisting of those 
indicated in the parts list with 
the * symbol: $29.95. The pro- 
grammed EPROM: $19.95. The 
display kit consisting of those 
parts indicated in the parts list 
with a t symbol: $14.95. The en- 
closure, with all holes machined 
and a front panel decal: $19.95. 
The PC board with plated - 
through holes: $19.95 
A complete semi -kit (the switch- 
es are mounted and soldered) 
consisting of all of the above and 
a "standard" capacitor for cal- 
ibration: $149.95. 

The completely assembled, test- 
ed, and calibrated unit: $169.95. 
Add $5 for shipping and han- 
dling per total order. Washington 
residents must add 8% sales tax. 

on the display. The lock range is fairly 
large so the adjustment isn't critical. 
The center of the range will provide 
the best long-term stability rather than 
any immediate benefit. 

The 9 -volt battery -terminal clip 
cannot be installed until the PC board 
is installed in the cabinet because the 
clip cannot fit through the opening to 
the cabinet's battery compartment. 
Alternately, you can cut away part of 
the battery compartment's wall so the 
clip can then slide through into' the 
compartment. 

Final adjustment 
After final assembly, the only re - 
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Philips ECG's Master Guide 
gives you all the replacement semiconductor 
information you'll ever need. 

For speed, accuracy and ease -of -use, nothing beats the 
Philips ECG® Master Guide! 

Contains technical data for 4000 Philips ECG 
semiconductors that replace over 240,000 industry 
part numbers 

Contains the most accurate cross-references available. 

New edition has 13,000 additional cross-references 
and 230 new devices 

All this, all in one book. 
Contact your Philips ECG distributor or 
call 1-800-225-8326. It just might be 
the smartest call you make all -week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

ECG® DM -76 Auto -Ranging Digital 
Multimeter: The smart choice for value! 
ECG DM -76 Multimeter is accurate, priced right and packed full of 
features. Here's what you get: 

Auto or manual range selection 
0.5% basic accuracy 
3' digit LCD with range indicator 
Data hold 
20 megohm full scale 

Transistor hFE 
Diode VF 
Audible continuity test 

Accuracy! Value! All the features you need! 
Contact your ECG products distributor or 
call 1-800-225-8326. It just might be the 
smartest call you make all week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

Keep equipment in top shape with Philips 
ECG's top of the line Audio/Video products. 

The best performance from any piece of 
equipment. The line-up that delivers it looks 
like this: 

To measure and adjust frequency 
response of audio tape decks, the AR' 20 
frequency response cassette 

To accurately adjust audio tape running speed and record/playback 
head alignment, the AR30 speed and adjustment cassette 

To observe tape travel path in the VCR, the Video tape path 
view cassette 

To measure torque in play or fast forward/rewind modes, the Video 
torque meter cassettes 
Contact your Philips ECG distributor or 
cal11-800-225-8326. It just might be the 
smartest call you make all week. 

The Smart Choice. 

PhilipsECG 
A North American Philips Company 

CIRCLE 68 ON FREE INFORMATION CARD 

maining operation is to adjust the 
zero -trimmers for the binding posts. 
Use a non-metallic alignment tool for 
the adjustments. 

With nothing connected to the 
binding posts, depress switch S3 and 
adjust C16 for a 0.00 pF reading. The 
adjustment will be somewhat tricky 
because the 3-10 pF trimmer capaci- 
tor is very tiny and has only a'2 -turn 
range. 

Next, place a piece of braided sol- 
der wick (which is about as close to 
zero inductance as you can get) across 
the binding posts and depress switch 
S2. Adjust inductor L4 for a reading 
of 0.00. 

Note: The C16 -adjustment reading 
is hard to maintain because the effect 
of your hand's capacitance is well 
within the range of the instrument. 
Rather than habitually make the zero 
adjustment, or when using test leads, 
we suggest you measure the open cir- 
cuit capacitance and/or short-circuit 
inductance as described above- in- 
cluding test leads if any, and subtract 
those values from the final reading. 
The range of the zero adjustments is 
too small to compensate for test leads 
anyway. 

The offset drift of the zero adjust- 
ments is usually only ±0.01-0.02 
µH, and therefore becomes insignifi- 
cant (1% to 2%) when measuring 
components with values greater than 1 

µH or 10 pF. 

Accuracy 
Using 31 inductors ranging in value 

from 0.1 µH to 6800 µH, and 35 
capacitors ranging from 2.7 pF to 0.1 
µF, the average error for inductance 
measurements, compared to the mea- 
surements of a 1 -MHz digital 
HP4275A laboratory -type LCR 
bridge was 1.58%. Percentages for 
values below 0.1 µH lose meaning 
because the 0.01-µH resolution 
would cause a minimum percentage 
error of 10%, degrading to 100% at 
0.01 µH. 

The average error for capacitors 
was 0.78%. Percentages for values 
below 1.0 pF lose meaning because 
the 0.10-pF resolution would cause a 
minimum percentage error of 10%, 
degrading to 100% at 0.10 pF 

When the same components were 
measured on an HP4274A digital 
LCR bridge, at 100 kHz the average 
error between the two laboratory in- 
struments was 10.17% for inductors 
and 7.12% for capacitors. R -E 
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11 
IZMIR 

US 
This month 

we continue our 

discussion on 

the General 

Purpose 

Interface Bus. 

VAUGHN D. MARTIN 

Part 2 LAST TIME WE D1S- 

cussed what a 
GPIB is. Now we'll cover such things 
as accessories, troubleshooting, and 
customizing, as well as some special 
systems and applications. 

GPIB Accessories 
Before analyzing or troubleshoot- 

ing the bus, let's take a look at some 
hardware accessories that enhance an 
engineer's design capabilities with 
the instrument bus. 

The HP 59301A ASCII -to-Parallel 
Converter, Fig. 7, accepts byte -serial 
ASCII characters from the GPIB and 
converts them to parallel output. In 
operation, ASCII characters transmit- 
ted serially along the bus are convert- 
ed to 4 -bit characters. The first ASCII 
character that's received is interpreted 
as the most significant digit (MSD). A 
string of up to 16 characters termi- 
nated by a linefeed can be converted 
and placed on the output lines. (The 
linefeed character causes the HP 
59301A to output a print command). 
The HP 59301A allows instruments 
controlled with either BCD or binary 
signals to be operated by the GPIB. 

The HP 59303A Digital -to -Analog 
Converter, Fig. 8, accepts a string of 
serial ASCII characters and converts 
any three consecutive input digits to 
an analog output voltage, which is 
accurate to 0.1% in 30 µs. The device 
is fully programmable via the GPIB, 
or it can be manually operated from 
front panel controls. 

A rotary switch on the front panel 
makes it easy to select the three -bit 
group for DAC conversion. The three 
output modes (NORMAL, OFFSET, 
and PLUS/MINUS) make the DAC 
convenient to use directly with a vari- 
ety of data -logging devices, thereby 
avoiding the need for auxiliary equip- 
ment to shift the zero level or the 
change polarity. Compatible logging 
devices include strip -chart recorders, 
X -Y plotters, and displays. 

The HP 59306A Relay Actuator, 
Fig. 9, has six relays that allow for 
control of external devices either 
manually from front -panel pushbut- 
tons, or remotely from the GPIB. Re- 
lay contacts are specified to switch 
24 -volt DC or 115 -volt AC at 0.5 A. 
Each relay can be programmed inde- 
pendently or multiple relays can be 
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FIG. 7-THE HP 59301A ASCII -to-parallel 
converter accepts byte -serial ASCII 
characters from the GPIB, then converts 
them to parallel output. 

FIG. 8-THE HP 59303A digital -to -analog 
converter accepts a string of serial ASCII 
characters, then converts any three con- 
secutive input digits to an analog output 
voltage. 

FIG. 9-THE HP 59306A RELAY actuator 
has six relays that provide for GPIB con- 
trol of external devices. 

FIG. 10-THE HP 59307A DUAL VHF 
switch module provides two 1P4T switch- 
es controllable by the GPIB. 

switched together. Front -panel push- 
buttons illuminate to indicate the state 
of each relay. 

The HP 59307A Dual VHF Switch, 
Fig. 10, provides two IP4T switches 
controlled from front panel pushbut- 
tons or remotely from the GPIB. The 
HP 59307A is a DC to 500 MHz 50 
ohm switch designed to maintain fast 
pulse transition times. The switches 

are independent and bidirectional for 
optimum use in multiplexing 50 ohm 
signal lines into measuring instru- 
ments or other devices. 

The HP 59309A GPIB Digital 
Clock, Fig. 11, displays the month, 
day, hour, minute, and second, and 
upon command will output time via 
the interface bus. Time can be set into 
the clock either by local control or by 
remote commands received from the 
GPIB. 

Troubleshooting the GPIB Bus 
The HP 5940/A bus -system ana- 

lyzer is shown in Fig. 12. That ana- 
lyzer allows the user to see the status 
of all bus lines, including the actual 
characters on the data bus. Since that 
analyzer can drive all bus lines, it can 
completely exercise another talker, 
listener, or controller. 

The GPIB bus analyzer may be op- 
erated at one of several speeds. The 
slowest speed is useful for single - 
stepping through a program for soft- 
ware debugging. At regular bus 
speed, the GPIB can be tested for 
system -related faults. The analyzer 
may even be operated at a variable 
rate, which is determined by an exter- 
nal clock input. 

The analyzer's 32 -character memo- 
ry can be used to store bus characters 
in the Listen mode, or to output 
characters to the bus in the Talk 

sonlea Vigaigaier 
FIG. 11-THE HP 59309A GPIB digital 
clock displays month, day, hour, minute, 
and second, and upon command will out- 
put time via the interface bus. 

FIG. 12-THE HP 59401A BUS -SYSTEM 
analyzer allows its user to see the status 
of all bus lines. 

FIG. 13-THE RACAL DANA 488 GPIB 
BUS analyzer is portable and may also be 
battery -operated. 

mode. When the analyzer is in the 
Compare mode, a stream of bus traf- 
fic can be stopped on a pre -selected 
character-and at that time a trigger 
pulse is available that is useful when 
analyzing transients or timing -related 
bus problems. 

There are less expensive alter- 
natives, if your budget cannot tolerate 
a bus analyzer like the HP 5940/A. 
The alternatives are all nonintrusive 
bus analyzers, which means that they 
do not seize control of the bus, but 
rather generate control signals that 
command the network to be exercised 
in one manner or another. 

Such nonintrusive bus analyzers 
are less elaborate and relatively inex- 
pensive; moreover, a typical portable 
battery -operated GPIB bus analyzer 
may be quite small. The Racal Dana 
488 GPIB Analyzer can fit in the palm 
of the hand, shown in Fig. 13. But 
don't let its size fool you; its ana- 
lytical powers can be great. 

Adapting non-GPIB 
What if you cannot afford the add- 

ed cost of buying your instruments 
with the GPIB option, or you've pur- 
chased equipment in the past before 
you knew about GPIB? Take heart! 
You need not scrap your equipment. 
There are GPIB translators that can 
make your non-GPIB instrument into 
a GPIB compatible if your instrument 
has TTL-compatible binary outputs 
and programmable commands. A 
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cost-effective way of upgrading an in- 
strument not specifically designed for 
the GPIB is to use the Fluke /120A 
IEEE -488 translator shown in Fig. 14. 

The Fluke 1120A was designed spe- 
cifically to get only Fluke products 
that are non-GPIB in design on the 
GPIB bus. The 1120A connects instru- 
ments to the bus through an optional 
data -output unit in the instrument and 
a "personality card" in the //20A. 
Each personality card is individually 
addressable and "transparent" to 
other instruments. Each "person - 

FIG. 14-THE FLUKE 1120A IEEE -488 
translator can up -grade an instrument not 
specifically designed for the GPIB. 

FIG. 15-THE HP -41 IS A combination 
handheld calculator and controller for the 
HP -IL. 

1.5V r- 

0v 
-1.5V J L 

Os 

01234 01234 0123456 0.123456 
Is 0 1 0 1 1 0 0 0 0 0 

FIG. 16-THE HP -IL USES three -level 
codes, a logic high pulse is a 1.5 volt 
followed by a -1.5 volt, and the opposite is 
a logic low. Each transmission is 11 bits 
long and occurs in frames with a special 
encoded 1 and 0 for synchronization at the 
beginning of a frame. Those are desig- 
nated as 1s and Os respectively. 
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FIG. 17-PULSE TRANSFORMERS act as isolation line drivers and receivers. These 
transformers make it easier to generate the three voltage levels required with the HP -IL 
code. 

ality" card corresponds to a particular 
Fluke instrument model and is sold as 
an option to that instrument or as a 
field -installable kit. 

A special circuit card for the Fluke 
1120A Translator converts it into a 
general-purpose translator between 
GPIB-bus systems and bit -parallel 
data systems. That circuit card, called 
an A17-4, handles up to 32 digital 
inputs and outputs; up to three A/7-4 
cards will fit in a 1120A translator. 

Now that we better understand in- 
strument buses, let's examine another 
convention, the HP -IL or Hewlett- 
Packard Interface Loop. 

The HP -IL 
Unlike the GPIB, the HP -IL 

(Hewlett Packard-Interface Loop) is 

just a unidirectional transmitter of se- 
rial digital data to the next HP -1L de- 
vice. Along with the data, sufficient 
energy is transmitted to energize the 
next HP -IL device in the loop. The 
waiting device idly rests until ener- 
gized. making battery -powered porta- 
ble operation a reality. Once data has 
been transmitted through all the HP - 
IL devices, it returns to the transmit- 
ter/controller and is checked for er- 
rors. That checking process simply 
compares the data initially transmit- 
ted with the data returned after com- 
pletion of the loop. 

The HP -IL Master/slave configura- 
tion uses the same "talker" (transmit- 
ter) and a "listener" (receiver), as 
discussed previously for digital -data 
transfer. With the HP -IL, one talker is 
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designated as the controller, or mas- 
ter. All other devices within the loop 
are slaves-regardless of whether 
they are inherently listeners or talkers 
by design. It is possible, however, to 
operate without a controller. For ex- 
ample, a voltmeter (talker) could log 
readings onto a printer (listener). The 
use of multiple controllers with pri- 
oritized levels of interrupts is also 
possible. One Hewlett Packard con- 
troller that enjoys widespread popu- 
larity with the HP -IL is the HP -41 
handheld calculator shown in Fig. 15. 

There are plug-in ports on the back 
of the HP -41 for RAM's, ROM's, a 
card reader, a thermal printer, and a 
bar-code reader. 

The ability of the HP -IL to poll its 
accessories allows the operator to en- 
ter a written message and then run the 
PRINT command. The HP -IL net- 
work is then searched for the first 
available printer upon which any En- 
glish message may be printed. 

The HP -IL uses an unusual and 
clever three -level code method of data 
transmission that results in greater 
noise immunity, higher reliability, 
and less power consumption, and 
works as follows: 

A logic -high pulse is a + 1.5 V 
followed by a -1.5 V, the opposite is a 
logic low, (see Fig. 16). If a high or 
low pulse occurs because of electrical 
noise, it will be ignored because the 
noise pulse is not followed by a pulse 
of the opposite magnitude. Transmis- 
sions are each 11 bits long and occur in 
frames with a special encoded 1 and 0 
for synchronization at the beginning 
of a frame, designated as is and Os 
respectively. The "S" stands for syn- 
chronization. Five bits of the 11 -bit 
transmission is the address of the in- 
strument that is being used. 

As shown in Fig. 17, instead of 
semiconductor line drivers and re- 
ceivers, pulse transformers act as iso- 
lated line drivers and receivers. 
Transformers are used because they 
make it easier to generate the three 
voltage levels required with the HP -IL 
code. 

Hewlett Packard has developed the 
HP 82166A HP -IL converter, which 
transforms noncompatible general- 
purpose I/O devices into HP -IL de- 
vices. One can expect that other man- 
ufacturers will build that capability 
into measurement instruments rather 
than require the use of more costly 
interface devices. R -E 
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With better tubes 
came better 

radio designs. 

BY THE EARLY 1920'S, RADIO DESIGN HAD 

progressed to the point where produc- 
ing acceptable audio levels was no 
longer a problem and radios were 
being welcomed in more and more 
households. But with the growth of 
radio came the growth of radio sta- 
tions. Before long there were so many 
radio signals, especially in urban 
areas, that poor selectivity no longer 
was merely a nuisance; it was intol- 
erable. 

At the same time, however, design- 
ers acknowledged that not everyone 
had the room or means to install a 
large, outdoor aerial system. Smaller 
systems, especially the indoor loops 
that were becoming popular in cities, 
could not deliver the same signal level 

to the receiver, so radios had to be 
even more sensitive to make up the 
difference. To solve both problems, 
radio designers turned to a multi- 
stage approach, adding sensitive and 
selective RF stages to their circuits. In 
this article we will see how their de- 
signs progressed, and eventually 
evolved into the circuits we use today. 

Resistance -coupled RF amplifier 
Early RF -stage designs were little 

more than barely modified audio -am- 
plifier circuits. One early multi -stage 
receiver design is shown in Fig. 1. 

That radio used a pair of resistance - 
coupled RF amplifiers. Those did 
nothing for selectivity, but they did 
make receivers more sensitive. or- 

O 

A -i,B O 

B+ Amp O 

1.t RF 2nd RE Drt 

A 

FIG. 1-RESISTANCE-COUPLED RF amplifiers made receivers more sensitive, but 
did nothing for selectivity. 
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FIG. 2-THE TUNED RADIO -FREQUENCY amplifier improved selectivity by adding a 

tuning capacitor. 

Tuning 
Unit 1 

Tension Roller 

Control Knob 
Tuning 

Unit 2 

FIG. 3-TO REDUCE THE NUMBER of con- 
trols, some receivers linked the tuning ca- 
pacitors via a belt drive. 

tunately, the added sensitivity com- 
pounded the problem of selectivity; 
more signal reached the detector, but 
without being sorted. The resistance - 
coupled RF amplifier did not become 
popular and soon went on its way. 

TRF amplifier 
To improve selectivity, a second 

tuned circuit was added, yielding a 
circuit similar to the one shown in 
Fig. 2. The set was called a Tuned RF 
(TRF) receiver. Selectivity was 
slightly improved with that design; 
before long, receivers with a second 
tuned -RF stage (three tuned circuits) 
began to appear. With two stages, it 
was possible to tune the set so that the 
background signals from competing 
stations were subdued. 

Both single- and two -stage TRF re- 
ceivers tuned quite broadly, and the 
tuning capacitor settings were not too 
critical. However, with the two -stage 
design, the user had three settings to 
fiddle with and every time you 
changed stations, all three had to be 
readjusted. 

One -dial tuning 
Even though tuning wasn't critical 

in the TRF receiver, tuning three ca- 
pacitors every time you changed sta- 
tions was a tedious affair, and one that 
even intimidated some prospective 
users. To simplify the tuning pro- 
cedure, various one -dial tuning 
schemes were tried. One technique 
was the pulley and drive -belt system 
shown in Fig. 3. Another was a rack 
and pinion drive system; it was not as 
simple as the drive -belt method and 
was much more expensive to imple- 
ment, so it wasn't used to any extent. 
The problem was solved to everyone's 
satisfaction by mounting the tuning 
capacitors on a common shaft, a tun- 
ing technique that is still in use today. 

The loop antenna 
As was alluded to earlier, a key to 

the popularity and practicality of ra- 
dio was the elimination of large aerial 
systems. In fact, the crystal set's ab- 
solute need for such an aerial was as 
big a factor as any other in its eventual 
fall from popularity. 

Owners of early multi -stage vac- 
uum -tube receivers soon discovered 

Ftat 
Qr 

Pancake 
Loop 

Biz 
Loop 

FIG. 4-TWO TYPES OF LOOP ANTEN- 
NAS. A flat or pancake type is shown in a, 

a box type is shown in b. 

that it was possible to forsake the 
large outdoor designs in favor of com- 
pact indoor antennas. Some experi- 
menters used bedsprings or window 
screens as the antenna; others ran 
large loops of wire around their base- 
boards or in their attics. However, a 
more elegant answer soon became 

FIG 5-LOOP ANTENNAS formed part of a 

tuned circuit and could be tuned for a spe- 
cific frequency, thereby increasing selec- 
tivity. 

FIG. 6-THE VARIOMETER was a car- 
ryover from crystal sets. 

popular-the loop antenna. Those 
were generally positioned on top of 
the receiver or nearby and were of two 
types: the flat or pancake loop shown 
in Fig. 4-a or the box loop shown in 
Fig. 4-b-. One advantage of the loop 
antenna was that it helped minimize 
competing signals. The loop was part 
of a tuned circuit (see Fig. 5) that 
could be tuned for resonance at a par- 
ticular frequency, thereby improving 
selectivity. Further, the loop could be 
physically rotated or positioned to 
minimize interference. As shown in 
Fig. 5, a "C" battery often was used 
for bias, but grid leaks and grid capac- 
itors were also used for that purpose. 

Variometer tuning 
While the appearance of vacuum -tube 

triodes spelled the end of crystal -set pop- 
ularity, that end did not come overnight. 
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Both types of sets co -existed for many 
years. And many sets incorporated cir- 
cuits and features from both types of re- 
ceivers. For instance, some sets com- 
bined a crystal detector with a vacuum 
tube audio amplifier. 

One crystal set component that was 
commonly found in tube sets was the vari- 
ometer, which consisted of a continu- 
ously variable inductance, formed by 
connecting two coils in series and mount- 
ing them so that one rotated within the 
other. The overall inductance could be 
varied over a wide range, with a very low 
minimum value. As shown in Fig. 6, the 
variometer was inserted in the plate circuit 
of the tube. Both the variometer and the 
variable capacitor in the grid circuit were 
used to tune a signal. In time, with the 
introduction of receivers with two and 
three tuned -RF stages, the variometer 
joined the growing heap of discarded 
electronics components. 

The neutrodyne 
It seems that every advance in re- 

ceiver circuitry was accompanied by 
some unexpected problems; the triode 

r -it- -iluterelei.trode 
i Capacitance 

Neutralizing Capacitor 

FIG. 7-A NEUTRALIZING CAPACITOR 
was needed to compensate for the triode's 
interelectrode capacitance. 

and the TRF were no exception. Since 
the elements of the triode were made 
of metal, they formed a capacitor. 
And like all other capacitors, the in- 
terelectode capacitance had a reac- 
tance that varied inversely with 
frequency. When used as an audio 
amplifier, the interelectrode capaci- 
tance was not a great concern. At ra- 
dio frequencies, however, it was quite 
definitely a concern. At those fre- 
quencies, the interelectode capaci- 
tance provided a feedback path 
between the receiver's input and out- 
put circuits. Since the feedback was in 

Radio 
Input 

1st Stage 
Radio 1st Audio 

3 

3rd Radio 
2nd Audio 

FIG. 8-IN A REFLEX RECEIVER, some tubes are called upon to do double duty. 

FIG. 9-IN THE HETERODYNE RECEIVER, 
a locally generated signal is mixed with 
the received signal. 

FIG.10-ALTHOUGH LOW COST and easy 
to build, the regenerative receiver suf- 
fered from many drawbacks. 

when he developed what he called the 
neutrodyne principle. The capacitor 
shown in dashed lines in Fig. 7 indi- 
cates the feedback path provided by 
the tube's interelectrode capacitance. 
Hazeltine's technique was to use an 
adjustable capacitor to intentionally 
feed back part of the signal, but out of 
phase with the input. The out -of - 
phase feedback signal was equal to or 
greater than the in -phase feedback, 
and the two canceled out. 

The introduction of the multigrid 
tube relegated the neutrodyne to re- 
ceiver history. However, neutraliza- 
tion is still used today in transmitters, 
including those with multi -grid tubes. 

Enter the tetrode 
The need for receiver tube neu- 

tralization was eliminated by the in- 
troduction of the tetrode. That four - 
electrode tube was invented by A.W. 
Hull. His name for the tube was the 
Pliodynatron, which never did grip 
the public's imagination. But, al- 
though the name was soon forgotten, 
the tube remained. 

In the tetrode, another grid (the 
"screen grid") was positioned be- 
tween control grid and plate. That re- 

Frequency 
Cha nger 

)ellltrd 
11 

1,9,; s, 

FIG. 11-BLOCK DIAGRAM of a super heterodyne receiver. 

phase with the input, the result was 
oscillation, and a howling in the head- 
phones or the speaker. 

Fortunately, the problem was 
solved by Professor Hazeltine of the 
Stevens Institute in Hoboken, NJ 

duced interelectrode capacitance by 
putting the tube's capacitances be- 
tween grid and plate in series. Instead 
of being from grid to plate it was from 
grid to screen grid and from screen 
grid to plate. Some early attempts 
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connected the screen grid to ground 
which of course made it an effective 
shield. But it was discovered that if a 
positive potential was put on that new 
element, and was held constant, feed- 
back would be practically zero. A ca- 
pacitor was connected between screen 
grid and ground effectively putting 
the grid at signal ground. 

The addition of the screen grid tube 
also had a second, pleasant effect. It 
increased the amplification factor to 
as much as 400, as compared to only 
about 10 for a triode. 

During the mid 1920's, volume was 
still one of the most important criteria 
in the public's evaluation of a re- 
ceiver's quality. One approach to in- 
creasing the volume without increas- 
ing the component count, and hence 
the cost, was to use a reflex circuit. 
There were many variations of that 
idea, and one popular one is shown in 
Fig. 8. In that circuit, the incoming 
signal was brought into an RF ampli- 
fier, proceeded through two more RF 
stages, and was then fed into a detec- 
tor. From the detector the signal was 
brought back into the second RF am- 
plifier, which was then also used as 
the first audio amplifier. The signal 
was then injected into the third RF 
amplifier, which now also functioned 
as the second audio stage, and whose 
output was delivered to a speaker. 
Thus, two of the four tubes did double 
duty, functioning as both RF and AF 
amplifiers. 

The heterodyne receiver 
Spark transmitters generated large 

numbers of damped waves having all 
kinds of harmonics. Those waves het- 
erodyned or beat together in the re- 
ceiver's detector, and therefore could 
be referred to as self -modulating. That 
property was what made it possible to 
hear dits and dashes using simple 
crystal receivers. 

However, those same receivers 
were not suitable for receiving Con- 
tinuous Wave (CW) signals. A CW 
signal is simply an RF wave that is 
broken up into long and short pieces 
using a telegraph key and is not self 
modulating. That problem was over- 
come by the invention of the hetero- 
dyne receiver by Reginald A. 
Fessenden in 1905. The hetrodyne cir- 
cuit was the basis on which Major 
Edwin H. Armstrong devised the su- 
perheterodyne circuit in 1918. 
As shown in Fig. 9, the principle be- 
hind the heterodyne receiver is quite 

simple. In it, a local signal is gener- 
ated (G) and injected into the detector. 
There, it beats or heterodynes with the 
received signal, producing a number 
of sum and difference signals. One of 
those, a difference signal in the audio 
range, is heard in the headphones. 

The regenerative receiver 
The triode vacuum tube was full of 

surprises. It was initially regarded 
solely as an audio amplifier. Subse- 
quently, it was learned that the same 
tube could be used, simultaneously, 
as a detector. And then it was dis- 
covered that the triode also could si- 
multaneously function as an oscillator 
as well. A circuit that used one tube 
for all three functions was the re- 
generative receiver shown in Fig. 10. 

In that circuit, some of the ampli- 
fied signal output is fed back to the 
input in -phase with the incoming sig- 
nal. The grid leak, Rl, its shunting 
capacitor Cl, the tuned circuit, and 
the filament/cathode form a diode de- 
tector, with R1 functioning as the di- 
ode's load. The amplified signal is 
inductively coupled from L2 into L1, 
a process that is allowed to continue 
by adjusting of R2 until the circuit is 
at the point of oscillation; that's the 
point where its sensitivity (gain) is 
greatest. Since the tube can be made 
to oscillate, that self -oscillation pro- 
duces a frequency that beats with the 
incoming signal, resulting in an audio 
tone that can be heard in headphones 
or speaker. 

The superheterodyne 
A block diagram of a basic super- 

heterodyne receiver is shown in Fig. 
11. The preselector consists of one or 
more tuned RF stages, but in less ex- 
pensive receivers it is often omitted. 
As in the heterodyne receiver, the in- 
coming signal is fed to a mixer, where 
it beats with a signal supplied by a 
local oscillator. However, unlike the 
heterodyne receiver, the local os- 
cillator is designed so that the dif- 
ference frequency is on the order of 
several hundred (or more) kHz. 
Known as the Intermediate Frequency 
(IF), the difference signal is then am- 
plified, demodulated to recover the 
audio signal, and then the audio is 
amplified again. The great advantage 
of the superheterodyne design was, 
and still is, the large amount of selec- 
tivity that can be supplied by the IF 
stages, which are fixed -tuned to a se- 
lected frequency. R -E 
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Testing Semiconductors 
More on testing TTL devices, including low -power, high-speed, 

and Schottky types. 

Part 9 LAST TIME WE EX- 
amined the static 

(DC) characteristics of TTL gates. 
This month we will expand our dis- 
cussion to encompass the entire fam- 
ily of TTL-compatible devices. That 
family includes five prominent mem- 
bers. They are standard TTL, low - 
power FILL (54L/74L00), high-speed 
TTL (54H/74H00), Schottky TTL 
(54S/74S00), and low -power Schot- 
tky TTL (54LS/74LS00). Each of 
those subfamilies within the TTL 
family serves to fill a specific charac- 
teristic that makes it more suitable for 
a given application. 

Family traits 
The patriarch of the family is, of 

course, the TTL gate. When there are 
no specific characteristics to fill, we 
often turn to TTL because it is readily 
available and inexpensive. TTL gates 
have moderate power consumption, 

TJ BYERS 

good fan -out, and adequate operating 
speed for most applications. 

The first two TTL subfamilies grew 
as a direct result of optimized TTL 
characteristics. The 54L/74L series 
capitalizes on the low -power aspects 
of TTL design, reducing typical gate 
power consumption by a factor of 10. 
Unfortunately, the operating speed of 
low -power TTL is only about %a that of 
standard TTL. 

On the other hand, when emphasis 
is placed on speed, the price is power. 
A high-speed 54H/74H TTL gate can 
operate at up to twice the speed of 
standard TTL, but it consumes nearly 
21/2 times more power than a standard 
TTL gate, and 23 times more power 
than a 54L/74L gate. 

The invention of Schottky TTL 
made possible devices that had both 
high speed and low power consump- 
tion. A standard Schottky TTL gate 
operates at about twice the speed of a 

high-speed 54H/74H TTL gate while 
consuming but 3/4 the power. 

Then a low -power version of the 
Schottky gate, the 54LS/74LS series, 
soon evolved from the original Schot- 
tky concept. That gate consumes only 
slightly more power than a low -power 
54L/74L TTL gate while maintaining 
the speed characteristics of a standard 
TTL device. 

Now the newest addition to the 
TTL family is a series of advanced 
Schottky TTL integrated circuits, 
designated as 54AS/74AS00 and 
54ALS/74ALS00. Building on estab- 
lished Schottky TTL designs, those 
devices use improved construction 
techniques to enhance the speed of the 
already superior Schottky gate while 
reducing its power requirements. The 
specific switching speeds, as well as 
the typical power consumptions per 
gate for the entire TTL family, are 
listed in Table 1. 
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TABLE 1 

Series Propagation Delay Power Dissipation Frequency 

54774 10 ns 10 mW 35 MHz 
54H74H 6 ns 23 mW 50 MHz 
54L/74L 33 ns 1 mW 3 MHz 
54S/74S 3 ns 19 mW 125 MHz 
54LS/74LS 9 ns 2 mW 45 MHz 
54AS/74AS 1.7 ns 8 mW 200 MHz 
54ALS754ALS 4 ns 1.2 mW 70 MHz 

FIG. 1-IN THE BAKER CLAMP a ger- 
manium diode is placed across a tran- 
sistor's base -collector junction. 

Schottky TTL 
Until the advent of Schottky TTL, 

all logic gates were pretty much the 
same internally, with emphasis put on 
certain features for speed or power. 
The first of the Schottky TTL devices 
to appear adhered to that design strat- 
egy with one important exception- 
they used Schottky transistors. 

The Schottky transistor is what 
evolved from two earlier concepts: the 
Baker clamp and the Schottky barri- 
er -diode. 

The Baker clamp, as shown in Fig. 
1, is a method of avoiding saturation 
in a discrete transistor. It has been 
established that saturated transistors 
take longer to switch from one state to 
another than do unsaturated tran- 
sistors. Consequently, if the transistor 
can be prevented from going into sat- 
uration, the operating speed of the 
logic gate is improved. 

The Baker clamp uses a ger- 
manium diode across the base -to -col- 
lector junction of the switching 
transistor to prevent saturation. The 
forward voltage drop of the ger- 
manium diode is 0.3 volt as compared 
to 0.7 volt for the base -emitter junc- 
tion of a silicon transistor. When the 
transistor is turned on, base current 
drives the transistor toward satura- 
tion, decreasing the collector voltage. 
As the collector voltage drops, the 
germanium diode begins to conduct 
forward current, causing excess base - 
drive current to be diverted from the 
the base -emitter junction to the base - 

collector junction of the transistor. 
The result is that the transistor is held 
out of deep saturation, and the turn- 
off time is dramatically reduced. 

Unfortunately, germanium does 
not integrate monolithically with sil- 
icon, making it impossible to use in 
silicon IC's. Therefore, the ger- 
manium diode must be replaced with 
a silicon equivalent that has a lower 
forward voltage drop than the base - 
collector junction of the transistor. A 
normal silicon p -n diode does not 
meet that requirement because its 
structure and forward voltage drop is 
identical to that of a silicon transistor. 
The Schottky -barrier diode, on the 
other hand, uses a metallic ohmic 
junction that gives the diode a lower 
forward -voltage drop, making it ideal 
for the application. 

The Schottky diode is fabricated by 
depositing a metalization layer di- 
rectly over the collector region, and 
tying it back to the base. The contact 
of the metal and the collector region 
forms a rectifying junction with a for- 
ward -voltage drop of about 0.4 volt, 
well below the 0.7 volt of the base - 
collector silicon junction. The ar- 
rangement is known as a Schottky 
transistor. A schematic of a typical 
Schottky gate is shown in Fig. 2. 

Low -power Schottky TTL 
The design of a low -power Schot- 

tky (LS) device varies somewhat from 
a traditional TTL design in that the 
input logic transistor does not have 
multiple emitters. Instead, Schottky 
barrier diodes are attached to the base 
of the input transistor, with each diode 
representing an input. A schematic of 
a typical low -power Schottky gate is 
shown in Fig. 3. 

When a high is applied to either 
input of the gate, transistor QI re- 
ceives base current from the 18K base 
resistor, which forces that transistor 
into conduction. When that happens, 
Q5 begins conducting, and as a result, 
Q4 is turned off, giving the gate a 
logic low output. 

When a low signal is applied to 
either input of the device, the signal 
diverts some of Q1's base current 
through the input diode or diodes. 
Because the voltage drop across the 
Schottky -diode input is less than the 
base -emitter voltage (VBE) of input 
transistor Ql, the transistor shuts off, 
causing the collector voltage to go 
high. That forces Q5 off and Q4 on, 
producing a high output signal. 

That arrangement is essentially a 
modern version of DTL (Di- 
ode -Transistor Logic), a logic design 
that preceded TTL. Compared to the 
classic multi -emitter TTL structure, 
the low -power Schottky design is fast- 
er and dissipates less power. 

All inputs are provided with 
Schottky clamping diodes, as shown 
in Fig. 3. Those diodes conduct when 
the input signal to the device goes 
negative, which limits undershoot 
and helps to control ringing. 

The low -power Schottky series is 
functionally equivalent to standard 

FIG. 2-A SCHOTTKY TTL GATE uses Schottky transistors, which have junc- 
tions having a lower voltage drop than that of standard silicon transistors. 
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FIG. 3-ALL INPUTS of a low -power Schottky device have Schottky clamping 
diodes to control ringing. 
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FIG. 4-STATIC INPUT AND OUTPUT pa- 
rameters of standard, high-speed, and 
low -power TTL devices can be done using 
these circuits. The circuit in a tests lip and 
VoH, the one in b tests for IiH and VOL, and 
the one in c tests for los. 

TTL, even in switching speed, but 
consumes typically one -fifth as much 
power. It's no wonder that it is the 
most popular TTL-type device. 

Family feuds 
It is quite possible to use more than 

one of the TTL subfamilies in a single 
system. An example might be where a 
high -frequency input signal is to be 

divided down to a lower frequency. 
There we might use a Schottky TTL in 
the front end of the divider chain, and 
standard TTL once the frequency has 
been scaled down. 

But you must be very careful when 
mixing TTL logic. There is a wide 
variation in static parameters among 
the various TTL subfamilies. 

Testing the static input and output 
characteristics of standard, low - 
power, and high-speed S TTL devices 
can be done as described last time. 
Figure 4 shows a quick summary of 
the test circuits that are used and Ta- 
ble 2 shows typical results for each 
subfamily. Note that the test config- 
urations are for negative (NAND, NOR) 

logic. To test positive logic devices 
(AND, oR), change the input levels ac- 
cordingly. 

Testing Schottky TTL 
When testing 54S/74S00 TTL log- 

ic, remember that other than the use 
of Schottky -clamped transistors, the 
circuit configuration is basically the 
same as that of the other TTL families 
already discussed, and the device 
compares favorably with high-speed 
TTL. The only parameter that is dif- 
ferent is the VOL output voltage, 
which is typically 0.4 volt rather than 
0.1 volt. Since that is still well below 
the maximum VIL for a standard TTL 
gate, the 54S/74S series is fully com- 
patible with other TTL logic. 

With static testing of low -power 
Schottky and advanced Schottky TTL 
devices, what we have is an altogether 
different matter. Because of the modi- 
fied input -circuit design, the input 
gates of those devices varies consider- 
ably from the norm. 

Input characteristics 
In general, most low -power and ad- 

vanced Schottky input parameters can 
be measured using the techniques we 
explored last time; those include IIL' 
I1H, VIL, and VIH. The results of 
those measurements, though, are 
somewhat different. 

Typically you will find that the in- 
put currents are considerably less than 
that of standard TTL. Typical values 
for IIH and IIL are 20 µA and 0.4 mA, 
respectively, as compared to 40 µA 
and 1.6 mA for TTL devices. That 
means that a standard 10 -unit TTL 
driver can drive twice as many low - 
power Schottky gates as standard 
TTL gates. 

Input voltages, on the other hand, 
tend to run a little lower because of the 
presence of the Schottky diodes. 
Where a TTL gate might trigger from 
high to low with a 1.4 -volt input, the 
Schottky input may have to be re- 
duced to 1.1 volts before a logic transi- 
tion takes place. Since both values are 
well above the 0.8 -volt maximum for 
VIL, there is no significant difference 
in performance. 

FIG. 5-THE INTEGRITY OF THE INPUT 
clamping diode can be tested using this 
setup. 

Rl 
50011 

FIG. 6-INPUT BREAKDOWN VOLTAGE 
can be determined by applying 7 volts to 
an input and measuring the resulting in- 
put leakage current under worst -case 
power -supply conditions. 
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Measuring VIK(MAX) 
There is one test performed on low - 

power Schottky devices that is not 
performed on any other type of TTL 
logic. It a test for VIK(MAX), the 
most negative voltage at an input 
when 18 mA is forced out of that 
terminal. That parameter guarantees 
the integrity of the Schottky input di- 
ode that is placed across the logic 
input and ground. Those diodes are 
normally reverse -biased and are there 
only to suppress transient currents. 

Looking at Fig. 3, we see that as the 
input voltage to input A approaches 
ground, increasing amounts of cur- 
rent flow through D3 until it reaches 
III Beyond that point, the input volt- 
age starts swinging negative, as 
would be the case if the input signal 
suffered from ringing. That effec- 
tively places ground at a positive volt- 
age and the logic input at a negative 
voltage, forcing diode DI into forward 
conduction. The input voltage is now 
clamped at the forward voltage drop 
of Dl, which effectively dampens any 
ringing that may be present on the 
input signal. 

The VIK(MAX) parameter is mea- 
sured using the test configuration 
shown in Fig. 5. In that circuit, only 
one input is tested at a time; all others 
are tied high. With Vcc set to 
Vcc(MIN), a - 18 -mA current from 
the 11/2 -volt battery is applied to the 
input under test. The current is set by 
adjusting potentiometer Rl. The volt- 
age between the input under test and 
ground is then measured in order to 
determine VIK(MAX). 

Breakdown voltage 
Another consequence of using 

Schottky diodes for the logic input is 
an increase in the input breakdown 

TABLE 2 

Sym- 
bol 

Parameter 54774 
Series 

54H774H 
Series 

54L774L 
Series 

54S774S 
Series 

54LS/74LS 
Series 

54AS774AS 
Series 

Units 

IOH Output high current 400 500 100/200 1000 400 2000 µA 
logy output low current 16 20 2'3.6 20 4/8 20 mA 
VoH output high voltage '3.4 3.5 3.2 3.4 3.4 3.0 V 
VOL output low voltage 0.2 0.2 0.15/0.2 0.5 0.25/0.35 0.35 V 

IIH input high current 40 50 10 50 20 20 µA 
IIHH input high current 100 112 µA 
lip input low current 1.6 2 0.18 2 0.36 0.4 mA 
V,H input high voltage 2 2 2 2 2 2 V 
V1L input low voltage 0.8 0.8 0.7 0.8 0.8 0.8 V 

VIK input clamp voltage 0.65 1.5 V 
los short circuit current 18-55 40-100 3-15 40-100 6-40 60-224 mA 

voltage. The typical input breakdown 
voltage of a low -power Schottky gate 
is 15 volts or more. 

However, testing for breakdown 
voltage is critical. Unlike the multi - 
emitter input of a standard TTL gate, 
which can sustain short periods of 
overload, the base -emitter junction of 
a Schottky transistor is small and can 
easily be over stressed by a transient 
caused by spikes on the input signal. 

Two tests are used to measure input 
breakdown voltage. The simpler in- 
volves applying a voltage to the input 
and noting whether the device fails or 
not. That is commonly referred to as 
destructive testing because it renders 
the part useless. 

More frequently, the gate input is 
subjected to an additional high-level 
input voltage and a leakage -current 
measurement is taken. Because there 
is a linear relationship between break- 
down voltage and leakage current, the 
breakdown voltage of the input can be 
extrapolated by comparing the mea- 
sured leakage current to already es- 
tablished guidelines. 

The leakage measurement, which 
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FIG. 7-THIS CIRCUIT IS USED to give TTL logic a three -state output. 

is unofficially called IIHH, is done by 
applying 7.0 volts to an input under 
the worst -case power -supply voltage 
conditions and noting the results. The 
test configuration for measuring IIHH 
is shown in Fig. 6. 

In that test, the power supply is set 
to Vcc(MAX) and R1 is adjusted un- 
til a VIN of 7.0 volts is achieved. Only 
one input can be tested at a time and 
all unused inputs are returned to 
ground. The current measured by M1 
when VIN is 7.0 volts is IIHH If IIHH 
is greater than the maximum leakage 
current allowed for the device at that 
VIN, it is assumed the input under test 
cannot sustain the repetitive break- 
down voltages common to normal op- 
eration, and the part is rejected. 

Output characteristics 
While low -power Schottky TTL re- 

tains the totem -pole output configura- 
tion we examined last time, the output 
circuitry has several features not 
found in conventional TTL devices. 

Referring back to Fig. 3, note that 
the base of pull -down output tran- 
sistor Q5 is returned to ground 
through Q3 and a pair of resistors 
instead of through a simple resistor. 
That arrangement is called a squaring 
network because it squares up the 
transfer characteristics of the logic 
transitions by preventing Q1 from 
conducting until the input voltage 
rises high enough to allow QI to sup- 
ply sufficient base current to Q5 for a 
snappy transition. 

The output pull-up circuit (Q2, Q4) 
is a Darlington circuit with the base of 
the output transistor returned to the 
output terminals through a 5K re- 
sistor. Compare that to the output cir- 
cuit in 54H/74H and 54S/74S logic, 
which has its base returned to ground. 
The Darlington configuration con - 
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sumes less power while allowing the 
output to pull up to one VBE below V 
c for low values of output current. 
Note that 54AS/74AS and 
54ALS/74ALS logic devices include 
a Schottky clamping diode across the 
output to control ringing on long sig- 
nal lines. 

Output characteristics IOL, IOH' 
VOL, and Vol/ are measured using the 
methods described last time, and are 
summarized in Fig. 4. Note, however, 
that the test parameters are changed 
slightly. Whereas VIL is 2.4 volts for 
standard TTL, its value is 2.7 volts for 
Schottky devices. You will also find 
that Schottky output currents and 
voltages are slightly different than 
TTL. The differences are listed in Ta- 
ble 2. 

Three -state output 
An interesting twist was added to 

binary logic with the introduction of 
three -state logic. Conventional binary 
logic maintains that there are only two 
states for a logic device-its either on 
or off. Three -state logic, on the other 
hand, says that there may be three 
states: on, off, and "none" or high - 

5 VOLTS 

OUTPUT 
ENABLE 

VozH 2.4 VOLTS 

VoZL = 0.4 VOLTS 

FIG. 8-A THREE -STATE OUTPUT is test - 

abled at any particular time. 
Theoretically, no current flows ei- 

ther in or out of the output when it is 
in the three -state mode. Practically, 
some current does. Those currents are 
designated IOZH and IozL 

IOZH is the current that flows into a 
disabled three -state gate output with a 
specified high voltage applied to the 
output. IOZL is the current that flows 
out of a disabled three -state gate out- 
put with a specified low voltage ap- 
plied to the output. Both measure- 

ments are made using the test config- 
uration shown in Fig. 8. 

