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At last! Here is your opportunity to take your pick fròm a new test equipment line that has all 
the features you need and more and at a price that is unbelievably low. . 

Here are six digital and two analog instruments see them at your local 
distributor to make your choice. Ar 

MODEL 9340 
Pocket size, 31/2 -digit 
DMM with 20 megohm 
range and 10 megohrn . 

input resistance 

$4400 

MODEL 9670 
Digital capacitance 
tester covering 
0.1 pF to 

20,000 µF 
s99oo 

MODEL 9370 
31/2 -digit autoranging 
DMM with a melnotÿ 
mode and I/ 5% basic 
DC accuracy 

MODEL 9301 
31/2- digit. hand -held 
DMM with 0.25% 
basic accuracy and 
2,000 -hour battery life 
só9oo 

MODEL 9120 
Analog VOM with 
12 A DC range 
and output jack 
$ 3900 

MODEL 9401 
41/2-digit, full function, 
hand -held DMM with 
.05% accuracy and 
data hold 

$129" 

MODEL 9701 
digi- clampTM compact 
AC clamp -on volt -ohm- 
ammeter with data hold 
só9oo 

mercer 
ELECTRONICS 
Division of Simpson Electric Company 

859 Dundee Avenue, Elgin, IL 60120 -3090 
(312) 697 -2265 Telex 72 -2416 
CIRCLE: 32 ON FREE INFORMATION CARD 

MODEL 9101 
Compact VOM 

with 27 ranges, 
including a 100 

megohm range 
s29oo 

Mercer Electronics products reflect the design and quality standards 
established by Simpson Electric Company, an industry leader for over 50 
years and known worldwide for its integrity and product excellence. 
In Stock...Available Now! Stop in at your nearest distributor and see 
this new, complete line of Mercer test instruments. For the name of the 
MERCER distributor in your area, call (312) 697 -2265, or send for our 
new line catalog. 



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

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

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

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

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

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

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California, 90720 

This free booklet 
explains the 

Grantham B.S. 

Degree Program, 
offered by inde- 
pendent study to 
those who work 
in electronics. 

for 
FREE 
Booklet 
CLIP 

COUPON 

and mail in 
envelope or 
paste on 
postal 
card. 

Put Professional 
KNOWLEDGE 

and a 

COLLEGE DEGREE 
in your 

Electronics Career 
through 

HOME STUDY 

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

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

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

r 
Grantham College of Engineering 

1 
M-6-86 

10570 Humbolt Street, Los Alamitos, CA 90720 

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

Name Age 

Address 

L 
City State Zip 
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Radio lhaek Parti Place 
HOBBY ELECTRONICS VALUES AT OUR STORE NEAR YOU 

Beautify Your Project! 

(1) (2) 

(4) (3) 

(1) Deluxe Enclosure. Easy -to -work metal with 
eggshell white bottoms, black tops, hardware, rub- 
ber feet. 115/16 x 81/4 x 61/8' #270 -272 ..... 5.99 
Larger Version. 31/16 x 81/4 x 61/2': 
#270 -274 7 99 
(2) Communications Knobs. 11/2" diameter. 
Pointer notch. #274 -402 Pkg. of 2/994 
(3) Contemporary Knobs. 1" diameter. Metal 
over plastic. #274 -424 Pkg. of 2/1.89 
(4) 0 -15 VDC Panel Meter. #270 -1754. .. 7.95 

(5) CdS Photocell. Rated 200 mW at 170 volts, 
max. #276 -116 1 29 
(6) XC -5491 Tri -Color LED. Glows red on DC, 
green on reverse DC, yellow on AC. 
#276 -035 1 29 
(7) COX21 Blinking LED. Combines a MOS 
driver IC and a red LED in one housing. Use as 
an alerter or in electronic jewelry. #276-036, 1.59 
(8) Super- Bright Red LED. 300 mcd at 20 mA, 
yet runs cool. #276 -066 994 

Semiconductor "Hotline" 
Now Radio Shack 

Can Replace 
Almost Any IC or 
Semiconductor 

More Than 
200,000 

Substitutions! 
No Minimum 
Order 
No Postage 
Charge 

If the device you need is not part of our regular 
stock, we'll check our new in -store substitution 
guide and special -order a replacement from our 
warehouse. Semiconductors are available for pro- 
jects and repair work. Radio Shack also offers this 
service on selected tubes, crystals, phono car- 
tridges and styli. Come in and give us a try! 

Battery Guidebook 
Helps You Select 
The Right Battery 

199 
Learn how batteries work, 
how to recharge and test 
them, and how to choose 
the best values. Includes 
complete technical data on 
all ENERCELL batteries. 
160 pages. #62-1396 

"Soft -Touch" Switches Cet "Motorvated "! 
1A 

-k)6,, SPECIAL 
PURCHASE! 
2 for 149 

These small low -voltage DC motors are reversible 
and have a prewired noise- suppression circuit. 
They are ideal for robotics, experiments, model - 
making and just plain fun. About 21/8 x 11/e" Shaft 
has a brass pulley. #273 -229. 

SPST "Soft- Feel" Push -On /Off Switch. Rated 
3 amps at 125 VAC. Mounts in a 3/8 "- diameter 
hole. #275 -1565 1 29 
Momentary Version. #275 -1566 1 19 

Semiconductor Reference 
Guide 

1986 
399 Edition 

Packed with detailed infor- 
mation on Radio Shack's 
ICs, SCRs, LEDs diodes 
and opto devices. Cross - 
reference and substitution 
section lists over 80,000 
types. Illustrated. 254 
pages. #276 -4009 

Breadboard It! 

(12) 

(13) 

(11) Universal Breadboard. Our best! The 
21/4 x 61/2" breadboard is mounted on a 7 x 4" 
"stay -put" steel base with rubber feet. Accepts 
DIPs, discretes and up to 22 -gauge wire. Has 3 
binding posts for external hookups. 
#276 -169 19.95 
(12) 16 -Pin DIP Jumper. #276 -1976 3 99 
(13) 16- Position DIP Test Clip. Easy access to 
individual pins. #276 -1982 3 99 

Sound the Alarm! 
(10) 

(9) Two -Tone Piezo Buzzer. Super -loud 100 dB 
output, ideal for security systems, power failure 
alerters and more. 8 to 16 VDC. #273 -070 8.95 
(10) Pulsing /Continuous Piezo Buzzer. Great 
for alarm systems, vehicle backup alerts. Out- 
put: 90 dB at 12 VDC, only 10 mA. Screwdriver 
terminals. #273 -068 6 95 

Etch Your Own Boards 

Our PC Board Kit includes everything you need: 
Two 41/2 x 3" solid copper -clad boards, resist -ink 
pen and solvent, etchant, layout strips and circles, 
tank, '/16" drill bit and instructions. 
#276 -1576 9 95 

Folding 16 -Range LCD 
Digital Multimeter 

Automatic Shut -Off 
When Case is Closed 

Automatic Polarity 

New! 
4995 

This extra -durable Micronta' instrument mea- 
sures AC /DC volts, DC current, resistance and 
has a special mode for testing semiconductor 
junctions. The hinge has detented "stop" posi- 
tions at 90, 135 and 180° for easy viewing on 
your bench and in the field. With spare fuse, test 
leads, owner's manual. Batteries extra. #22 -187 

TV Sound /Video Modulator 

Sale! 298 
Reg. 4.95 

Prewired module converts line - 
level video and audio signals to 
channel 3 or 4 for reception on a 
standard TV. Can be used with 
computers, TV cameras, and in 
experiments. 12 VDC. 
#277 -1015 

Handy Transistor Checker 

Only 1495 
Tests small -signal and power -type 
bipolar transistors in or out of cir- 
cuit. Lamp indicates relative cur- 
rent gain, "opens" and "shorts." 
Output jack lets you connect to an 

external meter or 
scope. With instruc- 
tions. Battery extra. 
#22 -00 25 

t 
Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips, 
Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs, Recti- 
fiers, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners and more! A DIVISION OF TANDY CORPORATION 

Prices apply at participating Radio Shack stores and dealers 

Radie lhaek 
CIRCLE 92 ON FREE INFORMATION CARD 
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Pocket 
logic. 

Now available, a full- function pocket - 
size DMM with built -in logic probe. 

TTL Logic Probe: 20 MHz 

Hi /lo /off indications 
Detects 25nS pulse widths 

hFE (NPN or PNP): 1 range (1000) 
DMM: Input Impedance -10 Megohms ) 

DCV -5 ranges (.2V to 1kV) 

ACV-5 ranges (.2V to 750V) 

DCA/ACA- 5 ranges ( 200µA 
to 2A) 

Ohms -8 ranges (200 ohms to 

2000 Megohms) 
Continuity beeper 
Diode check 

See one now at your local Beckman 
Industrial distributor. 

DM20L . . . 56995* 

`Suggested list price ( EUS) with battery, test leads and manual. 

yiçt1-1= / rM 

Beckman Industrial Corporation 
A Subsidiary of Emerson Electric Company 
630 Puente Street, Brea, CA 92621 

( 714) 671 -4800 

Copyright 1985 Beckman Industrial Corporation 

IIIi/EDITORIA L I/ill/al 

We Know You! 

"Know thy reader" is every editor's 
imperative. To pinpoint information 
about you so that we can sagely fine -tune 
our editorial material, we embarked on 
an intensive reader study by mailing 
2,000 four -page questionnaires to a ran- 
dom sampling of MODERN ELEC- 
TRONICS subscribers. This yielded a net 
response at our 30 -day cutoff period of 
49.5% or 989 completed questionnaires, 
which is a very healthy sampling for pur- 
poses of accuracy. 

We had speculated that more than 
10% of you earned a post -graduate de- 
gree or had some work toward it. What a 
pleasant surprise it was to learn through 
our survey that your educational level is 

substantially higher than this-22.6% 
(11.6% post -graduate degree, 11% post- 
graduate work). In all, 47.907o of our re- 
spondents indicated they are college 
graduates, while an additional 35.5% at- 
tended or are attending college. Thus, 
83.4% of our subscribers are college 
trained. We're impressed! 

Our expectations on how many of you 
work in a technical or professional area 
were too low, also. Whereas we were con- 
fident that more than two- thirds of our 
readers were technical people (electron- 
ics /computers) or professionals such as 
educators, scientists, physicians, etc., 
our survey results indicate a much higher 
percentage- 70.8% technical plus 
13.407o professional and other technical, 
for a grand total of 84.2 %. 

More than half of you, we felt, would 
surely be employed in the electronics or 
an allied industry, where many had pur- 
chasing authority or influence on buying 

company equipment, parts and supplies. 
This is confirmed by our study which re- 
veals that more -fully 65.4 % -of our 
subscribers are employed in electronics 
or a related field, while 59.5% are in- 
volved in company OEM purchases. 

As to age and income, the former was 
anticipated to be in the mid -thirties, 
which it was with a median age of 36 
years old. The largest percentage total in 
an age range was 32.8% between 25 and 
34 years old. Under 18 years accounted 
for only 2.1 %. So clearly, you're both 
seasoned in the work world and at the 
peak of your powers. Household income 
median (1985) was $36,846, with 19.9% 
over $50,000 and the $30,000 to $50,000 
category leading with 39.0 %. 

Where you live and work broke down 
as expected, with East North Central, 
Mid -Atlantic, South Atlantic and Pacific 
competing for the top regional percen- 
tage. Among individual states, Califor- 
nia leads with 12.5% of respondents, fol- 
lowed by New York with 8.9 %, Pennsyl- 
vania with 4.9% and Ohio with 4.0 %. 

The foregoing only scratches the sur- 
face of what we gleaned from this large - 
scale subscriber study. We'll tell you 
more about you next time around. Many 
thanks to all you fine readers who re- 
sponded so enthusiastically to our re- 
quest for filling out our detailed ques- 
tionnaire. 

lllih/ LETTERS II. 

Operation Assist 

After a number of years of good service, 
my Concord open -reel tape recorder is giv- 
ing me problems. I'd like to repair it, but 
the dealer from whom I purchased it can't 
help because he can't get the parts needed, 
and Concord is no longer in business. Can 
you or any of your readers help me? 

Herbert G. Fikes 
8032 State St. 

Garrettsville, OH 44231 

Can anyone supply me with the assembly 
instructions and /or schematic diagram for 
the Fairchild FTK0101 clock calendar kit? 

Lowell Ray Anderson 
Box 67 

Cody, WY 82414 

I'm trying to rebuild an old Model 
CRO -2 oscilloscope made by Jackson 
Electrical Instrument Co. of Dayton, OH 

(Continued on page 93) 
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NEW! 
Lower Price 
Scanners 

Communications Electronics; 
the world's largest distributor of radio 
scanners, introduces new lower prices 
to celebrate our 15th anniversary. 

Regency/ MX7000 -EA 
L.st price $699.95/CE price $399.95 /SPECIAL 
10 -Band, 20 Channel Crystalless AC /DC 
Frequency range: 25-550 MHz. continuous coverage 
and 800 MHz. to 1.3 GHz. continuous coverage. 
The Regency MX7000 scanner lets you monitor 
military, F.B.I., Space Satellites, Police and Fire 
Departments, Drug Enforcement Agencies, Defense 
Department, Aeronautical AM band, Aero Navigation 
Band, Fish & Game, Immigration, Paramedics, 
Amateur Radio, Justice Department, State Depart- 
ment, plus thousands of other radio frequencies 
most scanners can't pick up. The Regency MX7000 
is the perfect scanner for intelligence agencies that 
need to monitor the new 800 MHz. cellular telephone 
band. The MX7000, now at a special price from CE. 

Regency® Z60 -EA 
List price $299.95/CE price $179.95 /SPECIAL 
8 -Band, 80 Channel No-crystal scanner 
Bands: 30 -50, 88 -108, 118-136, 144 -174, 440 -512 MHz. 
The Regency Z60 covers all the public service 
bands plus aircraft and FM music for a total of 
eight bands. The Z60 also features an alarm 
clock and priority control as well as AC /DC 
operation. Order today. 

Regency® Z45 -EA 
List price $259.95/CE price $159.95 /SPECIAL 
7 -Band, 45 Channel No-crystal scanner 
Bands: 30 -50, 118 -136, 144 -174, 440 -512 MHz. 
The Regency Z45 is very similar to the Z60 model 
listed above however it does not have the commer- 
cial FM broadcast band. The Z45, now at a 
special price from Communications Electronics. 

Regency® RH250B -EA 
List price $613.00/CE price $329.95 /SPECIAL 
10 Channel 25 Watt Transceiver Priority 
The Regency RH25OB isa ten -channel VI-IF land 
mobile transceiver designed to cover any fre- 
quency between 150 to 162 MHz. Since this 
radio is synthesized, no expensive crystals are 
needed to store up to ten frequencies without 
battery backup. All radios come with CTCSS tone 
and scanning capabilities. A monitor and 
night /day switch is also standard. This trans- 
ceiver even has a priority function. The RH250 
makes an ideal radio for any police or fire 
department volunteer because of its low cost 
and high performance. A UHF version of the 
same radio called the RU150B covers450 -482 
MHz. but the cost is $449.95. To get technician 
programming instructions, order a service man- 
ual from CE with your radio system. 

NEW! Bearcat° 50XL -EA 
List price $199.95/CE price $114.95 /SPECIAL 
10-Band, 10 Channel Handheld scanner 
Bands: 29.7 -54, 136-174, 406 -512 MHz. 
The Uniden Bearcat 50XL is an economical, 
hand -held scanner with 10 channels covering 
ten frequency bands. It features a keyboard lock 
switch to prevent accidental entry and more. 
Also order part # BP5O which is a rechargeable 
battery pack for $14.95, a plug -in wall charger, 
part # AD100 for $14.95, a carrying case part # 
VC001 for $14.95 and also order optional 
cigarette lighter cable part # PSOO1 for$14.95. 

Regency 
RH250 

NEW! Regency® XL156 -EA 
List price $239.95/CE price $129.95 /SPECIAL 
8 -Band, 10 Channel No- crystal Scanner 
Search Lockout Priority AC /DC 
Bands: 30 -50, 144 -174, 440-512 MHz. 
Cover your choice of over 15,000 frequencies 
on 10 channels at the touch of your finger. 
Display messages. External speaker jack. Tele- 
scoping antenna. External antenna jack. AC /DC. 

NEW! Regency° R1060 -EA 
List price$149.95 /CE price $92.95 /SPECIAL 
8 -Ben4 10 Channel Crystalless AC only 
Bands: 30 -50, 144 -174, 440 -512 MHz 
Now you can enjoy computerized scanner ver- 
satility at a price that's less than some crystal 
units. The Regency R1060 lets you in on all the 
action of police, fire, weather, and emergency 
calls. You'll even hear mobile telephones. 

Bearcat® DX1000 -EA 
List price $649.95/CE price$349.95 /SPECIAL 
Frequency range 10 KHz. to 30 MHz. 
The Bearcat DX1000 shortwave radio makes tuning in 
London as easy as dialing a phone. It features PLL 
synthesized accuracy, two time zone 24 -hour digital 
quartz clock and a built -in timer to wake you to your 
favorite shortwave station. It can be programmed to 
activate peripheral equipment like a tape recorder to 
record up to five different broadcasts, any frequency, 
any mode, while you are asleep or at work. It will receive 
AM, LSB, USB, CW and FM broadcasts. 

There's never been an easier way to hear what the 
world has to say. With the Bearcat DX1000 shortwave 
receiver, you now have direct access to the world. 

NEW! Regency° HX1200 -EA 
List price $369.95/CE price $214.95 /SPECIAL 
8 -Band, 45 Channel No Crystal scanner 
Search Lockout Priority Scan delay 
Sidelit liquid crystal display EAROM Memory 
New Direct Channel Access Feature 
Bands: 30 -50, 118-136, 144 -174. 406-420. 440-512 MHz. 

The new handheld Regency HX1200 scanner is 
fully keyboard programmable for the ultimate in 
versatility. You can scan up to 45 channels at the 
same time including the AM aircraft band. The LCD 
display is even sidelit for night use. Order 
MA- 256 -EA rapid charge drop-in battery charger 
for $84.95 plus $3.00 shipping /handling. Includes 
wall charger, carrying case, belt clip, flexible 
antenna and nicad battery. 

NEW! Bearcat° 100XL -EA 
List price $349.95/CE price $203.95 /SPECIAL 
9 -Band, 16 Channel Priority Scan Delay 
Search Limit Hold Lockout AC /DC 
Frequency range: 30 -50, 118-174, 406-512 MHz. 
The world's first no-crystal handheld scanner now has 
a LCD channel display with backlight for low light use 
and aircraft band coverage at the same low price. Size is 
1 A's" x 7'/2" x2T /e.' The Bearcat 100XL has wide frequency 
coverage that includes all public service bands (Low, 
High, UHF and "T' bands), the AM aircraft band, the 2- 
meter and 70 cm. amateur bands, plus military and 
federal government frequencies. Wow...what a scanner! 

Included in our low CE price is a sturdy carrying case, 
earphone, battery charger /AC adapter, six AA ni -cad 
batteries and flexible antenna. Order your scanner now. 

Bearcat° 210XW -EA 
List price $339.95/CE price $209.95 /SPECIAL 
8 -Band, 20 Channel No- crystal scanner 
Automatic Weather Search /Scan AC /DC 
Frequency range: 30-50, 136 -174, 406 -512 MHz. 
The new Bearcat 210XW isan advanced third generation 
scanner with great performance at a low CE price. 

NEW! Bearcat° 1 45XL-EA 
List price $179.95/CE price $102.95 /SPECIAL 

Band, 16 channel AC /DC Instant Weather 
Frequency range: 29 -54, 136-174, 420-512 MHz. 
The Bearcat 145XL makes a great first scanner. Its low 
cost and high performance lets you hear all the action with 
the touch of a key. Order your scanner from CE today. 

TEST ANY SCANNER 
Test any scanner purchased from Communications 
Electronics" for 31 days before you decide to keep it. If for 
any reason you are not completely satisfied, return it in 
original condition with all parts in 31 days, for a prompt 
refund (less shipping/handling charges and rebate credits). 

Regency 
MX7000 

Regency 
IHX1200 

r 
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NEW! Bearcat® 800XLT -EA 
List price $499.95/CE price $317.95 
12 -Band, 40 Channel No-crystal scanner 
Priority control Search/Sean AC /DC 
Bands: 29-54, 118-174, 406 -512, 806-912 MHz. 
The Uniden 800XLT receives40 channels in two banks. 
Scans 15 channels per second. Size 91" x4'/2" x 121/2." 

OTHER RADIOS AND ACCESSORIES 
Panasonic RF- 2600 -EA Shortwave receiver $179.95 
RD95 -EA Uniden Remote mount Radar Detector $128.95 
RD55 -EA Uniden Visor mount Radar Detector $98.95 
RD9 -EA Uniden "Passport" size Radar Detector ... $239.95 
BC 210XW -EA Bearcat 20 channel scanner SALE... $209.95 
BC -WA -EA Bearcat Weather Alert" $49.95 
DX1000 -EA Bearcat shortwave receiver SALE ... $349.95 
PC22 -EA Uniden remote mount CB transceiver $99.95 
PC55 -EA Uniden mobile mount CB transceiver $59.95 
R1060-EA Regency 10 channel scanner SALE $92.95 
MX3000 -EA Regency 30 channel scanner $198.95 
XL158EA Regency 10 channel scanner SALE $129.95 
ÚC102- EA RegencyVHF 2 ch. 1 Watt transceiver $124.95 
RH250B- EARegency 10 ch. 25 Watt VHF trans $329.95 
RH600B -EA Regency 10 ch. 60 Watt VHF trans $454.95 
RU150 B-EA Regency 10 channel UHF transceiver $449.95 
RPH410 -EA 10 ch. handheld no-crystal trans $399.95 
LC10 -EA Carrying case for RPH410 transceiver... $34.95 
MA181 -EA Ni -cad battery pack for RPH410 trans.... $34.95 
P1405 -EA Regency 5 amp regulated power supply ... $69.95 
P1412 -EA Regency 12 amp reg. power supply $164.95 
BC10 -EA Battery charger for Regency RPH410 ... $84.95 
MA256 -EA Drop -in charger for HX10008 HX1200 ... $84.95 
MA257 -EA Cigarette lighter cord for HX1200 $19.95 
MA917 -EA Ni -Cad battery pack for HX1200 $34.95 
EC1 O -EA Programming tool for Regency RPH410 $24.95 
S M R H 250 - EA Service man. for Regency R H250 $24.95 
SMRU150 -EA Service man. for Regency RUI50 $24.95 
SM RPH41 O-EA Service man. for Regency RPH410... $24.95 
S M M X7000-EA Svc. man. for MX7000 8 M X5000... $19.95 
SMMX3000EA Service man. for Regency MX3000... $19.95 
B -4 -EA 1.2 V AAA Ni-Cad batteries (set of four) $9.95 
FB -E -EA Frequency Directory for Eastern U.S A $12.95 
FB -W -EA Frequency Directory for Western U.S.A.... $12.95 
TSG -EA "Top Secret" Registry of U.S, Govt. Freq.... $14.95 
TIC -EA Techniques for Intercepting Comm. $14.95 
RRF-EA Railroad frequency directory $10.95 
CIE -EA Covert Intelligenct, Elect. Eavesdropping $14.95 
A60 -EA Magnet mount mobile scanner antenna $35.00 
A70 -EA Base station scanner antenna $35.00 
USAM M -EA Mag mount VHF/UHF ant. w/ 12' cable $39.95 
USAK -EA 3/4 " hole mount VHF/UHF ant. w/ 17' cable $35.00 
USATLM -EATrunk lip mount VHF /UHF antenna $35.00 
Add $3.00 shipping for all accessories ordered at the same time. 
Add $12.00 shipping per shortwave receiver. 
Add $7.00 shipping per scanner and $3.00 per antenna 

BUY WITH CONFIDENCE 
To get the fastest delivery from CE of any scanner, 
send or phone your order directly to our Scanner 
Distribution Center" Michigan residents please add 4% 
sales tax or supply your tax I.D. number. Written pur- 
chase orders are accepted from approved government 
agencies and most well rated firms at a 10% surcharge 
for net 10 billing. All sales are subject to availability, 
acceptance and verification. All sales on accessories 
are final. Prices, terms and specifications are subject to 
change without notice. All prices are in U.S. dollars. Out 
of stock items will be placed on backorder automatically 
unless CE is instructed differently. A $5.00 additional 
handling fee will be charged for all orders with a 
merchandise total under$50.00. Shipments are F.O.B. 
Ann Arbor, Michigan. No COD's. Most products that we 
sell have a manufacturer's warranty. Free copies of 
warranties on these products are available prior to 
purchase by writing to CE. Non- certified checks require 
bank clearance. 

Mail orders to: Communications Electron- 
ics" Box 1045, Ann Arbor, Michigan 48106 
U.S.A. Add $7.00 per scanner for U.P.S. ground 
shipping and handling in the continental U.S.A. 
For Canada, Puerto Rico, Hawaii, Alaska, or 
APO /FPO delivery, shipping charges are three 
times continental U.S. rates. If you have a Visa 
or Master Card, you may call and place a credit 
card order. Order toll -free in the U.S. Dial 
800 -USA -SCAN. In Canada, order toll -free by 
calling 800 -221 -3475. Telex CE anytime, dial 
810-223 -2422. If you are outside the U.S. or in 
Michigan dial 313- 973 -8888. Order today. 
Scanner Distribution Center" and CE logos are trade- 
marks of Communications Electronics Inc. 
t Bearcat is a registered trademark of Uniden Corporation. 
t Regency is a registered trademark of Regency Electronics 
Inc. AD #040186 -EA 

Copyright 1986 Communications Electronics Inc. 

For credit card orders call 
1- 800 - USA -SCAN 

MCOMMUNICATIONS 
ELECTRONICS INC. 

Consumer Products Division 
P.O. Box 1045 Ann Arbor, Michigan 48106 -1045 U.S.A. 

Cali 800-USA-SCAN or outside U.S.A. 313- 973 -8888 



Ill/Ill' MODERN ELECTRONICS NEWS ill/Ill 
CD ROM SYSTEMS. CD -ROM systems, which use present -day audio compact - 
disc technology, can store 600 megabytes. This is enough to put an en- 
tire encyclopedia on the 5 -in.- diameter optical disc. Microsoft attract- 
ed about 1,000 people to its CD -ROM Conference recently, so there's 
plenty of excitement in the air on it. There are some flies in the oint- 
ment, though. Lack of software is one, hampering quick and easy infor- 
mation retrievel. 

CRT SHIELDS. Though hazards associated with cathode -ray -tubes in com- 
puter monitors and TV sets got a sort of clean bill of health some time 
ago, the issue is apparently still alive. According to the RAM company 
(Beverly Hills, CA), researchers in Sweden found that CRT radiation 
affected fetuses in mice, though a world health organization conference 
in Geneva recently concluded that office computers did not endanger 
pregnant women. RAM sells CRT Shields, of course. A new VDT shield 
using metallized fabric imbedded into a glare filter was recently in- 
troduced by Noetic Systems (Los Altos, CA) that is said to be the answer 
to uncertainty about the effects of a video display tube on unborn 
babies. In another CRT protection area, Direct Safety Co. (Phoenix, 
AZ) introduced "Data Shades," non -prescription glasses to reduce glare 
and sharpen contrast, as well as screening most of the worrisome ultra- 
violet rays. 

SATELLITE TV SCRAMBLING & DESCRAMBLING. Birdview Satellite (Overland 
Park, KS) has announced an interesting dealer program that provides 
consumers with Free descramblers (legal ones, we assume). With HBO and 
CINEMAX now scrambling their satellite transmissions, viewers with 
backyard dishes cannot receive these signals without leasing a decoder 
from their local cable TV company. Tandy Corp's CEO, John Roach, 
charges that the decoders are over -priced, amounting to paying tribute 
to a local monopoly with an over -priced decoder and inflated fees. 
He notes that since the cable provider doesn't have any expenses in 
this case, the satellite dish owner should pay less. More than 100 
channels are expected to remain unscrambled, at no cost to dish owners, 
so there's no cause for alarm, just concern, says Roach. 

FIRST SOLID -STATE HUMIDITY SENSOR. Sharp Electronics (Paramus, NJ) an- 
nounced that it developed the industry's first solid -state electronic 
humidity sensor for air conditioners, laundry dryers, greenhouses, 
and so on. The Model ORO5HM1 sensor is said to be a compact module that 
uses an organic, high -molecular film as the humidity- sensing material. 
It features a built -in temperature- compensation thermistor. Measuring 
about one -inch square, the module runs on a single 5 -V supply, trans- 
lating humidity into voltage that can be programmed to perform various 
control functions. Volume -quantity price is $4. 

INVENTORS HALL OF FAME INDUCTEES. Two IEEE Life Fellows were among 
five inventors inducted into the National Inventors Hall of Fame this 
year: Harold Edgerton for a 1949 patent on the Stroboscope and Wilson 
Greatbatch for a 1962 patent on the Medical Cardiac Pacemaker. They 
join 59 others who were similarly honored. For a free booklet with 
brief biographies of the inventors, contact the Patent and Trademark 
Office, 2021 Jefferson Davis Highway, Arlington, VA 22202 (phone 703- 
557- 3428). 
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CABLE -TV 

BONANZA! 
ITEM 

SINGLE 
UNIT 

PRICE 

DEALER 
10 -UNIT 
PRICE 

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

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

LCC -58 WIRELESS CONVERTER 92.95 76.00 ea. 

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

SB ADD -ON UNIT 109.95 58.00 ea. 

BRAND NEW - UNITS FOR SCIENTIFIC ATLANTA Call forspecdics 

MINICODE (N -12) 109.95 58.00 ea. 

MINICODE (N -12) VARISYNC 119.95 62.00 ea. 

MINICODE. VARISYNC W /AUTO ON -OFF 179.95 11500 ea. 

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

M -35 B WJAUTO ON -OFF (CALL FOR AVAILABILITY) 199.95 125:00 ea. 

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

INTERFERENCE FILTERS - CH. 3 24.95 1400 ea. 

JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea. 

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 225.00 18500 ea. 

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

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. 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD 8 Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip _ Phone Number I ) 

Cashiers Check Eii Money Order Ei COD E Visa Ei 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 orrcable 
TV systems with proper authorization from local officials or cable company officials in 

accordance with all applicable federal and state laws. 

Dated. Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. #_21 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 



Train For the Fastest Grooving Job Skill in America 

Only NRI teaches 
you to service all 
computers as you 
build your own 16 -bit 
IBM-compatible micro 

Now that computers are 
firmly established in offices by the 
millions -and in homes, too - 
the demand for trained computer 
service technicians surges for- 
ward. The Department of Labor 
estimates that computer service 
jobs will actually double in the 
next ten years -a faster growth 
than any other occupation. 

Total systems training 
No computer stands alone... 

it's part of a total system. And if 

you want to learn to service and 
repair computers, you have to 
understand computer systems. 
Only NRI includes a powerful 

computer system as part of your 
training, centered around the 
IBM -PC compatible Sanyo 550 
Series computer. 

As part of your training, 
you'll build this highly rated 16-bit 
IBM -compatible computer system, 
assemble Sanyo's "intelligent" 
keyboard, install the power supply 
and disk drive, interface the high - 
resolution monitor and dot matrix 
printer, even expand the memory 
from 128K to 256K RAM. It's 
confidence - building, real -world 
experience that includes training 
in programming, circuit design, 
and peripheral maintenance. 

Even if you've never had any 
previous training in electronics, 
you can succeed with NRI at -home 
training. 

No experience necessary, 
NRI builds it in 

You'll start with the basics, 
then rapidly build on them to 
master such concepts as digital 
logic, microprocessor design, and 
computer memory. You'll build and 
test advanced electronic circuits 
using the exclusive NRI Discovery 
Lab, professional digital multi - 
meter, and logic probe. Like your 
computer system, they're all yours 
to keep as part of your hands -on 

Learn Computer Servicing Skills with NRI's "Hands -On" Training .. . 

You'll setup and perform electronics experiments and 
demonstrations using your NRI Discovery Lab. You'll even 
interface the lab with your computer to "see" keyboard - 
generated data. 

After you build this digital logic probe, you'll explore the 
operation of the Sanyo detached "intelligent" keyboard and 
its dedicated microprocessor. 

The power supply is assembled in the main unit of the com- 
puter. You check out keyboard connections and circuits with 
the digital multimeter included for training and field use. 



NRI's total systems training includes: 
NRI Discovery Lab, Digital multimeter, 

Digital logic probe for visual examination of 
computer circuits Sanyo 550 Series corn 
Fiter with "intelligent" keyboard and 360K 
aoubledensity, double -sided disk drive 
High -resolution monochrome monitor 
RAM expansion module gives you 256K 
memory Dot matrix printer EasyWrite- I, 
WordStar, CalcStar bundled software 
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training. You even get over $1,000 
worth of software, including the 
popular WordStar and CalcStar. 

Send for 100 -page 
free catalog 

See all the training equip- 
ment you get in this exciting, 
state-of- the-art computer course, 
including the educator - acclaimed 
NRI Discovery Lab, digital multi - 
meter, and logic probe. Read 

detailed descriptions of each 
lesson, each experiment you 
perform. And check out other NRI 

high -tech training like Robotics, 
Digital Electronics Servicing, Data 
Communications, TV /Audio/ 
Video Servicing, and more. 

Mail the postage -paid card 
today, and see how NRI can 
prepare you for advancement, a 
new career -even a business of 

your own 
in the 
exciting world of electronics. If 

the card has been used, write to 
NRI at the address below. 

SCHOOLS 
McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue 
Washington, DC 20016 Ñ:ñ1 
We'll give you tomorrow 

as You Build Your Own Sanyo Computer System. 

Next, you install the disk drive. You learn disk drive ryeration 
and adjustment, make a copy of MS-DOS operatingrdisk and 
begin your exploration of the 8088 CPU. 

Using rte monEar, you focs on machine language program- 
ming, an indspensrble troubleshooting too for the techni- 
cian. You centiare by learn ng BASIC lange age programming 

Finally, yw, iwtaltyow dot metric prnterand pedorm exoed- 
merits shoving o eratng pdnciçlesand maintenance and 
adjustment :echrques, including changing the pdnt freed 



WitH//NEW PRODUCTS IIII 

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. 

IBM's New Laptop 
Portable Computer 
The newest member of IBM's PC 
line, the PC Convertible, is a full - 
function laptop with removable 80 
x 25- character LCD screen, dual 
3.5 "diskette drives and full -size key- 
board. Built around a low -power 
4.77 -MHz CMOS 80088 micropro- 
cessor, the PC- compatible Convert- 
ible comes with 64K of CMOS ROM 
containing power -on self -test of 
system components, BIOS support 
and a BASIC interpreter and 256K of 
user RAM on two 128K RAM cards. 
User RAM can be supplemented 
with additional user -installable 
RAM cards up to a system total of 
512K. The removable LCD screen 
supports 640 x 200 and 320 x 200 
graphics. 

play adapter, internal modem, print- 
er cable, battery charger and hard- 
ware that adapts the Convertible to 
IBM PC. 

The IBM PC Convertible mea- 
sures 14.72 "D x 12.28 "W x 
2.64 "H and weighs 12.2 lbs. $1,995. 

CIRCLE 53 ON FREE INFORMATION CARD 

High- Resolution DMM 
Mercer Electronic's (Div. of Simpson 
Electric Co.) new Model 9401 hand- 
held 41/2-digit digital multimeter 
features a large LCD display, DATA 

HOLD, diode -test and audible con- 
tinuity functions, a large rotary 
range /function selector, and recessed 
testlead inputs. 

measures 6.69 "H x 3.43'W x 
1.65 "H and weighs only 0.751b. $129. 

CIRCLE 54 ON FREE INFORMATION CARD 

Hand -Held CD PLayer 
Panasonic's new Model SL -NP3 port- 
able Compact Disc player is small 
enough to fit into the palm of a hand, 
measuring 5 "W x 11A "H x 5 "D. It 
has a specified S/N ratio and dynam- 
ic range of 90 dB, and THD rating of 
less than 0.006% at 1 kHz, 0 dB. The 
player is built around a miniaturized 
laser pickup and Accu -Servo System 
that is said to provide superior track- 
ing error detection. 

Standard features include: a 16K 

RAM display buffer; 8K character - 
font ROM; printer interface; battery 
pack and ac adapter; time -of -day 
clock; 72 -pin I/O connector; and 
speaker. A diskette containing "Ap- 
plications Selector" and "System - 
Apps" software is supplied for quick 
start -up and ease of use. 

A number of options are available 
for the Convertible, including mem- 
ory cards, printer, serial /parallel 
adapter, 13 " color display, CRT dis- 

Measurements can be made from 
200 mV to 1000 V full -scale on dc 
volts; from 200 mV to 750 V on ac 
volts; from 2 to 200 mA and to 10 A 
full -scale through a separate testlead 
input on both ac and dc current; and 
from 200 to 20M ohms full -scale on 
resistance. Basic dc accuracy is rated 
at 0.05 %, and voltage /resistance 
ranges are protected against transients 
up to 6 kV and 50 µsec. The meter 

Performance -enhancement fea- 
tures include digital noise canceler, 
digital phase limiter and drop -out pro- 
tection circuits; a free floating suspen- 
sion system that makes the player re- 
sistant to physical shock; a spring - 
loaded mechanism that smooths laser 
movement on its guide rail. A micro- 
processor -based attitudinal servo 
compensates for changes in position 
during portable operation. Other fea- 
tures include: skip and two -speed 
search with cueing sound, repeat, de- 
featable high -cut filter and headphone 
jack with volume control. An LCD 
display shows track in play, elapsed 
track time, remaining time, repeat and 
battery check. $259.95 with ac adapter 
and stereo cable. 

CIRCLE 55 ON FREE INFORMATION CARD 

VCR Storage For Computers 
More than 150 megabytes of data 
from an IBM PC, XT or AT can be 
stored on one Beta or VHS videocas- 
sette with "Background Back Up" 
from Kirsch Technologies Inc. (201 N. 
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Riverside Ave., Bldg. A -5, P.O. Box 
120, St. Clair, MI 48079; Tel.: 312- 
329- 7166). KTI's Video Memory 
Manager borad provides the interface 
between VCR and computer. BBU 
software, with DOS -like commands, 
runs in a background mode, allowing 
full use of the computer while record- 
ing memory. All commands use the 
standard DOS filename format and 
accept global filename characters, and 
all can be executed from batch files for 
unattended operation. A buffer 

spools multiple Backup commands 
that can be issued at one time. 

An activity log generated when 
backing up provides a record of files 
saved. Backup and restore functions 
can perform in file -by -file or disk - 
image mode. A test utility gives tape 
quality information. A menu -driven 
setup utility provides control over all 
important operating parameters. Fin- 
ally, the system provides full control 
over all VCR functions from the com- 
puter's keyboard. 

