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Fordhan. measures ip 
Quality Price Delivery 

Mini- Meters with Maxi -Spey 

SCOPE 31/2 Digit 
LCD Meter 

05% Accuracy DC Volt- 

age AC Voltage DC Cur- 
rent Resistance Diode 
Test Battery Life 300 Hm. 

Overload Protection: DC 

500V, AC 350V, ohms 250V 

DC /AC. 

Model 
DVM -630 $2995 
Our Price 

Zippered carrying case 
CC -30 $4.50 

NEW! 

SCOPE 31/2 Digit, LCD 

8 Function with 
Transistor Tester 

05% Accuracy Audible 
continuity and diode test 

10 Amp measurement 
Resistance DC /AC 

Voltage. 

Model 
DVM -632 $4495 
Reg. 560.00 
Our Price 

Zippered carrying case 
CC -30 $4.50 

SCOPE 31/2 Digit LCD 

with Autoranging 
0.5% Accuracy Auto/ 

Manual range selection 
DC Voltage AC Voltage 

AC Current DC Current 
Resistance . 

Model 
DVM -631 $4995 
Our Price 

Special 

Deluxe carrying case 
CA -92 $9.95 

SCOPE Hand -Held Digital Muftimeters 
Overload protection Auto- decimal LCD readout Poiarity indicatioi 

300 hr. 9V battery life Low battery indicator. 

8 Function, 37 

ranges including 
Transistor and 
Capacitance 
measurements 

Model DVM -636 

$6150 
Our Price 

Fr- ap pi. 

:®.,,. . 
MINN 

0 H 

CA -92 Deluxe Padded Case for DVVM meters $9.95 

11 Function, 38 

ranges including Logic 

Level Detector, Audible 

and Visual Continuity, 
Capacitance and 

Conductance 
measurements 

Model DVM -638 

$8750 
Our Price 

TL -216 Transistor and Capacitance Test Lear. $9.90 

i.- an ai 

V 

a í+ <7' <7 Are:kka' 

Telephone Orders Now 

aa.-IEECIBIggitt 

:KCI ;, Z; 

NEW! 
SCOPE Frequency Counters 

8-digit LED Compact [lightweight 

High performance Automatic 
range and Hold function High 
stability in reference oscillator. 

Special 
Model FC-7011 

M r ric$14995 
Model FC -7051 
550 MHz Our Price 1995 
FORDHAM Frequency 
Counter 

10 Hz - 150 MHz Range 7 -digit 

LED display VHF/ HF selection 
Gate time 1 sec., 5 sec. ±1 count 

accuracy. 

Model FC-150 
139 

90 
Our Price 

FORDHAM Function 
Generator 

05 Hz - 500 KHz in 6 ranges Sine, 

square & triangle wave forms VCA 

and VCF inputs Accuracy ±5% of 

full scale. 

Model FG -202 $14990 
Our Price 

FORDHAM Signal Tracer/ 
Injector 

Easy to operate VU meter Two 

LED mode indicators 1 KHz test 

tone 8 ohm speaker Test leads. 

Model SE -610 
Our Price 11990 

FORDHAM LCR Bridge Meter 
Fully transistorized 1 KHz signal 

generator Measures resistance 
Inductance High mechanical and 

electrical stability Battery operated. 

Model W-340 149 95 
Our Price 

2100 

0:::::=01=mrict 

SCOPE Digital 
Capacitance Meter 

Dicital LCD display LSI -circuit High 

acct acy: 100 rpm 0.5% Broad test 

rangt Fast sampling time Capacitor 

discharge protection Compact, light - 

weig-t design One -hand operation. 

Moc el DCM -602 
Our Price 

$5995 

I EVERYDAY INCLUDING SATURDAY 
Mon. - Fri. 8 a.m. -6:30 p.m. EST. Sat. &Sun. 9a.m.- 3p.m.EST 

ASK FOR FREE CATALOG. Money orders, checks accepted. CO.D.'s require 25% deposit 

Fordham 
260 Motor Parkway, Hauppauge, NY 11788 

Ze 800E6459518 
In NY State 800-832-1446 

Service& Shipping Charge Schedule 
Continental U.S.A. 

FOn oMeAS ADO 
525-5G.. ...... .. $450 
$51-100 .. ... $550 

_... .... .. 
._.. 

Sam 
$301<00 ...... .... .$ß00 
8101ó0e $1000 
$001-779 $1250 

$:1.00,. {1750 
$1.251-1500 $2000 
31,50140:0 
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and you can too! 

Andy is a Ham Radio operator and he's having 
the time of his life talking to new and old friends 
in this country and around the world. 

You can do it too! Join Andy as he communi- 
cates with the world. Enjoy the many unique and 
exclusive amateur bands ... the millions of fre- 
quencies that Hams are allowed to use. Choose 
the frequency and time of day that are just right 
to talk to anywhere you wish. Only Amateur Ra- 
dio operators get this kind of freedom of choice. 
And if it's friends you're looking to meet and talk 

with, Amateur Radio is the hobby for you. The 
world is waiting for you. 

If you'd like to be part of the fun ... if you'd like to 
feel the excitement ... we can help you. We've 
got all the information you'll need to get your 
Ham license. Let us help you join more than a 
million other Hams around the world and here at 
home. Who are we? We're the American Radio 
Relay League, a non -profit representative organ- 
ization of Amateur Radio operators. 

For information on becoming a Ham operator 
circle number 110 on the reader service card or write to: 

AMERICAN RADIO RELAY LEAGUE Dewtington, Connain 
Street 

This space donated by this publication in cooperation with the American Radio Relay League. 
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HITACHI SCOPES 

15 

V660 
V422 
V212 

-25% Discount 
'; V1060 

i 100MHz 
- . '' .' \$1285 

60MHz Dual Trace $949 
40MHz Dual Trace $699 
20MHz Dual Trace $379 

ELENCO PRODUCTS 
AT DISCOUNT PRICES! 

- $498 . r1 li 
. 

MO -1252 r. llt - A ',..-ii 

Scopes 
MO -1252 35MHz Dual Trace $498 
MO -1251 20MHz Dual Trace $349 
wl Two lx, 10x 100MHz probes, manual 
S -3000 10MHz fully calibrated $239 
P -2 Scope Probe 100MHz $23.95 
P -1 Scope Probe 65MHz $19.95 

GF -8016 Function Generator 
with Freq. Counter 

. $239.95 

Sine, Square, Triangle 
Pulse, Ramp, .2 to 2MHz 
Frequency .1 thru 10MHz 

GF -8015 without Freq. Meter $179 

Digital Triple Power Supply 
Model XP -765 $239.95 

. 0 -20V @ 1A 
(eel 11111., 

5V @ 5A 
Fully Regulated, Short Circuit Protected 
with 2 Limit Cont. 3 Separate Supplies 
XP -660 w/ Analog Meters $169.95 

Multi- Function Counters F -1000 
1.2GHz 

$259.95 
' F -100 

., ._t......? .., 1120MHz 

$179.95 
Frequency, Period, Totalize, Self Check with High - 
Stabilized Crystal Oven Oscillator, 8 Digit LED Dis 

Digital 
LCR 
Meter 

$138.00 
Model 

LC -1500 
Measures 
Inductors, 
Capacitors, 
Resistors 

NM 
>r 

iltrairmagma 

Multimeter 
Cap. and 
Tester 

$55.95 
Model 

CM -150CA ,. 

8 Functions -. 
with Case 

with 
Trans. 
64,i, 

albilosim 

C &S Sales Inc., 
Deerfield, IL 60015 (312) 
800- 292 -7711 ASK FOR 

15 Day Money Back Guarantee 
2 Year Limited Guarantee 
Add 5% for Postage 1810 

IL Res., 7% Tax 

1245 Rosewood 
459 -9040 

CATALOG 

max) 
I 

,w. "'d 

CIRCLF: NO. 162 ON F'REE IN 

THE MAGAZINE FOR ELECTRONICS & COMP J TER ENTHUSIASTS 

SEPTEMBER 1988 

28 

di; 

4 
-1' _t... 

32 

46 

87 

4 / MODERN ELECTRONICS / September 1988 

VOLUME 5, NUMBER 9 

FEATURES 

18 Wireless Data Link 
300 -baud accessory eliminates long cable runs when 
connecting serial peripherals to a computer. 
By Jan Axelson & Jim Hughes 

28 Telephone Téchnology (Conclusion) 
Troubleshooting and repair techniques. 
By Stephen J. Bigelow 

32 1 -MHz to 2 -GHz R -F Amplifier 
Miniature 50 -ohm monolithic ICs provide up to 40 dB 
of gain for a host of applications. By Bill Owen 

40 Automobile Back -Up Alarm 
Sounds an audible alert to pedestrians and motorists 
when you put your vehicle in reverse. 
By Charles Shoemaker 

46 A GFCI Calibrator /Tester 
Provides true testing of ground -fault interrupter 
circuits as well as application enhancement. 
By Adolph A. Mrrngieri 

52 A "Smart" AC Outlet Box 
Turning on one controlling device automatically 
powers up two others. By Dennis J. Eichenberg 

56 How to Read Oscilloscope Waveforms 
(Conclusion) 
More useful tricks of the trade for getting the most out 
of your oscilloscope. By Robert G. Middleton 

COLUMNS 

62 Electronics Notebook 
Experimenting with Photoresistors. 
By Forrest M. Mims I!! 

72 Solid -State Devices 
New Developments in Op Amps. By Harry L. Helms 

76 Electronics Omnibus 
Packet Radio. By Curt Phillips 

78 PC Capers 
BOCA Research's TophAT II Memory Board & A 
Different Kind of Printer Switch. By Ted Needleman 

82 Software Focus 
Salinon's "Special Days" & "Footprints in History." 
By Art Salsberg 

87 Communications 
Receiving Satellite Weather Photos. 
By Hank Brand& 

DEPARTMENTS 

6 Editorial 
By A rt Salsberg 

7 Letters 
8 Modern Electronics News 

14 New Products 
97 Advertisers Index 

Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


ITEM UNIT MORE 
RCA 36 CHANNEL CONVERTER (Ch. 3 output only) 29.00 18.00 

PANASONIC WIRELESS CONVERTER (our best buy) 88.00 69.00 
400 CR 450 CONVERTER (manual fine tune) 88.00 69.00 

' JERROLD 400 COMBO 16900 119.00 

JERFOLD 400 HAND REMOTE CONTROL 29.00 18.00 
' JERROLD 450 COMBO 199.00 139.00 

' JERROLD 450 HAND REMOTE CONTROL 29.00 18.00 
JERFOLD SB- ADD -ON 89.00 58.00 

'JERFOLD SB- ADD -ON WITH TRIMODE 99.00 70.00 
'M -35 B COMBO UNIT (Ch. 3 output only) 99.00 70.00 
'M -35 B COMBO UNIT WITH VARISYNC 109.00 75.00 
'MINI 2ODE (N -12) 8900 58.00 
'MINCODE (N -12) WITH VARISYNC 99.00 62.00 
'MINCODE VARISYNC WITH AUTO ON -OFF 145.00 105.00 

ECCNOCODE (minicode substitute) 69.00 42.00 
ECCNOCODE WITH VARISYNC 79.00 46.00 

'MLD- 1200 -3 (Ch. 3 output) 99.00 5900 
'MLD- 1200 -2 (Ch. 2 output) 99.00 58.00 
'ZEN TH SSAVI CABLE READY 175.00 125.00 

INTERFERENCE FILTERS (Ch. 3only) 24.00 14.00 
'EAGLE PD -3 DESCRAMBLER (Ch. 3 output only) 119.00 65.00 
'SCIENTIFIC ATLANTA ADD -ON REPLACEMENT DESCRAMBLER 119.00 75.00 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

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

Prices subject to change without notice. 

PI FACE PPIAIT 

SUBTOTAL 
Shipping Add 
$3.00 per unit 
COD & Credit 

Cards - Add 5% 
TOTAL 

Name 

Address City 

State Zip Phone Number ( ) 

Cashier's Check Money Order COD Visa Mastercard 

Acct # Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty 01 perjury 
that all products purchased, now and in the future, will only be used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 

Dated Signed' 
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73251/2 RESEDA BLVD., DEPT. E RESEDA, CA 91335 

(818) 716 -5914 No Collect Calls (818) 716 -5140 
IMPORTANT: WHEN CALLING FOR INFORMATION 
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 Includes antenna, 
rechargeable battery, 

charger/ adaptor & belt 
clip. Full range of optional 

accessories available. 

Covers 27 -54 MHz, 108 -174 MHz, 
406 -512 MHz, and 800 -950 MHz. 

AR900 5 Scan Banks and 5 Search Banks. 

Total Poce, Freight Prepaid 25 Day Satisfaction Guarantee, 
(Express Stopping Optional) Full Refund if not Satisfied. 
$ 299.00 No Frequencies cut out. 

Size: 2"x 53/4" x 1 ya" wt: 12 oz. 

COMMUNICATIONS 
10707 E. 106th St. Indpls., IN 46256 

Toll Free 800 -445 -7717 
Visa and MasterCard 
(COD slightly higher) 

In Indiana 317 -849 -2570 Collect FAX (317) 849 -8794 

CIRCLE 40 ON FREE INFORMATION CARD 
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Security 

The electronic security business contin- 
ues to grow by leaps and bounds. For 
consumers, it means that there are more 
devices and systems to choose from than 
ever before to prevent the possibility 
of burglary and theft, to alert one to 
fire /smoke and other hazards, for pro- 
tection from bodily harm, and to auto- 
matically contact someone due to a medi- 
cal emergency. 

All manner of promotional material 
for security devices of one sort or another 
come our way, of course. They range 
from very simple ones to ultra -complex 
setups; from useful devices to some we 
would not consider using due to their ap- 
parent ineffectualness or to the possibili- 
ty of harming someone (for example, 
we've turned down advertisements for 
stun guns). 

With a plethora of products, it's no 
longer easy to choose which security pro- 
duct to buy, for whatever purpose, as it 
once was when, say, Chapman mechani- 
cal locks reigned supreme to prevent 
automobile theft. Now there are count- 

less auto- theft -prevention systems to 
choose from, ranging from mechanical 
devices to elaborate digital -coded ones. 
Home security devices have similarly ex- 
panded, with sophisticated digital sys- 
tems with automatic dialing to police and 
fire departments growing in popularity. 

Installing many of these systems, how- 
ever, is easier said than done. It depends 
on how handy you are with tools and how 
much time and effort you're willing to 
put into the task. The first -time installer 
almost always runs into problems due to 
inexperience. This invariably occurs 
whether it's installing a full home securi- 
ty system or some other installation 
challenge like, say, replacing a 29 -cent 
automotive valve cover gasket that your 
friendly service station person wants 
$40 to do. 

On the latter, my brother -in -law felt it 
was a snap to do himself. I watched him 
replace it, in fact. Firstly, he almost 
strangled the opening on a vacuum tub- 
ing while trying to remove the valve cov- 
er. He also learned later that the Perma- 

VIII LETTERS Id 

Electronic Ups & Downs 
Electronic do -dads in homes and cars 

have driven up selling prices. What we 
need is electronics to drive down prices. 

Ed Jones, Jr., WB2DVL 
New Jersey 

Expecting to see electronics driving down 
the cost of homes or cars in the foresee- 
able future is wishful thinking. If any- 
thing, homes and cars will probably de- 
mand premium prices with each new elec- 
tronic addition. Not so all electronic de- 
vices, though. You can currently buy a 
digital wristwatch for as little as $1.99, a 
pocket calculator for $4.95, a VCR or 
color -TV receiver for $200, and a host of 
other everyday items for undreamed -of 
prices only 10 years ago. -Ed. 

Owner Repairs 
It would be a nice idea if more articles 

on owner repair and "tuning" of com- 
pact -disc players were published. I have 
an early CD player that is beginning to 
exhibit signs of mechanical wear. I've 

111 

taken the cover off the player and, from 
what I see inside, I believe that I could 
probably fix it if only I had a few hints to 
guide me. Do you know of books and /or 
service notes on mechanical repair of CD 
players that I can help me? 

Les Shaw 
Boulder, CO 

Try Complete Guide to Compact Disc 
Player Troubleshooting and Repair by 
John D. Lenk, published by Prentice- 
Hall.-Ed. 

Running Hot 

I just finished building the "Low -Cost 
Function Generator" featured in the 
January 1988 issue and have two ques- 
tions regarding the circuit in Fig. 2. Filter 
capacitor C11 on the schematic calls for a 
220 -µF value, but the Parts List specifies 
it at 22 AF. Which is correct? My second 
question concerns the 8038 chip used for 
IC3. The chip I have runs excessively hot 
and shuts down after 30 minutes due to 
internal thermal cut -out. I note that the 

CIRCLE 35 ON FREE INFORMATION CARD 
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tex gasket "glue" he used was the type 
that dried hard instead of soft and pli- 
able, so that if a new gasket ever has to be 
replaced, he'd have a frustrating job 
scraping off the old gasket instead of 
simply pulling it off. Then he had ex- 
claimed derisively that the valve cover's 
head screws weren't even secured tightly 
in the first place, which he made sure he 
did when the job was completed. Only 
now the cover metal between screws is 

bowed a little, which will likely result in 
an oil leak, which was what he was trying 
to correct in the first place. 

Without doubt, there are in's and out's 
in every trade, including the security 
equipment one. What you don't know 
can defeat you. For instance you might 
choose a heat detector that's activated 
when a preset temperature limit is reached 
at, say, 135 degrees. You'd be much 
safer, however, if you bought one that 
also responds to a quick temperature 
rise, which costs twice as much (about 
$11) If you're putting metallic foil on the 
windows, which is a chore unto itself to 

do neatly, would you know that you have 
to apply protective varnish over it? 

The point here is that there are many 
jobs that a handy person can do well to 
save money. Plenty of them, though, can 
cause you grief in the long run. Some- 
times it's worthwhile to pay the seasoned 
pro to do it right while you make a buck 
to pay for it by doing something extra in 
your field of specialty. 

On the other hand, there are also many 
opportunities to put your work skills to 
bear on personal projects, including se- 
curity systems. There are now wireless 
security systems, for example, that sim- 
plify even complicated home installa- 
tions. With a burglary occurring every 
ten seconds in the U.S., it's something 
to consider. 

maximum parameter for this chip is 30 
volts. Therefore, my question is are the 
15 -volt bus rails set too high? 

Howard L. Pemper 
Roslindale, MA 

The correct value for C11 is 22 IF, 
though a larger value would improve fil- 
tering efficiency and energy delivery 
from the supply. Assuming no faulty wir- 
ing, the cause of your difficulty may well 
be that the 8038 chip is marginal. If either 
the + 15- or - 15-volt regulator or both is 
operating on the high side of its tolerance 
range, the potential on either rail may be 
a bit too high for safe operation of the 
IC. You can take voltage readings and/ 
or try a different 8038 chip to determine 
the culprit. -Ed. 

Theory Wins 

I found the "$149 Digital Stereo Am- 
plifier" featured in the December 1987 
issue of Modern Electronics extremely 
interesting. However, I am confused 
with regard to the power supply. It ap- 

pears that since the project calls for 
+ 32 -volt rails, T1 should be a 70 -volt 
center -tapped transformer to provide 
voltage under load. If one should use the 
power supply shown with a 50 -volt 
center -tapped transformer, will the cir- 
cuit run properly on the + 22 volts the 
supply design delivers? 

Edward Timothy Howell 
Spartanburg, SC 

The 50 -volt center - tapped transformer 
specified will actually deliver 35.35 volts 
peak ac (25 volts rms x 1.414) to the rec- 
tifier circuit. Taking into consideration 
slight drops introduced by rectifiers, the 
peak potential delivered to the large filter 
capacitors will be very near the 32 volts 
specified. Since the capacitors charge up 
to peak value of the voltage, the power 
supply rails will actually register + 32 
volts or thereabouts. If you were to use a 
transformer that delivered + 22 volts, the 
circuit would still work, but at consider- 
ably reduced output power.- Ed. 
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VCR 
IDLER TIRES 

Now you can do VCR repairs 
faster and easier than ever 
Parts Express is now offering 
most comprehensive idler 
available. With this kit in 
stock room you can do 
of idler assembly 
repair jobs without 
waiting for parts 
deliveries. 

before. 
the 

tire kit 
your 

over 90% 

YfA L.Ar, 

The kit includes a FREE 
cross- reference 

FREE cross- included 

reference listing over 80 manufac- 
turer assembly numbers and over 
200 model numbers. 150 tires 
total, 10 each of 15 different sizes 
in a high quality storage case with 
separate compartments for each 
size. Worth over $400 retail value. 

#400 -900 
$5500 

VCR IDLER ASSEMBLIES 

Part # Replacement for (1 -9) (10 -up) 

430 -010 Sharp NIDL0005 4.15 3.70 
430-020 Sharp NIDL0006 4.35 3.90 
430-030 Sharp NPLY -V0051 4.15 3.70 
430 -050 Pana VXPO329 1.40 .95 
430 -052 Pana VXP0344 1.40 .95 
430-055 Pana VXP0401 1.95 1.55 
430 -060 Pana VXPO521 4.50 3.90 
430 -100 Fisher 4204-00300 7.80 6.90 
430 -105 Fisher 4804-00100 1.50 1.25 
430 -110 Fisher 4904 -00900 7.50 6.75 
430 -120 RCA 164113 3.75 2.95 
430 -125 RCA 150614 3.95 3.25 
430 -130 HIT 6413111 5.20 4.65 

FREE 
CATALOG 

Parts 
Express 

- 
International Inc 

CALL TOLL FREE 

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

Local -1- 513 -222 -0173 
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IIIi/ MODERN ELECTRONICS NEWS /1/lili 

SIGHT & SOUND. Home TV receivers continue to move, Ln tiny steps, 
in the direction of enhanced video and audio. So- called 
"improved- definition TV" (IDTV) sets have been announced by a few 
TV -set makers, Philips Consumer Electronics and Toshiba, among 
them. The IDTV system improves television picture performance by 
using non -interlaced scanning, field memory -based noise reduction 
and field comb filtering, as well as including a picture -in- 
picture (PIP) feature. As a result, there are 525 scan lines per 
field that occur every 1 /60th of a second instead of the 
conventional 262 -1/2 lines...Philips claims that there's a 40% 
improvement in vertical resolution with these sets and that 480 
lines of horizontal resolution is achieved. Moreover, Philips' 
system has two selectable levels of digital noise reduction to 
reduce extraneous video noise up to 10 -12 dB, as well as a viewer 
choice of 1, 3 or 9 PIP images on screen simultaneously...Toshiba 
incorporates Carver Sonic Holography audio system to enhance 
sound reproduction of its MTS stereo TV models...A two -lb., 9 -oz. 
combination battery -powered VCR /TV receiver, dubbed "Video 
Walkman," was introduced by Sony Corp. The hand -held 
record /playback /color LCD viewing machine uses 8 -mm video 
cassette that can also store PCM stereo sound tracks. 

FUN, GAMES, CONVENIENCE. Q- Link's on -line computer game, 
RabbitJack's Casino, which features color graphics and animation 
with real -time interactivity, accounted for over $1- million in 
connect time in its first year of operation. Designed by 
Interactive Productions for Quantum Computer Services, the game 
includes poker, black jack, slot machines and bingo. The game 
enables users to play against other players around the country. 
Software is set up for Commodore -64 or C -128 computers...An 
electronic learning aid for children "JC, The Junior Computer," 
introduced by INTEG, Inc. (San Jose, CA), looks like a laptop 
computer with a pop -up screen and carrying handle. The look -a- 
like portable has 16 learning activities, speaks instructions in 

a computerized voice, and runs on four C -size alkaline batteries. 
A RAM cartridge lets users create and store animations and music, 
as well as "play" plug -in ROM Activity cartridges. A touch - 
sensitive keyboard has 76 keys, 12 cursor control keys and 18 
function keys. Left unattended for five minutes, it turns itself 
off to conserve batteries. Retails for $69.95; optional 
cartridges, $19.99. JC will sell through game, toy and consumer 
electronics retailers and also through computer stores...Eastman 
Kodak has entered the game field with an action -packed VCR sci -fi 
mystery gamed called "Isaac Asimov's ROBOTS." It's a futuristic 
game with 256 possible clue combinations that lead to 32 different 
solutions. $34.95 for the VHS tape, four photo clue card packets 
and an answer book...Northwestern Bell Phones has introduced a 

unique telephone that's both easy and fun to use. It has a flat, 

big -key dialing display that doubles as a photo collage for up to 
nine pictures or symbol cards. Users just insert photos of 
friends or relatives into the "window memory keys" and enter 
their phone numbers into the unit's memory. Then simply press the 

familiar face and you're dialing out. $69.99. 

M 

8 / MODERN ELECTRONICS / September 1988 Say You Saw It In Modern Electronic< 

www.americanradiohistory.com

www.americanradiohistory.com


NEW MAC OPERATING SYSTEM. Apple Computer announced the newest 
version of its operating system for the Apple Macintosh computer 
family -- Software Version 6.0. It features enhanced system and 
MultiFinder capabilities, a MacroMaker program, CloseView and Map 
utilities, as well as increased processing speed. CloseView 
enables users to magnify the Mac screen display up to 16 times 
its normal size, which can aid the visually impaired. The 
customizable utility, Map, is used to determine time and distance 
between locations worldwide. The $49 version is compatible with 
all Macintosh computers having at least one megabyte of memory. 

RISCY BUSINESS. Reduced instruction set computer (RISC) 
processors get faster and faster. While Motorola's 88000 is rated 
at 14 -17 MIPs, Cypress Semiconductor 's new RISC microprocessor 
(the CY7C600 family) claims 20 million instructions per second, 
with its 33 -MHz performance. Such single processing workstation 
32 -bit chips have fewer instructions built in than the 
traditional Complex Instruction Set Computer microprocessors 
have, executing most in a single clock cycle. The fastest RISC 
draw in the West, however, belongs to McDonnell Douglas, which 
demonstrated its MD -484 gallium arsenide processor with 60 -MHz 
clocking (for the military, of course). 

MUSIC & VOICE DEVELOPMENTS. Local libraries often carry audio 
recordings for check -out, but selections are quite limited. Now 
there's a National Music Library that permits anyone to check out 
recordings at no charge! Founded by Alan Foxx as a nonprofit 
organization to build music appreciation in all fields of music 
(including rock, country, jazz and classical), a large selection 
of compact discs, music cassettes, sheet music and books on tape 
are said to be available. For a list of the library's current 
circulation and for library -card information, contact National 
Music Library, 1994 -A202 Woodward Ave., Bloomfield Hills, MI 
48013, enclosing $1 to cover costs for the list...First there was 
the "follow the bouncing ball" singing in theatres; then Mitch 
Miller's sing -alongs. Now it seems that some manufacturers 
believe that sing -along is due for a resurgence. One, Pioneer 
Laser Entertainment, Inc. (a Pioneer Electronic Corp. subsidiary) 
announced three Laser Karaoke (means "empty orchestra" in 
Japanese) Systems to make available to us a popular sing -along 
format from Japan where people sing in groups or alone to 
recorded musical accompaniment, often in "karaoke" clubs where 
they can pick their tunes. The Pioneer systems show the lyrics on 
a TV set, as well as playing selected LaserDisc compositions. The 
current Karaoke library ranges from show tunes like "Hello Dolly" 
to old standbys like "Strangers in the Night" to "Peggy Sue" to 
"Over the Rainbow," and "Jailhouse Rock," among others, which 
include Christmas carols, nursery -rhyme tunes, etc. The self - 
contained machines incorporate various voice enhancement controls 
to support the music videos, such as a Voice Key Controller, 
Digital Echo, Voice Volume, Five -Band Graphic Equalizer, two 
microphone inputs and a built -in cassette recorder for recording 
purposes. Original vocals can be restored, too. The models can 
also play regular LaserDisc movies or video programs. 
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Train with NRI for a 
servicing NEW! 

20 Meg 
Hard Disk 
Included! 

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

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

SANYO CO! iPUTER -8088 CPU 
double -sided lisk drive. 256K RAM, 
4.77 M -le and 8 MHz turbo speed. 

DIGITAL. MULTLMETER- 
Professional test instrument for 
quick and easy measurements. 

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

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

r 

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

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

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

Reference manuals, schematics, and bite -size lessons. 

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

demonstrations and 
experiments that will give 
you a total mastery of 
computer operation and 
servicing techniques. You'll 
do programming in BASIC 
language -even run and 
interpret essential diagnostic 
software. 
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high paying career 
computers 
HARD DESK -20 megabyte hard disk 
drive you install internally for 
dramatic mprovement in data storage 
capacity and data access speed. 

M ONITO R- Nigh -resolution. 
green screen displays, crisp 
text and graphics. 

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

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

DIGITAL LOGIC 
PROBE -Simplifies 
analyzing digital 
circuit operation. 

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

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

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

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

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

MC HO O L S 
McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue A- 1IA' 
Washington, DC 20016 C" 

We'll give you tomorrow. Iin 
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iiiiii NEW PRODUCTS IIIIIII 
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. 

Hand -Held "Workbench" 
B &K- Precision has just released a 
new instrument that has built into it 

test and measurement capabilities of 
a testbench full of gear. The Model 
388 -HD, appropriately called the 
Test BenchTM, is a 41 -range voltme- 
ter, ammeter, ohmmeter, frequency 
counter, capacitance tester, logic 
tester, transistor /diode tester and 
continuity tester -all in a drop- resis- 
tant case the size of a conventional 
hand -held digital multimeter. It fea- 
tures a large -size LCD window for 
high readability under just about any 
viewing conditions. 

Triple protection is provided for 
the new instrument, including re- 
verse- polarity and overload protec- 
tion and high- energy fusing. Dc ac- 
curacy is rated to be within 0.5010 , 

while ac accuracy is rated to be with- 
in 1.25% from 40 Hz to 1 kHz. Input 
impedance on both dc and ac is 10 

megohms. Currents up to 20 am- 
peres ac and dc, resistance up to 
2,000 megohms and capacitance (in 
five ranges) to 20 microfarads can be 

measured. The instrument can count 
frequencies up to 200 kHz and has a 
resolution of up to 1 Hz. 

Diode junctions are tested with a 
maximum current of 1.5 mA and 
maximum open- circuit potential of 
3.2 volts. Test results in this function 
are indicated in the LCD window 
and audibly through a built -in beep- 
er, which is also used for continuity 
tests. Bipolar transistors can be 
tested for hFE gain from 0 to 1,000. 
Finally, the logic tester indicates log- 
ic 0 and logic 1 states in TTL -level di- 
gital circuits. $139. 

CIRCLE I ON FREE INFORMATION CARD 

Upgradeable '286 Computer 
Vendex's (Great Neck, NY) Head - 
Start PRO computer comes with a 

16 -MHz 80286 microprocessor but, 
with the addition of two chips and 
the flick of a switch, can be trans- 
formed into a 20 -MHz 80386 ma- 
chine without any additional boards 
or modifications to the hardware. 
Supplied as standard hardware are: 
2M bytes of RAM (expandable to 
8M bytes on the motherboard); 
6 -in -1 VGA graphics adapter (VGA, 
EGA, MCGA, CGA, Hercules and 
MGA compatible); 2,400 -baud Head - 
Start Friend -Link Modem; mouse; 
hard -disk controller; 1.2 -MB 5.25 " 

and 1.44 -MB 3.5 " floppy drives; 
choice of hard -disk capacities. The 
basic system comes with a 32 -MB 
hard drive. 

Also featured is a unique six -slot 
upgrade bus that accommodates XT, 

AT or 32 -bit Compaq -compatible 
peripheral cards. Other hardware 
supplied includes a built -in clock/ 
calendar with 2 -year lithium batter 
back -up, one parallel port; separate 
9- and 24 -pin serial ports; an Arc - 
Network port; game port; mouse 
port; 101 -key PS /2- compatible key- 
board; and 200 -watt 117 /220 -volt 
power supply. Available as options 
are a 13 " VGA analog paper -white 
high -resolution monochrome ($249) 
and 13 " high -resolution, 0.31 dot - 
pitch VGA color ($695) monitors, 
both with tilt /swivel bases. 

Bundled at no extra charge with 
the computer is a software package 
that includes the OS /2 operating sys- 
tem, Ashton Tate's "Framework II," 
the HeadStart Advanced Environ- 
ment (modeled after IBM's SAA 
specification by Executive Systems), 
Floppy Driver, an ATI tutorial, 
HeadStart 3D Graphics, Dynamic 
Publisher, XTREE PRO, LogiTech 
Paintshow and Chessmaster 2000. 
The software is designed to work in 
conjunction with the HeadStart Ad- 
vanced Environment so that each 
program is completely menu -driven 
for ease of use. The HeadStart Ad- 
vanced Environment also provides 
the user with new menus that offer a 
choice between beginner, intermedi- 
ate and advanced skill levels. $3,995 
with 80 -MB, 28 -ms hard drive. 

CIRCLE 2 ON FREE INFORMATION CARD 

Speaker /Source Switcher 
Sonance's (San Juan Capistrano, 
CA) ABW1 in -wall high - fidelity 
speaker or source switcher fits into a 
light -switch box and can be covered 
with a conventional wall -type switch 
plate. It can handle on /off switching 
of a pair of speakers or selection be- 
tween such signal sources as TV re- 
ceiver and audio system. Operation 
is via a single push -push switch that 
is rated to handle up to 200 watts of 
power. This switcher can be used in 
conjunction with the company's 
Models VC50 and VC100 in -wall 

14 / MODERN ELECTRONICS / September 1988 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


volume controls to provide the audio 
equivalent of a light dimmer. All 
three units can be installed in a stan- 
dard light- switch housing that can be 
covered with standard wallplates to 
match or complement room decor. 
$26.50 to $30.00. 

CIRCLE 3 ON FREE INFORMATION CARD 

Mini Mobile CB Rig 
Midland packs 40 channels of two - 
way mobile CB communications into 
a package that measures just 4'''/ "W 
x 4% "D x l'/4 "H in its new Model 

77 -099 transceiver. Claimed to be the 
world's smallest 40- channel mobile 
CB transceiver, it can be mounted in 
or on almost any vehicle, including 
motorcycles, snowmobiles and other 
recreational vehicles. 

ETR frequency control is built in- 
to the mini transceiver for pinpoint 
channel tuning accuracy, and separ- 
ate up /down channel scan controls 
are provided. The receiver section 
employs a dual- conversion superhet- 
erodyne design. Other features in- 
clude: full -time ANL to eliminate 
background noise during receive; a 
ceramic filter for improved selectivi- 
ty; enhanced modulation for more 
"talk" power; condenser micro- 

phone with front -panel locking 
mount; separate LEDs for transmit 
and receive; and a large high- intensi- 
ty projection mask LED channel dis- 
play. $89.95. 

CIRCLE 4 ON FREE INFORMATION CARD 

Quick Contact Repairs 
Field service kit No. 4c3k from Mi- 
cro- Circuits, Inc. (New Buffalo, MI) 
is said to eliminate a major cause of 
electronic equipment down time in 
bus -type systems that use connectors 
into which circuit -board edges plug. 
A technician simply unplugs a circuit 

board from its connector 
onto its edge- connector contacts a 
thin layer 4c3m gold replacement 
from the 4c3k's shirt -pocket -size ap- 
plicator. This permanently restores 
sound board -to- connector conduc- 
tivity and eliminates the problem. 
The whole process takes about 6 sec- 
onds to complete, at an economical 
cost of approximately 12 cents per 
connector. 

CIRCLE 5 ON FREE INFORMATION CARD 

and rubs 

Calling /Alerting System 
The Auto -Kall HF -Alert from Mo- 
Tron Electronics (Eugene, OR) is a 
selective calling or alerting system 
designed to be used with hf SSB /CW 
radio systems. The device eliminates 
the need for you to constantly moni- 
tor busy or noisy channels. Accord- 
ing to the manufacturer, HF -Alert 
works with almost any radio system, 
including hf /vhf /uhf, SSB /CW/ 
FM /AM, CB, marine hf /vhf, etc. It 
mutes the speaker until the correct 
calling sequence (225 combinations 
possible) is received from another 

A 
AUTO-KAEE' NF-AIEAT 

unit. A correct incoming sequence 
turns on a LED and enables an audi- 
ble alarm. Calling /decoding codes 
are set with rotary switches on the 
front panel. The calling signal is sent 
either by directly keying a radiotele- 
graph transmitter or by placing the 
microphone next to the speaker. 

The HF -Alert comes with a mobile 
mounting bracket, 117 -volt ac power 
supply for base -station operation 
and an audio patch cord. A built -in 
speaker is provided, but an external 
speaker (not supplied) can also be 
used. $129.95. 

