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KENWOOD 
..pacesetter in Amateur radio 

TS -940S 
The new TS -940S is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no- nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi- function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 

100% duty cycle transmitter. 
Super efficient cooling system using 
special air ducting works with the inter- 
nal heavy -duty power supply to allow 
continuous transmission at full power 
output for periods exceeding one hour. 
High stability, dual digital VFOs. 
An optical encoder and the flywheel 
VFO knob give the TS -940S a positive 
tuning "feel" 
Graphic display of operating 
features. 
Exclusive multi- function LCD sub- 

display panel shows CW VBT, SSB 
slope tuning, as well as frequency, 
time, and AT- 940 antenna tuner status. 
Low distortion transmitter. 
Kenwood's unique transmitter design 
delivers top "quality Kenwood" sound. 
Keyboard entry frequency selection. 
Operating frequencies may be directly 
entered into the TS -940S without using 
the VFO knob. 
ORM- fighting features. 
Remove "rotten ORM" with the SSB 
slope tuning, CW VBT, notch filter, AF 
tune, and CW pitch controls. 
Built -in FM, plus SSB, CW, AM, FSK. 
Semi or full break -in (OSK) CW. 
40 memory channels. 
Mode and frequency may be stored in 
4 groups of 10 channels each. 
Programmable scanning. 
General coverage receiver. 
Tunes from 150 kHz to 30 MHz. 
1 yr. limited warranty. 
Another Kenwood First! 

Optional accessories: 
AT -940 full range (160 -10m) auto- 

matic antenna tuner SP -940 external 

Interface IF- 232C/IF-10B 

speaker with audio filtering YG- 455C -1 

(500 Hz), YG- 455CN -1 (250 Hz), 
YK -88C -1 (500 Hz) CW filters; YK -88A -1 

(6 kHz) AM filter VS -1 voice synthesizer 
SO -1 temperature compensated 

crystal oscillator MC -43S UP /DOWN 
hand mic. MC -60A, MC -80, MC -85 
deluxe base station mics. PC -1A phone 
patch TL- 922A linear amplifier 

SM -220 station monitor BS -8 pan 
display SW -200A and SW -2000 SWR 
and power meters. 
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Complete service manuals are available 
for all Trio -Kenwood transceivers and 
most accessories. 
Specifications and prices are subject to 
change without notice or obligation. 

More TS -940S information is available 
from authorized Kenwood dealers. 

KENWOOD 
TRIO -KENWOOD COMMUNICATIONS 
1111 West Walnut Street 
Compton, California 90220 

CIRCLE 92 ON READER SERVIC E CARD 

www.americanradiohistory.com

www.americanradiohistory.com


Which Way To YOUR Future? 
Are you at a crossroads in your career? 
Have you really thought about it? Are 
you planning for your future, or perhaps 
refusing to face the subject? Which way 
will you go - down the same old road? 
Or are you ready for something else? 

In electronics you can't stand still. If you 
are not moving ahead, then you're falling 
behind. At the crossroads of your career, 
various choices are available - and, yes, 
decisions have to be made. 

Which road will you take - one that 
doesn't go where you want to be, or one 
that leads to hard work but also to the 
better life? Ah, decisions, decisions! 

Career decisions are so important that you need all the input 
you can get before locking -in on one of them. Grantham Col- 
lege of Engineering offers you one source of input which may 
help you in making that decision. It's our free catalog. 

Ask for our free catalog and you may be surprised to learn how 
it is easily possible to earn a B.S. degree in electronics without 
attending traditional classes. Since you are already in electronics 
(you are, aren't you ?), you can complete your B.S. degree work 
with Grantham while studying at home or at any convenient 
place. 

But don't expect to earn that degree without hard 
work. Any degree that's worth your effort can't be 
had without giving effort to the task. And of course 
it is what you learn in the process, as much as the 
degree itself, that makes you stand out above the 
crowd - that places you in an enviable position, 
prestige -wise and financially. 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California, 90720 

This booklet 
FREE! 

This free booklet 
explains the 

Grantham B.S. 

Degree Program, 
offered by inde- 
pendent study to 

those who work 
in electronics. 

for 
FREE 
Booklet 
CLIP 

COUPON 
and mail in 
envelope or 
paste on 
postal 
card. 

Grantham 

Put Professional 
KNOWLEDGE 

and a 

COLLEGE DEGREE 
in your 

Electronics Career 
through 

HOME STUDY 

offers this program, complete 
out laboratory, to electronics technicians whose 
objectives are to upgrade their level of technical 
employment. 

Recognition and Quality Assurance 
Grantham College of Engineering is accredited by 
the Accrediting Commission of the National Home 
Study Council, as a degree -granting institution. 

All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 

but with- 

Grantham College of Engineering 
10570 Humbolt Street, Los Alamitos, CA 90720 

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

M-4-87 

Name Age 

Address 

City State Zip 
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el- Radio Ihaek Parts PIaeë 
PROJECT PARTS AT EVERYDAY LOW PRICES! 

Low -Voltage DC Motors 

Low 79C 
As Each 

Add action to hobby projects and models. 
1.5 to 3 VDC. #273 -223 79¢ 
3.5 to 9 VDC. #273 -229 Pkg. of 2/1.49 

Tri -Sound 
Siren 
595 

Attention 
Getter! 

Contains an IC, driver circuit and 8 -ohm speaker in a com- 
pact case. Wiring options permit three different sounds with 
extra -loud 80 db output. 3 VDC. #273 -072 

Melody Synthesizer 
Only 299 

Preprogrammed 
With 12 Popular Tunes 

UMC 3482. Ideal for musical doorbells, telephone music - 
on -hold. Tunes include Happy Birthday, Clementine, 
London Bridge and other favorites. 16 -pin DIP with data 
and circuit examples. 1.5 VDC. #276 -1797 

Mike Connectors 

1191'. (2) (3) 

(1) 8 -Pin Mike Plug. #274 -025 2 19 

(2) 4 -Pin Mike Plug. #274 -001 1 59 
(3) 4 -Pin Chassis Socket. #274 -002 . 99¢ 

LED Bonanza 

(4) (5) 

(4) 10 Assorted Rectangular LEDs. Various colors and 
sizes. #276 -1655 Pkg. of 10/1.98 
(5) 20 Assorted LEDs. Various colors and sizes. May in- 
clude IR types. #276 -1622 Pkg. of 20/1.98 

IC Inserter and Extractor 
695 

Handle ICs 
The Safe Way 

Helps you remove or install 
DIP ICs without bending 
pins. Both inserter and ex- 
tractor are groundable to 
protect static -sensitive 
MOS devices. #276 -1574 

Lighted AC Switches 
(6) 120 VAC SPDT Push -On/ 
Off. Rated 3 amps at 120 VAC. 
Lamp requires 12 volts, AC or 
DC. Mounts in '/z "- diameter 
hole. #275 -676 4 95 

(7) Round Button Version of 
Fig. 6. #275 -677 4 95 

(8) SPST Normally Open or 
Normally Closed. 5 amps at 
250 VAC. 12 -volt lamp. 6 /e" mtg. 
hole. #275 -678 5 95 

Quality Memory Chips 

Upgrade Your Computer With the Best! 

Manufacturer's prime memory ICs with 150 ns 
access time and low -power design. 
4164 64K Dynamic RAM. #276 -2506 .... 3.95 
4256 256K Dynamic RAM. #276 -1252 ... 6.95 

Wire -Wrapping Sockets 

0.025" posts accept 
3 levels of wire. 

Pins Cat. No. Pkg. of 2 Pins Cat. No. Each 

8 276 -1988 1.19 28 276 -1983 1.39 
14 276 -1993 1.29 40 276 -1984 1.99 
16 276 -1994 1.39 - - - 

Breadboarding System 

(9) (10) 

dl 

The fast and efficient way to build! Solderless modular 
breadboards accept DIP ICs and a wide variety of com- 
ponents. When your circuit is working properly, it's 
easy to transfer to the matching PC board. 

(9) Experlimenter's PC Board. Layout matches modular 
breadboard sockets. 2' /,e x 57/i 6 x'hs': 276 -170 ... 2.69 
(10) Modular Breadboard Socket. Two bus strips and 550 
indexed connection points. #276 -174 11.95 
(11) Modular Breadboard Socket. Smaller version of Fig. 
10 with 270 connection points. #276 -175 6 95 

12 -Volt Flashing Lamps 
Pkg. of 3 

Only 

990 
Add sparkle to hobby projects and model train 
layouts. Includes one each: yellow, red, green. 
95 mA. 4" wire leads. #272 -1097 

Color -Coded Jumper Cables 

379 Each 

(12) Set of 10 Test Ca- 
bles. 14" long with insu -` 
lated mini alligator clip on 
each end. #278 -1156 

(13) Set of 6 Heavy -Duty 
Cables. 40" long. Claw - 
type clip at ends. #278 -002 

Semiconductor ' Hotline" 

Radio Shack Can 
Replace Almost 

Any Popular 
Semiconductor! 

More Than 
200,000 

Substitutions 

No Minimum 
Order 
No Postage 
Charge 

If the device you need for a project or repair 
job is not part of our regular stock, we'll 
special -order a replacement from our 
warehouse. Radio Shack also offers this 
convenient service on selected tubes, 
quartz crystals, phono cartridges and styli. 
Come in and give us a try! 

Benchtop Digital Multitester ar .l' 
I®u ® fJ j 

t 

LCD Display 
Memory Storage 
Full Autoranging 
Transistor Checker 

9995 
Our Best 

Ever! 

Compares with meters costing much more! Fea- 
tures an easy -to -read digital display plus a 31- 

position bargraph to show peaks and trends. 
Built -in transistor HFE and semiconductor junction 
test modes. Buzzer continuity test. With probes, 
manual. Batteries extra. #22 -195 

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, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zt ners, more! 

Dual DC Power Supply 

599 5 Independent or 
Tracking Operation 

Adjustable From 0 to 15 VDC 
Switchable Volt /Amp Meter 

Quality and features you wouldn't expect at this 
low price! Output is adjustable 0 to 15 volts, and 
series mode provides up to 30 VDC. Front -panel 
meter and 4- position switch permit current/ 
voltage monitoring. Has fuse protection, deluxe 
vented steel cabinet. Maximum current: 1 amp 
per channel. UL listed AC. Illustrated owner's 
manual. #22 -121 

Radie Ilhack 
A DIVISION OF TANDY CORPORATION 

Prices apply at participating Radio Shack stores and dealers 
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XT SYSTEM 3 -BASIC TURBO 
FCC approved IBM'', PC, XT Compatible 

Includes: 
XT-type case 150 -watt power supply 
640K turbo motherboard with 256K on board . 

Na 98999 $263, YOUR COST - SAVINGS - 
Name brand floppy drive No. 93140 $95 
Magnavox green monitor No 96710 $87 
K -150L keyboard No. 90130 $45 
K -150M At -type keyboard No. 99020 $59 
150 -watt power supply No. 90155 $52 
Case for PC /XT compatible Na 90180...$33 

Mountain COMPUTER PRODUCTS 
20 meg drive card for XT or AT 
No. 99620 $529 , 
30 meg drive card for XT or AT 
No.99600 5619 3 
20 meg hard drive w /controller 
hardware and software 65MS C 

No. 96835 $439, 
30 meg hard drive w /controller 
hardware and software 65MS l' 
Na 96836 .5509 
1 YEAR WARRANTY ON ALL MOUNTAIN PRODUCTS ; 

MODEMS 3 
FCC approved 

SmarTeam 
Hayes compatible 300/1200 BAUD Auto: 

answer /redial LED lights $1 57 No. 91990 

Avatex Modem 

i3 

Auto answer, dial, & redial PC talk III software in -t 
cluded Automatic self -test on power up $g] No. 97070 

Internal Modem 
'/2 size card 300/1200 BAUD Bell 103/212A com- 

patible Hayes compatible $i 29 No. 97085 1 L 
COMPUTER BOARDS 

FCC approved IBM,PC/XT compatible 
Multifunction Board 

384K expandable Serial & Game ports 
Parallel printer port Clock calendar w /battery 

backup Manuals & cables 
No. 92290 $75 
Floppy Disk Controller 

Drives 2 internal drives Includes cable 

No 92260 $29 
Hard Drive Controller Board 

Controls 2 hard drives from 
5mbto32mb 
No. 96230 $11 O 

Controls 2 hard & 2 floppy drives 
No. 96340 $130 e 
Monochrome Graphic Printer Board 

Built -in Parallel printer port Text 25 line x 80 . 
- column, 720 x 348 resolution TTL high resolu- 
4. tion output 

. 

No. 99010 $75 
No. 96360 text only $54 

á 
3 

Color Graphics Board 
RGB & composite port Light pen interface 

Graphics 320 x 200 (color) 640 x 200 (B/W) Text 
'25x80 

No. 92280 $65 
No 96670 RGB & printer port only $73 
Multi I/O Card 

Built -in floppy controller that can drive 2 floppy 
drives 1 RS 232 serial port Calendar clock 

Parallel printer port Joystick adapter 
No 96770 $88 
RS 232 Serial Port Board 
No. 92310 $27 
Clock/Calendar Card 

Built -in calendar Real time clock 
No 96350 $29 
Parallel Printer Card 
No. 92700 $21 
Game I/O Board 

2 ports No. 92850 $21 
640K RAM Expansion Board 
No. 99630 $44 

THE WHOLESALE OUTLET 
TO ORDER CALL (518) 459 -7883 

1 INTERSTATE AVENUE, DEPT. ME, ALBANY, NY 12205 
CALL FOR CATALOG FOB Albany Customer pays Irmgn, and nandh 
my MCN,sa accepted (Other orders snipped UPS COO (cash. money order 
or s checks only) MINIMUM ORDER $2500 (lances sublacl io change 
w!lnoM n a We are espons,bie la typographical errors) 

PHONE ORDERS TAKEN 24 HOURS A DAYIII 
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IIIIIEDITORIA L IIIIIM=1 
Promises, Promises 

Editors are beleagured by news releases 
that relate to new developments in the 
lab. Most do not reach the marketplace, 
though. When they do, it's generally a 
few years later and the development has 
been greatly modified. It's exciting to see 
what's churning, nonetheless, and to 
watch for winners that emerge. 

Last year we waited for the other shoe 
to drop after receiving some of these in- 
teresting announcements. For example, 
there was a new TV technology that pro- 
mised to significantly increase picture 
definition through a new broadcast sys- 
tem that required only minimal circuit 
changes in an existing TV receiver. Chap- 
ter two of this saga provides more details. 
Seems that CBS and NBC are testing the 
system, developed by Charles Faroudja, 
that's claimed to provide up to a two - 
thirds improvement in picture clarity. 
This comes close to RGB (red -green -blue 
direct connections) quality. Called "en- 
hanced NTSC," this could be the picture 
equivalent of what the Dolby noise -re- 
duction system is to audio. Let's wait 
and see. 

The multiuser operating system, Unix, 
has been around so long now in terms of 
micro life that one wonders when it really 
will take off, as predicted year after year. 
Now a bevy of computer companies are 
supporting a new "window" system, X 
Window, that's said to make Unix inter- 
facing friendlier. Let's wait and see. 

We've all heard how wonderful per- 
sonal computers are for automatic con- 
trol purposes. Listen to the reports, year 
after year, and it's a wonder that the 
whole country isn't on automatic corn- 
puter control by now. It's not so, as we 
know. Nevertheless, strides in computer 
control are continually advanced, and in 
the programmable controller field, new 
inroads have been announced. The one 
that piqued my imagination most recent- 
ly was the introduction of LabVIEW, a 
software development that opens new 
possibilities for automation. 

The problem faced by the industry in 
using PCs as programmable controllers 
is that the users are not computer pro- 
grammers. And even when programs are 
written for them, they're still generally 
unfamiliar with the ins and outs of apply- 
ing them. After all, the basic work in this 

area has been electro- mechanical, with 
the relay being the foundation. As a re- 
sult, a relay language system was de- 
veloped using relay contacts as the basic 
element of programming. This led to re- 
lay ladder programming and a PC key- 
board layout that emulates relay logic as 
well as a front -panel on instrument con- 
trollers that uses relay symbology. 

LabVIEW, in turn, takes another ap- 
proach to programming for control pur- 
poses. It provides graphic tools for pro- 
gramming by block diagrams, each one 
of which represents a complete program. 
As a consequence, pages of code to not 
have to be written. A mouse is used to 
wire up the blocks. If wire routing is inva- 
lid, the computer automatically shows it 
as a broken line. Instruments are created 
on the screen for programming purposes, 
and the results can be executed through 
the computer. On paper, it's certainly 
impressive. In essence, the user creates an 
instrument's front panel, configures its 
operation by using only block diagrams, 
and gets all manner of real -time strip 
charts, histograms, etc., to boot. All 
without conventional programming! 
(For more information, contact National 
Instruments, 12109 Technology Blvd., 
Austin, TX 78727.) 

Changes for the better don't necessari- 
ly make life immediately easier. For ex- 
ample, chip packaging modifications can 
make it difficult to find a replacement 
part, though the new package may allow 
overall equipment to have less bulk. A 
new, expanded spreadsheet program 
may be great, but if you don't have a fast- 
er computer with lots more memory, you 
might have to take a coffee -break while 
waiting for it to do its calculations. Fast- 
er chips often exhibit higher failure rates. 

Some things seem to never change, 
though. Just think, the familiar TO -3 
package (now named TO -204A) is over 
20 years old. 

We'll keep you posted on more prom- 
ises, as well as reporting on those that 
have come to fruition. 
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IIIiI/LETTERS IIII11 

Erratum 
The projects in Modern Electronics 

and other electronics magazines have 
helped my fellow students and me win 
prizes in our industrial arts shows. But 
out of all the magazines dealing with 
electronics, I find yours to be the best! 
Thank you. Incidentally, I spotted a 
slight error in the schematic of "The 
(Car) Thief Chaser" in the October 1986 

issue. Pins 1 and 3 of the 555 timer should 
be transposed. 

John Hiett 
Flagstaff, AZ 

Connections to pins 1 and 3 should in- 
deed be transposed. -Ed 

Authors' Updates 
My "$20 Drum Synthesizer" that ap- 

peared in the January 1987 issue looks 
good. Since a reader telephoned me to 
ask about a source for the SN76477 chip 
used in the project, I figured other read- 
ers might be experiencing difficulties. If 
any are, I suggest they try Anchor Elec- 
tronics, 2040 Walsh Ave., Santa Clara, 
CA 95050 or Jameco Electronics, 1355 

Shoreway Rd., Belmont, CA 94002. An- 
chor's price is $3.82 and Jameco's price is 

$5.95 each. Both companies carry the 
other semiconductors used in the project, 
so there should be no problem with the 
minimum -order charge of $20.00. 

This aside, I noted in "How to Design 
Ultra -Long Delay Timers" in the Janu- 
ary 1987 issue that Fig. 7 will not work as 
shown.. To function, pin 7 of IC2 must be 
grounded. In addition, pins 3 through 6 

and 8 through 12 should be grounded to 
prevent accidental damage to the chip 
from static discharge. 

C.R. Fischer 

Great magazine! However, there are a 
lot of unanswered questions with regard 
to the Digital Amplifier featured in the 
December 1986 issue: 

1.)Iff one were to use an ac power sup- 
ply, how much current and maximum 
supply voltage need it supply? 

2.) I can see how to modify the input 
stage for home use (eliminate C7 and 
R46), but how much input signal do I 

need for full output? 

3.) Exactly what is the output power 
from the amplifier at a given frequency, 
load impedance and distortion? 

4.) All the p- channel power MOSFETs 
I can find prefixed with "IRF" have four 
digits. Is the IRF953 specified for Q1 and 
Q3 correct? 

Greg Woolard 
Antioch, TN 

The author replies: Your best bet for an 
ac -line- operated power supply is to keep 
the positive and negative supplies to be- 
tween 32 and 35 volts at 5 amperes or 
more. The input stage is designed to pro- 
vide full output with a signal of 5 volts 
peak, the maximum delivered by most 
car radios. With the radio at full output, 
the amplifier will be at a level near clip- 
ping. To use the amplifier with a home 
stereo system, you need a preamplifier. 
This can be built around the LM381N 
with good results. Several good circuits 
are provided in the National Semicon- 
ductor data books. The output power 

(Continued on page 91) 

Copy Worldwide Short -wave Radio 
Signals on Your Computer 

Remember the fun of tuning in all those foreign broad- 
cast stations on the short -wave radio? Remember those 
mysterious sounding coded tone signals that baffled 
you? Well, most of those beeps & squeals are really 
digital data transmissions using radioteletype or Morse 
code. The signals are coming in from weather stations, 
news services, ships & ham radio operators all over the 
world. Our short -wave listener cartridge, the "SWL ", 
will bring that data from your radio right to the video 
screen. You'll see the actual text as it's being 
sent from those far away transmitters. 

The `SWL" contains the program in ROM 
as well as radio interface circuit to copy 

MICROLOG 
INNOVATORS IN DIGITAL COMMUNICATION 

Morse code and all speeds /shifts of radioteletype. It 
comes with a cable to connect to your radio's speaker/ 
earphone jack, demo cassette, and an excellent manual 
that contains a wealth of information on how to get the 
most out of short -wave digital DXing, even if you're 
brand new at it. 

For about the price of another "Pac- Zapper" game, you 
can tie your Commodore 64 or 128 into the exciting 

world of digital communications with the 
Microlog SWL. $64. Postpaid, U.S. 

MICROLOG CORPORATION, 
20270 Goldenrod Lane 
Germantown, Maryland 20874. 

Telephone: 301 428-3227. 
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111111//MODERN ELECTRONICS NEWS/Ill/Il 
THE #1 CLONE. Radio Shack ranks as the No. 1 PC -DOS clone manufac- 
turer with 272,000 units sold through retail channels in 1986, ahead 
of all others such as Compaq, Leading Edge, etc. Normally reserved 
about its sales numbers, and ignored in all studies of who sells how 
many, RS is now telling what was an untold story. Moreover, its total 
of 668,000 computers sold in 1986 places them in a dead heat with 
Apple Computer for the overall No. 1 spot on a unit basis. 

AUDIO /VIDEO SERVICE EDUCATION. Another company hiding its light seems 
to be RCA Consumer Electronics. It's been producing fine technical 
material to support its products for many years. Among its offerings 
in this area are a host of RCA VCR workshop training manuals, a tech- 
nical reference library, unitized chassis color TV service education 
manual and tech library, RCA color TV workshop manuals for step -by- 
step color TV operation and troubleshooting, and more. Write to RCA 
Consumer Electronics, Technical Training Dept. 1 -450, P.O. Box 1976, 
Indianapolis, IN 46206, and request its 1986 Technical Training Publi- 
cations Catalog. 

E -MAIL WHITE PAGES. Computer electronic mail services are great --if 
someone knows how to reach you. Moreover, each commercial E -Mail ser- 
vice has its own addressing scheme. Now an equivalent of the tele- 
phone company's "White Pages" for home phone numbers and addresses has 
been started, called the National E -Mail White Pages. It's free to 
anyone with a modem; initially, that is. Registrants will be included 
in a searchable on -line directory, with calls received via modem at 
203 -245 -7720. Only those who registered their own addresses can search 
for other E -Mail addresses in the White Pages. New registrants get 
50 free searches. After this, users with credit cards can buy blocks 
of 50 additional searches for $10, with unlimited searching for high - 
volume users for $95 /year. In addition to listing a registrant's various 
"addresses," the preferred one can be noted, too. For more information, 
call 800 -843 -6088 or send MCI Mail to RHERFF (for Ron Herff) for a reply. 
To register, call 800 -622 -0505 with a 300 -, 1200- or 2400 -baud modem. 

YES, NOVICES MAY NOW TALK. At long last, after much pressure and ca- 
joling, the FCC has officially expanded entry -level privileges for 
amateur (ham) radio operators to include operating modes beyond the tra- 
ditional Morse Code. Now hams with Novice licenses will be able to 
communicate by voice and between home computers linked by radio with- 
out having to pass more difficult tests in order to do so. The new 
opportunity includes single -sideband voice and digital communications 
at 28 MHz as well ás all modes in parts of the 220 -225 -MHz band and the 
1240 -1300 -MHz band. So Novices can now transmit data by radio that's 
independent of the public telephone systems, and join over 20,000 packet - 
radio operators as part of a growing worldwide network. 

STEALING TV SATELLITE ANTENNAS? Guess this happens, too, since Pico 
Products, Inc., Liverpool, NY just introduced the PAL -100 "Picoalarm" 
home satellite feed system security alarm. The security device emits 
a high pitch from a piezo buzzer when the cable connecting to the feed 
electronics is severed or disconnected. Pico says that some insurance 
companies offer reduced liability rates on satellite systems that have 
such a security device installed. Only one question here: who's gonna 
hear (and respond to) the alarm? 
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MATCH p 
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ADVERTISED 
RETAIL 

ÓR 

WHpLESpE P CES! 

4*111 
BONANZA! 

ITEM 
SINGLE 
UNIT 
PRICE 

DEALER 
10 -UNIT 
PRICE 

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) 29.95 18.00 ea. 

PIONEER WIRELESS CONVERTER (OUR BEST BUY) 88.95 72.00 ea. 

LCC -58 WIRELESS CONVERTER 92.95 76.00 ea. 

JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) 105.95 90.00 ea. 

SB ADD -ON UNIT 109.95 58.00 ea. 

BRAND NEW - UNITS FOR SCIENTIFIC ATLANTA Call for specifics 

MINICODE (N -12) 109.95 58.00 ea. 

MINICODE (N -12) VARISYNC 119.95 62.00 ea. 

MINICODE VARISYNC W /AUTO ON -OFF 179.95 115.00 ea. 

M -35 B (CH. 3 OUTPUT ONLY) 139.95 70.00 ea. 

M -35 B W /AUTO ON -OFF (CALL FOR AVAILABILITY) 199.95 125.00 ea. 

MLD- 1200 -3 (CALL IF CH. 2 OUTPUT) 109.95 58.00 ea. 

INTERFERENCE FILTERS - CH. 3 24,95 14.00 ea. 

JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea. 

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 225.00 185.00 ea. 

SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call 

Quantity tem 
Output 

Channel 
Price 
Each 

TOTAL 
PRICE 

California Penal Code #593 -0 forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

,,, -,,- ,,,,,.,T 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( 

ri Cashier's Check Li Money Order [l COD C Visa Mastercard 

Acct # Exp. Date 

Signature 
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. 

Dated Signed. 

Pacific Cable Company, Inc. 
7325'/2 RESEDA BLVD., DEPT. # 20 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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Illi NEN/ PRODUCTS/il/IllIII 

For more information on products 
described, please circle the appropri- 
ate number on the Free Information 
Card bound into this issue or write to 
the manufacturer. 

A New Apple He 
Apple Computer has announced an 
updated version of its Apple IIe per- 
sonal computer. The new IIe has an 
expanded keyboard with built -in nu- 
meric keypad and features Apple's 
new "platinum" color scheme. It 
comes with 128K of user RAM, 
which is expandable to 1.2 mega- 
bytes, eight expansion slots, with an 
Apple 80- Column card already in- 
stalled in one, and graphics in three 
resolutions in up to 16 colors on a 
wide variety of monitors. 

The computer measures 18 "D x 
15.13 "W x 4.5 "H and weighs 12 lbs. 
$828. The IIGS Upgrade is $499 (plus 
installation). 

CIRCLE 1 ON FREE INFORMATION CARD 

Preprogrammed vhf /uhf 
Police Scanner 
Regency Electronics' new "Infor- 
mant" is a special mobile vhf /uhf re- 
ceiver that comes already prepro- 
grammed with national police and 
key state and local law- enforcement 
frequencies for all 50 states. It also 
has a built -in weather function that, 
when activated, automatically 
causes the radio to search for the 
closest active frequency from the Na- 
tional Weather Service. Unlike the 
case with scanners, the Informant 
never has to be programmed with the 
desired frequencies. With a single 
touch, its patented "TurboScan" 
system seaches out preprogrammed 
frequencies for a particular state at a 
rate of 50 channels per second, which 
is four times the speed of conven- 
tional scanners. 

New features include the 18 -key 
numeric keypad, two programmable 
function keys and cursor -control 
keys. To facilitate upgrading the new 
computer to IIGS status (optional), 
the IIe's keyboard is functionally 
equivalent to the IIGS's . 

Built around the low -power 65CO2 
microprocessor operating at a clock 
frequency of 1.02 MHz, the updated 
computer's standard features in- 
clude video output (monochrome 
and NTSC -compatible color) and 
game I/O interfaces and a built -in 
speaker. It handles both text and 
graphics, the latter in three resolu- 
tions. Low resolution offers 16 colors 
with 40 x 48 -block display, high res- 
olution offers six colors with 280 x 
192 -dot display, and double -high 
resolution offers 16 colors with 560 
x 192 -dot display. 

Features include a digital display 
that shows the state and type of 
transmission (state police, county 
police, etc.) being monitored; a high- 
way /city switch for monitoring local 
or statewide police frequencies; a 
"hold" switch to keep the receiver 
on a single frequency; and a top - 
mounted speaker. It comes with a 
telescoping antenna. It can be used 
with a dc cigarette lighter cord or 
wired directly to a vehicle's dc sys- 
tem. $369.95. 

CIRCLE 2 ON FREE INFORMATION CARD 

Digital Probes 
Two new logic probes and a pulser 
probe have been announced by Mer- 
cer Electronics, a Division of Simp- 
son Electric Co. The 20 -MHz Model 
9604 and 50 -MHz Model 9605 logic 
probes are handy troubleshooting 
tools for various types of TTL and 
CMOS (switch selectable) logic fami- 
lies. Their slim, compact design 
makes them easy to use in densely 
populated printed- circuit assemblies. 
Levels and pulses can be viewed easi- 
ly from two front -mounted LEDs 
and can even be stored by means of a 
convenient switch. Two more LEDs 
in the base of the units indicate when 
an improper connection has been 
made or when an over -voltage condi- 
tion exists. 

The Model 9606 multifunction 
pulser can inject up to 50- microsec- 
ond pulses into a logic circuit with- 
out having to isolate the ICs when in 
the pulse mode. It also has a sync in- 
put that permits use of an external 
synchronizing signal. It is ideal for 
isolating opens, shorts and malfunc- 
tioning ICs in logic circuits. 

CIRCLE 3 ON FREE INFORMATION CARD 

Shirtpocket DMM 
A new, miniature digital multimeter 
has been announced by A.W. Sperry 
Instruments (Hauppauge, NY). The 
Model DM -1 "Pocket Pro" minia- 
ture 3% -digit DMM combines the 
measurement capabilities of a 14- 
range digital instrument with the 
simplicity and size of a pocket calcu- 
lator. It features autoranging, manu- 
al ranging, electronic overload pro- 
tection on all ranges, automatic -po- 
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larity selection, audible continuity 
indication and more. 

Pocket Pro can measure ac and dc 
volts to 200 mV, 20 V, 200 V and 450 
V full -scale and resistance to 200, 
2K, 20K, 200K and 2M ohms full - 
scale. Continuity indication is via a 
built -in buzzer; it sounds when the 
resistance between the probe tips is 
less than 200 ohms. 

The DM -1 is supplied with two 
1.5 -volt LR -44 button -type cells, 
carrying case, built -in test leads and 
operating manual. Dimensions are 
4.2 "H x 2'W x 0.4 "D, and weight 
is only 3.5 oz. $29.95. 

CIRCLE 4 ON FREE INFORMATION CARD 

Digital Hi -Fi 
Videocassette Recorder 
NEC Home Electronics' Model DX- 
2000U VHS videocassette recorder 
offers just about the entire catalog of 
advances in video recording technol- 
ogy. HQ recording is provided for 
improved video recording and hi -fi 
capability for full- spectrum audio 
recording in stereo. Added to this are 
true MTS stereo and SAP sound de- 
coding, digital video processing and 
dual- purpose wireless remote control. 

High -quality (HQ) recording adds 
sharpness and improves the color of 
recorded pictures for a 20% im- 
provement in picture quality, while 
Hi -Fi recording provides an extend- 
ed audio frequency response from 20 
Hz to 20 kHz with more than 90 dB 
dynamic range and more than 60 dB 
channel separation. The 110 -channel 
cable- capable synthesized tuner has 
40 channel presets, with channels ac- 

cessible via up /down scanning or 
randomly. Digital noise reduction 
improves video S/N by up to 9 dB, 
and digital playback yields noiseless 
stop- action and slow motion. Digital 
picture memory freezes live pictures. 

Features include on- screen status/ 
programming display; 4- event /21- 
day timer; a "unified" remote con- 
troller that operates both the VCR 
and NEC TV receiver /monitors; 
"Jet Search" for quickly reviewing 
the tape at 8 or 21 times normal 
speed; single- button recording in 30- 

minute increments up to 5 hours to- 

tal; automatic power -on when a cas- 
sette is loaded; cassette eject with 
power off; picture sharpness con- 
trol; multifunction display that gives 
error messages; 10- minute battery 
backup for the timer and memory 
settings; and a mirror system that 
visually confirms tape movement. 
The dual- purpose remote controller 
duplicates virtually all front -panel 
controls, including counter /timer 
setting and cassette eject. The VCR 
measures 17 "W x 14 %'D x 4%2 "H 
and weighs 19.4 lbs. $819. 

CIRCLE 5 ON FREE INFORMATION CARD 

RS232C -to- RS422A Converter 
B &B Electronics' (Ottawa, IL) Mod- 
el RS232C -to- RS422A converter uses 
balanced differential signals to per- 
mit cable communications at dis- 
tances up to 4,000 feet, at transmis- 
sion rates up to 93,000 baud. For 
users who require multiple -drop sys- 
tems, the converter permits as many 
as 10 receivers to be simultaneously 
connected to a single driver. 

Featured in the converter are a 
male DB25 connector for RS232C 
and a female DB25 connector for 
RS422A hookups. RS232C transmit 
data is converted to RS422A and 
RS422A receive data is converted to 
RS232C. No handshaking lines are 
connected. Also available is a re- 
versed converter, Model 422COR, 
with female DB25 connector for 
RS232C interfacing and a male 
DB25 connector for RS422A inter- 
facing. Both models require 12 volts 
dc at 100 milliamperes, for which a 

power supply is available as an op- 
tion. $49.95 for converter; $14.95 
for power supply. 

CIRCLE 6 ON FREE INFORMATION CARD 

Antistatic Wrist Strap 
Davie Tech's Model WRS -3 antistat- 
ic wrist strap is designed to allow the 
user to work safely on sensitive elec- 
tronic assemblies. It has a retracting 
coiled cord that is claimed to prevent 
any possible tangling or user incon- 
venience as it discharges harmful sta- 
tic electricity to earth. An elastic 
band that the user wears on his wrist 
is made up of a non -irritating fabric 
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NEW PRODUCTS ... 

and has a 6 " circumference to fit a 
wide range of wrist sizes. A 360 -de- 
gree swivel dot -type stud connects 
the cord to the wristband. The cord 
mating stud is enclosed in a molding 
that also houses a 1- megohm resistor 
that protects the user. A banana 
plug /alligator clip arrangment at the 
opposite end of the coiled cord pro- 
vides for connecting the strap to a 
wide variety of conductive surfaces. 

CIRCLE 7 ON FREE INFORMATION CARD 

Professional CD Player 
Technics' Model SL-P1200 "profes- 
sional" compact -disc player offers 
search dial cueing that lets you 
"spin" the disc to any desired point 
anywhere on the disc just as with a 
conventional turntable. Forward/ 
backward cueing is in 0.1- second in- 
crements and can be performed at 
two speeds. Slow mode goes through 
one second, while fast mode goes 
through 30 seconds of program ma- 
terial per revolution. A rocker con- 
trol permits real -time manual con- 
trol of the timing of the start of selec- 
tions, performing digitally a func- 
tion similar to manually controlling 
the speed of the platter of an analog 
turntable when mixing. 

Auto cue automatically positions 
the laser pickup precisely at the start 
of the first note of each track, which 
is confirmed by a "standby" indica- 
tor. A long- stroke fader controls 
pitch over a range of ± 8 %. Pressing 
the on /off key instantly restores 
standard quartz- locked pitch. 

Features include: numeric 10 -key 
pad for direct access and 20 -step ran- 
dom- access programming by selec- 
tion number and index number; 
4 -pin DIN jack for connection of a 

4. iL4 .88 aeBQ QQa 

momentary contact switch to control 
start /stop or start/pause functions; 
9 -digit display that shows track num- 
ber, index number, and minutes, sec- 
onds and tenths of seconds; repeat 

and skip keys; double -oversampling 
digital filter; headphone jack with 
level control; subcode output; and 
remote controller. $1,295. 

CIRCLE 8 ON FREE INFORMATION CARD 

Digital Signal Processing 
Development Systems 
Microcraft Corp. (Thiensville, WI) 
has announced a cost -effective pc- 
board system for digital signal pro- 
cessing (DSP) research, development 
and experimentation based on the 
Texas Instruments TMS32010. The 
complete system consists of Model 
DSP -D digital and Model DSP -A 
analog processing boards that can 
be used with personal computers 
equipped with RS -232C serial ports. 
A comprehensive manual comes with 
each board. Communication with the 
DSP -D via an RS -232C interface 
uses TX, RX and GND connections 
to permit the widest possible variety 
of terminals and computers to be 
used. 

The DSP -D digital board loads 

and runs TMS32010 programs and 
features: TMS32010 DSP processor 
running at 20 MHz; 8039 microcom- 
puter for local control of the TMS 
32010 and RAM; software in ROM 
for RS -232 communication with the 
host computer; up to 4K of RAM for 
TMS32010 programs; tape storage 
of DSP programs; and 40 -pin con- 
nector for linking with analog sub- 
system. The DSP -A analog board, 
which provides peripherals for the 
TMS32010, features: 8 -bit A/D con- 
verter with sample and hold; 8 -bit 
D/A converter; selectable sample 
clock rates to 20 kHz; analog filters 
for antialiasing and reconstruction; 
8 -bit digital I/O ports with LED in- 
dicators; and internal /external sam- 
ple clocks. $299 DSP -D; $199 DSP -A. 

