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You Have Counted on Us for 15 Years 
You have counted on OPTOELECTRONICS 
Hand Held Frequency Counters to be the 
best quality, to be affordable and reliable. 
We have been there for you with Frequency 
Counters that are compact and ultra sensitive. 

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

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

TO 
10 Hz 
2.2 GHz 

1 MHz 
1.3 GHz 

10 MHz 
2.4 GHz 

10 MHz 
550 MHz 

10 MHz 
1.8 GHz 

APPLICATIONS General Purpose 
Audio -Microwave 

RF Microwave Security Security 

PRICE $219 $169 $189 $299 $99 
SENSITIVITY 
1 KHz 
100 MHz 
450 MHz 
850 MHz 
1.3 GHz 
2.2 GHz 

< 5 mv 
< 3mv 
< 3 mv 
< 3 mv 
< 7 mv 
< 30 mv 

NA 
< 1 mv 
< 5 mv 
< 20 mv 
< 100 mv 
NA 

NA 
< 3 m 
< 3 mv 
< 5 mv 
< 7 mv 
< 30 mv 

NA 
< .5 mv 
< 1 mv 
NA 
NA 
NA 

NA 
< 5 m 
< 5 mv 
< 5 mv 
< 10 mv 
< 30 mv 

ACCURACY ALL HAVE +/- 1 PPM TCXO TIME BASE. 
All counters have 8 digit red .28" LED displays. Aluminum cabinet is 3.9" H x 3.5" x 1 ". Internal Ni -Cad batteries 
provide 2 -5 hour portable operation with continuous operation from AC line charger /power supply supplied. Model 
COB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories 
is available. Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax. 
COD fee $3. Foreign orders add 15 %. MasterCard and VISA accepted. 

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

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue Fort Lauderdale, Florida 33334 

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

CIRCLE 12 ON READER SERVICE CARD 
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Radie lhack 
The Technology Store SM 

A DIVISION OF TANDY CORPORATION 

Prices apply at participating Radio Shack stores and dealers oof 

Radio Ihaek Part: PIaeE° 
BIG SELECTION AND LOW PRICES -COME IN TODAY! 

Parts Special -Order "Hotline" 
ICs 

Crystals 
And More! 

No 
Minimum 

Order! 

Your Radio Shack store manager can special -order a wide variety of parts 
and accessories from our warehouse -tubes, ICs, phono cartridges and 
styli, crystals, even SAMS Photofacts ®. There's no minimum order or han- 
dling charges. Fast delivery to the Radio Shack near you! 

Battery Special -Order Service 

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

RS -232 Connectors and Accessories 
(1) ° 
(1) Solder D -Sub. (2) Hoods 

Positions Type Cat. No. Each 

9 Male 276 -1537 .99 
9 Female 276 -1538 1.99 

25 Male 276 -1547 1.49 
25 Female 276 -1548 2.49 

9 Hood 276 -1508 2.19 
25 Hood 276 -1510 2.79 

r 
(3) NEW! Shielded Stunt Box. Cross - 
wire included PC board to suit your 
application. #276 -1403 9 95 

(4) Inline RS -232 Tester. Spot line 
problems. #276 -1401 14.95 

(5) DIP Shunts. #276 -1512, 10/1.29 

Jobs Co Easier With the Right Tools 

(1) (2) 
(3) 

-111111111111...1r...- 

And Radio Shack Has Them! 
(1) Vacuum Desoldering Iron. Why 
put up with burned fingers and the 
hassle of spilled solder? This pro - 
quality tool is fast, effective and easy 
to use. Rated 45 watts. UL listed AC. 
#64 -2060 8 49 
Replacement Tip. #64 -2061 .. 996 

(2) Stainless Steel Forceps. Ideal 
for a soldering heat sink. 6" long. 3- 
position lock. #64 -1866 4 95 
(3) Anti - Static Alignment Tool Set. 
Helps prevents damage to sensitive 
circuits during alignment. Great for 
TV /VCR servicing. #64 -2230, 4.19 

Mini Audio Amp 

Only 

119 5 .... .., ..._ 
With a built -in speaker, it's the per- 
fect test amp and also well- suited 
for computer voice and music syn- 
thesis. 1 /e" input and earphone 
jacks. Battery extra. #277 -1008 

PC Line Cords 
(3) 

Top -quality, grounded 6 -foot AC 
cords for computers and printers. 
(1) With Straight HP (CEE -Type) 
Connector. #278 -1257 3 99 
(2) With 90° HP Connector. Ideal 
for eight spaces. #278 -1260..5.99 
(3) Extension. #278 -1259 .. 4.99 

Harness the Sun i (2) 

(1) 

(1) Solar Project Kit. Includes 
mini solar panel, motor, propeller, 
project booklet. 
#277 -1201 10.95 
(2) Silicon Solar Cell. This 2 x 4 
cm cell produces about 0.3 amp at 
0.55VDC. #276 -124 3 95 

Panel Mounts 
Low (1) (2) 

As _ -- 

149 

(1) Square Holder for 11/4 x V4" 
Fuses. #270 -365 1 49 
(2) Jumbo Lighted Pushbutton 
Switch. SPST. Rated 5A at 
250VAC. With 12 -volt lamp. 
#275 -678 6 99 

Assortments 
(1) 

(2) 

(1) 20 Assorted LEDs. May in- 
clude MV -5054, MV -50, RL -209 in 
red, green, amber, infrared. 
#276 -1622 1 98 
(2) 5 Photocells. CdS photoresis- 
tors. Ideal for experiments. Various 
styles and ratings. 
#276 -1657 1 98 

Metal Cabinet 

Only 

599 

Here's a great housing for your 
next project. Features steel top and 
easy -to -drill aluminum front, back, 
bottom. 3 x 51/4 x 57/8" 
#270 -253 5 99 

Power Plugs 
Locking Type 

Rated 250V 
Per Circuit 

9; 

Positions Type Cat. No. Each 

2 Male 274 -151 .99 
6 Male 274 -152 1.69 

12 Male 274 -153 1.99 

2 Female 274 -154 .99 
6 Female 274 -155 1.69 

12 Female 274 -156 1.99 

Infrared Items 
(1) (2) 

-r . 

(1) SEP8703 -1 IR LED. High power 
output. #276 -143 1 69 
(2) IR Detector Module. Com- 
bines detector, amp, limiter, filter, 
and comparator -in a board - 
mountable package. 5VDC. With 
data. #276 -137 3 49 

AC Power Strips 

Add Outlets (2) .1O 
Safely) 

(1) 6- Outlet. Ideal for workbench. Has six 
grounded outlets, heavy -duty 6 -foot cord with 
grounded plug, on /off switch with indicator light 
and circuit breaker. Handles 15 amps. UL listed 
AC. #61 -2619 21.95 
(2) 4- Outlet. As above, but without on /off 
switch. UL listed AC. #61 -2620 15.95 

B -Board and Jumpers 

(1) 

(2) 

(1) Deluxe Breadboard. Molded 21/4 x 61/2" 
board is mounted on a 7 x 4" steel base with 
rubber feet. Has 640 plug -in points and three 
binding posts. #276 -169 19.95 
(2) NEW! Breadboard Jumper Wire Kit. In- 
cludes 140 insulated, pre- stripped wires -10 
each of 14 different lengths -in a handy, snap - 
shut plastic box. #276 -173 Set 4.95 

Bench Test Instrument 

Our finest! Precise LCD digital display plus 31- 
segment analog bargraph. Displays transistor 
gain directly. Diode -check, memory and con- 
tinuity functions. Measures to 1000VDC, 
750VAC, 10 amps AC /DC, resistance. With 
leads and manual. #22 -195 99.95 

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

CIRCLE NO. 129 ON FREE INFORMATION CARD 
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Things To Do, People 
To See, PlacesToGo. 

Make friends. Buy a cockatoo. Make a 
million. Fly to Tahiti. Phone home. Shop 

you drop. Get rich quick. Make a good 
impression. Get married. Fall in love. Go 
for broke. Meet "Sagebrush Sall?' Improve 
yourself. Learn to cook. Bargain hunt. In- 
vest wisely. Get smart. Talk back. \ame that 
tune. Lighten up. Pontificate. Talk turkey: 
Get invoIved. Dress for success. Name drop. 

When you join CompuServe, your 
computer becomes a time -saving, 
money -making, life- enhancing tool. 
Because CompuServe gives you 
access to a long list of services and 
resources that can help make your 
life easier, more profitable, and a 
whole lot of fun. 

With CompuServe you can shop 

in over 100 stores from the comfort 
of your favorite easy chair. We have 
personal investment information to 
help you feather your nest, and travel 
services to make it easier to fly south 
for the winter. We even have over 
500,000 other CompuServe mem- 
bers for you to talk to (in your newly 
acquired spare time). 

So become a member of Compu- 
Serve. And turn the time you spend 
with your computer into quality time. 

To join CompuServe, see your com- 
puter dealer. To order direct or for 
more information, call 800 848 -8199. 

CompuServe° 
CIRCLE NO. 131 ON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics October 1989 / MODERN ELECTRONICS / 5 

www.americanradiohistory.com

www.americanradiohistory.com


(/Express aS Inttíl 

VCR ALIGNMENT TAPE 
This professionally mastered 15 
minute alignment tape will prove 
to be an important addition to 
your repair equipment inventory. 
It will assist in the adjustment of 
the tape path and audio /control 
head alignment, head switching 
point, luminance and chroma cir- 
cuit, and tracking fix. 30 Hz audio 
tone, gray raster, NTSC color bars, convergence grid 
and convergence dots. Great for TV alignment also. 

#505 -030 $2495 

BATTERY ELIMINATOR 
This handy adap- 
tor eliminates the 
need for batteries 
when using your 
camcorder in your 
automobile. Sim- 
ply insert the "dummy' battery pack into the camcor- 
der and the lighter plug into the cigarette lighter jack 
of the vehicle. Your camcorder then draws it's power 
from the car's electrical system. The lighter plug has 
a built -in 7 amp fuse to protect your camcorder from 
harmful current surges. Will replace our battery # 140- 
541. Call for more details. 

#090 -920 $149° 

VCR IDLER KIT 
Make VCR tire repairs 
quickly by having the 
tire you need in stock 
when you need it. 
This comprehensive 
kit contains 170 of 
the most commonly 
used tires in an easy -to-use case and a cross reference 
with over 80 manufacturer assembly numbers cross- 
ing to over 200 VCR model numbers. A $400.00 
retail value. 

11111141t 411111100' 

#400 -900 $5500 

VCR REPAIR PARTS KIT 
Now you can do most 
of your VCR repair 
jobs the same day. 
Parts Express' VCR 
Parts Kit makes this 
possible. It contains 
over 45 of the most commonly used parts to repair 
RCA, Hitachi, Fisher, Sanyo, Lloyds, Panasonic, 
Sony, Sharp, JVC, Samsung, TMK, GE, Magnavox 
and more. Idler assemblies, pinch roller, sensing tran- 
sistors, switches, and lamps are included in this com- 
prehensive kit. You also save over $20.00 (wholesale 
pricing). Call for more details. 

#400 -950 $8995 

FREE 

CATALOG 

CALL TOLL FREE 

1- 800 -338 -0531 
340 E. First St., Dayton, OH 45402 

Local: 1-513-222-0173 

CIRCLE NO. 167 ON FREE INFORMATION CARD 
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Computer Power 

Personal computers have become 
working tools for electronics-ori - 
ented people much as test instru- 
ments are. It's no surprise, then, that 
most Modern Electronics readers 
own computers. Many, however, are 
planning to replace them with more 
powerful ones. Zeroing in on which 
computer(s) to buy, which 69.8010 of 
our readers say they'll be doing this 
year, is not an easy chore. The first 
decision to make is what type ma- 
chine you want among incompatible 
ones: IBM, Apple or Apple Macin- 
tosh, Commodore Amiga or Atari 
ST, among others. Once this choice is 
made, the next one to determine is 
how much computer power you want 
for now and the foreseeable future. 

The foregoing choices are what 
our article on "Choosing the Right 
Computer Power" is all about. 
Many such decisions will be made on 
the basis of retaining the use of soft- 
ware and hardware already owned. 
So if you've got an old IBM or MS- 
DOS compatible, you'll likely want 
to continue with this breed of ma- 

chine. For those who own non -com- 
patible, limited -power computers, 
such as a Commodore 64, and want 
to upgrade, the decision is pretty 
much wide open. 

This month, we're examining the 
IBM /compatible personal computer 
field, dividing choices among the mi- 
croprocessors each model category 
uses. Essentially, this breaks down to 
8088, 8086, 80286 and 80386 proces- 
sors. In essence, this means selecting 
between an IBM -equivalent of the 
old PC, XT or AT models, or a sys- 
tem using the newer 80386SX and 
80386 microprocessors that are in- 
corporated into the better models of 
IBM's Personal System /2 series or 
other makers' compatibles. 

We'll follow this in another issue 
with a close look at other computer 
types. We led off with IBM -type ma- 
chines because 74.6% of prospective 
buyers in our 1989 Study indicated 
they plan to buy this type. 

The IBM computer world has cer- 
tainly been a volatile one the past 
year, with pickings among the stan- 

pIII LETTERS911Y1111 
Credit Where Credit Due 

We were pleased to see your review of 
our DynaBook in the July 1989 issue of 
Modern Electronics. I just wanted to give 
proper credit to one of our suppliers, Elo- 
graphics Inc., for the software tools that 
were presented in the Evaluation. The 
clarification concerns the screen shots of 
the bottling plant and fire control. While 
these software demonstrations are corn - 
ponents of the Scenario software product 
line, they were developed and trade- 
marked by Elographics, which manufac- 
tures the DynaBook touchscreen. The El- 
ographics software tools effectively dem- 
onstrate the powerful capabilities of 
touchscreen technology 

Judith Bolger 
VP Marketing 
Scenario Inc. 

Author Update 

In my "Practical Printed -Circuit 
Boards" (August 1989), the following in- 
formation did not appear but is germane 
to the subject: 

The method detailed in Step 1 can also 
be used with negative (photographic) art- 
work. Flip over the photocopied art- 
work, backlight it and trace the conduc- 
tor and pad outlines to make a positive. 
All holes and edges in the copper cladding 
must be smoothed with sandpaper, even 
on single -sided boards; otherwise, there 
may be "donut" shaped defects around 
several holes due to the undercutting ef- 
fect of the etchant. Your fingertips will 
reveal the difference. 

In Step 4, spacing between conductor 
traces can be as little as Y32-inch. Unwant- 
ed adhesive should be removed with the 
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dard bus, IBM's Micro Channel Ar- 
chitecture (MCA), and upcoming 
Compaq -led EISA bus complicating 
matters. The former requires expan- 
sion boards specifically made for the 
MCA , while the latter will accept ex- 
isting standard -bus 8 -bit and 16 -bit 
boards. I'd guess that MCA and 
EISA will live as side by side competi- 
tors down the road. Without any 
EISA computers available at this 
time, and the promise of higher ini- 
tial cost anyway when they do ap- 
pear, the choice between them for 
present buyers is moot. 

See what author Joe Desposito has 
to say about each type of computer. 
His counsel will serve as a fine guide- 
line to making key computer -buying 
decisions. The final decision you 
make will be heavily dependent on 
how you'll be using a computer now 
and in the near future, of course. 
Price, too, will be an early consid- 
eration. 

(continued on page 63) 

starting fluid. Finally, the rubber -cement 
block mentioned could easily remove 
short resist traces like the one touched by 
the larger circle in Fig. 4. 

Wayne Richardson 

Humidity Sensor Source 
Some readers have had difficulty locat- 

ing the Mepco /Centralab No. 2322 691 

90001 humidity sensor specified in my 
"Relative- Humidity Meter" article (Au- 
gust 1989). This item is available from 
Hamilton -Avnet electronics distributors 
(201 -575 -3390 in New Jersey, or consult 
your white pages for a distributor closer 
to you). Readers who do not wish to place 
the $50 minimum order Hamilton -Avnet 
requires can obtain the sensor from me 
for $15 plus $2 shipping and handling. 

Anthony J. Cari sti 
69 White Pond Rd. 

Waldwick, NJ 07463 

Say You Saw It In Modern Electronics 

CABLE-TV 

BONANZA! 
ITEM i 

UNIT 
10 OR 
MORE 

HAMLIN MCC 3000 36 CORDED REMOTE CONVERTER (Ch 3 only) 29 00 18 00 

PANASONIC WIRELESS CONVERTER our best by 9800 79.00 

MOVIETIME VR7200A (manual line tune) 8800 6900 

' JERROLD 400 COMBO 169 00 119 00 

JERROLD 400 HAND REMOTE CONTROL 29 00 1800 

' JERROLD 450 COMBO 199 00 139 00 

' JERROLD 450 HAND REMOTE CONTROL 29 00 18.00 

JERROLD SB- ADD -ON 9900 6300 
' JERROLD SB- ADD -ON WITH TRIMODE 10900 7500 

'M -35 B COMBO UNIT (Ch 3 output only( 99 00 70 00 

'M -35 B COMBO UNIT WITH VARISYNC 109 00 75 00 

' MINICODE IN -121 9900 62.00 

' MINICODE (N -12) WITH VARISYNC 10900 65.00 

' MINICODE VARISYNC WITH AUTO ON -OFF 145 00 105.00 

ECONOCODE (minicode substitute) 6900 4200 

ECONOCODE WITH VARISYNC 7900 4600 

'MLD- 1200 -3 (Ch 3 output) 9900 6200 
'MLD -1200 -2 (Ch 2 output) 9900 6200 

'ZENITH SSAVI CABLE READY 175 00 125 00 

INTERFERENCE FILTERS (Ch 3 only) 24 00 14 00 

'EAGLE PD -3 DESCRAMBLER (Ch 3 output only) 11900 65 00 

'SCIENTIFIC ATLANTA ADD -ON REPLACEMENT DESCRAMBLER 11900 8500 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

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

Prices subject to change without notice. 

rner nnlnìr 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( j 

Cashier's Check Money Order COD 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. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 

Dated- Signed' 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. #ME 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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VIDEO WORLD ADVANCES. Sony demonstrated a coat -pocket -size 
HandyCam camcorder, the CCD -TR5, at a summer electronics dealer 
trade show. The full - featured model weighs just 1 -3/4 lbs. 

On another video front, electronic still cameras, which 
store photographic images as electronic signals instead of on 
chemically sensitive film, and are viewed on standard TV sets, 
continue to advance. They typically use a standard of 2 -inch 
floppy discs as the storage medium. Now along comes Toshiba with 
a prototype of a new electronic still camera design that uses IC 
memory instead of floppies. 

According to Toshiba, the new system can provide picture 
resolution with over 400 horizontal lines, excelling S -VHS 
images. This compares to a 300 -line average for floppy -based 
electronic still cameras. Using digital storage, it's easier to 
modify image data. Moreover, since the IC -card camera doesn't use 
a disk drive, it can be made smaller and more reliable. The IC 
card has a 20 MB memory capacity. Using compression technology, 
it quadruples the number of storable photo images to 13. 

A portable player has also been developed for use with the 
IC -Card Camera. It's an electronic album that's based on a DAT 
recorder, and can hold up to 1,600 pictures on a single 120 - 
minute Digital Audio Tape cassette. The machine has a random - 
access function to retrieve any photo image by keying in its 
number. Furthermore, audio messages can play concurrently with 
photo images. Sales projections per year are expected to reach 
10- million units worldwide by the year 2000. 

MUSIC, MUSIC. Atari introduced a MIDI -compatible laptop computer 
with real -time capabilities. It can be used on the road or in the 
home to create dynamic music. $1,500....At the same time, the 
company debuted its Hotz MIDI keyboard controller that it claims 
will revolutionize the way music is composed and performed. The 
computerized keyboard can be programmed to play chords or 
individual notes in any key. 

MusicWriter, Inc. (Los Angeles -Los Gatos, CA) plans to make 
available a high -tech sheet music distribution system in the 
spring of 1990. It consists of CD -ROM terminals in sheet music 
stores that will store up to 20,000 titles. Customers can 
immediately access the sheet music database from the system's 
menu -driven personal computer, having it printed on a laser 
printer. MusicWriter says it will download new releases of sheet 
music to each station. The MusicWriter plays the first eight bars 
of any song for the customer, too, who can choose what key it 
should be in. Furthermore, the music chosen can be produced on a 
MIDI disk that's compatible with one's computer or synthesizer. 
Price for a customized sheet? About three dollars!! 

VEHICLE LOCATION MONITOR. A satellite identification system for 
monitoring truck location has been developed by Secura Corp. of 
Philadelphia, PA. Called "Trailstar," is establishes a 

communications link through a radio determination satellite 
service, Geostar, so that a dispatcher will always know the 
location of tractors and trailers. It's expected to reduce theft 
as well as answer the question, "Where is the truck ?" 
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VIII NEW PRODUCTS Ill/ft11111=111M11 
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. 

Wrist Watch Pager 
Said to be the industry's first, Moto- 
rola's new land mobile pager is small 
enough to be worn on a wrist like a 
watch. Developed jointly with Timex, 
the less- than -one -ounce user- friend- 
ly Wrist Watch Pager has separate 
controls for timekeeping and pager 
functions and is rated to provide 
more than 40 days of continuous op- 
eration on one battery. 

Functions include a non -volatile 
memory that stores messages, even 

ard LaserJet II and compatible laser 
printers. It connects directly to a tele- 
phone line and the printer's parallel 
port to allow the user to print FAXes 
without the need for a FAX machine. 
The unit has 1 megabyte of RAM and 
requires that the printer have the 
same for optimum performance. In- 
ternal memory allows the PPI to buf- 

when the unit is turned off. A mes- 
sage erasure feature allows the user 
to delete all read messages without 
affecting unread and protected ones. 
A message time -stamping feature 
displays the time a message is re- 
ceived on a built -in LCD screen fol- 
lowing the actual message. The 
screen displays 12/24 -hour time of 
day, day of week and date on two 
lines. These are replaced with the 
message received while reading the 
message. 

CIRCLE NO. 151 ON FREE INFORMATION CARD 

Plain -Paper FAX Printing 
The OMNIFAX PPI from Telauto- 
graph (Los Angeles, CA) is an inter- 
face module that receives facsimile 
transmissions and prints them on 
plain paper through Hewlett-Pack- 

fer and hold up to 60 pages of in- 
coming FAX transmissions. Average 
print speed with the LaserJet II is 

rated at two pages per minute. 
The compact OMNIFAX PPI is 

designed to operate in tandem with 
an existing FAX machine. It will re- 
ceive transmissions and print them 
on non -thermal paper, with the FAX 
system operating as the sending de- 
vice. If the laser printer is in use when 
a FAX is coming in, the PPI stores 
the transmission until the printer is 

free again or until its buffer reaches 
capacity. If the latter occurs, trans- 
missions reverts to the existing FAX 
system and messages are printed on 
thermal paper. The unit receives 
CCITT Group 3 facsimile transmis- 
sions at 9,600 bps in either standard 
or fine -print modes. $1,395. 

CIRCLE NO. 152 ON FREE INFORMATION CARD 

Static -Control 
Workstation Kits 
Kits for controlling static electricity 
at workstations in virtually any envi- 

ronment are available from Charles - 
water Products, Inc. (W. Newton, 
MA). Statfree® Static Control Work 
Station Kits are said to eliminate the 
dangers of static electricity by dissi- 
pating charges built up on people and 
objects, draining away a 5,000 -volt 
static charge to zero in less than 50 
milliseconds. The kits feature electri- 
cally conductive floor mats, table 
mats, elastic wrist straps and ground- 
ing cords. Available as Basic, Stan- 
dard and Vinyl Kits with various 
combinations of floor and table mats 
to suit user requirements, these kits 
are designed in accordance with 
DOD HDBK 263. From $130. 

CIRCLE NO. 153 ON FREE INFORMATION CARD 

Scanning Receiver 
A new 100- channel base /mobile re- 
ceiver that offers complete public - 
service -band coverage has been an- 
nounced by Ace Communications 

(indianapolis, IN). The Model AR 
950 receiver tunes the 27- to -54 -, 
108 -to -174 -, 406 -to -512 and 830 -to- 
950 -MHz bands, covering all of the 
police, fire and emergency bands, 
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No other trammg 
anywhere shows you 

service compuiers 
Only NRI walks you through the 
step -by- step assembly of a powerful 
XT- compatible computer system 
you keep- giving you the hands -on 
experience you need to work with, 
troubleshoot, and service all of today's 
most widely used computer systems. 
With NRI at -home training, you get everything you need 
to start a money- making career, even a computer service 
business of your own. 

Hard drive and voice 
synthesis training 

included! 

No doubt about it. The best way to 
learn to service computers is to 
actually build a state -of -the -art 
computer from the keyboard on 
up. As you put the machine 
together, performing key tests and 
demonstrations at each stage of 
assembly, you see for yourself how 
each part of it works, what can go 
wrong, and how you can fix it. 

Only NRI, the leader in career - 
building electronics training for 
more than 75 years, gives you such 
practical, real -world computer 
servicing experience. Indeed, no 
other training -in school, on the 
job, anywhere -shows you how 
to troubleshoot and service 
computers like NRI. 

You get in- demand 
computer skills as you 

train with your own 
XT-compatible system 

now with 20 meg hard drive 
and 6401( RAM 

With NRI's exclusive hands -on 
training, you actually build and 
keep the powerful new Packard 
Bell VX88 PC /XT compatible 
computer, complete with 640K 
RAM and 20 meg hard disk drive. 

You start by assembling and 
testing the "intelligent" keyboard, 
move on to test the circuitry on the 
main logic board, install the power 
supply and 5- 1/4 " floppy disk drive, 

then interface your high - 
resolution monitor. But 
that's not all. 

Only NRI gives you 
a top -rated micro 
with complete 

training built into 
the assembly 

process 

Your NRI hands -on 
training continues as 
you install the powerful 
20 megabyte hard disk 
drive- today's most - 
wanted computer 
peripheral -included 

DIGITAL 
MULTIMETER 
Professional test 
instrument for 
quick and easy 
circuit 
measurements. 

HARD DISK DRIVE 
20 megabyte hard 
disk drive you 
install internally for 
greater disk storage 
capacity and data 
access speed. 

PACKARD BELL 
COMPUTER 
NEC V40 dual -speed 
(4.77 MHz /8 MHz) 
CPU, 640K RAM, 
360K double -sided 
floppy disk drive. 

LESSONS 
Clearcut, illustrated 
texts build your 
understanding of 
computers step by 
step. SOFTWARE 

Including MS -DOS, 
GW- BASIC, word 
processing, 
database, and 
spreadsheet 
programs. 

in your course to 
dramatically increase your 
computer's data storage capacity 
while giving you lightning -quick 
data access. 

Having fully assembled your 
Packard Bell VX88, you take it 
through a complete series of diag- 
nostic tests, mastering professional 
computer servicing techniques as 
you take command of the full 
power of the VX88's high -speed 
V40 microprocessor. 

In no time at all, you have the 
confidence and the know -how to 
work with, troubleshoot, and 
service every computer on the 
market today. Indeed, you have 
what it takes to step into a full-time, 

money -making career as an industry 
technician, even start a computer 
service business of your own. 

New voice synthesis 
training adds an exciting 
new dimension to your 

computer skills 
Now NRI even includes innovative 
hands -on training in voice syn- 
thesis, one of today's most exciting 
and widely applied new develop- 
ments in computer technology. 

You now train with and keep 
a full- featured 8 -bit D/A converter 
that attaches in -line with your 
computer's parallel printer port. 
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m school, on the fob, 
how to troubleshoot and 
like NRI 
MONITOR 
High- resolution, 
nonglare, 12" TTL 
monochrome 
monitor with tilt and 
swivel base. 

TECHNICAL 
MANUALS 
You get "inside" 
your Packard Bell 
computer system 
with exclusive NRI 
Training Kit Manuals 
plus technical specs 
direct from the 
manufacturer. 

DISCOVERY LAB 
Complete 
breadboarding 
system to let you 
design and modify 
circuits, diagnose and 
repair faults. 

DIGITAL 
LOGIC PROBE 
Gives pou first -hand 
experience analyzing 
digital circuit 
operation. 

Using your D/A converter along 
with the exclusive text -to- speech 
software also included, you explore 
the fascinating technology behind 
both digitized and synthesized 
computer speech. 

You discover how you can 
use your computer to access and 
play back a variety of prerecorded 
sounds ... you see how to add 
speech and sound effects to 
programs written in BASIC, C, 
Pascal, and others ... you even 
learn how to produce high -quality 
speech directly from your own 
original printed text. 

NRI's exclusive new hands -on 
training in voice synthesis is just 

one more way NRI gives 
you the confidence- 
building experience you 
need to feel at home with 
the latest advances in 
computer technology. 

No experience 
needed, NRI 
builds it in 

You need no previous 
experience in computers 
or electronics to succeed 
with NRI. You start with 
the basics, following 
easy -to -read instructions 
and diagrams, moving 
step by step from the 
fundamentals of elec- 
tronics to sophisticated 
computer servicing 
techniques. 

With NRI's unique 
Discovery Learning 
Method, you're sure to 
get the kind of practical 
hands -on experience 
that will make you fully 
prepared to take 

advantage of every opportunity 
in today's top -growth field of 
computer service. 

With NRI, you learn at your 
own pace in your own home. 
No classroom pressures, no night 
school, no need to quit your 
present job until you're ready 
to make your move. And all 
throughout your training, you 
have the full support of your 
personal NRI instructor and the 
NRI technical staff. 

Your FREE 
NRI catalog tells more 

Send today for your free full-color 
catalog describing every aspect of 
NRI's innovative computer training, 
as well as hands -on training in 
robotics, video /audio servicing, 
telecommunications, electronic 
music technology, and other 
growing high -tech career fields. 

If the coupon is missing, 
write to NRI School of Electronics, 
McGraw -Hill Continuing Education 
Center, 4401 Connecticut Avenue, 
NW, Washington, DC 20008. 
PC/XT and XT are registered trademarks of International Business 
Machines Corporation 

School of 
Electronics 

McGraw -Hill Continuing Education Center , i 
4401 Connecticut Avenue, NW c} T^ 

Washington, DC 20008 L 
A 

CHECK ONE FREE CATALOG ONLY 

Computers and Microprocessors 
Robotics 
TVNideo /Audio Servicing 
Computer Programming 

For career courses approved 
under GI Bill 

check for details 

Security Electronics 
Electronic Music Technology 
Basic Electronics 
Telecommunications 

Name (Please Print) Age 

Address 

Accredited Member, National Home Study Council 4-1 09 
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NOV PRODUCTS ... 
plus the new services above 800 MHz 
in 12.5 -, 25- and 30 -kHz increments. 

In a mobile environment, the new 
radio can be mounted under the 
dashboard, using a supplied mount- 
ing bracket. As a base station, the ra- 
dio can sit atop a desk and be pow- 
ered from the ac line via a supplied 
adapter. Supplied with the Model 
AR 950 are a standard telescopic 
whip antenna and a flexible rubber 
antenna optimized for reception at 
800 MHz, both with appropriate 
hardware. 

On the front panel are 25 keys that 
permit programming of five banks of 
20 channels each. Pairs of upper and 
lower limits for bands to be searched 
can be stored in five separate search 
memory locations. All information is 
stored in three non -volatile memories 
that do not lose data even if power is 

removed from the unit. Other fea- 
tures include: first -channel priority; 
keyboard lockout; BNC antenna 
connector; and blue back -lit LCD 
display window that offers 22 separ- 
ate prompting annunciators to aid in 
operating the unit. $299. 

CIRCLE NO. 154 ON FREE INFORMATION CARD 

Retro -Fit CD Input 
Johnson Electronic Labs (Warner 
Robins, GA) has introduced the 
Model AX101 CD -to -phono input 
adapter that allows amplifiers that 

do not have a CD or auxiliary input 
to accept a CD player (or other auxi- 
liary device) through the magnetic 
phono input. Features include a 
passive circuit design that minimizes 
noise and distortion; a selector 
switch for CD or phono operation; 

an RIAA response accuracy that is 

rated to be within 1 dB; and a chrome - 
plated housing with removable tabs 
for convenient mounting. $89.95. 

CIRCLE NO. 155 ON FREE INFORMATION CARD 

Microwave Leakage Tester 

Microcheck is a new non -contact mi- 
crowave leakage detector from A.W. 
Sperry Instruments, Inc. The Model 
SMW -1 device "reads" microwave 

radiation as low as 0.1 mW /cm2. 
The lightweight, ruggedly built de- 
tector has no leads that have to be 
hooked up, no switches to set, not 
buttons to press, no control settings 
to monitor and no battery to re- 
place. $17.95. 

CIRCLE NO. 156 ON FREE INFORMATION CARD 

Security Monitor /Dialer 
With the House Sitter security moni- 
tor /dialer from Heath Zenith, keep- 
ing tabs on your home is as simple as 
making a telephone call. Designed to 
interface with the company's security 
and most other systems or as a stand- 
alone unit, the Model DS -6230 
House Sitter lets a user monitor vari- 
ous conditions in his home with a sin- 
gle telephone call. When the unit is 

called, it provides a report on house 
temperature, sounds in the house, 
whether power has failed and a 

choice of one other condition. In ad- 
dition, the unit can also dial up to 
four telephone numbers to report on 
any alarm that might occur when no 
one is home. 

House Sitter features a keyboard 
that "talks to you" in English as you 
program the device. Programmable 
functions include setting up to four 
telephone numbers for emergencies, 
high and low temperature limits, en- 
tering a secret code that locks out 
programming, and others. Installa- 
tion takes only a few minutes and 
consists of simply plugging in the 
power cube and connecting the moni- 
tor /dialer to a standard telephone 
jack. $129.95. 

CIRCLE NO. 157 ON FREE INFORMATION CARD 

Wireless Control Panel 
York Controls (Richardson, TX) has 
announced availability of a new com- 
pact 72- channel wireless (radio -fre- 
quency) controller with 16- character 
LCD display. The Model TD -72 is 
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capable of controlling up to 72 func- 
tions of a York Controline System, 
commanding any combination of 
home -entertainment or /and envi- 
ronment equipment. Up to eight dif- 
ferent pieces of equipment can be se- 
lected using a slide switch mounted 
on the faceplate. Up to nine pushbut- 
tons can also be mounted on the face- 
plate to give the TD -72 a maximum 
72- function capability. 

The LCD window displays a legend 
for the particular device chosen for 
control by the slide switch; this func- 
tion is transmitted when a button is 
pressed on the panel. Each button on 
the control panel of the device can 
serve more than one function; so 
each key cap can be engraved with 
multiple legends or symbols (color 
coding is also available). 

CIRCLE NO. 158 ON FREE INFORMATION CARD 

Easy -To -Use VCRs 

Philips Consumer Electronics Co. 
has released a new series of VCRs de- 
signed to allay the fears of consumers 
who are intimidated by the technical 
operating aspects of the videocas- 

date, counter, programming, one - 
touch record and one -touch record 
standby. Other features include au- 
tomatic tracking; automatic scan 
tuning; four -event /one -month on- 
screen programming; repeat play; 

MAGNAVOX ru HO 

91"1"0011P agpe 

sette recorder. The Smart 'N Easy se- 
ries consists of three models under 
the Magnavox brand name. The line 
is characterized by an easy -to -read 
function indicator, on- screen pro- 
gramming, a user - friendly reference 
card and larger operating buttons, all 
designed to make the user more com- 
fortable with the VCR. 

The Model VR1820AT ($449.95) 
offers a 45- function unified remote 
controller that operates both the 
VCR and six Magnavox TV func- 
tions. Its easy -to -read multi- function 
on- screen display continuously alerts 
the user to all important recording nd 
playback conditions, including time, 
counter position, tape speed and 
channel number. When the VCR is 
turned off, the time display dims. 
On- screen indicators are also pro- 
vided for recording /playback func- 
tions, channel number, clock setting, 

x 21 forward /reverse latching 
search; frame advance, still frame, 
slow motion and variable slow mo- 
tion in SLP; transition editing; and 
automatic VCR /TV switching. 

The Model VR1830AT ($469.95) 
has the same features as the 
VR1820AT, except that it has three 
heads and adds forward /reverse 
x 21 in SLP / x 7 in SP latching 
search, still frame in SP /SLP, frame 
advance in SP /SLP, slow motion in 
SP /SLP and variable slow motion in 
SLP. The top of the line is the four - 
head Model VR1840AT ($499.95) 
that has an audio /video "Learn" re- 
mote with five A/V functions. It has 
all the features and functions of the 
above two models plus a jitter -free 
field still, noiseless double fine slow 
and variable fine slow motion. 

CIRCLE NO. 159 ON FREE INFORMATION CARD 

(Continued on page 72) 

Say You Saw It In Modern Electronics 

TALK IS 
CHEAP. 

Have you heard? For less than $90 
your AT or XT- compatible corn - 
puter can talk! All it needs is the 
HV -2000 Computer Voice Kit from 
Heathkit. 

Reading letters, transcriptions 
and computerized instruction can be 
easier and quicker than you ever 
thought possible. Computer games 
gain a new dimension. Your corn- 
puter can even entertain children 
with stories 
and songs. 

s89.95 

If you have 
a modem, 

the HV -2000 
Computer Voice will allow your 
computer to recite reference and 
research information from time- 
sharing services. Or, speak radio 
transmitted ASCII information. 

The HV -2000 Computer Voice 
Card, containing speech synthesizer 
and audio amplifier, plugs into any 
AT or XT- compatible computer's 
expansion slot. An external speaker 
is also included. Versatile, Heath - 
developed software gives you a 
wide variety of voices and easy in- 
terface to high and low level 
languages. 

The HV -2000 Computer Voice. 
At less than $90, talk IS cheap. To 
order, call toll -free 1 -800- 253 -0570. 
Use your Visa, MasterCard, Ameri- 
can Express or Heath Revolving 
Charge card. Use order code 
218 -079 
For your FREE Heathkit Catalog 
call 1- 800 -44 -HEATH 

I Heath Company i 
A subsidiary of Zenith Electronics Corporation 

Prices, product availability and specifications are 
subject to change without notice. 

