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FRED -THE HEAD 
A full -time motor mouth who talks 
in step with an audio trpq { w 

WIND CHIMES 
The tinkle comes from 
semiconductors 

Crunch the audio for auto listening 

PROXIMITY CAR 
DETECTORS 
Your presence triggers gadgets 

INDUCTORS AND 
TRANSFORMERS 
The theory is unwound! 

PLANT A LIGHT BULB 
Everyone will talk about this onel 
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Make your home 
into sömething special! 

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

That's exactly what your home will 
be when you fill it with Heathkit elec- 
tronic products - products that make 
your life easier and more en oya Jle. 
Within our diverse line are kit and 
assembled products sure to enhance 
each room in your home. 

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

the Keyless Doorlock unlocks your door. 

2. Add a new 
dimension to your 
living room with 
your own Comput- 
erized Weather 
Station. This Digital Weather Station 
displays up-to-the-minute te- nperatme, 
wind, and barometric pressure read ngs, 
along with time and date. 

3. Give your kitchen a 
unique blend of style 
and efficiency with our - 
Digital Wall Clock. This 
easy -to-build kit keeps time 
with quartz -crystal accuracy And 
with its simulated oak wood-grain fetish 
cabinet, you'll have a timepie_e that its iLto 
almost any decor. 

4. Put your den to 
greater use with this 
IBM PC AT Compatible a Computer. Do ward 

processing, persc nal 
accounting and more 

when you run exciting 
IBM-compatible software on 

your fast and powerful HS -241. And you 
can build it yourself in just a few hours. 

5. Bring the latest 
in digital tech- 
nology to your 
bathroom. This Dig- 
ital Scale lets you closely 
monitor your weight with electronic 
precision. And, it's battery operated so 
it's safe to use right out of the showe- 

6. Add a video 
entertainment cen- 
ter to your bedroom. 
Our 19"- diagonal 
stereo TV kit gives you 
an extra -sharp color - 
corrected picture with full stereo sot nd, 
and convenient viewing that sou car con- 
trol from your bed. Comes in a simulated 
walnut cabinet that complements ycur 

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

8. Give your workbench 
a touch of profession- 
alism with the s oscillo- 
scope. Whether you're a 

service technician or a hobbyist, you'll love 
the wide range of measurement capability 
our laboratory- grade Dual Trace 13 MHz 
Oscilloscope gives you. 

9. Add practicality 
to the utility room 
and save mor -ey, too. 
Avoid e_penshe food 
spoilage with cur Freezer 
Alarm t_uat 

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

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

You'll find fun and excitement with 
every Heathkit product. Whether 
they're in kit form or already as- 
sembled, our products will help you 
enjoy your home more than you 
ever dreamed possible. 

room. 

CIRCLE 15 ON FREE CA- AR J 

r Send NOW for your FREE Heathkit Cato<g. 1 

Send to: Heath Compan., Dept. 10' -434 
Benton Harbor, Mic ARE n 4902! 

Name 

Address 

City State uip 

A subsidiary of Zenith Electronics Corpontio, CL -7F A 
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SPECIAL THIS ISSUE 
Fred The Head -a blockhead and a chatterbox to boot 
Bargain Repairs -fix up old junkers and save a bundle 

FEATURES 
Plant a Light Bulb -and watch the office light up 
Selecting and Using Multimeters -what you need to know before you buy 

FEATURETTES 
Instant -Photo Alarm- catches and identifies intruders 
Dashboard Alarm -a flashing scare -alarm 

THEORY AND CIRCUITS 
Proximity Detector -lets you be the trigger 
Zener Diodes -do more than just rectify 
CMOS PLL Circuits -practical applications 
Electronic Fundamentals- getting down to basics 

CONSTRUCTION 
Solar- Powered House Number -your guiding light 
CD Compressor -packs big sound into a small space 
AM3 Walkabout -a single chip AM radio 
Electronic Wind Chime -try tinkling with this one 
Astable Multivibrator -more than a retriggerable circuit 

SPECIAL COLUMNS 
Jensen or. DX'ing -pulling in the distant ones 
Friedman on Computers -a little extra goes a long way 

Wels' Think Tank -getting technical 
The Ham Shack -scanning the horizons 
Ellis on Antique Radios -everything old made new again 
Saxon on Scanners -a scanner's eye view of the world 

DEPARTMENTS 
Editorial -let's take a station break 
Letter Box -what are you thinking 
New Products -here's what the market has in store 
Bookshelf -an information avalanche 
Free Information Card -ask the manufacturer 
FactCards -Squirrel 'em away for a rainy day 
New Ideas -what other electronic enthusiasts are doing 

Fred the Head -page 33 

Plant a Licht Bulb -pace 18 

Proximity Cetector -pa¢ 40 

Buyinc a Mr-imeter-pa3e 43 

CD Comptessor-page 69 

Astable MultiAbrator -pa 3e 135 
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Fun is fun -so lets keep having more of the same! 

Have you ever noticed that you are happy when you play at your hobby? Most people don't 
realize that. Doctors will agree hobby activity is relaxing even though you don't smile or laugh 
aloud. That was not the case with our editorial staff as they prepared this issue. 

Fred -the -Head is probably the funniest device I ever put on a printed page. When the 
package containing Fred first arrived at the office the chuckles began, quietly at first, then then 
developed into outright roars during the day. We couldn't believe our own behavior -grown men 
and women laughing like children, dragging visitors over to chattering Fred. This was the project 
of projects -all our readers had to read about it and we hope that many of you will build it. So, if 

you have been enjoying your hobby, but not laughing aloud, my advice to you is build Fred -the- 
Head! 

We did have one problem this past month. The December, 1986 issue offered a coupon 
allowing readers to obtain a free copy of the 1986 Index of Articles for Hands -on Electronics. I 

could not foresee the gigantic response--we ran out of copies and had to print a batch more. A 
few readers may have had to wait a bit longer than they should have, but we are all caught up 
now. If you missed the free coupon in the last issue, it's not too late to retrieve it and write for your 
free index. Otherwise, without the coupon, the Index sells for $1.00. See the Electronics 
Bookstore advertisement in the back of this issue. 

Julian S. Martin, Editor 
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DESCRAMBLER PARTS! 
We stock the exact parts, PC board and AC adaptor for Radio Electronics 

February 1984 article on building your own Cable TV Descrambler. 

#701 PARTS PACKAGE $29.95 
Includes all the original resistors, capacitors, diodes, transistors, 
integrated circuits, coils, IF transformers (toko BKAN- K5552AXX). 

#702 PC BOARD $12.95 
Original etched & drilled silk- screened PC board used in the article. 

#704 AC ADAPTOR $12.95 
Original (14 volts DC (w 285ma) ac adaptor used in the article. 

SDPDEDC S 
BOTH #701 & #702 NOW $39 

ALL THREE #701, #702 & #704 NOW$49 
Add $2.50 shipping and handling 

We also offer quantity Discounts on 5 or more units 
-- $4.50 for Canadian orders 

FREE Reprint of Radio Electronics article (February 1984) on Building Your 

Own CABLE TV DESCRAMBLER with any purchase of above. 

60- CHANNEL 

CABLE 
CONVERTER 
WITH INFRARED REMOTE CONTROL 

SC -60R CONVERTER $69.95 
Thousands of these converters sold nationally for 5119 95 

We offer you this same type of converter for only $69.95 

All converters are NEW. with Full manufacturer's WARRANTY 

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

Add $3.50 Shipping and Handling 
$4.50 on Canadian Orders 

Mo.i..co.d 

ORDER 
TOLL FREE 

1-800-227-8529 
inside MA 617 -695 -8699 

VISA, MASTERCARD or C.O.D. 
NSA 

JeW 
ELECTROflICS, ICIC C- D 

Z 

P.O. BOX 800H MANSFIELD, MA 02048 1 

CIRCLE 18 ON FREE INFORMATION CARD 
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Capacitive Captive 
I'm writing to ask about a part for the 

BC Magnum Booster described in the 
September October, 1986 issue. In the 
Parts List, capacitor Cl is listed as a 365 - 
pF variable capacitor. Looking through 
my mail order catalogs and calling local 
electronics parts stores has turned up 
nothing. Where can I locate one: is there 
a place that hobbyists, technicians, and 
engineers purchase their parts? R. A., 
Austin, MN 

Try Custom Components. Box 153, Mal - 
verne, NY 11565. Capacitors of the type 
you've mentioned are $5.00 each, plus 
$2.00 shipping and handling per order. 

Quick Directory 
Now that button -type batteries are 

common, how does a guy go about buy- 
ing one brand when the device lists the 
battery type for another brand? My su- 
permarket doesn't carry a cross directo- 
ry. What to do? 
Z.F., Baltimore, MD 

Well. the supermarkets should carry 
cross directories so that they can sell 
more batteries. But you need more than 
that! Use the Radio Shack catalog as a 
directory. They list the popular types and 
sell them, too. So do better camera out- 
lets. Buy where the directories are avail- 
able and let the supermarkets stick to 
milk and cheese. 

Hung -up 
I'm hung -up on the telephone project 

on page 60 of the September October, 
1986 issue of Hands -on Electronics. 
Figure 1 shows no pin number for the 
LM741 output, and the parts list for the 
circuit shows R3 as fixed, and doesn't 
even list 01. 

In Fig. 2 on page 62 you don't show 
the emitter, base, or collector locations 
for SCR1, so please help me. 
E. C. M., 
Elmendorf AFB, AK 

Let's do a quick fix on this one. With 
regard to the op -amp output: if you're 
using the 8 -pin package, the output is at 
pin 6. but if the 14 -pin unit is used pin -10 
is the output. 

Resistor R3 is a 100,000-ohm potenti- 
ometer. You are right about the tran- 

D), 

Letters! We get letters. 
sistor: it was accidentally left out. 

As to Fig. 2. SCR's don't have base, 
collector, or emitter connections, but in- 
stead have anode, cathode and gate 
connections. The anode and cathode 
connections on SCR's are the same as 
those for a diode.; that is, the cathode is 
that end of the symbol at which the bar 
appears. 

Temperature's Rising 
I'm having trouble with the electronic 

thermometer described on page 96 of 
the July August issue. Is R4 really sup- 
posed to be 861 ohms or the more corn - 
mon 581 ohms? Either way I get -14 volts 
between pins 6 and 2 on IC2, but I don't 
know why. Could you give me some ref- 
erence voltages to help me out? 
K.H., Newport 
News. VA 

Getting right to the heart of the matter, 
let's first deal with R4: Its value is indeed 
861 ohms (a rather uncommon value). 

As to the reason that you're getting 14- 
volts at the output of U2, I suspect that 
the problem was caused by the rather 
confusing way in which the schematic 
drawing was shown. You'll note that one 
power connection (pin 4 for Ul and pin 7 
for U2) for each IC has been omitted. 
Those two pins should be connected to 
the effective ground. In this case. the 
effective ground is the junction formed 
by connecting B1 to B2 (which is indi- 
cated by a ground symbol at that point). 
Redoing the circuit as outlined should 
enable you to zero the output by adjust- 
ing R6 as described in the text. 

There are no reference voltages for 
the circuit that I can track down. 
However, that should get you going in the 
right direction. Have fun. 

Tunes on the Go 
I'm looking for either a bass treble or 

equalizer circuit for my Sony Walkman, 
but I haven't been able to find a sche- 
matic diagram for one. The sound is 
good as is, but I want more bass for 
drums and treble for cymbals. Could you 
please help me find either of the two 
circuits. A. G. P., San Diego, CA 

Have you read the November, 1986 is- 
sue? Look at page 59: there you'll find a 
circuit that would lend itself very nicely to 

portability. You'll have to design a small 
cabinet for it and work out parts place- 
ment. but that's the fun of building your 
own! 

Speaker to Me 
I've recently bought my first copy of 

Hands -on Electronics and found it to 
be a very good magazine (I've learned a 
lot from it already), and was hoping you 
could help me with a problem I have. 

I'm building my own stereo system 
and am now trying to design my speak- 
ers. I need a schematic diagram for a 
subwoofer crossover. It should have a 
120 -Hz crosspoint and a 6-db- per -oc- 
tave drop, what can you suggest? 
T. C. Y., 
Yorba Linda, CA 

We're always glad to hear from anyone 
interested in electronics: either a hob- 
byist or professional. I don't know if this 
will help you very much, but here goes. 
While thumbing through the MCM Elec- 
tronics parts catalogue # 13, I came 
across an offering that might be of inter- 
est to you. On page 95 they have a sub - 
woofer crossover with the crossover 
point at 100 Hz, but I realize that the 
$29.95 price tag may fall somewhere 
outside of your budget: however. you 
might come out better in the long run. 

If you really want to design your own 
crossover, I suggest that you check Ra- 
dio Shack's "Building Speaker En- 
closures." I seem to recall a crossover 
schematic diagram in there. Also check 
out the electronics section of your local 
library. There are sure to be one or two 
references that cover the subject. Let me 
know how things work out for you. Good 
luck. 

Start the Music 
Could you please tell me where I 

could get an AY -3 -1350 melody syn- 
thesizer chip featured in the November, 
1986 issue on page 82? Radio Shack 
doesn't stock them any more. 
J. C. Shepard, 
Richardson TX 

The chip is made by General Instru- 
ment, which has a sales office at 5520 
LBJ Freeway. Suite 330. Dallas, TX 
75240. They should be able to steer you 
to a distributor. 