CIRCLE 9 ON FREE INFORMATION CARD 

(Continued on page 90) 
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Now! In America 
For the first time, the AR2002 is 

available in the U.S.A.! Acclaimed 
worldwide for its full spectrum 
coverage, its superior sensitivity, 
excellent selectivity and convenient, 
compact design; it has all the features 
a sophisticated and discerning public 
service band radio user desires. 
Experts in Europe, and around the 
world report excellent performance in 

independent lab tests. For example: 
sensitivity across all bands will 
typically exceed .3 microvolts in NFM. 
And now the AR2002 is available to 
you exclusively through this offer. 

Peformance Above 
and Beyond 
You'll hear signals from 25 through 
550 MHz, plus 800 MHz through 1.3 
GHz. In any mode: narrow band FM, 

wide band FM, or AM. Search 
through entire bands, or enter 
selected frequencies into any of 20 

memory channels. The sidelighted 
LCD gives full information on status 
and programming. Profession quality 
hinged keys and a digitized front 

panel control knob make tuning easier 
than ever before. There's even a real 

time clock with backup, a signal 
strength meter and a front panel head 
phone jack. Plus, programmable 
search increments, a laboratory 
quality BNC antenna connector with 
switchable attenuator, full memory 
backup, and power cords for AC or 
DC operation. A professional quality 
swivel mount telescoping antenna is 

also supplied. 

...And More! 
Every AR2002 has a special connector 
on the rear panel. It interfaces to our 
custom RC -pack. A little device that 
makes the AR2002 controllable by 
ANY computer with an RS -232C port. 
The possibilities that result from this 
option are nearly limitless. In effect, 
virtually your only monitoring 
constraint will be your imagination. 

Yet Convenient to Own 
The AR2002 is available exclusively 
through us - so call us direct, TOLL 
FREE. We'll be happy to answer any 
questions you may have. And if you 

CIRCLE 17 ON FREE INFORMATION CARD 

respond like thousands of other 
monitor users the world over, we'll be 

shipping you an AR2002 within 48 
hours by surface UPS for only $455. 
Plus we pay all freight and handling 
charges. Remember to ask about our 
custom test and triple extended buyer 
protection warranty plans, and our 
express shipping option. if you're not 
satisfied within 25 days, return your 
AR2002. We'll refund your purchase 
and return shipping costs. There are 
no catches, no hidden charges. 

The AR 2002 
The Professional Monitor Receiver 

COMMUNICATIONS 
Monitor Division 

10707 East 106th Street, Indianapolis, IN 46256 

Call Toll Free 800 -445 -7717 
Visa and MasterCard 
COD slightly higher l'es.' ff'1ll 

In IN 317 -842 -7115 collect 

Warehouse: 22511 Aspan Street, Lake Forest, CA 92630 

(77/8'D x 55/16 "W x 31/8"H Wt. 2 lbs., 10 oz.) 

VISA 
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NRI Trains You At Home-As You Build 
Your Own IBM PC Compatible Computer 

GET THE KNOW-HOW 
TO SERVICE EVERY 
COMPUTER ON THIS 
PAGE... 
AND MOR 
Learn the Basics the NRI Way - 
and Earn Good Money Troubleshooting 
Any Brand of Computer 
The biggest growth in jobs between now and 1995, 
according to Department of Labor estimates, will 
occur in the computer service and repair business, 
where demand for trained technicians will actually 
double. 

You can cash in on this opportunity- either as a 
full -time corporate technician or an independent 
service -person -once you've learned all the basics of 
computers the NRI way. NRI's practical combination 
of "reason -why" theory and "hands -on" building skills 
starts you with the fundamentals of electronics, then 
guides you through advanced electronic circuitry 
and on into computer electronics. You also learn to 
program in BASIC and machine language, the 
essential languages for troubleshooting and repair. 

Total Computer Systems Training, 
Only From NRI 
No computer stands alone ... it's part of a total 
system. To really service computers, you have to 
understand computer systems. And only NRI includes 
a powerful computer system as part of your training, 
centered around the new, fully IBM PC compatible 
Sanyo 880 Series computer. 

\t,1111111111111U1 
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IBM is a Registered Trademark of IBM Corporation. 
Epson is a Registered Trademark of Epson America, Inc. 

Apple and the Apple logo are Registered Trademarks of Apple 
Computer, Inc. 

Compaq is a Registered Trademark of COMPAQ Computer Corporation. 
1985 AT &T Technologies, Inc. 
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NEW! 
Train with the newest Sanyo 880 

Series Computer-it's 
fully 

IBM the IBM PC! 

twice as fast as 

'ou start with 
he step -by -step 
tssembly of the new, highly- rated, Sanyo 
.omputer. You install and trouble - 
hoot the "intelligent" key - 
foard. Then you assemble the 
rower supply, install the disk 
'rive, and add extra memory to 
;ive you a powerful 256K RAM system. 
he new 880 computer has two operating speeds: 

tandard IBM speed of 4.77 MHz and a remarkable 
urbo speed of 8 MHz, making it almost twice as 
ast as the IBM PC. Next, you'll interface the high - 
esolution monitor and begin to use the valuable software 
dso included with your complete computer system. 

It all adds up to confidence -building, real -world 
!xperience that includes training in programming, circuit 
lesign, and peripheral maintenance. You'll be learning 
bout, working with, servicing, and troubleshooting an 
!ntire computer system- monitor, keyboard, computer, 

disk drive, power 

Say You Saw It In Modern Electronics 

supply -to ensure that you have 
all the essential skills you need 
to succeed as a professional 
computer service technician. 

N o Experience Needed, 
N RI Builds It In 
This is the kind of practical, 
hands -on experience that makes you uniquely prepared, with 
the skills and confidence you need for success. You learn at your 
own convenience in your own home. No classroom pressures, 
no night school, no need to quit your present job until you're 
ready to make your move. Your training is backed by your 
personal NRI instructor and the NRI technical staff, ready to 
answer your questions and help you when you need it. You get 
it all with NRI at -home training. 

1OOPage Free Catalog Tells More 
Send the postage -paid reply card today for NRI's big, 
100 -page, color catalog on NRI's electronics training, which 
gives you all the facts about NRI courses in Microcomputers, 
Robotics, Data Communications, TV /Audio /Video Servicing, 
and other growing, high -tech career fields. If the reply card is 
missing, write to the address below. 

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

circuits Your four-f unction, digital 
multimeter with walk -you- through 
instructions on audio tape Digital logic 
probe for visual examination of keyboard 
circuits The newest Sanyo 880 Sedes 
Computer with "intelligent" keyboard and 
3606 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. 

SEND COUPON TODAY FOR FREE NRI CATALOG! 

NM,SCHOOLS 
McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue, NW, Washington, DC 20016 I I I I 
We'll give you tomorrow. 

CY'CHECK ONE FREE CATALOG ONLY 

Computer Electronics 
TV /AudioNideo Servicing 
Satellite Electronics 
Robotics & Industrial Control 
Industrial Electronics 
Telephone Servicing 
Digital Electronics Servicing 

i ri 
For Career courses 

approved under GI Bill 

check for details. 

Basic Electronics 
Electricians 
Small Engine Repair 
Air Conditioning, Heating, & Ref. 

Locksmithing & Electronic Security 
Photography 
Bookkeeping & Accounting 

Name (Please print) Age 

Street 

LCity/StaleRip Accredited by the National Home Study Council 4-047 I 
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Technology 

Introduction to Thyristors 
How to use diacs, SCRs and triacs to switch and 
control ac voltages to resistive and reactive loads 

By Dan Becker 

Thyristors provide an efficient, 
low -cost method of control- 
ling power to a load. For 

many applications, small size and 
high current capacity -as much as 
4,000 amperes -make them more at- 
tractive than mechanical relays. The 
three most common types of thyris- 
tors are the diac, the silicon con- 
trolled rectifier (SCR) and the triac. 
Although these devices are primarily 
used with ac line voltages, the SCR is 
also extensively used in dc pulse ap- 
plications. All are bistable semicon- 
ductor devices that can be switched 
from a high- impedance off state to a 
low- impedance on state. 

Once triggered, a thyristor remains 
on until its forward current drops be- 
low the level necessary to maintain 
the on condition, which is called 
holding current Ih. Because ac line 
voltage falls to zero at the end of each 
half- cycle, thyristor current drops 

below the Ih level and reverts to the 
off state every half- cycle. 

Thyristor Basics 
Diac. A diac, shown schematically 
in Fig. 1(A), has two terminals. 
When off, it is equivalent to an open 
circuit. It stays in the off state until a 
positive or negative voltage of suffi- 
cient amplitude -called the break - 
over voltage VBO (or switching volt- 
age VS) -is placed across the termin- 
als. The diac then turns on and the 
current through it is limited only by 
load resistance. 

Figures 1(B) and 1(C) illustrate the 
single -pole, single -throw switch -like 
action of a diac. A typical diac has a 
breakover potential of 24 to 32 volts. 

Diacs are primarily used with tri- 
acs in power control circuits, such as 
light- dimmers. We will go into more 
applications detail and the effect they 
have on circuit performance later. 
SCR. Similar to the diac, the SCR 
has two stable states, defined as on 
and off. The schematic symbol is 

MT2 

MT1 0 

(A) (B) 

cDi 
(C) 

Fig. I. Schematic symbol of diac (A) and simplified mod- 
els of on (B) and off (C) states. 

shown in Fig. 2(A). Unlike the diac, 
however, current can flow in only 
one direction. In addition, the volt- 
age at which breakover (switching) 
occurs is adjustable and is controlled 
by the third, gate, terminal. 

Breakover voltage of an SCR is 

specified by the manufacturer for 
zero gate current. When designing a 
circuit, you must select a thyristor 
that is rated higher than the maxi- 
mum voltage anticipated. For exam- 
ple, for ac -line operation, you would 
select an SCR with a 600 -volt VDRM 
rating. This ensures that the reverse - 
blocking voltage rating will also be 
adequate. Typically, it is 100 volts 
greater than the VBO rating and is 

equivalent to the peak reverse volt- 
age rating of a rectifier diode. 

Cathode -to -anode action of an 
SCR is similar to that of a diode in 
series with a single -pole, single - 
throw switch. The "switch" closes 
under gate control. That is, to switch 
on an SCR, a small current must be 
passed to the gate terminal. Figures 

Anode 

Gate 

Cathode 0 
(A) 

K 

g 
K 

(B) (C) 

Fig. 2. Schematic symbol of SCR (A) and simplifed 
models of on (B) and off (C) states. 
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2(B) and 2(C) show the on and off 
states of this simplified model. 

How gate current can be applied to 
an SCR is illustrated in Fig. 3. Here, 
an external switch in series with a 
current -limiting resistor is used to 
open and close the gate current path. 
The series gate resistor assures that 
the gate current will decrease to a 

safe value after the SCR is triggered. 
In addition, a 1N4004 rectifier diode 
is installed in series with the gate. 
This prevents the negative half of the 
ac line -voltage cycle from damaging 
the cathode -gate semiconductor junc- 
tion of the device. 

With an open gate switch, the SCR 
remains off, due to the high break - 
over voltage rating. If the gate switch 
is closed, the breakover voltage point 
is lowered through the action of gate 
current. Thus, the SCR would switch 
on during the positive half of the line 
voltage. 

When on, forward current through 
an SCR is limited only by the load re- 
sistance. The SCR will remain on un- 
til forward current drops below 
holding current Ih. 

When the line voltage alternates to 
the negative half of the cycle, for- 
ward current drops below holding 
current, forcing the SCR into the off 
state. Thus, the SCR must be retrig- 
gered (switched on) once every cycle, 
while the polarity of the cathode to 
anode voltage is in the forward direc- 

120Vac 
60 Hz 

Load 

SCR 0 

Gate 
resistor 

Gate 
diode 

Gate 
switch 

Fig. 3. An SCR test circuit. 

tion (cathode negative and anode 
positive). 

By making the gate resistor vari- 
able, the breakover -voltage point 
can be controlled. As gate current in- 
creases, breakover voltage is low- 
ered. This controls the point during 
the positive half -cycle at which the 
SCR fires, thereby controlling the 
amount of power fed to the load. At 
maximum gate current, this device 
operates like a half -wave rectifier in 

series with the load. 
Triac. To obtain control over both 
positive and negative halves of the 
line -voltage cycle, a more versatile 
device than the SCR is required. This 
brings us to the bidirectional triac. 

Shown schematically in Fig. 4(A), 
the triac combines the bidirectional 
properties of the diac with the break - 
over- voltage gate -control mechan- 
ism of the SCR. The three terminals 
of the triac are identified as main ter- 

Fig. 4. Schematic symbol of triac (A) and simplified on (B) and off (C) models. 

minai one (MT1), main terminal two 
(MT2) and gate (G). 

A triac can be switched on during 
both positive and negative halves of 
the 360- degree ac cycle, making the 
complete voltage cycle available to 
the load, instead of only the 180 de- 
grees afforded by the SCR. 

Gate current in a triac is always 
referenced to MT1 and can flow in 
either direction. In addition, it can 
be applied continuously or in pulses. 
The manufacturer's data sheet speci- 
fies the value of gate current IGT nec- 

essary to trigger on the device. Of- 
ten, this refers to the dc current re- 

quired to trigger the device with 12 

volts ac applied between MT1 and 
MT2. As the temperature of the triac 
increases, the required amount of 
gate current decreases. 

Continuous gate current is easily 
accomplished with a dc voltage (with 
a current -limiting series resistor) ap- 
plied between the gate and MT1. 
This triggers the thyristor on for 
both halves of the ac line voltage. It 
permits the triac to function as an 
electronically controlled switch. Fig- 
ures 4(B) and 4(C) illustrate the on 
and off circuit characteristics, re- 
spectively. 

Unlike the SCR, gate current of a 
triac can flow in either direction. 
This is convenient because it allows 
the ac line voltage to be used to sup- 
ply the gate control circuit. Typical- 
ly, pulses of gate current are generat- 
ed, one for each half of the ac cycle. 
The polarity of each pulse corre- 
sponds to the instantaneous polarity 
of the voltage across the main ter- 
minals. Pulsed gate current allows 
triggering of the device at nearly any 
convenient point in the line -voltage 
cycle. This method is used in the light - 
dimmer circuit to be described shortly. 

Some of the symbols manufactur- 
ers use to specify the characteristics 
of a thyristor are detailed in the thy- 
ristor characteristics table. 

Thyristors are available in a varie- 
ty of case styles. Examples of the 
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more common types are given in Fig. 
5. Case style and size are related to 
the power -handling capacity of the 
device. Because of the high efficien- 
cy associated with thyristors, even 
small packages like the TO -92 can 
handle rms currents in excess of 1 

ampere and peak (nonrepetitive) cur- 
rents of 15 amperes. Larger case 
styles, like the TO -48 stud mount, 
typically feature a current ratings of 
40 amperes. 

Because a thyristor is less than an 
ideal switch, 1 to 2 volts is dropped 
whenever current flows. This gener- 
ates heat that must be dissipated by a 
heat sink. In an application like the 
light dimmer shown in Fig. 6, where 
the thyristor controls a 60 -watt load, 
power dissipation is about 1 watt and 
requires only a small heat sink. 

When a control circuit operates di- 
rectly from the ac line, mounting a 
thyristor to a heat sink should be giv- 
en careful consideration. The reason 
for this is that the metal tab on the 
case of the device is usually not elec- 
trically insulated from MT2. There- 
fore, you should install a Teflon or 
mica washer between the thyristor 
and the heat sink before fastening 
them together. This keeps the "hot" 
side of the ac line isolated from the 
heat sink and the enclosure and 
maintains good transfer of heat. 

Some thyristors feature an isolat- 
ed mounting stud. This lets you for- 
get about the washer, since MT2 (or 
the anode of an SCR) is internally in- 
sulated from the case of the device. 

Phase - Control Circuit 
Illustrated in Fig. 6 is a typical appli- 
cation for thyristors -a light -dim- 
mer control. Potentiometer Rl lets 
you adjust the brightness of the lamp 
over a range from a weak flicker up 
to full on. Three different settings, 
shown as A, B and C, are indicated 
for RI, corresponding to the three 
pairs of points indicated on the ac 
line -voltage curve in Fig. 7. 

Thyristor Characteristics, 

VORM 
VBG or Vs 

VTM 

VGT 

IGT 
Ih 

IT(RMS) 

IT(AV) 

ITSM 

Peak Off Voltage- exceeding this value switches on the device. 
Breakover or Switching Voltage -must exist across terminals before 
device switches on. 
On Voltage -voltage dropped across device by forward current. 
Gate Trigger Voltage- forward biases the gate terminal. 
Gate Trigger Current -value to use to ensure positive device triggering. 
Holding Current -minimum current required to maintain the on state; 
often specified in milliamperes (mA). 
Rms Current -maximum rms on -state current without device failure. 
Average Current -maximum average on current without device failure. 
Surge Current -maximum peak on current (nonrepetitive) without device 
failure. 

With Rl set near maximum resis- 
tance (A), the triac switches on at 
point A on the time /voltage curve. 
This corresponds to minimum light 
brightness. At the opposite extreme, 
if RI is set toward minimum resis- 
tance (C), the triac fires at the begin- 
ning of each half -cycle, delivering 
maximum power to the lamp. 

Following Fig. 6, potentiometer 
Rl and capacitor CI form a voltage 
divider with a time constant of up to 
5 milliseconds. Therefore, the volt- 
age across CI lags the voltage across 
the main terminals of the triac. A 
second RC circuit consisting of R2 
and C2 is connected in parallel with 
Cl. The voltage across C2 lags still 
further behind the terminal voltage 
of the triac. In addition, the voltage 
is now reduced to a fraction of the ac 
line voltage. 

Fig. 5. Typical thyristor package 
configurations. 

As the value of RI is reduced, the 
voltage across C2 increases. A point 
is reached at which the peak voltage 
across C2 exceeds the breakover 
voltage of the diac. At this point, the 
diac switches on and capacitor C2 

(Continued on page 96) 

Fig. 6. A diac /SCR light- dimmer circuit with rfi suppression. 
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The UnExpected H 28C- [hi' PACKAR1 
is this your next calculator? 

A first report: 

If you're at all like me, this is what you've been holding 
your breath for (in the calculator direction, of course). 
Just a few years back, calculators were exciting. Maybe 
once a year there was a new model that could do start- 
lingly more. Not recently, though. 

The HP -28C is first in a new generation. I don't 
have room here to do it justice, there are so many 
interesting features and specs for it. I'll sketch it for 
you, though ... 

You'll have ON- SCREEN MENUS and SOFT - 
KEYS, just like a PC- sensible access to hundreds 
of functions (128K ROM!) and high -level problem 
solving. Gamma function, random numbers, ... 

Complex numbers, matrices, vectors, lists, and alge- 
braic expressions can be viewed, edited, and then used 
in calculations just as easily as ordinary numbers. Dot 
and cross products, determinant, ... 

You can choose RPN LOGIC for calculations 
OR use the built -in ALGEBRAIC LOGIC -with 
RPN its 4 -line display shows your stack OR you'll see 
your equation displayed just as you would write it. You 
choose. 

You'll do no programming to get solutions, either -it 
will solve for any unknown variable anywhere in your 
equation. 

It will convert between different unit systems, too. 
The values of 120 units are built -in, and you can add 
your own. Are you ready for all this right now? (I have 
them in stock.) 

You'll use SEPARATE KEYBOARDS, the 
right hand one for NUMBERS and the left for 
LETTERS. Later, you can fold it to pop into 
your shirt pocket. 

You can plot graphs of your functions, even two at a 
time. Then place the cursor near where the graphs 
cross and press a key to calculate the x -value of the 
crossing, correct to 12 digits. I was amazed. 

Scatter plots of your statistical data are easy too. 
Imagine showing all this to your colleagues! 

Plotting. Plot mathematical functions and statistical data; set plot scales, 
axes, and center; display graphics. 

Statistics. Single- or multi- variable statistics: summation, deletion, mean, 
standard deviation, total, maximum, minimum, variance, covariance, 
correlation. Linear regression and predicted value. Normal, Students t, F, 
and Chi -square distributions. 

A major leap in technology -you'll do SYM- 
BOLIC ALGEBRA, even SYMBOLIC CALCU- 
LUS. You'll manipulate unknowns and letters as well 
as numbers, even differentiate functions to get their 
derivative functions. This is the first small machine 
that can do symbolic mathematics, like MACSYMA on 
a mainframe, and it can be yours right now. 

Symbolic Algebra.' All real and complex number functions; expand, 
collect terms; expression editor; subexpression recall and substitution, 
symbolic solve; quadratic equations. 

Calculus. Symbolic differentiation of arbitrary expressions; symbolic 
integration of polynomials; numerical integration of arbitrary expressions; 
Taylor series. 

Programmability is enormous -You can use all 
of the built -in functions with your own menus and 
softkeys, plus sophisticated utilities. 

Binary Integer Operations. Decimal, octal, hexadecimal, and binary 
bases; arithmetic; variable wordsize; bit shift and rotate, byte shift and 
rotate, arithmetic shift; logical operators; floating -point/ integer conversion. 

Programming Features. User -defined `unctions, local variables, indef- 
inite nesting and recursion, IF ... THEN . .. ELSE, FOR ...NEXT, DO ... 
UNTIL, WHILE ...REPEAT; halt, continue, abort, single -step, pause, read 
key, beep, display, error message, error number; set/ clear /test 64 user flags; 
conditionals, logical operators; object type. 

But you can't see the best part - 
Your HP -28 -C comes with a built -in 
InfraRed Printer Interface. This means 
no wires or cables to your portable 
thermal printer -just point your 28 -C 
at it and press a key for an instant 
record. Have your printer now or get it 
later -your choice. 

The HP -28C lists for $235. It will be the 
world's standard for years to come. You're sure 
to get one sooner or later. Why not now? I have 
them in stock, and I'll give you a discount 
savings of $45 now. 

Hewlett- Packard has been the choice of engineers 
and scientists for the past 15 years. HP is simply the 
best. Yours will last you for years to come. 

EduCALC is the World's Premier HP- Calculator 
Store. You can trust our years of experience and 
straightforward service. 

Order by mail: each HP -28C is $189.95; save $29 
on each InfraRed Printer at $105.95 (Calif. residents 
add 6% tax). Add $4 for UPS delivery (no extra charge 
for multiple items). Allow 12 days for personal checks 
to clear, or send your MC /Visa number and card 
address. 

For fastest service, call during west -coast business 
hours at (7141582-2637. Or, all days /all hours call 
toll -free (800) 33 -2252, ext. 355, with your MC or 
VISA card. Of course, if you live in Southern Cali- 
fornia, drop by in person and pick up your new 28C. 

I uarantee you'll be delighted with the 
HP-28C-or your money back within 15 
days, no questions asked. 

CIRCLE 28 ON FREE INFORMATION CARD 

EduCALC Mail Store 
27953 -5 Cabot Road 

Laguna Niguel, CA 92677 
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Project 

A New Life for 
Sinclair /Timex Computers 

How to convert a Sinclair ZX81 or Timex -Sinclair 
TS1000 into a programmable printer buffer 

By R.L.L. Hu & J.J. Chang 

Nof too many years ago, 
more than a million very - 
low -cost Sinclair ZX81 and 

Timex -Sinclair TS1000 computers 
were sold to consumers who wanted 
a taste of working with the new de- 
vices. Most of these computers are 
now stored away, just gathering dust 
due to obsolescence. If you're lucky 
enough to have one of these tiny 
mites but haven't used it in years and 
don't know what to do with it, here's 
a way to convert it into a Centronics - 
compatible parallel printer buffer 
that can free up your present compu- 
ter during printing operations. 

As an example of how effective the 
modification is, this manuscript tied 
up my computer for 11 minutes while 
printing. In contrast, using the 
ZX81 /TS1000 as a printer buffer re- 
duced this to 12 seconds! 

You can do the conversion at a 
fraction of what it would cost you to 
buy a commercial buffer or build one 
from scratch. Converting a ZX81 or 
TS1000, as described here, offers a 
number of advantages not normally 
obtained with commercial or home - 
built buffers. Among these are: a 
power -on memory test /size -determi- 
nation feature; a Multi -Copy Mode 
that lets you select up to 255 copies of 
a document to be printed; contin- 
uous display of buffer filled or cop- 
ies remaining to be printed; a pause 
function for suspending printing; a 
clear key to reset the Buffer; and au- 
tomatic cancelation of Multi -Copy 
Mode on buffer size overrun. 
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This project makes permanent 
hardware modifications to the corn - 
puter to make it possible for all the 
printer buffer interfacing logic to be 
contained in the computer's original 
case. Once the modifications are 
made, you will no longer be able to 

run any of the computer's original 
software, of course. 

About the Circuit 
To transform the ZX81 and TS1000 
from computer into Printer Buffer, 
the original r -f modulator and ULA 
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Fig. 1. Complete schematic diagram of modification module 
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CIE MAKES THE 
WORLD OF 

ELECTRONICS 
YOURS. 

oday's world is the world of electronics. 
To be part of it, you need the right kind of 

training, the kind you get from Cleveland 
Institute of Electronics, the kind that can take you 
to a fast growing career in business, aerospace, 
medicine, science, government, communica- 
tions, and more. 

Specialized training. 
You learn best from a specialist, and that's CIE. 
We're the leader in teaching electronics through 
independent study, we teach only electronics and 
we've been doing it for over 50 years. You can put 
that experience to work for you just like more than 
25,000 CIE students are currently doing all 
around the world. 

Practical training. 
You learn best with practical training, so CIE's 
Auto -Programmed® lessons are designed to take 
you step -by -step, principle -by- principle. You also 
get valuable hands -on experience at every stage 
with sophisticated electronics tools CIE -designed 
for teaching. Our 4K RAM Microprocessor 
Training Laboratory, for example, trains you 
to work with a broad range of computers in a 
way that working with a single, stock computer 
simply can't. 

Personalized training. 
You learn best with flexible training, so we let you 
choose from a broad range of courses. You start 
with what you know, a little or a lot, and you go 

CIRCLE NO. 171 ON FREE INFORMATION CARI) 

wherever you want, as far as you want. With CIE, 
you can even earn your Associate in Applied 
Science Degree in Electronics Engineering 
Technology. Of course, you set your own pace, 
and, if you ever have questions or problems, our 
instructors are only a toll -free phone call away. 

The first step is yours. 
To find out more, mail in the coupon below. Or, if 
you prefer, call toll -free 1- 800 -321 -2155 (in Ohio, 
1 -800- 523 -9109). We'll send a copy of CIE's 
school catalog and a complete package of enroll- 
ment information. For your convenience, we'll 
try to have a representative contact you to answer 
your questions. 

CIE Cleveland Institute of Electronics 
1776 East 17th St., Cleveland, Ohio-1-1114 

YES! I want to get started. Send me my CIE school catalog including 
details about the Associate Degree Program. I am most interested in: 
C] computer repair C television /high fidelity service 

telecommunications Í. medical electronics 
C robotics /automation broadcast engineering 

C other 

Print Name 

Address Apt. 

City State Zip 

Age Area Code /Phone No. 

Check box for G.I. Bulletin on Educational Benefits 
Veteran C Active Duty MAIL TODAY! 
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PARTS LIST 

Semiconductors 
IC1- 74LS139 dual 1 -of -4 decoder 
IC2- 74LS175 Quad D flip -flop 
IC3- 8255A -5 programmable periph- 

eral interface 
IC4 -TLC555 CMOS timer 
IC5- TIL311 hexidecimal decoder/ 

driver /display 

Capacitors 
Cl- 200 -pF disc 
C2- 10 -µF, 16 -volt tantalum 

Resistors ('/ -watt, 507o tolerance) 
R1,R2 -820 ohms 
R3 -100 ohms 
R4-330 ohms 

Miscellaneous 
Programmed MM2716 -45 2K x 8 

450 -ns EPROM (see text); perforated 
board with 0.1 " hole centers (Radio 
Shack Cat. No. 276 -158 or similar); 
low- profile sockets for all ICs and 
plug -ins for Centronics cables; adap- 
ter pins for plugging into sockets (see 
text); male and female Centronics - 
compatible printer cables with 14 -pin 
DIP connectors at other end; hook- 
up wire; solder; etc. 

Note: The source -code listing for the Printer 
Buffer Program is available in printed 
form from NAND Engineering, 1458 

Meadowbrook Rd., Gloucester, Ontario, 
Canada K1B 5G7 for $18.00 ppd. 

(uncommitted logic array) and ROM 
chips must be removed. A 2716 
EPROM programmed with the 
Printer Buffer Program (see listing) 
goes into the original ROM socket 
and then a small interface board with 
ICs and cables that go to the printer 
and your present computer plugs in- 
to the original ULA chip socket. A 
1 -digit hexidecimal display, also on 

the interface board, shows the status 
of the Printer Buffer. Once the 
modification has been performed, 
functions such as pause, multiple 
copies and clear- buffer are provided 
through the ZX81's or TS1000's 
keyboard. 

Shown in Fig. 1 is the schematic di- 
agram of the interface -board's cir- 
cuitry that converts the ZX81 and 

TS1000 into the Printer Buffer. The 
two halves of the 74LS139 dual 
1 -of -4 decoder used for IC/ decodes 
both the memory and I/O (in- 
put /output) space. Quad D flip -flop 
IC2 latches hexidecimal decoder/ 
driver /display 105. The TIL311 
used for 105 contains all decoding 
and driving circuitry as well as the 
LED hex display itself in a single IC 
package. The left and right decimal 
points (see Fig. 2), for example, are 
used as extensions of the contents of 
4 -bit hex display 105, representing 
the fifth and sixth bits, respectively. 
As a result, the possible range of the 
display is from 0 to 63, displayed as 
"0" through ".F. ". 

Programmable peripheral inter- 
face 1C3 handles all electrical inter- 
facing required between computer 
and printer and monitors the Buff- 
er's keyboard for operator com- 
mands. The system clock is derived 
from the TLC555 timer chip, shown 
as 1C4 in Fig. 1. The TLC555 timer 
was chosen for this application be- 
cause it has a free -running clock fre- 
quency of up to 2 MHz. The stan- 
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Fig. 2. Case outlines and pertinent pinouts of ICs used in this project. 
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dard 555 timer's clock frequency is 

much more restrictive and, thus, is 

not adequate for this application. 
Of the 64K bytes of possible mem- 

ory space available in the ZX81 and 
TS1000, the first 16K is allocated for 
ROM, while the second 16K is allo- 
cated for the standard 16K RAM 
pack. Though the third and fourth 
16K spaces are not used by Sinclair, 
other manufacturers have built 
RAM packs that make use of these 
spaces. The Buffer's hardware and 
software have been set up to accom- 
modate this maximum of 48K of user 
RAM, but be advised that the proj- 
ect has not been tested with such 
RAM packs. 

Construction 
Two main procedures must be per- 
formed to convert the ZX81 and 
TS1000 from a computer into a 
Printer Buffer. First you must modi- 
fy the computer's motherboard to 
accommodate the preprogrammed 
2716 EPROM and the interface 
board. Then you build the interface 
board and install it in the computer. 

When you disassemble the ZX81 
or TS1000, make certain to remove 
the three screws hidden under the 
rubber feet. If you work carefully, 
there should be no need to remove 
the two keyboard ribbon cables from 
their connectors. If you do remove 
them, however, be very careful when 
putting them back. 

Once you have the computer open, 
remove the 8K ROM and ULA chips 
from their sockets. Then remove the 
r -f modulator and tie all anode leads 
of DI through D8 to ground. 

Now is an excellent time to pro- 
gram the EPROM you'll be using in 
this project. The hexidecimal code 
for the Printer Buffer program is 

given in the Program Listing. When 
the Printer Buffer is operating, the 
amount of information accumulated 
at any instant is shown on the hex 
display as a whole number of kilo- 
bytes. (Actually, 1 KB = 1,024 

:20000004F33EB1D3C33EODD3C33E4UD34031274021284011FFFF36AA7ABC20047BBD280326 

:?00020002318F3212B40220A40224C400100007EFEAA2025220C4003AFE5D560691100fi408 

:20004000A1ED5238033C18F9CBF7D340D1E17ABC200478BD2803231806210020CDA5022107 

:200060000020CDA5021806DBC2CB4F2036110000010000D92A0A40220040220240AF320487 

:200080004032064032074032U840321340322A403E013205403E4032104021010022114049 

:2000A0002228402A2840110100A7ED522806222840C3684121C8002228403A0740A7201278 

:2000C0003A05403213403A2A40A7204D2113403518473A0840A72002180E3A2A40A7200878 

:2000E0003A0640321340183108D9ED530E4060697CA120067DA72002L80A3ABA02A7280400 

:2001000011FF0319AF110004A7ED5238033CiBF9ED580E4032134008D93At040C847204DBC 

:20012000CBF7321040210100221140182D2A1i40110100A7ED52221140201F3A1040CB77B0 

:20014000280DCBB1321040210400221140180BCBF73210402106002211403A1040CB7728D9 

:2001600i)073A1340CBF71801AFD34008C2C8572060219600CDA502D8C2CB572054DBC2C849 

:200180005728FA219600CDA502DBC2C85728EE3A0740A720112105407EFEFFCA9F01343ED0 

:2001A00001322A4018283A05403D280E3E01320840320540AF322A4018173A0440EE013224 

:2001C0000440A73A10402004CB871802CBC73210403A0840A7205EED5B00402A0C40A7EDCD 

:2001E00052280713AF3209401809ED5BOA403E013209402A0240A7ED52200EAF322A4032D7 

:2002000006403E0132054U182CDBC2CB6F28260BC412ED530040D90313D93A0940AT28042E 

:20022000AF320b403A0740A720i1B3A05403206403E013201403A2A40A7C26700D8C2C84772 

:2002400UC267003A0440A7C26100ED5B02402A0040A7ED5220273A0640A728063D320640FC 

:20Ù26000200E320840D9110000010000D9C367003E01320840ED580A40D9424BD92A0C40E8 

:20028000A7ED522803131804ED5BOA40ED5302401AD90B09D3C13E0DD3C3C887D3C3CBC744 

:1CO2AO0403C3C36700110100A7ED52280C380AED5AED52ED5AED5218ECC9 0v 3A 

:00000001FF 

Listing 1. HEI listing of the 

Printer Buffer Program. 

Exchange these 

two bytes to enable 

the rounding -up 

feature, as discussed 

in the article. 

bytes). Therefore, 1,500 bytes will be 
displayed as a "1 ". If you prefer to 
round the number up to the next 
kilobyte so that it is displayed as a 
"2" (kilobytes implied), make the 
changes indicated in the Program 
Listing when you program the data 
into the EPROM. (If you don't have 
and EPROM programmer, an excel- 
lent stand -alone model that handles 
up to 128K EPROMs can be built 
from plans featured in the February 
and March 1987 issues of Modern 
Electronics- Editor) 

To make the 2716 EPROM work 
in the original ROM socket, pin 18 ( CE) must be tied to ground and 
pin 21 (Vpp) must be tied to + 5 

volts. Alternatively, you can bend 
pins 18 and 21 on the 2716 itself away 
from the IC case, install the EPROM 
in the ROM socket, and solder the 

pins to ground and + 5 volts via 
lengths of hookup wire. 

If you decide to cut traces, keep in 
mind that you may also be cutting 
off signals that are needed elsewhere 
on the motherboard. In such a case, 
jumper wires will have to be used to 
reconnect the isolated sections back 
into the circuit. 

Cut a piece of perforated board 
with holes on 0.1 " centers to the size 

and shape shown in Fig. 3. The 
board and component layout shown 
will fit both the ZX81 and TS1000 
cases and motherboards. Any con- 
struction technique that will yield a 

low- profile wired modular assembly 
will do. The prototype shown in the 
photos was built using 3M's Scotch - 
flex Breadboarding System. Other 
choices include Vector Electronics' 
wiring pencil, printed- circuit board 
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S1 

S2 

o 

IC2 

NOTES: 

1. Use perforated board with 
holes on 0.1" centers 

2. = Adapter pins to plug into 
ULA chip socket 

NQ 
U 

0-R2-0-o o--R1-0 

o-C1-o 
o-R3-0 
0-R4 -0 

i -I 

IC5 

Fig. 3. Plug -in circuit -board module size, shape and component layout guide. 
Use board with holes on 0.1" centers and low-profile sockets with all ICs and for 

Centronics cable plug -ins. Refer to Fig. 1 for wiring details. 

layout, etc. In all cases, use low -pro- 
file sockets for all ICs. 

Using sockets for all ICs and for 
plugging in the DIP connectors at the 
ends of the Centronics cables, wire 
the circuit exactly according to Fig. 
1. All signals from top to bottom on 
the left side of the schematic diagram 
are from the original ULA chip sock- 
et, at the pin numbers indicated. You 
need adapter pins that can be sol- 

dered to the interface board and be 
plugged into the ULA chip socket in 
the computer. Square header pins 
are too large for this purpose and 
are not recommended. If you can't 
find appropriate pins, try using 
pins removed from ribbon cable 
DIP connectors. 

Plug the wired circuit board mod- 
ule into the ULA socket on the 
ZX81's or TS1000's motherboard. 

Make sure you plug it in so that the 
added pins line up exactly with the 
slots in the ULA socket and pins 1 

through pin 40 are properly indexed. 
Then connect the cables from the in- 
terface board to your printer and the 
computer that will serve as the host. 
If your computer printer port 
doesn't use the eighth data bit, be 
sure to ground the appropriate pin 
going into the Printer Buffer. Also, 
signal lines such as Paper Out, Error, 
etc., should be tied to the appropri- 
ate logic level if your printer control- 
ler interrogates these lines. 

Without any RAM packs installed 
in the Buffer, power up the Buffer, 
printer and computer. Internal mem- 
ory (1K in the ZX81 and 2K in the 
TS1000) is sufficient for testing the 
Printer Buffer. Go through all func- 
tions (see Operation below). Once 
the Buffer has tested okay, power 
down the system, plug in the RAM 
pack, power up the system again and 
repeat all function tests. 