The gate is tested with the OUTPUT 

ENABLE pin tied high, placing the gate 
in the three -state mode. IOZH is mea- 
sured by applying 2.4 volts to the gate 
output, as indicated by M2, and read- 
ing the output current from Ml. IozL 
is measured by applying 0.4 volts to 
the gate output and reading the output 
current from Ml. Typical values for 
IozH and IozL are 20 µA and 0.4 
mA, respectively. R -E 

impedance. 
In the none state, the output of the 

logic device is floated in a high -im- 
pedance mode. In essence, the gate is 
removed from the circuit without ac- 
tually being physically removed. 

The extra circuitry used to obtain 
the high -impedance output condition 
in three -state outputs is shown in Fig 
7. When the OUTPUT ENABLE Signal is 
high, both the phase-splitter tran- 
sistor, Q1, and the Darlington pull-up 
pair, Q2 and Q4, are turned off. In that 
condition the output circuitry is non- 
conducting, which allows the outputs 
of two or more circuits to be con- 
nected together in a bus application in 
which only one output is to be en- 
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THE COMPONENT SIDE of the line carrier modem board is shown here. 
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2' INCHES 

THE PATTERN for the IR receiver is shown here. 
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THIS IS THE SOLDER SIDE of the line carrier modem board. 
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H ARDWARE 

H ACKER 
Remote controls and a great A/D converter! 
WE WILL START OUT WITH OUR USUAL 
reminder that this is your column 
and that you can get both technical 
help and off-the-wall networking 
by calling the Guru hisself per the 
"Need Help?" box. The best call- 
ing times are during weekdays, 
8-5, mountain standard time. 

Also as is usual, I have gathered 
pretty near every source men- 
tioned here into a common 
"Names and Numbers" table. Sev- 
eral of those addresses are where 
you go to get more info or to fol- 
low up on any specific product. 

Let us see. I have now found yet 
another low-cost source for those 
data -access arrangement tele- 
phone transformers that we 
looked at last month. Do check 
out the Tamura model TTC -142. 
They're available for under a dollar 
in very large quantities. 

The developments in supercon- 
ductivity continue at an astonish- 
ing pace. By switching to materials 
made of aluminum, barium, and 
the thallium used in rat poison, 
the critical temperatures have now 
been raised another 30 degrees to 
120 Kelvin. Which is now halfway 
up to dry -ice temperature. 

NEED HELP? 

Phone or write your Hardware 
Hacker questions directly to: 

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

Remote controls 
Infrared receivers 

A new A/D converter 
New data book resources 

Analog computer interfacing 

DON LANCASTER 
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FIG. 1-A HANDHELD REMOTE -CONTROL transmitter can send up to 32 different com- 
mands. Each command outputs a repeating code of six brief light pulses. 

The new materials are also much 
cheaper and more stable. It does 
remain to be seen whether their 
current densities will end up high 
enough for real -world uses. 

One very good source of most 
superconductor info is Science 
magazine, which is published by 
the American Association for the 
Advancement of Science, and is 
available at most larger libraries. 
Those 120-K superconductors are 
detailed in the February 16 issue. 

There's also a very interesting tu- 
torial on free -electron lasers in the 
March 4, 1988 Science; and the first 
details on what probably is the 
final elusive proof to Fermat's last 

theorem (a classic and infu- 
riatingly subtle math problem) are 
found in their March 18 copy. 

Onward and upward... 

Remote controls 
There sure is a lot of help -line 

interest lately in remote -control 
circuits. All you Radio -Electronics 
hackers are now trying to remote - 
control everything from HO - 
gauge trains through hi-fi audio, 
home entertainment, to com- 
manding an amazing assortment 
of robotics, aides for the hand- 
icapped, on up to industrial -pro- 
cess controls and even full-size 
racing cars. 
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It turns out that there is no 
"best" or even a "standard" way of 
handling any remote -control 
problem, nor is there one single 
circuit that will do all thing for all 
people. It depends on what you 
are remote -controlling over what 
channel, how reliable the control 
has to be, how many others are 
using the same channel, the 
amount of security required, the 
available power, what types of out- 
puts you need, etc... 

The popular carriers for remote 
control do include tones over the 
phone line; fiber optics; radio 
links including ham and CB; sonic 
and ultrasonic sound; both reg- 
ular and infrared light; the AC 
power -line RF techniques; and all 
of those usual computer networks 
and serial ASCII data channels. 

Most remote controls these 
days are digital, and often are com- 
puter controlled. Any analog or 
varying signals (such as audio or 
the flaps on a R/C model plane) are 
handled by some sort of digital 
communication scheme, perhaps 
by using either pulse position or 
duty -cycle modulation. 

At any rate, I've just run into two 
outstanding free data books from a 

pair of widely different integrated - 
circuit manufacturers. They 
should keep you busy for several 
years' worth of remote -control 
hacking. 

Start out with the bright green 
new Integrated Circuit Solutions 
for Communications product data 
book from MX-COM. Those peo- 
ple build specialized integrated 
circuits for both the telephone 
and radio communications trade. 
The typical single -quantity chip 
prices are in the $10-25 range. 

Some of their more interesting 
devices include the MX204 speech 
scrambler, their brand new MX403 
selective calling transponder, the 
MX315 tone -controlled squelch 
circuit, and their MX2O5 digital 
tone -generator chip. 

Then, check into that magenta 
Satellite, Cable and N Integrated 
Circuit Handbook from Plessey. 

There are many dozens of very 
interesting and low-cost circuits in 
that book. Once again, it will take 
years to fully explore all of the 
hacker potential of those unique 
chips. 

As a ferinstance, we can start out 

with the SL490-8 remote -control 
transmitter shown in Fig. 1. The 
intended use is for a hand-held, 
battery -powered infrared remote - 
control transmitter, as are popular 
with TV sets and VCR's. 

The same circuit can be used 
with ultrasonic transducers or 
most any other control channel. 

A total of 32 commands are avail- 
able that use a five -bit pulse posi- 
tion modulated code. When used 
with infrared diodes, pulse widths 
of 15 microseconds are also used. 
The five -bit word is sent out most 
significant bit first. 

The timing period of a digital 
logic "1" varies with the applica- 
tion, but is usually made as long as 
possible. Otherwise, functions 
such as a TV volume control may 
change too fast to be usable. A 
digital logic "0" will always be 1.5 
times the timing period for the 
logic "1," while the word -interval 
delay will be 3 times the "1" 
period. 

Each of the command se- 
quences consist of six pulses. The 
first is a start pulse. The second 
pulse is delayed by the "1" or the 
"0" time of the most significant 
command bit. The third pulse is 
delayed by the "1" or the "0" time 
of the next command bit, and so 
on. The six pulse groupings con- 
tinue as long as the key is held 
down. 

Note that no current limiting is 
provided for the infrared -light - 
emitting transmitting diode or di- 
odes. It is thus very important that 
your circuit layout will discharge 
only a small portion of the 150 mi- 
crofarad capacitor charge into the 
output LED per pulse, and that the 
supply voltage to the chip itself not 
drop in the process. 

While most any infrared LED 
could be used, you'll more than 
likely get the best results with one 
or two high -power, high -bright- 
ness lamps, driven by a suitable 
pair of high -gain, and high pulse 
current transistors. 

The infrared output power can 
be increased with a mirror or else a 

directional reflector. 

Infrared receivers and decoders 
There are a number of suitable 

decoder chips and circuits de- 
tailed in the Plessey handbook. 
They vary with whether you need 
analog outputs for volume con- 
trols or whatever, and on whether 
you are in a television -receiver or a 

computer environment. 
Figure 2 shows us an infrared 

preamplifier circuit that should au- 
tomatically convert the received 
infrared pulses into some noise - 
free digital pulses of just the cor- 
rect amplitude for further process- 
ing. A two -chip receiver is 
normally used, with the pre- 
amplifier receiving and cleaning 
up the pulses, and the separate 
decoder converting all the re- 
ceiver code bursts into actual out- 
put commands. 

The data book does include a 

suggested circuit layout for their 
SL486 preamp. An infrared sen- 
sitive photodiode is used for the 
light receiver, while those capaci- 
tors provide bandpass filtering for 
good noise rejection. 

The preamp circuit is normally 
placed inside a shielded case that 
has a plastic filter in front of it; the 
filter passes infrared but rejects 
room illumination. 

This month, let's have us a dou- 
ble contest. Just dream up a new 
or unusual remote -control ap- 

infrared 
photodiode 

+5V o 

SiZ GDI GDO REG STO STT 

SL486 
IN- C2 Cl V+I S2C SIC V+0 AGC 

T T 
6.8µF .033 .0047 0.15 

FIG. 2-AN INFRARED REMOTE -CONTROL preamplifier is usually required between 
your receiving photodiode and the final digital decoder circuitry. 
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NAMES AND NUMBERS 

Alcoswitch 
1551 Osgood Street 
North Andover, MA 01845 
(617) 685-4371 

Crystal Semiconductor 
2024 E St. Elmot Rd. 
Austin, TX 78760 
(512) 445-7222 

Linear Technology 
1630 McCarthy Blvd. 
Milpitas, CA 95035 
(408) 942-0810 

Monolithic Memories 
2175 Mission College Blvd. 
Santa Clara, CA 95054 
(800) 222-9323 

MX-Com, Inc. 
4800 Bethania Station Rd. 
Winston-Salem, NC 27105 
(919) 744-5050 

Personal Engineering 
Box 1821 

Brookline, MA 02146 
(617) 232-3652 

Plessey Semiconductors 
9 Parker 
Irvine, CA 92718 
(714) 472-0303 

Recticon 
345 Potero Avenue 
Sunnyvale, CA 94086 
(408) 738-4266 

Science/AAAS 
1333 H Street 
NW Washington, DC 20005 
(202) 326-6400 

SGS-Thompson 
1000 East Bell Road 
Phoenix, AZ 85022 
(602) 867-6100 

Tamura 
1150 Dominguez Street 
Carson, CA 90746 
(213) 638-1790 

Texas Instruments 
Box 5012 
Dallas, TX 75265 
(214) 995-3821 

plication, or an off-the-wall use for 
the upcoming A/D converter cir- 
cuit of Fig. 3. There will be the 
usual Incredible Secret Money 
Machine prizes to the best twenty 

+5V 

REF 

+IN 

-IN 

GND 

0-1 VDC 
test Circuit 

3.9 K 

FIG. 3-THIS 10 -BIT FLOATING POINT A D CONVERTER is very easy to interface to an 

Apple Ile, Ilgs, or any other personal computer or microprocessor. 

9 8 7 

S 
6 5 4 3 2 ô 

CHIP SELECT IN 

CLOCK INPUT 

AD DATA OUT 

FIG. 4-TIMING WAVEFORMS USED WITH THE LTC1092. Your computer or other external 
timing inputs a chip select and thirteen clock pulses; the LTC1092 responds in turn with 
ten A/D serial data bits. The 
A/D conversion speed can be as fast as 45 kHz. 

entries, and an all -expense -paid 
(FOB Thatcher, AZ.) tinaja quest to 
the best entry of all. 

As always, send your entries di- 
rectly to me, and not to the Radio - 
Electronics offices. 

Paper designs are just fine; you 
do not have to build or test your 
entry to enter. 

An amazing A/D converter 
There's a new analog -to-digital 

(A/D) converter out that I have 
been really impressed with. It is 

called the LTC1092 and is made by 
Linear Technology. Cost is around 
$12. 

The resolution is a big 10 bits, 
meaning that you can accurately 
and linearly slice an analog signal 
into 1024 pieces. It can run as fast 
as 50 kilohertz and includes its 
own internal sample and hold cir- 
cuitry. Since the LTC1092 is an 8 -pin 
mini -DIP serial device, it is easy to 
interface to virtually any micro- 
computer or personal computer. 
And it all works off a single +5 -volt 
power supply. 

But, what I like best of all about 
that beast is that it uses a floating- 

point reference -voltage scheme. 
By lowering the reference voltage, 
you can directly handle 
ridiculously smaller input signals. 
In fact, you should now be able to 
run a temperature transducer or 
even a pressure sensor directly 
into this chip without needing any 
fancy pre -amplification or signal 
conditioning. 

Put another way, the chip can 
give you a 10 -bit resolution over a 

16 -bit dynamic range, all at a tiny 
fraction of the cost of a "real" 16 -bit 
A/D converter. All of which should 
enormously simplify hacking just 
about everything from postal 
scales to hot -tub controllers 
through stream gauges and audio 
frequency processing. 

Figure 3 shows you a test circuit I 

worked up that can plug directly 
into the game -paddle port of an 
Apple Ile or Ilgs. All the wave- 
forms involved are shown in Fig. 4, 
while the machine -language driv- 
er and Applesloth controlling pro- 
gram appear in Fig. 5. Finally, Fig. 6 

shows a possible PC layout. 
You connect the chip to +5 volts 

and ground through the supply 
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Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 
An important part of being pre- 
pared to move up is holding the 
right college degree, but the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
accomplish both objectives-to 
learn more and earn your degree, 
both of which together will prepare 
you for promotion in your present 
employment or for new better em- 
ployment. Learn much more about 

ELECTRONICS 
and COMPUTERS, 

as Grantham helps you understand 
your subjects and become a highly 
qualified expert, as you move thru 
the home study program and earn 
your accredited college degree. 

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

Write for our free catalog (see ad- 
dress below) or telephone us at 
(213) 493-4421 (no collect calls) 
and ask for our "degree catalog." 

Accredited by 
(n the Accrediting Commission of the 

National Home Study Council z o GRANTHAM 
College of Engineering 

º 10570 Humbolt Street 
Los Alamitos, CA 90720 

1. To CREATE your machine language driver, get into BASIC.SYSTEM and then 
do a CALL -151. Then enter the following code in this order .. 

300: 02 02 2C 5A CO 2C 58 CO 2C 59 CO 2C 58 CO 2C 59 <cr> 

310: CO 2C 58 CO 2C 59 CO A9 00 OE 63 CO 2A 2C 58 CO <cr> 

320: 2C 59 CO OE 63 CO 2A 8D 01 03 2C 58 CO 2C 59 Co <cr> 

330: OE 63 CO 2A 2C 58 CO 2C 59 CO OE 63 CO 2A 2C 58 <cr> 

340: CO 2C 59 CO OE 63 CO 2A 2C 58 CO 2C 59 CO 0E 63 <cr> 

350: CO 2A 2C 58 CO 2C 59 CO OE 63 Co 2A 2C 58 CO 2C <cr> 

360: 59 CO OE 63 CO 2A 2C 58 CO 2C 59 CO -0E 63 CO 2A <cr> 

370: 2C 58 CO 2C 59 CO OE 63 CO 2A 8D 00 03 2C 5B CO <cr> 

380: 2C 58 CO 2C 59 CO 60 <cr> 

BSAVE DRIVER.1092.1, A$300, L$87 <cr> 

2. To ACCESS your machine language driver, use this BASIC program ... 

100 PRINT CHR$(13); PRINT CHR$(04); PRINT "BLOAD DRIVER.1092.1" 

200 CALL 770 
300 PRINT PEEK (768) + 256 * PEEK (769) 

400 COTO 200 

FIG. 5-THIS APPLE Ile/IIgs SOFTWARE DRIVER will let you directly interface a high - 
quality 10 -bit A/D converter from your computer's game I/O connector. 

FIG. 6-ONE POSSIBLE PC LAYOUT for your converter.The ground plane on the compo- 
nent side is an absolute must! The view here is from the foil side. 

pins. There are three pins on the 
input side called the + input, the 
- input, and the reference input. 
The voltage difference between 
the + input and the - input is 

compared against the reference. A 
zero or a negative difference gets 
you a zero output, while a dif- 
ference equal to or greater than 
the reference gets you "all ones" 
or decimal "1023." 

In between, the output number 
is linear with the input voltage dif- 
ference. For instance, a difference 
of one-half the reference will get 
you level 512 and so on. The + 
input and - input impedances are 
very high, while the reference in- 
put will look like a 7K load. . 

There are three pins on the out- 

put side. The first is the chip se- 
lect. Your computer or timing 
circuit brings it low at the start of a 

conversion cycle, holds it low for a 

complete conversion, and re- 
leases it back high again. 

A second pin is called the clock. 
Your computer, or else an external 
timing circuit, delivers thirteen 
clock pulses during a conversion, 
first bringing the clock high and 
then returning it back low again. 
The clock frequency must be in 
the 10- to 500 -kHz range. 

That is a "successive approxima- 
tion" type of register. Nicely, the 
clock -to -clock pulse spacing does 
not have to be constant, which 
greatly simplifies using software to 
generate clock pulses. 
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The analog input only has to be 
constant and present during the 
first 21/2 clock cycles. That is called 
the acquisition time. The input ref- 
erence is internally held for the 
remainder of the conversion inter- 
val. That can certainly eliminate 
the need for an external sample 
and hold circuit. 

The LTC1092 outputs data in the 
following way: One microsecond 
after the third clock pulse, the 
most significant bit (B9) is output. 
A microsecond after the fourth 
clock pulse, the next bit (B8) is out- 
put. That continues until all ten 
bits are output. It is up to your 
computer or your external inter- 
face circuit to catch those bits on 
the fly. 

A/D controlling software 
It is fastest to generate your 

clock pulses with add-on hard- 
ware, but the Apple Ile and Ilgs 
can manipulate their game -port 
lines fast enough so that you can 
get over a 6 -kHz conversion rate 
using nothing but machine -lan- 
guage software. 

That is ridiculously faster than is 
needed for most hacker uses, par- 
ticularly for such applications as 
recording temperatures. 

Use of the BASIC language will, 
of course, slow you down 
bunches. One hundred or só con- 
versions per second is typical for a 

simpler BASIC program. 
Over on the game -paddle port, 

annunciator AN1 is used as the 
chip -select line and ANO is used as 
the clock. Data is input on the PB2 
line. The machine -language driver 
simply drops the chip -select low, 
outputs eleven clock pulses, and 
then returns the chip -select high. 

Following the third through 
twelfth clock pulse, the received 
data is routed into two registers 
with the eight least significant bin- 
ary bits ending up in location 
$0300, or decimal 768. The two 
most significant binary bits end up 
in location 0301, or decimal 769. 

In the simple example shown, 
the Applesloth program will do a 

10 -bit binary to decimal ASCII con- 
version for you and display it. 

Oh yes. About that jitter. 
A one -bit resolution with a one - 

volt reference ends up less than a 

millivolt. If any ground currents or 
any other type of noise gets into 

Cr \/ stek FOR OPTIMUM STABILITY 
AND RELIABILITY IN 

FREQUENCY MANAGEMENT crystals 
QUARTZ CRYSTALS 

FOR 
Industrial Equipment/Instrumentation 
Micro -processor control 

' Computers/Modems 
Test/Measurement 
Medical 

D General Communications 
Channel element Service (VHF/UHF) 
Land Mobile 2 -way 
Marine 

' Aircraft 
Telemetry 
Monitors/Scanners/Pagers 

Amateurs/2-Meter/General Coverage 
CB/Hobblest/E xperlmenter 

The 
Pulse of 
Dependable Communications 
Crystek Crystals offers their new 16 page FREE 
catalog of crystals an oscillators. Offering state of 
the art crystal components manufactuered by the 
latest automated technology. Custom designed or 
"off the shelf," Crystek meets the need, worldwide. 
Write or call today! 

CRYSTEK CORPORATION 
DIVISION OF WHITEHALL CORPORATION 
2351/2371 Crystal Drive Ft. Myers, FL 33907 

P.O. Box 06135 Ft. Myers, FL 33906-6135 
TOLL FREE 1-800-237-3061 

PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226 
TOLL FREE IN THE U.S.A. EXCEPT FLORIDA, ALASKA, HAWAII 

CIRCLE 182 ON FREE INFORMATION CARD 

CONVERTERS & 
CABLE DECODERS 

INFORMATION 
402-554-0417 

Orders & Free Catalog 
1-800-624-1150 
ALL PRODUCTS GUARANTEED 
New Stargate 2000 $99.00 
SB -3/2 $89.00 
Tri -Bi Mode $99.00 
Hamlin MLD-1200 $100.00 
Oak N-12 W/V.S $99.00 
Panasonic $99.00 
Oak -M -35-B WN.S $100.00 
Zenith SSAVI $185.00 
Eagle PD -3 $110.00 
Scientific Atlanta $120.00 
Pioneer WI Parental $105.00 
Tocom Call 
Oak N-12 W/ Auto $140.00 
Evaluator Tap Detector.. $495.00 
ViewStar Volume+ $129.95 
Jerrold Starcom CSV.... $139.95 
M.D. ELECTRONICS 
5078 SO. 108th 
SUITE 115MD 
OMAHA, NE. 68137 

CIRCLE 53 ON FREE INFORMATION CARD 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

tai 

Earn up to 
$30 an hour 
and more! 

F. .. 
Learn at home in spare time. 
No previous experience needed. 

!H-1í01 
No costly school. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications. Radio-TV, Micro- 
wave, Computers. Radar. Avonics and 
more! You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 

This proven course is easy, fast and low 
cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commanD PRODUCTIONS 
FCC LICENSE TRAINING, Dept 90 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY STATE ZIP J 
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your inputs or reference, it will be 
duly converted over into a 10 -bit 
accurate result and cause your an- 
swers to bounce around a bit. 

Extreme care must be used 
when shielding and guarding both 
the inputs and the reference, par- 
ticularly if you are going to run 
with very low reference inputs. 
Printed -circuit boards and good 
shielding are a must. But that's 
what the black magic of analog cir- 
cuit design is all about. 

Yes, I have a source -code listing 
available on that. Let me know if 
you want a copy. Similarly, if you 
work up a driver for some other 
computer, send in a copy so we 
can share it with the others. 

New tech info 
Texas Instruments has a new and 

free Advanced CMOS Logic De- 
signers Handbook out, but watch 
all the fine print. TI opted for non- 
standard chip pinouts and did 
some other rather bizarre things 
with this new high-speed logic 
family. They have also gone way 
overboard on laughingly arcane 

and confoundingly obtuse new 
logic symbols. 

There's a sequence of new The 
Brighter Power booklets available 
from SGS-Thom'pson. They in- 
clude chips to handle Detroit's 
latest buzzword -high -side driv- 
ers. The high -side driver lets you 
ground the other side of a lamp, 
coil, solenoid, valve, or whatever. 
Yes, high -side driver chips are 
smart enough to shut themselves 
down on a short circuit, a current 
overload, high temperature, etc. 

Other data books this month in- 
clude the new LCA Applications 
Handbook from Monolithic Mem- 
ories on hacker -programmable 
gate arrays; a Smart Analog data 
book from Crystal Semiconductor 
about their telephone chips and A/ 
D converters; and a great book on 
Analog Signal Processing Inte- 
grated Circuits from Reticon. 

There's a new trade journal out 
called Personal Engineering that 
you may want to try and qualify for. 
And Alcoswitch has a fat new cata- 
log of all sorts of switches and sim- 
ilar hardware available. 

Turning to my own products, if 
you are into the fundamentals of 
microprocessors and microcom- 
puters, please check out my Micro 
Cookbooks, volumes I and II. I've 
got two new utility packages for 
those of you now using PostScript - 
speaking laser printers -one for 
hacker printed -circuit layouts and 
a second for creating two -point 
perspective drawings. 

And, yes, we should soon have a 

complete set of Hardware Hacker 
reprints available, going all of the 
way back and including a master 
names and numbers section. 
Write or call if you are interested. 

Let's hear from you.... R -E 

7 

546.4,07 

Non do cou agree that a voice -actuated garage - 
door opener doesn't make much sense? 

GUARANTEED PERFORMANCE!! 
METERS 
FLUKE 

73 3''," digit, DMM 
75 31/2" digit, DMM 99. 
77 31/2" digit, DMM 128. 
8060A 41/2" digit -true 
RMS 323. 
8062A 41/2" digit -true 
RMS 260. 
37 Bench portable DMM 217. 
8010A Bench portable 
true RMS 255. 
8012A Bench portable 
true RMS 318. 
8050A Bench portable 
true RMS 349. 
FULL LINE AVAIL 

BECKMAN 
Beckman Induerrlar 

DM15B 31/2" digit, 
26 ranges, beeper 
DM25L 3'/," digit, 
29 ranges, logic probe, 
cap measure 94.50 
DM85041 "digit, 
frequency counter, 
data hold 207.83 
Tech300 Diode Test 113.00 
Tech330 True RMS, 
Diode Test 206.00 
DM73 Probe -Auto - 
ranging, beeper, 
data hold 55.00 
CC6 Clamp -on meters 
(measure up to 
600 amps) 68.18 
DM10 31/2" digit 33. 

$67 

$51.98 

SCOPES 
3 Years 

Manufacturers 
Warranty 

parts & labor 

HITACHI 0H+tact. 
Special 

V-212 20 MHZ dual 
trace scope 
V-222 20 MHZ dual 
trace scope 
V-423 40 MHZ dual 
trace, delayed sweep 
scope 
V-660 60 MHZ dual 
trace scope 
V-665 60 MHZ dual 
trace-cursorreadout 
scope 1445. 
V-1060 100 MHZ dual 
trace scope 1494. 
V-1065 100 MHZ 
cursor readout scope 
V-6020 20 MHZ 
digital storage scope 

Beckman 
9020 20 MHZ dual 
trace scope, compo- 
nent tester, delay sweep 

B&K 
2120 20 MHZ dual 
trace scope $455. 

IWATSU cL 
DS -6411 40 MHZ 
digital storage scope Call DS -6612 60 MHZ For digital storage scope prices 
SS -5706 30 MHZ 
3 channel scope 

1544. 

1745. 

KEL VIN 

$385. 

550. 

795. 

999. 

495. 

SS -5705 40 MHZ 
3 channel scope heatsu 
SS -5710 60 MHZ 

Call 4 channel scope 
SS -5712 200 MHZ For 
4 channel scope Prices 
SS -6122 100 MHZ 
4 channel scope/ 
CRT readout & cursor 

POWER SUPPLIES 
ViZ 

WP -702A Dual 0-20VDC 
rn 0-200MA, 
dual meter $190. 
WP -703A Single 
0-20VDC nr 0-500MA, 
single meter 
WP -704A Single 
0-40VDC ru 0-250MA, 
single meter 146. 
WP -705A Single 
0-50VDC rn 0-2A, 
digital meter 349. 
WP -706A Single 
0-25VDC to 0-4A, 
digital meter 370. 
WP -707A Dual 
0-25VDC (ri 0-2A, 
digital meter 465. 
WP -31A Isolation 
transformer 1.5KVA, 
3 fixed 350VA outputs 223.78 

B&K 
1610 Power supply 
0-30VDC, 0-1A 
1630 Power supply 
0-30VDC, 0-3A 
3011 Function generator 
0.2 HZ - 2MHZ 205. 

146. 

S 147 

220. 

IC TESTER 
B&K 

560 Programmable 
IC tester 
541 Component 
tester 
550 T.T.L. IC 
comparator 
552 CMOS I.C. 
comparator 

SOLDERING SUPPUES 
Ungar 

UTC 100 
Temperature 

{, \ controlled \ soldering system 

ElTh 
4024 De -soldering 
service station 
9000 Temperature 
controlled soldering 
station 
6970 HD Heat gun 
(gives 1000 watts) 
1095 Heat gun 
(gives 1000 watts) 
1100 Soldering gun 
100140 watts 

WELLER 

414. 

208. 

72. 

35. 

20. 

WTCPR Control 
output soldering $119. station 
8200 All purpose 
soldering gun 21. 
D550 28.58 

Kester solder and 
multicore solder available 

CALL! 

"I GUARANTEE YOUR 
SATISFACTION ! 

For 43 years 
professionals have 
counted on KELVIN, 
for the lowest prices 

and immediate delivery, 
from our huge inventory. 

Count on KELVIN" 
Lisa S. Hadar 

Executive V.P., C.P.A. 
WE CARRY 

Panavise, Xcelite Tools, 
Vaco Tools, X -Acto, 

Kester Solder, 
Sellstrom Safety 

Equipment 

Electronic Parts 
Electrical Parts 
Large Selection of 
State of the Art 
Educational Kits. 

Not Responsible For 
Typographical Errors. 

1-800-645-9212 
ELECTRONICS 7 FAIRCHILD AVE., PLAINVIEW, N.Y. 11803 (516)349-7620 FAX:516-349-7830 

CIRCLE 183 ON FREE INFORMATION CARD 
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AUDIO 
UPDATE 
Can you hear the difference? 

WHEN I BECAME AN AUDIOPHILE IN THE 

early Fifties, the general perfor- 
mance level of almost all audio 
equipment was abysmally low. In 
1952, one channel of any of today's 
$300 stereo receivers would have 
represented an astonishing break- 
through in FM sensitivity, power, 
S/N, distortion, and frequency re- 
sponse. (Of course, the second 
channel would have been a con- 
fusing redundancy because, of 
course, there was no stereo pro- 
gram material available.) 

In any case, when I bought a 

new component in the Fifties, I 

expected that it was going to 
sound somewhat different-and I 

hope, better-than the unit it was 
replacing. It was a time of rapid 
audio evolution. Quality control 
was improving; the Europeans 
were regularly producing new 
tubes designed specifically for au- 
dio equipment; and each new 
generation of phono cartridges, 
tweeters, and tape heads seemed 
to deliver another octave or so of 
high -frequency performance. (To- 
day's top cassette decks have bet- 
ter specifications at 178 inches -per - 
second than my old 10'/cinch 
open -reel Concertone had at 15 

inches -per -second.) 

Diminishing returns 
At some point in time, the audi- 

ble improvements achieved by 
each new generation of amplifiers 
seemed to diminish. That's not to 
say that there weren't plenty of 
low -powered, unstable, and dis- 
torted products still available. 
There were, but almost all the 
high-powered top -of -the -line 
power amplifiers that I dealt with 

FIG.1 

began to sound pretty much alike 
on casual listening-and in fact 
sounded identical when I later got 
into critical listening with an A/B 
switch box. Of course, the best 
available program material, phono 
cartridges, and speakers of that 
time, fell somewhat short of to- 
day's sonic standards. And per- 
haps I tended to ignore subtle 
sonic differences among ampli- 
fiers simply because I was so dis- 
tressed by the gross audible 
problems of most other compo- 
nents. In any case, my perceptions 
led me to become an early mem- 
ber of the "all amplifiers sound 
alike" school of audio criticism. 

I've not totally resigned from the 
"sound -alike" club, but my at- 
titude has certainly been tem- 
pered by time. My position now is 

LARRY KLEIN, 

AUDIO EDITOR 

that there are no sonic differences 
among amplifiers that cannot be 
accounted for by non -esoteric and 
readily measurable factors- 
mostly frequency response. In my 
view, the esoteric varieties and 
sources of distortion discovered 
(or rediscovered and renamed) in 
recent years have done far more 
for advertising copywriters than 
they have for the listening quality 
of the products. I'm aware that the 
"I Love a Mystery" audiophiles be- 
lieve firmly that an amplifier can 
measure well and-for unknown, 
and perhaps unknowable rea- 
sons-sound lousy; but as far as 
I'm concerned, that just doesn't 
happen when a design engineer 
knows what he's doing-and most 
design engineers are very good at 
their jobs. 
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The debate goes on 
There are good psychological, 

psychoacoustic, and commercial 
reasons why the debate about am- 
plifier sound quality continues. 
The essential audio -tweak chal- 
lenge to the validity of lab tests is 
that they don't correlate very well 
with what critical ears hear. (Those 
ears-such as mine-that refuse to 
hear consistent differences among 
components are considered either 
uncritical, defective, or perverse.) 

It is true that the EIA Amplifier 
Standard includes a series of lab 
tests that are performed using 
sine -wave test signals as inputs 
and non -inductive precision re- 
sistors as loads. Conversely, real - 
life listening with music and 
speakers involves a wide -band, 
constantly changing input signal 
and a complex reactive speaker 
load whose values shift wildly with 
frequency. Competent audio engi- 
neers certainly know that as well as 

CABLE TV * SPECIALS 
CONVERTERS 

JRX-3 DIC-36 Channel Corded Remote. $129.95 

RCA 58-3 58 channel set top with 

Jerrold Decode $119.95 

SB -3 - 'The Real Thing' $109.95 

SB -M -Refurbished $89.95 

DRZ-3D1C-68 Channel Wireless 

with Decoder $199.95 

ZENITH: Z -TAC Cable Add -On $189.95 

VIEW STAR: MXC 2001-60 Channel Wireless- 
with Parental Lockout 

MXC 2001 A-B-Same as above with 

A -B Switch $109.95 

MXC 2501-60 Channel Wireless 

with Volume $119.95 

Universal V7472-72 Channel Wireless Remote 

MTS Stereo Converter -Full 

Feature Decoder 

Compatible $139.95 

MISCELLANEOUS 
OAK: N-12 Mini -Code $89.95 

N-12 Mini -Code Vari -Sync $99.95 

N-12 Mini -Code Vari -Sync Plus 

Auto On -Off $139.95 

OAK: Sine -wave Anti -Jammer Kit $39.95 

JERROLD: 400 & 450 Handheld Transmitters $29.95 

HAMLIN: MLD-1200 Channels 2 or 3 $99.95 

NEW ITEMS: Ripco Tape Copy Stabilizer $109.95 

Scientific Atlanta SA -3 $129.95 

$99.95 

GENERAL 

INSTRUMENTS: VCU Amplified Video Switch 

Signal Amplifier $59.95 

AU UNITS GUARANTEED. QUANTITY PRICES AVAILABLE. 

UNITED ELECTRONIC SUPPLY 
P.O. BOX 1206 ELGIN, ILLINOIS 60121 312-697-0600 

anyone else, and for many years 
supplemented conventional sine - 
wave measurements with a wide 
variety of more dynamic real - 
world evaluations. 

In short, there appear to be no 
mysterious differences in ampli- 
fier performance that are not read- 
ily subject to laboratory evalua- 
tion. When sonic differences 
between amplifiers do occur, they 
usually reflect a voltage or current 
inadequacy, or a simple departure 
from an ideal (flat) frequency re- 
sponse. For example, a slight rise 
in response above 10 kHz will 
cause an amplifier to sound more 
open, detailed, and airy, par- 
ticularly with program material or 
speakers that fall slightly short on 
the high end. 

The complex or very low -imped- 
ance loads presented by some 
speaker designs will produce 
small, but audible, frequency -re- 
sponse aberrations in the output 
of some amplifiers. However, 
those problems don't show up 
when either the speaker or the 
amplifier is measured by itself. De- 
pending upon random conditions 
in a given setup, the aberration will 
add a subjectively desirable or an 
undesirable quality to the sound. 

That all helps to account for the 
audiophile claim that certain 
speakers (or amplifiers) are par- 
ticularly "revealing" in that they 
are able to disclose the flaws or 
positive qualities of other equip- 
ment. I strongly suspect that the 
special reference amplifiers or 
speakers used by some of the un- 
derground critics tend to create 
rather than reveal the differences 
between components undergoing 
listening evaluations. The random 
interaction effects would also ac- 
count for the frequent disagree- 
ments among the Golden Ear 
critics with different "reference" 
equipment as to the specific audi- 
ble virtues of equipment under 
evaluation. 

To my ears, the sonic dif- 
ferences under discussion usually 
border on the trivial, meaning that 
they can be wiped out by the 
twitch of a tone -control knob. But 
when tone controls are consid- 
ered anathema, and any sonic dif- 
ference-whatever its cause-is 
enormously important, the 
ground rules of the argument be - 
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come too amorphous to be re- 
solved. I'm aware that there are 
many other aspects of audiophile - 
listening evaluations that I've not 
even touched on. Suffice it to say 
that I've read most of the discus- 
sions on the matter, pro and con; 
and I continue to hold to the opin- 
ion that the human ear is a mar- 
velous instrument that along with 
its ability to hear minute dif- 
ferences also tends to create dif- 
ferences that don't exist. Descrip- 
tions of numerous scientifically 
conducted double-blind listening 
tests have proven to my satisfac- 
tion that trained listeners are un- 
able to distinguish between well - 
designed amplifiers (although 
they imagine they are doing so) 
when their overload, amplitude, 
and frequency response levels are 
the same. 

Next month I'm going to be dis- 
cussing several of the test tech- 
niques that are used by a leading 
manufacturer in the audio indus- 
try so that they can reveal audible 
sonic differences between dif- 
ferent components when they 
really do exist. R -E 
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SHORTWAVE 

RADIO 
General conditions for July and August 

SHORTWAVE RADIO CONDITIONS WILL 
be good to excellent for DX in the 
16- and 19 -meter bands during 
daylight hours. The 13 -meter band 
will be good to fair. At night, 25 
and 31 meters will be best; how- 
ever, nighttime DX will be possible 
in all bands from 49 to 19 meters. 

During the summer months, but, 
especially during July and August, 
a phenomenon occurs that results 
in some very good short -skip 
openings in the 10 -meter amateur 
and the 11 -meter Citizen's Band. 
Known as sporadic -E (or Es), it can 
also result in occasional short -skip 
TV and FM DX, as well. Sporadic -E 
was explained in greater detail in 
the Shortwave Radio column (Ra- 
dio Electronics, June 1988). For sub- 
urbanites who live in fringe areas, 
E5 can be a cause of TV inter- 
ference, particularly on the lower 
channels (2, 3, and 4). Sporadic -E 
openings are at their peak during 
the mid to late afternoon in mid - 
latitudes. Broadcast -Band DX will 
continue to be poor because of 
longer periods of daylight, as well 
as seasonally high noise levels. 

Chit-chat 
Radio Canada International has 

received approval from its Depart- 
ment of Communications to con- 
struct four curtain antennas capa- 
ble of operating in the 22 -meter 
band (13.6-13.8 MHz). The anten- 
nas, which will be constructed at 
RCI's Sackville, New Brunswick 
transmitter site, will be designed 
to broadcast to North and South 
America, Europe, and Africa. 
Completion is scheduled for 
mid -1989, although 13 -MHz opera- 
tion may start before the con - 
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struction of the permanent -cur- 
tain arrays is complete. 

The 22 -meter band was not 
scheduled to become available for 
shortwave broadcasting before 
July 1, 1989. However, because 
most users of that band (using 
fixed, point-to-point service) have 
already vacated it and moved to 
other frequencies, many countries 
have begun broadcast operations 
in the 22 -meter band. Among the 
countries already broadcasting in 
13.6-13.8 MHz are the United 
States, the Federal Republic of 
Germany and the German Demo- 
cratic Republic, the Netherlands, 
the Soviet Union, North and South 
Korea, Israel, Iraq, Czechoslo- 
vakia, and Pakistan. Others are 
sure to follow. 

Now, let's continue our discus- 
sion on the fundamentals of short- 
wave radio propagation. 

Ionosphere variations 
Because the ionosphere is 

formed by radiation from the sun, 
it is clear that as the position of 
Earth with respect to the sun 
changes, the amount and intensity 

STANLEY LEINWOLL, 

CONTRIBUTING EDITOR 

of the radiation falling on any 
given point above Earth's surface 
will change as well. 

The changes that take place be- 
cause of the position of Earth with 
respect to the sun can be divided 
into three categories: 

1-Day to night 
2-Seasonal 
3-Geographical 
In addition, changes in the lev- 

els of radiation from the sun also 
cause the ionosphere to vary. That 
change in radiation levels is due to 
sunspots, which result in: 

4-Cyclical variations in the 
ionosphere 

Day to night variations 
As Earth rotates on its axis, the 

angle of the sun above any point 
on Earth is in constant flux. It is the 
rotation of Earth that results in our 
having day and night, and it also 
gives us fundamental changes in 
the ionosphere. At noontime, 
when the sun is at its highest point 
in the sky, radiation is at a max- 
imum, and ionization in the E, F1, 

and F2 layers are at their highest 
levels. 

The degree of ionization in 
those layers, and consequently 
the range of frequencies that they 
are capable of refracting, follows 
the angle of the sun (the zenith 
angle) very closely, as shown in 
Fig. 1. 

Figure 1 shows the hourly 
changes in the characteristics of 
the E, F1 and F2 layers of the 
ionosphere. Time is plotted 
against the critical frequency (the 
highest frequency that the 
ionosphere will return to Earth 
when the signal is beamed ver - 
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tically). The curve is typical of con- 
ditions in the United States during 
the winter months. 

The F2 layer is the most highly 
ionized of the ionospheric layers, 
and it is also the only layer that 
remains in existence for twenty- 
four hours. That is due to the very 
high levels of ionization that take 
place in the F2 layer during the day, 
and the relatively slow recombina- 
tion rates after sunset. 

As indicated in our last column, 
the F2 layer is of most importance 
to reliable long-distance high -fre- 
quency communication. Its pres- 
ence throughout the day and night 
is a major reason for that. 

Seasonal variations 
In addition to rotating about its 

axis, Earth also revolves around 
the sun, orbiting it once a year. The 
axis of Earth is inclined at an angle 
to the plane of the sun's equator. 
In addition, Earth travels from a 

point above the plane of its equa- 
tor (winter solstice) to a point be- 
low the plane in summer. More- 
over, the distance between Earth 
and the sun varies throughout the 
year, the sun being closest in 
winter and farthest away in sum- 
mer. And, as a result of those com- 
plex seasonal motions, ionization 
in the ionosphere is constantly 
changing. 

During the summer months, 
days are longer in the northern 
hemisphere, and ionization per- 
sists throughout much of the day. 
As a result, the ionosphere can 
propagate the higher frequencies 
a much greater distance during the 
day than at night. 

However, in the summer, the in- 
tensity of ionization is not as great 
as in the winter, because Earth is 
farther away from the sun. There- 
fore, the range of frequencies that 
the ionosphere will refract in the 
summer is not as wide as in the 
winter when Earth is three million 
miles closer to the sun. That's why, 
during daylight hours in the north- 
ern hemisphere, much higher fre- 
quencies are reflected by the 
ionosphere in the winter than in 
the summer. Also, because there 
are more hours of darkness in the 
winter, there is more time for re- 
combination to occur, so the range 
of nighttime winter frequencies is 
narrower than in the summer. 

Another factor which compli- 
cates things even further is that in 
the northern hemisphere during 
the summer, heating takes place in 
the ionosphere, expanding the F2 

layer, further contributing to lower 
ionization density than in the 
winter. 

To summarize some of the sea - 
sonai variations in the 
ionosphere: 

Summer-Longer days in the 
northern hemisphere result in lon- 
ger periods during which the high- 
er frequencies will propagate. 
Shorter nights result in less recom- 
bination, so the higher frequen- 
cies are still usable during hours of 
darkness. Heating in the 
ionosphere results in daytime fre- 
quencies being lower than in the 
winter. 

Winter-Because Earth is closer 
to the sun, relatively high daytime 
frequencies will propagate. They 
are usually one to two bands high- 
er than a summer day. Because 
nights are much longer, recom- 
bination takes place for a longer 
period, so winter nighttime propa- 
gation frequencies are consider- 
ably lower than summer nighttime 
frequencies. 

Geographical variations 
The characteristics of thu 

ionosphere also vary with latitude. 
That is to be expected because Ear- 
th's axis of rotation is tilted to the 
plane of the sun's equator (the 
zenith angle) and the ionization 
intensity varies with that angle. 
Geographical variations are com- 
plex, but in general we can sum- 
marize them as follows: 

Winter-In the northern hemi- 
sphere, ionization levels are high- 
est near the equator, and decrease 
as the latitude increases. In the 
southern hemisphere, ionization 
levels are high at the equator, they 
increase near the Tropic of Capri- 
corn (where the sun is directly 
overhead), and then decrease. 

Summer-In the northern 
hemisphere, ionization levels are 
high at the equator, then they in- 
crease near the Tropic of Cancer 
(where the sun is directly over- 
head), and then decrease. In the 
southern hemisphere, ionization 
is highest above the Tropic of Cap- 
ricorn, and decreases with in- 
creasing latitude. R -E 
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DRAWING 
BOARD 

Let's think about our display 

ONE OF THE WORST, AND MOST COM- 
mon traps you can fall into as a 

designer is not knowing when a 
job is finished. There's always that 
last minute brainstorm, the "one 
more terrific idea," that has to be 
worked into the final design. I 

can't tell you how many times 
that's happened to me. And even 
though I'm aware of the problem, 
it's really easy to get caught up in it. 

The best way to avoid that is to 
know what you want to accom- 
plish when you first sit down at the 
bench. A list of design goals and a 
set of criteria may seem silly at the 
onset of a design but, take it from 
me, you'll read them over and over 
as you get deeper into the project. 
No design is static-ideas mature 
and goals change. What you wind 
up with at the end is probably go- 
ing to bear only a vague re- 
semblance to what you originally 
set out to do. 

The reason I'm mentioning that 
is because it's my way of apologiz- 
ing again for changing my mind in 
last month's column. I had origi- 
nally felt that a lot more could be 
learned by setting up a buffer -and - 
latch type arrangement for exter- 
nal access to the memory. When I 

began putting the design together, 
the number of chips started to pile 
up and before I realized it I was 
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looking at designations like IC26! 
Clearly, the project was past what 
some people euphemistically like 
to refer to as "manageable size." 
Direct Memory Access (DMA) is a 
perfect way of getting in and out of 
our Z-80 system. It can be a little 
tricky, however, so let me know if 
you have any problems and I'll do 
my best to give you a hand. 