CIRCLE NO. 128 ON FREE INFORMATION CARD 
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Choosing The Right 
Computer Power 

(Part I) 

Guidelines to buying personal computers 

By Joseph Desposito 

As we head into the final 
months of the 1980's, mark- 
ing about 15 years since the 

first personal computer was mar- 
keted, a substantial number of Mod- 
ern Electronics readers are expected 
to buy one or more of these won- 
drous machines -69.8 percent of 

you, according to a 1989 study. In 
light of this, there are many ques- 
tions that need to be asked and an- 
swered concerning these purchases. 

Foremost on the list of questions 
should be: Which personal computer 
is right for me? Should I purchase 
one that ascribes to the IBM standard 
or should I consider one of the many 
varieties of Apple computers? Or is 

one of the Commodore or Atari 

models best for my particular needs? 
The answers to these questions might 
well fill a book. We, however, have 
chosen to shed light on the subject in 
a two -part article. The first part will 
view personal computing through a 
blue -filtered lens -in other words 
IBM and compatible computers. The 
second part will examine the world 
of Apple, Atari and Commodore 
computers. 
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MODERN October 1989 

IBM & Compatible Computers 

When you begin to discuss IBM and 
compatible computers, a company 
name that likely pops into mind is In- 
tel. This is because Intel manufac- 
tures the bulk of the microprocessors 
that are in these machines. And there 
is no better starting point when talk- 
ing about personal computers than to 
focus on the microprocessor that the 
computer uses. 

Most IBM and compatible corn- 
puters use an 8088, 8086, 80286, 
80386SX or 80386 microprocessor. 
Now if money were no object, my 
suggestion to all readers would be to 
buy a computer with an Intel 80386 
microprocessor. This chip is current- 
ly the most powerful of the Intel line 
that is used in personal computers. 
(Intel does have a more powerful 
80486 microprocessor, but personal 
computers that use the chip are not 
yet on the market.) 

However, since the cost of a com- 
puter is always a factor, the next 
question to ask is: What are the 
tradeoffs you have to make based on 
price? A major tradeoff is speed. If 
you were to succumb to an advertise- 
ment for a true blue IBM PC compa- 
tible for a bargain basement price of 
just $799, for example, you would be 
buying a personal computer with an 
8088 microprocessor that has a clock 
speed of just 4.77 MHz. Since clock 
speed is one of the factors in how fast 
programming instructions are exe- 
cuted inside the computer, you 
would be saddled with the slowest 
speed available in an IBM computer. 
However, this doesn't mean that this 
computer is a terrible purchase. Af- 
ter all, the IBM PC was the American 
business standard for two or three 
years. This computer still does cer- 
tain tasks like word processing rela- 
tively well. 

Most 8088 -based compatibles to- 
day, however, use an 8088 -2 or a 
NEC V -20 microprocessor. These are 

dual -speed processors that run at 
4.77 MHz and 8 or 10 MHz. The 
higher speed is usually selectable with 
a keystroke command such as 
CTRL /ALT/ + . This effectively 
doubles the speed of the computer. 

Why Buy an 8088 Computer? 
If you were to consider buying an 
8088 -based computer, you would 
probably do so mainly for word pro- 
cessing and light spreadsheet or data- 
base work. It's best to buy a mono- 
chrome system for three reasons -it 
keeps the cost down, the mono- 
chrome display is much faster than a 
CGA (color graphics adapter) dis- 
play, and text is sharper. A mono- 
chrome system consists of a mono- 
chrome adapter and monochrome 
monitor, of course. 

Most monochrome adapters ad- 
vertise Hercules compatibility, 
which means they are compatible 
with the standard established by the 
Hercules Graphics Card that allows 
you to display graphics as well as text 
on your monitor, a matter that the 
originally introduced IBM PC ig- 
nored. Keep in mind, however, that 
the IBM PC is also a pretty nice game 
machine. If you're into games, there- 
fore, this means buying at least a 
CGA adapter and CGA monitor, 
both relatively low -cost items, in- 
stead of monochrome ones. Much 
costlier, but much better from the 
standpoint of picture sharpness and 
number of colors that can be dis- 
played, would be the EGA adapter 
and color monitor. 

Most plain IBM PC compatibles 
come with one or two 5.25 " low -den- 
sity disk drives. A low- density disk 
holds 360 KB of data. If you can af- 
ford a 20 -MB hard disk, you should 
purchase one for your computer 
right away. A Seagate 20 -MB hard 
disk with 65 -ms access time sells for 
about $250 now. 

Though the 5.25 " low- density 
floppy disk was the IBM standard for 
quite a number of years, this type of 
disk and drive are now more the low- 
est- common denominator than a true 
standard. The 5.25 " low- density 
standard is being challenged on sev- 
eral fronts: 5.25 " high- density and 
3.5 " low- and high- density formats. 
When IBM began using the 3.5 " for- 
mat in its newest personal comput- 
ers, it legitimized the format. Both of 
IBM's low -end PS /2 computers, the 
Models 25 and 30, have 3.5 " low - 
density disk drives. Other computers 
in the PS /2 line feature a 3.5 " high - 
density disk. A 3.5 " high- density disk 
has a storage capacity of 1.44 MB. 

One feature that some 8088 -based 
computers lack is a real -time clock. 
This can be a nuisance if you would 
like a time and date stamp on your 
files (which DOS does automatically) 
without having to manually set time 
and date each time you boot up your 
computer. If your computer does not 
come with a clock, you can easily get 
one by purchasing a clock chip or a 
multifunction card that typically in- 
cludes this feature. 

A more advanced microprocessor, 
the 16 -bit 8086, which maintains full 
compatibility with the eight -bit 8088, 
is employed in computers to derive 
greater speed and some more power. 
Nevertheless, it is bunched here with 
the 8088 as an older micro (more than 
10 years) that doesn't come near the 
speed and power of microprocessors 
currently in use. 

Interestingly, IBM's PS /2 Models 
25 and 30, and compatibles from 
other companies, use the 8086 micro- 
processor running at 10 MHz. With 
these computers, you don't have to 
worry about which video display to 
buy. They have the display circuitry 
built into the main computer board 
(motherboard). The display is 

MCGA, which stands for multicolor 
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 never be able to run some newer operating systems." 

graphics array. It is essentially the 
same as CGA, but with twice as many 
scan lines. This produces a sharper 
image, but also necessitates a more 
costly video display monitor. You 
must purchase either an MCGA 
monitor or one of the many multi - 
scan monitors on the market. 

The reason you can't use a CGA 
monitor with MCGA video is that a 
CGA monitor is designed for a hori- 
zontal scan rate of 15.75 kHz. The 
MCGA scan rate is double that or 
31.50 kHz. Multiscan monitors, such 
as the popular NEC MultiSync (NEC 
Home Electronics, Wood Dale, IL) 
color monitor, can automatically ad- 
just to horizontal scan rates that vary 
from about 15 kHz to about 35 kHz. 

While we're on the subject of 8088 - 
and 8086 -based personal computers, 
let's not forget about laptop port- 
ables. Most low- cost portables com- 
patible with the IBM PC use some va- 
riation of these chips (usually a low - 
power CMOS version). And most use 
3.5 "low- density disk drives and have 
a CGA output besides the built -in 
LCD (liquid -crystal display). 

8088 Pros & Cons 
If you're contemplating an 8088- or 
8086 -based personal computer, you 

should know what you will not be 
getting. You will not be getting 
enough speed or power to run graph- 
ics -based programs such as the Excel 
(Microsoft, Bellevue, WA) spread- 
sheet program or the Pagemaker 
(Aldus, Seattle, WA) desktop pub- 
lishing program or serious computer - 
aided design programs. You will not 
be getting enough speed or power to 
run large databases or large spread- 
sheets in a reasonable amount of 
time. Also, you will never be able to 
run some of the newer operating sys- 
tems such as Microsoft's OS /2. 
(However, you should always be able 
to run the latest version of MS -DOS.) 

On the positive side, an 8088 -based 
computer can be expanded relatively 
inexpensively, since speed is not an 
issue. Memory chips need only be 
rated at 150 ns, thus making both 
conventional and expanded memory 
cheaper to buy. And hard disk drives 
need only be rated at 65 ms or so, the 
least expensive drives on the market. 
Expansion is accomplished for the 
most part through expansion slots on 
the computer's motherboard. The 
original IBM PC had five slots, while 
the IBM XT had seven regular -sized 
slots and one short slot. The original 
XT also came standard with a 10 -MB 

hard disk drive, considered paltry 
storage nowadays. 

A suggested 8088 -based system 
would be one with dual speeds of 
4.77 and 8 or 10 MHz, 640 KB of 
RAM, at least five expansion slots, a 
real -time system clock, a mono- 
chrome- graphics (Hercules compati- 
ble) adapter and monochrome moni- 
tor, a disk drive controller for both a 
floppy and hard disk drive, a 360 -KB 
floppy drive, a 20 -MB hard disk 
drive, and parallel and serial ports. 

If the system is for home use and 
you intend to play games on it in ad- 
dition to your other computing tasks, 
then you could substitute a CGA 
adapter and CGA monitor for the 
monochrome adapter and monitor, 
and purchase a joystick and an add - 
in board with a game port. Do bear in 
mind, though, that the quality of text 
or numbers will not be even nearly as 
good as with a monochrome system. 
So if word processing weighs heavily 
in your plans, you may want to re- 
think color -game capability -or buy 
a multifunction adapter that handles 
mono, CGA and EGA, and get both 
a mono and a color monitor. 

You can purchase 8088- or 
8086 -based computers in computer 
stores or through mail order. 

286 Computers Speed At Last! 

When IBM announced its AT model 
in 1984, many so- called power users, 
who had been frustrated by the limi- 
tations of the IBM PC and XT, were 
ecstatic. Not only was there a clock 
speed increase from 4.77 MHz to 6 

MHz, but there was also a power in- 
crease. The 8088 has an eight -bit data 
bus, which means it can send and re- 
ceive program instructions and data 
only 8 -bits at a time. Also, the 8088 
can address only 1 MB or 1,024,000 
memory locations (although DOS 

limits use for programs to 640K). The 
80286, on the other hand, has a 16 -bit 
data bus (as does the 8086), so it can 
send and receive program instruc- 
tions and data 16 -bits at a time, and it 
has a 16 MB physical address space. 

What Price Speed? 
The most significant asset of 
80286 -based computers compared to 
8088- and 8086- based machines is 

the speed difference. Since you'll pay 

more money for this speed you 
should have a real need for it. 

The increased speed of 80286 com- 
puters is accomplished by faster pro- 
cessor speeds (some chips can run as 
fast as 20 MHz) and faster disk 
drives. Hard -disk drives of IBM AT- 
type computers should have an aver- 
age access time of 40 ms or less 
(28 -ms ones are popularly used). 

Let's spend a little time examining 
80286 processor speeds. As men- 
tioned earlier, the original IBM AT 
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had a clock speed of 6 MHz. After a 
while, faster 8 -MHz ATs came 
along. In some AT compatibles, the 
processor speed increased to 10 

MHz. At this point many companies 
tried to squeeze more speed out of the 
system by running it at zero wait 
states. When a computer is operated 
at zero wait states, the system RAM 
has to be fast enough so that the mi- 
croprocessor never has to add a wait 
state or extra clock cycle to the sig- 
nals that it sends to memory. 

Remember that RAM is made up 
of millions of physical transistors or 
electronic switches that take a frac- 
tion of a second to switch states from 
on to off or vice -versa. As the speed 
of the processor increases, the RAM 
chips must have a faster response 
time or else the processor will have to 
wait until the RAM is ready, thus 
slowing down the overall operation 
of the system. 

Whereas in a 4.77 -MHz IBM PC 
you could use RAM chips rated as 
high as 200 ms, in a 10 -MHz 80286 
computer you would need costlier 
RAM chips rated at 85 ms in order 
to operate at zero wait states reliably 
(in effect equivalent to 12 -MHz, one 
wait state operation). 

You can figure out how fast your 
RAM must be to operate at zero wait 
states by calculating the inverse of the 
clock speed. For example, a clock 
speed of 4.77 MHz translates into 
about 209 ns per cycle (1 divided by 
4,770,000). A clock speed of 10 MHz 
translates into 100 ns per cycle (1 di- 
vided by 10,000,000). The response 
time of RAM should be comparable 
to the clock cycle time to ensure reli- 
able operation. And since RAM chips 
are rated in discrete categories (for 
example, 85 ns, 100 ns, 120 ns, 150 
ns), you should choose a value that 
is equal to or less than the calculated 
value. (You can get away with re- 
sponse time ratings higher than the 
calculated values simply because the 
rating on the chip represents a worst 
case value.) 

Although IBM does not manufac- 

ture an 80286 -based computer with 
clock speeds faster than 10 MHz, 
others make AT- compatible comput- 
ers that can be found with clock 
speeds of 12 MHz, 14 MHz, 16 MHz 
and 20 MHz. You should be aware 
that chip maker Intel doesn't produce 
80286 chips rated faster than 12.5 

MHz. However, there are two com- 
panies that manufacture faster ver- 
sions of the 80286: Harris Semicon- 
ductor (Melbourne, FL) and Ad- 
vanced Micro Devices (Sunnyvale, 
CA). One limitation here is the co- 
processor. If you intend to use the 
80287 coprocessor in your computer, 
keep in mind that the fastest one 
that Intel makes runs at 10 MHz. 
And no other company makes a 
faster version. 

One of the problems that crops up 
in these faster -speed computers is the 
speed of the bus. Some manufactur- 
ers increase the speed on the bus to 
match the speed of the processor. 
This causes problems with some in- 
put /output devices such as mouses 
(mice ?) and network cards. If you're 
using a mouse on a computer with a 
14 -MHz bus speed, for example, the 
mouse will sometimes die (fails to 
move the cursor), and the computer 
must be rebooted. The IBM AT bus 
speed is 8 MHz, which is a speed you 
should look for when purchasing a 
compatible. For example, you can 
purchase a 12 -MHz AT- compatible 
with a bus speed of 8 MHz. 

Earlier, it was mentioned that an 
AT or compatible should use a hard 
disk drive with an average access time 
of less than 40 ms. You should also 
consider purchasing a drive with a 
minimum storage capacity of 40 MB. 
Whereas some years ago, 5- or 
10 -MB hard -disk drives were suffi- 
cient and rather costly peripherals, 
nowadays even 20- or 30 -MB drives 
become filled up with application 
and utility programs, and normal 
everyday use. Since most 40 -MB 
drives have an average access time of 
about 28 ms, you will also have the 
advantage of adding more speed to 

your system. Generally, the larger 
the storage capacity of the drive, the 
faster its average access time. 

The 640K Barrier 
The amount of memory that general- 
ly comes standard on the mother- 
board of AT- compatible computers 
is 1 MB. This does not mean that 
your programs and data can use 1 

MB -you are still limited to 640K 
due to the restrictions of MS -DOS. 
The extra 384K that you get is called 
extended memory. This memory can 
be used for such things as RAM 
disks, disk caching, and print spool- 
ing. DOS provides a utility called 
VDISK to create a RAM disk, but 
you would have to purchase separate 
software to implement such features 
as disk caching and print spooling. 

The only way to run programs or 
store data outside of conventional 
640K RAM on an AT computer is by 
purchasing an expanded memory 
card that supports the LIM (Lotus - 
Intel- Microsoft) 4.0 standard. Pro- 
grams such as Lotus 1 -2 -3 Version 
2.0 and higher can use expanded 
memory for very large spreadsheets. 
To run programs in expanded mem- 
ory, however, the program itself 
must support this feature of the LIM 
4.0 standard. Right now, some TSR 
(terminate and stay resident) pro- 
grams support it. 

Once you begin to think about pur- 
chasing an 80286 -based computer, 
another variable might enter the pic- 
ture. Are you interested in the classic 
bus or the Micro Channel Architec- 
ture (MCA) bus? The classic bus is 

the bus that was introduced in the 
IBM PC and extended in the IBM 
AT. In the IBM PC, the expansion 
slots, where you plug in your choice 
of printed- circuit boards, have 64 
pins. The electronic signals on these 
pins essentially define the eight -bit 
classic bus. 

The IBM AT, in turn, has two of 
these 64 -pin expansion slots, and six 
longer slots made up of two pieces- 
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the 64 -pin slot and a 36 -pin slot but- 
ted up against it to form a longer 
100 -pin expansion slot. The electron- 
ic signals on this longer expansion 
slot define the 16 -bit classic bus. All 
of the IBM AT- compatible comput- 
ers (IBM no longer produces a Model 
AT) use the classic bus, as does the 
IBM Model 30 -286. The 80286 -based 
computers that use the Micro Chan- 
nel bus are limited to IBM's Model 50 

series and Model 60 series. 
According to Chet Heath of IBM, 

"The Micro Channel interface is de- 
signed to support the configuration, 
extendibility, reliability, and service- 
ability needs of multitasking and 
multiuser and networked systems." 
The MCA bus introduced the pro- 
gram option select function (POS), 
which automatically resolves con- 
flicts between devices attached to the 
personal computer system. This 
function also eliminates all configu- 
ration switches in the system, which 
means the user no longer has to set 
DIP switches on the motherboard of 
the computer. 

The MCA bus is also designed to 
support multi- master capability, 
which means that an add -in card, 
such as a coprocessor adapter card, 
can act as the bus master. The bus 
supports up to 15 bus masters in ad- 
dition to the microprocessor. Bus 
master cards can communicate di- 
rectly with input /output devices and 
memory without depending on the 
system's microprocessor. Thus, bus 
masters distribute processing respon- 
sibility efficiently throughout the 
system, freeing the main processor 
resources for other tasks. 

Answering the question of whether 
to go classic or Micro Channel de- 
pends on several factors. First is cost. 
An 80286 -based Micro Channel com- 
puter costs more than one with a clas- 
sic bus. Second is functionality. Al- 
though the MCA bus promises to add 
more functionality to your personal 
computer as described above, in real- 
ity, the bus -master cards have been 
slow coming to market. Moreover, 

the benefits of the new IBM bus have 
been challenged by many manufac- 
turers of classic bus computers. 
However, the Micro Channel does 
seem to be the bus of the future. 
Therefore, it's your decision to make 
as to when to buy into what's ahead, 
as compared to what's more useful at 
a lower cost right now. 

Final 286 Considerations 
The standard floppy -disk drive on an 
IBM AT or compatible is the 1.2 -MB 
drive. Of course, you can add any 
other type of floppy drive to the sys- 
tem if your disk drive controller, sys- 
tem BIOS, and version of DOS (3.3 
or higher) support it. 

One of the features of an 
80286 -based computer versus an 
8088 -based one is a setup disk. On 
8088 computers, you must set DIP 
switches to tell the computer what the 
configuration is in terms of disk 
drives, display, memory, etc. On an 
80286 computer you set the configu- 
ration through software. Some man- 
ufacturers include a setup disk, while 
other manufacturers include the set- 
up in ROM memory. The latter is 
much more convenient. 

When you choose an 80286 com- 
puter you are more likely to want a 
color system, too. The choice you 
make for your color adapter will also 
determine your choice of monitor. 
On an AT- compatible system, you 
should not settle for anything less 
than EGA (enhanced graphics adapt- 
er) and probably should choose VGA 
(video graphics array). 

If you were to choose an IBM 
80286 Micro Channel computer, 
such as the Model 50Z, VGA would 
be a standard feature built into the 
system board. On most AT compati- 
bles, though, you must purchase a 
separate video adapter card. The 
main difference between EGA and 
VGA is that the former is a digital de- 
sign and the latter is an analog de- 
sign. What this translates into in the 
real world is the number of colors 

that can be simultaneously displayed 
on- screen. While most EGA cards 
offer 16 colors from a palette of 64, 
VGA cards offer 256 colors from a 
palette of 256K (262,144). 

Standard EGA resolution is 640 by 
480 with 16 colors or 640 by 350 pix- 
els, while standard VGA is 320 by 200 
with 256 colors. You can also pur- 
chase enhanced EGA cards and super 
VGA cards to extend the resolution. 
A typical resolution for a super VGA 
card is 600 by 800 pixels and, depend- 
ing on the card, either 16 or 256 col- 
ors can be displayed. 

Once you have settled on the type 
of graphics display adapter, the next 
step is to purchase a monitor that 
matches the adapter. For EGA you 
could purchase a digital EGA moni- 
tor, and for VGA you could purchase 
an analog VGA monitor. Or you 
could simply purchase a multiscan 
monitor that displays both digital 
EGA and analog VGA. 

All multiscan monitors can display 
standard EGA and VGA, but some 
don't have a high enough horizontal 
frequency to display super VGA. To 
display super VGA, you can prob- 
ably get by with a monitor that has a 
horizontal frequency range of about 
15 to 35 MHz. You would be better 
off, however, with a monitor such as 
the NEC MultiSync Plus; it has a 
horizontal frequency range of 21.8 to 
45 kHz (note that this monitor does 
not have a low enough frequency to 
display CGA). 

A choice you need to make with an 
AT -type computer is the kind of key- 
board you want. There are basically 
two varieties, the 84 -key standard 
AT keyboard and the 101 -key en- 
hanced AT keyboard. The basic dif- 
ferences between the two are these: 
the function keys (10) on the stan- 
dard keyboard are on the left side in 
two vertical rows, while the function 
keys (12) on the enhanced model are 
along the top; the enhanced key- 
board has a separate cursor keypad 
and separate named keys (Home, Pg 
Up, etc.). 
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Besides the type, you should be 
concerned with the feel of the key- 
board. Some keyboards that come 
with compatible computers are very 
light in weight. Others have a mushy 
feel when you press the keys. Al- 
though this might be to your liking, 
you should realize that some manu- 
facturers, such as IBM, include key- 
boards that are heavy and have an ex- 
cellent tactile response. IBM's key- 
board has firm spring tension and a 
sharp breakover point early in its 
travel that can be distinctly felt and 
heard. If you buy a computer and 
don't like the keyboard, you can pur- 
chase a replacement model from such 
companies as Northgate (Plymouth, 
MN) and KeyTronic (Spokane, WA). 

One last point to make about AT- 
style computers is the enclosure. The 
IBM AT has a significantly larger 
case than the IBM PC or XT. And 
most compatibles are the same size as 
the IBM AT. If this is too big for your 
taste, you might consider one of the 
small- footprint ATs. In general, 
these computers are smaller because 
they don't offer the same number of 
expansion slots as a standard AT. In 
some systems, like the Dell System 
220 (Dell Computer Corp., Austin, 
TX), a 20 -MHz 286, the three expan- 
sion slots are such that cards must be 
mounted horizontally, rather than 

vertically. Although this doesn't af- 
fect the function of the add -in card, 
you should be aware of this kind of 
change from the norm. 

Pros & Cons of 
an 80286 Computer 
What are the drawbacks of purchas- 
ing an 80286 -based computer rather 
than a higher priced 80386 model? 
Since the 80386 chip is the micropro- 
cessor for today and for the foresee- 
able future for IBM and compatible 
computers, you won't be able to run 
some new programs that take specific 
advantage of the chip's features, es- 
pecially its ability to do multitasking. 
On the other hand, purchasing an 
80286 computer will save you money 
compared to an 80386, but not that 
much anymore compared to an 
80386SX, a sort of hybrid type. 

For the most part right now, this 
means you cannot use any of a num- 
ber of 386 operating systems such as 
Microsoft Windows 386, PC MOS/ 
386 (The Software Link, Atlanta, 
GA), VM/386 (IGC, Santa Clara, 
CA), DESQview /386 (Quarterdeck, 
Santa Monica, CA), Concurrent 
DOS 386 (Digital Research, Monte- 
rey, CA). Also, applications are 
coming out that are meant to run on- 
ly on 80386 -based computers. One 

386 Computers 

Earlier, I stated that if money were 
no object, my suggestion to all read- 
ers would be to buy a computer with 
an Intel 80386 microprocessor. These 
personal computers are the fastest 
and most powerful IBM /compatible 
computers on the market. Software 
companies are just beginning to tap 
the power of this processor, which 
means that many new software prod- 
ucts will be coming out that take spe- 
cific advantage of its architecture. 

that is already here is Paradox 386 
(Borland, Scotts Valley, CA). 

On the bright side, you can run 
graphics -based programs such as 
Windows 286 on your 80286, and any 
programs that run under Windows, 
such as Microsoft Excel and Aldus 
PageMaker. Keep in mind for graph- 
ics programs that the faster your 
computer, the better these programs 
work. Microsoft's OS /2 operating 
system and Presentation Manager 
will also run on an 80286 computer 
(though only for single -user use). 

If you choose to use Windows on 
your computer, you should certainly 
invest in a mouse. A serial mouse 
connects to the serial port of your 
computer, while a bus mouse con- 
nects to a port on an add -in mouse 
card. IBM PS /2 computers have a 
mouse port as a standard feature. 

A suggested 80286 -based system 
would be one with a clock rate any- 
where from 10 to 20 MHz running at 
zero or one wait state, 1 MB of RAM, 
eight expansion slots (two 8 -bit and 
six 16 -bit), a VGA graphics adapter 
and multiscan monitor, a 1.2 -MB 
floppy drive, a 40 -MB hard disk 
drive with 28 -ms average access time, 
and parallel and serial ports. 

You can purchase AT- compatible 
computers in computer stores or 
through mail order. 

Speed And Power! 

Therefore, it seems that the best com- 
puter to buy for now and the foresee- 
able future is one built around an 
80386 microprocessor. 

You still have a host of choices to 
make if you decide to go for the 
money. First you have 80386 and the 
new less -powerful (but also less cost- 
ly) 80386SX computers with the clas- 
sic bus, and then you have IBM and 
others with Micro Channel 80386 
computers. One other bus architec- 

ture that looms on the horizon is 

EISA, which is backed by a number 
of computer manufacturers headed 
by Compaq. However, this bus has 
not appeared in a personal computer 
at this writing. We'll discuss the mer- 
its of these types later. 

Full 80386 Speed Ahead 
Since one of the main features of the 
80386 chip is its speed, computer 
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manufacturers have had to come up 
with ways to improve the speed of the 
whole system. For what good is a 20 -, 
25- or now 33 -MHz processor if the 
rest of the system can't keep up? 
Some of the ways that manufacturers 
have tried to improve the speed of the 
whole system is with very fast mem- 
ory chips, memory caches, fast disk 
drives and controllers, and proprie- 
tary bus schemes. 

When contemplating the purchase 
of an 80386 computer, the first ques- 
tion to ask is about RAM. How much 
RAM is on the motherboard, what 
kind of chips are used, how fast are 
the chips, and how can RAM be 
expanded? 

To receive the full benefit of the 
80386's 32 -bit data path, a computer 
needs 32 -bit RAM. Since the classic 
bus provides for only 16 -bit opera- 
tion, the manufacturer needs to have 
a proprietary 32 -bit memory slot in 
the computer. Of course, some 32 -bit 
RAM will be on the system board - 
the more capacity the better. But if 
you want to expand beyond that, you 
will in most cases have to depend on 
the manufacturer to provide a 32 -bit 
memory expansion board. This is 

much different than with 80286 corn - 
puters that can use any of a number 
of 16 -bit memory expansion boards. 

The RAM in most 80386 comput- 
ers is either all dynamic RAM, or dy- 
namic RAM and a small amount (up 
to 64 KB) of static RAM. The fastest 
and most expensive RAM is static 
RAM, which has a typical response 
time of 35 ns or less. Dynamic RAM 
is slower, but is also less expensive. 
Still, the dynamic RAM used in an 
80386 computer needs to be the fast- 
est dynamic RAM available, with re- 
sponse times of 70 or 80 ns. 

Some companies have chosen to 
tackle the speed problems of dyna- 
mic RAM by designing into the sys- 
tem a cache controller chip such as 
the Intel 82385. The chip usually 
works together with a small amount 
of static RAM (32 or 64 KB). This 
greatly increases the speed of the sys- 

Microprocessor Comparisons 

IBM Equiv.: PC 
8088 

XT 
8086 

AT PS/2 Series 
80286 80386SX 80386 

Speed Ranges 4.77/ 4.77/ 6/8/10/ 16/20 16/20/ 
(MHz) 8/10 8/10 12/20 25/33 

Data Bus (bits) 8 16 16 16 32 
Data Bus (bits) 8 16 16 16 32 
RAM Type DRAM DRAM DRAM DRAM DRAM, 

SRAM Cache 
Extra Memory 

Use 
Expanded Expanded Expanded, Expanded, 

Extended Extended 
Expanded, 
Extended 

Expansion 8 8 8/16 8/16 8/16/32 
Boards (bits) 

Operating System DOS DOS DOS,OS /2 DOS,OS /2 DOS /OS2 
Runs New '386 No No No Yes Yes 

Software 

tern, while still gaining the cost ad- 
vantage of dynamic RAM. 

A caching system increases the 
speed of main (dynamic) memory by 
interposing fast static RAM between 
the processor and slower dynamic 
RAM. A copy of the most frequently 
used data is kept in the static RAM. 
In fact, if the static RAM cache ac- 
cepts more data than has actually 
been requested by the processor, in 
effect guessing what comes next, 
speed can be improved even further. 

Both addresses and data can be 
kept in the static cache RAM. The 
addresses are those accessed by the 
processor on previous cycles, while 
the data is the data associated with 
the addresses. A cache "hit" occurs 
whenever the processor requests a 
previously requested address. The 
processor can then bypass the dyna- 
mic RAM and retrieve the data from 
the static RAM. 

Since most program code consists 
of looping routines that repeatedly 
access the same memory locations, it 
becomes highly probable that valid 
data will reside in the cache RAM. 
And since programs typically operate 
in a sequential manner, the hit rate 
can be increased by pre- fetching data 
in sequential addresses and putting it 
into the cache. 

The Intel 82385 cache controller 

uses a caching scheme called two -way 
set associative mapping. Another 
type of caching scheme is called di- 
rect mapping. 80386 computers that 
use the latter scheme need more static 
RAM to implement it. Computers 
such as 'the Compaq 386/25, Dell 
System 310, and IBM PS /2 Model 70 
use the Intel cache controller. One 
computer that uses direct mapping is 
the Everex Step 386/25. 

Having some type of cache mem- 
ory in the computer allows the system 
to run at zero wait states for a good 
part of its operation even though the 
bulk of the RAM in the machine 
would normally require one wait 
state. Since an 80386 normally ac- 
cesses and loads from main memory 
in two clock cycles, and each wait 
state adds one clock cycle, machines 
without static RAM caches pay a per- 
formance penalty that somewhat ne- 
gates the effect of the faster speed of 
the microprocessor. 

There are other solutions to the 
fast RAM problem. Some 80386 
computer manufacturers use inter- 
leaved RAM. With this scheme, two 
banks of dynamic RAM are accessed 
alternately by the processor. This 
method is useful for 20 -MHz ma- 
chines, but not fast enough for 25 
MHz and above. However, inter- 
leaved RAM, which effectively re- 
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duces the number of wait states to 
about 0.7 for a computer running at 
20 MHz, is not as good a solution as a 
static RAM cache, which can reduce 
the effective number of wait states to 
less than 0.2. 

Another memory scheme is called 
static -column or page -mode RAM. 
Each memory location in the com- 
puter has a unique row and column 
address. In a page memory scheme, 
sequential information is assumed to 
have the same row address, so the 
processor only looks for the column 
address to find the data. This in- 
creases speed enough to reduce the 
effective number of wait states to 
0.7. Static column RAM is actually 
dynamic RAM combined with spe- 
cial circuitry. 

Main memory is not the only part 
of an 80386 computer's memory that 
is relatively slow compared to the 
speed of the processor. There is also 
read only memory (ROM) for com- 
puter designers to worry about. The 
solution that some computer manu- 
facturers have come up with is a con- 
cept called shadow RAM. Shadow 
RAM refers to the practice of copy- 
ing the video BIOS and system BIOS 
programs from their respective ROM 
chips into faster 32 -bit dynamic 
RAM, thus creating a shadow of 
these programs in RAM. 

New Architectures 
For New Problems 
In their quest to keep up with the 
speed of the 80386 processor, some 
manufacturers have elected to design 
proprietary architectures that take 
into account the fact that some parts 
of the computer can operate faster 
than other parts. For example, the 
Compaq 386/20 and 386/25 comput- 
ers use a system called the Flex Archi- 
tecture. This architecture combines a 
memory caching scheme with a con- 
current memory and input /output 
bus to optimize overall system 
throughput while maintaining com- 
patibility of the classic bus. 

The Flex Architecture uses the In- 
tel 82385 cache memory controller to 
provide fast retrieval of frequently 
accessed data. The controller man- 
ages the microprocessor's read and 
write requests and directs the request 
to either 32 KB of high -speed static 
memory or to main memory. This 
improves performance by reducing 
the need for bus accesses to main 
memory and therefore provides zero - 
wait -state operation approximately 
95°7o of the time. 

The Flex Architecture also pro- 
vides a practical solution to the bot- 
tleneck of data traffic created in per- 
sonal computers that use high -per- 
formance components such as 80386 
processors and high -speed disk 
drives and memory. Some personal 
computer architectures eliminate this 
bottleneck by increasing the speed of 
the bus, but sacrifice compatibility 
with peripheral devices. Other archi- 
tectures maintain compatibility but 
do not relieve the bottleneck. 

The Compaq Flex architecture al- 
leviates bottlenecks by providing sep- 
arate data paths for memory and pe- 
ripheral input /output. Thus, the bus 
architecture does not limit total sys- 
tem throughput. An additional per- 
formance benefit is the system's abil- 
ity to accommodate concurrent oper- 
ation of the input /output and mem- 
ory buses. Concurrent operation is 

achieved when the 80386 micropro- 
cessor is executing out of its cache 
memory and, at the same time, a pe- 
ripheral is accessing main memory 
through the unit's direct memory ac- 
cess (DMA) controller. 

Another proprietary, though also 
classic- bus -compatible, architecture 
is AST's SMARTs1ot architecture. It 
purports to give users the multitask- 
ing benefit's of IBM's Micro Chan- 
nel while maintaining compatibility 
with existing IBM AT -class hardware 
and software. The SMARTs1ot Ar- 
chitecture includes an AT bus ex- 

tension that allows multiple bus mas- 
ters to reside on the bus. AST's Pre- 
mium /386 includes three expansion 

slots that have the multimaster exten- 
sion. To add the multimaster capa- 
bility, AST increased by eight the 
number of signal pins on a 16 -bit AT 
expansion slot. However, standard 
PC /AT expansion cards still operate 
in the multimaster slots. 

The SMARTs1ot Architecture en- 
ables four bus masters to co -exist (the 
host CPU and three bus -resident 
masters). Control logic arbitrates the 
multimaster operation. The arbitra- 
tion logic accepts bus requests and 
then grants bus accesses to refresh 
and DMA control circuits, just as all 
AT- compatible systems do. The bus 
extension pins add three Master Re- 
quest, one Master Busy, and three 
Master Grant signals to the arbitra- 
tion scheme. The arbitration logic 
implements a "fair" arbitration 
scheme to grant bus access to any 
master on the bus. 

Arbitration logic gives priority to 
refresh and DMA requests. If a re- 
fresh request interrupts a bus mas- 
ter's access to the bus, however, the 
same bus master regains access when 
the refresh operation ends. A Lock 
input to the arbitration logic allows 
system software to lock out other bus 
masters. This Lock feature can be 
useful for time -critical applications. 

SMARTs1ot Architecture also 
provides the zero -wait -state 32 -bit 
memory access capability required in 
high -performance applications. A 
single slot in the Premium /386 is 

dedicated to memory. AST includes 
a board that provides up to 13 MB of 
RAM. The board uses static -column 
RAM to improve access speed when 
reading consecutive addresses. 

Speed All Around 
Memory is not the only part of the 
computer that needs to be fast enough 
to keep up with the processor. Hard 
disk drives and controllers need to be 
as fast as possible, too. As cited 
above, the larger the capacity of a 
hard disk drive, the faster its average 
access time. This means that you 
should seriously consider purchasing 

(Continued on page 68) 
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Project 

A Talking Telephone 
Vocalizes each number digit as you "dial" it on 

a Touch Tone -type keypad 

By Steve Sokolowski 

The circuit presented here will 
actually "speak" the number 
you dial as you key it in on a 

telephone Touch Tone -type keypad. 
It accomplishes this with the aid of 
the Digitalk Speech Synthesizer 
made by National Semiconductor. 

Aside from its novelty, this project 
has its practical side. It is an excellent 
means for eliminating mis- dialed tel- 
ephone numbers because it serves as 
a form of "error correction" as you 
"dial" the digits of a telephone num- 
ber. As you listen, you can tell if you 
touched a wrong key and, if so, ter- 
minate the operation before the mis- 
dialed number gets through your tel- 
ephone office and you are charged 
for a wrong number. This feature is 

particularly handy for the visually 
handicapped, who can also vocally 
verify that they have dialed correctly. 

About the Circuit 
Before getting into how the Talking 
Telephone works, it is important that 
you know something of how a stan- 
dard telephone instrument works. 
Though there are two main types of 
telephone instruments -rotary -dial 
(or pulse) and Touch Tone- types- 
the latter are far more commonly 
found in the modern home and of- 
fice. Because of its widespread use, 
the Talking Telephone was designed 
around the Touch Tone system. 

Touch Tone dialing was developed 
by Bell Telephone some 20 years ago. 
It uses pairs of eight specially selected 
audio tones that are further divided 
into groups of four low and four high 
tones. Because tone pairs are used for 

The Talking Telephone 

CEO 

each digit in the telephone number, 
the system of dialing used is techni- 
cally known as "Dual Tone Multi 
Frequency" (DTMF) dialing. A gen- 
uine DTMF tone is the algebraic sum 
of one tone from each of the low- and 
high- frequency groups. 