Before reassembling the modified 
ZX81 or TS1000, cut two holes in the 
case. Cut one hole in the top of the 
case to provide a window to view the 
hex display. Cut the other hole in the 
side for the printer cables. Make pro- 
visions for and install a strain relief 
for the printer cables as well. 

Using the Buffer 
Keyboard control for full operation 
of the Printer Buffer is provided by 
the "C" and "S" keys on the ZX81 
and TS1000. These keys control the 
Clear and Start /Stop /Set Copy func- 
tions, respectively. Pressing the "C" 
key at any time resets the Buffer, 
which cancels in its entirety all set- 
tings and any print job in progress. 

On power -up, the Buffer runs 
through a simple memory test and 
determines the amount of memory 
available. The display indicates the 
current kilobyte of memory being 
tested. With the 16K RAM pack, the 
display will cycle up from 0 to F and 
then pause briefly prior to becoming 
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Modification board installed in Sinclair ZX81 (left) and 
Timex /Sinclair TS1000 (right) computers. Keyboard is at 
right, and left side of computer is at bottom in both pho- 

ready for use. The Buffer is now in 
the Buffer Mode. 

Buffer Mode. In this mode, the 
Buffer simply accepts data from the 
host computer and sends it to the 
printer. This is the default mode. 
The Buffer will always be in this 
mode unless the Multi -Copy Mode is 

selected. Hence, immediately after 
power -up, pressing "C" to clear the 
Buffer, or termination of a multi - 
copy job, this is the active mode. 

Since the output speed of the host 
computer is considerably faster than 
the printing speed of the printer, 
data will accumulate in the Printer 
Buffer. The amount of accumula- 
tion at any moment in time is shown 
on the hex display in kilobytes. 

In the Buffer Mode, pressing the 
"S" key temporarily suspends the 
printing operation. During suspen- 
sion, the display flashes on and off, 
but data from the host computer will 
be accepted if the Buffer is not full. 
Pressing the "S" key once more re- 
sumes the printing operation. 

tos. Computer and printer cables plug into board as shown 
and should be secured with a strain relief. Note that boards 
do not interfere with other components inside computers. 

Multi -Copy Mode. This mode al- 
lows a block of data to be printed up 
to a maximum of 255 times without 
intervention from the host comput- 
er. This mode can be selected only af- 
ter a power -on or pressing of the 
"C" key to clear the Buffer and 
while the Buffer is waiting for the 
first character from the host comput- 
er. The number of copies to be print- 
ed is then set. 

Should any characters be received 
from the host before the number of 
copies is set, the multi -copy option 
expires and the Buffer reverts to its 
default Buffer Mode. If this occurs, 
you must turn the Buffer off and 
then on or press the "C" key to clear 
the buffer and then reenter the Multi - 
Copy mode. 

You select the number of copies to 
be printed by pressing the "S" key 
once for each additional copy de- 
sired. Each time the "S" key is 

pressed, the display increments to in- 
dicate the number of copies set. The 
largest number that can be displayed 

unambiguously by the display is 63, 
which is shown as ".F. ". Conse- 
quently, if the number of copies to be 
printed exceeds 63, the display re- 
starts from O. However, the number 
of copies is not returned to 0, and the 
internal counter continues to register 
the correct number of copies, up to 
255 maximum. 

After selecting the number of 
copies, you instruct the host comput- 
er to download whatever is to be 
printed to the Buffer. Once data 
transfer has begun, the display will 

show the number of kilobytes trans- 
ferred. When downloading is com- 
plete, press the "S" key to com- 
mence multi -copy printing. At this 
time, the display will go back to 
showing the number of copies to be 
printed, including the current copy 
being printed. 

Should the Pause /Copy key be 
pressed prior to completion of down- 
loading, multi -copy printing will 

(Continued on page 96) 
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Project 

An In- Circuit 
Component Tester 

Simple oscilloscope accessory speeds up in- circuit 
testing of resistors, capacitors, inductors, and 
transistor and diode junctions 

By William R. Hoffman 

Designing and building elec- 
tronic circuits is both chal- 
lenging and fun to do. 

However, when a circuit or piece of 
equipment attached to it suddenly 
fails to function, troubleshooting it 
can be anything but fun. This is espe- 
cially so if the circuit is complex and 
nothing has obviously happened to 
give a hint of the problem's cause. In 
some cases, the troubleshooting pro- 
cedure may require that the compo- 
nents in the circuit be individually 
tested. This is a very lengthy and 
frustrating job, and the components 
can be damaged if they must be re- 
moved from the circuit for testing. 

An obvious solution to the dilem- 
ma is to use some kind of tester that 
allows the components to be individ- 
ually tested without removing them 
from the circuit. Fortunately, such 
test equipment does, indeed, exist. 
Presented here, for example, is a 
simple accessory device you use with 
any oscilloscope that has X -Y capa- 
bility. With the In- Circuit Compo- 
nent Tester to be described, you will 
be able to generate a recognizable 
trace pattern on the scope's CRT for 
each common type of component. 
The displayed pattern can show 
when a component is open or short- 
ed, as well as when it is functioning 
properly. Though this is called an 

117Vac 

F1 

T1 

II 

R1 

330 
4. Horizontal 
- input 

CUT 
o I 

Vertical 
input 

Fig. 1. Overall schematic diagram of In- Circuit Component Tester. 

"in- circuit" tester, it can be used to 
test individual components out -of- 
circuit as well. 

About the Circuit 
The schematic diagram of the In- 
Circuit Component Tester accessory 
is shown in Fig. 1. This is simply a 
bridge -type circuit that supplies a 
test signal of about 2.5 volts ac rms at 
60 Hz to the component under test 
(CUT). This signal allows you to 
make a comparison between the 
component being tested and a refer- 
ence known good component. 

Shown in Fig. 2 are some of the 
typical trace patterns that can be dis- 
played on the scope CRT being used 
with the In- Circuit Component Test- 
er. Note here that with good compo- 
nents, both a capacitor and an induc- 
tor will produce a loop in the trace, 

PARTS LIST 
F1 -V,,6- ampere, 250 volt fuse 
I1 -Panel -mount 117 -volt ac neon - 

lamp assembly with built -in limiting 
resistor 

R1- 330 -ohm, 'A -watt, 5% tolerance 
resistor 

R2- 1,000 -ohm, '/ -watt, 5% tolerance 
resistor (see text) 

R3 -150 -ohm, 1/4-watt, 5 % tolerance 
resistor 

T1 -6.3 -volt power transformer 
Misc. -Small metal box; terminal strips 

(2); fuse holder; ac line cord with 
plug; output cables with connectors 
to match scope inputs; test leads; ma- 
chine hardware; hookup wire; sol- 
der; etc. 

which is a consequence of the inter- 
nal voltage- current phase shifts of 
these components. Also, any normal 
semiconductor (diode or transistor) 
junction will generate a trace that is 
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flat horizontally and rises to the right 
or left, depending on the polarity of 
the test leads. Because it has no reac- 
tance, a resistor will produce only a 
straight diagonal line. The angle of 
the line (and the loop if any) generat- 
ed depends on the value of the induc- 
tor, capacitor or resistor being tested. 

Feel free to experiment with the 
value of R2 in this Tester, or have re- 
sistors with different values between 
which you can switch as desired. As a 
general rule, increasing the value of 
R2 will make measuring of small 
values of inductance and capacitance 
much easier to perform. Conversely, 
decreasing the value of R2 permits 
more accurate testing of large -value 
electrolytic capacitors and large - 
value inductors. 

With the value of R2 set to 1,000 
ohms, the capabilities of the Tester 
are substantial. Some of the compo- 
nent types and values you can test in- 
clude: 

*Capacitors over a range of values 
from about 0.05 to 200 microfarads. 
By raising R2's value to 10,000 
ohms, the range of values that can be 
checked changes to about 5,000 pico- 
farads to 20 microfarads. This is 

enough of a range to check most ca- 
pacitors in modern solid -state cir- 
cuits. The CRT display for a good 
capacitor is shown in Fig . 2(A). 

Inductors (and transformer 
windings) can be tested over a range 
of about 200 microhenries to 2 hen- 
ries, which covers just about any in- 
ductance you are likely to encounter 
in today's circuits, including the 
values of power filters. The CRT dis- 
play for a good inductor is shown in 
Fig. 2(B). 

Resistors display a straight diag- 
onal line whose angle is a function of 
resistance, as shown in Fig. 2(C). 
This line's angle will vary from hori- 
zontal at 10 ohms or less to vertical at 
about 100,000 ohms. Potentiometers 
can be tested by connecting the Test- 
er's probes to either outer and the 
center lug and varying the control 

(A) CAPACITOR (B) INDUCTOR 

(C) RESISTOR (D) SEMICONDUCTOR 
JUNCTION 

Fig. 2. Typical scope displays ob- 
tained for the most common circuit 
components. Traces shown are for 
good components. Departures from 
these indicate that the component 

being tested is defective. 

shaft from stop to stop. As you do 
this, the diagonal -line trace should 
vary very smoothly over a range of 
angles to horizontal at minimum re- 
sistance. If the trace jumps around as 
the control shaft is rotated, the pot's 
wiper contact or resistive element is 

dirty or bad. 
Semiconductor Junctions of any 

good diode, transistor or JFET will 
cause the distinctive trace shown in 
Fig. 2(D) to be displayed. If a junc- 
tion is shorted or open, only a hori- 
zontal or vertical line will result. 

If any component being tested is 

short- circuited, the scope trace will 
simply be a flat horizontal line. 
Should a component become open - 
circuited, a straight vertical line will 
be displayed. Bear in mind, too, that 
since most circuits have components 
that are in parallel with other compo- 
nents, you can obtain a scope display 
that is a combination of the traces 
shown in Fig. 2 during testing. By 
following your troubleshooting on 

the circuit's schematic diagram as 
you perform the individual tests, you 
will see that the component being 
checked is properly connected with 
the other circuit elements. 

Construction 
Because of the Tester's simple cir- 
cuitry, printed- circuit or other types 
of board wiring is unnecessary. The 
prototype for this project was built 
in a small metal box. All components 
were mounted on two terminal 
strips. If you prefer, you can build 
the circuit into a spare corner of your 
oscilloscope, assuming there is 
enough room for it, for the ultimate 
in compactness and neatness. 

If you mount the Tester circuit in- 
side a separate metal box, be sure to 
line the entry hole for the ac line cord 
with a rubber grommet. Otherwise, 
the sharp edges of the hole can cut 
through the cord's insulation and 
create a hazardous condition. 

Using the Tester 

Plug the In- Circuit Component Test- 
er's line cord into an ac receptacle 
and connect the test cables to the 
scope's vertical and horizontal in- 
puts. With a 1,000 -ohm resistor con- 
nected across the CUT terminals, ad- 
just scope sensitivity and trace posi- 
tioning so that the CRT displays a 
flat diagonal line centered on the 
zero axes of the X and Y graticule 
lines. This trace should slope upward 
from lower -left to upper- right, as in 
Fig. 2(C). You can now proceed with 
using the Tester. No other calibra- 
tion or adjustment is needed. 

Once you become familiar with 
the Tester, it will become obvious 
why so many professionals and hob- 
byists have come to rely so heavily on 
it for speedy troubleshooting. In 
complex circuits, some users have re- 
ported as much as a 90% reduction 
in troubleshooting time! Now you, 
too, can take advantage of this pow- 
erful, simple troubleshooting tool. 
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Project 

A Jumbo LED Digital Clock 
Read it from 100 feet away, set it for a 12- or 24 -hour 
format and 4 or 6 digits, use it on 50- or 60 -Hz ac 
lines with battery backup if ac power fails 

By C. Barry Ward 

Most digital electronic clocks 
with so- called "jumbo" 
displays offer numerals 

that are no more than 1 " high. If you 
are looking for a digital timepiece 
with a billboard -like display that can 
be easily read from 100 feet or more 
away, you can build the Jumbo LED 
Digital Clock to be described for lit- 
tle more than you would expect to 
pay for a good -quality commercial 
clock with only 1 " display digits. 

Our clock is versatile, too. For ex- 
ample, it can be used on either 50- or 
60 -Hz ac power lines. Furthermore, 
you can choose between a 6 -digit 
hours /minutes /seconds or a less dis- 
tracting 4 -digit hours /minutes -only 
display format. And whether you 

wish to keep time in the usual 
12 -hour or the 24 -hour format pre- 
ferred by amateur radio operators 
and others, our clock offers a choice 
between the two. 

Versatility is carried an important 
step further with the clock's battery - 
powered, crystal- controlled timebase 
oscillator. Any time ac power to the 
clock is interrupted, the dc- powered 
timebase automatically kicks in so 
that the clock keeps counting off the 
seconds until ac power is restored. 
There is no need to reset the clock 
every time there is a power failure or 
someone accidentally pulls the plug. 

About the Circuit 
Three special -purpose integrated - 
circuit "chips" are used in this clock. 

The main one is the popular MM5314 
clock chip, which is designed to pro- 
vide a display capability of either 
four or six digits. It contains all the 
circuitry needed for timekeeping and 
7- segment digit generation. The sec- 
ond special -purpose chip is an 
MM5369 oscillator /divider that is 

used with a quartz crystal to provide 
the temporary 60 -Hz timebase in the 
battery- backup circuit. The final 
special- purpose IC used in the clock 
is the PU4110 Darlington transistor 
array, two of which are used to pro- 
vide segement drive for the display. 

Two of these chips, the National 
Semiconductor 5314 and MM5369 
(plus a common CD4066 CMOS 
quad transmission gate) are in stan- 
dard dual -inline packages, or DIPs. 
The two PU4110 Darlington transis- 

NRG 
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Display enable 1 24 4/6 digit display select 
Chamfer 

Ground 2 23 Multiplexer 

Segment A 3 22: Units minutes El 

Segment B 4 21 Tens minutes 2 B1 

Segment C 5 20 Units hours Cl 

Segment D 6 19 Tens hours 4 B2 

Segment E 7 18 Units seconds 5 C2 

Segment F 8 17 Tens seconds 6 B3 ----NJ-- 
Segment G 9 16 50 /60Hz input 7 C3 Output 1 8 V+ 

12/24 hour select 10 Fast 8 B4 Ground 2 7 Test point 

50 /60Hz select 11 14 Slow 9 C4 NC 3 6 XO (crystal) 

VBATTERY 12 Hold E2 NC 4 5 X1 (crystal) 

MM5314/N 
(TOP VIEW) 

PU4110 

(TOP VIEW) 
MM5369N 

(TOP VIEW) 

Fig. 1. Pinouts for special ICs used in project. 

tor arrays are in single -inline pack- 
ages, or SIPs. Pinouts for the spe- 
cial- purpose ICs are shown in Fig. 1. 

Four basic circuits make up the 
clock. The basic timekeeping and 
segment- and digit -drive circuit is 
shown in Fig. 2. The heart of this cir- 
cuit is MM5314 clock chip Ul. Note 

here that time setting is accom- 
plished with HOLD, SLOW and FAST 

switches SWI, SW2 and SW3, re- 
spectively and that jumper wires are 
installed to obtain a 12 -hour display 
format, operation with a 60 -Hz ac 
line and six digits in the display by 
grounding pins 10, 11 and 24, re- 

spectively, of Ul. Omitting the 
jumper wires configures the clock 
for a 24 -hour display format, 50 -Hz 
ac -line operation and a four -digit 
display. If you wish to be able to re- 
configure your clock at any time 
without having to solder and /or de- 
solder connections, you can wire spst 

Fig. 2. Oscillator /divider circuit drives basic clock circuit. 
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_L Y1 
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C3 
0.022NF - To U5 
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Q7 
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4.7K 
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12 
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U1 
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15 
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16 
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-->S10(02) 
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21 )M10(04) 
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R1 
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Anode drivers 
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U2 
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R8 
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R9 
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R7 
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10 

4 

U3 
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5 

7 
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7(FIg.4) 

R12 
47 --0 D 

R13 
47 -MM-O C 

R14 
47 

To 51 

Anodes 

V+ 

Display segments 
(Fig. 4) 

Fig. 3. Basic clock circuit's MM5314 clock chip offers 50 /60 -Hz, 4/6 -digit and 12/24 -hour options. 

switches between pins 10, 11 and 24 
of Ul and ground. 

Digit drive for the display decades 
is provided by pnp transistors Ql 
through Q6 via multiplexed lines 
from pins 17 through 22 of Ul. Only 
one digit -drive stage is shown. The 
Q2 through Q6 stages are identical to 
the Q1 units- seconds (si) drive stage. 
Transistors Q2, Q3, Q4, QS, and Q6 
are the drivers for the tens -seconds 
(s10), units -minutes (M1), tens -min- 
utes tens -minutes (1viio), units -hours 
(Hi) and tens -hours (Hlo) decades 
from pins 17, 22, 21, 20 and 19, 

respectively. 
Drive outputs for Darlington tran- 

sistor arrays U2 and U3 are obtained 
at pins 3 through 9 for display seg- 
ments A through G, respectively. 

Transistor Q7 and its associated 

components are used to turn off the 
display when U/ is changing the out- 
puts from one digit to the next during 
multiplexing. This prevents un- 
wanted "ghosting" of a digit num- 
ber in an adjacent blank segment. 

Figure 3 shows the schematic de- 
tails of the colons that separate the 
hours and minutes and seconds in the 
display and the individual decades in 
the LED display. All decades are 
identical, except the tens -hours de- 
cade, which has no segment F, be- 
cause it counts up to only 1 in the 
12 -hour format and 2 in the 24 -hour 
format. Note that each segment is 

made up of four discrete light - 
emitting diodes (LEDs). There are 
168 LEDs in the display, 164 in the 
six numeric decades and four in the 
colon circuits. If you decide upon a 

permanent four -digit display for- 
mat, your circuit would not need the 
two seconds decades and the colon 
that precedes them. 

Shown in Fig. 4 is the 60 -Hz time - 
base oscillator that maintains time- 
keeping on battery- backup when an 
interruption of ac power occurs. The 
timebase oscillator's frequency is de- 
termined basically by Yl , a standard 
color -TV color -burst crystal. The 
frequency can be precisely trimmed 
to be "on the money" by adjusting 
trimmer capacitor C6 while observ- 
ing the display of a frequency count- 
er connected between test point TP1 

and circuit ground. 
A 60 -Hz pulse train from the Fig. 4 

circuit's output at pins 1 and 3 of U5 
is delivered to the clock input at pin 
16 of US. 
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PARTS LIST 

Semiconductors 
D1 thru D5,D9,D10- 1N4004 or simi- 

lar 100 -volt, 1- ampere diode 
D6,D7,D8- 1N4148 or similar diode 
LEDI thru LED168 -Red T -13/4 light - 

emitting diode 
Q1 thru Q6- 2N2907 pnp transistor 
Q7- 2N2222 npn transistor 
Ul- MM5314 clock chip 
U2,U3- PÚ4110 Darlington 

transistor array 
U4- MM5369A CMOS oscillator/ 

divider 
U5- CD4066 CMOS quad transmis- 

sion gate 

Capacitors 
C1- 1,000 -µF, 16- volt axial -lead 

electrolytic 
C2,C4- 0.01 -µF disc 
C3- 0.022 -µF Mylar 
C5 -30 -pF disc 
C6- 2- to -20 -pF trimmer 

Resistors ('/4 -watt, 5 o tolerance) 
R1 thru R7 -2,200 ohms 
R8 thru R14 -47 ohms 
R15,R19,R23- 100,000 ohms 
R16 -4,700 ohms 
R17- 150,000 ohms 

R18- 27,000 ohms 
R20-10 megohm 
R21,R22 -100 ohms 

Miscellaneous 
B1 -9 -volt battery 
SW I ,SW2,SW3-Normally-open, mo- 

mentary- action spst pushbutton 
switch 

T1 -12 -volt, 1- ampere ac plug -in wall 
transformer 

Y1- 3.59545 -MHz crystal 
Printed- circuit board; suitable en- 
closure (see text); 9 -volt battery 
snap connector; IC sockets (option- 
al -see text); flat black paint; rub- 
ber feet; hookup wire; solder; etc. 

Note: The following items are available from 
NRG Electronics, P.O. Box 24138, Ft. 
Lauderdale, FL 33307: actual -size etch- 
ing- and -drilling guide for pc board -send 
SASE; complete kit of parts (including 
Plexiglass enclosure) for $59.95 plus $4.50 
for P & H; etched and drilled pc board for 
$25.00; MM5314 clock IC for $3.95; 
PU4110 for $4.95 each; MM5369 oscilla- 
tor /divider IC for $2.95; 168 matched red 
T -13/4 jumbo LEDs for $16.80; Plexiglass 
enclosure for $25.00. Florida residents, 
please add state sales tax. 

The final circuit that makes up the 
clock is the ac power supply shown 
schematically in Fig. 5. Ac power is 

stepped down to 12 volts by plug -in 
wall transformer Tl. The 12 volts ac 
thus obtained is rectified by the 
bridge circuit made up of DI through 
D4 and is filtered to clean dc by Cl. 
Power going to the clock must be 
well- filtered to prevent flickering 
that could be caused by a "beat fre- 
quency" between the multiplex and 
ac -line frequencies. 

Diodes DS and D6 isolate the 
backup- battery supply (VBA1 -r) from 
the V + main power line for the LED 
display. This assures that the time- 
keeping circuits will remain opera- 
tional via the oscillator /divider cir- 
cuit during periods when ac power to 
the clock is interrupted. 

In operation, the clock can be 
driven from either of two different 
time references. When operated 
from the ac line, the main reference 
is the 60 -Hz signal picked up from 
the secondary side of Tl in the power 
supply. This reference is extremely 
accurate. Though it may not be pre- 
cisely 60.0000 Hz at any given mo- 
ment in time, corrections are being 
constantly made by the utility com- 
panies to maintain an extremely pre- 
cise long -term accuracy over any 
24 -hour period. Hence, this reference 
is considerably more accurate over 
the long haul than is the battery - 
powered oscillator /divider circuit 
that provides the timebase reference 
when ac power is interrupted. 

Stabilization of the alternate -re- 
ference crystal -controlled oscillator 

over a long period of time is difficult 
to obtain. Any of a number of physi- 
cal factors (temperature, humidity, 
etc.) can cause the crystal oscillator's 
frequency to drift. Therefore, the 
crystal- controlled trimebase reference 
is used only as a backup to the main 
ac power line reference. It can, of 
course, be used as the primary ref- 
erence when the clock is continuous- 
ly powered from a dc power source, 
such as in an automotive or mar- 
ine environment. 

CMOS transmission gate US in 
Fig. 3 directs either the power -line or 
the oscillator /divider reference fre- 
quency to the clock chip. During pe- 
riods when the normal ac -line refer- 
ence is being used, one transmission 
gate in US ( call it USA) is turned on 
by power from the diode bridge in 
the power supply, pulling pin 10 of 
this IC low. This turns off two of the 
gates in US (call them USB and 
USC). The USC gate's output at pin 
8 controls display blanking. It turns 
off both the digit and segment drives 
to conserve power when the clock is 

operating from the battery- backup 
system and routes the oscillator 
reference to the clock during bat- 
tery operation. 

A small part of the 60 -Hz power - 
line signal is filtered by C2 and R1S 
and is clamped by D7 in Fig. 3. This 
signal is the power -line reference fre- 
quency. The USA gate routes this 
signal to the clock chip during nor- 
mal ac operation of the clock. 

Construction 
Because there are several hundred 
connections that must be made in 
wiring together this large clock proj- 
ect and the need for a reliable means 
of physically lining up all the display 
LEDs, printed- circuit wiring is al- 
most mandatory. If you wish, you 
can etch and drill your own pc board. 
Though we usually print our pc etch- 
ing- and -drilling guides actual -size so 
that readers who wish to fabricate 
their own boards can use them di- 
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Fig. 4. Schematic details of discrete -LED 
numeric stages and hours /minutes and 
minutes /seconds colon separators. 
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rectly, the very large size of the board 
required for this jumbo clock pre- 
cluded actual -size reproduction of its 
etching- and -drilling guide here. 
However, we have reproduced it half - 
size in Fig. 7. 

Those readers who wish to fabri- 
cate their own pc boards can have the 
Fig. 7 guide photographically blown 
up to twice the size shown or can 
send a self- addressed, stamped enve- 
lope to the kit supplier given in the 
Note at the end of the Parts List to 
obtain a full -size guide. Alternative- 
ly, you can purchase a ready -to -wire 
board from the same source. 

Before mounting any components 
on the top of the pc board, give it a 
coat or two of flat black spray paint 
to prevent the background against 
which the display LEDs are mounted 
from showing through the display 
window. When the paint has fully 
dried, use a pin or needle to clear the 
paint from every hole on the board. 
If you fabricate your own board, you 
can paint the component side before 
drilling any holes, which obviates the 
need to clear paint away later on. 

Begin wiring the pc board by in- 
stalling the 14 wire jumpers in the lo- 
cations indicated. You can use solid 

bare hookup wire for the jumpers. If 
you plan to use your clock on a 
50 -Hz power line, you prefer a 
4 -digit display (hours and minutes 
only) or you want a 24 -hour display 
format, leave out the associated wire 
jumpers. Installing all jumpers sets 
the clock up for 60 -Hz, 6 -digit and 
12 -hour display format operation. 
Optionally, you can install spst slide 
or toggle switches in place of the op- 
tions jumpers to allow you to recon- 
figure the clock whenever you wish 
or as needed. 

Install all resistors and capacitors 
(make sure you properly polarize 
Cl). Note that R17 and R23 mount 
on the bottom of the board. Take 
careful note of how they are to be in- 
stalled by referring to Fig. 7. Then 
flip over the board and mark with a 
pencil the traces to which the resistor 
leads are to be soldered. Trim the 
leads of both resistors as needed and 
carefully tack -solder them into 
place. Make sure that the resistor 
leads contact only the traces to which 
they are supposed to connect. Install 

117Vac 

A 
T1 

PLUG IN TRANSFORMER D4 
1N4004 

B 

D9 D10 

1N4004 1N4004 

D2 
1 N 4004 

D5 
1 N 4004 

. Cl 
1000p 

D6 
1N4148 

B1 

- 9V 

V ITER, 

Fig. 5. Ac power supply circuit has battery backup to maintain time, not dis- 
play, during brief power interruptions. 
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Fig. 7. Wiring guide for pc board. Exercise care when installing LEDs, transistors and ICs. 

the diodes in their respective loca- 
tions, again making sure that they 
are properly oriented before solder- 
ing their leads to the copper pads. 
Then install and solder into place the 
trimmer capacitor. 

Use of sockets for the ICs is op- 
tional but recommended. Use stan- 
dard DIP sockets for UI , U4 and U5. 
For U2 and U3, which have only one 
row of pins, you can use either Molex 
Soldercons or a 20 -pin DIP socket 
carefully separated down the middle 
to yield two 10 -pin SIP sockets that 
will work fine. Whether or not you 
use sockets for the ICs, do not install 
the ICs themselves at this time. The 
CMOS devices are easily damaged by 
static electricity and should be left for 

last. Once you have installed the IC 
sockets, install the seven transistors 
in their respective locations. Make 
sure you do not mix up the two types 
and that the transistor leads go into 
the appropriate holes in the board. 

The most tedious part of construc- 
tion is installation of the 168 LEDs 
that make up the numeric /colon dis- 
play. To get the proper effect from 
the display, all LEDs must be closely 
matched in intensity. Even a slight 
difference in intensity between LEDs 
can be quite noticeable when the 
clock is operating. A good way to 
assure that the LEDs are properly 
matched is to purchase all of them at 
the same time from the same manu- 
facturer's lot. If you wish, you can 

purchase matched LEDs from the kit 
supplier given in the Note at the end 
of the Parts List. 

Mounting the LEDs on the board 
can become tedious, due to the quan- 
tity that must be installed. Work 
carefully, making sure that each Led 
is properly polarized before solder- 
ing its leads to the copper pads on the 
bottom of the board. All cathodes in 
Fig. 7 are identified by the heavy 
black "flats" in the case outlines. 
Note that the orientations of the 
LEDs in the colons (LEDI through 
LED4) are opposite those for the nu- 
merals. Make sure you match the 
flats on the cases of the LEDs with 
the flats on the wiring guide. 

Mount the LEDs with the bottoms 
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Fig. 8. Wired board ready to install in enclosure. 

of their molded cases flush with the 
top of the board. If necessary, use a 
sharp hobby knife to trim away any 
excess plastic that prevents any LED 
from seating flat. Mount and solder 
into place no more than eight LEDs 
at a time. Avoid excessive heating 
that can damage the LEDs during 
soldering. One way to avoid exces- 
sive heat is to solder only one lead of 
each LED in an installed string and 
then return to the first LED and sol- 
der each LED's other lead. 

Finish wiring the board by con- 
necting and soldering into place the 
leads from plug -in wall transformer 
TI and mount the three time -setting 
switches (SWI, SW2 and SW3) on 
the foil side of the board. Finally, 
wire the battery snap connector into 
the circuit from the foil side of the 
board, taking care to properly polar- 
ize its leads. 

Now install the ICs in their respec- 
tive locations. If you are using sock- 
ets, just plug them in. Make sure as 
you plug in the DIP devices that no 
pins fold under or overhang the 
sockets as you install the ICs in their 
sockets. All pins must go squarely in- 
to the sockets. The SIP devices plug 
into their half sockets and are held in 
place with double -sided foam tape 
between their cases and the surface 

of the board. If you have decided to 
install the ICs without sockets, do 
this now. Whichever method you 
use, handle the ICs with the care re- 
quired for any CMOS device and 
make sure you properly orient them. 
This done, plug a fresh 9 -volt battery 
into the snap connector and secure 
the battery to the bottom of the 
board with a strip of double -sided 
foam tape. 

Now that all soldering is complete, 
check your wiring. Carefully exam- 
ine all solder connections for good 
soldering. If any connection appears 
to be questionable, reflow the solder 
on it. Be on the lookout for solder 
bridges between traces on the bottom 
of the board, particularly between 
the closely spaced pads into which 
the IC socket pins are installed. Flip 
over the board and double check all 
component orientations. 

Your Jumbo LED Clock can be 
housed in any type of enclosure that 
suits your taste. For example, you 
can make a large shallow box out of 
thin lumber or tinted Plexiglass. 
Whatever material you use for the 
enclosure's walls, however, you 
should use a red filter in front of the 
display area to increase contrast and 
legibility of the numerals. If you de- 
cided to add the optional switches to 

the 50 /60 -Hz, 4/6 -digit and 12/24 - 
hour select lines, mount them in a lo- 
cation where they will not interfere 
with the rest of the circuit and label 
each accordingly. 

If you plan to use your clock on 
50 -Hz ac power, install a jumper 
wire between pin 11 of UI and pin 13 

of US. This arrangement automati- 
cally switches the MM5314's clock 
frequency select input between 50 Hz 
for ac -line operation to 60 Hz for 
battery backup. 

To use the clock in a dc-only appli- 
cation, connect a jumper wire from 
pin 12 of US to ground. This puts the 
Crystal- controlled timebase into 
continuous operation and assures 
proper clock operation. 

Checkout and Use 

When you are sure that your wiring is 

correct and that your soldering is 

okay, plug the wall transformer into 
an ac outlet to power up the clock. If 
everything is indeed okay, the LED 
display should light up with a ran- 
dom time readout. If one segment in 
a given decade does not light, care- 
fully inspect that segment to deter- 
mine if you installed one or more 
LEDs backward. If this is not the 
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case, one or more of the LEDs is bad. 
There is a simple way to isolate the 

problem to a bad LED. Using a short 
length of insulated solid hookup wire 
with about Y. " of insulation trimmed 
form each end, temporarily short out 
one LED at a time by jumpering its 
pads on the bottom of the board with 
the wire. Do this while the clock is 

powered, but make sure you short 
out only the one LED's pads -not 
one pad to a different part of the cir- 
cuit. Short out only one LED at any 
given time. If you should short out 
more than one, the remaining LEDs 
in the string or the segment driver cir- 
cuit can be permanently damaged. 

As you short out each successive 
LED, somewhere along the line, the 
remaining LEDs in the segment 
should flash on. If this occurs, you 
have isolated the problem to the 
LED that is currently being jumpered. 
All you have to do then is remove the 
jumper wire, power down the clock 
and replace the bad LED with a good 
one. With the repair made, you can 
return the clock to service. 

When all clock segments in all de- 
cades are checked out and the sec- 
onds decades are repeatedly count- 
ing up from 00 to 59, the clock is 

working. At this point, press and 
hold FAST pushbutton switch SW3 
and note that the seconds decades 
count up so rapidly that they appear 
to be blurred, while the minutes de- 
cades count up fast but not so fast 
that you cannot follow the count, 
and the hours decades advance at a 

rate of about one per second. Release 
the FAST button and press and hold 
SLOW pushbutton switch SW2. This 
time, note that the seconds and min- 
utes decades count up at what ap- 
pears to be the same rates the min- 
utes and hours decades did when the 
FAST button was pressed and held. 
Releasing the SLOW button and press- 
ing and holding HOLD pushbutton 
switch SWJ should "freeze" the dis- 
played count for as long as the but- 
ton is held. 

Now check out the battery- backup 

crystal timebase. To do this, first 
check the voltage between pin 10 of 
U5 and circuit ground with the clock 
running on ac power. The meter 
should indicate a potential of less 

than 1 volt. This is the power -failure 
signal. The clock will not function 
properly unless the potential on pin 
10 of U5 is about 1 volt or less during 
normal operation. 

With a fresh 9 -volt battery con- 
nected into the circuit, unplug the 
wall transformer from the ac line. 
Within a few seconds, the measured 
potential on pin 10 of U5 should 
jump to greater than 7 volts, which 
indicates that the automatic change- 
over circuit is functioning properly. 

If you own or have access to an ac- 
curate frequency counter, you can 
trim the timebase oscillator's fre- 
quency to-precisely 60 Hz. To set the 
timebase, connect the frequency 
counter between pin 7 of U4 and 
ground. While observing the count- 
er's display, adjust trimmer capaci- 
tor C6 for a frequency of exactly 
3.579540 MHz. This adjustment is 

not supercritical if your clock will 
normally be powered from the ac line 
because the timebase oscillator will 

be used only when there is a power 
failure. Of course, if you plan on us- 
ing the clock in a mobile environ- 
ment where the only power is 12 volts 
dc, the more accurate you make the 
trimmer adjustment, the more pre- 
cise the timekeeping. 

Once you know that your clock is 

operating properly and you have 
checked out and adjusted the crystal - 
controlled timebase circuit, you can 
set the time. This is very easily ac- 
complished. Just use the FAST button 
to get the hours and tens of minutes 
decades to within about 10 minutes 
of the proper time. Then use the 
SLOW button to zero in on the next 
highest minute to the actual time. Fi- 
nally, press the HOLD button to 
freeze the display until the clock or 
watch you are using as the reference 
comes up to the exact time to which 
the display is frozen and release. I.E 
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Make your home 
into something special! 
That's exactly what your home will 
be when you fill it with Heathkit elec- 
tresic products - products that hake 
your life easier and more enjoyable. 
Within our diverse line are kit and 
asaemblied products sure to enhance 
each room in your home. 

1. Make your entryway 
more secure and easy to use 
with the Keyless Doorlock. 
You'll never again be locked out 
because of lost or forgotten keys. 
All it takes is a simple fingertip 
entry of a four-digit code. and 

the Keyless Doorlock unlccka your coor. 

7. Transform you 
rec room into a 
haven for hobby 
fun. Put our Deluxe 
QRP CW Transceiver in this room and en- 
joy superb HAM radio operation that ex- 
cells in performance and features. It offers 
expandable transmission and reception 
capabilities. 

2. Add a new 
dimension to your 
living rcom with 
your own Comput- 
erised Weather 
Station. This Digital Weather Static 
displays .p-to- the -minute temperature, 
wind, and ba_ometric pressure readings_ 
alo ig with time and date. 

3. Give your kitchen a 
unique blend of style 
and efficiency with our 
Digital Wall Clock. This 
eas -to -build kit keeps time 
wito qua-.2-crystal accuracy. And 
wits its s -nu_ated oak wood -grain fi ash 
cabinet, you'll have a timeoie:e that -its into 
almost any decor. 

4. Put your den tc ile greater use with t is ,___ IBM PC A? Compatible -r Computer. Do wed 
_- processing, perscr_al _ accounting and hire ' -:a'`. when you run exciting 

IBM -com atiile software on 
your fast arid powerful pHS-2 -1. And via 
can build _t yourself in just a Ifew hoc- is. 

55. Bring the latest 
in cigital tech - 
nology to your 
bat iroorn. This Dig- 
ital Scale lets you close 
monitor your weight with electronic 
precision And, it's battery operated SC, 
it's safe tc ase right out of the shower. 

6. Add a video 
entertainment cen- 
ter :o your bedroom. 
Our 19'- dìagcnal 
stereo TV sit gives you 
an extra -sharp color- 
corrected picture with full stereo souse., 
and convenient viewing that you can con- 
trol from your bed. Comes in a simulated 
walnut cabinet that complements yo w 
soon. 

111111.. 

8. Give your workbench 
a touch of profession- 
alism with this oscillo- 
scope. Whether yotire a 

service technician or a hobbyist yollliow 
the wide range of measurement capalihit j 
our labo-atory-grade Dual Trace 10 M z 
Oscilloscope gives you. 

9. Add practicality 
to the utility room 
and save money, too. 
Avoid expensive food 
spoilage with our Freezer 
Alarm that 

warns you when the inside temperature of 
your freezer rises too high. Prevent water 
damage with our Food Alarm that warns 
you of water that's where it shouldn't be. 

lo. Make your 
coming and going 
easier than ever 
Your garage door will 
open with incredible 

ease and dependability with our Deluxe 
Garage Door Opener. Easy to install, this 
opener is durable and includes a handy 
security Light. 

You'll fird fun and excitement with 
every Heathkit product. Whetter 
they're in kit form or already As- 
sembled our products will help you 
enjoy your lone more than yo.r 
ever dreamed possible. 