Here's your chance to win a complete monitoring 
package from Regency Electronics and Lunar Antennas. 
18 scanners in all will be awarded, including a grand 
prize of the set -up you see above: the Regency HX1500 
handheld, the Z60 base station scanner, the R806 mobile 
unit, and a Lunar GDX -4 Broadband monitoring/ 
reference antenna. 

55 Channels to go! 
When you're on the go, and you need to stay tuned into 
the action, take along the Regency HX1500. It's got 55 
channels, 4 independent scan banks, a top mounted 
auxilliary scan control, liquid crystal display, rugged die - 
cast aluminum chassis, covers ten public service bands 
including aircraft, and, it's keyboard programmable. 

Compact Mobile 
With today's smaller cars and limited installation space 
in mind, Regency has developed a new compact mobile 
scanner, the R806. It's the world's first microprocessor 
controlled crystal scanner. In addition, the R806 features 
8 channels, programmable priority, dual scan speed, and 
bright LED channel indicators. 

Base Station Plus! 
Besides covering all the standard public service bands, 
the Regency Z60 scanner receives FM broadcast, 
aircraft transmissions, and has a built -in digital quartz 
clock with an alarm. Other Z60 features include 60 

Send in a photo (like 
this one of Mike 
Nikolich and his 
Regency monitoring 
station) and receive 
a free gift from 
Regency. Be sure 
to include your 
name, address and 
phone number. 

channels, keyboard programming, priority control, digital 
display and permanent memory. 

Lunar Antenna 
Also included in the grand prize is a broadband 
monitoring/reference antenna from Lunar Electronics. 
The GDX -4 covers 25 to 1300 MHz, and includes 
a 6 foot tower. 

L 

I 

e.A1CLi_ ELECTRONICS INC. 
I 7707 Records Street 

Indianapolis, IN 46226 

Grand Prize (1 awarded) 
1-Regency Z60 Base station scanner 
1- Regency HX1500 Handheld scanner 
1- Regency R806 Mobile scanner 
1 -Lunar GDX -4 Antenna 

First Prize (5 awarded) 
1- Regency Z60 Base station scanner 1- Regency R806 Mobile scanner 

Second Prize (5 awarded) 
1- Regency HX1500 scanner 

Contest rules: Just answer the questions on the coupon, (all answers are 
in the ad copy) fill in your name and address and send the coupon to 
Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226. 
Winners will be selected from all correct entries. One entry per person. No 
purchase necessary. Void where prohibited by law. Contest ends June 
30, 1987. 

1. The Regency 260 is 
a digital alarm clock an FM radio 
a scanner all of the above 

2. The Regency R806 is the world's first 
controlled crystal scanner. 

3. The Regency HX1500 features 
55 channels Bank scanning 
Liquid crystal display all of the above 

4. The Lunar GDX -4 antenna covers - to - MHz. 

Name- 

Address- 

City: State: Zipcode- 

I currently own scanners. 

Brands owned- 

CIRCLE 10 ON FREE INFORMATION CARD 
J 
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800 -MHz Mag Mount 
The Antenna Specialists Co. series of 

3 -dB -gain, magnet- mount. low- profile 
mobile antennas fin- 80) -MHz trunking 
and cellular applications are designed for 
optimum electrical perfilrmance while 
providing the convenience of storability 
for both demonstration and permanent 
operations where desired. Durability as 
well as electrical efficiency are insured 
through application of A /S' plating of the 
whip. 

CIRCLE 61 ON FREE INFORMATION CARD 

The antennas are rated at 50 -watts con- 
tinuous power with VSWR less than 1.9:1 
over the specified ranges. Models 
ASPAI874N (type N male connector) and 
ASPAI874P (UHF male connector) cover 
the 806 -866 MHz trunking frequency 
range. 

Suggested list prices are $39.50 and 
537.50 respectively. Models ASPDI874T 
(TNC male connector) and ASPDI874M 
(mini -UHF male connector) are provided 
for 821 -896 MHz cellular telephone ap- 
plications. All !bur models are furnished 
with 12 feet of RG -58A /U cable. 

For complete specifications, write to 
The Antenna Specialists Co.. P.O. Box 
12370. Cleveland. 011 44112 -0370. 

L J 
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Tools and Test Equipment Catalog 
A new I44 -page catalog of precision 

tools and test equipment is being offered 
free by Jensen Tools Inc. Illustrated in full 
color. the catalog contains more than 
I.(XX) items of interest to field engineers. 
technicians. computer and telecom- 
munications service personnel. and the 
robotics industry. 

The catalog introduces economical 
telecom and PC service kits, specialty 
tools. soldering /desoldering devices. line 
aids. handsets. and logic monitors and 
other test equipment. Other categories in- 
clude shipping containers. tool cases. 
computer /power equipment. lighting. op- 
tical and drafting equipment. power tools. 
measuring devices. and full lines of 
pliers. screwdrivers, wire wrapping /un- 
wrapping tools, tweezers, and more. 

For a free copy. write or call: Jensen 
Tools Inc., 7815 S. 46th Street. Phoenix. 
AZ 85044: Tel. 602/968 -6231. 

Phono Cartridge with Guaranteed 
Satisfaction 

Ortofin's XI -MC and X3 -MC moving - 
coil phono cartridges offer all the sound 
quality advantages of moving coil design. 
while overcoming the two most signifi- 
cant disadvantages: high -cost and low - 
output levels. 

Ortofon's high- output levels result from 
a unique magnet structure that achieves a 

high -output level with fewer coil wind- 
ings. Ortofon's proprietary coil- winding 
machines allow the use of extremely fine 
wire filr lower moving mass. wider fre- 
quency response. improved tracking. and 
lower prices. 

Ortofün is so confident of the sound 

quality of their new XI -MC and X3 -MC 
moving -coil phono cartridges. that any 
consumer who doesn't prefer an XI -MC 
or X3 -MC to his present cartridge can 
return it to his dealer within 30 days for a 

full. on- the -spot cash refund. 
The Ortofòn XI -MC has an elliptical 

stylus and has a suggested retail price of 
$75. The X3 -MC has a Nude Fine Line 
stylus and a suggested retail price of $140. 

CIRCLE 63 ON FREE INFORMATION CARD 

15- Channel Programmable Scanner 
Automatic search. scan delay, and a 

priority channel are features that are nor- 
mally reserved for expensive. top- of -the- 
line scanners. But one modestly- priced 
programmable scanner that has those fea- 
tures -and more -is the Regency R 1075. 
Fully programmable. the I5- channel 
scanner can receive more than 15.(XX) fre- 
quencies from six of the most popular 
public service bands. 

Designed fir the beginning scanning 
enthusiast, as well as the veteran who is 
looking fir a reliable hack -up unit. the 
scanner can be programmed to search a 

frequency range for active frequencies. 
With its priority channel and scan delay 

functions. the scanner keeps listeners 
from missing important transmissions. 
When it is activated. the priority channel 
automatically overrides all other calls so 
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that broadcasts from a favorite channel are 
never missed. Scan delay puts a two -sec- 
ond pause at the end of a transmission so 
that "calls" and "answers" can he heard 
before the scanner resumes its scanning 
cycle. 

The scanner covers six full bands. in- 
cluding VHF -low (30 -50 MHz). VHF - 
amateur (144 -148 MHz). VHF -high 
(148 -174 MHz), UHF- amateur (440 -450 
MHz). UHF (450 -470 MHz) and UHF -T 
1470 -512 MHz). A dual scan -speed con- 
trol allows the scanning cycle to he set to 
fast or slow speeds. 

The scanner is simple to program. with 
a numbered keyboard and a dual -level 
vacuum fluorescent display that flashes 
visual messages to aid in programming. 

Other important features include chan- 
nel lockout. for skipping channels not of 
current interest, plus sliding volume and 
squelch controls. In the event of a power 
failure. a built -in capacitor will save fre- 
quencies in memory for several hours, 
without requiring batteries. All elec- 
tronics are housed in an attractive wood - 
grain case that features a top- mounted. 
built -in speaker. 

The Regency RI075 has a suggested 
retail price of $179.95 and is backed by a 

full one -year warranty. The basic package 
includes an AC power -supply cord. tele- 
scoping antenna, and an easy -to- follow 
instruction manual. 

Complete details are available from Re- 
gency scanner suppliers or by writing di- 
rectly to Regency Electronics Inc.. 7707 
Records Street. Indianapolis- IN 46226. 

Portable Oscilloscope 
Tektronk has broken the SI.000 price 

harrier with the newest member of the 
popular 2200 Series of portable os- 
cilloscopes. The dual- channel 2225 por- 
table oscilloscope offers features includ- 
ing a 50 -MHz bandwidth, alternate mag- 
nification, 5(X) -mV sensitivity. peak -to- 
peak auto -trigger mode. and high -fre- 
quency /low -frequency trigger filtering. 
TV trigger also conies standard with the 
capability of selective triggering on TV 
lines or TV fields. making the 1225 well 

suited for a variety of television and video 
applications. 

Alternate magnification provides many 
of the benefits of a dual- timebasc scope in 
a single- timebase instrument. With that 
feature. users can view both the magnified 
and unmagnified sweep on the screen. 
simultaneously. The magnified sweep 
also can be independently positioned in 
reference to the unmagnified sweep. Al- 
ternate magnification gives a simple. 
easy -to- operate method of wavetbrm ex- 
pansion and is selectable in three levels: 
5x, IOx, and 50x. 

The scope's 5(X) -p.V sensitivity is four 
times more sensitive than previous 22(K) 
scopes. The higher sensitivity opens up a 

new range of applications involving very 
low -level signal measurements. Those in- 
clude such applications as amplifier 
noise, power -supply ripple, transducer. 
and tape -head signal measurements. In 
addition, the highly sensitive vertical 
channels can also be used in a differential 
mode firr signal comparisons. or in an add 
mode. 
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Also new to the 222 is the trigger- filter 
capability. With that feature. users can 
selectively filter out unwanted low - or 
high -frequency components from the trig- 
ger signal. For example. a user can filter 
out the low- frequency component of a 

high -frequency signal that often causes 
instability. 

To provide improved low -cost perfor- 
mance with the 2225. Tektronix offers the 
P6103 -a 50 -MHz. 10 x passive probe- 
for under $50.00. The P6I03 has compen- 
sation built into the probe head and a more 
durable probe tip. To change the probe tip. 
a new one is simply screwed into place. 

The 2225 portable oscilloscope is 
priced at $995. The P6I03 probe is priced 
at under $50.(X). 

For further infìrrmation on the 1125 os- 
cilloscope or to place an order, call the 
Tektronix National Marketing Center: 
Tel. 800/426 -2200. In Oregon. call 
503 627- 9(XX). 

Electro -Probe Digital Multimeter 
The digital multimeter model 

DM -6593 Electro -Probe from A.W. Sper- 
ry Instruments is both small and conve- 
nient. Its features include autoranging, a 

unique interchangeable probe tip. elec- 
tronic overload protection on all ranges. 

ULTRA -MINIATURE 
5 VDC RELAY 

F pts 
FBR211NED005M20 
Hgn 5ensnwny $1.25 eech 
CON 120Dnms 10ór3/0.00 
CONTACTS lamp 
Mounts In 14 pm DIP socket 

D.PS.T. LIGHTED 
ROCKER SWITCH 

115 vac lighted rocker 
snapn+ountsm 

x 1'. not 
Orangelens '16 amp 
contact .1 

31 50 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS © 125 VAC 

S.PD.T. S.PD.T. S.PD.T. 
(on -on) (on -on) (on- off -on) 
PC style Solder lug Solder lug 
non -threaded terminals terminals 
bushing $100 each $1.00 each 
75e each ,.Tr 10ór1900 i 10ór$9.00 
10 for $700 loo for $00.00 100 for $00.00 

13.8 VDC REGULATED POWER SUPPLY 
These are solid state. fully regulated 13 8 vac 

/ / / / / / / / / /// conStructiiora u! protection 1aOD LsE 
solid slate 

power 
indicator U L listed 

1Hí1. o 2 amp convent. 4 amp surge $20.00 each 

e : 3 amp constant. 5 amp surge $27 50 each 

COMMODORE PRINTER /PLOTTER 
I.ummodore Model 1520 

Four color X-V plotter Standard VIC 

serial Interface allows easy connection t Cy 
to Commodore 64 computers or to 80 

haraCters per line (upper and lower easel 

m Our saes CAT CON -1520 $49.95 each 
EXTRA pen sets 51.50 per set. 