But now for something com- 
pletely different. 

There are some things in elec- 
tronics that show up no matter 
what kind of circuit you're design- 
ing. Just about everything from an 

electric toothbrush to Star Wars 
has to deal with the problem of 
how best to display data. Now, if all 
your circuit needs is a few LED's 
there's not much of a problem; but 
if you've got a lot of data that has to 
be displayed, you're going to have 
to give it some thought. 

LED's are notoriously power 
hungry. Batteries can go dead 
really fast when you have more 
than a couple of LED's lit up at the 
same time. The standard way 
around that problem is to "multi- 
plex" the display. That's a twelve 

continued on page 97 
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EDITOR'S 
WORK- 

BENcHLJI 

Report from Atlanta 

Comdex was so big this year that it 
spilled out of the Georgia World Con- 

gress and into the Atlanta Apparel Mart. 
Of course, the vast majority of what was 
displayed amounted to YECC: YEt an- 
other Cheap Clone. But hidden in the 
back rooms, and between some of the 
large exhibits, were a few interesting 
products. We'll highlight some of the 
more interesting ones, and point out the 
overall trends. 

OS/2 
Microsoft's new operating system has 

been and will continue to be the subject 
of much speculation, both for its poten- 
tial, and for the present lack of applica- 
tions that run under it. Regardless, IBM has 
claimed that there will be 1000 OS/2 ap- 
plications running by the end of the year.To 

prove that claim, Microsoft and IBM 
jointly sponsored a large exhibit in which 
OS/2 applications were shown-sort of. 
In fact, most products shown were not 
running under the new operating system, 
but under DOS (or at best in the com- 
patibility box). Meanwhile the exhibitors 
claimed to be just about ready to release 
the OS/2 versions. For example, we saw 
versions of WordStar 2000 and Word Per- 

fect, various programming languages, 
graphics programs like Inset (reviewed 
here in the February 1988 issue), Designer 
(from Micrografx), all sorts of business 
applications. 

IBM distributed a 400 -page book (the 
Operating System/2 Application Guide) 
that lists OS/2 programs in thirteen cate- 
gories ranging from accounting to word 
processing. 

The problem is that very few if any of 
tnose programs are being designed to 
take advantage of the new features of 

OS/2. Rather, most are quick and dirty 
ports of the DOS versions. That's not all 
bad, because when those ports are 
done, at least we'll have something to run 
under OS/2. Meanwhile, we'll have to be 
patient for the sort of innovative software 
that the new operating system makes 
possible. 

Removable disk drives 
An increasingly popular product is the 

removable hard -disk drive. With one disk 
drive and two controllers (one in your 
office PC, and one at home), you could 
take your work home at night. In a high - 
security situation, you could also lock 
your drive up at night. For example, Plus 
Development Corp. (1778 McCarthy 
Blvd., Milpitas, CA 95035, (408) 
434-6900) announced the Passport. It 
comes in 20- and 40 -megabyte config- 
urations, can be mounted internally or 
externally, and the same disk drive can be 
used (with different controllers) in both 
AT's and PS/2's. 

Aristotle Industries (C7-1305 Meader 
Avenue, Bellingham, WA, (206) 
676-4377) has a similar device, the Plato 
Hardpac 20, a 20 -megabyte removable 
hard disk. Versions are available for both 
IBM compatibles and Macintosh com- 
puters. 

Graphics boards 
Resolution and speed of graphics 

cards continue to spiral. New boards 
from Paradise (99 South Hill Drive, Bris- 
bane, CA 94005, (415) 468-7323), Video 
Seven (46335 Landing Parkway, Fremont, 
CA 94538, (415) 656-7800), and SOTA 
Technology (657 N. Pastoria Ave., Sun- 
nyvale, CA 94086, (408) 245-3366) offer 
resolutions up to 1024 x 768, com- 
patibility with CGA, EGA, VGA, and Her- 
cules monochrome graphics, and 16 -bit 
bus interfaces. The increased bus width 
allows graphics applications to run much 

11111 111111111111111111111 

faster, but limits those cards to running in 
AT compatibles-not XT's. 

Some cards also offer special features. 
For example, in addition to a sixteen -bit 
bus interface, Video Seven's V -RAM VGA 
uses high-speed VRAM (Video RAM) 
rather than traditional DRAM to achieve 
even greater speeds. 

A product for those on a budget, Para- 
dise's AutoSwitch Monochrome EGA 
adapter allows you to run EGA software 
on a standard TTL monochrome monitor. 
Colors are simulated by various intensity 
levels, and the simulation works well. 
Watch for reviews of those products in an 
upcoming issue. 

Configurable motherboard 
Orchid Technology (45365 Northport 

Loop West, Fremont, CA 94538, (415) 
490-8586) privately showed a mother- 
board that is more than a passive back- 
plane (like the one that Zenith sells with 
some models), yet less than a complete 
system board. The board includes sock- 
ets for one megabyte of RAM in DIP's and 
eight megabytes in SIMM's; shadow RAM 
for running the BIOS from RAM (about 
three times faster than from ROM); EMS 
support; battery -backed clock; reset 
switch; two eight -bit and four sixteen -bit 
standard expansion slots, an I/O expan- 
sion slot (that can hold a board with two 
serial and one parallel port), and a 32 -bit 
slot for the CPU, which may be either an 
80286 or an 80386 running at speeds 
ranging from 12 to 20 MHz and zero wait 
states. 

For do-it-yourselfers like us, that could 
really be an exciting product. Unfor- 
tunately, however, the company will not 
be selling the board on a retail level, but 
only through VAR's (Value Added 
Resellers) and private -label distributors 
as part of a complete system. If you are a 

VAR or distributor, be sure to check it 
outm« 
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ßS-232 

MON ITO A/CONTROL 
SYSTEM 

Control the environment with your PC and our simple interface. 

STEVEN J. FRICKEY 

sis,PC's 

aren't just for word processing, spreadsheet analy- 
and database management. In fact, when a PC can 

collect data from remote locations it can make decisions 
based on that data, so it becomes a powerful tool for 
controlling the environment. The problem is that special 
I/O cards might be required, and they typically cost 
hundreds of dollars. Also, I/O boards usually require 
installation within the PC, taking up yet another slot. 

In this article we will describe the hardware and soft- 
ware of an I/O control system that can be implemented 
for less than $50.00, will interface to any personal com- 
puter through an RS -232 port, is modular and has full 
duplex operation for both input and output. 

The heart of the system is a little-known special-pur- 
pose IC made by Motorola, the MC14469. The MC14469 is 

an addressable asynchronous receiver/transmitter that is 

especially well -suited for remote data collection and 
control. 

The control software is written in Microsoft "C" for the 
IBM PC and compatibles. Adapting the software to other 
compilers and computers should be easy. 

System overview 
Figure 1 shows an overview of the system. It's com- 

posed of a PC, control software, a combination RS -232 

interface and power -distribution center, and one or more 
control nodes connected in parallel over a four -conduc- 
tor bus. The conductors carry power and ground, and the 
transmit and receive signals. 

A control node is shown in Fig. 2. Each node has a 

unique 7 -bit address that is set via DIP -switch S1, which 
connects to the seven address lines (A0-A6) of IO. 

To communicate with a node, the software on the host 
PC must first transmit an address byte, over the common 
receive line (RI). Each node on the bus then compares the 
received address against its own address, which is set by 
the DIP switch. If the values match, then that node will 
accept the control byte that follows 

The control byte is latched until a new address and 
control byte are received by the node. The control and 
address bytes are distinguished by the value of the most 
significant bit. 

The control data may be used in conjunction with two 
other MC14469 control signals to direct the activity of the 
node. The other control signals are Valid Address Pulse 
(VAP), which is generated after a valid address is de- 
tected, and Command Strobe (CS), which is generated 
after a valid control byte, has been received. 

Data transmission back to the host PC is initiated by 
toggling the SEND input (pin 30) from low to high. The 
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FIG. 1-THE RS -232 INTERFACE buffers communications be- 
tween the host PC and all nodes. 

data that is present on the sixteen input pins (1D0 -1D7 and 
SO-S7) will be transmitted back to the host after SEND is 

toggled. Data is sent one byte at a time; we'll discuss the 
details shortly 

After receiving the data from the selected node, the 
host software could compare that value against the pre- 
vious value from the same node, perform some action 
based on the comparison, and then continue on, polling 
the next node. 

By creating an appropriate interface between external 
devices and any given node, the software can be tailored 
to a number of monitor and control situations. For exam- 
ple, a number of inputs could be connected to door and 
window switches. If one of those switches were opened 
before a master switch, an alarm might be sounded. 

Node circuit 
Connector J3 provides eight pulled -up input lines 

(S0-S7) that may be driven by reed switches, pushbut- 
tons, mercury switches, tilt switches, relays, and other 
mechanical -switching devices. That connector also pro- 
vides eight ground lines for attaching lead wires. 

Connector J4 provides access to the seven output - 
control lines (CO-C6) of the MC14469, eight more input 
lines (IDO-ID7), and various control signals. To use the 
node in its basic configuration, jumpers should be in- 
stalled across pins 9 and 10,11 and 12, and so on, through 
pins 25 and 26. Later on, we'll show how J4 can be used 
to interface an 8 -bit A/D converter to a node. 

As shown in Fig. 2, the four -conductor bus runs straight 
through each node from J1 to J2. One line is for ground, 
another for +12 -volts DC, one for the common transmit 
line (TRO), and another for the common receive line (RI). 

The overall length of the bus (from the RS -232 interface to 
the last node on the bus) depends on the degree of 
electrical noise in the operating environment. The author 
has successfully operated three nodes, using 20 -gauge 
unshielded cable, at a cumulative length of 200 feet. 

With a seven -bit address, the possible number of 
nodes in a system is 127, but that is not a practical limit. 
Realistically, the number of nodes is limited by the amount 
of current supplied by the + 12 -volt power source. Each 
node (with no expansion circuitry) draws 50 mA. 

IC4, a 7805 voltage regulator, drops the +12 -volt bus 
voltage to +5 volts for powering the logic circuitry. 
Because the +12 -volt line is also available at J4, you can 
attach off -the -shelf alarm -system components, such as 

passive infrared detectors, buzzers, beepers, etc.; all of 
which typically operate at +12 volts. 

The MC14469's baud -rate clock can be generated inter- 
nally across pins 1 and 2, or an external clock can be fed 
directly to pin 1. The maximum baud rate (4800) is re - 

NODE -CIRCUIT PARTS LIST 
IC1-74ALS161, synchronous 4 -bit counter 
IC2-74ALS05, open -collector hex inverter 
IC3-MC14469, addressable asynchronous receiver/ 

transmitter 
IC4-7805, 5 -volt regulator 
IC5-4-MHz TTL crystal oscillator 
RP1, RP2-4700 ohms, 10 -pin SIP 
S1 -8 -position DIP switch. 
C1-0.33 µF, 12 volts, tantalum 
C2-22 µF, 25 volts, electrolytic 
C3-0.1 µF, monolithic ceramic 
J1 -9 -pin D, female 
J2 -9 -pin D, male 
J3 -16 -pin, PC -mount, screw terminal block 
J4 -26 -pin dual -row header strip 

RS -232 INTERFACE PARTS LIST 
IC1-1488, quad RS -232 line driver 
IC2-1489, quad RS -232 line receiver 
R1-4700 ohms, 1/4 watt, 10% 
J1 -25 -pin D, male 
J2 -9 -pin D, male 
J3 -4 -pin power connector 
Miscellaneous: Power supply with ±12- and + 5 -volt 

outputs, cases, interconnecting cables, etc. 
Note: A double -sided PC board with plated -through 

holes is available for $16, the MC14469 is available 
for $15 (including spec sheet and application 
note), and a floppy with the source code is $5 from 
Steven J. Frickey, 3661 N. Lena, Boise, ID 83704. 
All orders add $2 for shipping and handling. Also, 
the author has also developed control software 
for the Amiga; contact him at the address above 
for more information. 
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stricted by the + 5 -volt supply. The required clock rate is 

64 times the baud rate, or in this case, 307.2 kHz. 
Because that's a non-standard frequency, the circuit 

uses a readily available 4 -MHz TTL clock oscillator (IC5), a 

74ALSO5 (IC2) open -collector inverter, and a 74ALS161 
(IC1) four -bit counter to divide the 4 -MHz signal by 13, 

thereby providing a 307.69 -kHz signal. The communica- 
tions protocol is fixed at one start bit, eight data bits, an 
even parity bit, and one stop bit. So at 307.69 kHz, the 
maximum sampling time error over the entire 11 bits is 35.7 
µs, wel I within one-half of a data bit period, which is 104 
µs at 4800 baud. 

A second gate on the 74ALSO5 (IC2-d) inverts the serial 
data from IC3 and drives the common transmit line (TRO). 
The pull-up resistor for IC2-d is actually located in the 
RS -232 interface circuit (shown in Fig. 3 as R1). The open - 
collector outputs of all nodes are pulled up by that 
resistor, which makes it a wired -OR circuit. 

A local reset is generated by each node at power up 
by an RC circuit consisting of 22-µF capacitor C2 and a 

4.7K resistor inside RP1. The reset signal is also provided at 
J4, should your expansion circuitry require access to that 
signal. 

The 7 -bit address for each node is set on pins 4 through 
10 (A0-A6) of IC3. Table 1 shows the relationship be- 
tween switch settings and node numbers. 

The voltage supplied to IC3 can range from 4.5-8.0 
volts. At five volts, the output drive current of each pin 
(IOH) is typically 0.35 mA, providing a fan -out capacity of 
17 ALS devices. The output -high voltage (VOH) is typically 
5.0; the low voltage (VOL) is typically 0.0. The input high 
voltage is typically 2.75; the input -low voltage is typically 
2.25. For more information on the MC14469, consult 
CMOS/NMOS Special Functions Data, Motorola Inc., 
1984, and Application Note AN8O6A, Operation Of The 
MC14469, Motorola Inc., 1984. 
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FIG. 2-THE HEART OF A NODE is the MC14469, an addressable 
UART. When a node is addressed, data present on pins 11-18 and 
22-29 is transmitted to the host. The address is set on pins 4-10. 
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FIG. 4-CONNECT AN XT TO J1 of the RS -232 interface as shown 
at left, and to an AT as shown at right. 

Node operation 
The communication software first transmits a seven -bit 

address that is received simultaneously on pin 19 (RI) of all 

MC14469's in the system. Each node then checks the state 
of the most significant bit. If it's high, then the remaining 
seven bits are compared against the address set on 
AO-A6. If the values are identical, then VAP is generated 
on pin 31. VAP is not used in the node circuit shown in Fig. 

2, but it is used internally by the MC14496 to latch a 

control byte on output pins 33-39 (CO-C6). Control -byte 
data is latched only after a valid address has been re- 
ceived, and it remains latched until another address byte 
is received. 

Transmitting data back to the host PC is accomplished 
by toggling pin 30 (SEND) high. After receiving the SEND 

pulse, the MC14469 will transmit, via pin 21 (TRO), the data 
present on pins 11-18 (IDO-ID7), followed by the data on 
pins 22-29 (S7-S0). The only stipulation is that the rising 

Node 
0 
1 

2 
3 

125 
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127 

TABLE 1-NODE ADDRESSES 
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H 

L 

L 

AO 
H 

L 

H 

L 

L 

H 

L 

edge of the SEND pulse must occur within eight bit times 
after the generation of either VAP or CS. At 4800 baud, 
eight bit times provides a maximum of 1.667 ms. 

Receipt of a control byte generates a Control Strobe 
(CS) pulse on pin 32. In our circuit, CS is normally con- 
nected to SEND through J4. In this configuration, data will 
be transmitted to the host as soon as a control byte has 

been received. 
What is the minimum interval between events that this 

system can detect? The time it takes to transmit and 
receive data from the same node twice, which works out 
to (1/4800) x 11 bits/byte x bytes, or about 18 ms. 

Realistically, the minimum time is much longer, at least 
on the order of hundreds of milliseconds, because of the 
amount of time the software processing takes, especially 
when relatively slow I/O devices (disk, BIOS video rou- 
tines, printer) are being accessed. Just don't try to detect 
more than three events per second. 

RS -232 interface and power supply 
Figure 3 is the schematic for the RS -232 interface, which 

uses a 1489 (IC2) for the line receiver and a 1488 (IC1) for 
the line driver. Pin 2 of J2 is the common transmit line 
(TRO) that receives data from the open -collector output 
of each node, and R1 is the pull-up resistor. 

Power is supplied to the system via four -pin connector 
J3. As stated earlier, a single node draws about 50 mA 
from the +12 -volt supply. Low -current sources of +5 
and -12 volts are also required. 

Figure 4 shows the cable wiring required to connect 
the RS -232 interface to a 25 -pin XT -style port (on the left), 
and to a 9 -pin AT -style port (on the right). 

Assembly and testing 
Figures 5-a and 5-b show how to mount the compo- 

nents on the PC boards. The Node board, shown in Fig. 5- 
a, is a double -sided board. You can use the patterns 
shown in PC Service to build your own, or you can 
purchase the board from the source mentioned in the 
Parts List. The pattern for the RS -232 board is also shown 
in PC Service, but because it is so simple, a commercial 
product has not been made available. 

After you assemble the system, test it using the sample 
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shown in 5-a and mount all components on the RS -232 circuit 
board as shown in 5-6. 
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program that will be discussed shortly. Apply ±12- and 
+ 5 -volts DC to the RS -232 module, and connect it to your 

PC and to a single node configured as address 0. Then run 
the test program. If you receive any error messages (es- 
pecially a time-out error), check your cabling carefully- 
the chances are that the RS -232 module hs not been 
connected to your PC properly. 

When the software seems to be running correctly, tem- 
porarily short several of J3's even -numbered pins to 
ground, one at a time. Then terminate the test program 
according to the directions given on the screen. An ASCII 
text file called MONITOR.LOG should be present in your 
current directory. That file should contain a number of 

messages corresponding to the state of the input lines of 
J3 at startup, and it should also include messages indicat- 
ing that it sensed the shorts. 

A/D expansion example 
Figure 6 shows how to interface an eight -bit analog -to- 

digital converter (the ADC0801) to a node via connector 
J4. The component labeled Input Transducer is shown as 
a 5K potentiometer, but in real life it might be a tem- 
perature sensor, a pressure sensor, etc. 

In this circuit, CS initiates the analog -to-digital con- 
version (WR), and the end -of -conversion (INTR) pulse 
from the ADC initiates data transmission to the host by 
toggling the MC14469's SEND input. 

The ADC uses the 307 -kHz node clock. At that rate, a 

single conversion will take at most 240 µs, which is well 
within the 1.667 -ms time limit between the CS and the 
SEND pulses. 

The software 
Because of space limitations, we are unable to print the 

600 -line C source listing here. However, we will give an 
overview of how the software works. In addition, both 
executable files and the full source code have been 
posted on the RE-BBS (516-293-2283). Download file 
RS232MON.ARC at 300 or 1200 baud, eight data bits, one 
stop bit, and no parity. (Source and executable files of an 
additional program that demonstrates use of the A/D 
converter is also included.) 

The program is a simple event -logging system that 
continually polls a single node, logs the date, the time, 
and the input device(s) that changed state since the last 
time that node was polled. Execute it by typing the name 
of the program fol lowed by the number of the serial port 
being used (0 = COM1, 1 = COM2, etc.). 

The program communicates directly with the serial 
port through BIOS interrupt 14h. That means the program 
can reconfigure the port -communications protocol, read 
a byte, write a byte, and check the status of the port. 
Several error conditions can also be determined when 
using the interrupt. If an error does occur during execu- 
tion, the program stops and a message is displayed on the 
screen indicating the type of error. 

In the program, each node is represented by a data 
structure that contains the node address, the initial value 
of the control byte, a mask value indicating which bit 
values to respond to, a copy of the last data values 
returned from the node, and sixteen other fields that 
correspond to the bit values returned from a node. The 
sixteen fields contain names that identify what a bit 
represents, what its on state is, and what its off state is. 

When the program starts, each record is accessed 
sequentially, and the corresponding node address and 
control byte are sent. For each node, required functions 
are initialized, communications checked, and initial con- 
ditions logged in a disk file called MONITOR.LOG. 

After initialization the program begins to loop, sequen- 
tially polling each node and checking the return values 
against the previous values from the same node. If a new 
value is different from a previous value, and if those 
particular bits that indicate a difference are not masked, 
then the event is logged in the log file with the date and 
time. Polling continues in that way until the user terminates 
the program by pressing a key...m« 

e. 
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BUILD R PAIR Of 

LINE -CARRIER 
MODEMS 

Build a pair of modems that communicate over the AC lines- 
for less than $100! 

KEITH NICHOLS, CRC ELECTRONICS 

ast month when we left off, we were just about finished 
Lrwith our circuit description. We'll continue with a brief 
look at the power supply circuit, and then move on to 
discuss the construction details. 

Power supply 
The LCM100's power supply, shown in Fig. 7, consists of 

power -transformer T2, bridge -rectifier BR1, precision - 
voltage -regulators IC4 and IC5, and other associated filter 
capacitors. Regulators IC4 and IC5 produce the ± 12 -volt 
supplies required by the various IC's. In addition, fuse F1 

and MOV1, a 150 -volt varistor, provide protection from 
short circuits and voltage surges. 

Construction 
The line -carrier modem system is built on two identical 

PC boards, one of which is designated as the LCM100-01 
module and the other, the LCM100-02 module. Each cir- 
cuit board contains a power -supply, a transmitter, a re- 
ceiver, an output driver, an RS -232C interface, and carrier - 
detect circuitry. All components on the two boards ex- 
cept C3, C26, C29, C32, C36, R10, R27, R33, and R34 are 
identical. 

Begin assembly by installing the resistors, including the 
variable potentiometers. Use the parts -placement di- 
agram shown in Fig. 8. Keep in mind that R10, R27, R33, and 
R34 have different values on the two boards. Note that R9 

is not used. 
Next, install all jumper headers, test pins, J1, J2, and the 

fuse clips. Note that the fuse clips must be oriented with 
the indented ends away from the fuse. Connectors J1 and 
J2 should be secured to the board with 4-40 hardware 
before soldering. 

The capacitors and diodes are installed next, except 
the electrolytic capacitors, C6 and C11. Be sure to observe 
the polarity of the diodes and the tantalum capacitors, 
C12 and C17. Again, note that capacitors C3, C26, C29, C32 
and C36 have different values on the two boards. 

Next, install IC1, 1C2, IC3, IC6, and IC7. The use of IC 

sockets is recommended to minimize the possibility of 
damage to the IC's from excess heat. However, if you 
choose not to use sockets, insert the IC's carefully and 
solder only few legs ata time to keep heat to a minimum. 
Note that pin 1 on all IC's point toward the same side of 
the PC board. 

Transistors Q1, Q2, and Q3, varistor MOV1, and IC4 and 
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FIG. 7-THE LCM100's POWER SUPPLY. Regulators IC4 and IC5 
are precision types; don't interchange them! 
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FIG. 8-INSTALL ALL COMPONENTS as shown here. 

FIG. 9-THE FINAL ASSEMBLY looks like this. 

16 

IC5 are installed next. Use care not to interchange IC4 
(78L12Á) and IC5 (79L12A), the +12- and -12 -volt reg- 
ulators. Note that transistor Q1 should be secured to the 
PC board with a 4-40 screw and nut prior to soldering. 
Use extreme care not to overheat the transistors and IC's 
when soldering. It's a good idea to attach heat -sink clips 
to the individual component legs when soldering to 
minimize heat flow to the component. 

The tunable RF coils are installed next. Note that T1 

(TOKO RAN 10A6729HK) has a different part number than 
T3, T4, T5. and T6 (TOKO RAN 10A6729). When installing 
the RF coils, be sure to solder all 5 pins plus the two 
housing tabs to the PC board. 

Next, install the power transformer (T2), bridge -rectifier 
BR1, electrolytic capacitors C6 and C11, and the LED's. Be 
sure that the correct polarity is observed when installing 
the electrolytic capacitors and LED's. The cathode (or flat 

side) of the LED's goes toward the center of the PC board. 
Transformer T2 must be installed with leads 1 and 2 (120 
V) toward the AC receptacle (J1). Bend the mounting tabs 
against the board and solder them, as well as the six 
transformer leads, to the board. Also, be sure that bridge - 
rectifier BR1 is installed with the (+) lead closest to pin 2 
of T2. 

Last, if you used sockets for the IC's, carefully insert the 
IC's in their respective sockets. Be sure orientation is cor- 
rect before inserting the IC's. Figure 9 shows the final 
assembly. 

Testing and tuning 
1) Begin te":ing by thoroughly inspecting both boards 

for missed or inadequate solder joints, solder bridges, 
etc. Because double -sided PC boards with plated - 
through holes are used, solder will normally flow through 
the holes to both sides of the board. However, if you have 
chosen to make your own PC boards (the patterns are 
shown in PC Service), be sure to solder the component 
leads on both sides of the board where appropriate! 

Caution! Working directly with AC power is dan- 
gerous, so be careful! Before applying power to the 
circuit, be sure to place the board on a non-con- 
ductive surface, and do not touch any exposed 
leads or traces on the line -voltage side of the cir- 
cuit! 

2) With the assembled board on a non-conductive 
surface, install F1(1/2 amp) in the fuse clips, then connect a 
three -wire power cord to receptacle J1 and apply power 
to the circuit. Keep your hands away from the high - 
voltage components and traces on the board! The 
red LED (D9) should light, indicating that power is on. The 
green LED may flicker momentarily; however, it should not 
remain lit. 

3) Now connect a temporary switched jumper be- 
tween the data -input pin of J2 (the DB25P connector) and 
one of the +12 -volt sources (pin 4, 5, 6, or 20 of J2). A 
convenient way to do that is to use a spare DB25P male 
connector with an SPST switch wired across the pins to 
be jumpered. You might want to make a separate jumper 
for each board, because the data input is pin 3 on the 
LCM100-01 board and pin 2 on the LCM100-02 board. If 
you haven't already done it, install the jumpers on headers 
P1, P2, and P3 as follows. On the LCM100-01 board: Pl, 
P2-A and B jumpered; P3-not jumpered. On the 
LCM100-02 board: Pl, P2-B and C jumpered; P3-jum- 
pered. 

4) The next step is to adjust the mark and space 
frequencies of modulator IC1. Begin with the LCM100-01 
board. Attach the input lead of a frequency counter to TP1 

(the collector of Q1), and the ground lead to pin 1 or pin 7 
of the DB25Pjumper. With the jumper switch on, adjust R3 

until the meter reads 150 kHz. That is the "space" frequen- 
cy (fl) of the FSK modulator. Next, turn the jumper switch 
off and adjust 126 to get a reading of 156.5 kHz. That 
represents the "mark" frequency (12). Switch between fl 
and 12 several times while fine tuning R3 and R6 until both 
frequencies are correct. 

5) The transmitter line coupler can now be tuned to the 
modulator's FSK band as follows: Attach a high -imped- 
ance oscilloscope probe (x 10 setting) to TP1, and clip 
the ground lead to pin 1 or pin 7 of J2. Set the sweep time 
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PARTS LIST 

Note: Component values in parentheses are for the 
LCM100-02 board; other values are for the 
LCM100-01 board. 
All resistors are 1/4 -watt, 5% unless otherwise noted. 
R1, R2, R4, R5, R15, R19. R28, R29-4700 ohms 
R3-5000 ohms, PC -mount trimmer potentiometer 
R6-200,000 ohms, PC -mount trimmer potentiometer 
R7-4.2 ohms 
R8-300 ohms 
R9 -not used 
R10-17,400 ohms, 1% (24,900 ohms, 1%) 
R11-360,000 ohms 
R12-3900 ohms 
R13-5100 ohms 
R14-3000 ohms 
R16, R20, R22, R30, R31-10,000 ohms 
R17-150,000 ohms 
R18-220,000 ohms 
R21-470,000 ohms 
R23, R35-820 ohms 
R24-510,000 ohms 
R25--100,000 ohms 
R26-300,000 ohms 
R27-24,900 ohms, 1% (16,200 ohms, 1%) 
R32-5000 ohms. PC -mount trimmer potentiometer 
R33, R34-100,000 ohms (47,000 ohms) 
Capacitors 
Cl, C2-1 µF, 135 volts 
C3-1800 pF (3900 pF) 
C5-330 pF 
C6-1000 µF, 35 volts, electrolytic 
C4, C7 -C10, C13, C18, C22, C23, C27, C30-0.1 µF, 25 
volts, monolithic 
C11-100 µF, 25 volts, electrolytic 
C12, C17-10 µF, 25 volts, tantalum 
C14, C25, C33-330 pF 
C15, C16, C19, C20 0.1 µF, 135 volts 
C21-3900 pF 
C24-100 pF 

C26, C29. C32, C36-3900 pF (1800 pF) 
C28-0.01 µF, disk 
C31, C35 470 pF 
C34-6.8 pF 
Semiconductors 
BR1-50 volts, 1 amp 
D1, D2, D3, D6 -1N4148 
D4, D5 1N4728 (3.3 -volt Zener) 
LED1-standard red 
LED2-standard green 
IC1-XR2207, FSK modulator 
IC2-LM311N, op -amp 
103-1488, RS -232 line driver 
IC4-78L12ACZ, precision ! 12 -volt regulator 
IC5 79L12ACZ, precision -12-volt regulator 
IC6-X112211, FSK demodulator 
IC7-LM318N, op -amp 
Q1-MJE180, NPN power transistor 
Q2-PN2222, NPN switching transistor 
Q3 -2N3906, PNP switching transistor 
Other components 
J1 -115 -volt AC receptacle J2 -25 -pin D connector P1, 

P2 -3 -pin header strip P3 -2 -pin header strip MOV1- 
150-volt varistor T1 -RE coil, TOKO RAN10A6729HK 
T2 -24 -volts, 180 mA, PC mount (Dale PL -13-07) 
T3 -T6 ----RF coil, TOKO RAN10A6729 
Miscellaneous 
Note: The following are available from CRC Elec- 
tronics, 13547 S. E. 27th Place, Suite 3D, Bellevue, 
WA 98005, (206) 747-9636: Etched and drilled PC 
boards with plated -through holes, $24.95/pair; Par- 
tial kit (includes PC boards, all transformers, coils, 
jacks, and high -voltage capacitors) $49.95/pair; 
Complete kit excluding case and power cords, 
$99.00/pair; Assembled and tested PC -board as- 
sembly without cases and power cords, $119.95/ 
pair; Complete assembled and tested system, 
6159.95/pair. Individual components are also avail- 
able. 

and amplitude controls to display a sine wave. Adjust the 
tuning slug of RF -transformer T1 until maximum amplitude 
is obtained. Now flip the DB25P jumper switch to the 
other position and observe the change in amplitude as 

the frequency changes. Adjust T1's tuning slug until the 
amplitudes of fl and f2 are equal. Repeat steps 2 through 
5 with the LCM100-02 board, using 100 kHz and 106.5 kHz 
as the fl and f2 settings respectively. 

6) The receiver -stage line couplers are similar to the one 
used in the transmitter except that two of them are config- 
ured in a parallel arrangement. That permits precise tuning 
to the mark and space frequencies individually, rather than 
using an average of the two. The result is greater receiver 
sensitivity and superior noise rejection. 

Tune the receiver line couplers as follows: Attach a 

scope probe (x 10 setting) to TP2 (pin 6 of IC7) on the 
LCM100-01 board. Be sure to clip the ground lead to the 
signal ground, as before. Connect the power cords to 
both boards and plug both cords into the same 115 -volt 
outlet box. The volts/division setting of the scope should 
be increased a couple of notches from where it was set 
for TP1. Adjust the tuning slug of T3 or T4 until an increase 
in amplitude of the waveform is seen on the display. 
Continue adjusting the slug until maximum amplitude is 

obtained. You may need to adjust both T3 and T4 in order 
to do that. When the amplitude exceeds a certain point 
you will see the peaks of the sine wave flatten out as the 
Zener diodes (D6 and D7) chop the voltage at ± 3.3 volts. 
Flip the DB25P jumper switch on the LCM100-02 board to 
shift the frequency, then readjust T3 or T4 (on the 
LCM100-01 board) until the maximum amplitude is seen 
on the scope. Now toggle the LCM100-01 jumper switch 
several times while fine tuning T3 and T4 until both fl and 
/2 frequencies appear to have equal amplitude on the 
scope display. The waveform should look like a sym- 
metrical sine wave with flattened peaks. Repeat step 6 for 
the LCM100-02 board (using the DB25P jumper switch on 
the LCM100-01 board to shift the frequencies). 

7) The next step is to align the bandpass-filter network. 
The procedure is the same for each board. Attach the 
scope probe ( x 10 setting) to TP3 (the ungrounded end 
of T6). Adjust the tuning slug of T6 until maximum ampli- 
tude of the sine wave is displayed. Toggle the jumper 
switch (on the opposite board) and fine tune T6 until an 
equal amplitude is obtained for both frequencies. Next, 
adjust T5 in the same manner as T6; note that T5 affects the 
amplitude very little. 

continued on page 96 
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BUILD 
THE PT68I( 

We complete our look at the 
PT-68Ks DRAM circuitry 

left off last month rather abruptly, before we even 
finished disucssing how the DRAM operates while 

being accessed by the CPU. As we continue, keep last 
month's issue at hand for Figs. 1 and 2 referenced here. 

Note that timing of the DRAM circuitry is critical; most 
PT -68K operations involve the DRAM, so squeezing extra 
speed out of the circuit is important. 

Now let's return to Fig 1. After the 150-ns delay, pin 8 of 
IC52 goes high, which makes pins 10 and 13 of IC51 both 
high. As a result, all inputs to IC37-c are high, so its output 
goes low. That signal is inverted by IC66-d, so w.s goes 
high again. Meanwhile, delay -line IC52 is now processing 
the low. After 30 ns, pin 12 of IC52 goes low, so A/B SELECT 

goes low. That signal also drops the clock input of IC49-a 
from high to low, but the flip-flop does not react because 
it only responds to a rising edge. So, the flip-flop stays set 
and continues outputting CAS and DRAM DTACK 

After 150 ns, pin 8 of the delay line goes low and the 
DRAM circuits are ready for another memory access. 
Meanwhile, the 68000 also finishes its memory access; it 
then negates s, so IC49-a finally resets, and both cis and 
DTACK go high. 

DRAM operation during refresh 
Now let's look at how the DRAM circuits operate during 

refresh. First, Fig. 1 shows the 8 -MHz clock signal (CLK8) 

being applied to two decade counters, IC65-a and IC65- 
b. The two counters each divide the input frequency by 
10, so the output of IC65-a is an 800 -kHz signal, and the 
output of IC65-b is 80 kHz. The resulting REFRESH CLOCK is 

sent to the refresh counters, IC46-a and IC46-b, shown in 
Fig. 2. 

As mentioned last time, refreshing a DRAM involves 
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reading 128 rows once every two milliseconds. Although 
only 128 rows are needed, IC46-a and IC46-b are each 
divide -by -16 counters, so together they make a divide - 
by -256 counter. All eight outputs of the two counters are 
sent to the DRAM address lines through IC61, even though 
only seven outputs are needed. The eighth output does 
no harm, and may be used for possible future expansion. 

The period of the 80 -kHz signal is 1/80,000, or 12.5 µs, 
so the refresh counters complete 128 counts in 128 x 12.5 
= 1600 µs = 1.6 ms, which is well within the ratings of 
the DRAM IC's that require refreshing at least once every 
two milliseconds. 

Once every 12.5 µs, pin 9 of IC65-b goes high and sets 
IC50-b (because its D input is connected to +5 volts) to 
signal the DRAM circuits that it is time to do a refresh. The 
Q output of IC50-b goes high, so the next rising edge of 
MPUCLK (which might be anywhere from 8 to 16 MHz, 
depending on CPU speed) sets IC50-a. Its Q output also 
goes high, sending a high to the D input of IC49-b. The 
circuit now waits for two other events: For to go high 
and for MPUCLK to go low again. Then IC49-b sets, and that 
is what starts the refresh cycle. 

Note that it was not sufficient for the 80 -kHz signal to 
go high-the circuit waited for the correct sequence of 
MPUCLK and ,s before actually starting the refresh. The 
reason is that a refresh can interfere with the 68000's 
normal use of DRAM unless the refresh is timed just right. 
The circuitry described here is designed to delay the 
refresh until the end of an address strobe. The idea is to try 
to do a quick refresh just after the 68000 has finished 
accessing memory and to squeeze the refresh into an 
unused time period. 

In any case, refresh begins when IC49-b sets. That 
switches REFRESH from low to high, and REFRESH from high to 
low. As shown in Fig. 2, when REFRESH goes high it turns off 
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the three multiplexers (IC62, IC75, and IC88); when REFRESH 

goes low it enables IC61, so that the DRAM IC's receive the 
refresh address instead of the normal column or row 
address from the address bus. 

Back in Fig. 1, however, the REFRESH signal is also sent to 
pin 1 of IC51-a. That starts the same type of memory cycle 
as was started by the RAM signal from the address de- 
coder, so that the delay line receives first a high and then a 

low, as in normal operation. But this time there are two 
differences. 

First, the REFRESH signal is now low, so the 30-ns output 
on pin 12 of delay -line IC52 cannot set IC49-a. Thus no c+s 
or DRAM STACK is generated during a refresh. That means that 
only a row address is sent to the DRAM's, no column 
address. Furthermore, DTACK is not needed because the 
68000 is not involved in refresh, and doesn't even want to 
know that refresh is occurring. 

The second difference is that the 30-ns output of the 
delay line is also sent to pin 4 of IC35-b. Since pin 5 is 

already high (because REFRESH is high), pin 6 of IC35-b goes 
low, thereby resetting flip-flops IC50-b, IC50-a, and IC49- 
b. That ends the refresh cycle. 

Now let's look at how the 32 DRAM IC's are actually 
wired. Figure 3 shows the connections to IC38. First, each 
256K DRAM has nine address lines that connect to MAO 
through MA8. As shown in Fig. 2, each line comes through 
a 33 -ohm resistor, a rather unusual practice in normal 
digital circuits but actually quite common in memories. 

Further Help 

If you need further help, contact us through our BBS at 
914-241-3307. If that is not possible, hardware questions 
can be answered by Peripheral Technology, 1480 Terrell Mill 
Rd. #870, Marietta GA 30067, (404) 984-0742. Software 
questions dealing with the HUMBUG monitor program or 
the SK*DOS disk operating system can be answered by 
Star -K Software Systems Corp., P. O. Box 209, Mt. Kisco 
NY 10549, (914) 241-0287. 

The resistors are used primarily to reduce voltage over- 
shoots and undershoots (above + 5 volts and below 0 
volts), which would otherwise exist on the address lines. 

Basically the problem is caused by the fact that the 
address lines each go to 32 IC's. The actual wiring for 
those lines is quite long and complex, and therefore 
represents a fairly large capacitance to ground. The buff- 
ers driving those lines would normally feed rather large 
current surges into that wiring, which would result in 
overshoots and undershoots. In addition to the address 
lines, 33 -ohm resistors are also found on the R7W and iT s 

lines, which also go to all 32 DRAM's, as well as the cr\-s 

lines. Only the data lines are not connected to resistors, 
since each data line goes to only two IC's. 

The Rfis signal from Fig 1, and the RÑV signal (from the 
68000) are also applied to each and every DRAM IC in the 
entire system. This means that all DRAM's accept the same 
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FIG. 3-SAMPLE DRAM WIRING. Corresponding address lines 
to each DRAM are all connected together, as are Ras and RAW; but 
the DATA IN, DATA OUT, and UM lines are wired separately. 
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USES CASU1 

FROM IC63 PIN 12 

FIG. 4-DRAM ORGANIZATION on the PT -68K motierboard. 
Each row of IC's corresponds to the even or odd portion on one 
512K bank; each column corresponds to a single data bit as 
shown. 

row address, and also all receive RA -..v- at the same time 
(although they don't actually read or write unless they also 
receive the cis signal). 

The cr s signal leaving Fig. 1 does not go directly to the 
DRAM's; instead it goes back to the address decoder 
(shown completely in Fig. 3 of the January issue, and 
shown incompletely here in Fig. 3.). cp,s is used only 
during actual memory accesses by the 68000, not during 
refresh. At that time, the address decoder must decide 
which group of DRAM's is actually being addressed. The 
32 DRAM's are divided into four groups of eight IC's: 

(A) the even (or high -order) bytes of the first 512K, IC53 
through IC60, which connect to cAsuo, 

(B) the odd (or low -order) bytes of the first 512K, IC38 
through IC45, which connect to cssLo 

(C) the even (or high -order) bytes of the second 512K, 
IC80 through IC87, which connect to c'sui, and 

(D) the odd (or low -order) bytes of the second 512K, 
IC67 through IC74, which connect to cresu. 

The address decoder PAL (IC63) decides which group 
(or groups) of DRAM's to enable, based on the status of 
the upper and lower data strobes (Uós and Lis), and 
address lines A19-A23, and then passes the cAs signal to 
the appropriate group or groups. Note that it might send 

,h -Cs to two groups of DRAM's at the same time if a 16 -bit 
data transfer is needed from both an even and an odd 
byte at the same time. 

Finally, within each group of eight DRAM's, each IC is 

connected to a different bit of the data bus so that every 
data transfer involves either eight or sixteen DRAM's, all 
writing or reading a different bit of the data bus. The 
DRAM's have separate DATA IN and DATA OUT pins, which are 
connected together, as shown in Fig. 3. 

Figure 4 shows a pictorial view of the 32 DRAM's on the 
PC board, identifying which IC connects to which data 
line, and which group connects to which cis line. 

Step 19. Building the DRAM 
It is now time to build the DRAM portion of the board. 

Begin by checking that the following components have 
been installed in prior steps: 

IC35 (74LS00), IC37 (74LS10), IC48 (74LS08), IC51 
(74LS32), and IC66 (74LS04). Each IC should be socketed. 
Also, C68 (33 pF), R12 (10K), and R17 and R18 (33 -ohm DIP 
resistor packs) should be installed. In addition, if IC65 
(74LS390) is not already installed, then install it now (with 
socket). Make sure that C68 is 33 pF, not 0.1 µF like most of 
the disk capacitors on the board. 

Now install the following: 
IC49 (74S74); IC50 (74LS74); IC52 (150-ns delay line); 

IC62, IC75, and IC88 (74S257); IC46 (74HCT393); IC61 
(74S373). Socket all IC's except IC52, the delay line, which 
should be soldered directly to the board. 

A 74LS393 will often work for IC46, but we have found 
that the 74HCT393 rejects noise better, so it is a safer 
choice. As for IC61, do not use a 74S373 made by TI, 

because we have found the circuit to be very unreliable 
with that brand (although a TI -brand 74S393 works just 
fine as IC19.) The DRAM refresh circuitry has some very 
critical timing, and 74S373 IC's made by TI do not seem to 
operate well in this circuit-we have had good luck with 
units made by National Semiconductor and others. 

We are now ready to install more components, but 
much of the wiring in this area is very close, so we must 
take special precautions to guard against accidental short 
circuits. When installing the following components, install 
the IC sockets first, and after every group of eight or so, 
recheck the wiring and then turn on the computer to 
ensure that it still works. (Remove all loose wires or solder 
before turning on the power). Although that is not a 

foolproof check, it does help to narrow down the cause 
of most problems as soon as possible after they happen. 
If at any point the computer suddenly stops working, 
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recheck all new soldering and components, and look for 
accidental solder joints. Now install these components: 

Sixteen 41256 DRAM's (with sockets), at IC38-1C45 and 
1053-1060. Use 150-ns IC's at 8- or 10 -MHz clock speeds, 
or 120-ns IC's at 12.5 or 16 MHz. Sixteen IC's provide 512K 
of RAM and is the minimum number that can be installed 
at this time. If you wish, you may also install a second 
sixteen DRAM's at IC67-1C74 and IC80-1C87. Even if you 
install only 16 DRAM's now install all 32 sockets to avoid 
having to remove the board from the cabinet later. 

Next, install forty 0.1-µF disk capacitors as follows: 
C15-C46 are installed near pin 1 of each of the 32 DRAM 
sockets; C47 and C49-054 are along the bottom edge of 
the board below the DRAM sockets; C56 is between IC75 
and IC88. 

Now let's try the memory; if it passes the following 
tests, you can skip ahead to Step 21 (although you may 
want to read Step 20 to learn some troubleshooting 
techniques). 

Begin by moving the MAP jumper (J25) to position 1; 

that enables the DRAM. Now turn on the power. The 
speaker should beep and the normal HUMBUG prompt 
should appear on the screen. We're not done yet, be- 
cause even if the DRAM memory were malfunctioning, the 
prompt could still come up, because HUMBUG uses 
mostly static RAM. (DRAM is used only to hold vector 
addresses). 

To make sure the memory works we need to do some 
more tests. First, use the MT (memory test) command of 
HUMBUG to run a quick memory check. If you have 
installed all 32 DRAM's, then the correct command is 

MT FROM ADDRESS 0 TO FFFFF 

which tests one megabyte of memory from address 
$00000 to $FFFFE If you have installed only 16 DRAM's, 
then the correct command is 

MT FROM. ADDRESS 0 TO 7FFFF 

which checks out only the first 512K of memory. In each 
case, press the space bar after the zero and after the last F 

to tell HUMBUG that you have finished typing the address. 
Either way, HUMBUG should display a + sign and then its 
normal * prompt if the memory passes the test. 