771 
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Send NJW far your FREE Heathit Catalog 1 

Send to: Heath Company, Dept. 79 -554 
Benton Harbor, Michigan 49022 

Name 

Address 

City State Zip 

A subsidiary of Zenith Electronics Corporation CL -7 A 
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Project 

Computer -Controlled 
Laser Light Show 

A low power He -Ne laser, two miniature servos, some 
build -it- yourself circuitry and a home computer let you 
create dramatic lighting effects to accompany your music 

By Ronald A. Peterson 

If you've ever attended a rock 
concert, you've probably been 
impressed by the dramatic effect 

of the special lighting that added new 
excitement to the music being heard. 
You can create a similar effect at 
home with a computer, a low -power 
helium -neon laser and model -air- 
craft servos. While the effect of our 
Laser Light Show may not be quite 
as dramatic as that in a concert hall, 
it can give your listening a new di- 
mension with a complex interplay of 
light and sound. 

A simple BASIC program and a 
Commodore 64 home computer, 
plus some inexpensive build -it -your- 
self circuitry are all you need to 
create this exciting visual effect at a 
tiny fraction of the cost of the pro- 
fessional systems that cost thousands 
of dollars. The Laser Light Show 
works in conjunction with a joystick 
controller you plug into the C -64 and 
position as you wish to swing the las- 
er beam to create a hemispheric light- 
ing effect "dome" in your listening 
room or a small hall. By pressing the 
"fire" button on the joystick, you 
can feed into the C -64's memory a 
series of coordinates to which you 
wish the beam to go, making the pat- 
tern to be described as simple or as 
complex as you wish. The fire button 
lets you play back the pattern in the 
sequence in which it was fed into 

memory. It doesn't take complex 
geometry or special programming 
knowledge to do, either. 

There are practical benefits to 
building the Laser Light Show as 
well. For example, you can omit the 
laser and mirror needed for the Light 
Show function and attach a light- 
weight gripper on a slideable shaft to 
the servos instead to use the servo 
system as a simple robot arm. And 
with a heftier set of servos, it can be 
converted into a remote- controlled 
pan /tilt head for a video or movie 
camera. 

System Operation 
Model aircraft servos are an ideal 

choice for building a computer -con- 
trolled precision positioner for the 
laser beam used in the Laser Light 
Show. These servos are relatively in- 
expensive, accurate and, just as im- 
portantly, easy to interface to the 
parallel ports of most home comput- 
ers. A typical example of such a ser- 
vo is the Royal Titan No. RP -1F that 
develops an output torque of 39.4 
ounces and has a stop -to -stop transit 
time of 0.6 second. Just about any 
other brand of servo will serve as well 
in this project. 

There are usually three wires on a 
servo to provide the ground, positive 
dc voltage and control lines. Color 
coding of the wire insulation follows 
a certain convention: black or green 
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for ground, red for positive dc and 
the remaining line, usually white, for 
the control input. 

Figure 1 shows the schematic dia- 
gram of the circuit needed to drive 
the servos. To keep costs down, the 
circuit hardware was made as simple 
as possible, with the control logic im- 
plemented in software. The Fig. 1 in- 
terface circuit is built around IC1A 
and IC1B that perform as buffers be- 
tween the computer and servos. Op- 
erational amplifiers were selected for 
the buffer function simply because a 
quad op -amp IC was available, but a 
7404 TUL inverter would probably 
work just as well. 

The buffers are connected to the 
C -64 computer's User Port through 
a 24 -pin connector. The pinout for 
the User Port, along with pertinent 
signal information for each of the 
Port's contacts, are shown in Fig. 2. 

Shown in Fig. 3 is the basic ac -line- 
operated, low- voltage dc power sup- 
ply for both buffer interface and ser- 
vos. This is a standard full -wave 
bridge rectifying circuit with filtering 
supplied by C2 and voltage regula- 
tion supplied by 1C2. Ac receptacle 
SOI provides the means by which the 

Fig. 1. Schematic of buffer interface. 

Pin Type Note Pin Type Note 
GND A GND 

2 +5V MAX. 100 mA B FLAG2 

3 RESET C PBO 

4 CNT1 D PB1 

5 SPI E PB2 

6 CNT2 F PB3 

7 SP2 H PB4 

8 PC2 PBS 

9 SER. ATN IN K PB6 

to 9 VAC MAX. 100 mA PB7 

11 9 VAC MAX. 100 mA M PA2 

12 GND N GND 

1 2 3 4 5 6 7 8 9 10 11 12 

A B C D E F H J K L M N 

Fig. 2. Pinouts and signal information for C -64's User Port connector. 

laser gets power from the ac line. 
This arrangement allows the entire 
system to be turned on and powered 
down via Si. 

Position information supplied to 
the servos must be variable -width 
pulses of between 1 and 2 millisec- 
onds in duration. The pulses are re- 
peated at a fairly slow rate of be- 
tween 30 and 120 pulses per second. 
The Machine -Code Interrrupt Hand- 
ler Routine shown in Listing 1 pro- 

vides this signal by toggling two of 
the User Port's lines. The C -64's 60- 
Hz internal interrupt clock, used for 
keyboard scanning and other simple 
I/O (input /output) functions, is set 
to trigger execution of this routine 
every 16.67 milliseconds (1/60 of a 
second) to provide a stable pulse 
train to each of the servos. 

Every 16.67 ms, the routine alter- 
nates between two independent tim- 
ing loops that provide the variable 
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117Vac 

Semiconductors 
D1 thru D4- 1N4001 rectifier diode 
IC1 -LM324 quad operational ampli- 

fier (see text) 
IC2 -7805 + 5 -volt regulator 

Capacitors (15 -volt or more) 
C1 -1 -µF electrolytic 
C2- 2,000 -µF electrolytic 
C3- 0.1 -µF disc 

Resistors (1/4-watt, 5% tolerance) 
R1 thru R6- 10,000 ohms 
R7- 100,000 ohms 

6.3Vac 

i 

D1 D2 
1N4001 

D3 D4 + C2 
2000µF 

IC2 

7805 

PARTS LIST 

Miscellaneous 
Fl -2- ampere fuse and fuse holder 
I1 -Panel -mount neon -lamp assembly 
P1 -24 -pin card -edge connector (Digi- 

Key Part No. C1 -12; $2.90) 
S1 -Spst slide or toggle switch 
SO1- Chassis -mount ac receptable 
T1 -6.3 -volt ac, 1.2- ampere power 

transformer 
Low -power He -Ne laser (see text and 
Note below); 2 model -airplane servos 
(Titan RP -1F or similar; available 
from local hobby shop); 32 x 40 -mm 
front -surface mirror (Edmund Scien- 

C3 

o +5V 

0.1µF 

tific Cat. No. F30,429; $5.35 -see 
text and Note below); perforated 
board and soldering or Wire Wrap 
hardware or printed- circuit boards 
(see text); suitable metal enclosures 
for buffer interface, low- voltage and 
high -voltage laser power supplies 
(see text); ac line cord; materials for 
enclosure; machine hardware; hook- 
up wire; solder; etc. 

Note: A ready source of supply for front - 
surface mirrors and low -power lasers is: 
Edmund Scientific Co., 101 E. Gloucester 
Pike, Barrington, NJ 08007. 

Fig. 3. Schematic of low -voltage power supply. 

pulse widths required to position the 
servos. The advantage of using an in- 
terrupt handler to drive the servos is 

that a simple BASIC program can 
then be run simultaneously to pro- 
vide the "smarts" for overall direc- 
tion of the laser beam without having 
to deal with timing problems. The 
machine code in Listing 1 is given on- 
ly for reference purposes, since it is 

contained in the DATA statements 
of the BASIC program and is auto- 
matically loaded when this program 
is loaded and run. 

Shown in Listing 2 is the BASIC 
program that reads the information 
inputted at the joystic port of the 
computer and communicates posi- 
tion requirements to the interrupt 
handler as two numbers between 0 

and 255. Communication takes place 
through memory locations 33792 
and 33793 ($8400 and $8401, respec- 
tively, in hex). 

If the joystick's "fire" button is 

pressed, the position coordinate 
numbers read from the joystick port 
are also stored in arrays PX and PY. 
If the joystick is moved again after 
the values are stored, the program re- 
verts to manual- positioning mode to 
allow another position to be input- 
ted. If instead of inputting another 
set of positioning coordinates, the 
fire button is pressed once again, the 
stored values are recalled and are cy- 
cled through, causing the servos to 
track the laid -out pattern point by 
point. Pressing the fire button one 
more time resets the program and 
jumps the system into the manual - 
positioning mode again. 

Because the chip that handles 
screen updates in the C -64 steals 
some time from the 6510 processor 
chip, the screen must be blanked dur- 
ing the period the servo timing loops 
are running to keep the timing accu- 
rate. Because of this, a simple beeper 
has been included to provide audible 

indication when a point has been suc- 
cessfully stored in memory. 

Since the C -64 operates with a 1- 

MHz clock, there is a limit to how fast 
the machine -code timing loops can 
operate. This limit determines how 
fine a change can be made in the width 
of the servo -control pulses, thus set- 
ting a minimum step between servo 
positions. The machine -code routines 
in the program have been optimized 
to give as fine a step range as possible 
within the hardware limitations. 

As written, the code divides the 
approximately 180- degree swing of 
the servos into about 250 steps. This 
yields a roughly 0.7- degree accuracy 
in servo positioning. It also means 
that there is a little bit of discernible 
"wiggle," due to moving in discrete 
steps, that shows up in the reflected 
laser beam when the mirror is moved 
manually. This wiggle is less appar- 
ent when the servos are swung direct- 
ly from one position to another 
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under automatic playback via the 
BASIC program. 

Employing D/A (digital -to- analog) 
converters to drive a variable- pulse- 
width oscillator might have provided 
greater accuracy in positioning and 
smoother beam travel, but the cost 
of building the project would have 
been much greater. Going this route 
would also have made the software 
considerably more complex. 

Construction 
Circuit layout and wiring are not crit- 
ical in the electronic portions of the 
project. You can use perforated 
board with holes on 0.1 r' centers and 
suitable soldering or Wire Wrap 
hardware and wire the circuits point - 
to- point. Alternatively, you can de- 
sign and fabricate separate printed - 
circuit boards for the buffer inter- 
face and low- voltage power -supply 
circuits. Whichever method of wir- 
ing you choose, be sure to use a sock- 
et for ICI. 

Wire the circuits exactly according 
to Figs. 1 and 3. Make certain that 
you properly orient the IC and elec- 
trolytic capacitor in the buffer inter- 
face circuit and the rectifier diodes, 
filter capacitor and voltage regulator 
in the power -supply circuit. 

House the buffer interface circuit - 
board assembly inside a metal box. 
Also, use shielded cable to the con- 
nector that goes to the computer (P1 
in Fig. 1) and the lines going to the 
servos, especially if they're long, to 
keep stray noise from getting into the 
circuit and disrupting smooth opera- 
tion. The 5 -volt dc power supply 
should be housed in a metal enclo- 
sure, too, but make sure there is 

adequate ventilation to allow heat 
to escape. 

Packaging for the servo controller 
will be determined by the application 
you've chosen for the project. A sug- 
gested arrangement for the Laser 
Light Show is detailed in the Fig.4 
drawing and is shown in the photos 
of the prototype in Figs. 5 and 6. 
Here, the laser tube, 5 -volt dc power 
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Free Product Information 
Readers can obtain free information on 
products advertised by certain companies, 
as well as for some editorially mentioned 
products. Simply circle the appropriate 
number printed below an advertisement 
onto the Modern Electronics "Free Infor- 
mation Service" card bound into this is- 
sue. After filling in your name and ad- 
dress, just mall the postpaid card. Your re- 
quest will be forwarded directly to the ad- 
vertiser with a mailing label prepared by 
our reader- service department to ensure 
speedy response. 

June 26, 1986 

ted/Technical 

1 exp. net 
wo. 

Help Wanted nical 

HELP WANTED -TECHNICA 
An electronic ports catalog filled with the 

items I need. Low prices, Post service, 

convenient ordering and many new products. 

Apply for interview at: My Shop, Everytown, 

U.S.A. 

ELECTRICIAN - 2-3 yrs exp. Apply 30 S. Main 

EXPERIENCED 
RICIANS Residential work_ Phone 

exp. necessary. Excellent benefih. Brooks Bee 
ne St. 

s needed, exp. in apes. & residential 
vair. Apply 422 Notre Dame A.. 

3 yrs exp. D. Stevens Electric. 

POSITION FILLED 
by MCM Electronics NEW Catalog #14 

Now and again, every technician 
needs a little help. And for most this 
comes in the form of the catalog they 
use in their shop. 

Discover why the latest edition of 
MCM's catalog is easily the best 
candidate for this job. Call today for 
your FREE copy. There's no 
obligation to buy. 

Catalog #14 Now Available 

Call TOLL -FREE 
1- 800 -543 -4330 
(In Ohio call 1- 800 -762 -4315) 
(In Alaska or Hawaii 1- 800 -858 -1849) 

MCM ELECTRONICS 
858 E. CONGRESS PARK DR. 
CENTERVILLE, OH 45459 

A PREMIER Company 

Source No. ME -22 
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State of the Art Kits by Hal-Tronix. Inc. 

TOUCH -TONE DECODER AND ENCODER KITS 
HAL- 567 -12 33995 
TOUCH -TONE DECODER. SINGLE LINE IN 12 LINES 
OUT. COMES COMPLETE WITH P C. BOARD AND ALL 
PARTS NO SOCKETS. CASE OR POWER SUPPLY. 
MAL- 567 -16 $6995 
TOUCH -TONE DECODER, SINGLE LINE IN 16 LINES 
OUT COMES COMPLETE WITH P C BOARD AND ALL 
PARTS PLUS SOCKETS NO CASE OR POWER SUPPLY 
HAL- ECD-12 52995 
TOUCH -TONE ENCODER. 3 x 4 12 CHARACTER. USE 
FOR DIALING COMPLETE WITH ALL ELECTRONIC 
PARTS. INCLUDES SPEAKERS FOR AUDIO COUPLING 
AND L E D FOR VISUAL INDICATION. CRYSTAL CON- 
TROLLED SINGLE IC CHIP 6 ALUM CASE 
HAL- ECD-16 $3995 
TOUCH -TONE ENCODER, 4x4 16 CHARACTER. USE 
FOR DIALING COMPLETE WITH ALL ELECTRONIC 
PARTS INCLUDES SPEAKER FOR AUDIO COUPLING 
AND L.E.D. FOR VISUAL INDICATION. CRYSTAL CON- 

TROLLED, SINGLE IC CHIP. B ALUM CASE 
PRE- AMPLIFIERS 

HAL PA 19 $995 
WIDE BAND - 2 -200 MHZ - 19 DB - BUILT AND TESTED 

KEYERS AND OPTIONAL MEMORY KITS 
ACCUKEVER KIT $16.95 
THIS ACCUKEVER KIT IS A REVISED VERSION OF THE 
FAMOUS WB4VVF ACCUKEVER, BUT WITH SIDE TONE 
ONBOARD COMES COMPLETE WITH ALL ELECTRONIC 
PARTS, LESS SOCKETS, POWER SUPPLY AND CASE 
ACCU- MEMORY 1101 $1695 
LOW COST METHOD OF ADDING MEMORY TO THE 
ACCUKEYER COMES WITH TWO 1101 MEMORIES GIV- 
ING YOU CHANNELS CAPABLE OF 30 CHARACTERS 
PER CHANNEL COMES COMPLETE WITH ALL ELEC- 
TRONIC PARTS INCLUDING SOCKETS. LESS CASE 
AND POWER SUPPLY 
ACCU- MEMORY 2102 $2195 
LOW COST METHOD OF ADDING LARGER MEMORY 
TO THE ACCUK EVER PROVISIONS FOR 42102'S(ONLY 

1 2102 COMES WITH THE KIT) HAS THE CAPABILITY OF 
4 CHANNELS WITH 120 CHARACTERS EACH COMES 
COMPLETE WITH SOCKETS. LESS 3 OF THE 2102'S. 
LESS POWER SUPPLY AND CASE 

SPECIAL OFFER 
#1 BUY THE ACCUKEYER AND 1101 OPTION TOGETHER 

(ONLY) $32.00 
42 BUY THE ACCUKEYER AND 2102 OPTION TOGETHER 

(ONLY) $3700 
p3 BUY THE ACCUKEVER AND 2102 OPTION ALONG 
WITH THREE EXTRA 2102'S AND SOCKETS 

(ONLY) $4000 
PROXIMITY KEYER $1995 
KEVER PADDLE ENABLES ONE TO GENERATE DOTS 
AND DASHES WITH THE TOUCH OF A FINGER (NO 
MOVING PARTS) COME COMPLETE WITH ALL ELEC- 
TRONIC PARTS LESS CASE AND POWER SUPPLY 

"HAL" HAROLD C. NOWLAND W82XH 

HAL -TRONIX, INC. cCA ö 
12671 Dix -Toledo Hwy. 
P.O. Box 1101, Dept C. 
Southgate, MI 48195 
(313) 281 -7773 
Hours: 12:00 - 6:00 EST Mon. -Sat 
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AMAZING NI\ 
SCIENTIFIC and ELECTRONIC 

DEVICES A' 
PLANS -AMI Parts Available In Stock 

LC5 BURNING CUTTING CO2 LASER 

RUB3 RUBY LASER RAY PISTOL 

BTC5 1.5 MILLION VOLT TESLA COIL 

PTG1 PLASMA TORNADO GENERATOR 
GRA1 GRAVITY GENERATOR 

MAGNETIC CANNON /PROJECTOR 

KITS -Includes Plans and Parts 

LHC2K SIMULATED RED /GRN /YEL LIGHT 

LASER 

BTC3K 250,000 VOLT TESLA COIL 

IOG1K ION RAY GUN 

PSP3K PHASOR SHOCK WAVE PISTOL 

STG1KSTUN /PARALYZING GUN 

INFIK INFINITY TRANSMITTER 
MFT1K 2 -3 MILE RANGE FM VOICE 

XM TR PC BOARD 

$20.00 
20.00 
15.00 
8.00 

10.00 

10.00 

34.50 
159.50 
109.50 
49.50 
39.50 

'34.50 

49.50 

ASSEMBLED AND TESTED PRODUCTS 

LGU30 RED 1MW PORTABLE He -Ne 

LASER 315.00 
TCL30 SOLID STATE TESLA COIL 35KV 74.50 
IPG50 POCKET PAIN FIELD GENERATOR 64.50 
BLS10 BLASTER DEFENSE WEAPON 89.50 
ITM10100KVSHOCKANDSTUNGUN 99.50 
PPF10 PHASOR PAIN FIELD PORTABLE 249.50 
SNP20 SECURITY PHONE LISTENER 99.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE 

PLUS HUNDREDS MORE AVAILABLE FOR $1.00 OR IN- 

CLUDED FREE WITH ALL ABOVE ORDERS. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO- 

DUCTS. PLANS ARE POSTAGE PAID. SEND CHECK, MO, 

VISA, MC TO. 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. ME4, AMHERST, NH 03031 
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supply, high- voltage supply for the 
laser and the servos are shown 
mounted on a triangular- shaped 
wooden enclosure with SI and II in 
Fig. 3 mounted on the "front" pan- 
el. This arrangement assumes that 
the laser tube and high -voltage laser 
power supply are separate items (as 
they were for the kit laser used in the 
prototype). If you use such a kit las- 
er, mount its power supply inside a 
metal enclosure for safety, and pro- 
vide good ventilation for it. 

Since they are to move the laser 
beam along predefined paths to cre- 
ate the Laser Light Show, mount the 
servos at a 45- degree angle to the 
beam as shown. Additionally, the 
servos must be mounted at right ang- 
les to each other to assure that the 
sweep of the laser beam will be hemi- 

spherical. With the servos mounted 
in this manner on the laser's plat- 
form set at the 45- degree angle illus- 
trated, the beam will, indeed, be able 
to describe a hemisherical pattern. 

The kit laser used for the proto- 
type made it easy to mount the laser 
tube and servo /mirror assembly in 
the proper locations and orienta- 
tions. The tube was held in place in a 
pair of wooden V blocks with strong 
rubber bands, and the power supply 
was mounted inside the project's 
wooden enclosure. However, you 
can use an assembled laser with the 
tube and power supply housed inside 
a single enclosure without experienc- 
ing any mounting difficulty in get- 
ting the system to work properly. 
You simply have to use heavier - 
duty V blocks and a more substan- 

Rubber 
band 

Rubber band 

ac line cord 

Fig. 4. A suggested enclosure and layout for project's laser, servo /mirror as- 

sembly, buffer interface, power supplies and power indicator and switch. 
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Authorized C 0 M B Liquidator 

XEROX® 6064 PERSONAL COMPUTER 
XEROX ... They Set the Standards! 

For over 20 years Xerox® has been the world 
leader in office products and copying 
equipment They have set standards that 
others can only imitate. The Xerox® 6064 
Personal Computer was designed to meet 
the demands of business, professional, and 
personal computing today, and into the 
future! We are proud to offer this complete 
Xerox® System at a remarkably LOW price! 
Compare for yourself...then buy your Xerox® 
6064 from C.O.M.B.! 

Get the Xerox® Advantage! The Xerox® 
PC offers you the advantage of running IBM" 
compatible MS"-DOS, so you can run the 
hundreds of business and professional soft- 
ware programs available today! And the 
Xerox® PC is easy to use! It's designed to get 
you up and running as quickly as possible 
with computer -aided instruction and supe- 
rior documentation covering all aspects of 
personal computing. 

Xerox ®...Service You Can Count On! If 

you're considering an IBM"- compatible, 
don't be misled by price alone! The system 
we are offering is a complete system...very 
easy to hook up and use...and very afford- 
able. But more than that, each system we sell 
is backed by Xerox® service and support. 
When you buy this system, your name and 
computer's serial number is automatically 
registered with Xerox ®. Should you need 
service or advice, a network of over 150 
service centers stands ready to help you. 
Before you buy...compare! Xerox® is your 
best value! Check all these features: 
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256KB Memory Features an 8MHz Intel 
8086 -2 Microprocessor for Faster Speed, 
Less Waiting Time. 
Two 51/4" Floppy Disk Drives, 360K Each. 
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Comes with ScreenMate", a User 
Friendly Guide to the Functions of the 
MS"-DOS Operating System. 
ScreenMate" is Menu Driven... No Need 
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Provides Clear On -Line Instructions If 
You're Confused About Your Next Step. 

Complete Tutorial Software and 
Manuals Included: 

"Getting Started" Booklet 
Over 150 Service 

Four Reference Guides. 
Four Software Programs: Two X -Cel" 
Training Disks, Two Diagnostic Disks, 
GW -BASIC Interpreter, and MS"- 
DOS /ScreenMate" Operator's Guide. 
Twenty Blank Disks. 

Centers Nationally. 
Manufacturer's Limited 90 -Day Warranty on Parts /Labor. 

List Price $2224.80 
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Item H -1728- 7129 -232 Shipping, handling: $49.00 ea. 

Memory Expansion Board for Xerox® 6064 
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Item H- 1728 -7128 -978 Shipping, handling: $3.50 ea. 

XEROX. ScreenMate" and the identifying numbers herein are trademarks of Xerox" Corporation. 
IBM ", IBM" PC, and PC" -DOS are trademarks of International Business Machines Corporation. 
MS" -DOS is a trademark of Microsoft Corporation. 
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tial method of securing the laser to 
the V blocks. 

Whether you use a kit laser with 
separate tube and power supply or an 
assembled integrated laser, it's im- 
portant that you mount it so that its 
beam is parallel to the mounting sur- 
face. Otherwise, the beam is likely to 
strike the reflecting surface of the 

Words of Caution 

If you use a laser, you should exercise 
care to protect your eyesight and that of 
anyone else who may be in the vicinity 
of an operating laser. Tests with anes- 
thetized monkeys have shown that as 
little as 7 milliwatts of laser light fo- 
cused directly onto the retina causes ob- 
servable damage. Though it doesn't af- 
fect vision, this damage is, neverthe- 
less, detectable with instruments. Other 
tests show that a minimum of 20 milli - 
watts is required to produce a similar 
effect on human eyes (perhas because 
the test subjects were not sedated, 
which caused their eyes to wander 
about). The information regarding ret- 
inal damage cited here was taken from a 
page in a Metrologic Laser catalog, 
which summarized research papers on 
this topic. 

Workers who have been "zapped" 
accidentally with as much as 60 milli - 
watts of laser light have reported a tem- 
porary loss of sight in only a small area 
of their vision for a few weeks. So with 
a low -power laser of 2- milliwatt output 
or less, there appears to be little danger, 
particularly if the beam is constantly 
moving. But keep in mind that even a 
low -power laser's beam is very bright. 

It's always best to exercise caution, 
regardless of the output power of the 
laser beam. Therefore, you and anyone 
else in the vicinity should avoid staring 
into the beam from a laser for long peri- 
ods of time. If you don't take this ad- 
vice, you'll suffer from spotted vision, 
at the very least, just as you would after' 
staring at a 150 -watt incandescent light 
bulb or taking a brief glimpse of the 
sun. Though the evidence so far doesn't 
support it, it's even possible for perma- 
nent retinal damage to occur. 

Listing 1. Machine -Code Interrupt Handler Routine 

LINE# L0G 

00002 0000 

CODE LINE 

00003 0000 ; CONSTANT:_; DEFINITION 
00004 0000 
l_10005 41E4C143 BDIREC =$DD03 
00006 43000 PORTB =$DDOI 
00007 0000 
0000= 0000 ZERO PAGE VARIABLES 
00009 0000 
00010 0000 CNT1 =3FB ;LO BYTE OF COUNTER 
L961011 00043 CNT2 =3FC ;HI BYTE 
00012 0000 PORT =3FD ;MIRRORS PORTB STATUS 
430013 0000 ANG 1 =$8400 ;COUNTER VALUES 
00014 0000 HNG2 =38401 ;PASSED FROM BAtiIC 
00015 0000 FLAG =$FE ;ALTERNATE SERVOS 
00016 0000 
00E117 nF1n0 ; PUT IN HI RAM SO CAN RUN BASIC 
00018 00130 ; PROGRAM CONCURRENTLY 38000=32768 
00019 0000 
00020 0000 =$8000 
00021 8000 
00022 8000 SER 'JO. r9A 
00023 81300 
410024 8000 
00025 80e10 SET UP DATA DIRECTION REGISTER 
00026 8000 
00027 8000 H9 FF LDA #%11111111 ;1=OUT,O=IN 
00028 8002 8D 03 DD STA BDIREC .FROM C64. 
00029 8005 
00030 8005 ZERO COUNTERS 
00031 8005 
000:=2 8005 A9 00 ZERO LDA #$00 
0003" 8007 85 FB STA CNT1 
00034 8009 85 FC STA CNT2 
00035 800B 85 FE STA FLAG 
00036 800D 
0610=7 800D A9 08 LDA #,t00001000 
00038 80u0F 8D 11 DO STA $D011 ;BLANK SCREEN 
GiÑVI+ 8012 
00040 8012 
00041 8012 SET OUTPUTS HIGH 
00042 84312 
00043 8012 A9 03 LDH C00000011 
00044 8014 8D 01 DD STA PORTB 
00045 8017 85 FD STA PORT ;INIT MIRROR OF PORT 
00046 8019 
00047 8019 INIT IRIS VECTOR 
410048 8019 
00049 8019 78 SEI ;DISABLE INTERRUPT 
00050 801A A9 00 LDA #$00 ;POINT IRC. VECTOR 
00051 801C 8D 14 03 STA $314 TO THIS HANDLER 
00052 801F A9 81 LDA #$81 
00053 8021 8D 15 03 STA $315 
00054 8024 58 CL I ;ENABLE INTERRUPT 

mirror at the wrong angle for proper 
system operation. 

Use only a front -surface mirror. 
With this type of mirror, the reflect- 
ing material is on the viewing sur- 
face -not buried behind the thick- 
ness of glass. If you don't use a front - 
surface mirror, the surface of the 
glass and the reflecting material be- 
hind it will both give reflections that 
can spoil the effect of the Laser Light 

Show. One good source of front -sur- 
face mirrors is Edmund Scientific Co. 
(see Parts List for address). Other 
sources are optics suppliers. 

You can check whether or not 
your mirror is indeed a front -surface 
type with the aid of a sharpened pen- 
cil. Simply place the mirror, reflec- 
tive side up and gently touch the 
point of the pencil to it an an angle. 
If the mirror is a front -surface type, 
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LINE# LOC 

094155 8025 
00056 8026 
00057 Sjbé:F+ 

CODE 

60 

LINE 

RTS ;RETURN TO EASIC 

START OF TIMING ROUTINE 
00058 8026 

; THIS IS IRO ENTRY POINT 
00059 8026 
019060 8026 * =$8100 ;START HANDLER AT 
00061 8100 KNOWN LOCATION 
00062 8100 78 SEI ;DISABLE IRO 
00063 8101 AD 00 84 LUF ANG1 ;GET ANGLES 
00064 8104 85 FE STA C:NT1 ;PASSED FROM EASIC 
00065 8196 AD 01 84 LDA RNG2 
0006r, 8109 85 FC STA CNT2 
00067 810B 
00068 810E CHECK FLAG TO ALTERNATE SER,C'S 
00069 810E 
00070 810E A5 FE LDA FLAC. 

00071 810D D0 1A ENE SERVO2 
00072 810F 
00073 810F A9 01 SERVO 1 LDA #01 
00074 8111 85 FE STA FLAC+ 
00075 8113 
1919076 8113 A9 01 LDA #7-20000001 ;OUTPUT LOW 
00077 8115 8D 01 DU STA PORTE 
00078 3118 
00079 8118 A0 7A LDY #122 ;SETS MIN PULSE 
0008n0 811A 8ri DLHY1 LEY ;WIDTH. 
00081 811E D0 FL ENE DLA':1 
1ll0082 811D 
0008:3 811D C6 FE LOOP1 DEC CNT1 ;TIME PULSE WIDTH 
00084 811F DO FC ENE LOCP 1 
00085 8121 
00086 8121 A9 0:3 LDA #%00000011 ;OUTPUT HI 
00087 8123 8D 01 DD _TA PORTE 
00088 8126 4C 31 EA JMF' EEA31 
0998'9 8129 
00090 8129 A9 00 SER'dC i2 LDA #09 
00091 512E 85 FE STA FLAG 
00092 812D 
00093 812D A9 02 LDH #,:00000010 ; CiIJTF'UT LOW 
09094 812F 8D 01 DL STA PORTE 
00095 8132 
00096 8132 AO 7A LLY #122 ;SETS MIN PULSE 
00097 8134 88 DLAY2 DEY ;WIDTH. 
00098 8135 D0 FD ENE DLAY2 
00099 8137 
00100 8137 C6 FC LOOF'2 DEC CNT2 ;TIME THE PULSE 
00101 8139 D9 FC ENE LC'OP2 ;WIDTH 
00102 813E 
00103 513E A9 03 LDH #,:000000011 ;OUTPUT HI 
00104 813D 8D 01 LD STA PORTE 
00105 8140 4C 31 EA .JMP SEA31 
00106 8143 
00107 8143 .END 

there will be no gap between the 
point of the pencil and its image in 
the mirror. If it's not, there will be a 
definite gap equal to the thickness of 
the glass on which the reflective ma- 
terial is deposited. Note, though, 
that with some mirrors, both sur- 
faces appear to be equally reflective. 
If this is the case, use the front sur- 
face to reflect the laser beam. 

To make the servo /mirror assem- 

bly, you must first mount the servos 
at a right angle to each other so that 
one servo pivots the other and the 
second servo pivots the mirror (see 
Fig. 4). When securing one servo to 
the other, align both servos so that 
the center of the mirror is on -axis 
with both servos, as illustrated in 
Fig. 1. Otherwise, as the mirror is 

pivoted, it might be taken completely 
out of the path of the laser beam, 

which will limit the angle of travel. 
A quick- setting epoxy cement is 

ideal for mounting the mirror to the 
small plastic actuator that comes 
with the servos. One servo can be at- 
tached to the actuator of the other 
with a small metal angle bracket ma- 
chined to match the mounting holes 
on the servo. 

To obtain the best effect from the 
project, alignment of the servo /mir- 
ror assembly with the axis of the laser 
beam is relatively critical. The beam 
should always be centered on the 
mirror, no matter what angle to 
which it is set. This will assure that 
the mirror will never swing out of the 
beam's path. Hence, take care in lo- 
cating the assembly with respect to 
the beam. 

A simple alignment must be per- 
formed to get the mirror to point in 
the proper direction. Use the BASIC 
program (see Using the Software be- 
low) to send the servos all the way to 
one end of their travel. Then attach 
the actuators so that the mirror is 
parallel to the laser beam with the 
front surface facing directly into the 
beam. You should now be able to use 
the joystick to swing the mirror 
through a - 90- degree to + 90 -de- 
gree arc both left /right and up /down 
as the beam remains centered on the 
front surface of the mirror. If neces- 
sary, adjust servo /mirror position- 
ing to obtain the proper results. 

Using the Software 
Before installing the project, fire up 
your computer and type in the BA- 
SIC program in Listing 2. Save it on 
tape or disk and then power down 
the computer. Attach 24 -pin connec- 
tor PI to your computer via its 
User's Port. Then power up the com- 
puter and servos and connect a joy- 
stick to Port 2 on the computer. Now 
recall the BASIC program and run it. 
If everything is okay, the computer's 
screen should go blank and the ser- 
vos should turn as you operate the 
joystick. If the servos do not turn, 
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Listing 2. BASIC Program for Operating Laser Light Show 

10 REM-LOAD INTERRIIF'T HANDLEF: 

26 FOR I=32768 TO 32805 
:30 READ A : F'OKE I , A 
40 NEXT I 

56 FOR I=:33624 TO 33090 
60 READ A:F'i_iKEI,A 

70 NEXT I 

75 REM--SET UP SOUND CHIP 
80 GOSIJB 860 
90 REM--MAIN ROUTINE 
100 DIM PiC(56),P'i(56) 
110 NP=6 
120 I 1=120 : 12=120 : S'i'3 32768 
130 JV=PEEK(56326):FR=JVAND16 
135 JV=15-(.JVAND15) 
140 I FFR=6THEN OSIJE296 
150 IFJV=1THENI1=I1+1 
160 IFJV=2THENI1=I1-1 
176 IFJV=4THENI2=I2-1 
180 IFJV=STHENI2=I2-1:I1=I1+1 
190 IFJV=6THENI2=I2-1:I1=I1-1 
200 IFJV=BTHENI2=I2+1 
210 IFJV=9THENI2=I2+1:I1=I1+1 
220 IF.JV=16THENI2=I2+1:I1=I1-1 
230 IF I1>255 THEN I1=255 
240 IF I1<3 THEN I1=3 
250 IF I2>255 THEN I2=255 
260 IF I2(3 THEN I2=3 

460 GOTU116 
470 DATA 169,255,141,3,221 
480 DATA 16913. 1:33, 251, 13:3 
490 DATA 252.1.3.3254159..8 
500 DATA 141,17,208,169,3 
270 POKE 33792,I1:POKE 33793,I2 
280 GOTO 130 
285 REM--STORE F'11INT SUBR.GUTINE 
='S6 POKE54283,33:F'UKE54283,32 
295 NF'=NP+1:Pi<;(NF')=I1:F"i(NP)=I2 
300 .JV=PEEk:: (56:326) : FR=JVAND16 
310 IFFR=6THENGi!TO300 
320 JV=PEEK.(56326):FR=JVAND16 
325 JV=15-(JVAND15) 
3:36 I F.rV =OANDFR=16THEPö=OTO320 
346 I FJV<:36THENRETIJRN 
350 .JV=PEEK(56:320) :FR=.JVAND16 
350 IFFR=6THENGOTO356 
370 FORID=1TONP 
380 FORI=1T0306:NEXT 
:390 POKE 33792,PX(ID) 
:395 POKE 33793, F'Y( ID) 
400 JV=PEEK(56326) : FR=JVAND16 
410 IFFR=6THENGiiTO440 
420 NEXT 
430 GCiT0:37 0 
440 JV=PEEK:(56320):FR=JVAND16 
456 IFFR=6THENGOTO440 

510 DATA 
520 DATA 
530 DATA 
546 DATA 
550 DATA 
560 DATA 
576 DATA 
580 DATA 
596 DATA 
600 DATA 
610 DATA 
620 DRTA 
636 DATA 
646 DATA 
650 DATA 
666 DATA 
670 DATA 

141,1,221,133 ..253 
120,169,0,141,26 
3,169,129,141,21 
3.88.95 
126,173,6,132,133 
251,173,1..1:32,133 
252,165,254,268,26 
169,1,133,254,169 
1,141,1,221,166 
122,136,268,253,198 
251,208,252,169,3 
141,1,221,76,49 
234,169,6,133,254 
169,2,141,1,221 
160,122,136,208,253 
198,252,208,252,169 
3,141,1,221,76 

680 DATA 49,234 
860 REM- -SOUND INITIALIZATION 
810 S= 54272:FCl =10 
820 FORL= STOS +24:POKEL,6: NEXT 
8313 POKE 54283, 33 
840 POKE 54285,122 
856 POKE 54296,15 
860 POKE 54280,Fr,I 
870 POKE 54283,32 
880 RETURN 
READY. 

Fig. S. In this photo of the assembled project, note how the laser tube is mount- 
ed in V blocks and is held in place with rubber bands. If an integrated laser/ 
power supply is used, blocks must be larger and heavy -duty straps must be used. 

you have to check for one or more er- 
rors in your entered program or your 
wiring of the circuit or both. If you 
find no errors, you have a bad corn- 

ponent in the buffer interface or 
power supply. 

To determine if you made any pro- 
gram -entry errors, list the program 

and compare your entry with the list- 
ing keystroke by keystroke. If after 
making the comparison and correct- 
ing any errors in wiring, the project 
still doesn't run, you have to trouble- 
shoot the circuitry with an oscillo- 
scope or a signal tracer. If you don't 
have either of these instruments, you 
can use an amplifier /speaker ar- 
rangement to trace the positioning 
signals from computer output, 
through interface buffers to the ser- 
vos. This 30 -Hz square -wave pulse 
appears nicely on an oscilloscope 
screen or the indicators of a logic 
probe, and is easy to hear through a 
speaker or headphone. 