CIRCLE 56 ON FREE INFORMATION CARD 

In -Dash Car Video System 
Bould Electronics' (Boulder, CO) 
American Audioni "In -Dash Car 
Video System" offers TV reception in 
addition to the usual cassette /radio 
capabilities of the car radio. The 
Video System features an auto -reverse 
stereo cassette player, an AM /FM 
stereo radio with digital numeric fre- 
quency /time display, a 50 -watt audio 
amplifier and a 2" black -and -white 

picture tube. The Video System fea- 
tures both zoom (30% picture enlarge- 
ment) and connectors for a VCR, as 
well as a vhf and uhf signal- strength 
meter, and brightness /contrast /verti- 
cal -hold front -panel controls. For in- 
dash applications, the Video System 
must be wired so that the TV picture is 
available only in the ignition key's ac- 
cessory position, though TV sound 
can be heard when driving. $299. 

CIRCLE 57 ON FREE INFORMATION CARD 

Digital Memory Scope 
A digital memory scope for IBM PCs 
and compatible computers and low - 
frequency bandwidth oscilliscopes is 

available from the Heath Co. This 
new device is an interface that turns a 
computer or 5 -MHz scope into a dual - 
trace 50 -MHz, 50 -ns risetime digital 
storage scope. Supplied software gives 
full control of scope functions from 
the computer's keyboard. The com- 
puter displays two traces on an 8 x 
10- division graticule in either Y1, Y2 
or dual display mode. 

Displays are chopped, except for 
the highest timebase range, which uses 
alternate display. Displayed wave- 
forms can be stored on disk for later 
use as a reference or for waveform 
manipulation. 

A null modem cable is required to 
use the device with a PC- compatible 
computer. Use with an oscilloscope 
requires that the scope have a 5 -MHz 
or greater bandwidth, one 0.5 -volt/ 
division sensitivity vertical channel, 
ability to trigger from a second source 
and triggered sweep. The digital 
memory scope is available in kit form 
as the Model ID -4850 and factory - 
wired as the Model SD -4850. 

CIRCLE 58 ON FREE INFORMATION CARD 

Chassis /Enclosures 
Ten -Tec's new Series B Constructo 
Enclosures offer all -metal construc- 
tion and an inner adjustable- height 
chassis mounted on their two side 
panels. The chassis and side, front 
and rear panels are made of /, b " -thick 
sheet aluminum, while the clamshell 

(Continued on page 90) 
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glll'PRODUCT EVALUATIONS/I/IllMIIII 
Audio 

The Revox B-215-An Elegant Cassette Deck 
From Swiss Craftsmen 

If you still look upon the cassette deck as 
a "second- best" tape recording device, the 
magnificantly engineered Revox Model 
B -215 may well change your mind. Here is 

a recorder that's ultra -sophisticated in its 
performance capabilities and convenience 
features, comparing favorably with open - 
reel recorders. The Revox B -215 bears the 
unmistakable stamp of Swiss -based 
Studer /Revox engineering and innova- 
tion. Here is a brief summary of some of 
its features. 

Features 
The deck can automatically determine and 
memorize optimum recording bias settings 
for six different tape formulations. In 
order to determine the best possible bias 
for a given tape, circuits within the B -215 
measure tape distortion at three different 
frequencies. The process takes just 20 
seconds. The B -215 can also set optimum 
recording levels at the touch of a button. A 
light goes on to indicate that this has been 
done. You can randomly access recorded 
selections by pressing a single control. 
Deck functions can be directed by an op- 
tional wireless remote control module 
($125) or through a bidirectional port that 
interfaces with a central controller for 
operation from a remote location. 

A real -time counter lets you access any 
point on a recorded cassette by entering, in 
minutes and seconds, the elapsed time de- 
sired. Even when a cassette has been par- 
tially played (not rewound to its begin- 
ning), when it is inserted into the B -215, 
the deck's unique circuitry calculates the 
elapsed time from the beginning of the 
tape by comparing the rotational speed of 
each wheelhub. Tape location selections 
can be stored in two programmable ad- 
dress locations and "looping" or re- 
peat -play between the two locations is then 
made possible. 

The Revox B -215 incorporates the well - 

known Dolby HX Professional system, 
which continuously monitors program 
content and varies recording bias for max- 
imum dynamic range. Separate Dolby -B 

and Dolby -C noise reduction circuits for 
both record and playback plus separate 

record and playback tape heads let you 
monitor recording results accurately while 
recordings are in progress. 

Four -second fade -in and fade -out re- 
cording is another feature of the B -215. In 
addition, the unit's output switches 
automatically from the source to off -the- 
tape monitoring whenever the RECORD 

button is pressed. If the PAUSE control is 

pressed, the B -215 switches back to the 
program source so that you can still mon- 
itor source material. 

The tape transport system of the B -215 
is a typical example of Revox's fine pre- 
cision craftsmanship. The tape drive uses 
four dc motors: two for direct -drive cap- 
stans and two for tape spooling, which is 

controlled by microprocessors. 
The cassette deck carries a $1,400 sug- 

gested retail price, which clearly suggests 
that it's for the audio perfectionist. 
Dimensions are 17.7 "W by 6 "H by 
13.1 'D. Weight is 20 lbs. 3 oz. 

Front Panel Layout 
Cassettes are mounted at the center of the 
front panel. Two large touch -pads just 
above the cassette area are used for 
automatic level setting and for fade -out/ 
fade -in effects. The automatic set -level 
feature works by analyzing program ma- 
terial that's about to be recorded. After a 

short time, it recognizes peaks in the pro- 
gram, and sets recording level accordingly. 
Major tape transport and record buttons 
are located at the upper -right of the panel, 
while LCD real -time counter and 
peak -program level meters are at the 
upper -left. 

Controls for manually setting record 
levels, channel balance, headphone 
volume, tape type, noise -reduction sys- 
tem, automatic bias adjustment and mon- 
itoring are located at the lower -left of the 
panel, together with a stereo headphone 
jack. Touch buttons needed for the 
various programming functions and for 
accessing a point in a tape based upon play 
time are logically arranged at the lower - 
right of the panel. The POWER switch is at 
the upper -right corner of the panel. 

Aside from the usual pairs of line input 
and output jacks, the rear panel contains 
a multi -pin connector identified as a "Se- 
rial Link." The trilingual owner's manual 
tells us that this connector is used to con- 
nect a serial remote -control unit, but no 
further information is offered. I suspect 
that this socket is used for incorporating 
the B -215 into Revox's interactive music 
system that includes other Revox audio 
components such as their B -285 receiver 
and their new B -225 Compact Disc player. 

A voltage selector is also found on the 
rear panel since the Revox B -215 is de- 
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(C) 

10dB/D L+ 0.4dB R+0.1 dB -1- 5kHz 

Fig. 1. Record /play response with Type I 
(A), Type II (B) and Type IV (C) tape, with 

Dolby B noise -reduction activated. 

signed to work at any supply voltage from 
l00 to 240 Vac, 50 or 60 Hz. 

Laboratory Measurements 
Since Revox supplies a blank cassette of 
BASF Type II (chromium- dioxide) for- 
mulation tape, we elected to use that 
manufacturer's tape samples for all three 
popular tape types. For Type I (ferric- 

FR 

10dB/D L+ 2.6dB R+ 2.5dB 16.5kHz 

Fig. 2. Record /play frequency response 
using Type IV tape with Dolby C noise re- 

duction activated. 

oxide) tape tests we used BASF Pro Super, 
while for Type IV (metal -particle) tape 
tests we used BASF Metal IV cassettes. In 
fact, just about any high -quality cassette 
tape will work well with this machine, since 
it aligns itself optimally not only to the 
generic type of tape but to the specific 
batch of tape being used. Before making 
any of our measurements, we allowed the 
B -215 to "have a look" at each of our tape 
samples and to adjust and memorize bias 
settings for each. 

The specification that seems to be of 
greatest interest to most recording en- 
thusiasts is frequency response (even 
though professional recording engineers 
and technicians don't place this specifi- 
cation quite so high on their list of impor- 
tant specs). We measured record /play fre- 
quency response for each type of tape three 
ways: without any Dolby noise reduction, 
with Dolby B noise reduction (Fig. 1) and 
with Dolby C noise reduction (Fig. 2). All 
measurements were made at a - 20 -dB 
record level. The 0 -dB on the Revox meters 
corresponds to a magnetization level of 
200 nano -Webers per meter (nWb /m). 

Without Dolby NR, response for each 
tape was far better than Revox lists in its 
traditionally conservative published 
specifications. The Type I tape sample ex- 
hibited response way out to 22 kHz for its 
-3 dB roll -off point, while Types II and 
IV tapes had response extending even fur- 
ther, to 24 kHz. With Dolby B or C ap- 
plied, slight deviations from perfect re- 
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- __ -- 
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- 
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NS WD L-56.3dB R-65.1dB 10dB/D 

(C) 
0 

_= 

-WO 

10d3/D L-64.7dB R-76.0dB 6.30kHz 

Fig. 3. S/N analysis with and without Dol- 
by B noise reduction using Type I (A), 

Type II (B) and Type IV (C) tape. 

cord /play NR tracking are probably re- 
sponsible for the somewhat poorer overall 
record /play response, but in no case did 
the B -215 fail to meet published specifi- 
cations even under these measurement 
conditions. 

All of the frequency- response plots ex- 
tend from 20 Hz to above audibility. The 
notations below each graph denote the 
output level at the frequency specified for 
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PRODUCT EVALUATIONS ... 
Revox's B -125 Cassette Deck continued .. . 

D3 L 2. 8% 

(A) 

r 

+o% 

10dB/D L-31.0dB + 5dB 
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C,% 

10dB /D R-29.7dB + 3dB 

D3 L 3 1% 

(C) 

10dB/D L-30.0dB 

.1% 

+ 2dB 

Fig. 4. Third -order distortion versus re- 
cording level using Type I (A), Type II (B) 

and Type IV (C) tape. 

the left (L) and right (R) channels; vertical 
calibration of each graph is 10 dB per 
division. 

Figures 3 and 4 show the results of our 
signal -to -noise ratio studies. In Figs. 3A, 

3B, and 3C, S/N ratios are measured with 
and without Dolby B. Overall results are 
shown at the top of each plot, with the 
"L" results representing the "Dolby Off" 
condition and the "R" results showing the 

"Dolby B On" results. Measurements 
were made with an A- weighting curve and 
the frequency- versus -noise plots show the 
actual contribution of noise at third -octave 
increments in the audio spectrum. (The 
numbers below each graph represent the 
noise contribution of the particular third - 
octave increment where the dotted line 
"cursor" is set; 6.3 kHz in the case of all 
of these graphs.) 

Without Dolby noise reduction, S/N 
measured 55.9 dB for Type I tape, 55.2 dB 
for Type II tape and 56.3 dB for Type IV 
tape. These are good figures, but a func- 
tion of the tape. With the Dolby -B cir- 
cuitry turned on, S/N improved to 64.3 dB 
for Type I tape, 69.7 dB for Type II tape 
and 65.1 dB for Type IV tape. Thus one 
gets nearly 10 dB expected improvement. 
Plots also compared S/N results without 
Dolby against results obtained with Dolby 
C. For Type I tape, Dolby C yielded a 
signal -to -noise ratio of 71.6 dB. For Type 
II tape the S/N ratio was 75.5 dB, while for 
Type IV metal tape, the S/N was 72.0 dB. 
Such dynamic range allows truer repro- 
duction of modern recordings. Further- 
more, the Revox machine does it well 
without using compression. 

All of the signal -to -noise ratio figures 
are referenced to the recording level that 
produces a third -order harmonic distor- 
tion level of 3% during playback of a 
1 -kHz test tone. To determine that refer- 
ence level, a plot of third -order dis- 
tortion- versus- recording level was made 
for each of the tape samples. The plots of 
third -order distortion are shown in Figs. 
4A, 4B and 4C. Cursors have been set to 
that recording level (shown in dB at the 
lower -right of each plot) closest to the 3% 
distortion point. The "headroom" above 
0 dB as indicated on the B -215 meters is, 

therefore, 5 dB for the Type I sample, 3 dB 
for the Type II tape and 2 dB for the metal 
tape. At 0 -dB recording level (correspond- 
ing to the double vertical line on each 
graph), third -order distortion measured 
0.6% for Type I tape, 1.5% for Type II 

tape and 2.107o for Type IV tape. This is 

typical of the best that can be expected of 
the cassette format today, though it still 
falls short oí good open -reel machines. 

ML 

(A) 

L315Hz R10.0kHz C8.00kHz 

5dB/D L+ 3.3dB R+ 1 7d + 3dB 

ML 

(B) 

L315Hz R10.0kHz C40.0kHz 

5dB/D L+ 8.1dB R+ 5.9dB +10d8 

Fig. 5. Maximum output level at 315 Hz 
and 10 kHz for Type I tape with Dolby B 

(A) and Dolby C (B). 

Based upon these results, you might be 
wondering what the particular advantage 
of expensive metal tape formulations 
might be. The real benefit of Type IV tape 
becomes apparent when you examine the 
results of Figs. 5, 6 and 7. Here we have 
plotted input versus output for each tape 
type at two frequencies: 315 Hz and 10 

kHz. In Figs. 5A, 6A and 7A no Dolby 
noise reduction was employed, while in 
Figs. 513, 6B and 7B, Dolby C was used. 
Ideally, if the tape /tape recorder system 
were perfectly linear, the plot would be a 

straight line over its entire length. The fact 
is, however, that at high frequencies, 
cassette tape becomes saturated at much 
lower recording levels than it does at mid - 
or low- frequencies. Thus, in Fig. 5A, for 
example, the output of the 315 -Hz signal 
is + 3.3 dB when the input is + 3 -dB; 
almost perfect linearity up to that recor- 
ding level and beyond. The 10 -kHz out- 
put, however, reaches a peak at the + 3 dB 
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PRODUCT EVALUATIONS ... 
Revox's B -125 Cassette Deck continued .. . 

ML 

(A) 
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ML 

(B) 

L4.00kHz R10.0kHz C15.0kHz 

5dB/D L+ 4.0dB R+ 2.7dB + 6dB 

Fig. 6. Maximum output level at 315 Hz 
and 10 kHz for Type II tape with Dolby B 

(A) and Dolby C (B). 

recording level, at which point its output is 

only + 1.7 dB. Any increase in recording 
input beyond that point will not result in 
an increased output during playback. In 
fact, much greater increases in input ac- 
tually result in lower and lower output dur- 
ing playback, as the curve begins to droop 
downward. 

In each of the graphs of Figs. 5, 6 and 7, 
the dotted -line cursor has been set to the 
maximum output level (MOL) obtainable 
at 10 kHz for the given tape. This is 

sometimes referred to as the high - 
frequency MOL. Now consider the results 
obtained with metal tape (Type IV), as 
shown in Figs. 7A and 7B. Without Dolby, 
the MOL at 10 kHz for this tape is an im- 
pressive + 8 dB and the output ascends 
linearly to above the 0 dB point, right 
along with the lower- frequency 315 -Hz 
signal. With Dolby C turned on, the 
linearity improves still further, so that the 
high- frequency MOL reaches an even 

ML 

(A) 

L315Hz R10.0kHz C31.5kHz 

5dB/D L+ 6.2dB R+ 2.0dB + 8dB 

ML 

(B) 

L315Hz R10.0kHz C40.0kHz 

5dB/D L+ 7.3dB R+ 5.9dB +10dB 

Fig. 7. Maximum output level at 315 Hz 
and 10 kHz for Type IV tape with Dolby B 

(A) and Dolby C (B). 

higher + 10 dB! This is great for critical 
recordings that have much high- frequency 
content program material. 

You would expect the wow- and -flutter 
of such a superb machine to be extremely 
low, and it was. Both peak- weighted and 
average or WRMS weighted analyses of 
wow- and -flutter were made for our sam- 
ple deck, and results are displayed in the 
graphs of Figs. 8A and 8B. Using the 
WRMS method commonly employed by 
most cassette -deck makers, the wow -and- 
flutter was a remarkably low 0.042 %. 
Even when measured using the so- called 
DIN (peak- weighted) method, the 0.07% 
reading was still well below Revox's pub- 
lished spec of 0.1 Wo . 

Perhaps one of the most amazing test re- 
sults obtained for this deck was the ac- 
curacy of its azimuth alignment. Despite 
the fact that separate record and playback 
heads are employed, when we recorded 
our special azimuth test frequencies on the 

FL WD L0.070% FS0.10% 

(A) 

-- 
OM 

.010%/D L+0.029% 5.00 Hz 

FL WD L0.042% 

(B) 

FS0.10% 
mx 

t 
.010%/D L+0.033% 5.00 Hz 

Fig. 8. Wow-and-flutter analysis using 
DIN peak (A) and wrms weighting (B). 

left and right channels of a sample tape 
and played them back, the maximum azi- 
muth error at 15.8 kHz (the highest of the 
four test frequencies used) was an insig- 
nificant 3 degrees! That doesn't mean a 
misalignment of the head by 3 degrees. It 
means that the difference in phase angle 
between the 15.8 kHz recorded on one 
channel compared with the same frequen- 
cy recorded on the other was a mere 3 de- 
grees. Translated to actual head azimuth 
error, the result would be too small to 
calculate with any degree of accuracy. In 
short, the Revox B -215 exhibited perfect 
azimuth alignment between its record and 
playback head sections so that high -fre- 
quencies won't be lost. This is the best 
alignment I've ever seen! 

Channel separation was a respectable 
45.8 dB at 1 kHz and was around 25 dB at 
10 kHz, which is more than needed for 

(Continued on page 100) 
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Air -Conditioner 
Protection Circuit 
Prevents motor burnout resulting 
from momentary power interruption 

By Dan Becker 

Many home and industrial 
air conditioners -and 
some refrigerators -are 

not equipped to safely handle mo- 
mentary interruptions in line voltage. 
Such an interruption can burn out an 
expensive compressor. 

This damage is caused by excessive 
start-up pressure in the condenser coil 
restraining the electric compressor 
motor. The latter never gains the mo- 
mentum necessary to shift into the 
lower current running phase. Under 
these conditions, the compressor 
motor does not pull enough current to 
activate a circuit breaker, but the 
motor does, unfortunately, draw 
enough current to cause it to rapidly 
overheat and burn out. 

The circuit described here will pro- 
tect any appliance requiring a line 
voltage post- interrupt delay. If you 
live in an area where power inter- 
ruptions are frequent, this protection 
device can extend and electrical ap- 
pliance's service life. 

About The Circuit 
The air conditioner protection circuit, 
shown schematically in Fig. 1, is de- 
signed around two key elements. Triac 
Q2 allows the ac line voltage to be 
switched on or off. The 555 timer, 
used for IC2 is the other key element. 
The circuit is designed to monitor the 
ac line for interruptions. Should the 
power fail, a preset, adjustable, delay 
will begin when power is restored. In 
addition, the circuit monitors the 
length of time the power is off. If the 

off time exceeds a preset maximum, 
power is switched on to the air condi- 
tioner plugged into socket SO/ im- 
mediately when available. 

The timing circuit is powered by a 
transformer -input regulated 9 -volt 
negative dc supply. In addition, the 
supply regulator protects Q2 from ex- 
cessive gate current. Because the triac 
is switched on at low -level points in the 
voltage cycle, no detectable rfi (radio - 
frequency interference) is generated. 
With power being fed to the circuit, 
IC2 operates as a monostable 
multivibrator. 

When the circuit is initially powered 
up, Ql provides a path through which 
C3 charges. Gate current of QI is 

limited to a safe value by R3. In ad- 
dition, C3 cannot discharge through 
the gate, since discharge current is in 
the reverse -bias direction. 

When an interruption in line volt- 
age occurs, power to IC2 is lost. 
However, C3 remains charged, due to 
the high -impedance discharge path es- 

tablished by R2 and R9. Because R9 is 

variable, the time for C3 to discharge 
can be controlled from a few minutes 

up to 30 minutes. If C3 is still charged 
when line voltage is restored to the cir- 
cuit, a negative trigger pulse from C4 
and R4 trigger a pulse from the timer. 
This causes the output at pin 3 to go 
high, effectively connecting pin 3 to 
the neutral leg of the power line, for a 
period of time determined by the time 
constant of C6, R7 and R8. 

While pin 3 of IC2 is high, Q2's gate 
voltage is equal to that at main ter- 
minal one (MT1). Thus, Ql does not 
switch on. When a monostable pulse 
ends, pin 3 returns to its low state of 
-8 volts with respect to the neutral leg 
and Q2 switches on. Resistor R10 sets 
Q2's gate current, which must be high 
enough to ensure complete and rapid 
turn -on or the triac could overheat. 

Closing SI provides a delay over- 
ride, enabling you to defeat the delay 
and immediately restore power to an 
air conditioner. Switch S2 provides a 
reset that enables you to initiate a new 
delay cycle. 

Construction 
Because the circuit operates from the 
ac power line, it is imperative that you 
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PARTS LIST 

Semiconductors 
IC1 -7908 8 -volt regulator 
IC2 -555 timer 
Ql- MPF102 or similar JFET 
Q2- 400 -volt (see text for current rat- 

ing) stud -mount triac. 
RECT1- Low -voltage, low -current pc- 

mount bridge- rectifier assembly 

Capacitors 
C1-470-pt , 16 -volt axial -lead electro- 

lytic 
C2- 10 -AF, 16 -volt radial -lead electro- 

lytic 
C3- 220 -µF, 16 -volt radial -lead electro- 

lytic 
C4 -1 -µF, 50 -volt radial -lead electroly- 

tic 
C5- 0.01 -µF ceramic disk 
C6- 1000 -µF, 16 -volt radial -lead elec- 

trolytic 

Resistors (5To tolerance) 
R1 -6.2 ohms, 'h watt 
R2,R7- 100,000 ohms, '/4 watt 
R3, R4- 10,000 ohms, 1/4 watt 
R5,R6 -51 ohms, 1/4 watt 
R 10 -50 to 220 ohms, 2 watts (depends 

on triac used) 
R8,R9- 2- megohm chassis -mount po- 

tiomleter or pc -mount trimmer po- 
tentiometer (see text) 

Miscellaneous 
F1 -0.5- ampere fuse 
Il -Panel -mount neon lamp with built- 

in limiting resistor 
P1 -3 -prong ac plug 
SO1 -3- contact chassis -mount ac re- 

ceptacle 
SI ,S2-Normally-open, momentary -ac- 

tion spst pushbutton switch 
TI -12 -volt, 200 -mA pc -mount trans - 

former (Radio Shack Cat. No. 273- 
1385 or similar) 
Suitable enclosure; heat sink for triac; 
terminal strip with three insulated 
lugs; pc clips for fuse; knobs for 
potentiometers (2); heavy -duty 3- 

conductor ac line cord; heavy -duty 
stranded hookup wire; machine 
hardware; solder; etc. 

Note: An etched and drilled pc board is avail- 
able for $11.50 ppd from: Dan Becker, 
101 Highland Dr., Chapel. Hill, NC 
27514. NC residents please add sales tax. 

R3 
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R2 R4 
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/47 
Optional 

some 

recorder 

S01 Q2 
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C2 
10pF 
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11 

DELAY 
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100K 

R8 
2M 
DELAY 

See text 

Fig. 1. Overall schematic diagram of the project. 

observe standard electrical codes. This 
means using heavy duty three -prong 
power cord plug and socket. If the en- 
closure in which you plan to house the 
project is metal, it must be connected 
to the earth ground lead (center 
prong) of both the incoming and out- 
going power cord. Secure each cord to 
the enclosure chassis with a cable 
lamp. Then connect both ground 
leads to the chassis with a crimp -on 
ring tongue. 

Because a window air conditioner 
requires 12 to 20 amperes of current, 
a 30 ampere stud -mounted triac 
should be used for Q2. Because the 
triac must dissipate considerable heat, 
it must be mounted to a 30 -to -50 -watt 

heat sink. Also, if the triac does not 
have an electrically isolated stud, you 
must use appropriate hardware to in- 
sulate the heat sink from the chassis. 

Connect the neutral lead from the 
incoming power cord to an insulated 
post of a terminal strip mounted to the 
enclosure, to which you also connect 
MT of the triac before soldering. In 
addition, connect the neutral lead to 
the primary of transformer TI. The 
neutral lead from the power cord that 
feeds the air conditioner connects to a 
second insulated post of the terminal 
strip, along with MT2 of the triac. 
Connect together the "hot" lead from 
both the incoming and outgoing 
power cords, using one of the remain- 
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... PROJECTS FOR SUMMER USE 

Fig. 2. Etching- and -drilling guide. 

ing insulated terminal -strip posts. 
Then run a heavy -duty stranded 
hookup wire from this connection to 
the fuse in series with the primary of 
the transformer. 

Assembly of the timing circuit is 

best done on a printed- circuit board. 
You can fabricate your own pc board 
with the aid of the actual -size etching - 
and- drilling guide shown in Fig. 2. 

Alternatively, you can purchase a 
ready -to -wire pc board from the 
source given in the Parts List. Wire the 
board as shown in Fig. 3. Note that the 
potentiometers can be pc -mount trim- 
mers or chassis -mount units. If the lat- 
ter are used, connect a short length of 
hook -up wire between the wiper and 
left lugs (viewing the pots from the 
rear with the lugs pointing down). 
Run a pair of wires from the pc board 
to each control. 

Checkout and Adjustment 
Set R8 and R9 to their fully counter- 

R6 

IC2 

I* 
-R10- U 

GA7E 

-R4- 
C4 a 

o, 

3 

L? R9 
1 

Neutral -- ) 117Vac 

. 

RECT1 

NOTE: 

Lugs 1 and 3 are opposite ends of resis ve element; lug 2 is wiper. 

Fig. 3. Components placement diagram. 

clockwise (minimum- resistance posi- 
tions). Plug a lamp, with its switch in 
the "on" position, into SOI and the 
project's plug into a 117 -volt ac outlet. 
The lamp should immediately turn on. 

Momentarly interrupt power to the 
project by pulling its plug from the ac 
outlet and then immediately replacing 
it. Neon DELAY indicator Il should 
light; after a 2- minute delay, it should 
extinguish. Repeat this test, but this 
time press the OVERRIDE button 
before the delay cycle times out. 

Potentiometer R8 controls the 
duration of the delay between the time 
power is restored to your home and to 
your air conditioner. Potentiometer 

R9 sets the maximum time -during 
the power outage -that can elapse 
before a delay will no longer be pro- 
vided. This is practical, because after 
several minutes, there is no need to 
delay starting your air conditioner. In 
other words, after a set time, an 
automatic override takes effect. The 
time delay can be preset for just a few 
minutes up to a maximum of about 30 
minutes. 

You are now ready to connect the 
protection circuit to your air condi- 
tioner. Make certain that the max- 
imum current capacity of the triac ex- 
ceeds the current rating of the air 
conditioner. AE 
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PROJECTS FOR SUMMER USE . 

Lawn Sprinkler Controller 
Solid -state solenoid sequencer allows you to tailor 
lawn sprinkler head outputs to watering needs and 
solves low-water-pressure problems. 

By Imre Gorgenyi 

There's nothing like an auto- 
matic lawn sprinkler control- 
ler that allows you to tailor 

your sprinkler heads' watering auto- 
matically to the turf's requirements. 
The automatic controller described 
here does this efficiently, economi- 
cally and safely. 

The Automatic Sprinkler System 
described here is designed for residen- 
tial watering needs. It's built around 
electrically activated solenoid valves 
and solid -state circuitry that's coupled 
to an inexpensive 24 -hour electrome- 
chanical timer. Optical coupling be- 
tween the ac line voltage that operates 
the solenoids and the low- voltage 

driver circuitry satisfies the need for 
electrical safety. 

A sequencing technique takes care 
of the low- pressure problem common 
to residential water delivery. So in- 
stead of watering a large lawn and /or 
garden in a single pass, solenoid valves 
water different areas at different times 
within a programmed time "win- 
dow." Moreover, the solid -state sys- 
tem allows you to automatically give 
an extra -dry lawn section additional 
watering. The project can handle up 
to 10 sequence steps. 

About the Circuit 
Keeping the sequencer portion of the 
system simple was made possible by 
eliminating all fancy switching and 

other expense frills, like dials and in- 
dicator lights, as shown in the basic 
Automatic Sprinkler Sequencer cir- 
cuit in Fig. 1. An ordinary 24 -hour 
timer with setting pins (not shown) 
turns on and off the + 15 -volt line of 
the Sequencer's timer circuit. When 
power is applied to the circuit, timer 
ICI begins 1- minute -on/ 1- minute -off 
cycling. Timing is governed by the RC 
time constant of R4 and C4. 

Output pulses at pin 3 of ICI are 
coupled through C5 into divider IC2, 
which divides by 10 the number of 
pulses delivered to its pin 14 input. 
Therefore, only one of every 10 pulses 
generated by ICI are passed on to IC3. 

Up to 10 solenoid driver circuits can 
be sequenced by IC3, another di- 
vide-by-10 chip. Each solenoid driver 
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Fig. 1. Schematic diagram of Lawn Sprinkler Controller, minus power supply. 
Components shown inside dashed -line box are located remotely from main circuit. 

circuit consists of an optoisolator/ 
triac arrangement, shown as IC4 and 
QI in Fig. 1. Note that the only mov- 
ing part of this system is the solenoid 
valve shown in series with Ql and the 
117 -volt ac line. 

Normally, you would use a separate 
circuit arrangement like that shown in 
the dashed -line box for each solenoid 
valve to be controlled. However, if 
you wish, up to four solenoid valves in 
parallel can be driven by the triac 
specified for Ql so that more of a lawn 
can be watered with each timing cycle. 

Automatic reset for the system is 

taken care of by IC4. When the system 

is first turned on, the sequence always 
starts at the first sprinkler head. Con- 
tained inside IC4 are three more OR 
gates tha can be used to double the on- 
time simply by inserting a gate be- 
tween IC9 and point B, as shown in 
the detail drawing just below IC3 in 
Fig. 1. TEST switch S2 can be pressed 
to speed up the sequence to about 2 to 
3 seconds so that overall operation of 
the circuit can be verified. 

Operating safety is provided by us- 
ing an optical device to isolate the Se- 
quencer circuit from the driver circuit. 
In an actual installation, the low - 
voltage Sequencer /power supply cir- 

PARTS LIST 

Semiconductors 
D1- 1N4744 or similar 15 -volt zene4 

diode 
ICI- MC1455 timer (Motorola) 
IC2,IC3- MC14017 counter (Motorola) 
IC4 -MC 14071 OR gate (Motorola) 
ICS- M03011 optoisolator (Motorola)' 
QI- MAC -1 -4 (Motorola)* 
RECT1 -MDA -920 -2 bridge rectifier 

(Motorola) 

Capacitors 
Cl,C2- 100 -µF, 25 -volt electrolytic 
C3,C7 *,C8 *- 0.1 -µF, 200 -volt disc 
C4- 10 -µF, 25 -volt electrolytic 
C5- 82 -pF, 50 -volt disc 
C6 -1 -µF, 25 -volt electrolytic 

Resistors ('h -watt, 10% tolerance) 
R1 -150 ohms 
R2- 1000 ohms 
R3- 10,000 ohms 
R4 -10 megohms 
R5- 100,000 ohms 
R6 -750 ohms* 
R7 -180 ohms* 
R8 -220 ohms* 
R9 -100 ohms* 

Miscellaneous 
S1 -Dpdt toggle or slide switch 
S2 -Spst normally -open pushbutton 

switch 
S3- Single -pole 8- position, nonshort- 

ing rotary switch (optional) 
T1 -18 -volt power transformer (Triad 

No. F -90X or similar) 
24 -hour ac timer with time -setting 
pins; solenoid valve *; perforated or 
printed- circuit board; suitable en- 
closure for timer circuit; watertight 
box for solenoid /driver circuits (see 
text) *; 2 standard line cords with 
plugs; 3- conductor ac cord with plug *; 

sockets for ICs; panel -mount light - 
emitting diodes and 2000 -ohm re- 
sistors (optional -see text); multiple - 
contact screw -type terminal strip (see 

text); silicon adhesive; lettering kit; 
clear acrylic spray; spacers; machine 
hardware; hookup wire; solder; etc. 

*Note: you need one set of all these items for 
each solenoid valve you want the system to 
control. 
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Fig. 2. Power for the Sprinkler Controller is obtained from the ac line. 

cuit would be located inside your 
house, garage or other area protected 
from the elements where ac power is 

available. The valve solenoid driver 
circuits would be housed inside a 
watertight enclosure and located near 
the sprinkler heads. The driver circuits 
then connect to the Sequencer via a 
low- voltage line instead of a 117 -volt 
ac line. Ac power for the sprinkler 
heads is then delivered to the solenoids 
via parallel wiring from the ac line to 
the triac circuits. 

The programmable timer provides 
a time "window" in which the se- 

quencer will turn on the water lines 
connected into the system, each for 
about 10 minutes. If the window's 
time is set for a long enough period, 
the Sequencer will automatically 
repeat the cycle. This way, the same 
part of your lawn /garden can be 
watered for two or three 10- minute 
periods within a couple of hours. 

If you require double the watering 
time (20 minutes) for a certain area, 
simply wire an OR gate between two 
outputs of 1C3 and the solenoid driver 
circuit at point B for two consecutive 
10- minute cycles. Three gates wired 
into the circuit permit three double 
time and four single time sequences. If 
necessary, you can set the timer to 
repeat the cycle by making the window 
period longer. 

You can calculate the timer window 
so that the last cycle isn't allowed to 
time out. This lets you program in a 
short last cycle. Thus, the system can 
be tailored to your specific needs 
without switching just by choosing an 
appropriate timer setting. 

You can wire the OR gates directly 

into the circuit. Alternatively, you can 
use a switching arrangement that lets 
you "program" what you want the 
system to do at any time you desire. 
Also, optional RESET switch S3 pro- 
vides a simple means to restart the cy- 
cle if only a few outputs are used. For 
example, setting S3 to position 7 

allows the circuit to reset after turning 
on the first six solenoid valves (count- 
ing starts at 0), without having to go 
through the last four cycles. If you are 
using all 10 outputs, S3 isn't needed. 

If cost isn't an object, LEDs and 
current -limiting resistors (shown 
phantomed in Fig. 1) can be added to 
tell you which solenoid valve(s) are on 
at any given time. 

Power for the timing circuit comes 
from the ac line, via the simple power 
supply shown in Fig. 2. 

Construction 
There's nothing critical about circuit 
layout. Therefore, you can use any 
construction technique you prefer for 
assembling the circuit. You can design 
and fabricate a printed- circuit board, 
or use perforated board soldering 
hardware, or Wire Wrap the project. 
Whichever way you go, it's a good 
idea to use sockets for all ICs. 

Be careful when wiring the Se- 
quencer /power -supply circuit to ob- 
serve proper polarity of the electrolyt- 
ic capacitors and zener diode and the 
orientations of the ICs as you install 
them in their sockets. Wire the circuit 
exactly as shown in Figs. 1 and 2. 

Machine a metal or plastic box by 
drilling mounting holes for the Se- 
quencer /power -supply assembly, en- 

try of the cables from the program- 
mable timer and driver /solenoid- 
valve assemblies, the ac line cords and 
any switches and LEDs you decide to 
use. You can drill a separate hole for 
each control line going to the separate 
driver assemblies, or you can cut a 
long slot in one side of the box in 
which to mount a screw -type barrier 
block or terminal strip with enough 
contacts to accommodate the number 
of cables you plan to run to the driver 
assemblies. 

If you're using a metal box, deburr 
all holes and insert a rubber grommet 
into each that will be used for cables. 
Pass the free end of one of the ac line 
cords through the appropriate grom- 
met and tie a knot about 5 " from this 
end inside the box. Prepare the line 
cord conductors and connect and 
solder them into the circuit as shown 
in Fig. 2. Pass the free end of the se- 

cond line cord through another grom- 
met and repeat the above procedure. 
This time, connect and solder the con- 
ductors between the power supply's 
+ 15 -volt output and the + 15 -volt 
bus in the Sequencer circuit. This is the 
only conductor that should bridge 
these two points. Cut off and discard 
the plug from this line cord. 

Pass the cables that go to the driver/ 
solenoid subassemblies (their lengths 
will depend on how far away the va- 
rious driver /solenoid -valve circuits 
will be from the Sequencer circuit's 
location) through the remaining holes 
and tie a knot in each about 5 " from 
the free end inside the box. If you've 
decided to use a barrier block or ter- 
minal strip instead, connect and solder 
wires from its lugs to the appropriate 
points in the Sequencer circuit. 

Connect and solder into the circuit 
any switches and /or LEDs you've de- 
cided to use. Then mount the Se- 
quencer /power -supply assembly in- 
side the box with the aid of spacers 
and machine hardware. Finish up as- 
sembling the Sequencer section by 
mounting the switches and LEDs in 
their respective holes. Before you 

(Continued on page 95) 
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A Bicycle Safety Flasher 
An attention - getting flasher /turn- signal indicator 
that motorists can see a long way off 

By TJ Byers 

Bicycling is a pleasant and re- 
warding form of physical ex- 
ercise, enjoyed by millions of 

people around the world. Unfortun- 
ately, sharing the road with cars and 
other motor vehicles exposes cyclists 
to traffic accidents simply because 
motor vehicles operators often fail to 
see them at night until it is too late. 

Safety reflectors and standard 
lights have limited effectiveness. A 
more effective solution is to equip 
your bicycle with an attention -getting 
light of its own, which is where the 
Bicycle Safety Flasher project de- 
scribed in this article comes in. 

Using an eye- catching scanning 
technique, the device creates a moving 
display similar to many road-hazard 
lights. The moving lights instantly get 
the attention of any motorist. And 
adding to the project's safety features 
is a convenient switch that lets you 
signal when you want to make a turn. 

How it Works 

Shown in Fig. 1 is the schematic 
diagram of the basic Bicycle Safety 
Flasher. The circuit uses CMOS 
digital ICs. Type -D flip -flop ICI is 

operated as a free -running astable 
multivibrator. The complementary 
outputs of this IC are cross -coupled to 
the SET (S) and RESET (R) inputs 
through RI and R2 to set up a feed- 
back loop that toggles the flip -flop 
from one state to the other to generate 
a square -wave output signal. An RC 
timing circuit made up of Cl. C2, R1 

and R2 determines the output fre- 
quency of the multivibrator. 

Programmable counter /divider 
IC2's 10 outputs go high one at a time 
in sequence with the pulse count de- 
livered to its CLOCK input from ICI. 
Each time ICI outputs a pulse, it in- 

crements the count of 1C2 by one. The 
RESET input of IC2 al Lows an output 
pulse to reset the counter at the end of 
a predetermined count. The Bicycle 
Safety Flasher, for example, counts 
up to only five before output 6 resets 
the circuit and forces the count to start 
over again. 

Four transistors that sequentially 
light four incandescent light bulbs are 
driven by the outputs of 1C2 in a man- 
ner commonly referred to as a "lamp 
chaser" because of its characteristic 
"moving- bulb" motion. To eliminate 
the jerkiness associated with so many 
lamp -chaser circuits, IC2's outputs 
are ORed together so that two lamps 
are always lit at the same time. 