Although the MT memory test of HUMBUG is fast, it is 

not thorough. It merely goes through every location of 
memory and tries to set and reset every bit, one at a time. 
It then reads the bit back and tests it. But since it reads the 
bit back immediately after it sets it, the DRAM may seem 
to work even if the refresh circuitry is bad. We need a 

more thorough test for a more long-term memory. 
There are two ways to do that. One method involves 

copying the HUMBUG ROM into DRAM, waiting a minute 
or so, and then doing a memory,compare to check the 
two against each other. Since the HUMBUG ROM is less 
than 20K in size, it is not big enough to fill up all of DRAM 
for a thorough test. Nevertheless, we can do a rough 
check by typing in the following two commands: 

MO ENTER OLD ADDRESSES: FROM F80000 TO F84000 
ENTER NEW ADDRESS: 1000 

Now wait a minute or two, and then enter the following: 

MC REGION 1: FROM F80000 TO F84000 
REGION 2: 1000 

Ordering Information 

Complete details were given in part one (in the October 
1987 issue). To summarize: the basic kit (PT1, $200) con- 
tains all parts except power supply, case, and video termi- 
nal or personal computer to get a small system (ROM 
monitor, 2K RAM) up and running. The full basic system 
(PT -68K, $530) includes 512K of dynamic RAM, floppy -disk 
controller, parallel port, battery -backed clock/calendar, 
three PC -compatible expansion slots, SK'DOS operating 
system, editor, assembler, and system utilities. To order, or 
for more information, contact Peripheral Technology, 1480 
Terrell Mill Road #870, Marietta GA 30067, (404) 
984-0742. 

The MO command moves the contents of ROM locations 
$F80000 through $F84000 down into RAM locations 
$1000 and up (do not store anything into locations 0 
through $400, as they are used to hold vector addresses). 
The MC command compares the two areas of memory. If 
the two sets of data do not match, HUMBUG will display 
the addresses where a difference is found. 

Another simple test is to use the FM (Fill Memory) 
command to fill all of memory with zeroes, and then the 
CS (Checksum) command to ensure that the sum of all 
those zeroes is itself zero. Another test is to move what- 
ever random data is in the bottom 512K into the top 512K, 
and then make sure that the checksum of the bottom 512K 
is the same as the top 512K. You could also use ROM 
BASIC to POKE consecutive numbers into memory loca- 
tions, and then come back later, read them back with 
PEEK, and check against what was stored. Later, when we 
boot the SK*DOS disk operating system, there will be 
plenty of opportunity to test the computer's memory 
more thoroughly. 

Step 20. DRAM troubleshooting 
Defective DRAM circuitry can show itself in many 

ways-the computer might be totally dead, or it might 
come to life but be unreliable, or it might appear to work 
but fail memory tests. 

The specific troubleshooting procedures vary, de- 
pending on symptoms. The most likely symptoms that 
you'll encounter, and some recommended diagnoses 
and prescriptions for cure are as follows. 

1) The computer is completely dead. Move J25 back to 
position 2 to disable DRAM and return to static RAM -only 
operation. If the computer is still dead, you probably 
introduced a short circuit while soldering the memory 
sockets. 

2) The speaker beeps, but nothing appears on the 
screen, or only the "Please press enter" message appears 
on the monitor(unless you are using only a serial terminal), 
and at some point the HALT LED goes on. Those symptoms 
generally indicate that at least part of the DRAM circuitry is 

working; the first step is to interchange DRAM IC's, swap- 
ping each IC in an upper or even group with those in a 

lower or odd group. If the symptoms change then it 
generally indicates a defective DRAM IC. If, on the other 
hand, the symptoms stay the same, then the problem is 

probably elsewhere. 
If an oscilloscope is available, place J25 in position 2, 

continued on page 96 
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R -E Computer Admart 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $800.00 per each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
Computer Admart, RADIO -ELEC- 
TRONICS, 500-B Bi -County Blvd., Farm- 
ingdale, NY 11735. 

SECRETS OF THE 

COMMODORE 64 
Secrets of the 
COMMODORE 64 

BP135-A beginners guide 
to the Commodore 64 pre- 
sents masses of useful data 
and programming tips, as 
well as describing how to 
get the best from the 
powerful sound and graph- 
ics facilities. We look at how the 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 $1.25 for shipping in the U.S. 
to Electronic Techology Today Inc., P.O. 
Box 240, Massapequa Park, NY 
11762-0240. 

t 

Rates: Ads are 21/4" .< 27/6". One insertion $825. Six insertions $800 each. Twelve 
insertions $775. 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 -516-293-3000. Only 100% Computer ads are accepted for this Admart.' 

23552 
Commerce 
Center Dr. 
Suite L 
Laguna Hills 
CA 92653 

Stocking Distributor 
of Semiconductors 

3087 5.8. MME(: 
80287 6.8. 10 MEG 
80387 16.20 MEG 
2561 64K 128k V20 V30 

Fast* Reliable Everylime 

Phone: 714-855-0411 
Fax: 714-855-8504 

No refu-d - exchange only - Exchange good for 30 days 
unless manufacturer warranties merchandise longer. 

A - 
CIRCLE 204 ON FREE INFORMATION CARD 

MIDI Starter System Plus'. 
M.- your lam PC or compatible 
PC standard MIDI Co -Processor 
MelodEase Piano Roll Composer 

Easy -8 Multi -track Recorder 
Synth Sound Manager Software 

$219 with MIDI cables 
ask about our MIDI Programmer's ToolKit 

GMusic Quest, Inc. ``\ 1700 Alma Dr., Suite 260 
Plano, TX 75075 (214) 881-7408 

CIRCLE 198 ON FREE INFORMATION CARD 

ICsPROMPT 
DELIVERY!!! V SAME DAY SHIPPING (USUALLY) 

QUANTITY ONE PRICES SHOwN for MAY 10, 1980 

OUTSIDE OKLAHOMA NO SALES TAX 

r DYNAMIC RAM G 
S MM 1048Kx8 100 ns $450.00 4P4? 
1 Mbit 1048Kx1 100 ns 38.50 AA`vJ 

41256 256Kx1 60 ns 16.00 4 
41256 2561(x1 80 ns 15.50 

wb 
o M 

41256 2561(x1 
51258 * 256Kx1 

100 ns 
100 ns 

15.50 
15.95 

+ 4 
J¡ 

¢q 41256 2561(01 120 ns 13.95 
41256 256Kx1 150 ns 12.50 

6 o m 41264 + 64Kx4 120 ns 
EPROM 

16.95 

E 2'C1000 128Kx8 200 ns $37.50 
ÑÚ 27C512 64Kxe 200 ns 14.95 
$x 27256 32Kx8 250 ns 7.50 
Yu 
o a 

$ 

27128 16Kx8 250 ns 
STATIC RAM 

6.95 

m 43256L-12 32Kx8 120 ns $16.50 
L6264P-12 8Kx8 120 ns 10.51 tó u, 

OPEN 61/2 DAYS 7:300.40 PM: SHIP VIA FED -EX N AT. 

WE EXPOP ONLY TO CANADA, GUAM, PUERTO RICO 6 VIRGIN ISLANDS 

SAT DELIVERY 
INCLUDED ON 

FED EX ORCERS 
RECEIVED 31,. 

TA: Mat 5/3 
F: Pl $10.25/1 

MaslerCarn VISA or UPS CASH GOD 
Factory New, Prime Parts arPtr, 
MICROPROCESSORS UNLIMITED, INC. 
24.0000 S. Poona Ave_(918) 267-4961 BEGGS, OK. 74421 
No minimum order. Pees ion 

10E ca eo ma 
mwmrq, H Fe,I c.P,. sr.m,e 

Ae ^ ss.00. º m..e mn 4 v v ^ sle.zs 

CITIZEN`" 149 120D 

Hard Worker 
120 CPS Draft/25 NLQ 4K Buffer Narrow 

CDC COMPUTERS 
vs4 714-842-9252 

714-842-3198 
7712 "C" Talbert Ave. Huntington Beach, CA92647 
PIce reflects c 3% Cash Decounr, - Shipped & Handing. Add LPS Charges 

CIRCLE 200 ON FREE INFORMATION CARD 

Z80/HD64180 
Microprocessor Development Tools 

SBC100 complete stand- 

alone I4D64180 com- 
puter with prototyping 
area, wall transformer 
and debugging/data link 
cable to PC- $295.00. 

Get your project under 
way fast. 

Complete development tools for SBC100. Cross assembler, 

linker and remote debugger. Write and debug SBC100 pro- 

grams from your PC- $295.00. 
CP/M HD64180 Coprocessor card. Runs all types of CP/M-80 

software on your IBM-PC or AT much faster than on a "real" 

CP/M system- $295.00. 
HiTech C Cross compiler for Z80 and HD64180. For embed- 

ded microprocessor systems. Compatible with M80/L80. 

Includes SLR Systems cross assembler/linker- $495.00. 

We have many other Z80/HD64180 development tools. 

Z -World 
1772 Picasso Ave 

Davis, CA 95616 
(916)753.3722 

CIRCLE 199 ON FREE INFORMATION CARD 

BIGM UTH 
TM 

REAL VOICE Digital Recording 
for your PC, XT, AT or Compatible 

VOICE MAIL SYSTEM 
TELEMARKETING 

-Inbound 8 Outbound 

SMARTEST ANSWERING 
MACHINE 

AUTODIALER-DATABASE 
VOICEPAD'N 

-Voice for your Programs 

PROGRAMMER'S TOOLKIT 
-(optional 7900) 

card, software, cables, and speaker 

= 526900 n 5 s/n 

(415) 652-9600 
Talking Technology, Inc. 
4383 Piedmont Ave. Suite B 

Oakland, CA 94611 

CIRCLE 61 ON FREE INFORMATION CARD CIRCLE 197 ON FREE INFORMATION CARD 
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LINE -CARRIER MODEMS 

continued from page 90 

8) The final tuning step is to adjust the free -running 
frequency of the VCO in the XR2211. The simplest way to 
do that is to adjust R32 while observing the green LED 

(D8) on the board (the opposite board, of course, must 
be plugged in and transmitting). Turn the adjustment 
screw of R32 until the green LED lights, then continue 
turning in the same direction until it turns off again. Set the 
adjustment screw of R32 halfway between the two points 
and mark the position of the screw slot with a pencil. 
Now flip the jumper switch on the opposite board to 
change the frequency, and repeat the previous step. You 
should have two pencil marks on R32 a few degrees 
apart. Turning the adjustment screw halfway between the 
two marks should result in the correct setting. Repeat that 
step for the other board. 

8-a) A more accurate method of setting the VCO of the 
XR2211 is as follows: Configure a function generator to 
produce a 4800 -Hz square wave with a voltage swing of 
zero to +6 volts. Use that signal to adjust your os- 
cilloscope to display a symmetrical square wave. Next, 
attach the function -generator output lead to the DATA -IN 

pin of J2 on the LCM100-01 board. Make sure the jumper 
switch is in the off position. Attach the scope probe to 
the DATA -OUT pin of J2 on the LCM100-02 board. With the 
power on to both boards, adjust R32 (on the LCM100-02) 
until a symmetrical square wave is displayed. That indi- 
cates the correct setting of the oscillator at the "center 
frequency" the midpoint between the detector mark and 

space frequencies. The green LED will, of course, be on at 
that setting. 

Repeat the previous step, reversing the two boards, to 
complete the "tuning" process. The final step is to test the 
modems by transmitting actual data. 

9) To do so, you'll need a serial -data output source. A 
video terminal, in full -duplex configuration, will do nicely. 
A simple loop -back circuit is the easiest test. The terminal 
is connected to the LCM100-01 modem that is plugged 
into the power line. The LCM100-02 modem, with pins 2 
and 3 of J2 jumpered together, is plugged in some dis- 
tance away. As you type on the keyboard, the data is 

transmitted to the LCM100-02 modem, looped back 
through the jumper, and re -transmitted to the LCM100-01 
modem where it appears on the terminal's screen. De- 
pending on your terminal's configuration (DTE/DCE), you 
may need to transpose the two modems or switch the 
internal jumpers on the LCM100-01 modem board to get 
things working properly. 

The LCM100 will successfully transmit data over dis- 
tances of several hundred feet, or more, at rates up to 
9600 bps. In general, the greater the distance, the lower 
the baud rate should be for error -free transmission. It is 

best to experiment with different transmission rates and 
distances to establish reliable operating parameters for 
your AC line. 

The ultimate range is limited by the power company's 
step-down transformer and the cross -coupling between 
the 115 V legs of a 230 -volt distribution system. You can 
arrange communication between the latter by attaching a 

fused capacitor (a 1-µF, 400 -volt capacitor in series with a 

1/2 -amp fuse) between the two 115 -volt legs in your elec- 
trical panel box..m« 

BUILD THE PT -68K 
continued from page 94 

which disables CPU accesses to DRAM, but keeps the 
refresh circuits going. Now check for the following, and 
trace signals if any appear to be wrong: 

A) An 80 -kHz signal at pin 1 of IC46. 
B) The frequency of each successive output from IC46 

should be half of the preceding output. 
For example, pin 6 should be at 40 kHz, pin 5 at 20 kHz, 

etc. 
C) There should be thin, barely -visible (depending on 

the oscilloscope) negative -going pulses at pin 8 of IC49 
and at pin 8 of IC66. 

d) There should be thin, barely visible positive -going 
pulses at pins 8 and 12 of IC52. 

e) IC49-a should stay set at all times, so pin 6 should 
always be high. 

3) If the computer works, but fails a memory test, try to 
analyze the MT test printout to determine where in mem- 
ory the problem is. For example, if errors occur in loca- 
tions $80000 and above, then the problem is only in the 
upper 512K of memory. If the problem occurs in a small 
region of memory, then the problem is likely to be in a 

single IC. 

Another way to narrow down defective DRAM prob- 
lems is to use the ME command to store a number into 

memory at one of the locations flagged as defective by 
the MT test, and then read it back to see whether it was 
stored properly. For example, suppose the MT test indi- 
cates errors in odd locations between $4001 and $4FFF 
This would indicate that an error is occurring in the odd or 
lower memory group in the first 512K of memory. Use the 
ME command to store the number $FF in location 4001, 
one of the defective locations. If you then read back $FB, 

for example, compare the bit patterns for FF (11111111) and 
FB (11111011). Since there is a difference in the third bit 
from the right (bit D2), you can then use Fig. 4 to identify 
the correct IC. In this case, it is IC43, since IC43 is con- 
nected to D2 in the lower 512K of memory. (Note that the 
bits in even locations are numbered from D15 on the left 
to D8 on the right, and the bits in odd locations are 
numbered from D7 on the left to DO on the right.) 

Although it is not possible for us to anticipate each and 
every problem you might have, the DRAM circuitry used 
in the PT -68K is simple enough that most of the people 
who have rushed ahead to build their kit without waiting 
to read this article have had no problem. If you are one of 
the unlucky few who do run across a glitch, just keep at 
it-it is solvable. 

When we return 
Next time we'll finish building the PT -68K byworking on 

the floppy -disk controller, the parallel printer port, and 
the optional hard -disk controller port. Then the fun of 
using the computer can begin. $mM 
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R -E Engineering Admart 

MIDI 

PROJECTS 

BP182-MIDI interfacing enables any so 
equipped instruments, regardless of the 
manufacturer, to be easily connected to- 
gether and used as a system with easy com- 
puter control of these music systems. 
Combine a computer and some MIDI instru- 
ments and you can have what is virtually a 

programmable orchestra. To get your copy 
send $6.95 plus $1.25 for shipping in the 
U.S. to Electronic Technology Today 
Inc., P.O. Box 240, Massapequa Park, 
NY 11762-0240. 

Rates: Ads are 21/4 x 27/8". One insertion $825. Six insertions $800 each. Twelve 
insertions $775 each. Closing date same as regular rate card. Send order with 
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi -County 
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area 
code -516-293-3000. Only 100% Engineering ads are accepted for this Admart. 

FCC LICENSE 
PREPARATION 

The FCC has revised and updated the 
commercial license exam. The NEW 
EXAM covers updated marine and 
aviation rules and regulations, 
transistor and digital circuitry. 
THE GENERAL RADIOTELEPHONE 
OPEFATOR LICENSE - STUDY GUIDE 
contains the necessary preparation 
for ONLY $25.00. 

WPT PUBLICATIONS 
979 Young Street. Suite A 

Woodburn, Oregon 97071 
Phone (503) 981-6122 

CIRCLE 195 ON FREE INFORMATION CARD 

117 PRACTICAL IC 

PROJECTS YOU CAN BUILD 
2645T-117 PRAC- 
TICAL IC PROJECTS 
YOU CAN BUILD 
$13.95. Dozens of 
fully -tested, ready -to - 
build circuits you can 
put together from 
readily -available, low 
cost IC's! There are a 

total of 117 IC circuits 
ranging from an audio mixer and a signal 
splitter to a tape -deck amplifier and a top - 
octave generator organ! From TAB 
Books. To order your copy send $13.95 
including shipping to Electronic Tech- 
nology Today Inc., P.O. Box 240, Mas- 
sapequa Park, NY 11762-0240 

I17 PRACTICAI. 
IC PROJECTS 
YOU CAN BUILD 

DRAWING BOARD 
continued from page 80 

dollar word to indicate that you 
can take advantage of retinal per- 
sistence. If the LED's are turning 
on and off very quickly, it will seem 
like they are on continuously. 

When you're dealing with LED - 
based displays, there are several 
ways to go about multiplexing 
them. LCD displays can be multi- 
plexed as well, but they're much 
slower and don't respond well to 
rapid strobing. And since they 
basically run on flea power, there's 
not much of a point in multiplex- 
ing them. 

To get started, let's suppose that 
you have sixteen LED's in your dis- 
play; all of them will be on some of 
the time, and you're running the 
circuit off a 9 -volt battery. If we do 
a bit of arithmetic, we can see 
what's going to happen to the bat- 
tery. A fresh 9 -volt battery is usu- 
ally somewhere around 8 volts and 
a value of 220 ohms is a good ball- 
park figure for a current -limiting 
resistor. The simplest kind of cir- 
cuit configuration is shown in Fig. 
1. Assuming the voltage drop 
across each LED to be 1.7 volts, we 
can apply Ohm's law as follows: 
'LED = V/R 

(VBAT - VLED)/R 
= (8 -1.7)/220 

'LED = 28.6 mA 

So if you were driving 16 LED's, 
you would have to supply almost 
half an amp-and that's a signifi- 
cant amount of power! 

The circuit in Fig. 2 is one way 
of multiplexing the same 16 
LED's. All we have is a simple 
clock driving a 4514. The outputs 
of the decoder are normally low 
and the selected output goes 
high. A similar chip, the 4515, has 
normally high outputs so you 
can use the circuit for LED's with 
a common leg tied to either 
ground or power, whichever you 
prefer. 

The clock is a standard one 
made up of a pair of inverters 
driving a 4520 binary counter, 
which is being used to make the 
decoder scan across its outputs. 
You might consider that to be an 
unnecessarily complex way of 
doing a simple job, but the cir- 
cuit is good for demonstrating 
the basic idea. There are lots of 
ways to do the same job with 
fewer IC's and we'll be looking at 
several of them later on. 

The components shown for 
the clock cause it to oscillate at 
about 10 kHz. Assuming that it 
takes no time at all to switch be- 
tween the outputs, and that the 
CMOS chips are using no power, 
you're going to be able to light all 
16 LED's with even less current 
than the circuit in Fig. 1 uses. 

Even if you allow 10 mA for each 
of the IC's, you're still looking at 
only 60 mA for the entire cir- 
cuit-and, for the record, there's 
no way those CMOS IC's are go- 
ing to want 10 mA each. 

The price you pay for multi- 
plexing a display is that each of 
the LED's will appear to be dim- 
mer-how much dimmer de- 
pends on a number of things. 
The efficiency, size, and color of 
the LED's are all going to have an 
effect on the apparent bright- 
ness; and don't forget that each 
LED is only on less than one six- 
teenth of the time. 

The easiest way to boost the 
brightness of a multiplexed dis- 
play is to drop the value of the 
current -limiting resistor. Unfor- 
tunately, there's no way to tell 
how much of an increase in 
brightness you're going to get as 
you increase the current. Each 
LED reacts differently. You can, 
however, choose a value for the 
current -limiting resistor that will 
give you the maximum allowable 
current through the LED-usu- 
ally about 70 mA or so for the 
standard T-1 3/4 -size LED's. 

If the multiplexing frequency 
is high enough, you can push 
really huge amounts of current 
through the LED. Standard jum- 
bo LED's can handle 1 amp if it's 

continued on page 100 
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MARKET CENTER 
FOR SALE 

DESCRAMBLERS. All brands. Special: combo Jer- 
rold 400 and SB3 $165. Complete cable 
descrambler kit $39. Complete satellite de - 
scrambler kit $45.00. Free catalog. MJM INDUS- 
TRY, Box 531, Bronx, NY 10461-0531. 

TUBES. new, unused. Send self-addressed, stamp- 
ed envelope for list. FALA ELECTRONICS, Box 
1376-2, Milwaukee, WI 53201. 

PHOTOFACT folders, under #1400 $3.00. Others 
$5.00. Postpaid. LOEB, 414 Chestnut Lane, East 
Meadow, NY 11554. 

TRANSISTORS -tubes: MRF421 $24.00, MRF454 
$14.50, MRF455-MRF477 $11.75, MRF492 $16.00, 
SRF2072 $12.75, SRF3800 $17.50, 2SC2290 
$16.75, 2SC2879 $22.00, 6LF6, 6LQ6, 6JS6, 8950, 
etc -call. New Ranger AR3500 all mode 10 Meter 
transceiver $319.00. Quantity discounts! Best 
prices on hard -to -find parts, antennas, mics, power 
supplies, & equipment! Catalog $1.00 (refundable), 
or free with order. RFPC, Box 700, San Marcos, CA 
92069. For information or same day shipment -call 
(619) 744-0728. Visa/MC/C.O.D. 

LASERS, components and accessories. Free cata- 
log, M.J. NEAL COMPANY, 6672 Mallard Court, 
Orient, OH 43146. 

Quality Microwave TV Antennas 

Multi -Channel 1.9 to 2.7 GHz. 40dB Gain 
30 -Channel System complete $149.95 
12 -Channel System complete $104.95 

2 -Channel System complete $79.95 

PMINps-Tech Electronics 
PO Box e1í38. Scottsdale, AZ aó25º 

LIFETIME (602) 947-7700 153.000redil all phone ardersH 

WARRANTY MasterCard Visa CODS Quantity Pricing 

MICROWAVE antennas, multichannel 1.9-2.7 Ghz 
dual polarity. From only $49.95. "Best in the west!" 
GALAXY ELECTRONICS. Call 1 (602) 939-1151. 

TUBES, name brands, new, 80% off list. KIRBY, 
298 West Carmel Drive, Carmel, IN 46032. 

SATELLITE & cable equipment. We have those 
hard -to -find units ready to go. Tired of junk that 
doesn't work property? Try our 10 day satisfaction 
guarantee & 90 day warranty (wholesale only). HI 
TECH ELECTRONICS, PO Box 42423, Detroit, Ml 
48242, (313) 722-9381. 

IS it true...jeeps for $44 through the government? 
Call for facts! 1-(312) 742-1142, ext. 4673. 

TUBES. "Oldest," "latest." Parts and schematics. 
SASE for list. STEINMETZ, 7519 Maplewood Ave., 
R.E. Hammond, IN 46324. 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 
FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 

TESLA coils-Kirlian electrophotography-plas- 
ma bulbs...Free 1988 science plan catalog! SCIEN- 
TIFIC, Box 1054HRH, Duvall, WA 98019. 

GREAT buys! Surplus prices, ICs, linears, transfor- 
mers, PS, stepping motors, vacuum pump, pho- 
totransistor, meters, Isase, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

TWO -Way -Radio, PC computers, Uniden service. 
General Radiotelephone licensed technician. Cata- 
log -RAYS, 2025 Moline, Ft. Worth, TX 76117 (817) 
831-7717. 

AIDS? Yes we have! Cable aids to help you. Zenith, 
Jerrold, Scientific Atlanta, Oak, Hamlins, much 
more. No Michigan sales! HOTRONICS, (313) 
675-5834. 

PICTURE flyer lists quality surplus electronics at 
low prices. Since 1970. Send for the last 3 issues. 
STAR-TRONICS, Box 683, McMinnville, OR 97128. 

ATTENTION, are you looking for surplus test equip- 
ment volt meters oscilloscope, etc. J.B. ELEC- 
TRONICS, 9518 W. Grand, Franklin Park, IL 60131, 
(312) 451-1750. 

RESTRICTED technical information: Electronic 
surveillance, schematics, locksmithing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chures. MENTOR -Z, Drawer 1549, Asbury Park, NJ 
07712. 

CONVERTER sales and repairs on all types S.A., 
Jerrold, Panasonic, Pioneer. REDCOAT ELEC- 
TRONICS, (718) 459-5088. 

HACKER'S handbook, $12.95. Computer under- 
ground, $14.95, send $1 postage, 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 

COMMODORE -Amiga chips, diagnostics, parts or 
low cost repair. Send for complete catalog, (dealer 
pricing available). VISA/MC. KASARA, INC., 31 
Murray Hill Drive, Spring Valley, NY 10977, 1-(800) 
248-2983 or (914) 356-3131. 

CABLE TV converter/descramblers-wholesale 
quantity pricing -original factory equipment - 
Zenith Z -TAC, Pioneer, Oak total control, Scientific 
Atlanta, Jerrold, Tocom VIP/SC; also remotes, kits 
and more. This month's special -Jerrold 400 
Combo w/remote-$109.00 (add $5.00 S/H). Free 
catalog. ARIZONA VIDEO, 3661 N. Campbell, 
Suite 310, Tucson, AZ 85719. (602) 323-3330. 

CB RADIO OWNERS! 
We specialize in a wide variety of technical 
information, parts and services for CB radios. 10 - 

Meter and FM conversion kits, repair books, plans, 
high-performance accessories. Over 12 years of 
satisfied customers! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500RE, PHOENIX, AZ 85046 

PLASTIC BAGS many sizes, types. Samples $2 list 
LSASE. BAGMAN, E2 Box 466, Georgetown, TX 
78627. 

TUBES 59e. Year guarantee. Free catalog. Tube 
checker $8.95. CORNELL, 4215 University, San 
Diego, CA 92105. 

FAIR prices SB -3, SX3, SA3, TRI -BI, MLD-1200-3. 
Some Oak, any notch filters. Small dealer only. No 
Michigan sales (313) 979-8356. 

FEDERAL statutes, caselaw, and regulations on 
descramblers. $12.95 + $2.00 P&H. G.H. PUB- 
LICATIONS, RR1 Box 121, Hartland, MN 56042. 

ELECTRONIC components available. Free flyer, 
SASE to SANTECH ELECTRONICS, 11 Revere 
Place, Tappan, NY 10983. (914) 359-1130. 

CABLE -TV converters and descramblers. Low 
prices, quality merchandise. We ship C.O.D. Send 
$2.00 for catalog. CABLETRONICS UNLIMITED, 
P.O. Box 266, South Weymouth, MA 02190, (617) 
982-9865. 

Multi -Channel Microwave T.V. Receivers 

VISA/MC/COD 

1.9-2.7 GHz Parabolic Dish 40 dB Gain 

LIFETIME WARRANTY 
Complete System $99.95 (Shipping Incl l 

Replacement Components 
& Expert Repairs Available 

K & S ELECTRONICS Call now for same 

P.O. BOX 34522 day shipping! 

PHOENIX. AZ 85067 16021230-0640 

S2 CREDIT ON PHONE ORDERS 

SCRAMBLING news. New Z -TAC series. More 
turn-ons, news, articles. May backdate to Oct. 
87. Monthly. $24.95/yr. Sample $3 (refundable). 
1327R Niagara, Niagara Falls, NY 14303. 

SOLAR battery chargers. Homes, RVs, boats. 
From $30.00. Brochure. SUN POWER, Texas, Dept. 
01B, P.O.B. 2788A, Freeport, TX 77544. 

Z -TRAP II revised eliminates SSAVI flashing. 
$15.95 Z -BAG. Bogus address generator. $19.95. 
For study of addressable systems. New catalog. 
SHOJIKI, CODs (716) 284-2163. 

3-D hollograms with any camera. $2.00 info. 
STELLAR TECHNOLOGIES, 4710 University Way 
N.E., #1003, Seattle, WA 98105 (206) 783-3548. 

MULTI channel microwave T.V. receivers 1.9-2.7 
GHz -dual polarity -surplus grade -complete 
systems -only $44.95. SUN MICROWAVE INT'L. 
INC. Call (602) 230-1245. 

rNUTS & VOLTS GA 
P.O. Bor 111-E 
Placentia, CA 92E70 

714832-7721 

GIVE YOURSELF A BREAK -A PRICE BREAK! 
NUTS S VOLTS WILL Sad YOU MONEY 
ON ELECTRONIC PARTS S EQUIPMENT 
PIPS SHOW YOU WHERE TO FIND UNIQUE, 
UNUSUAL AND HARD -TO -FIND ITEMS. 

II -I SUBSCRIBE TODAY! I,..I 

terW,ion Rau 
AS cI. M..USA 

sei 00 

L ß,1M Clou MM 
52000 

o ' 

C.a. .52200 
Air Mail 

ro.,,, i.. $s500 

A Ntianal Publication Far 16e Buying And Selling OfBietroeie Equipment 

IBM-PC interfacing three day practical hands on 
workshop on VIRGINIA TECH CAMPUS. Free in- 
formation (703) 961-4848. 

WIRE wrap boards of various sizes and patterns. 
Used. (301) 843-9199. 

FREE power supply, connectors ($8.95 val- 
ue) with assortment #103 (February 1984 
article) contains PCB, Toko coils, tran- 
sistors, IC's, diodes. $25.00. Five/$112.50. 
Assortment #104 contains all other parts. 
$10. Shipping $2.00. JIM RHODES, INC., 
PO Box 3421, Bristol, TN 37625. 

WE buy and sell used radio broadcast equipment. 
HALL ELECTRONICS, Box 7732, Charlottesville, 
VA 22906. (804) 973-8697. 

TUBES audio tubes and popular replacement tran- 
sistors, up to 90% off list. Call (801) 943-7888 or 
write KEYBOARD SYSTEMS, 3637 East 7800 
South, Salt Lake, UT 84121. 

SAVE/make $1000'5 high technology insider se- 
crets catalog $2.00. Exotic parts, LEEWARE, Box 
5636, Greensboro, NC 27435. 

OLD radio TV schematics. Send $3.00, make, 
model. RADIO MAPS, P.O. Box 791, Union City, CA 
94587. 

BOOM boom car subwoofer systems, electronic 
crossover, Linear power amplifiers, car radio cas- 
settes, CBS etc., wholesale prices, write free cata- 
log information. BOOM BOOM ELECTRONICS, 
2905 Las Vegas Blvd., North #53, RE North Las 
Vegas, NV 89030. 

COPYGUARD corrector restores rental movies. 
Connects between VCRs. Satisfaction guaranteed. 
$59.95 plus $4 handling. 1 (800) 338-8751. 

CAN descrambling manual. 220+ full pages with 
schematics. $24.95. Others available. Catalog 
$2.00. DATA DISTRIBUTORS, P.O. Box 5612, 
Springfield, VA 22150. C.O.D.'s welcome (703) 
425-0652. 

TUBES - 2000 TYPES 
DISCOUNT PRICES! 

Early, hard -to -find, and modern tubes. 
Also transformers, capacitors and 
parts for tube equipment. Send $2.00 
for 20 page wholesale catalog. 

ANTIQUE ELECTRONIC SUPPLY 
688 W. First St.Tempe, AZ 85281.602/894-9503 
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PLANS AND KITS 
VOICE disguisers! FM bugs! Telephone transmit- 
ters! Phone snoops! More! Catalog $1.00 
(Refundable): XANDI ELECTRONICS, Box 25647, 
Dept. 60D, Tempe, AZ 85282. 

BUILD this five -digit panel meter and square -wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. BAG- 
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

STRANGE stuff. Complete items, plans, kits. Laser 
eavesdropping, hidden weapons, bugging and 
countermeasure sources, adult toys. Informational 
photo package $3.00 refundable. DIRIJO CORPO- 
RATION, Box 212-R, Lowell, NC 28098. Information 
(704) 868-3408. 

PROJECTION TV...Convert your TV to project 7 
foot picture...easy! Results comparable to $2,500 
projectors Plans and 8" lens $24.95... 
Professional systems available.... Illustrated catalog 
free...MACROCOMA 15GL Main Street, Wash- 
ington Crossing, PA 18977....Creditcard orders 
24hrs (215) 736-3979. 

CATALOG: Hobby/broadcasting/HAM/CB: Ca- 
ble TV, transmitters, amplifiers, bugging devices, 
computers, more! PANAXIS, Box 130-F8 Paradise, 
CA 95967 

Big Profits! 
LEARN VCR CLEANING -REPAIR. Prior Experience 

N NECESSARY. Need only small hand tools & average 
mechanical abilities. BIG DEMAND performing VCR 
cleaning and repairs. REAL EXAMPLES of VCR mal- 
functions and their solutions. Photos and illustrations. 
ALSO: Information on starting your own business. 

Free information; Write: 
Viejo VCR Repair 

23010 Lake Forest Dr. #155 
Laguna hills, CA 92653 

(711)'65-1925 

SATELLITE descrambling-cable descrambling. 
Send stamp for catalog. COMMUNICATIONS EN- 
GINEERING, 76 Boulevard, Hudson Falls, NY 
12839. 

PRINTED circuit boards etched & drilled. Free deliv- 
ery. K & F ELECTRONICS, INC., 33041 Groesbeck, 
Fraser, MI 48026. (313) 294-8720. 

BUILD yourself complete electronic 
dashboards, for any car. Instruction manual: 
$15, free details. MODERN LABS, 12V Dept., 
2900 Ruisseau, St. Elisabeth, QC, JOK2J0, 
Canada. 

VICEOCIPHER II technical manuals. 120 r pages. 
Volume 1 -hardware, Volume 2 -software. Either 
$29.95 both $49.95! Catalog -$3.00. MICRO- 
TRONICS, Box 6426, Yuma, AZ 85364-0840. 

"CB Trick of the Trade book" learn CB repair tricks 
and transmitting theory. Send $19.95 to MEDICINE 
MAN, CB P.O. Box 37, Clarksville, AR 72830. 

VIDEO catalog, electronic kits, remote control items 
much more. Write VIDEO VIBES, 670 Central Park 
Ave., Yonkers, NY 10704. (914) 476-4864. 

KITS`parts`plans. We have hard to find parts! Vari- 
able tuning capacitors, tuning coils, crystal head- 
phones, germanium diodes, shortwave, crystal, 
CB radio kits (no soldering). Very inexpensive. Send 
large SASE for catalog. YEARY COMMUNICA- 
TIONS, 12922 Harbor #800, Garden Grove, CA 
92640. 

REMOTE CONTROL KEYCHAIN 
Complete w/mini-transmitter 

and +5 vdc RF receiver 
Fully assembled including plans 

to build your own auto alarm 
and extend the range. 

$19.95 Checdaysk, Viretsa óurn r M/C 
30 

VISITECT INC. (415) 872-0128 
PO BOX 5442, SO. SAN FRAN.,CA 94080 

BROADCASTING/hobbyist-plans, kits, projects. 
Transmitters, amps, PIS, antennas. NOVA, P.O. Box 
626, Ponchatoula, LA 70454. 

FM transmitter 88 to 108 M.C. kit $12.95. FM trans- 
mitter for practicing Morse Code kit $8.95. SIERRA 
ELECTRONICS, Box 709, Elfers, FL 34680-0709. 

CABLE -TV 

BONANZA! 
ITEM U1 NIT 

10 OR 
MORE 

RCA 36 CHANNEL CONVERTER (Ch. 3 output only) 29.00 18.00 

PANASONIC WIRELESS CONVERTER (our best buy) 88.00 69.00 

400 OR 450 CONVERTER (manual fine tune) 88.00 69.00 

'JERROLD 400 COMBO 169.00 119.00 

JERROLD 400 HAND REMOTE CONTROL 29.00 18.00 

*JERROLD 450 COMBO 199.00 139.00 

'JERROLD 450 HAND REMOTE CONTROL 29.00 18.00 

JERROLD SB -ADD-ON 89.00 58.00 

'JERROLD SB -ADD-ON WITH TRIMODE 99.00 70.00 

1M-:.5 B COMBO UNIT (Ch. 3 output only) 99.00 70.00 

'M-11.5 B COMBO UNIT WITH VARISYNC 109.00 75.00 

'MINICODE IN -121 89.00 58.00 

'MINICODE IN -121 WITH VARISYNC 99.00 62.00 

'MINICODE VARISYNC WITH AUTO ON-OFF 145.00 105.00 

ECDNOCODE (minicode substitute) 69.00 42.00 

ECDNOCODE WITH VARISYNC 79.00 46.00 

1MLD-1200-3 (Ch. 3output) 99.00 58.00 

'MUD -1200-2 (Ch. 2 output) 99.00 58.00 

'ZENITH SSAVI CABLE READY 175.00 125.00 

INTERFERENCE FILTERS (Ch. 3only) 24.00 14.00 

'EAGLE PD -3 DESCRAMBLER (Ch. 3 output only) 119.00 65.00 

'SCFNTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER 119.00 75.00 

'CALL FOR AVAILABILITY 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code #593-D forb'ds us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

PLEASE PRINT 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 
X 

Name 

V Address City 
w 

State Zip Phone Number ( ) é 
E Cashier's Check Money Order COD Visa D Mastercard v 
Acct # Exp Date i 
Signature á 

w 
to 
w 

i 
e 
r 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 

Dated- Signed' 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. #R-8 RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 
IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in your area. Thank You 
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AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 
PLANS -Build Yourself -All Parts Available In Stock 

LC7-BURNING CUTTING CO., LASER S 20.00 
RUB4-PORTABLE LASER RAY PISTOL 20.00 
TCC1-3 SEPARATE TESLA COIL 

PLANS TO 1.5 MEV 
10G1 -10N RAY GUN 

GRA1-GRAVITY GENERATOR 

20.00 
10.00 
10.00 

EML1-ELECTRO MAGNET COIL GUN/LAUNCHER 6.00 

KITS 
MFT3K-FM VOICE TRANSMITTER 3 MI RANGE 49.50 

VWPM7-TELEPHONE TRANSMITTER 3 MI RANGE 39.50 

BTC3K-250,00 VOLT 10.14" SPARK TESLA COIL 199.50 
LHC2K-SIMULATED MULTICOLOR LASER 39.50 
8LS1K-100,000 WATT BLASTER DEFENSE DEVICE 69.50 
ITM1 K-100,000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR 69.50 
PSP4K-TIME VARIANT SHOCK WAVE PISTOL 59.50 
PTG1K-SPECTACULAR PLASMA 

TORNADO GENERATOR 149.50 
MVPIK SEE IN DARK KIT 199.50 

ASSEMBLED 
PTWIK-SPECIAL EFFECT VISUAL PLASMA GENERATOR 

FOR GLOBES/NEON TUBING ETC $59.50 

BTC10-50,000 VOLT -WORLD'S SMALLEST 

TESLA COIL 49.50 

LGU40-1MW HeNe VISIBLE RED LASER GUN 249.50 

TAT30 AUTO TELEPHONE RECORDING DEVICE 24.50 

GPV10-SEE IN TOTAL DARKNESS IR VIEWER 349.50 
LIST10-SNOOPER PHONE INFINITY TRANSMITTER 169.50 
IPG70-INVISIBLE PAIN FIELD GENERATOR - 
MULTI MODE 74.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR $1.00 OR USE OUR 
PHONE FOR "ORDERS ONLY' 603-673-4730. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID. SEND CHECK, MO, VISA, MC IN 

US FUNDS 

INFORMATION UNLIMITED 
P.O. BOX 716 DEPT. R E. AMHERST, NH 03031 

DESCRAMBLING, new secret manual. Build your 
own descramblers for cable and subscription TV. 
Instructions, schematics for SSAVI, gated sync, 
sinewave. (HBO, Cinemax, Showtime, etc). $8.95, 
$1 postage. CABLETRONICS, Bos 30502R, Beth- 
esda, MD 20814. 

CRYSTAL radio sets, plans, parts, kits, catalog 
$1.00. MIDCO, 660 North Dixie Highway, Hol- 
lywood, FL 33020. 

FANTASTIC electric finder instantly tells if circuit is 
live or dead. Looks like a pen (battery operated). 
Specify AC or DC. $11.00 includes postage and 
handling. Check/M.O. 2 extra batteries $1.00. F.A. 
BARNES, Box 2396, Northbrook, IL 60065. 

HOW to rewind power transformers to your specs. 
$7.95. BROSS ELECTRONICS, 350 Tremont, 
Suite D51, Dept. R8, Murfreesboro, TN 37130. 

The DECODER. National monthly technical satel- 
lite/cable descrambling newsletter. News -sche- 
matics -modifications -reviews. $18.00/year. Sam- 
ple -$3.00. TELECODE, Box 6426, Yuma, AZ 
85364-0840. 

Cable TV Converters 
Why Pay A High Monthly Fee? 

Jerrold Products include "New Jerrold 
Tri -Mode," SB -3. Hamlin, Oak VN -12, 
M -35-B, Zenith, Magnavox, Scientific At- 
lanta, and more. (Quantity discounts) 60 
day warranty. For fast service C.O.D. or- 
ders accepted. Send SASE (60 cents 
postage) or call for info (312) 658-5320. 
MIDWEST ELECTRONICS, INC., 5143-R 
W. Diversey, Chicago, IL 60639. MCNisa 
orders accepted. No Illinois orders ac- 
cepted. Mon. -Fri. 8 A.M.-5 P.M. CST 

DETAILED PLANS: $4.95 

TV -SCOPE 
PENN RESEARCH, 

Box 3543 
Williamsport, PA 17701 

An interesting and worth- 
while project. This EASY -TO - 
BUILD circuit lets you use 
any regular TV set as a sim- 
ple OSCILLOSCOPE. Build 
for less than $10. NO MODI- 
FICATIONS TO TV! Single or 
dual trace. Send for FREE 
CATALOG of other plans and 
kits. 

SATELLITE TV 
CABLE TV Secrets -the outlaw publication the ca- 
ble 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. 

SATELLITE TV receiver kits! Instruction manual, 
boards, semiconductor parts! 59° LNA's! LNB's! Ku - 
Band LNB's! Catalog $1.00: XANDI ELEC- 
TRONICS, Box 25647, Dept. 21HH, Tempe, AZ 
85282. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each...minimum 10 orders). 
DEALERS ONLY! Call West Coast Electronics, 
(818) 989-0890. 

Pay TV and Satellite Descrambling Vol. 2 

"Scrambling News" 
Vol. 2 is even better than vol. 1. $1 .95 Vol. 1 $14.95 Experiments 
with Videocipher. Cloning, musketeering $14.95. Cable TV Security, 
design $12.95. MDS/MMOS Handbook. Microwave hacking $9.95. 
Build Satellite Systems Under $600. $12.95. Any 3/$27 or 6/$40. 
Scrambling News. Monthly $24.95/yr. New Z -TAC and VC series. 
Sample $3 (refundable). New enlarged Fall product catalog 51. 

Shojiki Electronics Corp., 1327A Niagara St.. 
Niagara Falls, NY 14303 CODs 716-284-2163 

JUST SIMPLY SAID ... . 

"When you're looking for a company that provides service and 
up-to-date technical advances, call us. That's, what we're here for." 

800-85-AMCOM 

CABLE EQUIPMENT 
ae`'O T C- V I P 

N 

CHANNEL #3 IN/CHANNEL #3 OUT. 
BUILD IT YOURSELF AND SAVE. 

Assembled and tested $169.00 
Kit includes all parts 109.00 

_,t Super SSAVI ADD-ON 
«r. ELIMINATES UNE 20 FALSE FLASHING 

AUTOMATICALLY HANDLES NORMAL a 
INVERTED VIDEO. NO SWITCHES. 

FULLY AUTOMATIC 

$219.00 
Standard SSAVI ADD-ON 

CH 03 IN CH /3 OUT 
I YEAR WARRANTY 

VHF TUNER 
No amt CANYEmER $ 1 5 9 .0 0 
SETTER YEE° CUAlnY 

6 UNITS $135.00 12 UNITS 2115.00 
24 UNITS $ 95.00 96 UNITS $ CALL 

TEN -TEC 0W-12 "BLASTER" 515.00 

Metal Enclosure UHF PREAMP KIT 
w - 1 0' 
L - 10.25' 
H - 4.50' $20 

25 db pin with only .5 et 
Ion when m m000id. 