COMPUTER 
GRADE 

CAPACITORS 
2,000 mid. 200 Vdc 
1 3 4' x 55 high S. 
6,400 mid. 60 Vdc 
138 - 334- high 52 
9.700 mid. 50 Vdc 

1 3 8- 4 125 high Pr 
31,000 mfd. 15 Vdc 
134-4"high 525- 
50,000 mid. 40 Vdc 
T. 534'hgh $45- 
66.000 mid. 15 Vdc 
3' X 3 3 a' high 53 
60,000 mfd. 40 Vdc 
I5hey) $35 
86.000 mfel 30 Vdc 
3' 511.. high $35- 

-t, 

'1 

, 

G: 

EDGE 
CONNECTORS 

ALL ARE .156 SPACING. 
B1:ILG16sü z4llti ( 

mnnrmmnnrrr -- 
22 EDGE CONNECTOR $1.25 ea 

- ..g style 10 for 311.00 
22 44 EDGE CONNECTOR 

52.00 ea PC style 10 for $16.00 
22/44 EDGE CONNECTOR 

,older log style $2.50 each 

20/56 EDGE CONNECTOR 

$2.50 ea PC style IO for $22.00 

36/72 EDGE CONNECTOR 
PC style Y $3.00 each 

43/86 EDGE CONNECTOR 
PC style 54.50 each 

TI SWITCHING POWER SUPPLY 
Compact well -regulated switching power supply 
designed to power Texas lnslrumen s compute' .3, fT .. 
equipment t y 1L_. 1W 

INPUT 14- 25vac @tampSPECIAL 
output 12vdc 35Oma PRICE 

5vdc 10ma 
53.50 - 5 vac 200 ma 

SIZE 44. "a 45 It IN high each Ct. 

RECHARGEABLE 
NI -CAD BATTERIES 

AAA SIZE "'$1.85 
AA SIZE " $1.85 
AA :. $2.00 

C SIZE ' AH $3.50 
528 -C SIZE tat', $3.50 
D SIZE 4rl $3.50 

UNIVERSAL CHARGER 

` - - -- 
Will charge 4 -AA. C. D, or AAA 
m cads or one 9 volt m -cad at 
one time $11.00 per charge. 

10 AMP SOLID STATE 
RELAY 

CON 1RII. ' 

t(MD I n 
`.IZf - 

i O 50 EACH 10 FOR $90 00 

STANDARD JUMBO 
DIFFUSED T13 /4 

RED 1010,51.60 
100for$13.00 

GREEN 10 for $2.00 
1001LS:700 

1 YELLOW 
/00foil7.00ó 

LED HOLDERS 8 ® two piece er 
tor I 

10 /or 
D 

651 100 for fá.00 

PHOTO FLASH 
CAPACITORS -ë- 

'- 
;70 m1 330v 

75 ea. t 
CAT. PPC -170 ¡ `1u 

400 m1 330v 

CAT. PPC -400 1.00 ea. 

800 mf 330v 

CAT. PPC 800 135 ea. 

TELEPHONE 
COUPLING 

TRANSFORMER 
. ,- TTPCa or 

,.,,d Tv 304 P 

00 ohms c1 
..,0 ,,t'", c' 

,. . 

r 
rx 

$1.25 

each 

TOLL FREE ORDERS 
1 .800- 826 -5432 

IN CA: 1- 800 -258 -6666) 
INFO (213) 380 -8000 

TWX - 5101010163 ALL ELECTRONIC 

MUMUM to 

us1st30o snDPR,NG 
DO 

No C d o 
EOREIGM ORDERS 

INCLUDE sormcor r 

R1"g eur ES DO s, e 

CIRCLE 6 ON FREE INFORMATION CARD 7 



8 

CIRCLE 66 ON FREE INFORMATION CARD 

instant continuity buzzer. data -hold but- 
ton. and one -hand operation. Its the per- 
fect instrument for taking readings easily 
and accurately in hard to reach areas. 

Ranges are as follows: DC Volts -2(X) 
mV to 500 V; AC Volts -2 to 5(X) V: 
Resistance-2(X) ohms to 20 megohms: 
Continuity -buzzer sounds at approx- 
imately less than 150 ohms. 

The DM -6593 comes complete with a 

TL -49 test lead. AG -940 detachable al- 
ligator clip, two B -6 batteries, Tip -I short 
(0.5 ") probe tip, Tip -2 long (2.8 ") insu- 
lated probe tip, C -49 carrying case. one - 
year warranty and is economically priced 
at $55.(X). 

For more inli)rmation. write to A.W. 
Sperry Instruments, Inc.. 245 Marcus 
Boulevard. Hauppauge. NY 11788: tel. 
516j231 -7050. 

29 -cent Computer Diskettes 
Micro Center /MEl, a personal comput- 

er direct marketer in Columbus. Ohio has 
lowered the price of quality diskettes. 
Consumers can now purchase floppy 51/4" 
diskettes -single- or double-sided-for 
just 29 cents when purchased in lots of 50. 
Each diskette. protected in a soft paper 
sleeve. is I(Xle4 certified at the manufac- 
turer and is guaranteed for life -or your 
money back. Micro Center /ME1 has sold 
over 21 million of these quality diskettes 
to thousands of customers all over the 
country. Only 29 cents for lifetime war- 
ranty 51/4" single -sided. double -density or 
double- sided, double -density quality dis- 
kettes. 

Write or call Micro Electronics. Inc. 
1555 West Lane Avenue. Columbus. OH 
43221: Tel. 800/634 -3478. or in Ohio 
614/481 -4417. 
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Message Mike 
Marshall Electronics' easy -to -use Mes- 

sage Recorder (shaped like a broadcast 
studio microphone from the early years of 
radio and TV ) remembers important notes 
without you writing then down. It's the 

fun way to leave messages just about any- 
where. The battery- operated unit records 
20- second messages on a tape lop by 
simply holding down the record button 
and plays your message or instructions 
back every time it's picked up. 

The Message Mike is available in two 
colors- #7020 Black or #7050 Red. It 
measures 9-in. x 31/4-in. x 31/4-in. and is 
powered by three AA batteries (included). 
The list price is $29.95 ems. It is avail- 
able from Marshall electronics, Inc., P.O. 
Box 2027. Culver City. CA 90230. 
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Don't Get Burned 
Soldering temperature is set digitally in 

one- degree increments on a new tem- 
perature- controlled soldering iron intro- 
duced by Wellman Thermal Systems 
Corp. A solid -state controller assures tight 
tolerance temperature control. 

It has easy -to -read digital set -point and 
indicator lamps. The special tip design 
allows 135 -watts of power to he put into a 
25 -watt size without danger of overheat- 
ing. The result is very fast initial heat -up 
and minimal temperature drop at the 
workpiece, even when used for prolonged 
periods. 
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The sturdy compact industrial en- 
closure occupies only about 70 square 
inches of bench space but is heavy enough 
to resist accidental movement. 

Available accessories include a tip - 
wiping sponge and soldering iron holder. 

For more information, contact: Well- 
man Thermal Systems Corp., One Pro- 
gress Road, Shelbyville, IN 46176; Tel. 
317/398 -4411. 

New Radio Stuff 
Radio Engineers has two products of 

interest to the radio enthusiast. For the 
home builder with an oscilloscope that 
can only "see" up to 5 MHz, two models 
of frequency extenders are available. Des- 
ignated the Type HFX -I and HFX -2 Os- 
cilloscope Frequency Extenders, those 
units allow 5 MHz or IO MHz bandwidth 
oscilloscopes to see RF signals as high as 
55 MHz. The Type HFX -I model contains 
an RF- signal source and a broadband mix- 
ing circuit that converts the high- frequen- 
cy signal to an intermediate frequency 
within the oscilloscope's range. The Type 
HFX -2 is designed to be used with an 
external signal generator. but it still gives 
the same frequency coverage. Both units 
have 50 -ohm input impedances and use 
BNC connectors to interface to the circuit 
under test and the oscilloscope. 
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Also available is the Type DBX -30, a 

fixed 30 -dB attenuator, which allows the 
extenders to sample higher power levels. 

Data sheets are available on those and 
other products that the company manufac- 
tures by writing to Radio Engineers. 3941 
Mt. Brundage Ave.. San Diego. CA 
92111: Tel. 619/268 -7988. 

This publication is available 
in microform from University 
Microfilms International. 

,,m) 521-3044 Or mail tritium, to 
r.:R \I: rofdm. International. 300 North 

IL,wh Road. Ann Arbor. 511 48106 



With NRI training at home, you can... 

Move up to a high paying career 
servicing computers 

And you can start by actually building NRI's 
16 -bit IBM -compatible computer. 

You can create your own bright, 
high paying future as an NRI trained 
computer service technician. The 
biggest growth in jobs between now and 
1995, according to Department of Labor 
predictions, will occur in computer 
service and repair, where demand for 
trained technicians will double. There is 
still plenty of room for you to get in on 
the action -if you get the proper 
training now. 

Total computer systems 
training, only from NRI 
To learn how to work on 

computers, you have to get inside one. 
And only NRI takes you inside a 

computer, with total systems training 
that gives you hands -on experience with 
computers, peripherals. and software. 
You'll build a Sanyo MBC -550 series 
computer, which experts have hailed as 
the "most intriguing" of all the new IBM - 
compatibles. The Sanyo even surpasses 
the IBM PC in computing speed and 
graphics quality. 

Even if you've never had any 
previous training in electronics, you can 
succeed with NRI training. You'll start 
with the basics, rapidly building on the 
fundamentals of electronics until you 
master advanced concepts like digital 
logic, microprocessor design and 
computer memory. You'll probe into 
electronic circuits, using the exclusive 

NRI Discovery Lab" and professional 
Digital Multimeter, that you keep. 

You'll assemble Sanyo's intelligent 
keyboard, install the power supply and 
disk drive, and attach the high resolu- 
tion monitor -all the while performing 
hands -on experiments and demonstra- 
tions that reinforce your skills. 

Learn to service 
today's computers 

As you complete your Sanyo, you 
grasp the "secrets" that qualify you for 
a new career. You'll learn to program in 
BASIC and machine language. You'll 
use utility programs to check out the 
operation of the Sanyo's 8088 micro- 
processor (the same chip used in the 
IBM PC). And you also get over $1,000 
worth of software, including WordStar 
and CalcStar. 

Most importantly, you'll under- 
stand the principles common to all 
computers. Only a person who fully 
understands all the fundamentals can 
hope to be able to tackle all computers. 
NRI makes sure that you'll gain the 
knowledge and skills to maintain, 
troubleshoot and service computers. 

Learn at home in spare time 
With NRI training, you'll learn at 

home on your own time. That means 
your preparation for a new career or 
part-time job doesn't have to interfere 

with your current job. You'll learn at 
your own pace, in the comfort and 
convenience of your own home. No 
classroom pressures, no rigid night 
school schedules. You're always backed 
up by the NRI staff and your instructor. 
who will answer questions, give you 
guidance and be available for special 
help if you need it. 

Let others worry about computers 
taking their jobs. With NRI training, 
you'll soon have computers making 
good paying jobs for you. 

Send for Free NRI Catalog 
Send the post -paid reply card today 

for NRI's 100 -page catalog, with all the 
facts about computer training plus 
career training in Robotics, Data 
Communications, TVNideo Servicing 
and many other fields. If some other 
ambitious person beat you to the card, 
write to NRI at the address below. 

M 
McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue. NW 
Washington, DC 20016 

We'll Give You Tomorrow. Ì,11s 

IBM ,s a Registered Trademark of International Business 
Machines Corporation. 
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AppleWriter Cookbook 
By Don Lancaster 

Apple Writer Cookbook covers a 

wide range of topics giving thorough 
and extensive coverage of the five 
different versions of the AppleWriter 
program. including the new ProDOS 
2.0. AppleWriter Cookbook's first two 

AppleVMe.r' 
Cookbook 
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chapters respond to the questions of 
actual AppleWriter users. The chapters 
that follow provide additional 
information on many areas such as: 
patches for NULL. shortline, Grappler. 
and other codes. self -prompting 
glossaries, microjustification, 
proportional spacing routines. WPL 
routines for columns, and source -code 
capturing instructions. 

The cookbook has appendices full 
of WPL programs. AppleWriter 
patches, machine -language patches. 
and internal ProDOS AppleWriter 2.0 
program details. AppleWriter 
Cookbook's 352 pages answer users 
questions; from the bare-bone beginner 
through the full source -code capturing. 
go -for -broke hacker. 

Retailing fòr $19.95. the book is 
available directly from Sams by 
writing to Howard W. Sams and Co.. 
Dept. RIO, 4300 W. 62nd St.. 
Indianapolis. IN 46268; Tel. 
317/298 -5409 or 8(X) -428 -SAMS. 

Introductory Structured COBOL 
Programming 
By Gary S. Popkin 

Designed for readers with little or 
no knowledge of computers, as well as 
those who already know one or two 
programming languages. lotroductor 
Structured ('0801. Programming 
includes many examples emphasizing 
programming techniques and COBOL 

applications found in the business 
world. 

The book begins with an elementary 
program in the opening chapter. and 
then introduces additional COBOL 
features of increasing complexity in 
succeeding chapters. To avoid 
unnecessary complications and 
facilitate understanding. only those 
COBOL features needed for a 

particular program are discussed at 
each step. Thirty -six complete, 
working COBOL programs -and part 
of a thirty -seventh -are shown. 
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The book contains: an informal 
writing style. which is highly 
instructive; a gradual increase in the 
level of difficulty that allows the reader 
to master the material before 
proceeding; program -design 
techniques including flow charts, 
control charts, pseudo code, hierarchy 
diagrams. and top -down design; 
thorough definitions of all key words 
and concepts as they are introduced; a 

detailed explanation of the Report 
Writer and SORT features, and 
coverage of advanced topics for further 
study. 