How these tones are used can be 
visualized by referring to Fig. 1. In 
(A) is shown the waveform of an 825 - 
Hz sinusoid that is generated by si- 
multaneously pressing Row 3 but- 
tons 7, 8 and 9 on the Touch Tone - 
compatible keypad. The 1,336 -Hz si- 
nusoid waveform generated by the 
tone dialer if Column 2 buttons 2, 5, 
8 and 0 are pressed simultaneously is 

illustrated in (B). Now, if only button 
8 on the keypad is pressed, internal 
circuitry sums these two tones to pro- 
duce the waveform illustrated in (D). 

The conventional tone -type key- 
pad has only 12 buttons for the nu- 
merals 0 through, * and #. However a 

complete DTMF keypad can have 16 

buttons in all -the usual 12 plus four 
more labeled A through D (see Fig. 
2). These last four buttons are used 
for communication with special 
equipment and, as a result, are rarely 
included on standard home and of- 
fice telephone instruments. 

By using a special DTMF receiver 
integrated circuit, the dialing tones 
of the telephone instrument can be 
converted into binary codes that can 
subsequently be fed into the Data in- 
put of the Digitalker IC. These bi- 
nary codes are converted by the Digi- 
talker chip into words that are vocal- 
ized through a speaker. 

The specialty integrated circuit 
that accomplishes the above is the 
G8870 DTMF Receiver chip manu- 
factured by California Micro De- 
vices. It is quite sophisticated, as 
demonstrated by the block diagram 
of its internal circuitry shown in Fig. 
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(C) 

Fig. 1. Examples of DTMF tones 
generated when (A) aRow3 button is 
pressed on the dialing keypad (582 
Hz); (B) a Column 2 button is pressed 
(1,336 Hz); and (C) the "8 "button is 
pressed (algebraic sum of Row 3 and 

Column 2 signals). 

3 (its case configuration and pin as- 
signments are shown in Fig. 4). Con- 
sidering the internal complexity of 
this chip, its retail price of about $10 
provides a very cost -effective way to 
go for designing and building inex- 
pensive telephone -related projects. 

A tone -dial telephone instrument 
produces a dual -tone (two -tone) out- 
put whose unique frequencies are rig- 
idly determined by the Row and Col- 
umn of the switching matrix for each 
particular button in the keypad. 
When it was first introduced in the 
1960s, the Touch Tone dialer was 
made from a comparatively large 
number of inductors and capacitors 
that produced pure sine -wave output 
signals. In contrast, modern DTMF 
keypads use crystal -controlled inte- 

grated circuits that generate the syn- 
thesized stair -step waveform illus- 
trated in Fig. 5. 

Though the step waveform pro- 
duced by modern tone -type keypads 
may only crudely approximate the 
sine waveform, DTMF receiving 
equipment like the G8870 can receive 
and decode every tone into its corres- 
ponding binary output (see Table 1). 

It is this output code that is converted 
by another integrated circuit -a pre- 
programmed 74188 PROM that has 
been programmed with the appropri- 
ate data) -into the required digital 
code that is then delivered to the in- 
put of the Digitalker. 

Refer now to the schematic dia- 
gram of the of the basic Talking Tele- 
phone circuitry shown in parts (A) 
and (B) of Fig. 6. The G8870 DTMF 
Receiver chip and programmed 
74188 PROM are shown as ICI and 
IC2, respectively, in part (A). It is the 
eight -bit output of IC2 at pins 1 

through 7 that is fed to the inputs at 
pins 15 through 9, respectively, of 
MM54104 Digitalker chip IC3 in part 
(B). Each eight -bit input that is deliv- 
ered to IC3 (burnt into IC2) selects 
the word -or in the case of our Talk- 
ing Telephone the number -1C3 is to 
vocalize when a key on the telephone 
instrument's keypad is pressed. 

Actual vocalization of any given 
digit is the responsibility of the Digi- 

1366 

697 

770 

852 

941 

ROW 

COLUMN 

1 

4 

7 

u 
5 

8 

8 

3 

6 

n 
1 

A 

B 

C 

D 

1633 

1477 

Fig. 2. A tone -type DTMF dialing 
keypad can have a total of 16 keys, 
though all but the ones labeled "A" 
through "D " are normally found on 
current home and business telephone 

instruments. 

talker chip. This chip, IC3 in Fig. 
6(B), stores complete words in its two 
support SSR1 and SSR2 chips. (The 
three -chip set is available for about 
$25 from Jameco Electronics.) The 
MM54104 specified for IC3 is the 
heart of the Digitalker set. This 40- 
pin DIP device has eight data lines on 
which the binary code of the word (or 

Table 1. Tone Keypad Frequencies and Binary Codes 

Button 
Low 
Frequency 
Component 

High 
Frequency 
Component 

HEX 
Output 
Format 

(Hz.) (Hz.) 3 2 1 0 

1 697 1209 0 0 0 1 

2 697 1336 0 0 1 0 

3 697 1477 0 0 1 1 

4 770 1209 0 1 0 0 

5 770 1336 0 1 0 1 

6 770 1477 0 1 1 0 

7 852 1209 0 1 1 1 

8 852 1336 1 0 0 0 

9 852 1477 1 0 0 1 

0 941 1336 1 0 1 0 
* 941 1209 1 0 1 1 

k 941 1477 1 1 0 0 

A 697 1633 1 1 0 1 

e 770 1633 1 1 1 0 
C 852 1633 1 1 1 1 

D 941 1633 0 0 0 0 
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Fig. 3. Block diagram of circuitry inside the G8870 DTMF Receiver chip. 

number) you wish to be vocalized 
through a speaker is placed. 

Table 2 lists the 11 binary codes 
you need for this project. These are 
all contained inside the SSR1 RAM 
that comes as a basic element in the 
Digitalker kit. Since the SSR2 RAM 
is not needed in this project, store it 
away in a safe place. You may want 
to use it at some future time for an- 
other talking circuit. 

So far, we have discussed the de- 
vice that converts the DTMF signal 
of a tone dialer into a binary code and 
the Digitalker that accepts this code 
as input and transforms it into the 
word that is to be vocalized. How this 
is accomplished is as follows. 

Pins 1 and 2 of ICI in Fig. 6(A) 
connect directly across the telephone 
line through the Cl /R1 and C2 /R2 
networks, respectively. This input al- 
lows the DTMF signal that is generat- 
ed by pressing one of the keys on the 
tone dialer to be passed to the corn- 
plex filtering and switching electron- 
ics inside ICI. The binary code that 
corresponds to the key pressed, listed 
in Table 1, is made available at pins 
11 through 14 of ICI. 

Compare Tables 1 and 2 for a mo- 
ment. The whole idea of this project 

Table 2. Digitalker Vocabulary List 

Word Address 

SW8 SW1 

Word Address 

SW8 SW1 

Word Address 

SW8 SW1 

This is Digitalker 0000 0000 Q 0011 0000 IS 0110 0000 

ONE 0000 0001 R 0011 0001 IT 0110 0001 

TWO 0000 0010 S 0011 0010 KILO 0110 0010 

THREE 0000 0011 7 0011 0011 LEFT 0110 0011 

FOUR 0000 0100 u 0011 0100 LESS 0110 0100 

FIVE 0000 0101 V 0011 0101 LESSER 0110 0101 

SIX 0000 0110 w 0011 0110 LIMIT 0110 0110 

SEVEN 0000 0111 X 0011 0111 LOW 0110 0111 

EIGHT 0000 1000 Y 0011 1000 LOWER 0110 1000 

NINE 0000 1001 Z 0011 1001 MARK 0110 1001 

TEN 0000 1010 AGAIN 0011 1010 METER 0110 1010 

ELEVEN 0000 1011 AMPERE 0011 1011 MILE 0110 1011 

TWELVE 0000 1100 AND 0011 1100 MILLI 0110 1100 

THIRTEEN 0000 1101 AT 0011 1101 MINUS 0110 1101 

FOURTEEN 0000 1110 CANCEL 0011 1110 MINUTE 0110 1110 

FIFTEEN 0000 1111 CASE 0011 1111 NEAR 0110 1111 

SIXTEEN 0001 0000 CENT 0100 0000 NUMBER 0111 0000 

SEVENTEEN 0001 0001 400HZ TONE 0100 0001 OF 0111 0001 

EIGHTEEN 0001 0010 80HZ TONE 0100 0010 OFF 0111 0010 

NINETEEN 0001 0011 20MS SILENCE 0100 0011 ON 0111 0011 

TWENTY 0001 0100 40MS SILENCE 0100 0100 OUT 0111 0100 

THIRTY 0001 0101 80MS SILENCE 0100 0101 OVER 0111 0101 

FORTY 0001 0110 160MS SILENCE 0100 0110 PARENTHESIS 0111 0110 

FIFTY 0001 0111 320MS SILENCE 0100 0111 PRECENT 0111 0111 

SIXTY 0001 1000 CENTI 0100 1000 PLEASE 0111 1000 

SEVENTY 0001 1001 CHECK 0100 1001 PLUS 0111 1001 

EIGHTY 0001 1010 COMMA 0100 1010 POINT 0111 1010 

NINETY 0001 1011 CONTROL 0100 1011 POUND 0111 1011 

HUNDRED 0001 1100 DANGER 0100 1100 PULSES 0111 1100 

THOUSAND 0001 1101 DEGREE 0100 1101 RATE 0111 1101 

MILLION 0001 1110 DOLLAR 0100 11-10 RE 0111 1110 

ZERO 0001 1111 DOWN 0100 1111 READY 0111 1111 

A 0010 0000 EQUAL 0101 0000 RIGHT 1000 0000 

B 0010 0001 ERROR 0101 0001 SS (Note 1) 1000 0001 

C 0010 0010 FEET 0101 0010 SECOND 1000 0010 

D 0010 0011 FLOW 0101 0011 SET 1000 0011 

E 0010 0100 FUEL 0101 0100 SPACE 1000 0100 

F 0010 0101 GALLON 0101 0101 SPEED 1000 0101 

G 0010 0110 GO 0101 0110 STAR 1000 0110 

H 0010 0111 GRAM 0101 0111 START 1000 0111 

I 0010 1000 GREAT 0101 1000 STOP 1000 1000 

J 0010 1001 GREATER 0101 1001 THAN 1000 1001 

K 0010 1010 HAVE 0101 1010 THE 1000 1010 

L 0010 1011 HIGH 0101 1011 TIME 1000 1011 

M 0010 1100 HIGHER 0101 1100 TRY 1000 1100 

N 0010 1101 HOUR 0101 1101 UP 1000 1101 

0 0010 1110 IN 0101 1110 VOLT 1000 1110 

P 00101 111 INCHES 0101 1111 WEIGHT 1000 1111 

NOTE 1: "SS" makes any single word plural 
NOTE 2: Address 143 (WEIGHT) is the last legal address in this particular word list. 

Exceeding address 143 will produce pieces of unintelligible invalid speech data. 
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is to have the Digitalker vocalize a 
predefined word when a specific bi- 
nary code is placed on its Data Input 
bus, shown as SW8 through swt at 
pins 8 through 15 in Fig. 6(B). For il- 
lustrative purposes, let us assume 
that the "1" button on the dialer key- 
pad is pressed. Table 1 indicates that 
this would generate a binary code of 
0001. Table 2 indicates that a binary 
code of 00000001 is placed on the 
Data Bus of IC3, causing the Digi- 
talker to vocalize the word "one." 

Now let us assume that the "5" 
button on the dialer keypad is 

pressed, which causes ICI in Fig. 
6(A) to output the binary code 0101, 
as indicated in Table 1. Table 2 shows 
that this code will cause the Digitalk- 
er to vocalize the word "five." Let us 
take this a bit further by assuming 
that the "0" key is pressed, causing 
the binary code 1010 to be generated, 
according to Table 1. Referring to 
Table 2, the binary code 1010 will 

cause the word "ten" to be vocal- 
ized. Obviously, this is not what is 

wanted. One of the tasks assigned to 
IC2 is to correct for this situation for 
our particular application. 

ROM IC2 can be programmed to 
deliver the 0001 1111 binary output 
of the word "zero" every time its in- 
put code is the 1010 binary code for 
decimal 10. This programming can 
also be taken a step further. Suppose 
you press the " *" or " #" key on the 
dialer keypad. Table 2 indicates that 
if you press either key, the Talking 
Telephone would ordinarily vocalize 
the words "eleven" and "twelve," 
respectively. By programming IC2 to 
deliver the binary code for a 400 -Hz 
tone burst (0100 0001) every time ei- 

ther of these keys is pressed, you 
eliminate mis- spoken words. 

The second task of IC2 is to correct 
a problem associated with the G8870 
chip used for ICI. If you compare the 
pinouts of the G8870 given in Fig. 
4(A) with those of the 74188 or 8223 
used for IC2 in Fig. 4(B), you will see 
that the Data Output lines of the for- 
mer are in reverse of those of the lat- 

+INPUT -1 
- INPUT -2 

GAIN SELECT -3 
REFERENCE VOLTAGE OUTPUT -4 

INTERNAL CONNECTION -5 
INTERNAL CONNECTION -6 

CLOCK INPUT -7 
CLOCK OUTPUT -8 

GROUND -9 

DATA OUTPUT B0 -1 
DATA OUTPUT B1 -2 
DATA OUTPUT B2 -3 
DATA OUTPUT B3 -4 
DATA OUTPUT B4 -5 
DATA OUTPUT B5 -6 
DATA OUTPUT B6 -7 

GROUND -8 

18 -V+ 
17- STEERING INPUT /GUARD 
16 -EARLY STEERING OUTPUT 
15- DELAYED STEERING OUTPUT 
14 -DATA OUTPUT D3 
13 -DATA OUTPUT D2 
12 -DATA OUTPUT D1 
11 -DATA OUTPUT DO 
10- OUTPUT ENABLE 

16 -V + 
15- OUTPUT ENABLE 
14 -INPUT D4 

13 -INPUT D3 
12 -INPUT D2 
11 -INPUT D1 

10 -INPUT DO 

9 -DATA OUTPUT 

Fig. 4. Package configurations and pinouts for (A) G8870 DTMF Receiver and 
(B) 8223 or 74188 PROM. 

ter. Normally, pin 10 of the 74188 or 
8223 is reserved for a Data 0 input. At 
this physical location, ICI delivers a 
Data 3 output. This dilemma can be 
corrected by programming IC2 to 
output a binary code that is the re- 
verse of the original. 

To resume our explanation where 
we left off, pins 1 and 7 of IC2 deliver 

the appropriate binary code to the 
Data Input bus of IC3 at pins 8 

through 15. To allow the Digitalker 
to output a signal that will vocalize 
the selected word, a logic -1 pulse 
must be applied to the pin 4 Write 
Strobe input of IC3 in Fig. 6(B). Re- 
turning to Fig. 6(A), the pin 10 

Strobe Output of ICI produces the 

(Van) 1 .0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

(VREF 
1 I 1 

12345678910 12 14 16 18 20 22 24 

Time Segments 

Fig. 5. Modern DTMFkeypads use crystal -controlled ICs that generate a synthe- 
sized stair step wave that is a crude approximation of the pure sinusoid wave pro- 

duced by original DTMF dialers. 
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required positive -going pulse every 
time a valid tone is detected at the in- 
put of this IC. 

The positive -going pulse is coupled 
directly to pin 4 of IC3 in Fig. 6(B). 
When any key on the dialer keypad is 

pressed, two actions occur. The first 
is placement of the appropriate bi- 
nary code on the Data Input lines of 
IC3. The second is that the needed 
positive -going pulse is generated by 
the DTMF Receiver and is available 
at pin 10 of ICI in Fig. 6(B). 

The MM52164 shown in Fig. 6(B) 
as IC4 is the SSR1 ROM that is pro- 
grammed with the vocabulary data 
listed in Table 2. 

Resistors R15 and R16 and capaci- 
tor C6 in the IC6 circuit make up a fil- 
ter, while IC7 is a low- voltage power 
amplifier whose output level is ad- 
justable by VOLUME control R17. 
Vocalization is accomplished by ca- 
pacitively coupling the output at pin 
5 of IC7 through CIO to a small 
speaker as shown. 

Power for the Talking Telephone 
is provided by a common 9 -volt, 500 - 
milliampere dc plug -in wall power 
supply, as shown in Fig. 7. The raw 
dc output from this power supply is 

filtered by C4 and regulated to 5 volts 
by regulator chip IC5. It is then deliv- 
ered to the circuitry shown in Fig. 6. 

Construction 
There is nothing critical about corn- 
ponent layout or conductor routing 
when assembling this project. There- 
fore, you can use either printed -cir- 
cuit wiring or point -to -point wiring 
on perforated board that has holes 
on 0.1 -inch centers using suitable 
Wire Wrap or soldering hardware. 
Whichever approach you choose, it is 

a good idea to use sockets for all DIP 
integrated circuits. 

If you wish, you can fabricate your 

Fig. 6. Schematic diagram of basic 
Talking Telephone circuitry shown 

in two parts. 
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PARTS LIST 

Semiconductors 
IC1 -G8870 DTMF receiver (see text) 
IC2 -74188 or 8223 programmed 

PROM (see text) 
IC3- MM54104 Digitalker (see text) 
IC4- MM52164 SSR1 RAM (part of 

Digitalker IC kit; SSR2 chip is not 
used -see text. Available from 
Jameco -see text) 

IC5 -7805K fixed + 5 -volt regulator in 
TO -3 case 

IC6 -LM346 operational amplifier 
IC6 -LM386 audio power amplifier 
Capacitors 
CI,C2,C6,C11- 0.01 -µF ceramic disc 
C3,C5,C7,C8,C9- 0.1 -µF ceramic disc 
C4- 220 -µF, 35 -volt radial -lead elec- 

trolytic 
C10- 330 -µF, 35 -volt axial -lead elec- 

trolytic 
C 12 -20 -pF ceramic disc 
C 13 -50 -pF ceramic disc 
Resistors (''A -watt, 5% tolerance) 
R1,R2,R5- 100,000 ohms 
R3- 49,000 ohms 
R4- 49,900 ohms (1% tolerance) 
R6- 220,000 ohms 
R7 thru R13,R15 -1,000 ohms 
R14- 620,000 ohms 
R16- 10,000 ohms 

R18 -10 ohms 
R19-1,500 ohms 
R20 -1 megohm 
R17- 50,000 -ohm, audio -taper panel - 

mount potentiometer 

Miscellaneous 
T1 -9 -volt, 500 -mA dc plug -in power 

supply 
XTL1- 3.58 -MHz colorburst crystal 
XTL2 -4 -MHz crystal 

Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); sockets for all 
DIP ICs; suitable enclosure; tele- 
phone line cord; small rubber grom- 
mets (see text); heat sink and insula- 
tor kit for voltage regulator (see text); 
spacers; machine hardware; hookup 
wire; solder; etc. 

Note: The following items are available from 
Steve Sokolowski, P.O. Box 8535, Spring 
Hill, FL 34606: Ready -to -wire double -sid- 
ed pc board with plated -through holes, 
$21.50; G8870 DTMF Receiver chip, 
$10.50; programmed 74188 PROM, $5.75; 
3.58 -MHz crystal, $1.75; telephone T 
adapter, $2.25. Include $2.75 P &H per 
order. Florida residents, please add state 
sales tax. 

own printed- circuit board for the 
project using the actual -size etching - 
and- drilling guides shown in Fig. 8. 
Note here that this is a double -sided 
board. You can purchase a ready -to- 
wire board from the source given in 
the Note at the end of the Parts List. 
This board has plated- through holes, 
which allows you to complete all sol- 
dering on the solder side of the board. 

If you home fabricate your pc 
board, bear in mind that it will not 
have plated- through holes. Thus, 
you must solder all component leads 
and pins to the copper pads on both 
sides of the board. Also, without 
plated- through holes, you cannot use 
conventional IC sockets that do not 
provide soldering access on the top 
side of the board. Therefore, use 
Molex Soldercon° socket strips in 
place of conventional sockets. 

Orient the pc board on your work 
surface as shown in Fig. 9 (make cer- 
tain that its component side is facing 
up) and begin wiring it by installing 
and soldering into place the IC sock- 
ets. Do not install the ICs in the sock- 
ets until after you have conducted 
voltage checks and are certain that 
your wiring is correct. (Note: Use 
Fig. 9 as a rough guide to component 
layout if you wire the project on per- 
forated board, but refer back to Fig. 
6 and Fig. 7 for wiring details.) 

With the sockets in place, install 
and solder into place the resistors, 
noting that all but one of them above 
IC3 mount on -end. Note also that 
one lead of R7 through R13 just 
above IC3 pass through holes in the 
board and solder into place. The re- 
maining resistor leads tie together to 
form a single- conductor "bus" that 

C4 

9UDC 

5860 2288uf 
35U 

IC5 

7885R 
+5VDC 

OUTPUT 

CND 

Fig. 7. Schematic diagram of power - 
supply circuitry for Talking Tele- 

phone. 

plugs into the hole to left of the resis- 
tor network and solders into place. 
The method of accomplishing this is 

shown in the detail drawing at the 
lower -right in Fig. 9. 

Next, install voltage regulator IC5 
in the location shown. This IC is in a 
TO -3 case and must mount on a heat 
sink using an insulator and heat - 
transfer compound. If you are using 
a pc board that has plated- through 
holes, mount the regulator on its heat 
sink to the board using 4 -40 x '/c- 
inch machine screws, nuts and lock - 
washers. 

If you are using a board that does 
not have plated- through holes, loose- 
ly mount the regulator to the heat 
sink using 4 -40 x 'h -inch machine 
screws, lockwashers and nuts. Crimp 
and solder a 1 -inch length of bare sol- 
id hookup wire or cut -off resistor 
lead to each pin of the regulator. 
Mount the regulator in place, using 
'/a -inch metal spacers and the ma- 
chine hardware already loosely se- 
curing the it to the heat sink. Feed the 
screws through the holes in the "cor- 
ners" of the regulator and then into 
holes in the board. 

Make sure that the wires on the 
regulator pins go into the two holes in 
the board provided for the regulator 
pins and that a lockwasher is placed 
between the trace on the bottom of 
the board and nuts that fasten down 
the screws. Then solder the pins of 
the regulator to the pads on the bot- 
tom of the board that has plated - 
through holes or the wires to the pads 
on both sides of the board if you are 
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Fig. 8. Actual-size etching-and-drilling guides for top (left) and bottom (right) of double -sided printed -circuit board 
required for wiring together the project. 

using a board that does not have plat- 
ed- through holes. 

Continue wiring the circuit -board 
assembly by installing and soldering 
into place the capacitors. Make sure 
the electrolytics are properly oriented 
before soldering their leads to the 
pads on the bottom of the board. 
Then install the crystals. 

Strip '/ inch of insulation from 
both ends of five 5- inch -long hookup 
wires. If you are using stranded 
hookup wire, tightly twist together 
the fine conductors at both ends of 
all wires and sparingly tin with sol- 
der. Plug one end of the wires into the 
holes for the speaker and VOLUME 

control and solder into place. Tem- 

porarily set aside the circuit board. 
Now prepare the enclosure that 

will house the project. You can use 
any type of enclosure that will ac- 
commodate the circuit -board assem- 
bly and provides mounting space for 
the speaker and VOLUME control. 
Machine the enclosure as needed. 
That is, drill four mounting holes for 

(Continued on page 70) 
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Project 

Car Back -Up Alarm 
Sounds an audible alert to warn pedestrians and other 
drivers when you move your car in reverse gear 

By Charles R. Ball, Jr. & W.K. Ball 

Over the years, a number of 
safety features have been 
introduced by the auto- 

motive industry. One of the most 
practical among these is the device 
that audibly alerts pedestrians and 
other drivers that a vehicle is backing 
up. Every motor vehicle should have 
such a device in it -not just certain 
commercial vehicles. If you wish to 
have your family car sound an alert 
when you place the transmission in 
reverse gear, you can do so by install- 
ing our Car Back -Up Alarm. 

This Back -Up Alarm automatical- 
ly sounds an intermittent, piercing 
tone when you put your vehicle in re- 
verse. The Alarm immediately si- 
lences when the shift lever is taken 
out of reverse position. The circuit 
that accomplishes this is very simple 
and can be built for less than $20 in 
readily available components. 

About the Circuit 
The Back -Up Alarm's circuit, shown 
schematically in Fig. 1, is built 
around the 555 timer integrated cir- 
cuit. In this circuit, ICI is connected 
in the astable configuration. 

When you move the shift lever of 
your vehicle to the reverse -gear posi- 
tion, the circuit to the back -up lights 
becomes active and, hence, is at + 12 

volts. This potential is fed through 
rectifier diode DI and zener diode D2 
to timer IC) and actuates the timer. 

Diode DI provides protection in 
the event of reversal of polarity when 
power is connected to the circuit. 
Zener diode D2 reduces the + 12 
volts delivered by the electrical sys- 
tem in the vehicle in which the project 

PARTS LIST 
Semiconductors 
D1- 1N4004 or equivalent rectifier 

diode 
D2- 1N4735A or equivalent 6.2 -volt, 

1 -watt zener diode 
IC1 -NE555 timer 
Capacitors 
C1- 10 -µF, 16 -volt electrolytic 
C2- 0.1 -14F, 25 -volt ceramic 

Resistors (h -watt, 5% tolerance) 
R1- 100,000 ohms 
R2- 10,000 ohms 
Miscellaneous 
PB1- Piezoelectric buzzer (Murata 

Erie PKB8 -4A0) 
Printed -circuit board or perforated 
board with holes on 0.1 " centers and 
suitable Wire Wrap or soldering 
hardware (see text); terminal board 
(Mouser Cat. No. ME153- 2102); 
suitable enclosure (see text); splice 
connectors; hookup wire; solder; etc. 

Note: The following items are available 
from BALLco, Inc., P.O. Box 1078, 
Snellville, GA 30278 -1078 (Tel. 404- 
979- 5900): Printed -circuit board No. 
881101- B,$9.95; complete kit of 
parts not including enclosure, $19.95. 
When ordered with the kit, price of 
the enclosure is $3.95. Printed -circuit 
board is postpaid in U.S.; for other 
items, add $2.50 P &H postage and 
handling. Georgia and Florida resi- 
dents, please add sales tax. 

Fig. I. Complete schematic diagram of the Back -Up Alarm circuit. 

is installed to a safe operating level 
for audible piezoelectric buzzer PBI. 

The output of the timer chip is fed 
to PB1, which has internal electron- 
ics to provide a warning tone when- 
ever sufficient voltage appears across 
the terminals of the piezo buzzer. 
The duty cycle, or alarm on /alarm 
off time, can be tailored by changing 
the values of resistors RI and R2 and 
capacitor Cl. Capacitor C2 filters 
out any electrical noise that might ap- 
pear on the back -up light circuit line. 

Assembly & Checkout 
Because of its simplicity, the Back - 
Up Alarm circuit can be built using 

just about any traditional assembly 
technique. If you wish, you can as- 
semble the circuit on perforated 
board that has holes on 0.1 -inch cen- 
ters using suitable Wire Wrap or sol- 
dering hardware. Alternatively, you 
can assemble it on a printed- circuit 
board that can be purchased from the 
source given in the Note at the end of 
the Parts List or by fabricating your 
own using the actual -size etching - 
and- drilling guide given in Fig. 2. 

Assuming printed- circuit assem- 
bly of the project, wiring diagram 
Fig. 3 shows component placement 
and orientation. If you are assem- 
bling your Back -Up Alarm project 
on perforated board, use Fig. 3 as a 
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Fig. 2. Actual -size etching -and- 
drilling guide to use for fabricating 
the project's printed- circuit board. 

rough guide to component placement 
and orientation. 

Due to the typically rough me- 
chanical environment of a motor ve- 
hicle, a socket is not recommended 
for ICI. If a socket is used, mechani- 
cal vibration is likely to cause the IC 
to work loose from it. Therefore, be- 
gin project assembly by installing 
and soldering into place the resistors. 
This done, install the capacitors and 
diodes. Make certain that electrolytic 
capacitor CI and both diodes are 
properly oriented before soldering 
their leads to the copper pads on the 
bottom of the board. 

Next, install the piezo buzzer on 
the board. Actually, you can mount 
this buzzer either on the board, as il- 
lustrated in the Fig. 3 wiring dia- 
gram, or off the board and wire it to 
the appropriate pads on the board via 
stranded hookup wires. (Note: In 
this project use only stranded hook- 
up wire.) Once the buzzer has been 
installed, plug the pins of the timer 
chip into the holes in the ICI location 
and solder each into place. Make cer- 
tain that the IC is properly oriented 
and that each pin goes into the appro- 
priate hole in the board before sol- 
dering any pins into place. Then in- 
stall and solder into place terminal 
board TB1. 

At this point, it is a good idea to 
check operation of the circuit. To do 
so, connect the terminals H and i of 
TB1 to the positive ( +) and negative 

( -) terminals, respectively, of a 
12 -volt dc power source. If all is 

okay, the alarm should alternately 
sound and silence for about 2 and 3 

seconds, respectively, and repeat this 
cycle for as long as power is applied 
to the circuit. (If you used different 
values than those specified for Rl, 
R2 and /or CI, the on /off periods 
will, of course, be different.) 

If your circuit fails to operate as 
described, power it down and rectify 
the problem before proceeding. 
Check particularly for components 
installed in the wrong locations and 
in improper orientation. Flip over 
the board and check all soldered con- 
nections. If you see a connection you 
missed, solder it now. Also, if any 
connection appears suspicious, re- 
flow the solder on it, and use desol- 
dering braid or a vacuum -type desol- 
dering tool to remove any solder 
bridges you find. 

Once you are certain that the cir- 
cuit is operating properly (and after 
attaching to it appropriate -length 
power leads, spray several coats of 
clear acrylic over the entire circuit - 
board assembly (but not the piezo 
buzzer and TB1) to protect against 
moisture. 

Once weather sealed, the Back -Up 
Alarm assembly can be installed in 
your vehicle in a protected location 
as -is or in an enclosure. If you plan 

-D2 K K D1- 

-R1- 
-R2- 

02 +10- 

JUMPER 

H TB1 

E.; a 

Fig. 3. Wiring guide for pc board. 
Use the layout shown here as a rough 
guide to component placement if you 
assemble the circuit on perforated 

board. 

Cut notch for 
terminal board 

4/" 
OIL 

..Pr 
0 

Drill holes for piezo buzzer 
sound to escape from box 

Fig. 4. Machining details for the pro- 
ject's enclosure. 

on using an enclosure, prepare it as 
shown in Fig. 4. The cutout required 
for the terminal board can be made 
with a nibbling tool. Make sure you 
check the orientation of the circuit - 
board assembly before making the 
cutout (the enclosure has only two 
posts for mounting the board). Posi- 
tion the assembly with the compo- 
nent side down and the two mounting 
holes lining up with the mounting 
posts to determine which part of the 
enclosure to cut! 

If you mounted the piezo buzzer 
directly on the circuit -board assem- 
bly, drill five 3/, 6- inch -diameter holes 
to permit the sound to escape. On the 
other hand, if you have decided to 
mount the buzzer outside the 
enclosure, drill only one'/,6- inch -dia- 
meter hole for the wires that are to go 
to the buzzer to exit the enclosure. 

Caution: Plastic is a tricky materi- 
al to drill, and some plastics are easi- 
er to drill than others. The plastic 
used to make the box specified in 
the Parts List will chip, crack, grab 
or self destruct if large -size bits are 
used. Drill speed is important, slower 
speeds being generally better. 

Once you have prepared the enclo- 
sure for the project, route the back- 
up lights and vehicle ground wires 
and the cable for the piezo buzzer (if 
you mounted this externally) through 
the appropriate holes. Position the 
circuit -board assembly inside the en- 
closure, with the components facing 
down and TB1 lined up with the cut- 
out. Secure the assembly in place 
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Fig. 5. Details for installing Back-Up 
Alarm in a vehicle. 

with two screws and then mount the 
cover on the enclosure, using the re- 
maining four screws. 

Installation 
Refer to Fig. 5 for details on install- 
ing the Back -Up Alarm in a motor 
vehicle. Note here that terminal H on 
TB connects to the back -up light con- 
ductor located at the back -up switch 
in your vehicle. If your vehicle has a 
column shift lever, this switch is nor- 
mally located on the steering column. 
For other shifting arrangements, re- 
fer to the owners or shop manual or 
check with your dealer to determine 
where the back -up switch is located. 

The wire coming from terminal H 

on TB1 is easy to connect to the back- 
up switch conductor without having 
to make any cuts in the existing vehi- 
cle wiring with the aid of parallel 
splice connectors. These connectors 
are available at your local Radio 
Shack store and most hardware stores. 

Connect terminal I to any conveni- 
ent chassis ground point in your vehi- 
cle, using a suitable length wire. 

You can mount the project in any 
convenient location inside your vehi- 
cle near the rear bumper. The loca- 
tion selected should place the project 
out of the way of direct water spray. 
Use double -sided foam tape or Vel- 
cro strips to fasten the enclosure in 
place in the selected location. 

Since the sound from the piezo- 
electric buzzer is fairly directional, 
you may want to mount the electron- 
ics package of the Back -Up Alarm in 
the trunk and fabricate a bracket to 
mount the buzzer on the bumper. AE 
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free 
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Free Product Information 
Readers can obtain free information on 
products advertised by certain companies, 
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HITACHI SCOPES AT DISCOUNT PRICES 
V-212 

*R $ 419 tta. trwlr 

List $560 

Save $141 

20MHz Dual Trace Oscilloscope 
All Hitachi scopes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
scopes. 

v -425 $835 
List $995 

DC to 40MHz 
Dual Channel 
CRT Readout 
Cursor Meas 
DC Offset 
Alt Magnifier 
Compact Size 

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

0 
List 
v-1 

560 1595 $1, 359 2mV 
Trigger 

Sensitivity 

0-223 20MHz 
V-422 40MHz 
0-423 40MHz 
V680 80MHz 
V.1065 100MHz 
V.1100A 100MHz 
V.1150 150M/ir 

D.T., 1mV sens, Delayed Sweep, DC 011501, Vert Mode Trigger 
D.T., 1mV sens, DC Offset yen Mode Trigger. Alt Meg 
D .T., 1mV sens, Delayed Sweep, DC Offset, Alt Meg 
D .T., 2mV sens, Delayed Sweep, CRT Readout 
D.T., 2mV sens. Delayed Sweep. CRT Readout, Cursor Maas 
O T., IrnV sens, Delayed Sweep, CRT Readout, DVM. Counter 
O T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter 

LIST 
$770 
$875 
5955 
51,195 
$1,895 
$2.295 
53,100 

PRICE SAVE 
$695 $75 
$ 725 $150 
$825 $130 
$1,095 $100 
$1,670 $225 
$2,045 $250 
$2,565 $535 

ELENCO PRODUCTS AT DISCOUNT PRICES 
20MHz Dual Trace Oscilloscope 

$369 
MO -1251 
6 "CRT 

Built in 
component tester 
TV Sync 

50MHz LogIC Probe LP -700 
Logic Pulsar LP -600 
Your Choice $23 

SCOPE PROBES 
P -1 65MHz, lx, tox $19.95 
13- 2100MHz. lx.10x $23.95 
Fits all scopes with 
BNC connector 

Top quality scopes at a ery reasonable price. Contains all desired features. T 

35MHz Dual Trace Oscilloscope 

$495 
MO -1252 

High luminance 6" CRT 
lmV Sensitivity 
6KV Acceleration Voltage 
1Ons Rise Time 
kV Operation Z Axis 
Delayed Triggering Sweep 

o lx, 10x probes, diagrams and manua . Two year guarantee. 

Autoranging DMM 

M-5000 

$45 
9 Functions 
Memory and 
Data hold 
yr % basic ecc 
314 digli LCD 

AC Clamp -On 

Current Adapter 

ST -265 

S 25 
0-1000A AC 
Works with 
most DMM 

True RMS 41/2 MN Digit Multimeter 

$135 
M -7000 

05% DC Accuracy 
.1% Resistance 
with Freq. Counter 
and deluxe case 

Multimeter with 
Capacitance and 
Transistor Teeter 

$55 CM -1500 

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

SOLDERING STATION 
Temperable CeebeY$ 

EL-30 

i `ï $99 

M.3500 ML450 
302 digit $125 av, di It $175 
1%accy 05% ccy 

Wide Band Signal Generators 

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

SO -0500 with Digital Display 
and 150MHz ballt In Prep Ctr $249 

Digital Triple Power Supply XP-765 

$249 

0-20V at lA 
0-20V at lA 
5V at SA 

wix Regulated, Snort circuit protected wily 
2 Limit Cont., 3 Separate supplies 

XP -660 with Analog Meters $175 

Four -Function Frequency Counters 

F -100 120MH 

$179 
F -1000 1.2GH 

MOMMMIR 

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

WE WILL NOT BE UNDERSOLD! 
UPS Shipping: 40 States 5Tu 

($10 Max) IL Res -, 7% Tax 

Digital Capacitance Meter 

CM -1550 

$58.95 
9 Ranges 
.1pf- 20,000ufd 
5% basic accy 

Zero control 
with case 

Solderless Breadboards 

Digital display 
Temp range. 
300E-000F 
Grounded tip 
Overneaal protect 9436 SHOWN 

31/ Digit Probe Type DMM 

. -... M -1900 
. 