USES PHANTOM POWER 

INTERFERENCE FILTERS $15.00 
CHANNEL #2, 3. 5, 6, 8, 9, 14, 17, 22 ONLY 

TRIMODE ADD-ON 

$119.00 

win/ aye 
STRPINE CIRCUITRY 

WALL PWR SUPPLIES 

24 VAC 525MA N/C .00 
12 VAC 265ee MA /C 2.00 

UHF SSAVI UNIT 

Wis./.4IWIY $50.00 

12 vac zós MA /c .7s 
ORIGINAL Z -TAC 

TV TUNER VARACTORS 
VHF/MID/UHF MITSUMI $25.00 

CALL US!!! 
WE BUY EXCESS 

INVENTORY 

AND 
SSAVI POWER SUPPLY 

015.00 

LINEAR CMOS OTHER RARE IC CHIP 

unnle DO 4a1]x 1.00 
.64 AO 
126.4 25 401x0ciO 
Lr363 60 C51300 4. 
1.102. 125 .1455 25 
L51303 . 114011 
1.606 .35 1.5110. 100 

"eau ;ire:0wu. n 7. ,.m 

C04002 20 CC.0021 95 CIt C0.0.0 .55 

có e 0e 
CD4015 25 CUP. . 
Cß,4 

.o co n' s0 

.00520 
C64626 

7490 
14L37, 
74 
74,,nst] 
nMe 

CAMERA SYNC CHIP4C1]í 

SUPPLIES ALL SYNC 
AND COLOR INFO 

Super Special 
MM5321 $8.50 

DEALERS WANTED!! GREAT QUANTITY PRICES 

> 

' 

AMCOM 
P. O. Boa 68391 

Virginia Beach, VA 23455 

804.456.5505(TECHNICAL) 
800-852-6266(oaoeas ONLY) 

UPS DAILY 
COD ACCEPTED 

MINIMUM ORDER $15.00 
Plsau SUS2 Cf TO 

CHANO! WITHOUT NOTICE 

NO INSTATE SALES 

DRAWING BOARD 

continued from page 97 

restricted to al microsecond pulse and a .3% duty 
cycle! For the purposes of our test circuit (Fig. 2), 
don't drop R2 much below 47 ohms, because you 
won't get much more brightness below that -but 
there's a very good chance you'll send the LED up 
in smoke. Also, make a few calculations to be sure 
that you don't exceed the current -limiting re- 
sistor's power rating. 

We have our clock running at about 10 kHz to 
make sure that there's no flickering in the display, 
but that's really overkill for a 16 -LED display. Stan- 
dard movie projectors run at 24 frames per second 
and provide a good illusion of continuous motion. 
Since they also use a 180 degree shutter, they have 
an effective duty cycle of 50 percent. Since our 
demonstration circuit keeps each LED illuminated 
for one complete clock cycle, the duty cycle isn't 
important yet; but keep it in mind. 

In order to light our display at film speed, we 
have to use a clock with a frequency of 16 x 24 or 
384 Hz. You can drop the clock to that frequency by 
replacing Cl with a 0.2 µF capacitor. The LED's 
should appear brighter and you shouldn't see 
them flickering. I say "shouldn't" because biology 
isn't as precise as electronics. Experiment with dif- 
ferent clock frequencies on your own and see 
"how low you can go" while still maintaining the 
illusion of constant illumination. R -E 
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NEW -UNIVERSAL GATED PULSE DECODER KIT. 

MUMS. ELLLTRONILS 
PO. BO%4MMX 

H.2.10( AZMOgo 
OD S01-1473 

You can baud an educational kit that works 
on Jerrold (not Tdannde), Sylvweia, Haman 
& Eagle. Need no reference or pilot signal. 
Coils inductively pick up TV deflection yoke 
scanning currents. Installation is safe and 
dmpk. Unit connects between dowumnver- 
ler and TV Very stable, clear picture. T cot 
and plans book S15.00. Educational kit & 
book $50.00 plus $3.00 shipping (860f/ship- 
ping to Canada). AZ residents add 6.7% 
.sales lax. Allow 410 6 weeks for delivery. 

DESCRAMBLERS for movies, networks, $175. vid- 
eo only. $450 complete. Visa,MC accepted. Catalog 
$4 SKYWATCH, 238 Davenport Road, Toronto, On- 
tario, Canada, M5R-1J6. 

VIDEOCYPHER II descrambling manual, sche- 
matics, both video and audio encoding, DES, clon- 
ing, muskateering, EPROM codes. (HBO, Cinemax, 
adult channels.) $13.95, $1 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 

SATELLITE TV systems, descramblers, program- 
ming, VCR's, TV's, CB's, telephones, at discount 
prices. ELMIRA ELECTRONICS, 8343 M-32, 
Elmira, MI 49730 (616) 546-3362. 

SCRAMBLE FACTS 
718-343-0130 

PHONE TODAY for 3 minutes of 
satellite TV industry news, technical 
tips, and new product information. 

BUSINESS OPPORTUNITIES 
EARN thousands with your own part time elec- 
tronics business. I do. Free proof, information. 
INDUSTRY, Box 531, Bronx, NY 10461. 

EASY, lucrative. One man CRT rebuilding machin- 
ery. Free Info: (815) 459-0666 CRT, 1909 Louise, 
Crystalake, IL 60014. 

PROJECTION TV...Make $$$'s assembling proj- 
ectors...easy...results comparable to $2,500 proj- 
ectors...Plans, 8" lens & dealers information 
$22.50... Professional systems available.... Illus- 
trated catalog free. MACROCOMA 15GLX Main 
Street, Washington Crossing, PA 18977. Creditcard 
orders 24hrs. (215) 736-2880. 

YOUR own radio station! AM, FM, TV, cable. Li- 
censed/unlicensed. BROADCASTING, Box 130- 
F8, Paradise, CA 95967. 

P.C. board/circuit design, prototyping, and manufac- 
ture, orcad/ futurenet/schema netlists routed. 
PLOTTING SERVICES; schema, hiwire, smart - 
work, EE DESIGNER supported call (609) 
586-4469. 

BIG 
PROFITS 

ELECTRONIC 
ASSEMBLY BUSINESS 

Start home. spare time. Investment knowledge or 
experience unnecessary. BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business opportunity. 

FREE: Complete illustrated literature 
BARTA, REO Box 248 

Walnut Creek. Calif. 94597 

EARN big bucks -design transformers. Design tips 
and procedures $10. V.P.B. TECHNOLOGIES, Box 
1770, Temple City, CA 91780. 

COMPUTER owners, earn, cash for your services. 
Complete plan $4.95 COMPUSERVE, 3108 Stew- 
art, Boise, ID 83702. 

ELECTRONIC automotive product. Earn thousands 
part time. All documentation and working unit 
$29.95. Free information. PRECISION ELEC- 
TRONIC SYSTEMS, 4N306 Norris, West Chicago, 
IL 60185. 

SINGERS! 
4,..REMOVE VOCALS 

FROM RECORDS AND CDs! 

it k 

Y :, 

SING WITH THE WORLD'S BEST BANDS! 
An Unlimited supply of Backgrounds from standard 

stereo records! Record with your voice or perform live 
with the backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 

Free Brochure and Demo Record. 

LT Sound, Dept.R L-3,7980 LT Parkway 
Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold Exclusively by LT Sound 
24 HOUR PHONE DEMO LINE: 14041482-2485 

AMAZING profits selling books by mail. Expert tells 
how. To get started send $12.00 to PAUL D. SHEL- 
TON, 313 Idlewild Ave., Raleigh, NC 27601. 30 day 
money back guarantee. 

INVENTORS 
INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free information. Over a decade of service. 
1-(800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 

300W HQ fit -FI POWER 
AMPLIFIER (MONO) 
TA -3600 AAA - 

OUASI-COMPLEMENTARY-SYMMETRY WITH 
PARALLEL HIGH OUTPUT TRANSISTORS' 1F 
SPECIFICATIONS. 
POWER OUTPUT 300W IRMS) INTO 8 OHMS ` 

2450W IP.M.P.O.1 INTO 8 OHMS 
540W (MUSIC POWERI INTO 8 OHMS 

LOAD IMPEDANCE 4 OHMS OR 8 OHMS 
*FREQUENCY RESPONSE 10Hz'200,000Hz 
'TOTAL HARMONIC DISTORTION LESS THAN 0.05% 
INPUT SENSITIVITY AND IMPEDANCE AT 1K Hz 
1V -1.4V 47K OHMS 

SUPPLY VOLTAGE. DC! 75V OR AC 53V x 2 8A 
KIT/ASSM,WITH TESTED .. .....$88/110 
%'FORMER ................. 038.00 

ELECTRONIC ECHO AND 
REVERBERATION Tit -2A' 

AMPLIFIER 

Ass with tested $116.80 

PROFESSIONAL 
COLOR LIGHT 
CONTROLLER 

SM -328 
FEATURES 
1. FOUR GROUPS OF INDEPENDENT OUTPUT SYSTEM1000W/CH. MAX. 
4680W 1100.117V) 2- PROFESSIONAL COLOR CONTROL SYSTEM (KEY. 
BOARD TYPE( 3. INDEPENDENT INPUT SIGNAL ADJUSTMENT 4. FOUR 
GROUPS OF INDEPENDENT DIMMER CONTROL 5. SPEED CONTROL 
CHASER 6. AUTOMATIC CHASING CONTROL SYSTEM 7. FOUR KINDS 
OF SPECIAL CHASING PROGRAM 8. COMBINATION OF PROGRAM AND 
MUSIC CHASING EFFECTS. FORWARD/ BACKWARD CHASING CONTROL. 
SM.328 color light controller is specialized for ballroom, night club disco and 
advertisement lighting. It consorts with several color Control characteristics. which 
employ professional color control system and keyboard program selection. 
Therefore, it is capable of producing lighting effects by using chasing program and 
iluctueting music signal. There are two kinds of lighting effects. The first type is 
controlled by 'music signal. In order to adjust the brightness of four groups of 
sightings, each music signal will be separated into high, medium low A, and low 8 
frequency range. Furthermore, each group of lightings is incorporated with an 
independent signal adjustment. The second kind is composed of electrical circuits 
and this is the main pen for creating a special lighting effect. It has lour chasing 
programme. 
Dimensions: 14 5/16" x 8 15/16" x 3 3/16" 
Ass. with tested ...............................$150.00 oN4Y 

MARK V ELECTRONICS INC., 
801 9, E. SLAUSON AVE. 
MONTEBELLO CA90640 
TELEX: 3716914 MARK 5 

INFORMATION:(213) 888-8988 

ELECTRONIC LOTTO A 
TY 8 

0-49 DIGITS DISPLAY, SUITABLE FOR LOTTERY GAME. 
AUTO -SHUT OFF POWER, SO POWER CONSUMPTION IS VERY LOW. 
0.5" GREEN LED DISPLAY WITH FANCY PLASTIC PANEL. 
OPERATION VOLTAGE: 9V DC (BATTERY NOT INCLUDED( 
DIMENSIONS: 3.1" 0 7' s 0.5" 

41/2 HI -PRECISION D.P.M. 

SM -48A AAA 
SPECIFICATIONS. 
4Y. digit 14mm red large display with overload flash. 
Multi -functions. including BCD, BUSY, STROBE output, very 
suitable for mer° computer. 

MEMORY ST./STEM CAN HOLD the input reading for compa- 
rison end moralor. 

Range. DC voltage DC±1mV±2000A 
DC current DC±1uA-±20A 

Accuracy. OC±0.025%± 2dgit 
Power: DCS.6V at 200,oA 
DIMENSIONS 33/4" (IN) x 1 7/8" IMI 041/16" ID). 
(MEET WITH DIN- STANDARD OF W. GERMANY.) 
KIT/ASSM. WITH TESTED & CAL. 647.20/58.60 

DIGITAL MENO TA -28 A 

Mesa 
4 Re 

SPECIFICATIONS: 
16 SEC. RECORD TIME LED FUNCTION INDICATOR 
AUTO RECORD CIRCUIT INTERNAL 256K DRAM MEMORY 

INTERNAL MC AMPLIFIER ONE PUSH ON/OFF POWER 
TWO RECORD FUNCTION TALK -BACK MODE & MESSAGE 
MODE LOW POWER CONSUMPTION SUPPLY VOLTAGE: 
9V 20MA D. C. 
KIT/ASSM. WITH TESTED 

^v-v^$20//30.1,30 
v-v^$20//30 

*FREE BALL POINT -PEN 
KIMOd P.RCWC-: 

*FREE 1/4 FLYER Mmnam7Z DkI0007MDE 
:001.581181E 51W6 LOT 

14/81-KYDUR FRED 

We've rated 
our goods with 
a Aindicating 

the level of 

difficulty for 

kit assembly_ 

A beginner 

level, 
Aw 
r e ,intermediate 

level: 

advanced 

level: 

A *indicates the 

product has 

already been 

assem led 

INFRARED REMOTE 
CONTROL UNIT 

TY-41 MKV 

MA\A 

It has ovo modes 010.4.0 "Continuous' end "on/oH". It is suitable for mere hinds 
of app rb ae... power consumption n within' 300W. Suce as 
light oi unsung peg. dooropene,. TV on/off. burglar alarm and many others. 

KIT. 

ASSM. WITH TESTED. 

LCD THERMOMETER 
CLOCK T 

T1 

Zt reads 
-t e. n 2. in 

res 
(\'t l e 

0.34- DIGITAL thermometer with Mi & Low temper- 

+eAS Il l Ve /T alarm function and 12 hours dock combrnauon. 
Measuring range 0'F to I60'F or 20'C to 70'C 

atee 4-5 
Resolutionreadr9 18'F NOTA KIT Drmensons 7 2" a 0.86" .2.08- 

T -t ,.Our Door sensor $22.00 
0.2 w.th Ea hrenheit /Celsius measuring $18.80 

STATE OF ARTS HQFET ST. PRE -AMP 
This aplilie Is IB eonsHI 0f GH 

DUALITmY N channel and P channel FET and 
1x metal film reamor so form 

rimuy. 

ire 
of en s 

mu complementaryRrmirror circo,. -C"RIAA 
ECI preamplifier to 

minimize TIM distortion end to obtain igh 

Toe mar supply is need on by pea coupling 
DC tosser which uses tepe A sesgo te' 

obtains impedance/Ugh ire. 
end tor°reedy reduce transientr 

von 
Profvsponai .eua ,se 

which occur during posee on end oft 
i FETs were tened act paib in ...NY 

.n oproblem 

is likely to occured during build 

on bed connected ced to 
saltier. The is hen partner TA -477 I20Y MOS 
F 

any power em. 

ET power mpnber & TA -3600 
KIT/ASS. WITH TESTED $69.86/75 
METAL CABINET ...........$18 

TERMS. S10 min order 520 min Merge earl order ;heck. money Neer a Phone 
order u,Oted We N PS Ground Add 10% o 

otat 
order Irin $2.51 for 

s ipna, outside USA odd 20% Iry l8 in Á0) Trans,Insurance) add S% of total lane de 
USA only) CA rf4Ident. add seb tea All merchandise subject to Prices Prior No Pes 
ese nbjxr to chenil without no Any goods proved to M defective MUST BE 
RETURNED IN ORIGINAL FORM WITH A COPY Of YOUR INVOICE WITHIN 30 
DAYS FOR REPLACEMENT, 

OFFICE HOURS: (PACIFIC TIME) 
MON,-FRI. 9:30 to 5:00 SAT. 10:00 to 5:00 

»i 
1-800-423-3483 
TOLL FREE 

Only for orders paid by Master or Visacard 

IN CAL.: 1 -800 -521 -MARK 
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READER- 
HELP - 
READER 

We often receive letters from 
readers who have searched, in 
vain, for schematic drawings 
and other documentation, or 
for discontinued parts. Unfor- 
tunately, we don't usually have 
that information at our finger- 
tips, and don't have the time to 
mount our own searches for it. 
However, there is one invalu- 
able source that we can easily 
tap -Radio -Electronics' readers! 
Here's your chance to get some 
assistance, or to help out a fel- 
low electronics enthusiast. 

DONALD W. COOPER has a 

Monsanto model 101A frequen- 
cy counter/timer that has 
stopped working. Anyone with 
schematics and maintenance 
information, and/or a source for 
the older DTL integrated cir- 

cuits can contact him at ABG 
Atomic Testing Instruments 
Ltd., R O. Box 772, Station T, 

Calgary, Alberta, Canada T2H 
2H3. 

Can you help DONALD A. 
NEWELL JR. obtain an RCA Data 
Manual SSD -245? He's also 
seeking a source for RCA Bul- 
letin Files and Application 
Notes. Write to him at P. O. Box 
181, Bruce, WI 54819. 

BRUCE KLIMISCH has a radio 
frequency generator, EICO 
model number 369. It's in kit 
form, with no assembly infor- 
mation. He'd like an instruction 
manual at 808 MacBeth Circle, 
Lakeville, MN 55044. 

After subscribing to Radio - 
Electronics for 25 years, 
CHARLES BROCKMAN has 
turned to us for help -but we 
don't have the schematic for a 

Teledyne model RA -618 AM/FM 
receiver that he needs. If you 
have one, or can advise him of a 

source, please write to him at 
2602 Woodlawn, Ennis, TX 
75119. 

Another long-time reader, 
MILES M. AVERY, has had no 
luck in his search for schematics 
for a Thomas model 2099B ster- 
eo cassette/8-track tape deck 
and a Thomas model 3010A AM/ 
FM stereo radio amplifier. Sche- 
matics or a current address for 
the manufacturer can be sent to 
Mechtronics, RR#1, Box 262-C, 
Apache, OK 73006. 

EDWARD C. GREENE has an 
old National general coverage 
receiver (540 kHz to 40 MHz), 
model NC -109. It has low sen- 
sitivity and appears to be out of 
alignment. He needs a sche- 
matic or any service informa- 
tion sent to 10870 Gable St., 
Boca Raton, FL 33428. 

As a new student of elec- 
tronics, LEE DURAN, is gradu- 
ally acquiring test equipment. 
He has a model 324 signal gen- 
erator and a model 460 os- 
cilloscope. Both are from EICO, 
and both lack schematics and 
service manual. If you can help, 
his address is P. O. Box 1029, 
Cashion, AZ 85329. 

V2oa 1495 CPU's&CHIPS RAM's 
80806 2.75 8086 8.00 560401000Á-12 30.00 
i44Á CPU 1.75 8088 7.50 21102-3 20 
2808 CPU 3.75 8155-3 2.75 2016 1.50 
2806 CTC 1.95 8202 9,00 2101A-4 1.50 
29A DART 5.25 8203 16.00 2111A 1,75 

TRANSISTOR SPECIAL 
TIP JIB NPN Si T0220 $ 00 
TIP 32B PNP S T0220 .. 0 40 
TIP34PNP Si $ .95 
TIP 111 ....... S.50 

SCR's 
1.5A SA 36A 75A 

100 .35 00 1 00 
00 ,40 .50 1.80 
600 .60 .70 2.40 8.00 
600 1.00 260 1200 

TRIAC's 
PRV lA 104 

100 35 60 
200 .0 .0 
400 .70 100 

35 74HC SERIES 74010245 .80 
7400O2 35 74HC125 .50 7480257 ,55 
74UCO4 35 740101]3 .50 7401029 .60 
7401095 35 76/40137 25 )6502)3 .80 
7401010 .35 7400138 .70 74010354 .95 
7401011 .4574010]]] .80 

RCA. HC 2500 
60 WATTS $34.95 

SOLID STATE BYBRI D 
LINEAR AND AUDIO AMP 

BAND WIDTH 30 51-17 a1 

PAL's - 
1612 1.50 
1604 1.85 
160613 2.75 
16184 3.50 
200BÁ 3.95 

ZBOA DMA 5.50 8212 1.46 21121 1.95 
2800 P10 1.95 8214 3.75 2114-2 100 
2804 510 5.50 8216 1.50 2118-4 1.75 

TIP 121 NPN Si U84 S .60 
TIP 141 NPN S 097 51.00 
TIP 145 91.35 

.80 

LINEAR CIRCUITS 

600 1.00 1.20 
351460153 

747,020 ,35 74010153 .55 74110374 .80 
7401030 35 740101áq 1.50 7480633 1 35 
]001032 .35 70074H01 s] 55 )4010534 250 

74/.162 2.50 

60 WATTS,) AMP OUTPUT 

TANTALUM CAPACITORS 
2808 910 9.95 8224 225 2147-3 2.50 
8203 225 8226 1.60 3242 6.00 
ÁM02901 0.00 8237-5 6.50 TM43909 1.75 
6502 325 8238 3.95 MK40273 90 
6522 3.50 825013 6.75 T60400á0511.75 
6800 125 8251.A 2.40 11 1.25 

6802 4.50 8253 125 41083 1.60 
68031 8.00 8255.6-5 1.85 4116-2 .70 

2191307 PNP GE T0á S 40 
0P02000-0001 
POWER OAR, $3.95 

252222 NPN Si T0-92....7151.00 
252907 PNP 810.92. ..7/51.00 
TIP 2955 PS 

Si 

$ .70 
263055 NPN Si T03 . - .60 
161E3055T $ 60 

11062C 95 160393 .40 1456 80 
T1062C5 1.00 LF3980 3,00 1458 -60 
11072 100 LF411 .25 LM11398 1.75 
LM79BCT.60 Á0606.1H .50 A02700LD 4.95 
T1082 .90 537 .50 1.2901 .95 
1L084 1.00 LM555 .45 CA3018 195 
LM301 .75 1.556 .45 C03045 l p 
LM301 .35 558 .10 013078ÁT 1.50 

)43050 .OS .551400573 
.740074 ,50 74HC163 .55 ]4H0á95 250 
7401074 ,a0 7400184 .80 7400800 2.00 
741-1C75 .40 74.0174 .60 740042 .50 
74/4085 .70 7aHC1$4 .80 74010020 1.10 
746086 .35 740101º'1 .70 74010409 .60 
1400107 .35 7400221 .90 740104514 3.20 
74M0195 .40 740C24 '75 74010538 100 
79X0112 ,d0 740C244 SO 

)90105/3 1.40 

.22ÚF 3áV 5/51.00 lSUF 189 3751.00 
07ÚF 35V SK1.00 22ÚF 10V S .30 
.680F 35V 5/51.00 30ÚF 8V 5/$100 

20V 5/51.4 33ÚF 1áV $.50 
2.2ÚF 320V09 6/51.00 47UF 20V 5.86 
3,30F 20V 4/51.00 180F 20V 1.00 
4.70F 20V 4/51.00 1000F 16V $1.10 
6.8UF 20V 4/fí00 3300F 10V $1.75 

68809 5,50 8257 2.40 01164 1.75 2537]2 NPN Si 10.3 $125 10307 95 A0561 .00 003080 .85 IOUF 20V $ .40 

6810 125 8259 200 4164 15 240 2193904 NPN T0ä2.... 7/51.00 S 
PNP 10.92.. 7/$1.00 

10308 .65 564 .75 103089E 1.75 
1M311 45 565 CA3094 1.30 

74L8 SERIES DISC CAPACITORS 154148 05910 6821 1.75 8272A 4.75 M04802 500 
6845 4.50 8275 9.00 261040 2.50 
6850 1.75 6116-3 3.00 

253906 6 
2194901 PNP Si TO -3.. 9100 
20152965PN 10220 

.90 
160318 1.00 566 ,25 CA3130 90 
1.319 110 567 .75 CA3140 ,75 

741500 17 )419112 29 
741_501 17 7419113 23 7015202 65 

11ÚF 169..10/51.0. 14Iá8.00 
OIUF 35V., 16/51.00. 100/55.00 15/1.00 

82796 2.75 
6875 4.50 8284 2.50 62641P-15 1.50 
803100 3,75 8288 026 811812 495 
8035 125 8355 12,95 41256"12 
8008 5.00 1125615 
8049 2.50 

660992751995]01595 
680001_8 8.50 

.$50 
256109 PNP 810.220 S 55 
MJE13099 400V NPN 5100 
MR F-81XM CM RF NPN .. , $ .75 

""4"°°"" 5/$100 

1M324 .35 NE570 2.50 S03524 1.25 
1M339 50 NE592 95 563543 70 

LM348 65 7090H .80 55354 1.00 

LF351 .45 711CH .0 U5137016 1.75 

LF 3áJ .]5 733 .95 160]900 50 
739 

741-502 17 7419114 33 1415243 .65 

741503 .17 7415123 05 7015244 65 
741604 17 )414125 .35 7415295 25 
741505 17 7419126 35 7019246 1.00 

.17 )4151]2 79 )415247 25 
)41609 .17 ]015136 35 7416243 65 

REGULATORS 
1Á599U 5595 32361551405/ ...á2.B5 
78106 or 12 0 30 1033) $275 
]86006. 12 or 15 .40 1491.55 $3.75 
LM05 $ 25 NOT 5,B,B,t2. 

8085A 275 
N516450 1225 ROM's 
613CCOL.12 19.95 IN8 53 4.50 ISC 

COO!44118!3 

TTL IC SERIES 741701'50 
7417] 25 

)60 .19 7480 OS 74174 .86 

LF355 .35 1.50 4136 .85 

1F3513 .85 74109 .29 5135000 125 
160358 .95 ]4] .50 55534 25 
10370 1.60 OÁ0800295 N5596Á 1.50 

741_910 .17 7410137 90 7415251 45 
741511 20 741-5138 39 7419253 05 
74LS12 .27 7416139 39 741525) 39 

309K 5125 16,18 or 24V. ...S 05 
1M317T S .90 723 $ 05 
3201.5,1215 Or 24 5.55 

68881 9500 1P818á02 1.50 

REGISTERS 
820123 1.90 1771 4.50. 

MM1402 1.75 825129 1.95 
e25126 1.95 )]t 0.75 

MM1403 1.)5 825130 1 95 1793 
1 

9550 

7401 19 7483 50 74115 .85 
7402 .19 7485 55 14176 75 
7403 19 7486 35 )4177 .65 
7604 19 745 190 74180 .16 
)405 25 500 

LM30 .85 Á000809 508000 1.19 

1.384 160 CNN 895 8038 3.95 
LM386 .85 MC1330 100 874405 5.95 
LM387 .95 6001350 90 1601300 .95 

6001355 

74L913 25 7415145 ,70 7415258 05 
741514 .36 )415147 1.00 74LS259 1.20 

741615 .25 ]415148 .0 7415260 OS 

741420 .17 74L0151 .39 701.5266 .55 
7019273 

11011 -IR Detector 3/51.00 

FP 100 Photo Trans 5.50 
0,4 LED's .2" 10101.00 
yellow, 5reen. or Andwr Lg LED's .2" 8/61.00 

MM1400 1.75 829131 1.50 
60605013 2.50 TPB289166 9.50 

1795 12'00 
.39 )4181 2.00 

7406 .27 )091 40 70182 ,75 Cl MOS 
1.25 7647) 295 

M01391 1.19 
]41621 22 74141áJ 39 75 

741922 .22 7415150 1.50 7014218 39. 
Red -Green Bipolar LED f 90 
petrVallow Bipolar LED $ 90 

MM5055 2.60 829181 9.50 WO23196 95 
MM5056 2.50 824191 4,50 

745074 295 2797 7.95 MM5058 2.50 2708 3.15 
M605060 2.50 2]16. SV 325 CRYSTALS 

7407 .27 7492 50 74184 1.50 
7408 .10 7493 35 74190 .80 

7409 .18 7494 60 74191 -80, 
7410 .18 7495 55 74192 -75 
7011 25 7096 60 74193 75 

0027 35 4072 20 74C00 25 740915 1.1055 
74004 25 4001 .19 4028 .135 4076 

74008 25 4002 .p 4029 65 a0)) .28 

74010 .25 4006 .65 6030 .J5 4081 .20 

741526 .23 7415155 .55 1414280 1,70 
741.527 .23 7413156 .45 741528.1 .56 

141.528 .26 ]41515) 35 7414290 80 
741530 17 7415158 .20 7414293 .80 
701432 7414160 741908 .65 

MLE0921R LED S ,40 
6000148 P5oto Dad. XTOR 5.60 
L á00m lsolatoa or MCT2 5 .60 
4N050p1oCwpler $.60 

INTERFACE 
27323 

375 
2000 6.144 

2764'25 4 3,000 8.000 
AY 91S1013Á 3.75 2712830 9.15 312 10.000 

150 0.70 33476-25 2.95 ].579 17.32 
1488 40 3347 3.00 4.000 18.000 

S628Á3 3.00 

7412 .25 70107 30 74194 .80 
7413 .35 741161.20 74195 .0 
7414 05 74121 30 74196 .75 
7416 25 14122 95 74197 0 
141) .25 74123 OS 74199 1.25 

74C10 .55 4007 .20 9039 199 495220 
70020 -25 0008 -95 40]5 66 4083 05 

70032 35 4009 .35 4040 65 4099 1.90 

74042 1.10 0010 .35 4041 .75 4503 .45 

74C74 .55 4011 .19 4042 .55 4503 

.17 .29 
70153] .26 )415161 09 74LS299 1.25 
741938 .26 141-4162 49 74 L0320 2.00 
]41540 17 7015163 09 7410322 3.00 
701402 35 7415164 45 7415323 2.40 

)61548 65 )014165 65 741965 

RTL SIZE 
RELAYS 

5V OPST 95 

129 OP9T 

O'R16" CIRCUIT 
SIDED EPDXY 

BOARDED 1/16" THICK 
8.60 ea 5/52.60 

1489 40 
10160213 3.96 

82565 1.25 5.000 30000 7020 .20 ]0125 45 742211,25 740)6 .60 401-4 .Z5 404] 65 0508 ]5 
4064 65. 0510 

.39 
741451 17 7416166 95 7415366 39 

95 
DIP 

8019411 530 
AV5360PRO 9.95 

1 10e7 1R 
A 

6.000 34.550 

1,75 BB. 
7426 .27 79126 05 74273 1.00 
7426 30 74145 60 74278195 

.65 74085 1.25 4013 35 
70086 35 0014 65 0045 .B5 4511 fi5 

4046 85 4512 25 
741-554 .22 701519 90 )91436) 39 
7415]3 .25 ]4141)0 .80 )614368 .J9 

FULL WAVE 
BRIDGE SWITCHES 

CR T5037 1895 

8830 
01 

8833 

$ LASER diode 

E 
$ 14.955 

N0. 30 
WIRE WRAP 

WIRE SINGLE 

702) 2] ]41481.20 742]9 70 

7430 20 )4150 1.35 )4298 60 
7932 27 74151 .55 70365 65 
103) .2) )0153 .55 )938] 65 

74093 1.00 4015 28 
740154 3.00 4016 28 400) .65 4514 95 
740157 95 Opt8 05 4009 .28 4515 1.60 

740161 95 4018 .65 ` .28 á5t6 25 

4051 65 518 85 

741570 24 7410173 .49 7414373 25 
741575 29 )41-91 ]4 39 7414370 25 
)d 1476 .29 7016175 39 7915377 25 
741583 45 7414181 1.40 7414386 05 

PRV 2A RA 256 
100 100 
pp ,80 130 220 
400 1.00 1.65 3.30 

CTS 24 0 P0sio0n .75 
CTS206 7 7Position 95 
CT324 8 BPositiOn .95 

CTS 20610 10 Position 1.25 2.50 
934 2.1X1 WIRE STRAND 7438 29 74154 1,25 74390 90 

7440 20 5 66 
75110 90 

)4[170 95 4019 '35 4062 .66 
0520 .76 

74C175 .95 4020 .55 4528 75 

74L95 45 7419190 09 74L5390 1.10 
74196 22 7414191 7914393 75 

600 1.30 1.90 000 
8838 200 WRAP 100'. 4100 
MPv112K 7500 SOCKETS 

DB 60605]69ÁA 1,95 14 PIN 05 
CONNECTOR' 16 PIN 60)9161 DIP SOCKETS)650 

8 PIN 10 22 PIN 15 18 PIN .65 D89P 4 .0 
14 PIN 11 24 PIN 20 20PIN -90 0895 -5.95 
16 PIN 12 28 PIN .20 20 PIN 1.10 010009$ .65 

74156 .]5 7442 05 75115 90 
7445 65 74157 .5 75150 .60 .60 
J94J 1.00 )01 0 85 75325 1.50 654448 20 15491 1.4 

)0162 .654070 7072 29 9507 
)0)3 35 )116] 8T26 1.10 
7076 32 74164 8128 1 10 

4053 65 740193 1.25 4021 .65 4529 1.40 
7402451,75 0022 .65 4060 65 

4538 28.95 74C901 .36 4023 25 4066 0539 1.50 35 74C902 .40 4024 4á41p 1.15 
740903 .0 4025 .25 449 .19 4553 125 

28 )4090) .75 4026 1.25 491 90 
4071 20 4585 .75 

.49 

741.90 39 7410192 .65 741998 2.50 
70192 05 )4Lá193 65 7414446 20074158 

741993 05 7415194 .65 7414691 1.40 
741095 OB 7410195 85 ]415625 1.75 
741.596 49 ]410191 .55 7414645 95 
91198 1.40 791419) .55 7014668 1.45 
)015107 .35 741$221 .55 7419670 .45 

SILICON POWER RECTIFIERS 
PM/ to 3A 126 I25Á 2404 
100 05 .14 .35 .90 800 7,00 
200 4 .17 .50'1.30 NCO 1000 
400 .09 25 .65 1.50 10.00 12.00 
64 .11 30 80 2.4 13.00 15.00 

MULTI TURN 
TRIM POTS 

AO OHM 
10 00160 

1000 OHM 

6K 10K 
18 PIN 15 40 PIN 25. 28 PIN 125 062áP 51.25 

p PIN 18 40 PIN 1.80 '082áS st50 
.85 

7475 05 74165 .85 8197 1 10 
7476 ,50 741661.00 8198 I." PLEASE CALL FOR QUANTITY PRICING 

70LS109 .35 1410240 .65 25192521 195 
7415241 65 

80 .35 1.4 1.50 16.4 18.4 
1000 20 .45 1'25 3.00 20.00 2600 

pK 50K 10K 
3/$2,00 

POSTAGE ADD 10% FOR ORDERS UNDER $25.00 TERMS: FOB CAMBRIDGE, MASS. SEND CHECK OR MONEY ORDER. 0E11(3425 FOR OUR CATALOG FEATURING 

RATES ADD 5% FOR ORDERS BETWEEN $25.00 AND 550.00 MINIMUM TELEPHONE, C.0.0. PURCHASE ORDER OR CHARGE 920.00 
145 HAMPSHIRETANSISTO, S0 CAMBRIDGE. RS. °1139 

ADD 3% FOR ORDERS ABOVE $50.00 MINIMUM MAIL ORDER $5.00 

FÁ618,7--354.4,° (f) SOLID STATE SALES TEL53 
FREE 1-800-343-5230WE 

SHIP OVER 95% 

TOIL 
OF OUR ORDERS WITHIN 

24 HOURS OF RECEIPT P.O. BOX 740 - SOMERVILLE, MASS. 02143FOR 
ORDERS ONLY 
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CABLE -TV AT IT'S BEST 
SCIENTIFIC Atlanta models 8500-8550 remote 
included. $240.00, SB -3's...$74.00. TRI- 
BI's...$95A0. SA -3's...$99.00. Zenith (Z -Tac) de - 
scramblers.. $169.00. N-12 (Van -sync) ,.$89.00 
M-35 B (Vari-sync)...$99.00. Hamlin 
MID -1200's. $89.00. 80 -Channel convert- 
ers...$95.00. Dealer discount on (5) units. Cali- 
N.A.S. INTERNATIONAL, (213) 631-3552. 

DESCRAMBLER MODULE 
LATEST technology alternative to Jerrold SB -3 or 
Radio -Electronics Feb. 1984 project. Featuring 
electronic tuning, AGC, auto-on/off, AD/DC power, 
mini -size, A&T, and more. For literature-SOUTH- 
TECH DISTRIBUTING, (813) 527-2190. 

PRINTED CIRCUIT BOARDS 
AND ARTWORK LAYOUTS 

LOW priced single, double sided boards. No mini- 
mum charge. CAD artwork at discounted prices. 
(704) 464-1164; PCBAL, RT -3, Box 662-H, Conover, 
NC 28613, 

ROBOTIC SENSORS 
TACTILE and pressure sensors, $5/element, sin- 
gles and arrays available. For info, send address to: 
RECEPTOR TECHNOLOGY INC., 2 Kenwood 
Street, Somerville, MA 02144. 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 

CABLE T.V. 
"BOXES" 

Converters- De sc r0. m b I e rs 
Remote Controls-Accessories 

* Guaranteed Best Prices * 
* 1 Year Warranty-C.O.D.'s * 

* Immediate Shipping * 
* FREE CATALOG * 

Call or Write 
TRANS -WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 

Miami, Florida 33186 
800-442-9333 

NEURAL NETWORKS 
AMAZING Neurosimulator demonstrates human in- 
formation processing. Plans $25. Brochure $2 
purchase deductible. Author MSEE. LP WEBER, 
Box 621, Dept. RE -0801, Allenwood, NJ 08720. 

WANTED 
INVENTC RS! AIM wants-ideas, inventions, new 
products, improvements on existing products. We 
present ideas to manufacturers. Confidentiality 
guaranteed. Call toll free in U.S. and Canada 
1-(800) 225-5800. 

INVENTIONS, ideas, new products wanted! Indus- 
try presentation/national exposition. 1-(800) 288 - 
IDEA. ISC-RAD, 903 Liberty, Pittsburgh, PA 15222. 

EASY wok! Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
A-5192. 

LEARN TV/VCR 
REPAIR 

Now 
you can train at home in spare time for a money -making 

career as a TV'VCR Repair Specialist. No previous experi- 
ence necessary. No need to quit your job or school. Everything 
is explained in easy -to -understand language with plenty of draw- 
ings, diagrams and photos. We show you how to troubleshoot 
and repair video -cassette recorders and TV sets, how to handle 
house calls and shop repairs for almost any make of television or 
VCR. Tools are included with your course so you can get 
"hands-on" practice as you follow your lessons step by step. 
Send for free facts about the exciting opportunities in TV/VCR 
Repair and find out how you can start making money in this 
great career. MAIL COUPON TODAY xoua 

rruCS SCHOOL OF TV/VCR REPAIR, Dept.DE078 
sir, ,aye, Scranton, Pennsylvania 18515 

Please send me full information and color brochure on how I can 
learn TV VCR Repair at home in my spare time. I understand 
there is no obligation and no salesman will visit me. 

Name Age 

Address Apt. # 
City State Zip 

Lhone( J 

TUBES wanted: New WE 300B (Western Electric). 
Also unused antique tubes and antique audio 
speakers. KANE MARKETING, fone: (516) 
767-0880, fax: (516) 767-1594. 

EDUCATION & INSTRUCTION 
F.C.C. Commercial General Radiotelephone 
license. Electronics home study. Fast, inexpensive! 
"Free" details. COMMAND, D-176, Box 2223, San 
Francisco, CA 94126. 

ENGINEERING software for IBM-PC. Corn- 
pDes...circuit design. CompMath... math tutor. 
CompView...digital signal analysis. $49 each. (614) 
491-0832. BSOFT SOFTWARE, 444 Colton Road, 
Columbus, OH 43207. 

(V) PIONEER' 

10" WOOFER 
Heavy duty paper cone with 20 oz. 
magnet. 60 watts RMS, 90 watts max. 
Response: 35-3500 Hz. 1'/" v.c. 

#290-083 $1860 $1690 
(1-3) (4 -up) 

TH 
NE EMINENCE 

8" WOOFER 
Made In 
U.S.A. 

Ribbed paper cone with poly foam roll 
edge. 20 oz. magnet. 4 ohm. 50 watts 
RMS, 75 watts max. 1'/" v.c. 

#290-053 $2150 $1995 
(1-3) (4 up) 

SPEAKERS AND COMPONENTS 

(1,1) PIONEER 

AA MOTOROLA 

M) MOTOROLA 

31/2" PIEZO TWEETER 
Super horn tweeter. Mfg. #KSN1005A. 
3K-30KHz. 

#270-010 

EMINENCE 

$530 $450 
(1-9) (10 -up) 

ELECTRONICS 

{ PIONEER' 

100 WATTS 
RMS 

12" POLY WOOFER 
Super duty, 40 oz. magnet. Polypropylene 
cone. 100 watts RMS, 145 watts max. 4-8 
ohm compatible (6 ohm). 2" voice coil. 

#290-125 $3680 $3450 
11-31 (4 -up) 

ri 

er EMINENCE 

Made in 
U.S.A. 

15" WOOFER 
56 oz. magnet. 21" voice coil. 150 watts 
RMS, 200 watts max. Paper cone with 
poly foam roll edge. 4 ohm. 

#290-180 $4350 $3980 
(1-3) (4 -up) 

WOODGRAIN 
GRILL CLOTH 

Authentic woodgrain print 
design cloth. 36" x 60". 

#260-340 $595 
Per Yard 

12" 3 -WAY, 100 WATT SYSTEM 
Pioneer design engineers carefully 
evaluated the performance characteris- 
tics of this speaker system to ensure 
the best full range frequency response. 

System Includes: (1) #290-125 poly 
woofer, (1) #280-045 heavy duty 5/" 
midrange, (1) #270-035 4" sott dome 
tweeter,LI) #260-210 3 -way 100 watt 
crossover, (2) #260-255 50 watt L -pads, 
(1) #260-300 terminal, and (1) #260-340 
woodgrain grill cloth. Recommended cabinet volume: 3 1 

cu ft. 

#12-100 
Save Over 

$1000 , 

$7395 
each 

(1,D PIONEER 

HORN TWEETER 
Exponential horn design. 
Mylar dome. 31/2" x 31/2". 

1800-20,000Hz response. 
35 watts RMS, 50 watts 
max. 

#270-050 $650 $590 
(1-9) (10 -up) 

#260-212 

150 WATT 3 -WAY 
CROSSOVER 
12 dB/octave 3 -way cross- 
over network. 800-5000Hz. 
Automatic resetting over- 
power protection. 

$21 80each 

/Exjvréss 
340 E. First St., Dayton, OH 45402 
Local 1-513-222-0173 
FAX 1-513-461-3391 

CALL 
TOLL FREE 

1-800-338-0531 

15 day money back guarantee. - $10.00 minimum 
order. * We accept Mastercard, Vlsa, Discover, and 
C.O.D. orders. 24 hour shipping. * Shipping charge 
= UPS chart rate ($2.50 minimum charge). ' Hours: 
8:30 am - 6:00 pm EST, Monday - Friday. - Mall order 
customers, please call for shipping estimate on 
orders exceeding 5 lbs. 

FREE 
CATALOG 
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Mail OrderEtectrontcs -Worldwide ® Mail -Order Electronics amec 
ELECTRONICS 415-592-8097 415-592-8121 

NEC V20/& V30 CHIPS 
Replace the 8086 or 8088 in Your IBM-PC and 

Part No Increase Its Speed by up to 40%' Rice 

UPD70108-5 (5MHz) V20 Chip $ 7.49 
UPD70108-8 (8MHz) V20 Chip $ 8.95 
UPD70108-10 (10MHz) V20 Chip $21.95 $14.95 
UPD70116-8 (8MHz) V30 Chip $11.95 
UPD70116-10 (10MHz) V30 Chip $2495 $19.95 

7400 
Part No. 1-9 

7400 29 
7402 29 
7404 29 
7405 35 
7406 39 
7407 39 
7408 35 
7410 29 
7414 49 
7416 39 
7417 39 
7420 35 
7430 35 
7432 39 
7438 39 
7442 55 
7445 79 
7446 89 
7447 89 
7448 205 
7472 89 
7473 39 
7474 39 
7475 49 
7476 45 

74LS00 29 
74LS02 29 
74LSO4 35 
741505 35 
74LS06 109 
74LS07 109 
74LS08 29 
74LS10 29 
74LS14 49 
74LS27 35 
74LS30 29 
74LS32 35 
74LS42 49 
741_547 99 
74LS73 39 
74LS74 35 
74LS75 39 
74LS76 
74LS85 

55 
59 
35 74LS86 

74LS90 49 
74LS93 49 
74LS123 59 
74LS125 49 
74LS138 49 
74LS139 49 
74LS154 109 
74LS157 45 
74LS158 45 
74LS163 59 
74LS164 59 

10+ 

.19 
19 

.19 
25 
29 
29 
25 
.19 
.39 
29 
.29 
.25 
.25 
.29 
29 
.45 
.69 
79 
.79 

1.95 
.79 
29 
29 
.39 
35 

Part No. 1-9 10+ 
7485 65 .55 
7486 45 .35 
7489 205 1.95 
7490 49 .39 
7493 45 .35 
74121 45 .35 
74123 55 .45 
74125 55 .45 
74126 69 .59 
74143 395 3.85 
74150 135 1.25 
74154 135 1.25 
74158 1-59 .99 
74173 85 .75 
74174 59 49 
74175 59 .49 
74176 99 .69 
74181 195 1.85 
74189 1 95 1.85 
74193 79 .69 
74198 185 1.75 
74221 99 .89 
74273 1 95 1.85 
74365 65 55 
74367 65 55 

.19 74LS165 75 65 

.19 741_5166 99 .89 
25 74LS173 59 .49 
.25 74LS174 49 .39 
.99 74LS175 49 .39 
.99 741.5189 459 4.49 
.19 7415191 .59 .49 
.19 74LS193 79 .69 
.39 74LS221 69 .59 
.25 74LS240 69 .59 
.19 741_5243 69 .59 
.25 741.5244 69 .59 
.39 74LS245 89 .79 
.89 74LS259 99 .89 
.29 74LS273 89 .79 
.25 74LS279 49 .39 
29 74LS322 405 3.95 
.45 74LS365 49 .39 
.49 74LS366 49 .39 
25 74LS367 49 .39 
.39 74LS368..... 49 .39 
.39 74LS373 79 .69 
.49 741_5374 79 .69 
.39 74LS393 89 .79 
.39 74LS590 605 5.95 
.39 74LS624 895 1.49 
.99 74LS629 295 2.85 
.35 74LS640 109 .99 
.35 74LS645 109 .99 
.49 74LS670 109 99 
49 74LS688 239 229 

74S/PROMS 
74S00 29 745188' 149 
74504 29 745189 169 
74S08 ............. 35 745196 249 1.49 
74510 29 745240 149 
74532 35 745244 149 
74S74 -45 25 74S253 99 .49 
74585 4791.19 745287 149 
74586 49 745288' 149 
745124. 875 1 95 745373 149 
745174 79 745374 149 
74S175 79 745472' 295 

74F 
74F00 29 74F139 69 .59 
74F04 29 74F157 69 .49 
74F08 29 74F193 295 
74F10 49 25 74F240 99 .69 
74F32 29 74F244 99 
74F74 39 74F253 69 .49 
74F86 -99 29 74F373 99 
74F138 69 74F374 99 

CD--CMOS 
CD4001 19 
CD4008 69 .49 
CD4011 .19 
CD4013 29 
C04016 29 
CD4017 49 
CD4018 .59 
CD4020 59 
CD4024 49 
CD4027 35 
CD4030 29 
CD4040 65 
CD4049 29 
CD4050 29 
CD4051 59 
CD4052 59 
CD4053 59 
CD4063 1 49 
CD4066 29 
CD4067 4-951 49 
CD4069 25 
CD4070 25 
CD4071 25 
CD4072 25 

CD4076 59 
CD4081 25 
CD4082 25 
CD4093 35 
CD4094 89 
CD40103 249 
C040107 -49 29 
CD40109 79 
CD4510 69 
CD4511 .69 
CD4520 75 
CD4522 79 
CD4538 79 
CD4541 89 
CD4543 79 
CD4553 495 
CD4555 79 
CD4559 7954 95 
CD4566 8491 75 
004583 69 59 
CD4584 39 
CD4585 89 
MC14411P 895 
MC14490P 4 49 

MICROPROCESSOR COMPONENTS 
MISCELLANEOUS CHIPS 6500/6800/66000 Cont. 8000 SERIES Cont. 