Once everything is okay, use the 
joystick to move the laser beam to a 
given position. Hit the "fire" button 
on the joystick to store the coordi- 
nates for this location in the comput- 
er's memory. You should hear a 
"beep" as you do this. Moving the 
joystick should now cause the servos 
to reposition the beam for a second 
set of coordinates, which you can 
also store in memory with the fire 
button. You can repeat this proce- 
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Fig. 6. These photos show proper servo and mirror mount- 
ing left (left) and location and orientation of servo /mirror 

dure to store up to 50 sets of position 
coordinates. If you wish to store a 
greater number of coordinates, in- 
crease the size of arrays PX and PY. 

To play back the positions stored 
in memory, simply hit the fire button 
a second time after storing the last set 
of coordinates instead of moving the 
joystick. The servos should now au- 
tomatically swing to each pair of po- 
sition coordinates in the same se- 
quence in which you stored them. 
Hitting the fire button once again 
should reset the program so that you 
can define a new series of coordi- 
nates for playback. To halt the pro- 
gram at any time, hit the Run /Stop 
key and type in POKE 53265,24 to 
reactivate the screen. 

You can easily modify or replace 
the BASIC program with one you 
write yourself, but don't change the 
DATA statements and the part that 
loads the machine code. But you can 
add your own code to calculate the 
positions in whatever fashion you 
prefer. Then POKE them into mem- 
ory locations 33792 and 33793. The 
interrupt handler will automatically 

assembly with respect to path of laser beam (right). Note 
that beam strikes center of mirror. 

read them and position the servos as 
you command. 

Because the interrupt handler is lo- 
cated at $8000 in memory, your 
BASIC programs can't use all of the 
memory space usually allocated for 

BASIC without writing over the ma- 
chine code. This should not be a 
problem for most people. But if you 
do need more space for BASIC, you 
can move the machine code into a 
higher memory location. AE 
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Project 

Automatic Redialer for 
Busy Telephone Numbers 

This telephone accessory takes the tedium out of repeatedly 
dialing a busy number until it is free to accept incoming calls 
and includes a hands free phone -line monitor 

By Anthony J. Caristi 

Iis tiresome to repeatedly dial 
a telephone number and hear a 
busy signal. Our "Busybody" 

automatic redialer can relieve you of 
this chore by repeatedly dialing a 
busy number until it gets through. As 
the device runs its automatic operat- 
ing cycle, a built -in amplifier /loud- 
speaker lets you hear the signal when 
the connection is made. At this time, 
you simply pick up your telephone 
handset and disable Busybody to 
complete the call. 

Also built in is a manual operating 
mode that lets you use Busybody as a 
telephone line monitor when you do 
not have to speak during a call, such 
as when listening to a recorded mes- 
sage. To use this feature, you dial the 
desired number using the project's 
keypad and set the VOLUME control 
for a convenient listening level. 

Busybody is powered by the line 
coming from the telephone com- 
pany, so it never needs batteries or ac 
line power. It has no effect on nor- 
mal telephone operation and is com- 
patible with both pulse (rotary) and 
Touch Tone' lines. 

About the Circuit 
As shown in Fig. 1, the heart of 
Busybody is IC3, a low -power 
CMOS telephone pulse -dialing IC 
with on -chip last- number -dialed re- 
call capability. Telephone number 

entry is via a 3 by 4- button matrix 
keypad (see Fig. 2). Since power re- 
quirements are very low, it is possible 
to operate the unit from the dc loop 
current provided by the telephone 
company network and delivered to 
your telephone wall jack. 

When Busybody is activated by 
setting Si to ON, the dc potential 
across the telephone line is regulated 
to 3.9 volts by zener diode D5, which 
is then used to power the project's 
circuit. With S2 set to MANUAL, the 
output at pin 3 of IC2 is 0, which 
causes IC3 to be set to the off -hook 
condition. When this occurs, QI and 
Q2 are sent into conduction, causing 
LED] to light. It also causes the cen- 

tral office equipment at the tele- 
phone company to place a dialtone 
on your line. This dialtone is ampli- 
fied by IC5 so that it can be heard 
through the loudspeaker connected 
via C6 to pin 5 of the IC. 

When the telephone number of the 
party you wish to call is keyed in via 
the keypad, IC3 outpulses the digits 
and LEDI flashes in step with the 
pulses going out to the telephone 
company's equipment. After all pulses 
have been delivered to the telephone 
line and the central office's equip- 
ment makes the connection to the 
line of the party being called, you 
will hear the sound of ringing if the 
line is free or a busy signal if it is not. 
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Semiconductors 
D1 thru D4- 1N4001 rectifier diode 
D5- 1N5228 or similar 3.9 -volt zener 

diode 
D6- 1N4148 switching diode 
D7- 1N4739 or similar 9.1 -volt zener 

diode 
IC1- TLC555 or LM555 timer 
IC2- CD4001B quad 2 -input 

NOR gate 
IC3 -525600 -1P (AMI) pulse dialer 
IC4- CD4081B quad 2 -input AND gate 
IC5- LM386N audio amplifier 
LED1 -Red light- emitting diode (2 

volts at 20 mA) 
Q1- 2N5550 or similar 140 -volt npn 

silicon transistor 
Q2- 2N5401 or similar 140 -volt pnp 

silicon transistor 

Capacitors (all 25 V dc working volts) 
C1 -10 -SF electrolytic 
C2- 270 -pF disc 
C3,C4 -1 -µF ceramic 
C5- 1,000 -µF electrolytic 

PARTS LIST 

C6 -47 -µF electrolytic 
C7,C8,C11- 0.01 -µF disc 
C9- 6.8 -µF electrolytic 
C10- 0.1 -µF disc 

Resistors (' /. -watt, 5% tolerance) 
R1- 22,000 ohms 
R3,R4- 750,000 ohms 
R5 -1,000 ohms 
R6- 33,000 ohms 
R7 -2,200 ohms 
R8,R15- 10,000 ohms 
R9,R10,R11 -1 megohm 
R12,R13,R16- 100,000 ohms 
R14 -4.7 megohms 
R17 -22 ohms 
R2- 10,000 -ohm linear -taper 

potentiometer 

Miscellaneous 
S1 -Dpdt slide or toggle switch 
S2 -3pdt slide or toggle switch 
SPKR- Miniature 4- or 8 -ohm speaker 

(2.5') 

T1- 1,000:8 -ohm audio transformer 
(Radio Shack Cat. No. 273 -1380 
or equivalent) 

Z1 -Spike suppressor (Radio Shack 
Cat. No. 276 -570) 
Telephone -type 3 by 4 -key matrix 
keypad (Refrac Electronics Corp. 
No. WRKBOO2BMW or equivalent); 
printed- circuit board or perforated 
board and soldering or Wire Wrap 
hardware; sockets for ICs; cabinet 
(Radio Shack Cat. No. 270 -223 or 
similar); telephone cable with modu- 
lar connector; control knob; rubber 
grommet; heat -shrinkable tubing; 
lettering kit; clear acrylic spray; 
hookup wire; solder; etc. 

Note: The following are available from 
A. Caristi, 69 White Pond Rd., Wald- 
wick, NJ 07463: Printed -circuit board for 
$8.75; S25600 -1P for $8.50; matrix key- 
pad for $6.95; 2N5550 and 2N5401 tran- 
sistors for $2.75 each. Add $1.00 P &H. 
New Jersey residents, please add sales tax. 

In the latter event, you simple set S2 

on Busybody to AUTO to have the 
project take over the tedious task of 
repeatedly dialing the number until 
the party being called hangs up and 
frees his line for incoming calls. 

In the automatic mode, pin 4 of 
IC1 goes low to enable the IC/ asta- 
ble multivibrator circuit to oscillate 
at a rate of about one pulse every 40 
seconds. The frequency and duty cy- 
cle of ICI is determined by the RC 

Fig. 2. Schematic and interconnect details for matrix keypad. 
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time constant of the network made 
up of R14, R11 and C9. The output 
at pin 3 of ICI controls IC3 through 
gate A in IC2 (see Fig. 3), causing the 
circuit to be off -hook for about 35 

seconds and on -hook for 5 seconds. 
When IC3 goes on -hook, Busy- 

body "hangs up," disconnecting it- 
self from the telephone line. How- 
ever, the telephone number last 
keyed into memory remains ready 
for instant recall. When IC3 returns 
to the off -hook condition 5 seconds 
later, the dialtone is restored by the 
telephone network. 

The off -hook signal generated by 
IC1 goes to gates A, B and C in IC4 
(see Fig. 3), which produce a delayed 
pair of pulses that become the redial 
signal and are fed to pins 1 and 18 of 
IC3. When the redial signal is gener- 
ated, IC3 outpulses the telephone 
number still stored in memory. 

The sequence of events described 
above repeats every 35 seconds for as 
long as S2 is set to AUTO and power is 

applied to the circuit. (Of course, 

Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


any time you set S2 to MANUAL, 
automatic radial is defeated.) 

When the ring signal is heard 
through the loudspeaker, you pick 
up your telephone handset and then 
set SI to OFF. 

During the 5- second interval the 
circuit is on -hook, ICI through 1C4 
are powered by current through R1, 
which maintains whatever number is 

stored in IC3's on -chip memory for 
instant recall on redial. Whenever a 
new number is keyed into the proj- 
ect, it overwrites (replaces) the num- 
ber previously stored in memory. 
During the off -hook period, power is 

applied to ICI through IC4 via R5 
and D6. 

Audio amplifier ICS and diode D7 
provide the proper load to the tele- 
phone line and draw sufficient cur- 
rent so that once the line is seized by 
1C3, it remains so during the 35 -sec- 
ond calling interval. 

Construction 
Most of the circuitry that makes up 

this project can be mounted and 
wired on a single small circuit board. 
The circuit is only moderately com- 
plex and, thus, is suited to either 
printed- circuit board or perforated 
board and soldering or Wire Wrap 
hardware wiring. 

If you wish to fabricate your own 
pc board, use the actual -size etching - 
and- drilling guide in Fig. 4. Alterna- 
tively, if you prefer, you can obtain a 
ready -to -wire board from the source 
given in the Note at the end of the 
Parts List. Wire the board exactly as 
shown in Fig. 5, taking care to prop- 
erly orient the ICs or their sockets, 
transistors, diodes and electrolytic 
capacitors before soldering their pins 
or leads to the copper pads on the 
bottom of the board. If you are point - 
to -point wiring, either solder or Wire 
Wrap, you can still use Fig. 5 as a 
guide to component placement. 

Use sockets for all ICs. Do not in- 
stall the IC themselves until after 
you have performed the preliminary 
voltage checks. 

When all components have been 

n 
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Out 

In 

Ground 

Ground 
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Output 

Reset 

TLC555/LM555 
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Discharge Inverting input 
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Output 
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4 
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CD4001 
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In 

Out 
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In 

In 

Fig. 3. Pinouts and internal details of ICs used in project. 

mounted on the board, prepare 15 (if 
possible, color- coded) 5 " lengths of 
insulated hookup wire by removing 

" of insulation from both ends. If 
you are using stranded hookup wire, 
tightly twist together the fine wires at 
each end and lightly tin with solder. 
Then plug one end of these wires into 
the holes that go to the off -the -board 
components and solder them into 
place. There are four wires for Sl, 
seven wires for S2, two wires for 
LEDI and two wires for the speaker. 
Temporarily set aside the circuit 
board assembly. If you are using col- 
or -coded wires, use black or blue for 
the cathode and red or yellow for the 
anode of LEDs. 

Referring to the lead photo, ma- 
chine the front panel of the enclosure 
in which the project is to be housed 
to accommodate the keypad, VOL- 
UME control R2, LEDI, and the two 
switches. Also, drill a number of 
small holes in the area in which the 
speaker will be mounted to serve as a 
grille to allow sound to escape. If you 
prefer, you can make a square or 
round cutout and use cloth- covered 
screening instead of drilling grille 
holes. You can make the cutout for 
the keypad (and speaker grille if you 
decide to go this route) with a nib- 
bling tool or an electric drill and file. 
Do not forget to drill the four small 
holes for the screws that secure the 
keypad to the panel. 

Test fit the components in their 
various holes to make sure every- 
thing is okay. Then remove them and 
throroughly clean the panel and 
completely dry it. Label the switch 
positions and VOLUME control. If 
you use a dry- transfer lettering kit, 
spray over the panel and lettering 
two or more light coats of clear acryl- 
ic, allowing each coat to dry before 
applying the next, to protect the let- 
tering from abrasion and scratches. 
If you use a tape labeler, spray the 
panel and allow to completely dry 
before applying the labels. 

Mount the keyboard, speaker, 
switches, LED and VOLUME control 
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in their respective cutouts and holes. 
The keypad used in this project 

contains 12 single -pole, single -throw 
(spst) switches, one for each button, 
wired in matrix form. Hence there 
are seven wires coming from it, four 
row and three column wires, identi- 
fied in Figs. 1 and 5 as A /B /C /D and 
E /F /G, respectively. You can use 
the keypad specified in the Parts List 
or one salvaged from any low -cost 
pushbutton telephone. If the keypad 
you are using has a common wire, ig- 
nore this wire. 

Note that the seven keypad con- 
nections to the pc board are clearly 
identified in Fig. 5. If you make a 
wiring error while installing the key- 
pad, the project will generate incor- 
rect number sequences when you 
dial. To be certain that all wiring 
goes as it is supposed to and that you 
know which wire leads are to be used 
for each row /column pair, use an 
ohmmeter to check for continuity as 
you press and hold each keyswitch. 

Referring to the table in Fig. 5, 
plug the seven wires from the keypad 
into their respective holes in the cir- 
cuit board and solder them into 
place. These leads are referenced by 
row and column, as indicated in the 
table. Slide a 1" length of small -di- 
ameter heat -shrinkable tubing over 
the anode wire for LEDI on the 
board. Trim both leads of the LED 
to about % " and form a small hook 
in each. 

Form a small hook in the LED 
wires coming from the circuit board 
and connect the cathode lead (near- 
est the flat on the LED's case) to the 
cathode wire. Crimp the connection 
and solder. Do the same for the an- 
ode lead and wire. Then push the 
heat -shrinkable tubing along the 
wire, over the connection and up to 
the bottom of the LED's case. 
Shrink the tubing securely in place. 

Refer to the detail drawings in Fig. 
5 for wiring the VOLUME control and 
switches into the circuit. Note parti- 
cularly the differences between the 
wiring for slide and toggle switches. 

Fig. 4. Actual -size etching- and -drilling guide to be used for fabricating pc board. 

With slide switches the selected 
throw lugs are in line with the switch 
slider buttons, while with toggle 
switches the toggles point in the op- 
posite direction from the selected 
throw lugs. Use the appropriate 
drawings when wiring the switches. 

Drill a small hole in one of the 
walls of the enclosure and line it with 
a small rubber grommet. If you pur- 
chased a telephone cord with modu- 
lar connectors at both ends, cut off 
and discard the connector from one 
end. Pass this end through the rub- 
ber grommet in the wall of the enclo- 
sure and tie a knot in it about 5 " from 
the end inside the enclosure to serve 
as a strain relief. Now remove 3 " of 
the outer plastic jacket from the 
trimmed end and V, " of insulation 
from the LI and L2 conductors (red 
and green, respectively). If you have 
a 4- conductor cord, clip off the yel- 
low and black insulated wires that 
are not used in this project, or wrap 
them around the plastic jacket and 
secure in place with a couple of layers 
of electrical tape. 

When all wiring has been com- 
pleted, carefully check your work for 
unsoldered or poorly soldered con- 
nections and for solder bridges es- 
pecially between the closely spaced 
conductors on the pc board. Reflow 

the solder on any connection that 
looks suspicious, adding a small 
amount of solder if necessary. Dou- 
ble check all ICs, transistors, diodes, 
the LED and electrolytic capacitors 
for proper orientation and all switches 
for proper wiring. 

Checkout and Use 

To be able to use Busybody and your 
present telephone on the same line, 
you must have a connector box with 
two parallel- connected modular 
sockets. if you do not have this ar- 
rangement, you can pick up from 
Radio Shack or any telephone or 
electronics accessories store a one - 
to -two adapter. Plug this into your 
present single -receptacle box and 
your telephone into one of the adapt- 
er's receptacles and Busybody into 
the other receptacle. 

Set SI to ON. Now, using a dc volt- 
meter with an input resistance of at 
least 1 megohm, measure the voltage 
across Cl. This should be about 3.9 
volts, as regulated by zener diode 
D5. If you do not obtain the correct 
reading across Cl, check the Dl 
through D4 bridge rectifier assem- 
bly, transformer connections and or- 
ientation of D5. Also check to see if 
the telephone line connections at Ll 
and L2 are wired into the circuit. Do 
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NOTES: 

1. All views are from rear. 
2. Switch lugs that have no connections are shown in solid black. 
3. All switch slides and toggles are assumed to be in the ON (up) position for conditions shown. 

S1 (SLIDE) (TOGGLE) 

T1 WHT 
T1, GRN 
R2,1 

T1, RED 

S1,2 - L2 
02 

/*".""\ LEDI EC 
c-R6- 

C2 01 -R7- 

S2 (SLIDE) 

ON 

1 0 4 0 70 

20580 

3'8'80 
OFF: 

anode 

T1, BLU 

S2 (TOGGLE) 

OFF 

31SIS0 

20 SO 80 

1040,0 
ON 

Keypad Lead To IC3 Pin Number Keypad Lead To IC3 Pin Number 

Row 1 

Row 2 
Row 3 

Row 4 

2 (A) 
3 (B) 
4 (C) 
1 (D) 

Column 1 

Column 2 

Column 3 

Common 

16 (E) 
17 (F) 
18 (G) 
Not used if supplied 

Note: Letters in parentheses refer to pc board hole locations in wiring guide. 

Fig. 5. Wiring guide for pc board and potentiometer and switch lug numbering. 
Table lists points in circuit to which keypad leads connect. 

not proceed with checkout until you 
have corrected the problem and the 
potential across Cl is 3.9 volts. 

Set SI to OFF and discharge Cl 
with a 100 -ohm resistor temporarily 
bridged from the capacitor's + lead 
to circuit ground. Referring to Fig. 
5, install the ICs in their respective 
sockets, paying strict attention to or- 

ientations. Handle the ICs with the 
same precautions you would exercise 
with any other MOS device that can 
be damaged by static electricity. Al- 
so, as you insert each IC in its socket, 
make sure no pins fold under the de- 
vice or overhang the socket before 
pushing it home. 

Now set S2 to NORMAL and the 

VOLUME control to about midposi- 
tion. Flip S1 to ON. The LED should 
light and you should hear a dialtone 
coming from the project's built -in 
speaker. Adjust volume to a comfort- 
able listening level. 

Using Busybody's keypad, dial 
your own telephone number or any 
exchange followed by the digits 9970 
to obtain a busy signal. You can key 
in the telephone number at any speed 
you like; IC3 will outpulse each digit 
in sequence and at the proper pulse 
intervals, while the LED will flash in 
step with each pulse transmitted. 
When the LED stops flashing and 
you hear the busy signal, set S2 to 
AUTO. This enables the ICI oscillator 
so that after 45 seconds or so the LED 
will extinguish for about 5 seconds. 

When the LED comes on again, 
the circuit should outpulse the same 
telephone number you keyed in, re- 
sulting in a busy signal. This se- 
quence will continue until you set SI 
to OFF. 

If you do not obtain the results 
just described, check the ICI circuit 
to ascertain that it is oscillating when 
S2 is set to AUTO. You can do this 
with a dc voltmeter or an oscillo- 
scope connected between pin 3 of 
ICI and circuit ground. Normal 
indication is a potential of about 
3.9 volts for about 35 seconds, fol- 
lowed by a zero indication for about 
5 seconds. 

If ICI is operating properly, check 
the logic level at pin 5 of IC3. This is 

the on /off -hook control input to the 
dialer chip. When this pin is at logic 
0, the circuit is off -hook and the 
LED should be on. An on -hook con- 
dition is indicated by the LED being 
off and a logic 1 (3.9 volts) at pin 5 

of IC3. 
If the LED is operating normally 

but you do not obtain outpulsing of 
the dialed -in digits, check the C2, R3 
and R4 network. Also check that 
your keypad is in working order and 
is properly wired into the circuit. 

When everything checks out okay, 
disconnect Busybody from the tele- 
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r Manufacturers of Quality 
Electronic Components 
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CAPACITORS CONNECTORS FUSES 
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SEMICONDUCTORS RF COILS 

OVER 16 000 DIFFERENT ITEMS IN STOCK' 
cELO05 MAILED OUTSIDE USA SEND S}00 

rELECTRONIC1 
COMPONENTS 

MOUSER ELECTRONICS 
2401 HWY 287 NORTH MANSFIELD, TX 76063 

PHONE 817 - 483.4422 

CIRCLE 43 ON FREE INFORMATION CARD 

Be an FCC 
LICE N SED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an hour 
and more! 

learn at home in spare time 
No previous experience needed! 

ti 

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 220 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY STATE ZIP , 

Fig. 6. Interior view of wired project. 

phone line and install it inside its en- 
closure. Before installation, cover 
the back of the speaker magnet as- 
sembly with several layers of mask- 
ing or electrical tape or adhesive - 
backed foam rubber to prevent it 
from electrically touching the rest of 
the circuitry. 

To operate Busybody, plug it back 
into the modular adapter from which 
it was unplugged so that it and your 
telephone are both on -line. Now, do 
the following: 

(1) Leave your telephone's hand- 
set on -hook, set S2 to MANUAL and 
set SI to ON. 

(2) Dial the number of the party 
you wish to reach. Any telephone 
number, including area code, can be 
dialed, just as you would dial with 
you telephone instrument. If you 
hear a ring signal when the connec- 

tion is made through the telephone 
company's equipment, pick up your 
handset and set Busybody to OFF and 
proceed with your call in the normal 
manner. 

(3) If when you call you hear a 
busy signal, set Busybody to AUTO. 

Now Busybody will automatically 
and repeatedly redial the number for 
as long as it takes to get through. 

(4) While Busybody is in the auto- 
matic mode, when you hear the ring 
signal from the speaker, pick up your 
telephone handset before the project 
disconnects. Turn off Busybody and 
proceed with your call. 

If you wish to operate this project 
in the manual mode for hands -free 
listening, leave S2 set to MANUAL 

and use the project's keypad to dial 
the telephone number of the party 
you wish to contact. AE 
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LINE ADJUSTING 
AUTOTRANSFORMER 

240VAC 
230VAC 
220VAC 
170VAC 

120VAC 

COMMON 

1400 WATTS 
OPEN FRAME TYPE 

$29.95 

LET YOUR COMPUTER 
YOUR 

NEXT MILLION SELLER 
What an AMAZING invention. Imagine having the ability 
to prepare full bed tracks at home or making a three piece 
band sound like six by having the computer play the 
other three pieces! A MIDI board can do all this and 
more!! 

"A" for IBMC types 
Wired & tested .... $129.95 
Just a circuit board . $19.95 

You do all the assembling. Comes with a parts list and a 

schematic. One part you might want to order when 
choosing the assemble it yourself route is the PROM 
listed below. 

PROM $4.95 
"B" for AppleC types 

Wired & tested $99.95 
Jut ircuit board $14.95 

Apple version does not require a prom 

MIDI SOURCEBOOK 
$19.95 

This book contains valueable data for 
either IMO or Apples users(specify ) 

version. Comes with starter software. 

EPROM PROGRAMMER 
A GREAT EPROM Programmer for all standard 5V 
EPROMS from 2716 to 27512, and does all the funny 
program voltage with automatic selection of power 
voltage under menu driven software control. Has a full 
edit feature for splittng / combining / proportionation / 

selective changes on the PC /XT /AT compatible system. 
Mounts in one slot and has a ZIF clamp socket on a small 
stand with cable to allow the lid to be closed while 
programming. There are two styles . The 901 has 1 

external socket for 1 at a time, and the 904 has 4 external 
sokects to do four at a time. High efficiency unit draws 
little power and the fast algorithm is very, very quick to 
finish. 

EW901 $119.95 
EW904 $199.95 

MOTHERBOARDS 

XT COMPATIBLES 
All the boards listed below have the following attributes in 

common: 8 expansion slots, exact same footprint as Big 
Blue's board, 8087 math coprocessor socket (8087 not 
included), socket for BIOS in a 2764 EPROM, four other 
EPROM sockets (for things like a ROM based BASIC), 
high quality construction, will hold 640K of memory on 
board. 

TYPE1 Just the bare circuit board. You do the 
assembling, comes with parts list. Not a turbo board. 
Runs at 4.77MHz. Suggest you purchase the mapping 
PROM as you will need it to populate the board with a full 

640K. 

TYPE 2 FULLY ASSEMBLED & TESTED. This is a 
two layered motherboard. Speed is keyboard selectable 
(4.77MHz and 8 MHz). Comes with BIOS. There is no 
memory installed. This board can have as little as 64K of 
memory installed (9 4164) or all the way up to the max of 

640K. 

TYPE 3 Just like TYPE 2 but 

4_ Layered Construction. 
VERY HIGH QUALITY 

THE BEST 

Type 1 $29.95 
Type 2 $129.95 
Type 3 $149.95 
PROM for Type 1 $6.95 

Yes this is an 80286 based board. Fully compatible 
with ATTM type boards. Features 80287 coprocessor 
socket (not included), 8 expansion slots, on board 
battery and CMOS clock calendar, Same footprint as 

PC -ATTM. 

Just the circuit board . . $99.95 
Fully assembled $479.95 
The bare board come with a parts list and a schematic. 
The assembled board is a set to go complete with a 

Phoenix® BIOS, but it does not have any memory 
installed (it can hold a max of 1M). The parts below are 
for those who wish to build their own. 

Phoenix Bios $49.95 
VLSI Chip Set (5) $99.95 
Keyboard BIOS $29.95 
Technical Manual $29.95 
62 pin edge connectors $2.00 
5 pin DIN keyboard connector $0.99 
14.318MHz XTAL $1.49 
16.00MHz XTAL $1.49 
32.768KHz XTAL .$1.49 

RAM BANK II EMS 
RAM CARD $189.95 

This clever little card has the Lotus/Intel RAM format for 
extended memory space (EMS) and far, far cheaper, but 
just as good. Comes ready to stuff with 64K or 256K 
DRAMs, and will accept 2MB of 256K, 512K of 64k 
DRAM. Comes with driver disk for RAMdisk or spooler. 

TOLL FREE 
1 -800- 431 -9008 

EXPANSION BOARDS 

Parallel Port A 1/4 size card that gets your 

computer talking with your printer, This card is fully 
addressable (i.e., LPT1, LPT2, LPT3). We also supply 
directions to make this card a BIDIRECTIONAL 8 bit I/O 

port! Comes fully assembled or just the bare board. 

Wired & tested $29.95 
Bare board $9.95 
Rear panel braket $1.50 
Rt. angle DB -25 connector (female) $2.49 
IC socket set $2.50 

Big Blue Seed 
Apple Seed I, 
Apple Seed I I 

The famous SEED manuals contain the essentails of 
assembling all manner of APPLE and IBM clone 
motherboards & plug in cards. Organized into 3 main 

areas for economy. 

(A)Big Blue Seed Over 75 IBM XT motherboards 
and cards listed with all parts and placement for easy 
work on the bare PCB. Tells where to get the various 
bare PCBs. Has XT,AT, Turbo etc. Constantly updated. 

$17.95 

( B)Apple Seed I For the many II+ and Ile clone 
motherboards. With lots of data on each one ......$9.95 
(C)Apple Seed I I Plug ins for Apple u+ and Ile. 85 

cards listed with all parts, placements, hints etc... $14.95 

Buy two or more and save 10°/< 

PANASONIC 
5.25" and 3.5" for DOS 3.2 The old 
Standby from PANASONIC, the JU455A5,DSDD Hi -rel 

unit $99.00 
And the new 720K, DOS3.2 drives for laptops etc., small 
XTs etc $99.00 

SCOPE PROBES 
We have sold 100's of these great scope probes to 
hobbyists all over the USA. A well made probe with 1x, 

10x and Ref. Sw. With up to 10 meg I/P Imp, useable to 
100 MHz, low capacity, short rise time, and 600V AC +DC 
capable for $29.95 

ASCII KEYBOARD 
A great ASCII keyboard for general use, made with a 5V 
micro it only needs 5v to run. Has word processing 
layout with a large return key and 20 keys for special 
macro use under software control. Cost AES DATA over 
$100, MICROSWITCH HALL type keyswitches for eternal 
use 
With pinout $19.95 

TERMS AND CONDITIONS: MINIMUM ORDER $10.00. 
FOR ORDERS LESS THAN $60.00, PLS ADD $5.00 FOR 
PACKING & FREIGHT. OVER $60.00 ADD 5% FOR 
PACKING & SHIPPING. HEAVY ITEMS MAY NEED 
EXTRA FREIGHT. ALL ORDERS SENT BY UPS GROUND 
UNLESS REQUESTED OTHERWISE, ANY EXTRA FEE 
WE PAY IS CHARGED. UPS RED, BLUE ARE 
AVAILABLE. C.O.D. BY US MAIL OR UPS ADD $3.00 
C.O.D. FEE. WE ACCEPT VISA, MASTERCARD, 
AMERICAN EXPRESS. 
WE ACCEPT CERTIFIED CHECK, MONEY ORDER, 
SCHOOL, COLLEGE, UNIVERSITY, OR STATE & 

FEDERAL INSTITUTION PURCHASE ORDERS. 
PERSONAL CHECKS NEED 14 DAYS TO CLEAR. ALL 
GOODS SHIPPED AS SOON AS POSSIBLE. 
ALL ITEMS SUBJECT TO PRIOR SALE. PRICES ARE 
SUBJECT TO CHANGE WITHOUT NOTICE 

56 Harvester Avenue Batavia, NY. 14020 USA 1- 716 -343 -6133 
CIRCLE 18 ON FREE INFORMATION CARD 
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IIIi//ELECTRONICS NOTEBOOKIIII 
Part 15 Low -Power Radio Transmitters 

By Forrest M. Mims 

There are many applications for low - 
power radio -frequency (r -f) transmitters. 
Moreover, building and experimenting 
with such transmitters can provide excel- 
lent practical experience in the basics of 
r -f circuit design and operation. 

Several kinds of low -power radio 
transmitters can be built and operated 
without the need for a license or govern- 
ment approval. I'll describe the design 
and operation of several such systems be- 
low, but first let's review the legal re- 
quirements for such devices. 

Legal Requirements for 
Low -Power Transmitters 
In the United States, radio -frequency 
transmitters are regulated by the Federal 
Communications Commission. The text 
of these regulations is published in the 
Code of Federal Regulations, Title 47 

(CFR 47), "Communications." Part 15 

of CFR 47, which is entitled "Radio Fre- 
quency Devices," covers the operating 
specifications and permissible transmis- 
sion frequencies of a wide range or unli- 
censed low -power r -f devices. The com- 
plete text of CFR 47 is available from the 
U.S. Government Printing Office (Wash- 
ington, DC 20402). 

Part 15 is much too long to reproduce 
here, but it's key features, which are sub- 
ject to change, are worth reviewing. They 
include: 
15.1 (a) An incidental and restricted radi- 
ation device may be operated under the 
restrictions and provisions set forth in 
this part without an individual license. 
15.3 Persons operating restricted or inci- 
dental radiation devices ... shall not be 
deemed to have any vested or recogniz- 
able right to the continued use of any 
given frequency ... operation of these 
devices is subject to the conditions that 
no harmful interference is caused and 
that interference must be accepted that 
may be caused by other incidental or re- 
stricted radiation devices ... . 

15.5 Any equipment or device subject to 
the provisions of this part ... [and] any 
technical data required to be kept on file 
by the operator of the device shall be 
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Fig. 1. A low -power broadcast -band tone transmitter. 

made available for inspection by Com- 
mission representatives upon reasonable 
request. 
15.104 ... the use of a low power com- 
munication device for eavesdropping 
is prohibited. 
15.152 ... the operator of a low power 
communication device ... which causes 
harmful interference to an authorized ra- 
dio service, shall promptly stop operat- 
ing the device until the harmful interfer- 
ence has been eliminated. 
15.133 A person who constructs not 
more than five low power communica- 
tion devices for his own use, and not for 
sale ... shall attach to each such device a 
signed and dated label that reads as fol- 
lows: I have constructed this device for 
my own use. I have tested it and certify 
that it complies with the applicable regu- 
lations of FCC Rules Part 15. A copy of 
my measurements is in my possession 
and is available for inspection. 

These regulations are backed by severe 
penalties for violators. Though FCC reg- 
ulations are rountinely violated, often 

unintentionally, the agency's field of- 
fices work closely with amateur radio op- 
erators and others to track down flagrant 
violations. It works hardest to locate il- 
legal devices that cause interference with 
authorized communication devices. 

The rules cited above apply to low - 
power devices in general. Now let's ex- 
amine some of the transmission frequen- 
cies permitted by Part 15. 

Authorized Frequencies 
For Low -Power Devices 
The FCC permits low -power devices to 
operate across a wide frequency spec- 
trum. However, it is important to realize 
that some frequencies can be used only 
by FCC approved devices. For instance, 
a low -power wireless microphone oper- 
ating in the 88 -to -108 -MHz FM broadcast 
band "... shall be type approved ..." by 
the FCC (15.163 (a)) 

Fortunately, Part 15 imposes no type 
approval requirements for several fre- 
quency bands. But even these devices 
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must meet specific requirements. The 
most important frequencies are the 
broadcast band, the 27 -MHz CB band, 
the 49 -MHz walkie- talkie band and a 
provision for periodic pulse operation at 
any frequency above 70 MHz. 

Devices transmitting on the broadcast 
band are covered by: 
15.113... a low power communication 
device may operate on any frequency in 
the band 510 -1600 kHz provided ... (a) 
The power input to the final radio stage 
... does not exceed 100 milliwatts ... . 

(c) The total length of the transmission 
line plus the antenna, plus the ground 
lead (if used) does not exceed 3 meters ... . 

Citizens band devices are covered by: 
15.116 A low power communication de- 
vice may be operated in the band 
26.99 -27.26 MHz provided .... (a) The 
device may not be used for voice 
communications . . . or for CW com- 
munications .... (b) The device shall 
operate on one or more of the following 
frequencies: 

26.995 MHz 27.145 MHz 
27.045 MHz 27.195 MHz 
27.095 MHz 27.255 MHz... . 

Low -power walkie -talkies can operate 

in a 49 -MHz band. The applicable por- 
tion of the FCC rule is: 
15.117 (a) A low power communication 
device may be operated on one or more 
of the permitted frequencies ...: 

49.830 MHz 49.875 MHz 
49.845 MHz 49.890 MHz 
49.860 MHz ... . 

Special -purpose low -power tone trans- 
mitters can be operated at any frequency 
above 70 MHz if their field strength does 
not exceed specified levels and: 
15.122.... (b) The device is provided 
with a means of automatically limiting 
operation so that the duration of each 
transmission shall not be greater than 
one second and the silent period between 
transmissions shall be at least 30 times 
the transmission duration but in no case 
less than 10 seconds. 

Low -Power Transmitters 
I designed the circuits to be described 
next for Engineer's Mini -Notebook: 
Communication Projects (Siliconcepts, 
1987), a new Radio Shack book. The tele- 
graph, intercom and lightwave commu- 
nication portions of the book were 
straightforward. But developing and 
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Fig. 2. A low power broadcast -band voice transmitter. 

testing the radio -frequency transmitters 
required considerably more time than I 

had anticipated. The chief reason for this 
was the time required to meet the FCC re- 
quirements for radiated power and spur- 
ious emissions. I'll discuss this subject in 
more detail later. 

Broadcast -Band Tone Transmitter. 
The circuit in Fig. 1 transmits a clear 
audio tone to an AM radio tuned to 
around 700 kHz. It can send code signals 
or tone -encoded data (e.g., light level or 
temperature). It can be used as a tracking 
transmitter. And it can be concealed and 
used in a "fox hunt," the object of which 
is to find the hidden transmitter with the 
help of a directional receiver. 

Referring to Fig. 1, QI is connected as 
an r -f oscillator that generates a clean 
sine wave having a frequency determined 
by the values of C3 and Ll. The r -f signal 
is both amplitude and frequency 
modulated by an audio -frequency signal 
supplied by a 555 oscillator. The frequen- 
cy of the modulating signal is determined 
by the values of RI and Cl. 

Coil LI is the only nonstandard 
component. Begin assembly of LI by 
punching a small hole near one end of a 
length of '/,- inch -diameter soda straw. 
Sandpaper the insulation from a 4 -inch 
section at the center of an 8 -foot length 
of 30 -gauge magnet wire purchased from 
Radio Shack or an electronic parts store. 
Insert 2 inches of one end of the wire 
through the hole in the straw and wind 
the remainder of the wire around the 
straw until the uninsulated portion is 

reached. Secure the coil in place with tape 
and form the exposed section of wire into 
a 2 -inch long loop. Then twist the sides of 
the loop together and insert it through a 
hole punched in the straw. Wind the re- 
maining wire around the straw and insert 
the final 2 inches through a third hole. 
Clip off the excess end of the straw (but 
not the coil leads). 

Test the circuit by connecting an 
antenna and closing S1. You should hear 
a tone when the radio is tuned to near 700 
kHz. Note that the receiver must be 
carefully tuned, since the transmitter's 
transmission frequency is very narrow. 
Adjust R3 until the sound of the tone is 

clear and free from any raspiness or other 
noise. The transmission range will exceed 
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ELECTRONICS NOTEBOOK... 

Fig. 3. A low power vhf pulse transmitter. 

20 or 30 feet when a 3- meter -long anten- 
na is used. 

If the circuit happens to transmit on 
the same wavelength as a local station, 
you will need to alter the frequency of the 
r -f oscillator. This is best done by 
substituting a 0 -to- 365 -pF variable 
capacitor for C3. 

Recall from the foregoing discussion 
of FCC regulations that the final stage of 
low -power broadcast -band transmitters 
must not consume more than 100 milli - 
watts. To measure this parameter, con- 
nect a current meter between the positive 
side of the battery and the circuit. The 
power consumed by the entire circuit is 

the product of the battery voltage and the 
current in amperes. If you want to mea- 

sure only the power consumed by the r -f 
oscillator, insert the current meter be- 

tween the junction of R3 and Ll's tap 
and the positive supply. 