$39 

Convenient one hand operation with batteries 
Measures DCV, ACV, Ohms and case 
Audible continuity check. Data hold 

Quad Power Supply 

Fully regulated and 
short circuit protected 

XP -575 without meters $39.95 

XP-580 

$59.95 

2-20V at 2A 
12V at IA 
5V at 3A 
óV at 5A 

GF -8016 Function Generator 
with Freq. Counter 

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

0F -8015 without Freq. Meter $179 

9430 
1,100 pins $1 
9434 
2,170 pins $ 
9436 
2,060 pins$35 

Ait hays color 
coded posts 

Digital LCR Meter 

LC -1800 

$125 
Measures 
Coils 1uH -200H 
Caps .1p6200u1 
Res 01.200 

Low Cost Multimeter 
M -1600 

$25 
3V0 digit LCD 
1% DC Accy 
lOA Scale 
Auto zero 
/polarity 

Function Generator 
Bloc 

#9600 

$ 28.95 
Provides she In,squ wave 

Iran 1He lo 1MHz 

AM or FM capability 

Decade Bloc 
#9610 or 

#9620 
!18.95 

19610 Resistor Biox 
47 ohm to 1M a 100K pot 
/9620 Capacitor Bin 
47pí to 1OMFD 

10Mhz XT 100% IBM® Compatible 
MODEL PC -1000 

$595 
5 Year 

Warranty 

-50W Power Supply 

5 /10MHz Motherboard 256K RAM 

8 Expansion Slots Expandable to 640K 

Math Compressor Slots Monochrome Monitor 

360K Floppy Drive Monographic Video Cara 

AT Style Keyboard Parallel Printer Port 

FREE spreadsheet and word processor 
3.XXMS DOS and GW Basic add 75.00 

C & S SALES INC. 
1245 Rosewood, Deerfield, IL 60015 

(800) 292 -7711 (312) 541 -0710 

15 Day Money Back Guarantee 
2 Year Warranty -...en.. m change 
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Project 

A Smart Weather Monitor 
(Conclusion) 

How to use and variations on the basic project 

By Thomas R. Fox 

In the first four installments of 
this article, we described con- 
struction and initial testing of 

the WISARD, a stand -alone expand- 
able multi- function "smart" ther- 
mometer and temperature predictor. 
In this final installment, we discuss 
instrument operation and give hints 
on modifications you can make to ex- 

pand it. We will conclude with a brief 
look at a down -to -earth variation on 
the basic WISARD project. 

Sensor Placement 
As has previously been stated, the ba- 
sic WISARD has five sensors, one 
each to detect rain /dew, daylight and 
sunshine and two to track tempera- 
ture variations. 

For the project to accurately sense 
the presence of moisture, the rain/ 
dew sensor must be mounted in a lo- 

cation where rain will strike it direct- 
ly. An area of the roof of your house 
that has no tree branches or other 
structures that obstruct a clear line of 
sight overhead is one suitable loca- 
tion for the rain /dew sensor. 

Sunshine and daylight sensors Ql 
and Q2 in the schematic diagram in 
Part 1 are simple phototransistors. 
One method of protecting these sen- 
sors from the weather was described 
in Part 4. Daylight sensor Q2 must be 

mounted outside, such as on a roof. 
A nearly perfect location for sun- 
shine sensor QI is on a 1,000 -foot 
tower, well above surrounding trees 
and buildings. This is obviously im- 

practical in real -world situations. 

Hence, the site that gives perhaps the 
largest accuracy /cost ratio is the 
highest point of the roof of the struc- 
ture in which the WISARD project is 

located. 
The firmware for the project treats 

temperature sensor TS' as the "in- 
side" monitoring device and temper- 
ature sensor TS2 "outside" monitor- 
ing device. Most of the records and 
temperature analysis pertain to out- 
side sensor TS2. 

Assuming you are using standard 
ME 1 firmware, TSI should be locat- 
ed inside the structure, close to where 
the WISARD is located. It may be of 
interest to you to monitor the inter- 
nal temperature of the project. If so, 
you can mount TSI directly to the 

A/D Memory- Expansion module in 
the holes assigned for this sensor. 

The purpose of TS2 is to measure 
outside air temperature. Therefore, 
locate this sensor in a suitable ther- 
mometer shelter, such as illustrated 
in Fig. 18. Mount this shelter a mini- 
mum of 6 feet from any building or 
other structure that is heated during 
the winter and cooled during the 
summer. 

Operating WISARD 
Once the project has passed its initial 
tests and you have mounted the vari- 
ous sensors in suitable locations, it is 

time to put WISARD on -line. Unlike 
most electronic devices, WISARD 
should be allowed to undergo a full 
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NOTES: 
1. All dimensions are approximate. 
2. Shelter has NO BOTTOM. 
3. Attach boards together with glue and nails. 
4. Front of shelter should face North. Locate in 

an area with good air circulation. For 
optimum accuracy, install small weather- 
proof fan and place TS2 in fan's 
air stream. 

Roof is a 14" x 18" piece of 
1/2" exterior plywood 

Back consists of a 
10" x 12" piece of 

1/2" exterior plywood 

For sides use 2" x 8" or 
2" x 10" board 

(2 pieces required) 

8' length of 2" x 4" board 

Ground 

(A) SIDE VIEW 

Locate TS2 here 

-N 

14" -.1 

(B) FRONT VIEW 

Fig. 18. Details for building a shelter for the outside -temperature sensor. 

24 -hour period of initialization. Self - 
taught tutoring is required inasmuch 
as the firmware that predicts mini- 
mum temperature requires the full 
24 -hour period that comprises a day, 
as well as sunrise and sunset times. 
Other reasons for the required 
"schooling time" are that WISARD 
requires mean and hourly tempera- 
ture data before it can "intelligent- 
ly" predict temperatures. 

After setting the project in its per- 
manent location, it is best to start it 
up in the morning, after dawn. A 
nighttime start -up may cause the 
project to act erratically at first. 
However, if you do start the project 
operating at night, do not be con- 
cerned by the various error messages 
and /or sluggish operation that result. 

If you have a printer connected to 
it when WISARD is first turned on, a 
warning message will be printed that 
informs you that power has been off, 
the clock /calendar requires setting 
and data may be in error. This warn- 
ing message is printed every time 

power is interrupted and then re- 
stored and whenever the battery has 
discharged. 

In Part 4, we described how to set 
the clock. The DISPLAY key on the 
keypad is used to flash up the various 
data in the LED display. Pressing 
this switch once causes a "d" to flash 
intermittently in position 5 of the dis- 
play. This "d" indicates that the 
minimum and maximum tempera- 
tures, day, month and year can be ac- 
cessed by pressing the appropriate 
keypad keys. 

Pressing the DISPLAY key on the 
keypad once again causes the "d" to 
disappear from the display. Now if 
one of the keys previously mentioned 
is pressed, the display will show 
"ErrOr.' 

WISARD has built -in pagination 
that assumes a 66 -line page. At the 
top of each new page, the project 
prints out the date and time it started 
printing that page. This information 
permits simple organization of data. 
At the beginning of the first page, 

press the TOP PAGE, key. Thereafter, 
WISARD will automatically keep 
track of the other pages for you. 

Pressing the FORECAST key causes 
WISARD to print out the high tem- 
perature forecast for the day and the 
low temperature for the night. Notice 
that if this key is pressed while day- 
light conditions exist, the forecast 
minimum temperature will be " ? ? ?." 
This simply means that WISARD 
does not have enough data to fore- 
cast a temperature yet. It waits until 
the daylight sensor is clothed in dark- 
ness. Also, WISARD waits until 6:00 
AM before it estimates how warm the 
temperature will be for any given day. 

Pressing the PRINT key forces a 
printout of various information, in- 
cluding the hourly temperature read- 
ings for the day. The purpose of the 
VERSION key is to provide a printout 
of the version of the firmware in use. 

As has previously been mentioned, 
if a printer is connected to WISARD 
and is on at 9:00 AM, the project au- 
tomatically prints out temperature 
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GND 

DO 

DO 

+5V 

S5016 NOTES: 
1. K401 is 12Vdc, 500e coil SPDT contacts, DIP reed relay, Digi -key part no. Z620 -ND 

2. S5016 is 10 pin socket, 0.1" Digi -key part no. WM2008. 
3. All resistors are 5 %,1/4W. 
4. S5016 connects with P5016 on display /output board. P5016 is located at address 

5016H. To energize relay, store XXXX XXXO at 5016H, where X is a don't care state. 

+9V to +12V preferably, do not use 

the same supply used by Wisard. 

Fig. 19. Schematic diagram of a tested control circuit for loads that require more than 25 milliamperes of current. 

and other information from the pre- 
vious day. If for some reason the 
power or printer is off at 9:00 AM, 
printout will occur at 10:00 AM. If 
you do not desire a printout, you can 
either turn off the printer or discon- 
nect it from the project. 

ME1 firmware instructs WISARD 
to printout a rain /dew message when 
rain first hits the moisture sensor and 
a "dried -off" message when mois- 
ture has evaporated from the sensor. 
Normally, this does not cause a prob- 
lem. However, on a day in which 
scattered sprinkles occur, printouts 
may become an annoyance because 
of the deluge of messages that will be 
printed out. If the annoyance is too 
great, you can simply turn off the 
printer. Alternatively, you can install 
a switch in series with the moisture 
sensor to allow you to disable it un- 
der such conditions. 

Adding Versatility 

A simple circuit connected to The 
Display /Output module of the proj- 
ect will allow WISARD to control 
just about anything imaginable, such 
as an alarm at a certain temperature 
or a pump upon detection of rain. 
Another possibility is to have WIS- 
ARD turn on its own printer before it 

prints out a message and shut off the 
printer after printout is complete. 
This "printer controller" saves on 
the cost of electricity and reduces the 
possibility of the printer overheating. 

A somewhat more sophisticated 
chore would be for WISARD to use 
two temperature sensors in a differ- 
ential temperature controller for a 
solar heating system. Another use for 
a sophisticated differential tempera- 
ture controller is in a cooling system 
that uses a large exhaust fan to keep a 
whole house cool at a fraction of the 
cost of air conditioning. 

On the Display /Output module 
are 16 outputs that can be used to 
control 16 separate devices. These 
outputs are tied to connectors P5016 
and P5017 in the project. Pin 1 of 
these connectors is tied to circuit 
ground, pin 10 to the + 5 -volt rail 
(see Fig. 19). Pins 2 through 9 are as- 
sociated with data lines D7 through 
DO, respectively. 

The "cleanest" way to access the 
pins of these connectors is with a 
socket like Digi -Key's Part No. 
WM2008 (crimp terminals Part No. 
WM2200 are also needed). This type 
of socket can also be used for the 
PM210 connector on the A/D Mem- 
ory- Expansion module and P301 on 
the Keyboard module. 
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The "output" pins of P5016 and 
P5017 are connected to 74LS373 oc- 
tal D -type transparent latches whose 
outputs can sink about 25 milliam- 
peres of current and can be used to 
control a solid -state buzzer or LED 
directly. You can hook this output to 
a low -power sensitive relay that has 
high- current contacts to control 
loads that require more current. Bear 
in mind, though, that direct connec- 
tion to a relay has the potential of be- 
ing problematical. When MCUs and 
MPUs are used, it is good design pol- 
icy to isolate the logic supply from 
the power supply with an optical iso- 
lator or similar device. 

Shown in Fig. 19 is the schematic 
diagram of one control circuit that 
works. Relay K1 can be a Digi -Key 
Part No. Z620 -ND, which has a 12- 

volt dc coil resistance of 500 ohms 
and has contacts rated at 0.25 ampere 
at 28 volts dc. Just about any similar 
12 -volt dc relay with a coil resistance 
greater than 400 ohms will probably 
work in this circuit. The optical isola- 
tor shown is the popular 4N25. 
Clamping diode Dl eliminates nega- 
tive spikes on the power line. 

The Fig. 19 circuit works okay 
with power supplies that can deliver 
between 9 and 12 volts dc. Ideally, 
the power supply used should be 
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Weather vane 

Distance between disk and light- coupled 
reflector modules is exagerated for clarity 

Stationary base with 
bearing at its center 

PC board with uniformly placed reflector 
modules and supplemantal circuitry 

mounted on stationary base Cable to P301 

Bottom of disk attached to 
weather vane's shaft 

NOTE: 
The purpose of these drawings is for illustration 

only. This scheme has not been tested. 

Fig. 20. Typical example of a weather vane arrangement using eight reflector modules to indicate wind direction. 

completely isolated from the supply 
that powers the WISARD project. 

Most real -world applications re- 
quire far more than 0.25 ampere of 
current. This should present no prob- 
lems because all you have to do is 
simply connect a power relay and 
suitable power source to the contacts 
of KI in the Fig. 19 circuit. In this 
case, Kl should be able to control a 
relay that can handle more than 20 
amperes at 240 or more volts ac. 

Other Modifications 
If you are familiar with the previous 
four parts of this article, you are 
probably aware that about 25 percent 
of WISARD's circuitry is not used by 
the "standard" configuration of the 
project. The purpose of the surplus 
circuitry is to provide a simplified 
means of expanding the project. In 
previous installments, we have only 
touched upon wiring WISARD to 
control power devices. Now let us 
look briefly at what you can do with 
the optional inputs for the project. 

Five sensors have been described 
so far for the basic project, but 14 
more can easily be added. Six sensor 
inputs connect to the A/D converter, 
which transforms analog voltages in- 
to eight -bit digital "words." The re- 

mainder of the inputs must be con- 
nected to sensors that have one -bit 
(i.e. high /low) resolution -typically 
a switch. 

As an example of an addition you 
can make to WISARD, assume you 
want the project to monitor barome- 
tric pressure. Obviously, the project 
cannot actually read barometric 
pressure. However, barometric pres- 
sure, converted into an electrical 
signal, can be processed into a form 
that WISARD does understand -in 
this case, a varying voltage. 

To implement a barometer func- 
tion, you begin with a solid -state 
pressure transducer. Then you add a 
circuit that has an output of 0 volt at 
a barometric pressure of 28.44 inches 
of mercury and 5.0 volts at 31.00 
inches of mercury and connect it to 
pin 1 of the PM210 connector on the 
A/D Memory- Expansion module. 
Then you enable this input with the 
following short routine: 

EXPRESS PSHB 
CLRB 
STAB 5002H 

WAIT3 DECB 
NOP 
NOP 
NOP 
BNE WAIT3 
PULB 
RTS 

To actually load the barometric 
pressure information into WISARD, 
simply call up the "LOADA" sub- 
routine in the firmware. After it is 

called, Accumulator A of the 6803 
processor will contain the barometric 
pressure information. Assuming lin- 
earity, one LSB (least- significant bit) 
will correspond to 0.01 inch of mer- 
cury. Inputs to pins 2 through 6 of the 
PM210 connector are treated similar- 
ly. However, change the address in 
the enable subroutine from 5002H to 
5003H, 5004H, 5005H, 5006H or 
5007H, respectively. 

Now let us look at a rather unique 
example of the use of the logic inputs 
connected to P301 of the Keyboard 
module -a wind -direction indicator. 

You implement the wind -direction 
indicator starting with a weather 
vane, to the bottom of which has 
been fastened a disk that has a single 
white radial strip on the bottom. Un- 
der the disk, on a stationary circuit - 
board assembly, you have eight light - 
coupled reflector modules arranged 
in a circular pattern with equal angu- 
lar spacing with reference to the cen- 
ter of the disk. (See Fig. 20) 

Coupling each reflector module to 
a special circuit allows the system to 
develop a voltage that can be fed to a 
pin of P301. By providing (via firm- 
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ware) some basic data concerning the 
disk, WISARD can infer which way 
the wind is blowing. This simple ar- 
rangement may not be the best for a 
wind- direction sensor, but it does 
demonstrate that P301 can be used as 
more than just a means for connec- 
tion of option switches to the project. 
(Note: P301 is located at address 
5011H, as is LED2, but no conflict 
exists. Thanks to the R/W line and de- 
coding circuitry, LED2 can only be 
written to and P301 can only be read.) 

Predicting Temperatures 
Firmware for the temperature -fore- 
casting capability of WISARD is 

contained in the 2732A EPROM in 
the A/D Memory- Expansion mod- 
ule. Two separate routines are sup- 
plied for minimum and maximum 
temperature forecasts. 

The algorithm for minimum tem- 
perature forecast is primarily alge- 
braic. The project uses the length of 
the day, times at sunrise and sunset 
and four preceding temperature mea- 
surements to formulate a quadratic 
equation that is solved for one hour 
after sunrise, which is assumed to be 
the low point of the temperature-ver - 
sus -time curve. This algorithm re- 
sults in extreme accuracy if sky or 
wind conditions are unchanged dur- 
ing the night. If these conditions do 
change, the predicted low tempera- 
ture will be revised at the next hour. 
The algorithm is not "location- sensi- 
tive" and, thus, is accurate in all geo- 
graphic locations on Earth. 

The algorithm for the maximum 
temperature forecast routine modi- 
fies average measured data for spe- 
cific conditions. The particular rou- 
tine used in the project has been op- 
timized for Grand Rapids, MI but is 

accurate in similar climates. How- 
ever, it may be somewhat inaccurate 
-especially in winter -south of 30 
degrees north latitude. 

The basic data in the maximum 
temperature forecast routine consists 
of the average temperature spread 

(which is maximum to minimum) for 
each month. This program can easily 
be customized for a particular geo- 
graphical location, as long as the 
average temperature spread is known 
for each month. 

The program modifies the "aver- 
age" temperature spread to take into 
account such variables as sunshine, 
cloudiness, rain, mean temperatures, 
time of day, time of year, and so on. 
This modified spread is added to the 
minimum temperature to obtain a 
forecast maximum, which itself may 
be modified, under certain condi- 
tions, before being printed out. 

If you plan to modify -but not to- 
taIly rewrite -WISARD's firmware, 
you need the source code. This and 
the Intel hex and object files are 
available on a 5.25 -inch PC- compat- 
ible disk from the source in the Ma- 
terials Availability box. The source 
code is written in 6801/6803 assem- 
bly language that, except for a few 
additional instructions, is identical to 
6800/02/08 assembly language. Sev- 
eral built -in subroutines can help you 
in writing modified code. A few are 
enumerated below: 

PRINT. Used to simplify printing of 
messages. Before this subroutine can 
be called, the Index Register must be 
loaded with the starting address of 
the message. Generally, labels are 
used to indicate this starting address. 
For example, the following program 
segment will print out, "Long live 
WISARD!": 

LDX #MES 
JSR PRINT 

MES DB `Long live WISARD!',0 

Notice that the message is terminated in a O. 

ENASEN1, ENASEN2. These subrou- 
tines "enable" temperature sensors 
TS1 and TS2, respectively. To load 
the data into accumulator A, call the 
"LOADA" subroutine. 

DELAY1S. Creates a delay of about 
1 second. 

Materials Availability 
A number of items that can save you 
time and effort in locating components 
and other materials for the WISARD 
and assembling the project are available 
from Magicland, 4380 S. Gordon, Fre- 
mont, MI 49412. They include: Kit of 
components for the A/D Memory- 
Expansion module (does not include 
programmed 2732A programmed 
EPROM), No. ADME1, $65; double - 
sided A/D Memory- Expansion module 
pc board, No. 680X- ADM -2, $22; com- 
plete set of precision resistors for A/D 
module, No. PRAD89, $5; LM335, $2 
each; ADC0809, $4; 6116LP, $7; 
74LS541, $1.45; 6803, $3.75; LM1830, 
$2.25. Available separately from same 
source: 27128 EPROM programmed 
with firmware ME 1, V1.9 or later, $18; 
2732A programmed EPROM, $12; 
both EPROMs, $25. Firmware assem- 
bly- language source code and Intel hex 
file on PC- compatible 5.25 -inch floppy 
disk, $2.75. Michigan residents, please 
add 4% sales tax. 

DIGITAL. Converts the data in Ac- 
cumulator A into digital format. An 
error results if the data exceeds 99. 

DISPLF. This subroutine assumes 
Accumulator A holds temperature 
data. When it is called, the display 
shows the temperature in degrees 
Fahrenheit. (DISPLC is virtually iden- 
tical except that the display shows de- 
grees Celsius.) 

PRNTIME, PRNDATE. When called, 
these subroutines print the time and 
date, respectively. 

PRNTTMP. This subroutine assumes 
temperature data is in Accumulator 
A and prints temperature in degrees 
Fahrenheit. (If OPTION switch 3 in 
the project is set to "off," this rou- 
tine also prints out temperature in de- 
grees Celsius.) 

DIVIDE. This subroutine stores the 
most -significant bit (MSB) of the 
dividend at DIVIDNM and least -sig- 
nificant bit (LSB) at DIVIDNL. The 
MSB of the divisor must be stored at 
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DIVISRM and LSB at DIVISRL. The 
quotient resides at QUOTINT. 

If you are new to 680X assembly 
language, the A/D Memory- Expan- 
sion module has a "polite" optional 
2716 EPROM on it that can contain 
software "bugs" that will not corn- 
pletely throw off WISARD. When 
OPTION, switch 1 is "on," the MCU 
does not know this EPROM exists 
because the program bypasses the 
"JSR EPR2716" instruction. Set- 
ting the switch to "off" causes the 
program to jump to starting address 
400H of the 2716. To make use of this 
feature, start the "2716 program" 
with "ORG O." Be sure to end the 
program with an RTS instruction 
that returns from the subroutine. 

If you want to modify the firm- 
ware, you need a translator program 
called an "assembler." One reason 
for this is that the source code for 
WISARD's firmware is written in as- 
sembly language. Since few personal 
computers use the 6801/03 series 
MPU /MCUs, you must use a cross - 
assembler to assemble source code 
written for an MPU that is distinctly 
different from the MPU used by your 
computer. Use a text editor or word 
processor to write the source code 
and cross -assembler to translate this 
into a form the MCU /MPU under- 
stands. A "linker" is usually used to 
link the object file produced by the 
cross assembler into a format that 
is understood by most PC -based 
EPROM programmers. Linker pro- 
grams are usually supplied with 
cross -assemblers. 

After assembling the source code, 
"burn" it into an EPROM with an 
EPROM programmer like the stand- 
alone model featured in the February 
and March 1987 issues of Modern 
Electronics. Alternatively, you can 
obtain programmed EPROMs from 
the source given in the Materials 
Availability box. 

A Note About Printers 
WISARD has a strictly serial printer 
interface and will not work with a 
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printer that has a parallel interface. 
This is no hardship if you own a 
printer that has both serial and paral- 
lel interfaces. If you plan on dedicat- 
ing a printer exclusively for use with 
WISARD, low -cost RS- 232 -compat- 
ible surplus printers are available. 

You do not need an actual printer 
for the WISARD. If you wish, a ter- 
minal or computer, the latter with 
terminal -emulation software, can be 
used in place of a printer. The only 
requirement for whatever print -out 
device you decide upon is that it can 
communicate at 600 or 4,800 baud. 

This concludes our series on the 
sophisticated WISARD weather 
monitor and temperature predictor. 

With this project, you will never be 
without current weather- condition 
reports. Additionally, you will also 
be able to follow weather trends sim- 
ply by reading earlier printed reports, 
and you get predictions on what the 
high and low temperatures will be for 
the day based upon those trends. In 
effect, you have your own abbreviat- 
ed version of the weather monitoring 
and forecasting equipment used by 
professional weather -watch services. 
And as we have pointed out, you can 
also use WISARD's optional expan- 
sion capabilities to monitor for 
flooding in your basement, loss of re- 
frigeration in your freezer, etc. and 
to initiate remedial action. AE 
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By Dennis Eichenberg 

1 or many electrical and elec- 

tronic devices, rechargeable 
. cells and batteries have eli- 

minated the inconvenient umbilical 
line that draws power from the ac 
line. Unfortunately, many recharging 
systems provide no automatic moni- 
toring facilities. If you do not con- 
stantly monitor the charger, you run 
the risk of overcharging and destroy- 
ing a battery power source. This is es- 

pecially true of lead -acid cells and 
batteries but is also an important fac- 

tor with popular nickel- cadmium and 
other rechargeable devices. One way 
to eliminate this risk is to use the 
"One- Button Digital Timer" de- 
scribed here. 

Our Timer is fully automatic in op- 
eration. It applies ac line power to 
your battery charger for a preselected 
period of time, after which it discon- 
nects power from the charger. Thus, 
it prevents overcharging any battery 
or cell in the charger it controls. The 
Timer is also useful for controlling 
power to a lamp, coffee maker and 
any other electrically- operated device 
that must be powered for a single in- 

terval of time. 

One -Button 
Digital Timer 

Accurately controls the time -on 
interval for rechargeable cells 
and batteries to prevent damage 
due to overcharging 

Designed for simplicity and fail - 
safe operation, our Timer connects 
between the ac power line and the 
charging system. To operate it, you 
simply set a for an 8 -, 10- or 12 -hour 
charge cycle and press a single but- 
ton to begin the countdown. At the 
end of the timed cycle, the Timer 
automatically disconnects line power 
from the charger. The Timer is built 
around readily available and inexpen- 
sive components and is the ideal ac- 

companiment to any charger. 

About the Circuit 
The complete schematic diagram of 
the circuitry used in the One -Button 
Digital Timer is shown in Fig. 1. As 
you can see, this circuit was designed 
to use a minimum number of compo- 
nents and as little power as possible 
from the ac line. The latter is achieved 
through use of low -power CMOS in- 
tegrated circuits that have minimal 
current requirements and operate 
over a wide range of power -supply 
voltages. 

One side of the ac line is tied direct- 
ly to one side of ac receptacle SO/ (in- 

to which the battery charger or other 
device to be controlled plugs) and 

one end of the primary winding of 
power transformer Ti. The other 
side of the ac line connects to one side 
of normally open START pushbutton 
switch SI and the armature lug of 
contacts K1A and K1B of relay Kl. 

The remaining contact of SI and 
the other normally- closed K1A con- 
tact connect to the remaining end of 
the primary winding of Tl. With this 
arrangement, false starts are elimin- 
ated and no ac power is applied to the 
primary side of the transformer until 
SI is momentarily closed to complete 
the circuit from the ac line. 

Timer current requirements are 
quite small. Hence, the contact rat- 
ing of Si can be 1 ampere. The con- 
tact rating of Kl, on the other hand, 
must be hefty enough to handle any 
load that may be plugged into SOI. 

The secondary winding of Tl pro- 
vides 12.6 volts ac to bridge rectifier 
RECT1. The bridge rectifier should 
have a rating of not less than 50 volts. 

The negative ( -) terminal of 
RECT1 serves as ground reference 
for the circuit, while the pulsating dc 

at the positive ( +) terminal is cou- 
pled through isolating diode Dl to 
filter capacitor Cl, which converts 
the pulsating dc to pure dc. Use of DI 

42 / MODERN ELECTRONICS / October 1989 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


1S1 K1A 
START 

K1B 

S01 

117Vac 

R1 

2K 

LEDI 

J T1 

12.6V 
300 mA 

D2 
1N4001 

01 
2N2222 

+ 

RECT1 

D1 

1N4001 

.I C1 
100µF 

NOTE: 
IC1 = 4093 

R2 
2K 

C2 
0.1µF R3 

IC1B 

1M 

6 

10 

12 

13 

IC1 C 

12 

10 

11 

16 

IC3 
4040 

Y 
10 

S2A 6 
0 

0- 

S2B 6 

o 

13 

14 

12 

16 11 

IC2 
4040 

Fig. 1. Complete schematic diagram of the circuitry used in the Timer. 

provides isolated unfiltered dc (at the 
anode) and filtered dc (at the cath- 
ode). The unfiltered dc is used to 
drive the circuitry that does not re- 
quired filtering and minimizes the 
physical size of CI. 

Note that the unfiltered dc voltage 
is applied to pin 1 of NAND gate 
ICJA and is shown in Fig. 2(A). The 
output waveform at pin 3 of ICJA is 
a train of square -wave pulses with a 
period of 1/40 of a second, as shown in 
Fig. 2(B). This output serves as the 
system "clock." The period devel- 
oped by this circuit arrangement is 
extremely stable because it is syn- 
chronized with the frequency of the 
ac power line. 

Cascaded 12 -stage binary ripple 
counters IC2 and IC3 permit the 
clock signal to be divided over a 
range from 21 to 224. The 220, 221 
and 222 outputs are delivered to in- 

put pins 5 and 6 of NAND gate IC1B 
by switch sections S2A and S2B, re- 
spectively. This switch is wired to 
provide periods of 7.28, 9.71 and 
12.13 hours, which are rounded out 
to 8, 10 and 12 hours, respectively, at 
output pin 2 of ICIB. 

A buffered power -up one -shot 
multivibrator circuit consisting of 
ICI C and ICID provide an initial re- 
set signal for IC2 and IC3. The one - 
shot circuit is triggered by V + . Its 
period of approximately 0.1 micro- 
second is determined by the values of 
C2 and R3. 

Transistor QI is driven by the out- 
put signal at pin 4 of AND gate ICIB 
through current -limiting resistor R2. 
Starting the timer by pressing START 

switch SI sends QI into saturation to 
energize KI and turn on light -emit- 
ting diode LEDI. Resistor R1 serves 
as a current limiter for the LED, 

which turns on when the Timer is 

started and continues to glow during 
the entire countdown period. It ex- 
tinguishes when the countdown peri- 
od times out and KI deenergizes. 

Diode D2 across the coil of Kl is a 
protective device. It prevents Q1 
from being damaged by the inductive 
current spike that is generated when 
power is removed from the coil and 
its energy field collapses. 

Construction 
There is nothing critical about com- 
ponent layout or /and conductor 
routing. Consequently, you can use 
any method of construction that suits 
you to build the One -Button Digital 
Timer. For example, you can design 
and fabricate a printed- circuit board 
on which to mount and wire together 
the components. Alternatively, you 
can use perforated board that has 
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holes on 0.1 -inch centers and suitable 
Wire Wrap or soldering hardware. 
Whichever way you go, though, it is 
important that you use sockets for 
the ICs. These are static- electricity- 
sensitive devices that can easily be 
damages by some soldering irons. 

Begin construction by installing 
the IC sockets on your pc or other 
board. Then install the resistors, 
bridge rectifier assembly, transistor, 
diodes and capacitors. Before solder- 
ing their leads into place, make cer- 
tain that the rectifier, diodes and CI 
are properly polarized. 

Strip ''/ inch of insulation from 
both ends of 19 6 -inch lengths of 
stranded hookup wire. Use fairly 
large gauge wires for the lines that are 
to go both lugs of relay contacts K1B 

and the chassis -mounted ac recepta- 
cle. These should be of a gauge that 
will safely handle the current drawn 
by the load to be controlled. Tightly 
twist together the fine conductors at 
both ends of all wires and sparingly 
tin with solder. 

Connect and solder one end of 
each of 12 these wires to the follow- 
ing points on the circuit -board as- 
sembly: one wire at each end of RI, 
one at the toggle of S2A, one at the 
toggle of S2B, one to the point to 
which pin 16 of the 1C3 socket con- 
nects, one to the point where pin 12 
of the 1C3 socket connects, two to the 
point to which pin 13 of the 1C3 sock- 
et connects, two to the point where 
pin 14 of the 1C3 socket connects and 
two to the junction formed by the 
collector of QI and the anode of D2. 

Crimp and solder one end of the 
heavy -gauge wires to the lugs for the 
normally -open K1B contacts of Kl. 
Then crimp and solder two of the 
lighter -gauge wires to the K1A nor- 
mally -open contacts of Kl. Crimp 
and solder the free end of the wire 
coming from the R1 /D2 junction to 
one coil lug of KI and the wire com- 
ing from the D2 /QI junction to the 
other coil lug. Mount the relay on the 
circuit -board assembly. 

PARTS LIST 

Semiconductors 
D1,D2- 1N4001 or similar 50 -PIV, 

1- ampere silicon power diode 
IC1- CD4093 CMOS quad Schmitt - 

trigger NAND gate 
IC2,IC3- CD404012 -stage ripple 

counter 
LED1 -Red light -emitting diode 
QI- 2N2222 or similar general- purpose 

silicon npn transistor 
RECT1- MDA100A or similar 50- 

PIV, 1- ampere full -wave bridge 
rectifier 

Capacitors 
C1- 100 -µF, 15 -volt electrolytic 
C2-0.1-AF, 35 -volt ceramic disc 

Resistors (' /. -watt, 10% tolerance) 
R1 ,R2 -2,000 ohms 
R3 -1 megohm 

Miscellaneous 
K1 -12 -volt dc relay with dpdt contacts 

rated to safely handle current that 
will be drawn by the device being 
controlled 

S1 -Spst momentary- contact normally - 
open pushbutton switch 

S2 -2 -pole, 3- position rotary switch 
SO1- Chassis -mount ac receptacle 

(see text) 
T1- 12.6 -volt, 300 -mA power trans- 

former 
Printed- circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); sockets for ICs; 
pointer -type control knob for S2; 
suitable enclosure (see text); ac line 
cord with plug; panel clip or rubber 
grommet for LED1; rubber grommet 
for ac line cord; % -inch spacers; ma- 
chine hardware; stranded hookup 
wire (including heavy -gauge wire for 
load circuit); solder; etc. 

Crimp and solder a wire to each 
primary lead of TI and insulate both 
connections with heat -shrinkable 
tubing. Connect and solder the sec- 
ondary leads of Tl into the circuit at 
the appropriate points. Then mount 
the transformer on the circuit -board 
assembly. 

Do not wire the ac line cord, 
switches or chassis -mounted ac re- 
ceptacle into the circuit until after 
you have machined the enclosure. 

Locate one of the wires coming 
from the junction formed by the col- 
lector of QI and the anode of D2. 
Slip over the free end of this wire a 
1 -inch length of small- diameter heat - 
shrinkable tubing. Clip the cathode 
lead of LEDI to % inch in length. In- 
line solder the free end of the identi- 
fied wire to the cathode lead of the 
LED. Make this connection electri- 
cally and mechanically secure. 

Repeat the entire operation for the 
anode lead of the LED and the wire 
coming from Rl. When both connec- 

tions have cooled, slide the lengths of 
heat -shrinkable tubing over the con- 
nections and flush against the bot- 
tom of the case of the LED. Shrink 
the tubing solidly into place. 

Do not wire the ac line cord, chas- 
sis- mounted ac receptacle or switches 
into the circuit until after you have 
machined the enclosure. 

You can use any type of enclosure 
that will accommodate the circuit - 
board assembly, chassis -mounted ac 
receptacle, switches and LED with- 
out crowding. The lead photo shows 
the author's prototype built into a 
defunct commercial appliance timer 
module, which eliminated the need 
for cutting an opening for the ac re- 
ceptacle. If you have one of these, by 
all means use it, especially since it ob- 
viates the need for making the recep- 
tacle opening and eliminates the need 
for an ac line cord. 

Machine the enclosure as needed. 
That is, cut the opening for the chas- 
sis- mounted ac receptacle and drill 
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Fig. 2. Half -wave rectified voltage waveform (A) that appears at the + terminal 
of RECT1 when the project is timing out and the square -wave clock pulses (B) it 

generates at output pin 3 of ILIA. 

mounting holes for the circuit -board 
assembly, LED and two switches. Al- 
so drill a hole for entry of the ac line 
cord. Make the hole for the LED 
large enough to accommodate a pan- 
el clip or small rubber grommet. If 
you are using a metal enclosure or 
have drilled any holes through or cut 
the slot for the receptacle in a metal 

panel, deburr all cut edges and line 
the hole for the ac line cord with a 
rubber grommet. 

Route the line cord into the enclo- 
sure and tie a strain -relieving knot in 
it about 5 inches from the free end in- 
side the enclosure. Tightly twist to- 
gether the fine wires at the ends of 
both conductors and sparingly tin 

Fig. 3. Interior view of author's prototype showing perforated -board construc- 
tion inside a commercial appliance timer. 

with solder. Crimp but do not solder 
one conductor to one lug of the push- 
button switch and the other conduc- 
tor to one lug of the receptacle. Lo- 
cate one of the leads of the primary of 
TI and crimp and solder the free end 
of it to the same receptacle lug as the 
line cord is crimped. 

Crimp the free ends of one wire 
coming from the K1A and K1B lugs of 
KI to the same lug of SI to which the 
ac line cord is crimped. Solder the 
connection. Next, crimp and solder 
the free end of the other x1s wire to 
the unoccupied lug of SO/. Then 
crimp and solder the free ends of the 
remaining TI primary and K1A wires 
to the unoccupied lug of Si. 

Carefully examine the switch you 
will be using for S2 to identify its tog- 
gle lugs and its position -lug se- 
quence. Crimp and solder the free 
ends of the wires coming from pins 5 

and 6 of the ICI socket to the S2A 
and S2B toggle lugs, respectively. 
Then crimp and solder the free ends 
of the wires coming from pins 12, 13, 
14 and 16 of the IC3 socket to the po- 
sition lugs of the switch as illustrated 
in Fig. 1. 

Before proceeding to final assem- 
bly, use a dry- transfer lettering kit or 
tape labeler to label the switches and 
LED (see lead photo). If you use the 
former, protect the lettering with two 
or more light coats of clear acrylic 
spray. Allow each coat to dry before 
spraying on the next. 

Before proceeding to final assem- 
bly, check all component installa- 
tions for proper value or type and 
orientation. Carefully check all wir- 
ing, especially wherever ac line power 
will appear in the circuit. Then care- 
fully examine all soldered connec- 
tions. If you missed any connection, 
solder it. If you find a connection 
that appears to be suspicious, reflow 
the solder on it and add solder if 
needed. If you locate any solder 
bridges, use desoldering braid or a 
vacuum -type desoldering tool to re- 
move them. Do not proceed to final 

(Continued on page 82) 
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Project 

An Infrared Detector 
Simple tester gives visible indication of whether or not 
invisible infrared energy from, say, a hand -held 
remote controller is being generated 

By Jeff Orthober 

Have you ever had to check 
out the hand -held infrared 
remote -control transmitter 

for your TV /VCR /audio system to 
determine if it was working? Or have 
you been experimenting with infra- 
red and need a device that will let you 
know if your IR emitter is actually 
emitting? As you know, you can't 
exactly look into a powered infrared 
emitter to see the radiation it's emit- 
ting because it's invisible to the hu- 
man eye. 

Here's a "tool" you can put to- 
gether in about 10 minutes that will 
let you check out the invisible signal. 
It's a simple five -component Infra- 
red Detector that "sees" infrared en- 
ergy. When it does detect infrared 
energy, it turns on a light- emitting 
diode to let you know that the device 
being tested is operating. 

Circuit Operation & 
Construction 
Refer to the schematic diagram of 
this simple project's circuit during 
the following explanation. The proj- 
ect is built around Motorola's MRD- 
750 infrared detector chip, shown 
here as ICI. This device has a built -in 
detector element and Schmitt -trigger 
logic output that lights LEDI when- 
ever it detects the presence of infra- 
red energy. 