Output 1 at pin 2 of 1C2 is con- 
nected to D2 and D3 that drive Q3 and 
Q4, respectively. The diodes are ar- 
ranged in a logic -OR configuration so 

that when pin 2 is high, both Q3 and 

Say You Saw It In Modern Electronics June 1986 1 MODERN ELECTRONICS / 29 



... PROJECTS FOR SUMMER USE .. . 

9 

2 

Q1 

v+ 
o 

4 

D 

O 

R 

CLOCK 

IC1 

4013 

Turn siynal 
switch 

R1 

15K 

CLOCK 

D 

GND 

Ici 
4013 D 

5 R 

Cl _+ 
10µF 

13 

4 

C2 
10NF 

16 D1-D8 

RESET 

ENABLE 

IC2 
4017 

CLOCK 

2 

4 

R2 1_ 
15K 

1N34A 

03 

N 

1 
7 

Q4 

Q5 

Q6 

olt o12 0l3 C)I4 

1 D iD 1 ZD 1 

TD13 IC D14 TD15 TD16 

C 15 ® i6 17 ® 18 

Fig. 1. Schematic diagram of the basic Bicycle Safety Flasher circuit Circuit is 
designed for use with a Radio Shack Mini Fluorescent Lamp. 

Semiconductors 
D1 thru D16 -1N34A or similar small - 

signal germanium diode (do not sub- 
stitute; see text) 

LED 1- Blinking light- emitting diode 
(Radio Shack Cat. No. 272 -1139 or 
similar) 

IC1- CD4013 dual type -D flip -flop 
IC2- CD4017 decade counter /divider 
Q1 thru Q6- 2N3904 transistor 

PARTS LIST 
Capacitors 
C1,C2- 10 -µF, 16 -volt tantalum 
Resistors 
R1 thru R4- 15,000 ohm, 1/4-watt 
Miscellaneous 
S 1- Spring- return, center -off dpdt 

switch 
Printed -circuit board; Radio Shack 
Cat. No. 61 -2734 Mini Fluorescent 
Lamp (or suitable plastic chassis box; 

D12 

see text); plastic box for turnsignal 
switch; electrician's U- clamps (2); 
four -conductor cable; machine 
hardware; solder; etc. 

Note: The following are available from Dan - 
oconths, Inc., P.O. Box 261, Westland, MI 
48185: Complete kit of parts, No. 
RW -127K (does not include plastic cases), 
for $30; etched and drilled pc board, No. 
RW -127, for $14. 

Q4 are conducting and lighting II and 
12, respectively. 

When the pulse input to CLOCK pin 
3 of 1C2 advances the count to 2, the 
logic at Q3 is no longer true, causing 
II to go off. However, Q4 still has a 
valid logic input from output 2 via D4, 
keeping 12 lit. The advance in the 
pulse count also makes the logic to Q5 
true, in turn lighting 13. Hence, as II 
goes off, 13 lights and 12 remains on. 
Likewise, another clock input forces 
12 to go off and 14 to light, with no 
change in the status of 13. 

The lamps are arranged so that the 

on /off cycles produce a sweep effect 
that is more brilliant because of the 
combined light from two lamps. It 
also provides a smoother transfer of 
motion from one station to the next. 
The lamps are divided into two rows, 
each powered from two different 
sources, controlled by Ql and Q2. 

The power transistors are, in turn, 
controlled by a second flip -flop in 
ICI. When one transistor is on, the 
other is off, and vice -versa so that only 
one row of lights is activated at a time. 
Also note that the CLOCK input of this 
flip -flop is connected to the RESET pin 

of 1C2. Hence, every time the counter 
is reset, QI and Q2 alternate states, 
such that when one is conducting the 
other is off. 

Wiring the lamps so that one row 
chases in one direction and the other 
row chases in the opposite direction 
creates a flashing motion that sweeps 
back and forth to provide an instant 
attention -getting display. 

It is a simple matter to add to the 
basic Bicycle Safety Flasher a se- 
quential turn -signal feature. This is 

done by forcing the second flip -flop in 
ICl to keep either QI or Q2 conduct- 
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ing continuously while holding the 
other in cutoff, the selected position 
depending on which turn you want the 
lights to indicate. 

Turn -signal indicator operation is 
as follows. If SET pin 8 of IC/ is forced 
high, only Q2 can conduct. The 
CLOCK input is effectively locked out 
and only IS can light. Similarly, forc- 
ing pin 10 to high locks out Q2 and 
allows QI to remain conducting. 

In Fig. 2 is shown the switching ar- 
rangement for the turn -signal indica- 
tor feature. Flipping spring- return 
dpdt center -off switch SI to either of 
its "on" positions selects the ap- 
propriate turn indication. Letting go 
the toggle of the switch causes it to 
automatically return to its center -off 
position, restoring basic flasher 
operation. 

Note in Fig. 2 that light- emitting 
diode LEDI serves as an indicator that 
tells you when the turn -signal circuit 
has been selected. The LED flashes 
whenever SI is set to either of its "on" 
positions and is off when the switch is 
in its center -off position. 

Power for the circuit is provided by 
a 4.5 -volt dc source, with the positive 
side going to the V + points in the cir- 
cuit and the negative side going to cir- 
cuit ground. There should be an spst 
slide or toggle switch in series with the 
+ lead and the circuit so that power 
can be switched on and off. For the 
Fig. 2 circuit, SI is in addition to any 
on /off power switch used. 

Construction 
A modified Radio Shack Mini 
Flourescent Lamp (see Parts List) was 
used for the Bicycle Safety Flasher 
shown in the lead photo. However, 
you can build the circuit into any case 
sized to accommodate a long, narrow 
printed- circuit board and three 
1.5 -volt C or D cells and a slide or tog- 
gle spst switch. 

In Fig. 3 is shown the actual -size 
etching- and -drilling guide for the pc 
board. You can fabricate your own or 
purchase one ready for wiring from 

FLASHER BOARD 
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4- CONDUCTOR 
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O O-- 

L-------- 
Fig. 2. The turn -signal switch with flashing light- emitting diode circuit. 

the source given in the Parts List. 
When you are ready to wire the board, 
begin with the diodes, making sure 
they are installed in the proper orien- 
tation per the component -placement 
diagram in Fig. 3. (Note that the Parts 
List calls for small -signal germanium 
diodes. Because the Flasher's power 
supply delivers less than 5 volts dc, it 
is important that you do not substitute 
silicon diodes here.) 

Before installation, the base and 
emitter leads of Q3 through Q6 must 
be transposed to allow them to plug 
into the pc board's holes. (Leave the 
leads of QI and Q2 as they are.) To do 
this, hold the transistor with its flat 
facing toward you and the leads point- 
ing down. Use longnose pliers to 
carefully bend the center (base) lead 
straight back flush with the botom of 
the case, and at the lip of the case, 
bend it straight down. 

Similarly, bend the right -hand (col- 
lector) lead forward and slightly to the 
left so that it is flat against the bottom 
of the case and in line with -but not 
touching -the base lead, and then 
bend it straight down at the lip of the 
case. Bend these leads only once; 
otherwise, you may break off the 
leads, destroying the transistors. 

When all four transistors are pre- 
pared, install them in their respective 
locations on the board, with the flats 
facing toward the lamp area. Then in- 
stall QI and Q2. 

Space limitations on the circuit 
board require that the thin parts that 
normally go into the holes in the board 

of pins 6, 9, 11 and 12 of 1C2 be 
trimmed away. Before you cut, how- 
ever, double -check the pin numbers! 
Then make sure you properly install 
both ICs in their respective locations. 
Do not use sockets. There is no room 
for them inside the project. 

Install the resistors and capacitors, 
properly polarizing the latter. Clip the 
leads of all lamps to about 1 " long, 
strip away about 'V4 " of insulation 
from each and install them on the 
board. Use one of the clipped lamp 
leads to jumper between pin 2 of ICI 
and pin 14 of IC2. 

Arrange II and IS side by side with 
one pointing toward the top and the 
other toward the bottom of the board; 
use plastic cement to secure them to- 
gether. Repeat with the 12/16, 13/17 
and 14/18 pairs. Make sure that if II is 
pointing up and is on the left, 12, 13 

and 14 are oriented and positioned the 
same way. 

Now refer to Fig. 4 and wire SI as 
shown. Install the resistors directly on 
the lugs of the switch, and do not 
forget the jumper wire. The drawing 
shows LEDI mounted on Si only to 
give wiring information. Actually, 
LEDI connects to the switch via short 
wires after the two are installed inside 
a plastic box, with the LED mounted 
in its own separate hole. 

As you can see from the etching - 
and- drilling guide in Fig. 3, the Bicy- 
cle Safety Flasher was designed to fit 
inside the Radio Shack Mini Floures- 
cent Lamp's case. Of course, if you 
wish, you can install it inside a dif- 
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ferent case, as described above, but 
the Radio Shack lamp is ideal for this 
application. 

Before you can install the circuit in- 

side the lamp, you must modify the 
latter as follows. First, unscrew the 
end rings and slip off the black end - 
pieces. Break down the lamp into four 
parts: clear lens, flashlight assembly, 
battery case and fluorescent tube. Re- 

that to save real estate on the pc board, unused pins of IC2 
are trimmed away before mounting the IC. 

move the fluorescent tube and its elec- 
tronic circuit board, including the 
yellow wire. Unsolder the black and 
red leads going to the board. Save the 
fluorescent tube and circuit board for 
some other low- voltage use. 

Now use a hacksaw to cut away the 
black plastic lamp socket that 
separates the tube from the circuit 
board. Do not remove the opposite 
end barrier or its metal contact; they 
are needed for the battery holder. 
Finally, remove the metal reflector. 

Solder the red and black wires com- 
ing from the lamp's battery supply to 
the indicated points on the flasher 
board (Fig. 3). Also solder two wires 
of a 4- conductor cable to pins 8 and 10 

of IC2 and the remaining two wires to 
the + 4.5V and GND pads on the pc 
board. This cable goes to the turn -sig- 
nal switch. 

Drill a hole in the lamp case, tie a 
knot in the 4- conductor cable about 3 " 

from the end connected to the circuit 
board, and route the free end through 
the hole. Determine how long this 
cable must be from the lamp to the 
turn -indicator switch box and clip it to 
the length needed. 

Mount SI and LEDI in a plastic 

box large enough to accommodate 
them. Then mount an electrician's U- 
clamp on the cases of the lamp and the 
switch box. Make sure the screws do 
not touch the battery cells. Route the 
free end of the 4- conductor cable 
through a hole in the switch box. After 
preparing the end of the cable for 
soldering, tie a knot about 3 " from 
this end and wire the conductors, re- 
sistors and LED to the switch as 
shown in Fig. 4. Finally, install the 
battery in and reassemble the lamp. 

Flip the lamp's power switch to the 
fluorescent position and observe the 
bulbs in the project; they should flash 
in the "chaser" format described 
above. Leave the power switch as is 

and flip the turns -signal switch to one 
"on" position and note that the lamps 
flash sequentially to indicate a turn in 

one direction. Then flip the switch to 
its alternate "on" position and note 
that the lamps sequentially flash in the 
other direction. 

If you do not obtain the proper in- 
dications, set the power switch to 
"off" and check component installa- 
tion, wiring and particularly solder- 

(Continued on page 100) 
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Computing 

Free BASIC Programs 
by Radio 

How you can capture computer programs that are 
broadcast internationally and in the U.S. 

By John Richards 

From the earliest days of the 
home computer, enthusiasts 
have swapped program tapes 

and disks, or just printouts of a pro- 
gram's listing. 

Unfortunately, this kind of pro- 
gram exchange usually limits one to 
software exchange with friends, user 
groups, pen pals, and those who 
utilize the same BBS (Bulletin Board 
System). A more efficient way to dis- 
tribute free software is to broadcast 
programs on an AM or FM radio sta- 
tion. Here, the potential users number 
in the millions. 

While at first glance radio broad- 
casts might not appear to be an ideal 
distribution medium for software be- 
cause of noise interference (QRM and 
QRN), in actual fact it has proved to 
be an efficient way to distribute pro- 
grams written in BASIC because er- 
rors caused by noise are easily recog- 
nized and corrected. For example, if a 
statement lists out after reception as 
"GOSIB 470" you know it should 
really be "GOSUB 470," just as 
"PR *)T 510" should be "PRINT 
510." On the other hand, it's difficult 
to accurately broadcast binary en- 
coded programs via a conventional 
radio broadcast because a single er- 
ror -just one bit -can cause the pro- 
gram to crash, and there's no way for 
a user to know where or when the er- 
ror occurred during reception. 

There are presently two ways by 
which BASIC programs are broadcast 
to hobbyists: NOS -BASICODE -2 and 
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These photos were made directly from 
a Commodore 64 computer when run- 
ning BASICODE programs submit- 
ted by hobbyists. As you can see, the 
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free hobbyist- written software com- 
petes in quality with some of the pro- 
grams you might buy. 

Photo 1 is a 555 timer program that 
not only draws the circuit, but also 
calculates the nearest values for a 
specified frequency- converting the 
actual frequency to the value obtained 
using practical parts values. 

Photo 2 is a numeric clock display 
whose step and accuracy can be pro- 
grammed by the user. 

Photo 3 is a frozen moment in an 
"escape" type game. 

Sofcast. Although both systems are as 
different as Apple and IBM com- 
puters, both provide a way for the 
hobbyist to distribute and access pub- 
lic- domain software via his radio. 

BASICODE 
NOS -BASICODE -2, which is known 
simply as BASICODE, is a combina- 
tion hardware and software trans- 
lation system -actually a "standard 

of exchange" -that permits software 
to be directly exchanged between 
nearly 20 different kinds of what is 
normally mutually exclusive com- 
puters. It was originally designed to 
permit a single radio broadcast of a 
BASIC program to service all com- 
monly used "home "computers. 

BASICODE originated back in 
1978 when the Dutch domestic broad- 
casting service, known as Nederlands 
Omrep Stichting or NOS, broadcast 
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The Shuttle Communicator is the device that interfaces a 
computer to a Sofcast broadcast. It converts digital data 
from a radio or a phone to RS -232 serial for the computer. 

BASIC computer programs as part of 
its Hobbiscoop (in English: Hobby - 
scope) radio program, a program that 
covers the latest developments in 
science and electronics. 

The user would record the received 
BASIC program on a cassette re- 
corder and then LOAD the program 
from the cassette player into the com- 
puter. The first computer broadcasts 
were dedicated programs written ex- 
clusively for the "home" computers 
then available. Since the programs 
were for a specific computer, each 
program had to be broadcast in a 
specific version that employed the 
proprietary tape formats for each 
kind of computer. If the program was 
intended for four particular kinds of 
computers, it had to be broadcast that 
same number of times. 

Multiple versions of a program 
were necessary because manufac- 
turers had gone out of their way to en- 
sure that their version of BASIC as 
well as the electrical characteristics of 
the recording (the tape format) were 
mutually exclusive with every other 
computer, for in this way the manu- 
facturer locked the user into his partic- 
ular line of hardware and software. 

A modular phone jack and a phono connector serve as the 
Shuttle Communicator's signal inputs. A cassette recorder 

can also feed a prerecorded tape. 

While the broadcasts were enthus- 
iastically received by computer hob- 
byists, listeners who did not own per- 
sonal computers objected to the ex- 

cessive time used to broadcast "burps 
and beeps." One must keep in mind 
that some early "home" computers 
-and their present versions -em- 
ployed very low equivalent baud rates 
for tape storage -300 to 500 baud be- 
ing a not uncommon value -and a 
single transmission for but one pro- 
gram could easily take up to 8 

minutes. Therefore, you can see why 
broadcasting computer programs 
could be annoying to listeners who 
weren't interested in computers. It 
was the need to reduce the time 
necessary to transmit such programs 
that got the Hobbiscoop people to 
looking for a way to use a single data 
broadcast for all computers. 

What they came up with was NOS - 
BASICODE (later refined to NOS - 
BASICODE-2), a computer trans- 
mission system that resolves the prob- 
lems of both incompatible BASIC 
statements and operators, and in- 
compatible tape formats. The system, 
known by the short form "BASI- 
CODE," has proved so successful 

that hobbyists throughout Europe, 
Britain and even the U.S. contribute 
programs for broadcast. (The pro- 
grams are heard throughout Europe 
and Britain through the Dutch home 
service, worldwide through the Dutch 
shortwave service, and locally through 
some U.S. stations.) In particular, in 
Great Britain BASICODE broadcasts 
are used by the BBC as part of its ef- 
forts to spread computer literacy 
throughout the British Isles. 

BASICODE works on the simple 
premise that to be truly "universal" a 
BASIC program must be transmitted 
in a single cassette tape format, 
employ common BASIC statements 
and operators, and must encode and 
decode BASIC statements that are not 
truly common. In BASICODE it is 

done through a special "translation 
program" that automatically converts 
the broadcast tape format (hardware) 
to the one required by the host com- 
puter, and which also automatically 
converts the BASIC statements and 
operators to those recognized by the 
computer. (The translation software is 

supplied on cassette and is available 
from the Hobbiscoop people -we'll 
tell you how to get it later.) 
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Table 1 

The most recent BASICODE translation 
tape is intended for the most commonly 
used home computers in Eurcpe. 
Apple Il 

BBC- microcomputer (Models A B) 

Color Genie EG -2000 
Commodore VIC -20 
Commodore 64 
CBM -3008, 3016 and 3032 (with n.w ROMs) 
CBM -4016 and 4032 
CBM -8032 and 8096 

CP /M System Computers 
Exidy Sourcerer 
Microprofessor -II 
New Brain 
Philips P -2000 
Sharp MZ -80A, MZ -80B, MZ-80F. 
Sinclair ZX -81 (Load routine only) 
Sinclair Spectrum 
Radio Shack TRS -80 Models I anc I I I 

To utilize a program that was 
broadcast in BASICODE, the user 
simply records the received program 
from an AM or FM station using a 
conventional tape recorder. Then he 
converts the recording into the format 
needed by his own computer by first 
loading the translator into the com- 
puter, which in turn translates the 
"universal" BASICODE program in- 
to the specific format needed by the 
host computer. The program that 
ends up in the host computer's RAM 
contains the specific BASIC state- 
ments and operators used by the 
host's version of BASIC; and it can be 
listed, run, or saved to tape or disk as 
a conventional BASIC program. 

The tape containing the translation 
program actually contains individual 
translation for about 20 different 
computers as well as an assortment of 

Table 2 

Translation programs for these "older" 
computers are available on special 
request. 
Acorn Atom 
Commodore Pet 2001 

DAI 
NASCOM /Gemini 
OSI Challenger 
S W TP -6800 

BASIC games and educational and 
scientific /engineering programs. 
(New translation programs are added 
to the cassette as needed to keep up 
with recently introduced models.) 
Table 1 lists the computers included 
on the most recent BASICODE cas- 
sette. Hobbiscoop will provide trans- 
lation software for some earlier com- 
puters, such as those listed in Table 2. 

In some instances, such as with the 
Commodore 64, all that's needed is 

the translation software because it 
directly converts the BASICODE pro- 
gram; the user simply loads the trans- 
lation program and then the 
BASICODE program. In other in- 
stances, such as with the Radio Shack 
Model I computer, a small record - 
er-to- computer interface must be as- 
sembled. A very small number of 
computers, generally used outside the 
U.S., require a somewhat complex 
hardware and /or software interface. 

Although we speak of the translator 
converting BASICODE to conven- 
tional BASIC for the host computer, 
it also works the other way around. It 
will SAVE a host computer's BASIC 
program on tape in the BASICODE 
format. As far as anyone is con- 
cerned, the SAVE'd tape could have 
originated as a radio broadcast. 
Hence it can be exchanged with other 
hobbyists having different computers 
or sent to Hobbiscoop for possible 
broadcast throughout Europe and the 
rest of the world via shortwave radio. 

How It Works 

Those of you who have experimented 
with conventional conversion soft- 
ware for BASIC have probably expe- 
rienced the frustration of a program 
crash because some statements just 
won't convert and are wondering how 
BASICODE pulls it off. 

Tables 3 and 4 show how BASI- 
CODE works its magic. Firstly, there 
is the "standard set" of BASICODE 
statements and operators shown in 
Table 3: these are the only ones which 
are recognized by all computers 

through the translation software and 
they are the only ones to be used in a 
program specifically written in BASI- 
CODE. (They are almost identical to 
the so- called "universal" BASIC - 
the version of BASIC originally used 
when teletypewriters were used for 
mainframe terminals.) In addition to 
this standardized list of statements 
and operators, the translation pro- 
gram contains exclusive GOSUB 
routines that reconcile what is normal- 
ly exclusive variations in BASIC. 

As shown in Table 4, these GOSUB 
routines occupy all lines below 1000. 
The user's program actually uses lines 
1010 through 19999. Lines 2000 
through 24999 are reserved for sub- 
routines needed for the program but 
which are not allowed in BASICODE, 
and lines 30000 through 32767 are re- 
served for REM statements. 

The real action takes place below 
line 1000 in the subroutine, which 
translate the functions that cannot be 
accommodated by BASICODE. As 
an example, for a particular computer 

Table 3 

To ensure that various computers can 
run a BASIC program, the direct state- 
ments and operators are limited to the 
ones usually considered "universal" or 
"timeshare" BASIC, as shown. 

ABS 
AND 
ASC 
ATN 
CHR$ 
COS 
DATA 
DIM 
END 
EXP 
FOR 
GOSUB 
GOTO 
IF 

INPUT 
INT 
LEFTS 
LEN 
LET 
LOG 
MID$ 
NEXT 
NOT 
ON 
OR 
PRINT 
READ 
REM 

A 

> 

RESTORE 
RETURN 
RIGHT$ 
RUN 
SGN 
SIN 
SQR 
STEP 
STOP 
TAB 
TAN 
THEN 
TO 
VAL 

<> 
<= 
>= 
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From McGraw -Hill ... the professionals' publisher 
ELECTRONICS ENGINEERS' 
HANDBOOK, 2/e 
by D. G. Fink & D. Christiansen 
209/812 Pub. Pr., $83.50 Club Pr., $50.00 

COMPUTER ARCHITECTURE, 3/e 
by C. C. Foster & T. Iberall 
583278 -X Pub. Pr., $38.95 Club Pr., $28.50 

THE ENCYCLOPEDIA OF 
ELECTRONIC CIRCUITS 
by R. Graf 
583265 -8 Pub. Pr., $50.00 Club Pr., $39.95 

GATE ARRAYS: DESIGN 
TECHNIQUES & APPLICATIONS 
by J. Read 
512/868 Pub. Pr., $35.00 Club Pr., $24.75 

PHASE -LOCKED LOOPS 
by R. G. Best, PHD 
050/503 Pub. Pr., $37.50 Club Pr., $28.25 

INTEGRATED CIRCUITS 
APPLICATIONS 
by A. H. Seidman 
582860 -X Pub. Pr., $47.95 Club Pr., $33.95 

OPTICAL COMMUNICATION 
SYSTEMS 
by J. Gowar 
582926 -6 Pub. Pr., $44.95 Club Pr., $32.50 
MICROWAVE SEMICONDUCTOR 
CIRCUIT DESIGN 
by W. A. Davis 
583044 -2 Pub. Pr., $47.50 Club Pr., $35.50 
HANDBOOK OF MICROCOMPUTER 
BASED INSTRUMENTATION & 
CONTROLS 
by J. D. Lenk 
582866 -9 Pub. Pr., $22.95 Club Pr.. $18.95 

ENGINEERING MATHEMATICS 
HANDBOOK, 2/e 
by J. J. Tuma 
654/298 Pub. Pr., $41.50 Club Pr., $31.00 

MANUAL OF SATELLITE 
COMMUNICATIONS 
by E. Fthenakis 
225/94X Pub. Pr., $44.50 Club Pr., $31.95 
MICROPROCESSOR AND 
MICROCOMPUTER DATA DIGEST 
by W. H. Buchsbaum 
582835 -9 Pub. Pr., $29.95 Club Pr., $22.50 
HANDBOOK OF TRANSFORMER 
APPLICATIONS 
by W. M. Flanagan 
212/902 Pub. Pr., $49.50 Club Pr., $36.75 
STANDARD HANDBOOK OF 
ENGINEERING CALCULATIONS, 2/e 
by T. G. Hicks 
287/35X Pub. Pr., $59.50 Club Pr., $44.50 
STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 11 /e 
by D. G. Fink & H. W. Beaty 
209/74X Pub. Pr., $85.00 Club Pr., $51.00 

ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EXAMS 
by C. R. Hafer 
254/303 Pub. Pr., $32.50 Club Pr., $25.50 
MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL 
by J. Markus 
404/461 Pub. Pr., $79.50 Club Pr., $57.95 
ANTENNA THEORY: Analysis and 
Design 
by C. A. Balanis 
582493 -0 Pub. Pr., $41.95 Club Pr., $29.95 

POWER INTEGRATED CIRCUITS 
by P. Antognetti 
021/295 Pub. Pr., $42.50 Club Pr., $31.95 
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Table 4 

A BASICODE program uses this line 
numbering sequence. The nonstandard 
BASIC statements for each version of 
BASIC are resolved by BASICODE 
GOSUB routines below line 1000. 

0 -999 Standard routines that are dif- 
ferent for each computer and 
are, therefore, contained in the 

translator. 
1000 Compulsory start of main pro- 

gram. Reserves memory space 

for strings (in those computers 
that need it). 
The main program. 
Subroutines that contain state- 

ments that are not allowed in 
BASICODE. 
DATA statements. 
REM statements; background 
details. 

1010 -19999 

20000 -24999 

25000 -29999 

30000 -32767 

the "Clear Screen" command might 
be CLS, CLR or anything else. The 
BASICODE translator has a sub- 
routine at line 100 (GOSUB 100) that 
clears the screen. Instead of writing a 
CLS or CLR statement into a BASI- 

CODE program, the programmer 
uses GOSUB 100 to clear the screen. 

When the BASICODE tape is 
loaded by the translation software the 
translator does the necessary conver- 
sion, storing the correct clear- screen 
command in the computer's memory. 
Similarly, if the programmer wanted 
to activate an attention -getting 
"BEEP" he would use the command 
GOSUB 250. If the programmer 
wanted to tighten the variables space 
and report on how much space is 

available without destroying the 
variables, he would use GOSUB 275. 
(The BASICODE handbook that's 
supplied with the translation tape lists 
all the GOSUB subroutines.) 

If you wanted to get into using 
BASICODE radio broadcasts, or just 
want to be able to swap program tapes 
with other computer enthusiasts, you 
can purchase the BASICODE hand- 
book and translation tape direct from 
BASICODE, Administratie Alge- 
meen Secretariaat, NOS, P.O. Box 
10, 1200 JB Hilversum, The Nether- 

lands. The price for the U.S. and 
Canada is 37 Dutch Guilders and must 
be in the form of an International 
Money Order (IMO). 

Sofcasting 
Sofcasting is a system whereby a com- 
puter program intended for a specific 
popular computer, such as an Apple, 
IBM PC or Radio Shack, is broadcast 
directly to disk storage at a very high 
baud rate: 1200, 2400 or 4800 baud. 
(To some degree the transmission 
baud rate depends on whether the sta- 
tion is AM or FM.) 

The software broadcast is a feature 
of a radio program on personal com- 
puting that is broadcast in the U.S. by 
local AM and FM stations. The soft- 
ware itself actually originates at the 
radio studio as a tape recording of 
what is essentially a modem's output. 
It's the same as if you fed an ASCII 
file through a modem, but recorded 
the modem's output instead of send- 
ing into a telephone line. 

Unlike BASICODE, the computer 

How About a Public Digital Radio Service? 

Back in December 1983, Donald L. 
Stoner, Engineering Veep at Microperi- 
pheral Corp., the Redmond, WA com- 
pany that " sofcasts " computer pro- 
grams on FM subcarriers , proposed a 
"Computer Hobbyist Radio Service" to 
the FCC. Two years later, on December 
6, 1985, the FCC assigned Petition for 
Rulemaking #RM -5241 to Stoner's pro- 
posal, now called a "Public Digital 
Radio Service" (PDRS). Comments 
from the public and industry on the pro- 
posal were received until January 6, 1986 

by the FCC. 
A Radio LAN. Stoner proposed using 
the 6 -meter band, 52 -54 MHz, which is 
virtually unused by amateur radio opera- 
tors, he said. If this two -way data com- 
munication scheme is adopted, comput- 
erists will be using the radio modems in 
a radio "local -area network" (LAN) 
setup to provide originate /receive capa- 
bilities for personal computers. Unlike a 
typical cable -connected LAN, however, 
Stoner envisions a packet radio network 

that connects via radio waves, with each 
computer user being a "node." In this 
way, he sees local networks intercon- 
nected nationally with a packet radio 
network. 

The proposal also harkens back to one 
made for CB Radio many years ago, 
which was never adopted: each user 
would have a unique digital address code 
that automatically "announces" its 
identity as a user signs onto the network. 

Each user's radio modem will inter- 
face to his computer via a common 
RS -232 serial port. The proposed modem 
would contain a receiver, a transmitter, 
a serial interface, and a vertically polar- 
ized antenna. A maximum effective 
power radiated (ERP) output of 1 watt 
has been suggested. 

The radio modem employs carrier - 
sense multiple access, with a collision 
avoidance circuit that determines if it can 
transmit at any given moment, depend- 
ing on whether or not another modem's 
carrier signal is sensed. Due to capture ef- 

fect of the FM system, each node cap- 
tures only the strongest signals. Should 
farther communications be required, ap- 
propriate nodes are said to be able to 
repeat the communication, with its 
specific address, until it reaches its 
destination. 
Conclusion. This is an exciting proposal 
that can bring low -cost computer com- 
munication by radio to anyone with the 
proper receiving /transmitting equip- 
ment. It has the making of a new data 
communication service that would be 
cheap and effective. Among the flies in 
the ointment, however, is that it falls 
within a band allocated by the ITU to 
amateur radio. Recalling what happened 
with the 220 -MHz ham band, which was 
little used, radio amateurs could well lob- 
by against some spectrum space being 
taken away from them. Furthermore, the 
FCC has yet to make a decision concern- 
ing this proposal, and chances are that it 
will be a long time coming if the past is 

prelude in the decision -making process. 
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program's off -the -air signal isn't 
recorded from the radio directly on a 
cassette tape. Intead, the received 
signal is fed from the receiver to a 
battery -powered device called a 
"Shuttle Communicator," whose 
electrical circuit is essentially a 
"DEM" -the demodulator section of 
a "MODEM" (which stands for 
MOdulator -DEModulator). 

Normally, the Shuttle Com- 
municator's output is RS -232 serial 
and is fed to the computer's serial 
port, but the device actually has sev- 
eral inputs and outputs. 

There are really two or three inputs, 
depending on the particular model: 
One is intended for the output of an 
AM or FM receiver; possibly an op- 
tional cable TV input (for Sofcasts 
transmitted by cable TV); and a stan- 
dard telephone modular input because 
the device can download data from a 
host computer. 

There are also two outputs. One is 

conventional RS -232 serial that con- 
nects to the computer's RS -232 serial 
port; the other is a phono -type audio 
output that can also double as an 
audio input to the Shuttle Communi- 
cator. The audio connection allows 
the received audio signal (before con- 
version to RS -232 serial) to be re- 
corded on tape or permits a previous- 
ly recorded audio signal to be fed into 
the Shuttle Communicator for con- 
version to an RS -232 serial output. 

The Shuttle Communicator is sup- 
plied with disk software that is 

specifically intended for the particular 
computer you're using: for example, 
IBM -compatible, Apple, TRS -80, etc. 
The software runs under BASIC and 
is the means the Shuttle Communi- 
cator's output saves it to disk. 

It works this way. The supplied 
software initializes the computer and 
displays a message to the effect that 
the user should "press ENTER" on 
hearing a tone from the receiver. Dur- 
ing the radio program the moderator 
announces that they will broadcast a 
program, and that a warning tone will 
precede the program. When the lis- 

tener hears the tone he presses the 
computer's ENTER or CR key, which 
opens a buffer that inputs data from 
the Shuttle Communicator. When the 
program transmission is completed, a 
second tone warns that the buffer 
should be closed by again pressing the 

ENTER or CR key. Then the user 
saves the buffer to disk. 

Alternatively, the user can tape re- 
cord the Shuttle Communicator's 
special audio output. At a later time, 
the tape can be played back through 
the communicator, which will feed the 

(Continued on page 100) 
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Fig. 1. In national distribution, a Sofcast program originates from a satellite end 
enters local communication circuits via AM and FM radio, cable TV and possibly 
the switched telephone network. An inexpensive "Shuttle Communicator" inter- 
faces the user's computer to the signal - regardless how it originates locally. 
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High -Fidelity Audio 

Those Tuner Specs 
And What They Mean 

Examining manufacturers' tuners or the tuner 
sections of receivers 

By Len Feldman 

If you have been shopping for an 
FM or an AM /FM tuner of late, 
you've probably been con- 

fronted with brochures that include 
tables of performance specifications. 
These published specifications, if 
presented by a serious manufacturer 
of audio components, can tell you 
just about everything you will want 
to know about the tuner you are con- 
sidering purchasing. 

Unlike amplifiers, speakers and 
other components in an audio sys- 
tem, for which published specifica- 
tions don't always correlate with ac- 
tual sonic quality, a tuner's "specs" 
pretty well define that tuner's capa- 
bilities. This also applies to the tuner 
section of an all -in -one receiver, if 
that's what you have in mind to buy. 
Understanding the specs -and dif- 
ferentiating between a "good" spec 
and a not -so -good spec -can help 
you select the tuner that's just right 
for your listening location and for 
your budget. So let's examine them 
and see just what they tell us. 

Sensitivity- 
Not All That Important 
In the early days of FM and FM 
stereo, when most tuners used 
vacuum tubes, sensitivity was consid- 
ered to be among the most important 
things you needed to know about a 
tuner. Sensitivity, as it was defined 
then (and as the term "usable sensi- 

tivity" is still used today) means the 
least amount of signal that must be 
applied to the antenna terminals of a 
tuner in order to deliver an audio sig- 
nal whose loudest moments are 30 
decibels louder then the sum of any 
residual background noise (static) 
plus distortion. A 30 -dB level of 
noise plus distortion is the same as 
saying that the noise plus distortion 
constitutes about 3% of the total 
sound you hear. By modern stan- 
dards, that's a lot of noise -or a lot 
of distortion -or a lot of both. 

In fact, the term "usable sensitiv- 
ity" should more properly be called 
"least unsable sensitivity," as it rep- 
resents the amount of signal needed 
to deliver barly usable listening qual- 
ity. These days, there is very little dif- 
ference in usable sensitivity between 
well -made tuners that use solid -state 
devices in their circuitry. Generally, 
the figures quoted for this spec will 
range from around 10 to 12 dBf. 

The term dBf is a power term, and 
it is also relative to an arbitrary "0 
dBf" reference, which corresponds 
to one -trillionth of a watt of power 
applied at the antenna terminals of 
the set. Some manufacturers still 
quote sensitivity in microvolts (mil- 
lionths of a volt), but this can be mis- 
leading. The same number of micro- 
volts applied to an antenna terminal 
that has an impedance of 75 ohms 
(the type that accepts a coaxial cable 
connector) will develop only half as 
much power when connected to 

300 -ohm antenna terminals (the type 
that accepts the bare leads of flat - 
wire twin -lead cables). 

Two microvolts across a 300 -ohm 
antenna input is equivalent to around 
11 dBf, while 2 microvolts connected 
across a 75 -ohm antenna input is 

equivalent to about 17 dBf. If you are 
comparing sensitivity of two tuners 
and the numbers are given in micro- 
volts (often abbreviated µV), make 
certain that the numbers are refer- 
enced to the same type of antenna im- 
pedance. In any event, don't be too 
concerned about usable sensitivity 
figures; in all but the farthest fringe 
areas at great distances from the sta- 
tion's transmitter, a modern tuner 
will have a sufficiently low usable 
sensitivity number. 

50 -dB Quieting Sensitivity 
A much more important specifica- 
tion (and one that will vary widely 
from product to product) is called the 
50 -dB quieting sensitivity. This spec 
tells you how much signal strength 
(again, either in dBf or microvolts) 
the tuner will need for it to suppress 
background noise by a factor of 50 
dB, compared with the desired pro- 
gram level peaks. In high -fidelity 
terms, a signal -to -noise ratio of 50 dB 
is regarded as the minimum needed to 
fully enjoy the audio program mate- 
rial. Clearly, the lower the 50 -dB 
quieting sensitivity spec number, the 
better the tuner being judged. 

You will notice, however, that 
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separate numbers are quoted for 
mono and stereo operation of the 
tuner. Any tuner, regardless of how 
well designed, will require consid- 
erably more signal strength to deliver 
a 50 -dB signal -to -noise ratio when re- 
ceiving a stereo signal than it will to 
deliver the same quieting level for a 
signal broadcast monophonically. 
This substantial difference is a func- 
tion of the stereo broadcasting sys- 
tem used in the United States (and in 
most other countries of the world) 
and not of the tuner design. 

Still, some tuners exhibit less of a 
difference between their mono and 
stereo 50 -dB quieting sensitivities 
than others. Typically, the mono- 
phonic 50 -dB quieting sensitivity of 
tuners (or tuner sections of receivers) 
may range from a high (poorest) of 
30 dBf to a low (best) of only 12 to 15 

dBf. A 50 -dB stereo quieting may 
range from a high of 45 to 50 dBf to a 
superb low of only 20 to 25 dBf. 

Harmonic Distortion 
Unlike the "usable- sensitivity" spe- 
cification that includes both noise 
and distortion, the 50 -dB quieting 
specification involves only residual 
noise. Therefore, a separate figure 

for harmonic distortion is needed in 
order to fully specify the perfor- 
mance of a tuner. Although certainly 
not the only form of distortion that a 
tuner can develop, it is by far the 
most common and familiar one. 
Harmonic distortion is simply the 
amount of percentage of unwanted 
mutliples of a desired audio tone that 
are generated by the electronic prod- 
uct itself. Thus, if the broadcaster is 

sending out a pure 1000 -Hz tone, but 
your tuner delivers small amounts of 
2000 Hz, 3000 Hz, 4000 Hz, etc., 
those small amounts, taken together, 
are the harmonic distortion content 
of the reproduced signal. Total har- 
monic distortion (often abbreviated 
THD) is quoted in percent, and the 
lower the percentage the better. 

As is true of most specifications 
having to do with an FM tuner, THD 
is usually a bit better when receiving a 
monophonic signal, compared to 
THD observed when listening to 
stereo. Thus, a reputable manufac- 
turer will quote this important speci- 
fication for both mono and stereo 
operation of the product. It is also a 
general rule that distortion of nearly 
any electronic audio product will be 
lower at mid -frequencies than it will 

Fig. 1. This is a graphic depiction of the mono and stereo quieting and distortion 
characteristics of a typical FM tuner. 
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be at the low (bass) and hight (treble) 
frequency extremes of the audio 
spectrum. For this reason, manufac- 
turers who want to make a full dis- 
closure concerning the performance 
of their products will list distortion 
figures at three audio frequencies: 
100 Hz, 1000 Hz and 6 kHz, both for 
mono and stereo operation. 