The book contains 471 pages; retails 
for $25.75 and is available from 
Wadsworth International, 7625 Empire 
Dr.. Florence, KY 41042; Tel. 
800 /354 -9706. or 606 /525 -1230 

Home Electrical Wiring and 
Maintenance Made Easy 
By The American Association for 
Vocational Instructional Materials 

With Home Electrical Wiring Made 
Easy as a guide, even the beginner will 

see how simple it is to learn 
professional wiring techniques - 
whether replacing a faulty switch. 
installing a light dimmer. inspecting a 

home's wiring system for safety 
hazards. or installing a complete 
wiring system. Every procedure 
recommended in this wiring guide is 
in compliance with the most recent 
National Electrical Code requirements 
and every possible safety precaution 
has been observed. 

The section on wiring homes. utility 
buildings. and service areas provides 
hands -on, step -by -step instructions for 
reading and interpreting wiring plans. 
selecting tools and materials. 
estimating wiring costs. installing 
switch and outlet boxes, grounding the 
electrical system and equipment. 
connecting receptacles, switches. and 
fixtures for each circuit, and more. 

The reader will learn how to decide 
if a 120 -volt, 120 /240 -volt. or 240 -volt 
system is needed, and how to install 
the proper circuits and to service 
entrance equipment using a cable or 
conduit with overhead or underground 
conductors, how to install ground fault 
circuit interrupters and conduits. even 
the procedures for installing wiring for 
agricultural and other utilit buildings. 

HOME 
ELECTRICAL WIRING 
AND MAINTENANCE 

MAGE EASY 
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And even if the reader plans to 
install an electric system from scratch, 
this book will more than pay for itself 
with advice on simple maintenance 
and repair of home electrical systems. 
Which tools should be used for doing 
each job, proper safety precautions to 
take when working with electrical 
wiring. how to recognize faulty 
wiring. lighting fixtures. and switches. 
and how to remove and replace worn 
or broken parts are just some of the 



subjects covered. And it doesn't take 
an accomplished handyman to 
appreciate the preventative 
maintenance tips included here -how 
to's for replacement of attachment 
plugs, lamp sockets. and service 
cords, fuses and resetting or changing 
circuit breakers, single pole 3 -way and 
4 -way switches. inspection and repair 
of dryer, range, and other appliance 
outlets, replacement of incandescent 
and fluorescent lighting fixtures, and 
of ground fault circuit interrupters. 

It is 272 pages long, and retails tirr 
$19.45 as a paperback and $28.95 as a 

hardbound hook from TAB Book Inc.. 
Blue Ridge Summit, PA. 17214: Tel. 
717'7114.2191. 

CIRCLE 74 ON FREE INFORMATION CARD 

Home Video Made Easy 
By Ken and Dave Muse 

Home Video Made F.asv is filled 
with cartoons and photos. and offers 
clearly written, simple explanations 
that assist you in the use of light, 
sound, and microphones. It shows you 
how to patch -in, edit. transition. 
jumpcut. or superimpose: and how to 
connect anything to anything. This 
hook is packed with ideas, giving 
amateur home video effiMs the 
polished look of professional TV. 

Hone Video Made Easy is 240 
pages long, and the paperback costs 
$17.95. It is available from Prentice - 
Hall. Englewood Cliffs. NJ 07632: 
Tel. 201/592 -50(X) 

Introduction to Digital 
Communication Switching 
By John R. Ronayne 

Progression into the modern 
technical telecommunications field is 
simplified with introduction ro Digital 
Comnrunicalion Switching. This 
reference guide will expose the reader 
to the concepts of digital 
communication switching -efficient 
channeling of incoming and outgoing 
telephone signals. 

The hook covers pulse -code 
modulation (PCM), error sources and 
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prevention. digital exchanges and 
control. all -digital networks, and the 
open System interconnection 1OSI) 
model. 

This is a complete reference aid tìrr 
telecommunications professionals who 
will need to understand current 
transmission and switching 
techniques. and far students with a 

technical background in 
telecommunications. 

A 2(X) page. softbound hook 
retailing for $23.95. it is available 
from Sams by writing to Howard W. 
Sams and Co.. Dept. R50 4300 W. 
62nd St., Indianpolis. IN 46268: Tel. 
800/428 -SAMS. 

TI IF. PRA( TICM. GUIDE lu 
Local Afea Networks 
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Local Area Networks 
By Rowland Archer 

Local Area Networks treats the 
subject of networks at the levels of 
potential purchaser. installer. manager. 
and user. It assumes that you are 
reasonably familiar with the setup and 
use of IBM PC's, but do not 
necessarily know programming. 

Chapter I explains what a network 
is and gives a brief history of personal - 

computer networks. In chapter 2. the 
benefits and costs of LAN's are 

explored to help you decide whether to 
purchase one. Chapter 3 outlines the 
factors that should influence your 
selection. should you decide that a PC 
network is appropriate for you. 
Chapter 4 examines in detail the 
planning and installation of a network. 
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FREE! 
New Catalog of 
Hard-To-Find 
Precision Tools 

1 ,++- 

"'' 

_" A - O 

Jensen's new catalog is jam- packed 
with more than 2,000 quality items. 
Your single source for hard -to -find 
precision tools used by electronic 
technicians, scientists, engineers, 
schools, instrument mechanics, 
laboratories and government agen- 
cies. This popular catalog also con- 
tains Jensen's world- famous line of 
more than 40 tool kits. Call or write 
for your free copy today! 

JENSEN 1 7815 S. 46th Street 
Phoenix, AZ 85044 

TOOLS INC. 6021968.6241 
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Our 
guaranteed 
savings plan. 

Fluke70 Series Analog /Digital multi - 
meters are like money in the bank. Buy 

one, and you're guaranteed to save both time 
and money. 

Money, because you get longer battery life 

and longer warranty coverage - 3 years vs. 
1 year or less on others. 

And time, because 70 Series meters are 

easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 

sticker price. And take a closer look at the new 

low- priced $79 Fluke 73, the $99 Fluke 75, and 

the deluxe $139 Fluke 77. In the long run, they'll 
cost less, and give higher performance, too. 

And that, you can bank on. 

For a free brochure, and your nearest distrib- 
utor, call toll -free 1 -800- 227 -3800, ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 
1985 Fluke 
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and includes a discussion of how much 
hardware and software to buy. Chapter 
5. which closes the first half of the 
hook. tells you how to use a network 
to run both existing and new 
applications that take advantage of the 
special features a network offers. 

The second half of the book is 
devoted to detailed discussions of five 
popular networks. Those chapters give 
a clear picture of what it is like to 
install and use each system. The 
contrasts between the different 
networks reveal the variety of features 
available, so that you can decide 
which are important to you. 

The hook is available at bookstores 
throughout North America. or directly 
from McGraw -Hill. 260( Tenth St.. 
Berkeley, CA 94710: Tel. 800/227- 
0900. or 800/772 -2531 

1001 
THINGS TO DO WITH YOUR 

COMMODORE 128 

111Vir j cur 
7 ^ - J L 

n- ' 
- 

111111 mu. voloucs. IWO maw 
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1001 Things to Do with Your 
Commodore 128 
By Mark Sawusch and Dave 
Prochnow 

In l(X)l Things to Do With Your 
Commodore /28 are ways to use your 
C -I28 tirr applications ranging from 
household recordkeeping and 
budgeting. to investment analysis and 
business management -from game 
playing and hobby use, to scientific 
and educational applications. This 
book includes ideas for getting more 
from the C -I28: to forecast weather. 
help youngsters make better grades. 
calculate camera settings. keep any 
business on the road to better profits. 
for technical applications. and to play 
games. 

Packed with ideas for putting the 
C -I28 computer to work its a book 
that's sure to inspire computer users to 
come up with still more ideas of their 
own. The authors have provided all - 
new. commercial- quality programs for 
sound and graphics. financial. 
business, educational, and high -tech 
applications. Plus unique games and 
puzzles. as well as an invaluable 
library of computer specific utilities 
and subroutines. Printouts. flowcharts. 
diagrams, step -by -step instructions, 
and a wealth of illustrations. are all 
featured in this programming hook. 

A 208 page hook, it costs ,12.-15 in 
paperback. and $18.95 hardbound. 
available from TAB Books Inc.. Blue 
Ridge Summit. PA 17214: Tel. 
717/794 -2191. 
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Satellite and Cable TV Scrambling 
and Descrambling 
By Brent Gayle and Frank Baylin 

Satellite and Cable 71' Scrambling 
and Descrambling is organized so that 
the material in each chapter builds 
upon that explored in previous ones. 
The concepts underlying modern 
communications are outlined in 
Chapter I. In the next chapter. the 
operation of both black- and -white and 
color TV is comprehensively 
explained. Chapter 4 is an in -depth 
study of the scrambling techniques 
which underlie all encryption systems 
in use today. The innovative MAC 
broadcast system is also outlined here. 
In chapters 5 and 6, the discussion 
turns practical as commercially 
available scramblers and descramblers 
for both cable and satellite TV systems 
are presented. The study includes an 
explanation of both the technical 
parameters of each s stem as well as 

its operational features. 
The hook. 280 page softbound 

retailing for $19.95. is available from 
Baylin /Gale Productions. 1905 
Mariposa. Suite 101. Boulder. CO 
80302: Tel. 303/449 -4551 

Programming with dBASE Ill Plus 
By Cary N. Prague and James E. 
Hammitt 

Programming with dBASE III Plus 
is a guide to Ashton Tate's newest 
version of its dBASE relational 
database manager for the IBM PC. It 
includes all the practical. use -it -now 
advice and guidance beginning PC 
users are looking lair. as well as power 
programming techniques that will 
allow more advanced users to increase 
productivity. while sharply reducing 
application development time. The 
programming example alone will make 
the book worthwhile. 



SCIENTIFIC 

ATLANTA 

UNITS 

LOWEST 

PRICES 

ANYWHERE! 

CABLE -TV 

WELL MATCH OR BEAT ANYONE'S 
ADVERTISED RETAIL OR WHOLESALE PRICES! 

ITEM 
SINGLE 

PRICE 
10-UNIT 
PRICE 

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

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

LCC -58 WIRELESS CONVERTER 92.95 76.00 ea. 

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

SB ADD -ON UNIT 109.95 58.00 ea. 

BRAND NEW - UNIT FOR SCIENTIFIC ATLANTA Call for specifics 

MINICODE (N -12) 109.95 58.00 ea. 

MINICODE (N -12) VARISYNC 119.95 62.00 ea. 

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

M -35 B (CH. 3 OUTPUT ONLY) 13995 70.00 ea. 

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

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

INTERFERENCE FILTERS - CH. 3 24.95 1400 ea. 

JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea 

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

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

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

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

Prices subject to change without notice 

PLEASE PRINT 

Name 

Address 

State 

Cashier's Check 

Acct # 

Signature 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

City 

Zip_ Phone Number I 

E. . Money Order C COD C Visa L : Mastercard 

Exp Date 

FOR OUR RECORDS 

DECLARATION OF AUTHORIZED USE - I, the undersigned. do hereby declare under 
penalty of perjury that all products purchased, now and in the future. will only be used on cable 
TV systems with proper authorization from local officials or cable company officials in 

accordance with all applicable federal and state laws. 

Dated. Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT.H -1 RESEDA, CA 91335 

(818) 716 -5914 No Collect Calls (818) 716 -5140 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model 11 of the equipment used in your area. Thank You 
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l'n,graainin,g with 

dBASE III 
PLUS 

CIRCLE 73 ON FREE INFORMATION CARD 

Drawing on their expertise in the 
use of dBASE 11 and dBASE Ill, the 

authors highlight the new generation 
enhancements that make dBASE III 
Plus one of the most sophisticated and 
versatile integrated software packages 
available on today's market. Just some 
of the areas explored include the more 
than 50 new commands and functions. 
new utilities such as an applications 
generator and an advanced query 
system. faster sorting speed and 
indexing capabilities up to IO times 
faster than dBASE Ill, greatly 
expanded file capacity. and built -in 
networking capability. 

Scooter's 
Guard -It ` Control Center 

makes life easy and comfortable 
with your PC for under $100. 

Life with your IBM PC or compatible system can be a hassle with all the 
peripherals running. Scooter's Guard -It Control Center gives you fingertip 
control over your entire system. The Center has five surge /noise protected 
outlets to protect your system from hazardous changes in voltage and 
irritating noises. LED indicators let you know which peripherals are on or off. 
It even has a swivel base, so you can turn your monitor for more comfortable 
viewing. All this in a slim, attractively designed cabinet makes it the ONE 
accessory to enhance your PC. And at $98.95, the Guard -It Control Center's 
price makes it a pretty easy acquisition. 

Call or write today for the name of TER' your nearest authorized Scooter dealer. 

Ohm Electron:cs, Inc. ...Serving the electronics industry for 17 years. 
P.O. Box 368 746 Vermont Ave. Palatine, IL 60067 
Telephone: (800) 323 -2727 In Illinois: (312) 359 -6040 

CIRCLE 22 ON FREE INFORMATION CARD 

Exceptionall> well documented and 
packed with program examples - 
including a sophisticated payroll and 
inventory system -this is a 

sourcehook that goes beyond the 
material covered in most user's 
manuals. It provides the in -depth 
information needed to decide whether 
or not to upgrade techniques needed to 
tap the maximum productivity 
potential offered by this state -of -the -art 
software package. and details on how 
to use dBASE Ill Plus as a powerful. 
stand -alone programming language. 

The hook is 384 pages long and 
comes in papaerhack for $21.45, and 
hardcover fir $29.95. It's available 
from TAB Book Inc.. Blue Ridge 
Summit, PA 17214: Tel. 717 794 -2191. 