As you can see, the MRD750 has 

POWER 

B1 + 

"T 

v+ 

3 

IC1 

MRD750 
2 

GROUND 

OUTPUT 

R1 

220 
(see text) 

PARTS LIST 

B1 -9 -volt battery 
IC1- MRD750 infrared detector with 

logic output 
LED 1 -Jumbo light- emitting diode 
R1- 220 -ohm, '/ -watt resistor (value 

not critical -see text) 
S1 -Spst slide or toggle switch 
Misc. -perforated board and suitable 

hardware or solderless breadboard- 

fi LEDI 

ing socket (see text); suitable enclo- 
sure (see text); battery snap connec- 
tor for B1; hookup wire; solder; etc. 

Note: The following items are available from 
JL Electronics, 43 White Plains Dr., 
Nashua, NH 03062: MDR750 detector, 
$3 or two for $5; complete kit of parts 
(does not include power switch or enclo- 
sure), $10. 

Complete schematic diagram of the simple circuitry that makes up the In- 

frared Detector. 

only three pins, one each for power, 
ground reference and output. When 
ICI does not detect IR energy, its 
OUTPUT pin is in the tri -state condi- 
tion and RI serves as a pull -up resis- 
tor. Now when ICI does detect the 
presence of IR radiation, its output 
goes to a logic low. This allows LEDI 
to turn on, providing you with an in- 
visible indication of the presence of 
the IR energy. 

The value of R1 is really not im- 

portant. Though 220 ohms is speci- 
fied on the schematic and in the Parts 
List as a commonly available value 
that can be used for RI, the value of 
this resistor can be anywhere within 
the range from 50 to 1,000 ohms. 

Power for the circuit is supplied by 
BI, a 9 -volt battery. It is switched in 
and out of the circuit via Sl. 

This circuit is so simple that it can 
easily be assembled and wired togeth- 
er in just a few minutes on perforated 
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board with suitable hardware or even 
on a small solderless breadboarding 
socket. You may wish to house it in 
an enclosure. If you do, make sure to 
use an enclosure that will accommo- 
date the circuitry and battery without 
crowding. Also, make sure that the 
IC has a clear, unobstructed view to 
the outside and that you mount the 
LED in a location where it will easily 
be seen by you. 

To use the Infrared Detector, place 
the sensor window on ICI so that is 
directly in line with and 2 inches or 
less from the source of the IR radia- 
tion. Flip on power to the project and 
device being tested, and observe 
whether or not the LED on the Infra- 
red Detector comes on. If it does, the 
device under test is emitting IR radia- 
tion; if not, something is wrong with 
the device under test. That's all there 
is to it. AE 

Organize and Protect 
Your Copies of 

IREEINEw' Ks 
Now there's an easy way to organize and keep copies of your 
favorite magazine readily available for future reference. 

Designed exclusively for ?.E by Jesse Jones Industries, 
these custom -made titled cases and binders provide the lux- 
ury look that makes them attractive additions to your book- 
shelf, desk or any location in your home or office. 

Whether you choose cases or binders, you'll have a storage 
system that's durable and well organized to help protect your 
valuable copies from damage. 

Cases and binders designed to 
hold a year's issues (may vary with 
issue sizes). 
Constructed of heavy reinforced 
board, covered with durable 
leather -like material. 
Title hot -stamped in gold. 

Free personalization foil for index- 
ing year. 
Cases V- notched for easy access. 
Binders have special spring mech- 
anism to hold individual rods 
which easily snap in. This allows 
magazines to be fully opened for 
easy readability. 
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s V NOTEBOOK !III 
How to Detect Ultraviolet, Visible Light and 

Infrared Radiation 

By Forrest M. Mims III 

Even though many different kinds of 
light detectors are available, most of us 
routinely use only phototransistors and 
photoresistors for the majority of our 
light -detection applications. This leaves 
out many kinds of light detectors that 
may work much better. 

This is the first of several columns in 
which I plan to introduce each of the 
most -important classes of light detectors 
and describe how they are used. I'll also 
present some circuits you can try with 
various detectors. First, however, let's 
devote some time to defining light and to 
looking at the first light detector and 
some of the many applications that light 
detectors have since made possible. 

Light Defined 
There isn't enough space here to include a 
full discussion about the physics of the 
nature of light. But it is important to de- 
fine which wavelengths of the electro- 
magnetic spectrum are generally consid- 
ered to be light. 

Light is usually considered to be those 
wavelengths of the electromagnetic spec- 

trum that are visible to the human eye. By 
this definition, light is restricted to the 
wavelengths that form the colors of the 
rainbow. These wavelengths are usually 
said to range from about 380, nanome- 
ters on the blue end to about 780 nanome- 
ters on the red end of the spectrum. 

Actually, the boundaries that separate 
visible and invisible light are rather fuzzy. 
Depending on the intensity of the light 
and its contrast with the background, 
many people can see beyond 380 nanome- 
ters on the blue end of the spectrum and 
beyond 780 nanometers on the red end. 
For example, most people can easily see 
the 780 -nanometer radiation emitted by 
the diode laser in a compact -disc player. 
People who have had the lens of an eye 
removed during cataract surgery can see 
down to 320 nanometers. 

Invisible electromagnetic radiation be- 
tween 200 nanometers and the lower limit 
of visible blue light is called the ultravio- 
let spectrum. Sometimes, ultraviolet ra- 
diation is called "black light." 

Invisible electromagnetic radiation be- 
yond visible red light and out to 1,000 mi- 

crometers is known as the infrared spec- 
trum. Since the infrared spectrum is so 
wide, it's usually subdivided into three 

regions. Wavelengths out to 1.5 micro- 
meters make up the near -infrared spec- 
trum. Wavelengths between 1.51 and 6 

micrometers make up the middle- infra- 
red region. Finally, wavelengths between 
6 and 1,000 micrometers are perceived as 
heat by the human body. (All electromag- 
netic radiation causes at least some in- 
crease in the temperature of objects it 

strikes. More about this later.) 
Shown in Fig. 1 are the relationships of 

ultraviolet, visible and infrared radiation 
to the remainder of the electromagnetic 
spectrum. Often, the definition of light is 

extended to include some or all of the ul- 
traviolet and infrared wavelengths. 
Many kinds of light detectors can detect 
wavelengths across the ultraviolet /visible 
or visible /infrared regions of the spec- 
trum. Therefore, for the purpose of this 
column, the broader definition of light 
will be used. 

Blackbody Radiation 
Electromagnetic radiation is emitted by 
any object whose temperature is greater 
than that of absolute zero (0 degree Kel- 

vin or -273.18 degrees Celsius). This is 

known as "blackbody radiation." Since 
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Fig. 2. Peak spectral existence of a blackbody at various temperatures. 

nothing is known to be at a temperature 
of absolute zero, everything is a black- 
body radiator. 

The peak wavelength of the blackbody 
radiation emitted by an object is directly 
related to the temperature of that object. 
The blackbody radiation of an object 
whose temperature is less than about 
1,725 degrees Celsius falls predominantly 
in the infrared portion of the spectrum. 
While the page you are reading is an ex- 
cellent reflector of visible light, it is much 
too cool to emit visible blackbody radia- 
tion. If this page is at room temperature 
(300 degrees Kelvin), it's emitting black- 
body radiation that has a peak wave- 
length of around 9.66 micrometers. 

The peak spectral wavelength emitted 
by a blackbody at a given temperature is 
given by Wien's displacement law, which 
states that Wavelength = 2,898 /temper- 
ature in degrees Kelvin. For example, if 
your body temperature is 310 degrees 
Kelvin, the peak blackbody radiation 
emitted by it has a wavelength of 2,898/ 

310 degrees, or 9.35 micrometers. Since 
the temperature at the surface of your 
skin is is actually less than 310 degrees 
Kelvin, your blackbody radiation is 
somewhat greater than 9.35 micrometers. 

Graphed in Fig. 2 is the radiation emit- 
ted by a blackbody at a range of tempera- 
tures. The curve for a blackbody at 6,000 
degrees Kelvin approximates the radia- 
tion from the sun outside the Earth's at- 
mosphere. The straight line that connects 
the peak emission wavelengths follows 
Wien's displacement law. 

Wien's displacement law works both 
ways. For example, if the peak spectral 
wavelength of a glowing ladle of molten 
metal can be measured, the temperature 
of the metal can be calculated using 
Wien's displacement law. The same pro- 
cedure can be used to determine the tem- 
perature of the filament in an incandes- 
cent lamp when current is flowing 
through it. The color temperature of the 
light source is the temperature at which a 
hot blackbody must be maintained to 

produce a spectrum of light that matches 
that of the light source. 

First Light Detector 
According to Genesis, God invented both 
light and the first light detectors. Biologi- 
cal light detectors remained the only ones 
available until 1873. In that year, Wil- 
loughby Smith was working with multi - 
ple-megohm resistors made from crystal- 
line selenium that he had designed to test 
a submerged transoceanic cable. His as- 
sistant, a Mr. May, discovered that the 
resistance of the selenium resistors was 
greatly reduced when the devices were ex- 
posed to sunlight. 

Smith performed some experiments 
with selenium light detectors and his re- 
sults created great interest in scientific 
circles. Soon, other scientists confirmed 
what May and Smith had discovered. 
Within a few years, it was learned that se- 
lenium was most sensitive to greenish - 
yellow light and that a selenium detector 
could function as a sun -powered battery. 

Early experiments with selenium light 
detectors were performed by connecting 
the detector in series with a battery and a 
galvanometer. In 1878, Alexander Gra- 
ham Bell proposed substituting a tele- 
phone receiver for the galvanometer so 
that changes in light intensity could be 
converted into audible sound. The even- 
tual result was his invention of the photo - 
phone, the first lightwave communica- 
tion system. 

Applications 
Circuits that detect light have become in- 
creasingly important in electronics. Most 
cameras include built -in light sensors. At 
the receiving end of every infrared re- 
mote- control unit is a detector. Night 
lights and security lights are switched on 
and off by a light sensor. Many telephone 
conversations are transformed into 
flashes of light that are sent though opti- 
cal fibers and received by sensitive light 
detectors. Sensitive detectors connected 
to fiber -optic sensors detect liquid level, 
particles displacement and vibration. 
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ELECTRONICS NOTEBOOK .. 

Light detectors are used to detect fire, 
match colors and measure ultraviolet ra- 
diation. They are used to receive the 
beams of lasers and LEDs in break -beam 
intrusion -detection systems. Light detec- 
tors read the bar codes on labels, and they 
detect the laser beam deflected from the 
surfaces of compact discs. 

Many new applications are made pos- 
sible by placing two light detectors side by 
side in the same case or package. This 
forms what is known as a dual detector. 
In a typical application, each half of the 
detector is connected to one input of a 
difference amplifier and the dual detec- 
tor package is placed at the focal point of 
a lens or parabolic reflector. 

Normally, as shown in Fig. 3, both de- 

tectors receive the same amount of illumi- 
nation; hence, the output of the two de- 
tectors is balanced. If something that al- 
ters the amount of light being received by 
one half of the dual detector moves 
across the field of view of the detector, 
one detector will generate a greater out- 
put than the other. When this occurs, a 
voltage appears at the output of the dif- 
ference amplifier. 

Dual detectors are especially useful for 
detecting the flickering flames of a fire. 
They're also widely used to detect moving 
objects and even people and animals. All 
these applications are possible by using 
detectors that respond primarily to either 
visible light or to infrared radiation. 

The above are only some of the many 
-almost limitless number of- applica- 
tions for light detectors. I haven't even 
listed applications for position- sensitive 
detectors, detector arrays and image de- 

tectors used in television cameras. 

Detector Specifications 
Light detectors can be characterized by 
many different specifications. The most 
important of these are response time, sen- 
sitivity and noise. 

Many applications can tolerate very- 
slow response times. Who cares, for ex- 

ample, if a night light switches on in a few 

milliseconds or a few nanoseconds? Pho- 
toresistors are very slow to respond, but 
their excellent sensitivity makes them an 
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Fig. 3. These drawings show how a dual detector detects a moving radiation source. 

ideal choice for this application. 
Other applications require very -fast re- 

sponse times. Optical -fiber communica- 
tion systems are a good example, since 
most such systems transform voice sig- 
nals into pulses of light. Semiconductor 
junction photodiodes have a very-fast re- 
sponse time, making them ideally suited 
to this application. 

Generally speaking, junction detectors 
with a small active surface are faster than 
those with a large active surface. This is 

because smaller detectors have less junc- 
tion capacitance than do larger detectors. 

The sensitivity of a detector is a mea- 
sure of how well it responds to light at a 
particular wavelength. For example, a 

typical silicon photodiode has a sensitivi- 
ty of about 0.5 ampere per watt to light 
that has a wavelength of about 900 nan- 
ometers. In other words, a photodiode 
that has this sensitivity will generate a 
current of about 0.5 milliampere when it 
is illuminated by 1.0 milliwatt of radia- 
tion at a wavelength of 900 nanometers. 

Sensitivity of some detectors varies 
with previous exposures to light. For ex- 

ample, the resistance of a photoresistor 
varies with the light striking the active 
surface. After the light source is re- 
moved, the photoresistor's resistance 
may not return completely to its normal 
or dark value for some time. This is called 
the "light- history" or "memory" effect. 

Like diodes and resistors, light detec- 
tors generate internal noise. The noise of 
a light detector is often specified in terms 
of noise equivalent power or NEP. The 
NEP of a detector is the level of light that 
matches the detector's inherent noise lev- 

el. In terms of signal -to -noise ratio, a de- 

tector's NEP is that level of light that 
gives an SNR (S/N ratio) of 1. 

Keep in mind that detector specifica- 
tions apply to the detector as it is pur- 
chased. For example, so -called blue -en- 
hanced silicon photodiodes can be used 
to detect ultraviolet radiation. But ultra- 
violet radiation is highly attenuated by 
most kinds of glass and plastic. There- 
fore, the detector will not meet its specifi- 
cations if it is placed behind a window or 
lens that does not transmit the ultraviolet. 

The dozens of different types of light 
detectors can be divided into two broad 
categories: thermal detectors and photo - 
detectors. Thermal detectors indirectly 
detect the presence of light by measuring 
either the temperature increase or some 
effect of the temperature increase that oc- 

curs when light strikes a temperature-sen - 
sitive element. Photodetectors detect 
light directly by the photoelectric effect. 

There are many differences between 
thermal and photoelectric detectors, but 
the most important is spectral response. 
Thermal detectors have a spectral re- 

sponse that is virtually flat from the deep 
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ultraviolet to the far infrared. Photoelec- 
tric detectors, on the other hand, have a 
much narrower spectral response. 

Thermal Detectors 
Since thermal detectors respond to a tem- 
perature increase, a common misconcep- 
tion it that they detect only infrared radi- 
ation. Actually, as noted above, thermal 
detectors can detect ultraviolet and vis- 
ible wavelengths as well, because all 
wavelengths of light can cause a tempera- 
ture increase. That's why the blue -green 
beam from an argon laser I was once us- 
ing virtually instantly ignited a black 
cloth that shielded some equipment from 
ambient light. 

The temperature- sensitive resistor or 
bolometer was among the first thermal 
detectors. The thermistor is a semicon- 
ductor bolometer. 

A thermopneumatic or Golay cell is a 
small gas -filled chamber. A thin film on 
one wall of the chamber bulges outward 
when the internal gas expands on being 
warmed by optical or IR radiation. Dis- 
placement of the film is detected by a sim- 
ple interferometric technique in which 
Newton's rings are formed. 

In 1938, an array of 61 thermopneu- 
matic cells was used to detect aircraft 
more than 20 kilometers away. The cells 
were mounted at the focal point of a 1.5- 
meter military searchlight mirror. A sin- 
gle cell could detect an aircraft. Move- 
ment of the aircraft could be detected 
while observing changes in the Newton's 
rings on the individual detectors. 

Another early kind of thermal detector 
is the thermocouple, which is the junction 
of two dissimilar metals that produce a 
voltage when heated. The thermopile is 
an array of thermocouples that provides 
more output voltage than is possible with 
a single thermocouple. 

Finally, there is the pyroelectric ther- 
mal detector. One such detector is made 
from lithium tantalate, an asymmetrical, 
non -conducting crystal. Electrodes are 
applied to both sides of the crystal to 
form a capacitor. The internal electrical 
field of the crystal appears across the 
electrodes of the capacitor. When the 

crystal is illuminated, the charge on the 
capacitor is almost instantly altered. 

Besides lithium tantalate, pyroelectric 
detectors are made from ceramics like 
lead zirconate titanate. They are also 
made from piezoelectric film. 

Comparisons 
Thermopiles and pyroelectric detectors 
are by far the most important kinds of 
thermal detectors. Miniature thermo- 
piles, which can be purchased for as little 
as $50, are several times more expensive 
than some inexpensive pyroelectric detec- 
tors. On the other hand, thermopiles are 
much easier to use. Since they generate a 
voltage, they can be used with simple 
high -gain op -amp circuitry. 

Since pyroelectric detectors are elec- 
trically equivalent to tiny capacitors, they 
must be connected to FET -input amplifi- 
ers that have a very -high input impe- 
dance. Otherwise, the minuscule charge 
on the detector will be drained away be- 
fore it can be measured. 

Pyroelectric detectors are very sensi- 
tive and have a much faster response time 
than thermopiles. But it's important that 
you realize that pyroelectric detectors re- 
spond only to changes in incident radia- 
tion. Thermopiles, on the other hand, 
generate a continuous output current 
when illuminated by a light source. 

What does the foregoing mean in prac- 
tice? Shine a flashlight on a pyroelectric 
detector, and it will generate an output 
pulse. Remove the light, and it will gener- 
ate a second pulse. Repeat this experi- 
ment with a thermopile, and it will gener- 
ate a continuous current for the entire 
time it is illuminated. 

Pyroelectric detectors can easily detect 
moving sources of ultraviolet, visible - 
light or infrared radiation if the detector 
is placed at the focal point of a lens or re- 
flector. For steady sources that do not 
move, a chopper wheel can interrupt the 
radiation that strikes the detector. 

As noted above, the spectral response 
of thermal detectors is virtually flat. 
That's because their spectral response is 
dependent solely on the absorption prop- 
erties of the black soot or paint used to 
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Fig. 4. A sensitive thermal detector made with thermistors. 

coat the detector's active surface. The 
spectral response can be changed by using 
filters or different kinds of window ma- 
terials that double as filters. 

Potassium bromide (KBr), a common 
window material for thermal detectors, 
has excellent transmission properties 
from the ultraviolet out to beyond 35 mi- 
crometers. Quartz or silica is used when 
ultraviolet and visible wavelengths are 
being detected. Germanium is used to 
block these wavelengths in favor of a 
band between 2 and around 20 microme- 
ters. The infrared energy emitted by you 
and me peaks at around 10 micrometers, 
thereby making germanium a suitable 
window material when human beings are 
being detected. 

Both pyroelectric and thermopile de- 
tectors are available with either single or 
dual elements for detection of flickering 
flames or moving objects, as above. 

Briefly reviewing, the two outputs 
from the dual detector are connected to 
the inputs of a difference amplifier, and 
the detector is placed at the focal point of 
a lens or mirror. When both elements are 
equally illuminated, the output of the 

Fig. 5. A precision amplifier for a miniature thermopile. 

amplifier is zero. When one element re- 

ceives more radiation than the other 
does, the output of the amplifier swings 
positive or negative. The direction of out - 
put swing is determined by which element 
is warmer than the other. 

Experimenting With 
Thermistor Detectors 
I described thermistors in some detail in 
my May 1989 "Electronics Notebook" 
column. The main emphasis of that col- 
umn was the use of thermistors as indica- 
tors of temperature change. Several ap- 
plication circuits were provided. 

You can make a simple thermistor de- 
tector from a blackened thermistor by at- 
taching a thermistor to a small piece of 
metal that is coated with soot or black 
paint. While this arrangement will detect 
light, it will also respond to changes in the 
temperature of the surrounding air. 
Therefore, it must be used when the tem- 
perature of the surrounding air is very 
stable. Alternatively, or it must be shield- 
ed from air currents. 

You can greatly increase the sensitivity 

of a thermistor by mounting it at the focal 
point of a flashlight reflector. You can 
prevent air currents from producing false 
signals by covering the reflector with a 
polyethylene film, which is a good trans- 
mitter of infrared radiation. 

Temperature effects can be canceled 
out by using two thermistors, one of 
which is shielded from the light being 
measured. The outputs from the sensors 
then go to a difference amplifier. 

Figure 4, for example, shows one way 
to connect two thermistors to a difference 
amplifier. The thermistors are Radio 
Shack Cat. No. 271 -110 devices. This 
readily available thermistor has a resis- 
tance that ranges from 329.2 kilohms at 
- 50 degrees Celsius to 758 ohms at + 110 

degrees Celsius. Many other thermistors 
will also work in this circuit. 

I used an OP -07 precision operational 
amplifier for the Fig. 4 circuit, but other 
high -quality op amps will work equally 
well. Connect the amplifier's output to 
an analog multimeter set for a full -scale 
indication of a few volts or so. Feedback 
resistor R3 should have a resistance of 
about 20,000 to 30,000 ohms for initial 
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tests. Adjust the OFFSET CONTROL SO that 
the meter's pointer is near the middle of 
the scale. The pointer will move toward 
the positive end of the scale when you 

touch thermistor T1 and to the negative 
end when you touch thermistor T2. 

You can increase the sensitivity of the 

Fig. 4 circuit by increasing the value of 
R3. First, place a short piece of clear plas- 

tic tubing over the two thermistors to 
keep away stray air currents. Then adjust 
the value of R3. The meter's pointer will 

tend to swing wildly when you adjust the 

OFFSET CONTROL. Therefore, use a high 

meter range setting at first to avoid dam- 

aging the analog movement. 
When you finally balance the circuit, it 

will be extremely sensitive. Pointing the 

1- milliwatt beam from a helium -neon las- 

er at one thermistor will cause a pointer 
deflection of tens of millivolts. A flash- 

light will cause a much greater deflection. 

Experimenting With 
Thermopile Detectors 

You can perform many interesting exper- 

iments in ultraviolet, visible -light and in- 

frared detection with a thermopile detec- 

tor. If your budget is limited, you can at- 

tempt to make your own thermocouple 
from two dissimilar metal wires. Ther- 

mocouple wire is available from many 

sources. The Electronic Goldmine (P.O. 

Box 5408, Scottsdale, AZ 85261) sells a 

2 -inch length of thermocouple wire for 49 

cents (specify Cat. No. 52009). Omega 

Engineering, Inc. (P.O. Box 2669, Stam- 

ford, CT 06906) stocks every imaginable 
kind of thermocouple and raw thermo- 
couple wire. 

If you can spare around $50, your best 

bet is to purchase a miniature thermopile 
detector. Dexter Research Center, Inc. 

(7300 Huron River Dr., Dexter, MI 

48130) is a major manufacturer of ther- 
mopile detectors. The company makes a 

dozen or so single- and dual -element mul- 

ti- junction detectors, most of which are 

priced at $50 or $60 each. Optional win- 

dow materials and filters are available for 

an additional $4 to $10. 
While I have not yet experimented with 

a miniature thermopile detector made by 

Dexter Research, I have worked with a 

Model C 1 miniature thermopile made by 

Sensors, Inc. Unfortunately, this com- 

pany no longer makes miniature thermo- 
pile detectors, but the Model C1's design 

and specifications are similar to those of 
some of the thermopiles made by Dexter 

Research. 
The Model Cl thermopile features 12 

miniature thermocouples deposited on a 

substrate and connected together to form 

a thermopile. The active region of the 

thermopile is coated with black paint or 

soot and is installed in a TO -5 transistor 

Ri 
loo 

R2 
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Fig. 6. A low -power amplifier for a miniature thermopile. 

case. The case is fitted with a potassium 
bromide window that transmits optical 
wavelengths ranging from 250 nanome- 
ters in the ultraviolet to more than 35 mi- 

crometers in the infrared. 
Thermopiles made by Dexter Research 

that have specifications similar to those 

of the Model C1 include the Model M5 

with 10 junctions and the Model 1M with 

15 junctions. 
Figure 5 is adapted from a circuit rec- 

ommended by Dexter Research for am- 
plifying the signal from its thermopile de- 

tectors. You can use a common 741 op 
amp in this circuit, but you'll obtain sub- 

stantially better results with the recom- 
mended 725 instrumentation -grade oper- 
ational amplifier. 

Figure 6 is a simpler circuit I've used 
with the Model Cl thermopile. This cir- 

cuit gives an output of a few tenths of a 

volt when a hand is moved within 6 inches 

or so of the thermopile. Much greater 
output signals are given when the detec- 

tor is illuminated by a small penlight or 

powered light- emitting diode. 
Since the spectral response of this de- 

tector is almost flat, it's interesting to 
compare the output voltage given by vari- 

ous sources of ultraviolet, visible -light 

and infrared radiation. Try a candle 
flame, sunlight, a hot soldering iron, a 

xenon strobe light and various LEDs. 
When using the Fig. 6 circuit, keep in 

Fig. 7. A high- impedance amplifier for Kynar m pyroelectric film. 
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ELECTRONICS NOTEBOOK... 

mind that it is powered by a single- polar- 
ity supply. This means that the OFFSET 

CONTROL should be adjusted to give a 
small output from the amplifier when the 
thermopile isn't being irradiated. Other- 
wise, temperature changes that cause the 
output of the detector and the op amp to 
drift may force the output to zero even 
when the detector is receiving a signal. 
You'll have much better results observing 
the detector's response if you connect the 
output of the op amp to a multimeter 
with an analog meter movement than to 
one that has a digital numeric display. 

The TLC271 op amp in the Fig. 6 cir- 
cuit will also work with a dual -polarity 
power supply. For full details, see the 
Texas Instruments TLC271 data sheet. 

Incidentally, the TLC721 is a CMOS 
op amp with a very high input impe- 
dance. Therefore, be sure to use safe 
MOS handling procedures when using it. 

You can use other kinds of CMOS op 
amps in this circuit as long as you revise 
the pin connections as necessary. 

Experimenting With 
Pyroelectric Detectors 
I described pyroelectric detectors in de- 
tail in the July 1987 "Electronics Note- 
book." That column included several 
tested circuits for lithium tantalate detec- 
tors made by Eltec Instruments, Inc. 
(P.O. Box 9610, Daytona Beach, FL 
32020 -9610). The circuits described in 
that column can also be used with ceram- 
ic pyroelectric detectors like those made 
by Amperex Electronic Corp. (George 
Washington Hwy., Smithfield, RI 02917). 

I didn't cover plastic -film pyroelectric 
detectors in the July 1987 column. Ky- 
narTM plastic piezoelectric film is the 
best -known pyroelectric plastic film. It's 
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manufactured by Pennwalt Corp. (Kynar 
Piezo Film Dept., P.O. Box 799, Valley 
Forge, PA 19482). You can purchase a 
Kynar film kit from Edmund Scientific 
Co. (101 E. Gloucester Pike, Barrington, 
NJ 08007- 1380). 

You can easily make a large -area pyro- 
electric detector by connecting piece of 
metalized Kynar film to a high- input -im- 
pedance amplifier, such as shown in Fig. 
7. Though I used a TLC721 CMOS op 
amp in this circuit, any high- input -impe- 
dance CMOS -type op amp should work. 

For test purposes, connect the output 
of the amplifier to an analog -type multi - 
meter that is set for a full -scale reading of 
1 volt or less. As with the Fig. 6 circuit, be 
sure to adjust the OFFSET CONTROL to 
give a small output voltage at all times. 

The Kynar film element I used mea- 
sures approximately % x 1'/ inches. 
Therefore, its capacitance is considerably 
greater than that of miniature lithium 
tantalate and ceramic pyroelectric detec- 
tors. This greater capacitance slows 
down the detector's response time to as 
much as 1 second or so. If you place your 
hand near the detector, the output volt- 
age will slowly increase by 20 or 30 milli- 
volts, pause and then slowly begin to de- 
cline. The detector will also respond to 
the light from a flashlight or LED. 

Going Further 
Application circuits given here are only a 
hint of what can be done to process the 
signals from the various kinds of thermal 
detectors. For example, you can make a 
threshold alarm by connecting a compar- 
ator to the output of a detector amplifier. 
For monitoring the output of a detector 
in the dark, you can connect a LED bar- 
graph display to the output of a detector 
amplifier. You can greatly increase the 
output of the thermal detectors by using 
them in conjunction with various kinds 
of lenses and reflectors. 

Be sure to tune in next month to "Elec- 
tronics Notebook," when I'll continue 
this discussion of detectors with a de- 
tailed look at phototubes, photodiodes, 
phototransistors and other photoelectric 
detectors. 
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JlliI/SOL D -STATE DEV CES'I (l'li11MI 

An ISDN Communications Controller, a Dedicated 
Motion Controller, a Micro -Power Comparator, 

and a Ground Fault Interrupter 

By Joseph Desposito 

National Semiconductor (2900 Semicon- 
ductor Dr., Santa Clara, CA 95052), a 
company committed to establishing a 
leadership position in the Integrated Ser- 
vices Digital Network (ISDN) market- 
place, has announced a chip optimized 
for communications control. The com- 
pany's new 16 -bit HPC16400 Communi- 
cations Controller implements all Lay - 
er-2 and Layer -3 functions of the ISDN 
specification in a highly integrated, flexi- 
ble system. 

Though optimized for ISDN applica- 

tions, the HPC16400 is capable of ad- 
dressing a wide range of additional infor- 
mation control applications, including 
data storage, document imaging, and 
data communications. 

A member of National's 16 -bit HPC 
(High- Performance microController) 
family, the HPC16400 shares a common 
core CPU, with unique memory and I/O 
configurations suitable for specific appli- 
cations (see Fig. 1). The HPC16400 con- 
tains two High -level Data Link Control 
(HDLC) channels that serve as transceiv- 
ers for the communications channels de- 
fined in the ISDN Basic Rate Interface 

(BRI). The HDLC circuitry implements 
proper frame sequencing and control, er- 
ror detection and retransmission, and ad- 
dress recognition. The channels can sus- 
tain continuous HDLC data rates as high 
as 4.6 Mb /s, making them suitable for 
proprietary high -speed networks, as well 
as ISDN applications. 

A 4- channel DMA controller acts as an 
interface to external data RAM, enabling 
the HPC16400 to exploit the speed of the 
HDLC channels. Bus requests are initiat- 
ed automatically and completed by the 
controller without further intervention 
after initial CPU acknowledgment. 
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' Fig. 1. National Semiconductor's 16 -bit HPC16400 High- Performance microController hasa common core CPU and unique memory 
and I/O configurations suitable for specific applications. 
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SOLID -STATE DEVICES... 

Fig. 2. The LM628 motion -control processor governs the position, velocity and accelera- 
tion, rates of servo mechanisms. The LM628 evaluation board is shown in front of the 

video monitor in this photo. 

A programmable serial interface de- 
coder allows the two HDLC channels to 
be used with devices employing inter -chip 
serial links for point -to -point and multi - 
point data exchanges. The decoder gener- 
ates Enable signals for the HDLC chan- 
nels, allowing multiplexed D- and B- 
channel data to be accessed. 

A full -duplex programmable UART 
facilitates communications between the 
HPC16400 and other on -board control- 
lers. The UART includes a program- 
mable baud -rate generator, allowing de- 
signers to select industry- standard baud 
rates regardless of crystal frequency. 
This ensures that the system can be oper- 
ated from a single crystal. 

The HPC16400 uses several register 
sets to simplify packet management, thus 
increasing the efficiency of data trans- 
mission and storage. The device's 256 
bytes of RAM store user -variable data 
packets. A multiplexed bus to external 
memory provides direct addressing for 
up to 64 kilobytes of memory, while addi- 
tional control outputs are available for 
up to 544 kilobytes of memory. 

A number of extra pins and National's 
MICROWIRE /PLUS serial data expan- 
sion interface help to implement periph- 
eral functions. And four user- configur- 
able 16 -bit timer counters can be used to 
implement timeouts, including default 
timers outlined in various specifications. 

The HPC 16400 can be purchased in 68- 
pin PLCC, LCC, TapePak, and PGA 
packages. In PLCC packaging, the de- 
vice is priced at $30 each in 1,000 -unit 
quantities. 

National Semiconductor further sup- 
ports the efforts of ISDN systems design- 
ers by offering an ISDN chip set (which 
includes the HPC16400) and a number of 
development tools and services. One of 
its key development tools is the TP3500 
ISDN Evaluation System, a development 
board that simplifies hardware and soft- 
ware design and debugging. The TP3500 
evaluation system is priced at $995. 

Dedicated Motion Controller 
Also from National Semiconductor is the 
LM628 dedicated motion -control proces- 
sor, which lets designers develop high - 
performance, computer- controlled, mo- 
tion- control systems. 

Intended for use with a variety of do 
and brushless dc servo motors, the 
LM628 provides precise control for many 
kinds of industrial motors. Typical appli- 
cations include factory automation ro- 
bots, material handling machines, corn - 
puter plotters, medical imaging equip- 
ment, and elevator controls. 

The motion controller uses incremen- 
tal shaft -encoder feedback to control the 
position, velocity, and acceleration and 
deceleration rates of servo mechanisms. 
It takes pulses from an incremental en- 
coder and commands from an 8 -bit paral- 
lel bus that is connected to a host micro- 
processor. Based on the commands and 
programmable PID (proportional inte- 
gral differential) filter parameters, the 
LM628 writes to a DAC (digital-to-ana- 
log converter) to control a motor. 

Because an LM628 is used to control 
each motor in a system, the host proces- 
sor is free to attend to other system tasks. 
such as coordination, data manipulation. 
and other supervisory functions. The use 
of the LM628 also reduces the number of 
parts required for complete control of a 
single axis. All that is needed is the dc mo- 
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Fig. 3. A low- battery detector circuit built around Motorola's MCI4578 micro -power 
comparator. 

tor/actuator, an incremental encoder, a 
DAC, a power amplifier, and the LM628. 
The LM628's output port can drive either 
art 8 -bit or 12 -bit DAC. 

The LM628 can be programmed in real 
time during motion activity with a wide 
range of control parameters, and can 
ccntrol motors of any size. Additional 
features include 32 -bit internal computa- 
tion capability, a 750 -kHz encoder cap- 
ture rate, an internal trapezoidal velocity 
profile generator, and a fixed propor- 
tional and integral sampling frequency of 
3 kHz. Also featured is a position inter- 
rupt that is activated when the motor 
crosses a user -specified position. 

The LM628 operates at a clock fre- 
quency of 6 MHz. It is available in 28 -pin 
DIPS for $30 each in quantities of 100 and 
up. IBM PC, XT, and AT- compatible 
servo motor controller boards featuring 
the LM628 are available from Technol- 
ogy 80 Corp. (Minneapolis, MN). Each 
board intelligently controls one dc servo 
motor and is delivered with software to 
help you evaluate the LM628 in a motion 
control system. The boards have ± 10- 
volt analog outputs for connection to a 
servo power amplifier. 

Micro -Power Comparator 
The MC14578 from Motorola (MOS 

Digital -Analog Integrated Circuits Divi- 
sion, Austin, TX 78762) is an analog 
building block consisting of a very high 
input impedance comparator and a volt- 
age follower used to monitor the nonin- 
verting input of the comparator without 
causing circuit loading. 

The MC14578 can function with volt- 
age inputs ranging from 3.4 to 14 volts. 
The quiescent current is rated at 10 mi- 
croamperes at room temperature, which 
allows an extended battery life for appli- 
cations using batteries as either the main 
source or as back -up power. 

Included on the chip are four enhance- 
ment -mode MOS field- effect transistors 
(MOSFETs). These FETs can be exter- 
nally configured as either open -drain or 
totem -pole outputs. For safety, the 
drains have static -protecting diodes on 
the chip. Another feature is the electro- 
static discharge (ESD) protection circuit- 
ry present on all input pins. 

In a system design application, only 
one additional component is required for 
proper comparator operation. A 3.9- 
megohm resistor rated at ± 10% must be 
installed between the reference bias pin 
and V + . 

Typical applications for the MC14578 
are: signal pulse shaper, threshold detec- 
tor, low- battery detector, line -powered 
smoke detector, and liquid /moisture sen- 

Say You Saw It In Modern Electronics 

sor. A low- battery detector circuit is 
shown in Fig. 3. 

The MC14578 is priced at $1.34 when 
purchased in quantities of 500 to 999. 

Ground Fault Interrupter 
The LM1851 from Raytheon Semicon- 
ductor (350 Ellis St., Mountain View, CA 
94043) is a controller for ac outlet ground 
fault interrupters. The device detects haz- 
ardous grounding conditions (for exam- 
ple, a pool of water and electrical equip- 
ment connected to opposite phases of the 
ac line) in consumer and industrial envi- 
ronments. The output of the LM1851 
triggers an external SCR, which, in turn, 
opens a relay circuit breaker to prevent a 
harmful or lethal shock. 
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SOLID -STATE DEVICES... 

The LM1851, by complying with U.S. 
UL943 timing standards, ensures maxi- 
mum immunity to false triggering due to 
line noise. Additionally, there is circuitry 
to reset a timing capacitor in the event 
that noise pulses introduce unwanted 
charging currents. A flip -flop is included 
to ensure firing of even a slow circuit 
breaker relay on either half -cycle of the 
line voltage when external full wave recti- 
fication is used. 

The LM1851 can be configured to de- 

tect both normal faults (an unintentional 
electrical path, between the load terminal 
of the hot line and the ground, as shown 
by the dashed lines in Fig. 4A) and 
grounded neutral faults (an unintention- 
al electrical path between the load ter- 
minal of the neutral line and ground, as 

shown by the dashed lines in Fig. 4B). 
A typical ground fault interrupter cir- 

cuit is shown in Fig. 5. It is designed to 
operate on 120 V ac line voltage with 5 

mA normal fault sensitivity. A full -wave 

rectifier bridge and a 15,000- ohm /2 -watt 
resistor are used to supply the dc power 
required by the LM1851. A 1- microfarad 
capacitor at pin 8 used to filter the ripple 
of the supply voltage is also connected 
across the SCR to allow firing of the SCR 
on either half cycle. 