For best results, assemble the trans- 
mitter in a small metal case. A metal case 

will make the transmitter less susceptible 
to the effects of body capacitance that 
can cause frequency shifts and other un- 

desirable effects. Use a banana jack for 
the antenna terminal. Connect the ground 
side of the circuit to the metal case. 

Broadcast -Band Voice Transmitter. 
The transmitter in Fig. 1 can be voice 
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11 

Fig. 4. The transmission format of the vhf pulse transmitter. 

modulated if the audio tone generator is 

replaced by a microphone and an ampli- 
fier, as shown in Fig. 2. Construction and 
operation of the r -f oscillator portion of 
the circuit is identical to that of the code 
transmitter described above. As for the 
voice amplifier, an electret microphone 
(Radio Shack Cat. No. 270 -092 or simi- 
lar) will give best results. 

Test the assembled transmitter by plac- 
ing an earphone connected to a tape play- 
er near the microphone to provide a 

source of sound. Tune a nearby broad- 
cast -band receiver until the sound from 
the tape player is heard. Then adjust R3 

for best sound quality. Retune the receiv- 
er if necessary. 

The sound from the receiver will prob- 
ably be somewhat tinny due to the poor 
low- frequency response of the tape play- 
er's earphone. Nevertheless, when you 
have adjusted the transmitter for the best 
sound quality, it will be ready to transmit 
a faithful reproduction of your voice. 

As with the previous circuit, the trans- 
mitter will give best service if it is housed 
in a small metal case. Refer to the pre- 
vious circuit's description for details. 

A Special -Purpose 100 -MHz Pulse 
Transmitter. Part 15.122 of 47 CFR per- 
mits periodic low -power transmissions at 
any frequency above 70 MHz. In the 
band from 70 to 130 MHz, the maximum 
field strength of the fundamental fre- 
quency is restricted to 500 microvolts/ 
meter at a distance of 3 meters, for a 
transmission range of hundreds of feet. 

Under the provisions of Part 15.122, 
periodic operation means the maximum 
transmission time is 1 second and the 
minimum interval between transmissions 
is 10 seconds. In any case, the silent in- 

terval must be at least 30 times the dura- 
tion of the transmission. Therefore, if a 
pulse is transmitted once every 10 seconds, 
it's length must not exceed '/second. 

Figure 3 is a circuit I designed specifi- 
cally for Part 15.122 operation. With the 
component values shown, the circuit 
transmits a ''/- second tone burst once 
every 10 seconds, as shown in Fig. 4. The 
transmission frequency falls within the 
88 -to- 108 -MHz FM broadcast band. 

Referring to Fig. 3, Ql is connected as 
an r -f oscillator whose frequency is deter- 
mined primarily by the values of LI and 
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TRI -MODE CABLE TV DESCRAMBLER PARTS 
We stock the exact parts, PC board and AC adaptor for Radio Electronics February 
1987 article on building your own TRI -MODE CABLE TV DESCRAMBLER. 

#301 PARTS PACKAGE $39.95 
Includes all the original resistors, capacitors, diodes, potentiometers, 
transistors, integrated circuits, LED's, Toko coil (E52OHN- 3000023) 
and Plessey SAW filter (SY323). 

#302 PC BOARD $12.95 
Original 5 X 8.8 etched Er drilled silk- screen PC board used in article. 

#304 AC ADAPTOR $12.95 
Original (14 to 18 volt DC @ 200ma) AC adaptor used in article. 

SPECIALS Add $2.50 shipping Et handling - $4.50 for Canadian orders. 
We also offer quantity discounts on 5 or more units. 

BOTH #301 and #302 $49.0° 

ALL THREE #301, #302, and #304 $59.00 

FREE 
60- CHANNEL 

Reprint of Radio Electronics Article (February 1987) on building your own 
TRI -MODE CABLE TV DESCRAMBLER. 

CABLE CONVERTER 
SC60RCONVERTER 

WITH INFRARED REMOTE CONTROL 

Add $3.50 Shipping and Handling 
$4.50 on Canadian Orders 

Thousands of these converters sold nationally for $119.95. 
We offer you this same type of converter for only $69.95. 
All converters are NEW, with Full manufacturer's WARRANTY. 
FEATURES: 

Full 60 Channel Capability Cordless Infrared remote control 
Ultra -Stable Synthesized tuning Microprocessor controlled PLL 
Works on all TV models. Specify channel 3 or channel 2 output. 
Standard /HRC Switch for compatibility with all Cable Systems 
Will work with all types of external descramblers 

ORDER TOLL FREE 
1-800-227-8529 
Inside MA: 61 7- 695 -8699 
VISA, MASTERCARD OR C.O.D. 

MEMBER 

IÑAMÉII K *SSOC1igÌ J 

Not available to Massachusetts residents due to state law. 

J&w 
LCTBOtIICS, ¡tIC. 

P.O. BOX 800 MANSFIELD, MA 02048 e 
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Fig. 5. A radio frequency field- strength meter. 

CS. Timer ICI is connected as an os- 
cillator that amplitude modulates the r -f 
carrier signal with an audio -frequency 
tone. The frequency of the tone is deter- 
mined by the values of R1 and Cl. 

Timer 1C2 is connected so that it nor- 
mally keeps Q2 switched on to disable the 
r -f oscillator. Once every 10 seconds, IC2 
switches Q2 off and the r -f oscillator is 

enabled for 0.25 second. Transistor Q2 is 

then switched on again and the cycle re- 
peats. Resistors R4 and R3 and capacitor 
C2 control IC2's timing interval. 

With one exception, both standard 
and low -power 555 timer chips can be 
used for ICI and IC2. Or a single 556 can 
be used to replace both 555s. The excep- 
tion is that when the Texas Instruments 
TLC555, a low -power version of the 555, 
is used for ICl , the carrier wave will not 
be tone modulated. Other CMOS and low 
power 555s I tried worked in this circuit. 

Note the red LED inserted between the 
positive supply and the r -f oscillator. 
Though this LED glows when the r -f os- 
cillator is transmitting, its primary pur- 
pose is to drop the voltage to the oscilla- 
tor to around 1.5 volts. This proved ne- 
cessary to keep the transmitter's power 
output within Part 15.122 guidelines. 

Coil L1 is the only special component 
in Fig. 3. This coil is simply 5 turns of sol- 
id wire wound around a' /8- inch -diameter 
form, such as a wood dowel. When the 
form is removed, the coil will spring out- 
ward slightly and assume an outside dia- 
meter of % inch. The tap is a wire sol- 
dered 1 % turns from the ground end. 

To test the transmitter, first connect a 
7- inch -long stiff antenna wire to the 
junction of LI and Q1's collector. (A 
longer antenna will violate Part 15.122 
field- strength restrictions.) Then tempo- 
rarily disconnect Q2's collector from the 
circuit, switch on the power and tune a 
nearby FM radio until a strong, steady 
tone is received. If the signal competes 
with that from a broadcast transmitter, 
you will need to alter the transmission 
frequency. One way is to slightly squeeze 
or stretch the turns of Ll. Another is to 
add one or more 1 -pF capacitors across 
C5. Still another is to replace C5 with a 
small variable capacitor like those used in 
digital watches and other miniature crys- 
tal- controlled oscillators. You will need 
an insulated tuning tool to adjust the var- 
iable capacitor, since body capacitance 
will make substantial frequency changes. 

When the circuit is working properly, 

Q2's collector must be reconnected to 
meet the requirements of Part 15.122. 
There are many applications for the 
transmitter. It can be connected to a pres- 
sure- sensitive switch that switches the cir- 
cuit on when mail is placed in your mail 
box. It can be used as a wireless doorbell 
or a tracking transmitter. It can even be 
used as a telemetry transmitter that trans- 
mits light -level, temperature or other da- 
ta. All that's necessary is to replace RI 
with a suitable variable- resistance detector. 

For best results, assemble this trans- 
mitter in a metal case. Be sure that LI is 
mounted firmly to the circuit board and 
that it doesn't touch the case. If LI vi- 
brates, the transmission frequency will 
be frequency modulated. 

Determining if the broadcast -band 
transmitters described above meet FCC 
guidelines is simple. That's because Part 
15 permits the r -f oscillator's power con- 
sumption to be measured in lieu of an ac- 
tual field- strength measurement. Unfor- 
tunately, Part 15.122 devices are char- 
acterized only according to maximum per- 
missible field- strength levels. To comply 
with this requirement, I designed the sim- 
ple field strength meter described below. 

Simple Field Strength Meter 
Figure 5 shows a simple field- strength 
meter. In operation, LI and Cl select an 
r -f frequency flowing in the antenna. The 
selected signal is rectified by germanium 
diode DI and amplified by a 741 opera- 
tional amplifier. The output from the 741 

is fed directly into a digital voltmeter. 
Even with no input signal, a small off- 

set voltage will appear at the output of 
the 741. This can be nulled by carefully 
adjusting offset potentiometer R4. 

For best results, the circuit should be 
installed in a metal case. A banana jack 
can be used to provide an antenna termi- 
nal. Coil LI is simply a wire bent into a 
hairpin loop as shown in Fig. 5. A stan- 
dard 0 -to- 365 -pF variable capacitor is 
used for CI. 

While simple field- strength meters 
such as this one can provide a relative in- 
dication of field strength, they are not 
calibrated. I discussed the need to mea- 
sure the field strength of the Part 15.122 
device described above with Harry 
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Helms, an Extra Class amateur radio op- 
erator (KR2H) and a prolific writer of 
technical books and articles. Harry sug- 
gested a simple method for making ball- 
park estimates of actual field strength us- 
ing my do- it- yourself meter. His sugges- 
tion was to monitor the signal from an 
FCC type- approved transmitter and corn - 
pare this signal with that from the Part 
15.122 unit. 

I tried Harry's suggestion with the help 
of a pair of identical 49 -MHz transceiv- 
ers, both of which, according to the man- 
ufacturer, meet Part 15 specifications by 
emitting a maximum field strength of 
10,000 microvolts /meter at 3 meters. The 
transmitters gave peak readings of 2.4 
and 6 millivolts. The do- it- yourself Part 
15.122 device (in continuous- transmis- 
sion mode) gave a peak reading of 0.1 
millivolt. When compared to the two 
type- approved devices, the Part 15.122 
unit has a field strength of either 167 or 
416 microvolts /meter at 3 meters. The 
legal maximum is 500 microvolts /meter. 
When the antenna wire of the Part 15.122 

device is lengthened, the field strength in- 
creases dramatically. Therefore, be sure 
to keep the antenna length at 7 inches. 

Going Further 
For more information about the design 
of radio -frequency transmitters, see The 
ARRL Handbook For The Radio Ama- 
teur. This outstanding publication, 
which is updated yearly, includes de- 
tailed information about the design and 
operation of many kinds of transmitters. 
These principles can be applied to the de- 
sign and operation of both unlicensed 
(low- power) and licensed transmitters. 
For example, the Handbook discusses 
the use of r -f filters to reduce the strength 
of unwanted harmonics. 

The ARRL Handbook can be pur- 
chased from some electronics stores or 
purchased by mail order. For additional 
information about this and other publi- 
cations of the American Radio Relay 
League, write the ARRL (Newington, 
CT 06111). AE 

A Career Start in 
21st Century Electronics 

Since 1905, National Technical Schools 
has helped over 300,000 people just like 
you learn at their own pace and build 
successful careers. Enter the boom in 
electronics through home study courses 
in Microcomputer Technology & Ser- 
vicing, TV & Radio Servicing, Video 
Technology, Industrial Controls (Micro- 
processing), Robotics or Basic Electronics. 

To begin a new career or to sharpen 
your current skills, call 1- 800 -B- BETTER 
or write us today for complete details: 
NTS, Dept. ME -410, 456 West M.L. 
King Jr. Blvd., Los Angeles CA 90037. 

Accredited by National Home Study Council 

PC XT /AT ADD -ON BOARDS 
MS DOS /OW Basic 3.2 980 
XT Mother Board /Blos 983 
XT Turbo Board /Blos $103 
Monochrome /Graphic /Printer Card 966 
Monochrome Graphic Card $60 
Color Graphic /Printer Card $60 
Color Graphic Card 950 
XT Multi I/O Card 973 
XT I/O Plus II 945 
Floppy Disk Controller 
1 port $25 
2 port $33 
RS232 Interface Card 
1 port $22 
2 port $27 
Parallel Printer Card 919 
Clock Card 925 
Game Card 918 
Hard Disk Controller Card $100 
Hard Disk /Floppy Disk Controller Card $123 
XT 2 MB RAM Card $195 
AT Mother board /Blos $490 
AT 3 MB Multifunction Card $178 
AT 4 MB RAM Card 9210 
AT 1.2M Floppy Disk Card $72 
EGA Card 9245 
AT t1DC /FDC Controller w /Cable .... 92215 

KEYBOARDS 
5151 Style AT /XT Keyboard $68 
747 AT Style AT /XT Keyboard $53 

POWER SUPPLY 
150 Watt XT Power Supply $53 
200 Watt AT Power Supply 985 

(201) 944 -5002 
2142 N. Hudson St. 
Fort Lee, NJ 07024 
IBM PC. IBM XT and IBM AT are trademarks 
or IBM corpratlon. 
MS-DOS Is a trademark of Microsoft 
Corporation. 

Prices Subject to Change without notice. 

MONITORS 
PARCO (Sony) 
Height Resolution 
12" 90° Monitor 800 
x 700 Lines With 
Hon -Glare 
Screen /Swivels 
Base Amber. $115 

SAMSUNG - Amber $79 
TAXAN 620 Color $375 
TAXAN 630 Super HI -Res. Color 9445 
TAXAN 640 Super HI -Res. Color 9445 
TAXAN 760 EGA Monitor 9499 

PRINTERS 
RITEMAH PLUS (120 cps. 80 col.) $175 
RITEMAN - 15 (160 cps. 136 col.) $345 
BROTHER M1509 (180 cps. 136 col.) $395 

DRIVES 
TEAC 360K Floppy Drive $90 
PUJISU 360K Floppy Drive 982 
CHINON 360K Floppy Drive $85 
20MB Hard Disk /WD $Call 
30MB Hard Disk /WD $Call 
1.2MB TEAC AT Drive $135 

CHASSIS 
nip Top XT Case 
Slide Off XT Case 
AT J. Style XT Case 
AT Case 

All Cases Include Speaker /Hardware 
MODEMS 

Internal Modem- Everex $137 
Select 300/1200 bps, powerful sltCom 
Communication Software Included. Auto 
answer /dial. 

External Modem -Smarteam $160 

$29 
936 
$37 
$85 

PC /AT 2000 SYSTEM 

411.4111/0 

80286 Processor (6 /8MHZ) 
1024K RAM 
1.2MB Floppy Disk Drive 
AT Hard Disk /Floppy Disk Controller Card 
Clock /Calendar with Batter Backup 
AT Style Keyboard 
200W Power Supply /Case 
Runs All Major Software 
Six Month Warranty 

$1249 
PC /XT 2000 SYSTEM 

640K RAM 
380K Half Height Floppy Drive 
w /Controller 
AT Style Keyboard 
150W Power Supply 
Slide Off Case 
Runs All Major Software 
Six Month Warranty 

$495 

ORDER TOLL FREE: 

1 -800- 367 -1132 
MONDAY - SATURDAY 9AM - 6PM EST. 

SUNNYTECH INC. 
1 

Customer Service 
(201) 944 -5010 
9AM - 5PM EST. M -F 

ORDERS WHIPPED UPS COD 
WITHIN 24 HRS. 
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IIiI/HA RD WARE HACKER/li/Ill 

Apple Has Disk -Drive Adapter; Surplus Electronic 
Parts Sources; Current Mirrors; Microcomputer 

Voltage Inputs; More 

By Don Lancaster 

I just got word on a brand new National 
sync separator chip called the LM1881. 
This dude costs around $3, works off a 

single + 5 -volt supply, and needs only 
three external parts. It can handle NTSC, 
PAL, and SECAM, as well as nonstan- 
dard video. It even has a special logic out- 
put for even /odd fields. The LM1881 
should be great for converting computer 
composite -video for split sync monitors 
and such. 

I haven't had a chance to work with it 
yet, but I thought you might like to get a 

head start on a most -needed and most - 
asked -for new hacker component. 

Moving right along ... . 

How can I use older disk 
drives on the Apple IIGS? 

The Apple IIGs has an incredible variety 
of disk -drive options. For instance, there 
is a plug -in SCSI card that can access any 
number of floppy- or hard -disk drives 
that make use of this optional interface. 

Then there are all the RAM -disk plug - 
in card options. Today, you could go as 

high as 8 megabytes of RAM disk. Just as 

soon as the prices drop a tad more on the 
1- megabyte RAM chips, you can quad- 
ruple your storage to 32 megabytes. 

In fact, you can do it today. One -me- 

gabyte RAM chips are certainly avail- 
able, but they are not yet cost competitive 
with those older 256K dynamic RAMs. 

And, should you attach a single "in- 
telligent" drive to the usual DB -19 disk 
connector on the IIGs, you can control 
up to 128 different drives at once. This 
would, obviously, take a beefed -up pow- 
er supply, but it can definitely be done. 
Astoundingly, the present firmware (but 
not the drives themselves) are capable of 
supporting up to 5 gigabytes per drive, 
for a mind -numbing total of half a tera- 

byte of data on line at once! Which is not 
too shabby for a personal computer. Par- 
ticularly since next year's CD ROMs 

1 

2 O 

3 

4 O 

5 

6 O 

7 

8 O 

0 O WR REQ 

11 
+5V 

12 

13 

14 0 ENBL 

15 
+12V 

16 O 
RD DATA 

17 
+12 V 

18 0WR DATA 

+12V 

20 

DB19 male connector from last IIGS 3.5 inch drive 
r- N Cf O 1ff co r- CO Of O '- N CI O N l0 f CO O) 

o 
o. 
CO 

o 
E 

á 

PHI 0 

GND 

PHI 1 

GND 

PHI 2 

GND 
PHI 3 

-12 V 

+5 V 

+12 

GND 

PHI 0 

GND 

PHI 1 

GND 

PHI 2 

GND 
PHI 3 

-12 V 

O 1 

O 2 

O 3 

O 4 

O 5 

O 6 

O 7 

O 8 

d 

L 
f) 

N 
O 

WR REQ 0 10 

9 i 

p 
+sV 0 11 L 
+5V o 12 
+12 

O 13 CO 

ENBL 0 14 L +V o 15 d 
RD DATA 

12 

0 16 CO 

+12V 017 E 

WR DATA 18 
+12 V 

a 
o 19 o 

WR PROT 20 WR PROT 

Fig. 1. This adapter lets you use older disk drives on an Apple IIGs. 

should drop in just fine, thank you. 
The normal and usual setup for most 

IIGs users is to daisy chain four dumb 
disk drives, placing a pair of 3'A-inch 

drives nearest the IIGs and using a pair of 
5'/. inch drives as tail -end Charlies. 

The only little problem here is that all 

of the newer Apple drives use a DB -19 

connector. But, many of the much older 
Apple drives used a 20 -pin DIP header 
connector that has wildly different pin - 
outs. What can be done here? 

There are at least two ways you can use 
these older 20 -pin drives on the IIGs. The 
quickest and simplest is to go ahead and 
use an old slot six controller card, and 
change the IIGs front panel selection to 
"your card" for slot six. 

Instead, Fig. 1 shows a simple adapter 
that you can build that will let you con- 
nect a pair of older 20 -pin drives to a sin- 

gle DB -19 connector. This connector can 
either be plugged into the IIGs itself for a 

5''h- inch -only system or into the last 
3'A-inch drive in use. 

This adapter is certain to become com- 
mercially available soon, but for now, 
you might want to build your own. I 

would use a small printed- circuit board, 
being sure to use the type of 20 -pin DIP 
header that has a plastic box around it. 

Countless early Apple drive cards have 
been destroyed by plugging in this con- 
nector offset by one pin or even offset by 
one entire pin row. Make sure your adap- 
ter does not allow this. 

Unfortunately, that DB -19 connector 
has been a bear to find. One good source 
is JDR. These are usually available in 

solder -tail only, so a short cable may 
be needed between your printed- circuit 
card and the DB -19 connector. 

76 / MODERN ELECTRONICS / April 1987 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


If you are only going to use one older 
drive, be sure it goes in the first slot on 
this adapter. 

What are the best sources of 
surplus electronic components? 
I guess I always have been a surplus junk- 
ie, and have been buying bargain and 
odd -lot mechanical and electronic stuff 
for longer than I care to remember. 
There's no better way to get hands -on 
electronic experience at low cost than by 
adapting and then reworking surplus 
components and systems to meet your 
own needs. 

My all -time favorite surplus house has 
to be Jerryco. If not for their outrageous 
catalog, then for their incredible selec- 
tion and bargain prices. They are not 
strong in the electronic area, but they 
more than make up for it in unusual ma- 
terials, mechanisms, motors, far -out 
goodies, electromechanicals, and such. 

For old -time, old -line military WWII 
surplus electronics, Fair Radio Sales is an 
excellent choice. One of the first surplus 
items I ever bought was from them. It 
was a complete APN -1 radar altimeter 
for $2.95. I sure was surprised when the 
Railway Express (Uh -I guess I may 
have been at this for a while) charges 
were a budget -breaking $8. During my 
college days, I earned some quick cash by 
buying surplus electronic castings from 
these people and converting them into 
far -out decorator lamps. 

The yuppie reign of terror has merci- 
fully ended over at Edmund Scientific. In 
fact, there is not one single Perrier -filled 
birdbath in its entire catalog these days. 
While they are the merest shadow of their 
former selves, they do have a fairly wide 
selection of optics, mechanics, and pneu- 
matics on hand. 

For "raw iron" in the form of motors, 
actuators, hydraulics, transformers, 
clutches, and such, C &H Sales has some 
fine offerings. No robotics hacker can af- 
ford to miss out on their catalog. 

While not strictly surplus, a fine source 

Fig. 2. An npn current mirror. 

of low -cost electronic components is 
Mouser Electronics. They have a lot of 
brand -new stuff that is super hard to find 
elsewhere. 

And those are pretty much my favor- 
ites. Besides these, while fairly pricey, 
Herbach and Rademan do occasionally 
has some real bargains. They are very 
strong in broadcast television surplus. 
Marvin Jones typically has outstanding 
electronic whatevers at very low prices. 
Good old BNF Enterprises have bargain 
priced assorted floor sweepings avail- 
able, with an occasional gem buried in its 

V +5 4J V 

i1 J (il =i2) 

input output 

Fig. 3. A pnp current mirror. 

big tabloid catalogs. Their prices are so 
low that "you buys your ticket and takes 
your chance. " 

Some newer outfits to look into in- 
clude Circuit Specialists, American De- 
sign Components, and Electrovalue In- 
ternational. I'm sure you'll find other fa- 
vorites of your own. 

Finally, of course, there are the many 
fine advertisers right here in Modern 
Electronics. 

What is a current mirror? 
A current mirror is a very important and 
very powerful electronic circuit that sees 
very wide use in many integrated circuits. 
Yet it's almost unknown as a hacker tool. 

Figure 2 shows a typical npn current 
mirror circuit. A current mirror lets you 
"bounce" a current off either a supply 
line or ground, while still having a very 
minimum voltage drop across itself. This 
is most handy for translating voltages or 
currents, for very -high gain amplifica- 
tion stages, for signal -level translation, 
for multi- current distribution including 
D/A conversion, and for letting you get 
by with much lower supply voltages than 
is normal. 

The circuit behaves as follows: You set 
the current that is going into the left end, 
and the current mirror will then draw 
nearly that identical current into its right 
end. For the circuit to work properly, 
both transistors must be carefully match- 
ed and, preferably, on the same piece 
of silicon. 

In theory, two matched transistors of 
identical gain and temperature will pro- 
duce identical collector currents for any 
given base voltage input. 

Now, what seems to be a dead short on 
the left transistor is really the key to the 
operation of the whole circuit. Believe it 
or not, a transistor can actually "tran- 
sist" when it is connected this way. How? 
Well, a transistor only needs 0.2 or more 
volts at its collector to stay out of satura- 
tion. Since the base of a silicon transistor 
usually has a 0.6 -volt drop across it, the 
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HARDWARE HACKER... 

left transistor is clearly in its active re- 

gion, and is capable of amplification. 
With a dead short from collector to 

base, the transistor cannot do much in 

the way of voltages. But it most certainly 
can decide the ratio of the base current to 
the collector current. What the dead 
short does when helped by the transistor 
is this: it adjusts the base voltage as a 

function of the transistor's current gain. 
The higher the gain, the lower the volt - 
age, and vice- versa. 

Since a transistor's gain will change 
with temperature, this circuit will auto- 
matically adjust the base voltage for both 
transistors in a way that gives a constant 
output current over temperature. Thus, 
an apparent dead short magically and au- 
tomatically adjusts the output current so 

it exactly matches the input current over 
a wide temperature range. By the way, 
this is called a Wilson current mirror, 
after its inventor. 

Figure 3 shows an "upside- down" cur- 
rent mirror, this time using a pair of pnp 
transistors. In the pnp mirror, the 
amount of current purposely sunk to 
ground on the left will cause an identical 
current to be sourced on the right. 

For hacking, you can take a bag of bar- 
gain transistors and keep trying pairs 
until the mirrored currents end up fair- 
ly near each other. Clip the two tran- 
sistors to the same heat sink, and glop 
them with silicon rubber for added ther- 
mal insulation. 

It is far better to pick up a transistor ar- 
ray of some sort so you start out with 
matched devices. The Motorola MC3346 
is an interesting choice. It is available 
from Circuit Specialists for $1.25 each. 

Other sources of transistor arrays in- 
clude Sprague, National, and RCA. 
These are usually best found as odd -lot 
bargains from the usual places. 

Show me a hacker use 
for a current mirror. 
What good is a current mirror to a hack- 
er? Well, you could obviously put one on 

a 555 timer or an 8038 voltage -controlled 
oscillator to let you input a conventional 
0 -to -5 -volt dc controlling signal. While 
this will certainly work, that single -chip 
voltage -controlled oscillator (vco) circuit 
we looked at last month might be a bet- 
ter choice. 

Instead, Fig. 4 shows you an interest- 
ing concept for a current mirror circuit. 
Four current mirrors can convert an Ap- 
ple II game input into a quad digital volt- 
meter, usable for any number of fairly 
non -precision measurement tasks. 

An input of 0 to 5 volts dc is converted 
into an output current that, in turn, 
charges the game paddle timing capaci- 
tors internal to the Apple. The lower the 
input voltage, the higher the current 
through the current mirror, the faster the 
game capacitor will charge, and the lower 
the measured charging time. 

Thus, low voltages give low numbers 

and vice -versa, varying in a linear man- 
ner. A simple X = PDL(0) can be used 
from Applesloth to read voltage inputs. 
As a more advanced project, you could 
easily write a "double- precision" game 
paddle routine in machine language. This 
would increase input resolution, but it is 

doubtful if you could get an overall 
"real- world" accuracy better than a 
few percent. 

This circuit could obviously be ex- 

tended to any personal computer that 
uses variable resistance ( "volume -con- 
trol") inputs. Let me know your exper- 
iences on this. 

Aren't those current 
arrows backwards? 
Hmmm. Here we go again. 

Many years ago, somebody like Frank- 
lin or Faraday decided in which direction 
they thought current actually flowed in 
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Fig. 4. Current mirror quad voltage inputs for an Apple computer. 
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TAIWAN COMPUTER TRADE CENTER 
7220 N.W. 58th Street 2707 Stemmons Freeway 2215 N. Broadway UCR 

Miami, FL 33166 Suite 200 Los Angeles, CA 90031 1690 -D Cobb Parkway S.E. 
(305) 477-2600 Dallas, TX 75207 (213) 222 -9680 Marietta, GA 30062 
(305) 477.7007 (214) 637-6641 (213) 224-8610 (404) 988-0900 

(214) 637-6657 (800) 342-2332 

MANUFACTURER'S REPRESENTATIVE 
DIRECT IMPORTERS OF IBM PC /XT COMPATIBLES 
FACTORY PRICES TO DISTRIBUTORS /DEALERS 

(Prices Are For Quantities of 50) 

MOTHER BOARDS 
(W /O BIOS & MEMORY) 
XT Turbo 4.77/8 MHZ (2 Layers) $89 
AT 6/8 MHZ $390 
AT Turbo 10 MHZ $420 

CASES 
XT -Flip Top or Slide $27 
Mini AT For XT $38 
AT $68 

. INTERFACE CARDS 
Monochrome Adapter $41 
Mono Graphic Printer $60 
CT 6040 Herc. Comp. $65 
Color Graphic Display $44 
Color Graphic Printer $55 
EGA Cards $185 

EXPANSION CARDS 
XT Disk Controller, 1 Port $25 
XT Disk Controller, 2 Ports $27 
AT Floppy Disk Controller $60 
RS 232, 1 Port $24 
RS 232, 2 Ports $29 
Parallel Card $14 
Multi I/O $71 
I/O Plus Card $60 
384K MTF "O "K $74 
640K Ram "0 "K $38 
Clock Cards $25 
Game Cards $15 
AT I/O Cards $65 
AT 2MB MTF $127 

FLOPPY DISK DRIVES 
Teac 360 $85 
Teac 1.2 MB $110 
Chinon 1.2 MB $102 
Fujitsu $75 

HARD DRIVES & CONTROLLERS 
20 MB Seagate (68 MS) $275 
30 MB Seagate (40 MS) $550 
20 MB Seagate ST238 w /Adaptec Controller $450 
Western Digital Controller $90 
AT Floppy & Hard Disk Controllerw /Cable $190 

KEYBOARDS 
K7S (5150) $40 
BTC 5151 $55 
5060 XT/AT $50 
5160 XT/AT $50 
K8 $50 

K9 $55 
5152 $65 

MONITORS 
Samsung Amber $68 
Belton Tilt & Swivel $85 
TVM RGB Green /Amber $275 
EGA Mitsubishi $395 

OTHERS 
Speaker $1 

Disk Storage (100) $8 
Keyboard Drawer $30 
Logi Mouse $77 
Joy Stick $15 
Printer Stand, Big $8 
Power Strip w /Surge Protector $5 
Power Pad w /Surge Protector $20 
Printer Switch Box $20 
Bulk Diskettes 39$ 
Eprom Writer $160 
Printers Call 

LIMITED OFFER 
1. XT System 40K w/2 Floppy Disk Drives, 
Keyboard Et Amber Monitor for Only $588 
2. We will assemble Systems to your Configura- 
tions for ONLY $5.00 for Components purchas- 
ed from us. 

( 

( 

( 

( 
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NAMES AND NUMBERS 

American Components Edmund Scientific Co. JDR Microdevices Mouser Electronics 

62 Joseph St. 4128 Edscorp Bldg. 1224 S. Bascom Ave. 11433 Woodside Ave. 

Moonachie, NJ 07074 Barrington, NJ 08007 San Jose, CA 95128 Santee, CA 92071 

(800) 524-0809 (609) 573-6250 (800) 995-5430 (619) 449-2222 

BNF Enterprises Electrovalue International Jerryco National Semiconductor 
119 Foster St. Box 376 601 Linden Pl. 2900 Semiconductor Dr. 

Peabody, MA 01961 Morris Plains, NJ 07950 Evanston, IL 60202 Santa Clara, CA 95052 

(617) 531-5774 (201) 267-1117 (312) 475-8440 (408) 721-3277 

C & H Sales Fair Radio Sales Marlin P. Jones RCA Solid State 
2176 E. Colorado Blvd. 1016 E. Eureka St. PO Box 12685 Box 2900 

Pasadena, CA 91107 Lima, OH 45802 Lake Park, FL 33403 Somerville, NJ 08876 

(800) 325-9465 (419) 227-6573 (305) 846-8236 (201) 685-6000 

Circuit Specialists Herbach & Rademan Motorola Semiconductor Sprague Electric 

Box 3047 401 E. Erie Ave. Box 20912 PO Box 9102 

Scottsdale, AZ 85257 Philadelphia, PA 19134 Phoenix, AZ 85036 Mansfield, MA 02048 

(800) 528-1417 (215) 426 -1700 (602) 244-6900 (413) 664-4411 

an electrical circuit. It turns out they 
made the wrong guess. 

Today, all engineering schools, all 
graduate engineers, all electronic stan- 
dards, all electronic manufacturers, all 
math equations, all "right -hand rules," 
and especially all of theose arrows on all 
of those schematic symbols make use of 
this "wrong" notation. This "wrong" 
method is called "conventional" current. 

With conventional current, current 
flow in a load goes from positive to nega- 
tive. With conventional current, current 
flow in a transistor or a diode goes in the 
direction shown by the arrows. The 
"hole" current in a semiconductor is the 
same as conventional current. Why, even 
that IEEE tie clasp is "wrong "! 

Unfortunately, during World War II, 
some military types decided it would be 
easier to explain how a 35Z5 vacuum 
tube works by using the concept of the 
"electron" current. While technically 
correct, electron current runs backward 
from all of the symbols, changing all of 

the math equations, converting the "right - 
hand rules" into "left -hand rules" and 
creating various other absurdities. 

In solid -state electronics, electron flow 
and hole flow are equally important and 
complimentary concepts. Trying to ex- 
plain or understand transistors or inte- 
grated circuits by using only electron cur- 
rents introduces all sorts of silly problems. 

To this day, there are still a very few 
service schools and technician -level 
books that insist on the use of the elec- 
tron- current concept. What happens 
when their students and readers graduate 
and go on to the real world? They end up 
both hopelessly confused and mystified 
as to why the entire rest of the world is 

doing things in exactly the "wrong" way. 
As to having the entire electronics in- 

dustry "correctly" convert to the "prop- 
er" current direction, it would take "ex- 
tremely frigid conditions in a rather 
unpleasant locale" for that to ever hap- 
pen. And there is no point whatsoever in 
even doing so. 

The bottom line to all this? "When in 
Rome ..." as the saying goes. 'Nuff said. 

We will end up with a reminder about 
two of my newest products -my un- 
locked and unprotected Postscript Show 
and Tell for Apple, Mac and IBM that 
show you some laser printing tricks that 
others swear cannot even be done, and a 
new and complete set of reprints from my 
"Ask the Guru" column. 

As usual, this is your column and you 
can get technical help per the "Need Help" 
box. If you haven't done so already, be 
sure to write or call for your copy of my 
brand -new free -stuff list. I do try to add 
one or two new items each month. AE 

NEED HELP? 
Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 
Synergetics 
Box 809 
Thatcher, AZ 85552 

(602) 428-4073 
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The Disk Optimizer 
Program Can Increase Disk Access Speed 

By Art Salsberg 

The "Disk Optimizer" from SoftLogic 
Solutions, Manchester, NH, consists of 
an ingenious program that overcomes a 
deficiency of PC and MS disk operating 
systems-using file space on a disk on the 
basis of what's available first instead of 
sectors that are near each other. 

For example, you might have erased a 
file, leaving an empty sector, while the 
next available space may be far away. 
DOS will blithely commence writing in 
the empty area and then jump all the way 
to another part of the disk with fresh 
space and continue writing. As a result, 
the disk data is "fragmented," causing 
the drive's recording head to travel much 
farther when you access the material for 
data reading, writing or back-up purposes. 
This slows up the computer's operation, 
as well as adds wear to a stepper motor. 

Disk Optimizer rearranges the data so 
that they are next to each other. If your 
disk files are heavily fractured, which 
will occur as time passes and you delete 
and change more and more file data, the 
whole mechanical operation will start 
slowing down, turbo boards or no. 

The program is designed for hard disk 
use with DOS (PC or MS-DOS) 2.0 or 
higher. It's easy to install, is copy pro- 
tected (drat!), simple to use, and costs 
only $49.95. 

In addition to this program, the disk 
also contains an optimization analysis 
program that indicates the percentage of 
file discontinuity (100% means that all 
files are contiguous, while 0% indicates 
that files are scattered all over the disk), 
file security lock and unlock, and a file 
peeker program for debugging purposes. 

How It Worked 
After loading the program, I typed 
"Analyze," answering a few questions 
such as which drive, which directory or 
all directories, specific files, etc. Each 
file's degree of optimization is then dis- 
played in percentage, with an overall per- 
centage listed for all files chosen. 

I chose "All Directories" and watched 
the files and their respective percentages 
displayed screen after screen. A number 
of files earned below 100%, with a few 
not far from the zero mark. Yes, indeed, 
I had a handful of fractured files, so I 

chose to type "Optimize." Pressing the 
Enter key, since Drive C, the hard disk, 
was my default drive, the program started. 

The program is divided into two parts: 
directory reorganization and disk cluster 
reorganization. You don't do a thing ex- 
cept watch the screen to see what's hap- 
pening. You can interrupt the process if 
you wish by pressing the space bar, 
though. The company says you won't 
lose any data by doing this, but I was not 
inclined to take a chance so I let the pro- 
gram have its way. (There's no reason 
why it could not safely be stopped, how- 
ever, since nothing is in memory during 
the optimizing process.) 

Disk Optimizer's designers cleverly set 
up the program so that you won't just sit 
there and wonder if something's being 
done or not. The display, which repre- 
sents a proportional map of disk space, 
has animated illustrations in the form of 
squares, dashes and dots, each relating to 
what's being done. When one group is 
finished displaying the directory reor- 
ganization in the form of squares, the 
next process, hyphens, moves along and 
wipes out the squares, and so on. The 
percentage of clusters being organized 

and the percentage left to finish the job 
are continuously displayed. 

The whole repacking process took 
about 30 minutes or so the first time. A 
few weeks later it took less than 10 min- 
utes. Did I notice a difference in operat- 
ing speed? I certainly did the first time 
when loading and working with a word- 
processing system and a database system. 
I couldn't distinguish any difference the 
second time around, when disk file's 
were less fractured, though it likely 
speeded up things a bit here, too. 