CIRCLE 6 ON FREE INFORMATION CARD 

Auto -Scan Printer Switch 
The Model PAS -41 parallel auto - 
scan printer switch from Tab Sales 
Co. (Pensacola, FL) switches up to 
four computers for sharing of a sin- 
gle parallel -feed printer (or plotter or 
other peripheral). Features include: 
all- electronic switching between 

computers and peripherals; regu- 
lated and fused dc power; built -in 
6 -foot printer cable; switch - 
selectable, hardware generated form 
feed; and switch -selectable auto- 
matic or manual scan mode. On au- 
tomatic, each computer is scanned 
ten times each second for an output 
signal. $189.95. 

CIRCLE 64 ON FREE INFORMATION CARD 
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Announcing The 

1989 Buyer's Guide 
THE ACTIVE HAM'S COMPLETE 
ANNUAL REFERENCE MASTER 

This valuable new master directory and 

buyer's guide will serve you day in and 

day out in searching out new gear, corn - 

paring new models, locating dealers near 
you and mail -order retailers around the 
country. It'll help you buy more wisely 
with its multi- reference concept to help 
you wend your way through the buying 
maze. 

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

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

WHO'S WHO IN THE AMATEUR RADIO 
BUSINESS 
It's a Buyer's Guide filled with the kind of 
support information you've always need- 
ed, but couldn't easily get: Dealer listings 
state -by -state (including branches), 
names and calls for key personnel, top 
lines carried, whether or not trade -ins are 

accepted or on -site repairs are made .. . 

and so on. 

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

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

able buying guide in the Amateur Radio 
field. 
Send only $3.95 to reserve your copy. 

Special Pre -Publication Reservation 
[September 1988 Shipping Date] 
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NEW PRODUCTS 

Macintosh II NuBus Audio 
Signal- Processing Cards 
A series of signal -processing cards 
for Macintosh II NuBus systems has 
been announced by Southworth 
Music Systems (Harvard, MA) for 
audio A/D and D/A applications. 
The cards reproduce, analyze and 
synthesize digitally- stored audio 
with a fidelity claimed to be better 
than that of CDs. Each card uses 
parallel -processing Motorola 56000 
processing chips. 

The Max Audio Analog Card per- 
forms all A/D and D/A conversion 
using a proprietary 20 -bit converter 
that provides 104 dB S/N on record- 
ing and 120 dB S/N on playback. It 
supports sample rates of 44.1 kHz 
(standard CD rate), 48 kHz (DAT 
and professional recorder rate), 96 

kHz (2 x oversampling rate) and 192 

kHz (4 x oversampling rate). Ultra- 
high -speed signal processing replaces 
nearly all of the analog components 
used in conventional converters. 
A/D conversion is performed by a 
custom ECL circuit that samples the 
input signal 24- million times per sec- 

ond and integrates the data to 192 

kHz. By operating well above the au- 
dio range, the card is said to perform 
without the usual multitude of ana- 
log filtering components. $1,400. 

The Max Audio Quad 56000 DSP 
Card provides additional signal pro- 
cessing, frequency- domain audio 
processing (such as pitch tracking 
and shifting), sample playing and ad- 

ditive synthesis. In addition to the 
RAM on each 56000 chip, this card 
provides facilities for 3MB more op- 
tional shared -memory RAM for 
storage of audio samples. It operates 
at 68 MIPS. $1,400. 

The Digital Audio /SMPTE Card 
sends and receives audio data in 
AES /EBU Digital Audio format for 
recording CD or DAT recorder data 
in digital form and provides an 
SMPTE Time Code reader /genera- 
tor that gives a means of locking the 
speed of playback or recording in the 
Macintosh to an external multitrack 
tape recorder or VCR. This card is 

able to trigger events to SMPTE 
Time Code with an accuracy of 1 mi- 
crosecond. $995. 

CIRCLE 7 ON FREE INFORMATION CARD 

Intelligent Remote 
Technics' new Model SH -R700 in- 
telligent audio /video remote con- 
troller can replace the controller 
units for up to five infrared -con- 
trolled devices. It has a built -in learn 
capability that lets you store a total 
of 144 commands that are accessed 
by pressing a touch -sensitive LCD 
display panel that includes alpha- 
numeric displays. The five display 
faces into which the LCD panel is 

segmented change to match the com- 
ponent in operation, keeping the 
number of physical keys and overall 
size of the unit to a minimum while 
contributing to simplified operation. 
Learning functions are programmed 
in just seven steps. 
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Of the 144 commands available, 
46 are fixed for Technics audio 
equipment. The other 98 are capable 
of learning the major commands of 
most infrared remote controllers for 
a CD player (28 learning functions), 
TV receiver (22 functions), videocas- 
sette recorder (23 functions), and an 

optional device (25 functions). It op- 
erates on four AA cells (not included) 
and, when the battery is too weak to 
operate the unit, a "Battery No" 
message is displayed. Whatever is 
stored in memory will be preserved 
for about a week after this message is 
displayed. The new controller mea- 
sures 8/, "L x 35/6 "W x l'3/2 "D and 
weighs 8.7 ozs. $200. 

CIRCLE 8 ON FREE INFORMATION CARD 

Menu -Driven Multimeter 
The Simpson Electric Professional 
Series Model 560 digital multime- 
ter's wide features and capabilities 
are accessible through menu -driven 
programming. The meter features 
ultra -fast auto -ranging; data -log- 
ging capability on any selected range 
with battery- backed measurement 
memory; frequency counting capa- 
bility; continuity and diode check 
with audible beeper; pushbutton op- 
eration; and separate LCD windows 
that separately display measure- 
ments in a five -decade format and 
menu /programming in four lines. 

The meter can measure rms ac + 
ac plus dc volts, true rms (TRMS) ac 
or ac + dc coupled amplifiers, dc 
volts, current, low and high resis- 

tance, dBm on any voltage range and 
frequency from 5 Hz to 500 kHz. In- 
strument integrity is rated at 1 kV dc 
+ peak ac circuit to ground and all 
inputs are transient protected to 6 kV 
at 100 microseconds. Special func- 
tions include diode and continuity 
test, differential peak hold, REL and 
zero. Menu functions for selected 
measurements are: Store -all (inclu- 
sive or exclusive) Recall, Hi and Lo 
Limit, dB Ref and Rel Set. On -board 
battery- backed nonvolatile RAM re- 
tains last user selections and readings. 

Available are an 8 -bit (with strobe 
and ready) Centronics -compatible 
parallel printer port and an RS -232C 
serial port that can be set for 300 to 
9,600 baud. Both are fully isolated. 
$2,195 basic instrument; $2,395 with 
optional serial or parallel interface. 

CIRCLE 9 ON FREE INFORMATION CARD 

Surface -Mount Inductor Kit 
A low -cost Designer's Kit that con- 
tains 480 surface -mount inductors 
can now be obtained from Coilcraft 
(Cary, IL). The kit provides 10 sam- 
ples each of 48 inductance values 

ranging from 4 nanohenrys to 33 mi- 
crohenrys. The 10% and 20% toler- 
ance inductors come in 1008 and 
1611 body sizes. They are packaged 
in a reusable clear plastic box with 
hinged lid. $125. 

CIRCLE LOON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics 

NAM RADIO 

IS FUN! 

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

Your passport to ham radio adventure is 

TUNE -IN THE WORLD WITH HAM 
RADIO. The book tells what you need to 
know in order to pass your Novice exam. 
Two cassettes teach the code quickly 
and easily. 

Enclosed is my check or money order for 
$15.00 or charge my 
( ) VISA ( ) Mastercard ( ) Am. Express 

Signature 

Acct. No 

Good from Expires 

Name 

Address 

City State Zip 

THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON. CT 06111 
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Project 

A Wireless Data Link 
This 300 -baud accessory eliminates the need for long cable 
runs when connecting serial peripherals to a computer 

By Jan Axelson & Jim Hughes 

The RS232 serial interface has 
become a popular way to 
send data from a computer 

to another computer, remote ter- 
minal, printer, or other serial device. 
However, when the devices to be in- 
terconnected are located in different 
rooms or are on different floors, 
running a cable between them isn't 
always convenient or even practical. 
For situations like these, you need a 
device like the Wireless Data Link to 
be described. This handy device does 
away with the need for the connect- 
ing cable, using radio waves instead 
of physical cables to link together 
RS232 data transmit /receive devices. 
It operates at a transmission speed of 
300 baud. 

About the circuit 
Design of the circuitry for this proj- 
ect was greatly simplified due to use 
of two convenient building blocks. 
One is National Semiconductor's 
74HC943 single -chip modems that 
convert digital data into audio -fre- 
quency tones that can easily be trans- 
mitted on an r -f carrier and, at the re- 
ceiving end, converts the tones back 
into digital data square waves. The 
other building block is Radio Shack's 
Space Patrol walkie- talkies that are 
used here as transmitters and receiv- 
ers of the audio signals. These oper- 
ate on the 49 -MHz citizens band. 

Portability isn't a criterion for 
this project. Therefore, the circuits 
are powered by ac- operated 9 -volt dc 
power supplies or batteries. Which- 
ever powering option is used, the 

system can accept and generate bi- 
polar RS232 -compatible signals, at a 

communication speed of 300 bits 
per second. 

Shown in Fig. 1 is the schematic 
diagram of the very simple (in terms 

of component count) transmitter 
modem circuit. It is designed to re- 
side between the computer's or other 
device's RS232 interface and the in- 

put to transmitting walkie- talkie. 
Regulated 5 volts dc for modem chip 
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9Vdc 

> 

S1 

01 

+5V 

R3 
1K 

R2 
3.3K 

2N2222 

D1 

1N914T 
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+5V +5V C3 
0.1µF 

R4 
1K - 

13 6 

11 

IC2 
74HC943 

19 

18 

15 

C4 
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+5V 

C5 
0.1 µF 

R5 
2.2K 

12 2 14 ---- R6 
2.2K 

IN IC1 

78L05 
OUT 

To 
LEDI 

;R1 
`1K 

Cl 
10µF 

COM > 
walkie - 

rtalkie 

To walkie- ' talkie SID 

C7 
100µF 

C6 
0.1 µF 

C2 Output 

I 
1µF 5Vdc 

Fig. 1. Schematic diagram of the transmitter unit from the RS232 interface to 
the input to the walkie- talkie. 

IC2 is provided from the 9 -volt dc 
source by regulator ICl. Light -emit- 
ting diode LED] serves as a conveni- 
ent POWER -on indicator. 

Data to be transmitted is fed from 
the RS232 interface through resistor 
R3 to the base of transistor Ql in the 
Fig. 1 circuit. According to the RS232 
standard for bipolar data signals, a 
transmitted logic 1 is represented by 
a potential between -5 and - 15 

volts, a logic 0 between + 5 and + 15 

volts. Transistor QI, diode D1, and 
resistor R3 convert the bipolar signal 
to the TTL- compatible levels re- 
quired by IC2. The transistor also in- 
verts the signal, converting negative 
inputs to high voltage levels and pos- 
itive inputs to low voltage levels. 

Modem chip IC2 receives the digi- 
tal signal at pin 11 and uses frequen- 
cy- shift -keyed (fsk) modulation to 
code the digital information as an 
analog signal. Being a single -chip 

modem in the high -speed CMOS 
family of circuit devices, the 74HC943 
is designed primarily for use in tele- 
phone communications. It contains 
on -chip analog -to- digital (A /D) and 
digital -to- analog (D /A) converters, 
as well as timing and control circuits. 
This is a sophisticated chip and, 
needless to say, our Wireless Data 
Link project uses only some of the 
chip's capabilities. 

In fsk modulation, logic is and Os 

are represented by different frequen- 
cies, rather than by different voltage 
levels. The frequencies used by IC2 
are those defined by the Bell 103 

standard for modem transmission. 
To permit full -duplex (two -way) 
transmission over telephone lines, 
the Bell 103 standard specifies two 
sets of frequencies, one for transmit- 
ting in each direction. Figure 2 shows 
both sets. 

The simplex (one -way) circuit pre- 

PARTS LIST 
Semiconductors 
D1 -1N914 or similar silicon diode 
D2,D3 -1N270 germanium diode 
IC1,IC3 -78L05 +5 -volt regulator 
IC2,1C6- 74HC943 300 -baud modem 

(National Semiconductor) 
IC4 -555 timer 
IC5 -1488 quad line driver for RS232 
LED!,LED2- Light- emitting diode 

(high- intensity recommended) 
Q1-2N2222 or similar npn tran- 

sistor 

Capacitors (16 WV minimum) 
C1,C2,C8,C9,C11,C12 -10 -µF 

electrolytic 
C3,C5,C6,C13,C14,C15,C16 -0. I -µ1 

ceramic 
C4- 330 -pF ceramic 
C7,C17- 100-µF electrolytic 
C10- 0.001 -µF ceramic 

Resistors (' /, -watt, 10% tolerance) 
R 1,R3,R4,R7 -1,000 ohms 
R2 -3,300 ohms 
R5,R6,R9,R10 -2,200 ohms 
R8- 68,000 ohms 

Miscellaneous 
XTAL I ,XTAL2- 3.579545 -MHz 

crystal 
Si ,S2 -Spst toggle or slide switch 

Printed -circuit boards (2) or perfor- 
ated board with holes on 0.1" centers 
and suitable Wire Wrap or soldering 
hardware; two Archer Space Patrol 
walkie- talkies (Radio Shack Cat. No. 
60- 4015); DIP sockets for IC2, IC4, 
IC5, and IC6; suitable enclosures (2); 
two subminiature D -type RS232 con- 
nectors; rubber grommets; two 9- 
volt batteries and battery clips or two 
9 -volt do power supplies and con- 
necting jacks (see text); panel clips 
for LEDs (2); 2- conductor cable; ma- 
chine hardware; hookup wire; sol- 
der; etc. 

sented here uses just one of these 
pairs. To select the "originate" fre- 
quencies for transmitting, pin 11 of 
IC2 is tied high. When the input at 
pin 11 is low, pin 17 outputs a 
1,070 -Hz sine wave; when pin 11 is 
high, pin 17 outputs 1,270 Hz. 
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Figure 3 shows the square -wave in- 
put to the modem and the frequency - 
shift -keyed output that results. If 
you carefully examine the photo, 
you can see that the frequency of the 
sine wave changes slightly as the volt- 
age of the square wave goes high 
and low. 

The clock for the modem chip is 

provided by XTAL1, a 3.58 -MHz 
crystal (a standard TV color -burst 
type). Resistors R5 and R6 and capa- 
citors C6 and C7 provide an analog 
ground midway between the + 5 -volt 
supply and circuit ground rails. Ca- 
pacitor C4 couples the fsk signal to 
the audio input of the walkie- talkie, 
in place of the speaker. 

The fsk input to the walkie- talkie 
consists of sine waves in the voice, or 
audio, frequency band. The walkie- 
talkie, which is designed for voice 

communication, can easily transmit 
such a signal. It uses FM (frequency 
modulation) to carry the signal over 
the 49 -MHz radio band. 

Unused pins on IC2 are tied to 
ground as recommended by the IC's 
data sheet. Pins 14 (squelch trans- 
mitter) and 2 (analog loop -back) are 
grounded for normal operation. 
Pins 15 (receive analog #2) and 18 

(external input) are tied to analog 
ground, and pin 10 (filter test input) 
is analog -grounded through a 0.1- 

microfarad capacitor. 
On the other end of the data link, 

another walkie- talkie receives and 
demodulates the FM signal. A sec- 

ond modem chip converts the fre- 
quency- shift -keyed signal back to 
digital pulses, and an RS232 driver 
and 555 timer provide an RS232 - 

compatible signal for the end receiv- 
ing device. The receive unit also in- 

cludes a 5 -volt regulator like the one 
in the transmitter. The receiver's 
schematic diagram is shown in Fig. 4. 

The speaker output of the receiv- 

ing walkie- talkie is coupled to the in- 

put of receive modem chip IC6 by ca- 

pacitor C14. 
The receive modem is configured 

much like the transmit modem, ex- 

Originate Answer 

Space (logic 0) 1,070 Hz 1,070 Hz 
Mark (logic 1) 1,270 Hz 1,270 Hz 

=Direction of Transmission= 

Space (logic 0) 2,025 Hz 2,025 Hz 
Mark (logic 1) 2,225 Hz 2,225 Hz 

«Direction of Transmission= 

Fig. 2. In the Bell 103 standard for 
modem transmission, different fre- 
quencies are designated for commu- 

nicating in each direction. 

cept that pin 13 of the modem chip is 

grounded to identify it as an "an- 
swer" device. The modem converts 
the fsk input at pin 17 back to digital 
pulses, which appear at pin 5. (These 
digital pulses should match those at 
pin 11 of the transmitting modem.) 

The pulses are inverted and level - 

shifted to a bipolar RS232- compati- 
ble signal by RS232 driver chip IC5. 
The negative voltage supply for IC5 
is generated at C12 by timer IC4. In 
the timer circuit, adapted from a cir- 

cuit in IC Timer Cookbook by Wal- 
ter Jung, the 555 is configured as an 
astable oscillator, whose frequency 
of about 10,000 Hz is set by CIO 

and R8. 
Several oscillator cycles are re- 

f\ 11Vf1111f01A 
ulllhlllll111 umnpa, 

vYVVYYYYYY YYMYn 

.- 41---- 

Fig. 3. The bottom trace shows the 
digital RS232 signal. The top trace is 

the frequency- shift -keyed output at 
the modem chip. 

quired to fully charge C12. When 
power is first applied to the circuit 
and pin 3 of IC4 goes high, Cll 
charges through D2 to approximate- 
ly 7 volts, which is limited by the out- 
put characteristics of the 555 and the 
voltage drop across D2. When pin 3 

goes low, C// "shares" its charge 
with C12, which charges to about 
-3 volts through D3. 

When pin 3 again goes high, Cll 
recharges to 7 volts. Then when pin 3 

goes low again, C// charges C12 un- 
til the two are at equal potential once 
more, with about 5 volts across each. 
The potential across C12 increases in 

this manner, cycle -by- cycle, until it 

levels out at about - 6.5 volts. Use 

of germanium devices holds the lim- 
iting effect of the diode drops to 
a minimum. 

The output at pin 3 of IC5, the 
RS232 driver, is a bipolar signal with 
positive peaks of about + 7 volts and 
negative peaks of about -5 volts. 
These fall within the "legal" levels 

specified by the RS232 standard. 

Construction 
Since the two units are quite similar 
in design, you can build them side - 

by -side, following essentially the 
same procedures. Figure 5 contains 
the actual -size etching- and -drill- 
ing guides for both printed- circuit 
boards. Figure 6 shows component 
layout and orientations and off - 
board connections for both circuit - 
board assemblies. 

Though printed- circuit construc- 
tion is recommended for ease of as- 

sembly and virtual elimination of 
chance wiring errors, if you prefer, 
you can build the circuits on per- 
forated board that has holes on 0.1- 
inch centers. If you do this, use suit- 
able Wire Wrap or soldering hard- 
ware and arrange the components 
approximately the same as in Fig. 6, 

but refer to Fig. 1 for wiring the 
transmitter and Fig. 4 for wiring the 
receiver boards. 

Begin construction by installing 
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Fig. 4. Schematic diagram of the receiver unit from the output of the walkie- talkie to the RS232 interface. 

and soldering into place DIP sockets 
for IC2, IC4, IC5 and IC6. Do not 
install the ICs themselves at this 
time. Then install and solder into 
place all resistors, capacitors, di- 
odes, the transistor, crystals and 
voltage -regulator ICs. Observe prop- 
er orientation for electrolytic capaci- 

tors, diodes, transistor and the three - 
terminal voltage regulators. Note 
that the positive ( + ) lead of C12 con- 
nects to circuit ground. 

Now prepare the walkie- talkies as 
follows. Begin by removing their 
back covers. Figure 7 is an interior 
view of one of the Radio Shack 

Space Patrol walkie- talkies specified 
for this project. Remove the screws 
that hold in place the printed -circuit 
assemblies and antennas in both 
walkie- talkies. 

Cut off the red and black wires 
leading to the circuit boards at the 
battery snap connectors. Then cat 

al 

m'[ 
e 

1 

Fig. 5. Actual -size etching -and- drilling guides for the transmitter's (A) and receiver's (B) printed -circuit boards. 
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Fig. 6. Wiring guides for the transmitter (A) and receiver (B) pc boards. Use these as rough guides to component layout 
if you wire the circuits on perforated board. 

the two speaker wires on each unit 
near the lugs of the speakers. Lift out 
of the cases the circuit -board assem- 
blies and set the cases aside. 

Unsolder and save the red battery 
wires that connect to the on /off 
switches in both cases. These switches 
and the orange transmit /receive 
switches on the walkie- talkies can 
now be unsoldered and removed. 
You will replace the on /off switches 
with a master switch for each unit; 
the transmit /receive functions will 
be hard -wired later. 

Use a vacuum -type desoldering 
tool or wicking -type desoldering 
braid to remove the solder from the 
pins of the switches and carefully 
work the switches free. After re- 
moving the on /off switches, resolder 
one end of the red wires to the 9 -volt 
trace on each board. This trace is lo- 
cated one pin up from where the wire 
was originally fastened. For double - 
checking locations on the walkie- 
talkie's circuit board, Radio Shack 
supplies schematic diagrams with its 
Space Patrol units. 

After removing the transmit /re- 
ceive switches, their functions can be 
wired at each walkie- talkie. Desig- 
nate and so label one walkie- talkie as 
the transmitter, the other as the re- 

ceiver, and use short jumper wires to 
solder the connections at the switch 
locations, as shown in Fig. 8. The re- 
moved switches and speakers can be 
saved for use in other projects. 

Prepare 12 8 -inch or so lengths of 
hook -up wire by stripping from each 
end V+ inch of insulation. If you are 
using stranded wire, tightly twist to- 
gether the fine conductors at both 
ends and sparingly tin with solder. 
Use these wires for interconnecting 
the circuit -board assemblies and 
switches. Though the following in- 
structions describe the procedure for 
wiring one unit, follow the same pro- 
cedure for both transmitter and 
receiver. 

First, solder a wire from the nega- 
tive ( - ) terminal on the power sup- 
ply connector or battery clip to GND 
on the circuit board. Figure 6 shows 
the circuit board connection loca- 
tions. Next, solder a wire from the 
positive ( + ) terminal on the power 
supply connector or battery clip to 
one lug of Si. Then solder two wires 
to the other lug of SI and connect 
one to the anode of the LED and the 
other to the + 9V pad on the circuit 
board. Solder a wire from the LED's 
cathode to the LED! K pad on the cir- 
cuit board. 

Fig. 7. Interior view of one of the 
walkie- talkies used in this project. 

Solder a wire from the WT signal 

pad on the circuit board to the jump- 
er at SID on the walkie- talkie, as 
shown in 8. Solder the red- and 
black -insulated battery wires on the 
walkie- talkie to the WT+ and WT 
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To walkie- 
talkie signal 

To Walkie- 
talkie signal 

S1C S1D SIC S1D 

S1A S1B S1A S1B 

TRANSMITTER RECEIVER 

Fig. 8. Wiring guide for transmit /re- 
ceive switch in walkie- talkies. Switch 
is shown in same orientation as in 

Fig. 7. 

pads on the circuit board, making 
sure to observe proper polarity. 

To prepare the enclosures used for 
the project, drill appropriate -size 
holes for the antenna, on /off switch, 
LED, and power supply jack (if 
used). The antenna should mount on 
one side of the enclosure at the rear. 
This way, its top will rise out of the 
case. Mount the walkie- talkie board 
at the bottom of the enclosure so it 
can easily connect to the bottom of 
the antenna. Use /2-inch spacers to 
provide clearance for the antenna 

when mounting the circuit boards. 
Make a hole for inserting a two - 

wire cable for the RS232 interface 
and line the cable and antenna holes 
with rubber grommets. If you prefer, 
you can mount the RS232 connector 
directly on the enclosure and use a 
separate cable. If you do this, pre- 
pare an appropriate -size and shape 
cutout for the connector. Drill 
mounting holes for the circuit 
boards. Slide the antenna through its 
hole and insert and fasten the power 
supply jack, if used. 

A few words about the RS232 stan- 
dard might be helpful here. The stan- 
dard specifies RS232 devices as being 
either DTE (Data Terminal Equip- 
ment) with male connectors, or DCE 
(Data Communications Equipment) 
with female connectors. Most RS232 
interfaces use subminiature D -type 
connectors. The standard also speci- 
fies that DTE devices transmit data 
on pin 2 and receive on pin 3 at the 
connector, with DCE devices trans- 
mitting on pin 3 and receiving on 
pin 2. 

For a working data link, the trans- 

mit pin of the sending device must 
connect to RS232 signal on the trans- 
mitting modem board, and RS232 sig- 

nal on the receive modem board must 
connect to the receive pin of the re- 
ceiving device. Figure 9 illustrates 
the wiring for different combina- 
tions of equipment. A transmitting 
computer with a DTE interface, for 
example, requires a female connec- 
tor on the transmitter unit, with 
RS232 signal wired to pin 2 of the con- 
nector. A printer with a DCE inter- 
face needs a male connector on the 
receive unit, with RS232 signal again 
wired to pin 2. 

Because not all equipment rigidly 
adheres to the specifications of the 
RS232 standard, you should double - 
check which pin is used as the trans- 
mit pin before wiring the connector. 
To do this, turn on the device and 
measure with a dc voltmeter or mul- 
timeter set to the dc voltage function 
at the connector from pin 2 (signal) 
to pin 7 (ground) and then from pin 3 

(signal) tb pin 7 (ground). When no 
data is being transmitted, the trans- 
mit pin should provide a reading of 

Data 

Data 

TRANSMITTING 
DEVICE 

DTE 

TRANSMITTING 
DEVICE 

DCE 

MALE 

OR 

DCE 

FEMALE 

DTE 

MALE FEMALE 

RS232 
(SIGNAL) 

RS232 
(SIGNAL) 

RS232 
(SIGNAL) 

RS232 
(SIGNAL) 

RECEIVING 

MODEM 

DTE 

RECEIVING 

DEVICE 

DCE 

MALE 

OR 

DCE 

FEMALE 

DTE 

MALE FEMALE 

Data 

DATA 

Fig. 9. The RS232 connectors must be wired to be compatible with the equip ment they connect to. DTE devices have 

male connectors and transmit on pin 2. DCE devices have female connectors and transmit on pin 3. Pin 7 is signal ground. 
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-5 to - 15 volts, while the reading 
at the receive pin should should be 
0 volt. 

To wire the RS232 connector, cut 
a length of two- conductor cable long 
enough to conveniently reach from 
the end equipment to the wireless link. 
Remove 2 inches of the outer plastic 
jacket from both ends of the cable 
and strip '/, inch of insulation from 
each conductor. Tightly twist togeth- 
er the fine wires at each conductor 
end and sparingly tin with solder. 

Solder the conductors at one end 
of the cable to the GND and RS232 

signal pads on the modem board. Tie 
a strain -relieving knot in the cable a 
few inches from the soldered end and 
pass the free end of the cable from 
the inside of the enclosure through 
its rubber -grommet -lined hole. At 
the free end of this cable, connect 
and solder the GND conductor to pin 
7 of the RS232 connector and the 
RS232 signal conductor to pin 2 or 3 on 
the connector, which is used depend- 
ing on your particular setup. (See 
Fig. 9 for wiring details.) 

Mount the modem board in the en- 
closure. Then, with a screw and nut, 
connect the antenna to the antenna 
lug at the walkie- talkie board. 
Mount the walkie- talkie board in the 
case and insert and fasten the on /off 
switch and LED in its holder. 

Finally, label the two enclosures 
according to function (transmitter 
and receiver). If you use dry- transfer 
lettering, spray onto them two or 
more light coats of clear acrylic to 
protect from scratching. The com- 
pleted project, just before closing the 
enclosures, is shown in Fig. 10. 

Checkout & Use 

The first step in checking out the 
circuit is to make sure the power 
supplies are operating properly. 
Connect the power supply or 9 -volt 
battery to and turn on the transmit- 
ter. (Note: The DIP ICs should still 
not be installed in their sockets at 
this time!) Now use a dc voltmeter 

Fig. 10. Interior views of completed transmitter (left) and receiver (right) ends 
of project. 

or a multimeter set to the dc voltage 
function to take voltage readings 
as follows. 

First, connect the meter's com- 
mon probe to any convenient circuit - 
ground point and leave it there for 
the duration of the tests. Working on 
first the transmitter portion of the 
project, touch the meter's "hot" 
probe to the IN pin of IC1 and note 
that the reading should be + 9 volts. 
Then touch the "hot" probe to the 
OUT pin of ICI and socket pin 6 of 
IC2; this time, the readings should 
both be + 5 volts. If you do not ob- 
tain the appropriate reading at any 
of these three points, power down 
the circuit and correct the problem 
before proceeding. 

Repeat the tests for the receiving 
end of the project. This time, you 
should obtain the same readings at 
the IN and OUT pins of IC3 as you did 
for ICI, and + 5 volts should be 
available at socket pins 4 and 8 of 
IC4 and pin 6 of IC5. Once again, if 
you do not obtain the proper reading 
at any point, power down the circuit 

and correct the problem before pro- 
ceeding. 

When you are satisfied that both 
boards have been correctly wired, 
power down both and carefully in- 
stall the ICs in their respective sock- 
ets. Make sure that each is properly 
oriented and that no pins overhang 
the sockets or fold under between IC 
and socket as you push each home. 
Use safe -handling procedures for 
MOS devices when installing IC2 
and IC6 in their sockets. 

With the ICs installed in their 
sockets, power up the receiver por- 
tion of the project. Connect the me- 
ter's common probe to circuit ground 
and touch its "hot" probe to pin 1 of 
IC5. If all is okay, you should obtain 
a reading of about - 6.5 volts. 

If all looks okay, you're ready to 
proceed with system checkout. Con- 
nect the Wireless Data Link units to 
the devices that will be transmitting 
and receiving data in your system. As 
always, set up the communications 
protocol so it is the same at both 

(Continued on page 91) 
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Technology 

Telephone Technology 
(Conclusion) 

Troubleshooting and repair techniques 

By Stephen J. Bigelow 

Last month in Part I, we intro- 
duced major assemblies that 
make up the telephone in- 

strument and detailed how these ele- 
ments perform together with the 
Central Office. Also covered were 
typical techniques used in the instal- 
lation of telephone instruments at a 
customer's location. In this conclud- 
ing installment, we will discuss sim- 
ple and proven techniques for isolat- 
ing problems to the on- premises tele- 
phone instrument and wiring or the 
telephone line itself, as well as some 
steps you can take to correct a prob- 
lem once you identify its cause. Also 
included is a quick reference trouble- 
shooting chart that should simplify 
and speed problem solving. 

Locating a Problem 
Assume your telephone is not work- 
ing. You lift the handset and listen 
for a dialtone only to hear nothing at 
all. There is a quick and simple pro- 
cedure to follow to determine wheth- 
er the cause of the problem is in the 
telephone instrument or at a point 
before the phone line from the Cen- 
tral Office enters your premises. 

Perhaps the easiest way to isolate a 
problem is to use another telephone 
instrument that is known to be good 
in place of the instrument in ques- 
tion. If when you try this you still fail 
to hear a dialtone at the problem lo- 
cation, you know that the problem 
lies before the jack into which the in- 

strument is plugged, whether in your 
on- premises wiring or from there 
back to the Central Office. 

Many homes have one or more tel- 

Fig. 13. Using an 8 -ohm speaker to 
check out a phone line for dialtone. 

ephone jacks at various locations. It 
is a good idea to try a known -good in- 
strument at each extension jack. If 
even one extension location provides 
the instrument with a dialtone, you 
know that your line to the Central 
Office is working properly and that 
the problem is within your on -prem- 
ises extension wiring. Alternatively, 
if all locations fail to provide a dial - 
tone when the instrument is taken 
off -hook, the problem is most likely 
from the Central Office. 

An easy test you can make to deter- 
mine whether or not the Central Of- 
fice is at fault is to trace the wiring in 

your premises to the point at which 
the telephone line from the Central 
Office enters your location. There 

will be at this point a central connec- 
ting jack -the so- called "telco" jack 
-that will feed any other extensions 
that might be installed in your home. 

Once you have located the telco 
jack, use an 8 -ohm speaker with 
short lengths of wire connected to 
each lug to perform a "speaker test." 
To do this, touch one speaker wire to 
the "tip" (green) and the other to the 
"ring" fired) terminals of the jack 
(Fig. 13). The speaker's impedance is 

low enough to draw loop current to 
simulate an off -hook condition. If 
the incoming line is working, the 
Central Office will sense this off - 
hook condition and send down the 
line a dialtone signal that can be 
heard from the speaker. If you do not 
hear a dialtone, the problem is defi- 
nitely outside your premises; to cor- 
rect it, you must contact your local 
telephone company (from a working 
phone, of course) to request service. 

Extension failures almost always 
are caused by an open circuit in part 
of the connecting cable or at the RJ 11 

or RJ14 modular connector into 
which they are plugged or terminated 
(Fig. 14). Always be suspicious of the 

Telco 
jack 

Jack 1 

TIP 

-418V 

RING 

-48V 

POSSIBLE 
BREAK 

X 

OV 

Inoperative 
station 

Fig. 14. A multiple- extension residential telephone wiring scheme showing loca- 
tion of possible failure. 
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the line that connects the telephone 
instrument to the RJ11 or RJ14 jack. 
That line is also part of the extension 
wiring and can just as readily be the 
source of the problem. Remove the 
cover from the modular connector 
and check the wiring at each of the 
screw terminals and repair any wires 
that are loose or broken. 

If the wiring is secure at the con- 
nector, use a dc voltmeter or a multi - 
meter set to the dc function to mea- 
sure the voltage across the tip and 
ring contacts by touching the meter's 
probes to the tip and ring terminals 
(Fig. 15). If all is okay, you should 
obtain a - 48 -volt reading. If the me- 
ter indicates an absence of voltage (0 
volt), there is a break somewhere in 
the cable. Trace the cable as far back 
as you can to determine if a break is 

visible. If you cannot locate a break 
just by looking, or even if you can but 
it is in an impossible to reach loca- 
tion, you may have to run a whole 
new cable. 

If when you take a voltage reading 
the meter indicates presence of - 48 
volts across the tip and ring contacts 
and a known -good instrument does 
not work when plugged into the jack, 
the problem lies within the modular 
jack itself. In this event, you must re- 
place the jack with a good one to re- 
store service at that given location. 

A note on service: Your local tele- 
phone company will repair any line 
problems that are outside your prem- 
ises free of charge. However, if the 
problem is on- premises, you will be 
charged an hourly service fee to re- 
pair it. So make certain where the 
problem lies before you call for ser- 
vice. 

Instrument Problems 
A wide variety of problems can and 
do surface in telephone instruments. 
In this section, we will discuss some 
of the most common troubles en- 
countered in phones and how the ma- 
jor subassemblies of the instrument 
relate to each other. (Figure 1 in Part 

Fig. 15. Using a multimeter set to 
read dc voltage to check voltage 
across tip and ring contacts of tele- 

phone jack. 

I depicts drawings of these elements; 
so you might want to refer back to it 
to refresh your memory of them.) 

As pointed out last month, there 
are five major assemblies in every tel- 
ephone instrument. Each has its own 
set of functions, as follows: 

(1) Hookswitch. Activates the in- 
strument and switches in the audio 
and dial portions of the circuit. 

(2) Network. This is the intercon- 
nect point for all parts of the phone 
that filters and isolates the audio cir- 
cuit and ringer and provides proper 
line balance and loss compensation. 
A wiring diagram of the network in a 
typical 2500 -type telephone instru- 
ment is shown in Fig. 16. 

(3) Handset. This assembly con- 
tains the transmitter and receiver (a 
speaker and microphone may also be 
present on more sophisticated 
"hands- free" telephone instruments). 

(4) Dial. This can be either a rotary 
mechanism or an electronic Dual 
Tone Multi Frequency (Touch -Tone) 
keypad and its electronic circuitry 
whose purpose is to signal the Cen- 
tral Office the specific digits of the 
number being called. 

(5) Ringer. This unit audibly sig- 
nals you when a call is coming in. 

Let us now discuss some possible 
trouble symptoms, their causes and 
what you can do to correct them. 
'Phone Totally Dead. A telephone 

instrument is considered to be totally 
inoperative if it is unable to draw a 
dialtone in the off -hook condition. 
With a multimeter set to measure 
high dc voltage (say, 200 volts) across 
the tip (green) and ring (red) wires 
while the defective phone is on -hook, 
you should obtain an indication of 
- 48 volts. When the handset is lifted 
off -hook, the reading should drop to 
about - 6.5 volts. 

If you obtain a - 6.5 -volt reading, 
the phone is drawing loop current 
and dialtone. In this event, try anoth- 
er handset assembly and handset 
cord to check for a defect in the re- 
ceiver circuit. If the problem still per- 
sists, check the network for loose 
wires and breaks in the printed -cir- 
cuit board's copper traces. 