CIRCLE 77 ON FREE INFORMATION CARD 

Satellites Today 
By Frank Baylin 

.Sali /lites Today explains. in a clear 
and readable fashion. the technology 
underlying the transmission of 
information to and from satellites. and 
describes satellites -the innovative and 
critical link in the communication 
revolution. 

Written for both the non -technical 
beginner and the professional who 
wants to know more about that 
fascinating new television -viewing 
mode. it clearly explains the history of 
communications and satellite 
transmission: how TV and radio 
messages are transmitted to and from 
satellites: how home satellite systems 
work: what types of satellite -TV 
programs you can receive at home; 
why home satellite- receiving stations 
are legal: the full range of domestic 
satellites you can receive. and how to 
buy and operate a home satellite 
system. Plus the future of satellite 
systems. direct broadcasting. satellite 
spacing. and more. 

It is a softbound hook of 157 pages. 
costing $12.95. available from 
Universal Electronics. Inc.. 4555 
Groves Rd.. Suite 13. Columbus. OH 
43232: Tel. 614/866 -4605 



LOTUS 1 -2 -3 
SIMPLIFIED 

INCLUDING VERSION 2 0 

CIRCLE 73 ON FREE INFORMATION CARD 

Lotus 1 -2 -3 Simplified -2nd 
Edition Including Version 2.0 
By David Bolocan 

Regardlc' of your programming 
experience. Lotus l-2-3 Simplified is a 

must -have supplement to the standard 
user's manual. It provides secrets to 
taking maximum advantages of 1 -2 -3's 
highly- sophisticated features and 
capabilities, including Version 2.0's 
larger and faster spreadsheet 
operations. its macro and file 
compatibility with Symphony database 
software, and its larger memory 
capacity. Included are twenty different 
spreadsheet applications that can he 

put to immediate use handling the 
reader's business and financial needs. 

The hook is 272 pages long and 
costs $14.45 in paperback and $21.95 
in hardbound. It is available from TAB 
Books Inc.. Blue Ridge Summit. PA 
17214: Tel. 717/794 -2191. 

Electronic 
Synthesiser 
Construction 

CIRCLE 78 ON FREE INFORMATION CARD 

Electronic Synthesiser 
Construction 
By R. A. Penfold 

With Electronic Synthesiser 
Construction a relative beginner 
should be able to build. with a 

minimum of difficulty and at a 

reasonably low cost, a worthwhile 
monophonic synthesiser. and also 
learn a great deal about electronic 
music synthesis in the process. 

It considers the various individual 
parts of the circuit that comprise a 

complete Instrument and &tads the 
practical construction of those as 

separate units which can then he 

combined together to form the final 
synthesiser. Printed- circuit designs are 

provided ibr those main modules. 
Later chapters deal with sequencing 
and some eftècts units. 

The hook will also he useful to the 
more experienced users who. for 
instance, might like to add some of the 
designs to an existing system to 
increase its capabilities and versatility. 

It is a paperback selling fìò $5.95 
(plus $1.00 shipping and handling). 
available from Electronic Technology 
Today, Inc., POB 240. Massapequa 
Park, NY 11762. 

CIRCLE 71 ON FREE INFORMATION CARD 

Landmobile and Marine Radio 
Handbook 
By Edward C. Noll 

Landmobile und Marine Radio 
kehnical Handbook is a good hook 
tìò anyone interested in radio 
communications. The hook is a useful 
learning tool for two -way radio 
communications and a complete 
reference source 11 r experienced users. 

Beginning with coverage of 
fundamental topics and working 
through to advanced subjects the hook 
covers such topics as. two -way radio 
services and their frequency hands, 
transmission characteristics and 
modulation systems. basic solid -state 
theory for radiocommunications. 
digital and microprocessor electronics. 
antenna systems tìò mobile. fixed - 
station. and marine applications. test 
equipment types and usage. equipment 
testing and servicing procedures. two - 
way radio equipment and circuit 
descriptions. repeater stations and 
cellular radio. and radar equipment. 
and satellite communications. Two - 
way field communications are 
discussed, including private 
landmobile services. marine 
radiotelephone and radiotelegraph. 
marine navigation. citizens hand, and 
FCC licensing. 

It is a softhound hook retailing tìò 
$24.95, available directly from Sams 
by by writing to Howard W. Sams and 

r ELECTRONIC 
COMPONENTS 

Manufacturers of Quality 
Electronic Components 

5ern9 Ina Nanan Irom and Calllo,nia 

BATTERY HOLDERS 6 CLIPS COILS 

CAPACITORS CONNECTORS FUSES 

JACKS KNOBS LAMPS PLUGS 

MICROPHONES POTENTIOMETERS 

RELAYS RESISTORS SWITCHES 

TRANSFORMERSSPEAKERSLEDS 
SEMICONDUCTORS RF COILS 

Ill 16 000 0 NI IIIMS IN STOCK' 
0ILO01 NAIAD OUTOCO USA SONO $200 

MOUSER ELECTRONICS 
2402 11WY 287 NORTH MANSIALLD, TX /6063 

PI i 0r.1 RI7- .1H144 ?2 

CIRCLE 12 ON FREE INFORMATION CARD 

$700 EQUIPMENT CASE 

SIMULATED LEATHER FINISH 
10 INCH BY 12 INCH BY 4 INCH 
RUGGED ABS PLASTIC WITH 

LATCHES CHROME PLATED 
USE IT FOR A CAMERA CASE,TOOL BOX, OR 
PORTABLE EQUIPMENT CASE.GREAT WAY 
TO CARRY THOSE BOOKS AND SOFTWARE 
TO AND FROM WORK 

CASSETTE DRIVE $250 
FROM THE PIONCCR CT -6R 
HEADS: 
20 -20K HZ "RIBBON SENDUST- 
STEREO RECORD AND PLAYBACK . 
I ERASE HEAD . AUTO REVERSE 

á' 

MOTORS: 
I DC SERVO FOR CAPTSON '... ; . 4 
2 DC HIGH TORQUE FOR REELS - 

SCHEMATICS INCLUDED 
$2900 PRECISION X Y TABLE 

TWO GLOBE DC GEARMOTORS - -- 

LINEAR POT FEEDBACK - 
CALL FOR SPEC SHEET - 

.4.5 INCH BY 6 INCH TRAVEL '. 
COMPUTER INTERFACE SCHEMATICS 
INCLUDED 

Z80 COMPUTER BOARD $4500 
2 SERIAL PORTS & CENTRONICS PORT 
DDDS FLOPPY CONTROLLER d. 64K RAM 
CPneBIOS & SCHEMATICS INCLUDED 

DC GEARMOTER $14 cx) 

VOLT TO 12 VOLT DC OPERATION ' 
250 TO 1 GEAR REDUCTION 
A PAIR OF THESE WILL MOVE A 500 LB 
ROBOT 

TERMS COO OR PREPAID ONLY PREPRI D4ILLOH 21EEKS 
FOR CHECK TO CLERK CWCRSH OR CERTIFIED CHECK 
ONLY ROD $190 OFFER 6000 WHILE SUPPLIES LRST 
STORE PRICE NW DIFFER PRICES MAY CHANGE 

SiliconnalleySurplus ORKLe I 

óRr 

415- 261 -4662 9'601 7-201-,602 
10AM-6PM CLOSED SUN & MON HIGH ST e 880 

CIRCLE 20 ON FREE INFORMATION CARD 
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PLANT A BULB 

LINO. THE THE LIGHTBULB GROWING IN A FLOWER POI' ISN'T 
a photographic trick: We've got a real 40 -watt bulb and two 
antennas in a pot of potting soil, and the bulb real /v lights! 

Some bright and knowledgeable people have been tripped 
up by this project. One looked at it and said, "Chemical 
reaction in the soil. right ?" Wrong! Another suggested we 
had an induction coil in the bottom of the pot. Wrong again! 
A young lady in the office said "I didn't know dirt could hold 
electricity!" And another chap was certain it was battery- 
powered because he had seen it lit in the morning, and then 
dark at noon: He said, "I was sure that the battery wouldn't 
last that long!" 

Not Really Planted 
In actual tact, the planted lightbulb is neither planted, nor 

battery- powered. nor possessed of some magical power: it's 
powered directly by the powerline, like all other conventional 
lightbulbs. 

What magical force do the antennas 
snatch from outer space that 
can make an unconnected 
lightbulb turn itself on? 

Imagine how much money could 
be made if you could really grow 

lightbulbs in your garden! 

By Byron G. Wels 

Here's how it's done. Get a ball- shaped lightbulb: We 
obtained the one used for the photograph at a local super- 
market. Also get a bulb that's burned out. Carefully wrap the 
old, burned -out bulb in a cloth -an old towel does fine -and 
strike the glass smartly with a hammer to break the glass. 
Now carefully (very carefully) remove the splintered glass 
from around the remaining base. and then cement the base to 
the top of the ball- shaped lightbulb-offset to one side. (Any 
good five- minute -cure epoxy will do well.) Orient the added 
base with the bulb's filament so you're looking at it end -on 
when the lamp is lit. 

Drill a small hole through the bottom of a flower pot, near 
what will be the back. Bring an AC linecord through the hole, 
and then connect the linecord's terminals to a lamp socket. 
(It's a good idea at this point to carefully coat the socket's 
screw terminals with some epoxy to keep moisture out.) 
Screw the bulb into the socket with the false screw -base at the 
top. and add some ordinary potting soil to a point about half- 
way up the socket. Carefully orient the socket so the lightbulb 
"sits" the way you want it, and then add the rest of the potting 
soil to a point where the curvature of the bulb stops. 

To heighten the "magical" effect, you can install a disc - 
type flasher unit in the socket so the light pulses on and off. 

Oh yes -the two antennas. They're just stuck into the soil. 
It's "smoke- screen," what magicians call "misdirection." 
All they add is curiosity. 

Practical uses'? Sure there are. Your local florist would be 
delighted to place this in his store window with a sign saying 
"Have you purchased your bulbs yet ?" Or you can offer it to a 
hardware store owner, with a sign saying "Had any bright 
ideas lately ?" They'll probably pay you ten times what you 
paid for the parts. That's pretty practical! 



CIE MAKES THE WORLD 
OF ELECTRONICS YOURS. 

Today's world is the world of elec- 
tronics. But to be a part of it, you 
need the right kind of training, the 
kind you get from CIE, the kind that 
can take you to a fast growing career 
in business, medicine, science, 
government, aerospace, 
communications, and more. 

ecialized 
training. 

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

tactical 
raining. 

You learn best with practical training, 
so CIE's Auto-Programmed® lessons 
are designed to take you step -by -step, 
principle -by- principle. You also get 
valuable hands -on experience at every 
stage with sophisticated electronics 
tools CIE -designed for teaching. Our 

4K RAM Microprocessor Training 
Laboratory, for example, trains you to 
work with a broad range of com- 
puters in a way that working with a 
single, stock computer simply can't. 

trsonalized 
raining. 

You learn best with flexible 
training, so we let you choose from 
a broad range of courses. You start 
with what you know, a little or a 
lot, and you go wherever you want, 
as far as you want. With CIE, you 

CIE 

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

e first step 
is yours. 

To find out more, mail in the 
coupon below. Or, if you prefer, 
call toll -free 1. 800. 321.2155 
(in Ohio, 1-800-523-9109). 
We'll send you a copy of CIE's 
school catalog and a complete 
package of enrollment information. 
For your convenience, we'll try to 
have a representative contact you 
to answer your questions. 

Cleveland Institute of Electronics 
1776 East 17th St., Cleveland. Ohio 44114 

YES! I want to get started. Send me my CIE school catalog including details about 
the Associate Degree Program. I am most interested in: 

computer repair television /high fidelity service 
telecommunications medical electronics 
robotics /automation broadcast engineering 

other 

Print Name 

Address Apt. 

City State Zip 

Age Arca Code 'Phone No. 

Check box for G.I. Bulletin on Educational Benefits 
7 Veteran n Active Duty 

OR CALL TOLL FREE 1 -800- 321 -2155 (In Ohio, 1- 800 -523 -9109) 
CIRCLE 7 ON FREE INFORMATION CARD 

MAIL TODAY! 

21 



22 

ON DX'ING 

You can learn almost any language from shortwave radio 
l'vi. ALWAYS THOUGHT THAT MANN' 
high school and college foreign -language 
instructors were missing a bet by not rec- 
ommending to their students that they lis- 
ten to shortwave broadcasts for practice. 

Except by actually traveling abroad. 
how else can you get so much listening 
exposure to the language that you're try- 
ing to learn? 

Maybe some of you students in Span- 
ish-, French -. or German -language class- 
es will slip a tip to the prof to let him know 
the practice material that's there for the 
tuning every day. 

Better yet, why not tape record some of 
the programming? Newscasts are great 
material for the novice linguist. Take your 
cassette to class so others can benefit. too. 
It's a better gift for teach' than a polished 
red apple! 

Even if you're not in school. there are 
still some good ways to learn a lingo. 

Some of the major international broad- 
casters offer special lessons -classes by 
radio -that will get you started learning 
their native languages. In some cases, the 
stations offer no -cost supplemental text 
materials through the mail to help you 
with the courses. 

Recently, Alex Batman, editor of a fine 
column called "Easy Listening" which 
appears monthly in FRENDX, the bul- 
letin of the North American Shortwave 
Association, reviewed the learn- a -lan- 
guage programs. 