When a fault causes the SCR to trigger, 
the circuit breaker is energized and the 
line voltage is removed from the load. At 
this time, no fault current flows and the 
timing capacitor (C) discharge current 
increases from threshold current Ith (the 
value of current set by the external resis- 
tor Rset) to 3 times Ith. This quickly resets 
both the timing capacitor and an output 
latch on the chip. The circuit breaker can 
be reset and the line voltage again sup- 

plied to the load, assuming the fault has 

been removed. 
A 1000:1 sense transformer is used to 

detect the normal fault. The fault cur- 
rent, which is basically the difference cur- 
rent between the hot and neutral lines, is 

stepped down by 1,000 and fed into the 
input pins of the operational amplifier 
through a 10- microfarad capacitor. The 

RB Line 

Neutral 

Fig. 4. Raytheon's LM1851 ground fault interrupter chip can be configured to detect (A) 

normal unintentional electrical path faults between the load terminal of the hot line and 
ground and (B) grounded neutral faults where an unintentional electrical path exists be- 

tween the load terminal of the neutral line and ground (dashed line.). 

0.0033 -microfarad capacitor between pin 
2 and pin 3 and the 200 picofarads be- 
tween pins 3 and 4 are added to obtain 
better noise immunity. Normal fault sen- 

sitivity is determined by timing capacitor 
discharging current Ith (set by Rset) 

Grounded neutral detection is accom- 
plished by feeding the neutral coil with 
120 -Hz energy continuously and allow- 

ing some of the energy to couple into the 
sense transformer during neutral fault 
conditions. 

The LM1851 is available in an 8 -lead 
plastic DIP and an eight -lead small -out- 
line package. Pricing is $1.19 in 100 -piece 
quantities. Transformers can be obtained 
from Magnetic Metals (21 St. and Hayes 
St., Camden, NJ 08101). AE 
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Fig. 5. A typical ground fault interrupter circuit. 
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By Ted Needleman 

I have to admit that I really like laser 
printers. In the various professional en- 
deavors I'm involved in, the speed and 
quality that these printers provide really 
make a difference. In the last year or so 
I've come across several software pack- 
ages that make the laser printers I use 
even more useful or fun. And while none 
of the three packages I'll discuss are of 
earthshaking importance, they all meet a 
specific need. 

Top Honors 
Producing award certificates, whether 
they are serious or humorous, is a big 
business in the printing industry. Just go 
into your local card shop and chances are 
that you'll find a display offering "Moth- 
er of The Year," "Best Golfer" and a 
number of other awards available for 
purchase. The prices for these seem to 
vary greatly. I've seen them for as little as 
$2 and as much as $7 or $8. 

In the past, I've used Certificate Mak- 
er, from Springboard Software, to make 
a variety of certificates and awards. The 
package is inexpensive (about $40), avail- 
able for different computers, easy to use, 
and produces its certificates on a dot -ma- 
trix printer. The only problem with it is 
that the output looks like it was produced 
on a dot -matrix printer. When I set my 
laser printer into its Epson emulation 
mode, with the hope that my certificates 
would look more like laser -printed docu- 
ments, I wound up with awards that still 
had a dot -matrix look (though the dots 
themselves were very sharp!). 

When my oldest boy turned four re- 
cently, I thought it would be fun to make 
up "Certificates of Appreciation" for his 
friends who attended his birthday party. I 
had just received Springboard's newest 
product, Top Honors, and decided to 
give it a try. 

Top Honors is a Macintosh -based 
package. It requires a Mac Plus, SE, or 
Mac II with at least 1 MB of RAM, a Post- 
Script printer, and Apple's System V4.2 
or above and Finder V6.0 or above. The 
System and Finder are not supplied on 
the program disks, so if your Mac has an 
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A typical example of an award certificate printed on a laser printer using "Top Honors" 
from Springboard Software, Inc. 

earlier version of these, you'll need to up- 
grade before you can use Top Honors. 

The software is specifically designed to 
enable you to create custom awards and 
certificates, and doing so is extremely 
easy. After you've installed the software 
on your hard disk, or made working cop- 
ies if you're going to be using floppies, 
you may also want to install several fonts. 
Springboard provides a bonus font, 
"Old German," which can be installed 
with the Font /DA Mover system utility. 
If a PostScript laser printer is installed 
and turned on when Top Honors is start- 
ed, you can use any of the fonts the print- 
er offers in laying out your certificate; the 
software interrogates the printer as to 
what fonts are available. 

If a laser printer is not immediately 
available, or is turned off, you will have 
to design your certificate with whatever 
fonts are installed on your Mac. Later, 
when you go to print the certificate, you 
can substitute a laser font for those used 
in the layout. 

Using Top Honors is a snap. Choose 
which orientation (horizontal or vertical) 
you want for your certificate, then start 
assembling it. The first step is to choose a 
border. Top Honors provides 24 patterns 
for you to choose from, and if you feel 
ambitious, you could even create your 
own with many of the available illustra- 
tion or drawing programs and add them 
to the Borders file. Then use the mouse to 
double -click on the areas of the certifi- 
cate you want to work on. There is the 
Award wording itself on the top of the 
certificate (for example, In Apprecia- 
tion, Certificate of Merit, Diploma, 
etc.), an area to fill in the particulars, a 
signature area, and places for a seal. You 
can have up to four signature lines, with a 
date line. 

You can use up to three graphics on a 
certificate; one seal (Springboard pro- 
vides seven different ones), one EPS (En- 
capsulated PostScript) that can be re- 
sized and grayed to provided a tinted 
background image, and one MacPaint 
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Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

- 
.".,.s.. 

F 

ME/ O i 
v Learn at home in spare time. 1 No previous experience needed! 

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, RadioTV, Micro- 
wave. Computers, Radar, Avionics 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! , 

COMITUMD PRODUCTIOMS 
FCC LICENSE TRAINING, Dept. 220 
P.O. Box 2824, San Francisco, CA 94126 
Please rush FREE details immediately! 

NAME 
ADDRESS 
CITY _ STATE ZIP 

.1 

PC CAPERS .. 

graphic. If you have clip art available to 
you, or if you've created your own graph- 
ics with another package, these can easily 

be used in your awards. 
One outstanding feature of Top Hon- 

ors is the ability to input a list of names 
and print a series of certificates using 
one, several, or all of these names on indi- 
vidual certificates. To accomplish this, 
use the phrase *name* on the certificate 
where a person's name would ordinarily 
go. Then go into the FILE menu and 
choose "Create Name List" and enter 
your list of names. When you go to print 
the certificate, a window opens that lets 

you select the names you wish to have ap- 
pear on each of the certificates. Top Hon- 
ors then prints a certificate using each of 
the names you've selected. 

I do have one criticism about Top Hon- 
ors: it can't be used without an expensive 
PostScript laser printer. You can create 
awards and certificates on a Mac not so 

equipped, but you won't be able to print 
even a draft copy of your certificate. I'd 
love to see a version of Top Honors that 
could produce laser -quality output on the 
less expensive LaserJet and compatible 
printers. At the very least, Springboard 
should add the ability to print a draft - 
quality proof on an ImageWriter dot -ma- 
trix printer. Other than this, I think Top 
Honors deserves an award as an easy -to- 
use fun package. 

3-2-1 LiftOff 
As versatile as laser printers are, there are 
still a few things that you can't easily do 
with them. For example, I often submit 
reports in a custom binding cover set. 
These are report covers with the papers 
sandwiched between them and fastened 
with a set of plastic strips using a machine 
made by Velobind. The report covers I 

use are made out of vinyl, grained to look 
like leather and with a suede finish on the 
surface. While the front is gold- stamped 
with my company's name on it, there 
have been times when I wanted to put a ti- 
tle, or some other wording such as "Pre- 
pared For:" on the front cover. 

Not only are these cover sets simply too 
thick to feed trough a laser printer, but 
even if they weren't, I'd be afraid that the 

heat of the process would melt the vinyl. 
For these types of problems I've had to 
resort to a friend's Kroy lettering ma- 
chine. This machine essentially prints let- 
ters onto a transparent adhesive film, 
which is then burnished onto the object 
on which you want the print to appear. 

It's a little annoying to have to use last 
generation's technology with all of the 
technologically advanced equipment I 

usually have available, but it's been the 
best way to solve the problem. At least it 
was until I received DP -Tek's 3 -2 -1 Lift - 
Off. The 3 -2 -1 LiftOff is a combination 
of software and supplies that produces 
adhesive lift -off labels using your PC and 
laser printer. These labels, when pro- 
duced, are then burnished onto whatever 
you need to label. In essence, this pack- 
age turns your PC into the equivalent of a 
Kroy lettering system. 

I found the software easy to install and 
just as simple to use. The program disk 
has an install routine that asks for a drive 
and directory path where you wish the 
software to be located. Then it transfers 
the files over to this directory, creating it 
in the process if necessary. In total, the 
software and included fonts require 
about 1.3MB of hard -disk space. These 
files are stored on the supplied floppy 
disk in a compressed format, and are un- 
packed during installation. This takes 
just a few minutes to accomplish. 

When you're finished, just type LIFT- 
OFF, and you're in the program. The 
software itself is very simple, and consists 
of two windows. The editing window, at 
the bottom of the screen, shows what you 
are typing in, while the "TAPE" window 
displays what will be printed in WYSI- 
WYG (What You See Is What You Get) 
format. The software offers two type 
faces (Serif and Sans Serif) in two weights 
(bold and normal). You can' also print 
each character in a point size ranging from 
6 points (very small) to 60 points (almost 
an inch high (72 points equals 1 inch). You 
can also control spacing (called kerning) 
and the orientation (horizontal or vertical) 
on each character. 

When you're finished editing the tape, 
which can be up to 11 inches long, you 
print it out on a special sheet of paper (a 
dozen of these LiftOff sheets are sup- 
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plied) fed through your laser printer. 
Then you take the tape supplied, lay a 
piece of it over the characters just print- 
ed, and go over it with a burnishing tool 
supplied in the package. This transfers 
the toner onto the tape, which can then be 
placed on any object you could normally 
stick a piece of mending tape onto. This 
process takes longer to describe than do; I 
had my first transfer tape within four 
minutes of installing the software. 

3 -2 -1 LiftOff does exactly what it ad- 
vertises, and its $90 cost is not at all un- 
reasonable. At the same time, I'm a little 
hesitant to recommend it unconditional- 
ly. The reason for this is that you prob- 
ably have 97% of this package already on 
hand. The tasks the software performs, 
letting you input and edit text and then 
flipping it 90 degrees for printing, can 
easily be accomplished with any "paint" 
type program such as PC -Paint or Pub- 
lisher's Paintbrush. 

These programs give you a wider selec- 
tion of fonts to choose from (though DP- 
Tek offers an optional font pack for $49 
that adds three more fonts and 93 sym- 
bols). The plastic burnishing tool sup- 
plied with the package can be substituted 
for by a popsicle stick and the liftoff tape 
looks suspiciously like ordinary 
ScotchTM tape, down to the Spartan plaid 
on start of the roll. The only component 
that isn't easily substituted is the special 
paper (called LiftOff sheets) that you run 
through the laser printer. 

This paper has a smooth, almost non- 
stick finish, and looks to me to be very 
similar to the freezer paper you can buy at 
any supermarket. But to be honest, 
there's no way I'm going to experiment 
with putting freezer paper through my 
$3,000 laser printer to see if this is the 
case. DP -Tek charges $49 for a supplies 
kit containing 50 sheets of LiftOff paper, 
an extra burnishing tool, and six assorted 
rolls of tape. 

I have a suspicion that if someone 
wanted to experiment, they could put to- 
gether the equivalent of 3 -2 -1 LiftOff's 
materials kit for about $4 or so. Given the 
large multi- thousand dollar investment a 
laser printer represents, and the cost of 
getting it repaired if you feed the wrong 
material through it, few people (includ- 
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ing myself) will be that adventurous. If 
you have a need for it, the $90 price of 
3 -2 -1 LiftOff isn't unreasonable, and it 
sure beats the current price of a Kroy let- 
tering machine. RE 

Products Mentioned 

Top Honors 
Price: $ 99.95 
Springboard Software, Inc. 
7808 Creekridge Circle 
Minneapolis, MN 55435 
(612) 944-3912 

3 -2 -1 LiftOff 
Price: $ 89.00 
DP-Tek, Inc. 
3031 W. Pawnee 
Wichita, KS 67213 
(316) 945-8600 

EDITORIAL 
(from page 6) 

After you come to a computer - 
type conclusion, there are other fac- 
tors to weigh, such as whose brand, 
how much memory, hard disk's ac- 
cess speed, and so on. Joe doesn't go 
into such details here. Answers to 
these are more easily made than the 
major ones discussed herein. 

One last thought. If you're in the 
market for a computer now, don't 
wait for the next design advance. The 
upcoming 80486 microprocessor will 
be even faster than an 80386, but the 
latter will not be at all made obsolete. 
So why wait; there's always some- 
thing better (and likely more expen- 
sive) coming up over the horizon. En- 
joy and profit by jumping to a new 
level of computer productivity and 
flexibility now. Good shopping! 

NAM 84010 
IS FUN! 

It's even more fun for begin- 
ners now that they can oper- 
ate voice and link computers 
just as soon as they obtain 
their Novice class license. You 
can talk to hams all over the 
world when conditions per- 
mit, then switch to a repeater 
for local coverage, perhaps 
using a transceiver in your car 
or handheld unit. 

Your passport to ham radio adventure is 
TUNE -IN THE WORLD WITH HAM 
RADIO. The book tells what you need to 
know in order to pass your Novice exam. 
Two cassettes teach the code quickly 
and easily. 
Enclosed is my check or money orderfor 
$19.00 plus $3.50 for shipping and handl- 
ing or charge my 
( ) VISA ( ) MasterCard ( ) Am. Express 

Signature 

Acct. No 

Good from Expires 
Name 

Address 

City State Zip 
ME 

MERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON. CT 06111 
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1989 Buyer's Guide 
THE ACTIVE HAM'S COMPLETE 
ANNUAL REFERENCE MASTER 

This valuable new master directory and 

buyer's guide will serve you day in and 

day out in searching out new gear, com- 

paring new models, locating dealers near 

you and mail -order retailers around the 

country. 
COMPLETE PRODUCT INFORMATION 
It's a single -volume source book of the 
latest Amateur Radio gear all sectional- 
ized by equipment type for easy reference 
by the seasoned editorial staff of CQ: 

Complete product descriptions. 
Technical specifications. 
Retail prices. 
Equipment photographs. 

BUYING TIPS FROM THE EXPERTS 
Great articles on the in's and out's of pur- 

chasing Amateur equipment. The experts 
give you the inside scoop on everything 
from antennas to transceivers to making 
your first packet contact ... and lots more. 
ORDER YOUR BUYER'S GUIDE TODAY! 
Don't risk missing the single most valu- 
able buying guide in the Amateur field. 
Send only $3.95 

Mail to: CO Communications, Inc. 
76 North Broadway, Hicksville, NY 11801 

A New AOR 
Scanner 

100 Channels Low, Air, 
High, UHF & 800MHz 

Perfect for base or 
mobile. Includes AC 
and DC power cords, 
mobile mount hardware 
and 2 antennas. 
Covers 27- 54MHz, 
108- 174MHz, 406- 512MHz 
and 830- 950MHz. 
5 Scan Banks and 5 Search Banks 
25 Day Satisfaction Guarantee 
No Frequencies Cut Out. 
Size: 3,/7"H x 52/s"W x 77 /a"D. Wt.: 2 lb. 10 oz. 

Pr/ 
ÁR950 

Total Price, Freight Prepaid 
(Express Shipping Optional 

$299.0° - 
COMMUNICATIONS 

10707 E. 106th St. Indpls., IN 46256 
Toll Free 800 -445 -7717 

Visa and MasterCard `X 
MUM= (COD slightly higher) ` --' - ' 

In Indiana 317- 849 -2570 Collect FAX (317) 849 -8794 

IIIIIIIfSOFTWIlRE FOCUS 
The New Chessmaster 2100: 

Successor to Chessmaster 2000 

Displays Increased Power 

By Art Salsberg 

The Fidelity Chessmaster 2100 is The 

Software Toolworks (Chatsworth, CA) 
latest chess program, superseding its win- 

ning predecessor, Chessmaster 2000 

while maintaining the same low price of 
$44.95 for IBM PC and compatible, Ap- 
ple II Series and Apple IIGs computers 
and $39.95 for Commodore 64/128. (Ex- 

pected soon are Apple Macintosh and 
Commodore Amiga versions at $49.95.) 

The latest program is available on ei- 

ther 51/4 " or 31/2 " disks in the IBM ver- 

sion, which we examined. It can be used 
with PC /XT /AT and PS /2 systems. At 
least 512K of user memory is required, as 

is a graphics adapter, whether Hercules, 
CGA, EGA, VGA or MCGA, using a 

keyboard, a mouse or a joystick. The 
program is not copy -protected. 

Installation is simple. Moreover, if 
you've used the earlier CM 2000, you'll 
be completely at home with the CM 2100. 

Whereas the new CM has unlimited levels 

of play from newcomer to grandmaster, 
the older one was limited to 12 levels. 

Playing hints and the teaching mode are 
expanded, too, as is the classic games li- 

brary which adds 10 games for 110 total. 
Among the most important changes is 

its opening move increase to 150,000 

from 71,000. Some frills include a "Rate 
My Play" feature and voice sound that 

Chessmaster display in 3 -D mode. 

can announce your opening play line and 
moves. 

There's a "War Room" mode that en- 

ables the player to get an overall view of 
lots of things, such as a move list, cap- 

tured pieces, clocks and a "Show Think- 

ing" window. You can now print games 
with full graphics, rather than only text. 

select time per move or per game or 

moves per minute. 
A host of other advances include re- 

playing a whole game with the program 
analyzing it, playing in "Two People" 
mode, and add your own piece sets if you 

have one of the popular paint programs. 

The Chessmaster 2100 is a better chess 

player than the older 2000 by a fair de- 

gree. Furthermore, it's easier to handle 
for newcomers and has some glitzy things 

such as voice to titillate people. (The 
voice is on the hoarse side, though.) 
There's enough here to justify a new 

model number, though some might say a 

new version number would have suf- 

ficed. In any event, we liked the first 

model, 2000, very much as we wrote in a 

review about two years ago (see Modern 
Electronics, December 1987). This one's 
even better ... and the price has been 

held. Aff 
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FREE 
Backpack 
when you buy an 
HP calculator! 

Business 
HP 148 
HP 17B 
HP Business 
Consultant II 

Science and 
engineering 
HP 22S 
HP 27S 
HP 285 
FIP 32S 
HP 42S 

HP Calculators - 
the best for your success. 

SEND FOR 
FREE 

CATALOG 

HEWLETT 
P PACKARD 

TI -95 Procalc 
TI's Top -of- the -Line 
Scientific Programmable now has Menu Windows! 

TEXAS 
INSTRUMENTS 

Flhll)EF:-Ii r.a_. 

rlcrt ntr=.t m111 , 
HP's proud NEW 
family of quality 
calculators. 

There's one for you! 
HP -14B $61.95 
HP -17B $84.95 
HP -19B $134.95 
HP -22S $47.95 
HP -27S $69.95 
HP -28S $175.95 
HP -32S $56.95 
HP -42S $89.95 

(Receipt must be dated between 
August 15, 1989 and October 15, 1989 ) 

EduCALC 
EduCALC 27953 CABOT ROAD 
LAGUNA NIGUEL, CA 92677 U.S.A. 

Telephone (714)582 -2637 
8 -5 pm Mon. - Fri. 

VISA 
FAX (714)582 -1445 Anytime 

Giant Memory with 7200 program steps or 9 
bytes of file space -in 8K of Constant Memory 

Menu Windows give you fast access to an unprecedented 200+ func- 
tions -first you select a group of 5 windows from the keyboard, then 
you use 5 function keys to choose your window. This unsurpassed 
variety of built -in functions includes 2- variable statistics, probability, 
metric conversions, factors, hyperbolic trig, decimal /hexadecimal /octal 
arithmetic, and much more. Plus, these function keys are definable 
inside your own programs. 
Options: additional 8K Memory Cartridge, Statistics Cartridge, Math- 

ematics Cartridge, and more soon. You'll have ports to connect PC -324 
Printer and CI -7 Cassette Interface. 
Stock #TI -95 [PROCALC] List $200 y' 
Stock #95 -771 (Math Cartridge) List $50 ]1.', $39:15" 
Stock #95 -772 (Stat Cartridge) List $50 t°J.S $497/5 
Stock #95 -900 (Chem Eng Cartridge) List $50 taut $.39:15 
Stock #TI -695 [8K RAM Cartridge] List $50 $39.95 
Stock #PC -324 [Portable Printer] List $115 $89.95 
Stock #AC -9201 [Adapter] List $19 $16.95 
Stock #T1' -324 [Paper] List $6 $4.95 
Stock #CI -7 [Cassette Interface] List $35 $26.95 
Stock #PA -201 [AC Interface] $6.95 

Sale 

0541,95 

ata registers or 6200 

CIRCLE NO. 127 ON FREE INFORMATION CARD 

Over 75,000 active amateurs in over 125 countries 
throughout the world read and enjoy a different 
kind of ham magazine every month. They read CQ. 

It's more than just a magazine. It's an institution. 

SUBSCRIBE TODAY! 
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They're here... 
CO Amateur Radio 
1989 Equipment Buyer's Guide 
and 
1989 Antenna Buyer's Guide 

Which one is right for you? The Equipment 
Buyer's Guide gives you the edge in selecting 
just the right equipment for the shack -HF 
and VHF rigs of all kinds, accessories, packet 
controllers and so much more. All the infor- 
mation is here in one handy, concise directory 
with descriptions, technical specifications, 
model numbers, retail prices and photo- 
graphs. Buy with confidence when you make 
your decisions based on all the facts. 

The bands are hotter than ever. Now's the 
time! Make those improvements to the anten- 
na farm. You'll need the Antenna Buyer's 
Guide to squeeze every single dB out of those 
dollars you invest. In depth coverage of direc- 
tional and omnidirectional antennas for all 
frequencies! Tuners, watt meters, cable - 
and more. You'll find detailed charts and 
specifications, retail prices and photographs. 
Get all the facts before you pick up the phone! 

Both guides are filled with the kind of sup- 
port information you've always needed, but 
couldn't easily get: Dealer listings including 
branches, names and calls for key personnel, 
top lines carried, whether or not trade -ins are 
accepted or on -site repairs are made . .. and 
soon. 

Both guides have buying tips from the ex- 
perts. How do you select the right H.F. anten- 
na? Who do yob talk to and what do you say to 
get that tower permit? You'll find those ques- 
tions answered in the Antenna Buyer's Guide. 
What are all those "bells and whistles" on the 
new rigs for? Which computer is best for the 
shack? The Equipment Buyer's Guide an- 
swers these questions and many, many more. 

Which one is right for you? Do yourself a 

big favor -Buy both! It'll be the best invest- 
ment you've made this season. 

USA: $3.95 each (includes postage). 
Foreign: $5.00 U.S. each (includes post- 

age). Foreign orders are payable in U.S. funds 
only by check drawn on a U.S. bank, or by U.S. 
Postal Service Money Order. 
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Mail to: CO Communications, Inc. 
76 North Broadway, Hicksville, NY 11801 

BOOKS INN 

Master Handbook of 1001 Practical 
Electronic Projects (Solid -State Edition). 
Edited by Kendall Webster Sessions. 
(Tab Books Inc. Soft cover. 391 pages. 
$19.95.) 

Books like this one are very popular for 
the time they save by providing a host of 
time -saving schematics from which one 
can build useful devices. This book is a 

cut above the average for its range of top- 
ics and its focus entirely on solid -state cir- 

cuitry. Every circuit schematic is accom- 
panied by a short caption that contains 
information needed to get it working. For 
example, if a coil must be hand wound, 
you get complete information on how to 
do this. Adding to the value of this book 
is the claim that every circuit has been 
breadboarded and tested to assure the 
reader that it actually works. The result is 

a level of confidence not usually found in 

similar books. 
Looking up a circuit is easy because the 

book is divided into 18 sections, each of 
which deals with a specific topic or sever- 
al interrelated applications. One section 
focuses on alarms, sensors and triggering 
circuits; another deals with just audio 
amplifiers; and yet another deals with re- 

ceivers, r -f preamps, converters, etc. 
There are specialty topics as well, like au- 
tomotive circuits, power supplies, logic 
circuits, signal -generation circuits, test 
equipment, and so on. Just about any cir- 
cuit one may need, short of the very exot- 
ic, is almost certain to be found in the 
pages of this book. 

Two appendices and two indexes are 
provided. One appendix is an IC substitu- 
tion guide, the other a listing of the elec- 
tronic symbols used in the schematics. 
The first of the two indexes lists solid - 
state components by number and gives 
the page(s) for the schematics in which 
they are used appears. The other index is 

an alphabetical listing of the circuits con- 
tained in this book, making it very easy to 
find a particular circuit. 

If you are an avid hobbyist or experi- 
menter or design custom equipment, this 
book will be an important asset in your 
technical library. 

Laboratory Automation Using the IBM 
PC. By Stephen C. Gates & Jordan Beck- 
er. (Prentice -Hall, Inc. 322 pages + 
Disk. $36 hard cover; $18 soft cover.) 

Interfacing a scientific or industrial in- 

strument to a computer to obtain auto- 
mated operation is the subject of this 
book, which integrates the software and 
hardware aspects of laboratory automa- 
tion. Its 15 chapters are divided into three 
parts. Part 1, consisting of nine chapters, 
starts with a definition of automation 
and then goes on to discuss the hardware 
and software aspects of laboratory data 
collection and instrument control. In do- 
ing so, it discusses A/D and D/A con- 
verters, noise detection and reduction, 
digital I /O, the IEEE -488 bus, serial 
communications, counters and timers, 
and coordinated data collection and 
control. 

In three chapters, Part 2 discusses 
techniques for analyzing laboratory 
data. It introduces user- and program- 
mer- friendly software and discusses peak 
detection and digital image processing. 
Part 3, also comprising three chapters, 
describes how to increase the power and 
efficiency of laboratory computer usage 
with a more sophisticated application of 
hardware and software. This part brings 
local -area networks into the laboratory, 
speeds up processes using assembly lan- 
guage, and discusses interrupts and di- 
rect memory access. 

A wide range of BASIC program list- 
ings that perform different functions ap- 
pear throughout the unusually well -writ- 
ten text. The authors, both of whom are 
associated with IBM, recommend con- 
verting the BASICA programs to Quick - 
BASIC, C, Pascal, Fortran or Forth. All 
programs printed in the book are also 
available for direct loading on an IBM 
PC- compatible 5'/," floppy disk affixed 
to the inside rear cover of the book. The 
Scientific Routines diskette also includes 
a host of programs not printed. In addi- 
tion to the listings, many tables, schema- 
tics and drawings are provided where 
their inclusion help explain text material. 

This is an especially useful book for 
anyone planning to automate a laboratory. 
It is chock full of valuable information. 

NEW LITERATURE 
Test -Equipment Catalog. Now available 
is the complete Modular Systems catalog 
for 1989 from Hameg Instruments. List- 
ed and fully described (including photos 
and technical specifications) are digital 
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multimeters, milliohmmeter and LC me- 
ter; dc- to -1 -GHz frequency counters; 
distortion meter; spectrum analyzer; 
tracking generator; function, sine -wave 
and pulse generators; and triple power 
supply. Each instrument listed is accom- 
panied by listings of accessories (cables, 
probes, adapters, etc.) that go with them. 
A separate price sheet is also included. 
For a free copy, write to: Hameg, Inc., 
88 -90 Harbor Rd., Dept. ME, Port 
Washington, NY 11050. 

Tools Catalog Supplement. Contact 
East's 48 -page supplement to its 1989 
General Catalog lists hundreds of prod- 
ucts for testing, repairing and assembling 
electronic equipment. New items listed 
include analog /digital oscilloscopes, 
static -protection products, soldering sta- 
tions and supplies, test equipment, and 
precision hand tools. Other listed items 
include voice /data communications test 
devices, tool kits, wire and cable aids, ad- 
hesives for electronics, and inspection 
equipment. All products are fully de- 
scribed, including full specifications and 
color photo. For a copy, write to: Con- 
tact East, 335 Willow St. S., N. Andover, 
MA 01845. 

Full -Line Equipment Catalog. A new 
catalog that lists and describes the 1989 
test and measurement product line from 
John Fluke Mfg. Co. and N.V. Philips 
has just been published. The 520 -page 
catalog integrates the product lines of the 
two companies into 16 major categories 
and features 19 new products and 19 new 
service programs. New products issued 
since the last edition of the catalog are 
highlighted in a full -color introduction 
section. The full index of all products and 
services that follows is arranged both ac- 
cording to function and numerically. For 
a copy, write to: John Fluke Mfg., Co., 
Inc., P.O. Box C9090, Dept. ME, Ever- 
ett, WA 98206. 

Test Instruments Catalog. A 12 -page 
catalog from RAG Electronics lists and 
describes new and used brand -name elec- 
tronic test instrumentation for sale and 
lease. Listed are spectrum analyzers, ac 
and dc power sources, environmental 
chambers, signal sources and oscillo- 
scopes. Among the brand names repre- 
sented are Fluke, Hewlett- Packard, 
Hameg, Hitachi, Power Designs and 

Tektronix, among others. For a copy, 
write to: Keith Gertzman, RAG Elec- 
tronics, Inc., 21418 Parthenia St., Ca- 
noga Park, CA 91304. 

System Configuration Planner. Heath/ 
Zenith is offering a "System Configura- 
tion Planner" for its new data acquisition 
and control product line. It is designed to 
make it easier for manufacturing and 
processing personnel to computerize 
manual data acquisition and process - 
control applications by walking them 
through digital or analog input, output 
and I/O systems. The illustrated chart 
proceeds step -by -step through logical 
choices in planning individualized sys- 
tems and highlights the main features of 
modular instrument products so that 
users are able to quickly identify the cor- 
rect components for their operations and 
to make adjustments when operations 
change. For a free copy, write to: Jim Ly- 
tle, Heath /Zenith Computer Based In- 
struments, P.O. Box 21, Dept. ME, St. 
Joseph, MI 49085. 

DMM Selection Guide. The Instrumen- 
tation Products Division of Beckman In- 
dustrial has a new full -color, illustrated 
selector guide that describes the com- 
pany's newest line of digital multimeters. 
The guide presents Beckman's HD150 
series line of 31A-digit heavy -duty auto - 
ranging DMMs. For a free copy, write to: 
Beckman Industrial Corp., 3883 Ruffin 
Rd., Dept. ME, San Diego, CA 92123- 
1898. 

Clock Source Ap Note. Linear Technol- 
ogy's "AN12: Circuit Techniques for 
Clock Sources" applications note con- 
tains schematics of a number of clock os- 
cillator circuits that can replace gate os- 
cillators and achieve better performance, 
greater accuracy and lower drift with 
time and temperature. Among the cir- 
cuits presented are an oven -controlled 
crystal oscillator with less than 1 part per 
billion (ppb) drift over a 0 ° to 70 °C range 
with a time drift of less than 1 ppb /week; 
10- and 25 -MHz crystal oscillators; temp- 
erature- compensated crystal oscillator; 
voltage -controlled crystal oscillator; re- 
set- stabilized oscillator; and a stable RC 
oscillator. For a copy, write to: Gary 
Evans, Adv. Mgr., Linear Technology 
Corp., 1630 McCarthy Blvd., Milpitas, 
CA 95035 -7487. 

ATTENTION! 

E LE ÑÑIa 
T 

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

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

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

CTle 4251 CYPRESS DRIVE E JACKSON, MISSISSIPPI 39212 

CIRCLE NO. 118 ON FREE INFORMATION CARD 

CONSOLIDATED 
E L E C T R O N I C S 

GET THE ULTIMATE 
ELECTRONICS CATALOG. 
Order your 280 page catalogue packed with over 10.000 
money saving electronic parts and equipment. Send $3.00 
check or money order, or call 1-800-543-3568 today and 
use your Mastercard or Visa. 
Consolidated Electronics, Incorporated 
705 Watervliet Ave., Dayton, Ohio 45420 -2599 

NAME 

ADDRESS 

CITY 

1 STATE ZIP 

CIRCLE NO. 117 ON FREE INFORMATION CARD 
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Computer Power " , . 80386SX machines more competitively priced against 80286." 

(from page 23) 

the highest capacity drive you can 
reasonably afford. 

Purchasing a 28 -ms 40 -MB hard 
disk instead of an 18 -ms 90 -MB drive 
will compromise the performance of 
your system. The hard -disk control- 
ler is a factor here, too. For the most 
part, IBM AT and compatible com- 
puters use an ST -506 MFM (modi- 
fied frequency modulation) control- 
ler, which has a data transfer rate of 5 

megabits per second. Many 80386 

computers use an ESDI (enhanced 
small device interface) to double the 
transfer rate to 10 megabits per sec- 

ond. Even higher transfer rates are 
possible with an SCSI (small comput- 
er systems interface). 

One other component of speed in 
an 80386 computer is the coproces- 
sor. Whereas the fastest Intel 80287 
coprocessor runs at 10 MHz, the fast- 
est Intel 80387 coprocessor runs at 25 

MHz. Another company, Weitek, 
manufactures coprocessors for the 
80386 that outperform Intel's 80387. 
But while most 80386 computers in- 

clude a socket for an 80387 coproces- 
sor, relatively few include a socket 
for the Weitek coprocessors. 

Some Words About 
80386 Power 
Now that we've covered the speed is- 

sues associated with 80386 comput- 
ers, let's discuss power. Power comes 
from the 32 -bit architecture of the 
chip and from its ability to operate in 
protected mode. 

The 80386 has a 32 -bit data bus, 
can address 4 gigabytes of physical 
memory, and supports virtual mem- 
ory. The virtual address space of the 
80386 is 64 terabytes. The 80386 can 
operate in either real or protected 
mode. In real mode, the processor 
has a real address space of just 1 MB, 
the same as the 8088 and 80286 pro- 
cessors. In protected mode, however, 
the 80386 has an address space equal 
to its virtual address space. 

The benefit to the user of the 
80386's protected mode is the ability 

Typical Base Computer Prices* 

Processor Hard -Disk Video RAM Typical Price 

& MHz Speed Capacity Monitor Included (Mail Order) 

(Old XT Type) 
8088/4.7 -8 20 MB Mono 640K $ 975 

8086/8 -10 20 MB Mono 640K 1,150 

(Old AT Type) 
80286/12 30 MB Mono 1 MB $1,650 

80286/20 40 MB VGA Color 1 MB 2,625 

(New Generation) 
80386SX/ 16 30MB Mono 1 MB $1,950 

80386SX/20 80 MB VGA Color 1 MB 3,050 

80386/16 30 MB VGA Color 1 MB $3,300 

80386/33 110 MB VGA Color 1 MB 4,200 

*All With Monitor, I Floppy & Additions Noted 

to multitask or do more than one task 
simultaneously, like run a database 
program while you are typing a let- 
ter. Protected mode is what keeps the 
instructions and data from one task 
from interfering with the data and in- 
structions from another task. 

Although the 80286 processor has 
the ability run in protected mode, it 
has compatibility problems with 
software written for the 8088 and 
8086 processors when in that mode. 
The 80386, however, has no compati- 
bility problems. Instead it provides 
an 8086 virtual machine mode that 
many software designers have taken 
advantage of. 

For example, with Windows 386, 
you can run two or more tasks simul- 
taneously in different windows, each 
with a full 640 KB of memory avail- 
able to it. The effect is like having 
two or more computers on your desk 
instead of one. Keep in mind though, 
that performance degrades accord- 
ing to the number of virtual machines 
that are running at the same time. 

The 80386SX 

The final aspect of 80386 machines to 
consider is the relatively new 80386SX 
chip. This chip was designed by Intel 
so that manufacturers could make a 
low -cost version of an 80386 comput- 

er. The basic difference between the 
80386 and the 80386SX is that the SX 
version has a 16 -bit data bus path 
while itself processing instructions at 
a 32 -bit clip. This eliminates any need 
for 32 -bit memory in the system, 
while still maintaining the ability to 
run 386 software. Although SX ma- 
chines run at clock speeds of 16 MHz 
and higher, the need for total system 
speed is not as pronounced as the 
need for compatibility. The micro - 
procesor's cost has come down re- 
cently, making an 80386SX machine 
more competitively priced against an 
80286 computer. 

Pros & Cons of 
80386 Computers 
For heavy computing needs such as 

desktop publishing and CAD /CAM, 
it's imperative to have an 80386 corn - 
puter. In fact, any graphics -based 
programs cry out for the power of the 
80386. An 80386 computer will make 
any computerist's life a joy, how- 
ever, no matter what the task at 
hand. Tasks that take minutes to fin- 
ish on an 8088 computer are finished 
in seconds on an 80386. And, of 
course, the 80386 is best suited for 
multitasking operations. 

Are there any drawbacks associ- 
ated with an 80386 computer? Well 
first there is price. Although a bare- 
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... less clear on which bust to take into the 1990s." 

bones 80386 system may be offered 
at a relatively low cost by some man- 
ufacturers, this can be deceiving be- 
cause the components needed to 
make it reach its full potential are 
costly. Also, for people who desire 
speed and multitasking, there may be 
an initial level of disappointment 
since the high speeds cannot be main- 
tained for multiple 8086 virtual ma- 
chines in use simultaneously. 