If the loop voltage across the tip 
and ring contacts remains at - 48 
volts when the phone is off -hook, the 
instrument is not activating. In this 
case, check the line cord into the 
phone to be sure it is in place, is con- 
nected properly at both ends and that 
continuity exists in all conductors. 

Keep in mind that an open line 
cord is a very common problem. If 
this is not the source of the difficulty, 
check the contacts in the hookswitch 
assembly. 

Low or No Ring. Conventional 
electromechanical bells are nothing 
more than a coil wound around an 
iron core to form a simple electro- 
magnet. As the ring signal from the 
Central Office reaches the telephone 
instrument, the fluctuating voltage 
varies the magnetic field in first one 
and then the other polarity. In one 
polarity, the electromagnet physical- 
ly pulls a striker arm on the end of 
which is a ball -like clapper that 
strikes a gong -like bell to sound a 
ring tone. As the polarity of the ring 
voltage reverses, the polarity of the 
magnetic field also reverses and 
physically pushes the striker arm 
away to strike another bell. In some 
phones there is only one bell. Shown 
in Fig. 17 are examples of both sin- 
gle- and double -gong bells. 
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Fig. 16. Network diagram of a typical 2500 -type telephone instrument. 

Typical standards for ring signals 
are 90 volts ac rms at a frequency of 
20 Hz. There is also a capacitor in 
series with the coil that blocks dc 
while passing the ac signal (Fig. 18). 

Thus, the low impedance of the coil 
across the tip and ring contacts will 
not draw dialtone. 

Ring failures are almost always 
confined to the ringer coil itself. It is 

possible for several windings in the 
coil to short together such that the 
coil becomes a less powerful electro- 
magnet. If only a few turns are short - 
circuited, the incoming ring signal 
will result in a low ringing of the 
bells. More severe shorting can result 
in very low bell- ringing volume or 
even a barely audible hum or buzz in 
the most severe short -circuiting cases. 

A winding in the coil might also be 
open (no continuity). In this event, 
there will be no current -flow path 

and the ringer will be totally inopera- 
tive. Also, the dc blocking capacitor 
may become open- circuited so that it 
will not even pass the ac ring signal. 

In more modern telephone instru- 
ments, an integrated circuit is used to 
sense presence of the ring signal and 
drive a piezoelectric buzzer that audi- 
bly alerts you to an incoming call. 
Very often, the IC fails and will have 
to be replaced. 

Noise and Intermittent Operation. 
The most common cause of "static" 
noise in the telephone circuit is in the 
handset cord. Constant flexing, 
stretching and twisting of this cord 
eventually fatigues the internal wir- 
ing and connectors. This results in 
poor and intermittent contact that 
appears as static in the receiver when- 
ever the handset is moved. Replacing 
the handset cord will usually cure this 
condition. 

Noise and intermittent operation 
can be caused by the network assem- 
bly as well if any of the soldered 
points have deteriorated or been 
damaged. This is usually caused if 
the telephone instrument has been 
dropped or subjected to any other 
sudden severe mechanical shock. 
You may be able to hear this noise by 
tapping the body of the instrument. 

It is also possible that the network 
might be slightly cracked. Fortunate- 
ly, conventional telephone networks 
are simple assemblies that are very 
easy to inspect by simple visual 
means. Thus, it is a simple matter to 
resolder any questionable connec- 
tions and bridge any cracks or breaks 
with a jumper wire. 

Another possible contributor to 
noise can be the hookswitch. The 
contacts used in a hookswitch are 
generally very reliable. However, af- 
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ter years of usage, especially in ad- 
verse environments where humidity 
is high and dust and other airborne 
contaminants are present, the con- 
tact points can corrode and build up 
oxides and dirt that can cause static 
noise. 

Rotary Dial Problems. Rotary dial 
mechanisms are prone to wear in all 
moving parts. When a rotary dial is 
rotated from its rest position, a set of 
contacts close to shunt the audio to 
the receiver. After the dial is re- 
leased, a spring- driven rotary cam 
opens and closes another set of con- 
tacts at a constant speed of 10 pulses 
per second (pps). 

The pulse ratio, or the ratio of time 
that the pulse contacts are open to the 
time they are closed, is 60 percent. 
For a 100- millisecond pulse length, 
the contacts are open for 60 millisec- 
onds and closed for 40 milliseconds. 
Where the wear of the cam or cam 
shaft may cause the dial to change its 
pulse ratio, which can cause pulses to 
be sent that the Central Office cannot 
interpret correctly. 

Wear in the tension spring that re- 
turns the dial to its rest position may 
cause the dial to pulse too fast or too 
slow during return. Fortunately, 
pulse speed is not as critical a param- 
eter in proper telephone operation as 
is the pulse ratio. 

DTMF Dial Problems. Dual Tone 
Multi Frequency dial units used in 
Touch Tone phones consist of two 
parts: the mechanical pushbutton 
keypad assembly and the circuit - 
board assembly that contains the 
tone -generating integrated circuit 
and a frequency base crystal that 
hold the proper frequencies. DTMF 
dialers must remain within a very 
tight tolerance, typically 1.5 to 2 per- 
cent, for all types of environments 
and for the entire life of the dialer. 
The reason that a dual tone is used is 
so that the Central Office can easily 
distinguish a dialed digit from speech 
or other audio that might be fed into 
the transmitter mouthpiece. 

Very little ever goes wrong with a 

Fig. 17. Examples of single- (A) and dual -gong (B) electromechanical ringers. 

DTMF dialer. The most common 
type of problem is encountering a 
column or row of buttons that fail to 
work, caused by one or more bad 
contacts in the keypad's switch ma- 
trix. The next most frequent problem 
is a total failure in the dial pad such 
that there is no tone output at all 
whenever any button is pressed, usu- 
ally due to a complete failure of the 
tone -generating IC. In both cases,the 
DTMF dial unit must be replaced. 

Older DTMF dialers use a transis- 
tor oscillator with two slug- tuned, 
multiple- tapped coils to generate the 
required tones (Fig. 19). When a key 
is pressed on such a dialer, a set of 
mechanical contacts along the out- 
side of the dial closes to select the 
proper taps on each coil to produce 
the tones for the needed digit. 

Mechanical contacts along the out- 
side and in the rear of the DTMF dial- 
er can corrode, eventually resulting 
in a single -tone or no tone output. 
The solution to this type of problem 
is simple: clean the contacts. Use a 
solvent cleaner designed for electron- 
ics use. Never use ány type of abra- 
sive to clean the contacts; to do so 
will destroy the contacts and acceler- 
ate future corrosion. 

Will Not Break Dialtone. This is a 
problem that is inherent in rotary 
dialers. When the phone is taken off - 
hook, the Central Office senses loop 

TIP 

r- 
1 

L_ 

RINGER ASSEMBLY 

dc blocking 
capacitor 

RING I 

Fig. 18. Typical ringer with dc block- 
ing capacitor. 

current and sends a dialtone signal to 
inform the user that it is ready to re- 
ceive digits. The moment the Central 
Office receives the first pulse, it re- 
moves the dialtone signal to indicate 
that it is responding. 

"If the pulse contacts on a rotary 
dialer are not making proper contact, 
no pulses may ever be sent to the Cen- 
tral Office. An easy way to tell if a ro- 
tary dialer is not pulsing is to take the 
instrument off -hook, draw dialtone 
and briefly tap on the hookswitch. If 
the dialtone disappears, the Central 
Office has sensed the pulse sent by 
the hookswitch. If you obtain this in- 
dication, the dialer is probably bad. 
Cleaning and adjusting the pulse 
contacts should restore operation. 

(Continued on page 98) 
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Project 

1 -MHz to 2-GHz Amplifier 
Miniature 50 -ohm cascadable monolithic ICs provide 
up to 40 dB of gain for a host of applications 

By Bill Owen 

What can you do with a tiny 
circuit assembly that mea- 
sures only a couple of 

square inches and can provide up to 
40 dB of gain over a whopping fre- 
quency range of from 1 MHz to 2 

GHz? Some of the things you can do 
with this tiny device include: low - 
power r -f transmission, receive sig- 
nal boosting, front -ending a fre- 
quency counter with preamplifica- 
tion for solid counting on low- ampli- 
tude signals, detecting r -f "bugging" 
equipment, boosting the output level 
from a signal generator, amplifier 
buffering and much, much more. In 
fact, the uses to which this handy de- 
vice can be put are almost limitless. 

In building this device, you will be 
introduced to two technologies that 
may be new to you: surface mount- 
ing of components and microwave 
strip -line layout of components. 
Power for the project can be any 9- 
volt regulated dc source, including a 
transistor battery if expected use is to 
be for brief periods, though you will 
want to use an ac- operated 9 -volt 
supply for continuous or long peri- 
ods of use. Whatever your applica- 
tion for this project, it is fun and in- 
formative to build. Better still, you 
can build it for about $20, not count- 
ing power supply and enclosure. 

About the Circuit 
The specific IC amplifier used in this 
project was selected from the MAR 
series of monolithic integrated -cir- 
cuit r -f amplifiers from Mini -Cir- 
cuits (P.O. Box 350166, Brooklyn, 

NY 11235- 0003). As revealed in the 
Table, there are six devices in this 
family, each of which has an ex- 
tremely wide r -f bandwidth. All op- 
erate from a single -ended 5 -volt dc 
power supply, which makes it very 
easy to incorporate them into circuit 
designs. Differences among the 
MAR devices are in levels of gain and 
output power, as well as features. 

We chose for this project the 
MAR -6 Mini -Circuits device for its 
low- noise, fairly flat 2 -GHz band- 
width and high gain across its fre- 
quency spectrum. Some applications 
may require a device with a different 
set of characteristics, If you are in- 
terested in experimenting with the 
MAR series of devices, Mini -Circuits 
offers a complete designer's kit, No. 
DAK -2. This kit contains five each 
of the MAR -1 through MAR -8 de- 

vices. For more information and to 
order the kit, you can contact the 
company at the above address, or 
you can telephone 718- 934 -4500. 

Mini -Circuits' MAR series of de- 
vices are actually tiny four -lead inte- 
grated circuits. When you consider 
the extremely small package in which 
these devices are housed are only 
about half the size as that used for 
the popular MRF901 r -f transistor of 
the same configuration, it is difficult 
to believe that the MAR device is not 
a simple discrete transistor. You can 
get some idea of just how small these 
devices are from the lead photo, in 
which the ICs themselves are the tiny 
black dots. A size comparison is pro- 
vided by the 9 -volt battery used to 
power the project in the same photo. 

Technically speaking, the MAR 
device is a bipolar monolithic inte- 
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Fig. 1. Internal details of the MAR 
series of monolithic r-f amplifier de- 

vices from Mini- Circuits. 

grated circuit that is fabricated with 
nitride self -alignment, ion- implant- 
ed for precise control of doping and 
passivation. Only a few years ago, 
small r -f amplifiers were thick- or 
thin -film hybrids that cost 10 to 100 
times as much as the MAR devices. 

Contained inside the MAR -6's 
package is a Darlington- connected 
transistor pair with a relatively sim- 
ple resistive biasing scheme, as 
shown in Fig. 1. In this circuit, RE is 
the series feedback element that ad- 
justs the base voltage of Q2. Resistor 
RF provides shunt feedback that ad- 
justs the base voltage of Ql. The net 
effect of this feedback arrangement 
is that the amplifier is virtually im- 
mune to the effects of the variations 
in gain in the two transistors. 

Bleeder resistor RB permits the 
emitter of QI to be different from 
the base current of this transistor. 
External resistor RC also provides 
some feedback by dropping the volt- 
age to the amplifier as more current 
is drawn by the transistors. 

The values of the biasing resistors 
match the input and output impe- 
dances of the device to 50 ohms. This 
permits easy physical design of the 
circuit using 50 -ohm micro -strip -line 
procedures. 

The complete schematic diagram 
of the r -f amplifier circuit used in this 
project is shown schematically in 

Fig. 2. As you can see, this is a very 
simple circuit in terms of component 
count, consisting of just two each 
MAR -6 ICs, two resistors, a handful 
of capacitors and input and output 
connectors. In this circuit, the two 
MAR -6 devices used for ICI and IC2 
are cascaded to provide a reasonable 
amount of gain across the amplifi- 
er's entire 1 -MHz to 2 -GHz band- 
width. As you can see in Fig. 3, the 
amplifier's gain is roughly 40 dB at 
the lowest frequencies and gradually 
drops to 5 dB between about 1.8 and 
2 GHz, which is which is quite re- 
spectable at these frequencies. 

Inductance in the circuit becomes 
an increasingly serious problem as 
operating frequencies increase. With 
this project designed to operate at 
frequencies up to 2 GHz, it is ex- 
tremely important to maintain the 
least possible inductance to assure 
such a wide bandwidth and respect- 
able gain. To this end, all capacitors 
must be leadless chip types for the 
simple reason that they have less 
series inductance than do leaded ca- 
pacitors. Too, the two resistors must 
be carbon- composition units be- 
cause they have less inductive effects 
than do metal -film and other types. 

Another consideration that must 
be kept in mind to assure proper op- 
eration of the circuit is input and out- 
put impedances. These must be held 
as uniform as possible throughout 
the project's frequency bandwidth. 
To achieve a constant 50 -ohm input 
and output impedance, INPUT and 
OUTPUT connectors J1 and J2 must 
be coaxial BNC devices. 

As mentioned above, the project 
can be powered by a common 9 -volt 
transistor battery if you are planning 
to use it as an experimental device or 
for only brief periods at a time. 
However, current drain, though 
modest, dictates use of an ac- operat- 
ed 9 -volt regulated supply when it is 
used for extended periods. 

Construction 
Special precautions must be exer- 
cised when building this r -f amplifi- 
er. One of these is that you must use a 
printed- circuit board on which to 
mount and interconnect the compo- 
nents that make up the circuit. The 
copper traces of the board itself must 
rigidly adhere to strip -line tech- 
niques to assure proper operation. 
The actual -size etching- and -drilling 

No. 

MAR -1 

Dot 
Color 

Summary of MAR Family 

Typical Gain 
Bandwidth at 1 GHz 

Brown dc -I GHz 15.5 

MAR -2 Red dc -2 GHz 12.5 
MAR -3 Orange dc -2 GHz 12.5 

MAR-4 Yellow dc -I GHz 8.0 

MAR -6 White dc -2 GHz 16.0 

MAR -7 Violet dc -2 GHz 12.5 
MAR -8 Blue dc -I GHz 23.0 

*Not unconditionally stable 

Device Characteristics 

Output Power 
(dBm) Supply Features 

0 5V, 17 mA high gain, 
medium noise 

+ 3 5V, 25 mA Flat to 2 GHz 
+8 5V, 35 mA Flat to 2 GHz, 

high power 
+ 11 5V, 50 mA Flat gain, 

high power 
0 5V, 16 mA Low noise, 

flat to 2 GHz, 
high gain 

+4 5V, 22 mA Medium noise 
+ 10 5V, 36 mA High gain, 

low noise, 
high power 
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Fig. 2. Complete schematic diagram of the 1- MHz -to -2 -GHz r-f amplifier. 

guide for this printed- circuit board is 

shown in Fig. 4(A). 
If you are not used to radio -fre- 

quency pc designs, the layout shown 
in Fig. 4(A) may appear to be very 
different from what you are used to. 
The reason for the odd appearance 
of the conductor pattern is that as 

frequency increases, odd things be- 
gin to happen in ordinary circuit ele- 

ments, such as the inductance capa- 
citors and resistors exhibit at super - 
high and above frequencies pointed 
out above. So care must be taken not 
only in the selection of components 
but in the pc pattern itself. 

With an amplifier that is designed 
to operate into the gigahertz range, 
ground connections that may appear 
to work at lower frequencies may or 
may not work at the higher and high- 
est frequencies. Simply getting an r -f 
signal to flow through a pc -board 
trace can be a challenge at the higher 
frequencies. Therefore, r -f layouts, 
like the one shown in Fig. 4(A), em- 
ploy strip -line techniques in which 
the width of the conductors is care- 
fully chosen to assure constant -im- 
pedance conduction. If the impe- 
dance is not fixed or if a pc trace goes 

through sharp turns or any disconti- 
nuities, the signal may be attenuated 
or be reflected back into its source. 

The pc traces shown in Fig. 4(A) 

are 0.1- inch -wide on G10 glass - 

epoxy pc board material. The char- 
acteristic impedance of this layout is 

nominally 50 ohms, which matches 
the MAR -6 ICs. The bottom of the 

board must be a solid ground plane. 
The widths of the conductive traces 
on the pc board would have to 
change for different blank thickness 
or /and dielectric material other than 
G10 glass- epoxy. 

You can easily fabricate the print- 
ed- circuit board whose conductor 
pattern is shown in Fig. 4(A) from a 

single -sided G10 blank. Once you 
have etched and thoroughly cleaned 
the board, drill /6- inch -diameter 
holes in all locations shown circled in 
the Fig. 4(B) wiring diagram. Do not 
drill holes through the circular pads. 

Once the pc board is ready, place it 
on an aluminum L bracket that has 
one leg that is at least deep enough 
that the entire board area can be ac- 

commodated by it and whose other 
leg is deep enough to accommodate 
the battery. Align one end of the 
bracket with one end of the board 
and scribe or mark a line on the 
bracket along the other edge of the 
board. Remove and set aside the 
board and then cut the L bracket to 
length along the line. If you cannot 
find suitable aluminum L- bracket 
material, cut to size any other piece 
of Y,6-inch or so thick piece of alumi- 
num and bend it as needed to form 
the board and battery legs. Which- 
ever way you go, smooth the cut 
edges with a fine file. 

Place the board back on the L 

bracket, conductor pattern up and 
narrow portion of the surrounding 
copper pattern near the outside edge. 

Align the board with the edges of the 

PARTS LIST 
Cl thru C5- 1,000 -pF leadless -chip ca- 

pacitor 
C6,C7- 0.1 -µF leadless -chip capacitor 
ICI,IC2 -MAR -6 r -f amplifier (Mini- 

Circuits ; see text) 
J 1,J2 -BNC connector (see text) 
R 1,R2 -220 -ohm, 'A-watt, 507o toler- 

ance resistor 
Misc.- Printed- circuit board; alumi- 

num L bracket (see text); '%6" soft 
aluminum rivets or No. 2 machine 
hardware (see text); 9 -volt transistor 
battery and snap connector or other 
dc power source (see text); double - 
sided foam tape. 

Note: A complete kit of parts, less battery 
and connector, is available for $19.95 + 

$3 P &H (Florida residents, please add 
state sales tax) from NRG Electronics, 
P.O. Box 24415, Ft. Lauderdale, FL 33307. 

bracket. Then use a sharp metal in- 

strument (awl or large needle) to 
mark the location of each hole previ- 
ously drr ed in the pc board. 

Now rill /6-inch holes through 
the L bracket at all marked loca- 
tions. Replace the pc board on the L 

bracket and align all holes. Use eight 
or more ,6 -inch soft -aluminum riv- 

ets to solidly secure the pc board to 
the bracket. If you cannot locate alu- 
minum rivets, No. 2 machine screws 
and nuts will work as well. 

The reason for securing the pc 

board to an aluminum L bracket is to 
provide a groundplane for the cir- 

cuit, which is critical to proper oper- 
ation of the project. You could use 

G10 glass -epoxy pc blank that is clad 
on both sides for the board, etching 
copper from only the conductor side 

of the Board to provide a good 

groundp ane. However, you would 
still have to use rivets or machine 
hardware to make the ground con- 
nections for the circuit. 

Make absolutely certain that you 
tightly clinch down the rivets or 
hardware to assure that the board is 

solidly secured to the L bracket. 
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Fig. 3. Plot of actual gain results from tests performed on author's prototype. 

Pretin all copper lands on the pc 
board to which component tabs or 
leads are to be soldered. Use a medi- 
um -heat soldering iron and the finest 
quality solder available for electron- 
ics work. Do not "blob" excessive 
solder onto the lands, but by the 
same token, do not just "wet" the 
lands, either. When you are finished, 
you want enough solder on each land 
that you can reflow what is already 
there to make the needed connection 
without having to add to the solder at 
any connection point. 

Start populating the board with 
the smaller chip capacitors (Cl 
through C5). You must use surface - 
mount techniques throughout. That 

is, set the chip capacitor in its loca- 
tion with its solderable edges against 
the solder- tinned connections at each 
end. Then hold the chip capacitor in 
place with the eraser end of a pencil 
as you reflow the solder on the land 
until it wets first one and then the 
other end of the capacitor. Apply 
soldering heat only long enough to 
be certain that each land-to- compo- 
nent- terminal connection is electric- 
ally secure. Allow the solder to com- 
pletely solidify before removing the 
pencil hold -down from the capaci- 
tor. Repeat for all remaining capaci- 
tors, including C6 and C7. 

Next, lay the resistors on the cir- 
cuit board in the locations shown 

and clip their leads to length. Use the 
same technique to "tack solder" the 
leads of both resistors to the indicat- 
ed lands, using only the solder used 
for pretinning the lands. (Note: A 
good power rating for the 220 -ohm 
resistors is ? watt when powering the 
circuit from a 9 -volt battery. If you 
use a dc source with a higher voltage, 
substitute Y -watt resistors for RI 
and R2). 

Now examine the MAR -6 ICs. 
You will note that each has four 
"pins" and that near one is a small 
white dot. The dot identifies the in- 
put pin. Directly opposite the identi- 
fied input pin is the device's output 
pin. The other two pins are used for 
connection to ground. Before at- 
tempting tao solder the pins of these 
two devices into place on the pc 
board, make sure that the copper 
lands have adequate solder on them. 
Place one MAR -6 device in the Ict 
location with its pins symmetrically 
contacting the indicated lands. The 
input pin must be on the left land 
with the board viewed as shown in 
Fig. 4. Again, use the eraser end of 
the pencil to hold the IC in place as 
you reflow the solder on one land to 
make the pin -to -land connection. 
Now do the same for the other 
MAR -6 in the tc2 location. This 
done, go back to IC1 and solder an- 
other pin to its land, go back to IC2 
and do thé same there. Repeat until 

(Continued on page 91) 

(A) 

(B) 
O o 

o 

Jt 

o 
NOTE: 

O = Soft aluminum rivets for solid ground -plane connections 

o 

-C4- 

o 
9V 

0 o O 

-05- 

C3 

o o 

o 

J2 

1 

Fig. 4. Actual -size etching- and -drilling guide for fabricating printed- circuit board (A) and wiring details for board 
(B). Note that, ICs are surface -mount devices, as are leadless -chip capacitors. 
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installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter /charger supplied with the unit. 
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firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used fo!r counter surveillance, locating hidden 
"tug" transmitters. Use with grid dip oscillator when designing and _unfng antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signa generators and other devices to accurately monitor frequency 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 
#1300H/A Model 130 1 f 00 MHz counter with preamp,sensitivity, ' 1mV 

27MHz to 450MHz includes Ni -Cad batteries and AC adapter .... .1169.95 
#2400H Model 2400H 10 -2400 MHz microwave counter includes Ni -Cad 

batteries and AC adapter 
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volts at 150MHzl 1 -600 MHz with adjustable threshold, RF indicator 
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Ft. Lauderdale. Florida 33334 Foreign orders add 15% 

ti_ 

AVAILABLE NOW! 
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Project 

An Automotive 
Back -Up Alarm 

Sounds an audible alert to pedestrians and other 
motorists when you put your vehicle in reverse 

By Charles Shoemaker, D.Ed. 

Heavy industrial and con- 
struction vehicles nowadays 
usually have beeping alarms 

that alert people that they are about to 
back up or go into reverse motion. 
This safety device compensates for 
poor visibility from the operator's lo- 

cation. Though sanitation (garbage) 
trucks, payloaders, fork lifts and other 
such vehicles use beepers to signal their 
presence, other vehicles can benefit 
from their use as well. A pickup truck 
with cargo cap that limits visibility to 
the rear is a prime candidate. Actually, 
even the family chariot can benefit 
from a Back -Up Beeper like the one to 
be described. 

About the Circuit 

Shown in Fig. 1 is the complete sche- 
matic diagram of the basic Automo- 

tive Back -Up Beeper. In this circuit, 
two of the four 2 -input NOR gates in- 
side the CD4001 chip used for ICI 
are cross -coupled to form an oscilla- 
tor. The output from this oscillator 
arrangement is a square wave whose 
repetition rate is about 1 cycle in 1.6 
seconds. The oscillator's "on" time 
(the period during which the output 
at pin 4 of ICI is at a logic high) is 

about 0.6 second, while its "off" 
time (the period during which the pin 
4 output is at a logic low) is about 1 

second, as illustrated in Fig. 2(A). 
The output at pin 4 of IC1 is cou- 

pled directly to the pin 4 ENABLE in- 
put of 555 timer IC2. During the 0.6 
second that ICI's output is high, IC2 
is enabled and provides a "beep" sig- 
nal that is heard from the speaker for 
this length of time. Then when pin 4 

of IC] goes low, ICI's pin 4 input is 

also low and the timer is disabled for 
1 second and no sound is heard from 

the speaker. This on /off cycle re- 
peats for as long as power is applied 
to the circuit through regulator IC3. 

Repetition rate of the ICI oscilla- 
tor is determined by the values of CI 
and R1. Increasing the value of the 
capacitor or resistor will slow the re- 
petition rate of the timer circuit. 
With the values specified for these 
components, a one -beep -per- second 
rate results, which is just about right 
to draw attention to the alarm. 

Light -emitting diode LEDI and its 
companion current -limiting resistor, 
R2, provide a visible means of moni- 
toring the "on" time of the circuit. 
When the LED is on, the circuit is en- 
abled and an audible alert is sound- 
ed, and when it is off so is the audible 
alarm. These two components are 
optional and can be eliminated with- 
out affecting operation of the basic 
circuit. 

Timer IC2, a common 555 chip, is 

IN 

+12V 
Back -up 

lights 

IC3 
7805 

OUT 

COM 

4 

IC1 

CD4001 
s 

e 

R1 

120K 

+ 

C1 

10µF 

IC2 
NE555 

R3 
10K 

s 

R4 
220K 

R5 
120K 

C4 
25[F 

1 C2 
0.01p5 

C3 
0.002µF 

SPKR 
8Q 

Fig. I. The complete schematic diagram of the basic project. 

40 / MODERN ELECTRONICS / September 1988 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


PARTS LIST 

Semiconductors 
IC1- CD4001 quad 2 -input NOR gate 
IC2 -NE555 timer 
IC3 -7805 + 5 -volt regulator 
IC4 -LM386 audio power amplifier 

(optional -see text) 
LED1 -Red light- emitting diode (op- 

tional -see text) 
Capacitors (16 WV or greater) 
C 1,C5 -10 -µF electrolytic 
C2- 0.01 -µF disc 
C3- 0.002 -µF disc 
C4 -25 -µF electrolytic 
C6- 500-µF electrolytic (optional -see 

text) 
Resistors ('/4 -watt, 10% tolerance) 
R1,R5- 120,000 ohms 
R2 -390 ohms (optional -see text) 
R3- 10,000 ohms 
R4- 220,000 ohms 
R6- 25,000 -ohm, audio -taper potenti- 

ometer (optional -see text) 
Miscellaneous 
SPKR -8 -ohm outdoor -type speaker 

Printed -circuit board or perforated 
board with holes on 0.1 " centers and 
suitable Wire Wrap or soldering 
hardware; suitable enclosure; 4 -posi- 
tion screw -type terminal strip or bar- 
rier block; ' /4- or 1- ampere fuse (see 
text) and in -line fuse holder; panel 
clip for LED1 (optional -see text); 
sockets for DIP ICs; small heat sink 
for IC3 (see text); medium -duty 
spade and ring lugs; rubber grom- 
mets; self- adhesive foam -rubber 
strips; silicone adhesive; heat- shrink- 
able tubing; lettering kit; '/z "spacers; 
machine hardware; heavy -duty 
stranded hookup wire and speaker 
zip cord; solder; etc. 

operated as an astable multivibrator 
at a frequency of approximately 
1,570 Hz, which is the frequency of 
the "beep" tone heard from the 
speaker. The output waveform from 
IC2 has an on, or logic -high, time of 
about 0.5 millisecond, calculated 
from the formula ti = 0.963(R4 + 
R5) x C3. Plugging values into this 
formula, we get t1 = 0.963 x (220K 
+ 120K) x 0.002 µF, which yields 
0.4712 or approximately 0.5 millisec- 

BASIC Program for Determining On, Off and Overall Times 

10 REM TIME CONSTANT IN RESISTIVE -CAPACITIVE NETWORK BY SHOEMAKER 
20 INPUT "ENTER VALUES OF R4 AND R5 IN MEGOHMS ";R4,R5 
30 INPUT "ENTER VALUE OF C3 IN MFD ";C3 
40 T1= .693 *(R4 +R5) *C3 
50 T2= .693 *(R5 *C3) 
60 T= .693 *(R4 +(R5)) *C3 
70 F =T /1 
80 PRINT "VALUE OF T1 AND T2 ";T1,T2 
90 PRINT 
100 PRINT "VALUE OF T ";T 
110 PRINT 
120 PRINT "VALUE OF F ";F 
130 STOP 

ond. Similarly, the off time, which is 
the time during which the oscillator is 
disabled and the speaker is silent, is 
calculated using the formula t2 = 
0.693R5C3, which becomes 0.693 x 
120K x 0.002 µF = approximately 
0.166 millisecond. 

Results of the calculations are de- 
picted graphically in Fig. 2(B). Full - 
cycle time T is calculated using the 
formula T = 0.693(R4 + 2R5) x 
C3, or T = 0.693 [220K + (2 x 
120K)] x 0.002 F. The result of the 
calculation is approximately 0.638 
millisecond. Now, frequency can be 
derived by taking the reciprocal of 
T: f = 1/0.738 ms = 1,567 Hz, or ap- 
proximately 1,570 Hz. 

You can perform the above calcu- 
lations with the aid of a calculator. 
Alternatively, you can key into your 
computer the short BASIC program 
listed elsewhere in this article, RUN it 
and plug in the various component 
values as you are prompted for them. 

Timer IC2 is disabled by pin 4 be- 
ing forced low to ground via R3. 
When a positive pulse of about 0.6 
second duration from IC1 reaches 
pin 4 of IC2 and enables the timer, 
IC2 turns on and outputs the beep 
tone to the speaker for that length of 
time. The timer is then disabled by 
the negative pulse from pin 4 of IC) 
and silences the speaker for 1 second. 

Though the basic circuit shown in 
Fig. 1 is complete in itself and will 
suffice for most applications, you 
may want its "beep" tone to be loud- 
er in noisy situations or if the speaker 

you choose requires more power than 
the modest amount the 555 timer can 
directly deliver. If so, you can incor- 
porate the add -on circuit shown in 
Fig. 3 to the basic circuit. This circuit 
uses LM386 audio power amplifier 
IC4 to deliver considerably more 
power to the speaker without signifi- 
cantly increasing the load on the ve- 
hicle's electrical system. 

When the Fig. 3 circuit is added to 
the one shown in Fig. 1, points A and 
A tie together, as do points B and B. 
Potentiometer R6 then provides a 
means for adjusting the volume of 
the beep tone heard from the speaker. 

Power for the circuit is provided 
from your vehicle's electrical system. 
The incoming 12 volts dc from the ve- 
hicle's electrical system is regulated 
down to 5 volts dc by IC3. With the 
power taken from the vehicle's elec- 
trical system at a point in the back -up 
light circuit that is at + 12 volts only 
when the transmission is placed in re- 
verse gear, the beep tone is on only 
when the back -up lights are on. Put- 
ting the transmission in any other po- 
sition disables the circuit. 

Construction 
This is a simple, straightforward cir- 
cuit that requires no special compo- 
nent placement or conductor rout- 
ing. Therefore, you can build it using 
any traditional wiring technique. If 
you wish, you can fabricate a print- 
ed- circuit board for it, using the actu- 
al -size etching- and -drilling guide 
shown in Fig. 4. This guide includes 
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Fig. 2. Waveforms generated by IC1 slow -speed oscillator 
stage (A) and 1C2 audio oscillator stage (B). 

wiring locations for the optional Fig. 
3 circuit. If you prefer, however, you 
can use perforated board with holes 
on 0.1 -inch centers and suitable Wire 
Wrap or soldering hardware in place 
of the printed- circuit board. 

Whichever wiring technique you 
choose, it is a good idea to use sockets 
for all DIP ICs, installing them in the 
appropriate locations on the board, 
as shown in the Fig. 5 wiring dia- 
gram. (Note: If you decide on perfor- 
ated -board construction, use Fig. 5 

as a rough guide to component loca- 
tion and orientation.) 

Start wiring the board by installing 
the sockets in the ICI , 1C2 and 1C4 (if 
used) locations. Do not install the 
ICs in the sockets until after initial 
checkout. Then install and solder in- 
to place the resistors and capacitors. 
Make sure the electrolytic capacitors 
are properly oriented before solder- 
ing their leads to the pads on the bot- 
tom of the board. 

Now install the + 5 -volt regulator 
in the 1C3 location. Make sure the 
pins of this chip are plugged into the 
appropriate holes in the board before 
soldering them into place. If you are 
using the optional power -amplifier 
IC, bolt to the regulator a small heat 
sink. Otherwise, no heat sink is need- 
ed because the basic circuit draws 
only a small current. 

Next, strip VI inch of insulation 

Fig. 1 

A 

R6 
25K 

Fig. 1 

B 

GND 

+12V 

1C4 

LM386 

. C5 
10µF 

C6 
500µF 

SPKR 
8S2 

Fig. 3. An optional power -amplifier stage provides a loud- 
er output from the speaker. 

from both ends of six (nine if you in- 
corporate the optional Fig. 3 power - 
amplifier circuit into the project) 
stranded hookup wires cut to a length 
of about 6 inches. Tightly twist to- 
gether the fine conductors at both 
ends and sparingly tin with solder. 
Plug one end of these wires into the 
holes labeled + 12V, GND and LEDI 

and solder into place. 
Now, if you do not use the power - 

amplifier circuit, plug two more 
wires into the holes below 1C2 la- 
beled SPKR and solder them into 
place. Alternatively, if you are using 
the power amplifier, plug these wires 
into the SPKR holes in the lower -right 
of the board and solder into place. 
Then install the remaining three 
wires in the R6 holes and solder these 
into place. Temporarily set aside the 
circuit -board assembly. 

You can use any type of enclosure 
to house the project that will comfor- 
tably accommodate the circuit -board 
assembly and any items that are to in- 
stall on its walls. Just make sure that 
the one you choose can be environ- 
mentally sealed to prevent mud, rain, 
dirt and other contaminants from en- 
tering it. 

Machine the enclosure to mount 
the circuit -board assembly, a four - 
position screw -type terminal strip or 
barrier block on one wall and the 
light- emitting diode in any location 

where it will be readily visible. (If you 
decided to omit the LED, there is no 
need to drill a hole for it.) Also, if you 
built onto the circuit board the op- 
tional power amplifier, drill a hole 
for mounting potentiometer R6. 
Also, drill two holes for mounting 
the project. If the enclosure is a metal 
utility box, deburr all holes. 

When the enclosure is ready, tem- 
porarily mount the barrier block or 
terminal strip in place and mark its 
various hook -up locations on the 
box. Remove the block or strip and 
set it aside. Then use a dry- transfer 
lettering kit or tape labeler to label 
the marked locations with the leg- 
ends + 12V, GND, SPKR+ and SPKR - 
from left to right. If a dry- transfer kit 
is used spray two or more light coats 
of clear acrylic over the labels to pro- 
tect them from scratching. 

Remount the terminal strip or bar- 
rier block and secure it in place with 
suitable machine hardware. Then 
mount the potentiometer in its hole 
and the circuit -board assembly, us- 
ing 1/2-inch spacers, 3/4 -inch machine 
screws, nuts and lockwashers. 

Locate the free ends of the + 12v, 

GND and SPKR wires and crimp and 
solder them to the appropriate lugs 
on the terminal strip or barrier block. 
Do the same with the free ends of the 
R6 wires. Place a control knob on the 
shaft of the potentiometer. 
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Fig. 4. The actual -size etching- and -drilling guide for the project's printed- circuit 
board. Included are mounting locations for the optional power -amplifier stage's 

components. 

Cut the cathode lead of the light - 
emitting diode to a length of '/z inch 
and form a small hook in it. Slip a 3/4- 

inch length of small- diameter heat - 
shrinkable or insulating plastic tub- 
ing over the free end of the LEDI x 
wire. Crimp the wire to the cathode 
lead of the LED and solder the con- 
nection. Do the same with the anode 
lead of the LED and remaining wire. 
Then push the tubing up over the 
connections until it is flush with the 
bottom of the LED's case and, if 
heat -shrinkable, shrink into place. 
Plug the LED's panel clip into the 
hole drilled for it and follow with the 
LED itself. 