In addition to Spanish and German. 
Batman noted, there are language pro- 
grams that can help you learn Dutch. 
Hebrew, Chinese. Japanese, Korean, and 
Russian. Radio classes in other languages 
have been offered, too: and perhaps will 
be again in the future, especially if lis- 
teners request such programming. 

Here is what is available, according to 
Batman. 

Language Broadcasts 
Spanish -Spanish Foreign Radio, 

Madrid, offers a program called "Learn 
Spanish: A Language Without Bounds." 
The programs are offered Monday 
through Friday at 0050 UTC, repeated at 
0150 UTC on 6055 and 9630 kHz. The 
series includes both practice dialogue and 
grammar lessons. 

Takayuki Inoue Nozaki of Hachioji -city, Tokyo, is one of the top DX'ers in the 
world when it comes to logging stations in Latin America. Last year, Takayuki 
had the rare opportunity of traveling through South America, actually visiting 
many of the shortwave stations he had previously heard and verified. 

German -"Auf Deutsch Gegast." or 
"Say it in German," is a weekly program 
broadcast on Saturdays by Deutsche 
Welle, the Voice of Germany. The broad- 
casts. supported by an available textbook, 
are broken down into sentences and are 
translated. with the dialogue read straight 
through in German at the end of each 
program. It is scheduled for 0135 UTC, 
and again at 0335 UTC, on a number of 
DW frequencies, including 6145, 9545, 
and 9565 kHz: and 0535 UTC on 5960, 
6120. 6130 and 9690 kHz. 

Hebrew -"Easy Hebrew," offered 
daily at 2300 UTC on 5885, 7410 and 
9435 kHz by Kol Israel, is not a Hebrew 
language course for beginners. It is, sim- 
ply, a program in Hebrew. spoken slowly 
and carefully pronounced. for those who 
have some background in the language. 

Russian -"Russian by Radio" is pre- 
sented by Radio Moscow's World Service 
at 1930 UTC Saturday. and 0030, 0330. 
0930, and 1630 UTC Sundays. on the 
many shortwave frequencies used by the 
Soviets. There is a textbook that you can 
obtain, which contains written lessons 
that you can send in for correction, if you 
wish. 

Chinese -There are two ways to begin 
to learn this difficult language by short- 
wave radio. Programs are offered both by 
Radio Beijing and by Taiwan's Voice of 
Free China. 

The former's program. "Learn Chi- 

nese" is aired by Radio Beijing at 1145 
UTC on 9820 kHz, 1245 UTC on 9820, 
and 9640 kHz, and 0045 UTC on 9820 
and 1 1685 kHz, on Mondays and repeated 
on Wednesdays. A text is available from 
Radio Beijing and it should be helpful to 
beginning students. 

"Let's Learn Chinese" is the name of 
the Voice of Free China's lesson program. 
Batman suggests that this program is pre- 
sented so clearly and carefully that texts 
are not even essential: and, unlike most 
other language programs, it is offered at 
three different levels: for beginners, inter- 
mediate learners and advanced students, 
with printed course material for each stu- 
dent group. 

The program is broadcast daily at 0245 
and 0345 UTC on 5985 and 6065 kHz. 
and 0745 UTC on 5985 kHz. Signals, 
relayed by a private religious station, 
WYFR in Florida, are strong and clear 
here in North America. 

The 0345 UTC program, however, is a 

relay of the previous day's 0245 and 0745 
UTC airings. The beginner's course is 
presented on Wednesday (and 0345 UTC 
Thursday): the intermediate level on Mon- 
days and Thursdays (plus 0345 UTC on 
Tuesdays and Fridays), and the advanced 
classes on Tuesdays and Fridays (with an 
0345 UTC repeat on Wednesday and Sat- 
urday). And, to complete the somewhat 
complicated schedule. Saturday night 
programs are devoted to learning your 



Increase your knowledge about all aspects of electronics 
An absolutely no -risk guarantee. 

6elect 5 Books for only $'2` " toes 
$128.80r 

and get a free Gift! f 
DIGITAL 
CLOCKS 

1683 521.95 

- BAC 
ELECTRSIONICS 

THEORY 

1775 529.95 
Counts as 2 

FUNDAMENTALS 

TRANSDUCERS 

2660 626.95 

Signal Processing 
Design Techniques 

2657 632.50 
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TROUBLESHOOTING 
6 REPAIR 

1218P. How To Troubleshoot 8 Repair 
Electronic Circuits Paper $13.95 

1984P. Step -by -Step Telephone Instal- 
lation and Repair Paper $9.95 

EXCITING 
PROJECTS 

1604P. Build Your Own Laser, Phaser, 
Ion Ray Gun and Other Working Space - 
Age Projects Paper $15.95 

1825P. 333 Science Tricks And Experi- 
ments Paper $11.95 

1586. 25 Silicon- Controlled Rectifier 
Protects $17.95 

1793. A Beginner's Guide to Making 
Electronic Gadgets -2nd Edition $14.95 

BASIC 
ELECTRONICS 

1553. Understanding Electronics 
-2nd Edition $15.95 

728P. Basic Digital Electronics: Under- 
standing Number Systems, Boolean Al- 
gebra 8 Logic Circuits Paper $10.95 

2609. Basic Integrated Circuits $26.95 

iwl' 
RADIO /TV /STEREO 

2653P. How to Be a Ham -3rd Edition 
Paper $12.95 

1964P. Designing, Building and Testing 
Your Own Speaker System . . . with 
projects -2nd Edition Paper $10.95 

1082P. TV Field 8 Bench Servicer's 
Handbook Paper $10.95 
1255P. The Complete Shortwave 
Listener's Handbook -3rd Edition 

Paper $13.95 

(Publisher's Prices Shown) 

Membership Benefits Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 50% off the 
publisher's list price. Bonus Books. Starting immediately, you will be eligible 
for our Bonus Book Plan, with savings of up to 80% off publishers' prices. Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections- mains, alternates, extras -plus bonus offers and 
special sales, with hundreds of titles to choose from. "Automatic Order." If 

you want the Main Selection, do nothing and it will be sent to you automatically. 
If you prefer another selection, or no book at all, simply indicate your choice on 
the reply form provided. Ironclad No-Risk Guarantee. If not satisfied with your 
books, return them within 10 days without obligation! Exceptional Quality. All 
books are quality publishers' editions especially selected by our Editorial Board. 

FREE when you join 

Handy, Pocket -Sized 
Resistor and Inductor 
Color Code Calculator 

MINIM 

--M.B.r 

ELECTBUNCE ß K CHUB 
P.O. Box 10, Blue Ridge Summit, PA 17214 

Please accept my membership in the Electronics Book Club and send the 5 

volumes circled below, plus my FREE Resistor 8 Inductor Color Code Calculator, 
billing me $2.95 plus shipping and handling charges. If not satisfied, I may return 
the books within ten days without obligation and have my membership canceled. 

I agree to purchase 4 or more books at regular Club prices (plus shipping /han- 
dling) during the next 12 months, and may resign any time thereafter. 

728P 800P 1082P 1123P 1199P 1216P 1255P 1490 1492 1553 1586 1602 

1604P 1670 1683 1693 1757 1775 1788 1791 1793 1825P 1858 

1925 1964P 1984P 2603 2609 2653P 2657 2660 2663 2675 2706 2728 

Name 

Address 

City 

State /Zip Phone 
Valid for new members only Foreign applicants will receive ordering instructions. Canada must 
remit in U.S. currency. This order subject to acceptance by the Electronics Book Club. 
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ARD -35 Multitester 
Portable 31/2Digit LCD, 
Compact Size 
Buzzer and Full Auto - 
Polarity Operation AC, DC 
Volts & Current & 
Resistance 
Effective Overload and 
Transient Protection on All 
Ranges 
Over -Range Indication on 
Each Range 

DMR -45 4'2 Digit 
Multifester 

Single 30 Position Rotary 
Switch with .5" High Contrast 

LCD Auto -Overrange and 
DC Auto Polarity Diode 
Test, Transistor HFE Test, 

Audible Continuity Test, Data 
Hold AC -DC Volts, AC -DC 

Current, Resistance Dual 
Slope Integration A -D 

Converter Systems 

BL -10K 10,000 Ohm 
Volt Multitester Blister 
Packed 

15 Ranges 
Battery Test 
Fully Protected 
AC -DC Volts. DC Current, 
Resistance & 2 Battery Test 

Available at your local distributor 
Single & Dual Trace Scopes 
Analog & Digital Multimeters 

Power Supplies 
High Voltage & Low Cap. Probes 

RF & Sine /Square Wave Generators 
Digital Capacity Meters 

EMCO ELECTRONICS 
P.O. Box 327, Plainview, NY 11803 

Send for your free catalog. 
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1ntFliL 
PLANS -All Parts Available in Stock 

LC5 BURNING CUTTIG CO2 LASER ... $20.00 
RUB3 RUBY LASER RAY PISTOL 20.00 
BTC5 1.5 MILLION VOLT TESLA COIL 15.00 
PTG1 PLASMA TORNADO GENERATOR 10.00 
GRA1- GRAVITY GENERATOR 10.00 
MAGNETIC CANNON PROJECTOR 10.00 

1 

KITS -Includes Plans and Parts 
LHC2K SIMULATED RED /GRN/YEL LIGHT 
LASER 34.50 
BTC3K 250,000 VOLT TESLA COIL 159.50 
10G1K ION RAY GUN 109.50 
PSP3K PHASOR SHOCK WAVE PISTOL 49.50 
STG1K- STUN /PARALYZING GUN 39.50 
INF1K INFINITY TRANSMITTER 134.50 
MFT1K 2 -3 MILE RANGE FM VOICE 
XMTR PC BOARD 49.50 

ASSEMBLED AND TESTED PRODUCTS 
LGU30 RED 1MW PORTABLE HENE 
LASER 349.50 
TCL30 SOLID STATE TESLA COIL 35KV 84.50 
IPG50 POCKET PAIN FIELD GENERATOR 64.50 
BLS10 BLASTER DEFENSE WEAPON 89.50 
ITM10 -100KV SHOCK AND STUN GUN 99.50 
PPF10 PHASOR PAIN FIELD PORTABLE 249.50 
SNP20 SECURITY PHONE LISTENER 99.50 

CATALOG CONTAINING DESCRIPTIONS OF 
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR 

$1.00 OR INCLUDED FREE WITH ALL ABOVE OR- 
DERS. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND 
PRODUCTS. PLANS ARE POSTAGE PAID. SEND 
CHECK. MO, VISA, MC TO: 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. HO AMHERST, NH 03031 
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Chinese pronunciation. 
Japanese -Radio Japan has two lan- 

guage lesson courses, "Let's Learn Japa- 
nese" on Tuesdays and "Let's Practice 
Japanese" on Fridays. Programs are 
broadcast on 5,990 kHz at 1335 UTC. 
Batman says that the programs seem sim- 
ilar, but have separate texts. obtainable 
from the station. 

Dialogues are read in both Japanese 
and English, then are broken down by 
sentences. It's a bit tough for a beginner. 

Korean -Radio Korea's language 
lesson program has the almost generic 
name, "Let's Learn Korean." Apparently 
a text is available by writing to the station 
in Seoul. Sentences are read several times 
in Korean, and then in English. There's 
not much help with grammar or explana- 
tion. It is broadcast Monday through Fri- 
day at 1440 UTC on 9750 kHz; 0240 
UTC on 11,818 and 15,575 kHz, and 0440 
UTC on 9,570 kHz. 

With some dedication and work, those 
programs should help you to speak and 
understand some of the foreign languages 
that you hear on shortwave radio. 
New Publications 

If you understand enough Spanish to 
make out the identifications announced 
by some of the Latin American stations, 
but not enough to be able to sit down and 
write a reception report to them in their 
own language, a new book called "Lan- 
guage Lab" might be just what the doctor 
ordered. 

"Language Lab" is the first of a series 
of do -it- yourself volumes from Tiare Pub- 
lications (P.O. Box 493. Lake Geneva, 
WI 53147) that should help you write re- 
ception reports. It consists of 50 pages of 
phrases and sentences -in Spanish with 
English equivalents -appropriate for a re- 
ception -report letter. 

Similar coil -bound books in French and 
Portuguese are scheduled for later pub- 
lication by Tiare. 

The cost is $12.95. plus shipping -$I 
in thé U.S. and Canada: $2, abroad. 

If you're into broadcasting history-or. 
considering it from a different perspec- 
tive: medium and shortwave trivia - 
chances are that you will enjoy author - 
editor Tom Kneitel's new book. Radio 
Station Treasury, /900 4946. 

Kneitel has collected in this 176 -page 
book a wealth of broadcasting- station data 
from the earliest days of radio. It includes 
reproduced lists of stations worldwide 
from old printed log hooks. There are 
reprinted features from early radio maga- 
zines, plus some fascinating old -time ads! 

For example. "A 5-foot wire thrown 
over a desk, my wife and I listened to a 

concert from Portland, Oregon, over 600 
miles distant," reads one from a 1920's 
publication. 