A suggested 80386 -based system 
would be one with a clock rate any- 
where from 20 to 33 MHz running at 
zero or less than one wait state, 2 MB 
of RAM, eight expansion slots (two 
8 -bit and six 16 -bit), one proprietary 
32 -bit memory slot, cache controller 
and 32K static RAM, shadow RAM 
capability, a VGA graphics adapter 
and multiscan monitor, a 5.25 " 

1.2 -MB floppy drive, a 90 -MB hard 
disk drive with 18 -ms average access 
time and ESDI controller, and 
parallel and serial ports. 

A suggested 80386SX system 
would be one with a clock rate of 16 
to 25 MHz running at zero or less 
than one wait state, 2 MB RAM, five 
expansion slots, a 3.5 " 1.44 -MB flop- 
py drive, and the same video and 
hard disk drives as above. 

You can purchase 80386 or 80386 - 
SX computers in computer stores or 
through mail order. 

In Conclusion 
IBM -compatible computers break 
down into several groups, depending 
on the microprocessor used and the 
computer's bus structure. The micro- 
processors are the 8088, 8086, 80286, 
80386, and 80386SX. The bus struc- 
ture choices for now are the classic 
bus and the Micro Channel bus. 

An 8088 computer is best suited to 
do character -based word processing 
and other light tasks. It's by far the 
least- expensive machine choice. 
Anyone who needs speedier perform- 
ance should consider either an 80286 
or 80386 computer. If you want to 
work with a graphics interface such 
as Windows, an 80286 computer can 

do the job, but an 80386 can do it 
much better, with its ability to do 
true multitasking. An 80386SX has 
capabilities similar to the 80386, but 
a computer system with this chip sac- 
rifices optimum speed. 

As far as buses go, the classic bus 
has been the bus of the 1980s, but the 
Micro Channel may well be the bus 
of the 1990s, with its bus -master 
capability. 

It seems clear that the chip and 
therefore the computer for today and 
the foreseeable future is an 80386. 
(There will be an 80486, we know, 
and advanced versions beyond it. But 
right now, they're not here in any 
volume.) However, it seems less clear 
as to which bus is the right one to take 
into the 1990s though MCA leads. 

There are a lot of other factors that 
have to be mixed in before coming up 
with a sensible buying decision, price 
and supplier support aside. Weighing 
in heavily will be whether or not the 
computer(s) is for personal or busi- 
ness (profit- making) reasons. For the 
latter, it almost always makes sense 
to buy with an eye to the future, 
whether it's for reasons of speed, ad- 
vanced software, data storage expan- 
sion, and so on. Accordingly, a com- 
puter system with an 80386SX will 
likely be the starting point, whether 
classic or MCA bus. No less than a 
40 -MB drive will do here, with 80 MB 
or so really really more desirable 
from a long -term investment view. 

For personal use, much depends, 
on how personal it is and the spare 
money that's available. Will part of 
the computer's use be for business 
reasons? Are you studying engineer- 
ing and plan to use it for CAD /CAM 
purposes? 

In addition to the foregoing con- 
siderations, which only observe a few 
things to weigh, do you intend to go 
the IBM -format route? Perhaps an 
Apple Macintosh would be more ap- 
propriate . . . or a Commodore 
Amiga ... or an Atari ST? Should 
this be the case, look for coverage of 
non -IBM types in a following issue. 

Say You Saw It In Modern Electronics 

Old Radio 
Books 

Short 
Wave 
Radio! 

Discover an incredible collection of early 
electrical and electronics books that have 
just been reprinted! Build simple, high 
performance old time shortwave radios, crys- 
tal sets, regeneratives, neutrodynes, TRF's, 
bandswitching receivers. high performance 
multi -tube sets, and much more. 

Explore the latest television develop- 
ments of 1925. Build a 1930 vintage ham sta- 
tion, a high performance metal detector, arc 
welder, 
a vac - 
u u m 
pump, 
a n d 
much 
more! 

Build 
Tesla 
coils, in- 
duction coils, 
Wimshurst and 
other lightning bolt 
generators! Rewind and 
repair motors! Design and 
build electrical generators! Get h i g h 
power from auto alternators! You'll M find 
quality books on these topics and much 
more! 

You'll find plans and info on all types of 
unusual equipment from lasers to century- 
old induction coils! Build equipment your 
friends haven't even heard oil 

Fringe 
Science 

Discover a strange collec- 
tion of books on lost conti- 
nents, perpetual motion, 
unusual phenomena re- 
corded throughout the 
centuries, and much more. 
Explore the strange world 
that lies between fact & 
fiction! 

Great Catalog! 
Write for your personal copy of 
Lindsay's Electrical Book catalog 
and see for yourself what you've 
been missing! Send $1.00 (US & 
Canada) or $3.00 foreign airmail. 
We'll send your catalog immedi- 
ately! Write today! 

rLindsa 's Electrical Books" 
PO Box 1 Z -WES Bradley IL 60915 I 

1 
Enclosed is $1.00. Send me a copy of 
Lindsay's Electrical Books catalog via first ' 
class mail! 

Name 

IAddress 

Lcity St Zip J 
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A Talking Telephone (from page 32) 

the circuit -board assembly in the 
floor of the enclosure. Then drill a 
mounting hole for the control and 
entry holes for the plug -in wall power 
supply's cord and the incoming tele- 
phone line cord in the back panel. 
Finally, drill a series of small holes in 
the top panel to permit the sound 
from the speaker to escape. If you are 
using a metal enclosure or drilled 
holes through a metal panel, deburr 
them to remove sharp edges. 

Secure the speaker in place, cen- 
tered over the small holes you drilled 
for the sound to escape, with a thick 
bead of silicone adhesive. Allow the 
adhesive to set undisturbed for sever- 
al hours and preferably overnight be- 
fore proceeding. 

Meanwhile, mount the VOLUME 

control in its hole and route the free 
ends of the plug -in power supply and 
telephone line cords through their en- 
try holes. If there is a connector on 
the end of the either or both cords, 
clip it off and discard it before rout- 
ing the free ends into the enclosure. 
Also, if you drilled the entry holes 
through a metal panel, line them with 
small rubber grommets. Tie a strain - 
relieving knot in each cord. 

Prepare the free end of the power - 
supply cable by separating the two 
conductors a distance of about 111 

inch. Strip '/A inch of insulation from 
the ends of both conductors, tightly 
twist together the fine wires exposed 
in each conductor and sparingly tin 
with solder. Use a dc voltmeter or a 
multimeter set to the dc-volts func- 
tion to ascertain the polarity of the 
conductors with the power supply 
plugged into an ac outlet. 

Making certain to observe correct 
polarity, plug the conductors of the 
unpowered power supply into the 
holes provided for them in the cir- 
cuit -board assembly and solder into 
place. Then mount the circuit -board 
assembly into place with 1/2-inch met- 
al spacers, 4 -40 x 3/4 -inch machine 
screws, lockwashers and nuts. Lo- 
cate the three wires for the VOLUME 

control and crimp and solder them to 

the lugs of the panel- mounted con- 
trol as shown. 

Carefully remove 111 -inch of out- 
er plastic jacket from the free end of 
the telephone line cable. You need 
only the red- and green -insulated 

conductors of this cable. Strip 'A 

inch of insulation from the ends of 
the red- and green -insulated conduc- 
tors (clip away any other conductors 
you might have exposed when you re- 
moved the outer plastic jacket). 

TALRING TELEPHONE 
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Fig. 9. Wiring diagram for printed- circuit board, with detail for mounting resis- 
tors on -end. 
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Tightly twist together the fine wires 
in each conductor and sparingly tin 
with solder. 

As you did for the power -supply 
cord, plug the ends of the conductors 
in the telephone line cable into the 
holes provided for them in the board. 
Observe proper color coding before 
soldering these conductors into place. 

Checkout & Installation 
With only voltage regulator ICS in- 
stalled on the circuit -board assem- 
bly, clip the common lead of a dc 
voltmeter (or multimeter set to the 
dc-volts function) to a convenient 
circuit -ground point in the project. 
Plug the power supply into a conve- 
nient ac outlet. Then touch the 
"hot" probe of the meter to pin 18 of 
the ICI socket, pin 16 of the IC2 
socket, pin 40 of the IC3 socket, pin 
24 of the IC4 socket, pin 4 of the IC6 
socket and pin 6 of the IC7 socket. In 
all cases, you should obtain a reading 
of + 5 volts. 

If you do not obtain the correct 
reading at all points, touch the "hot" 
probe to the OUTPUT pin of regulator 
ICS. Once again, the reading ob- 
tained should be + 5 volts. If not, 
touch the "hot" probe to the INPUT 
pin of the regulator and note if you 
obtain a reading of approximately 
+ 9 volts. If not (or if a negative read- 
ing is obtained), power down the 
project and double check the polarity 
of the input voltage from the plug -in 
power supply. Correct the problem 
before proceeding. 

Once you are certain that you have 
properly wired your Talking Tele- 
phone, unplug it from the ac line. Al- 
low a minute or so for the charges to 
bleed off the electrolytic capacitors. 
Install the ICs in their respective 
sockets. Make sure that each is prop- 
erly oriented and that no pins over- 
hang the sockets or fold under be- 
tween ICs and sockets. 

At least two of the ICs in this proj- 
ect -IC3 and IC4 -are delicate MOS 
devices that require special anti -static 

handling procedures. Make sure you 
ground the project and yourself be- 
fore attempting to remove these de- 
vices from their carriers and install- 
ing them in their sockets. 

When the silicone adhesive has set 
enough to prevent the speaker from 
moving around, place the top half of 
the enclosure alongside the bottom 
half. Crimp and solder the free ends 
of the remaining two wires to the lugs 
of the speaker. 

Without connecting the Talking 
Telephone to a phone line, just plug- 
ging its power supply into an ac out- 
let will cause the Digitalker to auto- 
matically announce: "This is Digi- 
talker" in a female voice. This indi- 
cates that a majority of the circuitry 
is operational. 

To further test the circuit, plug the 
telephone line cord into a standard 
telephone jack and set the VOLUME 
control to about halfway. If you do 
not have a free telephone jack into 
which to plug the project, use an 
adapter that will let you plug two de- 
vices into a single jack. 

Lift the receiver of a nearby tone - 
dial telephone instrument that is con- 
nected to the same line to which the 
project is connected. Press each but- 
ton and listen for the appropriate vo- 
calization of the corresponding word 
from the Talking Telephone. Test all 
10 buttons on the dialing keypad. Be 
sure to hang up between groups of 
three numbers so that you do not 
complete an unwanted call. 

When you have ascertained that 
the project is operating properly for 
all 10 numeral buttons on the key- 
pad, press the " *" and " #" buttons. 
You should hear a tone burst from 
the speaker as you press each of these 
two buttons. 

When the project is not in use, the 
Talking Telephone should be turned 
off. You can accomplish this in either 
of two ways -unplugging the power 
supply from the ac outlet or installing 
a toggle or slide switch in series with 
the + 9 -volt line from the power sup- 
ply to the project. AE 

LEARN VCR 
CLEANING /MAINTENANCE /REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

NO Special 
Tools or 

Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics).... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn ... then we can 
teach YOU VCR maintenance and repair! 

FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO- MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and illustrations)and AWARDWINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair- "real- world" information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tionl 

FREE INFORMATION 
CALL TOLL -FREE 1- 800-537 -0589 

Or write to: 
Viejo Publications 

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

CIRCLE NO. 103 ON FREE INFORM Al ION ('ARI) I 
Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes, over 2000 pages, 
including all necessary math and 
physics. 29 examinations to help 
you gauge your personal pro- 
gress. A truly great learning 
experience. 

Prepare now to take advan- 
tage of the growing demand for 
people able to work at the engin- 
eering level. 

Ask for our brochure giving 
complete details of content. Use 
your free information card num- 
ber, or write us directly. $99.95, 
Postage Included. Satisfaction 
guaranteed or money refunded. 

1 

Banner 
Technical 
Books, Inc. 
1203 Grant Ave. 
Rockford, IL 61103 

CIRCLE NO. 105 ON FREE INFORMATION CARD 
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More QSO's 
More QSL's 
More Fun 
when you speak their language. 

Add extra spice to your DX !DSO's 
Let your DX friends know you care enough 
about them to learn their language. (After 
all, they've gone out of their way to learn 
English!) 
Break the phone pile -up with a few carefully 
chosen words in the DX station's own lan- 

guage. You'll be amazed at the difference. 
it's like adding 3 dB to your signal. 

The Radio Amateur's Conversation Guide by 

OH 1 BR and OH3BAD gives you the 147 most 
often used phrases in eight languages: 
English, German, French, Italian, Spanish, 
Portuguese, Cyrillic Russian, Phonetic Rus- 

sian, Phonetic Japanese. Phonetic alphabets 
and eight -language dictionary included in 

this rugged spiral -bound manual a MUST for 
any serious DXer or Contestor. Beat the com- 
petition. Order yours today. Only $10.00 plus 
$2.00 per order shipping. 

Supplements available in less -used lan- 
guages: Dutch /Flemish, Danish, Finnish, 
Swedish, Serbocroatian. $4.00 per supple- 
ment. Be sure to state which language sup- 
plement you need. 

New cassette tapes in eight languages 

Now you can hear the exact pronunciation of 

the sentences, phrases and words covered in 

The Radio Amateur's Conversation Guide 
Each high quality language tape is recorded 
with proper dialect and usage in one of the 
languages in the Conversation Guide. 

Tapes available in each of these languages: 
German Portuguese 
French Russian 
Spanish Japanese 
Finnish Swedish 

CQ Book Shop 
76 North Broadway 
Hicksville, NY 11801 

Please send the following: 

Conversation Guide Book $10 

Supplements C $4 each 

Dutch /Flemish 
Danish 
Finnish 
Serbocroatian 
Swedish 

Language Tapes @ $10 each 

- German 
French 
Spanish 
Finnish 
Portuguese 
Russian 
Japanese 

_ Swedish 

Add $2 for postage and handling in North America 

Total 

Name 

Address 

City State Zip 

NEW PRODUCTS (from page 15) 

Electronic Keyboard 

Casio's Model CT -650 standard -size 

electronic keyboard offers "Tone - 
Bank" capability that makes possi- 
ble up to 465 combinations. It is ten - 
note polyphonic and has dual speak- 
ers with stereo delay and panning. It 
also has 12 -bit PCM instrument 
sounds with "ToneBank" layering 
capability. Other features include: 

20 background rhythms using 46 
PCM sound sources; the Casio 
Chord auto -accompaniment system; 
and "real- time" and "operation" 
memory. 

The keyboard is MIDI -compatible 
for personal- computer use, and it 
operates on D -size cells, which are 
included, or from ac line power via 
an optional adapter. $399. 

CIRCLE NO. 160 ON FREE INFORMATION CARD 

Talking Translators 
Seiko Instruments USA, Inc. has an- 
nounced two new hand -held elec- 

tronic audio translators. Called the 
Voice Station Talking Translator for 
Travelers, the pocket -size device is 

available in French and Spanish ver- 

sions (Models TR -7200 and TR- 
7100, respectively). Each contains 
more than 300 useful phrases that 
cover virtually everything from find- 
ing a hotel to ordering from a menu. 

To operate either Translator, the 
user simply finds the required phrase 
in an accompanying Phrase Guide, 
which is organized by category. Next 
to the printed phrase is a number, 
which can be found on the Transla- 
tor by pressing either the Fast -For- 
ward or Reverse button until it ap- 
pears in the display. Once the Play 
button is pressed, the user can listen 
to the phrase in the foreign language 
for which the Translator is designed 
through an earphone. A Replay but- 
ton permits the phrase to be repeated 
as many times as necessary for the 
user to master pronunciation of the 

phrase. Among 
in the Phrase Guide are: customs and 
immigration, shopping, touring, 
health problems and meeting people. 
$129.95. 

CIRCLE NO. 161 ON FREE INFORMATION CARD 

the categories listed 
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Take PROFESSIONAL BOOKS for $ 95 any only 
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1938 $60.00 
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AugyoCAD 
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All books are hardcover unless number is followed by a "P" for paperback. 
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How the Club Works 
YOUR BENEFITS: You get 3 books for $4.95 plus shipping & handling when you join. You 
keep on saving with discounts up to 50% as a member. 
YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 weeks, you will receive 
the EE &D Book Club News describing the Main Selection and Alternates, as well as bonus offers 
and special sales, with scores of titles to choose from. 
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on the reply form provided. As a member, you agree to purchase at least 3 books within the next 
2 years and may resign at any time thereafter. Books purchased for professional purposes may 
be a tax deductible expense. 

BONUS BOOKS: Starting immediately you will be eligible for our Bonus Book Plan 
with savings of up to 80% off publishers' prices. 

IRONCLAD NO -RISK GUARANTEE: If not satisfied with your books. return them within 
10 days without obligation! 

EXCEPTIONAL QUALITY: All books are quality publishers' editions, from the leading 
publishers and experts in the electronics and engineering fields, especially selected by our Editori- 
al Board for timeliness and accuracy. 

Your source for quality, affordable 
and timely authoritative engineering books. 

r 

1 Valid for new members only. Foreign applicants will receive special ordering instructions. Canada musi remit in U.S I 
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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 1 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 

9142324878 

CIRCLE NO. 120 ON FREE INFORMATION CARD 

CABLE T.V. CONVERTERS 

Jerrolds', Oak, Scientific Atlantic, Zenith, & 

many others. "New" MTS stereo add -on: mute 

& volume. Ideal for 400 & 450 owners! 

1- 800 -826 -7623 
B &BINC. 

4030 Beau -D -Rue Drive, Eagan, MN 55122 

14110 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. 
Articles, Ads & Classifieds. 
Also: 40's & 50's Radios, Ham Equip., Early TV, 

Books & more. Free 20 -word ad each month. 

6 -Month Trial: $11. 1 -Yr: $20 ($30 -1st Class). 
A.R.C., P.O. Box 802 -L2, Carlisle, MA 01741 

CIRCLE NO. 122 ON FREE INFORMATION CARD 

antenneX 
"The Magazine About Antennas" 

DO YOU - 

Have a lousy mobile signal on all bands? 
Need an inexpensive beam for 10 meters? 
Unsure about using vert vs horiz antenna? 
Need a low noise antenna for 160 meters? 
Want to design an antenna just for you? 

Need a program for design and plotting? 
Need to solve a unique problem? 
Know the best antenna for hamsats,etc.? 
Need a disguised mobile antenna? 

Want a cheap automatic coupler system? 
Just want to learn more about antennas? 

THEN SUBSCRIBE TO - antenneX 
12 MONTHLY ISSUES is only $15.97 for 
USA and possessions. $19.97 foreign. 

antenneX 
P.O. Box 8995 Dept. 19 

Corpus Christi, TX 78412 

CIRCLE NO. 123 ON FREE INFORMATION CARD 

MODERN ELECTFIOIVICS MART 
Classified Commercial Rates: $1 per word, 15 -word minimum ($15.00) 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 (Computers, Communications, Electronics, Video or Miscellaneous). 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. 
Non- Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A 

recent MODERN ELECTRONICS mailing label must accompany ad. 

(All advertisers with P.O. 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 25th of the third 

month preceding the cover date. Send Advertising material with check or money order or 

credit card information (Visa or MasterCard only) with number and expiration date to: 

MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY 

11801. 

VIDEO 

DESCRAMBLERS. All brands. Special: Jer- 
rold combo 400 and SB3 $165. Complete cable 
descrambler kit $39. Complete satellite de- 
scrambler kit $45.00. Free catalog. MJO IN- 
DUSTRY, Box 531, Bronx, NY 10461 -0531. 

PERSONAL TV STATION! Transmits col- 
or /audio 2 miles on UHF 14 -20. Build easily, 
inexpensively. Complete plans, $11.95 post- 
paid. KLINDWORTH- KAWAI, 1403 -B Bay - 
view, Hermosa Beach, CA 90254. 

VCR TRANSMITTER -WIRELESS -"Video 
Sender" Transmits signal from VCR to all tel- 
evisions in house. Also cable programs (via 
VCR) GUARANTEED. $49.95 Productive 
Products, Box 930024, Norcross, GA 30093. 

ELECTRONICS 

NEW adjustable electronic fuse. Trouble- 
shooting, substitution, charging systems info. 
Send stamp. Protection Concepts, 340 Tor- 
rance Ave., Vestal, NY 13850. 

PROGRAM your own computer simulations 
and learn how to analyze circuits. New period- 
ical will show you how to analyze filters, phase 
locked loops, etc. Complete with BASIC sub- 
routines you can use in your own programs. 
Only $10.00 per issue or $100.00 for 12 issues. 
DESIGN LETTERS, P.O. Box 251, Gaithers- 
burg, MD 20877. 

PRIVACY PROBLEM -Need Information? 
New Electronic Surveillance, Debugging, Pro- 
tection Catalog $5.00 Kits- Assembled. 
TECHNOLOGY SERVICES, 829D Ginette, 
Gretna, LA 70056. 

LASERPOINT. Miniature hand -held HeNe 
laser. As small as a T.V. remote control! To- 
tally self contained with internal rechargeable 
battery pack. Only $195. Send $3.00 (Refund- 
able) for informational packet. Supercon, 
R &D, 3811 Central, Suite B, P.O. Box 3048, 
Kearney, NE 68848. 

TUBES, New, up to 90% off list, Kerby, 298 
West Carmel Drive, Carmel, IN 46032. 

VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! Bug Detectors! 
More! Catalog $1.00: XANDI ELECTRON- 
ICS, Box 25647, "PP ", Tempe, AZ 85285- 
5647. 

EXTENDED PLAY CASSETTE RECORD - 
ERS-12 hours per standard cassette. Lowest 
prices. Free brochure. Productive Products, 
Box 930024, Norcross, Georgia 30093. 

ELECTRONIC COMPONENTS Free 192 

page catalog including capacitors, resistors, 
relays, connectors, soldering equipment and 
supplies. Box 699, Mansfield, TX 76063. 
1- 800 -992 -9943. 

LASER LISTENER II, other projects. Bug- 
ging, descrambling, false identification, infor- 
mation. Plans, kits, other strange stuff. In- 
formational package $3.00 refundable. DIRI- 
JO /BOND ELECTRONICS, BOX 212, 
LOWELL, NC 28098. 

DETECTION- Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest High - 
Tech Catalog $5. DETECTION SYSTEMS, 
2515 E. Thomas, #16 -864H, Phoenix, Ari- 
zona, 85016. 

PROTECT YOUR HOME AND BUSINESS 
FROM ELECTRONIC EAVESDROPPING 
AND WIRE TAPPING! COMPLETE 
COUNTER MEASURES CATALOG, $3.00 
"REFUNDABLE." DIVERSIFIED WHOLE- 
SALE PRODUCTS, BOX 1275 -ME, RE- 
DONDO BEACH, CA 90278. 

LASER COMPONENTS! New surplus tubes, 
power supplies, optics. Build a working LAS- 
ER for under $75.00. Free plans with order. 
$1.00 (refundable) brings list. FUNDSERV, 
1546E Peaceful Lane, Clearwater, FL 34616. 

ELECTRONIC TEST EQUIPMENT. Cali- 
brated and guaranteed. Oscilloscopes, multi - 
meters, signal generators, NTSC vectorscopes 
and generators, etc. by Tektronix, HP, Fluke 
and other quality manufacturers. Recondi- 
tioned and new equipment available. We buy, 
sell, rent, and service electronic test equip- 
ment. Cal- Scope, 473 -707 Macara Ave., Sun- 
nyvale, CA 94086. (408) 730- 4573/FAX (408) 
730 -9537. 
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Improve Reception. 

- 
INDOOR ANTENNA! 

VAK -TERNA unts to window 
with suction cups SCANNERS, TV, 
FM, HAM. 30- 100MNs Specify UHF, 
BNC or F connector. 1:9.96 Kathy See: 

"Satisfaction Guaranteed!" 

I1 

TAPE SAVER 
Connect. your scanner to tape re- 
corder for 'action nly" recording. 
649.95 Telephone adapter 610. 

EELECTRON PROCESSING, 
P.O. BOX 708 
MEDFORD, NY 11763 
(516) 764 -9798 

SEND FOR DETAILS! 
MANY MORE PRODUCTS! 

WINDOW COUPLER 
Run coax from outside to inside right 
through the glass! No Holes! No 
pinched coax! No Drafts! Many models! 

SCANNER /TV 60- 00OMHe, ad 
loo, F con. WPO -TV $49.95. 

RF PRE -AMPLIFIERS 
INC CB RFTR amplifia received eig- 

nels ladb! AM- 849.95 SOB - 
864.95 VHF MARINE -899.95 

SCANNER RFP -40 0.6- 1300MHe 
16db gain. 3.9 nf. BNC, UHF, F 
con. suai. SIOAC power. 669.96 

ADD $4 S/H & Tax if NY or MI 

CIRCLE NO. 119 ON FREE INFORMATION CARD 

REMOTE CONTROL KEYCHAIN 

Complete w /mini -transmitter 
and +5 vdc RF receiver 

Fully assembled including plans 
to build your own auto alarm 

Write for more information 
Quantity discounts available 

Check, Visa or M/C 

ONLY $19.95 Add a$ 3 shi PP 9 
VISITECT INC, / Dept. M (415) 872 -0128 
PO BOX 544250. SAN FRAN. ,CA 94080 

SURVEILLANCE , 

TELEPHONE 
This is a normal functioning telephone! 
EXCEPT it has a secret built in monitor 
Only YOU can call and monitor all conversations, using a 

secret code, and never be detected! Range Unlimited 
$175.00 6 month Warranty Phone Tap Catalog 63.00 
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 

1 -800 -633 -TAPS 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 

800 -442 -9333 

Surface Mount Chip Component 
Prototyping Kits - 

Only 
S4995 

:.;y lJuk 
CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 

10% value from Ipf to .330. CR -1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 100 to 10 mega. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre -paid orders. Company 
P.O.'s accepted with approved credit. Call for free 
detailed brochure. 

eCOMMUNICATKWS 
SPECIALISTS, INC. 

426 West Taft Ave. Orange, CA 92665 -4296 
Local (714) 998-3021 FAX (714) 974 -3420 

Entire USA 1 -800- 854 -0547 
CIRCLE NO. 126 ON FREE INFORMATION CARD 

COMPUTERS 

NEW! Special application IBM compatible 
software for professionals, technicians, and 
hobbyists. Free catalog. INNOVATIVE 
SOFTWARE SOLUTIONS, Box 17554 -B, 
Greenville, SC 29606. 

AMIGA - COMMODORE EXCLUSIVE 
PARTS, ETC; 8364 (PAULA) /$56.95, 8362 
(DENISE) /$56.95, 8370 (F.AGNUS) /59.50, 
8520A1/$17.95, 1.3 KICKSTART ROM UP- 
GRADE /$27.95, 6526/$12.95, 6567/$16.95, 
6581/$11.95, PLA /$12.95, 901 ROMS/ 
$11.95, A501 UPGRADE RAM /$147., (and 
many others) . . - NEW AMIGA UP- 
GRADE-1 MEGABYTE "FATTER AG- 
NUS" 8372/$119.00 WITH INSTRUC- 
TIONS ... JUST OUT -COMMODORE DI- 
AGNOSTICIAN II, A Newly Revised /Up- 
dated Version That Locates Faulty Chips on 
All "64/128" Computers Including 1541 

Drives. This Fantastic Tool Has Been Sold to 
Over 10.000 "Users" and is a Must For People 
Who Want to Fix Their Own Computers and 
Save Money /Down Time (Full Page Review 
of This Product in March 1988 Computer 
Shopper). Cost is $6.95 Including Shipping. 
The Grapevine Group, Inc., 35 Charlotte 
Drive, Wesley Hills, NY 10977, 1- 800 -292- 
7445/(914) 354 -4448, (FAX 914 -354 -6696) 

CAD -CAM X -Y -Z Dril ling /Routing 
Machines 24" x 24" x 5" or larger, RS -232 
Interface, $1200 and tip. Larken Electronics, 
RR #2, Navan, Ontario, Canada K4B 1H9. 

COMMUNICATIONS 

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 -ME10, Para- 
dise, CA 95967. 

LISTEN to the world! Huge catalog of short- 
wave receiving equipment including radio tele- 
type and facsimile. Universal Radio, 1280 
Aida Drive, #ME, Reynoldsburg, OH 43068. 

A UDIO 

WANT A CD? But no amplifier input! 
Unique selectors give the input capability you 
need for any audio accessory. Write today for 
details. JEL, 409 Angus Blvd. -1A, Warner 
Robins, GA 31088. 

CABLE EQUIPMENT 

CABLE DESCRAMBLER LIQUIDATION. 
Major makes and models available. Industry 
pricing! (Example: Hamlin Combo's, $44 
each ... minimum 10 orders). DEALERS 
ONLY! Call West Coast Electronics, (818) 
709 -1758. 

CABLE TV EQUIPMENT 

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, 
Ohio 43062. 

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 Canada 
call (413) 568 -3753. 

GLOBAL CABLE NETWORK 

CABLE TV converters bargain headquarters: 
Zenith, Tocom, Hamlin, Scientific Atlanta. 
Jerrold 400DRX3DIC $139, Oak M35 -B $60. 
Quantity discounts, dealers wanted. VISA - 
MC -COD. Order yours today. 800- 327 -8544. 

CABLE TV DESCRAMBLERS 

JERROLD, Scientific Atlanta, Zenith, all ma- 
jor brands available. Dealer inquiries wel- 
come. VISA /MC accepted. Call for informa- 
tion 1 -800- 638 -6898. E & O Video Inc., 9691 
E. 265th, St. Elko, MN 55020. 

MISCELLANEOUS 

ASIAN LADIES want correspondence for 
friendship, marriage, SUNSHINE INTER- 
NATIONAL, Dept. TW, Box 5500, Kailua- 
Kona, HI 96745. (808) 325 -7707. 

ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 1214TZ, Novato, CA 94948. (415) 
897 -2742. 

APEX® Screwdriving Bits. "We have your 
size." Free illustrated list. Shockey's, P.Q. 
Box 24042 -E, Dayton, OH 45424 -0042 (513) 
236 -2983. 

LET the government finance your small 
business. Grants /loans to $500,000 yearly. 
Free recorded message: 707 -449 -8600. (LC2) 

CW have you down? Why let a mental block 
against CW stand between you and license? 
When you use the PASS Publishing CW Men- 
tal -Block Buster, you will explode mental 
blocks with guided meditation, visualization 
and affirmations. This is not a CW practice 
tape. PASS Publishing's CW Mental -Block 
Buster audio cassette and practice booklet are 
only $19.95 ppd. in the U.S. (NY residents add 
$1.50 sales tax). PASS Publishing, P.O. Box 
570, Stony Brook, NY 11790. 
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CLASSIFIED ADVERTISING ORDER FORM 
Mail this form with payment to MODERN ELECTRONICS, Classified Dept., 76 N. Broadway, 
Hicksville, NY 11801. 

Name: 

Street Address: 

City State Zip 

Check category you wish to be listed under or note a special heading ($6 additional) you want. 

( ) Audio ( ) Communications ( ) Computers ( ) Electronics ( ) Video 
( ) Miscellaneous ( ) Wanted ( ) Special Heading 

PRINT EACH WORD SEPARATELY. Note that P.O. Box numbers* and telephone numbers must 
be counted as two words each. Circle additional words you wish boldfaced at 2007o more each (initial 
boldface word is free). Minimum charge is for 15 words. 

Free Boldface 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 15 ($15) 16 ($l6) 

17 ($17) 18 ($18) 19 ($19) 20 ($20) 

76 NORTH BROADWAY 
HICKSVILLE, NEW YORK 11801 

FREE INFORMATION SERVICE 
For further information on products, dealers, or literature 
in this issue, circle the appropriate numbers below. Be sure 
to include your name and address before mailing. 

1 2 3 4 5 8 7 8 9 10 11 12 
13 14 15 16 17 18 19 20 21 22 23 24 
25 26 27 28 29 30 31 32 33 34 35 36 
37 38 39 40 41 42 43 44 45 48 47 4.8 

49 50 51 52 53 54 55 58 57 58 59 60 
81 82 83 64 65 68 67 68 69 70 71 72 

73 74 75 78 77 78 79 80 81 82 83 84 
85 88 87 88 89 90 91 92 93 94 95 96 
97 98 99 100 101 102 103 104 105 106 107 108 

109 110 111 112 113 114 115 116 117 118 119 120 
121 122 123 124 125 126 127 128 129 130 131 132 
133 134 135 138 137 138 139 140 141 142 143 144 
145 148 147 148 149 150 151 152 153 154 155 156 
157 158 159 160 161 162 163 164 185 166 187 188 
189 170 171 172 173 174 175 176 177 178 179 180 

Issue Date (month, year): 
(Expires 3 months from cover date.) 

Did you purchase this copy of Modern Electronics from either a 
newsstand or magazine store? Yes No 

Name 

Address 

City State 

Say You Saw It In Modern Electronics 

Zip 

CABLE -MATE, INC. 
Are You Tired of Paying 

Outrageous Fees? 

All makes and models of cable 
equipment shipped within 24 hrs. 

Quantity discounts. For free 
catalog send S.A.S.E. to: 

Cable -Mate, Inc., 214 N. Main St., 
Algonquin, IL 60102 

C.O.D. orders accepted 
CALL FOR PRICES TODAY!! 
VISA 

(312) 658 -2121 l *No Illinois orders ( ,I 

Hours -8:00 am -5:00 pm central time 

CABLE TV 
CONVERTERS 

IN STOCK 

Stocking all types of converters. Panasonic, 
Jerrold, Tocom, Pioneer, Scientific Atlanta, 

Zenith, Oak, Hamlin, Eagle, and others. 
Call or write for FREE CATALOG 

Mon - Fri 10 lo 6 Eastern Time 

VIDEO -LINK 
Enterprises, Inc.. 

165 W. PUTNAM AVE. 
GREENWICH, CT 06830 

Phone (203) 622 -4386 

*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

f1LL ELECTROAICS (ORP. 
10 AMP SOLID 

STATE RELAYS 
ELECTROL152187 
CONTROL: - 

Rated 5.5 to 10 Vdc 
Er. 

(will operate on 3-32 Vd0. ' yr 
LOAD' 10 amp @ 240 Vac 

2 1/4' X 1 3/41X 7/8- 
CATI SSRLY -1OB 59.50 each 

QUANTITY DISCOUNT 
1010, $85.00 25 or $175.50 

50 for 5300.00 100 for 5500.00 

STROBE KIT \\' 
`u ¿ 

,a .0f G(, __' -- 
Variable rate strobe kit, flashes be- 

Iween 60 to 120 times per minute. Will 
operate on either 6 or 12 V& depend- 

in upon how you wire the cued. 
Comes ample.. with P.C. board and 

Instructions for easy assembly. 
CATI STROBE -1 57.50 each 

CASSETTE MECHANISM 
Alpine cassette 
tmans n 

.' 
Po 

mechanism. 
Includes stereo -. 5! 
tape head. 
Mitsubishi a MET -3RF2B 13.2 Vdc 
motor, belt, pulleys, capstan, fast - 
forward, rewind and eject actuator. 
Does na include amplifier seden. 
6 12-X 51/4 X 1 3/4 -. 

CAT* CMEC-5 $7.50 each 
10 for 565.00 

PIEZO /? 
WARNING 9 4 
DEVICE WW 

D.a.ap.mei..w,. w a,s ,,., 

TRANSISTORS 
P10.2 NPN ö` 

3n,rim 

10. sa 
S/ 03 

I,.m.a 

yyssss 
WALL 

TRANSFORMERS 
ALL PLUG 

ro N ,mv.c 

. «,Ma. CAT. 
° 

, 

®a. 
c.T. ACM IS . um 

, 

LED'S 
STANDARD 
DELUDED 

DD UT. LED, 
aE,.n -,m,. E,Dao 

.TO m 
óä:°.m. 0rá.8.°' 
FLASHING LED 

XENON XENON TUBE 

°.m..°' 
azn..a, 

E ro 

.uEla..T NON 7020 
TDB 
rOIlO 
TDaL 

wti .a,¡trn° 
*amok ..wm.,m.. 

CAT. nra za.. 
SWITCHES 

ITT PUSH BUTTON 

WeOw: TIO.O .m..em.e.. 

ft WS IDJ4W40 
10 POSITION MINI- ROTARY 

oÑrra xnso,.,. 1owc 
e.IT.rm.N.,..... 

,.wren' m z, Iw.' m.wW1.....UMa.. 

HALL EFFECT nSWITCH 

s"a,,:.w n.... . ,. 
NO 

..Nm w,,,..u, .. 
CM. WSW 

bE+m 
PUSHBUTTON . ,0,. 

P 
Y w So own 

QED. ,kw I 
CIT. 

BI -POLAR LED 
LED. 10 kw SOSO 

Le..RE °..a..w. 
TEE. 

TTrw 
uLED HOLDERA 
s.IO im. 

CMS, WED 104 C. B 
NICKEL -CAD 
BATTERIES 
IRECNROEBLE) 

SPECIbLll/I 
ASSIZE 

.a ,1Nr 
.1.m..m 

10I. $13.m ,ww ElD..ro 

TOO f. 
m,zE .. TDam TM..e, 

WIDE BAND AMPLIFIER 
N.3a0 

am 
RELAYS 

VOLT 0.C. COIL a. P.D.T. 

.4...4.ae 

P.C. 

CTSDLY -,ET awn 
warp äß 

VOLT A.L. - D.P.D.T. 
.11. a 

n T I 

Iee 11Ll 

IO_Ó 

11 1 
iM SCE ¢ 

maw 
AA es izao; 
NMI .LCER ras 

C.T . 

I.00....s..Im. 
\ CA;; 

m2IsSI'CO 
° 

CHANNELWMOSFET 
.CAT TO... 

u LAME 0.0:10. ̀ .K .e% 

w. 
own Mm mm o wwo u Rir- um 

CALL OR 
_ MAIL ORDERS To: ORDER TOLL FREE 

800 826 -5432 
INFO: (818)901 -0521 

FAX: (8 8)781 -2653 
MINIMUM ORDER EI0.00 

OUAMrIT E9 LIMITED 
CALIF. ADD SALES TAX 

USA: ía.00 SHIPPING C 
FOREIGN ORDERS 1 

INCLUDE SUFFICIENT - 

SHIPPING. NO C.O.D. 