Checkout & Installation 
If you have a bench -type power sup- 
ply capable of delivering 12 volts dc, 

you can use it for initial checkout. If 
not, use the battery in the vehicle in 
which you plan to install the project. 

Prepare two 10 -foot lengths of 
heavy -duty stranded hookup wire, 
preferably with red insulation for 
one and black insulation for the oth- 
er, by removing '/z inch of insulation 
from both ends. Tightly twist togeth- 
er the conductors at both ends of 
both wires and sparingly tin with sol- 
der. Then, cut through the red -insu- 
lated wire about 10 to 12 inches from 
one end and prepare both cut ends in 
the same manner. Install an in -line 
fuse holder (available from any auto- 
motive supply outlet) between the cut 
ends. Loosely twist together the two 
wires. Place a '/4- ampere fuse (1 -am- 
pere fuse if you are using the optional 
power -amplifier circuit) in the holder. 

At the fused end of the cable, at- 
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I I+ 
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Fig. S. The wiring diagram for the pc board. Use this as a rough guide to compo- 
nent layout on perforated board. 

tach medium -duty spade lugs. Solder 
the lugs to the conductors to make 
mechanically and electrically secure 
connections. Temporarily connect 
the end of the red -insulated wire op- 
posite where the fuse holder is in- 
stalled to the + 12V contact on the ter- 
minal strip or barrier block and the 
black -insulated wire at this end to the 
GND contact. 

If you are using a bench -type dc 
power supply for test purposes, turn 
it on and set it for an output of be- 
tween 12 and 13.5 volts and then turn 
it off. Connect the other end of the 
two- conductor cable to the power 
supply or vehicle's battery, red -insu- 
lated wire to + terminal and 
black -insulated wire to - terminal. 
Turn on the power supply. 

Connect the common probe of a dc 
voltmeter or a multimeter set to the 
dc volts function to the SPKR - con- 
tact on the terminal strip or barrier 
block. Touching the meter's "hot" 
probe to the IN pin of IC3 should 
yield a reading of approximately 
+ 12 volts. Moving the "hot" probe 
to the OUT pin of IC3 should yield a 
reading of + 5 volts. If all is okay up 
to this point, touch the meter's 
"hot" probe tip to the pin 14 contact 
on the ICI socket, pin 8 contact of 
the IC2 socket and pin 6 contact of 
the IC3 socket. In all three cases, the 
reading should be + 5 volts. 

If you fail to obtain the proper 
reading at any of the points indicated 
above, disconnect the project from 
the dc source and carefully check all 
component installations. Double 
check your wiring and soldering. 
With regard to the latter, check to 
make sure that all points are soldered 
and that the connections are bright 
and smooth. Reflow the solder on 
any connection that appears to be 
suspicious. Also, check to make sure 
that there are no solder bridges be- 
tween the closely spaced IC pads. Do 
not proceed until you have corrected 
the problem. 

When you are certain that every - 
(Continued on page 88) 

Say You Saw It In Modern Electronics September 1988 / MODERN ELECTRONICS / 45 

www.americanradiohistory.com

www.americanradiohistory.com


Project 

A GFCI Calibrator /Tester 
Accessory provides true testing of ground fault 
interrupter circuits as well as application enhancement 

By Adolph A. Mangieri 

Ground -fault circuit inter- 
rupters (GFCIs) replace 
standard ac power recepta- 

cles in the vicinity of swimming pools 
and other wet locations to minimize 
the possibility of severe electric 
shock. For all ac receptacles rated at 
15 to 20 amperes, the National Elec- 
trical Code now mandates ground - 
fault protection in bathrooms, at all 
outdoor receptacles, on all electrical 
equipment used with outdoor swim- 
ming pools and all ac outlets located 
within 10 to 15 feet of a swimming 
pool. It makes sense to extend this 
protection to your kitchen, laundry 
room and your workbench as well. 

Our GFCI Calibrator /Tester is de- 

signed to supplement the basic GFCI 
devices commonly available from 
hardware stores, department stores 
and other outlets. It provides several 
useful enhancements to the basic 
GFCI device. For example, it has a 
range of true ground -fault currents 
for GFCIs (TEST buttons on some 
GFCI devices do not apply an actual 
ground -fault test current). Addition- 
ally, light- emitting diodes on the 
project indicate if a three -conductor 
receptacle is wired properly and op- 
erating correctly. Also, the unit per- 
mits operating a GFCI at selectable 
trip currents instead of the usual sin- 
gle fixed trip current. It does this to as 

low as 0.1 milliampere without im- 
pairing trip time. Finally, it checks 
leakage currents of electrical appli- 
ances and tools without requiring 
you to rig the usual test circuit. 

Technical Details 

In residential ac wiring, though the 

TRIP 
AC MA 

/N.S. t.25 
. 

GNO 
AC MA ( 

1 25 
tis 

2 

neutral conductor of the ac power 
line is solidly grounded, inadvertent 
contact with the "hot" conductor 
with leakage currents subjects you to 
a potentially lethal ground -fault cur- 
rent that passes through your body to 
ground. A GFCI device guards 
against such an occurrence by sens- 
ing ground -fault current. When the 
GFCI trips as a result of a leakage 
current in excess of 5 milliamperes ac 
rms, it disconnects the power. 

A 5- milliampere trip current thres- 
hold is a good compromise for a 
GFCI device because it is well below 
the "let -go" current range of from 
10 to 25 mA. The let -go current is the 
current level at which one loses con- 
trol over his muscle action and 
"freezes" onto an electrically live 

conductor. Research has revealed 
that currents of up to 9 mA ac rms are 
safe for the vast majority of people, 
though it is theoretically possible that 
"freezing" and even fatalities can 
occur at smaller currents. 

Currents greater than the let -go 
range are regarded as potentially 
lethal. The 5 -mA threshold is well 

above the 0.5 -mA allowable leakage 
current for TV receivers, VCRs and 
home appliances. 

Most of us have experienced the 
"startle effect" of an electric shock, 
which causes us to suddenly with- 
draw a hand from a source of elec- 
tricity, sometimes violently enough 
to cause injury or even death. The 
shock itself is basically harmless, but 
the reaction to it can be damaging. 
As you withdraw your hand from 
a current -carrying conductor you 
might strike a sharp edge and gash 
yourself or even break a bone. If you 
are on a ladder, scaffold or other 
high place when this occurs, you can 
overbalance and fall off. 

The severity of an electric shock 
depends on the level of the current 
encountered and its duration, among 
other factors. The Woods Guardian 
Model 1651 plug -in GFCI, for exam- 

.o 
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Fig. 1. Internal details of a typical ground fault interrupter circuit designed for residential use. 

ple, limits the severity of a shock by 
tripping at a 5 -mA leakage current 
within 25 milliseconds (if the current 
is at 4 mA, the GFCI will not trip). 
Fortunately, the average person's let - 
go reaction time is probably 250 mil- 
liseconds at best, so a 25- millisecond 
delay should be much more than ade- 
quate for the Woods GFCI. 

No actual tests were performed 
with the GFCI alone or in combina- 
tion with our Calibrator /Tester to 
compare physiological effects. How- 
ever, a shock with the Calibrator/ 
Tester set to a 0.1 -mA trip current 
and a GFCI clearing in 25 millisec- 
onds is expected to be far less star- 
tling when compared to a 5 -mA shock 
that lasts at least 250 milliseconds. 

GFCI Operation 
Most private residences are serviced 
with a 120 /240 -volt, 60 -Hz, single - 
phase, three -conductor power line 
with a grounded neutral conductor. 
Shown in Fig. 1 is a simplified sche- 
matic diagram that illustrates op- 
eration of a GFCI in relationship 
with the grounded power -line sys- 
tem. The power line entering a home 
originates at a large 120 /240 -volt, 

center -tapped power transformer lo- 
cated somewhere in the vicinity. The 
center -tap conductor is connected to 
ground at the transformer. 

The incoming power line's con- 
ductors feed current through the in- 
home electric meter and into the 
home itself via a service panel that 
contains a pair of main high- current 
circuit breakers in the red- and black - 
insulated lines. The incoming 
grounded neutral conductor con- 
nects to a large, heavy -duty ground 
bus bar inside the panel. The en- 
trance -panel ground bus connects to 
a grounded water pipe or separate 
ground rods. 

A branch circuit from the service 
panel to a 120 -volt, three -conductor 
grounded wall receptacle has three 
conductors. The black -insulated 
"hot" conductor connects to a 117 - 
volt branch circuit breaker that, in 
turn, connects to one of two "hot" 
buses in the panel. The white- insulat- 
ed neutral conductor connects to the 
panel's ground bus, as does the bare 
ground conductor. At the wall recep- 
tacle, the black -insulated conductor 
connects to the brass -colored screw, 
the white -insulated conductor to the 
silver -colored screw and the bare 

conductor to the hex -head green - 
colored screw. 

A pair of toroidal coils (only one is 
shown in Fig. 1) and a relay are con- 
tained inside the GFCI unit. The hot 
and neutral conductors pass through 
the toroid coil, through the relay's 
contacts and to the GFCI's output re- 
ceptacle. The coils have windings 
that connect to the sense, latch and 
relay- driver circuit. Load current IL 
flows in only the hot and neutral lines 
of this arrangement. 

When load current flows, currents 
I1 and I2 are equal and opposite in 
phase and cancel out. The sense coil, 
therefore, "sees" no difference in 
the currents and, thus, keeps the re- 
lay's contacts closed. In the event of 
a ground- current flow (IF), however, 
current I1 increases while current I2 

remains unchanged. The sense coil 
now senses this difference and trips 
and latches the relay in a few cycles of 
the ac -line waveform. 

Shown in Fig. 2 are plug -in and 
wall -mount GFCI units. The Woods 
Model 1651 plug -in adapter dis- 
cussed earlier trips at 5 mA ± 1 mA 
of ground -fault current in ''' /0th sec- 
ond, or 1.5 ac cycles. This device is 
rated at 125 volts and 15 amperes, 
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Fig. 2. Two typical GFCI units. Woods Model 1561 (left) is designed to plug into 
an ac receptacle and has LED status indicators, while Slater S -I -R series (right) 

replaces existing ac wall outlets and features two protected receptacles. 

which is typical for GFCIs designed 
for use in private residences. It in- 
cludes TEST and RESET pushbuttons 
and associated red and green LEDs. 
Once tripped, the Woods GFCI can 
be restored to operation simply by 
pressing the TEST button. 

The Slater Model S -I -R series 
GFCI interrupter receptacle has volt- 
age, current and trip- current ratings 
similar to those of the Woods model. 
This duplex -outlet device fits into a 

standard wall -type electrical box. 
When it trips, the RESET button pops 
up to indicate this condition. Trip 
time was not stated, but tests re- 
vealed it to be between three and four 
cycles of the ac power -line waveform. 

Our GFCI Calibrator /Tester was 
tested with both of the above GFCI 
units and performed essentially the 
same in both cases. The 5 -mA trip 
current of both GFCIs revealed very 
little change in trip current with line - 
voltage and load variations. 

Typically, the GFCI affords no 
protection from electric shock result- 
ing from touching the hot and neu- 
tral lines simultaneously. The current 
through your body in such a case is 

viewed by the GFCI as a legitimate 
"load" -not a ground -fault current. 
Fortunately, such occurrences are 
highly improbable in the home envi- 
ronment and are easily avoided on a 
workbench by observing common- 
sense safety precautions. 

About the Circuit 
Shown in Fig. 3 is the complete sche- 
matic diagram of the GFCI Calibra- 
tor /Tester. Three -prong plug PL1 
goes into the receptacle on the GFCI 
unit and carries ac line power directly 
to three -slot receptacle SOI. 

The first section of the project 
comprises three light- emitting diodes 
that check for and indicate correct 
wiring of three -conductor grounded 
ac receptacles. Green LED2 checks 
for normal voltage from the hot to 
the neutral ac lines and doubles as a 
power -on indicator for the project. 
Red LEDI checks for erroneous volt- 
age from neutral to ground, and 
green LED3 checks for normal volt- 
age from hot to ground. 

Each LED has a rectifier diode 
connected across it in opposing po- 
larity to prevent voltage breakdown, 

as well as a 6,800 -ohm limiting resis- 
tor. Rectifier diodes D4, D5 and D6 
absorb reverse voltage when the volt- 
age on the sic line reverses. The di- 
odes also reduce heating in the resis- 
tors and perform current steering ser- 
vice. Switch S4 disconnects LED3 
from the circuit to prevent the GFCI 
from tripping as a result of LED cur- 
rent flow. 

In the next section of the circuit, 
the GFCI is tested or its trip point is 

set. This section consists of ground - 
fault current selector switch SI and 
pushbutton switch S2. When S2 is 

pressed (closed), ground -fault cur- 
rent flows through whichever RI 
through R11 resistor has been select- 
ed by S1 to ground. 

Fault currents listed along the right 
side of the Fig. 1 schematic diagram 
in line with R1 through R11 are based 
on an ac line potential of 120 volts 
and standard resistance values with 
four exceptions. The calculated 
values for R2, R6, R7 and R8 are, re- 
spectively, 480K, 96K, 80K and 60K 
ohms instead of the 470K, 100K, 82K 
and 72K values (standard values all) 
shown and specified in the Parts List. 
High accuracy is not essential in this 
application, but you can improve the 
accuracy of the resistor bank if you 
wish by using precision resistors that 
have the actual calculated values or 
ones that are very close to them. 

The final section of the circuit al- 
lows you to set the GFCI's trip cur- 
rent to a point between 0.1 and 1.5 

milliamperes via potentiometer R17. 
When S3 is closed, head -to -head zen- 
er diodes D7 and D8 receive current 
through limiting resistor R15. The di- 
odes clip the ac sine wave at 51 volts. 
The resulting waveform is well -regu- 
lated against line -voltage changes, 
thus stabilizing the pre -load current 
and making it possible to operate the 
GFCI at trip currents as low as 0.1 
milliampere. 

The clipped sine wave is applied to 
TRIP ADJUST control R17, resistor 
R16 and ZERO ADJUST control R18, 
from which it is returned to ground. 
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Fig. 3. Complete schematic diagram of GFCI Calibrator /Tester. 

Current flowing through R17 pre - 
loads the GFCI with a fault current. 
If the GFCI is pre -loaded with a 4- 
mA fault current, the trip current is 
then 5 mA minus 4 mA, or 1 mA. 
With S3 open, the GFCI trips at its 
normal 5 -mA fault current. 

Construction 
Before we get into construction, it is 
important to point out the following. 
Always exercise extreme caution 
when working around ac line power. 
This applies to building and working 
on the GFCI Calibrator /Tester. Ob- 
serve the usual safety precautions 
when working with hazardous volt- 
ages: 

Stand on a dry nonconductive rub- 
ber floor mat placed in front of your 
workbench. 

Keep one hand clear -like in your 
pocket -at all times when probing or 
adjusting a "hot" circuit. 

PARTS LIST 
D1 thru D6- 1N4004 rectifier diode 
D7,D8- 1N475A or similar 51 -volt, 

1 -watt zener diode (see text) 
J1-Black 5 -way binding post or ba 

nana jack 
LEDI -Red light- emitting diode 
LED2,LED3 -Green light- emitting 

diode 
PL 1 -Chassis-mount 3- conductor 

male ac plug 
R1 -1.2- megohm, 14 -watt, 5% toler- 

ance carbon resistor 
The following are 1 -watt, Solo tolerance 

metal -film resistors: 
R2- 470,000 ohms 
R3- 240,000 ohms 
R4- 160,000 ohms 
R5- 120,000 ohms 
R6- 100,000 ohms 
R7- 82,000 ohms 
R8- 62,000 ohms 
R9- 30,000 ohms 
The following are 2 -watt, 5°/o tolerance 

metal film resistors: 
R10- 20,000 ohms 

R11- 15,000 ohms 
R12 thru R15 -6,800 ohms 
R16 -9,200 ohms 
R17-5,000-ohm, 2 -watt, linear -taper 

panel -mount potentiometer (prefer- 
ably wire -wound -see text) 

R18 -5,000 -ohm, 2 -watt, linear -taper 
pc -mount trimmer potentiometer 
(preferably wire -wound -see text) 

S1 -12- position nonshorting rotary 
switch 

S2,S4 -Spst normally open pushbutton 
switch 

S3 -Dpst toggle switch 
SO 1- Chassis -mount 3- conductor 

female ac receptacle 
Misc. -Suitable all- plastic enclosure; 

perforated board for subassemblies 
(see text); panel clips for LEDs; metal 
spacers or sheet aluminum (see text); 
pointer -type control knobs for R17 
and Si; dry- transfer lettering kit; 
clear spray acrylic; machine hard- 
ware; I6 -gauge stranded wire; sol- 
der; etc. 
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Fig. 4. Interior view of author's prototype shows modular construction. 

Never work on a metal workbench. 
Stay clear of grounded instruments 

and metal objects. 
These are just a few of the com- 

mon -sense precautions you should 
observe. 

Now on to construction. 
Shown in Fig. 4 is an interior view 

of the assembled project built into an 
all- plastic project box that measures 
6 x 33/4 x 2 inches. As you can see, 
there is nothing critical about com- 
ponent layout. Also, owing to the 
fact that the circuitry is basically pas- 
sive, no printed- circuit board is need- 
ed. Construction can be performed 
in subassembly stages. 

First, make cutouts for and mount 
PLI and SO1 in the center of the 
walls at opposite ends and as near to 
the bottom of the box as possible. 
The half -round ground contacts on 
each should be nearest the bottom of 
the box. Then cut to 8 inches long 
three 16 -gauge or larger stranded 
wires and strip % inch of insulation 
from both ends. Tightly twist togeth- 
er the fine conductors at all six ends 

and sparingly tin with solder. Use 
these wires to interconnect the same 
lug contacts on the plug and socket. 
Drill at least two dozen %- inch -diam- 
eter holes through the rear wall of the 
enclosure to serve as vents to allow 
heat to escape from the project while 
it is operating. 

Strip % inch of insulation from one 
end and V inch of insulation from the 
other end of two 5 -inch and one 8- 

inch lengths of hookup wire. Crimp 
and solder the end of the 8 -inch wire 
from which % inch of insulation was 
stripped to the lug of the short rec- 
tangular contact on PLI. Then crimp 
and solder the ends from which Y. 

inch of insulation was stripped of the 
other two wires to the other two lugs 
on PL I. The other ends of these wires 
will be connected later. 

Wire resistors RI through R11 di- 
rectly to the lugs of rotary switch SI. 
First trim one lead of each resistor to 
a length of about % inch and form a 
small hook in each lead stub. Next, 
crimp and solder the stub lead of RI 
to the position 1 lug, R2 to the posi- 

tion 2 lug and so on, finishing up with 
the stub lead of R11 connected to the 
position 11 lug. There will be nothing 
connected to the position 12 lug of 
the switch. Position the resistors as 
shown in Fig. 4. 

Now bend the remaining resistor 
leads at 90- degree angle to the bodies 
of the resistors and pointing toward 
the center of the switch. If necessary, 
trim the resistor leads so that their 
ends just meet over the center of the 
switch. Form a small hook in the end 
of each lead. Now crimp all leads 
around the perimeter of a No. 6 sol- 
der lug and solder each connection as 
it is made. 

Strip ''/ inch of insulation from 
both ends of two 3% -inch hookup 
wires. Crimp and solder one end of 
one wire to the solder lug and one end 
of the other wire to the wiper lug on 
the rotary switch. Temporarily set 
aside the switch assembly. 

Next cut a piece of perforated 
board that has holes on 0.1 -inch cen- 
ters to a size that gives 16 full holes 
horizontally by four full holes verti- 
cally. Starting two holes from one 
end of this board plug flea clips into 
the two middle holes. Count up six 
holes and plug flea clips into the two 
center holes at that point. Then count 
up another six holes and plug flea 
clips into the two center holes. 

Plug the leads of the three LEDs 
into the open ends of the flea clips so 
that the cathode leads are all in the 
same direction. Space the LEDs so 
that the bottoms of their cases are ''A 

to % inch away from the surface of 
the perforated board. Identify and 
mark the cathode -lead clips. Draw 
three small diode symbols on self - 
stick paper, cut these out and stick 
them to the perforated board in the 
appropriate orientations near each 
LED so that you know which leads 
are which when it comes time to wire 
the assembly into the circuit. When 
you are finished, red LEDI should be 
on the left and green LED2 and 
LED3 should be in the center and at 
the right. 
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Now prepare six 41/2-inch lengths of 
hookup wire by stripping from each 
end /, inch of insulation. Crimp and 
solder one end of these wires to the 
stubs of the flea clips protruding 
from the board on the side opposite 
where the LEDs are mounted. Solder 
each connection and clip any exces- 
sive LED lead lengths flush with the 
ends of the flea clips. Temporarily set 
aside the LED assembly. 

Most of the remainder of the corn - 
ponents (except the switches, poten- 
tiometer R17 and ground jack J1) 
mount on a tag strip, as shown in Fig. 
4. Use perforated board for this 
strip, and mount the components in 
place using flea clips driven into its 
holes. Size the board as needed to ac- 
commodate all components to be 
mounted on it. 

Before mounting any components 
in place on the tag strip, form a U- 
shaped bracket out of a strip of alu- 
minum measuring % to' /, inch wide as 
follows. First cut the strip to a length 
of 5 inches. Mark Xs at the exact cen- 
ter of the strip and ''/ inch from each 
end, centered between the long 
edges. Measure 1 inch to each side of 
the center X and strike pencil lines 
across the width of the strip at both 
locations. Then measure % inch from 
both ends of the strip and strike lines 
across the width at both locations. 

Drill a ' /a- to '/, 6 -inch hole at both 
marked locations at the ends of the 
strip and a hole in the center sized to 
accommodate the threaded mount- 
ing bushing of potentiometer R17 
without binding. Then bend the strip 
at 90- degree angles along the struck 
lines to form a U bracket with "ears." 

Plug the shaft of R17 into the hole 
in the center of the U bracket, with its 
body in the channel and loosely se- 
cure it in place with the supplied hex 
nut. Place the bracket against the 
perforated board that will be used for 
the tag strip so that its ears are flat 
against its surface and centered all 
around. Use a pencil to mark the out- 
lines of the holes in the bracket's ears 
on the perforated board. Remove the 
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bracket and drill the same -size holes 
at both marked locations. Mount the 
tag -strip board to the bracket with 
''/ -inch machine hardware. 

Drive the flea clips into the tag - 
strip board and mount the compo- 
nents in place, with screwdriver -ad- 
just potentiometer R18 centered on 
it. Then, referring back to Fig. 3, 
wire together the components on the 
tag strip. Make certain that the di- 
odes are properly oriented before sol- 
dering their leads into place. Also, in- 
stall zener diodes D7 and D8 and re- 
sistor R16 in such a way that they can 
easily be removed from the circuit. 

When all subassemblies have been 
put together, proceed to panel -ma- 
chining layout. The best way to do 
this is to set the components and as- 
semblies temporarily in place and 
check for adequate clearances among 
them. Then carefully measure the 
mounting locations of each and mark 
the panel. Remove and set aside the 
components and assemblies and drill 
the various mounting holes needed. 
Size each hole according to the 
mounting requirements of the com- 
ponent or subassembly. 

The lead photo shows a suggested 
layout for the panel. The LEDs 
mount in a line centered along the top 
of the panel and spaced 0.6 inch 
apart. After drilling the holes for the 
LEDs, test -fit the LED panel clips in 
them. If the clips will not seat proper- 
ly in the thick panel, carefully coun- 
tersink the holes a bit through the 
rear of the panel until they do. 

Just below the LEDs is where to 
mount pushbutton switch S4. Poten- 
tiometer R17 (along with its tag -strip 
assembly) mounts on the left side of 
the panel, with toggle switch S3 far 
enough below it to clear the mount- 
ing bracket on the pot. On the right 
side of the panel is where rotary 
switch assembly S1 mounts with 
pushbutton switch S2 far enough be- 
low it to clear the rotary- switch waf- 
ers on the rear side of the panel. This 
arrangement groups controls and in- 
dicators by interrelated functions. 

Drill all mounting holes in the pan- 
el and test -fit the components and as- 
semblies into them. When all is okay, 
place pointer -type control knobs on 
the shafts of R17 and S1 and use a 
soft pencil to scribe onto the panel 
the outlines of the knobs. Next, ro- 
tate the knob on SI fully counter- 
clockwise. If the pointer on the knob 
does not fall on the 7 o'clock location 
on the panel, remove the knob, loos- 
en the mounting nut and reposition 
the switch until it does. Then place a 
small pencil mark at each location 
the pointer index on the knob stops 
as you rotate the knob clockwise. 

Remove from the panel and set 
aside the components and assem- 
blies. Then use a dry- transfer letter- 
ing kit to label the panel as shown in 
the lead photo. Rub on rectangular 
bars between the left and center and 
the center and right LED holes, mak- 
ing the latter a bit shorter than the 
former, per plug /socket arrange- 
ment. Directly below the center LED 
hole, rub on a solid dot. This ar- 
rangement shows a stylized represen- 
tation of the three -contact plug /re- 
ceptacle arrangement. 

Proceed with labeling the panel, 
applying appropriate legends that 
identify the various switches and 
control on the panel and their posi- 
tions. At this time, you will not be 
able to label the positions of the po- 
tentiometer. These will be deter- 
mined later during calibration. 

When you finish labeling the pan- 
el, spray on two or more light coats of 
clear acrylic to protect the lettering 
from scratching. When the spray 
acrylic has completely dried, mount 
the components and assemblies in 
their respective locations. Adjust the 
positioning of S1 as described above 
and mount R17 so that its lugs point 
directly toward the center of the pan- 
el. Replace the knobs on the shafts of 
SI and R17. 

Now, referring back to Fig. 3, in- 
terconnect all components and as- 
semblies. Make certain that when 

(Continued on page 92) 

September 1988 / MODERN ELECTRONICS / 51 

www.americanradiohistory.com

www.americanradiohistory.com


Project 

A "Smart" AC Outlet Box 
Turning on one controlling device automatically 
powers up two others 

By Dennis J. Eichenberg 

It is often desirable for a piece of 
electronic equipment to have 
switched ac receptacles that si- 

multaneously power up and down 
whenever the device is turned on and 
off. This is usually a requirement in 
laboratories for equipment associ- 
ated with a given process. In the con- 
sumer area, some hi -fi preamplifier/ 
control centers provide this capabili- 
ty as a standard feature, and power in 
some compact audio systems is con- 
trolled entirely by the record player. 
Unfortunately, some equipment - 
notably personal computers and au- 
dio /video systems -that could bene- 
fit from switched ac receptacles lack 
this feature. For such situations, the 
"Smart" ac Receptacle Box described 
here may be just what is needed. 

Inexpensive and relatively easy to 
build from commonly available com- 
ponents, our "Smart" ac Receptacle 
Box features a "control" receptacle 
into which the main electronic device 
is to be plugged and two switched re- 
ceptacles. Any device plugged into the 
unswitched receptacle automatically 
turns on /off whatever devices are 
plugged into the switched receptacles. 
For example, in a computer system, 
the computer would be the control- 
ling device that also turns on /off a 
printer and any other peripheral. 

About the Circuit 

Shown in Fig. 1 is the complete sche- 
matic diagram of the "Smart" ac 

Outlet Box. It is built around optical 
isolator IC1, which contains an in- 

frared GaAs light- emitting diode and 

a light- activated bilateral switch. The 
latter operates with the same bidirec- 
tional action as a triac. In fact, the 
MOC3010 optoisolator mimics a 
common triac, with pins 4 and 6 act- 
ing like the main terminals and pin 1 

acting like the gate terminal of a tri- 
ac. The bilateral switch can directly 
drive 117 -volt ac loads at currents up 
to 100 milliamperes. The LED inside 
the optoisolator requires between 10 

and 15 milliamperes to turn on the bi- 
lateral switch and can withstand cur- 
rents of up to 60 milliamperes. 

The "hot" side of the ac line is 

routed through 5- ampere fuse Fl to 
provide protection for the control- 
ling circuitry. The project has one 
unswitched and two switched outlets. 
Though unswitched outlet SOI is 

part of the fuse -protected circuit, no 
fusing is used for switched outlets 
SO2 and S03. Instead, the "hot" 
side of the 117 -volt ac line is brought 
directly to the contacts of relay Kl 
and AUTO /ON switch S1. Depending 
on setting, switch S1 permits SO2 
and S03 to be controlled automati- 

cally or manually. With SI set to ON, 

the relay contacts are shorted out and 
control is manual. Setting SI to 
AUTO gives the relay contacts con- 
trol of ac power switching to SO2 
and S03. 

Following Fl, the incoming 
117 -volt ac line is brought to one of 
the ac terminals of bridge rectifier 
RECTI. After passing through the 
bridge rectifier, the resulting pulsat- 
ing dc is routed from the positive ( + ) 
output of RECT1 to the negative ( -) 
terminal of bridge rectifier RECT2. 
The other ac terminal of RECT1 goes 
to the "hot" side of unswitched SOI, 
which is the socket into which the con- 
trolling equipment is to be plugged. 

The neutral side of SO1 ties to the 
neutral side of the ac line and switched 
receptacles SO2 and S03. For this 
application, bridge- rectifier assem- 
blies RECTI and RECT2 must be 
rated to handle at least 200 peak in- 
verse volts at not less than 6 amperes. 
(If you wish, you can substitute indi- 
vidual rectifier diodes of the same 
ratings for the rectifier assemblies). 
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Fig. 1. Complete schematic diagram of the " Smart" ac Outlet Box shows a two- conductor power scheme. If a three- 
conductor system is needed, as for computer systems, simply tie together the "extra" ground conductors. 

PARTS LIST 
F1 -5- ampere slow -blow fuse (see text) 
IC1- MOC3010 optical isolator 
K1 -117 -volt ac relay (see text for coil/ 

contact ratings) 
R1 -10- ohm, V4 -watt, 10 Wo tolerance 

resistor 
RECTI,RECT2 -VH248 or similar 

200 -PIV, 6- ampere bridge rectifier 
(or individual 200 -PIV, 6 -A rectifier 
diodes -see text) 

Misc.- Suitable enclosure; bayonet - 
type fuse holder for F1; three (or 
more -see text) chassis -mount ac re- 
ceptacles; socket for ICI; ac line cord 
with plug; machine hardware; spac- 
ers; heavy -duty stranded hookup 
wire; solder; etc. 

With 117 volts ac applied to the cir- 
cuit through the line cord, turning on 
the controlling device plugged into 
SOI causes current to flow through 
the diodes in the RECT1 and RECT2 
circuits. Current flow is through di- 

odes DI, D3 and D5 through D8 on 
the positive alternation of the ac line 
and through D2, D4 and D5 through 
D8 on the negative alternation. The 
rectifier diodes have a characteristic 
drop of 0.7 volt. Thus, approximate- 
ly 1.4 volts is developed between 
the negative ( -) and positive ( + ) 

terminals of RECT2 when the con- 
trolling device plugged into SOI is 
turned on. 

The LED inside ICI requires at 
least 10 milliamperes of current to 
turn on the internal light- activated 
bilateral switch. The LED, which has 
a forward voltage drop on the order 
of 1 ohm, is connected across the + 
and - terminals of RECT2, with re- 
sistor R1 limiting current flow to a 
safe level. The value of RI is derived 
as follows: 

RI = (V BRIDGE - VLED) /ILED 
= (1.4 V - 1.0 V) /40 mA 
= 10 ohms 

From this, you can calculate the 

amount of power drawn by the LED 
as follows: 

PR1 = (ILED)2 x R1 
= (40 mA)2 x 10 ohms 
= 0.016 watt 

Therefore, a 10 -ohm, % -watt will suf- 
fice for R1. 

As mentioned above, the bilateral 
switch inside IC1 can handle up to 
100 milliamperes of current, which is 
not sufficient to directly drive the 
switched receptacles. Therefore, this 
current is used to drive relay Kl , 
which has contacts that are rated for 
the expected loads. Of course, the re- 
lay's coil rating should be less than 
the 100- milliampere maximum from 
ICI. A safe rating would be 50 milli- 
amperes. For a 117 -volt ac coil po- 
tential, the coil's resistance should be 
at least 2,400 ohms. Contact rating 
should be at least 10 amperes to ac- 
commodate just about any reason- 
able loads that will be plugged into 
SO2 and S03. 
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1111 MIN 

Figure 1 shows an arrangement for 
switching two auxiliary receptacles 
on and off from one "control" re- 
ceptacle. If you wish, you can switch 
more receptacles, up to a maximum 
of six, assuming you can find a relay 
that has an appropriate number of 
contacts and you beef up the gauge of 
the wiring used. Additionally, you 
can make the system operate with 
three -conductor power schemes. To 
do this, use three -contact ac recepta- 
cles and a three -conductor ac line 
cord and wire together all socket 
ground contacts and the ground con- 
ductor of the line cord. 

Construction 
There is nothing critical about com- 
ponent layout for this project. There- 
fore, you can assemble it using any 
traditional wiring technique that 
suits you, including on a printed -cir- 
cuit board of your own design and 
perforated board. Perhaps the sim- 
plest and fastest approach is to 
mount and wire together the rectifier 
assemblies (or individual rectifier di- 
odes), resistor, optoisolator and re- 
lay on perforated board, as shown in 

Fig. 2. Whichever method you decide 
to use, it is a good idea to use a socket 
for the optoisolator. 

Once you have mounted the com- 
ponents on the board, refer back to 
Fig. 1 and wire them together. Use 
heavy -duty stranded hookup wire for 
all interconnections, preferably 
16 -gauge or larger. After cutting the 
wires to length, strip Y. inch or so of 
insulation from both ends, tightly 
twist together the fine conductors at 
both ends and sparingly tin with sol- 
der. At this stage make only the inter- 
connections between the rectifier as- 
semblies, resistor, optoisolator and 
relay coil. 

Prepare four 6 -inch lengths of 16- 

or heavier -gauge wire. Crimp and 
solder one end of these wires to the 
appropriate contact lugs on the relay. 
The other ends of these wires will be 

connected later to the lugs on the 

N!I11111 

Fig. 2. Author's prototype was built using perforated board, with optoisolator 
in a socket and the resistor on top (upper photo) and rectifier assemblies and re- 

lay on the bottom (lower photo). 

chassis -mounted ac receptacles. 
Temporarily set aside the circuit - 
board assembly. 

Now machine the enclosure in 
which the project will be housed. 
You can use any enclosure that will 
accommodate all components with- 
out crowding. Because of the need to 
cut rectangular or square openings 
for the receptacles, a good choice 
would be a plastic project box that 
has a metal panel. The plastic is rela- 
tively easy to cut and trim without 
specialized tools. Of course, if you 
have a chassis punch of suitable size 
and shape or a nibbling tool, you can 
quickly machine an all -metal utility 
box instead. 

Start machining the enclosure by 
drilling mounting holes for the cir- 
cuit -board assembly. Then drill the 
large hole in which to mount the bay- 
onet -type holder for Fl and the 
smaller holes for the switch and entry 

for the ac line cord. Finally, cut 
the slots for the chassis -mount ac 
receptacles. 

Line the entry hole for the ac line 
cord with a small rubber grommet. 
Tightly twist together the fine wires 
at the free end of the line cord's con- 
ductors and sparingly tin with solder. 
Pass the free end of the cord through 
the grommet and tie a knot in it about 
6 inches from the end inside the 
enclosure. 

Mount the circuit -board assembly 
in place with % -inch or so spacers 
and suitable machine hardware. 
Then mount the ac receptacles, switch 
and fuse holder in their respective 
locations. 

Locate the free ends of the wires 
connected to the lugs of the relay 
contact pairs. Crimp both wires and 
one ac line cord conductor to one lug 
of the fuse holder and solder the con- 
nection. Then crimp and solder the 
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Fig. 3. Interior view of author's completed project prototype built into a plastic 
project box. 

ends of the remaining two relay wires 
to one lug of switched receptacles 
SO2 and S03. 

Prepare five 6 -inch lengths of wire 
as you did for the relay wires. Crimp 
and solder one wire between one ac 
input lug of RECTI and one lug of 
unswitched ac receptacle S01. Then 
crimp and solder another wire from 
the other ac lug of RECTI and the 
unused lug on the fuse holder. 

Crimp and solder one end of a 
third wire to the unoccupied lug on 
S03 and crimp the other end of this 
and a fourth wire to the unoccupied 
lug on SO2 and solder the connec- 
tion. Connect and solder one end of 
th fifth wire to the unoccupied coil 
lug of K1. Finally, crimp and solder 
the free ends of both the fourth and 
fifth wires and the remaining ac line 
co ,-d conductor to the unoccupied lug 
of SOl. This completes the wiring of 
tI.e project. The author's completed 
Prototype is shown in Fig. 3. 

Label SOI with the legend UN- 
SWITCHED or CONTROL and SO2 and 
S03 with the legend SWITCHED or 
AUX. Then label the positions of S1 
with the legends AUTO and ON or 
MANUAL. Also, label the fuse holder 
with the legend 5A MIN. If you use a 
dry- transfer lettering kit, spray two 
or more light coats of clear acrylic 

over the labels to protect them from 
scratching. 