Part No. Price Part No. Price Part No. Price 

D765AC 495 3.95 
WD9216 695 4.95 
95H90 995 4.95 
Z80, Z80A, Z808 SERIES 

Z80 445 99 
Z80-CTC 1-79 .99 
Z80 -DART 495 
Z80 -PIO 479 .99 
Z80A 169 
280A-CTC 179 
Z80A-DART 495 
Z80A-PIO 1 69 
Z80A-S10/0 575 
ZBOB 349 
8806-CTC 395 
Z80B-P10_ _ . 489 3.95 
6500/6800/68000 SER. 
6502 2 65 
65002 (CMOS) 9.957.75 
6520 195 
6522 3 95 
6532 649 5.49 
6551 449 2.95 
650802 (CMOS) 4995 15.95 
6800 1 95 
6802 395 
6810 125 
6821 175 
6840 995 3.49 

6845 896 2.95 
6850 1 95 
6852 449 .75 
6854... +491.19 
MC68000L8 . 4+95 9.95 
MC68000L10 13.32 11.95 
MC68010L10 49-96 29.95 
MC6802096 120 160.05 99.95 

8031 
8000 SERIES 395 

80031 995 
8035 195 
8073 995 
8080A, 995 2.49 
8085A 2 49 
8086 595 4.95 
8086-2 6 95 
8087 (5MHz) 129.95 
8087-1(10MHz) 229.95 
8087-2 (8MHz) 159.95 

649 5.75 
695 7.75 

4 95 
2 49 
3 49 
3 95 

5954.95 
9.95695 

2 29 
225 

8088-2 
8116 
8155 
8155-2 
8156 
8202 
8203 
8212 
8224 

8228 295 
8237-5 4.95 4.49 
8243 885 1.75 
8250A 649 
8250B (For IBM) 6.95 
8251A 189 
8253-5 1.95 
8254 495 
8255A-5 295 
8259-5 225 
8272 4-95 3.95 
8279-5 2.95 
8741 995 
8742.. . . . . 8995 19.95 
8748 (25V). . . . . . . . 7.95 
8748H (HMOS) (21V) 9.95 
8749 995 
8751 (3.5-8MHz) 39.95 
8751H (35-12MHz) 44.95 
8755 14.95 

DATA ACQUISITION 
ADC0804LCN . 8-49 2.79 
ADC0808CCN 5.95 
ADC0809CCN . . 9:35 3.69 
ADC0816CCN . 44:35 8.95 
ADC1205CCJ-1.. 19 95 
DAC0808LCN 195 
DAC1008LCN 4.95 
AY -3-10150 4.95 
AY -5-1013A 295 

MICROPROCESSOR SALE! 
Part No. Prece 

8052AHBASIC CPU w/BASIC Interpreter $29.95 
MC68008L8 32 -Bit MPU (8 -Bit Data Bus) .. $16:95 $9.95 
MC68701 8 -Bit EPROM Microcomputer $14.95 
MC68705P3S 8 -Bit EPROM Microcomputer ..$14:95 $9.95 
MC68705U3S 8 -Bit EPROM Microcomputer $10.95 
80286-10 16 -Bit Hi Performance MPU $99.95 
80287-8 Math Co -processor (8MHz) $245.95 
80287-10 Math Co -processor (10MHz) $309.95 
80387-16 Math Co-proc. (16MHz) GRID ARRAY $494.95 
80387-20 Math Co-proc. (20MHz) GRID ARRAY $795.95 

Part No. 
DYNAMIC RAMS 

COMMODORE CHIPS 

Price 

'4116-15 16,384 x 1 (150ns) 1.09 
4128-20 131,072 x 1 (200ns) )Piggyback) 9:85 2.75 

'4164100 65,536x1 (100ns) 4.25 
'4164120 65,536x1 (12Ons) 3.75 
'4164150 65,536x1 (150ns) 325 
'4164200 65,536 x 1 (200ns) 2 75 
'TMS4416-12 16,384 x 4 (120ns) 7 49 
41256-80 262,144 x 1 (80ns) 14.95 
41256-100 262,144 x 1 (100ns) 14.49 
'41256-120 262,144 x 1 (120ns) 13.95 
'41256-150 262,144 x 1 (150ns) 12.95 
'50464-15 65,536 x 4 (150ns) (4464) 995 
'511000P-10 1,048,576x 1 (100ns) 1 Meg .499539.95 
'514256P-10 262,144 x 4 (100ns) 1 Meg 89.95 

STATIC RAMS 
2048 x 8 (120ns) 3 95 
2048 x 8 (45ns) 695 5 49 
1024 x 1 (550ns) 89 
1024 x 4 (450ns) 99 
1024 x 4 (200ns) Low Power 1 49 
1024 x 4 (200ns) (CMOS) 49 
256 x 4 (450ns) CMOS 1 95 
2048 x 8 (150ns) CMOS 649 
2048 x 8 (150ns) LP CMOS 695 
8192 x 8 (12Ons) LP CMOS 8,95 
8192 x 8 (15Ons) CMOS 7 75 
8192 x 8 (150ns) LP CMOS 875 
1024 x 4 (35ons) CMOS 3 49 
32,768 x 8 (150ns) Low Fbvver. . . . 12.95 

EPROMS 
2048 x 8 (450ns) 25V , 695 
4096 x 8 (450ns) 25V 695 6.49 
4096 x 8 (450ns) 21V 5.95 4.49 
8192 x 8 (450ns) 25V 995 7.95 
2048 x 8 (450ns) 3 Voltage ...995 6.95 
256 x 8 (1 µS) 695 4.95 
1024 x 8 (450ns) 495 
2048 x 8 (450ns) 25V 3 75 
2048 x 8 (350ns) 25V 425 
2048 x 8 (45ons) 25V (CMOS) .. . 5.49 
4096 x 8 (450ns) 25V 395 
4096x 8 (200ns)21V 425 
4096x8 (250ns)21V 395 
4096 x 8 (450ns) 25V (CMOS) . . . 5.95 
8192 x 8 (200ns) 21V 425 
8192x8 (250ns)21V 375 
8192 x 8 (250ns) 12.5V 3.95 
8192 x 8 (450ns) 21V 2 95 
8192 x 8 (150ns) 21V (CMOS) . . . 6.49 
16,384 x 8 (200ns) 21V 695 
16,384 x 8 (250ns) 21V 5.95 
16,384 x 8 (250ns) 12.5V 525 
16,384 x 8 (250ns) 21V (CMOS) 6.95 
32,768 x 8 (200ns) 12.5V 695 
32,768 x 8 (250ns) 12.5V 595 
32,768 x 8 (250ns) 12.5V (CMOS) . 7.95 
65,536 x 8 (200ns) 12.5V 13.49 
65,536 x 8 (250ns) 12.5V 11.95 
8192 x 8 (450ns) 25V 13.95 

EEPROMS 
2048 x 8 (250ns) 5V Read/V1/rite.... 5.95 
2048 x 8 (350ns) 5V Read/Write.... 7.95 
8192 x 8 (250ns) 5V Read/Write. . . . 9.95 
2048 x 8 (350ns) 5V Read Only. . . 1.49 

'2016-12 
2018-45 
2102 
2114N 
2114N -2L 
21014 
5101 

'6116P-3 
'6116LP-3 
'6264LP-12 
'6264P-15 
'6264LP-15 
6514 

'43256-15L 

TMS2516 
TMS2532 
TMS2532A 
TMS2564 
TMS2716 
1702A 
2708 
2716 
2716-1 
27016 
2732 
2732A-20 
2732A-25 
27C32 
2764-20 
2764-25 
2764A-25 
2764-45 
27C6415 
27128-20 
27128-25 
27128A-25 
270128-25 
27256-20 
27256-25 
270256-25 
27512-20 
27512-25 
68764 

2816A-25 
2817A 
2865A 
521313(21V) 

Part No Price 

LAG570 . . . 4696 9.95 
WD1770 . .. 44,36 9.95 
S13052P.... 239 1.25 
6502 
6504A 4-961.19 
6507 4-29 2.95 
6510 9.95 
6520 1.95 
6522 3.95 
6525. . . . -4,95 2.49 
6526. . . . 4-4.96 12.95 
6529 2.95 
6532 
6545-1 
6551 

6560 
6567 

2.65 

649 5.49 
4,96 3.25 
4-49 2.95 

10.95 
19.95 

6569.... 24,96 15.95 
6572.... 8-95 6.95 
6581 (12V) 14.95 
6582 (9V) . 44,96 6.95 
8360 14.95 
8501. 49,96 8.95 
8502. 4,95 4.95 
8563 15.95 
8564. 9,95 4.95 
8566. 24,95 15.95 
8701 9.95 
8721 44,9611.95 
8722 

'251104-04 4696 8.95 
310654-05 9.95 
318018-03 49-96 8.95 
318019-03 49.95 8.95 
318020-04 40-95 8.95 
325302-01 10.95 
325572-01 14.95 

82S100PLA 15.95 
901225-01 +1,96 9.95 
901226-01 11.95 
901227-03 11.95 
901229-05 11.95 

'No specs. available 
Note: 82S100PLA 

017(0-64) 

SPECIALS! 
SMP81FY Prec. Sample & Hold Amp .... 7.95 
MAX232CPE Dual RS232 Rec./Trans..... 5.19 
LM306P Dual Comparator .79 
6116P-1 16K CMOS SRAM (10Ons) 7.49 
27128-45 128K EPROM (450ns) 21V . 4.95 
74LS612 Memory Mapper. To -Slate 7.95 

74HC HI-SPEED CMOS 
Part No. Price 

74HC00 -25 .19 
74HCO2 45.19 
74HC04 29 .19 
74HC08 29 .19 
74HC10 49 .19 
74HC14 4929 
74HC30 49 .19 
74HC32 49 25 
74HC74 99 29 
74HC75 -99 .35 
74HC76 45 .35 
74HC85 -79 .55 
74H086. 99 .35 
74H0123 69 .69 
74HC125 49 .39 
74HC132 69 .39 
74HC138 49 .39 
74HC139 -49 .39 
74HC154 1-491.19 
74HC163 65 39 
74HC174 -69 49 

Part No. Price 

74HC175 69 .49 
74HC221 449 .89 
74H0240 99 .69 
74HC244 99 .69 
74HC245 99 .79 
741-10253 39 .39 
74HC259 99 .39 
74HC273 99 .69 
74HC373 99 .65 
74H0374 99 .65 
74HC595 4-291.09 
74HC688 99.79 
74H0943 895 
74HC4040 99 .79 
74HC4049 69 .39 
74HC4050 69 .39 
74HC4060 99 .89 
74HC4511 129 99 
74HC4514 479 .99 
74HC4538 89 
74HC4543 1-49 89 

74HCT - CMOS TTL 
74H0100 . -29 17 74HCT139 39 35 
74H0102 49 .17 74HCT157 .. 39 19 
74HCT04 29 .17 74HCT174. 69 .35 
74HCT08 49 .17 74HCT175 69 39 
74HCTIO 49 .17 74HCT240 -99 .89 
74H0T32.. 49 .21 74H01244.. -99 .39 
74HCT74 49 .25 74HCT245. . . 419 .79 
74HCT86 49 .19 74H01373. 199 55 
74HCT138. . 39 .35 74HCT374. 4i9 49 

74C - CMOS 
74000 29 
74002 29 
74004 29 
74008. 35 
74010 65 .19 
74014 59 
74032 35 
74074 59 
74085 149 
74086 35 
74089 5-49 3 95 
74090 99 
740154 295 
740173 165 .59 

740174 79 
740175 79 
740221 179 
740240 479 69 
740244 179 
740373 195 
74C374 1 95 
740912 8 95 
740915 
740920 
740921 
740922 
740923 3 95 
740925 595 

4e9 .99 
6.95 4.95 
695 4 95 

3 95 

LINEAR 
DS0026CN 195 
TL074CN 119 
TL084CN 99 
AF100-1CN 895 
LM307N 45 
LM309K 125 
LM311N 45 
LM317T 79 
LM318N 99 
LM319N 1 29 
LM323K 395 
LM324N 39 
LM338K 495 
LM339N 39 
LF347N 179 
LM348N 69 
LM35oT 295 
LF351N 39 
LF353N 49 
LF355N 79 
LF356N 89 
LF357N 109 
LM358N 49 
LM360N 219 
LM361N 179 
LM380N-8 99 .85 
LM386N-3 89 
LM387N 99 
LM393N 39 
LM399H 295 
LF411CN 79 
TL497ACN....449 99 
NE540H (C54011) . 8.951 49 
NE555V .29 
XRL555 59 
LM556N 49 
NE558N 89 
LM565N 99 
LM567V 79 
NE592N :69 .69 
LM741CN 29 
LM747CN .59 
MC1350P +99 .89 
MC1372P 4-95 .99 
MC1377P 229 
MC1398P 895 4.95 
LM1414N. . 1-29 49 

LM1458N 39 
LM1488N 49 
D514C88N (CMOS) 1 19 
LM1489N 49 
DS14089N (CMOS) 1 19 
LM1496N 69 .69 
MC1648P 949 1.95 
LM1871N 195 
LM1872N 195 
LM1896N-1. . . . +49 79 
ULN2003A 79 
XR2206 395 
XR2211 295 
XR2243 195 
261_529 995 2 95 
26LS31 119 
26LS32 119 
26LS33 149 
LM2901N 99 .15 
LM2907N 129 
LM2917N (8 pin).. 1.95 
MC3419CL....695 3.95 
MC3446N +69 .99 
MC3450P 4-95 .49 
MC3470P 195 
MC3471P 495 .75 
MC3479P 4 79 
MC3486P 169 
MC3487P +f9 99 
LM3900N 49 
LM3905N 119 
LM3909N 99 
LM3914N 195 
LM3916N 195 
NE5532 69 
NE5534 .69 
7805K(LM340K-5) 129 
7812K )LM340K-12) 1.29 
7815K (LM340K-15) 1.29 
7805T (LM3401--5) 49 
7812T )LM340T-12) ... 49 
7815T )LM340T-15) . . . 49 
7905K (LM320K-5) 9e6 99 
79051 (LM3201--5) 59 
75472 -59 .39 
75477 69 .49 
MC145106P . 249 1.95 
MC 145406P. 2.95 

IC SOCKETS 
Low Profile Wire Wrap (Gold) Level 113 

8LP....... . 11 8850.... _ .. .59 
14LP 12 14WW 65 
16LP 13 16WW 69 
24LP 25 24WW ..1.19 
28LP 27 28~/... . 1.39 
40LP 29 40WW.. . 1.89 
Saldertail Standard Mid 811n18 Header Plug Sockets Also Available 

PARTIAL LISTING OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! CALL FOR QUANTITY DISCOUNTS 
*RAM'S SUBJECT TO FREQUENT PRICE CHANGES 
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Now Available...Jameco's NEW 
Summer Flyer #137 with 48 pages of 
Computer Peripherals, Components & More! DIRECT MARMETIM. ASSOCIATION 

PROTOTYPING PRODUCTS Jameco's New and Improved AT Compatible Kit! 
FREE! Word Processing Software! / Now with I/O Board! 

COMPUTER PERIPHERALS 
Jameco Solderless 
Breadboard Sockets 

Seagate 20,30 
40 and 60MB 

Half Height 
Hard Disk 

Drives 
ST2250T (Pictured) 

ST225 201.4B Drive only (PC/XT/AT) $224.95 
5T238XT 30MB DrCn (PC/XT) $249.95 
ST238 30MB Drive only (PC/XT/AT) $249.95 
ST238XT 30MB w/Controller (PC/XT) $299.95 
ST238AT 30MB w/controller (AT) $389.95 
ST251 40MB Drive only (PC/XT/AT) $429.95 
ST251 XT 40MB w/Coot Card (PC/XT) $469.95 
ST277AT 60MBDrcoomueP /XT/Aam n $499.95 
ST277 60MB Drive only nrC $499.95 
ST277AT 60MB w/Controller Card TAT) $639.95 

r«x 
IBM AT Compatible Kit Now with FREE! 

Mini -286 6/8/10/12MHz Kit QAPLUS Diagnostic Sore; 
Baby AT Motherboard 
(Zero -K RAM - includes 

n._. 

- , 
L f w '>. 

.7* _ 

JE1007 Award BIOS ROMs) $349.95 
JE1015 XT/AT Style Keyboard $ 59.95 
JE1017 Baby AT Flip -Top Case $ 69.95 
JE1022 51/4 Hi-Density Disk Drive $109.95 

-" 

. 

. i. 

JE1032 200 Watt waver sWppty. - $ 89.95 
3601Q720K/1.2M Poppy 6 

JE1043 Controller Card $ 49.95 
JE1065 InpuVOutput Card $59.95 i _.,-tEy,_ 

® JE23 JE24 JE27 
Part Dim. Binding 

Price No. L x W" Points Posts 
Regular List $789.65 

J61059 $519.95 " 

SAVE $99.70! (EGA Monitor and -. 
Card not included) - - - 

Jameco 5.25" PC/XT ' & AT Compatible 
Ate; . Disk Drives 
w.r+W 

JE1022 (Pictured) 

JE1020 360K Black aa. (Pc/Xr/AT)... $ 89.95 
JE1021 360K Beige B.1. (PC/XT/AT) ... $ 89.95 

1.2MB Beige Bxl. (PC/XT/AT) . $109.95 

JE20 6"z x =,a 200 0 $ 2.29 
JE21 31/4 x24 400 0 $ 4.49 
JE22 61/2 x tyre 630 0 $ 5.95 
JE23 61h x 21/6 830 0 $ 7.49 
JE24 6V2 x 31b 1,360 2 $14.95 
JE25 61n x 4 1,660 3 $22.95 
JE27 7 x 7',a1 3,220 4 $37.95 
JE27 7,, x 7,z 3.220 4 $37.95JE1022 

JE2009 ̀  IBM AT Com ati $689.95 p ble Kit 
JE286M JE2009 Technical Manual $29.95 

RAM not included - Minimum RAM configuration 512K (18 Chips 41256-120, see left) 

IBM COMPATIBLE DISPLAY MONITORS 
Toshiba 3.5" PC/XT/AT 
Compatible Disk Drive 

352KÚ 57 3." oke 
(Bezels andInstal. 

. $129.95 

Jameco' 
IBM PC/XT/AT 

Compatible 
Motherboards 

Award ,' 1 

- BIOS ROMs ... r.....*. 
'... included JE1001 

JE1001 4.77/8MHz (PC/XT) .... $ 99.95 
JE1002 4.77/10MHz (PC/XT) ... $119.95 
JE1007 6/8/10/12MHz (AT) .... $349.95 

12" Amber Monochrome - 
TTL Input, High Resolution (PC/XT/AT) 
AMBER $109:95 $99.95 

14" RGB Color - CGA Compatible 
Amber/Green/Color Switchable, 640 x room 
200 Resolution (PC/XT/AT) 
TTX1410 $279.95"', 

- 

2400/1200/300 

,,: 
1200H 
2400S 2400/1200/300 Internal 
1200C 1200/300 Baud External 
2400E 2400/1200/300 External 

Modems 
Datatronics 

Hayes command compal- 
Ale Bell 103/212A corn- 
pebble Auto-dial/auto- 

a1-yearr r Warranty Includes 
MaxiMite Communication 
Software 

Modem. 69.95 
Modem... $139.95 
Modem.... $119.95 
Modem.... $179.95 

14" EGA Color - EGA/CGACompat., 720 x 350 (max.) resolution (PC/XT/AT) 

TE5154 $399.95 

IBM PC/XT/AT COMPATIBLE CARDS 
2 & 3MB 
Memory 
Expansion 
Cards for 

w 

r 
a' 

Graphic JElo5EGA 
Card9 

r 

Display and Monitor "". I: 

Cards $519.95 `"'", ,, 
JE1050 - 

JE1050 Mono Graphics Card w/Printer Port (PC/XT/AT) $59.95 

Jameco Extended 80 -Column 
Card for Apple Ile pp 

80 Col /64K RAM - Doubles 
`. amount of data your Apple lie 

- can display as well as Its mein 
ory capacity Ideal for word 
processing Complete with 

p, ' . 
instructions 

JE864 $39.95 

IBM AT and Compatibles JE108 

2MB of expanded or extended 
JE1081 memory (zero -K on -board) (AT) ... $119.95 

3MB of expanded or extended memory, 
parallel printer port, serial port and 

JE1082 game port zzero-K on-boerdl IATI .. $169.95 

Jameco 
Computer 
Power 
Protection JE1190 -mIIM 
JE1190 Power Base $29.95 
JE1191 6 -Outlet Power Strip $11.95 

JE1052 Color Graphics Card w/Printer Port (PC/XT/AT) $49.95 
JE1055 EGA Card with 256K Video RAM (PC/XT/AT) $169.95 

ADD12 (Dsk Drive lI. II+, Ile) $99.95 Multi I/O with Drive Controller 
JE1071 and Mono Graphics (PC/XT) $119.95 

TEST EQUIPMENT 
Multifunction, I/O and Expansion Cards 

pl/oOrt with rial, Gae, Parallel Printer 
JE1060 Port and Rea! Ti 

Seme 
Clockm (PC/XT) $59.95 

Digital MultimeterS IBM PC/XT/ATCompatible Keyboards 

I tbfLUAt I 1 r iki ìA 

JE1016 
Pictured 

- Tactile touch keyswitches Switch selectable between 
PC/XT or AT Illuminated Caps Lock, Num Lock and Scroll 
Lock 

JE1015 $59.95 

Kingdom KD302: 
Pocket Size in Handy all ^ carry case 

-,,z;,, 3'2 Digit LCDI/0 

Auto or manual ranging 117 Audible continuity tester 

JE1061 RS232 Serial Half Card (PC/XT/AT) $29.95 
I/O Card with Serial, Game and 

JE1065 Parallel Printer Port (AT) $59.95 
Tests: AC/DC Voltage, lie n 

Resistance and 
® Continuity , ... One year Warranty 

Site". "'°L x 2'w x'''" 
KD302 ..$27.95 

Expand to 384K (zero -K on -board) Multifunc. w/Serial, 
JE1078 Game, Parallel Printer Port& Real Time Clock(PC/XT) $69.95 

Floppy and Hard Disk Controller Cards 
JE1040 360KB Floppy Disk Drive Controller Card (PC/XT) $29.95 

Enhanced keyboard layout Illuminated Num Lock Caps 
Lock and Scroll Lock Automatically switches between 
PC/XT or AT 

JE1016 $79,95 

Melee M4650. MI - Handhekl,high accuracy 
4'2 Digit LCD 

/" M ; Manual ranging with 
Overload Protection 

g Audible continuity tester 
É ' Tests: AC/DC Voltage, 

Resistance, Continuity '- +-+_' Capacitance, Frequency 
`; 5 a .,,; e.: One Year Warrant 

Size: 7"Lx 3'2W x 1'2"H 

JE1041 20/40MB Hard Disk Controller Card (PC/XT) $79.95 

JE1042 30/60MB RLL Hard Disk Controller (PC/XT) $99.95 
DATA BOOKS JE1043 360K/720K/1.2MB Floppy Disk Cont. Card (PC/XT/AT) $49.95 

400041 NSC Linear Data Book-Vxi.l (87) $14.95 
400042 NSC Linear Data Book -Volt' (87) $ 9.95 
400043 NSC Linear Data Book-Val.11l (87) $ 9.95 
210830 Intel Memory Handbook (87) $17.95 
230843 Intel Microsystem Hndbk. Set (87) $24.95 

360K/720K/1.2MB Floppy/Hard Disk 
JE1045 Controller Card (AT)$149.95 

Additional Add-Ons Available! r ,;.w" 
'`"' """"- M4650.. $89.95 

U.S. Funds Only $20 Minimum Order Data Sheets - 506 each 
Shipping: Add 50/e plus $1.50 Insurance IBM is registered trademark of International Business Machines Prices Subject to Change 
(May vary according to weight) 

California Residents: Mail Order Electronics Worldwide ® Send $1.00 Postage for a 

Add 6%, 61/2% or 7% 
Sales Tax 

(MasterCard armeco VISA 
FREE 1988 CATALOG 

Telex: 176043 
FAX 415-592-2503 ELECTRONICS cl988 Jameco Electronics 

8/88 
1355 SHOREWAY RD., BELMONT, CA 94002 FOR ORDERS ONLY 415-592-8097 ALL OTHER INQUIRIES 415-592-8121 
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JDR qhMicrodevices® 
Complete customer satisfaction...superior service...friendly, knowledgeable personnel 
quality merchandise... providing the best values in leading edge technology. 

STATIC RAMS 
2112 
2114 
2114L-2 
TMM2016-100 
HM6116-4 
HM6116-3 
HM6116LP-4 
HM6116LP-3 
HM6116LP-2 
HM6264LP-15 
HM6264LP-12 
HM43256LP-15 
HM43256LP 12 
HM432561P-10 

256.4 
1024.4 
1024.4 
2048.8 
2048.8 
2048.8 
2048.8 
2048.8 
2048.8 
8192.8 
8192.8 

32768.8 
32768x8 
32768x8 

(450ns) 2.99 
(450ns) .99 
(200ns)(LOW POWER) 1.49 
(lOOns) 
(200ns)(CMOS) 
115Ons)(CMOS) 
)200ns11CMO5)1LP1 
(15Ons)(CMOSIIIP) 
1120ns)(CMOSII LP) 
)15Ons))CMOS))LP) 
(120ns)(CMOS)(LPI 
)150ns)(CMOS)ILP) 
(120ns)(CMOS)(1P) 
(l0Ons)1CMOS)ILP) 

DYNAMIC RAMS 
4116-250 16384x1 
4116-200 16384x1 
4116-150 16384x1 
4116-120 16384x1 
MK4332 32768x1 
4164-150 65536x1 
4164-120 65536.1 
MCM6665 65536x1 
TMS4164 65536x1 
4164 -REFRESH 65536x1 
TMS4416 16384.4 
41128-150 131072x1 
TMS4464-15 65536+4 
41256-150 262144x1 
41256-120 262144x1 
41256-100 262144x1 
HM51258-100 262144x1 
1 MB -120 1048576x1 
1 MB -100 1048576x1 

2708 
2716 
2716-1 
TMS2532 
2732 
2732A 
2732A-2 
27C64 
2764 
2764-250 
2764-200 
MCM68766 
27128 
27C256 
27256 
27512 
27C512 

1250ns) 
)200ns) 
(150ns) 
(120ns) 
(200n) 
)150ns) 
)120ns) 
)200ns) 
)150ns) 1.95 
)15Ons11PIN 1 REFRESH) 2.95 
)150ns) 3.75 
)150ns) 5.95 
)150ns) 4.95 
)150ns) 3.95 
)120ns) 4.95 
110Ons) 5.49 
)10Ons11CMOS) 6.95 
)120ns) 31.95 
(100ns) 34.95 

1.79 
1.85 
1.85 
1.90 
2.45 
3.95 
4.49 

12.95 
14.95' 
19.95 

EPROMS 

.49 

.89 

.99 
1.49 
6.95 
1.79 
1.99, 
1.95 

102448 )450ns)125V) 4.95 
2048x8 (450(1s1125V) 3.49 
2048x8 1350ns)125V) 3.95 
4096x8 )45ons)125V) 5.95 
4096x8 (450nsK25V) 3.95 
4096+8 1250ns1(21V) 3.95 
4096x8 (200ns)121VI 4.25 
819248 1250ns1(12.5V CMOS) 4.95 
8192x8 )450ns1112.58) 3.49 
8192,8 1250ns1112.58 I 3.69 
8192x8 (200ns)112.58) 4.25 
8192x8 (350ns)(21V1)24PIN) 15.95 

16384x8 (250n 51(12.5 V 1 4.25 
3276848 1250nº1112.5V CMOS) 7.95 
32768x8 1250n)(12.58 ) 5.95 
65536x8 1250ns 1112.5 V 1 11.95 
65536x8 ß50nsK12.5V CMOS) 12.95 

xxV=Prog.am Vonage 

r 5500 1 
1.0 MHz 

6502 2.25 
65CO2 (CMOS) 7.95 
6520 1.65 
6522 2.95 
6526 13.95 
6532 5.95 
6545 2.95 
6551 2.95 

2.0 MHz 
6502A 2.69 
6520A 2.95 
6522A 5.95 
6532A 11.95 
6545A 3.95 
6551A 6.95 

3.0 MHz 
L6502B 4.25,4 

6800 
1.0 MHz 

6800 1.95 
6802 2.95 
6803 3.95 
6809 2.95 
6809E 2.95 
6810 1.95 
6820 2.95 
6821 1.25 
6840 3.95 
6843 4.95 
6844 6.95 
6845 2.75 
6847 4.75 
6850 1.95 
6883 22.95 

2.0 MHz 
681300 2.95 
68802 3.95 
68809E 5.49 
68809 5.99 
68821 1.85 
68845 4.95 
68B50 1.75 

`68000 9.95 

r z -8o 
2.5 MHz 

280 -CPU 1.25 

4.0 MHz 
280A -CPU 1.29 
280A-CTC 1. 

280A -DART 5.95 
280A -DMA 5.95 
Z80A-PIO 1.89 
280A-510 0 5.95 
280A -SIO 1 5.95 
Z80A-SIO 2 5.95 

6.0MHz 
2808 -CPU 2.75 
Z80B-CTC 4.25 
280B -P10 4.25 
Z80B-DART 6.95 
Z80B-S10 0 12.95 
280B -SIO 2 12.95 
Z8671 ZILOG 9.95 

CLOCK 1 
CIRCUITS 

MM58167 
MM58174 

`MSM5832 

9.95 
9.95 
2.95 

r BIT RATE 1 

IGENERATORS 
9.95 

881941 4.95 
4702 9.95 
COM8116 8.95. 

INTERSIL 
ICL7106 9.95 
ICL7107 10.95 
1CL7660 
ICL8038 
ICM7207A 

1CM7208 

1.99 
3.85 
5.95 

15.95) 

HIGH-TECH 
SPOTLIGHT 
1 MB EPROMS 

128K x 8 ORGANIZATION 200 NS 

CMOSDESIGN 
0 nnnnnnnnnnnnnnn 

J 

FOR LOW POWER 

iliSmt umm m dWm15_1bC $34.95 
92929^i>> óo1 _ 

z ^ 

PIN ARRANGEMENT 

8000 8200 1 
8031 3.95 8203 14.95 8255-5 1.59 
8035 1.49 8205 3.29 8259 1.95 
8039 1.95 8212 1.49 8259-5 2.29 
8052AH BASIC 34.95 8216 1.49 8257 2.25 
8080 2.49 8224 2.25 8272 4.39 

8228 2.25 8274 4.95 
8086 6.49 8237 3.95 8275 16.95 
8088 5.99 82375 4.75 8279 2.49 
8088-2 7.95 8243 1.95 8279-5 2.95 
8155 2.49 8250 6.95 8282 3.95 
8155-2 3.95 8251 1.29 8283 3.95 
8741 9.95 8251A 1.69 8284 2.25 
8748 7.95 8253 1.59 8286 3.95 
8749 9.95 8253-5 1.95 8287 3.95 
8755 14.95 55 1.49 8288 4.954 

MATH COPROCESSORS 
8087 5 MHz 599.95 
8087-2 8 MHz 5159.95 
8087-1 10 MHz 5229.95 
80287 6 MHz 5179.95 
80287-8 8 MHz 5249.95 
80287-10 10 MHz 5309.95 
80387-16 16 MHz 5499.95 
80387-20 20 MHz 5799.95 

DISK 
CONTROLLERS 

1771 
1791 
1793 
1795 
1797 
2791 
2793 
2797 
8272 
UPC/765 
M88876 
MB8877 
1691 
2143 
9216 

4.95 
9.95 
9.95 

12.95 
12.95 
19.95 
19.95 
29.95 

4.39 
4.39 

12.95 
12.95 
6.95 
6.95 
6.29_4 

UARTS 
AY5.1013 3.95 
493-1015 4.95 
TR1602 3.95 
2651 4.95 
IM6402 3.95 
IM6403 9.95 
INS8250 6.95 

IL N516450 10.95 

MISC. 1 
ADC0804 
ADC0809 
DACO800 
DAC0808 
DAC1022 
MC1408L8 
8128 
8797 
DP8304 
9334 
9368 
9602 
ULN2003 
MAX232 
MC3470 
MC3487 

`AY5-3600 PRO 11.954 

2.99 
3.85 
3.29 
1.95 
5.95 
1.95 
1.29 

.59 
2.29 
1.75 
2.85 

.69 

.79 
7.95 
1.95 
2.95 

V ® 

in 
ÇV 20 SERIES" 

V20' 5 MHz 8.95 
V20. 8 MHz 10.95 
V20. 10 MHz 12.95 
V30 8MHz 13.95 

'Replaces 8088 to 
,speed up PC 10-40% 

CRYSTALS 
32.768 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 
5.0 1.95 
5.0688 1.95 
6.0 1.95 
6.144 1.95 
8.0 1.95 

10.0 1.95 
10.738635 1.95 
12.0 1.95 
14.31818 1.95 
16.0 1.95 
18.0 1.95 
18.432 1.95 
20.0 1.95 
22.1184 1.95 
24.0 1.95 
32.0 1.95 

7SCILLATOR 
1.0MHz 5.95 
1.8432 5.95 
2.0 5.95 
2.4576 5.95 
2.5 5.95 
4.0 4.95 
5.0688 4.95 
6.0 4.95 
6.144 4.95 
8.0 4.95 
10.0 4.95 
12.0 4.95 
16.0 4.95 
18.432 4.95 
20.0 4.95 
2`4.0 4.95,j 

PALS 
1618 
16R8 
16R6 
16R4 

52.95 
52.95 
52.95 
52.95 

r 74F/745 1 
74F00 .35 
74F02 .35 
74F04 .35 
74F08 .35 
74F10 .35 
74F32 .35 
74F64 .55 
74F74 .39 
74F86 .55 
74F138 .79 
74F139 .79 
74F253 .89 
74F157 .89 
74F240 1.29 
74500 .29 
74502 .29 

74504 .29 
74508 .35 
74510 .29 
74532 .35 
74574 .49 
74886 .35 
745112 .50 
745124 2.75 
745138 .79 
745153 .79 
745157 .79 
74S158 .95 
745163 1.29 
745175 .79 
74S195 1.49 
745240 1.49 
745241 1.49 
745244 1.49 
745280 1.95 
74S287 1.69 
74S288 1.69 
745299 2.95 
745373 1.69 
745374 1.69 
74S471 4.95 

`45571 2.954 

74L500 
741500 16 7415112 .29 
741S01 18 7415122 45 
741502 17 7415123 49 
741503 .18 7415124 2.75 
741504 .16 741_$125 39 
741505 .18 7415126 39 
741508 .18 7415132 39 
741509 18 7415133 49 
741S10 16 7415136 39 
741511 22 7415138 39 
741512 22 7415139 39 
741513 26 741S145 99 
741514 39 7415147 .99 

741S15 .26 7415148 .99 

741S20 .17 7415151 .39 

741521 .22 7415153 39 
741522 22 7415154 1.49 
741527 23 7415155 59 
741528 26 7415156 49 
741530 17 7415157 35 
741532 18 7415158 29 
74LS33 .28 7415160 .29 
741537 .26 7415161 .39 
741538 26 7415162 49 
74LS42 .39 7415163 .39 
74LS47 .75 7415164 .49 

741548 .85 7415165 65 
741551 .17 741S166 .95 
741573 .29 7415169 .95 
741S74 .24 7415173 .49 
741575 .29 741S174 .39 
741576 .29 7415175 .39 
741S83 .49 7415191 .49 
741585 .49 7415192 69 
74LS86 .22 7415193 .69 
741590 .39 7415/94 .69 
74LS92 .49 7415195 .69 
741593 .39 7415196 .59 
741595 .49 7415197 .59 
7415107 .34 741S221 .59 
7415109 .36 7415240 .69 

7415241 
7415242 
7415243 
7415244 
/415245 
741_5251 
7415253 
741S257 
7415258 
7415259 
7415260 
7415266 
741S273 
741S279 
7415280 
7415283 
741_5290 
7415293 
7415299 
7415322 
74LS323 
7413365 
7415367 
7415368 
7415373 
7415374 
7415375 
7415377 
7415390 
7415393 
7415541 
7415624 
7415640 
7415645 
741_5670 
7415682 
7415688 
7415783 
25152521 
261531 
261532 

69 
.69 
.69 
.69 
.79 
.49 
.49 
.39 
.49 

1.29 
.49 
.39 
.79 
.39 

1.98 
.59 
.89 
.89 

1.49 
3.95 
2.49 

.39 

.39 

.39 

.79 

.79 

.95 

.79 
1.19 

.79 
1.49 
1.95 

.99 

.99 

.89 
3.20 
2.40 

22.95 
2.80 
1.95 
1.95J 

r 7400 .1 
7400 
7402 
7404 
7406 
7407 
7408 
7410 
7411 
7414 
7416 
7417 
7420 
7430 
7432 
7438 
7442 
7445 
7447 
7473 
7474 
7475 
7476 
7483 
7485 
7486 
7489 
7490 
7493 
74121 
74123 
74125 
74150 
74151 
74153 
74154 
74157 
74159 
74161 
74164 
74166 
74175 
74367 

.19 

.19 

.19 

.29 

.29 

.24 

.19 

.25 

.49 
25 
.25 
.19 
19 

.29 

.29 

.49 

.69 

.89 

.34 
.33 
45 
.35 
.50 
.59 
.35 

2.15 
.39 
.35 
.29 
.49 
.45 

1.35 
.55 
.55 

1.49 
.55 

1.65 
.69 
.85 

1.00 
.89 
.65 4 

LINEAR 
T1071 69 LM567 .79 
11072 1.09 NE570 2.95 
T1074 1.95 NE592 .98 
T1082 99 LM723 .49 
71084 1.49 LM733 .98 
1M301 34 1M741 .29 
LM309K 1.25 1M747 .69 
1M311 59 MC1330 1.69 
LM311H .89 MC1350 1.19 
1M317K 3.49 LM1458 .35 
LM317T .69 LM1488 .49 
LM318 1.49 LM1489 .49 
LM319 1.25 1M1496 .85 
LM320 see7900 ULN2003 .79 
LM323K 3.49 XR2206 3.95 
LM324 .34 XR2211 2.95 
LM331 3.95 LM2917 1.95 
LM334 1.19 CA3046 .89 
LM335 1.79 CA3146 1.29 
LM336 1.75 MC3373 1.29 
LM338K 4.49 MC3470 1.95 
LM339 .59 MC3480 8.95 
1M340 see7800 MC3487 2.95 
LF353 .59 LM3900 .49 
LF356 99 LM3911 2.25 
LF357 .99 LM3909 .98 
LM358 .59 LM3914 1.89 
LM380 .89 MC4024 3.49 
LM383 1.95 MC4044 3.99 
LM386 .89 RC4136 1.25 
LM393 .45 RC4558 .69 
LM394H 5.95 LM13600 1.49 
11.494 4.20 75107 1.49 
TL497 3.25 75110 1.95 
NE555 .29 75150 1.95 
NE556 .49 75154 1.95 
NE558 .79 75188 1.25 
NE564 1.95 75189 1.25 
LM565 .95 75451 .39 
LM566 1.49 75452 .39 
NE590 2.50 75477 1.29 

H. 70.5 CAN, K=TO-3, T=TO-220 J 
CMOS/HIGH SPEED CMOS 

4001 .19 4066 29 74HC154 1.09 
4011 .19 4069 19 74HC157 .55 
4012 .25 4070 .29 74HC244 .85 
4013 .35 4081 .22 74HC245 .85 
4015 .29 4093 .49 74HC273 .69 
4016 .29 14411 9.95 74HC373 .69 
4017 .49 14433 14.95 74HC374 .69 
4018 .69 14497 6.95 74HCTOO .25 
4020 .59 4503 .49 74HCTO2 .25 
4021 .69 4511 .69 74114C704 .27 
4023 .25 4518 .85 74HC108 .25 
4024 .49 4528 .79 74HCT32 .27 
4025 .25 4538 .95 74HCT74 .45 
4027 .39 4702 9.95 74HCT138 .55 
4028 .65 74HCOO .21 74HCT139 .55 
4040 .69 74HCO2 .21 74HCT161 .79 
4042 .59 74HC04 .25 74HCT240 .89 
4044 .69 74HC08 .25 7414C7244 .89 
4046 .69 74HC10 .25 74HCT245 .99 
4047 .69 74HC14 .35 74HCT273 .99 
4049 .29 74HC32 .35 74HCT373 .99 
4050 .29 74HC74 .35 74HCT374 .99 
4051 .69 74HC86 .45 74HCT393 .99 
4052 .69 74HC138 .45 74HCT4017 1.19 
4053 .69 74HC139 .45 74HCT4040 .99 

`4060 .69 74HC151 .59 74HC14060 1 

1 
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CAPACITORS 
TANTALUM 

1.00 15V 12 LOIA 35V 
6.8 15V 42 2.2 35V 
10 15V .45 4.7 35V 
22 15V .99 10 35V 

DISC 
100 50V .05 .0010 50V 
22 50V .05 .005 50V 
33 50V .05 .01 50V 
47 50V .05 .05 50V 
100 50V .05 .1 12V 
220 50V .05 .1 50V 

MONOLITHIC 

.45 

.19 

.39 

.69 

.05 

.05 

.07 
07 
.10 
.12 

.01u1 50V 14 .10 50V .18 

.0474450V 15 A70 50V 25 

ELECTROLYTIC 
RADIAL 

10 25V 14 
4.7 50V 11 
10 50V 11 
47 35V 13 
100 16V 15 
220 35V .20 
470 25V .30 
2200 16V .70 
4700 25V 1.45 

AXIAL 
10 50V 14 
10 50V 16 
22 16V .14 
47 50V 19 
100 35V .19 
470 50V .29 
1000 16V .29 
2200 16V .70 
4700 16V 1.25 

BYPASS CAPACITORS 
.01 0 CERAMIC DISC 100 55.00 
.01,A MONOLITHIC 100 510.00 
.1 0 CERAMIC DISC 100 56.50 
.1 0 MONOLITHIC 100 512.50 

"SNAPABLE" 
HEADERS 

CAN BE SNAPPED APART TO 
MAKE ANY SIZE HEADER, 

ALL WITH .1" CENTERS 

1,40 STRAIGHT LEAD .99 
1 n40 RIGHT ANGLE LEAD .49 
21440 2 STRAIGHT LEADS 2.49 
2u40 2 RIGHT ANGLE LEADS 2.99 

t 
4,1L1 1 

II 

VOL TAGE 
REGULATORS 

78057 
78081 
7812T 
7815T 
7905T 
7908T 
7912T 
791ST 
7805K 

49 
.49 
.49 
.49 
.59 
.59 
.59 
.59 

1.59 

7812K 1.39 
7905K 1.69 
7912K 1.49 
78L05 49 
78112 49 
79105 .69 
79112 1.49 
LM323K 4.79 
LM338K 6.95 

J 
DISCRETE 

16751 .15 4628 
16414825 '1m 4633 
1N400410 '1m 4637 
165402 
KBP02 
262222 
PN2222 
262907 
2N3055 
263904 
4626 
4627 

.25 

.55 
25 
.10 
.25 
.79 
.10 
.69 
.69 

MCI -2 
MCT-6 
TIL-111 
263906 
2N4401 
264402 
264403 
266045 
TIP31 

.69 

.89 
1.19 

.59 
1.29 

.99 

.10 

.25 

.25 

.25 
1.75 

.49 

RESISTOR NETWORKS 
SIP 10 PIN 9 RESISTOR .69 
SIP 8 PIN 7 RESISTOR .59 
DIP 16 PIN 8 RESISTOR 1.09 
DIP 16 PIN 15 RESISTOR 1.09 
DIP 14 PIN 7 RESISTOR .99 
DIP 14 PIN 13 RESISTOR .99 

SOLDER STATION 
Ji APPROVED 

ADJUSTABLE HEAT SETTNG 
WITH TIP TEMPERATURE 
READOUT 
REPLACEMENT TIPS 
AVAILABLE 52.95 

*49.95 

SHORTING 
BLOCKS 
s/slDo LJ 

L 
WHY THOUSANDS 

CHOOSE JDR 
* QUALITY MERCHANDISE 

COMPETITIVE PRICES 
* MOST ORDERS SHIPPED IN 24 HOURS 
* FRIENDLY, KNOWLEDGEABLE STAFF 
* 30 -DAY MONEY BACK GUARANTEE 
* TOLL FREE TECHNICAL SUPPORT 
* EXCELLENT CUSTOMER SERVICE 

CALL FOR VOLUME QUOTES 

IDC CONNECTORS/RIBBON CABLE 

DESCRIPTION ORDER BY 
CONTACTi 

10 20 26 34 40 50 
SOLDER HEADER IDHxxS .82 1.29 1.68 2.2C 2.58 3.24 

RIGHT ANGLE SOLDER HEADER IDHxeSR .85 1.35 1.76 2.31 2.72 3.39 
WIREWRAP HEADER IDHa,W 1.86 2.98 3.84 4.5C 5.28_ 6.63_ 

RIGHT ANGLE WIREWRAP HEADER IDHaxWR 2.05 3.28 4.22 4.4E 4.80 7.30 
RIBBON HEADER SOCKET IDSza .63 .89 .95 1.2E 1.49 1.69 

RIBBON HEADER IDMzx --- 5.50 6.25 7.00 7.50 8.50 
RIBBON EDGE CARD IDEzx .85 1.25 1.35 1.7E 2.05 2.45 

10' GREY RIBBON CABLE RCxx 1.60 3.20 4.10 5 4C 6.40 7.50 
FOR ORDERING INSTRUCTIONS. SEE D-SUBMINIA TURE CONNECTORS. BELOW 

D -SUBMINIATURE CONNECTORS 

DESCRIPTION ORDER BY 
CONTACTS 

9 15 19 25 37 50 

SOLDER CUP 
MALE DBNOP .45 .59 .69 .69 1.35 1.85 
FEMALE DBaeS .49 .69 .75 .75 1.39 2.29 

RIGHT ANGLE PC SOLDER 
MALE DBeePR .49 .69 --- .79 2.27 --- 

FEMALE DBxxSR .55 .75 --- .85 2.49 --- 

WIREWRAP 
MALE DBxnPWW 1.69 2.56 --- 3.89 5.60 --- 

FEMALE DBxxSWW 2.76 4.27 --- 6.84 9.95 --- 

IDC RIBBON CABLE 
MALE IDBxeP 1.39 1.99 --- 2.2S 4.25 --- 

FEMALE IDBxnS 1.45 2.05 --- 2.3g 4.49 --- 

HOODS 
METAL MHOODaa 1.05 1.15 1.25 1.25 --- --- 

GREY HOODxx .39 .39 --- .39 .69 .75 
ORDERING INSTRUCTIONS: 
INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED xx. OF THE ORE ER BY' PART 
NUMBER LISTED EXAMPLE A 15 PIN RIGHT ANGLE MALE PC SOLDER WOOL J BE DBI5PR 

MOUNTING HARDWARE 59( 
r 

IC SOCKETS/DIP CONNECTORS 

DESCRIPTION ORDER BY 
CONTACTS 

8 14 16 18 20 22 24 28 40 
SOLDERTAIL SOCKETS xaST .11 .11 .12 .15 .18 -15 .20 .22 .30 
WIREWRAP SOCKETS xxWW .59 .69 .69 

ZIF SOCKETS ZIFxx --- 4.95 4.95 
TOOLED SOCKETS AUGATnaST .62 .79 .89 

TOOLED WW SOCKETS AUGATxnWW 1.30 1.80 2.10 
COMPONENT CARRIERS 

DIP PLUGS (IDC) 
ICC14x 
IDPxx 

49 
.95 

.59 

.49 
.69 
.59 

.99 

1.09 

1.09 1.39 
5.95 
1.29 1.39 

1.49 
5.95 
1.49 

1.69 
6.95 
1.69 

1.99 
9.95 
2.49 

2.40 
.99 
1.29 

2.50 2.90 
.99 .99 

3.15 
.99 
.85 

3.70 
1.09 
1.49 

FOR ORDERING NSTRUC TIONS. SEE D-SUBM NIA TORE CONNECTORS ABC VE 

5.40 
1.49 
1.59 

1 

f -z-1 

WIREWRAP PROTOTYPE CARDS 
R-4 EPDXY GLASS LAMINATE WITH GOLD PLATED EDGE -CARD FINGERS 

SILK SCREENED LEGENDS. MOUNTING BRACKETS INCLUDED 

JDR-PR32 
JOR -PRIS 
JDR-PR16PK 
JDR-PR16V 

JDR-PR10 
JDR-PR10PK 

IBM -PRI 
IBM-PR2 

FOR P5/2 
32 BIT PROTOTYPE CARD 
16 BIT CARD WITH I/O DECODING LAYOUT 
PARTS KIT FOR JDR-PR16 ABOVE 
16 BIT CARD FOR VIDEO APPLICATIONS 

FOR AT 
16 BIT CARD WITH I/O DECODING LAYOUT 
PARTS KIT FOR JDR-PR10 ABOVE 

FOR XT 
WITH + 5V AND GROUND PLANE 
AS ABOVE WITH ID DECODING LAYOUT 

69.95 
49.95 
15.95 
39.95 

34.95 
12.95 

27.95 
29.95 

J 

EXTENDER CARDS 
FOR PROTOTYPE DEBUGGING AND TROUBLESHOOTING 

1 

OMEXT-8088 FOR XT SYSTEM 29.95 

EXT-80286FOR ATSYSTEM 39.95 

EXT-1MICROCHANNEL MICROCHANNNEL 16 -BIT 69.95 

EXT-32 MICROCHANNEL 32 -BIT 99.95 

rSOLDERLESS BREADBOARDS 
WBU-D 100 TIE PTS. 2.95 WBU-204 
WBU-T 630 TIE PTS. 6.95 WBU-206 
WBU-204-3 1360 TIE PTS. 17.95 WBU-208 

1660 TIE PTS. 
2390 TIE PTS. 
3220 TIE PTS. 

24.95 
29.95 
39.95. 