One of a number of reproduced articles 

ABBREVIATIONS 
DW Deutsche Welle, the Voice of 

Germany 
DX'ing listening to shortwave 

broadcasts 
kHz kiloHertz (1000 Hertz or 

cycles) 
SW shortwave 
SWL'ing shortwave listening 
U.S., United States of America 
USA 
UTC Universal Time Code (old 

Greenwich Mean Time) 

from the past covers the origin and history 
of call letters of U.S. radio stations. Why, 
you may wonder, do eastern stations use 
"W" calls, while most of those west of 
the Mississippi start with "K ?" 

The book is available from CRB Re- 
search, P.O. Box 56. Commack, NY 
11725, for $12.95. plus $1 postage in 
North America. Mention that you heard 
about Tom's book in Hands -on Elec- 
tronics. 

Down the Dial 
Here are some of the shortwave log - 

gings reported by some of our DX'ing 
friends. Join them in this column by let- 
ting me know what SW stations you're 
hearing. Drop me a line. If you have any 
questions about SWL'ing, include them 
in your letter too. The address is Jensen on 
DX'ing, Hands -on- Electronics. 500 -B 
Bi- County Blvd., Farmingdale, NY 
11735. In the loggings below. the times 
are given in UTC (Universal Coordinated 
Time. equivalent to Greenwich Mean 
Time). The frequencies are listed in kHz 
(kilohertz): 

Alaska-6095. KNLS is a religious 
broadcaster owned and operated by the 
World Christian Broadcasting Corpora- 
tion. This 100- kilowatt SW outlet is lo- 
cated at Anchor Point in our northernmost 
state. Its programming is directed mostly 
to China and the Soviet Union, across the 
pole. Look for this one around 0800. 

Greece-7430, Voice of Greece, 
Athens, often can be heard with some 
terrific Greek music on this frequency, 
during the evening hours in the U.S. and 
Canada. You'll find English program- 
ming from 0130. 

Mongolia -12,015, Ulan Bator's radio 
offers English -language programming 
here around 1200. You may well find inter- 
ference, but it is an interesting catch none- 
theless. 

USA -15,295, not the best known of 
the private shortwave broadcasters in the 
U.S., WINB in Red Lion, PA, has been 
around for a few years and can be heard 
around 1600. (Credits: Bob Palmer, WA; 
Raymond Slagt, Aruba, Netherlands 
Antilles: Theo Bemis, Pittsburgh: North 
American SW Association, 45 Wild- 
flower Road, Levittown. PA 19057.) 



By Herb Friedman 

ON COMPUTERS 

-Computer control of the entire world 
ONE POSIBILrrY OF PERSONAI. ('OMPU'r- 
ing that hasn't gotten off the ground. 
moved from square one. or even started to 
run up the flagpole, is computer -control of 
the routine appliances used in daily life. 
Back in the ancient days of personal com- 
puting -1980 to 1984 -it was one of the 
hottest "high- tech" subjects in the popu- 
lar press. From national magazines to 
your local hometown newspaper. when a 

managing editor ran out of ideas he as- 

signed someone a story on how computers 
will son be used to start the morning 
coffee. turn on the oven to preheat so it 
will he ready to cook the roast beast for 
Mom, control.the home's security system, 
and announce when baby falls out of the 
crib. 

As you well know, except tint a handful 
of hobbyists. personal computer control 
of appliances has gone off like a wet fire- 
cracker -and for good reason: It's more 
trouble than it's worth because it ties up a 

very expensive piece of hardware to do 
something that's done more efficiently 
and conveniently by dedicated zi /mos. 

Forget for a moment whether you 
would care to drink coffee made with 
water that's stood all night in an electric 
perk waiting fir a computer to turn on the 
power. or whether Mom needs a $2500 
computer to tell her how to whip up a 

bucket of grits or a platter of chicken 
fruncesa. Consider, instead. only the in- 
conveniences-in particular. the need to 
interface the computer to the appliance(s). 

Low Voltage Is Limiting 
With very rare exceptions. a personal 

computer cannot directly control a house- 
hold appliance. because under the best of 
circumstances the typical home- and -fam- 
ily computer accommodates only low -cur- 
rent digital signals of 5 -VDC. or the 
±25 -VDC of the RS -232 I/O (input /out- 
put) port. In no way can those low- voltage 
circuits directly control a I17 -VAC line - 
powered appliance, or even a telephone 
circuit (which uses 50 -VDC and 90- 
VAC). Just to have the computer turn on a 

117 -volt light bulb requires an hoer /ivre, a 

gadget that allows the computer to control 
an appliance even though the two are elec- 
trically isolated from each other. 

The few interfaces available for con- 

sumer- appliance applications have been 
variations on the BSR controller. In gener- 
al. there is no low -cost interface available 
for common home appliances- though it 
is easy enough ti)r a hobbyist to build one. 

Interface Circuits 
Simplified -hut working -interface 

circuits for computer to appliance inter- 
facing are shown in Figs. I and 2. Both 
circuits accomplish the same thing. When 
the computer outputs a "high" of + 5- 

VDC. the associated appliance -lamp 
11 -is turned on. When the computer's 
output is driven "low "(O -volts), the ap- 
pliance is turned oft. 

Resistor RI limits the drive to QI 's hase 

to 5 -mA (0.005-A ). which allows just 
about any kind of snl.tII signal or switch- 
ing transistor to be used for QI. Relay K 
should hase the same voltage rating as its 
source oltage. VI)1). If the source voltage 
cornes from the computer's 5 -volt power 
source KI must have a 5 -VDC coil. KI's 
maximum sensitivity is determined by 
QI's 13 (gain). The maximum sensitivity of 
KI (in mA) is: 

= 0.0)5 x ß 

For example. ifQl's ß is 1(X). then KI's 
sensitivity is: 

.005 x I(X) = 5(X) -mA 

+VOD 

t 

1 N4004 ' 01 

K1 

+5V 
b 

01 OrL R1 

FROM p 1K 

COMPUTER a 
e 

o 
o 

n 
L 111 VAC 

Fig. 1 -A 5 -volt "high" from the computer will cause K1 to pull -in and close its 
contacts, which completes the 117 -volt powerline circuit for lamp 11. K1's voltage 
rating must equal VsbDD. Thus, the coil rating in this case must be 5 -VDC 

+5V _ IN 
O 

O 

U1 
n 

OUT (i 117 VAC 

FROM 
COMPUTER ' 

Fig. 2 -An opto- coupler can really simplify the circuit. because among other 
features, it is powered directly from the computer -the "high" causes the diode 
to illuminate. Depending on how the circuit connects to the computer, 
a resistor in series with the diode might be needed. 

Although the two interfaces do the 
same thing. Fig. I is the way an experi- 
menter might do it using components 
from the almighty junkhox. 

The signal input to Fig. I connects to 
one terminal of the computer's parallel - 
printer port. When the computer outputs a 

digital "high" to the port. transistor QI is 

driven lo saturation: it conducts. causing 
relay KI to pull in and close the contacts 
that applies I17 -VAC to lamp II. 

Most likely. any relay with a coil rating 
up to 5(X) -mA will work. In fact. most 

low -cost DC relays will tall in that sen- 

sitivity range. 
Diode DI can he an\ silicon rectifier of 

the IN4004 type. It sears to squash the 

"kickback" voltage developed by KI's 
coil when current flow is interrupted - 
thereby keeping the transient "pulse" out 

of the computer. 
(Continued on next page) 
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ATTENTION! 

E LCHIC, 
c -a 1 

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

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

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

347 RAYMOND ROAD Z É P.O. BOX 20345 
JACKSON, MISSISSIPPI 39209 
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Here's an ideal 
Christmas present for 
beginners of all ages 
FunWay 1 Gift Set is a 

complete learning system 
that will have you building 

electronic circuits in no time! 
A beer -powered radio, and electronic 
siren & a sound effects generator are 

among the 20 projects you can build In- 
cludes the easy-to-read FunWay into Electronics 

(Volume 1) & all necessary materials 

No áoldorfnp 
Required! 

Educational 
Hobby! 

O Please send mel x) FunWay gift sets. Enclosed is 5 
plus an additional S2 50 per k4 for shipping packing handing 

Ú 
California residents please include sales tax. 

Name 

O Address. 

p City 
z 
2 Zip 
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DICK SMITH ELECTRONICS INC 
P 0 Box 2249 Redwood City CA 94063 

Sometimes its just impossible to get a 
relay with the proper current rating. If so. 
use a more sensitive relay. e.g., 250 -mA 
when 5(X) -mA is calculated. 
Opto- Coupling 

Figure 2 is also an experimenter's kind 
of-circuit. only it is all solid- state: using a 

Triac -output opto- coupler as a substitute 
for both QI and KI. 

Opto- coupler UI contains two devices 
in a light -tight housing the size of a small 
integrated circuit (it even looks like a DIP 
IC). One element is an infrared- emitting 
diode. the other is an optically- sensitive 
Triac whose gate is triggered when ex- 
posed to light from the diode. 

The diode "glows" when the computer 
outputs 5 -VDC. The glow from the diode 
triggers the Triac, which conducts. there- 
by turning on lamp II. When the computer 
output goes "low." the diode turns off. 
causing the Triac to turn off, which in turn 
extinguishes the lamp. 

But It Works 
Although the circuits are very simple, 

they do work; and they do make it easy to 
experiment with computer -control of ex- 
ternal appliances. 

If you want to do extensive experimen- 
tation with remote control. you'll proba- 
bly find that some form of multi -port/ 
multi -function peripheral is available for 
your computer. As a general rule. they are 
plug -in boards -at least for the Apple and 
IBM clones -which are software ad- 
dressable. In plain terms. that means you 
can turn one or more appliance controllers 
on and off simultaneously: the computer 
might control your burglar alarm through 
one port while keeping tabs on a bubbling 
pot of stew through another port. It might 
even keep track of the mash in the family 
still while it's protecting your home 
against fire. wind. and termites (it senses 
them gnawing away). 

Let Us Know About It 
As I said earlier. I can see no good 

reason to tie up several thousand dollars 
worth of hardware to do things that are 
done better with cheap timers. but we all 
have our own likes and dislikes. If you've 
done any unusual work interfacing your 
computer to appliances. we'd like to hear 
about it -maybe we can share it with the 
other readers. But keep in mind that we're 
talking about controlling appliances. 
Don't give us four pages of details on a 
laboratory application: that's what com- 
puters are really for. 

When it comes to Robotics. and labora- 
tory and industrial processes. computer 
interfacing certainly has proven itself to 
have great value because it allows us to do 
things more conveniently and cheaply. 
My complaint is using $2500 worth of 
equipment to do a 50 -cent task. 

Say 
the 

cloud 
When you lose your vision, 

you lose the clouds. 
You lose tie sunsets. The 

seashells. The `noonlight 
and snowflakes. 

This year 50,000 Americans 
will lose all that and more. 
Forever. 

Yet with your help, half 
f all blindness 7,an be 

prevented. 
We're the Na:iona.l Society 

to Prevent Blincness. 
We f ght to save all thc, 

things people IcsE when :ley 
lose thei eyesigh-. 

liHelp us save the. clouds. 
. Give to Prevent Blindness. 
'01//_ National Society 

Or/ 1Fto Prevent Blindness 
Bc x 2020. Naaison Square 
Statioi. New YtrE, N Y. 10159 



Professional Quality Digital Multimeters ... 
at Affordable Prices! 

Size: 3 5 "(w) x 6 75")h) x 15 (d) 

These rugged, high quality instruments are used worldwide by ser- 

vice technicians and are sold by industrial distributors at much higher 

prices. By eliminating the middleman we pass the savings on to you. 

Compare price and features and you'll agree there is no better value! 

Ruggedized Drop Resistant Construction 
Large 31/2 Digit LCD Display 
Data Hold Feature 
Audible Continuity Buzzer 
Diode and Transister Test Functions 
10 Meg OHMS input impedance, 0.5% Basic DC Accuracy 

32 Measuring Ranges 

DC 0-200 mV 

0-2/20/200/1000 V 

0-20/200 uA 

0-2/20/200/2000 mA 

1-10 A 

DM 310 

AC 0 -200 mV OHMS 0- 200/2000/20K/200K/2 MEG 

0- 2/20/200/700 V Continuity 20 OHMS or Less 

0-20/200 uA Diode Approximate Forward Bias Voltage 

0-2/20/200/2000 mA Transistor Approximate hFE Value 

0-10 A 

Case. Leads. Battery & Instructions 
c,: I muted Warranty S49.95 

Compact Pocket Size 
Large 3'/2 Digit LCD Display 
Diode Test Function 
10 MEG OHMS Input Impedance, 0.8 Basic DC Accuracy 
17 Measuring Ranges 

Size: 3.9"(w) x 5 14`(h) x 1 0 "Idl 

DM 50 
n Case. Leads. Battery & Instructior 

-ruled Warranty 

DC 0.200 mV 

0- 2/20/200/1000 V 

0 -200 uA 

0- 2/20/200 mA 

AC 0.200/500 V 

OHMS 0- 200/2000/20K/200K/2 MEG 

DIODE Approximate Forward Bias Voltage 

S29.95 
BRC Electronics 

P.O. Box 882; Rosemont, IL 60018 

Charge L VISA® H MasterCard.. 

Acct No _ 

PLEASE PRINT CLEARLY 

Name 

Address 

City 

Stale 

Phone) 

Sign Here 

Zip 

E.p 

Mail Your Order Today or Call 

1- 800 - 828 -9990 
Dept. 3109 

Quantity Model Price Ea. Extension 

DM 310 49.95 

DM 50 29.95 

Illinios Residents add 7% Tax 

Add $4.00 Shipping & Handling Each Unit 

TOTAL S 

15 Day Money Back Guarantee! 

Returns Must Be Complete And In Orginal Carton. 