Before putting the project into ser- 
vice, it is a good idea to go over it 
carefully, checking your wiring 
against Fig. 1. Make certain that all 
connections are electrically and me- 
chanically secure. 

Checkout & Use 

Plug lamps into the three receptacles 
on the project. Turn on both lamps 
plugged into switched outlets SO2 
and 503, but leave the one plugged 
into unswitched outlet SO1 turned 
off. Make sure the project's switch is 
set to AUTO. 

Plug the "Smart" ac Outlet Box's 
line cord into an ac outlet. At this 
point, none of the lamps should be 
on. Set the switch to MANUAL (or 
ON). The lamps plugged into the 
switched receptacles should immedi- 
ately come on. If they do not, check 
the switches on the lamps themselves. 
If this does not turn on these lamps, 
power down the project, disconnect 
it from the ac outlet and recheck all 
wiring. Do not proceed until you 
have rectified the problem. 

Once you have the project working 
in the manual position of the switch, 
set the toggle to the AUTO position 
once again. Turn on the lamp plugged 

Say You Saw It In Modern Electronics 

into the unswitched receptacle. Now 
all three lamps should turn on simul- 
taneously. Turning off the "con- 
trol" lamp plugged into 501 should 
cause all three lamps to turn off. 

You can now put your "Smart" 
ac Outlet Box into service. Before 
you do, however, make certain that 
the relay contacts and switch can 
handle the expected loads plugged in- 
to the switched ac receptacles. Also, 
if the equipment to be plugged into 
control receptacle SOI draws more 
than 5 amperes, replace RECTI, 
RECT2 and Fl with suitably rated 
components. 

Use of the "Smart" ac Outlet Box 
is as simple as flipping a switch. Just 
keep in mind that the device plugged 
into the unswitched "control" recep- 
tacle controls power to the switched 
receptacles. Therefore, always make 
sure that the devices plugged into the 
latter have their power switches turned 
on at all times. AE 
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Instruments 

How to Read 
Oscilloscope Waveforms 

(Conclusion) 

Finishing up with our series on useful tricks of the 
trade for getting the most out of your oscilloscope 

By Robert G. Middleton 

Concluding this three -part 
series on the basics of inter- 
preting oscilloscope wave- 

forms, our focus here is on sawtooth 
waveform characteristics, common 
distortion factors and analysis of ab- 
normal waveshapes. In future issues, 
we will present more advanced tech- 
niques that will considerably expand 
upon what we have already covered 
and are about to cover here. 

Sawtooth Waveform 
Relationships 
Sawtooth waveforms are widely en- 
countered in many types of electronic 
equipment, including test instru- 
ments. The ideal sawtooth waveform 
is functionally related to the square 
wave, as shown in Fig. 1. A sawtooth 
waveform is called a ramp, as used in 
digital voltmeters and the voltage 
functions of digital multimeters. 

Distortion of a sawtooth wave- 
form results in various trouble symp- 
toms whose nature depends on the 
circuit action involved. Elementary 
sawtooth waveform distortions are 
illustrated in Fig. 2. Convex saw - 

tooth distortion in a TV receiver, for 
example, causes compression of the 
picture on the right -hand end of the 
picture screen, and concave sawtooth 
distortion causes compression of the 

/ 

Fig. 1. The sawtooth or ramp wave- 

form is functionally related to the ba- 
sic square waveform. 

picture on the right -hand end of the 
screen. 

Similarly, convex sawtooth distor- 
tion causes cramping of the wave- 
form displayed on the right -hand end 
of an oscilloscope's CRT screen, as 
shown in Fig. 3. This is a common 
type of sawtooth waveform distor- 
tion because the sawtooth is often 
generated by integrating a square 
wave. This circuit action provides an 
exponential waveshape, as illustrat- 
ed in Fig. 4. The practical considera- 
tion here is that although an expo- 
nential waveform is curved through- 
out its complete course, this curva- 
ture is negligible over its initial 5 per- 
cent interval. However, if 50 percent 
of the exponential waveform in Fig. 4 

is employed, the resulting "saw - 
tooth" is highly convex. 

If a deflection waveform or ramp 
is produced by less than 5 percent of 
the exponential waveform shown in 
Fig. 4, the resulting sawtooth will ap- 

proximate the linear waveshape de- 
picted in Fig. 1. On the other hand, if 
the "sawtooth" waveform is pro- 
duced by 20 percent of the exponen- 
tial waveform, for example, the re- 
sulting semi -sawtooth resembles the 
distorted waveform in Fig. 2(A). 

In the case of a TV receiver that 
develops compression of the picture 
on the right -hand end of the screen, 
the person doing the troubleshooting 
will look for a circuit fault that 
causes objectionable exponential 
curvature in the horizontal -deflec- 

Fig. 2. Elementary sawtooth distor- 
tions include (A) convex and (B) con- 

cave distortion. 
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Fig. 3. This drawing illustrates 
cramping of the display at the right - 
hand end of the oscilloscope's screen 
by a convex sawtooth deflection 

waveform. 

tion waveform. By the same token, 
circuit faults can cause nonlinear ver- 
tical deflection. Technically speak- 
ing, an ideal sawtooth waveform can 
be generated by charging a capacitor 
through a constant -current source, 
as is approximated by a very -high 
value of resistance for Rl in Fig. 4. 

A better approximation of a con- 
stant- current source is provided by a 
silicon transistor arrangement, such 
as shown in Fig. 5. The transistor 
presents a very -high effective value 
of charging resistance. Moreover, it 
does not require a high -voltage dc 
source, as would be required if an ele- 
mentary RC integrating circuit were 
to be employed. Accordingly, VEE 
may have the same value as Vcc in 
the associated electronic unit. 

Observe in Fig. 5(A) that a silicon 

transistor has a nearly horizontal col- 
lector characteristic, or collector cur- 
rent is practically constant over a 
wide range of collector voltage at a 
given base -bias potential. This is sim- 
ply another way of stating that the in- 
cremental collector resistance is very 
small and that the effective internal 
resistance of the constant -current 
source is very high. Of course, if a 
fault develops in the circuit configu- 
ration, such as collector -junction 
leakage, it will not operate as a con- 
stant- current source. Instead, it will 
operate as an ohmic current source. 

Mathematical Integration 
Vs. "RC Integration" 
It is helpful for you to recognize the 
distinction between mathematical in- 
tegration and so- called "RC integra- 
tion." Mathematical integration is 
performed in accordance with the 
laws of calculus, whereas RC integra- 
tion is more or less an approximation 
of mathematical integration. 

This distinction will become clear- 
er as we consider a few practical ex- 
amples. To begin with, if a capacitor 
is charged from a constant -current 
source, the sawtooth voltage devel- 
oped at the capacitor's terminals is 
linear. This fact is in accordance with 
the basic law that states that the capa- 
citor voltage is the integral of its 
charging current. 

We have established that when a 

(A) Waveform across capacitor 

ñ 
E 40 

E 

É 20 
(B) Waveform across resistor 

2 3 

Time (RC units) 

Square -wave 
generator o R1 

Cl 

NOTE: 
This elementary arrangement 

generates back -to -back semi - 
sawtooth waveforms (triangular 
waveforms); it requires elaboration 
in order to generate half -triangular 
semi- sawtooth waveforms. 

Fig. 4. Generating a semi -sawtooth waveform by integrating a square wave. 

capacitor is charged through a resis- 
tor from a voltage (constant -voltage) 
source, the "sawtooth" voltage de- 
veloped at its terminals is nonlinear. 
Instead, the "sawtooth" is an expo- 
nential waveform. It will approxi- 
mate a linear sawtooth waveform 
only if the series resistor has a very - 
high value so that only a small por- 
tion of the rising exponential charac- 
teristic is utilized in waveform gener- 
ation. As a side effect of employing a 
very -high value of series resistance, 
the source voltage must also be very 
high so that a useful output ampli- 
tude is obtained (charging current is 
made sufficiently large by using a 
very -high source voltage). 

Integration of a 
Sawtooth Waveform 
Some TV receiver circuits use inte- 
grated sawtooth waveforms in their 

(A) 

(B) 

Charging voltage interval -41 

Collector- emitter volts 

Constant- 
current 
output 

NOTE: 
This constant- current 

configuration can 
provide a linear 
charging interval 
when used in place 
of R1 in Fig. 4. 

Fig. 5. Basic configuration of a 
constant -current source with a sili- 
con transistor as the current control- 
ler. (A) illustrates the collector cur- 
rent characteristic at a given base 
bias, (B) the constant -current circuit 

configuration. 
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Fig. 6. Mathematical integration of a 
sawtooth waveform. 

convergence sections. Under fault 
conditions, sawtooth processing cir- 

cuits can develop faults that intro- 
duce objectionable integration into 
the waveform. Accordingly, it is 

helpful to consider the circuit action 
involved in RC integration of a saw- 

tooth waveform. 
Start by observing the mathemati- 

cal integration of a sawtooth wave- 

form, as illustrated in Fig. 6. The 

equation for this sawtooth is y = x, 

and the mathematical integral of x is 

D 
(A) 

(B) 
Time 

Fig. 7. Typical distorted parabolic 
waveform obtained by passing a saw- 

tooth waveform through an RC inte- 
grating circuit. (A) illustrates the RC 
integrating circuit with a sawtooth 
voltage input, (B) the typical distort- 

ed parabolic output waveform.. 

x2. Accordingly, y = xz plots as a pa- 
rabola (actually, half of a parabola 
since we are not taking negative 
values of x into account). 

Since an RC integrating circuit is 

only an approximation of the process 
of mathematical integration, you 
may suspect at this point that if a 

sawtooth waveform is passed 
through an RC integrating circuit 
that a true parabolic output will not 
be obtained. This is a well- founded 
suspicion, as demonstrated in the ex- 

ample in Fig. 7. Note that although 
the output waveform here resembles 
a parabola, it is skewed to the left. A 

check of x,y relationships will reveal 
that the output waveform in Fig. 7 is 

only a rough approximation of a true 
parabola. 

A superficial analysis might antici- 
pate that half -parabolas would be 

generated by the arrangement shown 
in Fig. 7, similar to the mathematical 
integral shown in Fig. 6. However, if 
this were so, the integrating circuit in 

Fig. 7 would necessarily output 0 volt 
immediately after the peak of the in- 

put sawtooth voltage is passed. This 
is an obviously impossible circuit ac- 

tion because the capacitor is left with 
a full charge immediately after the 
peak of the sawtooth input voltage is 

passed. This charge must decay expo- 
nentially via the series resistor. 

The resulting circuit action com- 
prises two processes following the 

peak of the sawtooth input voltage. 
Firstly, the charged capacitor is dis- 

charging at a rate determined by the 
RC time constant of the circuit. Sec- 

ondly, the rising sawtooth input volt- 
age is beginning once again to charge 
the capacitor. These are antagonistic 
processes, with the result that a valley 
point is reached. This valley point 
identifies the equality of charging 
and discharging currents at that in- 

stant. Thereafter, the exponential 
charging current dominates the out- 
put waveform up to the following 
peak of the sawtooth input voltage. 

Since the circuit action consists of 
two currents in a linear system, it 

might be supposed that the charging 
current could be considered by itself 
and also that the discharging current 
could be considered by itself, fol- 
lowed by algebraic addition of the 

Inverting input 
(virtual ground) 

Input 

Output 

Fig. 8. A basc operational- amplifier 
circuit that provides nearly ideal inte- 

grating action. 

Input 
10K 

1M 

15K 

741 

9V 

9V Output 

Fig. 9. A simple op -amp configuration showing the nulling adjustments, via the 

potentiometers, for cancellation of offset voltages. 
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two values at a given time to calculate 
the output voltage at that instant. 

This supposition would be incor- 
rect because the rate of charge is af- 
fected by the rate of discharge, and 
vice -versa. Consequently, you would 
not attempt any quantitative analy- 
sis. Instead, you would merely "read 
the waveform qualitatively" for 
clues concerning the circuit fault 
causing the waveform's distortion. 

Integrating Circuits 
With Active Devices 

We have seen that an RC integrating 
circuit is only a rough approximation 
of mathematical integration. How- 
ever, if an active device, such as an 
operational amplifier, is included in 
the configuration, a much better ap- 
proximation of mathematical inte- 
gration can be obtained. A basic such 
arrangement is shown in Fig. 8. This 
configuration provides nearly ideal 
integrating action due to the high 
gain of the op amp and large amount 
of negative feedback from output to 
input of capacitor C. 

The basic circuit shown in Fig. 8 is 
widely used for generation of hori- 
zontal sweep waveforms in modern 
oscilloscopes. It operates with a con- 
stant dc voltage input and develops a 
linear ramp output that is terminated 
at a desired point by means of an ex- 
ternal discharge (short- circuiting) 
device. 

Output waveform distortion can 
be caused by drift in the bias volt- 
ages, with the result that the wave- 
form becomes clipped. Observe in 
Fig. 9 that 10K- and 15K -ohm poten- 
tiometers are in the bias circuitry. 
They are placed here to serve as 
means for adjusting offset current 
nulling. The settings of these pots are 
quite critical. A small error in null 
adjustment causes a large error in the 
operating point of the op amp. Mod- 
erate nulling results in waveform 
clipping, and serious nulling errors 
"kill" operational -amplifier action. 
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Experimenting With Photoresistors 

By Forrest M. Mims III 

The variety of light- sensitive electronic 

components available to today's designer 

and experimenter is truly astounding. 
Such components include photodiodes, 
phototransistors, photomultiplier tubes, 
light- sensitive SCRs, photoFETs, solar 
cells and various kinds of solid -state im- 

age sensors. Many kinds of thermal sen- 

sors designed primarily to detect infrared 
radiation can also detect visible light. 

Even light- emitting diodes (LEDs) and 

laser diodes can function as light detec- 

tors as well as generators. 
With many detectors from which to 

choose, it is easy to overlook the lowly 

photoresistor . While photoresistors have 

notoriously low response times and suf- 

fer from the "light history" effect, they 
are among the most sensitive light sen- 

sors around. For this reason alone, they 
are well suited for use in many light -sens- 

ing applications. Photoresistors are also 

characterized by a narrower spectral re- 

sponse than are most other light sensors, 
which makes it possible for them to be 

used in a number of unique applications. 
It is important for the well- rounded 

circuit designer and experimenter to be 

fully aware of the characteristics and op- 

erating requirements of the various kinds 
of light- sensitive components now avail- 

able. Therefore, before we get into a de- 

scription of the principles of photoresis- 
tors in detail, let's briefly review the vari- 

ous families of light- sensitive devices 

in general. 

The Families 

Besides photoresistors, the two most im- 

portant classes of light- sensitive devices 

are classified as photoemissive detectors 
and junction photodiodes. 

Photoemissive devices are electron 
tubes that incorporate a light- sensitive 

photocathode that emits electrons when 

struck by photons (light energy). The 

emitted electrons are collected by an an- 

ode electrode to form a photocurrent 
that is proportional to the intensity of the 

light that caused them to be emitted from 

the photocathode. Vidicons, image con- 

Fig. 1. Assorted photoresistors from 
author's shop (A) and common photo- 

resistor schematic symbols (B). 

verters and image intensifiers are special 

types of photoemissive detectors. 
The single biggest drawback of photo - 

emissive detectors is their requirement 
for an evacuated envelope. When the en- 

velope is glass, which is usually the case, 

the photoemissive device is quite fragile. 

Another drawback is that photoemissive 
detectors require a higher operating volt- 

age than do most kinds of solid -state de- 

tectors. On the plus side, photoemissive 
devices known as photomultiplier tubes 

that incorporate a series of internal 
stages are among the most sensitive of all 

light detectors. 
Semiconductor junction photodetec- 

tors make up a broad class of solid -state 

light sensors that include photovoltaic, 
photoconductive and avalanche photodi- 
odes. Though most junction photodetec- 
tors are made from silicon, many other 
semiconductor materials are also used, 

including germanium, gallium- arsenide, 

indium -arsenide and others. 
Photovoltaic photodiodes are pn junc- 

tions that generate a photocurrent when 

struck by photons. Many kinds of photo - 
diodes can be used in the photovoltaic 

mode. Silicon solar cells are photovoltaic 
detectors. An important advantage of 
photovoltaic photodiodes is their excep- 

tionally low lark current, which is the 

unwanted current that flows when a de- 

vice is in total darkness. 
Photoconductive operation of a pho- 

todiode is usually implemented by re- 

verse biasing the device with an external 

current. When photons illuminate the 

photodiode's light- sensitive junction re- 

gion, the diode permits a current to flow 

that is proportional to the flux of the inci- 

dent photons. Photodiodes operated in 

the photoconductive mode are very sensi- 

tive and have very fast response time. 
However, they do have a higher dark cur- 

rent than do photovoltaic photodiodes. 
Avalanche photodiodes have a high re- 

verse breakdown voltage. They are de- 

signed to be reverse -biased at just below 

their breakdown potential. 
Photons striking the photodiode stim- 

ulate a disproportionate flow of elec- 

trons, thus giving avalanche photodiodes 
a sensitivity that rivals that of photomul- 
tiplier tubes. The chief drawback of ava- 

lanche photodiodes is the requirement 
for the high reverse voltage. The require- 
ment is made even more difficult by the 
temperature dependence of the diode's 
breakdown voltage. Therefore, for opti- 
mum performance over a wide range of 
temperatures, the power supply that pro- 
vides the reverse bias must be tempera- 
ture regulated. 

Photoresistors 
Also called photocells and light- depend- 
ent resistors, photoresistors are by far the 

simplest of light detectors. Though they 

are solid -state devices, they do not pos- 

sess a pn junction. Instead, they are con- 

sidered to be "bulk- effect" light sensors. 

Shown in Fig. 1 are an assortment of 
photoresistors taken from my electronics 
shop and the most common photoresis- 
tor schematic symbols. 

A typical photoresistor is fabricated by 

applying electrodes to a film of light -sen- 

sitive material. Often, the electrodes are 
applied in a zig -zag or spiral pattern to in- 

crease the exposure area of the material. 
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Fig. 2. Spectral sensitivity of representative cadmium -sulfide (CdS) and cadmium -selenide (CdS:. photoresistors (A) and 
resistance- versus -illumination plots of several photoresistor materials (B). 

When a photoresistor is in total dark- 
ness, it has a very high electrical resist- 
ance. When light strikes it, though, its re- 

sistance decreases, often dramatically. 
The resistance ratio is a figure of merit 

for the resistance change a photoresistor 
undergoes after an illuminating source is 

switched off. The resistance ratio can be 
specified in many ways, but the most 
common is the ratio of the resistance 
when the photoresistor is illuminated by 
2 foot -candles (fc) to the resistance in to- 
tal darkness within 5 seconds of switch- 
ing off the light source. Therefore, a pho- 
toresistor that has a resistance of 2,000 
ohms at 2 fc and a resistance of 800,000 
ohms in total darkness has a resistance 
ratio of 2,000:800,000, or 1:400. 

The level of light produced by a candle 
at a distance of 1 foot is known as 1 fc. A 
25 -watt tungsten lamp has an intensity of 
about 19 candle power, a 60 -watt tung- 
sten lamp about 60 candle power. 

The response of photoresistors to a 
square pulse of light is much slower than 
that of photodiodes. While a silicon pho- 
todiode may have rise and fall times mea- 
sured in nanoseconds, a photoresistor 
often has rise and fall (decay) times mea- 
sured in milliseconds or even several 
tenths of a second. 

Another drawback of photoresistors is 

Fig. 3. Light- sensitive region of a CdS 
photoresistor in a TO -18 transistor can. 

the light history effect. The resistance a 
photoresistor assumes on being illumin- 
ated by light depends in part on the previ- 
ous level of light received by the device. 
The magnitude and direction of the ef- 
fect depends on many factors, including 
the duration of the previous light expo- 
sure and the current exposure. 

Photoresistors are specified to have a 
certain resistance when illuminated at a 
specified level of light. This resistance is 

sometimes called the equilibrium resist- 

ance. If a 
stored in a 
moved from 

hotoresistor that has been 
light -tight container is re- 
its container and exposed to 

light, its res tance will at first be lower 
than the equilibrium value. Gradually, 
however, the resistance will reach the 
specified eq 

Now consi 
tor that has 
minated by t 
toresistor is 

and its resist . 

ilibrium value. 
der the case of a photoresis- 
been stored on a shelf illu- 
he morning sun. If this pho- 
moved out of the sunlight 
once is measured at the much 

lower light level at which the equilibrium 
value is specified, its resistance will at 
first be highfr than the equilibrium val- 
ue. Gradually, its resistance will fall to 
the equilibrium value. 

Photoresistor Materials 
The two most common light- sensitive sub- 
stances used to make photoresistors are 
cadmium -sulfide (CdS) and cadmium - 
selenide (CdSe). The spectral sensitivity 
of these two materials differs substantially. 

Peak spectral response of the various 
formulations of CdS range from about 
500 to 620 nanometers (nm). The peak re- 

sponse of Type 9 CdS is 550 nm, the same 
as that of thU human eye. Some CdS for- 
mulations have an exceptionally narrow 
spectral width. For example, the spectral 
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bandwidth of Type 2 CdS at the 3 -dB 
points (50 percent) is about 50 nm. The 
spectral bandwidth of Type 5H CdS at 
the 3 -dB points is about 40 nm. 

The peak spectral response of the vari- 
ous formulations of CdSe range from 
about 720 to 780 nm. Therefore, CdSe 
affords reasonably good near -infrared 
sensitivity. For example, Type 3 CdSe 
has a peak sensitivity of 735 nm. At the 
880 -nm wavelength of high -power 
AIGaAs near -infrared emitting diodes, 
the sensitivity is 20 percent of the peak 
value. At the 940 -nm wavelength of high - 
power GaAs:Si near -infrared emitters, 
the sensitivity is 10 percent of the peak 
value. 

Spectral bandwidth of CdSe photore- 
sistors is wider than that of most CdS de- 
vices. For example, the spectral band- 
width of Type 3 CdSe at the 3 -dB 
points is about 95 nm. The spectral band- 
width of Type 4 CdSe at the 3 -dB 
points is about 140 nm. 

Though they will not be described here 
because they aren't designed to detect 
visible light, it's important to note that 
lead- sulfide (PbS) and lead -selenide 
(PbSe) are also used to make photoresis- 
tors. These materials provide infrared 
sensors that have peak spectral responses 
of a few micrometers. 

Figure 2(A) graphically compares the 
spectral sensitivities of Type 5H CdS and 
Type 3 CdSe. The most striking aspect of 
this graphic representation is the sub- 
stantial spacing between the peaks of the 
two response curves. This makes possible 
some interesting applications, some of 
which will be discussed later. 

Figure 2(B) compares the resistances 
of several common photoresistive mate- 
rials as a function of illumination. Types 
5H and 7 are CdS and Types 3 and 4 are 
CdSe. The scales of both axes in Fig. 2(B) 
are logarithmic due to the exceptionally 
broad dynamic ranges and vast differ- 
ences in sensitivity of both these photore- 
sistive materials. 

As noted above, the various formula- 
tions of both CdS and CdSe have differ- 
ent peak spectral responses and other 
characteristics. Clairex Electronics (560 
S. Third Ave., Mt. Vernon, NY 10550), a 

Fig. 4. Light- sensitive regions of CdSe (A) and CdS (B) photoresistors. 

major manufacturer of photoresistors, 
has published specifications and data 
about the most common formulations. 
The following information is extracted 
from Clairex's publications: 
Cadmium- Sulfide Photoresistors 

Type 5 -Peak spectral response of 550 
nm closely matches that of the human 
eye. Minimum resistance ratio of 1:1,000. 
Very stable with less light- history effect 
than other formulations. 

Type 5H -Like Type 5, peak spectral 
response is 555 nm. Minimum resistance 
ratio of 1:1,000. Considerably faster rise 
time than most other materials, including 
Type 5. 

Type 7 -Peak spectral response of 615 
nm. Minimum resistance ratio of 1:300. 
Moderate rise time. 

Type 7H -Peak spectral response of 
620 nm. Minimum resistance ratio of 
1:1,000. Fast decay time. 

Type 9 -Peak spectral response of 550 

nm. Minimum resistance ratio of 1:1,000. 
According to Clairex, this is the most sta- 
ble of photoresistive materials. It also 
has the lowest light- history effect. 

Cadmium -Selenide Photoresistors 
Type 3 -Peak spectral response of 735 

nm. Minimum resistance ratio of 1:10,000 
is much higher than that of any CdS 
material. Faster response time than most 
materials. 

Type 4 -Peak spectral response of 690 
nm. Minimum resistance ratio of 1:400. 
Lowest resistance of any photoresistor. 

Photoresistor Fabrication 
Photoresistors are much easier to make 
than junction photodiodes. Typically, a 
layer of CdS or CdSe is deposited on a ce- 
ramic substrate. A metal electrode pat- 
tern is then evaporated onto the light - 
sensitive region. Several different pat- 
terns are used, including simple bars and 

Fig. 5. Light- sensitive regions of a miniature CdS photocell (A) and miniature dual CdS 
photoresistor (B). 
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interleaved combs and spirals. 
In some applications, the electrode 

pattern can be important. For example, a 

system in which a distant light source is 

imaged onto the light- sensitive surface by 
means of a lens might work best with a 

photoresistor that has a simple bar - 
shaped active region. On the other hand, 
non -critical applications that require 
maximum sensitivity without use of a 

lens work best with zig -zag or spiral elec- 

trodes that expose much more light -sen- 
sitive material than does a simple bar. 

Maximum voltage rating of a photore- 
sistor is in part determined by the spac- 
ing of its electrodes. The maximum volt- 
age rating is specified when the photore- 
sistor is dark because this is when the 
maximum voltage ordinarily appears 
across the device. 

Figure 5 is a macrophotograph of the 
light- sensitive region of a photoresistor 
installed in a TO -18 transistor header. 
The light- sensitive region is the dark 
bar in the center of the header. The elec- 

trodes are the two semicircular shapes on 
either side of the bar. The two amor- 
phous shapes on either electrode are 
conductive ink used to make electrical 
contact to the device's external wire 

terminals. 
Shown in Fig. 4 are the active regions 

of two photoresistors with interleaved 
electrodes. In both cases, the light -sen- 
sitive material is the dark zig -zag pattern. 
The device shown in (A) is interesting be- 

cause it makes maximum use of avail- 
able space to expose more of the light - 
sensitive material. Less of the light -sen- 
sitive material in (B) is exposed because 
the spacing between the electrodes is 

slightly wider. This often indicates a 

higher maximum operating voltage for 
the particular device. 

Figure 5 shows the light -sensitive re- 

gions of two miniature photoresistors. 
Note that the electrodes of the device 
shown in (A) are darker than the light - 
sensitive material. 

The device shown in Fig. 5(B) is a dual 
photoresistor. The center terminal is con- 
nected to an electrode that snakes its way 

between the interleaved electrodes con- 
nected to the two outer terminals. Dual 

Fig. 6. Photoresistor soldered to minia- 
ture phone plug eases connections during 

experimenting. 

photoresistors have several specialized 
applications, including detection of 
motion. 

Applications 
Photoresistors have dozens of practical 
applications. Unlike photodiodes, they 
are not polarity- sensitive, so they can be 
powered by either ac or dc sources and 
their leads can be connected in either di- 
rection. Furthermore, many photoresis- 
tors can be operated at much higher volt- 
ages than most photodiodes and photo - 
transistors. 

For many years, photoresistors have 
been used in various kinds of light me- 
ters. While they have exceptional sensi- 

tivity and dynamic range, their lack of 

Rl 100 VIM 

PCL Mi 0 oAtill 

Fig. 7. A simple photoresistor light 
meter. 

linearity over the entire range of their re- 

sponse is a major drawback. 
Many households are equipped with 

light -sensitive night lights that are con- 
trolled by photoresistors. Street lights 
and other kinds of indoor lighting are al- 

so switched on and off by simple photo- 
resistor circuits. 

Photoresistors can be used to make 
simple break -beam detection systems. 
Such systems are used to detect objects 
on a production line and to detect a per- 
son entering a store or approaching an 
electrically -activated door. 

Various kinds of light and dark warn- 
ing systems can be designed around pho- 
toresistors. A refrigerator door -open 
alarm, for instance, can be designed to 
sound a warning tone a predetermined 
time after the door has been opened. 

Dual -element photoresistors can be 

used to make motion detectors. In a typi- 
cal application, a single lens images a dis- 

tant scene onto both halves of a dual -ele- 

ment photoresistor. The two halves of 
the photoresistor are connected to a dif- 
ferential circuit that ignores variations in 

the ambient light as long as the light level 

in each half of the photoresistor is equal. 
Should an object in the field of view of 
one photoresistor move or a new object 
enter the field of view of one half of the 
photoresistor, the resistance of that half 
will change. When this occurs, the circuit 
outputs a sügnal that ultimately causes an 
audible on and visible alarm to actuate. 

Photoresistors were once commonly 
used for electronic exposure control of 
cameras. The light- history effect, how- 
ever, makes photoresistors much less sat- 
isfactory than photodiodes for this appli- 
cation. Therefore, most modern cameras 
use photodiodes for exposure control. 

Many kinds of optical isolators (so- 

called "optoisolators ") can be produced 
by pairing a photoresistor with a light 
source. Various kinds of light sources 
can be used, including LEDs and both 
tungsten and neon lamps. In a typical ap- 
plication, a very small current applied to 
a LED can produce sufficient light ener- 
gy to lower the resistance of a photoresis- 
tor to the point where it can directly actu- 
ate a heavy -duty relay. This application 
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Pg. 8. A photoresistor light meter with a 
gain stage. 

permits a tiny control current to switch a 
much larger current. 

It's important to keep in mind that 
photoresistors can be exchanged for both 
fixed resistors and potentiometers to give 
light sensitivity to many kinds of circuits. 
For example, a photoresistor can be di- 
rectly substituted for the frequency con- 
trol potentiometer in a tone generator to 
form a light- sensitive generator. Similar- 
ly, a photoresistor can be substituted for 
the potentiometer that controls the gain 
of an amplifier to provide a light- sensi- 
tive volume control. 

Some Circuits 
In this section, we'll discuss several sim- 
ple photoresistor circuits. In each of 
these circuits, the photoresistor is desig- 
nated PCI, which identifies it as photo- 
cell 1. Many different CdS and CdSe 
photoresistors can be used in the circuits, 
some of which will function best with 
photoresistors selected for a particular 
resistance range or high light -to -dark re- 
sistance ratio. 

If you plan to experiment with various 
kinds of photoresistors, you might want 
to solder several different devices to min- 
iature phone plugs, as shown in Fig. 6. 
This will allow you to use a single photo- 
resistor in different circuits. It will also 
permit you to use different kinds of pho- 
toresistors in the same circuit. 

You can enhance operation of the cir- 

cuits by installing the photoresistor in 
one end of a hollow tube that will then 
function as a collimator that gives the 
photoresistor a highly directional fea- 
ture. You can also place various filters 
and apertures in front of the photoresis- 
tor or the tube in which it is installed. 
Finally, you can attach an optical fiber to 
a photoresistor to provide a remote -de- 
tection capability. The end of the fiber 
can be cemented directly to the photore- 
sistor or be attached temporarily with 
clay, wax or any of the various com- 
pounds designed to hold pictures to walls. 

Simple Light Meter. Shown in Fig. 7 is 

the schematic diagram of an ultra -simple 
but surprisingly sensitive photoresistor 
light meter. Potentiometer RI controls 
the meter's sensitivity. If you wish great- 
er sensitivity from this circuit, you can 
use a 0- to -50- microampere meter move- 
ment for MI. 

Photoresistor PCI can be any CdS or 
CdSe device. For greatest sensitivity, se- 

lect a device that has a high light -to -dark 
resistance ratio. 

Since this circuit is very sensitive, you 
must use care to avoid forcefully "peg- 

R1 

P 

+qv 

K 

4 SpKR 
CS 

R2. 
1K 

CI 

.1rF 

SSS 

Fig. 9. A light- dependent oscillator built 
around a 555 timer IC. 
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Fig. 10. A light- activated relay. 

ging" the meter's pointer. Therefore, al- 
ways make certain that R1 is set for mini- 
mum sensitivity (maximum resistance) 
before applying power to the circuit. 

Advanced Light Meter. Considerably 
more sensitivity to light can be obtained 
with the circuit shown in Fig. 8. Indeed, 
at its most -sensitive setting, the circuit is 

difficult to use because the light level re- 
quired to read the meter may itself be 
bright enough to forcefully peg the me- 
ter's pointer! 

As with the Fig. 7 circuit, many differ- 
ent photoresistors can be used in the Fig. 
8 circuit. A high light -to -dark resistance 
ratio will provide best results. 

Since this circuit is so sensitive, always 
make sure the R3 is set to its lowest value 
before applying power. Also, always in- 
crease R3's resistance gradually to avoid 
pegging the meter's pointer. 

Light- Dependent Oscillator. The fre- 
quency of virtually any oscillator can be 

changed in response to light by including 
a photoresistor in the RC portion of the 
circuit. How this can be accomplished 
with a simple audio - frequency oscillator 
made from a 555 timer chip is illustrated 
in Fig. 9. Many different photoresistors 
can be used for PCI. Increase the capaci- 

+av 

a1 
2 L2.22 

Fig. 11. A dark -activated relay. 

tance of CI to reduce the tone frequency, 
or decrease the capacitor's value to in- 
crease the frequency. 

If the sound from the speaker is too 
loud, insert a resistor between the speak- 
er and pin 3 of the 555 timer. Try a few 
hundred ohms, or use a 1,000 -ohm po- 
tentiometer that can be adjusted to give a 

comfortable sound level. 
Light -Activated Relay. Many kinds of 

light- activated relays can be made using 
photoresistors. Some relays can be driv- 
en by nothing more than a photoresistor 
and a power supply. However, a gain 
stage provides greater sensitivity. For ex- 

ample, Fig. 10 shows a straightforward 
light- activated relay that uses a single tran- 
sistor to increase sensitivity. Relay R YI is 

a Radio Shack Cat. No. 275 -004 device. 
Potentiometer RI controls sensitivity. 

Light- activated relays are used to 
sound a warning when a door has been 
left ajar and to detect objects and people 
passing by. 

Dark -Activated Relay. The Fig. 11 cir- 
cuit is the opposite of the previous cir- 
cuit. When PCI is illuminated in this cir- 
cuit, the relay is not actuated. Only when 
the light level on PC1 falls below a cer- 

tain point, determined by the setting of 

R/, does the relay energize. This circuit 
can be used to activate a light at dusk and 
to switch it off at dawn. 

Light /Dark -Activated Buzzer. The cir- 
cuit shown in Fig. 12 controls a piezoelec- 
tric buzzer. A flpdt switch is used for S1. 
When SI is in position "L" (light), the 
buzzer sounds when PC1 is exposed to 
light. Setting SI to "D" (dark) causes the 
buzzer to sound in darkness. 

This circuit has many of the same ap- 
plications as the previous two circuits. Its 
advantage is that it is self- contained and 
requires no external warning device. It 

can also be used to control a relay. 
Dark -Activated LED Flasher. A sim- 

ple way to actuate a flasher LED with a 
photoresistor is shown in Fig. 13. This 
simple circuit makes a handy warning 
light for a darkroom. The flasher LED 
installs near the outside of the dark- 
room's door. The remainder of the cir- 
cuit installs anywhere else inside the 
darkroom. With this setup, the flashing 
LED warns outsiders that the lights in the 
darkroom have been extinguished. For 
this application to be practical, it is ne- 
cessary to instal: an on /off switch inside 

+ co ro + q y 

R1 

o 

01 (a) 

QI 
2 N 2Z22 
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Fig. 12. A light /dark- activated relay. 
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I 

Fig. 13. A dark -activated LED flasher 
for darkroom warning use. 

the darkroom to disable the circuit when 
the darkroom is not in use. 

Photoresistor Optical Feedback. If 
your home is equipped with a photoresis- 
tor- controlled night light, you have prob- 
ably noticed that the light will flicker 
when an object is placed near it at night. 
This occurs when some of the unit's light 
is reflected back to the photoresistor, 
thereby switching the device off. When 
the light switches off, the resistance of 
the photoresistor increases and causes 
the light to switch on again, and the 
cycle repeats. 

This phenomenon, which is a form of 
optical feedback, can be used to regulate 
the brightness of a light source, such as a 
LED or miniature incandescent light. 
Shown in Fig. 14 is a simple circuit that 
does just this. 

Assume the circuit is in darkness. The 
resistance of PCI will be high and Q1 will 
be conducting. This allows current to 
flow through the LED. If the LED is po- 
sitioned so that some of its light strikes 
PCI, the photoresistor's resistance will 
be lowered. In turn, this reduces the cur- 
rent flowing through Ql, thereby reduc- 

Fig. 14. A photoresistor optical feed- 
back circuit. 

ing the brightness of the LED. There- 
fore, the circuit functions as a current 
regulator. 