J 

r 3 VOLT 
LITHIUM BATTERY 

51.95 
HOLDER $1.49 

RS -232 
BREAKOUT BOX 
FOR TF'GUBLESHOOTING 

SERIAL 7OMMUNICATIONS 

OPEN/CLOSE INDIVIDUAL CIRCUITS 

20 JUMPERS CROSS -CONNECT 
ANY TWO CIRCUITS 

10 LEDS SHOW CIRCUIT ACTIVITY 

GENDER -90 d1 

19.95 

rGENDER CHANGERS 1 
FOR 25 PIN 0 -SUBMINIATURE 
CONNECTORS 
GENDER -F= FEMALE -MALE 
GENDER -MM MALE -MALE 
GENDER -5 MALE -FEMALE 
GENDER -NY NULL MODEM 
GENDER-JB JUMPER BOX 
GENDER -MT MINITESTER 

7.95 
7.95 
7.95 
8.95 
8.95 

14.95 

JDR MICROOEVICES. 110 KNOWLES DRIVE. LOS GATOS CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

RETAIL STORE: 1256 SOUTH BASCOM AVE., SAN JOSE, CA (408) 947-8881 
HOURS: M -F 10-7 SAT. 9-5 SUN. 12-4 

rSPECTRONICS CORPORATIONI 
EPROM ERASERS 

Model Timer Chip Intensity Unit 
Capacity IoW Cm') Cost 

PE -140 NO 9 8.000 589 
PE -140T YES 9 8,000 5139 
PE -240T YES 12 9,600 5189 

.411ket' 

L 
DATARASE 

ERASES 2 EPROMS IN 10 MINUTES 
VERY COMPACT, NO DRAWER 
THIN METAL SHUTTER PREVENTS 
UV LIGHT FROM ESCAPING 

*34.95 

-7 

J 

JOYSTICK 
SET X -Y AXIS FOR AUTO 
CENTER OR 
FREE MOVEMENT 
FIRE BUTTON FOR USE 
WITH GAME SOFTWARE 
ADAPTOR CABLE FOR 
IBM, APPLE II 

19.95' 
erms Minimum order $10 00. For shipping and handling include $2 50 for UPS ground and 53 50 
UPS air Orders over 1 lb and foreign orders may require additional shipping charges -please 
contact the sales department for the amount CA residents must include applicable sales tax Prices 
are subject to change without notice We are not responsible for typographical errors We reserve the 
right to limit quantities and to substitute manufacturer All merchandise subject to prior sale A lull 
copy of our terms Is evadable upon request Items pictured may only be representalwe 

TOLL FREE 800-538-5000 
COPYRIGHT 1988 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 
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.4112 Complete customer satisfaction...superior service...friendly, knowledgeable personnel 

quality merchandise. -. providing the best values in leading edge technology. 

r 

JDR Microdevices F 

BAVn 
_ pE 

M 
Mg5 

el a9 
PRICE! 

W OW N ..Il .. 

IT S TIME TO TRADE UP NOW THAT JDR BREAKS THE 

PRICE BARRIER ON 2400 BAUD MODEMS 
AUTO DIAL ANSWER 
SELF TEST ON POWER -UP 
TOUCHTONE OR PULSE DIALING 
HAYES 8 BELL SYSTEMS COMPATIBLE 
FULL OR HALF DUPLEX 
MIRROR II COMMUNICATIONS SOFTWARE INCLUDED 

MCI -241 

MCT-121 1200 BAUD 1'2 CARD S 69.95 

EXTIRNAL MODEMS 
MCT-12E 1200 BAUD 
MCT-24E 2400 BAUD 

$ 99.95 
$169.95 

COMPUTER 
CASES 
ATTRACTIVE. STURDY STEEL CASES FIT THE POPULAR 
SIZED MOTHERBOARDS AND INCLUDE SPEAKERS, 
FACEPLATES, EXPANSION SLOTS, FRONT PANEL 
KEYLOCKS, LED INDICATORS AND ALL NECESSARY 
HARDWARE. 

XT STYLE FLIP -TOP 
XT STYLE SLIDE -TOP 
AT STYLE SLIDE -TOP 
JR. AT STYLE FLIP -TOP 

INCLUDES 150 WATT POWER SUPPLY 

$34.95 
$39.95 
$89.95 

$149.95 J 
POWER 
SUPPLIES 
FOR IBM XT COMPATIBLE $59.95 
a UL APP., 135 WATTS 

5V.15A, + 12V 4.2A 
- 5V .5A. - 12V .5A 

PS -135 
PS -150 150W MODEL $69.95 

FOR IBM AT COMPATIBLE $89.95 
200 WATTS 
r 5V 22A, r 12V 8A 
- 5V .5A, - 12V .5A 

, PS -200 I 

t 

DIABLO 
PRINTER 

X27995 
LETTER QUALITY AT 20 CPS. 132 COLS 
10, 12, 15 PITCH & PROPORTIONAL SPACING 
SERIAL 8 PARALLEL INTERFACE 
AUTO PAPER LOAD. FRICTION FEED 

a FULL XEROX WARRANTY 

r 

CENTRONICS 
LASER x1195 PRINTER 
NEAR TYPESET QUALITY 
AFFORDABLE AT LAST 

8 PAGES PER MINUTE 300 DPI RESOLUTION, 
1 YEAR WARRANTY CHOICE OF EMULATION BOARDS 

MULTI -PRINTER EMULATION BOARD: 
EPSON FX-80 EMULATION -NOTHING ELSE REQUIRED 
IBM PC GRAPHICS. PROPRINTER 8 DIABLO 630 
EMULATION REQUIRES ADDITIONAL FONT CARD 

HP LJ+ EMULATION BOARD: 
HP LASERJET EMULATION -3 RESIDENT FONTS 8 

2 PITCHES ADDITIONAL FONT CARD AVAILABLE 

1.5MB RAM CARD 
EXTRA FONT CARDS 
TONER CARTRIDGES 

LPFS FIRST PUBLISHER 

$139.95 
$199.95 
$59.95 
$99.95 

GrTTT [MLL I:LLUJ ..NIX) 

IBM 
COMPATIBLE 
KEYBOARDS 
FULL ONE YEAR WARRANTY 
IBM ENHANCED STYLE LAYOUT $79.95 

AUTOSENSE FOR XT OR AT COMPATIBLES 
LED INDICATORS AUTO REPEAT FEATURE 
SEPARATE CURSOR PAD 

MCT-5339 
IBM AT STYLE LAYOUT $59.95 

SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 
LED INDICATORS AUTO REPEAT FEATURE 

MCI -5060 

MAXI -SWITCH KEYBOARDS 
ENHANCED STYLE LAYOUT $84.95 

STANDARD ENHANCED KEYBOARD LAYOUT 
TACTILE FEEDBACK 
LIGHTED NUM. CAPS, AND SCROLL LOCK 
NUMERIC 8 CURSOR KEYPADS. 12 "F" KEYS 

MAX -5339 
,MAX -5060 MAXI -SWITCH, AT STYLE $64.95 

SVGA 
COMPATIBLE 
PACKAGE 

*64900 
MONITOR 
& CARD 
TOGETHER 

800 X 560 
MAXIMUM 
RESOLUTION 
640 X 480 
IN 16 COLORS 
320 X 200 
IN 256 COLORS 
IBM STYLE. 
ANALOG MONITOR 
FULLY VGA. EGA. 
CGA. HERCULES & 
MONOCHROME 
COMPATIBLE 

NEC MULTISYNC *599.J5 
ORIGINAL CGA EGA PGA COMPATIBLE MONITOR 
AUTO FREQUENCY ADJUSTMENT 
RESOLUTION AS HIGH AS 800 X 560 

CASPER EGA *399.95 
15.75 21 85 KHz SCANNING FREQUENCIES 
640 X 200 350 RESOLUTION 31 MM DOT PITCH 
14' BLACK MATRIX SCREEN 16 COLORS 

CASPER RGB *279.95 
COLOR GREEN AMBER SWITCH 39MM DOT PITCH 
640 X 240 RESOLUTION u 14" NON -GLARE SCREEN 
RGB IBM COMPATIBLE CABLE INCLUDED 

SAKATA 
MONOCHROME *59.95 

IBM COMPATIBLE TTL INPUT 
12" NON -GLARE SCREEN 
CABLE FOR IBM PC INCLUDED 

SAMSUNG MONOCHROME MONITOR 5129.95 

MONITOR STANDS 
MODEL MS -100 

TILTS AND SWIVELS 
STURDY PLASTIC CONSTRUCTION 

MODEL MS -200 $39.95 
TILTS AND SWIVELS BUILT-IN SURGE SUPRESSOR 
INDEPENDENTLY CONTROLS UP TO 5 AC OUTLETS 

LOGT TECH 
MOUSE 
(7995 
PC MAGAZINE'S EDITORS CHOICE 
ALL MODELS HAVE SERIAL SUPPORT (COMI COM21, 200 
D.PI. RESOLUTION. LOTUS 1-2-3 SHELL. SELF -INSTALLING 
SOFTWARE AND -POINT EDITOR" 

SERIAL MOUSE W/PC PAINTBRUSH $99.95 
BUS MOUSE W/PC PAINTBRUSH $99.95 

OBUS MOUSE W/PC PAINTBRUSH/CAD $149.95, 

512.95 

3.5" FLOPPY 
DISK DRIVE 12995 

IBM COMPATIBLE DRIVE AT AND XT VERSIONS 
AVAILABLE FORMATS TO 720K, DS'QD UNDER DOS 3.2 

MEDIA COMPATIBLE WITH PS'2 8 LAPTOP MACHINES 
INCLUDES HARDWARE FOR MOUNTING IN 5114" SLOT 
QUIET OPERATION 

FDD-3.5X (FOR XT) 
FDD-3.5A (FOR AT) 
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r 
6S9 Seagate 

60 MB 

049 9 
WAS $649 AN INCREDIBLE PRICE REDUCTION, SAVE $150 
AND GET MORE MEGABYTES PER DOLLAR THAN EVER 
BEFORE THE ST -277 IS AN RLL DRIVE WITH A FAST 40 MS 
ACCESS TIME 
ST -277 

WITH MCT-RLL CONTROLLER 
WITH MCT-AT!FH CONTROLLER 

1/2 HEIGHT DRIVES 
20 MB, 65 MS, 5T-225 *225.00 
WITH MCT-HDC CONTROLLER $269.00 
WITH MCT-ATFH CONTROLLER $339.00 

30 MB RLL, 55 MS, ST -238 *249.00 
WITH MCT-RLL CONTROLLER $299.00 
WITH MCT-ATFH-RLL CONTROLLER $389.00 

40 MB, 40 MS, 5T-251 *429.00 
WITH MCT-HDC. CONTROLLER $469.00 
WITH MCT-ATFH CONTROLLER $539.00 

FULL HEIGHT DRIVES 
$549.00 30 M13. 40 MS, 3T-4038 $559.00 
$639.00 80 MB, 28 MS. ST -4096 $895.00 

INTERFACE CARDS FROM 
MODULAR CIRCUIT TECHNOLOGY 
DISPLAY ADAPTORS 
MONOCHROME GRAPHICS CARD *59.95 
TRUE HERCULES COMPATIBILITY SUPPORTS LOTUS 123 

PARALLEL PRINTER PORT CONFIGURES AS CPT1 OR 
LPT2 USES VLSI CHIPS TO ENSURE RELIABILITY 

MCT-MGP 

ENHANCED GRAPHICS ADAPTOR *149.95 
100`a IBM COMPATIBLE, PASSES IBM EGA DIAGNOSTICS 

256K OF VIDEO RAM ALLOWS 640 X 350 IN 16 OF 64 
COLORS COMPATIBLE WITH COLOR AND 
MONOCHROME ADAPTORS 
MCT-EGA 

COLOR GRAPHICS ADAPTOR *49.95 
COMPATIBLE WITH IBM GRAPHICS STANDARDS 

SUPPORTS RGB. COLOR & COMPOSITE MONOCHROME 
640 320 X 200 RESOLUTION. LIGHT PEN INTERFACE 

MCT-CG 

MOLT/FUNCTION CARDS 
MONOGRAPHICS MULTI I/O *119.75 
TOTAL SYSTEM CONTROL FROM A SINGLE SLOT, 

CTRL 2 FLOPPY'S, SERIAL. PARALLEL. GAME PORT. 
CLOCK CAL RUN COLOR GRAPHICS SOFTWARE ON A 

MONOCHROME MONITOR 
MCT-MGMIO 

MULTI I/O FLOPPY CONTROLLER *79.95 
A PERFECT COMPANION FOR OUR MOTHERBOARDS 

SUPPORTS UP TO 2 360K FLOPPIES. 720K WITH DOS 3.2 
SERIAL PARALLEL. GAME PORT, CLOCK CALENDAR 

MCT-MIO 
MIO -SERIAL -2ND SERIAL PORT $15.95 

MULTI I/O CARO *59.95 
USE WITH MCT-FH FOR A MINIMUM OF SLOTS USED 

SERIAL PORT. CLOCK CALENDAR WITH BATTERY BACK. 
UP PARALLEL PRINTER PORT ADDRESSABLE AS LPT1 
OR LPT2 
MCT-IO 

AT MULTIFUNCTION CARD *139.95 
ADDS UP TO 3 MB OF RAM TO YOUR AT 

USER EXPANDABLE TO 1.5 MB. OR 3 MB WITH OPTIONAL 
PIGGYBACK BOARD 10 K INSTALLED) INCLUDES 
SERIAL AND PARALLEL PORT 

MCT-ATMF-MC PIGGYBACK BOARD 
ATMF SERIAL -2ND SERIAL PORT 

$29.95 

AT MULTI LID CARD *59.95 
USE WITH MCT-ATFH FOR MINIMUM OF SLOTS USED 
I SERIAL. PARALLEL AND GAME PORTS USES 16450 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 
MCT-ATIO 
ATIO-SERIAL-2ND SERIAL PORT $24.95 

MEMORY CARDS 
576K RAM CARD *59.95 
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT 

USER SELECTABLE CONFIGURATION UP TO 576K 
USES 64K 8 236K RAM CHIPS (ZERO K INSTALLED) 

MCT-RAM 

EXPANDED MEMORY CARD *129.95 
2 MB OF LOTUS INTEL MICROSOFT COMPATIBLE MEMORY 
FOR AN XT CONFORMS TO LOTUS INTEL EMS USER 
EXPANDABLE TO 2 MB CAN BE USED AS EXPANDED OR 
CONVENTIONAL MEMORY. RAMDISK AND SPOOLER 

MCT-EMS 
MCT-ATEMS AT COMPATIBLE VERSION $139.95 

DRIVE CONTROLLERS 
FLOPPY DISK CONTROLLER *29.95 
QUALITY DESIGN FOR SINGLE SLOT CONTROL OF 4 
FLOPPY'S INTERFACES UP TO 4 FDD 'S TO AN IBM PC 
OR COMPATIBLE SUPPORTS BOTH DS DD AND DS OD 
WITH DOS 3.2 
MCT-FDC 

1.2 MB FLOPPY CONTROLLER *59.95 
ADD VERSATILITY AND CAPACITY TO YOUR XT 

SUPPORTS 2 DRIVES. BOTH MAY BE 360K OR 1 2 MB 
ALLOWS DATA TO FLOW FREELY FROM XT'S TO AT'S 

MCT-FDC-1.2 

FLOPPY/HARD CONTROLLER *139.95 
XT SYSTEM STARVED FOR SLOTS, THIS CARD FREES ONE 
UP INTERFACES UP TO 2 FDDS 8 2 HOD'S. CABLING 
FOR 2 FDD 1 HD') SUPPORTS BOTH DS DO & DS/OD 
WITH DOS 3 2 

MCT-FH 

AT/FH CONTROLLER *149.95 
FLOPPY HARD D SK CONTROL IN A TRUE AT DESIGN 

SUPPORTS UP TO 2 360K. 720K 1 2MB FDD S AS WELL 
AS 2 HDD'S USINO STANDARD CONTROL TABLES 
MCT-ATFH 

RLL DISK CONTROLLER *199.95 
S24.95 IMPROVE SPEED AND STORAGE OF YOUR AT 

COMPATIBLE SUPPORTS UP TO 2 RLL HARD DISCS AND 
2 FLOPPY DRIVES SUPPORTS 360 720 1.2 MB 
FLOPPIES IN 5 25'8 3.5' 
MCT-ATFH-RLL 

J 

9.4reer_ 

INBOARD 386/PC 
*895.00 
UPGRADE YOUR XT TO A 386 FOR LESS THAN $1000 

16 MHZ PROCESSOR REPLACES 8088 1 MB 
INSTALLED EX'AND TO 3MB WITH PIGGYBACK CARD 

5 YR WARRANTY 

INBOARD 386 AT 
ABOVE BOARD PS 286 
ABOVE BOARD 286 

JOR MICRODEVICES, 110 KNOWLES DRIVE, LOS GATOS, CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

$1199.95 
$399.95 
$369.95 

r DISK 
DRIVES 
: .44 MB 3r/á' DRIVE 

ULTRA HIGH DENSITY 
ALSO WORKS WITH 720K DISKS 

FDD-1.44X BLACK FACEPLATE $149.95 
FDD-1.44A BEIGE FACEPLATE $149.95 

1/2 HEIGHT FLOPPY DISK DRIVES 
51/4 TEAC FD 558 DSDD 360K $99.95 
51/4" TEAC FD 55G DS/HD 1.2M $129.95 
51/4" FUJITSU M2551A DS/DD 360K $89.95 
51/4' FUJITSU M2553K DSHD 1.2M $119.95 
51A" DS DD 360K $69.95 
51/4" DS HD -1.2M $109.95 

L31/2 MITSUBISHI DS DD (AT OR XT) $129.95 

ARCHIVE XL 
TAPE BACK- P 
35995 

FlACK UP 40 MB IN 40 MINUTES, 
EASY.TO-USE MENU DRIVEN 
SOFTWARE 
USES STANDARD 
OIC DATA FORMAT 
FULL 8 INCREMENTAL 

K 
PARTIALBACUP 8 FULL RESTORE 

AR 5240 XT -FOR xT'S & AT'S 
AR 5540 AT - AT S ONLY. 2% FASTER 
TAPE NOT INCLUDED 
TAPE CARTRIDGE -40 M8 $24.95 r - 
2OMB HARD DISK 
ON A CARD 
$349 

SAVES SPACE AND REDUCES POWER CONSUMPTION 
IDEAL FOR PC'S WITH FULL HEIGHT FLOPPIES 
LEAVES ROOM FOR A HALF LENGTH CARD IN 
ADJACENT SLOT 

JUST A NOTE TO LET YOU KNOW THAT MY 
SALESPERSON, HELEN MORSE, AT YOUR 
COMPANY HAS BEEN VERY HELPFUL AND 
COURTEOUS. THIS IS A PLEASANT CHANGE 
FROM MOST TELEPHONE SALESPEOPLE I DEAL 
WITH. PLEASE PASS MY THANKS TO HELEN. 
I PLAN ON DOING FREQUENT BUSINESS 
WITH JDR AS MY NEW COMPANY, ODEM INC. 
GETS GOING, AND HELEN'S ATTITUDE AND 
HELPFULNESS ARE A MAJOR REASON WHY I 

LIKE DOING BUSINESS WITH YOU. IF" 
R.C.K. 

BENSALEM,PA 

.BpRGpIN-íp 

H 

tO PSStOA 
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' 

ËS.¡ 1PCORNER 

2BVTTpN 

LOG'TECNMpU5E 
.R 
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49L.Y95 
SPEC\A\ ENS 

6 

MasterCard 

ORDER TOLL FREE 800-538-5000 
COPYRIGHT 1988 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 
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BUILD YOUR OWN SYSTEM 

e 

k lilill,t.rII1111 

OVER 20,000 JDR SYSTEMS 
HAVE ALREADY BEEN BUILT. 
EASY TO ASSEMBLE IN JUST 2 
HOURS WITH A SCREWDRIVER. 
SAVE MONEY ANO LEARN 
ABOUT YOUR COMPUTER AT 
THE SAME TIME. 

12 MHZ AT 
COMPATIBLE 

103420 
12 MHZ BABY AT MOTHERBOARD 
256K RAM MEMORY 
MINI -AT CASE WIPOWER SUPPLY 
AT STYLE KEYBOARD 
1.2 MB FLOPPY DRIVE 
FLOPPY HARD DRIVE CONTROLLER 
MONOCHROME MONITOR 
GRAPHICS ADAPTOR 

10 MHZ XT 
COMPATIBLE 

$58900 
INCLUDES SERIAL PORT. 2 PARALLEL 
PORTS, CLOCK CALENDAR AND GAME 
ADAPTOR. RUNS COLOR GRAPHICS ON 
A MONOCHROME MONITOR 

MOTHERBOARD 
256K RAM MEMORY 
135 WATT POWER SUPPLY 
FLIP -TOP CASE 
AT STYLE KEYBOARD 
360K FLOPPY DRIVE 
MONOGRAPHICS I O CARD 
MONOCHROME MONITOR 

16 MHZ 
1 MB 386 
229865 

MYLEX 386 MOTHERBOARD 
1 MB RAM ON BOARD 
200 WATT POWER SUPPLY 
AT STYLE CASE 
ENHANCED AT STYLE KEYBOARD 
1 2 MB FLOPPY DRIVE 
AT FLOPPY/HARD CONTROLLER 
MONOCHROME MONITOR 
MnNOC//APHiCS CARD 

MOTHERBOARDS 
TURBO 4.77/8 MHZ $99.95 

4.77 OR 8 MHZ OPERATION WITH 8088-2 8 OPTIONAL 
8087-2 CO -PROCESSOR 
FRONT PANEL LED SPEED INDICATOR AND RESET 
SWITCH SET SUPPORTED 
CHOICE OF NORMAL/TURBO MODE OR SOFTWARE 
SELECT PROCESSOR SPEED 

MCT-TURBO 
MCT-XTMB STANDARD MOTHERBOARD $87.95 

80286 6/8 MHZ $379.95 
8 SLOT (2 EIGHT BIT. 6 SIXTEEN BIT) AT MOTHERBOARD 
HARDWARE SELECTION OF 6 OR 8 MHZ 

I WAIT STATE 
KEYLOCK SUPPORTED, RESET SWITCH. FRONT PANEL 
LED INDICATOR 
SOCKETS FOR 1 MB OF RAM AND 80287 
BATTERY BACKED CLOCK 

MCT-ATMB 

12 MHZ MINI 80286 $399.95 
6 MHz, 10 MHz (011 WAIT STATE), 12 MHz (1 WAIT STATE) 

USES ZYMOS ASIC'S FOR LESS CHIPS. GREATER 
RELIABILITY 
SUPPORTS 256K -1024K MEMORY 
RE -CHARGEABLE HIGH CAPACITY NI -CAD BATTERY 
6 16 -BIT SLOTS. 2 8 -BIT SLOTS 
MOUNTS IN STANDARD XT CASE 

MCT-BATMB-12 
MCT-BATMB 6/10 MHZ MINI 80286 BOARD $389.95 

16 MHz MYLEX 386 $1649.00 
1 MB RAM ON BOARD 
8 SLOTS, 2 8 -BIT. 6 16 -BIT 
SUPPORTS 80287 MATH CO -PROCESSOR 
SUPPORTS 80387 W ADAPTOR 
64 KB CACHE FOR NEAR 0 WAIT STATE 

USES AMI BIOS 
MCT-386 MB 
MCT-386 MB -4 4 MB MEMORY INSTALLED $2649.00 
MCT-386 MB-MCB MATH CO -PROCESSOR 
ADAPTOR BOARD $149.00 

!nr VIDEO 

S RUIOn/5 
wine KIT PURtyAS 'Sq -FORE 

ExtLUSrIVEd EASE 
qMINÚÉVy W 

STEP-BY-STEP TEP ,éÿws ó, IyO,f, 
TO 

STEP 
'qNXT OBUILO SYSTEM. YST E MPq TIBLE 

wITHO $ UT KIT 19.9S 

10 MHz SINGLE CHIP XT 

12995 
SINGLE CHIP USES LESS POWER, IMPROVES RELIABILITY 
KEY SELECTABLE SPEED, 4.77 MHz OR 10 MHz 
2.3 TIMES FASTER THAN A STANDARD 
RESET SWITCH. KEYLOCK AND SPEED/POWER 
INDICATORS SUPPORTED 

MCT-TURBO-10 

DEVELOPMENT TOOLS 
rEPROM 
PROGRAMMER 

12995 
PROGRAMS 27XX & 27XXX EPROMS UP TO 27512 

SUPPORTS VARIOUS PROGRAMMING FORMATS AND 
VOLTAGES 
SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
OF DIFFERENT SIZES 
READ. WRITE. COPY. ERASE CHECK AND VERIFY 
SOFTWARE FOR HEX AND INTEL HEX FORMATS 

MCT-EPROM 
MCT-EPROM-4 4 GANG PROGRAMMER $189.00 
MCT-EPROM-10 10 GANG PROGRAMMER $299.95 
MCT-PAL PAL PROGRAMMER $269.95 
MCT-MP PROCESSOR PROG $199.95 

JDR IVicrodevices 
JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 95030 

LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 

i 1 YEAR 
WARRANTY ON 
MET PRODUCTS 
30 DAY 
MONEY BACK 
GUARANTEE 
TOLL -FREE 
TECHNICAL 
SUPPORT 
NEXT DAY AIR 
SHIP AVAILABLE 

ORDER TOLL FREE 800-538-5000 
110 COPYRIGHT 1988 JDR MICRODEVICES CONTINENTAL U.S. AND CANADA 
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What's New at 
AMERICAN DESIGN COMPONENTS? 

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

e warehouse 60,000 items at 
American Design Components - 

expensive, often hard -to -find com- 
ponents for sale at a fraction of their 
original cost! 

You'll find every part you need - 
either brand new or removed from 
equipment (RFE) in excellent condition. 
But quantities are limited. Order from 
this ad, or visit our retail showroom 
and find exactly what you need from 
the thousands of items on display. 

OPEN MON. - SAT., 9-5 

THERE'S NO RISK! 
With our 90 -day warranty, 

any purchase can be returned for 
any reason for full credit or refund. 

51/4" 
FULL -HT. 
HARD 
DISK 
DRIVES... 
40Mb 
(AT/XT 
Compatible) 
High speed, 40 ms. access time. Quantum 
#0540. Item #17766.New 

- $379.00 
10Mb (ST412 Compatible) 
Major manufacturers - 
Get them while they last! 

Item #17199 $99.00 ea. 

31/2" MICROFLOPPY 
DISK 
DRIVE 

1 Mb 
(unfor- 
matted), 
135 TPI, 
3 ms. access time. Power require- 
ments: +12V, +5V. 
Removed from oper. computers 

Tested - Like New! 
Mfr - NEC, model FD1035 

Item #17171 $79.00 ea. 

2 for $150.00 

51/4" FULL HEIGHT 
DISK DRIVES - 
48 TPI (IBM' Compatible) 
DS/DD, 40 Track 
Tendon #TM100-2 or equiv. 

Item #7928 $79.00 New 

2 for $150.00 New 
48 TPI (TRS80/Zenith/Xerox 
800 Compat.) DS/DD, 40 Track 
Shugart #450. Item #1892. 
$79.00; 2 for $150.00 

48 TPI, SS/SD, 40 Track 
Shugart #SA400. Item #1895. 

$39.50; 2 for $75.00 
96 TPI, DS/Quad Density 
CDC #9409Tte 

#1893 $89.00 

TIMEX-SINCLAIR.. . 

2040 
PRINTER 

32 column - compatible w/any 
of the Timex -Sinclair computers, 
as well as our PC 8300 Computer. 
Uses standard 4'/," thermal paper. 

Item #15851 $39.95 New 

COMMODORE/AMIGA 
POWER SUPPLY 

DC Output: +5V @ 8 amps. 
+12V @ 1 amp. 
-5V @250 ma. 

Input: 110VAC/60 Hz., ±20% 
Dim.: 12"L x 33"H x 5%"D 
Encl. in alum. housing. Fan cooled. 
Shindenger Elect. #130569SXD 
Item #14047 New - $24.95 

EXTERNAL 
DISK DRIVE CHASSIS 

With 
60W 
power 
supply 
(fan cooled). 
Can accommodate: 
2 full ht. drives ouritem #7928 
2 floppy drives #1904 
1 hard drive & 1 floppy #13250 
Input: 115/230V, 50/60 Hz. 
Originally for Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 

Item #14541 $ 59.50 

SMART WATCH 
DS1216 

fí11111 It ft tr 
DS1216 is a 28 -pin, 6" -wide dip 
socket w/built-in CMOS watch func- 
tion. Non-volatile RAM controller 
and lithium energy source. Accepts 
either 24 -pin 2K x 8 or 28 -pin 8K x 
8 CMOS static RAM. Communica- 
tion w/Smart Watch function is es- 
tablished by pattern recognition on a 
serial bit stream of 64 bits on D.O. 
Dallas Semiconductor 
Item #15939 New - $29.95 

TIMEX-SINCLAIR.. . 

1500 
COMPUTER 

Customer returns, not tested. - 

No guarantee! 
Item #15852 

As is - $14.95 

SWITCHING 
POWER SUPPLY 

DC Output: +5V @ 8A 
+ 12V @ 500ma 
-12V @ 200ma 
+24V @ 2.0A 

Input: 115/230VAC, 50/60Hz. 
Dimensions: 838" x 4%" x 2"H 
Mfr - Power Systems #PS1 547 

Item #16585 $19.95 
12" HIGH -RESOLUTION 
25KHz. COLOR 
MONITOR 

Operates ideally 
withe ATI 
Wonder Card 
(avail. from 
American 
Design for 
$199.00). Perfect for text, CAD & other 
graphics applications. Scanning freq. to 25 
KHz. Std Hi -Res.: 800 x 560, 752 x 410. 
Input: 110/220V, 50/60Hz., 75W.'Mtd. in 
metal chassis. (Hook-up diagram included.) 
Mfr - Hitachi #CD121 5DTL.Item #18059 
$179.00 used (Tested - Like New!) 

115 CFM 
MUFFIN' 
FANS 

115VAC 
60Hz., 21W., 28A., 3100 RPM, 5 - 
blade model, alum. housing. Can be 
mounted for blowing or exhaust. 
Dimensions: 4" Ge"sq. x 11/2" deep 
NEW - Mfr: IMC 

Item #1864 $9.95 
USED - Mfr: Centaur/Howard 

Item #5345 $5.95 

STEPPING MOTORS 
for ROBOTICS .. 
Precision steppers ze9 
with increments , 

from 1 to 7.5°. .Z\' 
Speeds up to 
5,000 steps. 

Shaft '/," L x 

die. 

Stall 
Item Step Volts Torque 
No. Angle DC loz/in) Type Mfr. & Part No. Fig Price 

5275 1.8 

7630 1.8 

16410 1.8 

1 .8 72 PM Superior Electric 
2 0 M061 -FF -62018 

3.0 200 PM Superior Electric 
M092 -FT -402 

12.0 Applied Motion 
Prod. 4017-839 

2 

2 

1 

$19.95 ea. 
2/ $ 37.50 
$34.50 ea. 

2/ $ 59.50 
$12.95 ea. 

2/ $19.95 

We carry a full line of Computer & Game Equipment and Accessories; Electronic Components; 
Modules; Integrated Circuits & Semiconductors! Please call or write with your requirements. 

HIGH RESOLUTION TTL 
MONITORS .. . 

(Open 
Frame) 
9" - 12VDC. 
Green phosphor. 
Schematic incl. 
Motorola # 
MD2003-190. 

Item #17198 
12" - 12VDC, green phosphor. Sub- 
assemblies, CRT, board & transformer incl. 
Comes w/hook-up diagram. 

Item #6811 New - $19.95 
15" Data Display/Monitor Kit 
Alphanumeric & graphics display. Green 
phosphor. Input power reg. 24 VDC. Band- 
width: 22-72Khz. Consists of 2 subassem- 
blies (monitor & board). Hook-up diagram 
incl. Mfr - Wells Gardner #15V7025. 

Item #16171 New - $24.95 

New - $14.95 

Rechargeable NICAD 
BATTERY 
PACKS 

12V @ 450Ma. ` ----J 
Contains 10 AA cells. Recharge 
rate: 45 ma. 16-18 hours. 
Dim.: 2' e"H x 13/4 "W x 2165,"L 
GE 123233 or equiv. 

Item #5443 New - $5.95 

4.8V @ 
450Ma. 
Contains 4 AA cells (may be 
taken apart & connected in series) 
Dirn.: 2"Hx%,e"Wx21/2"D 

Item #1264 RFE - $1.95 

MAGNIFYING 
LAMP 

y HIGH -RESOLUTION 
INSTRUMENTATION 
TAPE 

1/2" tape on 
14" reels, 
9200'/ 
reel. Wide 
band, highly 
conductive 

Multi -position, 
tape, with 

30", completely 
magnetic oxide surface (makes it 

adjust. swing arm w/3 -way 
ultrasmooth for chartwave record - 

other 
metal C -clamp. Has 4" diopter cricritical instrumentused 

i apvt a 

magnifyinglens, w/ruler. Porce- Standarda) 
applications. 

hub size. 
lain lamp socket, & on/off switch: Mfr - Scotch/Ampex #890/892 
uses up to a 60W bulb. Color: 
Beige. UL listed. Item #17656 $8.95 ea. 

Item #13136 New -$24.95 

:/ 

2 for $16.00 

ADAM COMPUTER 

.s 1 ,11111111 

(Less ' 
printer) 
No wiring 
necessary 
(just plugs together). Incl.: hook-up 
diagram, keyboard, 1 cassette digital 
data drive, 2 game controllers, 
power supply & one cassette. Cap. 
of running CP/M, w/built-in word 
processor. Item#7410 

00 Complete - 
Accessories .. . 

DATA DRIV 
Item #6641 $19.95 

PRINTER POWER SUPPLY - 
Item #6642 $14.95 

ASCII KEYBOARD - 
Item #6643 $19.95 

CONTROLLERS (Set of 4) - 
Item #7013 $ 9.95 RFE 

ADAM CASSETTES - 
(Incl.: Smart Basic, Buck Rogers 
& blank cassette.) Item #7786 

BAKER'S DOZEN - $19.95 
ADAM LINK MODEM - 
(SoftwaItre incl.) 

$29.95 
DISK DRIVE 
POWER SUPPLY - 

Item --14603 $14.95 
ADAM DAISY 
PRINT WHEEL#13305 

$3 Item .95 

PC8300 HOME COMPUTER 
(Advanced version of the Timex 1000) 

42 -key 
mechan. 

keyboard 
2K RAM. 

Reverse 
video, 

6,5MHz5MHz 

processor, ROM 
8K BASIC. Graphics cap./sound- 

music, TV or monitor. Joystick input. 115VAC. 
AC adapt, TV cable & cass. cables. Runs tapes 
for Sinclair/Timex 1000-ZX85. Mfr -Power 
3000. In original boxes 

Item #10336 New - $29.95 
*16K RAMPACK upgrade 

$9 95 Item #10337 New - 

AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 
YES! Please send me the following items: My check or money order is enclosed. 

Item How Charge my credit card. 
No. Many? Description Price Total Visa Master Card i 1 Amex 

Card No. 

Total 
Shipping & handling, we ship UPS unless 

otherwise specified. Add S3 plus 10% total. 
Canadian: $3 plus P.O. cost. Charge only. 

Sales Tax (N.J. residents only, 
please add 6% of total) 

ORDER TOTAL 

Exp. Date 

Signature 

Telephone: Area Code Number 

Name 

Address 

MINIMUM 
ORDER 

$15. 
RE 888 

City 

State Zip 

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

For all phone orders, call TOLL -FREE 800-524-0809. In New Jersey, 201-939-2710. 
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_ ftadie Ihaek Parti Plaeei 
START YOUR PROJECT AT OUR STORE NEAR YOU 

Sams PHOTOFACTS Now Available Enter Ham Radio and Electronics 

Fast "Hotline" Service! 

Howard W. Sams PHOTO - 
FACTS®, VCRfacts® and COM- 
PUTERFACTS® are available 
now on a fast special -order ba- 
sis at your nearby Radio Shack 
store. Famous for accuracy, 
these in-depth manuals are a 
"must" for technicians-and 
valuable guides for hobbyists 
who want to know more about 
equipment they own. 

Novice Ham 
License 
Course 

Beginning 
Hobbyist's 
Book 

Novice Exam Kit. Two code cassettes and study guide help you earn the 
new Novice permit with voice privileges. #62-2402 19.95 

Getting Started in Electronics. By Forrest Mims III. Unique "hands on" 
introduction to a rewarding hobby or career. #276-5003 2 49 

Prices Slashed on "Talk" Chip Pair 
995 Reg. 12.95 

1188 Reg. 16.95 

Speech Synthesizer RS -232 Adapter IC 
Detailed Data Included 

SP0256-AL2 Speech Synthesizer. 23% Off. Add speech to your com- 
puter! Addressable by chip below. Requires crystal, extra. #276-1784 
CTS256-AL2 RS -232 Adapter IC. Cut 30%. Converts ASCII into control 
data for above-see Oct. '87 Modern Electronics. Crystal extra. #276-1786 

(1) 

Solder D -Subs, Modular Adapter 

(2) 
(3) 

Fig. Positions Type Cat. No. Each 

1 9 Male 276-1537 1.49 
2 9 Female 276-1538 2.49 
3 9 Hood 276-1539 1.19 

Positions Type Cat. No. Each 

25 Male 276-1547 1.99 
25 Female 276-1548 2.99 
25 Hood 276-1549 1.29 

(4) - -- 

(4) RS -232 to Modular Jack Adapter. 
Connect computers and peripherals with 
inexpensive-or existing-phone wir- 
ing. Six -position. Ready for your custom 
hookup. #276-1405 2 99 

(1) 

Make It Safe! 
(2) 

We Have the Fuses You Need 

(1) Panel -Mount Fuse Holder. For 
5 x 20mm fuses. #270-362 1 49 

(2) Fast -Acting 5 x 20mm Fuses. 10 val- 
ues in stock, from 0.315 to 5 amps. 
#270-1241 Series Pkg. of 2/790 

Mini Audio Amp 

1195 
Built -In 
Speaker 
High -Gain 
IC Design 

Ideal test amplifier, also great for 
computer voice synthesis, circuit 
tracing. 1/8" headphone jack, r/a" 
input jack. #277-1008 

Sight and Sound 

4;;;>` 
(2) liheal01 (4) 

(1) 

(3) 

Fig. Description Cat. No Each 

1 Super -Bright Red LED 276-066 1.19 
2 Jumbo Red LED Display 276-064 3.49 
3 Tri -Sound Siren 273-072 5.95 
4 Electronic Chime 273-071 8.69 

Hobby Bargains 
ZY (3) 

(1) 

(1) Low -Voltage Motor. High torque. 1.5 
to 3VDC. #273-223 890 
(2) 1:1 Audio Transformer. 600 to 900 
ohms #273-1374 3 49 

(3) Magnet Wire Pack. 3 -spool set of #22, 
#26,#30.#278.1345 4 79 

Coax Cable Tools 

(1) 
(3) 

(1) Stripper. Adjustable for RG6, 59, 58 
and 8M and other cables up to 5/,e" diam- 
eter. #278-240 11.95 

(2) Cutter. Neatly cuts, but does not flatten 
cable. #278-244 5 95 

(3) "Pro" Crimping Tool. For TV F con- 
nectors. #278-243 14.95 

Wiring Goodies 

(1) (2) (3) 
(1) Split Loom Tubing. Gathers lose 
wires into a neat bundle. 5 feet long, '/2" 
diameter. #278-1624 3 99 

(2) Cable Tie/Markers. Organize and 
identify your wiring! Easily marked with 
pen. #278-1648 .... Pkg. of 10/2.49 
(3) Heat Shrink Tubing. Assorted 
sizes. #278-1627 Set of 7/1.79 

(1) 

Relay, Switches 
(2) ,. 0 131 

1174) 

Fig. Item Cat. No. Each 

1 12VDC Relay 275 219 2.49 
2 Toggle Switches (3) 275 322 2.69 
3 Slide Switches (6) 275 327 1.99 
4 DPOT Knife Switch 275 1537 1.29 
5 Lighted Pushbutton 275 678 6.99 

Hard -to -Find Caps 

(1) 
(2) t (3) 

(1) .1 Farad Capacitor. For memory 
backup. #272-1440 2 95 
(2) Dual 335 pf Variable. For receiver pro- 
jects. #272-1337 4 95 
(3) 6-50 pf Trimmers. For RF/IF fine- 
tuning. #272-1340 Pkg. of 2/1.59 

Project Improvers 

(4) 
(51 .1,3), 

(2) ...... 