WRITE 
FOR OUR 

FREE 

jam..,:' ú- 
O 

r ` N 
«; 

¡. 1 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 
Tw % -s, 0,0,0.0! !ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 

CATALOG 
OVER 
4000 

PARTS! 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 
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2erìds 
HIGH -TECH 
SPOTLIGHT 

Call our BBS: 14 8) 559 -0253 for more info in SIG the Hitech" 

Last month I reviewed improved hard disk performance from 
proper interleaving. This month's topic is memory interleaving. 

Although as important to memory design as access time, 
CYCLE lime is seldom discussed beyond the board designers 
lab. ACCESS time is the time it takes a memory chip to either 
make its contents available to the processor (read), or store 
the dato that the processor wants saved (write). CYCLE time 
H equal to access time plus precharge time. PRECHARGE 
time is the time it takes the memory chip to restore its internal 
charge alter a read or write cycle. In many processor designs, 
the critical liming factor that prevents back to back memory 
accesses is the precharge delay, because without 8, Me 
processor could run lull speed ahead with no WAIT states. 

Interleaved memory is used to nullify that delay. First the 
memory is divided into left and right banks. The processor 
Men accesses the memory by alternating horn one bank to 
another. While the left bank is recovering horn an access 
(precharging). the right bank is ready to go; on the next 
access horn the left bank the right bank recovers. 

While not all accesses are sequential. and sometimes the 
memory request will be to the same bank that was last acces- 
sed, the vast majority will be interleaved and the machine 
will run at NEAR ZERO waft states because of interleaving. 

Derick Moore. Director of Engineering 

.18 74245 .79 

.29 74LS273 
15 

.79 
.33 745288 1.69 
.24 74LS322 3.95 
.49 74LS367 .39 
.39 74LS373 .79 
.59 74LS374 .79 
.39 74LS393 .79 
.69 7415682 3.20 
.69 74LS688 2.400 

MISC 
DAC0800 3.29 
1793 9.95 
COM8116 8.95 
MC146818 5.95 
MM58167 9.95 
INS8250 6.95 
NS16450 10.95 
LM317T .69 
NE555 .29 
LM741 .29 
7805T .49 
7812T .49 
75150 1.95 
75154 1.95 
14411 9.95 

CRYSTAL 
OSCILLATORS 
1.0MHz 5.95 
1.8432 5.95 
20.0 4.95 
24.0 4.95 

L J 

PINS 
24 
24 
24 
24 
28 
28 
28 
28 
28 
28 

PRICE 
4.95 
3.49 
3.95 
3.95 
3.49 
3.69 
4.25 
4.95 
4.25 
5.95 

28 4.95 
28 5.95 
28 5.95 
28 8.95 
28 9.95 
32 29.95 

27.95 
29.95 

8.95 

34.95 
12.95 

69.95 
49.95 
15.95 
39.95 

29.95 
39.95 
69.95 
99.9 j 

135 WATT POWER SUPPLY 
UL APPROVED 
+5V @15A, +12V @ 4.2A, 
-5V @ .5A, -12V @ .5A 

PS-135 $59.95 
PS-150 150W SUPPLY $69.95 

ok200 WATT POWER SUPPLY 
UL APPROVED 
+5V @ 20A, +12V @ 7A, 

.SA, -12V @ .SA 

580.95 
APPLE TYPE SUPPLY 

WITH APPLE CONNECTOR 
+5V @6A, +12V @3A, 
-5V@ 1A, -12V@ 1A 

PS -A $59.995 4.95_ 

MM 

411Ve JDR 
MICROCOMPUTER 

Microdevuces 
MARKETING COUNCIL 

d W daa MNg 

° 
30 DAY MONEY BACK GUARANTEE 1 YEAR WARRANTY ON ALL PRODUCTS TOLL FREE TECHNICAL SUPPORT 

MEMORY 
DYNAMIC RAMS 

PART SIZE SPEED PINS PRICE 
4116 -150 1638441 150ns 16 .99 
4164-150 65536x1 150ns 16 2.49 

4164-120 65536x1 12Ons 16 2.89 
4164-100 65536x1 10Ons 16 3.39 

TM54464 -12 65536x4 120ns 16 15.95 
41256.150 262144x1 150ns 16 4.49 
41256 -120 262144x1 120ns 16 4.99 

41256-100 26214441 100ns 16 5.49 
41256 -80 262144x1 8Ons 16 5.99 
41256 -60 262144x1 6Ons 16 7.99 
414256- 100 262144x4 10Ons 20 14.95 
414256-80 262144x4 8Ons 20 16.95 
1 MB -120 1048576x1 120ns 18 13.95 
1 MB -100 1048576x1 100ns 18 14.95 

1 MB-80 1048576x1 8Ons 18 15.95 

SIMM MODULES 
PART SIZE SPEED FOR 
41256A9B -12 256K x9 12095 PC 
41256A9B -80 256K x 9 80ns PC 
421000A8B -10 1 MB x 8 100ns MAC 
421000A9B -10 1 MB x 9 100ns PC 
421000A9B -80 1 MB x 9 8Ons PC 

STATIC RAMS 
PART SIZE SPEED PINS 
TMM2016-150 2048x8 150ns 24 
HM6116LP-2 2048x8 120ns 24 
HM6264LP -15 8192x8 150ns 28 
HM6264LP -12 8192x8 12Ons 28 

HM43256LP -15 32768x8 15005 28 
HM43256LP -12 32768x8 120ns 28 

LI M43256LP -10 32768x8 100ns 28 

PRICE 
59.95 
69.95 

169.95 
169.95 
179.95 

PRICE 
3.25 
5.49 
8.95 
9.95 

19.95 
21.95 
24.95 

r- MATH COPROCESSORS 
8-BIT COPROCESSORS 
8087 5 MHz 89.95 
8087 -2 8 MHz 129.95 
8087 -1 10 MHz 169.95 

168ITCOPROCESSORS 
80287 6 MHz 139.95 
802874 8 MHz 209.95 
80287 -10 10 MHz 239.95 

32-BIT COPROCESSORS 
80387-16 16 MHz 359.95 
80387 -SX 16 MHz 319.95 
80387 -20 20 MHz 399.95 
80387 -25 25 MHz 499.95 

L80387 -33 33MHz 649.95 

inter 5 YEAR 
WARRANTY 

INCLUDES MANUAL 
8 SOFTWARE GUIDE 

7400 
74LS00 
74L502 
7404 
74LSO4 
74504 
7406 
7408 
74LS08 
7432 

74 SERIES LOGIC 
.19 74L532 
.16 74LS73 
.17 7474 
.19 74LS74 
.16 74S74 
.29 7415138 
.29 74LS155 
.24 74LS163 
.18 74LS240 
.29 74LS244 

r 
C.P.U. rs, 

8000 
8052AH 

BASIC 
8088 
8250 
8251A 
8253-5 
8254 
8255 -5 
8741 
8748 
8749 
8755 

34.95 
5.99 
6.95 
1.69 
1.95 
9.95 
2.49 
9.95 
7.95 
9.95 

14.95 

6500 
65CO2 7.95 
6522 2.95 

V -20 
V20 6.95 
V20-8 8.95 
V20-10 11.95 

1 V30 13.95 

PALS 
16L8 2.95 
16R4 2.95 
16R6 2.95 
16R8 2.95 
20L8 4.95 
20R4 4.95 
20R6 4.95 
20R8 4.95 
20X8 4.95 

PAL KIT 
AN ENTRY -LEVEL 
COMPLETE PAL 
DEVELOPMENT 
KIT FROM CUPL. 
FULL SUPPORT 
FOR 16L8, 16R4, 
1686, 16R8, 20L8, 
20R4, 20R6, 20R8. 
AND 20X8. 
MOD -MPL -SOFT 
$99.95 

r 

PART 
2708 
2716 
2716-1 
2732A 
2764 
2764-250 
2764-200 
27C64 
27128 
27128A -200 
27256 
27256 -200 
27C256 
27512 
27C512 

`27C101 -20 

EPROMS 
SIZE SPEED Vpp 
102458 450ns 25V 
2048x8 450ns 25v 
2048x8 350ns 25V 
4096x8 250ns 21V 
8192x8 450ns 12.5V 
8192x8 250ns 12.5V 
8192x8 200ns 12.5V 
8192x8 250ns 12.5V 

16384x8 250ns 12.5V 
16384x8 200ns 12.5V 
32768x8 250ns 12.5V 
32768x8 200ns 12.5V 
32768x8 250ns 12.5V 
65536x8 250ns 12.5V 
65536x8 250ns 12.5V 

131072x8 20095 12.5V 

EPROM ERASERS 
DATARASEII 39.95 

SHIRT POCKET SIZE, 
ALL SIZES UP TO 4 AT A TIME 
ERASES MOST EPROMS IN 3 MINUTES 

DATARASE II 

SPECTRONICS 
CORPORATION Model Timer 

PE -140 NO 
PE -140T YES 
PE -240T YES 
PL -2657 YES 

R of 
Chl 

Intensity Unit 
(uW /Cm') Cost 

9 8,000 $ 89 
9 8,000 $139 
12 9,600 $189 
30 9,600 $255 

r POWER SUPPLIES 

PARTIAL LISTINGS ONLY 

r 
PROTOTYPE CARDS 

FR-4 EPDXY GLASS LAMINATE WITH GOLD PLATED 
EDGECARD FINGERS AND SILK SCREENED LEGENDS 

FOR XT 
JDR -PR1 WITH +5V AND GROUND PLANE 
JDR -PR2 ABOVE WITH I/O DECODING LAYOUT 
JDR -PR2PK PARTS KIT FOR JDR -PR2 ABOVE 

FOR AT 
JDR- PR1016 BIT WITH I/O DECODING LAYOUT 
JDR- PR1OPK PARTS KIT FOR JDR -PR10 ABOVE 

FOR PS /2 
JDR -PR32 32 BIT PROTOTYPE CARD 
JDR -PR16 16 BIT WITH I/O DECODING LAYOUT 
JDR- PR16PK PARTS KIT FOR JDR -PR16 ABOVE 
JDR -PR16V 16 BIT FOR VIDEO APPLICATIONS 

EXTENDER CARDS 
SIMPLIFY PROTOTYPING AND TESTING 

EXT -8088 8 -BIT FOR 8088 MOTHERBOARDS 
EXT -80286 16-BIT FOR 286/386 MOTHERBOARDS 
EXT -16 MICROCHANNEL 16 -BIT 

LEST -32 MICROCHANNEL 32 HIT 

r 

L. 

PC BREADBOARD- ON- A-CARD 0 62 BUS LINES 
USE UP TO 24 14 -PIN ICS 

1940 TIE POINTS 
DB25 D -SUB CONNECT. 

PDS -604 $49.95 

1SOLDER STATION 
UL APPROVED 

1 
HEAT SETTING ADJUSTS 
TIP TEMPERATURE READOUT 
REPLACEMENT TIPS @ $2.95 

168-3C $59.95 

IC SOCKETS /DIP CONNECTORS 
SOLDERTAIL WIREWRAP ZIF SOCKETS 

ZIF14 5.95 
ZIF16 5.95 
ZIF20 6.95 
ZIF24 7.95 
ZIF28 7.95 
ZIF40 10.95 

8ST .11 8WW .59 
14ST .11 14WW .69 
16ST .12 16WW .69 

.99 
1.09 
1.49 
1.69 
1.99 

18ST 
20ST 
24ST 
28ST 
40ST 

.15 
.18 
.20 
.22 
.30 

18WW 
20WW 
24WW 
28WW 
40WW 

SOLDER-CUP D-SUBS 
MALE FEMALE 
DB9P .45 DB9S .49 
D815P .59 DB15S .69 
HDB15P 1.49 HDB15S 1.59 
DB19P .69 DB19S .75 
DB25P .69 DB255 .75 
D837P 1.35 DB375 1.39 
DB5OP 1.85 DB505 2.29 

VOLUME 
DISCOUNTS 

CALL! 

IDC'S 
IDB09P 1.39 
IDBO9S 1.45 
IDE20 .55 
IDE34 .99 
IDS20 .55 
IDS34 .75 
IDB25P 2.25 
IDB25S 2.35 

CABLES AND GENDER CHANGERS 
MOLDED; GOLD -PLATED CONTACTS; 100% SHIELDED 

CBL- PRINTER 6 FT. PC PRINTER CABLE 9.95 
CBL -PRINTER -25 25 FT. PC PRINTER CABLE 15.95 
CBL- PRINTER -RA RIGHT ANGLE PRINTER CABLE 15.95 
CBL- DB25-MM DB25 MALE -DB25 MALE 6 FT. 9.95 
CBL- DB25-MF DB25 MALE -DB25 FEMALE 6 FT. 9.95 
CBL -9- SERIAL DB9 FEMALE -DB25 MALE 6 FT. 6.95 
CBL -KBD -EXT 5 FT. KEYBOARD EXTENSION 7.95 
CBL- CNT -MM 36 -PIN CENTRONICS -M /M 14.95 
CBL -FDC -EXT 37 -PIN EXT. FLOPPY CABLE 9.95 
CBL -MNT -9 9-PIN MONITOR EXTENSION 6.95 
CBL- MNT -15 15 -PIN MONITOR EXTENSION CABLE 9.95 
CBL -MODEM MODEM -DB25 -DB25 FEMALE 6.95 
GENDER -VGA DB9-DB15 ADAPTOR 4.95 

`GENDER -9-25 DB9 3525 SERIAL ADAPTOR 

CALL FOR FREE 84 -PG CATALOG 

JOR MICRODEVICES ANO THE JOR MICR00EVICES LOGO ARE REGISTERED TRADEMARKS OF JOR MICRODEVICES. IBM. AT. PS 2 ARE TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES. 
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EGA SPECIAL! CARD & MONITOR --JUST $479 ` 

$59.95 
$129.95 
$139.95,A 

1309 
$373 
$379 
$429 
$429 
$499 
$549 
$679 

EPROM MODULE $119.95 
PROGRAMS 2432 PIN EPROMS, CMOS EPROMS 

& EEPROMS FROM 16K TO 1024K HEX TO OBJ 
CONVERTER AUTO. BLANK CHECK/PROGRAM/ 
VERIFY VPP 5, 12.5, 12.75, 13, 21 & 25 VOLTS 

NORMAL. INTELLIGENT. INTERACTIVE & QUICK 
PULSE PROGRAMMING ALGORITHMS 
MOD -MEP 
MOD -MEP -4 4 -EPROM PROGRAMMER 169.95 
MOD -MEP -8 8 -EPROM PROGRAMMER 259.95 
MOD -MEP -1616 -EPROM PROGRAMMER 499.95 

DIGITAL IC MODULE $129.95 
TESTS TTL. CMOS, DYNAMIC & STATIC RAM 
AUTO SEARCH FOR UNKNOWN PART NUMBERS 
USER- PROGRAMMABLE TEST PROCEDURES 

MOD -MIC 

PAL MODULE $249.95 
PROGRAMS MMI, NS, TI 20 8 TI 24 PIN DEVICES 
BLANK CHECK, PROGRAM, AUTO. READMASTER, 

VERIFY & SECURITY FUSE BLOW 
MOD -MPL 
CUPL SOFTWARE -ENTRY -LEVEL PAL DEV. KIT. 
MOD -MPL -SOFT $99.95 

4-0 t:1:0iAlir 
2400 BAUD 
MODEM 

$9995 
HAYES COMPATIBILITY 
AUTO DIAUANSWER 
SELF -TEST ON POWER UP 
FULL AND HALF DUPLEX 
TOUCHTONE OR PULSE DIALING 2ND PHONE JACK 

PRO -241 

DFI HANDY SCANNER -400 DPI 

519995 4100.°°°. 4 
QUICKLY SCANS UPTO 4.1' 

WIDE IMAGES 100, 200, 300, 
400 DPI BOTH DIRECTIONS B8W & 
3 HALF -TONE MODES 32 LEVELS OF 
GRAY SCALE HERCULES, CGA, EGA AND V3A COMPA FIBLE 

INCLUDES HALO DPE AND IMAGE EDITOR SOFTWARE 
HS -3000 
OCR -SOFT CHARACTER RECOGNITION SOFTWARE $99.95 

UPRIGHT 
CASE 529995 
SPACE SAVING DESIGN HOLDS ALL SIZES 
OF MOTHERBOARDS AND INCLUDES: 

250W POWER SUPPLY MOUNTS 
FOR 3 FLOPPY & 4 HARD DRIVES 
TURBO & RESET SWITCH LED SPEED 

DISPLAY POWER & DISK LED'S 
ALL HARDWARE, FACEPLATES & SPEAKER 

CASE -100 
CASE -FLIP FOR 8088 MB'S $39.95 
CASE -SLIDE FOR 8088 MB'S $39.95 
CASE -70 FOR 286 MB'S $89.95 
CASE -50 FOR MINI 286 MB'S $59.95 
CASE -JR MINI 286 Wn 50W PS $149.95 

OMNI 

DFI SERIAL MOUSE $3995 
3-BUTTON OPTO -MECHANICAL 
200 D.P.I. 5 -1/2' CABLE 
USES SERIAL PORT COM 1/2 
INCL. SOFTWARE DRIVERS 

DMS -200E 
MOUSE & HALO -DPE SOFTWARE 
DMS -200 $59.95 

LOGITECH MICE 
THREE BUT TON SERIES 9 
320 DPI RESOLUTION 
SERIAL PS /2 COMPATIBLE 

LOGC9 
LOGC9-P 
LOGC9-PBL 
LOGC9-PC 
LOGB9 
LOGB9-P 
LOGB9-PBL 
LOGB9-PC 

SERIAL MOUSE 
SERIAL MOUSE WITH PAINTSHOW 
SERIAL MOUSE WITH PUBLISHER 
SERIAL MOUSE WITH PAINT/CAD 
BUS MOUSE 
BUS MOUSE WITH PAINTSHOW 
BUS MOUSE WITH PUBLISHER 
BUS MOUSE WITH PAINT CAD 

$98.95 
$109.95 
$149.95 
$154.95 
$89.95 

$104.95 
$139.95 
$149.95 

VGA 
COMPATIBLE 
PACKAGE $499 

720 X 540 MAX RESOLUTION. 640 X 480 IN 16 COLORS, 
528 X 480 RESOLUTION IN 256 COLORS IBM STYLE MONITOR 

VGA, EGA, CGA, AND MGA COMPATIBLE 
VGA -PKG ?INC! ODES VGA CARD AND MONITOR) 

VGA MONITOR $359 
14" ANALOG VGA GLARE RESISTANT SCREEN 720 X 480 

- TILT,SWIVEL BASE FRONT MOUNTED POWER SWITCH 
VGA -MONITOR 

RELISYS MULTISYNCH $429 
FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 

COLORS 800 X 560 RESOLUTION, 14" NON -GLARE DISPLAY 
AUTO SWITCHING TTL/ANALOG VIDEO INPUT 

J DR-MULTI 

EGA -MONITOR 14' RGB MONITOR $339.00 
JDR -RGB 14" RGB MONITOR TILT /SWIVEL BASE $239.95 
JDR -MONO 12" TTL MONOCHROME - GREEN $69.95 
JDR -AMBER 12" TTL MONOCHROME AMBER $69.95 

61..L,LltiidIL1.1116814 -17= 

1+ QUALITY 

KEYBOARDS 
STANDARD KEYBOARDS: 
BTC -5060 AUTOSENSE FOR XT /AT 
MAX -5060 W/TACTILE FEEDBACK 

ENHANCED KEYBOARDS: 
BTC -5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT $69.95 
K103 -A AUDIBLE "CLICK" STYLE $84.95 
MAX -5339 MAW -SWITCH W/TACTILE FEEDBACK $84.95 

$59.95 
$64.95 

rMODULAR CIRCUIT TECHNOLOGY 
DRIVE CONTROLLERS: 
MCT -FDC FLOPPY DISK CONTROLLER $29.95 
MCT -FDC -HD 1.44 MB FLOPPY CONTROLLER $49.95 
MCT -HDC HARD DISK CONTROLLER $79.95 
MCT -RLL RLL CONTROLLER $89.95 
MCT -FH FLOPPY /HARD CONTROLLER $139.95 
MCT -AFH 286/386 FLOPPY/HARD $149.95 
MCT -AFH -RLL 286/386 RLL CONTROLLER $199.95 
DISPLAY ADAPTOR CARDS: 
MCT -MGP MONOCHROME GRAPHICS $59.95 
MCT -CG COLOR GRAPHICS ADAPTOR $49.95 
MCT -EGA ENHANCED GRAPHICS ADAPTOR $149.95 
MCT -VGA -8 8 -BIT VGA, ANALOG ONLY $199.95 
MCT -VGA -16 16 -BIT VGA, 1024X768 RES. $329.95 
MCT -MGMIO MONOGRAPHICS MULTI I/O $119.75 
MCT -MGAIO 286/386 MONOGRAPHICS I/O $99.95 
MULTIFUNCTION CARDS: 
MCT -MIO MULTI I/O FLOPPY CONTROLLER $79.95 
MCT -IO MULTI I/O CARD $59.95 
MCT -AMF 286/386 MULTIFUNCTION $139.95 
MCT -AIO 286/386 MULTI I/O CARD $59.95 
MEMORY CARDS: 
MCT -RAM 576K RAM CARD 
MCT -EMS EXPANDED MEMORY CARD 
MCT-A 286 /386 EMS CARD 

NEW LOW2 
PRICES! 

r 
MODULAR PROGRAMMING SYSTEM 
INTEGRATED MODULAR SYSTEM EASILY EXPANDS! ALL 
MODULES USE A COMMON HOST ADAPTOR CARD --USE JUST 
ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE 

HOST ADAPTOR CARD $29.95 
UNIVERSAL INTERFACE FOR ALL 
THE PROGRAMMING MODULES. 
SELECTABLE ADDRESSES 
PREVENTS CONFLICTS 

- MOLDED CABLE 

MOD -MAC 

UNIVERSAL MODULE $499.99 
- PROGRAMS EPROMS, EEPROMS, 
PALS, BI -POLAR PROMS, 8748 & 8751 
SERIES DEVICES: 16V8 AND 20V8 GALS 
GENERIC ARRAY LOGIC) FROM LATTICE, 
NS. SGS TESTS TTL, CMOS, DYNAMIC 
& STATIC RAMS LOAD DISK. SAVE DISK. 
EDIT, BLANK CHECK. PROGRAM. AUTO, 
HEAD MASTER. VERIFY AND COMPARE 

TEXTOOL SOCKET FOR .3" TO .6"W. IC'S ( 8 -40 PINS) 
MOD-MUP 

-1 JDR MICRODEVICES, 2233 BRANHAM LANE, SAN JOSE, CA 95124 
LOCAL (408) 559 -1200 FAX (408) 559 -0250 TELEX 171 -110 

11 RETAIL STORE: 1256 S. BASC)M AVE., SAN JOSE, CA 
Ix1e.IeLcor J (408) 947 -8881 HOURS: M -F 9 -7 SAT. 9 -5 SUN. 12 -4 

rHARD DISKS 
20 MB $199 
30 MB $219 
40 MB $319 
28 Ms $389 

so MB $389 
so MB $569 
SIZE MODEL 

AVG. 
SPEED 

KITS 
20 MB $249 
30 MB $279 

¿Seagate 

NEW LOW 

PRICES. 

FORM 
FACTOR 

20MB 
20MB 
30MB RLL 
30MB RLL 
40MB 
40MB 
60MB RLL 
8OMB 

ST-225 
ST-125 
ST-238 
ST-138 
ST-251 
ST-251-1 
ST-277 
ST-4096 

65 MS 
40 MS 
65 MS 
40 MS 
40 MS 
28 MS 
40 MS 
28 MS 

5-1/4" 
3-1/2" 
5-1/4" 
3.1/2" 
5-1/4" 
5-1/4" 
5-1/4" 
5 -1/4" 

DRIVE 
ONLY 

$199 
$259 
$219 
$299 
$319 
$389 
$389 
$569 

XT 
KR 

AT FM 
KIT 

$249 
$299 
$279 
1339 
$369 
$439 
$449 

150MB ESN 4 
Q9 

iffy 
DRIVE KIT 
5-1'4' HARD DISK, FLOPPY/HARD 
CONTROLLER, CABLES, MOUNTING 
HARDWARE & SOFTWARE. 1355 -PKG 

1.44 MB 3-1/2" DRIV1 

$9995 
ULTRA HIGH DENSITY 
READ/WRITE 720K DISKS. TOO 

FDD -1.44X BLACK FACEPLATE 
FDD -1.44A BEIGE FACEPLATE 
FDD -1.44 SOFT SOFTWARE DRIVER $19.95 

1 /2 HEIGHT FLOPPY DISK DRIVES: 
FD-55B 51,4" TEAC DS /DD 360K 
FD -55G 5 -1/4" TEAC DS /HD 1.2M 
FDD -360 5 -1/4" DS /DD 360K 
FDD -1.2 5-1/4" DS /HD 1.2M 

t 

-44 

$99.95 
$129.95 

$69.95 
$95.95 

MOTHERBOARDS 
25 MHZ 386 51049 

10/25 MHZ 
16 MB RAM CAPACITY - 8MB 
ON- BOARD(0K), 8 MB RAM CAR 
USES 256K OR 1 MB DRAMS 
8 SLOTS: 1X32 -BIT RAM 
2X 8 -BIT & 5% 16 -BIT 
SHADOW RAM FOR BIOS 
VIDEO AMI BIOS 
INTERLEAVED MEMORY 
ADJUSTABLE BUS SPEEDS 

MCT- 386MB25 
MCT- 386MB20 10/20 MHZ 386 $849.00 
MCT -386 -M 8MB RAM CARD (0K) $149.95 

12 MHZ MINI -286 $299 
AT COMPATIBLE KEYBOARD SELECTABLE 8/12MHZ 
EXPANDABLE TO 4MB ON -BOARD WITH 1 MB DRAMS (0K) 
SIX 16 -BIT & TWO 8 -BIT SLOTS AMI BIOS LED SUPPORT 

MCT-M286-12 
MCT-M286 
MCT-M286-16 
MCT-M286-20 
MCT-XMB 
MCT-TURBO 

`MCT-TURBO-10 

6/10 MHZ MINI -286 $269.95 
8/16 MHZ 286 $489.95 
10/20 MHZ 286 $589.00 
STANDARD 4.77 MHZ 8088 $87.95 
4.77/8 MHZ 8088 $95.95 
4.77/10 MHZ SINGLE CHIP 8088 $99.00 

EPROM PROGRAMMER 8129" 
PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
SUPPORTS VARIOUS PROGRAMMING FORMATS & 

VOLTAGES SPLIT OR 
COMBINE CONTENTS O 
SEVERAL EPROMS OF 
DIFFERENT SIZES 

READ, WRITE, COPY, 
ERASE, CHECK 8 VERIFY 

SOFTWARE FOR HEX 
AND INTEL HEX FORMATS 
MOD -EPROM 

j 
,,,., 

Terms: Minimum order $10.00. For shipping & handling include $3.50 for ground and 
$4.50 for air. Orders over 1 lb and foreign orders may require additional shipping 
charges -please cor4aot the sales department for the amount. CA residents must 
include applicable sales lax. Prices subject to change without notice. We are not 
responsible for typographical errors. We reserve the right to limit quantities and to 
substitute manufactt.rer. All merchandise subject to prior sales. A full copy of our 
terms is available upon request. Items pictured may only be representative. 

ORDER TOLL FREE 800- 538 -5000 
COPYRIGHT 1989 JDR MICRODEVICES 

MEMBER 

liggiTMOASSOCIATION 

CIRCLE NO. 179 ON FREE INFORMATION CARD (DEALERS: 180 

Say You Saw It In Modern Electronics October 1989 / MODERN ELECTRONICS / 81 

www.americanradiohistory.com

www.americanradiohistory.com


JDR Microdevices 

VALUE -PRICED TEST EQUIPMENT 
ALL WITH A 2 YEAR WARRANTY! 

35 MHz DUAL TRACE 5499 95 
OSCILLOSCOPE 

WIDE BAND WIDTH VARIABLE HOLDOFF 

MODEL -3500 (SHOWN) 

20 MHZ DUAL TRACE OSCILLOSCOPE 5389.95 
TV SYNC FILTER COMPONENTS TESTER 

MODEL 2000 

THE ULTIMATE $7995 
3.5 DIGIT DMM 

BASIC DC ACCURACY ±0.25% 
34 RANGES 
TEMP. TRANSISTOR & RESISTANCE 
FEATURES 

DMM -300 SHOWN) 

3.5 DIGIT 
FULL FUNCTION DMM 549.95 

BASIC DC ACCURACY .0.25% 
22 RANGES 

DMM -200 $49.95 

3.5 DIGIT POCKET SIZE DMM $29.95 
BASIC DC ACCURACY ±0.5% 14 RANGES 

DMM -100 

3.5 DIGIT PROBE TYPE OMM 55495 
AUTORANGING 
AC /DC 2V - 500V. 

RESISTANCE 2K 2M 

DPM -1000 (SHOWN) 

HIGH /LOW LOGIC PROBE $17.95 
DETECTS TTL/CMOS LOGIC STATES 
MEMORY FUNCTION FREEZES DATA FOR LATER USE 

LP -2800 

PULSER PROBE FOR QUICK DEBUGGING $19.95 
INJECTS PULSE INTO TEST CIRCUIT VARIABLE WIDTH 

TTL. DTL, TRL. HTL. HINIL. MOS. 8 CMOS COMPATIBLE 

`P -540 

Jim Wharton 
JCR's VP Sales 

JIM'S BARGAIN 

HUNTERS CORNER 

HIGH SPEED 
286/386 
FLOPPY /HARD CONTROLLER 
WILL BE $169.95 

286/386 COMPATIBLE FLOPPY /HARD CONTROLLER 
1:1 INTERLEAVE FOR FASTER OPERATION 

CONTROLS UP TO TWO HARD DRIVES - 

ST- 506 /ST -412 MAXIMUM 16 R/W HEADS EACH, 
2048 CYLINDERS 
CONTROLS TWO FLOPPY DRIVES 
(5- 1/4:360K 61.2MB. 3- 1/2:720K & 1.44MB) 

ALLOWS CONCURRENT OPERATIONS OF 1 FLOPPY 
AND 1 HARD DRIVE 
HIGH SPEED 16- BITPI0 DATA TRANSFERS 

32 -BIT ECC CODE FOR WINCHESTER ERROR 
CORRECTION AND 11 BIT CORRECTION CAPABILITY 
POWER -ON DIAGNOSTICS FOR CONTROLLER SELF- 
CHECKING LOW POWER CONSUMPTION 

MCTFAFH expires 10/31/89 

I 

4 2233 BRANHAM LANE. SAN JOSE. CA 95124 JDR Microdevices 

ORDER TOLL -FREE 
800 -538 -5000 

LOCAL (408) 559 -1200 FAX (408) 559-0250 TELEX 171 -110 
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One -Button Digital Timer 

(from page 45) 

assembly until you are certain that 
everything is okay. 

Now, practicing safe handling pro- 
cedures for MOS devices, install the 
ICs in their respective sockets. Make 
sure each is properly oriented and 
that no pins overhang the sockets or 
fold under between ICs and sockets. 
When you are done, double check to 
make sure of orientations. 

Mount the circuit -board assembly 
in place using % -inch spacers and 
4 -40 x 3 %4 -inch machine hardware, in- 
cluding lockwashers. Plug the domed 
case of the LED into its panel clip or 
rubber grommet. Next, mount the 
switches in their respective holes us- 
ing the hardware supplied with them. 
Place a pointer -type control knob on 
the shaft of S2 and check switch posi- 
tioning. If the pointer does not line 
up with the panel markings, remove 
the knob and adjust the positioning. 
Then mount the ac receptacle in its 
cutout. 

Using the Project 
Use of the project is as simple as plug- 
ging it into an ac receptacle, plugging 
the device to be controlled into the 
chassis -mounted ac receptacle, set- 
ting the device's power switch to 
"on," selecting the timing interval 
you desire and pressing and releasing 
the START button. At this point, the 
LED on the Timer will light to signal 
that the project is counting down. 
The project will continue to count 
down until it times out and extin- 
guishes the LED and removes power 
from the device being controlled. 

You select the correct timing inter- 
val by referring to the data sheet pub- 
lished by the manufacturer of your 
rechargeable cells and batteries. Se- 
lect the interval nearest that recom- 
mended by the manufacturer. Re- 
member that a power failure termin- 
ates the timing period. To restart the 
timing period when power is re- 
stored, you must press and release 
the START switch. AE 

ADVERTISERS' INDEX 

RS# Page 11 
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121 ARRL 63 
102 Ace Communications 64 
125 All Electronics 79 
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122 Antique Radio Classified 76 
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Trans World Cable Co . 78 
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103 Viejo Publications 71 
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We'd like to see your company listed here too. 
Contact Jonathan Kummer at 516- 681 -2922 to 
work out an advertising program tailored to suit 
your needs. 

Tab Books at 
Discount Prices 

How to Draw Schematics 
& Design PCBs with Your 

IBM PC $12.50 
* * * 

Computer Disk for above 

(5.251n Floppy) $21.00 

Customize Your Telephone: 

15 Elec. Projects $11.00 

Customize Your Home 

Entertainment System 
TV /VCR Projects $14.00 

* * * 

Plus $1.25 (S /H) 

Steve Sokolowski 
P.O. Box 5835 

Spring Hill Florida 34606 

Say You Saw It In Modern Electronics 
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EXPAND YOUR CAREER HORIZONS... 

El FCTRONICS 
EDUCATION 

OF 
TOMORROW 

TODAY 

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

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 
You can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call toll -free 
1- 800 -321 -2155 (in Ohio, 1- 800 -362 -2105) or mail in 

CIRCLE NO. 98 ON FREE INFORMATION CARD 

mmill11111111111111111 
The CIE Microprocessor Trainer helps you to learn how circuits with 
microprocessors fuiction in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

CI E World Headquarters 
Cleveland Institute of Electronics, Inc. 
1776 East 17th Street Cleveland, Ohio 44114 

Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

AMO -154 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. 

Check box for G.I. Bill bulletin on Educational Benefits 
Veteran Active Duty MAIL TODAY! 

Just call toll -free 1- 800 -321 -2155 (in Ohio, 1- 800 -362 -2105) 
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TRO u B L E SHOOTERS! 
PRECISION HAND -HELD INSTRUMENTS 

B & K 

Precision Test Bench" 
41 range voltmeter Ammeter 
Ohmmeter Frequency counter 
Capacitance meter Logic probe 
Transistor & diode tester Extra - 

large LCD display 

388-HD 
model $ 

Reg. 5129.95 

SCOPE 

Digital Multimeter 
11 function, 38 ranges including: 

Logic Level Detector, Audible and 

Visual Continuity, Capacitance & 

Conductance measurements 

Model 
DVM638 
Reg. S87.50 

$7995 

SCOPE 31/2 Digit 
LCD Mini Meter 

0.5% accuracy AC WC Voltage 

DC current Resistance Diode 

test 300 hrs battery life 

Overload protection: DC -500V, 

AC-350V, ohms - 250V DCI AC 

Model 
DVM -630 
Reg. S50.00 

s32m 

atW11111® 

SCOPE Hand -Held 

31 Digit LCR Meter 
Measure capacitance resistance 

and induction Overload 

protection Includes test leads, test 
clips, 9V battery and spare fuse 

Model 
LCR -680 119 " 

SCOPE Pocket Size 
Audio Signal Generator 

Sine/square wave patterns 20Hz 

to 150 KHz Battery operated 
Frequency accuracy ±3% or less) 

Output 12V rms max. (no load) 

Low battery indicator Test leads 

& 9V battery included 

$5995 Model 
RC-555 

Reg. S69.95 

DUAL TRACE OSCILLOSCOPES 

A.W. SPERRY 20 MHz 
OSCILLOSCOPE rr Built -in component checker -'- 

Z -axis input Low power 
consumption TV Video sync 

`e filter High -sensitivity XY mode 
r Front panel trace rotator 

Includes 2 test probes 

Model $34995 
6200 

HITACHI 35 MHz 
OSCILLOSCOPE 

19 calibrated sweeps 6" 
CRT with internal graticule, 
scale illumination & photo- 
graphic bezel Auto focus 

XY operation TV sinc 

separation Includes 2 

probes (10:1 and 1:1) 

Model V -355 $5 
Reg. $899.95 

: _ L : _ 1 

SCOPE DIGITAL 
TRAINER 

Learn logic circuits and 

equipment design Connects 

to oscilloscopes, signal 

generators and more Logic 

probe included Solderless 

breadboard and crib sheets help 

you build almost any circuit 

Runs off 4 "M" batteries or 

AC adapter )included) 

ALL PURPOSE 
92 -PC. TOOL CASE 

Complete kit for home, 

workshop and auto Includes 

52 -pc socket set with extenders 

2 tool pallets with roomy 

rear storage compartments 
Attractive, rugged carry case 

Model FTK -28 

Reg. S169.95 

11;11Reg. $149.95 110N 12995 

ASK FOR YOUR FREE CATALOG 

Fordham RÉÉ 800445151 
260 Motor Parkway 
Hauppauge, New York 11788 

(In NV State 800-832-1446) 

r® ,v,enIM Money orders, checks accepted 
I r :: C.O.D's require 25% deposit. 

CIRCLE NO. 130 ON FREE INFORMATION CARD 

Service & Shipping Charge Schedule 
Continental Continental U.S.A. 

FOR O ADO 

$aso $450 
s51 -1oo $550 
s101 -205 $7.00 

$ói-4$8 
70101a03 :1000 
501 -750 81250 
$751 -1000 $1500 
$1.001 -1,000 $1750 
$1.251 -1,500 WOO 

$$20001- 
w Up S30 
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