Expect THD figures in a modern 
tuner to be well under 1%, and in the 
case of really top -grade tuners, you 
may find some products boast distor- 
tion figures of well under 0.13/4 , even 
when operating in stereo. 

Signal -To -Noise Ratio 
As incoming signal strength increases 
(either because you are close to the 
transmitter or you are using a good 
outdoor antenna), background noise 
or static continues to diminish, until 
finally, the noise levels off at some 
fixed value. This ultimate noise level 
is referred to as the signal -to -noise 
ratio or S/N figure for the tuner. It is 

usually, measured at a signal strength 
of 65 dBf (which corresponds to 
around 1000 microvolts across a 
300 -ohm antenna input), and the 
higher the number the better. Almost 
any decent tuner will deliver a S/N of 
at least 70 dB in mono; 60 dB or bet- 
ter in stereo. Top -performing tuners 
have achieved S/N ratios as high as 
85 to 90 dB in mono and above 80 dB 
in stereo. 

All of the specifications discussed 
thus far are often depicted by a single 
diagram or graph, containing several 
curves to represent noise levels and 
distortion levels as a function of 
signal strength. An example of such a 
graph, showing how the various 
specifications can be derived from it, 
is shown in Fig. 1. 

Selectivity 
The Federal Communications Com- 
mission (FCC) assigns frequencies to 
FM and AM radio stations so that a 
station in one city will not occupy the 
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FM Stereo -How It Works 

The system used to transmit and receive 
two stereophonic channels using a 
single FM station is one that has been 
uniformly adopted throughout the 
world. Approved by our own FCC back 
in 1961, after several years of testing of 
five competing systems, the so- called 
Zenith /G.E. system has withstood the 
test of time; so much so that it formed 
the basis for the more recently approved 
stereo TV system that is now beginning 
to spread across the U.S. 

While our standard FM stereo trans- 
mission system has its disadvantages 
(reception in stereo is always noisier 
than in mono, especially in weak -signal 
areas), its biggest advantage is its effi- 
cient utilization of spectrum space on 
the FM radio band. Channel width and 
separation between FM channels re- 
mains the same, whether a station is 

broadcasting in mono or stereo. 
FM means frequency modulation, and 
for a station broadcasting a mono 
signal, the frequency that's modulated, 
or altered in proportion to the audio 
program to be broadcast, is the main or 
carrier frequency of the station. For ex- 
ample, if a station's assigned frequency 
is 98.1 MHz, the transmitter will pro - 
duce that frequency and that frequency 
only, so long as there's no music or 
speech being broadcast. When program 
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material is heard, the frequency of the 
transmitter will alternate above and 
below that center frequency. The louder 
the sounds to be transmitted, the greater 
the deviation from that nominal center 
frequency -up to a maximum of ±75 
kHz. In other words, during loudest 
moments of music or speech, the center 
frequency may alternate from 98.175 to 
98.025 MHz. 

When stereo is to be broadcast, a sec- 
ond subcarrier, having a frequency of 
38 kHz, is itself amplitude modulated 
(AM) by the difference between the left 
and right channels signals (L R), 
while the sum of the two stereo signals 
(L + R) is used to modulate the main or 
radio- frequency carrier. This subcarrier 
has often been described as a carrier 
riding "piggy back" on the main car- 

same frequency as another station in 
a nearby city. In fact, within a given 
metropolitan area, stations are 
seldom ever assigned adjacent chan- 
nel frequencies. Adjacent channels in 
the U.S. FM band are 200 kHz apart, 
alternate channels, 400 kHz . 

Still, with tuners becoming in- 
creasingly sensitive and capable of 
picking up more and more stations at 
greater distances, it is sometimes 
possible for a tuner to pick up signals 
from distant cities that are only one 
channel width away from a desired 
local station. Under such conditions, 
the one station may interfere with the 
other. Selectivity describes the ability 

of a tuner to tune to the desired sta- 
tion frequency while rejecting signals 
coming in at nearby frequencies on 
the dial. Selectivity is quoted in dB, 
and the higher the number the better. 
In most cases, manufacturers will 
quote alternate- channel selectivity 
(though the listing may only be la- 
beled "selectivity "). Typical 
numbers range from 50 or 60 dB 
(poorest) to as high as 100 dB. 

High selectivity numbers may be a 
mixed blessing. Designing a tuner 
with high selectivity often means de- 
signing it to have a very narrow band- 
width, particularly in its intermediate 
frequency (i -f) section. But in order 

for a tuner to deliver lowest possible 
distortion, its i -f section must have a 
wide bandwidth. As a result, tuners 
exhibiting extremely high selectivity 
may also have somewhat higher dis- 
tortion levels. 

For this reason, some tuners are 
designed with variable i -f bandwidth. 
In this case, a switch allows you to 
alter bandwidth to suit listening con- 
ditions. I f you are in a crowded signal 
area, where the station you want to 
listen to is being interfered with by 
another nearby (in frequency) sta- 
tion, you select the "narrow" i -f 
mode, while if you are in an area 
where there are only a few stations 
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rier. In truth, however, the 38 -kHz sub - 
carrier is actually never transmitted. 
When a carrier (or subcarrier) is 

amplitude modulated, two sidebands 
are created; one above the center fre- 
quency, the other below it. The fre- 
quency of the sidebands depends upon 
the frequency of the audio signal that is 

modulating the carrier. If we wanted to 
modulate the subcarrier by a 5 kHz 
audio tone, sidebands at 43 kHz (38 

kHz + 5 kHz) and at 33 kHz (38 kHz - 
5 kHz) would be generated on either 
side of the subcarrier. In the case of 
stereo FM transmission, the subcarrier 
itself is actually suppressed or at- 
tenuated, and only the relevant 
sidebands are transmitted along with 
the L + R main- carrier modulation. 

The diagram here shows the makeup 
of the composite stereo FM signal. No- 
tice that the upper and lower sidebands 
of the subcarrier are part of this com- 
posite signal, but the subcarrier itself, 
which would have been located at 38 

kHz, is not present. 
Notice, too, the presence of a low - 

amplitude modulating signal at 19 kHz. 
This is known as the "pilot" signal. It is 

necessary because in order to recover 
the L -R audio signals at the receiving 
end, it is necessary to reconstitute or 
reconstruct the missing 38 -kHz signal 
that was suppressed at the transmitting 
end. The 19 -kHz pilot signal, at half the 

frequency of the 38 -kHz subcarrier, is 

used to recreate that subcarrier and to 
add it to its sidebands in proper phase 
for subsequent detection or demodula- 
tion of the required L -R audio infor- 
mation. The 19 -kHz pilot signal is also 
often used to trigger the familiar stereo 
pilot indicator light on most FM tuners 
and receivers to show that a stereo signal 
is being received. 

Suppression of the subcarrier itself 
and the consequent need for a pilot 
signal and the reconstitution of a 
38 -kHz signal at the receiver may seem 
like a needless pair of steps, but it is this 
carrier suppression that makes the 
system so efficient in terms of band- 
width and modulation levels. Though it 
is difficult to visualize this, here is a case 
where 1 + 1 equals 1. The main carrier 
can be modulated to its maximum and 
the subcarrier can still modulate the 
main carrier to its maximum all at the 
same time without exceeding overall 
maximum modulation limits. The rea- 
son for this is a phenomenon known as 
interleaving. When the L + R audio 
signals pushes the modulation levels up 
to maximum, the L - R signal is at a 
minimum in its alternation cycle, while 
when the L -R signal from the subcar- 
rier modulation pushes the main carrier 
to its maximum, the L + R signal at the 
main carrier is at its minimum. 

The first function of a stereo FM re- 

ceiver is to recover the independent L + 

R and L - R signals as audio signals. 
The L + R signal is, in effect, the mono 
equivalent of the stereo program. It is 

this signal that is heard by owners of 
mono FM sets (or by owners of stereo 
sets who have them switched to the 
mono mode). By definition, L + R con- 
tains the total program being trans- 
mitted so mono listeners don't get "half 
a program" as they might if this tech- 
nique were not employed. 

But what about stereo listeners? They 
want to hear a left signal from the left 

speaker and a right signal coming from 
the right loudspeaker. A bit of simple al- 
gebraic addition and subtraction takes 
care of their needs. If you electrically 
add the L + R signal to the L - R 

signal, watch what happens: (L + R) + 

(L- R)= (L +R +L- R) =L +L 
= 2L! 

Presto! We have recovered a pure 
"I- only signal. You can disregard the 
coefficient of "2." It simply means that 
you have a louder "L" than you started 
out with. The independent "R" signal is 

recovered in a similar fashion: (L + R) 
-(L- R)= (L +R- L +R) =2R! 

It is this clever system, known as 
"matrixing," which makes stereo FM 
compatible for mono listeners while 
providing stereo listeners with all of the 
wide channel separation necessary for a 
good stereo presentation. 

spread out across the FM band, you 
can use the "wide" i -f setting for 
lowest possible distortion and best 
possible stereo separation. 

Stereo Separation 
For stereo sounds to be effective, the 
program material intended for the 
left speaker should be well isolated 
from that intended for the right 
speaker. Stereo separation, mea- 
sured in dB, describes this quality in a 
stereo FM tuner. While stereo sta- 
tions are required, by FCC rules, to 
maintain a stereo separation figure 
of at least 30 dB over the entire 
broadcast audio spectrum (from 30 

to 15,000 Hz), many tuners can pro- 
vide much better separation than 
that, especially at mid -frequencies. 
Measurement standards require that 
full disclosure of stereo separation 
include a listing of separation at three 
key frequencies: 100 Hz, 1 kHz and 
10 kHz. Generally, don't expect the 
separation figures at 100 Hz and 10 

kHz to be as good as that obtained at 
1 kHz. Often, a manufacturer or a 
product tester will publish a graph, 
such as the one pictured in Fig. 2, 
which shows the overall frequency 
response of the tuner (upper curve), 
as well as its separation characteris- 
tics, as a function of frequency. 

From such a graph, you can deter- 
mine the available stereo separation 
of the tuner at any specified audio 
frequency. 

Capture Radio 
Capture radio is somewhat similar to 
selectivity, discussed earlier. Capture 
radio describes the ability of a tuner 
to zero in on (or "capture ") the 
stronger of two signals that are oper- 
ating at the very same frequency. 
Normally, you would never have two 
stations in the same area operating at 
the same frequency, but as cited 

(Continued on page 52) 
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440K Apple Compatible 
ID Computer System 

Complete System 
APlus 3000 computer system includes 192K RAM, 48K ROM 
(32K Microsoft Basic plus 16K ROM Emulator), 160K Laser 
51" Disk Drive (Runs Apple II Software), Magic Window 
Wordprocessor, MagiCalc spreadsheet, Magic Memory 
Database. All for only $399.00 

15 Day Free Trial 
"Aplus 3000" 

¡MAGIC WINDOW II 
System 

MAGIC MEMORY 41 

MAGICAI 

$399°° 
JOYSTICK 

PORT PRINTER 

WM CARTRIDGE 
INTERFACE 

PORT 

le I 

Runs 
Apre 

Softv 

RS232 
PORT 

DISK DRIVE 
CONTROLLER INTERFACE 

- --- --- 
RGB RESET 'POWER 

SWITCH 
OUTPUT 

SOUND 
VOLUME 

COMPOSITE VIDEO 
CASSETTE 
INTERFACE 

Double Immediate Replacement Warranty 
If any of the Aplus 3000 computer system 
equipment fails due to faulty workmanship or 
material within 180 days of purchase we will 
REPLACE it immediately with no service charge ! ! 

Over 10,000 existing Apple programs Centronics printer interface included 
240K (192K RAM, 48K ROM) ArtSci's Magic Window II, Magic Memory, and MagiCalc included 

RGB (80 columns in color) and composite included 160K Laser 51/4" Disk Drive (Runs Apple II software) 
SPECIFICATIONS 

A plus 3000 is a complete, self- contained computer based on 
the popular 6502A microprocessor and can tap into the 
tremendous software library of Apple II. Features include 
192K Bytes RAM, 32KB Enhanced Microsoft BASIS, 80 column 
text, 550H X 192V color graphic display, 81 key sculptured 
keyboard and high efficiency switching power supply. Also 
included as standard are Centronics bus printer interface, 
Cassette interface, 4 channel sound generator, and 51/2" 

Apple Compatible Disk Drive. 
TEXT - 40 columns X 24 rows or 80 columns X 24 rows software 
selectable. - 5 X 7 characters in 7 X 8 matrix. - Upper and lower case characters. - One of Eight colors for characters/ graphics and background, 
Red, Green, Blue, Cyan, Magenta, Yellow, Black and White. - Character set with normal, inverse and flashing capabilities. 

GRAPHICS 

More Features than Apple' for less than Commodor9 Commodore 

Features Aplus 3000 Apple Ile C -128 

RAM 192K 64K 128K 

Runs Apple II Software Yes Yes No 
Function Keys 24 None 16 

4 Voice, 6 Octave Sound Yes No Yes 

Composite Video Yes Yes Yes 

Disk Drive included Extra Cost Extra Cost 
Numeric Keypad Included Extra Cost Included 
Video Cable Included Extra Cost Extra Cost 
RGB Color Card Included Extra Cost Included 
80 Column Card Included Extra Cost Included 
Centronics Printer Interface Included Extra Cost Extra Cost 
Drive Controller Included Extra Cost Included 
$150 Wordprocessor (Magic Window) Included Extra Cost Extra Cost 
$150 Spreadsheet (MagiCalc) included Extra Cost Extra Cost 

$60 Database prg. (Magic Memory) Included Extra Cost Extra Cost 

Your Cost $399.00 $1745.00 $1117.90 

- 2801-IX 192V 6 colors - Black, White, Violet, Green, Blue, Orange. - 280H X 192V 8 colors bit image - Black, White, Red, Green, Blue, Cyan, 
Magenta, Yellow. 
560H X 192V 6 colors - Black, White, Violet, Green, Blue, Orange. (High 
resolution color monitor required) 

ACCESSORIES 
2nd Disk Drive 
2 professional analog joysticks 
Z -80 cart. allows CP /M use 
RS232 adapter 
R/F Modulator (TV hookup) 
RGB cable (RGB Monitor hookup) 
Centronics cable (for Centronics printer) 
Technical reference manual 
80 columns Hi -Res Green Monitor 
80 column Hi -Res RGB Monitor 

LIST 
$299.95 
5 39.95 
$ 99.95 
$ 99.95 
$ 29.95 
$ 24.95 
$ 34.95 
$ 29.95 
$199.00 
$399.00 

SALE 
$149.95 
S 24.95 
$ 59.95 
$ 59.95 
$ 19.95 
$ 19.95 
$ 24.95 
$ 19.95 
S 79.95 
$259.00 

Super Apple Compatible Disk Drive Sale $149.95. 
Quieter, Cooler, Better Disk Drives for your Apple II plus, IIe, IIc 
(specify when ordering). List $299.95. Sale $149.95. 

15 Day Free Trial - If it doesn't meet your expectations 
within 15 days of receipt, just send it back to us UPS 

prepaid and we will refund your purchase price!! 

Add $25.00 for shipping and handling!! 
Enclose Cashiers Check, Money Order or Personal Check. Allow 14 

days for delivery. 2 to 7 days for phone orders. 1 day express mail I 

We accept Visa and MasterCard. We ship C.O.D. to continental 
U.S. addresses only. Add $10 more if C.O.D. 

APPLE and COMMODORE are registered trademarks of Apple Computer Inc. and Commodore Business Machines. no 
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We Love Our Customers 
22292 N. Pepper Rd., Barrington, Ill. 60010 
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Famous Smith Corona National Brand 

10" PRINTER SAL E 
Below Wholesale Cost Prices!!! 

ONE YEAR IMMEDIATE REPLACEMENT WARRANTY 
Speed: 120 or 160 characters per second Friction Feed /Tractor Feed - Standard 
80 character print line at 10 CPI 1 Line Buffer, 2K Buffer on 160 CPS Plus LQM 
Six pitches Graphics capability Centronics compatible parallel interface 

Features Bidirectional Print, Shortline Seek, Vertical And Horizontal Tabs 

SUPER GRAPHICS 
f 

This is a sample of our 
near -letter -quality print. 

italic print. There is standard data 
processing q._lal i to print 

SPECIFICATIONS (Apple - Atari -Etc.) 

Check These 
Features & Prices 

120 CPS 10" Printer 
List 

$429.00 

SALE 
160 CPS + Letter Quality 

Mode 10" Printer 

emphasized List 199 $499.00 

SAL? 
(IBM - Commodore 

Size /Weight 
Height 5.04" Width 16.7" 
Depth 13.4" Weight 18.7 lbs. 
Internal Char. Coding 
ASCII Plus ISO 
Print Buffer Size 
120 CPS: 132 Bytes (1 line) 
120/160 CPS Plus LQM: 2K 
No. of Chor. In Char. Set 
96 ASCII Plus International 
Graphics Capability 
Standard 60, 72, 120 DPI 
Horizontal 72 DPI Vertical 
Pitch 
10, 12, 16.7, 5, 6, 8.3, Proportional Spacing 
Printing Method 
Impact Dot Matrix 

IBM $89.00 

Char. Matrix Size 
9H x 9V (Standard) to 10H x 9V 
(Emphasized g Elongate) 
Printing Features 
Bi- directional, Short line seeking, Vertical 
Tabs, Horizontal Tabs 
Forms Type 
Fanfold, Cut Sheet, Roll (optional) 
Max Paper Width 
11" 
Feeding Method 
Friction Feed Std.; Tractor Feed Std. 
Ribbon 
Cassette - Fabric inked ribbon 
Ribbon Life 
4 million characters 

Interfaces 
Apple $59.00 Atari $49.95 

Interfaces 
Parallel 8 bit Centronics compatible 
120/160 CPS Plus NLQ: RS232 Serial inc. 
Character Mode 
10 x 8 Emphasized; 9 x 8 Standard; 10 x 8 

Elongated; 9 x 8 Super /Sub Script (1 pass) 
Character Set 
96 ASCII 
11 x 7 International Char. 
Line Spacing 
6/8/12/72/144 LPI 

Character Spacing 
10 cpi normal; 5 cpi elongated normal; 12 cpi 
compressed; 6 cpi elongated compressed; 
16.7 cpi condensed; 8.3 cpi elongated 
condensed; 5.12.5 cpi elongated proportional 

Cartridge Ribbon - List $19.95. Sale $12.95. 

Commodore $39.95 

Add $14.50 for shipping, handling and insurance. Illinois residents 
please odd 61/2 % tax. Add $29.00 for CANADA, PUERTO RICO, HAWAII, 
ALASKA. APO -FPO orders. Canadian orders must be in U.S. dollars. WE 
DO NOT EXPORT TO OTHER COUNTRIES, EXCEPT CANADA. Enclose 
Cashiers Check, Money Order or Personal Check. Allow 14 days 
delivery. 2 to 7 days for phone orders. 1 day express mail! Prices 8 
Availability subject to change without notice. 
VISA - MASTERCARD C.O.D. No C.O.D. to Canada or APO -FPO 
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Those Tuner Specs 

Most owners of FM tuners and receivers 
seem mainly concerned about the sensi- 
tivity of the models they buy. Often, a 
prospective purchaser of an FM tuner 
may choose one tuner over another be- 
cause it offered a usable sensitivity of 
1.9 microvolts as opposed to 2.0 micro- 
volts. The fact is that tuner sensitivity is 

seldom a problem these days. Most 
modern tuners are more than sensitive 
enough to receive the signals you 
want -especially if they are fitted with a 
decent directional outdoor antenna. 

What should be of greater concern to 
the prospective owner of an FM radio or 
tuner is its ability to handle extremely 
strong signals. This is especially true in 
metropolitan areas where the receiver is 

fairly close to the transmitter site. It is 

not uncommon under such circum- 
stances for the voltage appearing at the 
antenna terminals of an FM tuner to 
reach levels of 1.0 or even 2.0 volts or 
more. Under such conditions, a tuner 
having a poorly designed front -end, or 
r -f section, may well be overloaded. 

The result can be a variety of distor- 
tions, commonly referred to as cross - 
modulation, intermodulation distor- 
tion, or just plain overload distortion. 

Strong Signals & Weak Signals 

These forms of distortion arise, basical- 
ly, from the first r -f stage's inability to 
handle the strong incoming signals in a 
linear fashion. Nonlineari :y in the r -f 
amplifier stage of an FM tuner is very 
similar to nonlinearity in an amplifica- 
tion stage of an audio amplifier. Only in 
this case, the distortion products pro- 
duced are frequency -related to the in- 
coming r -f carrier signal. They may be 
harmonics of that signal or they may be 
spurious "beat" frequencies caused by 
interaction of the FM set's Vocal oscilla- 
tor with the incoming frequency or be- 
tween the desired incoming frequency 
and other incoming signals that are near 
enough on the dial to cause problems. 

Earliest solid -state FM tuners and re- 
ceivers employed bipolar transistors as 
r -f stages in their front ends. Such 
transistors performed poorly because of 
their limited dynamic range and also 
because of their extreme nonlinearity 
and susceptibility to overload. In fact, 
owners of early solid -state FM tuners 
were often disappointed at -heir perfor- 
mance. They found them inferior to the 
vacuum -tube -equipped FM tuners that 
had been discarded in favor of tran- 
sistorized equipment. 

The low -noise triode vacuum tube 
was an ideal active device for the r -f 
amplifier stages of an FM tuner. Ex- 
tremely linear over its entire operating 
range, the triode was used for many 
years in a variety of configurations for 
tuner r -f stages. Bipolar transistors, on 
the other hand, behaved very different- 
ly from triodes. It was only after field - 
effect transistors (FETs) were perfected 
to handle the high frequencies of FM 
that the situation improved. FETs are 
the closest thing to a triode in the 
semiconductor category. They are neg- 
atively biased, just like triodes, exhibit a 
high input impedance and minimize 
cross -modulation effects. 

More recent perfection of dual -gate 
MOSFETS (metal -oxide silicon field - 
effect transistors) has resulted in r -f 
front ends that are equal or superior to 
the best triode circuits of yesteryear. 
High -power versions of MOSFETs are 
also now found in amplifier output 
stages for much the same reasons that 
their lower -power, small -signal equiva- 
lents are used in r -f circuitry- because 
of their extremely linear operation and 
ability to handle wide swings of signal 
voltage without overload. 
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Fig. 2. Divergence between upper and lower curves tells you the amount of stereo 

separation provided in an FM tuner at any audio frequency. 

earlier, increasing sensitivity of 
modern tuners makes such a condi- 
tion possible at times. For example, a 
listener in Philadelphia might well re- 
ceive usable signals from New York 
as well as from Washington, and 
those latter two cities are far enough 
apart to have been assigned stations 
at the same frequency. 

A much more important reason 
for having a tuner with a good cap- 
ture ratio has to do with a pheno- 
menon known as "multipath" inter- 
ference. FM signals travel in a "line - 
of- sight" path, but they are radiated 
in all directions. If some radio energy 
reaches your antenna directly from 
the transmitter while parts of the sig- 
nal reach your antenna having first 
been reflected from or "bounced 
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off" a nearby steel structure, moun- 
tainside, or other terrain, you will be 
a multipath interference victim. 

If you stop to think about it, that 
condition is exactly the same as hav- 
ing two different signals at the same 
frequency arriving at your tuner's in- 
put. A good capture ratio will help to 
reject the weaker (reflected) of the 
two, while accepting or locking onto 
the stronger, directly received signal. 
Capture ratio is quoted in dB and, in 
this case, the lower the figure the bet- 
ter. In a superb tuner, capture ratios 
of as low as 1.0 dB or even a bit lower 
are now uncommon, while a capture 
ratio of 2 to 2.5 dB is considered ac- 
ceptable under most conditions. 

Rejecting Unwanted Signals 
There are several secondary FM 
tuner specifications that are usually 
listed on the "spec sheet" of a tuner 
product. Most of these describe the 
ability of the tuner to reject various 
signals that shouldn't be received by 
the tuner but which, to varying de- 
grees, sometimes manage to find 
their way through the tuner's com- 
plex circuitry. Included in this cate- 
gory are such specifications as "i -f 
rejection," "image rejection," "AM 
rejection" or suppression, and a 
catch -all called "spurious signal re- 
jection," the last taking care of all 
other unwanted signals. 

AM Suppression is, perhaps, the 
easiest of these specifications to 
understand. A frequency- modula- 
tion tuner should be impervious to 
amplitude modulation, and the AM 
suppression specification, quoted in 
dB, tells just how immune the tuner is 

to that unwanted form of modula- 
tion. Figures of 50 dB or better are ac- 
ceptable, with some sets providing as 
much as 60 dB of AM rejection. 

As for the remaining "rejection" 
specifications, space does not permit 
a detailed explanation of each one. 
Suffice it to say that each of these re- 
maining specifications should have 
as high a number (in dB) as possible. 

Acceptable levels for all of these re- 
maining specifications are above 60 
dB and many manufacturers claim 
and deliver rejection figures as high 
as 100 dB or more for some or all of 
the listed rejection specifications. 

Practical Buying Tips 

While understanding FM tuner speci- 
fications will certainly help you to 
pick the tuner that's right for you, it 
is a good idea to audition the tuner of 
your choice under "real- world" con- 
ditions that exist in your listening lo- 
cation. Remember, too, that to de- 
rive the best possible performance 
that your tuner is able to deliver, you, 
should equip it with a good, direc- 
tional outdoor antenna. The so- 
called antenna often packed with 
tuners and receivers (consisting of 
nothing more than a T- shaped piece 
of wire) should be looked upon as on- 
ly a temporary expedient- suitable 

for making certain that your tuner is 

operating with any sort of signal. 
If circumstances prevent your us- 

ing a good outdoor FM antenna, use 
a signal "splitter" to tie into your ex- 
isting outdoor TV antenna. 

If you can't use a TV antenna, at 
the very least get yourself one of 
those inexpensive but fairly effective 
indoor "rabbit- ears" antennas, 
whose rods can be lengthened, short- 
ened and rotated for best signal re- 
ception. Even the very costliest tun- 
ers will sound noisy and will not de- 
liver acceptable reception unless 
hooked up to a proper antenna. Con- 
versely -and this is a point worth 
thinking about -a low -cost tuner 
with just average specifications, 
hooked up to a multi -element, prop- 
erly oriented directional antenna 
may well outperform the most expen- 
sive tuner that uses a bit of wire 
thrown behind it as an "antenna." 

SURPRISE! 
You don't have to be a licensed 
ham to join ARRL and receive 
OST every month. 
Join the over 10,000 radio enthusiasts who are un- 
licensed ARRL ASSOCIATE MEMBERS, arid receive 
OST every month. It's jam -packed with articles and 
columns on ham -DX, VHF -UHF, "Making Waves" - for young hams, radio clubs, emergency com- 
munications, antennas and simple build -it yourself 
projects up through the cutting edge of communi- 
cations technology. We hope to have you as 
a member! 

MEMBERSHIP APPLICATION 
Name 
Street 
City Prov. /State PC /Zip 

Yes! Sign me up as an ARRL member. Send me 12 big issues of OST and 
my membership certificate. Enclosed is $25 ($33 outside of the US). 
Please send me information on how to become a licensed radio amateur. 

Expires 
Bank. No Expires 

The American Radio Relay League 
225 Main St. Newington, CT. 06111 USA 

ME 
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Design Applications 

Designing Active Filters 
Part 1 

A short -cut method for practical design of 
first- through- third -order active filters 

By R. Fleischman 

Active filters are among the 
most important circuits 
used in modern electronics. 

They're used in every type of equip- 
ment where signal bandwidth must 
be kept within specified limits to as- 
sure proper operation. In this article, 
we'll explore how to design active 
filters, using a number of examples 
to show you how to quickly design 
circuits to suit virtually any need. 

Covered in the first installment of 
this two -part article are general filter 
basics and how to design first -order 
active filters, selecting component 
values based on those of a time -sav- 
ing reference circuit. So if you'd like 
to experiment with active filters but 
don't know where to start, dig in. 
While this article won't tell you 
everything you need to know about 
designing active filters, it should 
point the way. 

The Basics 

Passive filters can be made up of re- 
sistive- capacitive (RC) resistive -in- 
ductive (RL) and resistive- induc- 
tive -capacitive (RLC) elements. De- 
signed in this passive manner, such 
filters suffer from insertion loss. To 
obviate this, you can combine any 
passive filter network with an ampli- 
fier to obtain an active filter. The ac- 
tive filter gives you a number of ad- 
vantages. These include: better con- 
trol over the response shape; signal 
gain instead of insertion loss; and 
elimination of the need for induc- 
tors, allowing you to build smaller, 
more cost -effective filters than is 
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Fig. 1. Amplitude-vs.-frequency plots of the three basic types of filters. 

possible with passive designs. 
The easiest and most economical 

way to design gain into an active fil- 
ter is with an operational -amplifier 
integrated circuit, rather than a dis- 
crete- component amplifier. This be- 
ing the case, our discussion will focus 
on IC op -amp active filters. 

Whether passive or active, filters 
are commonly referred to by their 
"order," which refers to the degree 
of rolloff they exhibit beyond the de- 
sign cutoff frequency. A first -order 
filter has a rolloff slope of 6 decibels 
per octave (dB /octave), or 20 dB /de- 
cade beyond cutoff. Similarly, a sec- 

ond -order filter has a slope of 12 dB/ 
octave or 40 dB /decade, while a 
third -order filter's slope is 18 dB /oc- 
tave or 60 dB /decade. 

These figures hold true for the re- 

sponse of each type of filter network 
for a decade or so beyond cutoff. 

Any second -order low -pass filter 
network with a 1 -kHz cutoff fre- 
quency will eventually reach a slope 
of 40 dB /decade by the time the fre- 
quency reaches 10 kHz or so. The 
slope the filter eventually gets to, 
long after cutoff, is called the ulti- 
mate slope. But its slope just beyond 
cutoff -say at about 1.5 to 2 kHz in 
our example -might be either more 
or less than that, depending on what 
type of filter is being used. 

Filters are also classified accord- 
ing to the shapes of their response 
curves and their phase shift. Re- 
sponse shape refers to the degree of 
flatness throughout the passband 
and the degree of rolloff slope just 
beyond the cutoff frequency. Phase 
shift is the amount by which the 
phase angle of the signal as it passes 
through the filter changes with a 
change in frequency. 
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RIN 51111 

Fig. 2. A first- order, low-pass, unity - 
gain active filter. 

Bear in mind that every filter type 
represents compromises. To obtain 
the benefits of a given type of filter, 
you must put up with its disadvan- 
tages. Let's review the advantages 
and disadvantages of the three basic 
filter types: 

Bessel (also known as a "mini- 
mum- phase ") filter -least amount 
of phase shift; early rolloff and slow 
rolloff near cutoff. 

Butterworth filter- flattest pass - 
band; only moderately good rolloff. 

Chebychev filter- steepest roll - 
off slope near cutoff; exhibits pass - 
band ripple and the worst phase -shift 
characteristic of the three filter types. 

In Fig. 1 are plots that graphically 
show comparisons of the amplitude 
responses of the second -order ver- 
sions of the three basic filter types. 
Using the Butterworth filter as the 
standard for comparison, you can 
see that the Chebychev filter has the 
steepest slope and the Bessel filter 
has the most gradual slope in the re- 
gion just beyond cutoff. Despite the 
differences in initial slope, all three 
filters eventually reach the same ulti- 
mate slope, with the rolloffs straight- 
ening out into parallel lines that drop 
forever after at a 40 -dB /decade rate. 
Again, compared to the Butterworth 
filter, the Chebychev filter suffers 
from a peak (usually called "rip- 
ple") in its passband, while the Bes- 
sel filter actually begins to roll off 
prematurely, resulting in a slight re- 
sponse depression some distance into 
the passband. 

The main advantage of the Bessel 
filter can't be seen in Fig. 1, because 
it doesn't show up in an ampli- 

tude- versus -frequency plot. Exhibit- 
ing the least phase shift and best 
transient response, it's the only filter 
that doesn't "ring" appreciably 
when subjected to pulse or square - 
wave inputs. 

First -Order Filters 
Simplest in design, the active first - 
order filter uses an RC network at 
the input of the op amp, plus a feed- 
back resistor from the op amp's out- 
put back to its input. Shown in Fig. 
2, this circuit's RC input network is 

followed by a unity -gain op -amp 
buffer. (See the "Unity Gain" box 
for more details.) 

It's easy to calculate the cutoff fre- 
quency of the first -order active filter, 
using the formula Fc = 1/(6.28 x 
Rin x Cin). If you already know the 
filter's cutoff frequency and wish to 
know the value of either network 
component, you can rearrange the 
formula so that Rin = 1/(6.28 x 
FcCin) or Cin = 1 /(6.28FcRin) In 
all cases Rin is the input resistance, 

Unity Gain 
Over the flat part of a filter's re- 

sponse curve, the unity -gain circuit de- 
livers an output voltage (Vout) equal to 
the Input signal voltage (Vin). There- 
fore, with Vin/ Vout = 1, gain is said to 
be unity. Another way of stating this is 

that the filter does nothing to change 
the amplitude of the signal over the 
range of frequencies it passes. 

An op amp can be forced into unity 
gain simply by connecting a wire direct- 
ly from its output back to its inverting 
( - ) input. However, if the output off- 
set voltage must be minimized, a resis- 
tor should be used in place of the wire. 
The resistor's value should be the same 
as that of the input resistor to the non - 
inverting ( + ) input. The wire feedback 
link causes only a few millivolts output 
offset, though, which is usually not a 
prolem, except in critical applications. 

Cin is input network capacitance, 
and Fc is the cutoff frequency. Un- 
less you're using a wire for the feed- 
back link, the values of feedback re- 
sistor Rf and input- network resistor 
Rin should be about the same. 

Construction Hints 

By far the best way to build an active 
filter to check out its operation after de- 
signing it on paper is to assemble it on a 
solderless breadboarding socket. Such 
a breadboard facilitates quick assembly 
and makes circuit revisions easy to per- 
form. It has standard 0.1 " IC hole spac- 
ing to fit dual in -line package (DIP) op- 

Inverting input ( -) 

Noninverting input ( +) 

-15V 

4-15V 

Output 

Pinouts for 741 and LM318 op amps. 

amp ICs. A solderless breadboarding 
socket only 4" long will easily accom- 
modate first- and second -order filters. 
For third -order filters, however, you're 
better off using a 6 "long socket. 

For convenience in laying out the cir- 
cuit, it's a good idea to use single op- 

amp ICs, rather than dual or quad de- 
vices. This tends to spread things out a 

bit, but it also permits the circuit to be 
laid out to physically resemble the sche- 
matic diagram for easier wiring and 
troubleshooting. 

For the sake of economy, use inex- 
pensive 741 op amps when maximum 
cutoff frequency is 8 kHz and output 
signal swing is no more than 10 volts 
peak. If these limits are exceeded, the 
741's maximum slew rate of 0.5 volt per 
microsecond causes waveform distor- 
tion. The LM -318's 80- microvolt per 
microsecond slew rate makes this much 
the superior device. Of course, there are 
a wide variety of other IC op amps you 
can use in your active -filter circuits, 
ranging from the very economical to 
quite expensive. 

The 741 and the LM318 have the 
same pinout (see drawing) and, there- 
fore, can be used interchangeably, de- 
pending on the level of performance re- 
quired. 
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Let's do some design calculations. 
Assume you want the value of Rin 
and Rf to be 10,000 ohms and Fc to 
be 1 kHz. Using this information, 
calculate input- network capaci- 
tance: Cin = 1/(6.28 x 1000 x 
10,000) = 0.0159 microfarad. The 

data for and result of this calculation 
are worth remembering. Even though 
you won't always want a 1 -kHz cut- 
off frequency, you can use these 
values (Fc = 1 kHz, Rin = 10,000 
ohms and Cin = 0.016µF) as a "ref- 
erence" that can save a lot of work in 

Plotting a Filter's Response 

Osci lato r O Cou nter Filwr Oscilloscope 

Test setup for plotting the response of a newly designed active filter. 

Once you've designed and built a fil- 
ter, you can "proof" its performance 
by plotting its response curve. For this, 
you need the test setup shown in the 
drawing and four -cycle semilog graph 
paper. Make sure your test setup is as 
shown. Then set the generator to some 
convenient input level (2 volts is good) 
and keep it there for all subsequent 
measurements. 

On a sheet of paper, write down the 
type and order of the filter you've de- 
signed and the legend "Vref" Just un- 
der this, write down the headings for 
four columns, labeling them F, Vout, 
Vout /Vref and dB. 

Start your test by sweeping the gener- 
ator's frequency control until you find 
the highest amplitude in the filter's re- 
sponse, as indicated on the oscillo- 
scope's screen. (For a Butterworth or 
Bessel filter, this occurs at some fre- 
quency well into the filter's passband; 
for a Chebychev filter, it will be the top 
of the "bump" in the curve.) When you 
locate the highest point in the response 
curve, write it down next to the Vref on 
your sheet. 

Beginning well into the passband, 
take a series of amplitude measure- 
ments, stepping in frequency toward 
Fc. Continue on into the stopband 
rolloff. Each time you change frequen- 
cy, measure the generator's output 
voltage and, if necessary, adjust the 
generator's output amplitude control 
to maintain the same input voltage to 
the filter at all times. If you fail to do 
this, all your measurements will be 

meaningless. Make a note of each 
change in frequency in the column 
headed "F," and then fill in the 

"Vout" and "Vout /Vref" columns. 
Try to choose generator frequencies 

that can be accurately located on the 
graph paper. The reason for this is that 
it's almost impossible to "eyeball" 
nonstandard frequencies on semilog 
paper. 

Take enough readings to assure that 
the graph paper will be densely filled 
with plotted points, particularly near 
cutoff. You need fewer points at the 
frequency extremes. Beyond cutoff, 
keep working until the output voltage 
from the filter becomes too low to mea- 
sure accurately. 

When all measurements have been 
entered on your chart, you're ready to 
convert them to decibel (dB) values 
with the formula: Gain in dB = 20 

log(Vout /Vin) Enter the results in the 
"dB" column of your chart. 

Label the Y axis of your graph paper 
so that 0 dB is one major division down 
from the top. Then label the X axis ap- 
propriately for the frequency range 
covered in your test. Transfer the infor- 
mation contained in your chart onto 
your graph paper in the form of dots at 
the appropriate X and Y coordinates. 
Then connect the plotted dots with a 
smooth -flowing line. 

You now have a plot of the frequen- 
cy- versus -amplitude characteristics for 
your particular filter. It's a good idea to 
make a plot for every filter you design 
and build. 

the future when designing almost 
any filter. 