I did not try the Password Lock and 
Unlock program, as I don't really have a 
need for this and, besides, have other 
programs that are similar (and unused). 
If you need such a program, though, and 
don't have one, then this becomes a bo- 
nus. The same goes for the File Peeker 
program, which I did investigate. I like 
Norton's disk better for this purpose. 

For me, then, the two key programs 
are Optimize and Analyze. I found both 
to be very effective. I'll be using them 
from time to time, I know, just as I use 
head cleaners regularly but sparingly. So 
even though you'll be able to live without 
the Disk Optimizer, you'd be foolish not 
to spring for its $50 and gain the benefits 
of speeding up read and write disk access 
time discernibly after a period of heavy 
computer use and prolonging the life of 
your drive. 
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III11IiPC PAPERS/I/ill 

More Clones, Smart Spelling, Cheap Writing 

By Eric Grevstad 

You think I'm not punished for my sins? 
Last month I complained about going to 
Las Vegas and seeing so many low -cost 
clones that "I might have been at the Kit- 
chen Appliance Expo." This month, I 

went back to grisly Glitter Gulch -for 
the Consumer Electronics Show, just 
weeks after Comdex /Fall -and saw even 
more cheap compatibles. At least this 
time I had a nice hotel. 

The biggest news on the clone patrol is 

that you can now buy one from any mi- 
crocomputer manufacturer except Ap- 
ple. Atari and Commodore have joined 
the club, even if only to pick up some 
stray sales rather than downplay their 
68000 systems. 

Commodore's PC10 follows the con- 
ventional design favored by Leading 
Edge, Epson and, more recently and 
cheaply, the Hyundai Blue Chip and Vic- 
tor Champion. Actually, it's an old dog. 
It was introduced three years ago in Eu- 
rope, a big lug the size of an AT with an 
outdated 4.77 -MHz 8088 chip, though 
Commodore throws in an ATI video card 
and 512K for a steep $999 (with one disk 
drive). As an MS -DOS market contend- 
er, the PC 10 is too little and too late -ac- 
tually, too big and too late. 

The Atari PC is more interesting, an 
application of the ST's closed -box con- 
cept to a slotless compatible the size of a 
monitor stand. It promises 512K RAM, 
an 8088 running at 8 MHz, parallel and 
serial ports, one floppy drive, a mouse, 
and built -in EGA and Hercules video 
modes for $699 with monochrome moni- 
tor. Presumably, you'll be tied to plug -in 
Atari options if you want a second drive 
or hard disk. 

Finally, Britain's popular Amstrad 
PC1512 hopes to conquer the U.S. by of- 
fering a compromise between open boxes 
and the airtight Atari: three expansion 
slots along with the standard stuff (512K, 
an efficient 8 -MHz 8086, parallel, serial, 
clock, mouse, GEM Desktop and Paint), 
but a power supply built into the monitor 
to discourage video upgraders. With 
prices ranging from $799 (monochrome 
monitor, one floppy -disk drive) to 

Commodore's PC clone: Halfhearted entry, outdated machine. 

$1,499 (RGB monitor, 20 -MB hard disk 
system), I like its style. 

I can't hope to review more than a few 
of these new clones, but I'm intrigued as I 
watch the market -it seems a match for 
the boom of 1983 -84, when hundreds of 
companies like Eagle, Seequa, and Tava 
each hoped to win 10 percent of IBM's 
sales. Today, however, three things have 
changed: prices are less than a third what 
they were, compatibility is no longer a 
stumbling block, and today's vendors 
aren't small hopefuls but good -sized in- 
ternational firms. That may be grounds 
for a fourth change, the fact that people 
aren't yet predicting a bloody shakeout 
like 1984's. Let's keep watching, anyway. 

Psychic Technology 

There are two kinds of computer typists: 
those who need all the spelling help they 
can get, and those who don't need spell- 
ing checkers but consider themselves 
power users, eager to improve efficiency. 
Both can benefit from the input monitor- 
ing technology developed by Airus Inc. 
for its 1985 spelling checker AI: Typist, 

now adapted to a word processor called 
Write Now and a DOS accessory named 
Detente. Execution isn't perfect, but the 
idea is the darndest thing you ever saw. 

Write Now ($150) does more than 
those real -time spelling checkers that 
beep when you make mistakes, though it 

can do that if you like. Along with a word 
processor, it loads one of two diction- 
aries into memory (about 15,000 or 
35,000 words plus your additions, de- 
pending on available RAM). After that, 
Write Now watches like a hawk, ready to 
pounce the instant you misspell a word - 
more accurately, the instant you form a 
string not found in the dictionary, such 
as turning hou (which could be part of 
hound or house) into houf. If you played 
the word game Ghost, Write Now would 
never let you cheat. 

Depending on your preference, Write 
Now does one or more things when you 
make an error -ignoring it, highlighting 
it, beeping, or popping up a window of 
suggested words that begin with the cor- 
rectly typed letters. Moving the cursor to 
one and pressing Enter replaces the word 
in your text. Really bad typists can ac- 
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The Amstrad PC1 512: From Hong Kong to Britain to America. 

tivate Spell Guard, a slightly fascist 
feature -it simply won't let you make 
mistakes, ignoring any keystrokes that 
would form an unrecognized word. 

Write Now's ultimate trick is Clairvoy- 
ance, an option which automatically fin- 
ishes a word for you as soon as you've 

typed enough for a unique identification 
-type notw and your screen shows not- 
withstanding; obv and it's obvious. It's 
utterly biz (bizarre), but it works, and it's 
fast enough not to interfere with even a 
quick typist on a slow 8088 system. 

You'll need a few days to get accus- 

riteNOW 1.13 Paye 1 Line 25 Column 29 (98x) HOAX.LTR 
1 

April 1, 198711 

1I 

Mr. Charles Parks'l 
3448 Lincoln Street, Apt. 2311 

Chicago, Illinois 688111 
Il 
Dear Mr. Parks:ll 
Il 

You can imagine how pleased I was to receive 
today regarding my "PC Papers" column. The word 
computer users' group has named me "Man of the Y 
a fan club in my honor is most rewarding.1 
Il 

However, I must admit that today's date has 
as I reread portions of your tribute. For exam. 
that 12 million Americans faithfully read "PC Pa 
more than the entire circulation of Modern Elect 
the insistence that I fly to Chicago at my own e 

ceremony? While I could cera 

Lu-LTLL11T1111T1111T111LTLLUh'111LT1111 
1 2 

e Help 
File 
Menu 

3 

SUGGESTIONS 

ceramic 
ceramics 
cereal 
cereals 
cerebral 
cerebrally 
ceremonial 
ceremonially 
ceremonies 
ceremony 
certain 
certainly 
certainty 
certificate 

1111T111LTll11T111LT1111 .R11111111 1 111111 
5 Format 6 Print 7 

4- Menu Menu 
Spelling 

Menu 

Write Now knows (sort of) what you wanted to spell. 

Say You Saw It In Modern Electronics 

MAC INKS TM 

MAC INKERT ", Automatic 
Ribbon Re- inker. Re -ink any fabric 
cartridge or spool for less than 5 
cents. Over 70,000 in the field and 

we support 
'_.,, ALL printers. 

left Universal 
Cartridge or 
Universal Spool 
MAC INKER 

$68.50. We have cartridges 
re- inkable in 10 colors. Ask for your 
printer type or for complete listing. 
Bottle ink $3.00 /each. Snipping $3.00. 

PROTEUS", the 'Siamese' Buffer. 
It is a Data Switch with buffer on 
both ports. Switch manually or via 
software. Saves time, space and 
money. Or ask 
about our MAC 
MASTER line - - 
of Universal '' .e , , 7 
Buffers and 
Printer Controllers (serial or parallel 
up to 1 MEG). 
PROTEUS 64 K- 199.00 

256 K- 299.00 Shipping $4.00. 
Of course we have Data Switches, 
serial /parallel, 2 way, 4 way, crossed 
etc., at most competitive prices (all 
lines switched). 

CABLES priced $10 -25. We carry 
cables for all common computers 
and peripherals. Rapid turn -around 
on custom orders. 

MERCURY MODEM. Really 100% 
Hayes* Compatible. 300/1200 baud, 
speaker, full status light display 
and 2 years warranty. Includes 

QUICK LINK, 
easiest and 
most reliable 
Comms Soft- 
ware (available 
for IBM PC or 

Macintosh) $149.00 Shipping $4.00. 
*Hayes is a trademark of Hayes Microproducts. 

MAC THE RIPPER. Our newest, original 
and welcome printer companion. Pulls off 
paper perforations and tears the sheets 
.apart. Takes little space and will pay for 
itself almost immediately in saved time and 
tedium. Ask for brochure. Introductory 
Price $299.00. Shipping $10.00. 

Order Tbll Free. 
Call or write for free brochure. 

1- 800 - 547 -3303 
In Oregon 503 -626 -2291 (24 hour line) 

We are and always will be your 

CE ;mputer 
Friends® 

14250 N.W. Science Park Drive 
Portland, Oregon 97229 Telex 4949559 

Dealer inquiries welcome. 
CIRCLE 41 ON FREE INFORMATION CARD 
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PC PAPERS... 

tomed, teaching Write Now your favor- 
ite words and names and deleting others 
(the dictionary includes oddballs like zas- 

law and varlaam), and teaching yourself 
to skip the ends of words to avoid dupli- 
cate typing (obviousious). More impor- 
tant, the program is useless for catching 
mistakes made before the triggering let- 

ter -the common error wierd, for in- 

stance, brings the suggestions wield and 
wielding instead of the correct weird. 

Still, I quickly got used to Write Now's 
keystroke savings, even expecting words 
to finish themselves when I returned to 
other programs. 

I returned to other programs, unfortu- 
nately, because Write Now's word pro- 
cessing is no match for its intelligence. 
There are helpful function -key menus 
and submenus, some nicely tuned to anti- 
cipate alternatives (Y or N as well as F3 

for "Yes, Save" or F4 for "No, Dis- 
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card "), and you can enter text from sub - 
menus instead of laboriously returning to 
the main level. But editing commands are 
limited. Neither the left arrow nor back- 
space can wrap around the left margin, 
and the program is as slow as the speller is 

fast. After a few paragraphs, you'll give 

five cursor movement or text highlight- 
ing commands before you see the effect 
of the first. 

By contrast, the Airus technology has 
nothing to hinder it in Detente ($75), a 

DOS timesaver that takes about 34K of 
memory plus 14K in command and direc- 
tory dictionaries for my 10- megabyte 
hard disk. You can use Spell Guard and 
beeps or just enjoy the word -processing 
functions added to the DOS command 
line, but Detente shines at finishing com- 
mands after you type a few letters of a 

CHDIR directory or a filename (in any 
directory) to copy or delete. 

I wish it didn't copy items from the 
pop -up suggestion window to the com- 
mand line with Ctrl -Enter instead of 
Write Now's more instinctive Enter, but 
Detente is both a neat gimmick and a 

slick hard -disk navigator. It's fun to 
forget about "File not found" and "Bad 
command or file name. 

Rave Review Revisited 
Forgetting my objectivity as a reviewer, I 

recently wrote a fan letter to a software 
company. What's more, forgetting that 
manufacturers usually give or loan me 

products for free, I paid for the program 
involved. That tells you two things: the 
software's got to be special, and it's got 
to be cheap. 

It's Textra 4.0, the final version of the 
word processor I first praised in the Jan- 
uary 1986 column as prototype 3.1A. 
Ann Arbor Software's Scott Anderson 
isn't the world's fastest developer -I'd 
forgotten Textra over the 14 months 
from prerlease to production -but 4.0 
was worth waiting for the last tweak and 
printed manual. I've even bought AAS' 
novel offer of a "subscription" to Textra 
5.0, which promises mail merge, spelling 
correction, and other enhancements in 

about a year, with partial updates and 

Names and Addresses 

Commodore Business Machines 
1200 Wilson Drive 
West Chester, PA 19380 

Atari Corp. 
1196 Borregas Avenue 
Sunnyvale, CA 94086 

Video Inc. (Amstrad) 
1915 Harrison Road 
Longview, TX 75604 
214- 297 -4898 

Aims Inc. 
10200 S.W. Nimbus Avenue, Suite G5 
Portland, OR 97223 
503- 620 -7000 

Ann Arbor Software 
313- 769 -9088 

disk -based documentation every three or 
four months in the interim. 

What Textra offers hasn't changed 
since my last review: effective word pro- 
cessing, controlled by easy function -key 
menus (you cycle through them with the 
F1 key or execute commands directly 
with Shift or Alt). Documents are limited 
to 60,000 characters, headers or footers 
to 39, and you either use the generic 
printer or customize your own. 

But Textra has practically all the edit- 
ing power you'd ever want, from unde- 
lete and timed backup to automatic re- 
formatting and page preview, at up to 20 

times the speed of programs costing 10 

times as much. Version 4.0 does 4,600 
single -character search- and -replaces in 
five seconds on an old PC, and costs 
$22.45 without telephone tech support 
($42.45 with support; subscriptions to 
5.0 are $54.95 or $84.95). 

To quote my fan letter, "Textra 4.0 
has one of the best, smoothest command 
structures, the best on -line help, and the 
most amazing price /performance ratio 
I've seen in four years of reviewing soft- 
ware." I also wrote to complain that re- 

formatting deletes an occasional hyphen, 
but once I give a company $50 I think I 

own the place. AE 
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They're Here! 

FUN PROJECT BOOKS 
You'll want these two exciting proj- 
ect books, packed with complete 
plans for building a wide variety of 
useful electronic devices. The First 
and Second Books of Modern Elec- 
tronics Fun Projects, both Howard 
W. Sams publications, are now 
available. 

You'll find all the how -it -works informa- 
tion, schematics, photos, drawings, 
printed- circuit guides and parts 
sources to make it a snap to build al- 
most 50 useful, unique electronic de- 
vices at modest cost. 

Discover how these circuits and mod- 
em electronic devices perform their 
magic. Learn practical electronic tech- 
nology the painless way and have fun 
doing it! 

All projects are based on material pub- 
lished in Modern Electronics, with up- 
dates and revisions. They've been built 
and tested by the original authors. 
Chapters are divided into Intro To Elec- 
tronic Projects, Home Electronics, 
Audio /Video Electronics, Security Elec- 
tronics, Computers, Test Equipment, 
and Electronic Designing. There's 
something for everyone! 

Look at what you can build & take pride in: 
*Digital voltmeter accessories -high- 
frequency ac probe, true -rms adapter, 
temperature probe 

*Car projects- anti -theft alarms, engine 
tachometer 

*Life- saving detectors -gases & micro- 
wave leaks 

*Computer system power controller 
* Dual -pulse generator 
*Surround -sound audio enhancer 
*Security- telephoned status reporter, 
alarm control center 

*Home convenience -selectable phone 
ringer musical tunes, touch -sensitive 
light controller. 
... and so much more. 

The Fun Projects are capped by introduc- 
tory information on building projects and 
kits (tools needed, parts sources, etc.) 
and advanced design techniques that il- 
lustrate how a designer thinks and plans 
when putting together a practical end 
product. 

From beginning to end, MODERN ELEC- 
TRONICS FUN PROJECT BOOKS are for 
you! Order them today for a fast start in 
the world of electronics. 

MODERN ELECTRONICS 
76 N. Broadway, Hicksville, NY 11801 Order 

orr 

Date* 

Title Price Total 
Name 

Address 
First Book 
of Modem 

$12.95 ea. 

Electronics 
City Fun Projects 

State Zip Second Book 
of Modem 

$12.95 ea. 

( ) Check ( ) MasterCard ( ) VISA Electronics 

Card No Fun Projects 

Total 
Expires 

*Shipping 

Signature Grand Total 

(Signature required on all charge orders) 
*shipping charges $2 per order. Orders processed day 
received, but please allow 30 days for delivery. 

EUI1FUEk1UEFV 

COVER YOUR INVESTMENT 

Macintosh Monitor & Keyboard 12.95 
Macintosh Plus Keyboard add - 1.00 
with Mac Bottom add - 3.00 
Imago Writer 12.95 
Image Writer Il 14.95 
External Drive 5 95 

IBM PC or XT or AT 22.95 
IBM Pro Printer 16.95 

Epson - C.Itoh - Okidata 
Over 3000 covers to choose from. 

You name it - We got it! 

Anti - Static -different colors 
ORDER LINE 

1- 800 -874 -6391 
FLORIDA ORDER LINE 

1- 800 -342 -9008 
Dealer Inquiries Invited W.7-111 

CompuCover 
P.O. Box 310 Dept. D 

Mary Esther, FL 32569 

Customer 
Service 

(904) 243 -5793 
Telex 469783 

CIRCLE 16 ON FREE INFORMATION CARI) 

NEW FROM 
DON LANCASTER 

HANDS -ON BOOKS 
Ask the Guru Reprints 
CMOS Cookbook 
TTL Cookbook 
TV Typewriter Cookbook 
Active Filter Cookbook 
Micro Cookbook vol I or II 

Enhancing your Apple vol I 

Enhancing your Apple vol II 

Applewriter Cookbook 
Apple Assembly Cookbook 
Incredible Secret Money Machine 
Postscript Ref. Man. (Adobe) 
Postscript Cookbook (Adobe) 

24.50 

14.50 
12.50 
12.50 

14.50 

15.50 

15.50 

15.50 
19.50 

21.50 

7.50 

22.50 

16.50 

UNLOCKED 1t SOFTWARE 

Absolute Reset Ile & Ilc 19.50 

Applewriter /Laserwriter Utilities 49.50 

Postscript Show & Tell 39.50 

Laserwriter Demo Pack FREE 

Apple Ram Card Disassembly Script 24.50 

Appleworks Disassembly Script CALL 

Enhance vol I Companion Disk 19.50 

Enhance vol II Companion Disk 19.50 

Assembly CB Companion Disk 19.50 

Applewriter CB ProDOS C. Disk 24.50 

FREE VOICE HELPLINE VISA /MC 

SYNERGETICS 
Box 809 -ME 

Thatcher, AZ 85552 
(602) 428 -4073 

CIRCLE 12 ON FREE INFORMATION CARD 
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Microcomputer Operation, Trouble- 
shooting and Repair by Robert T. Payne - 
ter. (Prentice -Hall. Hard cover. 413 
pages. $29.95.) 

This book's objective is to provide an 
understanding of how microcomputers 
operate and show how this knowledge 
can be used in troubleshooting and repair 
work. The large (8' /z " x 11' /a ') book is 
amply illustrated with drawings and 
schematics. Its major strength, discus- 
sions of the inner workings of the micro- 
computer, concentrates on an old -tech- 
nology 8 -bit Z80 computer and 6800 
trainer, with only a short "introduction" 
to 16 -bit machines. 

Though the computer- specific mater- 
ial represents a comprehensive course in 
8 -bit microcomputer technology, it is less 
useful in a world where 16 -bit machines 
take center stage. On the other hand, it 
does provide groundwork training for 
understanding microcomputers, what- 
ever the system, and the sections that deal 
with peripherals and interfacing 
hold true regardless of the process- 
or's structure and, thus, are much 
more useful. 

Troubleshooting information is not as 
comprehensive as the other material. In 
fact, it is bare bones. Few types of prob- 
lems are discussed, essentially being the 
hand -holding variety in which scenarios 
are given and then analyses and then 
possible solutions. In sum, this book 
does not live up to the mark of its full ti- 
tle, since it focuses so heavily on opera- 
tion. Nonetheless, the depth of its cover- 
age can set up the reader for truly under- 
standing how a microcomputer works. 
Thus, it can serve very well as a jump- 
ing -off point for troubleshooting a 
microcomputer. 

62 Home Remote Control and Automa- 
tion Projects by Delton T. Horn. (Tab 
Books. Soft cover. 272 pages. $12.95.) 

True electronics experimenters will 
find this book to be a source of projects 
and ideas that can make life just a bit eas- 
ier and /or more exciting. It contains a 
host of electronic projects designed to 
control everything from electric lights 
and appliances to automatically greeting 
guests at the front door to killing 
TV commercials. 

Where appropriate, basic electronics 
theory is provided, though this is basical- 
ly a projects book. For example, if a pro- 
ject has a timing circuit that can be ad- 
justed for different periods, the text ex- 
plains how this is done and gives the for - 
mula(s) for doing it. There is a nice open- 
ing chapter that deals with the basics of 

remote control and automation to get the 
ball rolling. The momentum is main- 
tained in chapter 2, which discusses the 
building and customizing of the projects. 
From then on, it is projects, projects, 
projects! 

The 62 projects described are grouped 
according to category. There are 11 indi- 
vidual control categories, which make up 
separate chapters. These include light- 
ing, windows and doors, temperature, li- 
quid, audio and video, telephone, motor, 
wireless, computer and more. These re- 
present a variety of useful projects, such 
as, an entry alarm system, boiler control- 
ler, plant monitor, recorder timer switch, 
off -hook telephone alarm, and automa- 
tic -off circuit, to name just a few. 

Television Theory and Servicing by 
Charles G. Buscombe. (Reston Publish- 
ing Co. Hard cover. 838 pages. $34.95.) 

Here is a book written to help the TV 
service technician do a complete, effi- 
cient job of troubleshooting and repair 
of TV receivers of all kinds. It is not just 
a manual that deals with a few represen- 
tative chassis, as so many TV servicing 
books are. Rather, it is structured to give 
him an intuitive feel for problems and 
cures for any TV receiver chassis. The 
first two chapters present fundamentals 
at the broadcasting and receiving ends. 
Following this come test equipment and 
the troubleshooting approach that leads 
up to fault isolation. The remainder of 
the book discusses various subsections 
that make up a TV receiver, concluding 
with a final chapter on sample circuits 
from a typical modular color TV set. 

Easy -to -read text is profusely illus- 
trated with schematics, block diagrams, 
waveforms, line drawings and photos. 
Where helpful, the text is further sup- 
ported by troubleshooting flow and prob- 
lem /probable- cause /solution charts that 
maximize troubleshooting and repair 
productivity. 

The book is also a procedures training 
manual. Each chapter ends with a series 
of review questions and most with a 

troubleshooting questionnaire as well. 
Treatment of TV servicing is unusually 
well- rounded, placing this in the top 10 

percentile of books devoted to the topic. 

How to Read Schematics, Fourth Edi- 
tion, by Donald E. Herrington. (Howard 
W. Sams. Soft cover. 258 pages. $14.95.) 

Knowing how to read schematic dia- 

grams is essential to understanding elec- 
tronics, of course. If you're weak in this 
area, this book provides in text, schemat- 
ic, drawing and photo form much of the 
information you need to learn how to 
read schematics. It does so with the aid of 
easy -to- understand text and schematic 
symbol identifiers. Every component 
symbol introduced is shown in virtually 
every possible configuration you are like- 
ly to find. 

This book is mistitled -to the reader's 
benefit, we hasten to add -because it is 

much more than its title implies. It is not 
merely a book that shows you how to fol- 
low th electronic "road map." With the 
aid of photos and drawings, it helps you 
to identify electronic components by 
physical characteristics as well as by sche- 
matic symbol. Along the way, it covers 
just enough electronics theory to help 
you understand why the various compo- 
nents are arranged in specific ways in 
schematics. (Review questions are at the 
end of each chapter.) Thus, it takes you 
beyond simple reading of schematics into 
the related realms of servicing and 
troubleshooting of electronic equipment. 

From the foregoing, it should be obvi- 
ous that this is an introductory book. 
After fulfilling its primary objective, it 
appears to have a secondary objective, 
that of motivating the reader to pursue 
electronics in more depth. If this was in- 
deed the intent, this book succeeds. 

NEW LITERATURE 
Process Measurement Handbooks. 
Omega Engineering has released its com- 
plete slip -cased five -volume 1987 techni- 
cal library of Process Control Measure- 
ment Handbooks that contain more than 
1,700 full -color pages and list thousands 
of off -the -shelf products. The Hand- 
books cover the following categories: 
Temperature, Pressure, Strain and 
Force, Flow and Level, pH and Conduc- 
tivity, and Test Instrumentation and 
Tools. The Handbooks are free by writ- 
ing to: Omega Engineering, Inc., One 
Omega Dr., P.O. Box 4047, Stamford, 
CT 06907. 

Solid -State Replacement Guide. A new 
edition of the RCA "SK Guide to Reli- 
able Replacement Semiconductors" has 
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been announced. It contains listings for 
2,900 SK and KH semiconductors that 
reportedly replace more than 214,000 
different brand -name /number devices. 
Included for the first time are QMOS log- 
ic and an extensive line of r -f devices. 
The RCA SK Replacement Guide, No. 
SKG202E, is available for $3.25 per copy 
from RCA SK products distributors or 
by mail by writing to: RCA Special 
Prods. Div., Box 597, Woodbury, NJ 
08096 -2088. 

CB Radio Accessories Catalog. Mid- 
land's new full -color "Hot Line for 
1987" catalog lists the company's full 
line of base -station, mobile and portable 
CB radios. Highlighted in this 24 -page 
catalog are full details for 19 different 
CB radios, an extensive line of mobile CB 
antennas, and accessories. For a free 
copy of the catalog, write to: Midland 
International, Consumer Prods. Div., 
1690 N. Topping, Kansas City, MO 64120. 

Surface -Mount CMOS Brochure. Avail- 
ability of a surface -mount brochure for 
CMOS Special Functions has been an- 
nounced by Motorola. The brochure de- 
tails the different package dimensions 
and capabilities available for the com- 
pany's CMOS Special Function devices: 
A/D and D/A converters, PLL /frequen- 
cy synthesizers, decoders, display driv- 
ers, smoke detectors, remote controls, op 
amps and comparators. It describes plas- 
tic leaded chip carrier (PLCC) and small - 
outline IC (SOIC) package structures 
and advantages. For a free copy of Bro- 
chure No. BR503, write to: Motorola 
Literature Distribution Center, P.O. Box 
20912, Phoenix, AZ 85036. 

RF Data Book. The fourth edition of the 
Motorola RF Data Manual has been up- 
dated to include more than 100 new parts 
and four additional application notes. 
For the first time, small -signal plastic 
parts have also been included. The nearly 
1,500 -page manual has been reorganized 
for ease in locating particular devices. A 
revised selector guide and a cross- refer- 
ence further simplify selection of r -f 
products. The manual is divided into six 
sections: Index and Cross -Reference; Se- 
lector Guide; Transistors; Amplifiers; 
Tuning; Hot Carrier and PIN Diodes; 
and Technical Information. To obtain a 
copy of RF Data Manual No. DL110 /D, 
send $4.75 to: Motorola Literature Dis- 

Say You Saw It In Modern Electronics 

tribution Center, P.O. Box 20924, Phoe- 
nix, AZ 85063. 
Bar Code Network Pamphlet. Intermec's 
new "Making the Bar Code Connec- 
tion" pamphlet discusses bar -code col- 
lection networks. It details stand -alone, 
on -line, fully integrated and hybrid bar 
code networks and discusses the advan- 
tages and disadvantages of each. Also re- 
viewed are simple collection networks 

that use personal computers and more 
advanced networks that rely on bar -code 
readers for preprocessing data before 
transmission to a mainframe computer. 
Typical network configurations, using 
Intermec's CrossBarni data collection 
network, illustrate each section. For a 
free copy, write to: Intermec Corp., 4405 
Russell Rd., P.O. Box 360602, Lyn- 
wood, WA 98046 -9702. 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

20 MHz DUAL TRACE OSCILLOSCOPE 

$349. MO -1251 

35 MHz DUAL TRACE OSCILLOSCOPE 

$498. MO -1252 

Top quality scopes at a very reasonable price. Contains all the desirable features. Elencos 2 year guarantee 

assures you of continuous service. Two tx. 10x probes, diagrams and manual included. Write for specifications. 

MULTI METER with 
CAPACITANCE and 

transistor tester 

$65 Model 
CM -1500 

Reads Volts. Ohms, 
Current, Capacitors 
Transistors & Diodes 

TRUE RMS 4'/2 
DIGIT MULTIMETER 

$135 M 7Ó00Ó 

.05% DC Accuracy 
.1 Wo Resistance 

with Freq. Counter 
& Deluxe Case 

GF -8016 Function Generator 
vith Freq. Counter 

$219 
Sine, Square. Triangle, 

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

GF 8015 without Freq. Meter '169 

Triple Power Supply XP -660 

$14950 ; ,j ., 0-20V @ 1A ^^ 0-20V i 1A 
5V @ 5A 

Fully Regulated, Short Circuit Protected with 2 
Limit Cont. 3 Separate Supplies. 

.. 
M-1180 ...i.s. 
M-1182 

of... M-1181 

AUTO RANGING 
plus 

MANUAL RANGING 
31 DIGIT METER 
28 FUNCTIONS 

7% ACY 
25% ACY 

1% ACY 

$36.95 
$39.95 
$42.95 

10 MHZ OSCILLOSCOPE 
10, 

10 MHz DCorAC $190 
Triggered Sweep 
Calibrated Vert & Hor 53000 
Reads Volts & Freq 

BREADBOARD 

Shown 
9434 

9430 1,100 pins $15 
9434 2,170 pins $25 
9436 2,660 pins $35 

50 MHz LOGIC PROBE 

$23 
LOGIC PULSER 

$25 

3 Amp Power Supply XP -650 

vitI 
vox 

Fully regulated, short circut protected 
limit control 

$11950 
0-40V @ 1.5A 
0-20V 3A 

current 

LP -700 °-"v LP -600 

20 nec with memory 2 us pulse @ to 

DIGITAL LCR METER 
Model LC-1800 
Measures: Inductors 
Capacitors, Resistors $148 

Inductors 1.0-Ito 200 H 
Capacitor 1 P t to 200i-if 
Resistor .01Q to 20M Q 

Ranges 6 Ind, 7 cap, 7 res 

CBS SALES, 8744 W. North Ter. Niles, IL 60648 xtilii, 15 DAY MONEY 

800 -292 -7711 (312) 459 -9040 'Y - BACK GUARANTEE ASK FOR CATALOG 

2 Year Limited Guarantee! Add 5% for Postage (510 max.), IL Res., 7% Tax 
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NEW PRODUCTS s (from page 10) 

Valuables Minder 
Active Reminder is a two -piece sys- 
tem from CW International Corp. 
(Dallas, TX) that provides an invisi- 
ble link between you and your valu- 
ables. Its transmitter goes on or in 
whatever (or whomever) you wish to 
keep tabs, while the receiver remains 
with you. Whenever the transmitter 

and receiver are separated by more 
than 15 to 30 feet, the latter will beep 
to remind you that you forgot to take 
your valuables (or a thief has taken 
off with them) or your child has 
strayed away. The system features 
automatic power on /off and low - 
battery warning. The two compo- 
nents can be locked together when 
not in use. $28. 

CIRCLE 34 ON FREE INFORMATION CARD 

DUAL TONE 
MJZZER CTY 

. 

Mini Radar Detector 
Radio Shack's smallest and its most 
sophisticated radar detector is the 
dual- conversion superheterodyne 
X/K -band Micronta Road Patrol 
XK (Cat. No. 22- 1617). The detector 
is small enough to fit into a shirt 
pocket. It has False Alert Suppres- 
sion Technology (FAST) to guard 
against annoying false alarms trig- 
gered by some other radar detectors. 

The Road Patrol XK gives warn- 
ing of both X- and K -band radar 
with separate tones and LEDs that 

automatically adjust for day and 
night driving conditions. Included is 

a switch for selecting city and high- 
way conditions. A gallium- arsenide 
Schottky diode front end is claimed 
to assure superior detection of low - 
level and pulsed radar systems. 

Supplied with the Road Patrol XK 
is a dc power cable that plugs into the 
cigarette lighter socket, a sunvisor 
clip, hook- and -loop tape, double - 
faced tape, a wire clip and a soft car- 
rying case. $199.95. 

CIRCLE 35 ON FREE INFORMATION CARD 

Adjustable Crossover 
Car Speakers 
Two new "Voice of the Highway" 
automotive speaker systems are 
available from Altec Lansing. The 
ALS -500 and ALS -525 two -way 
speaker systems can handle high 
power at low distortion with ex- 
tended low- and high- frequency re- 
sponse. Adjustable crossovers allow 
the user to tailor the sound to his pre- 
ference or the car's acoustical envi- 
ronment. The ALS -500's passive 
crossover and ALS -525's crossover 
module provide 6- and 12 -dB /octave 
midrange frequency control with 3 

dB of boost at 3.5 kHz, and 3 -posi- 
tion high- frequency level control 
provides high -pass ajustments at 12 

dB /octave. 
The ALS -500 can be mounted in a 

standard 6" cutout. More flexibility 
is provided by the ALS -525's sepa- 
rate woofer, tweeter and crossovers, 
which can be mounted in different 
locations. All speakers have high -en- 
ergy strontium magnets. Carbon -fi- 
ber cloth long- throw, high- compli- 
ance 5''/ " woofer cones and %" poly - 
mide dome tweeters with ferrofluid 
cooling are featured in both models. 
The woofers have double- damper 
construction and 1'''/ " voice coils with 
four layers of flat ribbon wire. 

Rated power handling of both 
models is 100 watts maximum (50 
watts nominal); frequency response 
is 60 Hz to 22 kHz, ± 3 dB; efficiency 
is 89 dB at 1 watt /meter; and distor- 
tion is less than 1% from 100 Hz to 7 

kHz. $250 per pair for ALS -500; 
$270 per pair for ALS -525. 
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LETTERS 0 . . (from page 5) 

from each channel is 100 watts into 4 
ohms (200 watts total with both channels 
driven). There is no distortion specifica- 
tion because a normal linear distortion 
measurement just does not work with an 
amplifier whose output is a 64 -volt peak - 
to -peak square wave. 

One reason the sound produced by the 
digital amplifier is better than with a lin- 
ear amplifier is that 64 volts is instantan- 
eously delivered to the speaker's voice 
coil. Current flowing in an inductor is 
proportional to time; driving the speaker 
with a large- excursion square wave 
forces the voice coil into the desired posi- 
tion, so the circuit does not have to wait 
for the field to build up when a voltage 
is applied. 

Updates: CRI through CR4 should be 
unitrode diode type BYM29 -not the 
BY299given in the schematic; the correct 
type number of the p- channel power 
MOSFET is IRF9530; CRI's cathode 
goes to the + 35-volt supply (as shown 
for CR3 /Q3); all npn transistors are 
2N2222 types, and the output inductors 
should be wound with 21 turns each. 

-C. Barry Ward. 

My apologies to readers who have had 
problems with the program in AC -to -DC 
(May 1986). The remark in line 1 should 
read "REM LOAD CURRENT Conver- 
sion". The variable VO in line 550 should 
be VO. The = in the last statement of line 
2060 should be > . The statement should 
read "IF ZX >0 THEN 2060 ". The pro- 
gram will run faster if an ARCSIN func- 
tion is substituted for the subroutine be- 
ginning AO = ATN(SO/SQR(1 - SO *S0)). 

Duane M. Perkins 

In the September '86 Letters column, a 
reader wrote about a problem running 
the "AC to DC Conversion" program 
(May '86). The author pointed to the 
ARCSIN routine as the likely culprit. I 

had similar problems. I found that, in- 
deed, the problem was the ARCSIN rou- 
tine. After carefully checking that it was 
input properly, I tested the subroutine 
separately and found that the results 
were significantly in error on my C -64. 
Luckily my C -64 has an ARCTAN func- 
tion from which the ARCSIN can be de- 
rived. After deleting lines 2050 through 
2080 and substituting the following lines, 

the program worked perfectly! 
2050 AO = ATN(S0 /SQR(1- S0 *S0)) 

2080 RETURN 
Readers who don't have the ARCTAN 
function can use the following: 
2050 AZ = P/4 
2060 SZ = SIN(AZ):IF ABS(S0 - SZ) 

<1E -5 THEN AO = AZ: RETURN 
2070 AZ = AZ + (SO - SZ) /COS(AZ): 

GOTO 2060 
2080 RETURN 
This successive approximation method 
slows things down only a little. 

Bill English 
Orinda, CA 

EPROM Burnout 
The "EPROM Programmer for the 

Commodore 64" in the November 1986 
issue had some errors: in the Parts List, 
D4 should be a 1N4148, and in Fig. 2, pin 
18 of IC2 is actually pin 15 and the pin 16 

that goes to + 5 volts is actually pin 20. 
The program listing had no errors, mak- 
ing life much easier. Thank you for pub- 
lishing projects dealing with EPROMs, 
and keep up the good work! 

Brian L. Miller 
Johnson City, TN 

CALL FOR FREE CATALOG 

TEXT TO SPEECH BOARD! 
PC /XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL 
INSTRUMENTS SP0256 -AL2 SPEECH CHIP AND THE CTS256A -AL2 TEXT TO SPEECH 
CONVERTER. 
THIS BOARD USES ONE SLOT ON THE 
MOTHERBOARD AND REQUIRES A COM s 
SERIAL PORT. BOARD MAY ALSO BE USED IN A 
STAND ALONE ENVIRONMENT WITH ALMOST 
ANY COMPUTER THAT HAS A RS232 SERIAL 0` -:j,. 
PORT. FEATURES ON BOARD AUDIO AMP OR !' 
MAY BE USED WITH EXTERNAL AMPS. lkir..il/ 
DEMONSTRATION SOFTWARE AND A LIBRARY 
BUILDING PROGRAM ARE INCLUDED ON A 51/2 

INCH PC /XT DISKETTE. FULL DOCUMENTA- 
TION AND SCHEMATICS ARE ALSO INCLUDED. 

NEW! $89BL D 
8 TESTED 

CANON 80 COLUMN PRINTER - $39.95 
ORIGINALLY MANUFACTURED FOR THE PC JR. BUT WITH OPTIONAL CONNECTOR 
WILL WORK WITH PC, XT, OR AT. REQUIRES SERIAL I /O. THIS THERMAL PRINTER IS 
QUIET AND USES EASY TO GET 81/2 IN. ROLLS OF PAPER. 50 C.P.S., UPPER AND 
LOWER CASE, PLUS GRAPHICS. ORIGINAL LIST PRICE $199.00. ADD $3.00 FOR 
PC /XT CONNECTOR. ADD $5.00 UPS. 