Potentiometer RI is adjusted for opti- 
mum circuit operation. The LED's 
brightness is determined by the place- 
ment of the LED relative to the sensitive 
surface of PCI. When the two are closely 
spaced, the LED will be dim; when father 
apart, the LED will be brighter. Reflec- 
tive objects placed near the LED will in- 
crease the light falling on PC1, thus re- 
ducing the light from the LED. 

Since the light from the LED responds 
almost instantaneously to changes in the 
LED's forward current, the LED does 
not flicker. Instead, its brightness changes 
just as if it were connected to a potentio- 
meter that controlled its forward current. 

Going Further 
The circuits described here are merely 
representative of what can be accom- 
plished with the help of a common pho- 
toresistor. For additional ideas, see my 
Engineer's Mini- Notebook: Optoelec- 

tronics Circuits (Siliconcepts, 1986), a 
Radio Shack book. I have also included a 
number of photoresistor circuits or 
circuits suitable for use with photore- 
sistors in The Forrest Mims Circuit 
Scrapbook (McGraw -Hill, 1983) and 
Forrest Mims' Circuit Scrapbook II 
(Howard W. Sams, 1987). 

Many other possibilities exist. For ex- 
ample, you might wish to design a circuit 
that uses photoresistors that have differ- 
ent spectral responses to detect objects 
that have different coloring. 

In any event, be sure to experiment 
with all kinds of photoresistors. Most 
published circuits specify CdS photore- 
sistors that have high light -to -dark re- 
sistance ratios. You may discover that 
other kinds of photoresistors will func- 
tion as well or better in a particular cir- 
cuit you have in mind. AE 
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New Developments in Op Amps and 
New Offerings from GE /RCA 

By Harry L. Helms 

Operational -amplifier devices have been 
around for so long that it's easy to take 
them for granted. Indeed, some op amps, 
such as the 741 and 1458 devices, have be- 

come de facto standards and familiar to 
generations of people. Although special- 
ized op amps have been created for cer- 
tain purposes, one might easily assume 
that general -purpose op amps reached 
their highest level of development several 
years ago and haven't improved since. 
But op amps have been subjected to 
steady and continuous improvement. 

Two prime examples of improved op 
amps are the LT1013 dual precision op 
amp and the LT1014 quad precision op 
amp, both from Linear Technology. The 
LT1013 is a pin- for -pin equivalent of 
popular dual op amps such as the 1458, 

LM158 and OP -221, while the LT1014 is 

a pin- for -pin equivalent of the 4156, 
LM324, LM328 and OP -11 op -amp ICs. 
While the pins and functions of the 
LT1013 and LT1014 are the same as oth- 
er widely -used op amps, their perfor- 
mance is not; both offer substantially 
better performance than the other devices. 

The LT1013 and LT1014 are known as 
"precision" op amps because they meet 
certain critical specifications better than 
conventional devices. For example, their 
drift is less than 2 microvolts per degree 
centigrade and the offset voltage is less 

than 150 microvolts. Common -mode re- 
jection is 117 dB and gain is in excess of 8 

million!. Supply current is only 350 mi- 
croamperes per amplifier section, and 
the output stage of each section can 
source and sink in excess of 20 milliam- 
peres of load current. These characteris- 
tics make the LT1013 and LT1014 espe- 
cially useful in such applications as in- 
strumentation amplifiers, multiple -limit 
threshold detection, multiple -gain 
blocks, and other situations where op 
amps must closely adhere to crucial per- 
formance targets. 

Both the LT1013 and LT1014 can be 

operated from a single 5 -volt dc power 
supply or a dual -polarity supply of up to 

Output A Output B 

- In A 

(A) 

In A 

Output A 

- In A 

1^, A 

(B) 

V- (case) 

2 

a 

7 

B 

6 

TOP VIEW 

- In B 

B 

V+ 

Output B 

- In B 

+ In B 

Fig. 1. Pinouts for LT1013 op amp in 

metal "can" (upper) and more familiar 
DIP package (lower). 

± 22 volts. In the "single- supply" mode, 
input voltage range extends to ground 
and the output swings to ground while 
sinking current. Both devices can operate 
with a supply potential down to 3.4 volts. 

Figure 1 shows pin connections for the 
LT1013 in both the "metal -can" (H) 
package and the familiar dual -inline 
(DIP) package. Figure 2 shows the pin 
connections for the LT1014. The accom- 
panying table gives specifications for 
both devices measured at dual polarities 
(± 15 volts). 

The theory and applications of the 
LT1013 and LT1014 are essentially the 
same as those of the devices they are 
functionally equivalent to. They can be 

used in any circuit where their functional 
equivalents can be used. However, the 

Output A 

In A 

+InA 

v+ 

+ In B 

- In B 

Output B 

1 14 

A 

q 
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C 

13 

12 

/ S 0 

-1 9 

8 

TOP VIEW 

O_itP..t 

In D 

+ In D 

+ In C 

- In C 

Output C 

Fig. 2. Pinouts for LT1014 op amp in 
standard I4 -pin DIP package. 

LT1013 and LT1014 really shine in cir- 
cuits where their precision characteristics 
are required. One example is shown in 

Fig. 3, which uses an LT1014 in a single - 
supply precision instrumentation ampli- 
fier. The resistors marked with an aster- 
isk must be 1- percent film types, while 
the diodes marked with a dagger indicate 
2N2222 transistors used as diodes. The 
gain of this particular circuit is found by 
the formula: 

Gain = (400,000 /RG) + 1 

in which resistor RG typically has a value 
of 2K ohms. The values of the 10K -ohm 
1- percent film resistors should be 
matched within 0.05 percent for highest 
precision operation. (This illustrates an 
important point regarding precision de- 

vices such as the LT1013 and LT1014- 
"precision" operation of the circuits us- 
ing them requires that other component 
tolerances must be higher as well.) Note 
that pin 8 of the LT1014 (an output of 
one of the amplifier sections) goes to 
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*1% film resistor, match 10K's 0.05% 

Gain equation: A - 400,000 + 1 

1-For high source impedance, use 2N2222 as diodes 

Fig. 3. Single -supply precision instrumentation amplifier built around single LT1014. 

shielding braid of the input cables for the 
amplifier. 

Figure 4 shows how the LT1014 can be 
used in a thermocouple thermometer ap- 
plication. The thermocouple is a 
YSI44007, a K type whose resistance is 
5K ohms at 25 degrees centigrade. Out- 

puts at pins 1 and 7 will show a change of 
10 millivolts for every degree centigrade 
change detected by the thermocouple. 
For greatest accuracy, all resistors used 
in this circuit should be 1- percent toler- 
ance film types. 

Precision characteristics of the 

NOTE: 
Use type K thermocouples. 
Use 4th amplifier for output C. 
All resistors = 1% film, cold junction compensation 

accurate to ± 1°C from 0 °C -50 °C. 

Output A 
10mV / °C 

Output B 

10mV / °C 

Fig. 4. A thermocouple thermometer application for the L T1014. 
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SOLID-STATE DEVICES .. 

+5V 
4.3K 3.4K' 
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TEMPERATURE 
COMPENSATION 

GENERATOR 

+5V 
o 

LT1013 

11 

1M 

OSCILLATOR SUPPLY 
STABILIZATION 

100K 10052 

+5V 

XTAL 
3.5MHz 

2N2222 

5M* 

4.22M' 20K 

7 
100K 

LT1013 
El OSCILLATOR 

510pF -- 
Output 

MV209 560K 3.5MHz 

NOTE: 1 0.03ppm /°C 
'1 %film. 510pF 68052 0 °C -70 °C 

4.22M* 3.5MHz XTAL = at cut -35 °20'. 
Mount RT near XTAL. 
3mA power drain 

Fig. 5. Both halves of an LT1013 used in a temperature- compensated crystal -oscillator application. 

LT1013 and LT1014 make these op amps 
useful in other circuits where you want 
output or performance restricted to a 
narrowly- specified range. Figure 5 shows 
both halves of an LT1013 used in a tem- 
perature- compensated crystal oscillator 
(TXCO). The YSI44201 thermistor is 

used in an amplifier /varactor network to 
produce a compensating voltage to cor- 
rect any drift in the oscillator's frequency 
caused by the temperature coefficient of 
the 3.5 -MHz crystal. All asterisked resis- 
tors should be 1- percent film types. The 
resulting output of the circuit holds at 3.5 
MHz within 0.03 parts per million (ppm) 
over the range of 0 to 70 degrees centi- 
grade, making it ideal as a precision fre- 
quency reference for digital counters and 
similar circuits. 

Not every application of the LT1013 
and LT1014 is quite as complex as the 
ones we've discussed so far. One example 
is shown in Fig. 6, which is a 9- volt -to -5- 

volt converter that uses both halves of an 
LT1013 for an efficiency of 75 percent. 
Inductor L is a Dale No TE- 3 /Q3 /TA 
used in a switching "preregulator" to 
control the voltage drop across the 
2N5434 FET to 200 millivolts. The out- 
put from this circuit is a well -regulated 5 

volts at 20 milliamperes. 

More information on the LT1013 and 
LT1014 and applications for them can be 
found in the "LT1013 /LT1014 Quad 
Precision Op Amp (LT1014) Dual Preci- 
sion Op Amp (LT1013)" data sheet 
available from Linear Technology. A de- 
sign for a 1 -Hz to 100 -MHz voltage -to- 
frequency converter using the LT1013 

LT1013/LT1014 Specifications 

Offset voltage (max.) 
Drift (max.) 
Offset current (max.) 
Minimum gain (5 mA load current) 
Slew rate 
Input voltage 

Supply current 
Supply voltage 

156 µv 
2pV/°C 
O. nA 

00,000 1, 

0. its 
E al to positive supply 
vo tage or 5 V below 
negative supply voltage 
500 µA 
± 5.2 V or + 5V (single supply) 
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1% 

120K 
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Fig. 6. A 9 -volt to 5 -volt converter using both halves of an LT1013. 

can be found in Linear Technology's Ap- 
plication Note No. 14, "Design for High 
Performance Voltage to Frequency Con- 
verters." Both are available from your 
nearest Linear Technology sales repre- 
sentative or from Linear Technology 
Corp., 1630 McCarthy Blvd., Milpitas, 
CA 95035 -7487. Your requests should be 
made on your business or professional 
letterhead. 

New from GE /RCA 
The former GE /RCA Solid State is now 
known strictly as GE Solid State, but new 
products identified by the "RCA" logo 
continue to be introduced by them. Two 
are the LM1822 and LM1823 video i -f 
signal -processing devices. Both devices 
contain PLL detector and i -f amplifier 
stages and can operate at frequencies up 
to 70 MHz. They are identical except that 
the LM1822 has a "white spot" noise in- 
verter for luma amplifiers. The chips are 
suitable for use in television receivers and 
cable converter applications. 

More information on the LM1822 and 
LM1823, along with applications cir- 
cuits, can be found in the data sheets for 
both available from GE Solid State, Box 
3200, Somerville, NJ 08876... Hints on 

using the GE Solid State CDP68HCO5C4 
microcontroller data -acquisition sam- 
pling system device can be found in 
"Low -Cost Data -Acquisition System 
Features SPI A/D Converter," an appli- 
cations note available from GE Solid 
State. This note describes a system for 
monitoring analog parameters (humidi- 
ty, rate of flow, etc.) using a system that 
has a serial peripheral interface (SPI) for 
use with personal computers. It's avail- 
able from the address given above. AIE 

Free Product Information 
Readers can obtain free information on 
products advertised by certain companies, 
as well as for some editorially mentioned 
products. Simply circle the appropriate 
number printed below an advertisement 
onto the Modern Electronics "Free Infor- 
mation Service" card bound into this is- 
sue. After filling in your name and ad- 
dress, just mail the postpaid card. Your re- 
quest will be forwarded directly to the ad- 
vertiser with a mailing label prepared by 
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VIII ELECTRONICS OMNIBUSIIIIIII 

By Curt Phillips 

In the July column, I discussed "Com- 
puter Communications," using modems 
and your telephone to connect your com- 
puter to the world. Well, as any ham -ra- 
dio operator knows, what telephones can 
do well, radios can do better -which 
leads us to the latest rage in computer -ra- 
dio communication: packet radio. 

Microcomputers + 
Ham Radio = Packet 
Actually, the equation isn't quite that 
simple, but the advent of amateur packet 
radio did come hot on the heels of the mi- 
crocomputer revolution. In 1978, the Ca- 
nadian Department of Communication 
authorized packet transmission on the 
amateur radio bands. The idea of a 

switched packet data network dates back 
to a RAND study in 1964, and the name 
came from D.W. Davies of the British 
National Physical Laboratory in 1965. 

However, it took the widespread avail- 
ability of moderate -cost computing pow- 
er to bring it to ham radio. 

The encouragement of the DOC caused 
a group of Montreal -area hams to organ- 
ize the Montreal Packet Network (MP- 
NET), which was the world's first ama- 
teur packet radio system. Soon thereaf- 
ter, in early 1979, the Vancouver Ama- 
teur Digital Communication Group 
(VADCG) was formed. The VADCG did 
pioneering work in amateur packet pro- 
tocols and hardware development. 

About 18 months (March 1980) after 
Canadian amateur packet radio was per- 
mitted, the FCC allowed U.S. hams to 
transmit in ASCII and operate radio 

Packet Radio 

packet switched networks. In late 1981, 

the Tucson (Arizona) Amateur Packet 
Radio Corporation (TAPR) was formed 
with the goal of lowering the cost of pack- 
et radio hardware. By the end of 1982, 

TAPR (pronounced "taper ") was testing 
a second -generation hardware design us- 
ing the newly created AX.25 standard. 

November 1983 saw the first shipment 
of TAPR packet hardware kits. The years 
since then have seen the introduction of 
packet hardware by numerous electron- 
ics manufacturers, many of them licens- 
ing the TAPR designs. Finding packet 
hardware now is easy, and the prices for it 
are similar to other hobby radio equip- 
ment ($200 to $300). 

How It's Done 
Although packet radio has some aspects 
in common with telephone modem com- 
munications, there are significant differ- 
ences. With a telephone modem, as 

shown in Fig. 1(A), you have a line of 
communications all to itself. If there is 

any time -sharing (and there usually is 

when you call the commercial services), 
all the equipment needed to accomplish 
this is owned and maintained by the ser- 

vice companies. You don't need to know 
anything about it to use it. 

With amateur radio, you can't be sure 
of having a frequency all to yourself. Be- 

sides, to better make use of the limited 
number of frequencies available to hams, 
promoting simultaneous use of frequen- 
cies is a worthy goal. Computerized data 
transmission is fast enough, however, 
that most of the time the frequency or line 

is not being used. By enabling other sta- 
tions to communicate during these pauses, 

the frequencies are more fully utilized. 
This is precisely what packet radio does; 
it assembles a "bundle" or packet of out- 
going information, sends it quickly, then 
waits for the next packet to be assembled. 

The procedures needed to make all this 
work are more complicated than con- 
necting a computer and modem to a 
phone line. Using a telephone connec- 
tion, most of the data is exchanged 
"blind "; that is, the sending computer 
has no idea whether the receiving com- 
puter accurately reproduced the data or 
not. Since the telephone line is usually not 
shared and is relatively quiet, most of the 
data is transferred correctly. For the most 
important data transfers, an error- check- 
ing protocol like XMODEM is used. 

On a radio frequency with multiple 
users, error checking is needed for all the 
data transmitted. On multiplexed fre- 
quencies, a means of reducing signal col- 
lisions (simultaneous transmissions) is 

also required. Finally, each packet of 
data needs to be addressed, so that if sta- 
tion "A" is communicating with station 
"B" on a given frequency, stations "C" 
and "D" also using that frequency will 

ignore the transmissions of stations "A" 
and "B." 

Many of these problems have been 
dealt with in creating the public tele- 
phone -based packet- switching networks, 
se after some experimentation, the 
CCITT (the International Telegraph and 
Telephone Consultative Committee) 
Recommendation X.25 protocol was 

modified for amateur radio use and 
named AX.25. Presently in its second re- 

vision, the AX.25 protocol allows for the 
unique aspects of ham radio, such as us- 

ing callsigns in the packet address, allow- 

Computer or 
terminal 

DATA F LOW 

(A) 

Computer or 
terminal 

(B) 

Modem Phone line 

Radio 
transceiver 

Antenna 

Fig. I. Equipment used for computer- telephone communication (A) and computer - packet radio communication (B). 
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Field name 

Length (in bits) 

(A) 

Field name 

Length (in bits) 

(B) 

Flag Address Control PID Information FCS Flag 

8 112 -560 8 8 <2048 16 8 

Flag Address Control FCS Flag 

8 112 -560 8 16 8 

Fig. 2. The Information frame (A) and Unnumbered and Supervisory frames (B). 

ing for unacknowledged packet transmis- 
sion for beacons, calling CQ, and the 
ability to re- transmit packets through 
several other stations (repeaters). 

Telephone modem communications 
are asynchronous, which means that data 
must be sent in groups of a specified 
length with start and stop bits defining 
each character. Packet radio's AX.25 
High -level Data Link Control (HDLC) 
provides for synchronous signals that use 
a flag field, as in Fig. 2(A), of eight bits 
(called not a byte, but an octet!) to "syn- 
chronize" the sending and receiving sta- 
tions' clocks. This permits a long packet 
or "frame" of data to be transferred 
without the overhead of start and stop 
bits for each character and allows for 
fields of varying lengths. 

The flag field is 01111110 (7E hex). In 
order to prevent any other octet in the 
frame from having this unique combina- 
tion, the originating station inserts a zero 
bit after any group of five consecutive 
one bits; this is called bit stuffing or, per- 
haps more accurately, zero bit insertion. 

The receiving station compensates for 
bit stuffing by discarding any zero bit af- 
ter a sequence of five one bits. If it sees a 
one bit after a sequence of five one bits, it 
recognizes that as the flag field. 

Next is the address field, which con- 
tains call letters of the originating station, 
the destination station and up to eight 
stations through which the packet is to be 
repeated (re- transmitted). After the ad- 
dress field is the control field, an octet 
that defines the HDLC frame as either In- 
formation, Supervisory or Unnumbered. 
The field that follows the control field is 
the PID (Protocol IDentifier) field, 

which indicates the type of network layer 
protocol (if any) is being used. 

Now the data to be transmitted is in- 
serted in the information field. Up to 256 
octets (before bit stuffing) are allowed in 
the information field. The Frame Check 
Sequence (FCS) field is where the error 
checking is accomplished. The originat- 
ing station calculates a 16 -bit number us- 
ing the frame data and the procedures de- 
tailed in ISO standard 3309 (a "corol- 
lary" of X.25). The destination station 
performs the same calculation on the 
frame field data and, if its answer is equal 
to the number in the FCS field, the frame 
is considered to be errorless. 

The foregoing is an Information 
frame. The Unnumbered and Supervis- 
ory frames, as shown in Fig. 2(B), control 
the link and data flow, and don't carry in- 
formational data. For instance, Super- 
visory frames are used by the destination 
station to signal that the data was re- 
ceived OK (ACKnowledge) or to request 
re- transmission. 

Dodge Ball 
So far, the protocol for error checking 
and addressing has been described, but 
what about collision avoidance? This is 
controlled by Carrier -Sense Multiple Ac- 
cess with Collision Detection (CSMA/ 
CD) circuitry. 

First, the packet station waits until the 
frequency is clear to transmit. If its trans- 
mission collides with another, perhaps 
due to two stations simultaneously deter- 
mining that the frequency was clear, it 
waits a random interval of time and re- 
transmits (after again checking to see if 
the frequency is clear). Usually this and 

the high speed of transmission allows sev- 
eral stations to coexist on each frequency. 
However, many stations on a given fre- 
quency will increase the incidence of col- 
lisions and the resulting delayed re- trans- 
mission, as well as increase the number of 
errors and resulting requests for repeats. 
Thus, the information throughput on a 
crowded frequency can suffer, though 
communication remains intact. 

Packet Hardware 
All the aforementioned manipulation 
and packetizing of data is performed by 
the Terminal Node Controller (TNC), a 
name coined by Doug Lockhart 
VE7APU of VADCG. The TNC is a 
computer in itself, most often using Z80 
or 6809 CPUs. Internal RAM is used to 
buffer the incoming data, ROM holds the 
programming and, usually, a dedicated 
chip (like the Zilog 8530) handles HDLC. 

Although the modem is technically a 
separate piece of equipment, as in Fig. 
1(B), most recent TNCs have a modem 
built -in and included in their cost. Since 
the TNC is a computer itself, and the 
computer is usually configured as a dumb 
terminal, why not use the computer's 
power as a TNC? 

Software -based TNCs do exist, but 
they have been hampered by several 
drawbacks. Different programs must be 
written for each type of computer. Be- 
cause of the precise and fast timing re- 
quired, the programs must usually be 
written in non -portable assembly lan- 
guage that requires significant develop- 
ment time. Also, with a software TNC, 
the user is stuck with the provided ter- 
minal interface, whereas with a hardware 
TNC, there are many choices of terminal 
interface software. 

Software -based TNCs have not be- 
come very popular, but if you can find 
one for your type of computer, they can 
provide an inexpensive way of getting 
started in packet communication. 

In coming months, I'll discuss specific 
types of packet hardware and communi- 
cation procedures. 

Your comments and suggestions are wel- 
come. You can contact me at P.O. Box 
678, Garner, NC 27529 or by computer 
on Delphi (CURTPHIL), Compuserve 
(733167,2050) or The Source (BDK887). 
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BOCA Research's "TophAT II" Memory Board and a 
Different Kind of Printer Switch 

By Ted Needleman 

This month, I'd like to play "catch -up" 
and expand upon several subjects touched 
on in past columns. Several months ago, I 

discussed some advantages and disad- 
vantages of buying a clone. One very def- 
inite advantage of a clone, which I didn't 
mention, was that almost every AT com- 
patible has the capability of handling at 
least 640K of RAM memory on the moth- 
erboard. 

Genuine "Big Blue" -brand ATs come 
equipped with 512K, and while you can 
add memory above this, you can't do it 
on the motherboard. Why IBM did 
things this way is beyond me. Perhaps at 
the time the AT was designed, "Big 
Blue's" engineers figured that 512K was 
more than enough memory. After all, the 
original PC (5150) came with only 16K on 
board. But MS -DOS has always had the 
ability to directly address 640K (called 
conventional memory), and with all the 
TSR (Terminate and Stay Resident) utili- 
ties, such as SideKick, which have prolif- 
erated in the past few years, the addition- 
al 128K RAM to bring an AT up to 640K 

not only makes sense, but its absence is 

often annoyingly felt. 
There are several ways around this 

problem. One way is to add a large -capa- 
city memory card. These use a variety of 
memory- addressing schemes to provide 
expanded and extended memory up to 4 

or more megabytes. For programs that 
can take advantage of this extra memory, 
such as some spreadsheets, graphics 
packages, and scanner software, the ex- 

tra memory makes sense. With a "true" 
AT, most of these cards allow you to use 

the first 128K to backfill the system's 
conventional memory, bringing it up to 
the 640K MS -DOS maximum. 

If, on the other hand, your applica- 
tions don't really need more than the 
640K that most clones offer, using one of 
these boards in an AT is not only overkill, 
but expensive overkill at that. The bare 
boards run anywhere from $150 on up. 
And with 256K RAM chips now averag- 
ing about $14 each, bringing the bare 
board up to 256K adds an additional $126 

to the tab. For a few dollars more than the 
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BOCA Research's "TophAT" II fills an AT or compatible computer's memory to 640K. 

cost of nine 256K chips, you can buy a 
TophAT II board from BOCA Research. 
This slightly less than half -size card 
comes populated with 128K of parity - 
checked RAM soldered onto the circuit 
board. The TophAT isn't meant to add 
additional memory to machines which al- 
ready contain 640K of system RAM - 
only to bring an AT (or AT compatible) 
up to this amount of total memory. If you 
later add additional memory boards, the 
TophAT can remain in the computer, al- 
lowing all of the memory on expansion 
cards to be used as expanded /extended 
memory. 

Installing the board is easy -it takes al- 
most as long to write about as to do it. 
Pop the cover on your system, remove the 
cover plate from an unused expansion 
slot, and insert the board. It must go into 
a 16 -bit expansion slot. Close up the cov- 
er and run the SETUP program included 
as part of the diagnostics disk. Change 
the memory setting from 512K to 640K, 
then follow the screen instructions to re- 

set the computer. When you reboot the 
system, the power -on self -test should 
now indicate 640K. That's the whole 
deal. There are no switches to set, and 
outside of resetting your system to know 
that 640K is installed, no software to run. 

This is the kind of product I like to re- 
view. It's easy to install, and does the job 
it's supposed to without any frustration. 

There's no flashing lights, and no DIP 
switches to set. Just plug it in and use it. 
The only possible problem might be with 
one of the original 6 -MHz ATs that have 
been souped -up with a new crystal to 10- 

MHz. The 150 -ns chips used in the 
TophAT will easily handle the standard 
6- or 8 -MHz clock speeds of an unaltered 
AT. The TophAT II costs only $145, and 
is covered by a two -year warranty. 
BOCA Research is well -known for its 

graphics boards, and they also have other 
memory products and I/O boards for 
IBM's new PS /2s. 

A Different Kind of 
Printer Switch 
Many of you will be familiar with the 
standard RS -232 serial printer switch. 
This device lets you plug two or more seri- 
al printers into the box, along with the se- 

rial I/O from a computer. Turning a 

knob determines which of the printers 
will receive the computer's output. This is 

a handy gadget to have if you have a low 

speed letter quality and high speed dot 
matrix printer that you use back and 
forth. Or, perhaps, you need to switch 
frequently from regular computer paper 
to labels or other special forms. 

Unfortunately, at least for many po- 
tential users, the computer world has in 

the last few years wholehardedly em- 

braced the parallel printer interface. Par- 
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allel switchboxes exist, but they tend to be 
fairly expensive devices. The major rea- 
son for this is that the serial printer inter- 
face usually uses only three or four con- 
ductors of a printer cable, whereas a par- 
allel interface requires many more con- 
ductors to transfer information. With a 
switch box, this translates into the differ- 
ence between switching four lines and 
twenty or so. Whether the switching is 
done mechanically (as many inexpensive 
units do) or electronically, more compo- 
nents, or more expensive components, 
translate into a more expensive product. 

Recently, however, I received a Smart - 
Print from Dresselhaus Computer Prod- 
ucts. Dresselhaus is the producer of an 
Epson printer upgrade called DotsPer- 
fect , which provides most inexpensive 
Epson printers with Near Letter Quality 
print capabilities. Years ago, when it was 
called FingerPrint, I had one on an MX- 
80 printer and was quite impressed with 
its quality, performance and value. The 
SmartPrint strikes me the same way. 

For $149, you receive a small (8 x 3.25 
x 1.5 -inch) metal box with six male DB- 

25 connectors for output to parallel print- 
ers, a centronics type connector for in- 
put, a small plug for the wall -plug -style 
ac power supply (included), and a soft- 
ware disk. The six output ports are la- 
beled "Parallel Port 1" through "Paral- 
lel Port 6" and each port has a small LED 
indicator that lights up when you select 
that particular port. SmartPrint also con- 
tains signal- boosting circuitry that allows 
you to use a 15 -foot cable run on both 
sides of the box. Printers, therefore, can 
be placed up to 30 feet from the comput- 
er with which they are used. 

Installing the box takes less than a min- 
ute. Plug a standard parallel printer cable 
between the SmartPrint and your PC. If 
you are using a hardware print buffer, it 
must be installed between the printer and 
the SmartPrint, not between the Smart - 
Print and the PC (you don't want to buf- 
fer the instructions which command the 
box to switch printers). Next run stan- 
dard printer cables between the Smart - 
Print and the printers you are using. 

The small instruction booklet that 
comes with SmartPrint states that you 

can also use SmartPrint to switch be- 
tween serial printers. You accomplish 
this by choosing "Printer 7" or "Printer 
8" from the selection menu. This toggles 
the output between COMMI and 
COMM2. I haven't tried it, but you 
should also be able to use SmartPrint as a 
standard RS -232 switchbox. After all, if 
it will switch enough lines to handle par- 
allel output, the few lines that handle seri- 
al throughput shouldn't pose a problem. 
First, you should still use a standard par- 
allel printer cable between the PC and 
SmartPrint, but it must be plugged into 
the PC's serial I/O port ( COMM1 or 
COMM2). The cables between the 
SmartPrint and the printers are standard 
serial cables. 

Secondly, for the switching software to 
work correctly, your application must be 
printing to LPT1. Redirecting the output 
through the COMM port is done using 
the MODE command found in DOS. 
Since the software (both the application 
and the pop -up printer selection utility) 
still think they are printing to LPT1, the 
SmartPrint should be more than happy to 
switch along from one printer to another. 

The software disk that accompanies 
SmartPrint contains several utilities. 
These include SPMENU.COM, a 5K 
memory resident utility that pops up a 
printer selection menu when you press the 
"Hot Key" (ALT and the Left Shift). 
SPCONFIG.EXE lets you customize this 
menu, adding descriptive phrases (such 
as laser printer, mailing labels, etc.) in 
place of "Printer 1," "Printer 2," and 
the like. This utility also lets you choose 
another set of keys for your "Hot Key" 
should you wish. SPSELECT.EXE is the 
same menu as SPMENU, but is not mem- 
ory resident. It can be called from DOS, 
or from within a batch file or program. 
The disk also contains SPOOL.COM, a 
64K RAM print spool, and a batch file to 
install the software on a floppy or hard 
disk. 

Once the software has been installed, 
you can switch printers by one of three 
methods. The pop -up utility can be in- 
voked with ALT /Left Shift key combi- 
nation. This will present you with a 
moving -bar menu for you to make your 

choice. If the utility SPSELECT.EXE is 
in the current directory, or in one which is 
accessible through the PATH command, 
typing "spselect P#," where P# is the 
number of the printer you want, will also 
switch to the selected printer. This com- 
mand is most useful if it is used from 
within a batch file to select a particular 
application. The third method is to use a 
command string from within a program 
or dBASE. The format of this command 
is PRNTR# (where # is the number of 
the printer). The pop -up menu utility, 
SPMENU, must be loaded for this com- 
mand to work. 

Except for one petty annoyance, I'd 
wholehardedly recommend SmartPrint 
to anyone who needs a parallel switch 
box. This complaint concerns the in- 
stallation routine. As part of the installa- 
tion process, the SmartPrint software 
creates an AUTOEXEC.BAT file to run 
SPMENU every time the computer is 
booted. 

Most other software that creates these 
AUTOEXEC files check to see if one 
already exists, and if it does the package 
modifies the existing file. SmartPrint's 
install routine, on the other hand, chose 
to simply rename my existing file (as 
AUTOEXEC.TMP) and install its own 
without mentioning mine had been 
replaced and renamed. When I rebooted, 
I had a few anxious moments until I went 
looking through the directory. This is not 
a major problem, but at the very least, the 
documentation should have made men- 
tion of this possibility. Other than this, 
SmartPrint looks like another winner for 
Dresselhaus. ME 

Products Mentioned: 
TophAT II 
BOCA Research, Inc. 
6401 Congress Ave. 
Boca Raton, FL 33487 
(305) 997-6227 

SmartPrint 
Dresselhaus Computer Products 
8560 Vineyard Ave. 
Rancho Cucamonga, CA 91730 
(800) 368-7737 
(714) 945-5600 
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Receiving Satellite Weather Photos 

By Hank Brandli 

I've always been a believer in the old ad- 
age that "a picture is worth a thousand 
words," but I was never more convinced 
of it as when I first saw a weather satellite 
photo. If you've seen such photos on TV 
weather reports, you probably think it 

takes a small fortune for sophisticated 
equipment to receive and reproduce their 
22,000- mile -high geostationary weather 
photos. You would be correct -at least 
for the TV stations. But the reality is that 
this need not be the case if you want to 
personally receive such photos from low- 
er- orbiting 500- mile -high meteorological 
satellites. Cost can be moderate, maybe 
only a few hundred dollars if you're al- 
ready equipped with a computer system. 

In this column, I'll be discussing my ex- 
periences in getting started in personal re- 
ception of weather satellite photos to help 
you get started. Along the way, I'll be dis- 
cussing the satellites themselves and give 
you some technical details on the fine art 
of receiving photos and interpreting what 
they mean. 

The "Birds" 
Day and night, polar- orbiting meteoro- 
logical satellites launched by the U.S. and 
U.S.S.R. take visual and /or infrared im- 
ages of every area on Earth from satellite 
platforms out in space. Next year, the 
Peoples Republic of China will join the 
weather -satellite community with a 
"bird" of their own, giving you more to 
tune in on and expanding your viewing 
horizons. These satellites circle the globe 
at altitudes ranging from 400 to 600 miles 
up, passing over the Earth every 100 min- 
utes or so, ceaselessly taking pictures and 
transmitting them back to ground stations. 

Two U.S. NOAA (National Oceanic 
and Atmospheric Administration) weath- 
er satellites in solar- synchronous orbits 
take, record and transmit to Earth photos 
of the same location at approximately 
9:00 a.m. and 9:00 p.m. and at 3:00 a.m. 
and 3:00 p.m.. Simultaneous visual and 
infrared (thermal) imagery 1,600 miles 
wide are processed during the day, while 
nighttime pictures, in the absence of visi- 
ble light, are infrared -only. This sum- 

Author, who has multiple sclerosis, at his home receiving station holding Soviet Meteor 
photo. Shown in background are borrowed Harris Laserfax and receiver. 

mer, a third NOAA weather satellite was 
to be launched to provide photos at 1:00 
a.m. and 1:00 p.m. 

Russia's Meteor III and IV spacecraft 
transmit mostly visual -only pictures that 
are 1,200 miles wide from orbital plat- 
forms. The near -polar paths of these two 
satellites permit photo- taking at increas- 
ing or the opposite times during the day. 
Whereas the 1,600- mile -wide NOAA im- 
ages can spot areas of cloud as small as 2 

miles on a side, constant across the image 
scan, the Meteor "shots" record locales 
as small as 1 mile square. Previous U.S. 
and U.S.S.R. meteorological spacecraft 
had poorer resolutions and distorted im- 
ages on the edges. 

The NOAA birds make a single pass 
every 101.58 minutes, which works out to 
14.2 orbits per day. The Meteor birds, on 
the other hand, make a pass every 105 

minutes, which works out to about 13.7 

x 

Blow -up of a Florida weather photo on the screen o. a ' adio Shack computer. 
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Welding rod elements 
mounted 22" 

above refelctor 

36" 36" 

Hardware cloth and plywood 

Cable A and Cable B 

each 21.5" long 
(coax cable RG62B) 

2" PVC coupling with a 
strap across shoulder and 

bolted to reflector 

Converted to coax type 
RG58 to receiver 

Construction details for simple antenna needed for receiving weather -satellite photos and photo of finished antenna (lower- left). 

orbits per day. Equator crossing times for 
I OAA -9 and NOAA -10 are 1530 local 
ascending and 0730 local descending, re- 
spectively. Equator crossing times for the 
Meteor spacecraft are variable. 

Orbits for the weather satellites aren't 
perfectly circular. For the NOAA birds, 
the average altitude is 850 km, while the 
Meteor birds average 950 km. 

Transmission frequencies of the U.S. 
birds are 137.50 and 137.62 MHz, while 
those for the Soviet birds are 137.30 MHz 
and 137.40 MHz. Transmit antenna po- 
larization in all cases is right -hand verti- 
cal. Subcarrier frequency is 2.4 kHz, 
while carrier deviation is ± 17 kHz. The 
ground station should have a 1.4 -kHz 

seventh -order linear filter for clear recep- 
tion. Synchronization is seven pulses at 
1,040 pulses per second, 50- percent duty 
cycle for channel A or seven pulses at 832 
pps, 60- percent duty cycle for channel B. 

For the technically minded, some of 
the more important transmission para- 
meters of the NOAA birds are detailed in 
the accompanying Table. 

The Antenna 
Though the U.S. government and com- 
mercial weather services may use very ex- 
pensive equipment for receiving and im- 
aging satellite weather photos, yours 
need not be quite as elaborate to get simi- 

lar results. Most of the equipment you 
need can be obtained from mail -order 
houses (and other outlets) for reasonable 
prices. However, one piece of equipment 
you will not so readily find is the antenna. 
This you will have to fabricate yourself. 
Fortunately, the task isn't very compli- 
cated and the cost for materials is very 
low. What you need to make the antenna 
is some PVC plastic pipe, four welding 
rods, some hardware cloth, plywood, co- 
axial cable and hardware. For most of 
this, your sources of supply will be a 
hardware store and lumber yard. 