To see how this works, let's try an- 
other example. This time, let Fc = 
500 Hz and Rin = 10,000 ohms. 
With this data, Cin becomes approx- 
imately 0.032 F. Since 10,000 ohms 
is a practical value for Rin and unity 
gain is often desired, you need only 
scale the value of Cin as needed. 

Notice that by halving the cutoff 
frequency you've doubled the value 
of Cin. This suggests that you could 
have gotten the same answer more 
easily simply by scaling Cin in the 
same scale -down ratio for Fc. This 
ratio works out to (1000 /500) = 2. 
You now simply multiply the ratio by 
the value of Cin at 1 kHz to obtain 
the result: 2 x 0.016 µF = 0.032 µF. 
This tells you that Fc is always in- 
versely proportional to Cin (and 
Rin). Once you know this, your de- 
sign work is considerably reduced. 

Before moving on, let's use one 
more example. This time, let's say 
you want to use a 0.02 -µF capacitor 
you have on hand in a filter whose 
cutoff frequency is to be 1 kHz. 
Again, the easy approach is to begin 
with the reference filter. Since Fc is 

to be 1 kHz, you must keep the RC 
product constant. Because you're in- 
creasing Cin from 0.016 to 0.02 µF, 
Rin must decrease such that Rin = 
10,000(0.016/0.02) = 8000 ohms. If 
you should now want to change Fc to 
2 kHz, you simply rescale to obtain 
the value: Rin = 8000(1000/2000) _ 
4000 ohms. That's all there is to it! 

There are many combinations of 
Rin and Cin values that will work for 
a given Fc. Scaling gives you an easy 
way to find the most convenient 
combination for your needs. 

Coming Next Month 
Up to this point, we've been discuss- 
ing first -order active filters. Next 
month, in the conclusion of this arti- 
cle, we'll zero in on second- and 
third -order filters and finish up with 
recommendations for obtaining fur- 
ther information. AE 
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Project 

A Discrete-Component 
uenc Op Amp Hi h -Fre g q y 

Gives good performance at frequencies to 4 MHz and beyond 

By Duane M. Perkins 

Operational amplifiers have 
become extremely popular 
in low -cost integrated- circuit 

form. However, even with enormous 
incentives for designers and experi- 
menters to use IC op amps, there are 
times when an op -amp circuit made 
with discrete components is the only 
way to implement a practical circuit. 
A typical example of this is when one 
needs an op -amp circuit to operate in 
the megahertz range. Most IC op 
amps cannot deliver the required per- 
formance if the frequency goes much 
beyond about 1.5 MHz. 

In this article, we'll explore the de- 
sign of a simple discrete -component 
op amp you can build and its advan- 
tages and limitations. You'll find this 
circuit useful when operation to 4 

MHz and beyond is needed. 

The Basic Circuit 
If you've ever examined the schematic 
diagram of the internal circuit of a 
typical IC op amp, you'll probably 
think the circuit of the discrete -com- 
ponent version shown in Fig. 1 is 

much too simple to be practical. How- 
ever, the performance of this circuit is 

adequate for a wide variety of high - 
frequency applications. The circuit's 
open -loop dc gain is greater than 35 
dB, with rolloff beginning at about 
350 kHz at a 20 -dB per decade rate. 

Gain at 3.5 MHz is typically about 
15 dB, as shown in Fig. 2. Compare 
this with a high -performance LF353N 
IC op amp that has a specified gain- 

bandwidth product of 4 MHz. Gain of 
the LF353N at 3.5 MHz would be 
slightly greater than 1 dB, which is 

much less than adequate for most 
applications. 

Of course, a discrete -component op 
amp has limitations not found in IC 
op amps. For example it's designed 
for a specific tightly regulated supply 
voltage. Open -loop dc gain doesn't 
approach that of most IC op amps. 
Also, careful adjustment of a trimmer 
control is required for minimum off- 
set voltage. So this type of op amp 
should be considered only if these 
limitations aren't serious handicaps 
and the frequency limitation of the 
available ICs make them inadequate 
for a given need. 

Aside from these limitations, the 
Fig. 1 circuit functions as a typical op 
amp that has the V + , V - , inverting 
( -) input, noninverting ( +) input, 
and output terminals required of an 

Inve tiny 
input 

Noninverting 
input 

R1' R2 

1K 

+Vss 

Q3 
2N3906 

Output 

R4 
1K 

R1 > (Vss + Vs) /0.0026 
R1 < [(Vss - Vs /0.0026] - 1000 

Where Vs results in ID2 = 1.3 mA 

Vss 

Fig. 1. A basic discrete -component 
operational amplifier you can build. 

op amp. Note that there's no ground 
connection when the circuit is used 
with a split power supply. The stan- 
dard op -amp symbol shown in Fig. 3 

Fig. 2. Typical gain /frequency curves. 
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applies as much for the discrete -com- 
ponent as it does for the IC op amp. 

During the design stage, the values 
of RI and R2 are selected and adjusted 
so that Q2 draws just enough base cur- 
rent from Q3 to set the output voltage 
at the midpoint between the voltages 
at the supply terminals when both in- 
puts are at the same level. This level is 

at ground potential when a split sup- 
ply is used. 

Since the base voltage of Q3 re- 
mains essentially fixed, any change in 
current through Q2 changes Q3's base 
current by an equal amount. This will 
be amplified by a factor equal to the 
beta (ß) of Q3. the output voltage will 
change by an amount equal to the 
change in Q3's collector current 
multiplied by the value of R4. 

Transistors Ql and Q2 are mutual- 
ly coupled through resistors Rl and 
R2. If one output is held fixed and a 
signal is applied to the other, the cur- 
rents through Ql and Q2 will vary in 
opposite directions, tending to hold 
source terminal voltage Vs constant. 
Because coupling depends on a change 
in source voltage, Vs must vary to 
some extent, but at a much lower 
amplitude than the input signal. 

Assuming that the transconduc- 
tances (Gm) of Ql and Q2 are equal, 
the amplitude of the input must be 
more than twice that of Vs for the 
source -to -gate voltage of the input 
transistor to exceed that of the tran- 
sistor with a fixed gate voltage. Ac- 
cordingly, negative feedback resulting 
from the signal at Vs must be less than 
50 percent. Signal currents through 
QI and Q2 will be approximately 
equal, and the signal current through 
R4 will be in -phase with the signal cur- 
rent through Q2. The input voltage 
will be greatly amplified. 

If the same signal is applied to both 
inputs, the signal currents through Ql 
and Q2 will be in -phase, and Vs will 
follow the input signal. The resulting 
negative feedback will be much 
greater (nearly 100 percent), and the 
signal current through Q2 will be 
much less. The input signal will be 

Inverting input >--4.7_,] 
Output 

Noninverting input> ' 

u 

Fig. 3. The standard op amp symbol. 

amplified, but to a much lesser degree 
than it would if one input were held 
constant. 

The Fig. 1 circuit is essentially a dif- 
ferential amplifier. That is, it 
amplifies a differential signal much 
more than it does a common input 
signal. This effect is called com- 
mon -mode rejection. The ratio of the 
differential open -loop gain divided by 
the common -mode gain is called the 
common -mode rejection ratio (or 
CMRR). Although it is not nearly as 
great as the typical figure for an IC op 
amp, it's quite effective, measuring 

Fig. 4. Actual -size etching- and -drilling 
and components placement guides. 

about 24 dB when Vss is ± 12 volts. As 
Vss is reduced, the resistance of RI 
or /and R2 must also be reduced, 
resulting in less coupling between QI 
and Q2 and a smaller CMRR. 

Construction Considerations 
The op amp can be built as part of the 
circuit in which it is to be used. Al- 
ternatively, it can be built as a separate 
module that can be plugged into a 
solderless breadboard, or it can be 
connected into a circuit using Wire 
Wrap or printed- circuit board con- 
struction. If the last, you can use the 
actual -size etching- and -drilling guide 
shown in Fig. 4 to fabricate your own 
pc board. If several op -amp circuits 
are needed, several pc boards can be 
etched on a large copper -clad blank 
and be cut apart as needed. Wire the 
board(s) according to the instructions 
given in the components -placement 
diagram, also shown in Fig. 4. 

Because of the high open -loop gain, 
keep in mind that oscillation may oc- 
cur in the op -amp circuit if there is lit- 
tle negative feedback and even a small 
amount of positive feedback to the 
noninverting input through stray 
capacitance. The pc layout shown in 
Fig. 4 minimizes this possibility by 
isolating the noniverting input from 
the output. 

The MPF -102 or similar field- effect 
transistors used for QI and Q2 in the 
op -amp circuit must be closely 
matched. This selection is facilitated 
by the circuit shown in Fig. 5. This cir- 
cuit can be quickly assembled on a 
solderless breadboard. 

When using the Fig. 5 circuit, adjust 
the 10,000 -ohm potentiometer for a 
1.3 -volt drop across the 1000 -ohm 
drain resistor. This gives a 1.3 -mA 
drain current. Measure the voltage at 
the source terminal, which is the 
source -to -gate voltage required for 
proper op amp operation. The two se- 
lected FETs must pass approximately 
the same current with equal source -to- 
gate voltages. This current must be 
about 1.3 mA to cause about a 
0.6 -volt drop across R3. 
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FET 
1.3V 

G 
1K 

5 to 12V 

Fig. 5. Test circuit for comparing 
FETs to obtain a matched pair. 

Current through RI and R2 will be 
about 2.6 mA. This must produce a 

drop that exceeds the negative supply 
voltage by the amount of the source - 
to -gate voltage required for a current 
of 2.6 mA. Accordingly, the sum of 
the resistances of RI and R2 is deter- 
mined principally by the supply volt- 
age. For a ± 12 -volt supply, 5200 
ohms will be about right for typical 
FETs, setting the source -to -gate po- 
tential at 1.5 volts. 

The value of R2 should be 1000 
ohms to permit adjustment over a 
range of ± 1.3 volts. If RI's value is 

4700 ohms, for a drain current of 1.3 
mA, Vs must be well within the range 
of 0.22 to 2.82 volts. As a general rule, 
calculate RI's value as half the dif- 
ference between the voltages at the 
supply terminals divided by 2.6 mA. 
Select the standard value of resistance 
nearest to the calculated value but 
scale it upward or downward, depen- 
ding on how much addLtional 
resistance is needed when taking into 
consideration that R2 adds up to 1000 
ohms to the overall resistance. 

Once R2 has been properly adjusted 
for a given supply voltage, further ad- 
justment shouldn't be necessary, pro- 
vided the supply voltage remains un- 
changed. To set R2, connect the op 
amp to a split supply and ground both 
inputs. Adjust R2 to obtain an output 
voltage near ground potential. A slow 
drift will be observed as the transistors 

(Continued on page 94) 

VIN 

VIN 

R2 

V- 

Voltage Follower 

Vout = yin 

R1 

Inverting Amplifier 

Vout = Vin (R1 /R2) 

VOUT 

VOUT 

VIN 

Vi 

V2 

R2 

Iri R1 

Noninverting Amplifier 

Vout = Vin [1 + (R1 /R2)] 

100K 

100K 

100K 

101 
Difference Amplifier 

Vout = V2 VI 

100K 

Vou T 

VOU T 

Fig. 6. Examples of op -amp linear amplifiers. 

12 4- 
D 

Q1 

Vss 
MODE SWITCH 

DIFFERENTIAL 

Differential Mode 

COMMON 
VIN 

ATHEMATICAL ANA 

Common Mode 

Ail = Gm AVs AI1 = Gm (AVin AVs) 
AI2 = Gm (AVin AVs) AI2 = Gm(AVin AVs) 
AVs = R(AII + AI2) AVs = R(AI1 + M2) 
AVs = GmR(AVin 2AVs) AVs = 2GmR(AVin AVs) 
AVs(1 + 2GmR) = GmRAVin AVs(1 + 2GmR) = 2GmR Vin 
AVs = AVin[GmR/(1 + 2GmR)] AVs = AVin [2GmR(I + 2GmR)] 

Common-Mode Rejection Ratio 

CMRR 
AVin AVs (differential) 

AVin AVs (common) 

CMRR 1 [(GmR)/(1 + 2GmR)] 
I [(2GmR)/(1 + 2GmR)] 

Say You Saw It In Modern Electronics June 1986 / MODERN ELECTRONICS / 63 



Project 

Add a Speakerphone to 
Your Telephone 

(Conclusion) 

Adds an Electronic Ringer and Touch Tone Dialer 
to the Speakerphone or any other telephone 

By Anthony J. Caristi 

Last month in Part 1 of this 
article, we told you how to 
add hands -free talk /listen 

capability to an existing telephone in- 
strument with the Speakerphone ac- 
cessory. In this concluding install- 
ment, we describe how to add a Touch 
Tone dialer /electronic ringer to give 
your Speakerphone stand -alone com- 
munications capability. 

Though the dialer /ringer has been 
designed specifically for use with the 
Speakerphone, it can also be used to 
supplement an existing telephone in- 

strument to provide Touch Tone dial- 
ing and electronic ringing independent 
of the instrument's built -in facilities. 

Used alone, the accessory provides 
true Touch Tones for originating calls 
from any telephone line and a pleasant 
telephone bell ringing sound to an- 
nounce incoming calls. Add it to the 
Speakerphone, and you have a com- 
plete state -of- the -art telephone that 
can be used anywhere you can run a 
pair of telephone line wires. 

This dialer /ringer can be used with 
most telephone services, too, includ- 
ing MCI, Sprint and others. It gets its 
power directly from the telephone 
line, so there's never any need to 
change batteries or provide an ac 
power supply. It's also easy to build 
and low in cost. 

About the Circuit 
As shown in Fig. 1, the accessory con- 

sists of independent Touch Tone 
dialer and electronic ringer sections. 
Each section is complete by itself, and 
is built around its own separate inte- 
grated circuit. 

A Texas Instruments TCM5087N, 
identified as ICI, is at the heart of the 
Touch Tone dialer circuit. Power for 
this specialized IC is taken from the 
telephone line by diode bridge DI 
through D4. Zener diode D5 regulates 
the bridge output so that no more than 
13 volts reaches ICI. 

When the dialer circuit is connected 
to the telephone line, current through 
D5 places the line in the "off- hook" 
condition. This signals the telephone 

company's central office equipment 
to put a dialtone on the line. 

Contained within IC/ are an oscil- 
lator, two independent divider sec- 
tions and logic circuitry that controls 
the division ratios of the dividers ac- 
cording to the buttons pressed on the 
keypad. Oscillator frequency is de- 
termined by external crystal XTAL. 
The crystal -controlled oscillator 
operates at the 3.579 -MHz TV color - 
burst frequency, obtained by a com- 
monly available, inexpensive crystal. 

Touch Tone dialing uses one fre- 
quency tone from a high band and one 
from a low band each time a button on 
the keypad is pressed. Each divider 
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section in ICI generates a specific fre- 
quency. Low -band frequencies range 
from 701 to 935 Hz, and high -band 
frequencies are from 1216 to 1645 Hz. 

Pressing a button on the keypad se- 
lects the appropriate frequency pair 
for that button (each of which is 

assigned its own unique frequency 
pair). Pressing any given button shorts 
together one of the four "row" wires 
(R1 through R4) and one of the "col- 
umn" wires (C1 through C3). Logic 
circuitry inside the chip senses the 
specific row and column wires that are 

shorted together for any given button 
and sets each divider to the proper 
division ratio to produce the required 
pair of frequencies for the button 
pressed. The output signal at pin 16 of 
IC/ is amplified by Q1 before delivery 
to the telephone line. 

Electronic ring detector 1C2 is 

another specialized chip, this one de- 
signed to detect and announce (via an 
external sounder) presence of a ring 
signal on the telephone line. Except 
for external timing components and 
piezoelectric transducer TR1, the en- 

tire circuit for this section is contained 
inside 1C2. This chip processes the 
90 -volt, 20 -Hz ring signal by first rec- 
tifying it to a dc voltage, which is then 
used to power the internal oscillator 
and divider. 

The divider inside IC2 switches 
back and forth at a low repetition rate 
so that the divided oscillator signal 
becomes two distinct high and low 
audio frequencies, called the low and 
high tones. The "warble" tone 
switching frequency is about 13 Hz. 
These frequencies produce electronic 

Fig. 1. Complete schematic diagram of the 
ringer /dialer accessory. 
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NOTE: 
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1 C5 
1µF 

R4 
1.8K 

TR1 

R2 
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Semiconductors 
D1 thru D4- 1N2069 or similar silicon 

diode 
D5-1N4743 or similar 13 -volt zener di- 

ode 
IC 1- TXM5087 integrated circuit (Tex- 

as Instruments) 
IC2- MC34012 -1 integrated circuit 

(Motorola) 
Q1- 2N3904 transistor 
Capacitors 
C1,C3- 0.001 -µF, 25 -volt ceramic 
C2 -1 -oF, 250 -volt electrolytic or My- 

lar (see text) 

13 

12 

16 

IC1 

TCM5087N 

3 

R1 

R5 1 C3 

180K .001µF 

R2 

R3 

R4 

1 

4 

7 

2 3 

5 6 

8 9 

0 # 

Cl C2 C3 

PARTS LIST 

L XTAL t 3.579MHz 

C4- 4.7 -oF, 25 -volt electrolytic 
C5 -1 -µF, 10 -volt electrolytic 
Resistors (1/ -watt, 10% tolerance) 
R1 -180 ohms 
R2- 10,000 ohms 
R3 -4700 ohms 
R4 -1800 ohms 
R5- 180,000 ohms 
Miscellaneous 
TR1- Piezoelectric transducer (Radio 

Shack Cat. No. 273 -069 or similar) 
XTAL- 3.579 -MHz TV color -burst 

crystal 
Industrial Electronic Engineers Inc. 

Keypad 
3X4 
matrix 

« C4 
14.7,u F 

Type KS 2585 or similar 3 x 4- matrix 
telephone keypad (see text); spst 
switch; printed- circuit board or perf- 
orated board and soldering hardware; 
suitable enclosure (see text); telephone 
cord with modular plug; machine 
hardware; hookup wire; solder; etc. 

Note: The following items are available from 
A. Caristi, 69 White Pond Rd., Waldwick, 
NJ 07463: Etched and drilled pc board 
for $6.75; TXM5087 IC for $7.50; 
MC34012 -1 IC for $5.50. Add $1.00 S&H. 
New Jersey residents, please add sales tax. 
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ICI 

Fig. 2. Actual -size etching -and- drilling guide to use for 
fabricating your own printed- circuit board. 

signals that sound like an old -fash- 
ioned telephone bell whose clapper 
strikes two different- sounding bells. 

Construction 
This dialer /ringer is very simple in 

design from a component -count point 
of view. It can be assembled on a small 

printed- circuit board or on perforated 
board with appropriate soldering 
hardware. If you wish to fabricate 
your own pc board, you can use the 
actual -size etching- and -drilling guide 
shown in Fig. 2. Alternatively, you 
can purchase a pc board ready for 

o XTALd 

o-D5-oK 
O--R1-0 

O 0 0 
C1 N 
U U U 

0 0 0 0 
V N 
¢ ¢ ¢ ¢ 

Cr K 
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6 ò 
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Ti 
o-R3-o 0 

T2 
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TRI 

I C 2 

o± C4 --o 
0-05 -0 
o-R4-o 

N 
U 

Fig. 3. Use this diagram as a guide to component placement 
and orientation when wiring the pc board. 

component installation from the 
source given in the Parts List. 

Shown in Fig. 3 is the components - 
placement- and -orientation diagram. 
Use this as an installation guide when 
wiring the pc board and as a guide to 
perf -board layout. Whichever wiring 
technique you elect, use sockets for 
the ICs. As you install each compon- 
ent -and before you solder its leads or 
pins to the pads on the board -double 
check each for value, part number and 
proper orientation. Wire the board ex- 

actly as shown, but do not install the 
ICs in their sockets just yet. 

YELLOW No 
o connection 

+ GREEN 

Electronic ringer and 

Touch Tone dialer 

0- 
ON 

BLACK No 
o connection 

T2 

Fig. 4. The wiring scheme for mating the dialer /ringer ac- 

cessory to telephone line and Speakerphone project. 

Fig. 5. The wiring scheme for using the dialer /ringer ac- 

cessory with an existing telephone instrument. 

Note than C2 must have at least a 
250 -volt rating to bear up to the up to 
125 volts that can appear on the tele- 
phone line. You can use either a po- 
larized electrolytic capacitor or an un- 
polarized paper or Mylar capacitor. If 
you use the former, be sure to install it 
in the polarity shown in Fig. 3. 

The keypad is a common 7 -wire 
matrix type that has 12 single -pole, 
normally -open switchers and no com- 
mon wire. If your keypad has a com- 
mon wire, ignore it. The keypad used 
in this project must short only one row 
wire to only one column wire for any 

YELLOW No 

connection 
a + GREEN 

a 

o 

Speakerphone 

R 

Electronic ringer and 
Touch Tone dialer 

RED 

BLACK No 
o connection 

T1 

T' 

R 
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given button pressed. Use the keypad 
specified in the Parts List or salvage 
one from a low -cost telephone. 

If you plan to use the dialer /ringer 
accessory with the Speakerphone, re- 
fer to Fig. 4 to wire it to the existing 
modular plug and Speakerphone cir- 
cuit. However, if the accessory is to be 
used as a separate unit, use the wiring 
scheme shown in Fig. 5. Note that in 
Figs. 4 and 5 the electronic ringer cir- 
cuit is connected across the telephone 
line at all times and that the Touch 
Tone dialer is switched on, via the spst 
POWER switch shown, only when the 
telephone line is in use. 

Be sure to use a modular plug to 
make the connection to the telephone 
line. Such a plug makes it easy to con- 
nect the dialer /ringer to and discon- 
nect it from the telephone line and is 

actually an FCC requirement for any 
telephone accessory. When used with 
the Speakerphone, the dialer /ringer 
requires only one modular plug 

You can install the dialer /ringer ac- 
cessory in the Speakerphone's cabinet 
if there's room enought for it. A good 
alternative, and the approach you 
must use when using the accessory 
with an existing telephone instrument, 
is to house it in a small box of its own. 
If you do the latter, be sure to drill a 
number of holes in the box near where 
the TRI transducer is mounted to 
allows the sound to escape. 

Checkout and Use 
Before you install the ICs in their 
respective sockets, use a dc voltmeter 
to check out the dialer /ringer. First 
plug the project's modular plug into 
the telephone line and set the POWER 

switch to ON. (See Figs. 4 and 5 for the 
location of the POWER switch.) Mea- 
sure the dc voltage between pins 1 and 
6 of IC] (positive meter lead to pin 6). 
You should get a reading of 12 to 14 

volts. Then measure the voltage bet- 
ween pins 2 and 3 of IC2 (common or 
negative meter lead to pin 3). It should 
now be essentially zero. 

Disconnect the meter leads from the 
circuit and the modular plug from the 

telephone line. If you obtain the prop- 
er meter readings, install the ICs in 
their respective sockets. Make sure 
when you do so that the ICs are prop- 
erly oriented and that no pins bend 
under as you push them home. 

With both ICs installed, reconnect 
the project to the telephone line and 
set the POWER switch to ON. Using a 
telephone instrument or the Speaker- 
phone connected to the same line, 

listen to the Touch Tones as you dial a 
number with the accessory's keypad. 
When the party being called answers, 
have him or her call you back so that 
you can check out operation of the 
electronic ringer circuit. Note that the 
POWER switch must be set to OFF and 
you must hang up the telephone's 
handset to free your line for an incom- 
ing call when using the dialer /ringer 
accessory with the Speakerphone. Aff 
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Project 

This is Your Computer 
Speaking 

A plug -in board that lets your personal computer 
verbalize human - sounding speech 

By Barry L. Ives 

There's an easy way to get your 
computer to talk to you. All 
you need is a General In- 

struments SP0256 -AL2 Allophone 
Processor, a handful of components 
and a bit of patience. The speech pro- 
cessor chip is available from a variety 
of sources, including Radio Shack. 
It's used here in a circuit that plugs in- 
to the Commodore 64's User Port to 
give you access to the 64 speech 
allophones required to synthesize any 
English word. Although the construc- 
tion information in this article is for 
the C -64, this chip can also be used 
with most other personal computers. 

The speech processor's audio out- 
put is fed back into the computer's 
audio /video port, filtered through the 
computer's SID sound device and 
amplified by the usual audio ampli- 
fier, TV receiver or monitor. Simple 
BASIC programming is sufficient for 
using the project, as only 10 to 12 

bytes per second are needed to pro- 
duce intelligible, if somewhat me- 
chanical- sounding, words, phrases 
and sentences. 

Unlike some other speech- synthe- 
sizer chips that convert English spell- 
ing directly into vocalized speech, the 
SP0256 -AL2 generates speech sounds 
called "phonemes." Since some 
phonemes sound a little different in 
different words, several variations of 
these are included in the processor's 
internal ROM. For practical pur- 
poses, a series of allophones, or 
phoneme variations, is required to 
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Q 1 
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Audio Video 
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Fig. 1. Schematic diagram of the plug -in speech - processor module. 

make a complete word or phrase. (The 
64 allophones programmed into the 
SP0256 -AL2 are listed in the Table.) 
If you wanted to have the computer 
vocalize the word "hello," for exam- 
ple, you would program it to link 
together the allophones HH, EH, LL, 
AX and OW. 

About the Circuit 
As you can see from the schematic 
diagram shown in Fig. 1, in terms of 
component count, the circuit for the 
speech synthesizer is very simple. 
Though the actual circuitry required 
for synthesizing speech is very com- 
plex, it's all contained within the ICI 

PARTS LIST 

Cl ,C2 -22 -pF mica or disc capacitor 
ICI- SP0256 -AL2 speech synthesizer 

processor (General Instruments; 
Radio Shack Cat. No. 276 -1784) 

PI -12/24 -pin edge connector 
P2 -5 -pin DIN plug (Radio Shack Cat. 

No. 274 -003) 
SI -Spst normally -open pushbutton 

switch (optional; see text) 
XTAL- 3.12 -MHz crystal 
Misc. -Plug -in board (Radio Shack Cat. 

No. 276 -154); 12/24 -pin pc board edge 

connector; 5 -pin DIN plug (Radio 
Shack Cat. No. 274 -003); hookup 
wire; solder; etc. 
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Fig. 2. Assembly details the of speech - 
processor board with the User Port 

connector. 

processor chip. To complete the cir- 
cuit, only three external components 
are needed: capacitors Cl and C2 and 
crystal XTAL. 

In Fig. 1 is also shown an optional 
RESET switch (SI) in the circuit. Incor- 
porating S1 into the circuit provides a 
convenient means for resetting the 
computer and speech processor with- 
out having to turn off the computer. 

Power for the circuit comes from 

the computer itself, via pin 2 of the 
User Port. 

Construction 
Because the project contains so few 

components, construction is simple 
and straightforward. No printed - 
circuit board is required, nor is there 
much in the way of soldering. Also, 
you don't even have to machine a case 
in which to house the circuitry. 

Use of a 22/44- finger printed - 
circuit prototyping board greatly 
simplifies construction. With a 
hacksaw, modify the board by cutting 
away the three fingers (lands) at both 
ends, as shown in Fig. 2. Then solder 
the 24 pins of the 12/24 -pin edge con- 
nector to the remaining center fingers 
on the top and bottom of the board. 
Make sure that the lettered pins on the 
connector are on the bottom (copper 
side) of the board, the numbered pins 
on the top (blank side) of the board. 

Plug the IC socket into the board as 
shown and solder all pins into place. 
(Don't install the processor chip until 

lu REM IHLK.ING KEYBOARD 
20 REM COPYRIGHT 1985 BY BARRY L. IVES 
30 PRINT CHR$(147)CHR$(17)TAB (12) "WAIT A MOMENT "CHR$(17) 
40 DIMAL(60,60):W= 1:N =1:S =O :REM DATA 
50 F:EADD: IF D =77 THEN 75 
ou AL (W, CND = D:N =N +1: IF D =99 THEN W =W+1: N =1 
70 S= S +D:GUTO 50 
75 IF 5::`824 THEN PRINT CHR$(17)TAB(12) "ERROR IN DATA" :END 
80 PA= 56576:SI= 54272: REM INITIALIZE 
90 POKE F'A +3,255 :PUKE PA +_,O:POKE PA +2,4 
100 POKE F'A,4 :POFE PA,O:POKE PA,4:REM PULSE 
110 POKE SI +22,180:POKE SI +24,31:POKE SI +23,8:REM SID INITIALIZE 
1 20 F'RINT TAB(9) "PRESS ANY LETTER KEY "CHR$(17):POKE 198,0 
130 GET A$: IF A$ =" "THEN 130 
135 PRINT A$ 
140 W= ASC(A$)- 43:N =1:IF W::10 OR W>47 THEN 130 
150 IF AL(W,N) =99 THEN 13D: REM END OF WORD 
160 POKE PA +1,AL(W,N):REM ALLOPHONE BYTE 
170 WAIT PA +13:,16:REM WAIT FOR REQUEST 
180 POKE PA,O:POKE PA,4:REM LOAD 
190 N= N +1:GOTO 150:REM NEXT ALLOPHONE 
191 DATA 42,24,24,16,15,2,99,99,9, 60,19,12,21,2,99,99,43,60.53,2, 

99,46,15,15,11 
192 DATA 99,13,31,2,99,29,51,00,19 ,2,99,40,40,58,2,99,40,40,6,35, 

2,99,55,55,12 
19.1 DATA 12,2.41,55.2,99,55,55,7,7, 5,12,11,2,99,20,2,13,2,99,11, 

6,11,2,99 
194 DATA 8,5_,45,15,11,2,99,55,55, 7,16,6,1,8,53,45,15,11,2,99,99, 

99,99,99,99 
2uu DATA 20,2,99,63,19.2,99,55,55, 19,2,99,33,19,2,99,19,2,99,7,7, 

4U , 4iß, 2, 99 
1u DH1A 10,19.2,99.20,1.2-,5(,2,99,24,,2,99,10,7,20,2,99,42,7,2', 

99 
_[u DATA ,U2. ,99, , ,16, ,99, ,11, ,99, _, ,99,9,19, ,99,42, 

.v9 
_30 DArAti-9,2,99,7,7,55,5t,2,99,13,19,2,99,25,31,2,99,35,19,2,99, 

15.1. ,49 
24u DATA 31,2,97,7,7,2,41,55,55,2,99,46,6,2,99,43,19,2,99,77 

all wiring has been completed.) Make 
sure the socket is oriented as shown 
before soldering its pins to the copper 
pads on the board. Plug in and solder 
the two capacitors and crystal. 

Referring back to Fig. 1, wire to- 
gether the components. Use 18 -gauge 
or smaller wire for all interconnec- 
tions. When this is done, install the 
processor chip into its socket. Don't 
let any pins bend under or overhang 
the socket as the IC is pushed home. 

Audio output at pin 24 of IC1 con- 
nects to pin 5 of the C -64's audio/ 
video port. If this port is already being 
used for your video monitor, you may 
have to make a new cable, because the 
cables supplied with most monitors 
don't include the audio input. 

Note in Fig. 3 that the pins of the 
DIN plug that goes to the C -64's 
audio /video port follow an unusual 
pattern. When fabricating a cable for 
this port, use shielded wiring for all 
conductors to your monitor or audio 
amplifier. You can use the coaxial 
cable with phono jacks that came with 
your computer for this. Simply cut the 
cable in half and use separate halves 
for the luminance and chrominance 
signals. A single 8" length of stranded 
hookup wire from pin 24 of ICI and 
pin 5 and a shielded audio cable with 
a phono plug takes care of the audio 
connection. 

Using the Vocalizer 

In operation, eight bits are loaded in- 
to a latch when the ALD (Address 
LoaD) line goes low. The lower six bits 
specify a location in ICI's internal 
ROM that contains the desired 
allophone. After the allophone is 

vocalized, the LRQ (Load ReQuest) 
line goes low to signal the computer to 
load another byte. The two most - 
significant bits must be zero; any other 
condition will cause a crash, resulting 
in the computer putting out static and 
then going into lock -up. 

You must initialize the computer to 
use the speech processor. To do this, 
POKE Data Direction Register 
(DDR) 56579 with the value 255 to in- 
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Fig. 3. Pin identifications for 5 -pin 
DIN plug, shown from rear. 

dicate on Port B. Then POKE 0 to 
Port B (56577) to load an initial pause. 
POKE 56578, 4 initializes the DDR 
for PA2, the Port A signal line used 
for ALD, for output. Pulse PA2 by 
POKEing Port A (56576) with 4, then 
0 and then 4 again. This causes the 
pause allophone to be "spoken" and, 
when it is finished, to set the interrupt 
flag (bit 4 of control register 56589). 

You must also initialize the C -64's 
SID sound device to amplify the ver- 
balized audio and to filter out 
undesirable high- frequency noise 
generated by the processor chip. 
POKEing 180 into byte 54294 sets the 
filter frequency to the 5 kHz specified 
by the manufacturer. However, I have 
discovered that a value of 150 to 200 
yields clearer- sounding speech. POKE 
31 into register 54296 to turn on the 
low -pass filter and audio amplifier. 
Set bit 3 of register 54295 with a 

POKE of 8 to allow the external audio 
to pass through the filter. 

By doing the above, the speech pro- 
cessor is put on -line. Now to make it 
talk. To do this, POKE Port B (56577) 
with the decimal value of the first 
allophone to be spoken (see Table). 
Then check the interrupt flag at 
56589. PEEKing this location will re- 

turn a 16 if the flag is set, indicating 
that the processor is ready to load. 
Reading this register automatically re- 

sets the flag to 0. 
Pulse ALD by POKEing PA2 

(56576) to 0 then back to 4 in two 
quick steps. The selected allophone 
will be vocalized and the flag will be 

set to 1. Load the next allophone by 
POKEing Port B and waiting for the 
LRQ before pulsing the ALD, and so 

on to the last allophone in the series, 

THE 64 ALLOPHONES AND THEIR ADDRESSES 

Value Allophone Example Value Allophone Example 

00 PA1 (Pause, 10ms) 32 AW Out 

01 PA2 (Pause, 30ms) 33 DD2 Do 

02 PA3 (Pause, 50ms) 34 GG3 Wig 

03 PA4 (Pause, 100ms) 35 VV Vest 

04 PA5 (Pause, 200ms) 36 GG1 Got 
05 OY Boy 37 SH Ship 

06 AY Sky 38 ZH Azure 

07 EH End 39 RR2 Brain 

08 KK3 Comb 40 FF Food 

09 PP Pow 41 KK2 Sky 

10 JH Dodge 42 KK 1 Can't 
11 NN 1 Thin 43 ZZ Zoo 
12 IH Sit 44 NG Anchor 
13 TT2 To 45 LL Lake 
14 RR1 Rural 46 WW Wool 
15 AX Succeed 47 XR Repair 
16 MM Milk 48 WH Whig 

17 TT 1 Part 49 YY1 Yes 

18 DHI They 50 CH Church 
19 IY See 51 ERI Fir 
20 EY Beige 52 ER2 Fir 

21 DD1 Could 53 OW Beau 

22 UW1 To 54 DH2 They 
23 AO Aught 55 SS Vest 

24 AA Hot 56 NN2 No 

25 YY2 Yes 57 HH2 Hoe 
26 AE Hat 58 OR Store 

27 HH1 He 59 AR Alarm 
28 BB1 Business 60 YR Clear 

29 TH Thin 61 GG2 Guest 

30 UH Book 62 EL Saddle 

31 UW2 Food 63 BB2 Business 

which should always be a pause to pre- 
vent the chip from repeating the last 
allophone. 

The BASIC program shows the in- 
itialization procedure and one way in 
which a series of allophone values can 
be passed to the speech processor. 
When this program is RUN, pressing 
most keys causes the computer to 
vocalize their letters, numbers or 
punctuation as well as print them on 
the screen of the video monitor. This 
can be very useful for typing practice, 
since it makes it so that you don't have 
to look up to see if you've made a 

typographical error. 
More information on allophone 

usage is included in the data sheet that 
comes with the speech processor chip. 
The data sheet also contains informa- 

tion that will help you adapt this proj- 
ect's circuit to a computer other than 
the Commodore 64. 

Applications 
There are perhaps hundreds of uses 
for the vocal synthesizer. For exam- 
ple, an arcade style game could be 
made faster -paced by having the com- 
puter vocalize the score and other in- 
formation printed on the screen so 

that your eyes don't have to leave the 
object of the game. Educational 
games are much more fun with vocal 
feedback. Also, don't overlook the 
value of vocal feedback for the visual- 
ly impaired. Other applications in- 
clude audible clocks, appointment 
reminders, typing monitors, Morse 
code readers, and so on. AE 
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llhilI/ELECTRONIcS NOTEBOOK//liliMI 

By Forrest M. Mims III 

Among those principles that form the 
underpinnings of modern technology, few 
share as vital a role as that of feedback. 
Feedback is simple enough; it occurs when 
a portion of the output from a system is 
fed back to the system's input to modify 
the operation of the system. Yet the 
capabilities made possible by this simple 
arrangement are often quite astounding. 
Indeed, life as we know it would be im- 
possible without feedback. 

A Simple Feedback System 
Figure 1 illustrates two methods of con- 
trolling an electric heater. In the first, the 
heater is switched on and off by a man- 
ually- operated power switch. In the sec- 
ond, the manually- operated on -off switch 
has been replaced by a thermal switch or 
thermostat. The contacts of this switch are 
bridged by a bimetal strip that bends away 
from one or both contacts when it is 
heated. The thermal switch is installed so 
it is heated by the heater. When the switch 
is warmed to its tripping point, the heater 
is automatically switched off. When the 
switch cools, the heater is switched on and 
the cycle is repeated. The net result is that 

Understanding Feedback 

the heater's on -off cycles maintain the 
temperature of the surrounding area at a 
reasonably constant level. 

The first method of controlling the 
heater forms an open -cycle or open -loop 
control system, since there is no feedback 
from the heater back to the switch. The 
heater controlled by the thermal switch is 
a closed -cycle or closed -loop system. Feed- 
back from the system's output (heat) is fed 
back to the switch that controls the 
system's input (electrical power). 

The electromechanical feedback control 
system for an electric heater is repre- 
sentative of many kinds of simple feed- 
back control systems. Another common 
example is the system that regulates the 
temperature of a refrigerator or freezer. 
Some feedback systems are entirely me- 
chanical in operation. Common examples 
include motor speed -control governors 
and float -value mechanisms that maintain 
the liquid in a tank at a constant level. 

Electronic Feedback 
Feedback plays a key role in many kinds of 
analog and digital electronic circuits, par- 
ticularly amplifiers. The capabilities it pro- 
vides can be much more sophisticated than 
the simple electromechanical and mechan- 
ical systems described above. 