(1) Enclosure With PC Board. #270-291 4.49 

(2) Pigtail Fuse Adapter. #270-1219 119 

(3) Single -Outlet Spike Protector. #61-2791 7 95 

(4) Battery Holders. Select from 15 styles. Low As 490 

(5) Gold -Plated Alligator Clips. #278.350 Pkg. of 4/2.99 

Logic Probe and Pulser 
Probe 

1695 
Pulser 

1795 
Logic Probe. Color -coded LEDs indicate logic 
states in memory, µprocessor and peripheral 
circuits-TTL, LS and CMOS. Simultaneous tone 
output. With instructions. #22-303 
Pulser. Teammate for the probe. Produces a single 
5 µs pulse or continuous pulse train. #22-304 

Pocket Multimeter 

2495 
Mighty Midget 
With Autoranging- 
Shirt Pocket Size! 

Big meter features you can take anywhere! Measures to 
400 volts AC/DC and resistance to 2 megohms. Has conti- 
nuity beeper, diode -check function, full autopolarity. Com- 
plete with batteries, miniprobes, folding case and owner's 
manual. #22-171 

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 

Radie /hack 
The Technology Store 
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MCM ELECTRONICS 
9dee-4 eact 774toitef 

You'll save big with MCM, thanks to our super competitive prices 
on all types of electronic parts! Some of the most flexible payment 
terms in the industry make doing business with MCM 
a profitable experience! 

Placing an order couldn't be easier, thanks to cur conv-aniert, 
TOLL -FREE phone lines and krowledçeable sales repieseitatives! 

99% of all orders are shipped to you within 24 hours, waking MCM 
an industry leader in order turnaround 

Backorders are seldom a problem a- MCM 
and our order fulfillment system is sacs ind 
to none. Our comprehensive invertory of 
more than 11,000 in -stock items means you I 

be able to get the items you need._. 
when you neec them! 

Our New Products 
Research Group is hard at 
work for you, constantly on 
the lookout for new, innovative 
products to make your jobs 
easier and your business 
more profitable_+ 

For your FREE copy, 
call TOLL -FREE! 
1-800-543-4330 
In Ohio, call 1-800-762-4315 

g In Alaska or Hawaii, call 
1-800-858-1849 f. 

MCM ELECTRONICS 
858 E. CONGRESS PARK OR. 
CENTERVILLE, OH 45459-4072 

A PREMIER Company 
SOURCE Na. RE -07 
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SEND FOR 

FREE 
152 

PAGES.,. 

OPTO 
SENSORS 

TRW# OPB815 
U shaped 

opto emitter 
and sensor unit. 
CATI OSU-3 

2 for $1.00 
Clairex# 
CLI800W 

U shaped unit 
with flange 

mount. 
CATI OSU-2 

75¢ each 

emitter 
andnd sensor on 

opposite sides 
of slotted 
opening. P.C. mount. 

CATI ILED-U 
2 for $1.00 

PHOTO 
TRANSISTOR 

TIL-99 
TO -18 CASE R 

CATI TIL-99 
2 FOR $1.50 

PHOTO DIODE 
Similar to 

Clairex#CLD42 
Sealed TO -18 case. 

CATI PD -1' 
75¢ each 

PHOTO RESISTOR 
ASSEMBLY 

Center -tapped 
photo resistor 

mounted in III 
plastic case 1 i1 

(can be easily 
removed). 700 
ohms light, 36K dark, 

1/4" diameter. 
CATI PR -4 $1.00 each 

10 for $8.50 

s 

d 

s 

*FAST SHIPPING 

* QUALITY PARTS DISCOUNT 
PRICES 

c SWITCHES £LECÍR0(U 10 AMP1LLTRANSISTORS 

SOLID STATE MINIATURE TOGGLE 
SWITCHES 

RELAYS all rated5Amps 

WE STOCK OVER 4000 ITEMS 
CALL OR WRITE FOR OUR FREE 

CATALOG OF PARTS! 

RESISTORS CAPACITORS DIODES CABLES 
BRIDGE RECTIFIERS CHOKE COILS CRIMP 

CONNECTORS SUB MINIATURE D CONNECTORS 
CRYSTALS LAMPS HEAT SINKS I.C.'S 

TRANSISTORS MOTORS PROTO BOARDS 
POTENTIOMETERS POWER SUPPLIES JACKS 

PLUGS SWITCHES PERF BOARD FANS 
FUSES SHRINK TUBING TIE WRAPS 

KEYPADS VIDEO ACCESSORIES TOOLS 
TRANSFORMERS TELEPHONE ACCESSORIES 

S.C.R.'S RELAYS WIRE I.C. SOCKETS 
RIBBON CABLE CRYSTALS CIRCUIT 

BREAKERS TRANSDUCERS VOLTAGE 
REGULATORS AND MANY OTHER ITEMS 

CATS TYPE 

PN2222 NPN 
2N2904 PNP 
2N2906 PNP 
PN2907 PNP 
2N3055 NPN 
PN3569 NPN 
2N3904 NPN 
2N3906 PNP 
2N4400 NPN 
2N4402 PNP 
2N5400 PNP 
2N5880 PNP 
2N5882 NPN 
MJ2955 PNP 
MJE2955T PNP 
MJE3055T NPN 
TIP30 
TIP31 
TIP32 
TIP41 
TIP42 
TIP121 
TIP126 

NPN 
NPN 
PNP 
NPN 
PNP 
NPN 
PNP 

CASE 

TO -92 
TO -5 
T0-18 
TO -92 
TO -3 
TO -92 
TO -92 
10-92 
TO -92 
TO -92 
TO -92 
TO -3 

PRICE 

510r 75. 

3 for $1.00 
3 for $1.00 
5 for .75 
$1.00 each 
5 for .50 
5 for .75 
5 for .75 
5 for .75 
5 for .75 
4 for $1.00 
$2.00 each 

TO -3 $2.00 each 
10-3 1.50 each 
10-220 .75 each 
TO -220 .75 each 
TO -220 .75 each 
TO -220 .75 each 
10-220 .75 each 
10-220 .75 each 
10-220 .75 each 
TO -220 75each. 
TO-220 .75each 

e 

ELECTROL# S2181 
CONTROL: 

Rated 5.5 to 10 Vdc 
(will operate on 3-32 Vdc) 

LOAD: 
10 Amp @240Vac 
2 1/4" X 1 3/4" X 7/8" 
CATI SSRLY-10B 

$9.50 each 
10 for $8.50 each 

QUANTITY DISCOUNT! 
25 for $7.00 each 
50 for $6.00 each 

100 for $5 00 each 

SWITCHING 
POWER SUPPLY 

Compact, well regulated 
witching power supply 
esigned to power Texas In 

trument computer equipment. 
NPUT: 14-25 Vac @ 1 Amp 

OUTPUT: +5 Vdc @ 1.2 Amp, -5 Vdc @ 200 ma., 12 

Vdc @ 350 ma. SIZE: 4 3/4" square. Includes 18 Vac 
@ 1 Amp wall transformer designed to operate this 
power supply. CAT# PS -TX $5.00 each 

10 for $45.00 

SOUND ACTIVATED SWITCH 
This circuit is designed to react to 
high pitched sounds. Each board rtá 
contains many useful parts including1 
a condensor mike. Operates on 
6 Vdc. CATI SAB $2.50 each 

FLASHING 
L.E.D. KIT 

Two L.E.D.'S 
flash in 

unison when 
a 9 volt 

battery is 
attached. 

Requires easy assembly, 
you solder the parts to 

the circuit board. 
CATI LEDKIT 

$1.50 each 

WALL 
TRANSFORMERS 

ALL PLUG 
DIRECTLY 
INTO 
120 VAC 
OUTLET 
6 Vdc @ 200 ma. $2.25 

CAT# DCTX-620 
6 Vdc @ 750 ma. $3.50 

CATI DCTX-675 
9 Vdc @ 250 ma. $2.50 

CATI DCTX-925 
12 Vac @ 930 ma. $3.50 

CATI ACTX-1293 
18 Vac @ 1 Amp. $3.50 

CAT#ACTX-1885 

PROTO 
BOARD 

m 

Large enou h to 
des'gn most 

experimental circuits. 
This p oto board 

measures 
6 3/4" X 2 1/2". 

Contains main board 
and two power buss 

strips. 
CAT# PB -101 

$11.00 each 

SOUND & VIDEO 
MODULATOR 

TI# UM1381-1. 
Designed for use 
with T.I. comput- 
ers. Can be used 
with video came- 
ras, games, or 
other audio/ 
video sources. 
Built in NB 
switch enables 
user to switch 
from T.V. antenna without dis- 
connection. Operates on chan- 
nel 3 or 4. Requires 12 Vdc. 
Hook up diagram included. 
CAT# AVMOD $5.00 each 

XENON 
FLASH TUBES 

3/4" long X 1/8" diameter 
CAT# FLT -1 2 for $1.00 

WATER TIGHT ENCLOSURE 

ROSE# 02081905 
Molded fiberglass enclosure 
with neoprene gasket. 
2" X 3" X 7 1/2". Light blue. 

CAT# WP -905 $7.50 each 

LIGHT EMITTING DIODES (L.E.D.) 
STANDARD JUMBO LED 
DIFFUSED 
T 1-3/4 size 
RED 10 for $1.50 
CATI LED -1 100 for $13.00 

1000 for $110.00 

GREEN 10 for $2.00 
CATI LED -2 100 for $17.00 

1000 for $150.00 

YELLOW 10 for $2.00 
CATI LED -3 100 for $17.00 

1000 for $150.00 

FLASHING LED LED HOLDER 
with built in Two piece holder. 
flashing circuit . CAT# HLED 
operates on 5 volts... 10 for 650 
RED $1.00 each 
CATI LED -4 10 for $9.50 CLIPLITE LED 
GREEN $1.00 each HOLDER 
CATI LED -4G 10 for $9.50 Makes a L.E.D. look 

like a fancy indicator. 

BI -POLAR LED Fits T 1-3/4 size LED. 

Lights RED one rta CLEAR CATI HLDCL-C 

direction, GREEN the RED CATI HLDCL-R 

other. Two leads. GREEN CATI HLDCL-G 

CATI LED -6 2 for $17.00 YELLOW CATI HLDCL-Y 

FULL WAVE 
BRIDGE 

RECTIFIERS 

10 AMP 
200 P.I.V. 
5/8" SQUARE 

CAT# FWB-1020 
$1.00 each 10 for $9.00 

25 AMP 
RATING 
1 1/8" SQUARE 
metal epoxy filled case 
200 P.I.V. $2.50 each 

CAT# FWB-251 
400 P.I.V. $3.00 each 

CATI FWB-254 
600 P.I.V. $3.50 each 

STORES: 
LOS ANGELES 

905 5. VERMONT AVE. 
LOS ANGELES, CA 90006 

(213)380.8000 

VAN NUYS 
6228 SEPULVEDA BLVD. 

VAN NUYS, CA 91411 
(818)997-1806 

GRAB 
BAGS 

$1.00 each 

50 ASSORTED 
DISC CAPS. 

Cut leads. Many common 

values, some 500 volts. 
CATI GRABDC 

ASSORTED 
1/4 WATT 

RESISTORS 
Approximately 200 

pieces of assorted values 
some cut leads. 

CATI GRABRE 

ASSORTED 
PARTS 

Strips of 100 assorted 
parts. Each strip contains 
an assortment of resis- 
tors, capacitors, diodes. 

coils etc. 100 parts. 
CATI GRABTR 

15 VALUES OF 
ELECTROLYTICS 
Assortment contains 15 
values from 1 Mfd up. 
Some with cut leads. 
CATI GRABCP 

600 / 600 OHM 
COUPLING 

TRANSFORMER 

600 ohm 
C.t. 

P.C. mount 
1" centers 
on mounting tabs. 

1" X 3/4" X 7/8" 
CAT# CPTX 
$1.25 each 

10 for $11.00 

MAIL ORDERS TO: 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 
91408 

TELEX: TWX-5101010163 
ALL ELECTRONICS 

FOREIGN CUSTODERN RENO $1.50 
POSTAGE FOR FREE CATALOGII 

S. P.D.T.(on-on) 
Solder lug terminals. 
CATI MTS-4 
$1.00 each 
10 for $9.00 

S.P.D.T.(on-on) 
Non threaded bushing 
P.C. mount. 
CATI MTS-40PC 
75¢ each 
10 for $7.00 

D. P.D.T.(on-on) 
Solder lug terminals. 
CATI MTS-8 
$2.00 each 
10 for $19.00 

MINI PUSH BUTTON 
S. P. S. T. momentary. 
Push to make. 1/4" 
threaded bushing. 
Red button. 
CATI MPB-1 

35¢ each 10 for $3.25 

ITT PUSH BUTTON 
ITT MDPL series. 3/4" X 1/2" 
gray rectangular key cap. 
S.P.S.T. N.O. Push to close. 
RATED: 
0.1amp 
switching, 
0.25 amp 
carry current. P.C. mount 
CAT# PB -8 65¢ each 
lo for $6.00 100 for $50.00 

HALL EFFECT 
SWITCH 

MICROSWITCH #4BE3 
Slanted keyboard 
switch with hall 
effect sensor. 
Snaps into 5/8" 
square chassis 
hole. Hall effect 'J" 
sensor slides easily from 
switch and can be used in 

other applications. 
CATI HESW 4 for $1.00 

10 for $2.00 
100 for $15.00 

NICKEL-CAD 
(RECHARGEABLE) 

BATTERIES 

7ÏI' 

AA SIZE $2.00 each 
1.25 Volts 500 mAh 
CATI NCB -AA 

AA SIZE $2.20 each 
WITH SOLDER TABS 

CATI NCB -SAA 
C SIZE $4.25 each 

1.2 Volts 1200 mAh 
CATI NCB -C 

D SIZE $4.25 each 
1.2 Volts 1200 mAh 
CATI NCB -D 

TOLL FREE 
800-826-5432 

INFO: (818)904-0524 
FAX: (818)781-2653 

OUANTTRES LIMITED 
MINJIUM ORDERN $10.00 

CALIF. ADD SALES TAX 
USA: 8109 SNIPPXNI 

FOREIGN OP.» INCLUDE 
WFFCENT SIIIPPMO. 
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i77 7-800-344-4539 CORPORATION ) AK, Puerto Coo 218-681-6874 Telex - 62827914 FAX - 218-681-3380 TWX - 9103508982 DIGI KEY CORP 

INTEGRATED CIRCUITS 
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LEVITATING - 

PIONEERING RESEARCH 
IN NEW FIELDS AS: 

MAGNETIC WEAPONS 
VEHICLE LAUNCHING 
LEVIATION-MEISSNER EFFECT 
FORCE SHIELDS 
MAGNETIC SUSPENSION 
ENERGY STORAGE 
PARTICLE BEAMS 
HI POWERED COMPUTERS 
ULTRA SENSITIVE DETECTION 

SCON1-STARTER KIT - $2750 
SCON2-INTERMEDIATE KIT -$6950 
SCON3-LABORATORY KIT -$16500 
FREE CATALOG WITH ALL ORDERS 
ORDER BY NAME AND INCLUDE $3.00 FOR 
P&H. SEND CHECK, MO VISA MC TO: 

AMAZING CONCEPTS 
PO BOX 716 AMHERST 

N.H. USA 03031 

CONSOLIDATED 
L E C -Z R O N t C S 

r,ïrïól.'ck-CArAtQG riTH Étíle<1K 

` THE ULTIMATE' 
CATALOG. ELECTRONICS 

Order your 260 page catalogue packed with over 10.000 
money saving electronic parts and equipment Send $3.00 
check or money order, or call 1-800-543-3568 today and 
use your Mastercard or Visa. 
Consolidated Electronics. Incorporated 
705 Watervliet Ave., Dayton, Ohio 45420-2599 

NAME 

ADDRESS 

CITY 

STATE ZIP 

CIRCLE 179 ON FREE INFORMATION CARD 
r 

ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume any responsibility for errors 

that may appear in the index below. 

Free Information Number Page 
196 PanaVise ll 

81, 185 A.I.S. Satellite 44 56 Parts Express 103 

203 ACS Supply 44 68 Philips ECG 52 

186 AMC Sales 15 101 Pomona Electronics 32 

- AMCOM 100 - RCA D&SP 5 

107 All Electronics 114 78 Radio Shack 112 

Amazing Devices 100, 116 177, 178 Sencore 43 14 

106 American Design Components I I 1 74 Solid State Sales 102 

202 American Reliance 81 - Star Circuits 79 

176 Banner Technical Books 77 73 TSM CV3 

98 Beckman Industrial 3 197 Talking Technology 95 

85 Blue Star Industries 44 92, 192 Tektronix CV2, 21 

109 C & $ Sales 9 193, 194 Tektronix 23, 25 

179 CEI 116 66 lìxds-4-U 22 

60 CIE 26 180 United Electronic Supply 76 

184 Chenesko Products 44 195 W'PT Publications 97 

Command Productions 73 199 Z World 95 

58 Cook's Institute 15 

182 Crystek 73 

201 DX l'ele Labs 44 Gernsback Publications, Inc. 
500-B Bi -County Blvd. 

181 Daetron 77 Farmingdale, NY 11735 
(516) 293.3000 

205 Dakota Digital 44 President: Larry Steckler 
127 Deco Industries 44 Vice President: Cathy Steckler 

82 Digi-Key 115 For Advertising ONLY 
204 Dynamic 95 

516-293.3000 
Larry Steckler 

Electronic Technology Today 13 publisher 
Arline Fishman 

121 Fluke Manufacturing 60 advertising director 

Fordham Radio CV4 Shelli Weinman 
advertising associate 

200 G.D.C. Computers 95 Lisa Strassman 
credit manager 

Grantham Col. of Engineering 72 Christina Estrada 
R6 Heath 15 advertising assistant 

65 J & W 56 

59 JDR Instruments 7 SALES OFFICES 

113, 187 JDR Microdevices I06. 107 EAST/SOUTHEAST 
188, 189 JDR Microdevices 108. 109 Stanley Levitan 

Eastern Sales Manager 
190 JDR Microdevices 110 Radio -Electronics 

114 Jameco 104, 105 
259-23 57th Avenue 
Little Neck, NY 11362 

104 Jan Crystals 79 718-428-6037, 516-293-3000 

Joseph Electronics 31 MIDWEST/Texas/Arkansas/ 
183 Kelvin 74 Okla. 

Ralph Bergen 
191 Kikusui 65 Midwest Sales Manager 

87 MCM Electronics 113 
Radio -Electronics 
540 Frontage Road-Suite 339 

53 MD Electronics 73 Northfield, IL 60093 
312-446-1444 

93 Mark V. Electronics 101 

61 Microprocessors Unitd. 95 PACIFIC COAST/ Mountain 
States 

117 Mouser 77 Marvin Green 
Pacific Sales Manager 

198 Music Quest 95 Radio -Electronics 

NRI 16 5430 Van Nuys Blvd. Suite 316 
Van Nuys, CA 91401 

Pacific Cable 99 1-818-986-2001 
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FOR FREE 
INFORMATION 
USE THESE 
POST-PAID 
CARDS 

1 Print your name, ad- 
dress and Zip Code on 
one of the attached 
postage -paid cards. 

2 Circle the number (or 
numbers) on the card 
that matches the 
number at the bottom 
of each ad or editorial 
item that you want in- 
formation on. 
Advertisers' free infor- 
mation numbers also 
appear in the ad index 
on the facing page. 

3 Mail the card. It's 
Postage -Paid. 

The free information cards 
are BUSINESS/PROFES- 
SIONAL CARDS. Please 
complete the spaces for 
Company Name, Title, and 
Phone Number if applica- 
ble. 

NOTE: 
Use the postcard address 
for Free Product Informa- 
tion only. Address all edi- 
torial inquiries to Editor, 
Radio -Electronics R 500-B 
Bi -County Blvd., Farming- 
dale, NY 11735 

Radio UON ROFl`NÓNU1 

NOME 

Electronics 

Eis 

lctronics 
Your favorite electronics 
magazine and still getting 
better 
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BUSINESS REPLY MAIL 
Iv FIRST CLASS PERMIT NO. 132 DALTON, MA 

POSTAGE WILL BE PAID BY ADDRESSEE 

Radio- 
Electronicsu. 
FREE PRODUCT INFORMATION 
P.O. Box 388 
DALTON, MA 01226-9990 

F 
NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

111111111111 

EMOMMOIONiiiMir 

1111111111111111..1.1.11..1.1.11..11.11.....1.11 

Radio- 

Electronics 4SH87 

Subscribe today to the magazine that keeps you up-to-date with the newest 
ideas and innovations in electronics. (If you already are a subscriber, do a 

friend a favor and pass this subscription card along to him.) 

check offer preferred 
1 Year -12 issues ONLY $17.97 2 Years (SAVE MORE) -24 issues $34.97 
(You save $9.03 off single copy price) (You save $19.03 off single copy price) 
Canada -12 issues $23.97 Canada -24 issues $46.97 

ALL SUBSCRIPTIONS PAYABLE IN U.S. FUNDS ONLY 

Payment enclosed Bill Me Check here if you are extending or 
renewing your subscription 

Name (Please Print) 

Company Name (If applicable) 

Address 

City State Zip 

Allow 6-8 weeks for delivery of first issue 

BUSINESS REPLY MARA" 
FIRST CLASS PERMIT NO. 132 DALTON, MA 

NO POSTAG 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

..41.111111 
POSTAGE WILL BE PAID BY ADDRESSEE 

Radio 

Electronics. 
FREE PRODUCT INFORMATION 
P.O. Box 388 
DALTON, MA 01226-9990 

For New 
Ideas 
In Electronics 
read Radio - 
Electronics 
every month. 
During the next 
12 months 
Radio -Electronics" will carry up to 
the minute articles on: 

Computers Video 
Solid-state technoogy 
Outstanding construction 
projects 
Satellite TV Telephones 
Radio Stereo Equipment 
Reports 
Test equipment VCR's 
Servicing 
Industrial electronics 

Radio BYOTEErMBBF 
I.MF 

Electronics 
MOLD A 
DIGITAL 
DASHBOAPU 

0Axe 

NEW IDEAS AND INNOVATIONS 
IN ELECTRONICS APPEAR IN EVERY 

SSUE OF RADIO -ELECTRONICS` 

KEEP UP TO DATE! DON'T MISS 

ANY ISSUES! 

SUBSCRIBE TODAY! 

USE THE ORDER CARD ON YOUR 

LEFT! 

Hands on 
Electronics 

Delivers construction article after 
construction article Exciting col- 
umns including Jensen on DXing, 
Freidman on computers, Test bench 
tips, Noll with Calling All Hams, New 

Products and more. 
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+NOrard er.oic (s. 

1111 
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SUBSCRIBE TODAY! 

USE THE REPLY CARDS ON YOUR 

LEFT! 
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HEADQUARTER - TSM N AMERICA -TON POST ROAD LARCIMIONT N.Y.10638 
GENERAL DISTRIBUTOR 

PROSPECT ELECTACNCS 
PO BOX 9144 ALLENTOWN, PA 18106 

TEL' (2151 770 - 9029 i 
0.065.45158.0800....Y.0.02.0.024...04.0..8.0000<2.. 

1 

TSM 5A 326.30 
AUDIO PONER MODI.LE 70W PENG POWER 
35W HMS, INPUT SENSITIVY 471(1000mV 
OUTPUT 40L80. POWER SUPPLY 39V D.C. 

.5A J 

ÏTSM 67- $39.74 
STEREO AMPLIFIER 2040W PEN( POWER 
SENSITIW INPUT 47K/300mV, OUTPUT 
2980. VOLUME, BALANCE, BASS , 

TREBLE, CONTROLS. POWER SUPPLY 
L12V D.C. 3/4 A. 

TSM 44 118.88 
AUDIO POWER MODULE, 50W PEAK PONER 
25W RMS, INPUT SENSITIW 800mV/47K 
OUTPUT IMPEDANCE 4/8G POWER SUPPLY 
40V D C /2A 

TSM 11 315.50 
AUDIO AMPLIFIER 30W PEN( POWER, 15W 
RMS, INPUT SENSITIVY 47K/15001V, 2.5 
TO 8 0 OUTPUT. COMPLETE WITH VOLUME, 
BASS, TREBLE CONTROL: POWER SUPPLY 
12,16V D C. /2A 

TSM 5B $33.70 - 4 

AUDO POWER MODULE 90W PEA( POWER 
45W WAS; INPUT SENSITIW 47K/8000V 
OUTPUT 40/80. POWER SUPPLY 39V D.C/3 

TSM 18 $12.97 
AUDIO AMPLIFIER 15W PEAK POWER,7.5W 
RMS.INPUT SENSITIW 471(115011V, 2.5 
TO 811 OUTPUT. CCMPLETE WITH VOLUME 
BASS. TREBLE CONTROL, POWER SUPPLY 
12/16V D.C. /1.5A 

TSM 19 352.05 
AUDIO 240W PEAK POWER, 120W RMS 
SENSITIVITY 47K/ 0.8 V.OUTPUT 4 G. 
THD 03 %, RESPONSE 15 HZ -100 KHZ. 
POWER SUPPLY 79V MAX. HEAT - 
SINKS NOT INCLUDED WTTH THE KIT. 

TSM 66 516.50 
AUDIO POWER MODULE 40W PEAK PONER 
20W RMS. INPUT SENSITIW 47K/30001V 
OUTPUT 2.5/80 POWER SUPPLY 12V D.C.2 

TSM 68 322.66 
STEREO AMPLIFIER 2 X 20W. 
INPUT 471(1300mV, OUTPUT 2,5/80 SUP- 
PLIED WITH HEATSINK AND BALANCE. 
VOLUME, BASS, TREBLE, POWER SUPPLY 

?V D.0 /2.5A 
14 TSM 155/1 846.30 

STEREO AMP. 2 X 50W 
PEAK. INPUT SENSITIW 4716/300001V 

OUTPUT 4/60. SUPPLIEDWITH HEATSNK 
AND BALANCE. VOLUME, BASS, TREBLE 
CONTROLS. POWER SUPPLY 40V D.0 /2A3 
TSM 118 362.31 
320W PEA( POWER AMPLIFIER MODULE 
80 OUTPUT IMPEDANCE INPUT 4710BOOmV 
FREQUENCY RESPONSE 15HZ TO 601(1-4, 

POWER SUPPLY 2 X 40V D.C./6A. 
HEATSINKS NOT INCLUDED IN THE KIT. 

TSM 89 530.38 
AUDIO BOOSTER STEREO 2 040W FOR 
CAR RADIO, OUTPUT 250 POWER SUPPLY 
12/16V D.0 /4A. 

TSM 102 322.50 
18 LED OUTPUT POWER LEVEL METER 
POWERED BY THE MODULATION. 

TSM 128 020.31 

2 X 6 LED OUTPUT LEVEL -METER, STEREO 
2 X 50W , POWER SUPPLY 1520V D.C. 

rTSM 9 $14.00 0 

AUDIO PREAMPLIFIER FOR GUITAR; NPUI 
SENSITIW 47K5mV, OUTPUT LEVEL 
4710. 5V, VOLUME CONTROL VARIABLE 
POWER SUPPLY 25V D.C. /0.1A' ö 

TSM 34 09.16 
STEREO RIM PREAMPLIFIER. INPUT 
SENSITIVY 47K/3mV, OUTPUT 700mV, 
POWER SUPPLY 12V D.C/ 0. to 

TSM 35 39.19 
MICROPHONE STEREO PREAMPLIFIER; 
INPUT SENSITIW 5mV/2000 OR MORE , 

OUTPUT 700mV, POWER SUPPLY 12V D.C. 
/0.1 A 

4 

4 
TSM 122 $13.96 
ALL -BAND FMNHF/UHF ANTENNA. 200B 
AMPLIFIER POWER SUPPLY 8/12V D.C/ 

TSM 31 6 $14.77 
R.1 STEREO DECODER, POWER SUPPLY 
12V D C. / 01A 

4 
TSM 62 $13.00 

CAR ANTENNA PREAMPLIFIER MW/LW/FM, 

TSM 335 $15.65 
PHYSICLCGC TONE CONTROL, STEREO, 
INPUT IMPEDANCE 15011V/160K, OUTPUT 
EVEL 800WV. POWER SUPPLY 25V D.C. A 

Yk 

st 

TSM 146 333.69 
STEREO 2X5 BANDS EOUALIZER , SUPPLIED 
WITH IO POTW4TICMETERS, FREOUENCY 
RESPONSE 50HZ TO 15 K HZ. POWER SUPPLY 

e X 12V D.0/0.2A 

TSM 147 316.99 
MONO 5 BANDS EOUALIZER SUPPLIED WITH 
5 POTS NT1C METERE.FREOUBNCY RESPM3E 
50 HZ TO 15KHZ, POWER SUPPLY 2 X 12V 
D.C./0.154. 

rTSM 61 $26.46 
FM RECEIVER, OUTPUT 1 WATT 4/80 , 

POWER SUPPLY 12/16V DC. /0.2A. 

L 

TSM 158 27.42 
FM RECEIVER, OUTPUT 20 WATTS/80. 
POWER SUPPLY 12/16V D.C. /2A. 

TSM 211 310.00 
MEDIUM WAVE RECEIVER. 1 W,0 5 W RAS 
AUDIO POWER. POWER SUPPLY 
-1 V / 0.1 A 

4 

TSM 205 335.40 

FM RECEIVER, HEADPHONE STEREOOUTPUT 
POWER SUPPLY 9/12V DC/O. IA 

CALIFORNIA 
REPRESANTATIVE CFFCE 
MIKE ROTH SALES NC. 
1277 SOUTH LYON STREET N.506 
SANTA ANA C.A 92706 

RF ELECTRONCS 

11845 HARBOR BLVD 
FULLERTON CA 92632 

-TRI-TEKELECTRC 

9014 NORTH 23 AVENUE PHOENIX 
ARIZONA 85021 
TEL:(602)371-08-60 

OMF.DISTRIBUTORS 

- RETAILLERS 
WRITE FOR AN INTERESTING PROPOSAL 

ELECTRONICS KITS 

(TSM 201 $26.77 

DIGITAL CLOCK, 5/16T READ OUT; POWER 
SUPPLY 12V D.0/0.2A WITH HOUR AND 
MNUTESETTNGCCNTACIS i 

r TSM 157 340.00 
DIGITAL CLOCK AND UP TO 24 MN 
1/100S CHRONOMETER. COUNT-DOWN 
CAPABILITY FOR THE CLOCK . ` POWER SUPPLY 12V D.0 OR AC. 

TSM 177 333.20 

DIGITAL VOLTMETERS 0 V 70 999 V D.C. 
POWER SUPPLY 12V D.0/O/.5A 

TSM 206 310.15 
METRONOME: POWER SUPPLY 9 - 12V D.C. 

i TSM 210 310.50 
FILLY RANDOMISED ELECTRONIC DOE, 
POWER SUPPLY 9 ' 12V D C /0.1A 

TSM 54 313.85 
RA TRANSMITTER, POWER SUPPLY 9V 

D.C. / OSA 

TSM 150 592.50 
HCME PROGAMMER. 4 DEVICES CONTROL. 
20 PROGRAMS. OPERATOR WITH RELAYS 
POWER SUPPLY 12V D.C./0.8A. 

TSM 130 $26.77 
24 TUNE DOOR CHIME, OUTPUT 3/4 WATTS 
POWER SUPPLY 12V O.0/1A. 

TSM 123 145.15 
SOUND CCNDITIONERpUTPUT LEVEL 800mV 
TO BE CONNECTED TO AMPLIFIER AUXILIA- 
RY INPUT. POWER SUPPLY 12V D C. 

TSM 78 UNIVERSAL ALARM FOR 

HOME AND CAR, DELAYED EXIT TIME. AD- 
JUSTABLE SOUND ALARM TAMPER PROOF. 
OPERATION WITH CONTACT SWITCHES. 
POWER SUPPLY I2V D.C/0.15A $33.23 

TSM 121 617.54 

16 LED DISPLAY THERMOMETER POWER 
SUPPLY 15/18V D.0 /0.15A 

TSM 105 515.15 

ELECTRONIC ALARM SIREN, 80IMPEDAN- 
CE, 10 WATTS RATING. POWER SUPPLY 

Lir 12V DC. , HORN SPEAKER NOT INCLUDED. 
Li TSM 85 322.52 

THE DELAY SYSTEM FROM 1SEC TO 15 

MINUTES POWER SUPPLY 12V D.C. 

TSM 69 $15.83 
TELEPHONE AMPLIFIER WITH NDUCTVE 
PICK-UP AND SPEAKER ADJUSTABLE 
VOLUME, POWER SUPPLY 9/12V D.C/O,lA 

TSM 168 $ 12.92 
M06OUTO REPELLER POWER SOURCE 
9V D.C. 

TSM 88 $38.77 
FUNCTION GENERATOR, FREQUENCY RANCE 
814 TO 200KHZ,PROVIDNG SNERRIANGLE 
SOUAREJSAW TOOTH WAWE FORMS, PO- 
WER SUPPLY 120 0.0/034 

TSM 58 319.94 
TWO -STATION INTERCOM WITH SPEAKER 
VOLUME CONTROL. POWER SOURCE 9/12V 
D.C. / 0.4A 

TSM 160 $19.62 
STEREO SIMULATOR. POWER SUPPLY 12V 
D.0/0.1A. 

TSM 196 $19.71 
7 NPUT MIXER STEREO PREAMPLIFIER OR 
14 INPUT MONO WITHOUT ATTENUATION, 
INPUT 47K/100 TO 700mV,OUTPUT 47K/ 
100 TO 750mV, POWER SUPPLY 24V D.C. 
/0.1A A 

TSM 99 3130.00 
VEGAS KIT : FESTIVE LIGHT DISPLAY (LED 
POWER SUPPLY 12V D C. / 2.5A. 
64 LED'S, AS MANY AS 800 PROGRAMS 

rTSM 214 329.50 
8CHANNEL CATERPILAR SAFE LOW 
VOLTAGE OPERATION USING TSM 220 
AND 221 SPOT. 9V DC/ 0.5 A 

L J 

/ 
TSM 220 525.30 

64 LED'S SPOT FOR SAFE LIGHT MODUL- 
ATION- SUPPLIED WITH BOX 

L 

TSM 213 
SAFE LOW VOLTAGE 2 -WAY CATERPILAR 
RANDOMLY FLASHING AND WINKING. TSM 
220 AND TSM 221 SPOT COMPATIBLE. 
POWER SUPPLY 12V/0.5A. 

316.20 

TSM 221 
25 LED'S SPOT FOR SAFE LIGHT MODUL- 

/ AM ON. SUPPLIED WITH BOX. 

317.20 1 

TSM 2 V2 $22.20 

VARIABLE SOLID STATE REGULATED PO - 
WE R SUPPLY 8V TO 38V/2A. 
TRANFORMER IS NOT INCLUDED W TIN THE 

L KIT. 

' ACT WE 
DISTRIBUTORS 

IN CANADA 
ALBERTA, CALGARY T2A 6641 

NBR 2-3220 5 TH AVE N.E. 
TEL:(403) 235-5300 
FAX:(403)248-0750 

ALBERTA EDMONTON T6H 4J8 
5312 CALGARY TRAIL 
TEL:(403) 438-6888 
FAX:(403) 434.0812 

B.C. VANCOUVER VER 5J7 
3070 KINGSW AY 
TEL:(604) 4663321 

MANITOBA, WINNIPEG R3H OHS 

106 KNG EDWARD STE 
TEL(204) 786 3076 

ONTARIO, MISSISSAUGA LAW 4M1 
MATHESON CENTRE 
NBR 2-1350 MATHESON BLVD 
TEL:(416) 238-8825 

ONTARIO, DOWNSVIEW M3J 123 
TORONTODONNSVIEW 
86 ST REGIE CR N 
TEL:(416) 630-0400 
FAX:(418) 638-2938 

O NTARIO, TORONTO MSC 1143 

TORONTO DOWNTOWN 
100 LOMBARD ST 
TEL:(614) 367-2911 

ONTARIO OTTAWA KIZ 618 
1023 ME RIVAL ROAD 
TEL(613) 728-7900 

OUEBEC, MONTREAL -WEST HAP IN 
5651 FERRIER ST 

TEL:(514) 731-7441 

OUEBEC, MONTREAL EAST HIS 1A9 
6080 METROPOLITIAN BLVD E. 

TEL:(514) 256-7638 

QUEBEC, STE-FOY GIN4K8 
1990 BOUL CHAREST 0 

TEL 682-5776 
FAX:(418) 682-6303 

ACT WE 
IN U.S.A 

MASS, BOSTON W ESTBORO 01581 
133 FLANDERS ROAD 
TEL(6I7) 366-8899 
FAX:(617)366-1195 

WA, BELLEVUE SEATTLE 98005 
131407 NORTHUP WAY 
20TH ST N.E. 
TEL:(206) 881-8191 

C.A SANTA -CLARA 
2010 DUANE AV 
SANTA -CLARA 95054 C.A 
TEL:408 727 46 50 

NJ MOUNT LAUREL 
107 GAITHER DR 
MOUNT LAUREL NJ 0854 

\TEL: 609 273 21 00 

AUTO SOUND SYSTEM 
1269 EAST MAIN STREET 
EL CAJON CA 92021 
TEL:(619) 442-70-22 

CC ELECTROWARD 
716 W ST GEORGE AVE 
LINDEN NJ 
TEL:(201 )925-83-33 
DOW RADIO 

2001 HARBOR BLUD 
COSTA -MESA CA 92627 

TSM 116 V5 $11.50 
REGULATED POWER SUPPLY 5V D.0 
POWER TTIAEFOPMER NOT INCLUDED WITH 
THE KIT 

L J 

ELECTRO CITY 
801 EAST BROADWAY 
TUCSON ARIZONA 86719 

ELECTRONIC OURLET 
2815FRONDREN 
HOUSTON TEX -77083 

ELECTRONIC WAREHOUSE 
2691 MAIN ST 
RIVERSIDE CA9250I 
TEL(714)686-61.86 

/TSM 116 V12 $11.50 
REGULATED POWER SUPPLY 12V D.C. 
POWER TRANSFOF6MER IS NOT INCLUDE 

1TI/ THE Kr. 

TSM 163 $12.92 
POWER SUPPLIES 5 , 7.5 , 9 , 12V/1 A. 
POWER TRANSFORMER NOT INCLUDED 
WITH THE KIT. 

rTSM 2 V4 325.85 
VARIABLE SOLID STATE REGULATED PO- 
WER ? UPPLY 3V TO 14 VSATRANSFORMER 

,NOT INCLUDED N THE KIT. 

KELVN ELECTRONICS 
7 FAIRCHILD AVE. 
PLANVIEW N.Y 11803 
TEL :(516)349-7620 
FAX:(516)349-7830 

NUTRL7N COMPUTER ELECTR@1CS 
821 E R006EVELT ROD LOMBARD 
L . 60148 
TEL:(312)691-89-00 

MACS ELECTRCMC 
191 SOUTH E STREET 
SAN BERNARDNO CA 92401 
TEL:(714)884-31 -87 

ORVAC ELECTRONIC 
1645 EAST ORWNGETHORPE 
FULLERTON 
CA 92631-6294 
TEL:(714)871-12-20 

CIRCLE 73 ON FREE INFORMATION CARD 
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Fordham 
measures up 

Quality Price Delivery 

Mini -Meters with Maxi -Specs 

SCOPE 31/2 Digit 
LCD Meter 

0.5% Accuracy DC Volt- 

age AC Voltage DC Cur- 

rent Resistance Diode 
Test Battery Life 300 Hm. 

Overload Protection: DC 

500V. AC 350V ohms 250V 

DC/AC. 

Model 
DVM-630 $2995 
Our Price 

Zippered carrying case 
CC -30 $4.50 

NEW! 

SCOPE 31/2 Digit, LCD 

8 Function with 
Transistor Tester 

0.5% Accuracy Audible 
continuity and diode test 

10 Amp measurement 
Resistance DC/AC 

Voltage. 

Model 
DVM-632 $4495 
Reg. $60.00 
Our Price 

Zippered carrying case 
CC -30 $4.50 

SCOPE 31/2 Digit LCD 

with Autoranging 
0.5% Accuracy Auto/ 

Manual range selection 
DC Voltage AC Voltage 

AC Current DC Current 
Resistance. 

Model 
$ DVM-631 

Our Price 

Special 

Deluxe carrying case 
CA -92 $9.95 

SCOPE Hand -Held Digital Multimeters 
Overload protection Auto -decimal LCD readout Polarity indication 

300 hr. 9V battery life Low battery indicator. 

8 Function. 37 

ranges including 
Transistor and 

Capacitance 
measurements 

Model DVM-636 

$6750 

11 Function, 38 

ranges including Logic 
Level Detector, Audible 
and Visual Continuity, 
Capacitance and 
Conductance 
measurements 

Model DVM-638 

$8750 
Our Price 

CA -92 Deluxe Padded Case for DVM meters. $9.95 
TL -216 Transistor and Capacitance Test Leads$9.90 

e IF 1 k 

-n `4A V I j 
.7 ) C7 

II 

Telephone Orders Now 

C . 
I 

(.=._ - 

rI .... .. 

: 

I EVERYDAY INCLUDING SATURDAY 
Mon - Fri. 8 a.m. - 8 p.m. EST. Sat. 9 a.m. - 3 p.m. EST 

ASK FOR FREE CATALOG. Money orders, checks accepted. C.O.D.'s require 25% deposit 1.1111.,.;,1 i;,,:.,i 

Fordhanhi 
Free 800-645-9518 

260 Motor Parkway, Hauppauge, NY 11788 In NY State 800-832-1446 

NEW! 
SCOPE Frequency Counters 

8 -digit LED Compact lightweight 

High performance Automatic 
range and Hold function High 
stability in reference oscillator. 

Model FC -7011 

100 MHz Our Pric 

Model 

16995 

550 MHz Our0 Price 2451 

sem 9 
FORDHAM Frequency 
Counter 

10 Hz - 150 MHz Range 7 -digit 

LED display VHF IHF selection 
Gate time 1 sec., 5 sec. ±1 count 

accuracy. 

Model FC -150 
13990 Our Price 

NEW 
FORDHAM Function 
Generator 

0.5 Hz - 500 KHz in 6 ranges Sine, 

square & triangle wave forms VCA 

and VCF inputs Accuracy ±5% of 

full scale. 

Model FG -202 
Our Price 

$14990 

FORDHAM Signal Tracer/ 
Injector 

Easy to operate VU meter Two 

LED mode indicators 1 KHz test 

tone 8 ohm speaker Test leads. 

Model SE -610 $11990 
Our Price 

FORDHAM LCR Bridge Meter 
Fully transistorized 1 KHz signal 

generator Measures resistance 
Inductance High mechanical and 

electrical stability Battery operated. 

Model LC -340 
Our Price 14995 

i SCOPE Digital 
Capacitance Meter 

Digital LCD display LSI-circuit High 
accuracy: 100 rpm 0.5% Broad test 
range Fast sampling time Capacitor 
discharge protection Compact, light- 

weight design One -hand operation. 

Model DCM-602 $5995 
Our Price 

Service & Shipping Charge Schedule 
Continental U.S.A. 

FOR ORDERS ADD 
$25-100 $4.50 
$101-250. $600 
$251-500 $8.00 
$501-750 $1050 
$751-1.000 $12.50 
$1001-1500 $1650 
$1,501-2.000 $20.00 
$2.001 and Up $2500 

www.americanradiohistory.com