Assembly details are given in the draw- 
ing. Note in the upper -right detail that the 
welding -rod elements that make up the 
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antenna proper must be mounted in a 

PVC plastic collar that snugly fits around 
the PVC pipe "mast." The elements 
mount at 90- degree angles to each other 
and must be held rigidly in place. 

Drill the four element holes in the plas- 
tic collar, sizing them so that the welding 
rods make a fairly tight fit when inserted 
into them. The welding rods should each 
be 43 inches ling and should not be 

trimmed shorter. Once the rods are in 
place, prepare both ends of two 21.5 -inch 
lengths of RG62B coaxial cable and wire 

them to the elements as shown. If the ele- 

ments appear to be a bit loose when you 
are done, use a fast -setting epoxy cement 
to anchor them in place. 

Cut the hardware cloth and plywood to 

36 inches square. Since this will be an out- 
door antenna, weather seal and paint the 
plywood to stand up to the elements. 
Then drill a '/4 -inch hole in the exact cen- 

ter of it. Staple or tack the hardware cloth 
to the plywood. This assembly will serve 
as the mounting medium and ground 
plane for the antenna. If you wish, you 
can also paint the hardware cloth for pro- 
tection from the elements. 

Fit the element /cap assembly onto one 
end of the 2- inch -diameter PVC pipe that 
serves as the mast and measure 22 inches 
from the elements down the length of the 
pipe. Mark this point on the pipe. Re- 

move and set aside the element /cap as- 

sembly. Cut the pipe to length at the 
marked location. 

About 6 inches from the bottom end, 

Three photos show, left to right Meteor 
2 -14, NOAA -9 and NOAA -10 views of 
the eastern U.S. on the first day of spring 
1987. With basically clear skies, the 
coastline is easy to separate from the 

Atlantic Ocean. 

On the Cover: Conversion from black and 

white to color is not restricted to the 
22,000 -mile -high geostationary satellite 
that views Florida every 30 minutes. Con- 

verting images taken by polar -orbiting 
National Weather Service meteorological 
satellites to color can provide far better 
resolutions to allow smaller areas to be 

viewed in greater detail by these low -level 

orbiting birds. 

APT Transmission Parameters 

Type of signal 

System output 
Frequency /polarization 

EIRP at 63 ° /nadir 

Antenna 
Gain at 63 ° /nadir 
Ellipticity circuit loss 

Transmitter power 
Carrier modulation index 
Premodulation bandwidth 
Subcarrier modulator 

Frequency 
Modulation index 
Post modulator filter 
Post modulator 3 -dB bandwidth 
Premodulator filter 
Premodulator 3 -dB bandwidth 

vhf, AM /FM 
2.4 kHz DSB -AM 
1.44 Hz video 

137.50 MHz /right -hand circular 
137.62 MHz /right -hand circular 
33.5 dbm worst case 
37.2 dbm nominal 

0.5 dbi /right -hand circular 
2.4 to 4.0 dB maximum 
5 watts minimum 
± 17 ±0.85 kHz 
0.1 to 4.8 kHz 

2.4 kHz 4} 0.3 kHz 
87% ±5 
3 -pole Butterworth 
6 kHz minimum 
3 -pole Bu terworth- Thompson 
(2.4 kHz t tinimum) 

drill a ''h -inch hole in the pipe. Then 
mount the pipe mast to the ground plane 
as shown in the lower -right detail in the 
drawing. Use a steel strap and a'h -inch 
bolt and nut to secure it in place. Then 
mount this assembly where it will be per- 
manently located. Choose a location that 
gives the antenna an unobstructed view 

of the sky, such as on a flat section of 
your roof. 

Run a length of RG58 coaxial cable 

from the lo 
ting up your 
ment to the 
cable throu 
mast and o 
and solder t 
end of the 
antenna ele 
and then ap 
sive over th 
the element 

tion where you will be set - 

eceiving and imaging equip - 
ntenna. Route the end of the 
h the hole in the antenna 
t through the top. Connect 
e end of this cable to the free 

62B cable connected to the 
ents. Tape the connections 
ly a coating of silicone adhe- 
entire joint to seal it from 
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Gently pull the RG58 cable back 
through the hole until the connection is 
halfway or so down the length of the 
mast and lower the element /collar assem- 
bly into place. Use the recommended 
bonding agent for the pipe to fuse the 
mast to the element /collar assembly. 
When fusing is complete, cut a circle of 
heavy -duty plastic to the same diameter 
as the collar and cement this over the 
open end of the assembly with silicone 
adhesive to seal it against the elements. 
Also, seal the cable entry hole in the pipe 
with silicone adhesive. 

Receiving /Imaging Gear 
After a stint as a weather -satellite special- 
ist with the U.S. Air Force, my ambition 
was to get current photos from low -level 
orbiting American and Russian satellites, 
using equipment installed in my home. 
Needless to say, whatever equipment I 

decided to use had to be priced within 
my budget. 

A "wide- angle" visual shot taken by 
NOAA -9 and snapped from the CRT dis- 
play of an Apple computer (upper) with a 

"blow-up" of Florida (bottom). 

U.S.S.R. 's Meteor satellite analyzed this winter scene sho wing a 
cold front moving through Florida. 

Visual (left) and infrared (right) photos transmitted by NOAA -9 
show snow near the Great Lakes and a cold front over Cuba. 
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COMMUNICATIONS ... 

Though I had been a professional 
weather -satellite specialist, I needed help 

in determining what I needed and, just as 

important, where I could obtain what I 

needed. Thanks to an amateur -radio 
friend, I got a lead on an inexpensive 
receiver from Vanguard Labs (196 -23 

Jamaica Ave., Hollis, NY 11412; tele- 

phone 718 -468- 2720). About the size of a 

hard -bound book, its cost of less than 
$200 is surprisingly low. For receiving the 

signals from the NOAA and Meteor space- 

craft, the receiver had to be equipped 
with five crystals. 

The remainder of the gear required for 

receiving satellite weather photos can all 

be obtained from various mail -order sup- 
pliers. These items include the receiver, a 

preamplifier and some type of imaging 
device. With regard to the latter, a fac- 

simile machine is a good start. Another 
better choice might be a computer, espe- 

cially if it's equipped for color processing 
and display, which can be used to display 
beamed -back weather pictures and pho- 
tograph them from the screen. 

My weather -satellite photo receiving 

station consists of the Vanguard Model 
FMR- 260 -PL receiver, but other receiv- 

ers, such as the Yaesu Model 9600 and the 
Uniden Bearcat 175XL scanner, both 
available from a number of sources that 
handle shortwave, ham -radio and scan- 

ning communications gear, can serve just 
as well. For the preamplifier, I chose the 
Vanguard Model 102 -W low -noise r -f 
model. Again another preamp, such as 

the Hamtronics, Inc. (650 Moule Rd., 
Hilton, NY 14468; telephone 716 -392- 

9438) Model LNA -144, can be substi- 

tuted. I also use a facsimile machine, pur- 
chased on the "surplus" market, which I 

use as a hard -copy imaging device. Keep 

in mind that personal computers- speci- 

fically those from Apple and IBM - 
make great processing and imaging de- 

vices. Plug -in cards and software are 

available for weather -satellite image pro- 
cessing from Jim MacLean (2112 S. Par- 
sons Ave., Melbourne, FL 32901; tele- 

phone 305 -727- 3646). 

Seikosha Co.'s (Cupertino, CA; tele- 

phone 408 -446 -5820) Model VP -115 

printer can capture images directly from 

a CRT screen. It carries a price tag of 

$900 and is well worth looking at if you're 
serious about reproducing weather- satel- 
lite photos as a hobby. 

Computer processing requires digital 
data signals. Therefore, the audio output 
from the receiver must be converted into 
a format usable by the computer. This is 

accomplished with an interface card and 
some software, which may cost you a few 

hundred dollars, but a lot less than if you 

were to start from scratch with no equip- 

ment at all. With a computer setup, high - 

quality hard -copy prints can be obtained 
at a fraction of the cost of what they used 

to be. Too, the computer can be used to 

program satellite acquisition times and 
locations exactly. 

Much of the equipment you need for 

receiving and imaging weather -satellite 
photos can be purchased at bargain prices 

from dealers who do business on the so- 

called "surplus" market. For example, 
for receivers, try Fair Radio Sales Co., 
P.O. Box 1105, 1016 E. Eureka St., 
Lima, OH 45802, tel.: 419 -223 -2196; for 
FAX equipment, try Atlantic Surplus 
Sales, 3738 Nautilus Ave., Brooklyn, NY 

11224, tel.: 718- 372 -0349. 

Up and Running 
Having set up your equipment, you check 

the time. A weather satellite is due for a 

fly -by. You turn on the equipment and 
listen. Soon you hear the thump . . . 

thump ... thump ... of its arrival. You 

watch your computer screen and, there 
before your eyes, a picture appears. It's 
at that moment that you know for a cer- 

tainty that a picture can, indeed, be worth 
more than a thousand words. 

Once you're up and running, you'll 
most likely want to leave your receiver on 

at all times so that you won't miss a fly- 

by. However, to determine exactly when 

a satellite is to pass overhead, you should 
get the daily APT prediction message 

transmitted over worldwide communica- 
tion circuits under the heading TBUS -1 

for north -to -south orbits during daylight 
hours or TBUS -2 for south -to -north 
swings. These tell you the exact locations 
and times of successive passes each day. 

A good source for any satellite status and 
electronic bulletin board service is the 

APT Coordinator, Direct Readout Ser- 

vices, U.S. Dept. of Commerce, NOAA/ 
NESS, Washington, DC 20233. 

Visual satellite photos are very easy to 
interpret. Clouds are in white and land 
masses are simple to trace. Infrared pho- 
tos, on the other hand, are somewhat 
more difficulä to interpret. Infrared film 

records thermal properties. Hot tempera- 
tures appear as black images and cold 
temperatures appear as white images. 
Since high clouds, for example, are cold- 

er than lower ones, the former are much 
whiter in the pictures. Infrared cameras 
are used exclusively at nighttime to detect 

clouds and thermal properties. With no 

cloud covers, land and water tempera- 
tures can easily be distinguished in infra- 
red images. 

The ability to differentiate between 

clouds is important because cold fronts 
are very easy to detect on photos and can 

be tracked to determine velocity of move- 

ment. By using such information, an ex- 

act time for arrival of a weather front can 

be predicted. 
You may at first have some difficulty 

in interpreting the photo images you re- 

ceive, as illustrated by the photos shown 
here. Without the explanatory legends on 

them, many people not versed in 

"reading" weather -satellite photos 
might be hard pressed to understand 
what they are seeing. As time goes by, 

you'll likely become as adept as many a 
professional meteorologist is at inter- 
preting these photos. 

Due to advances in color digitizing 
photography, observers now have a 

choice of colors that can be spread across 

any temperature range. Using computer 
techniques, any color can be assigned any 

temperature value for a specific photo to 

enhance detail and understanding. 
Twenty years ago, as a professional 

weather -satellite specialist with the Air 

Force, I used equipment costing more 

than ten times what my home station cost 

me. Oddly, I got less reception then than I 

do now with my "amateur" setup. This 
says a lot for technical maturity on my 

part and that of the equipment being 

used. Beyond this, I get a tremendous 
amount of pleasure from my hobby, and 
so will you. 
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 !IJIll/ SOFTWARE FOCUS /11u111 
"Special Days " Software 

By Art Salsberg 

Two low -cost software packages from 
Salinon Corp. (Dallas, TX; 800 -722 -0054) 
-"Special Days" and "Footprints in 
History " -let you produce personalized, 
nostalgic documents that will doubtlessly 
be appreciated as a gift by any recipient. 
Each lists for only $39.95 and runs on 
IBM PCs and compatibles. Just 256K 
RAM with DOS 2.1 is required, though 
"Footprints" needs 320K with DOS 
3.0 + , an easily met requirement. In 
keeping with today's trend in software, 
the programs are not copy protected. 

Special Days (Version 1.1) spotlights a 
person's memorable day (birthday, anni- 
versary or any other chosen day) with a 
headline greeting, followed by a bevy of 
interesting happenings on that day and in 
that year. A built -in historical library 
contains a vast amount of information to 
accompany the date chosen, such as 
names of famous people born in the same 
year, best entertainment (movie, actor, 
etc.), prices of commodities such as but- 
ter, popular songs, celebrities from the 
state a person is from, and so on. 

The program is menu driven, has help 
screens (Function Key FI), and operates 
in color or monochrome. At the user's 
option, reports can be generated with dif- 
ferent contents for the same date chosen, 
too. An ASCII file of the last document 
made is automatically created, and 
there's support for multiple printers, in- 
cluding Hewlett -Packard's LaserJet, in- 
cluding a font file for the latter. 

To enhance the personal document, 
you can use parchment paper on your 
printer. Two sources are noted in the ac- 
companying user's guide. For a truly 
complete gift, the document can then be 
packaged in a picture frame. The pro- 
gram worked flawlessly and its parallel - 
running history was very interesting. 

The second program, "Footprints in 
History," lists multiple milestones in a 
person's life, surrounded by historical 
happenings in the same period. It oper- 
ates in the same manner as the company's 
"Special Days," so that if you've used 
one the other is strikingly familiar. Its 
output is different, though. 

SPF,CIRL DRYS 

Please make selection 

with arrow keys. 

Then Press Return. 

ttr) 

QUIT 

USER OPTIONS 

FLASHBACK RPT 

ANNIVERSARY RPT 

BIRTHDAY REPORT 

Type of Report 

Automatic Paging 

Number of Days Before and After 

Suppress Printing of Year Lines 
for Years Without Events 

Business 

Timeline 

Yes 

68 

napShot 

Mo 

Mo 

TYPES OF HISTORICAL EVENTS TO INCLUDE IM REPORT 

Science 

Strange 

Fl-Help 

Arts /Entertain 

US History 

FUNCTION KEYS 

F2 -Run SnapShot Report 

Sports 

International 

Esc-Previous Screen 

Some user options shown on screen for "Special Days" and `Footprints" programs. 

Footprints has seven libraries that the 
user can tap: International, U.S. His- 
tory, Business, Science & Technology, 
Sports, Arts & Entertainment, and 
Strange & Weird. Each year is followed 
by a series of dates and historical occur- 
rences, with the individual's name to- 
gether with his or her personal event 
printed in capital letters and boldfaced. 
With such a resource, a document can be 
quickly created that provides one with a 

snapshot of events that happened when a 
special moment in one's life occurred. 

The Footprints program enables you 
to edit occurrences, adding other inter- 
esting aspects of times past. It makes use 
of ten function keys to simplify actions. 

I found both programs to be delightful 
people -to- people programs, priced right, 
and easy to use. The results can make 
great gifts for friends, relatives, and busi- 
ness associates. 

CIRCLE 55 ON FREE INFORMATION CARI) 
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Automotive Back -Up Alarm (from page 45) 

thing is okay, power down the circuit 
and install the ICs in their respective 
sockets. Make sure the ICs are prop- 
erly oriented and that no pins over- 
hang the sockets or fold under be- 
tween ICs and sockets as you push 
the chips home. 

You must now perform an opera- 
tional check. To do this, you need 
about a 10 -foot length of speaker zip 
cord. Separate the conductors at 
both ends of the cord a distance of 4 

to 6 inches. Strip ''A inch of insula- 
tion from the conductors at both 
ends, tightly twist together the fine 
wires and sparingly tin with solder. 
Attach medium -duty spade lugs at 
one end of the cable, soldering them 
into place to assure mechanically and 
electrically sound connections 

Secure the spade lugs to the SPKR + 

and SPKR - contacts of the terminal 
strip or barrier block. Connect the 
conductor whose insulation is ribbed 
or otherwise identified to the SPKR + 

contact, the other conductor to the 
SPKR - contact. Solder the identified 
conductor at the other end of the ca- 
ble to the speaker's "hot" lug and 
the other conductor to the speaker's 
other lug. 

Power up the project. The audio 
tone should be heard from the speak- 
er at this time, pulsing on and off as 

described above for as long as power 
is applied. If you do not hear the tone 
or it is very low in volume, adjust the 
setting of R6 as necessary, assuming 
you are using the optional power -am- 
plifier circuit to drive the speaker. 
Note also that the LED (if used) 
lights in step with and for as long as 

the tone is heard. 
Once the project is working as it 

should, power it down and discon- 
nect from it all cables. You a :e now 
ready to install it in your vehicle. 
Keep in mind that mud, snow, rain 
and mechanical vibrations present a 

hostile environment for this project. 
If you plan on installing the proj- 

ect box in the engine well of your ve- 

hicle, use silicone adhesive to seal it 

from contaminants. Apply the adhe- 

sive to all openings: mounting hard- 
ware holes for the circuit -board as- 
sembly, rear of the LED and its hold- 
er and entire perimeter of the termin- 
al strip or barrier block. If the enclo- 
sure is metal, seal all its joints. What- 
ever the type of enclosure being used, 
seal around its lid or chassis half. If 
the project box will be mounted in- 
side the passenger compartment, 
where the only consideration will be 
mechanical vibration, you do not 
have to seal it. 

To provide insulation from me- 
chanical vibrations, place self- adher- 
ing (one side only) foam rubber strips 
on the outside of the enclosure and 
secure it in place in some convenient 
location where the LED will be read- 
ily visible inside your vehicle with a 
pair of sheet -metal screws. Place a 
flat washer and a small rubber grom- 
met on each screw before placing the 
screws in the mounting holes drilled 
for them. Tighten the screws until the 
rubber grommets and foam -rubber 
strips are only slightly compressed. 

The speaker used for this project 
should be an outdoor type that can 
bear up to the elements. Desolder the 
cable from the speaker and reconnect 
it to the terminal strip or barrier 
block, observing polarity. Mount the 
speaker in any convenient location 
that will readily permit the beep to be 
heard. A good location is inside the 
engine well, where it will be some- 
what protected from the elements. It 
can be mounted on the firewall or on 
a fender, whichever is more conve- 
nient and will not cause interference 
with engine operation or other ele- 
ments inside the engine well. 

Route the free end of the speaker 
cable from the project box through 
the firewall. Determine how long the 
cable should be with about 8 inches 
of slack and cut it to that length. Sep- 
arate the conductors a distance of 
about 3 inches. Then strip 'A inch of 
insulation from both remaining con- 
ductors, tightly twist together the 
fine wires and sparingly tin with sol- 
der. Connect and solder the identi- 

fied "hot" conductor to the "hot" 
lug and the other conductor to the 
other lug on the speaker. Secure the 
cable in place with cable ties to other 
cables in the engine well. 

Now enlist the aid of a relative or 
friend to trace your vehicle's wiring 
to the bads -up lights. Use a dc volt- 
meter or multimeter set to dc volts to 
determinewhere to make the connec- 
tion to the back -up light circuit. Re- 
member, the correct connection point 
should give a + 12 -volt meter reading 
only when the vehicle's transmission 
is placed in reverse gear and the back- 
up lights are on. You should have no 
meter indication with the transmis- 
sion set to any other gear. 

Once you know which wire to 
make the connection to, trace it as far 
forward a; possible to make the actu- 
al connection. Using the spade lugs, 
secure your twisted -pair power cable 
to the project's terminal strip or bar- 
rier block, observing polarity. 

Route the free end of the cable 
through the firewall into the engine 
well to the point where you will be 
making the + 12 -volt connection to 
the back -up light circuit. If you are 
making this connection to an existing 
conductor run in the vehicle's elec- 
trical system, split the conductor. 
Trim the red -insulated conductor of 
the power cable as needed, leaving 
about 6 inches of slack. Strip from 
both ends of the split electrical -sys- 
tem back -up light conductor and the 
red -insulated power conductor =/a 

inch of insulation. 
Slip over the free ends of the red - 

insulated conductor and one of the 
other conductors a 4 -inch length of 
small -diameter heat -shrinkable tub- 
ing. Then tightly twist together all 

three conductors and solidly solder 
the connection. Bend the soldered 
conductors flat against the conduc- 
tor that does not have the tubing over 
it and slide the tubing over the con- 
nection. Center the tubing over the 
connection and solidly shrink into 
place. When this is done and the tub- 
ing has cooled, seal the ends of it with 
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silicone sealant. 
Trim the black -insulated conduc- 

tor to suitable length and fasten to 
the remaining end a medium -duty 
ring -type lug. Locate a chassis - 
grounded screw on your vehicle to 
which to fasten this cable. Remove 
the screw and, if necessary, sand it 
with fine emery cloth until the sur- 
face around the hole is bright and 
shiny. Place a toothed lockwasher on 
the screw, followed by the conduc- 
tor's ring lug and another toothed 
lockwasher. Drive the screw solidly 
back into the hole from which it was 
removed. 

A final note on safety: Always ex- 
ercise extreme caution whenever you 
back up your vehicle, even when us- 
ing a "beeper" like the one described 
here. Little children may not under- 
stand the meaning of the beeping 
sound, and hearing- impaired people 
may not hear the alert. AIE 

Wireless Data Link (from page 27) 

ends, including baud rate, number of 
data and stop bits, and parity. The 
Wireless Data Link will operate at 
300 baud or slower if desired. 

Turn on the system, including 
both Wireless Data Link units. 
When the system is set up properly, 
data sent by the transmitting end will 
appear at the receiving end just as it 
would if you were using a hard -wired 
cable link. If you have set up a com- 
puter-to- printer link, the printer 
should operate just as if it were sim- 
ply cable- connected to the computer. 
Since the Link communicates in only 
one direction, the printer must be 
able to keep up at 300 baud, or it 
should have a buffer that is large 
enough to hold the entire transmis- 
sion. Most dot -matrix printers can 
easily keep up at this rate (300 baud 
translates to about 30 characters 
per second). 

If you are receiving data that is 

garbled or otherwise not intelligible, 
double -check the communications 
protocol. If possible, cable -link the 
two devices, without using the Wire- 
less Data Link to first make certain 
that the system is properly set up and 
operating as it should. This will con- 
firm that the two ends can communi- 
cate and eliminates the end devices as 
sources of error. When you have the 
cable -link arrangement working, re- 
place it with the wireless link and you 
are ready to transmit. Aff 

1 -MHz to 2 -GHz Amplifier (from page 38) 

all four pins of both ICs are soldered 
into place. 

Keep in mind that the MAR -6 ICs 
are delicate devices that can easily be 
damaged by excessive heat. There- 
fore, apply the tip of your soldering 
iron to the junction between IC pin 
and solder- coated land only long 
enough to assure a good electrical 
connection. It helps, too, to wait a 
few seconds before applying heat to 
each pin /land junction to allow the 
IC to cool off. Alternating between 
the ICs as above, you will allow the 
ICs to cool off between soldering op- 
erations. 

The type of BNC connectors used 
for 11 and J2 in the prototype of the 
project is designed for perpendicular 
pc mounting, though in this case they 
were edge mounted directly to the 
board. When mounting these con- 
nectors in place as shown, make sure 
the center -conductor pins solder di- 

rectly to the indicated micro -strip 
land conductors on the board. 
Ground connections are critical; so 
be sure you make good solid connec- 
tions here. During installation, take 
care not to torque the center- conduc- 
tor center pins or you may peel up the 
micro -strip copper trace to which 
they connect. If this occurs, the 
board will be ruined as far as full - 
bandwidth operation is concerned. 

If you are using the 9 -volt transis- 
tor battery to provide power for the 
circuit, tack solder the unfinished 
conductor ends of the battery snap 
connector to the indicated points on 
the circuit -board assembly. Make 
certain that the red -insulated con- 
ductor goes to the " + " land and the 
black -insulated conductor goes to 
the ground that surrounds the board. 
Alternatively, connect the ac- operat- 
ed power supply to the circuit board 
in the correct polarity. Then connect 

the amplifier into the system with 
which you wish to use it, snap into 
the connector a 9 -volt transistor bat- 
tery or turn on the ac supply, and the 
project is ready to operate. 

Parting Remarks 
I measured the gain of this r -f ampli- 
fier prototype using several signal 
generators (I had access to no single 
generator that could cover the entire 
1- MHz- to -2 -GHz band!), a frequen- 
cy counter and an r -f power meter. 
The results are shown in Fig. 3. Even 
with the economy approach used for 
designing this amplifier, the results 
are quite impressive. R -f chokes 
could have been added in series with 
bias resistors Rl and R2 to increase 
the circuit's gain, but this would 
probably not be worth the additional 
cost and circuit complexity for most 
applications. 
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GFCI Calibrator /Tester (from page 51) 

you connect the free ends of the wires 

coming from the LED assembly that 
they go to the proper points in the cir- 
cuit before soldering them into place. 

Operational Checks 
Set toggle switch S3 to OUT. Plug a 

three -conductor extension cord into 
SOI and its plug into a three -con- 
ductor ac outlet -not the GFCI. 
Press and hold pushbutton switch S4 

(located just below the line of LEDs). 
At this point, green LED2 should be 

on, indicating voltage between the 
hot and neutral lines. Also, red 
LEDI should be off, indicating no 
voltage between neutral and ground, 
and green LED3 should be on, indi- 
cating normal voltage between hot 
and ground. If the project fails this 
test, check its wiring and that of the 
ac outlet into which it is plugged. 

Once the project has passed the 
LED test, plug it into the GFCI unit 
and press the pushbutton switch be- 
low the LEDs. Now green LED3 
should flash and the GFCI should 
trip because the current in the diode 
is a ground -fault current condition 
that exceeds 5 mA. 

Plug a three -contact to two -con- 
tact adapter onto the end of the proj- 
ect's line cord. Plug the adapter into 
the ac outlet in reverse. Red LED] 
should light, indicating reversed 
polarity. 

Zener diodes D7 and D8 should be 
reasonably well matched to minimize 
the dc component of the clipped sine 
wave they generate. Connect a dc 
voltmeter or multimeter set to mea- 
sure dc volts from GROUND jack Jl to 
the upper end of R17. Set S3 to IN 

and apply ac power to the project. If 
the measured potential is greater 
than 1 volt, replace D7 or D8 for a 

closer match with the remaining 
zener diode. 

ZERO ADJUST potentiometer R18 

must now be set to cause the GFCI to 
trip when TRIP control R17 is set to 
approximately 500 ohms. With no 
power applied to the project and S3 

set to OUT, set R17 to about 500 

Fig. S. Test circuit for checking 
leakage currents of TV receivers, 
VCRs and other consumer products. 

ohms, as indicated on an ohmmeter. 
Set R18 for maximum resistance and 
close S3 by setting it to IN. Plug the 
project into the GFCI. If the GFCI 
trips, the value of R16 is too small 
and must be increased. If the GFCI 
does not trip, slowly decrease the set- 

ting of R18 until the GFCI trips. If it 
does not trip, the value of R16 is too 
large and must be decreased. 

When you are finished setting 1217, 

you have set it for the zero index trip 
point. Rotate the knob on R17 so 

that its pointer is at the 7 o'clock po- 
sition on the panel and make a pencil 
mark at this first trip -point location. 
Set R17 fully counterclockwise and 
place a mark at the dial location to 
which its knob points. 

It is not necessary to calibrate 
RI7's dial because you can set the 
control against fault currents se- 

lected with rotary switch Si. If you 
do calibrate R17's dial, though, the 
calibration applies to only the GFCI 
used during calibration, the one on 
your workbench. With a calibrated 
dial, the project can be used to check 
leakage currents. 

As an example of calibrating the 
dial at the 1 -mA trip setting, set R17 
fully clockwise, set SI to the 1 -mA 
position and press and hold S2. Slow- 

ly adjust R17 counterclockwise until 
the GFCI trips and mark the location 
to which the pot's knob is pointing at 

that time. Do the same for all 11 posi- 
tions of SI under the same conditions 
and mark the panel at each position 
R/ 7's knob points. When you are 
finished, remove the control knob 
from R17 and label its dial plate ac- 

cordingly. Mask off the rest of the 
panel and spray on two or more light 
coats of clear acrylic to protect the 
new legends from scratching. 

Applications 
A GFCI cannot protect itself from 
excessive load current. If the branch 
circuit has a 25- or 30- ampere circuit 
breaker, plug into the project's re- 

ceptacle an ac power strip that has a 
15- ampere circuit breaker built into 
it. If the power strip also has an emi 
filter, plug the GFCI into the strip. 

The GFCI Calibrator /Tester checks 
a GFCI by applying known fault cur- 
rents. To do this, set the toggle switch 
to OUT to remove pre -load fault cur- 
rent. Unplug any load connected to 
the GFCI and any other receptacle 
that is protected by the GFCI. Set the 
rotary switch on the project succes- 
sively to each position between 2 and 
8 mA and press the pushbutton switch 
below the rotary switch for each posi- 
tion selected until the GFCI trips. A 

good GFCI may trip at 4 mA but 
more likely at 6 mA. A trip -point at 
higher or lower current settings indi- 
cates that the GFCI is not within nor- 
mal specifications. 

You can check the "hot" leakage 
current of electrical and electronic 
equipment if you have calibrated 
RI7's dial. However, first perform 
the "cold" leakage current test with 
no ac power applied. To perform this 
test, connect a jumper wire across the 
prongs of the equipment's ac line 
cord plug and set the power switch to 
on. Using an ohmmeter, check the re- 

sistance from the prongs of the line 

cord to external exposed metal parts 
on the equipment. The meter should 
indicate at least 50 megohms. Prod- 
ucts that have three -conductor line 

cords shóuld yield a resistance read- 
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ing from the grounding (half- round) 
prong to external metal parts of zero 
ohm (a complete short) but at least 
50 megohms between the other two 
prongs and the exposed metal parts. 

A leakage- current "hot" test is 
performed with ac power applied and 
the equipment turned on. In Fig. 5 is 
shown the circuit to use for checking 
leakages on TV receivers, VCRs and 
similar consumer products. The bot- 
tom end of the resistor connects to an 
earth ground, such as a cold -water 
pipe. To perform this test, use an ac 
voltmeter that has an input imped- 
ance of at least 5,000 ohms per volt. 

With all cabinet parts and insula- 
tion in place, touch the meter's probe 
to all exposed metal screw heads and 
metal parts. The maximum specified 
voltage limit varies from 0.3 volts 
(0.2 -mA leakage current) up to 0.75 
volt (0.5 -mA), with 0.45 volt (0.3- 
mA) being typical. Reverse the equip- 
ment's line cord in the ac receptacle 
and repeat the test. 

When using the GFCI Calibrator/ 
Tester, verify proper operation be- 
fore proceeding with any tests. Un- 
plug the load from the project and set 
the toggle switch to IN. Slowly rotate 
the potentiometer control's knob 
clockwise to the zero index and verify 
that the GFCI trips. At the zero in- 
dex, you may notice a negligible dis- 
crepancy of roughly 0.05 mA, de- 
pending on actual line voltage. 

To check leakage of a soldering 
iron that has a two -prong line -cord 
plug, perform the above zero -index 
test with the iron unplugged from 
and plugged into an the receptacle on 
the project with no ground wire. The 
results should agree with each other. 

Ground the tip or barrel of the iron 
to earth through a 1,500 -ohm resis- 
tor. Slowly adjust the setting of the 
project's potentiometer control 
counterclockwise until the GFCI 
trips and make a note of the leakage 
current indicated. 

Next, adjust the setting of the con- 
trol fully clockwise and reset the 
GFCI. Reverse the iron's line cord in 

LED1 LED2 LED3 

RED GREEN GREEN 

Correct D 

Open GND 

Open hot 

Cpen neutral 

Hot/GND 
reversed 

Hot/Neutral 
reversed 

See text D 

LEGEND: 

=LED on =LED off 

Fig. 6. Table lists indications for 
various combinations of LED op- 
eration. Cut this out or photocopy 
it and cement it to the project for 

ready reference. 

the receptacle and slowly adjust the 
control's knob counterclockwise un- 
til the GFCI trips and again note 
the current. 

When using this project, limit the 
"hot" leakage current test to prod- 
ucts that draw no more than 400 
watts of power from the ac line. This 
limits a zero -index offset error to 
about 0.05 mA for power on and off 
conditions with no ground wire at- 
tached (zero fault current). A 
1,500 -watt load with no ground wire 
attached produced a 0.2 -mA zero -in- 
dex error on switching from power 
on to power off. 

The table shown in Fig. 6 lists vari- 
ous on /off combinations for the 
three test LEDs and associated wir- 
ing faults. As with commercial pock- 
et testers, all LEDs light (red bright 
and green dim) if the "hot" terminal 
(brass -colored) is open and the re- 
maining terminals carry the hot con- 
ductor in addition to neutral or 
ground in any combination You 
should cut this table out (or a photo- 
copy of it) and cement it to one of the 

Say You Saw It In Modern Electronics 

walls of the project for ready refer- 
ence whenever making tests. 

A products that has a three -con- 
ductor ac line cord may include a 
built -in emi filter that includes capa- 
citors connected from both lines to 
ground. A test on an emi filter re- 
vealed a 0.3 -mA capacitive current to 
ground that pre -loads the GFCI and 
adapter trip -point settings. When 
protecting a power strip that has a 
number of instruments plugged into 
it, measure the combined leakage 
current and set the project's poten- 
tiometer control to a suitably higher 
trip -point current. AE 
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VIDEO 

PROJECTION TV ... Convert your TV to 
project 7 foot picture ... Easy! ... Results 
comparable to $2,500 projectors ... PLANS 
AND 8" LENS $24.95 ... Professional Sys- 
tems available ... Illustrated Catalog FREE 
. . . MACROCOMA 15MA Main Street, 
Washington Crossing, Pennsylvania 18977. 
Creditcard Orders 24 HRS. (215) 736 -3979. 

COPYGUARD CORRECTOR RESTORES 
RENTAL MOVIES. Connects between 
VCRs. Satisfaction Guaranteed. $59.95 plus 
$4 handling. 1-800-338-8751. 

VHS -VCR repair solutions volumes I, II, III. 
Each contains 150 symptoms and cures, cross 
reference chart, free assistance. Each $11.95, 
any two $19.95, all $29.95. Eagle Electronics 
Dept. A, 52053 Locks Lane, Granger, IN 
46530. 

CABLE TV CONVERTER /DESCRAM- 
BLERS - Original Factory Zenith, Tocom, 
Scientific Atlanta, Oak, Jerrold, Panasonic - 

Remotes, Video Accessories, Kits. Best Buys/ 
Warranties - FREE CATALOG. ARIZONA 
VIDEO, 7739 E. Broadway, #108, Tucson, 
Arizona 85710. (602) 323 -3330. 

INFRARED -BEAM CHECKER tests VCR, 
TV and other invisible -IR remote controls. 
Self- contained, business -card size, guaran- 
teed. Only $6 plus $1 P &H. Soltek Enter- 
prises, P.O. Box 185, Merrick, NY 11566. 

VCR REPAIR COURSE home study details 
$2, VCR maintenance guide $8.50, VCR /TV 
adjustment tape VHS $18.50. Western Hemi- 
sphere Enterprises, Box 673, Commack, NY 
11725. 

VIDEO Sender no wires watch TV in any 
room even on the patio; 69.95 plus $5.95 ship- 
ping; Money Order, Check, COD to Video 
Sender, 481 West Willow, Suite 103, Long 
Beach, CA 90806. 

ELECTRONICS 

LASERS and OPTICAL COMPONENTS. 
Write for free catalogue. M.J. Neal Co., 6672 

Mallard Court, Orient, OH 43146. 614- 
877 -3719. 

VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Catalog 
$1.00: XANDI ELECTRONICS, Box 25647, 
"AA ", Tempe, AZ 85282. 

$$$$$ SUPER SAVINGS $$$$$ 
on electronic parts, components, supplies and 
computer accessories. Free 40 -page catalog 
for self -addressed and stamped envelope. Get 
on our mailing list. BCD ELECTRO, P.O. 
Box 830119, Richardson, TX 75083 or call 
(214)343 -1779. 

TUBES, Name Brands, New, 80% Off List, 
Kerby, 298 West Carmel Drive, Carmel, IN 

46032. 

EXOTIC Electronics Devices like James 
Bonds. Catalog, $2.00. F &P Enterprises, Box 

51272, Palo Mplto, CA 94303 -H. 

TUBES 59c. Year Guarantee. Free Catalog. 
Tube Tester 'x:.95. CORNELL 4219 Universi- 
ty, San Diego, CA 92105. 

PHOTOGRAPHIC positives /negatives from 
magazines or your original artwork. Up to 4" 
x 5 "$3.95, upto8" x 10 "$6.95 plusS &H. 
Fabrication and assembly also available. 
Skyline Electronics Inc., 1 Putnam Street, 
Milford, NH 03055 (603) 673 -2935. 

SOUND CHASER unusual complete plans 
$5.00. R.D.J. Enterprise, P.O. Box 378, Or- 
leans, Ont., Canada K1C 158. 