Fig. 1. Open- and closed -cycle control methods. 
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There are two principal kinds of feed- 
back, one of which is considerably more 
difficult to control than the other. An ex- 
ample of the former is the surprising and 
sometimes startling effects that can occur 
when part of the output signal from an 
amplifier is unintentionally fed back into 
the input of the same amplifier. A real - 
world case is the ear- piercing howling and 
shrieking that results when some of the 
amplified sound emerging from the 
speaker of a public address system finds its 
way back to the system's microphone. 
Even the quiet hissing noise emerging from 
a speaker when the microphone is not be- 
ing used is sufficient to effect this result 
when the gain of the amplifier has been 
turned up too high or the microphone has 
been placed close to the speaker. 

The screeching of PA system occurs 
when the feedback signal has the same 
phase as the input signal. This is called 
positive feedback. Positive feedback in- 
creases the gain of an amplifier at the risk 
of instability that can quickly give rise to 
undesirable oscillation. When the output 
signal has a phase opposite that of the in- 
put signal, negative feedback occurs. 
Though negative feedback reduces the 
maximum possible gain of an amplifier, it 
stabilizes the operation of the amplifier, 
reduces noise, and lowers the amplifier's 

Fig. 2. Electro -optical feedback demonstration circuits. 
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output impedance. Negative feedback is 

the variety used most frequently in elec- 
tronic circuits. 

Feedback Pioneers 
Since feedback plays such a key role in 
modern electronics, it seems fitting to 
mention some of the people who made 
pioneering contributions to the technol- 
ogy. The positive- feedback or regenerative 
amplifier was invented in 1912 by Edwin 
Armstrong, the brilliant inventor who 
later pioneered FM radio. Shortly before 
Christmas the following year, Armstrong 
demonstrated for David Sarnoff a regen- 
erative wireless receiver having unprece- 
dented sensitivity. Sarnoff, who later be- 
came president of RCA, proclaimed the 
new receiver "the most remarkable re- 
ceiving system in existence." Within ten 
years, Armstrong had licensed 24 manu- 
facturers to build regenerative receivers, 
and his royalty income was around 
$10,000 each month. 

Not everyone shared Armstrong's claim 
of priority for the invention of the 
regenerative amplifier. Lee DeForest, the 
eminent inventor of the vacuum tube, 
claimed he had invented the concept 
before Armstrong and took the latter to 
court. The ensuing litigation became bit- 
ter, lasted years, and cost both inventors 
considerable time and expense. 

There is also controversy over who first 
invented negative feedback. According to 
the public relations division of Bell 
Laboratories, in 1927 Harold S. Black first 
invented the negative feedback amplifier, 
cited as "one of the most important inven- 
tions in the history of communications." 
(Facts About Bell Laboratories, 1980, p. 
23.) Black, a brilliant engineer who re- 
ceived 62 U.S. patents during his 42 years 
at Bell Labs, was named to the Inventors 
Hall of Fame for his invention. 

Actually, negative -feedback amplifiers 
had been built long before Black's inven- 
tion. According to Macon Fry, who wrote 
about his controversy for IEEE Spectrum 
(April 1979, p. 11), "Even if we restrict the 
term negative -feedback amplifier to its ap- 
plication in electronic amplifiers, we find 

Ri 

R2 

IN 

GAi N = -( R2/ lai) 
R3 = ( Rl REV( R1+ R2) 

INVERTING AMPLIFIER NON- INVERTING AMPLIFIER. 

Fig. 3. Negative feedback operational -amplifier circuits. 

it considerably older than Black's putative 
date." He then quoted from a 1920 book 
by H.J. Van Der Bijl: "Multistage ampli- 
fiers frequently have a tendency to sing. 
One way of preventing this is to feed part 
of the output energy back to the input in 
opposite phase." (The Thermionic 
Vacuum Tube, McGraw -Hill, 1920, p. 
260.) Macon also observed that "L.A. 
Hazeltine and C.D. Tuska both patented 
negative- feedback circuits for stabilizing 
radio -frequency amplifiers; the former's 
was capacitative and the latter's inductive. 
Hazeltine's invention was conceived in 
1918 and Tuska's around the same time." 

A Feedback Demonstrator 
The simple circuits in Fig. 2 can provide an 
effective demonstration of both positive 
and negative feedback. In both circuits, 
feedback is effected by placing an output 
LED near the active surface of a photore- 
sistor that controls the circuit. The feed- 
back mechanism is then the light emitted 
by the LED. 

In the negative -feedback configuration, 
the photoresistor is connected between the 
base of QI and ground. Assume the 
photoresistor is initially dark. Its resistance 
is, therefore, high and Ql is switched on. 
This allows current to flow through the 
LED. Light from the LED, however, now 
strikes the photoresistor, thereby lowering 
its resistance. This causes the current flow 
through the transistor to be reduced and 
the light from the LED to be dimmed. 
Since QI is operated in a linear mode, it 

does not switch the LED fully off (in which 
case the circuit would oscillate and the 
LED would blink on and off). Instead, the 
current through the LED is reduced to that 
point where the current is balanced by the 
light from the LED. In other words, the 
circuit functions as a regulator that causes 
the LED to emit a constant level of light. 
The light level from the LED can be re- 
duced by moving the LED closer to the 
photoresistor. It can be increased by mov- 
ing the LED away from the photoresistor. 

In the positive - feedback configuration, 
the photoresistor is connected between the 
base of Ql and the supply voltage. When 
the photoresistor is dark, its resistance is 

high, Ql is switched off, and the LED is 

dark. If a small amount of light is allowed 
to strike the photoresistor for a moment, 
Ql will begin to turn on, allowing current 
to flow through the LED. The light level 
from the LED will increase as the light at 
the photoresistor is increased. If some of 
the light from the LED is allowed to strike 
the photoresistor, more current will flow 
through the transistor, and the LED will 

begin to glow much more brightly. Almost 
immediately, the transistor will be 
switched full on and the LED will glow at 
maximum brilliance. The LED can be 

switched off by preventing its light from 
striking the photoresistor. 

The Operational Amplifier 
The operational amplifier is a very-high- 
gain linear amplifier. It is a differential 
amplifier having two inputs, inverting and 
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Fig. 4. Positive feedback op-amp square -wave generator. 

noninverting. The polarity or phase of a 
signal applied to the inverting input is re- 
versed at the output. A signal applied to 
the noninverting input retains its phase. 

The gain of an op amp may be as high as 

1,000,000,000, but the output from the 
amplifier cannot exceed the supply volt- 
age. This means that the output of this op 
amp, when powered by a 10 -volt supply, 
will be saturated by a signal having an 
amplitude of only 0.00000001 volt. Since 
most input signals exceed this amplitude, 
it is usually necessary to reduce the gain of 
an op amp to a more practical level. This 
is ordinarily done by feeding some of the 
output of the amplifier back to the invert- 
ing input. This provides negative feedback 
that controls the gain and enhances the 
performance of the amplifier. 

Figure 3 shows how negative feedback is 

used to form both inverting and nonin- 
verting op amp circuits. Note how the gain 
of these amplifiers can be easily changed 
simply by altering the value of a single re- 

sistor. This, of course, is one reason why 
op amps are so popular. 

An op amp can also be operated in a 
positive -feedback mode. This is the con- 
figuration most often used to produce va- 

rious kinds of oscillators. For stability, 
negative feedback must also be used. Fig- 
ure 4 shows a simple op -amp square -wave 
generator that employs both positive and 
negative feedback. The frequency of this 
circuit can be altered by changing the value 
of Cl. Increasing CL's value reduces the 
frequency. Resistors RS and R7 also con- 
trol the frequency. The duration 
( "width ") of the output pulses is con- 
trolled by R1- R2 -R3. When R2 is at its 
center position, the pulses are symmetri- 
cal. For more information about this cir- 
cuit, see Engineer's Mini -Notebook (For- 
rest M. Minis, III, Radio Shack, p. 46). 

The Phase- Locked Loop 

The most elegant of purely electronic feed- 

back circuits is the phase -locked loop. This 

remarkable circuit automatically tracks 
and locks onto a signal, even one whose 
frequency continually varies. This capabil- 
ity permits the design of highly stable and 
reliable frequency synthesizers, frequency- 
modulated communication systems, FSK 
(frequency- shift -keying) decoders, tone 
decoders, and frequency -to- voltage 

converters. 

In its simplest form, the phase- locked 
loop (PLL) consists of a phase com- 
parator, voltage -controlled oscillator 
(vco), and loop filter arranged as shown in 

Fig. 5. The vco initially oscillates at a fre- 
quency determined by its own RC net- 
work. This frequency is applied to one of 
the two inputs of the phase comparator. 
An input signal is applied to the second 
phase comparator input. If the frequencies 
of the input and vco signals differ, the 
phase comparator generates an error volt- 

age whose amplitude is directly propor- 
tional to the difference. 

The loop filter is a low -pass device that 
smooths the pulsating error voltage to a dc 

level that is applied to the control input of 
the vco. This forms the system's feedback 
loop. The vco responds by adjusting its 
frequency of oscillation toward that of the 
input signal. This capture process con- 
tinues until the vco's frequency matches 
that of the input. The PLL is then said to 
be "locked" onto the input signal. When 
the PLL is locked onto a signal, it 
automatically tracks any changes in the 
frequency of the signal, so long as the fre- 
quency doesn't stray outside the PLL's 
capture range (the frequency range over 
which the PLL can hunt for and "cap- 
ture" an incoming signal). 

Figure 6 shows how a digital divider can 
be inserted in the feedback loop of a PLL 
to form a programmable frequency syn- 
thesizer much like those used in multi- 
channel citizen's band transceivers. This 
arrangement will generate an output signal 
having a frequency that is a preset multiple 
of the input signal. 

Figure 7 shows a tested and working ver- 

sion of the synthesizer in Fig. 6. This cir- 
cuit is designed around the 4046, a CMOS 
digital phase -locked loop. In operation, a 
single NAND gate from a 4011 operates as 

a 1 -kHz crystal- controlled oscillator. The 
output from the oscillator is fed into the in- 

put of the 4046. A 4017 decade counter is 

connected between the vco and phase com- 

parator of the 4046. The 4017 functions as 

a programmable divide -by -n divider where 
n is 2 to 9. 

An eight -position switch permits one of 
the 4017 counter's outputs to be applied to 
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the chip's reset input. When the selected 
count is reached, the counter is reset and a 
new count cycle begins. In a working ver- 
sion of this circuit, all unused CMOS in- 
puts must be grounded. 

Servomechanisms 
A servomechanism is a mechanical feed- 
back system with an input signal. Any dif- 
ference or error between the two signals ac- 
tivates a control mechanism that brings the 
system back into balance. Though servo- 
mechanisms are generally viewed as recent 
inventions, their origin is soundly rooted 
in living systems. For example, the auto- 
matic tracking system formed by the 
human eye, the brain and various control 
muscles is the biological counterpart of a 
servomechanism. 

Consider the ability of the human eye to 
track a bird in rapid flight. The image of 
the bird focused on the retina gives rise to 
signals that, when processed by the optic 
nerve and the brain, permit an observer to 
perceive the image of the bird. After pro- 
cessing, some of the signal is fed back to 
the muscles that surround the eye. Now the 
signal assumes a control function as it 
directs the muscles to cause the eye to 
center the image of the bird directly on the 

fovea, the most sensitive region of the 
retina. Moreover, simultaneous with the 
previous action, feedback from the brain 
constantly corrects the focus of the eye and 
aperture setting of its iris. Should the bird 
move beyond a point where it can be com- 
fortably acquired by movement of the eye 
muscles alone, control signals are diverted 
to the muscles of the neck so that the entire 
tracking system can be pointed in the ap- 
propriate direction. 

As for electromechanical servomechan- 
isms, they are found in computer disk 
drives, compact disk players, x -y pen plot- 
ters, radio -control actuators, aircraft con- 
trol systems, missile guidance systems, and 
military gun controllers. Figure 8 shows 
the design of a simple servomechanism 
that automatically tracks the position of a 
manually- operated joystick. In this sys- 
tem, the input is a variable voltage pro- 
vided by a variable- resistance joystick. The 
position- sensing transducer is a potentio- 
meter whose rotor is connected to the shaft 
of the output motor by means of a gear 
train. Both pots function as voltage di- 
viders that provide a variable voltage to the 
two inputs of the comparator. 

When the voltages at both inputs of the 
comparator are equal, the output of the 

Fig. 5. Block diagram of a phase - locked loop. 
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comparator is low and the motor is off. 
When the joystick is moved so the voltage 
applied to the noninverting input of the 
comparator exceeds the voltage from the 
position- sensing transducer, the com- 
parator's output will go high, switching 
the motor on. The position- sensing trans- 
ducer will now begin to feed a progres- 
sively higher voltage back to the com- 
parator as the motor shaft turns. When the 
two voltages are again equal, or when the 
voltage from the position- sensing trans- 
ducer is slightly higher than that from the 
joystick, the comparator will again go low, 
and the motor will switch off. Therefore, 
the position of the motor shaft has tracked 
the position of the joystick. 

The basic servomechanism in Fig. 8 is 
not practical, since no mechanism for re- 
versing the direction of the motor has been 
made. However, it illustrates the operation 
of most electromechanical servos. Inci- 
dentally, practical servos don't always 
operate as efficiently as might be expected 
from the foregoing description. For exam- 
ple, a practical servo has the capability of 
rotating in either of two directions until it 
reaches a desired null point, at which no er- 
ror voltage is present. The inertia of the 
motor, however, might sometimes cause 

Fig. 6. Phase -locked loop with divider. 
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Fig. 7. Phase -locked -loop frequency synthesizer. 

the armature to move past the null point 
after a stop command has been given. The 
motor will then be backed up to the null 
point, where it might again overshoot the 
target. This phenomenon is known as 

hunting or seeking, and it can cause a great 
deal of frustration to the servo designer 
and user. 

In most systems the damping effect of 
the drive motor's gears will cause pro- 
gressively less hunting each cycle, thus al- 
lowing the motor to eventually stop at the 
correct position. In very precise systems, 
however, the motor may never settle down 
and hunting may evolve into an annoying 
back -and -forth oscillation. One way to 

reduce the incidence of hunting is to reduce 
the precision of the servo by lowering the 
tolerance of the null region. This will pro- 
vide more space for the motor to stop, 
thereby compensating for the system's 
inertia. 

Modern servomechanisms usually in- 

corporate integrated circuits designed 
specifically for servo applications. The 
Signetics NE543 servo amplifier, for in- 
stance, is designed to accept pulse -dura- 
tion -modulated pulses. If the duration of 
the applied pulse exceeds that of an inter- 
nally generated pulse, the difference be- 

tween the two pulses is stretched and ap- 
plied to an output stage. The output signal 

Fig. 8. Simple electromechanical servomechanism. 

actuates a motor connected to a position - 
sensing transducer much like the one in 

Fig. 8. The resistance of the transducer 
alters the duration of the pulses generated 
within the NE543 until it matches that of 
the input pulses. The motor is then 
switched off. 

A very fast way to become acquainted 
with the capabilities of modern servome- 
chanisms is to experiment with a servo de- 
signed for radio -control applications. You 
can buy servos from hobby shops that sell 

radio -control equipment. Servos are also 
available from mail -order dealers that ad- 
vertise in model airplane magazines. One 
of the major suppliers of miniature servos 
is Ace R /C, Inc. (Box 511, Higginsville, 
MO 64037). In addition to a variety of as- 
sembled units, Ace R /C's catalog lists a 
great variety of servo components (mo- 
tors, gears, pots. etc.) for do -it -your- 
selfers. 

More About Radio Control 
Radio control was, coincidentally, the sub- 
ject of the February 1986 installment of 
this column. Recently Mr. A.K. Scidmore 
wrote to express his concern about the un- 
authorized use of the 72- to- 76-MHz fre- 
quency band designated exclusively for 
radio -controlled aircraft. The column de- 
scribed in detail the modification and use 
of a commercial 26-to-27-MHz system de- 
signed and specifically authorized for re- 

mote control. I described that system even 
though it is far more susceptible to inter- 
ference than those that operate in the less - 

crowded 72 -to -76 -MHz band. 
However, my column did mention that 

I had used 72- to- 76-MHz R/C equipment 
to trigger kite and balloon lofted cameras. 
I turned to 72 -to -76 -MHz after a rash of 
false triggering that made reliable 
26 -to -27 -MHz operation impossible. Even 
though the very brief pulses that are used 
to trip and airborne camera pose little or 
no risk to R/C aircraft, Mr. Skidmore's 
point is well taken. I shall now undertake 
the design of a 26 -to -27 -MHz receiver de- 
coder that will, hopefully, ignore virtual- 
ly all forms of interference. I'll describe 
this system in a future column. 
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214 -234 -8116 ELECTRONIC SURPLUS SPECIALS 214- 234 -8105 
MACHINE PIN 

SOCKET 

CIRCUIT BOARD 

BONANZA 

22 PIN GOLD 

PLATED SOCKET 
5 pcs $1o° 

Stk. #ICS -22M 

$.75 gyp! 

ROCKER SWITCH 
16 Amp On /Off 

Used in Xerox 

820 Computers 

Full 
Wave 

Bridge 
6AMP -300V 

2I4100 

Soung generator boards removed 

from electronic pinball games Con. 
tains oscillators, control circuits & 2 

watt audio amp Experimenters 
dream!!! 
$2 ea - 101812.50 wlschematics 

5V & 128 REGULATOR BOARD 
Regulator board containing 5V & 12v 

TO 220 regulators. fuses. bridges. 

caps & I/O connectors. Size 2 "x4" 
wlheatsinks 
REG -512 $3.50 

RECTIFIER BOARD 

Contains 14110 Amp bridges. (31 large 
filter caps. & I/O coon Size 4 5 "&S' 
BRDG -4 .... $2.S0ea or 1O312.50 

LINEAR & CMOS BONANZA 
Circuit board removed from SINGER 

electronic calculators. Has 20 linear 

& cmos IC's & a wealth of other parts 

BD-20 ....$2.50 ea or 101812.50 

POWER SUPPLY 

MFG. BY GENERAL INSTR. 

INPUT'IIOVAC 
OUTPUT +5VDC @ 5AMPS 

+ 12VDC @ 2 5AMPS 

- I2VDC @ 3AMPS 

PS -120 824.50 

Used is some Commodore comp. 

WALL PLUG 
ADAPTERS 

600C @ 300ma 
$1.75 or 101812.50 

LOW PROFILE 

SOCKETS (TIN) 

01, 
N OF PINS PRICE 
8 $08 
I/ $10 
16 ... 1.12 

18 $ 15 

20 0.11 

22 . . 0.18 

24 020 
28..__._.025 
40 1.30 

ELECTRONIC PIEZO 

BEEP BUZZER 

Special - 2181.00 
7/8 Diameter element on plashng 
mounting. Originally used in Radio 

Shack telephone as the ringer. 

SIB. HPZO.78 S 75 

ULTRAVIOLET TUBES 
GOOD FOR EPROM 

ERASERS 

110 VAC 

$2.25 ea. - 101$15.00 

8" DRIVE POWER SUPPLIES 
$24.50 

8" DISK DRIVE POWER SUPPLY 
Heavy duty supply can run up to 
4 drives. Enclosed frame Ipul 
117VAC Output: 5VDC @ 7 

Amps: + 24VDC @ 6 Amps. 
-24VDC @ 6 Amp 

StB NPS -8 $24.50 

ligl ISOLATION 

TRANSFORMER 

117VAC. 

117VACui 125VAC 

MFG BY SIGNAL TRANS 

$3.00 Each 101820.00 

MINI -TOGGLE 

SWITCH 

SAMP DPDT 

8.65 EA 

10164.50 

COMPUTER POWER CORDS 
CO 
a3=-41113 

$1.25 EA - 10I$10 

RIGHT ANGLE HEADERS 
40 Pin S.40 

34 Pin .. 5.50 

10 Pin 8.25 

POWER SUPPLY 
General purpose compact power supply 3 

outputs: + 5V @ t Amp. 4-12V @ I Amp. 

& + 24V @ I Amp Power Transistors 

mounted on a heat sink 2x4- - 

wltransformer. Stk MPS 3P 54.49 

VITEK CABLE CONVERTER 
Model No TC I M converter Both Mid 
Band & VHF frequencies Has built in 

power supply Units are new & in work 

ing cond 
SIB. MTC -IM 89.95 

115 volt 
in line co 

Stk. MEP 

BUILD YOUR OWN 
EPROM ERASER 

°rNin 

115VAC BLACK LIGHT 
(ULTRA VIOLET) 

ultra violet light with lamp ballast and 
rd switch lust build enclosure to finish 

-125 $12.50 

SNAP ACTION 
SWITCH 

MICRO -SWITCH 

ASST OF 10 

$2.50 
STK K500 1OM 

12 VDC 
TOY 

MOTOR 

Stk. #MO-12 ..21$1.00 

COMPUTER 

ri GRADE 
CAPACITORS 

Ass't of 10 

SIk #CCG 10 82 50 

TRANSFORMERS 

STK.N PRI Secondary Price 

(VAC) (VAC) 

TN6311763 @ 300ma $1.25 
TN 12 117 12 @ 400ma $1.35 

TN 24A 117 24 @ 200ma $1.25 

TN 248 117 24ct @ 3 6 Amp$3.50 

RIBBON CABLE 

9 conductor Spectrastrip with red market 

stripe 250' per roll 28ga stranded wire. 
WRIB 9 BIWRoII 
20 conductor spectrastrip with red market 
stripe 100 per roll. 28ga stranded wire. 

WRIB 20 8 30/h or $251rolt 

34 conductor spectrastrip with red marker 

stripe 100 per roll 28 ga stranded wire 

WRIB 34 S 45 /ft. or . $351roll 

1000 PIECE RESISTOR ASST 

ALL SIZES & VALUES 

SIB. ARES -1000 8300 

XEROX 1810 

Power Transi. 

$6.95 
Stk. # 

WTN-1810 

Extremely 
Hard 

To Find!!! 

HEAT SINK 
TO -3 
$.25 

DISK DRIVE 
MOUNTING 

SCREWS 

20 for 50C 

CPM DISKETTE 
FOR USE WITH 

NEC V -20 
PROCESSORS 

$3.75 

LOAR RESISTOR FOR 

IBM POWER SUP. 

5 Ohm @ 

25 watts 
$1.79 

Stk# RIBM 5 

= DISKETTE 
LOOSE LEAF 

HOLDER 
VINYL DISKETTE HOLDER 

Holds 2 5 r. diskettes Has 3 hole punch 
to mount in standard loose leaf folder Stk 

#- VIN -5 10182.50 

For standard 8' /rx11 

for robotics. precision movement applica- 
tion etc 

STEPPER MOTOR 

5n11í1$ Wound) 
5 VDC 3'á Watts 7.5 °X 190 
48 SteplRev. 28 RPM 

Stk. #M t}5 $3.50 

UNENCODED KEYBOARD 
Full size kybd wlnumber pad. 70 keys 
w /LED power indicator Orig. from 
dumb terminals. New!!! Mfg by Hi Tek 

Stk. #4bd -70 $9.95 

IBM PC -JR REPLACEMENT 
POWER SUPPLY 

Stk #WTN -4860 $16.95 

GOODIES! 
Delta Design Table Top Temp. Chamber$100 
Altos Computer $250 
Sanyo CMP/M Computer $250 
Xerox 820 -11 Comp $550 
Box of 50 pcs waveguide & antenuators$100 

APPLE III MEMORY 
EXPANSION BDS 

$ 15.00 
w /OK memory 

CALL FOR OUR NEW FLYERS 

DB -25 USED 
Connector Ass't 

101$2.50 

12 POS KEY 
PAD 

Stk# Kypd -12 
$1.50 

MAGNETS 

2 Bar Magnet with 

Tape On One Side 

231.00 

ATARI GAMES 

,, 71 2 1 

ATARI GAME ROMS 
An assortment of 10 Atari game ROMs. 
Simply open any Atari cartridge 8 replace 
the existing ROM with a new one Play 
another IO games instantly 
MA AROM -10 1042.50 

ATARI REPLACEMENT 
POWER SUPPLIES 

11.5 VDC @ 1.95 AMP 
Stk. #WTN -195 $6.75 

COMPUTER CHESS GAME 

MILTON BRADLEY CHESS GAME 

Electronic circuit board removed from famous 

toy makers game. Board has 6502 processor 
74LS series is s buzzer & many other useful 

components Boards are complete and un 

damaged MB part #7924243001 
BD -792 $3.95 ea 101824 

Components Ass't 
Your Choice $2.75 

Stk# Description 
CD 180 Ceramic Disk Capacitors 10 pcs 

of 18 different values 180 pcs 
tot I 

CE 180 Electrolytic Capacitors 10 pcs 

of 8 different values 180 pcs 
tot I 

CM 180 My ar Bypass Capacitors 10 

pc of 18 different values 
180pcs total 

TP 180 Mi iature Trim Pots IO pcs of 

18 different values. 180 pcs 

total 

TANTALUM 

CAP ASS'T 

10 pcs 

$2.00 

COILED CORD BONANZA 
4 Conductor coiled cord Black vinyl 
Jacket Extends to 6 R No connectors on 
either end 

Sflex #CC-000 3111.00 
4 Conductor coded cord Black vinyl 
racket Extends to 6 N Phone connector 
on one end and no connector on the 
other 

Stk. N CC -020 24200 
4 Conductor coiled cord Grey vinyl tacker 

Extends to 6 n Used as keyboard cable 
Phone Jack to 5 pin din connector 
Stir ACC-100 .. .. ...54.00 

COMPUTER SPEAKERS 

225 8 ohm 25 wafts 

This is the same speaker 

that IBM uses Excellent 
for computer builders 

Sä. eSPKAI ..... s.65 

WIRE 
TEST PROBE WIRE 

18 Guage rubber coated Red, black white 

or blue 100'413 

HOOK -UP WIRE 
21 Guage stranded cond 21 page solid 
conductor your choice 1O0"ß2 

WIRE WRAP WIRE 
30 Guage solid cond Choice of colors 
Wir 30 10010250 

ELPAC POWER SUPPLY 

For TV game 8 computer peripheral 

equipment Rated t t0VAC input Ouput 

+ 5VDC @ 860MA + 12VDC @ 

300MA 8 - 120DC @ 300MA Model 

AWN 113 

Sit MWTN-1t3 5675 

4:9 
3 VOLT 

LITHIUM BATTERY 

Used as battery back up on most multi 
!unction cards 

Mallory BR 2325 

SI. DO EACH - 10/15.00 

v` 
COLECO 

JOYSTICKS 

$2.50 EACH 
101E17.00 

CRYSTALS 

Frequency Case Price 
4 OMHZ HCIB $1.25 
6 OMHZ HCIB $1.25 

8 OMHZ HC 18 01.25 
10 7MHZ HC 18 $0.75 
14 318MHZ HC 18 .51.25 
18 432MHZ HE 18 51.25 

VOLTAGE 
REGULATORS 

7805 5x 15 amp 

7812 12v 15 amp 

7824 24v 15 amo 

7905 5v 1 5 amp 

7905 5v 1 5 amp . 

7912 1!v 15 amp 

5.43 Each 

CERAMIC 

DISC 

CAPACITOR 
ASST 

200 pcs 

$4.00 

E 
TV -GAME 

SWITCH 

0.65 EACH 

OR 10104.25 

ULT-SONIC 
cTRANSRA DUCER 

Don I know what these came out of but this 
is a doozey of a device Unit is an aluminum 
cylinder containing a pieno ceramic with an 

adiustable coil in parallel Frequency is 21 

khz Can be used in many ultrasonic circuits 
sto, #ULT-58 02.25 

TOCOM 55 PLUS 
CABLE TV CONVERTER 
55 CHANNEL CONVERTER 

Complete Unit - $24 50 We Received A Large 

Mainboard - $7.50 Shipment Of These Cable 
Power Supp. - $4.50 Converters. Good Savings! 

LOLIR LECTRONICS CORP. 
13933 N. CENTRAL EXPRESSWAY 

SUITE 212 
DALLAS. TX 75243 

214 - 234 -8032 - 214- 234 -8056 

TERMS: Check or Money Order. 
COD's Add $1.90. TX Res. add 
6% Tan. Please add $3.50 ship. 
ping. All out of stock items will 
be refunded. 

vrs4 
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IIiI/ HARDWARE HACKER/Il/Ill 

New ideas in piezoelectricity and optics, the ASCII 
code, doing tech research 

By Don Lancaster 

Let's start out with several updates on 
previous topics. I have just found a very 
good resource for pressure- transducer in- 
formation. Its called the Pressure 
Transducer Handbook and is published by 
SenSym, the people who took over the old 
National Semiconductors transducer line. 

The handbook has lots of hacker -type 
ap -notes in it. Also included is a handy 
slide rule that does both pressure and 
temperature conversions for you. Both are 
free on a phone or letterhead request. 

Turning to shaft encoders, check out the 
Optical Encoder Design Guide from Mo- 
tion Systems, a short but helpful tutorial. 
Hewlett -Packard also has lots of new 
shaft -encoder products at (for them) ex- 
tremely reasonable prices. Ready to go en- 
coders are available for $24. 

They also have an even cheaper 
HEDS -7000 panel -mount digital poten- 
tiometer that produces 256 pulses per 
revolution. Unlike an ordinary pot, this 
one goes round and round continuously. 
H -P intends this jewel for hand operation 
and strongly recommends that you do not 
motor drive it. But it should be useful for 
"limited- motion" encoders such as you 
might need on a hacker's robotics arm. 
Cost is as little as $12. 

Finally, H -P also has a new integrated 
circuit that does all the conditioning and 
encoding of absolute shaft encoders. Con- 
tact the company directly for more details. 

Don't forget that I have some free shaft - 
encoder software for you, along with some 
other freebies that include a laser printing 
demo pack, an RS -232C handout, and 
copies of this month's ASCII code tables. 
I've also just freshly reprinted my Micro 
Cookbook, Volume I, so this once hard - 
to -get volume is now back in stock. 

What is new in piezoelectricity? 
Piezoelectricity is the property of certain 
substances that produce a voltage when 
they are stressed and, conversely, to stretch 
when they have voltage applied to them. 
Two very old examples of piezoelectric 
components are the quartz crystals used 

for frequency standards and the Rochelle 
salt crystals used long ago for phonograph 
cartridges and microphones. 

A few years back, new piezoelectric 
materials came along involving man-made 
crystals called PZT and PZBT. These are 
used in such things as gas pilot ignitors and 
sonar transducers. 

One useful resource on all this is the 
Piezo Technology: Data for Designers, 
40 -page manual available from Vernitron. 

But, there's now a brand new piezo- 
electric ball game. A magic thin -film 
plastic is now available from Penwalt 
called Kynar PiezoFilm. Many new appli- 
cations can now be found for this new 
piezoelectric film. 

For instance, you can now build piezo- 
electric fans that have no moving parts ex- 
cept for their vibrating plastic blades. 
These can be made small enough to deliver 
the cooling air exactly where it is needed, 
reliably and quietly. 

The piezo film apparently is not as sen- 
sitive as older piezoelectric materials, but 
its form factor more than makes up for 
this. The film is also pyroelectric, which 
means it can also be used for such things as 
infrared receivers and detectors. One 
possible application would be a low cost 
"hot- spot" detector for firemen looking 
inside walls on a post -fire overhaul. 

You can get a tiny free sample by a let- 
terhead request to Penwalt. They also have 
a $45 evaluation kit that includes full 

technical data, connectors, and samples of 
the various film types. 

Let us know what you can come up with 
on this, for there are literally hundreds of 
possible construction projects that could 
be worked up with this material. 

What is ASCII? 
ASCII is short for American Standard 
Code for Information Interchange. It is 
the standard way that text messages are 
handled by virtually all personal com- 
puters and their peripherals. 

Microcomputers speak ASCII. Printers 
speak ASCII. Modems speak ASCII. 
Disks store ASCII in their text files. An 
understanding of what ASCII is and how 
it is put to use is essential for just about 
anyone doing anything at all with a 
microcomputer. 

The ASCII code was originally a 7 -bit 
code, meaning that it could represent 128 

different symbols associated with the 
gathering and printing of text. Because 
most of today's micros handle text in 8 -bit 
bytes, there are really two different ASCII 
codes in use today. 

These are called the " ASCII Code" and 
the "High ASCII Code." The only dif- 
ference between the two is whether the 
eighth, or most significant bit (MSB) is a 
logic 0 or a 1. 

Since only the bottom seven bits are 
needed for ASCII symbols, the use of high 

$-0 $-1 $-2 $-3 $-4 $-5 $-6 $-7 $-8 $-9 $-A $-B $-C $-D $-E $-F 
[@] [A] IB) IC1 IDI IE] [F] [G] [H] [I] [J] [K] [L] (IA] [N) [O] 

$0- NUL SOH STX ETX EDT ENO ACK BEL BS HT LF VT FF CR SO SI 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

[P] 101 IRI 153 [T1 [III IV] [WI [El ri] IO] [[] II] [I] [^] Ll 

$1- DLE DC1 DC2 DC3 DC4 NAK SYN ETB CAN EM SUB ESC FS GS RS US 
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

$2_ SRC ! # $ % & ( ) ' + - . I 
32 33 34 354 36 37 38 39 40 41 42 43 44 45 46 47 

$3- 0 1 2 3 4 5 6 7 8 9 : < = > ? 
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

$4-@ A B C D E F GH I J K L M N O 
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 

$5-P O R S T U V W X Y Z [ \ ] A 

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 

$ 6 _ a b c d e f g h i j k I mn o 
96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 

$7_ P q r s t u V w X y z { 
I 

} - DEL 
112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 

Table I. Low ASCII character code ranges from hexadecimal $00 to $7F or decimal 0 to 127. 
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ASCII or low ASCII depends on the 
system and the system designer. For in- 
stance, low ASCII might be used for nor- 
mal text, and high ASCII might be used 
for inverse text on a video screen. Or low 
ASCII might be used for a "normal" font, 
while high ASCII might be used for a 
"bold" font by a printer. Or, you might 
mix low ASCII text characters with parsed 
commands, all of which have their MSB 
set to 1. This is done in BASIC and similar 
languages. 

Some machine -language programs may 
use low ASCII for all but the last character 
of a text string. The last character is coded 
in high ASCII. This is a "free" way to tell 
when one message ends and the next mes- 
sage begins. 

As specific examples, the Apple II + 
and IIe screen uses high ASCII for normal 
text, as does the older DOS 3.3e operating 
system. The newer ProDos operating sys- 
tem uses low ASCII, as do most modems 
and most text routines on most other per- 
sonal computers. 

Table 1 shows the low ASCII code, 
while Table 2 shows the high ASCII code. 
I have purposely separated these two, since 
it is much easier to use one or the other 
separately when "tearing apart" a com- 
puter program. 

As you can see, there are 128 different 
symbols available in low or high ASCII. 
There are 32 values for upper -case letters 
and certain punctuation; 32 values for 

lower -case letters and some more obscure 
punctuation; 32 values for numbers and 
common punctuation; and, finally, 32 
values used for control commands. 

A control command is something that 
never appears in print, but instead causes 
something to happen at some end of the 
communicating process. As examples, the 
BEL command may ring a bell or sound a 
tone, while the CR command may issue a 
carriage return, and so on down the list. 

Many control commands are standard- 
ized and are always used for their intended 
purpose. Others are rather specialized and 
can be "liberated" for your custom uses or 
special applications. 

There are several ways to read these 
tables. The ASCII character is the big 
center character in each box. The small 
number immediately below each ASCII 
character is the decimal value of that 
ASCII character. Decimal values are often 
used in BASIC and other high -level pro- 
gramming languages, sometimes as a 
CHR$O command. 

Ferinstance, a CHR$(107) represents a 
lower -case "k" in low ASCII. The same 
symbol in high ASCII would be a 
CHR$(235). Note that you can alway get 
between high and low ASCII in decimal by 
adding or subtracting 128, the value of the 
MSB in the 8 -bit word. 

The table row in which an ASCII 
character appears gives you the leftmost, 
or more significant, hex byte for that 

$-0 $-1 $-2 $-3 $-4 $-5 $-6 $-7 $-8 $-9 $-A $-B $-C $-D $-E $-F 

$8- 
[e1 

NUL 
128 

IAI 
SOH 

129 

[B] 
STX 
130 

IS] 
ETX 

fol 
EOT 

IS/ 
ENO 

IF] 
ACK 

/SI 
BEL 
135 

IN] 

BS 
136 

Ill 
HT 

[JI 

LF 

[K] 

VT 

ILI 

FF 

Pi) 
CR 

[N] 

SO 
[ol 
S 

$9- 
[PI 

DLE 
144 

[oi 
DC1 
145 

IS/ 
DC2 
146 

I6] 
DC3 
147 

II) 
DC4 
148 

[L/] 

NAK 
149 

[VI 

SYN 
150 

[WI 

ETB 
151 

Ix] 
CAN 

152 

[tiI 
EM 
153 

[21 

SUB 
154 

II] 
ESC 

155 

Ill 
FS 
156 

III 
GS 
157 

P] 
RS 
158 

I_I 
US 
159 

$A_ sPC 
160 

! 
161 

" 
162 

# 
163 

$ 
164 

% 
165 

& 
166 

' 
167 1 0 

) 
169 

' 
170 

+ 
171 

, 
172 

- 
173 

. 
174 

/ 
175 

$B- 0 
178 

1 
177 

2 
179 

3 
179 

4 
180 

5 
181 

6 
102 

7 
183 

8 
184 

9 
185 186 

; 
107 

< 
188 

= 
189 

> 
190 

? 
191 

$c-@ 
192 

A 
193 

B 
194 

C 
195 

D 
196 

E 
197 

F 
198 

OH 
199 200 

I 
201 

J 
202 

K 
203 

L 
204 

M 
205 

N 
206 

O 
207 

$13-P 
208 

O 
259 

R 
210 

S 
211 

T 
212 

U 
213 

V 
214 

W 
215 

X 
216 

Y 
217 

Z 
218 

[ 
219 

\ 
220 

J 
221 

A 

221 273 

$E- 
224 

a 
225 

b 
226 

c 
227 

de 
228 229 

f 
230 

g 
231 

h 
232 

i 

233 

j 
234 

k 
235 

I 
236 

m 
237 

n 
238 

o 
239 

$F- P 
200 

g 
241 

r 
242 

s 
243 

t 
244 

u 
245 

v 
246 

w 
247 

x 
348 

y 
249 

z 
250 

{ 
251 

I 

252 
} 

253 
- 

254 
DEL 
255 

Table 2. High ASCII character code ranges from hexadecimal $80 to $FF or decimal 128 to 255. 

ASCII character, while the column gives 
you the rightmost, or less significant hex 
byte of the code. 

Ferinstance, a hexadecimal $47 is an 
upper -case "G" in low ASCII. The same 
"G" in high ASCII would be a hexa- 
decimal $C7. Note that you can always get 
between high and low ASCII in hex by 
adding or subtracting $80, once again the 
value of the MSB in the 8 -bit word. 