PC /XT EPROM 
PROGRAMMER ;IA FkrI 

-Yi $199 
-r. arr4 

LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME * FEATURES EASY 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS -DOS. USES AN 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM 
BURNING. * THIS PLUG -IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS 
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MODULES 
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V. EPROM DATA CAN 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE 
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND 
27512A. ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $199 WITH 
SOFTWARE. 

Digital Research Computers 
(OF TEXAS) 

P. 0 BOX 3814508 DUNCANVILLE. TX 75138 (214) 225 -2309 

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 755 handling. No 
C.O.D. We accept Visa and MasterCard. Texas Res. add 6- 1/40/o Tax. Foreign orders 
(except Canada) add 200 /o P & H. Orders over $50 add 855 for insurance. 

LIGHT 
ACTIVATED 

MOTION SENSOR 
! p 0I 

photocell which senses tA'OGUW 10 AMP 
SOLID STATE RELAY 
CONTROL. 3 -32 vdc 
LOAD_ 140 vac 10 amp( e 
SIZE 242" x" x i^ J 

$9.50 EACH 10 FOR $90.00 

RECHARGEABLE 
NI -CAD 

BATTERIES c5 
AAA SIZE). 25V 500mAH$1.8 
AA SIZE I 25 500reAH$1.85 
AA wdh solder tab $2.00 
C SIZE 12V 1200mAH 53.50 

SUB -C SIZE Solna tab $3.50 
D SIZE 1.2V 1200roAH $3.50 

3rd TAIL 
LIGHT ? 
Sleek 
high -tech 
lamp assembly. 
Could be 
used as a 

third auto 
tail light, emergenc 
warning light, or 
special- effects lamp. 
Red reflective lens 
is 2 3/4" x 5 1/2" 
is mounted on a 

4" high pedestal 
with up -down swivel 
adjustment. Includes 
12v replaceable bulb. 
CAT* 7'1,8 $3.95 each. 

sudden changes in ambien 
light. When an object or 
person passes within it's I° 

field of view (about 15') y 
it beeps for several seconds then resets. 
Could be used as a door annunciator or 

.edified to trigger other devices. 
s 1/2" X 4" X 1 ". Operates on 6 Vdc. 
Requires 4 AA batteries (not included). 

Catalog It LSMD $5.75 per unit 

48 KEY ASSEMBLY 

é5' 

_äw äfi+ éF:i ii s- 
NEW T.I. KEYBOARDS. Originally 
used on computers. these key- 
boards contain 48 SP.S.T.mech- 
anical switches. Terminates to 
15 pin connector. Framed" x 9" 
CAT!! KP -48 $3.50 each 

10 tor $30.00 

fill FLASHER LED 
9 5 volt operation 

l umbo T tai size 
RED FLASHER $1.00 each 

NEW GREEN FLASHER 
CAT # LED -4G $100 

ULTRA -MINIATURE 
5 VDC RELAY 

Fujitsu # 
FBR211NED005M20 
High sensitivity 
COIL 120 ohms $1.25 each 
CONTACTS. lamp 10 for $10.00 
Mounts in 14 pin DIP socket 

G 

COMPUTER 
GRADE 

CAPACITORS V 
1,400 mfd. 200 Vdc 
3" x 2" dia. $2.00 

6,400 mfd 60 Vdc 
4 1/4"xl 3/8"dia.52.50 

7,500 mfd 200 Vdc 
5 3/4' x 3" dia.54.00 

12,000 mfd 40 Vdc 
4 1/4" x 2" dia. 52.50 

22,000 mfd 25 Vdc 
4 3/4" x 2" dia. 52 50 

48,000 mfd 10 Vdc 
3" x 2 1/2" dia. $2.50 

D.PS.T. LIGHTED 
ROCKER SWITCH 

115 vac lighted rocker 
snap mounts In 

ha x 11/2' hole. 
Orange lens 16 amp - 

1 cortacl $1.50 . >,1 

TOLL FREE ORDERS olpok QUANTITIES LIMITED 

1 -800- 826 -5432 U 
MINIMUM 00 
USA S300 SHIPPING 

(IN CA: 1 -800- 258 -6666) NO c o D 

VISA FOREIGN ORDERS 
INFO (213) 380.8000 INCLUDE SUFFICIENT 

TWX - 5101010163 ALL ELECTRONIC SNIPPING 
CALIF RES ADD 6 1 2 

MINI -PUSH BUTTON 
s PS T momentary 
normally open 

bushing 
Red button 35e each 

for $3 00 
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EARN YOUR \ ,L) 
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 INSTITUT 
OF ELECTRONICS ENGINEERING 

lE E 
347 RAYMOND ROAD 
P.O. BOX 20345 
JACKSON, MISSISSIPPI 39209 
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MODERN ELECTRONICS MART 
Classified Commercial Rates: 90c per word, 15 -word minimum ($13.50) prepaid. (Word 
count includes name and address, ZIP code and abbreviation each count as one word; 
P.O. Box number and telephone number count as two words each.) Indicate free cate- 
gory heading. A special heading is available for a $6 surcharge. First word only is set 
boldface caps at no charge. Add 20% for additional boldface words. 
Mart Display Rates: 1" x 1 col., $120; 2" x 1 col., $230; 3" x 1 col., $330. Prepayment 
discount 5% for 6 issues; 10% for 12 issues prepaid at once. 
(All advertisers with PO Box addresses must supply permanent address and telephone 
number. Copy is subject to publisher approval.) 
Mailing Information: Copy must be received by the publisher by the 20th of the third 
month preceding the cover date. Send Advertising material with check or money order 
to: Modern Electronics, Classified Department, 76 N. Broadway, Hicksville, NY 11801. 

VIDEO 

DESCRAMBLE the latest video cassette copy 
protection scheme. Our simple LINE ZAP- 
PER circuit takes the jitter out of your picture. 
Complete plans and theory only $9.95 plus 
$1.50 postage and handling. Printed circuit 
board or complete kit also available. Elephant 
Electronics Inc., Box 41865 -M, Phoenix, AZ 
85080(602)581 -1973. 

DECODE nearly any Gated Pulse signal with 
our new super simple circuit. Works on In- 
band, Out -band, AM or FM pilot tone- use 
with Hamlin, Jerrold, Sylvania. Complete 
plans and theory only $13.50 plus $1.50 P &H. 
Elephant Electronics Inc., Box 41865 -M, 
Phoenix, AZ 85080 (602) 581 -1973. 

STRANGE Stuff. Plans, kits, items. Build 
Satellite Dish $69. Descramblers, bugs, adult 
toys. Informational photo package $3. Re- 
fundable. Dirijo Corporation, Box 212 -M, 
Lowell, NC 28098. 

CABLE TV Secrets - the outlaw publication 
the Cable Companies tried to Ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers list included. $8.95. 
Cable Facts, Box 711 -ME, Pataskala, OH 
43062. 

CABLE TV CONVERTERS. Scientific At- 
lanta, Jerrold, Oak, Zenith, Hamlin. Many 
others. "New" VIDEO HOPPER "The Copy 
Killer ". Visa, M/C & Amex Accepted. Toll 
Free 1 -800 -826 -7623. B&B Inc., 10517 Upton 
Circle, Bloomington, MN 55431. 

SHORTWAVE RADIO 

HEADQUARTERS 
11 

Vii' ....'. ! 
rt . -_ 

tea-- .., -. n-s.. 
wm- An III iik NI IN j,,, ssla . see y , - 

The Nations LEADING shortwave equipment 
dealer invites you to share the world of music, 
news & views of far off lands! 

NEW 1987 CATALOG 
Send $1.00 for your copy. Refundable with 1st order. 

Radios, Antennas, Scanners, Accessories, Books, New 
products; all items of interest to the shortwave listener. 

ORDER TOLL FREE: 800 - 368 -3270 r ELECTRONIC EQUIPMENT BANK 
,, niimlow 516 MILL STREET 

( J VIENNA,VIRGINIA 22180 

Technical and VA orders:(703) 938 -3350 
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CONNECTION 
PROTECTION 

S /rCNS d RE4 Y S 

EDGE CONNECTORS 

PLUGS & 
SOCKETS 

G,IENTIaMETEES 
P 

CRAMOLIN® 

NNECTING 

GALES 

GO 

TERMINAL 
STRIPS 

GOLD PLATED 
CONNECTORS 

8/47Th' CO 
/11 

Even the finest equipment in the world cannot guarantee noise -free operation. 

One "dirty" connection anywhere in the electrical path can cause unwanted 

noise or signal loss. 

"MORE THAN A CONTACT CLEANER" 

CRAMOLIN" is a fast -acting, anti -oxidizing lubricant that cleans and 

preserves all metal surfaces, including gold. 

When applied to metal contacts and connectors, CRAMOLIN° removes 

resistive oxides as it forms a protective molecular layer that adheres to the metal 

surfaces and maintains maximum electrical conductivity. 

CRAMOLIN" - USED BY THOSE WHO DEMAND THE BEST: 

Bell a Havel! Hewlett Packard MCI(Sony) Nekemtchi 

Boeing John Fluke Mfg. Motorola RCA 

Capitol Records McIntosh Labs NASA Switchcraft 
SINCE 1956 

CAIG 
1175-0 Industrial Ave., (P.O. Box J) - Escondido. CA 92025.0051 U.S.A. (619) 743 -7143 
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PICKS UP A WHISPER 50 FEET AWAY! 

The model WAT -50 miniature FM tranmitter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 

battery and you can hear every sound in an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz - 130mhz. Easy to assemble kit 
includes all parts and instructions. Only 29.98 tax Incl. 

The WIRELESS TELEPHONE TRANSMITTER model 
WTT -20 Is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 
with crystal clarity. Completely automatic. Uses power 
from the telephone line itself - never needs a battery! 
Up to t/4 mile range. Tunes from 70mhz - 130mhz. Easy 
to assemble kit includes all parts and instructions. On- 

ly $29.98 tax incl. 
Call or send MO, VISA, MC for Immediate delivery. 
Single kit orders Include $1.50 S &H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by U.S. Mall. 
COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914. 232.3878 
CIRCLE 38 ON FREE INFORMATION CARD .1 SPEAKER CATALOGI* 
1001 bargains in electronics. Save 
up to 50% call toll free 1 -800 -346- 
2433 for ordering only. Order by 

0 VISA/MC /AMX. No COD's. Missouri, II 
Alaska, Hawaii call 1- 816 -842 -5092, 
or write McGee Radio, 1901 McGee 111 

St., K.C., MO 64108. Postage for II 
catalog $1.00. 

O` . !. 
Where's my 
CATALOG? 

What? You haven't seen the FREE DICK SMITH 
ELECTRONICS catalog? Or did someone steal 
your copy again? After all, who can resist 148 
colorful pages crammed with 1000's of electronic 
goodies ranging from kits Et components to com- 
puters a radio-controlled cars. The selection is 
incredible, the values are even better! Top it all off 
with our exclusive 15 -page electronic data section, 
and you'll have more than a catalog, more than a 

reference: it s a totally entertaining experience for 
the electronic enthusiast, and it's FREE! All we ask 
is your name. address and $1.00 for first -class 
postage.What are your waiting for? Order yours 

today! 

L 

-AM =NM - = --1 
YES! Send my copy of the 1986/87 DSE 

catalog today' Enclosed is $1.00 for postage' 

Name 

Address 

C /IV State Zip 

DICK SMITH ELECTRONICS,INC. (7. 04H 
P.O. Box 2249. Redwood City, CA 94063 

J 

PROJECTION TV ... Convert your TV to 
project 7 Foot picture ... Results comparable 
to $2,500 projectors ... Total cost less than 
$30.00... PLANS AND 8" LENS $21.95 .. . 

Illustrated information FREE. Macrocoma- 
MH, Washington Crossing, Pennsylvania 
18977. Credit card orders 24 HRS. (215) 
736 -3979. 

DESCRAMBLER detailed schematics for sat- 
ellite VC -II, IR codes and more. VC -IIM 
$9.95, I/O board $7.50, interconnect $4.50. 
QFM Systems, 4914 -A Creekside Drive, 
Clearwater, Florida 33520 (813) 578 -1599. 

ELECTRONICS 
PROGRAMMABLE POWER SUPPLIES. 
Proven schematics and well written details are 
provided on several digitally programmable 
power supplies. Easy interface to PC and 
other devices or stand alone capability. 
$10PPD. J. BELL, 416 Dale Terrace, Clarks- 
ville, TN 37042. 

LINEAR PARTS -Transistors: MRF454 $15, 
MRF455 $12, MRF477 $11, MRF492 $16.75, 
MRF421 $22.50, SRF2072 $13, SRF3662 $25, 
3800 $18.75, 2SC2290 $19.75, 2SC2879 $25. 
Tubes: 6KD6 $10.50, 6LQ6 $9.75, 6LF6 
$9.75, 8950 $16.75. Best Prices on Palomar 
Road Noise Mics, Ranger AR3300. New 16 

page Catalog listing radio /amplifier tricks - 
Channel Modification, PLL- Sliders, Peaking 
for Range, Hard -to -Find Linear Parts -Mail 
$1.00 to: RFPC, Box 700, San Marcos, CA 
92069. For Same Day Parts Shipment, Call 
(619) 744-0728. 

HARDWARE, Software, Surplus Parts, 
Solar Energy, Much more. Free Catalog. GIL 
Electronics, Dept. 3, P.O. Box 1628, Soquel, 
CA 95073. 

TOP QUALITY imported, domestic kits, sur- 
plus, discount electronics, computer compo- 
nents. Free catalog, TEKTRASONIX, 80 -50 

Baxter Ave., Suite 120, Elmhurst, NY 11373. 

TUBES: 59C. Year Guarantee. Free Catalog. 
Tube Tester $8.95. CORNELL, 4213 -17 Uni- 
versity, San Diego, CA 92105. 

FREE RFI Technical Note tells how to keep 
RF out of TV's, telephones, etc. with ferrite 
beads. Palomar Engineers, Box 455, Escon- 
dido, CA 92025. 

VOICE DISGUISERS! FM Bugs! SWL Ac- 
tive Antenna! Receivers! More! Catalog $1.00 
(Refundable): XANDI ELECTRONICS, Box 
25647, "G ", Tempe, AZ 85282. 

INTEL, RCA, NATIONAL, OKI, SGS, and 
more. Factory prime and surplus parts cata- 
log. LYNBAR Industries, 205 Main, Box 822, 
St. Joseph, MI 49085 -0822. 

CO 11/'( 71:11.5 

FINAL Closeout of new, Surplus, MS -DOS 
Software, and Manuals!! 10% Off with this 
ad. Free Catalog. GIL Electronics, Dept. 2, 
P.O. Box 1628, Soquel, CA 95073. 

TI -99/4A Software /Hardware bargains. 
Hard to find items. Huge selection. Fast Ser- 
vice. Free Catalog. TYNAMIC, Box 690, 
Hicksville, NY 11801. 

PC -XT /AT Bare PCB or your design boards. 
INTEGRITY TECHNOLOGY, 105 Serra, 
Suite 230, Milpitas, CA 95035. 

BASIC Computers, 10 lesson correspondence 
course, $39.50. Certificate. Details free. 
AMERICAN TECHNICAL INSTITUTE, 
Box 201, Cedar Mountain, NC 28718. 

Order Form 
Please print in block letters. 

MODERN ELECTRONICS 76 North Broadway, Hicksville, NY 11801 

Name 

Street 

City 

State Zip 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 
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 C'OMMUNIC,4 TIO,\S 
COMMUNICATIONS PLANS, BOOKS, 
KITS! AM /FM broadcasting (licensed /unli- 
censed), 1750 Meter transceivers, ham /CB 
amplifiers, surveillance bugs, more! FREE 
catalog, PAN -COM, Box 130 -ME4, Paradise, 
CA 95967. 

DIGITAL AUDIO 

DIGITAL AUDIO RECORDER Commo- 
dore-64. Excellent Sound! Plans, P.C.B., & 
DRUM SOFTWARE: $19.95. KIT $49.95. 
PostPaid, ORDER NOW!! TAD PAINTER, 
P.O. Box 166055, IRVING, TX 75016. 

HACKERS 
Pay TV and Satellite Descrambling 100 pages. 
13 cable and 7 satellite systems. Schematics, 
theory. Countermeasures included. $14.95. 
Experiments With Videocipher. Bypasses, 
turnons $12.95. Cable TV two -way systems, 
security $12.95 MDS /MMDS Handbook. For 
microwave Hackers $12.95. Build Satellite 
Systems Under $600. $12.95. Any 3/$26. Cat- 
alog $1. Shojiki Electronics Corp., 1327P Ni- 
agara St., Niagara Falls, N.Y., 14303. COD's 
716 -284 -2163. 

TV/RADIO 
MICROWAVE ANTENNAS from $69.95, 
Call 1- 800 -247 -1151. 

INVF,NIORS 

INVENTORS! Have idea for product or in- 
vention, don't know what to do? Call AIM we 
present ideas to manufacturers - Toll Free 
1- 800 -225 -5800. 

INVENTORS 
INVENTORS! Can you profit from your 
idea? Call AMERICAN INVENTORS COR- 
PORATION for free information. Over a de- 
cade of service, 1 -800- 338 -5656. In Massachu- 
setts or Canada call (413) 568 -3753. 

EXPERIMENTERS 

INTERESTING Electronic Parts, Kits, Plans; 
High Voltage, Laboratory Ware, Laser, Stro- 
boscopic Devices. Catalog and Technical 
Newsletter -Send $1- Refunded first order. 
ALLEGRO ELECTRONIC SYSTEMS, 3A 
Mine Mountain, Cornwall Bridge, CT 06754. 

EXPERIMENTERS 

QUALITY plans with detailed explantion of 
operation and sources for parts. Educational, 
useful and fun too. All plans only $3.00 each 
includes P &H. Digital audio delay, function 
generator, touch tone dialer, power supplies, 
light sequencer, burglar alarm and many 
more. Complete list included with order or 
send SASE for free list. Send check or M.O. to 
Modern Digital Inc., P.O. Box 261923, Tam- 
pa, Florida 33685 -1923. 

MLSC'E-L L A NEO US 
ASIAN LADIES want correspondence for 
friendship, marriage, SUNSHINE INTER- 
NATIONAL, Dept. TW, Box 260, North 
Hollywood, CA 91603. 

59 DEGREE BRAND NAME LNA's! 
LNB's! Ku -Band LNB's! Discount pricing! 
Catalog $1.00 (Refundable): LNA, 201 E. 
Southern, Suite 100, Tempe, AZ 85282. 

r 

Put Your Electronic 
Skills to Work 
in ROBOTICS NOW! 
BECOME A 

ROBOT VEHICLE 
PILOTITECH 
Financial Aid 
Placement Assistance 

115,_ 

r 

J 

virri HIGH PAY 
HIGH TECH 

EXCITING CAREERS 

Electronic, Hydraulic & 
Robotic Skills Taught. 

Call or Write for 
FREE BROCHURE TODAY. 

Ask About Our 
Correspondence Course 

(713)690 -0405 
UNDERWATER VEHICLE TRAINING CENTER 

10046 Chickasaw, Houston, TX 77041 

CIRCLE 24 ON FREE INFORMATION CARD 

M RO 
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AM/FM Radio IC W/Data Sheet (#2204) 15/1.0D 
2N3643 (70-92 Silicon Gen Purp -NPN) 10/1.00 
Slide Pots -1 Each 50K. 100K, 1.2M.2M. 5M- 1.00 
ULN2231 (Delco DM50) Dual Preamp IC 2100 
?Mystery? Beg el The "OHM" Beg ..1.00 
?Mystery? Beg #2 The "Volt" Beg t CO 

?Mystery? Beg C3 The "Circuit' Bag 1.00 
?Mystery? Bag #4 The "Frequency" Bag 1.00 

BLITZ EPROM PROGRAMMER KIT 
Attached To The Parallel Printer Pon Of An IBM PC, 
XT, Or Compatible, The Blitz Programs 2716. 2732. 
27gq 27128.8 27256 Eproms. Standard 8 Fast 
Programming Algorithms Supplied. Voltage Selectable 
12.55, 215525V. Diskette Included Proixles Assembly 
Instructions 6 Programmrag Procedures Kn.569. 95. 
gssemhled99 95 

508 Central Ave. 
VVasiti. d. N.J. 07090 

(201 654-8008 

_. 

TOKO COILS FOR FEB 1984 TV PROJECT 
Toko #'s BKAN- K5552AXX(2), #E52OHN- 3000023 
(.071uH) &L- 2(12uH) Feed. 1 Set 014 Pte 6.00, 3 Sets 
15.00, 10 Sets 45.00. 
Diode Ass1-65 Pcs Total- Includes 1N4148, 1N914, 
1N4004, 1N4007 ... t.95 
Zoner Ass'1 -65 Pcs Total -Includes Minimum 3 
Different 1W Devices 1.95 
LEO Asst- Jumbo. Medium, Mini, Red. Green And 
Amber -25 Pcs 1.95 
Resistor Ass1-1.000 Pcs 35 Values Minimum. Popular 
Values (1K. 10K, 100K) Included. Mostly 1/4 8 1 /2W. 
Some 1 8 2W. Lots Of Preceions. Carbon Film. Taped 
And Reeled For Easy Sorting 995 
Regulator Ass'1 -7 Pcs Includes 7805, 7806, 
7812, 7824, 7905. 7912 6 LM309K 1.95 
LM3177 Adjustable Reg (#6630196) .75 
Mica Insulators For TO-220 Material. 20/1.00 
Self Adhesive Rubber Slopping -Cut To Any Lengths 
You Choose(3M- Bumpon), 3 Feet/2.00, 10 Feet/5.00. 
50 Feet/2020. 
Jumper Plugs (Cambion).Male To Male For Breadboard 
& Connectors 10/1.25 
7400 TTL Ass'1 -20 Pcs, Minimum 10 Different Device 
Types (7410,32,42,74,92 Etc) -2.95 
74 LSXX Ass'1.20 Pcs, Minimum 15 Different 
Device Types (LS02,04,05,10,14 Etc) -2.95 
4000 CMOS Asst- Minimum 8 Different Device 
Types (4001/11,49,51 Etc)-20 Pcs /3.75 

LINEAR IC'S 
LM3243/l.W. LM339 - 2/1.00, LM380 (ULN2260) 
.65, LM386 -1.50, NE555- 4/1.00, LM556. 2/1.00. 
LM741- 4/1.00. MC1330 2/1.00,. MCt398- 2/1.00, 
MC1458- 4/1.00 

TRANSISTORS 
PN2222A. 10/1.00, 2N2904 (7639) 4/1.00, 2N3055 
)MOTO)-2/1.W, 2N390ß -10/1.00, 2N3906í0/1.00 Hi 
Reliability TO-3 Socket (Augur) 95 
9VDC Wall Transformer, 500 Ma 2.95 
6.35 1.2A Transformer 160 
12.6 VCT lA 3.Or 
7 (Seven) Amp Tapped Transformer- 7 1 /2/155ÁC Or 
9V /1BVAC 6.95 
Muffin/Spree Style Fan #SU2C7 (EG &G Rotrun). 31/2" 
Sq, 1155 5.95 
Jumbo Red LED's 15/1.00, 11X1/6.0 
Jumbo Green LED's 10/1 -34 100/10.00 
Jumbo Yellow LED's 10/140, 100/11.00 
Jumbo Yellow Hi Intensity With RT Argo & Black Case 
Features 10/160, 100/12.00 
Mini Yellow Hi Intensity With Discreet, Pale Blue 
Lens/Case Feature 10/1.60,100/12.00 LED Clips/Rings 
For Jumbo 15/1.00, 100/6.00 
Switch Ass'1-St ..TuF) 10/1.95 
Disc Cap Ass'! (í.5p1 To A7uF) 50/(.95 
Mylar Cap Ass'tl 001uF To 33uF) 25/1.95 
Dip Mica Ass't(Approx. 10 Values) 15/1.95 
Adjustable Coil /Fixed Choke Asst 10/1.95 
Tnac (400V 6A To-220), Tic #216Á vim 
SCR ( 5A 305 To-92), 7K#44 5 /1.00 

74SCXX SERIES IC'S 
LOW POWER. HIGH 

SPEED ISO- CMOS(PIN 
TO LSXX 

& SIMILAR TO HCXX) 
745C137 .45 74SC373 .35 
74SC138 45 74SC374 .60 
74SC139 60 745C533 .50 
74SC237 60 74SC534 .50 
74SC239 - 60 74SC540. .50 
74SC240 50 74SC563 1.50 
74SC241 60 74SC564 .60 

k 74SC244 35 745C573 200 
74SC245 35 74SC564 2.00 

Data Hook For All Above C 5 20 
DIP IC SOCKETS 

8 GIN /.07, 14 PIN /.13, 16 PINI. f5, 18 PIN /. 17, 20 
PIN.19, 22 PIN/21, 24 PIN/. 23, 28 PIN/. 26, 40 PIN /.39 
Zero Insertion Test Sockel 28 Pin 7.50 
MAN6910- Double Digit 7 Segment Display, Hi Effi- 
ciency Red .56" Comm Ann 1.25 
MM5481 -14 Segment Drier Chip 75 
t.5A 50V Bridge (10-5) 50 
6A 600V Bridge 5/8" Square .1.00 
10A 5005 Bridge 5/8" Square .1.15 
25A 200 Bridge (Solder Lug Type) .. 2.00 
12ní 

Toggle 
SP Reed ock'/ Mount .75 

DPDT (Lock With 
Bulb Socket 

.95 
DPDT "Snap In" Rocker With BuID Socket .95 
Push -Lighted Switch (No Bulb) Off -Mom- .45 
Pushbutton DPST Off -Mcm PC Mount 3/100 
DPDT Push Button 6A 125V 65 
TPDT "Bal" Handle Toggle On Off On) 1.65 
DPDT RT Angle PC Toggle (On Off On)- 95 
Law Fluid Level Detector Kil- Parts, PC Board & 
Instructions 4.85 
11 LED Bar Graph Display. 2 -3/4 ", Rectangular LED's 
(Spacity Red, Green, Amber) . 2.69 
Gant Alpha Numeric Display 1 -t /2" o 2" 7 o 535 Total) p WaY ( ) 

Red LED Matrix 4.95 
Electrolytic Cap Ass'!- Includes 2 2uF. 4 7uF, 10uF. 
47uF. 220uF, 470uF, 1,000uF. 3,300uF & Others 
(Voltages & Lead Conhguralions Vary) 15 Pcs 
Total 1.95 
Resistor Networks-High Quality Dip Circuits (Beckman, 
Dale. Bourns,) 6 Pc s/6 Values- 200 
Conneclor /Header Asst- Ribbon Cable, Edgecard, 
"Snap-0ff" Headers Etc 10 pcs /2.95 
22uF 355 Solid Tantalum (Kemal) 4/7.00 
100uF 20V Solid Tantalum (Bernet) 3/1.00 
1,000uF 75V Axial .75 
3,200uF 50V Twist Lock 1.00 

?Mystery? Bag #5 The "Tolerance" Bag 1.00 
No Returns/Exchanges With Mystery Bags 
IC Storage "Bug" Box 2.45 
Heavy Duty Alligator Clips (10 Sets) 2.30 
Regular Alligator Clips (10 Sets) 1.80 
Wire Strippers (Spring Loaded, Adjust.) 2.50 
5" 5" Needle Nose Pliers (Spring Loaded) 3.95 
4 1 /2" Diagonal Cutters (Spring Loaded) ..3.95 
Net Driver Set For 3/16 ", 1/4 ", 5)16" 3/2.00 
Jeweler's Screwdrivers (4 Pcs).. 2.65 
Desoldering Pump (Solder Sucker) 4.00 
Replacement Tips For Solder Sucker 2/3.00 
25W Precision Soldering Iron .. ..5.00 
Safety Goggles 2,95 
De- Soldering Braid (5 Foot Roll) .89 
Solder AO Tool Kit (4 PCs) 3.00 
Soldering Iron Convenience Stands ..5)1.00 
Model 6108 Logic Probe (Pencil Type) .18.95 
Model 6208 Logic Pulser (Pencil Type) 18.95 
Switching Power Supply -Plus & Minus 5 9 12 Volts 
200W. By Conver 49.95 
Voltage Mate Switching Regulator Kit 18.95 
MRF901 (Hobby -You Test). 10/1.00 
Piper Pr1053,s Horizontal Mount Tnmpds 100 OHM. 
1K, 5K, 20K, 50K, 100K, 200K, 500K, 1M. Single 
Turn 

411.°° Muni Turn Precision Trimpots (Copal), 100 OHM. 500 
OHM. 1K, 10K, 20K, 50K, 100K, 1M, 1.00 Each 
7 Segment Display Ass'I 612.75 
Zenith TV Replacement IC e4 S2t'70 122 221.06, 
221-13, 221-10 221.69. 2221 íb7, 221.96, 
22(-117, Te,5b tp1t 

Trang- 2SC1172B (Toshib -HOriz Output TrensF 250 
Motion Detector Module (Includes ULN2232 IC& Caps), 
2.00 Each, 7110,00, 25/25.00. 
Motion Detect, ULN2232 IC Only 3/2.00. 20/(0.00 
Black, Plastic Case For Detector 2.25 
Miniature Speaker For Detector 75 
XN -3 Solderless Breadboard -1,380 Tie -Pornt Matrix. 2 
Ven Dist Buses 14.95 
Model SG -105 Sgnal Generator -20Hz To 150 kHz, Low 
Distortion, 46 Step 45.95 
40 PIN IDC Ribbon Cable Connector 40 
50 PIN IDC Ribbon Cable Connector .50 
36 PIN RT Angle "Snap Off' Header .50 
14 PIN Header For Ribbon Cable 3/1.00 
.01uF 1005 Mylar Cap 20 /1 00 
1uF 2005 Mylar Cap 15/140 

12 pf Disc 40/1.00 
18 pf Disc mil oo 
.0010 Disc 20/1.00 
.0022uF Disc 40/1.00 
.07uF 165 Disc W /1.00 
9V Battery Snaps 7/1.00 
22 Or 27 AWG Wire (Specify) 50 /1.00 

Cypher IV Micro-Controller Kit- $129.50 
4 MHz. 8- &t MiCrOPrOCessor 

I NAT 1 NS80731 
Control Basin Interpreter On -Chip 
Auto-Start Operation At Power On 
Fast 16-Bit Multiply And Divide 
RS-232. Supports CRT P. Serial Link 
24 BI-Directional I/O Lines 1B255A1 
RAM Memory-2K Expandable To I 6K 
Eprom Memory- Expendable To 1 bK 
Built In Sprats Programmer 
Parr ICentronix Printer Interface 
Optional Real -TIme Clock W Backup 

r 
Pet TV Mardwara lnstallathippin Blow Out 
All LOw MS2.95 + Connectors gy Par Unit 
All Kits Contain 5 F 

Block 
100 lo Iti 

OHM 
OHM Patch Cord 2 Ft 300 OHM win Lead. 

Nylon Cable Ties. And UHF Antenna 
Modal aß124 -12.95 Inclutles All Ol 
The Plus 25 Feet 

Indoor Wall 
And 

instua laitiion ardware 
For Indoor Wall Ceiling 

Model í4886S2.95 Includes All 01 
The Above Plus 25 Feet Coaxial Cable And 
Attractive Expandable Pole U -Boit For 
Easy Indoor Installation 
Model 

Above 
Plus Includes Ali Of 

All Acess U 65 Feet Coaxial Cable Ann 
All Necessary U-Bolt Hardware 

MODEL 705 Digital MultllTtBtr 
DC Voltage 130yV to 10305 
AC Voltage 100y5 to 7505 95 
DC Canent 0.1yÁ to l0Á J 
AC Cvrtant 0.1yÁ 10 í0A 
HI -LO Real erca 0 14 to 20M12 

Test f n tir :gro 
Oboe Tae, tacaud ronge testing 
Hr teal venei4to. lasting 

e. 

UHF -TV PREAMP 
lest ured in Radio Electronics March/ 

May May ankles. 19621 
This inexpensive antenna mounted pre - 
amp can add more than 25 dB of gain to 
your system Lots of satisfied Customers 
and repeat orders lOr íh15 high quality led. 
WhICh includes all component parts. PC 
BD. Case. Power Suppl yand Balun $36.50 
Assembled Version (5750 

3,300uF 50V Axial L c 75 N' 
5.0000 405 Computer Grade (Mallory) 2.50 
Monolithic Cap Ass'I 25/1 95 
Crystal Clock Oscillator 14.9760 MHZ 50 
UCN4116B -OSC /Frac Div Clock IC 5/1 00 
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Tairas: MICRO-MART accepts Visa. MC and telephone COD's Minimum order $10 00 Shipping-- 
US orders. $2 00 Canada and other countries $3 50 I minimum 1 Shipping rate adjusted where 
applicable NJ residents add 6% sales tea 

MICRO-WAIT 500 CENTRAL AVE.. WESTFIELD, LI 070ÁY (2S1) 0544008 
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Introduction to Thyristors (from page 18) 

Fig. 7. A, B and C indicate voltage 
trigger points for Fig. 6. circuit. 

discharges through it and the triac's 
gate. When this happens, the thyris- 
tor triggers on and remains that way 
for the remainder of that half -cycle 
of line voltage. 

If a diac were not used, the Triac's 
gate would act as a diode in parallel 
with C2. Therefore, C2 would 
charge enough to forward bias only 
this diode (MT1 to gate) before trig- 
gering the triac and discharging. You 
could substitute a neon lamp for the 
diac, though this would cause the 
minimum trigger point to be closer to 
point B than to point A. 

In addition to giving C2 more time 
to charge, the diac serves another 
purpose. By letting C2 store a large 
charge, it allows triggering current to 
be a high- magnitude pulse instead of 
a gradually increasing ramp. Manu- 
facturers recommend this type of 
triggering because it reduces the 
switching time, which minimizes the 
power dissipated in the triac. 

Loose Ends 
When a thyristor is triggered on, it 

immediately connects the ac line 
voltage to the load connected in 
series with it. If the load happens to 
be inductive, such as an electric mo- 
tor, current will lag behind by as 
much as 4 milliseconds. Without an 
initial flow of current, called the 
"latching" current, a thyristor will 

immediately shut off. The latching 
current is usually less than twice the 
holding current. Therefore, when 
the load is inductive, a longer -dura- 

MT2 

R9 

Gate 1.2K o,w 
MT1 

Fig. 8. Series gate resistor Rg is add- 
ed to stretch gate- trigger pulse. 

tion gate trigger pulse is required to 
keep the thyristor on until a latching 
current is reached. This is generally 
accomplished by increasing the time 
constant of the gate circuit. In Fig. 8, 

a series 1,200 -ohm resistor stretches 
the pulse of gate current discharged 
from the gate capacitor. 

When a thyristor is constantly 
switching on and off, it generates ra- 
dio frequency interference (rfi). This 
electrical noise travels along the ac 
power line, radiating undesirable in- 
terference. By using a 100- microhen- 
ry r -f choke and a 0.1- microfarad ca- 
pacitor in the circuit, as shown in 
Fig. 6, rfi is reduced. If a thyristor is 

used as a full -on /full -off switch (not 
as a variable power control), an rfi 
filter is seldom required. 

Now that you know how thyristors 
operate and how they can be used, it 
is time to think up applications of 
your own. Keep in mind that thyris- 
tor applications are not limited to 
high -voltage switching and control. 
You could just as easily build a cir- 
cuit to control power delivery to a 
load from a 12 -volt transformer. AE 

Sinclair /Timex (from page 29) 

commence immediately based only 
on that information already stored in 
the Buffer. 

If during downloading the infor- 
mation exceeds the capacity of the 
Printer Buffer, the Buffer automat- 
ically switches back to Buffer Mode 
and printing commences immediate- 
ly. Only one copy will be printed. 

Once printing has commenced, the 
Printer Buffer will not accept any 
data from the host computer until 
the preset number of copies have 
been run out. 

Conclusion 
This reworking of the basic ZX81/ 
TS1000 gives new life to these com- 
puters. With just a few dollars and a 
few hours of your time, you'll re- 
store an idle computer to useful ser- 
vice and more than recoup whatever 
monetary investment you made for it 
in the first place. AE 
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the fourth law of robotics 
A robot shall make 
learning fun for man 
and thereby improve 
the quality of life 
for mankind. 

A robot is a robot is 
a robot... was a robot. 
Until HERO 2000. 
HERO 2000 is much more than a 
robot. It's a walking, talking 16 -bit 
Fomputer. With 64K ROM and 24K 
RAM expandable to more than half 

a megabyte. And a fully articulated arm with five 
axes of motion. Yours to program. Command. Modify 

and expand. Total system access and solderless 
experimenter boards provide almost limitless pos- 
sibilities. Its remote RF console with ASCII keyboard 

gives total control. Available with three self -study 
courses. Backed by Heath Company, world leader 

in electronic kits. 
Build your own 

HERO 2000.Or buy 
it assembled. Have 

fun learning skills 
that translate 

directly to the 
world of work. 

HERD® 
2000 

the 
w 
builder 

Mail coupon today to receive a FREE 
Heathkit Catalog featuring HERO 2000. 
Mail to: Heath Company 

Dept. 079-528 
Benton Harbor, Michigan 49022 

FREE. Send toda} 
for latest Heathkit Catalog- 

Heathkit® 
Name _- 

Address 

City State 
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70 XLT Pocket Size 20 Channel Programmable Scanner 

irt 

SOX_ 

uniden 

The 70XLT sets a new standard for portable Scanners in perform- 

ance, dependability and size. This hard working unit has 20 pro- 

grammable channels and 10 bands of coverage. It has the most 

desirabie imams including Pricrity, Lockout and Delay. It also incluis 
automatic and manual Search to find new active fieqiencies. Built- 

in rechargeable batteries give hours of trouble-fire use and quickly 

charge overnight. A Charger/AdTtor allows the unit to mn on 120 

VAC and the LCD display includes selectable illumination for night 

time scanning. The superior engineering of will treat your ears 

to real life excitement and drama as you've never heard it before. 

The Clioice of Pinfeional 
Golfer Jack Nicklam. Riunids. en 

Winner of 20 Major Championship, A Nov Gerieratkc ut 
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