FACTORY DIRECT CMOS TIMERS (555) 
(same as TEXAS INSTRUMENTS TLC 
series) 2volt $0.75, lvolt $0.99, dual 2volt 
$1.40, quad lvolt $3.25 plus CMOS opera- 
tional AMPLIFIERS single $1.30, dual $1.95, 
quad $3.65 each, with spec, Shipping US 
$2.55, Canada $3.55 AE /MC /VS no mini- 
mum H.T.S. (suite 209) 2512 Chambers, Tus- 
tin, CA 9268) (714)- 259 -7733. 

COMMUNICATIONS 
TELEPHONE TAP or Room Monitor. 
Range Unlimited. Catalog, $3.00. LISTEN 
603 Elgin, Muskogee, OK 74401 1 -800- 

633 -TAPS. 

DESIGNERS HANDBOOK contains over 60 

useful circuit modules. Audio, digital and mi- 

croprocessor. $3.95. Design, P.O. Box 47, 

Raymond, ME 04071. 

94 / MODERN ELECTRONICS / September 1988 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


74171$9,9, 1 

L7 2,099, 
741.9041 1 

2010646 1 

79403666 1 

744163736 

741463306 

7Waÿrv 

n )_N¢ 
7941011 11 

?41eiCSnk 21 

741.40206 E 

7.040761 1 

1- 800 -344 -4539 
AK, Puerto Rico - 218 -681.8674 Telex - 62827914 FAX - 218 -681 3380 TW X - 9103509892 DIGI KEY CORP I 

INTEGRATED CIRCUITS 

414n 
191604 .79 

grgz 

3 

52406 1 01 

57416 1 01 

53616 70 

52676 63 
525896 70 

7796 63 
1206 99 

6290N 1 04 
52936 1 C4 
93526 1 44 
5396 1 SO 

53866 61 

t:173n 11: 
537. 1 17 

5966 I 91 
5964 I 91 

5906 1.91 

74800 TTL 

45. 
45036 
45046 
45066 

45. 

a9IIR 5. 

45746 
506.6 

74426 
1 33 

74476 1 25 

+ 
re 

7.N 42 
48 1 

74.6 F1 +Ñ 

:1::.1 7 87 

74906 t9Ñ 57 
7.3N 451956 57 

2.25 
45741N 2.30 

1 452036 

6 499536 I.: 

2.516 .62 52836 

1: 52936 

m Me 
453746 

.5716 275 

2 62 4594. 3.50 

741746 

741976 
741966 

74.59, 

754206 

75 

70 
70 

87 

1 27 
1 27 

741.810 TR 
P. 

7415046 30 

7446216 36 

333M L' 
741628 43 
741.5306 . 

iF 

i¿sn 
333333,3 :23 

RI. 79 

r.46.51126 57 

41:17:216 7 
9L51.66 61 

4151. 92 
4161364 . 
4121336 56 

74COU 
CMOS 

Pos 
COON 
CM 46 
CNN 2! 
COBN 

.06 
4026 

.486 1 32 

.737 06 
N Oa 

.56 

.1166 
.164 5:07 
9290N 1 22 

4C1076 
1 :1.3 

57N 7: 
.1606 82 
.1616 6 

.1736 1.66 NCI. 62 
ÿ17R 02 

.6197N 1 10 
.19324 1 10 

a@1N 1 50 
4C2406 1.97 

& Rs SS 
40906 .65 

CS0074 26 

41791A- 10 44 
.101 96 

4.76 160 

40376N 6 37 

4.76 

. 906 

6009. 

74HC00 
CMOS 

:"+ j1 

NINON 30 

NINC32.4 30 

741.166 .90 

anTll 
-m 

741.113N .55 
7i1ei41M 

746C137 

7.01516 

741.0303 

i2N_ 

48M CMOS 

.006 2 

4002.6 4 
03068C6 6 

109.6 

4012.6 

44091.6 
41359,06 
.771.6 
4172286N 9 
9.91266 

40310 57 
40340CN 12 

403506N 16 

.71366 62 

.39LN 62 

404613CN 77 

40471.6 75 

405196N _67 

.635C6 97 

527+Cú 

.751366 

.7043 

.29 

4093906 36 
40948 1 36 .9966 67 

46026 90 

452290 
BC 

459. 

.19 

45556 .66 
400985 

Pa. 
unv 

1.76 1 62 
.516 55 

:471: 2607 

173076 62 
1.730436 99 

Mx 
173177 67 
1.143186 1 38 

73196 1 37 
732017.5 0 80 

MMKaI,.m 
7339499 12 1 67 

1,139N 00 
943239 

e_1 

9 87 
NOUN 62 

07 

60264 
73266 
PAWN 

57316 

_ 

73342 

73774 

73377 
.799 
.096 

143409 
73407 75 

Myrn7ss 
n 

a - 75 
64.30,6 

6.3019-15 , 
12046.6 _ 

4679166 45 
8676. 45 

MOPS 1.25 2676215 . 
73.129 1. 6N76116 
7301N 2 17 

7.77.00 63 
543321-3 967.69 

73916 100 2 00 

M. X 76 

7759 17 SO 

54.506 55 

1.150.6 62 

774706 70 
19749CN 130 

39, 

37 :MI- 

791 

17060 ;33 23323 _ 
.765 93 
000sos 90 
1647907 90 

Moro. 

Mi 
1 62 

1.71101 09 

1919921 1. 

.997 

72904 
61793 -- 
72.7 

555291 

1.1297 2.17 

Memory 

73301N 82 41166-200 1 95 

119 6.8 09.N 7 75 0.06 4 12 

121.14.1.1 5,37 
011499N 5 

96216N 2 37 Par. 3 76 

96226N 2 25 

1187334 0 67 
09300N 0 B7 

RON. 2 37 
73076 3 26 
99306N_ 3 25 
96106 6 

P63116 5 97 

580317.6 3 50 

.711-11 3 97 

981136.2 .00 

4679. 211.7334. 2.2s 
467307 . 
0.67906 114 

647917 r. 

04791. 48 

.79107 411 

0479.9 41 

ñl 4N79.06 
MOWN 72 

AN795110 72 

603026 62 
6.016 85 
726.201 3 12 

569064 
)9oae 1 SO 

Inb 4ep 
9.144 

76450N B7. 

754916 00 

75.136 1 37 

A/D R 0/A 

.609931267.62. 

nóICCw é 
.06.01 18.82 
5006176011 11.7 
.60133. 5 00 

275351 1. 6.25 

to9Z2: :14 

6.01000. 2 62 

0.0731. 10.00 

1221Z24 2 
4.996339557 IN 

NEC MICROPROCESSOR CHIPS 

SILICON TRANSISTORS 

6636 TO 39 
60237 70 39 210 -11,6 1,6 26.8 .39 
NNW 

64403 
.410 

66006 
2N.67 23 2 1f 

66210 7097 23 2. 
30 2 OP 

5320 
?Ó A I__ .N 

_ 

20 
s 

N6372 70 39 2 40 21 26 10 N 
N5323 70 39 1 92 17 01 1413 03 

.01 70 91 48 425 37 01 
70-33 2 40 2126 106 04 
7.33 2 BO 24 81 215 91 
70-92 59 6 23 46 49 
7022 39 3 46 30 07 

265681 70.0 2 47. 71. 106 DI 

76792 15 3 19 P /0 
766771 
2N5777 

70 92 77 6 33 55 51 

27169212 
2.921 

o 

ee 
es 

511141014 
1.750615 

1 AMP SILICON RECTIFIERS 

owwymn 

11727212 IDS PIP 

ire :117' 

10 103 1,000 

5% CARSON FILM RESISTORS 
nvamWon 

118175 

146226 

1/4 

30P toial 
Reolmor 04.9740.74 

90 

11 -- Me AL OXIDE FILM RESISTORS 

11.7. 5 203 1. 
m Oa. 9.67440,0 419131"= 07 96 

490 to 

9832 00,7 1,79 7617Q 

0 OPP 3,1 099 

955 17 96 

5% WIREWOUND DEC RESISTORS 

PIP. 1 MO_ IN MC 1,1119 

160106 lo 0 919 
000 

119386 '474t11':=106,6919 

0317 

9119 2 ororeM1 10 000. 

E% METAL OXIDE FILM RESISTORS 

n1.xw -t e we 

.I1 + 17 + _á1 
i1 oNVp m am 4000_ 729 
2 Wm 

1:11.1"946 19 135 10 50 47 50 07 00 

_ 
+eelerrnrA--w_. 

RIM 5:r4/174:1.9 250. to 1 ON PAM 

NOR 5 eac:171.1:10 47914509 Mal 
129715''41111ori.:.(1212 to 7 No 

016.9 

TRANSFORMERS 

@ovM .nrl 
kM 

PAco 
V079 VA 1 

e®zo e5.1B leno 
B B 

B 

9B 

.- f. 
1pOSm 

6.3 MOO 

MBNO 
1a 
176W MBI+ B>"io b_ Ä! m _- 

1r518:220 Bxmo - 7171 ZO eslC 

1 

m 
1ó9Noo 

70. 
7176 NO 

B aft 
IMS 6 íOO ii .00 

eBen 
®rvp [seui _ il7 .n 

114544 WV 

270 

.470 

9.1 

96 157 1700 

330 50 

1030 

9 NI 

1 00 56 

19 2 02 

24 

19 

1 02 13 

19 

.146 

4/4 
1003 

900 

100 N 2 07 

7 00 

7f11 1752 IPP5'17 

Pan 

4003 

4035 

9.07 

941 

1111, 

DISC CAPACITORS 

GP.. 

18 

33 pf 
33 p1 560 

YW 
CB p1 

1500 81 25 

m p1 

.50 

1030 p1 

pl 

1500 pl SO 

P4155 11703 Pi 9 

sm ä 50 
24160 22000 21 50 
P4100 ;100. pp1, .503 

F1irli 
193 0 KO 

l'iti 
2:1 23 
600 pl 50 
6163 21 509 

94111 .1120 pf 500 

1. pl 600 
1m a_5.[a. 

;22 

5E0 1 

1700 pf 

34 79 175 94 

146 WD 
61 

42 
i.m jé> I so 

124 

5 00 

IN 

'94171 1 61 50 

47000 pi 
MOP 110303 pf 50 '41 ' 0 NCO 21 50 

; 
P4330 01.1 25 
.600 

P476 
1141:t g 

70 5 so 46.99 
93 6 62 62 50 

14923 MO 0 
7422 003 p/ 

9.66 
4429 WM 01 25 

.9 2702 61 60 
4414 330 91 
.36 470 pl 50 
406 930 of 

10 

59 1 

TANTALUM CAPACITORS 

11373 . 
920136 103 

60 312 50 
376 00 

110325 

5281 25 

712 60 

75 0 65 00 

7, 37 44 770 25 2318 75 

NI 702 50 
St ii 

1 00 a 75 

92103 

921 
4 

.360 

0 2603 00 
30 03 769 00 
,211 

am 
Pe 

156625 

p1 
P7087 -0 1 50 

PAW 
0 15 60 92066 

8 73 4 577 75 

PANASONIC V SERIES 

9457 

2.31 

535 

537 

3323. 

3332 

94731 

á7 
ose 
ces 

TO 92 91 CO 

19 93. 

19 39 10150 
11 IN 75 

77 33 no 75 

45 45 378 75 
57 .. .- 

_ 
1 sÁ 7s 

047 271 NU 
ore 

os 07 147 

18 

7:0 174 75 

21 64 16 00. 

30 18 .150 

PANASONIC 9 SERIES 

QUARTZ CRYSTALS 

1319946741. x 
7 0 63 00 713 00 000 X045 

1107 
OW 

7163. 9019. NC 33 1 35 

24 

a 11C 

01 

COP 

1113 

2 13 T331 

050 62 SO 100 CO 

051 NC 16 SO 00 

NC 18 

PANASONIC OPTOELECTRONICS 

ñM 

P309 044.0 .0 39 

l' 
1371 0.C. NO 

4201. OS 0 56 

C O R P O R A T/ O N 

7 _L ,E17.1-- 1 - r C& i 
I 

ND lollowen ... -...'.........".9 ° ".r: uuluom loam 
the 

err. nul countam,Me ane 
Then 

nv 1ne ulna 
We pm McMppn 

lea Alsu nI Vv nmtlen ratei A Sl[ Ire 

order 
Ota1, adethe non 41rMrS*Me thec.Thental I5a Hawse. rq ane nswanceloMeres+smthe U.S.A.. Cenale and Memo when check or money Drew accomparxe4ordn DiP -Key only stops orders *Men the continental U.S.. Alaxka. Hawain Cewda and Mexico. 

WREN ORDERING BY PHONE. CALL 11503444531 1AK. 0.11 III 681 66741. BY MAIL SENO YOUR ORDER 10: DICI P.O. Be. 677. Thiel Myer Falle, MN 55701. my You v check. money oreN, Masten Chorea, VISA or C D DIC/-RE' GUARANTEE: A I OeI K FA Ahmed mt.90 flays nom rece.mt won a ropy of your mvmce" PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
fro Key mai Novo mn..r.n, p.. will i. .pie ..I Ur rotund 

SERVICE CHARGES VOLUME DISCOUNT 
0.004 II IS Ada 52.00 8 0.00-$ 99.99 NET 

410.00426.00 
26 REMO.el 

Add 141.7S T 100.00 -4249.99 
eee 40.00 4 25O.- 4499.99 

Less 10% 
Less 15% 

4 50.004+.5 
100.00 6 Up 

Add10.26 4 500.00- 4999.99 
No Che.. 41000 & U 

Less20% 
Less 25% 

CIRCLE NO. 120 ON FREE INFORMATION CARD 

www.americanradiohistory.com

www.americanradiohistory.com


PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT -50 miniature FM tranmitter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 

battery and you can hear every sound In an entire house 

up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz - 130mhz. Easy to assemble kit 
Includes all parts and Instructions. Only 29.98 tax Incl. 

The WIRELESS TELEPHONE TRANSMITTER model 

WTT -20 Is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 

with crystal clarity. Completely automatic. Uses power 
from the telephone line itself - never needs a battery! 

Up to 1/4 mile range. Tunes from 70mhz - 130mhz. Easy 

to assemble kit includes all parts and Instructions. On- 

ly $29.98 tax incl. 
Cell or send MO, VISA, MC for immediate delivery. 
Single kit orders Include $1.50 S&H. FREE SHIPPING 

on orders of 2 or more. All orders shipped by U.S. Mail. 

COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914. 232.3878 

CIRCLE NO. 151 ON FREE INFORMATION CARD 

REMOTE CONTROL KEYCHAIN 
Complete w /mint- transmitter 

and +5 vdc RF receiver 
Fully assembled including plans 

to build your own auto alarm 
and extend the range. 

Check, Visa or M/C 
$19. 95 30 days refund 

VISITECT INC, (415) 872 -0128 
PO BOX 5442, SO. SAN FRAN. , CA 94080 

SECRET CB PUBLICATIONS (modifica- 
tions, schematics, etc.). KITS, FM, PARTS, 
ACCESSORIES, BOOKS. Catalog $1.00 (re- 
fundable). Selman Enterprises, P.O. Box 
8189, Corpus Christi, Texas 78412. 512/853- 
2935. 

TRANSISTORS- TUBES: MRF421 $24.00, 
MRF454 $14.50, MRF455- MRF477 $11.75, 
MRF492 $16.00, SRF2072 $12.75, SRF3800 
$17.50, 2SC2290 $16.75, 2SC2879 $22.00, 
6LF6, 6LQ6, 6JS6 8950, etc -call. New 
RANGER AR3500 All Mode 10 Meter Trans- 
ceiver $319. Quantity Discounts! Best Prices 
on Hard -to -Find Parts, Antennas, Mics, Pow- 
er Supplies, & Equipment! Catalog $1.00 (re- 
fundable), or free with order. RFPC, Box 700, 
San Marcos, CA 92069. For information or 
Same Day Shipment -Call (619) 744 -0728. 

VISA /MC /C.O.D. 

WANTED. Allied Radio Knight -Kits, state 
condition, price. A.J. Mignogna, 25432 Sec- 
ond St., El Toro, CA 92630. 

CB Tricks of the Trade booklet. Repair tech- 
niques and CB tuning procedures. Send $19.95 
^ash or m.o. to Medicine Man CB, P.O. Box 
37, Clarksville, AR 72830. 

COMPUTERS 
ENGINEERING SOFTWARE. IBM com- 
patibles. CompDes - Circuit Design, Basic 
electricity through circuit designs. CompMath 
- Mathematics, General mathematics through 
statistics. CompView - Digital Analysis of 
waveforms and filters. $49 each. (614) 491- 

0832, BSOFT SOFTWARE, 444 Colton 
Road, Columbus, OH 43207. 

TurboCad V1.5 $99.95 
Powerful drafting for IBM PC /XT /AT corn - 
patibles. Features pull -down menus, context 
sensitive help, 390pg manual, 128 layers, 256 
line thicknesses, grid, copy, move, snap, mir- 
ror, rotate, rubberband, hatching, zoom, pan, 
DXF, macros, scientific calculator, BASICA 
Turbo Pascal source code generator. Supports 
printers, plotters, digitizers, mice. Electronics 
library $29.95. N.Y. Residents add Tax. $4.50 
Shipping. Check, Money Order only. J &J 
ENTERPRISES, 66 -20 108th St., Forest 
Hills, NY 11375. 

MODULAR micro controller with powerful 
on -board BASIC. Processor module with 8K 

SRAM - 8K EEPROM (expandable) - $159.95 
I/O module with 24 I/O lines and 16 ch. 8 bit 
A/D - $129.95. Counter module with nine 16 

bit gated and buffered counters - $129.95. 
Great for education and process control. Oth- 
er modules soon. Complete with manuals and 
schematics. Quantity discounts. IICS, Inc., 
108 N. Main, Danville, IA 52623 (319)- 
392 -4191. 

"SOFTWARE Maniacs" Humdinger Share - 
ware/PD for IBM PC. No minimum order! 
Low as $2.75 a disk. Send $1 for: Catalog/ 
Free programs on 5.25 disk TO: Tribal Enter- 
prises, Inc., 5722 South Flamingo Road, De- 
partment E, Suite 231, Cooper City, FL 
33330. 

COMMODORE /AMIGA CHIPS, PARTS/ 
DIAGNOSTICS. Factory fresh, low prices. 
Heavy Duty Power Supply for C64 $27.95 
plus UPS. Kasara Micro, Inc., 31 Murray Hill 
Drive, Spring Valley, NY 10977, 1- 800 -248- 
2983 (Nationwide). 

ALL ELECTROt11CS CORR 
SEND FOR 

FREE 
CATALOG 
sur ignststimr,' 
1!,,z.-..... I ; - 

-_- 8 

fur_- 
f,x'7 

°= 

-;. ,,I 

ITT PUSH 
BUTTON 

ITT MDPL series. 3/4" X 

1/2" gray rectangular key 
cap. S.P.S.T.N.O. Push to 
close. 
Rated: 0.1 amp 
switching, 
0.25 amp carry 
current. P.C. mount. 
CAT# PB -8 654 each 

10 for $6.00 

PIEZO WARNING 
DEVICE 

Murata Erie # PKBB -4A0 
High pitched audible alarm. 

Operates on / 
3 - 20 Vdc @ 20 ma. ?I 

1" high x 7/8" dia. l a IYI 

P.C. board mount. 
CAT# PBZ -84 $1.75 each 

XENON TUBE 

24 VOLT D.C.SOLENOID 
Intermittent duty cycle. 240 ohm coil. Mounting flange 

is 1 1/8" wide. Solenoid body 11/2" X 1/2" X 1/2 ". 
CAT# SOL -34 $1.00 each Al'; 
10 for $8.50 100 for $75.00 

Large Quantity Available 

r i 
1" long flashcube prepped 
with 3 1/2" red and black 
leads. Ideal for electronic 
flash or strobe projects. 

CATS FLT -3 2 for $1.00 

10 AMP SOLID STATE 
RELAY 

ELECTROL #S2161 
CONTROL:5.5 - 10 Vdc 
( will operate 3- 32Vdc) 

LOAD: 10 Amp @ 240 Vac 
2 1/4" X 1 3/4" X 7/8" 

CAT# SSRLY -10B $9.50 each 
10 for $85.00 25 for $175.00 

50 for $300.00 100 for $500.00 

N- CHANNEL 
MOSFET 
IRF -511 TO -220 case 

\\\ 411 CAT# IRE 511 , $1.00 each 
10 for $9.00 

LARGE QUANTITY 
AVAILABLE 

MAIL ORDERS TO: 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 
TWX.5101010163(ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $1.50 POSTAGE 

FOR A CATALOG!! 

ORDER TOLL FREE 

800- 826 -5432 
INFO: (818)904 -0524 
FAX: (818)781 -2653 

MINIMUM ORDER $10.00 
QUANTITIES LIMITED 

CALIF. ADD SALES TAX 
USA: $3.00 SHIPPING = 
FOREIGN ORDERS 

INCLUDE SUFFICIENT 
SHIPPING. NO C.O.D. li.fil1 

1 

CIRCLE NO. 137 ON FREE INFORMATION CARD 

96 / MODERN ELECTRONICS / September 1988 

f_ 
t0 
w 

O 
w 

z 
O 
a. 

r 
a. 
O 
rJ 

w 
w 
¢ 
LL 

z 
4 
¢ 
¢ 
4 

0 
w 

î 
Y 
4 
o 

¢ 

u. 
O 

O 
Cl) 

¢ 
w 
I- 

w 
S 
I- 

O 

U 
w 
m 

(/) 
cs) 
w J 
4 
Cl) 

J 
4 

CALL FOR FREE CATALOG 

TEXT TO SPEECH BOARD! 
PC /XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL 
INSTRUMENTS SP0256 -AL2 SPEECH CHIP AND THE CTS256A -AL2 TEXT TO SPEECH 
CONVERTER. 
THIS BOARD USES ONE SLOT ON THE 
MOTHERBOARD AND REQUIRES A COM i - 

SERIAL PORT. BOARD MAY ALSO BE USED ,N A 

STAND ALONE ENVIRONMENT WITH ALMOST 
ANY COMPUTER THAT HAS A RS232 SERIAL 
PORT. FEATURES ON BOARD AUDIO AMP OR 
MAY BE USED WITH EXTERNAL AMPS. 
DEMONSTRATION SOFTWARE AND A LIBRARY 
BUILDING PROGRAM ARE INCLUDED ON A 54. 
INCH PC /XT DISKETTE. FULL DOCUMENTA- 
TION AND SCHEMATICS ARE ALSO INCLUDED. $b995 

NEW! ASSEMBLED 

P`G 8TESTED 

NEW! IC TESTER! $149.00 
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS 
ALMOST ALL 14, 16, AND 20 PIN 74XX SERIES. INCLUDES STANDARD POWER, "S" AND 
"LS" DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN 
DETERMINE PART NUMBERS OF MOST UNMARKED AND HOUSE NUMBERED DEVICES 
WITH SIMPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! WITH MANUAL 
AND SOFTWARE: $149. PERFECT FOR SCHOOLS. 

PC /XT EPROM 
PROGRAMMER 

$169 

* LATEST DESIGN * PROGRAMS UP r0 4 DEVICES AT ONE TIME 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER 
BURNING. * THIS PLUG -IN BOARD ATTACHES TO AN EXTERNAL 
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY 
REQUIRED * AUTOMATIC VPP SELECTION 12.5V, 21V, OR 25V. 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING 
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH 
SOFTWARE. 

ASK ABOUT 
OUR NEW 

PAL 
PROGRAMMER! 

* FEATURES EASY 
OR MS -DOS. * USES AN 

FAST (8X) EPROM 
MINI CHASSIS 

MODULES 
EPROM DATA CAN 

SOFTWARE 
27256A, 27512, AND 

MANUAL. $169 WITH 

JUST RECEIVED. SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNITS AT ONE 
TIME - S299. 

Digital Research Computers 
P.O. BOX 381450 DUNCANVILLE, TX 75138 (214) 225 -2309 

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 756 handling. No 

C.O.D. We accept Visa and MasterCard. Texas Res. add 6 -1/4 % Tax. Foreign orders 

(except Canada) add 20% P 8 H. Orders over $50 add 856 tor insurance. i 
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CABLE TV EQUIPMENT 

CABLE DESCRAMBLER LIQUIDATION. 
Major makes and models available. Industry 
pricing! (Example: Hamlin Combo's, $44 
each ... minimum 10 orders). DEALERS 
ONLY! Call West Coast Electronics, (818) 
989 -0890. 

THEFT DETERRENT 

SCARE car thieves away before break -in. 
Electronic theft deterring device installs in 
seconds! Send $14.00. HARTLEY'S 
CHOICE, 13110 N.E. 177th PLACE, SUITE 
314, WOODINVILLE, WA 98072. 

WEATHER INSTRUMENTS 

ADVANCE WARNING OF THUNDER- 
STORMS AND LIGHTNING! SASE GETS 
FREE COMPLETE INFORMATION ON 
OUR LIGHTNING /STORM DETECTORS. 
Or send check or money order: Model 
LD -7000 is $38.65. Light and Alarm for 
Cloud -to- Ground discharges. Over 35 miles 
range. LD -8000 is $62.25 and has L/S- Inten- 
sity Meter. Write to: McCallie Enterprises, 
Inc., P.O. Box 946, Land O' Lakes, FL 34639. 

SAVE $$$$$ - SYSTEMS UPGRADES Uni - 
den, Houston, Etc. FREE Catalog 218 -739- 
5231. SKYVISION, 2014 Collegeway, Fergus 
Falls, MN 56537. 

EMPLOYMENT INFORMATION 

SEND your job Resume to over 1700 New 
Mexico employers of electronic engineers/ 
technicians. List of 40 categories $2.00. Re- 
fundable. DK Co., POB 53445, Albuq., NM 
87123. 

CABLE 
CABLE TV Secrets - the outlaw publication 
the Cable Companies tried to Ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers List Included. 
$8.95. Cable Facts, Box 711 -ME, Pataskala, 
Ohio 43062. 

INVENTORS 

INVENTORS! Have idea for product or in- 
vention, don't know what to do? Call AIM we 
present ideas to manufacturers - Toll Free US 
and Canada 1 -800- 225 -5800. 

INVENTORS 

INVENTORS! Can you profit from your 
idea? Call AMERICAN INVENTORS COR- 
PORATION for free information. Over a de- 
cade of service, 1 -800- 338 -5656. In Massachu- 
setts or Canada call (413) 568 -3753. 

MISCELLANEOUS 
STAMP it out! Three line address rubber 
stamp $6.00. Francis, Box 70- 1085E, Flush- 
ing, NY 11370 -9998. 

ASIAN LADIES want correspondence for 
friendship, marriage, SUNSHINE INTER- 
NATIONAL, Dept. TW, Box 5500, Kailua- 
Kona, HI 96745. 
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CABLE T.V. CONVERTERS 
WHY PAY A HIGH MONTHLY 

FEE? 

All Jerrold, Oak, Hamlin, Ze- 
nith, Scientific Atlanta, Mag- 
navox and all specialized cable 
equipment available for ship- 
ment within 24 hours. For fast 
service MC /VISA or C.O.D. tele- 
phone orders accepted (312) 
638 -5320 60 Day Warranty 
(Quantity Discounts) 8 A.M. to 
5 P.M. Monday through Friday 
Central Time. Stamp Envelope 
(60(v postage) for FREE Catalog. 

Midwest Electronics Inc. 
5143 W. Diversey Chicago, IL 60639 

No Illinois Orders Accepted 

Di 
DETAILED PLANS. 14.95 

TV-SCOPE 
PENN RESEARCH, Box 3543 
Williamsport, PA 17701 

An interesting and worth- 

while project. This EAST - 

TO -BUILD circuit lets you 
use any regular TV set as 

a simple OSCILLOSCOPE. 
Build for less than 510. 

NO MODIFICATIONS TO TV' 

Single or dual trace. 
Send for FREE CATALOG of 
other plans and kits. 

In 21 months, learn how to repair 
and maintain two -way radios, 
cellular phones, beepers, 
microwave systems and more! 

JOBS ARE WAITING! 
Call Now! 1.800- 634.7972. 

CLOVER PARK 
Vocational Technical 
Institute 
4500 Stellacoom Blvd. S.W. 
Tacoma, WA 98499 -4098 
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Telephone Technology (from page 31) 

Fig. 19. Component side of 3300 OPG DTMF -type dial pad assembly 

that uses transistor oscillator circuit and two coils for generating tone - 

pair frequencies. 

Low Volume or Distortion. The 
handset assembly is virtually always 

responsible for low volume and dis- 

tortion in the transmitter or receiver. 

The transmitter is usually a carbon 
microphone in the conventional tele- 

phone instrument. It uses a delicate 
but rigid diaphragm that is tightly 

Telephone Instrument Troubleshooting Chart 

Symptoms 
Handset 

Cord 
Line 
Cord 

Hook- 
switch 

Dial 
Unit 

Ringer 
Assembly 

Handset 
Assembly 

Network 
Assembly 

Appears Dead 
(does not 
activate) N.A. X X N.A. N.A. N.A. X 

Appears Dead 
(will activate) X N.A. N.A. N.A. N.A. X X 

Low Ring N.A. N.A. N.A. N.A. X N.A. N.A. 

No Ring N.A. N.A. N.A. N.A. X N.A. X 

Noise /Inter- 
mittent X N.A. X N.A. N.A. X X 

Single Tone 
Output N.A. N.A. N.A. X N.A. N.A. N.;1. 

No Output 
Tone N.A. N.A. N.A. X N.A. N.A. N 

Keypad Row 
Or Column 
Not 

Operating N.A. N.A. N.A. X N.A. N.A. N.;\. 

Will Not Break 
Dialtone N.A. N.A. N.A. X N.A. N.A. N.A. 

Low or Garbled 
Transmit N.A. N.A. N.A. N.A. N.A. X N..\. 

Low or Garbled 
Receive N.A. N.A. N.A. N.A. N.A. X N.A. 

N . = Not applicable; X indicates possible cause. 

stretched over a capsule packed with 
carbon granules. The resistance of 
the capsule changes in step with the 
frequency and amplitude of the 
sound pressure it intercepts. It is this 

change in resistance that varies voice 

current sent over the phone line. 
Over time, the vapor in human 

breath as well as foreign matter will 

start to corrode and wrinkle the mi- 

crophone's diaphragm, loosening its 

tension. When this occurs, the vary- 
ing speech current will drop in ampli- 
tude and will no longer be a faithful 
reproducer of the sound entering the 
microphone. The result is low trans- 
mitting volume and /or distortion. 

The receiver element works exactly 
the opposite of the carbon micro- 
phone. Varying speech current enter- 
ing it varies the magnetic field of a 

small coil wrapped around a perma- 
nent magnet that rests behind a deli- 

cate metal diaphragm. The varying 
electromagnetic field vibrates the rig- 

id diaphragm to produce sound ener- 
gy that is a reproduction of the talk- 
pr's voice. 

Over a period of time, environ- 
mental effects and everyday usage 
will loosen the diaphragm. The result 
is a loss of volume and intelligibility 
of the received voice signal. 

The solution to a weak transmitter 
or receiver is to either replace the of- 
fending transmitting or receiving ele- 

ment or replace the entire handset as- 

sembly. 

In Closing 
As promised, the Table included here 
is a quick reference troubleshooting 
chart that covers the typical prob- 
lems one can encounter with the tele- 
phone discussed here. Modern elec- 

tronic telephone instruments are 

slightly more sophisticated than their 
predecessors, but they still use the 
same five basic assemblies to per- 
form the same functions. With a little 

patience and some careful observa- 
tion, troubleshooting and repair of 
telephone instruments should be- 

come a straightforward task. AE 
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A major NEW publication 
for anyone with a real 
interest in electronics t 
This brand new MODERN AMATEUR 
ELECTRONICS MANUAL provides 
you with a single comprehensive 
and practical reference work -to 
keep you completely up -to -date with 
all aspects of amateur electronics. 

Modern 

Amateur 
Electronics 

. « 

Manual 

Basic Edition: 400 Pages 

Size:9" x 12" 

If you're excited aboutelectronics..if you want to u.idertand, 
assemble, repair, and have fun with electronics, you need.. 

THE MODERN AMATEUR ELECTRONICS MANUAL 
...the major guide and reference volume in the electronics field 

No field is more fascinating than electronics. But no field changes 
more rapidly. Think of the advances in computer technology, audio 
and video equipment, short wave radio, to name just a few. To 
keep up -to -date you would probably have to read ten magazines. 

Now with THE MODERN AMATEUR ELECTRONICS 
MANUAL, plus updates, you keep abreast of new developments, 
new equipment, new theories, new products. 

Don't waste time searching for reference sheets, data sheets, 
or instructions. You have them now in one looseleaf volume 
plus its supplements. 

Everything for the electronics hobbyist. 
THE BASICS. Learn about measurement COMPONENTS. Need capacitors, 
instruments -neon bulb voltage inductors, semi -conductors, switches, 
indicators, VOMs, VTVMs. Build your relays and many other kinds of electronic 
own circuit boards. Check out the hardware? Check the MANUAL. You 
MANUAL's printed -on -film PCBlayouts, will find descriptions and sources and 
ready to transfer to copper clad boards very often alternative possibilities. 
for immediate use. 

COMPUTERS AND PERIPHERALS. 
EQUIPMENT. Latest information on Learn how to program your computer. stereo, VCR, compact disc, and other Use BASIC or other languages; it's all audio equipment is provided. in the MANUAL. Modems, bulletin 
ASSEMBLY. Hobbyists interested in boards, graphic cards, and much more 
radios, synthesizers, computers, loud are all explained. 
speakers and amplifiers can use the SUPPLY SOURCES. Every hobbyist is assembly instructions given for many constantly on the prowl for parts. The kinds of electronic equipment. MANUAL's reference sheets save you 
SHORT WAVE AND HAM RADIOS. time. They tell you where you can obtain 
The MANUAL gives you information hundreds of components. Updating 
on equipment and regulations. Learn sheets assure that your volume its 
what's legal before you go on the air. always current. 

ALWAYS UP-TO-DATE. WEKA Publishing, one of the largest 
technical publishers in the world, sends you supplements four to five 

times a year. You put these in the appropriate sections of the 
book -a sturdy, well -built looseleaf binder. 

IMPORTANT: WEKA Publishing 
is independent of any electronic 
manufacturer. We provide fair 
and unbiased information on 
equipment, as well as on sources 
of parts and service. 

Elliot S. Kanter, Editor -In- Chief, has 
assembled a team of top technical writers 
who not only work in the electronics field, 
but write with authority and clarity 

Assemble your own CIRCUIT BOARDS -we give you 
ready -to -use PCB layouts on film -a very popular feature. 

ORCER TOLL FREE 24 HOURS 1 -800- 453 -1214 
FOR CREDIT CARD ORDERS ONLY 

MONEY BACK 
GUARANTEE 

'it u must be coat - 
pl:ely satisfied 
will any book 
e u order from 
%ERA Publishing, 
or }nu can return 
it ¡ay time witho 

C says -no 
qt aliens asked 
W' -.l even pay tie 
re - urn postage. 

SPECIAL ORDER CERTIFICATE -1 
Yss, please mush my copy of The Modern Amateur Electronic; \ anual for only $49.95 Iplus $4.50 for shipping and handling). 
NY State res -dents please add appropriate sales tax. 
3 Payrrert enclosed (cieck payable to WEKA Publishing) Bill me 

7 Charge ow: 7 MasterCard VISA 

Acct. No. Exp. Date 

S4nau.re 

N\ME 

ADDRESS 

C TY STATE ZIP 
I .ndertand l' I also receive t ,e supplements 4 to 5 times each year at Be per 
me to en.ur°, try manual remains completely up-to-date I'll be billed with each 
reoarat: sapplrnent and cam etum them unpaid if I'm not satisfied. I can 
alto cancel furrier supplemer is at any time. 

WEKA Publishing, Inc. 
150 Purchase Street, Rye, New York 10580 
A Member of the International WEKA Publishing Group: 
Austria, France, Germany, Italy, Netherlands, Switzerland. 

Kingiom and United States. 5009 
NEIL 1!I 
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Nowyou can put your fingers on 
214,0 O replacement semiconductors. 

Finding the precise solid state replacement part is as easy as opening one 

book: the RCA SK Guide. 
Inside you'll find listings for making over 214,000 solid state replacements, 

using some 2900 quality -built RCA SK and KH types. From transistors and thyristors 

to integrated circuits and microprocessors. All cross -referenced so you can replace 

original parts of all makes, quickly and easily. 
Whatever your responsibility - power generation, chemical processing, 

telephone systems, hospital /medical equipment, or process control - this is one 

book your fingers will turn to automatically. 
To get your SK Guide (SKG202E), see your local RCA SK Distributor. Or write: 

Sales Promotion Services, GE /RCA Distributor and Special Products, 2000 Clements 

Bridge Road, Deptford, NJ 08096 -2088. CIRCLE 59 ON FREE INFORMATION CARD 

ft c SK Replacement 
Solid State 
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