The bracketed letter above the ASCII 
control characters in these tables shows 
how you would enter such a control 
character from the Apple keyboard. Thus, 
to issue an FF formfeed, use a [L] from the 
keyboard. This [L] means to enter a 
"control -L ", or Press down and hold the 
CONTROL key. Then press and release the L 

key. Finally, release CONTROL. 

How do you handle things that are not 
in the ASCII code? The official way to do 
this is with escape sequences. An escape se- 

quence consists of an escape control com- 
mand, followed by enough characters to 
convey the task to be done in whatever 
needed the escaping in the first place. For 
instance, the Diablo 630 daisywheel 
printer uses an "[esc] -M" to enter its full 
fill justification mode. 

Another way to handle ASCII excep- 
tions is to put the main code in low ASCII 
and the exceptions in high ASCII. For in- 
stance, a full typesetting font might need 
a trademark symbol, or a letter with those 
european dots on top of it that might be 
coded in high ASCII. Then some conven- 
tion is used to switch you between the two. 

In the Postscript language used in the 
Laserwriter, a reverse slash, followed by a 
three -digit octal number will print any of 
256 different characters or control com- 
mands, but does so only while receiving or- 
dinary printable low ASCII characters. 

More information on tearing apart 
ASCII text files appears in my book 
Enhancing your Apple II and Ile, Volume 
I (SAMS #21822). 

You might like to copy Tables 1 and 2, 
place them back to back, and laminate 
them in plastic. 

What's new in optics? 
A mind -boggling assortment of new and 
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HARDWARE HACKER .. . 

exciting optics concepts have recently 
shown up in many different magazines. 
All have outstanding hacker potential and 
are crying for your use. Here's a quick 
rundown: 

From the April 86 Popular Science, a 

magic new plastic from Mobay Chemical 

that carries total internal reflection to ex- 

tremes. Much of the light that goes in the 
faces comes out the ends. Besides "gee 
whiz" neon -looking business cards, this 
stuff should be ideal for "sidelit" dials and 
panels. More importantly, it should be a 
very -low -cost solar electric concentrator. 

From the March 6, 1986 issue of Ma- 
chine Design, a brand new, simple, and 
cheap way of creating just about anything 
at all. You pour a liquid polymer onto a 

sheet or into a clear tank. Then you shine 
light at those portions of the polymer you 
want to harden into a product. Then you 
wash away the remaining unexposed 

More pages. more products -and It s 

hot off the press, Get the new 1986/7 
DICK SMITH ELECTRONICS Catalog 
and find anything for the electronics 
enthusiast The data section alone 
is worth the price ofadmiss on Send 
for your copy toddy 

r 
IPlease reserve my copy of the 1986 Dick Smith I 
Catalog. I enclose 51 to cover shipping. 

I 
I 
I 
I 

I 
I 
I 
I 
' 

Name 

Address. 
toi N 

City 

Zip 

DICK SMITH ELECma1NCS INC. 
P O. Sox 2249 Redwood CIO/ CA 94063 
EVERYTHING FOR INE ELECTRONICS ENTHUSIASM 

polymer. Such things as "drilling" blind 
square holes are now trivally done by a 
hacker on his kitchen table! 

The future of light- hardened polymers 
is even better. Take a tank of liquid 
polymer and scan it with three lasers on the 
X, Y and Z axes. Where they cross, the li- 
quid polymer hardens. And, yes, there is a 

definite threshold effect where low light 

levels will do no hardening at all. Software 
routines can then describe any shape from 
an artist's sculpture to a precision 
machinery part. Which means that repair 
and replacement machinery parts can 
eventually be "shipped" anywhere in the 
world over a telephone! 

A third optic development came out of 
the recent Microsoft CD Disk conference 
and is outlined in the March 17, 1986 In- 
foworld. There's a new CD disk operating 
system called CD -I, where the I means in- 
teractive. This means that DC disk systems 
can now handle pictures, animation, and 
graphics, as well as words, and that you 
can quickly random access any portion of 
the disk. It uses the Tandy Color Com- 
puter operating system. 

Turning to the March 17, 1986 issue of 
Electronics, a Swedish firm named ASEA 
now has some very interesting fiber -optic 
sensors. One is a remote reading thermo- 
meter. You shine light of one frequency 
down the fiber, and the frequency of the 
light coming back is proportional to the 
sensor temperature. It works remotely 
from over a quarter of a mile away, with 
total electrical and safety isolation. A 
somewhat similar product has a can- 
tilevered mirror at the end that forms a 
remote accelerometer. 

A final look at the April '86 Scientific 
American reveals two fascinating optical 
areas. One is the optical gyroscope, which 
has few or no moving parts. The first 
hacker to develop a $25 optical gyroscope 
will run away with a very large bag of 
nickels. The time is ripe for a dramatic 
drop in the cost of gyroscopes, which 
would open them up to an incredible array 
of new applications, even toys. 

The same issue has some construction 
details on creating a magic phase con- 
jugating mirror that automatically 
removes distortion from optical images. 

NAMES AND NUMBERS 

Hewlett- Packard 
3155 Porter Oaks Drive 
Palo Alto, CA 94304 
(415) 857-8000 
Motion Systems 
7230 Hollister Avenue 
Goleta, CA 93117 
(805) 968-0782 
NTIC 
5285 Port Royal Road 
Springfield, VA 22161 

(703) 487-4929 
Penwalt Piezo 
Box C 
Prussia, PA 19406 
(215) 337-6710 
SAMS BOOI(S 
4300 West 62nd Street 
Indianpolis, IN 46206 
(800) 428 -SAMS 
SenSym 
1255 Reamwood Avenue 
Sunnyvale, CA 94089 
(408) 744-1500 
Vernitron 
232 Forbes Road 
Bedford, OH 44146 
(216) 232 -8600 

Under certain circumstances, these magic 
mirrors even exhibit the concept of 
negative time! 

Yes, all of this stuff is for real. And here 
and now. 

How do you do 
technical research? 
First and foremost, read as many possible 
trade journals involving your field of in- 
terest. So many times, you find useful and 
profitable information in areas where you 
least expect to find it. 

Secondly, get thoroughly familiar with 
a large technical library. I'm purposely not 
going to give you any names or numbers to 
those optics references above, because I 

want you to go to any old library and check 
out a key reference book called Uhlrichts 

84 / MODERN ELECTRONICS / June 1986 Say You Saw It In Modern Electronics 



Periodicals Dictionary. This will show you 
all the trade journals available in all fields 
and how to get them. 

One obscure technical library tip: Prac- 
tically all of the reference materials will 
send you backward through time, and thus 
aren't that useful in fast breaking fields. 
But there is a reference called the Science 
Citations Index that, believe it or not, 
moves you forward through time. 

How does it work? Every time a paper is 
referenced, that newer paper is listed. Just 
about any field has its early "horses - 
mouth" source documents. For instance, 
anything competetent written on active 
filters must reference Sallen and Key. 
Anything competent written on unfocused 
solar collectors must reference Winston, 
and so on. 

This can start a tree, for as soon as you 
find a newer author making the reference 
more than once, you can also chase him up 
through time. 

The third way to research is with elec- 
tronic data bases. Things have gotten far 
too complicated for any library to keep up, 
let alone any individual. As an availability 
example, NTIS, among zillions of other 
published searches, can send you a 
208 -entry annotated bibliography on laser 
optical gyroscopes if you order No. 
PB84- 852987CAI. Cost is around $50, 
which is a real bargin, considering what 
you get. 

How about another contest? 
All right; a Modern Electronics Hardware 
Hacker has a problem that you may be 
able to help solve. I'll award the usual 
SAMS book to the best ten entries, and an 
all expense paid tinaja quest for two (FOB 
Thatcher, AZ) to the best entry. 

The problem is to design a robotic cow. 
Rodeo is a very big sport in many parts of 

NEED HELP? 
Phone or write your Hardware Hacker 
questions directly to: 

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

Say You Saw It In Modern Electronics 

this country. To train cowboys and roping 
horses for certain events, a robotic cow is 
needed. 

The pseudocow has to travel along an 
80 -foot -long linear track and must be able 
to rapidly change speed and direction, 

both under programmable and remote op- 
erator control. As much as possible, 
"found" or adapted materials are to be 
used. The budget is tight, say $250 max- 
imum, not including stock personal com- 
puters or standard R/C radio controllers. 

AE 

Add a Little Technology 
to Your Library 

Understanding Data Communications 
(2nd Ed.) 
by Fike, Friend, Bellamy and Baker 

Understand the codes used for data communications, the 
types of messages, and the transmissions channels - 
including fiber optics and satellites. 
ISBN: 0 -672- 27019 -6, $14.9e 

Understanding Digital Electronics 
(2nd Ed.) 
by Gene W. McWhorter 

Learn why digital circuits are used, how digital circuits 
make decisions, store information, and convert informa- 
tion into electronic language. 
ISBN: O- 672 -27013 -7,$14.95 

Understanding Digital Troubleshooting 
(2nd Ed.) 
by Don L. Cannon 

This book presents the basic principles and troubleshoot- 
ing techniques required to begin digital equipment repair 
and maintenance. ISBN: 0-672-27015-3, $14.95 

Understanding Microprocessors 
(2nd Ed.) 
by Cannon and Luecke 

Provides an individualized learning format for the 
newcomer who wants to know what microprocessors 
are, what they do, and how they work. 
ISBN: 0-672-27010-2, $14.95 

Understanding Solid State Electronics 
(4th Ed.) 
by Hafford and McWhorter 

Explains complex concepts such as electricity, semicon- 
ductor theory, how electronic circuits make decisions, 
and how integrated circuits are made. 
ISBN: O-672-27012-9, $14.95 

Understanding Telephone Electronics 
(2nd Ed.) 
by Fike and Friend 

Subjects include speech circuits, dialing, ringing, central 
office electronics, microcomputers, digital transmission, 
network transmission, modems, and new cellular 
phones. ISBN: 0-672-27018-8, $14.95 

Understanding Artificial Intelligence 
by Henry C. Mishkoff 

Includes definitions, history, expert systems, natural 
language processing, LISP machines, hardware require- 
ments, and the thrust of Al research. 
ISBN: 0 -672- 27021 -8, $14.95 

Understanding Automation Systems 
(2nd Ed.) 
by Farwell and Schmitt 

Learn about programmable systems, how to use micro- 
computers and programmable controllers, types of robots 
available and their applications. 
ISBN: 0-672-27014-5, $14.95 

Understanding Automotive Electronics 
(2nd Ed.) 
by Ribbens and Mansour 

Explains how basic electronic functions and microproces- 
sors are applied for drive train control, motion control 
and instrumentation. ISBN: 0- 672 -27017 -X, 514.95 

Understanding Communications 
Systems (2nd Ed.) 
by Cannon and Luecke 

This book explores how information is converted into 
electrical signals, transmitted to distant locations, and 
converted back to the original information. 
ISBN: 0- 672 -27016 -1, $14.95 

Understanding Computer Science 
(2nd Ed.) 
by Roger S. Walker 

This book covers the fundamentals of hardware and 
software, programs and languages, input and output, 
data structures and more. ISBN: 0-672 -27011 -0, $14.95 

Understanding Computer Science 
Applications 
by Roger S. Walker 

Discusses how computers communicate with their input/ 
output units and with each other using parallel commun- 
ications, serial communications, and computer 
networking. ISBN: 0-6672- 27020 -X, S 14.95 

To order by phone ca!I 

800 -428 -SAMS 
Ask for operator 832 
In Indiana call 317 -298 -5566 9111415 
Product No. Price 

Quantity Shipping $2.50 

Name 

Address 

City 

State 

Signature 
Check or money order enclosed. 
Bill my credit card VISA AE MC 

Zip 

II 
Account No Eap Date 

Make checks payable to Howard W. Sams & Co. 
Mail this form with payment to Howard W. Sams & Co. 
4300 West 62nd Street Dept DM832 Indianapolis. IN 
46268. 

CIRCLE 95 ON FREE INFORMATION CARD 
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JIih/PC PAPERS 7111 

First Impressions: Interface Technologies' "Farsight" 
Lotus -Clone Spreadsheet; McGraw -Hill Software's 
"Maxit" RAM Board; Toshiba's Model P321 Printer 

By Eric Grevstad 

Legends die hard. Last year, the Coca - 
Cola Company spilled New Coke down its 
shirtfront while America demanded Coke 
Classic. Two years ago, Apple tried forc- 
ing the toylike IIc on buyers who rallied to 
the IIe even when hit with a price hike. To- 
day, Lotus Development Corp.'s high - 
priced upgrade and different file format 
have to some extent offset the extra 
features of 1 -2 -3 Release 2. Release lA 
may no longer be the best program in its 
field, but it's an established institution. It's 
the WordStar of the late '80s. 

Even before Release 2, there were 
lA- compatible spreadsheets like Mosiac 
Software's Twin and Paperback Soft- 
ware's VP- Planner. This month's prod- 
ucts, however, are new variations on 
Lotus' old theme. One is a program that 
combines 1A- format worksheets with a 
word processor and windows to cut and 
paste between them, all for $100. The 
other is a hardware upgrade aimed at 
Release lA software owners. (This 
month's third product is a high- quality 
printer, but I couldn't work it into this lead 
except to say that both old and new Lotus 
users appreciate good printouts.) 

Integrated Economy 
Business users accustomed to deluxe soft- 
ware that they don't personally pay for 
may share my early impressions of Inter- 
face Technologies' Farsight: it's slow at 
some jobs, it takes a few extra keystrokes 
to use its menus, it's rather fond of beep- 
ing and clicking at you through the PC's 
speaker. As integrated packages go, I 

prefer Framework II. But Farsight re- 
quires only 256K and two floppies, works 
like Lotus lA on lA files, and costs $99.95 
(not copy -protected). It's almost worth 
buying just to salute the manufacturer. 

Except for its eye- saving reverse video 
display, showing black text on a light back- 
ground (it looks better in monochrome 
than color), Farsight's desktop resembles 
Framework's. You can move, size, and 
switch among multiple windows, each 

Desk 

Retrieve 
Save 
Quit 
Xtract 
Combine 
Import 
TidyUp 
Exit 

orksheet Range Copy /Move Print Data 

C:\farsight\MODEAN.WRD 

rift i Ln 2 Col 47 Sp 1 chapterl rulerl 

According to recent subscriber surveys, nin 

readers of Modern Electronics prefer readin 
contents or Advertisers' Index to "PC Paper 

---C:\farsight\MAINE.WKS 
CB: (138*1.845) 

2 

3 

4 

5 

6 

7 

8 

A 

Scott 
Fourier 
Piper 
Duncan 
O'Connor 
Wonham 
Mueller 

C:\farsiyht\*.* 

<Go To Main Directory (root)> 
ALTERNAT WKS 1928 2 -27 -86 

B C D ARTWORKS WAD 8361 1 -01 -86 

Jan Feb Mar BANANA WRD 3898 2 -26 -86 

CALC CMP 5504 1 -01 -86 

388.5 397.6225 417.5036 DEFAULTS WRD 1344 2 -26 -86 

288.75 301.7437 316.8309 EASTERN WKS 4859 1 -01 -86 

187.3 195.7285 205.5149 FIRST WAD 3995 1 -01 -86 

22.98 24.0141 25.2148 FS EXE 88856 1 -01 -86 

180.2 188.389 197.7244 <more> 

380 313.5 329.175 
224.8578 221.4849 236.9889 281.9 210.9855 221.5348 

Menu choices are familiar, but Farsight adds word processing and disk directory windows 
to its Lotus -clone spreadsheet software. 

showing a worksheet (.WKS) or word pro- 
cessing (.WRD) file or disk directory. Con- 
sistent function -key commands cut, copy, 
or move text, worksheet cells, or disk files. 
Changing or creating subdirectories is easy 
with the software. 

Farsight uses moving -bar menus and di- 
rectories, letting you select items with the 
arrow keys or by typing initial letters. 
(Start typing the name of a disk file, and 
the cursor jumps to it alphabetically; type 
an unrecognized name, and Farsight opens 
a new file.) Some choices call option 
boxes, where the tab key moves through 
submenues -such as forward or backward 
and match or ignore case for search and re- 
place functions. 

It's a simple, efficient scheme, backed 
by good context -sensitive help screens. 
Beginners should adapt readily, and Lotus 
buffs need learn only F3 (instead of a 
slash) to call the top -line menu, a few ex- 

tra Enters amid first- letter typing for menu 
choices, and Alt before entering some 
function -key commands. 

Lotus users will also have to give up 
graphics, but otherwise Farsight has the 
same versatile spreadsheet, makeshift 
database, and macro ability as Release 1A, 

with a few extras. (The F5 or search com- 

mand, besides serving the word processor, 
replaces GoTo for cells addresses and also 
finds specific values or labels.) Existing lA 
files and macros work perfectly. 

If you don't need graphics or giant 
worksheets, Farsight is a fully acceptable 
replacement, though it loads files at half 
Lotus' speed and recalculates one -third 
slower (9.4 versus 6.3 seconds for the same 
200 -cell exercise). For big jobs, despite the 
same theoretical limit (2,048 rows by 256 

columns), Farsight falls down. My test tile 
(the formula 2 + 2 in all 256 columns) pro- 
duced "Worksheet full" messages after 40 
rows to Lotus' 64. Copying eight rows 
took two minutes instead of 26 seconds. 
Cursor movement slowed to a crawl. 

Farsight's word processor, by contrast, 
is fast and attractive, lacking a "delete 
word" command but with automatic re- 
formatting, unlimited mixing of margin or 
layout rulers, visible page breaks, mail 
merge, and typestyles from underlined to 
italic. The Esc key undoes casual deletions, 
while a more formal cut -and -paste buffer 
not only handles block operations, but 
easily puts spreadsheet rows into text. A 
background queue lets you continue work- 
ing during printing. 

Interface Technologies, proud of its 
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Modula -2 compiler and window manager, 
promises add -on graphics, communica- 
tions and relational database components 
by midyear; I look forward to them. Far - 
sight isn't spectacular but everything about 
it, from its Lotus -meets -Framework 
menus to the overlay system that lets it fit 
into 256K, works smoothly. If I name a 
"Bargain of the Year" in the future De- 
cember column, you read it here first. 

Memory to the Max 
When it comes to memory, we PC owners 
are insatiable. We used to be happy with 
128K or 256K; nowadays we gnash our 
teeth that the 8088 can address only a 
measly megabyte and that we're allowed 
just five- eighths of it. "It's so unfair," we 
moan. "Such a waste to have 640K for us 
and 384K reserved for ROM and video 
stuff that's usually only a fraction of that 
size. How are we supposed to load DOS 
and SideKick and still have room for giant 
spreadsheets?" 

A recent answer is the bank -switching 

scheme of expanded memory, which is ad- 
mirably ingenious but technically 
hilarious -up to eight megabytes sharing 
a 64K window in upper memory, a RAM 
Rolodex shuffling 512 slices in and out of 
four 16K slots. But expanded memory 
boards are costly and useless for all but the 
newest programs (such as 1 -2 -3 Release 2). 

If you're willing to accept a smaller in- 
crease for a small but choice selection of 
software, $195 will give you another 255K 
of Release IA workspace -or, if you like, 
another 193K for Lotus with space for 
Borland's SideKick thrown in free. 

The secret is McGraw -Hill Software's 
Maxit, a half card with 256K RAM. It can 
reside below the 640K line to fill smaller 
systems, but that wastes Maxit's talents 
and your money; Turner Hall Publishing's 
half card does that job for $100. Maxit can 
also do the bank -switching bit, supplying 
a driver for the Lotus /Microsoft Ex- 
panded Memory Specification, but its 
256K can't match other EMS boards' two 
megabytes. Besides, using EMS mode with 
my Tandy 1200, Framework II reported 

.** 

t 

1611fitilliiü111111U41i11Ñ11=°, 

Maxit adds 256K to 640K for 1 -2 -3 and memory- resident programs. 

only 164K added, while Microsoft's EMS 
RAM disk used all 256K but was grotes- 
quely slow (WordStar loaded a paragraph 
in 36 seconds). 

Maxit's real value lies in the high ground 
above 640K, which a clever installation 
program scans for gaps, prompting you to 
set the board's DIP switches and add two 
lines to your AUTOEXEC.BAT files. 
That done, Maxit automatically assigns its 
three 64K and two 32K segments to vacant 
addresses at system startup. This fills, for 
example, the space from 640K to 736K, 
skipping your video card, filling from 
768K to 800K, skipping the hard disk 
ROM, then reappearing from 832K to 
960K. (My old color /graphics adapter 
used 32K video memory; my STB Chauf- 
feur uses 64K, cutting Maxit to a 224K 
total. An Enhanced Graphics Adapter 
would take even more.) 

Past its opening logo, Maxit is invisible; 
CHKDSK reports extra money up to the 
Bust gap (e.g. 736K), but your programs ig- 

nore it, actually losing 1K to Maxit's soft- 
ware. The exception, however, is Lotus 
1A, at whose starting cell Maxit activates 
its RAM. The result is magic: My work- 
sheet space jumped from 527,004 to 
788,243 bytes. No bother, no bank switch- 
ing, just room for 96 instead of 64 rows of 
my test file. 

Maxit's other magic trick, though the 
otherwise nicely detailed manual doesn't 
spell out its limitations, is to slip memory- 
resident programs up its sleeve. Putting 
KEY between the two Maxit AUTOEXEC 
lines, for instance, will slash Superkey 
above 640K, where it won't subtract from 
your applications. 

The drawback, as McGraw -Hill ad- 
mitted when I called about my crashing at- 
tempts to load both SideKick and Super - 
key or RoseSoft's ProKey in the overhead 
compartment, is that such programs won't 
work when split across noncontiguous 
areas. They're limited, in most systems, to 
that first 96K block. Between that and dif- 
ferent video cards, it might be nice to see a 
sticker on the box saying "Your mileage 
may vary." But there are lots of people 
who use 1 -2 -3 and a single pop -up pro- 
gram, who don't want to guy an EMS 
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PC PAPERS .. . 

If you like the newest dot -matrix printers' near letter quality, Toshiba's 80- column Model 
P321 brings 24 pins within your price range. 

board and new software, and who'll find 
Maxit a neat, affordable quick fix. 

An Elite Affair 
There's nothing I dislike about the 
Toshiba P321, but some things I like less 

than others. In my book a $699 printer 
should offer more than a manual friction 
feed (a tractor unit costs $99, a sheet feeder 
$219), and you can get better, if not faster, 

draft -quality text from Stars and Epsons 
costing hundreds less. I timed the Toshi- 
ba's draft pica and elite at a respectable 91 

and 101 characters per second (cps) re- 

spectively, but both had a slightly nervous 
or trembly appearance, though the con- 
densed pitch (86 cps) looked good. 

Along with a paper -handling option, I'd 
spend an extra $49 for IBM Graphics 
Printer emulation. Without it, the P321 
couldn't do graphics screen dumps, and 

Draft 10 cpi: Please accept my congratulations 
on your daughter Mary's engagement to John Doe. 

Draft 12 cpi: I know John is a fine ywng mOn, because 

he reads Modern Electronics. Mary is very fortunate. 

Courier 10 cpi: I usually skip the 'PC Papers' 
column myself, but otherwise enjoy ME as well. 

Prestige Elite 12 cpi: Best wishes to you and to Mrs. 

Quincy, and keep in touch. See you at the wedding. 

Besides the usual underlining, italics, bold, expanded and compressed text, the Model P321 

has three built -in fronts from which you can choose. 

Framework II charts (using the P351 
driver) were beautifully crisp but actually 
too dark to tell shading patterns apart easi- 
ly. Toshiba's control codes, too, are a lit- 
tle tricky for beginners -for the character 
spacing value 12, enter decimal 49 50 
(ASCII for 1 and 2). 

But this is nit -picking. The P321, which 
replaces the P 1340 as Toshiba's thriftiest 
24 -pin dot -matrix (aren't printer prices 
falling wonderfully ?), is a solid, sturdy 
device that accepts your word processor's 
Qume Sprint 11 control codes and pro- 
duces up to six fonts: draft, NLQ Courier, 
NLQ Prestige Elite, two more NLQ fonts 
from a plug -in cartridge, and one down- 
loaded from your PC (the downloading kit 
sells for an extra $99). 

It lacks many new printers' easy front - 
panel controls for changing fonts, but 
you'll probably stick to only one. Courier 
(41 cps) looks like very good, dark draft 
pica, but I'm in love with the P321's 
Prestige Elite (47 cps). It matches anything 
out of a daisy -wheel printer, and separate 
control codes for font and spacing let you 
use it for 10 -pitch and proportional as well 
as the usual 12 -pitch output. 

Some decisions are made on individual 
instead of overall concerns; you might 
think Subarus aren't sexy, but buy one for 
its four -wheel drive, or find an otherwise 
average house with the bay window you've 
always wanted. If you're more concerned 
with letter -quality letters than fast draft 
runoffs, Prestige Elite will tempt you to 
the Toshiba P321. AE 

Names & Addresses 
Interface Technologies Corp. 
3336 Richmond Ave., Suite 200 
Houston, TX 77098 
713 -523 -8422 
McGraw -Hill Software 
8111 LBJ Freeway, Suite 1350 

Dallas, TX 
214- 437 -7422 
Toshiba America, Inc. 
Information Systems Division 
2441 Michelle Dr. 
Tustin, CA 92680 
714 -730 -5000 
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Complete Guide to Compact Disc (CD) 
Player Troubleshooting and Repair by 
John D. Lenk. (Prentice -Hall. Hard cov- 
er. 258 pages. $29.95.) 

With the explosive growth in purchases 
of CD players during the past year, elec- 
tronics service personnel must learn how 
to troubleshoot and repair these sophisti- 
cated marvels of audio technology. This 
book provides what knowledge is needed. 
It leads off with the basics of CD players 
and their relationship to stereo systems. 
From there, it goes on to describe the en- 
coding and decoding processes and ex- 
plains the theory of operation of a cross - 
section of player circuits with the help of 
schematic and block diagrams. This is 
followed by discussions of user controls 
and operating procedures and required 
test equipment and tools. 

Detailed drawings help to explain the 
mechanical sections of typical CD play- 
ers. Both early and current models of CD 
players are covered in the troubleshoot- 
ing section, which describes a systematic 
approach to localizing problems in the 
electronic sections. 

Tools For Thought by Howard Rhein - 
gold. (Simon & Schuster. Hard cover. 
335 pages. $17.95.) 

Recounted in this book is the roughly 
one hundred -year history of computing 
(at least the concept has been around that 
long). It is basically the story of people 
like Babbage, Boole, Turing and almost 
everyone else up to today's geniuses who 
have been and still are responsible for the 
significant developments in the evolution 
of the computer. These stories reveal 
their genius and eccentricities, but not 
without due reverence. 

The theme of this book is that the com- 
puter revolution has not occurred yet, 
that everything that has happened to this 
point is just prelude to truly powerful 
"mind machines" that will make today's 
most powerful computers' capabilities 
appear to be insignificant by compari- 
son. The peeks the author gives into the 
future, mostly through the eyes of the 
people who are currently engaged in de- 
veloping new computing machines, are 
both fascinating and mind bending. 

Whether or not you are interested in 
"history," you will likely find this book 
to be thoroughly absorbing. It is an imag- 
inatively written documentary. 

Troubleshooting & Repairing Your 
Commodore 64 by Art Margolis. (Tab 
Books. Soft cover. 351 pages. $14.95.) 

If you own a Commodore 64, this book 
can be an important computer accessory. 
It provides practical information on put- 
ting an ailing C -64 back into operation. 
Written by a servicing specialist, the book 
is logically organized to help you to rap- 
idly localize any source of trouble. 

Early on, you are told how to recognize 
and interpret symptoms. You are shown 
how to disassemble the C -64 and locate all 
32 of its IC chips and told what each does. 
A battery of chapters are then devoted to 
subsystems inside the C -64, liberally pep- 
pered with important servicing tips. 
Along the way, every circuit is closely ex- 
amined in full technical detail so that 
when you are finished reading, you know 
more than you need to know to service 
each and how it relates to the system. 

Supporting the well- written text are 
more than 250 photos, drawings, sche- 
matics, block and timing diagrams, and 
tables -all provided to help you through 
the servicing procedure. Very handy are 
the chip- function diagram and the master 
schematic of the C -64 at the end of the 
book. The master schematic is rendered 
in large size and spread out over 24 pages 
for easy readability. 

NEW LITERATURE 
Test Equipment Rental Guide. United 
States Instrument's 368 -page 1986/87 
Product Guide contains complete infor- 
mation on 4,351 different models of test 
instruments the company has available 
for rental. Full descriptions, specifica- 
tions and comparison charts are given in 
14 product categories. Products include 
analyzers, CAE /CAD equipment, mi- 
croprocessor development systems, 
counters, generators, desktop control- 
lers, meters, oscilloscopes, recorders, 
signal modifiers and telecommunications 
devices. For a free copy, write to United 
States Instrument Rentals, 2988 Campus 
Dr., Dept. ME, San Mateo, CA 94403. 

Electronic Products & Kits Catalog. The 
latest edition of the Heathkit catalog fea- 
tures more than 400 electronics and corn - 
puter products for the home, car, boat, 
testbench, and communications shack. 
The full -color 104 -page catalog high- 
lights the Hero 2000 educational robot, a 
new line of computer -based test instru- 
ments and a complete satellite TV receiv- 
ing system. For a free copy, write to: 
Heath Co., Dept. 150 -775 ME, Benton 
Harbor, MI 49022. 
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MUST LIQUIDATE 
Commodore Compatible 

Total Telecommunications" 

MODEM 

90-Day 
Limited 
Factory 
Warranty! FCC 

Approved 

Access the stock market, take 
college classes, do your shopping, 
and a whole lot more! 
For Commodore 64K or SX64! 
Has modular jacks for quick, easy 
hookup to your phone system! 
Works on TouchTone® and Rotary 
(Pulse) dialing system (not PBX)! 

Liquidation due to an overstock! This single 
communications package connects your 
Commodore 64K or SX64 for on -line telephone 
use. No special computer knowledge is required. 
Super -intelligent software is completely menu - 
driven! 

Features: 30K software buffer. 300 Baud, auto 
dial, auto answer helps eliminate complex mo- 
dem steps. Works on Tone and Rotary phone 
systems (not on PBX). Upload and download of 
text, programs, data files. Prints or stores 
downloaded files. Captures and displays high 
resolution, mapped graphics files. Color selec- 
tion menu. Connect -time clock keeps track 
of log -on time. ASCII or Commodore charac- 
ters. Smooth screen rolling. Includes 6-ft. mod- 
ular phone cord. Equipment needed: C64, Moni- 
tor, and disk drive or SX64. 

NOTE: Price includes trial subscription to over 52 
data base services for vast information. Initial sign - 
up fee is FREE. All you pay is the on -line time you 
use, plus monthly rate. 

Mfr. List:4.09.95 
Liquidation 
Priced At $19 

Item H- 1225- 3646 -007 Ship, handling: $4.00 

Sales outside continental U.S. are subject to special 
conditions. Please call or write to Inquire. 

Credit card customers can order by phone, 
24 hours a day, r -1 
7 days a week 1..o,,,, 

Toll -Free: 1- 800 -328 -0609 
Your check is welcome! 
No delays in orders paid by check. acche 

C.O.M.B. Direct Marketing Corp. Item H -1225 
14605 28th Ave. N. /Minneapolis, MN 55441 -3397 
Send -Modem(s) Item H- 1225- 3646 -007 at 519 each 
plus 54 each for ship, handling. (Minnesota residents add 
6% sales tax. Sorry, no C.O.D. orders.) 

My check or money order is enclosed. No delays in 
processing orders paid by check, thanks to TeleCheck. ) 

Charge to my: D VISA ̂ . D MasterCard 

Acct No Exp 
PLEASE PRINT CLEARLY 

Name 

Address 

City 

State 
Phone 

ZIP 

Sign Here 

C O.M B Direct Marketing Corp. 

Authorized Liquidator 
14606 28th Avenue North 

Minneapolis, Minnesota 56441 -3397 
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AMAZING NI\ 
SCIENTIFIC and ELECTRONIC 

DEVICES 
PLANS -All Parts Available In Stock 

LC5 BURNING CUTTING CO2 LASER 

RUB3 RUBY LASER RAY PISTOL 

BTC5 1.5 MILLION VOLT TESLA COIL 

PTG1 PLASMA TORNADO GENERATOR 

GRA1 GRAVITY GENERATOR 

MAGNETIC CANNON /PRCJECTOR 

KITS -Includes Plans and Parts 

LHC2K SIMULATED REDJGRN /YEL LIGHT 

LASER 

BTC3K 250,000 VOLT TESLA COIL 

IOG1K ION RAY GUN 

PSP3K PHASOR SHOCK WAVE PISTOL 

STG1KSTUN /PARALYZING GUN 

INF1K INFINITY TRANSMITTER 

MFT1K 2 -3 MILE RANGE FM VOICE 

XMTR PC BOARD 

$20.00 
20.00 
15.00 
8.00 

10.00 

10.00 

34.50 
159.50 
109.50 
49.50 
39.50 

134.50 

49.50 

ASSEMBLED AND TESTED PRODUCTS 

LGU30 RED 1MW PORTABLE He -Ne 

LASER 315.00 
TCL30 SOLID STATE TESLA COIL 35KV 74.50 

IPG50 POCKET PAIN FIELD GENERATOR 64.50 

BLS10 BLASTER DEFENSE WEAPON 89.50 
ITM10100KV SHOCK ANDSTUNGUN 99.50 

PPF10 PHASOR PAIN FIELD PORTABLE 249.50 

SNP20 SECURITY PHONE LISTENER 99.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE 

PLUS HUNDREDS MORE AVAILABLE FOR $1.00 OR IN- 

CLUDED FREE WITH ALL ABOVE ORDERS. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO- 

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

VISA, MC TO: 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. MEA, AMHERST, NH 03031 
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NEW PRODS ... (from page 13) 

aged in knocked -down form and 
come with all required hardware and 
adhesive -backed rubber feet. 

CIRCLE 59 ON FREE INFORMATION CARD 

tops and bottoms are 20 -gauge steel 
with hemmed front and rear edges. 

The bottom cover is provided with 
punched mounting holes for Ten - 
Tec's accessory tilt -up bails or large 
rubber feet. Front and rear panels are 
finished in eggshell baked enamel; 
top and bottoni clamsheels are fin- 
ished in contrasting blue or black tex- 
tured enamel. 

Sizes range from 6 "W x 5 "D x 
2.5 "H to 12 "W x 9 "D x 5.5 "H. The 
2.5 "H models offer three vertical 
chassis positions, the 4 "H models 
five positions and the 5.5 "H models 
seven positions, all in 0.75 " incre- 
ments. Standard enclosures are pack- 

QUALITY ETCHED PC BOARDS 
IN LESS THAN 5 MINUTES. 

Convenient econo nical, high quality production of 12"x12" 

panels is obtained using Kepro's BenchTop Spray Etcher, only 
5765. Kepro -the one stop source for all your Prototype and 

Short Run PCB needs. 

Kepro Circuit Systems, Inc 

Wr te for full line catalog or call 
1- 800 -315.3878 1 -314- 343 -1630 (Missouri) 

630 Axmirister Drive Fenton, MO 63026 -2992 
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Electronic Video Switcher 
You can switch in and out and route 
up to five video sources of any type as 
desired with RCA's Model AC019 
electronic video switcher. The switch - 
er features soft -touch switches, high - 
performance amplifier circuitry with 
low signal loss, and a switchable r -f 
amplifier for use in weak - signal areas. 
Panel LEDs light when each function 
is selected for at- a- glance system 
setup. $119.95. 
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NEW FROM 
DON LANCASTER 

HANDS -ON BOOKS 
CMOS Cookbook 
TTL Cookbook 
TV Typewriter Cookbook 
Active Filter Cookbook 
Micro Cookbook vol I 

Micro Cookbook vol II 

Enhancing your Apple vol I 

Enhancing your Apple vol II 

All About Applewriter 
Applewriter Cookbook 
Apple Assembly Cookbook 
Incredible Secret Money Machine 

14.50 

12.50 

12.50 

14.50 

15.50 

15.50 

15.50 

15.50 

12.50 

19.50 

21.50 

7.50 

UNLOCKED SOFTWARE 
Absolute Reset Ile & Ilc 19.50 

Applewriter Toolkit (Dos 3.3e) 39.50 

Applewriter Toolkit (ProDOS) 39.50 

Both Applewriter Toolkits 59.50 

Applewriter /Laserwriter Utilities 39.50 

Laserwriter Demo Pack FREE 

Appleworks Disassembly Script 49.50 

Enhance vol I Companion Disk 19.50 

Enhance vol II Companion Disk 19.50 

Assembly CB Companion Disk 19.50 

Applewriter CB Companion Disk 19.50 

Classic Cell Animation Demo 12.50 

FREE VOICE HELPLINE VISA /MC 

SYNERGETICS 
Box 809 -ME 

Thatcher, AZ 85552 
(602) 428 -4073 
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LETTERS (from page 4) 

but need the schematic diagram for it to 
complete the job. Can anyone help me? 

Donald C. Poston 
RR #1, Box 196 

Springfield, NE 68059 

Praise & Neighs 

I found the series "All About Telephones 
and How to Repair Them" by TJ Byers 
the best source of information on the sub- 
ject I have ever seen. Well done. 

On another matter, a couple of gremlins 
crept into Fig. 1 of my "Add Stereo Sound 
to Your TV Receiver" (April 1986): R3 
should be 22k (not the 33k shown) and the 
line from L3, R7 and C9 goes to pin 10 (un- 
marked) of ICI. 

Gary McClellan 
La Habra, CA 

Some errors showed up in my "Day/ 
Night Safety Beacon" (April 1986). In Fig. 
1,121 and Q2 should be labeled 2N5296, as 
in the Parts List, and BI and B2 on Q3 
should be transposed. In the "Winding the 
Transformer Box," amend the middle of 
the third paragraph from the end be- 

ginning "Label the ends ..." to read: 
"Cut through the fold and label the two 
conductors created with number tags 4 and 
5. Use an ohmmeter to identify the un- 
marked end of the wire labeled 4, and twist 
together and solder this wire, the wire end 
labeled 5 and a 4" hookup wire to form the 
center tap. Tag the remaining unmarked 
wire with the number 6." 

Anthony J. Caristi 
Waldwick, NJ 

In "A Wireless TV Audio Mute" (March 
1986), Fig. 3 doesn't agree with Fig. 1 in 
the area around Cl, RI and R10. What 
must be done to correct this? 

Dieter Heckele 
Hubertus, WI 

Move the lower ( +) lead of Cl one hole 
down as viewed in Fig. 3, and connect the 
other side of S 1 to the vacated hole. -Ed. 
In the schematic of the "64K Printer Buf- 
fer for $50" (March 1986), pins 10 and 11 

of IC22 should be connected together and 
pin 9 should go to X9. The etching -and- 
drilling guide is correct. 

Jeff Burnett 
Springfield, VA 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an hour 
and more! 

Learn al home in spare lime. 
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, Radio-TV. Micro- 
wave. Computers. Radar. Avonics and 
more! You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 

This proven course is easy, fast and low 
cost! GUARANTEED PASS You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commanD PRODUCTIOns 
FCC LICENSE TRAINING, Dept 220 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY STATE __ ZIP 

Copy Worldwide Short -wave Radio 
Signals on Your Computer 

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

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

MICROLOG 
INNOVATORS IN DIGITAL COMMUNICATION 

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

For about the price of another "Pac- Zapper" game, you 
can tie your Commodore 64, 128 or VIC -20 into the 

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

MICROLOG CORPORATION, 
18713 Mooney Drive, 
Gaithersburg, Maryland 20879. 

Telephone: 301 258-8400. f 

n .m iws wCnui nt. 
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A Discrete -Component High Frequency Op Amp (from page 63) 

V- 

Voltage Comparator 
Vout is high when V2 > VI 

Vout is low when VI > V2 

VOUT 

V 

Schmitt Trigger 
Hysteresis Limits: 

VH = Vout [R2 /(R1 + R2)] 

Crystal Oscillator 
Pulse train output 

3.58 MHz 

XTA L 

Fig. 7. Using op amps in nonlinear applications. 

warm up. When the drift ceases, read- 
just R2 to obtain minimum offset 
from ground. 

Use Considerations 
Because of its sensitivity to variations 
in supply voltage, the op amp should 
always be used with a tightly regulated 

i I Ar 
DESCRAMBLER PARTS 
We 

Adaptor 
tronics 

#701 
Includes 

diodes, 

#702 
Original 

#704 

Botch 
#701, 

stock the exact parts, PC Board and A.C. 

for an article published in Radio Elec- 

Magazine (Feb., 1984) on building your 

own CABLE TV DESCRAMBLER. 

PARTS PACKAGE $29.95 
all the original resistors, capacitors, 

transistors, integrated circuits, coils and 

IF transformers. 

PC BOARD $12.95 
etched & drilled silk -screened PC Board 

used in the article. 

AC ADAPTOR $12.95 
(14 volts DC @ 285MA) 

#701 A #702 $39.00 
702 & 704 $49.00 

FREE!! Reprint of Radia Electronics 

Article on Budding bur Own Cable TV 

Descrambler with any purchase. 

Add $2.50 Shipping & Handling 

$4.50 for Canadian Orders 

ORDER TOLL FREE 
1- 800 -227 -8529 

Visa, MasterCard or C.O.D. 

hW ELECTROIIIC5,IIIC. 
P.O. Box 800Z -, '' Mansfield, MA 02048 

Fig. 8. A class -B output stage. 

power supply. However, it's not 
necessary to use a split supply when a 
fixed ground reference isn't required. 
The circuit works better with higher 
supply voltages; just make sure you 
don't exceed the transistors' voltage 
limits. 

The high input impedance of FETs 
(measured above 10 megohms 
shunted by about 3.5 picofarads) per- 
mits a very high current gain at high 
frequencies, even from a relatively 
high impedance signal source. Both 
inputs should have a dc path to 
ground of not more than 10 meg- 
ohms. The circuit should be designed 
with an input resistance equal to the 
input reactance at the corner fre- 
quency, above which the gain drops 20 

dB per decade. This can be calculated 
approximately as: Xc = 1012 /(71-f). 
Here, Xc is capacitive reactance, it is 

3.14159 and f is frequency in Hz. 
In all nonlinear amplifiers, such as 

voltage comparators and Schmitt trig- 
gers, negative feedback isn't neces- 
sary. Because the output transistor 
will be saturated or cut off at all times, 
drift isn't a problem. Examples of 
non -linear applications are shown in 
Fig. 7. 

In a linear amplifier circuit, the op 
amp operates as a class -A amplifier. A 
class -B output stage, like that shown 
in Fig. 8, can easily be added to the 
basic op -amp circuit. Here, QI 
follows the op amp's output on the 
positive half, while Q2 follows the 
output on the negative half of the cy- 
cle. With a split supply, the output can 
be directly coupled to a low -im- 
pedance load, such as a speaker voice 
coil. Crossover distortion will be 
severe at low signal levels. The class -B 

output stage can also be used in non- 
linear applications in which crossover 
distortion isn't a problem. 

In Conclusion 

There are many applications for the 
high- frequency op amp described in 
this article. These include video 
amplifiers, oscilloscope preampli- 
fiers, broadband r -f amplifiers, high 
frequency pulse generators, fast re- 
sponse multivibrators and many more 
circuits in which high- frequency 
amplification or fast response is re- 
quired. Due to the circuit's 20 -dB per 
decade rolloff, the op amp is inherent- 
ly stable at any gain. AE 
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... PROJECTS FOR SUMMER USE 

An Automatic Lawn Sprinker (from page 28) 

assemble the box, wire IC3's gates in- 
to the circuit for the operating condi- 
tions you desire, as described above. 

Label the cable entry holes, switch 
positions and LEDs with appropriate 
identifying legends using a dry- trans- 
fer lettering kit. Spray two or three 
light coats of clear acrylic over the let- 
tering to protect it. Assemble the box. 

You must use watertight enclosures 
for the driver subassemblies. You can 
make such enclosures from standard 
chassis boxes simply by sealing all 
joints and holes with silicone adhesive 
after the circuit has been installed and 
tested and the boxes have been 
assembled. 

Wire each driver circuit on a small 
pc or perforated board exactly as 
shown inside the dashed -line box in 
Fig. 1. Make sure you electrically 
isolate all parts of the circuits from the 
metal boxes and the low- and ac -volt- 
age sections from each other, and con- 
nect the neutral wire of the three - 
conductor ac cords to the boxes. The 
cables from the solenoids conned to 
the appropriate points in the circuits 
inside the boxes. 

Drill three holes in each box, one 
for the low- voltage lines from the Se- 
quencer, a second for the soleno_d's 
leads, and the last for the three -con- 
ductor ac wiring. Line each hole 
through which a wire is to pass with a 
rubber grommet and tie a strain -re- 
lieving knot in the ac cords and low - 
voltage cables inside the boxes before 
connecting and soldering the conduc- 
tors into place. 

Liberally coat the cables, knots and 
grommets with silicone adhesive, 
overlapping it onto the inside box 
walls. Repeat on the outside. As- 
semble the boxes, using the hardware 
supplied with them, and liberally coat 
all seams and screw heads with sili- 
cone adhesive. These must be water- 
tight seals! 

When installing the system, make 
certain you observe all local electrical 

Say You Saw It In Modern Electronics 

wiring codes. Mount the Sequencer/ 
power -supply assembly and program- 
mable timer in a protected location 
near a pair of ac outlets. 

Connect the solenoid valves be- 
tween the water supply line and indi- 
vidual sprinkler heads. Then wire to- 
gether the system. 

In Closing 

Now that you have the Automatic 
Sprinkler Sequencer installed, turn it 
on and relax. Instead of having to re- 
member when to water your lawn and 
garden, dependable solid -state elec- 
tronics is at work. AE 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

20 MHz DUAL TRACE OSCILLOSCOPE 

$329 MO-1251 

35 MHz DUAL TRACE OSCILLOSCOPE 

$545 MO-1252 

Top quality scopes at a very reasonable price. Contains all the desirable features. Elencos 2 year guarantee 
assures you of continuous service. Two lx, 10x probes, diagrams and manual included. Write for specifications. 

MULTI METER with 
CAPACITANCE and 

transistor tester 

$`5 Model 
VV CM -1500 

Reads Volts, Ohms, 
Current. Capacitors 
Transistors & Diodes 

TRUE RMS 41/2 
DIGIT MULTIMETER 

$135 M 70ÓO 

.05% DC Accuracy 
.1 % Resistance 

with Freq. Counter 
& Deluxe Case 

IA 

31 DIGIT 
MULTIMETER 

$2C Model LJ M -1600 

1% DC Accuracy 
1% Resistance 
Reads 10A DC 

GF -8016 Function Generator 
vith Freq. Counter 

$219 
Sine. Square. Triangle. 

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

GF 8015 without Freq. Meter '169 

Triple Power Supply XP -660 

$14950 
0-20V -á 1A 
0-20V u 1A 

5V a 5A 

Fully Regulated, Short Circuit Protected with 2 
Limit Cont. 3 Separate Supplies. 

POWER BLOX 
The Power Supply For Breadboarding 

s 

3 Amp Power Supply XP -650 

$11950 
IOW 

_i -- , 0 -40V @ 1.5A 
0-20V @ 3A 

Fully regulated, short circut protected current 
limit control 

4 

$1495 $995 
Now a Power Supply for your Bread Blocks. Snaps in- 
to existing units. Fully regulated and short circuit pro- 
tected. 

12V @ .3A, SV @ 1A, -5V @ .5A 

'22.95 for Both, Power Blox & Breadboard 

DIGITAL LCR METER 
Model LC -1800 
Measures: Inductors 
Capacitors, Resistors $148 

Inductors .10H to 200 H 

Capacitor.l Pf to 200pí 
Resistor .01Q to 20M Q 
Ranges 6 Ind, 7 cap, 7 res 

C &S SALES, 8744 W. North Ter. Niles, IL 60648 = 15 DAY MONEY 
800 -292 -7711 (312) 459 -9040 BACK GUARANTEE ASK FOR CATALOG 

2 Year Limited Guarantee! Add 5% for Postage (510 max.), IL Res., 7% Tax 
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Cordless 
Pocket- 
Size 
Soldering 

Safe, no open flame. 

Only 7 inches long. 

Adjustable, with 
10 -60 W power. 

3 tip sizes available 
No cords or 
batteries. 
Runs 60 minutes 
on one refill. 

Heats and cools 
in seconds. 

Portasol' is the first 
butane -powered, 
portable soldering iron 
that's safe, convenient 
and economical. Not 
much larger than a felt 
marker and as easy to 

use as a cigarette 
lighter, Portasol is 

the ideal tool 
for solder- 

ing and 
desol- 
dering 

in tight 
spots or 

where no 
electrical 

outlets are 
available. And 

because it's 
static free, Portasol 

is ideal for use with 
CMOS and other 

static- sensitive com- 
ponents. 

WARRANTY: 
ONE YEAR ON CASE, 

30 HOURS ON TIP 

W 
W 
CC 
11 

Gift 
Bonus 

Order by July 15, 1986 and receive a FREE MIRROR 
PROBE KIT with disposable mirror and no nick 
soldering probe. 

Write your check or money order now to AMTECH, 
39 Saginaw Drive, P.O. Box 92054, Rochester, New 
York 14692. 

Please send me Portasol(s) at only $29.95 

each plus $2.00 SIH. (N.Y. residents add 7% sales 
tax.) 

Name 

Street 
Address 

City 

State Zip 

Allow 4/6 weeks delivery 

MODERN ELECTRONICS MART 
Classified Commercial Rates: 90¢ per word, 15 -word minimum ($13.50) prepaid. (Word 
count includes name and address, ZIP code and abbreviation each count as one word; 
P.O. Box number and telephone number count as two words each.) Indicate free category 
heading. A special heading is available for a $6 surcharge. First word only is set boldface 
caps at no charge. Add 20010 for additional boldface words. 
Mart Display Rates: 1 "x 1 col., $120; 2" x 1 col., $230; 3 "x 1 col., $330. Prepayment dis- 
count 5% for 6 issues; 10% for 12 issues prepaid at once. 
(All advertisers with PO Box addresses must supply permanent address and telephone 
number. Copy is subject to publisher approval.) 
Mailing Information: Copy must be received by the publisher by the 20th of the third 
month preceding the cover date. Send Advertising material with check or money order to: 
Modern Electronics, Classified Department, 76 North Broadway, Hicksville, NY 11801. 

COMPUTERS 
TI -99/4A Software /Hardware bargains. 
Hard to find items. Huge selection. Fast Ser- 
vice. Free Catalog. Tynamic, Box 690, Hicks- 
ville, NY 11801. 

RENT PUBLIC DOMAIN SOFTWARE, 
IT'S NOT COPYRIGHTED, no fees to pay, 
Copy hundreds of useful business, utility and 
game programs from our rental libraries onto 
your own computer at home! National Public 
Domain Library, 1533 Avohill, Vista, CA 
92083. (619) 941 -0925. Recording -(619) 
727 -1015. 

BASIC COMPUTERS, 10 lesson correspon- 
dence course, $39.50. Certificate. Details free. 
AMERICAN TECHNICAL INSTITUTE, Box 
201, Cedar Mountain, NC 28718. 

Z -100 SOFTWARE for Turbo Pascal. "ZGL" 
$39.95, the best Z -100 Graphics Library on the 
planet. "ZPORTS" $24.95, provides direct 
control of your serial /parallel ports. Products 
include source code! Requires: Turbo, MS -DOS 
2.x, 64k color RAM. Write for spec sheets or 
just try them! Your money back if not delighted. 
ZIMBAZI PRODUCTS, 7405 Berkman Drive, 
Austin, TX 78752. 

IBM PC Engineers & Technicians! ! ! ! Can't find 
that special conversion factor? You get thou- 
sands in the giant disk of units constants and 
conversion factors. No need for a calculator, 
conversions are calculated for you. Menu driven 
with color & printout features. Only $19.95 in- 
cluding shipping. R.D. Associates, P.O. Box 
820, Rogue River, OR 97537. 

PUBLIC DOMAIN SOFTWARE Not copy- 
righted - no fees - Thousands of programs for 
IBM, APPLE, and COMMODORE comput- 
ers. Rent and Copy for $.50 per volume or pur- 
chase for as low as $3.00 each. Send $1 for cat- 
alog -IBM sampler- spreadsheet, word proces- 
sor, database, w /catalog $10. Software Club, 
Box 41778, Sacramento, CA 95841 (916) 334- 
2161. 

TI -99/4A Discount Software: Free catalog from 
Microbiz Hawaii, P.O. Box 1108 Pearl City, HI 
96782. 

ELECTRONICS' 
LINEAR PARTS, TUBES, TRANSISTORS 
-MRF454 $16, MRF455 $12, MRF477 $11, 

MRF492 $18. Catalog. RFPC, Box 700, San 

Marcos, CA 92069. (619) 744 -0728. 

RECONDITIONED Test Equipment. $1.25 

for catalog Walter's, 2697 Nickel, San Pablo, 
CA 94806, (415) 724-0587. 

$555$ Super Savings on electronic parts, com- 
ponents, supplies and computer accessories. 
Free 40 -page catalog for SASE. Get on our 
mailing list. BCD ELECTRO, P.O. Box 
830119, Richardson, TX 75083 or call 
214 -690 -1102. 

LASERS and Nightvision surplus compo- 
nents. FREE catalog, M.J. NEAL COM- 
PANY, 6672 Mallard Ct., Orient, OH 43146. 

KEYFINDER!!! High -tech beeper helps you 
find your keys. Stop tearing house and office 
apart. Clap hands, snap fingers, Keyfinder an- 
swers with audible "beep." Send $12.96. Di- 
recteData, P.O. Box 5201, FWB, Florida 
32549 -5201. 

SPECTRUM Analyzer /Receiver Kits $60. Send 

SASE for details. Science Workshop, Box 
393ME, Bethpage, N.Y. 11714. 

PRINTED CIRCUIT BOARDS 

GUARANTEED lowest quotes. Single and 
Double Sided Boards. Prototypes through large 
production quantities. Mail specifications for 
quotes. Hobbyists: Print your own circuit 
board. Kits of all sizes, low prices. Basic Kit, 
$4.00 materials for two 3 " x 4 " boards (includ- 
ed), or S.A.S.E. for catalog to T.O.R.C.C.C. 
Electronics, Box 47148, Chicago, IL 60647, 
(312)342 -9171. 

VIDEO 
CABLE TV CONVERTERS & EQUIP- 
MENT. Plans and parts. Build or buy. SEND 
SASE. C & D ELECTRONICS, P.O. Box 
1402, Dept. ME, Hope, AR 71801. 

CABLE and SUBSCRIPTION TV secret 
manual. Build your own DESCRAMBLERS, 
converters. Instructions, schematics for sine 

wave inband /outband gated sync SSAVI 
(HBO, Showtime, Cinemax, UHF, etc.). Send 

$8.95 to CABLETRONICS, Box 30502ME, 
Bethesda, MD 20814. 

CABLE TV Secrets - the outlaw publication 
the Cable Companies tried to Ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers list included. $8.95. 
Cable Facts, Box 711 -ME, Pataskala, OH 
43062. 

WORLDS best channel 3 notch filter. $39.95. 
(Dealer inquiries invited). Crosley(G), Box 840, 

Champlain, N.Y. 12919. 

SATELLITE system ten foot complete $795.00. 

Buy direct from distributor. Complete do it 
yourself instructions $4.50. Free with purchase. 

Also salespeople needed, U.P.S. shippable 
800 -446 -4633. 
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SPECTROL TT00 eachtlble 
MOD 534 -7161 $1,00 each 
$5.00 EACH .>. 1010,59.00 

EDGE 
CONNECTORS 

ALL ARE 1.56 SPACING. 

22/44 EDGE CONNECTOR 
PC. style $2.00 each 

1010, $18.00 
22/44 EDGE CONNECTOR 

solder lug style $2.50 each 

28/56 EDGE CONNECTOR 

PC. style $2.50 each 
10 for $22.00 

36/72 EDGE CONNECTOR 
PC. style $3.00 each 

43/86 EDGE CONNECTOR 

PC. style $4.50 each 

TRANSISTORS 
2N706 
2N2222A 
PN2222A 
2N2904 
2N2904 
2N2905 
MJ2955 
2N3055 
PMD 10K40 
TIP 121 
TIP 125 

4 for 51.00 
3 for $1.00 
4 for $1.00 
3 for $1.00 
31or $1.00 
31or $1.00 

$1.50 
$1.00 
$1.00 

75c 
75c 

TRANSFORMERS 

120 volt 
primaries 

5.6 volts r 750 ma. $3.00 
6 volts : 150 ma. 61.26 
6.3 volt 600 ma. 53.00 
12 VC I 200 ma. 02.00 
12 VC T 400 ma. $3.00 
12 VCS 1 amp $4.00 
12 VC 2 amp $4.85 
12 VCT 4 amp $7.00 

16 volts 650 ma. $3.50 
24 V 1 200 ma. $2.50 
24 VC T I amp $4.65 
24 VCT 2 amp $6.75 
24 v 1 3 amp 59.50 
24 VC 4 amp $11.00 
36 VC T 135 ma. 53.00 

WALL 
TRANSFORMERS 

all plug directly 
into 120 vac 

outlet 

4 VDC @ 70 ma. 
6 VAC @ 500 ma. 
6VDC @ 750 ma. 
9 VDC @ 500 ma. 
12.5 VAC @ 265 ma. 
to vue vi 18 VA and 

8.5 VAC an 1.28 VA $4.50 
24 VAC @ 250 ma. $3.00 
MULTI- VOLTAGE @ 500 ma. 
3,41/2,6,71/2,9 or 12 VDC $7.50 

MINI -BOX 
Pomona #2104 

$1.00 EACH 

Heavy -duty black 
phenolic project box with cover and 
Screws. 2%' X 11/4" X 11/4" 

$2.00 
$3.50 
$4.50 
$5.00 
$3.00 

FUSES I1 
3AG (AGC) SIZE 
1, 11/2, 2, 242. 3, 4. 5. 6 AMP 
GMA SIZE 
1.2.3.4 5 AMP 
5 of any ONE amperage 75V 

SOUND 
AND VIDEO MODULATOR 

FOR T.I. COMPUTER 

TI. #U1.DesignedforusewithT.I.com- 
L' puters. Can be used with video sources. Built -in 

A/B switch. Channel 3 or 4 selection switch. 
Operate on 12 vdc. Hook -up diagram included. 

CAT# AVMOD WERE $10.00 

SPECIALS 
1 AMP 50 VOLT DIODES 
154001 TAPE AND REEL 
100 for $4.50 
1000 for $30.00 

SOLDER TAIL I.C. 
SOCKETS 

'4 PIN 10 for $2.50 
100 for $22.00 

1000 for $200.00 

SPECIAL PRICE 
TRANSISTOR 

plastic transistor 

PN3569 TO -92 N.P.N. 

100 for $8,00 
1000 for $60,00 

LARGE QUANTITIES 
AVAILABLE 

48 KEY ASSEMBLY 
FOR COMPUTER OR 

HOBBYIST 

NEW T.I. KEYBOARDS. Originally 
used on computers, these key- 
boards contain 48 S.P.S.T.mech- 
anical switches. Terminates to 
15 pin connector. Frame 4" x 9" 
CAT # KP -48 $6.50 each 

2 for $11.00 

Etn $# 99XM182 low 
noise fan. Measures 
3% square x 1' deep. 
21 Om. 23 db. 1700 rpm. 
SPECIAL PRICE ...$12.50 each 

MICRO -CASSETTE MECHANISM 
Micro- cassette tape transport for 
standard MC60 or MC45 
micro -cassettes. 3 Vdc operation. 
Contains: drive motor, belt, head, 
capstan, pinch wheel and other 
components. 3 1 :2" X 2 1/4" X 5/8" 
CAT# MCMEC $3.00 each 10 for $27,50 

li_,l,l U 

COMPUTER 
GRADE 

CAPACITORS 
2,000 mid. 200 Vdc 
1 3/4" x 5" high $2.00 
6,400 mid. 60 Vdc 
1 3/8" o 3 3/4" high $2.50 
9,700 mid. 50 Vde 
1 3/8" x 4 1/2" high $3.00 
31,000 mid. 15 Vde 
1 3/4"x 4" high $2.50 
50,000 mid. 40 Vde 
3" x 5 3/4" high $4.50 
66,000 mid. 15 Vdc 
3" X 33/4" high $3.00 
60,000 mid. 40 Vdc 
3' a 5" high $3.50 
66,000 mid. 15 Vdc 
3 "x33 /4 "high $3.00 
86,000 mid. 30 Vdc 
3"x 5 1/4" high $3.50 

5,500 mid. 30 Vdc 
1 3/8" a 3 1/2" high $1.00 
5,900 mid. 30 Vdc 

1 318" x 2 1/4" high $1.00 
9,300 mid. 50 Vdc 
2 "x41/2 "high $1.00 
18,000 mid. 10 Vdc 
1 3/8" x 2 5/8" high $1.00 
48,000 mid. 10 Vdc 
2 1 /2 "x 3 1/4" high $1.00 
100,000 mId. 10 Vac 
2 1/2" a 6' high $1.00 
185,000 mfd. 6 Vde 
2 1/2" x 4 1/2' high $1.00 
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TI SWITCHING POWER SUPPLY 
Compact. well -regulated switching power supply 
designed to power Texas Instruments computer 
equipment. 

INPUT: 14 -25 vac @1 amp 
OUTPUT ' 12 vdc @ 350 ma. 

5 vdc 011.2 amp - 5 vdc @ 200 ma. 
SIZE: 436- x 41/4" x11/4 high $5.00 each 

13.8 VDC REGULATED POWER SUPPLY 
These are solid state, fully regulated 13.8 vdc 
power supplies. Both feature 100% solid state 
construction. fuse protection. and L.E.D. power 
indicator U L listed 

2 amp constan 4 amp surge 

3 amp constan 5 amp surge 

$18.00 each 

$25 00 each 

D.C. CONVERTER 

DesiCgyned to provide a steady r 5 
vdc 

í 
240 ma. from a battery 

supply of 3.5 to 6.25 volts. 

$1.50 each 

RLL ELECTRORI CORP. 
LOS ANGELES, CA STORE 
905 S. Vermont Ave. 
213 380 -8000 

VAN NU YS, CA STORE 
6228 Sepulveda Blvd. 
818 997 -1806 

MAIL ORDERS TO: 
P.O. BOX 20406 
Los Angeles, CA 90006 

TWIST -LOCK 
CONNECTOR 

Same as Switchcraft #12CL5M. 
5 conductor in -line plug and chassis 
mount jack. Twist -lock Style. 

$2.50 /SET 

TWX - 5101010163 ALL ELECTRONIC 

EASYLINK MBX - 62887748 

*52:Ni 

RELAYS 
10 AMP SOLID STATE 

CONTROL: 3 32 vdc 
LOAD: 140 vac 10 amp 
SIZE: 244 "x 3. "x %" 

$9.50 EACH 10 FOR $90.00 

ULTRA- MINIATURE 
5 VDC RELAY 

Fujitsu # 
FBR211NED005M20 
High sensitivity 
COIL 120 ohms 
CONTACTS: camp 
Mounts in 14 pin DIP socket 
$1,25 each 10 for $10.00 

MINIATURE 
6 VDC RELAY 

Aromat #CSD -6V 
Suppse Small 
S PD,T relay 
COW colbalt 
contacts rated 

1 amp @ 30 vdc. Highly sensitive, 
TTL direct drive possible. 120 ohm 

coil. 
Operate from 4.3 -6 vtic. 
COIL: 120 ohms $1.50 each 
t' /,.x,2h x'A.' 10 for $13.50 

nror-7 

13 VDC RELAY 
CONTACTS: S.PN.C, 
10 amp @ 120 vac 
Energize coil to 
open contact .. 
COIL 13 vdc 650 ohms 

SPECIAL PRICE $1,00 each 

Ni =, 

4PDT RELAY 
14 pin KH style... a 
3 amp contacts... 
USED but fully 
tested _ 41,70 each 
Specify coil voltage desired 
Either 24 vdc or 120 vac 
LARGE QUANTITIES AVAILABLE 

SOCKETS FOR KH RELAY 
754 each 

RECHARGEABLE 
NI -CAD BATTERIES 

AAA SIZE 1.25V 500mAH $1.85 
AA SIZE 1.25V 500mAH $1.85 
AA with solder tab $2.00 
C SIZE 1.2V 1200mAH $3.50 
D SIZE 1.2V t200mAH $3.50 

UNIVERSAL CHARGER 

Will charge 4 -AA. C. D, or AAA 
ni -cads or one 9 volt ni -cad at 
one time... 
$11.00 per charger 

± 12 Vdc or 24Vdc POWER SUPPLY 
DELTRON MODEL Q012/15 -1.7 
Dual plus and minus I2Vdc open 
frame power supply. Can be used as 
24Vdc@ 1.5 amp. INPUT: either 
115 Vac or 230 Vac 
Fully regulated computer grade supply. 
7 "x436 "x236" 

$12.50 each 10 for $110.00 

220 Vac 
COOLING FAN 
ROTRON # 
MX77A3 
Muffin XL 
220 Vac 
4 1/8" square 
metal frame fan. 

CAT# CF -120 $6.50 ea 
10 for $60 00 / 100 for $500.00 
QUANTITIES AVAILABLE 

31/2" SPEAKER 
8 Ohm 
impedance. 
Full range 
speaker 
8 oz magnet 
4' diagonal 

mounting centers. 

$2.50 each 10 for $20.00 

SPRING LEVER 

rwecplTERMINALS a 
coded - 

terminals on 
sturdy 236- x 
336' bakelite 
plate. 
Great for speaker enclosures or 
power supplies. 

75e EACH 10 for $6.00 

al 

UNE CORDS 

TWO WIRE 
6' 18/2 SPT -1 flat 

6' 18/2 SPT -2 flat 

6' 16/2 SJT round 

THREE WIRE 
8 18/3 flat $1.50 each 

8'18 /3 round 

3 for 51.00 

2for$1.0C 

$1.25 each 

$2.00 each 

7 CONDUCTOR 
RIBBON CABLE 

7---7:7;41 

Biw 

Spectra-strip red marker strip 
28 ga. stranded wire. 

$5.00 per 100' roll 

XENON FLASH TUBE 

3/4" long X 1/8" dia. Flash 
tube designed for use in 
compact camera flash units. 
Ideal for experimentors. 
CAT# FLT -1 2 for $1.00 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS @ 125 VAC 

S.RD.T. S.RD.T, B S.RD.T. 
(on -on) (on -on) 

Solder lug 
terminals. 
$1.00 each 
10 for $9.00 
100 for $80.00 

P.C. style 
non -threaded 
bushing 
750 each 
1010,9050 

S.RD.T. S.RD.T. 
(on- off-on) f (on -on) 

P.C. lugs 
threaded 
bushing. 
$1.00 each 
10 for $9.00 
100 for $80.00 

P.0 style 
non -threaded 
bushing 
754 each 
10 for $000 

.; 
II 

(on- off -on) 
Solder lug 
terminals. 

$1.00 each 
101or 59.00 
100 for $80.00 

Solder 
(on -on) 
So 
terminals mals. 
$2.00 each 
10 for $19,00 bid. 
100 for $160.00 

STANDARD JUMBO 
DIFFUSED T 1 -3/4 

RED 10 for $1.50 
100 for $13.00 

GREEN 101°,92.00 
100 for $17.00 

YELLOW 1010,52.00 
10010,517.00 

itFLASHER LED 
5 volt operation 
red jumbo T 136 
size $1.00 each 

NEW GREEN FLASHER 
CAT #LED -40 $1.00 

BI -POLAR Jul°fLi$ , i e 

LED HOLDERS 
Two piece holder 
for umbo LED 
10 for 654 10010, 95.00 

CLEAR CLIPLITE 
LED HOLDER 

indicator. Clear 
LED fancy cy 

4 

a8 

TOLL FREE ORDERS ONLY QUANTITIES LIMITED 
1- 800 -826 -5432 MINIMUM ORDER $10.00 
(ORDER ONLY) USA: $3.00 SHIPPING 
(IN CALIFORNIA: 1 -800- 258 -6666) FOREIGN ORDERS: 
ALASKA, HAWAII, INCLUDING SUFFICIENT 
OR INFORMATION SHIPPING 
(213) 380 -8000 NO C.O,D.! CALIF RES. ADD 61ß2 °Ta 

D.PS.T. LIGHTED 
ROCKER SWITCH 

115 vac lighted rocker. 
snap mounts in 
k "' x 1 Va" hole 
Orange lens 16 amp 
contact 
$1.50 

MINI -PUSH BUTTON 
S.PS.T. momentary 
normally open 
y' bushing. 
Red button. 
350 each 
10 for $3.00 

SNAP ACTION 
SWITCH 

Cherry elect. #E -21. N.O. or N.C. 
0.1A contacts. Suitable for alarms 
and other low energy circuits. 
1'A' lever. 

454 EACH 10 FOR $4.20 

ROTARY ACTION 
MICRO 

OMRON aC -5G3 -041 
Clockwise action micro 
used in coin operated 
mechanisms and low torque 
operations. 
RATED: 5amps@ 125 Vac. 
$1.25 each 10 for $11.00 

LARGE QUANTITIES AVAILABLE 
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PRODUCT 
EVALUATIONS 
(from page 18) 

good stereo. Speed accuracy was within 
0.2490/o . What's even more important, 
however, is the fact that the speed did not 
vary at all over the four -minute period dur- 
ing which we plotted speed error from a 

cold power -up start; this despite the fact 
that we simultaneously varied power -line 
voltage at least plus and minus 10% above 
and below the nominal 120 volts. 

Summary 
Measurements tell only part of the story 
concerning this superlative cassette 
recorder. You have to experience working 
with the B -215 to really appreciate its 

flawless peformance. The speed with 
which the deck's microprocessor circuitry 
analyzes any tape you supply and adjusts 
parameters to suit is not only awesome, 
but provides an assurance to the user that 
he or she will obtain the best possible re- 
sults from the tape. 

Even the speed at which fast winding is 

accomplished (no more than 75 seconds 
for a C -90 tape) sets this machine apart 
from all others. Yet, despite that fast 
speed, the counter /timer, operating in 

conjunction with another microprocessor, 
is able to locate called -for points on a tape 
with extreme accuracy. Quite frankly, 
from my own perspective, the perfor- 
mance of this cassette deck seems to be 

limited only by the quality of the tape 
that's used with it. That, by the way, is 

reason enough to use only the very best 
grades and brands of tape with this 
instrument. 

About the only criticism I could make 
against the Revox B -215 is the absence of 
front -panel control lights and use of LCD 
displays instead of the fluorescent type. 
Both shortcomings make it difficult to use 

the machine in a darkened room. 
Much as I would like to refrain from re- 

sorting to shopworn cliches, the best way 

to summarize and describe the Revox 
B -215 on an overall basis is to say that it is, 

truly, a Rolls Royce among cassette re- 

corders. Its marque evades prestige. 
Moreover, it's built to last -and to go on 

meeting or exceeding all of its published 
specifications after many years of use. 

-Len Feldman 
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Free Basic Programs 

(from page 43) 

computer's serial port just as if the 
data originated from a direct broad- 
cast (the computer cannot tell the dif- 
ference because both the tape and 
direct broadcast look the same to the 
computer's serial port). 

Though a Sofcast doesn't have the 
universality of BASICODE because 
each broadcast is intended for a 

specific computer, it is more conven- 
ient and certainly much faster. Fur- 
thermore, several different versions of 
the same program -or different 
programs -can be broadcast in a 
relatively brief time period because of 
the relatively high baud rates of the 
Sofcast system. 

As for swapping programs, it can 
be done by simply exchanging disks, 
or even cassette tapes, made from the 
Shuttle Communicator. However, it is 

limited to exchanges between the same 
kinds of computers because the 
BASIC of computer A might not be 
fully compatible with the BASIC of 
computer B. But because Sofcast pro- 
grams are not limited to a select group 
of statements and operators, the pro- 
gram can utilize the complete BASIC 
for a particular computer. 

One great advantage of Sofcasting 
is that it lends itself nicely to high 
technology. As shown in Fig. 1, the 
programs or other data can be easily 
distributed through a satellite link us- 

ing the same communication techni- 
que that is used to broadcast stock 
market quotations to pocket data re- 

ceivers. The Sofcast radio program is 

uplinked at its city of origin to a bird 
whose signal can be received by either 
a local radio station or a cable head. 
The radio station broadcasts the date 
for reception by a home radio 
equipped with a Shuttle Communi- 
cator; or the signal can be fed into a 
cable TV system for reception by a 

Shuttle Communicator that is special- 
ly designed to receive a Sofcast from 
both a radio and cable source. 

For information on stations in your 
area that are Sofcasting, write to 
Microperipheral Corp., 2569 152 Ave. 

N.E., Redmond, WA 98052. NE 
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PROJECTS FOR SUMMER 

A Bicycle Safety Flasher 
(from page 35) 
ing. Correct any problem before pro- 
ceeding to installation. 

Installation 
After your Bicycle Safety Flasher 
checks out as operational, mount it 
and the turn -signal switch on your bi- 
cycle via the U- clamps. The lamp/ 
Flasher assembly mounts on the seat 
post, the turn -signal switchbox on the 
handlebars. 

To use the Bicycle Safety Flasher, 
slide the Mini Lamp's power switch to 
the fluorescent lamp position to ob- 
tain multi -lamp bar flasher operation. 
Note also that the lamp's built -in 
flashlight (which was not defeated in 
the modification detailed above) will 

be active when the switch is set to the 
flashlight position. If you opted for a 

housing other than the specified Mini 
Lamp, of course, the power switch 
will have only a single "on" position 
and no built -in flashlight. 

Have fun ... and safe cycling! RE 

Say You Saw It In Modern Electronics 



From the Father of Personal Computers Comes... 

A New Set of Building Blocks 
For The Creative Mir. 

Introducing DataBlocks' -A .Modular Cr»nputerized 
Personal Control Sy.tiwi, 

Dr. Ed Roberts; 
creator of the first 
personal computer, the 
Altair, introduces a new 
functional concept for 
Robotics and Computer 
Enthusiasts, OEM's 
and Engineers. 
The DataBlocks A -IIT" modular 
control system features stadcable 
modules (blocks), wh_ch plug 
together in any customized 
combination. 

The A -II Control System irterfaces with any 
standard data terminal or terming_ program. 

The unique DataBlocks 
hardware, coupled with its user - 
friendly PCLTM (Process Control 
Language) make moritoring and 
personal control of virtually any 
device or function, easier and more 
affordable. 

To order your A-II control 
system and a free software tool kit, 
call today: DataBlocks toll -free 
1- 800 -652 -1336. Georgia residents 
call 1- 912 -568 -7101. 
VISA and Mastercard accepted. 

Available blodrs Include: 
1. Central Processor Unit 
2. System Memory 
3. PROM/RAM Memory 
4. RAM Disk 
5. PROM Disk 
6. PROM Programmer 
7. Parallel Input/Output 
8. Dual Serial I/O 
9. Stack Power Supply 

10. Floppy Disk Controller 
11. F .. Disk Drive 
12. Ha . ' isk Controller 
13. Hard Disk Drive 
14. Voice Synthesizer 
15. Voice Recognition 
16. Control Master 
17. Interrupt Expander 
18. Stack LCD Display 
19. Stadt CRT Controller 
20. Stack Graphics Control 
21. Stack Relay 
22. Stack 16 channel A/D 
23. Stack Dual D/A Driver 
24. Stack Dual D/A 
25. Stack 1Amp Driver 
26. Stack 4Amp Driver 
27. Stack Wife Wrap Board 
28. Slave Relay 
29. Slave 16 channel A/D 
30. Slave Dual A/D Driver 
31. Slave Dual D/A 
32. Slave Universal 
33. Slave LCD Display 
34. Slave Parallel I/O 
35. Slave DC Driver 1Amp 
36. Slave DC Driver 4Amp 

Specifications subject to 
change without notice. 
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Starer set (not shown) from $480. 
Adtlfonal blocks from $100. 

Communizations 

Energy 
Management 

DataBlocks 
DataBlocks, Inc. 
579 Snowhill Road 
P.O. Box 449 
Alamo, GA 30411 
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Am-ARCHER-A, 
MULTIPLE VIDEO DISTRIBUTION SYSTEM 

Radio Shack Makes Your 
Video System More Versatile 
Operate your remote -control satellite receiver, 
VCR or cable bcx from any room in your home 

Our Archer`"' Renote Control Extender relays the 
commands from ar y infrared remote control. Here's an 
example: Your remote- control satellite receiver, VCR or 
other program source is in tie living room. It's connected 
to a TV in the bedroom. Witn the Extender, you don't 
have to go from bedroom to living room to change 
channels or select 'JCR modes! This step -saver is 
available ONLY at Radio Shack and it's only $49.95 

Watch satellite programs, antenna or cable TV 
and other video on every TV set in your home 

The Archer Multi )le Video Distribution System sends 
programs from you- main components to any number of 
remote TVs. For example, someone can watch a video 
tape in the bedroom, another person can watch satellite 

TV in the den, while you enjoy baseball on the living 
room TV What's more, you don't have to flip switches or 
change cables! Simply choose the desired program 
source with each TV's channel selector. Only $49.95 

You can use them separately or together 
Both of these high -tech accessories easily connect 

with your components. Ask for a demonstration today 
and discover how you can add super versatility and real 
convenience to your video system. 

Radio snaei 
A DIVISION OF TANDY CORPORATION 

All AC- operated Radio Shack accessories are UL listed for electrical safety. 
Prices apply at participating Radio Shack stores and dealers. 
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