1 
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By Byron G. Wels 

THINK TANK 

If you need a circuit, check out these pages 
WHEN I FIRST UNDERT(X)K TO WRITE 
this column, I expected it to be a monthly 
chore. But now that I'm into it, it has 
become totally absorbing and fascinating. 
In searching out the circuits that you're 
looking for, I come across others that are 
gripping. It's hard to believe that this sort 
of work can get so involving. It's like 
reading some kind of detective novel with 
the solution missing. and trying to figure 
out who the culprits are! 

If you'll recall the first of these col- 
umns, written a couple of months ago, 
mentioned that we had access to some of 
the top electronics writers in the world. 
Just to qualify that, I took a quick survey 
around the office, and counting on /v those 
writers in the office, eliminating freelance 
contributors or other columnists (who are 
but a phone call away). we have a total of 
over 500 years of electronics experience 
working right here! I don't know about 
you, but those numbers sure impressed 
me! That's a whole bunch of talent packed 
into one office. 

Power Control 
Among the more- interesting requests 

this month, was one from R.B., of Port- 
land. OR. Like most other computer 
users, he's been turning everything on and 
off with a switched outlet strip. His com- 
plaint is that he has to turn everything on 
even if he doesn't plan to use everything. 

Well. here's a better way, R.B. Take a 
gander at the schematic diagram in Fig. I. 
That control unit, which is fused accord- 
ing to your power requirements. has surge 
protection in the form of a metal -oxide 
varistor (MOV): a reset circuit so that if 
the power drops out. power is not restored 
to the equipment until the reset switch is 
pressed: and it's loaded with indicator 

SOURCE MATERIAL 
This month's schematic diagrams 
were taken from the Application Notes 
of: Teledyne Semiconductor, 1300 Ter- 
ra Bella Ave, Mountain View, CA 
94039 -7267; Solid State Micro Tech- 
nology for Music, Inc., 20768 Walsh 
Ave., Santa Clara, CA 95050, and 
General Electric, Power Electronics 
Semiconductor Dept., Auburn, NY 
13021. 

lamps to tell you what's on and what's not. 
And you can extend that circuit to add as 
many additional switched outlets as you 
need provided you do not exceed the cur- 
rent- carrying capability of the wires and 
AC outlet. 

Phoney Beeper 
We received an unusual request from 

L.M., of Niagara Falls, NY. He has a 
pompous friend who recently got a tele- 
phone beeper and whenever they go out 
with their friends. the unit on his friend's 
belt always beeps a few times during din- 
ner. When that happens, he jumps up and 
runs to the phone. He thinks it makes him 
look important. One evening. he stopped 
to pick his friend up, and as they left the 
house, his friend said to his wife. "Now 
remember to beep me at eight o'clock and 
again at eight -thirty!" That did it. Now 
L.M. wants a beeper so that whenever his 
friend's beeper goes off, his can, too. 

The schematic diagram, Fig. 2, should 
work well for you, L.M. We tbund an 
excellent solid -state buzzer at Radio 
Shack that provides a nice, loud, pulsing 
or continuous beep and it can be driven by 
a nine -volt transistor -radio type battery. 
We're using a 555 timer IC to provide a 
ten -second delay, and a push -to -make, 
push -to -break SPST switch. 

What happens is simple. When you're 
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ready -or more accurately put. when 
your friend's beeper goes off -press 
switch SI and immediately place your 
hands on the table, where it can be plainly 
seen that you haven't flipped any switch- 
es. Within ten seconds or so, your own 
unit will start to beep and continue to do 
so until you press SI again to turn it off, 
which also resets the unit. Your friend will 
soon get the idea. House your unit in a 
nice plastic cabinet with a belt harness. 
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Where's Your ELECTRONICS Career Headed? 

The Move You Make Today Can Shape Your Future 
Yes it's your move. Whether on a chess board 
or in your career, you should plan each move 
carefully. In electronics, you can move ahead 
faster and further with a 

B. S. DEGREE 
Put professional knowledge and a COLLEGE 
DEGREE in your electronics career. Earn your 
degree through independent study at home, 
with Grantham College of Engineering. No 
commuting to class. Study at your own pace, 
while continuing your present job. 

The accredited Grantham non -traditional 
degree program is intended for mature, fully 
employed workers who want to upgrade their 
careers . . . and who can successfully study 
electronics and supporting subjects through 

INDEPENDENT STUDY, AT HOME 

Independent Home Study Can Prepare You 

Study materials, carefully written by the Gran- 
tham staff for independent study at home, are 
supplied by the College, and your technical 
questions related to those materials and the 
lesson tests are promptly answered by the Gran- 
tham teaching staff. 

Recognition and Quality Assurance 
Grantham College of Engineering is accredited 
by the Accrediting Commission of the National 
Home Study Council. 

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

r 1 
Grantham College of Engineering Fl 1 

-87 

Free Details Available from: 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California 90720 

10570 Humbolt Street, Los Alamitos, 

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

Name- 

CA 90720 

explains your 

Age 

Address 

City State Zip 
L 
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Motor Controller 
We got a letter from B.R., of Silver 

Springs, MD. He's looking lbr a simple 
circuit to control the speed of a small 
motor. I must point out that we can usu- 
ally provide better service to you if you 
tell us more about the intended applica- 
tion instead of the specific need. Rest as- 
sured, we have no intention of stealing 
your idea! We just want to be of better 
service to you. 

In any event, take a look at Fig. 3. 
We're using a Teledyne Semiconductor 
TSC429 as a small, closed -loop motor 
controller. Chip U I is used both as a driver 
and comparator in the control circuit. The 
hack EMF of the motor is used as a feed- 
back signal to detect motor speed. Sure 
hope this circuit works for you! 

Voltage Doubler 
R.P., of Dallas, TX. writes to ask if we 

can provide a schematic diagram for a 
voltage -doubler circuit. Now voltage dou- 
blers are not unusual circuits. and elec- 
tronics reference books are full of them. 
We interpret this inquiry to mean that R.P. 
has a good deal of faith in us; we certainly 
don't want to let him down, so here goes. 

You'll find that the schematic diagram 
in Fig. 4 is unusual, to say the least. 
Again, we went to Teledyne Semiconduc- 
tor for the information, and the circuit k 
built around their TSC429. Make certain 
that you use Schottky diodes in the output 
for maximum efficiency. 

Controlled Light Flasher 
M.V., of Salt Lake City. UT, wants a 

controlled light flasher. No problem at all, 
M.V. Just take a look at Fig. 5. You 
should have no problem with that circuit; 
but he aware that the circuit requires two 
separate voltage sources to make it work. 
It's a simple. straightforward circuit that 
needs no explanation. 

Headlight Dimmer 
We received an interesting letter from 

P.J. of Washington. DC. It seems that one 
of the options offered on his new car was 
an automatic headlight dimmer. and he 
refused it. Now he has decided that he'd 
like to have such an option. but the dealer 
wants too much money to install it. "Can I 

build my own?" he asks. 
Of course, you can. Check out the 

schematic diagram in Fig. 6. When the 
lights of an on- coming car are sensed by 
photo -transistor QI, things get going. 
Sensitivity is set by the 22- megohm re- 
sistor, R5, to about half a foot- candle. The 
relay used has a 12 -volt, 0.3A coil. (The 
car's battery can handle that.) The LI4CI 
is complete with a lens that has a diameter 
of one inch for a 10° viewing angle. 
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Slave Trigger 
Professional photographers don't de- 

pend on long cords between the camera 
and the remote (slave) flash. While that 
answers the question from T.L. , of Lub- 

12 

HIGH 
BEAMS 

hock, TX, the schematic shown in Fig. 7 
will serve even better. 

When the flash -connected to the PC 
connector or hot shoe on the camera -is 

(Continued on page 1 /0) 
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about building crystal radio receivers 
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BP59- SECOND BOOK OF CMOS IC PROJECTS $5.00. More circuits show- 
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BP72 -A MICROPROCESSOR PRIMER $5.00. We start by designing a small 
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BP74- ELECTRONIC MUSIC PROJECTS 55.95. Provides the experimenter 
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BP91 -AN INTRODUCTION TO RADIO DXING $5.00. How you can tune in on 
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INTRODUCING 

FRED -THE -HEAD 
Here's a wooden head 

that can talk, sing, and yodel. 

Richard L. Pearson 

E1FKIiD-TIII.- I-I:AD IS A UNIQUE W(X)DEN 'TALKING ALAI) 
that's meant to be driven by any audio source. such as a radio. 
an amplifier, or a tape player. Although Fred is a true "block- 
head." his mouth is articulated and will "speak" in syn- 
chronization with any audio signal that's coupled to an 
electronic circuit concealed within the base that supports 
Fred's head. If the audio signal is speech. Fred will appear to 
speak. If the signal is music Fred will appear to hum or 
whistle in time with the beat. One person even used Fred to 
reproduce the speech- synthesized voice of his computer. 

Fred has served every purpose. from an extension speaker 
for a police -band monitor to an attention -getter for flea - 
market merchants. 

Fred is powered from the 117 -volt powerline. The audio 
input can be any suitable source having an output impedance 
in the range of 4 to 16 ohms. (The unit shown uses an 8 -ohm 
speaker for Fred's "voice. ") Full deflection of Fred's mouth 
requires a signal of .2Vp -p to be applied to the audio input -a 
level easily provided by even a small portable radio. Since the 
mouth's preamplifier has a high input impedance. it has no 
noticeable effect upon the signal source. 

Electronic Assembly 
Fred's electronics are assembled on a standard Radio 

Shack Protohoard, which has a coordinated system of holes 
consisting of horizontal rows designated by letters and ver- 
tical columns designated by numbers. In most instances the 
component leads themselves will Corm the circuit runs. When 
needed, short, non -crossing jumpers are formed from #22 
solid bare hookup wire. Long runs or jumpers that do cross 
should he made from #22 solid insulated hookup wire. 

Circuit Description and Operation 
Take note that Fred's electronics provide no power boost or 

filtering to the audio delivered to his speaker. The circuitry 
(Fig. I is used simply to drive his mouth. 

The input audio is applied to the speaker and across level 
control R6. The speaker's volume is determined by the audio - 
output level of the amplifier being used as the signal source. 
R6 provides a means of adjusting the input level to the mouth - 
driving circuitry for the correct "jaw" action. 

UI is a 741 op -amp: it is used as an inverting amplifier, 
having a gain of less than I(X) at lower audio frequencies. RI. 
C2. R2. and the setting of R6 determine the overall gain of the 

stage. Capacitor CI serves to maintain the DC bias at pin 2. 
Resistors R5 and R2 establish the desired bias at pin 3 (the 
non- inverting input of U I ). The amplified audio is taken from 
U I . pin 6 and coupled via C3 to the gate of SCR I . 

The jaw motor (MOTI). SCRI and the secondary of T2 are 

connected in series. When there is no audio applied, the 
current path is blocked by the non- conduction of SCRI. As 
audio of varying frequency and amplitude is applied to the 
gate of SCRI. conduction begins at varying points in the 
positive half-cycle: that produces a half-wave rectifier with a 

duty-cycle that varies at an audio rate. The varying current 
through the circuit causes the DC motor to actuate the jaw in 
time to the input audio. 

The power supply consists of TI, T2. DI. U2. and capaci- 
tors C4. C5. and C6. DI and C5 provide an unregulated 17- 

VDC to U2. a 7812 voltage regulator. U2 and capacitors C'4 

and C6 provide a low- ripple source of I2 -VDC for UI. T2 can 
have a 6.3 volt secondary. or a 12.6 volt secondary with the 
connection for MOTI taken from the center -tap. 

Electronic Assembly Tips and Procedures 
This one paragraph cannot hope to include all the possible 

hits of information you would use to assemble the project. 
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Fig. 1 -The audio signal from the sound source is speaker's terminals provide the sampling voltage that 
reproduced by speaker SPKR1. The signal across the eventually drives Fred -the -Head. 

Here are just a few: Become familiar with the parts layout, 
lead routing, and assembly procedures belore beginning. 
Perform all circuit -hoard modifications before mounting any 
components. Use good soldering techniques and equipment. 
A low - wattage pencil iron is recommended for the hoard 
connections. Check for shorted runs before applying power. 
Use a heat sink on the motor shaft between the "jaw" and the 
motor when soldering the jaw to the shaft. Follow the general 
parts and lead placement shown. Note that jumpers must he 
installed belbre capacitors C4 and C5. Use insulation on all 
runs that are at powerline potential. The order of board 
assembly is up to you: but the jumpers covered by compo- 
nents should he installed first, and all foil carrying I17 -VAC 
should he covered with RTV silicone rubber sealer at final 
assembly. 

Making the Head 
Fred's head is cut from a piece of I -in. x I2 -in. white pine, 

for which we provide a 50%- reduced template. (Fig. 2) For a 

full -size template. have a local photocopy shop make you a 

2X enlargement. Suggested colors are shown on the tem- 
plate. The template also shows the required hole centers. 

The large motor mounting hole is I` /u, -in. Be(bre cutting 
this hole. check the diameter of the motor's case. We have 
found that in some instances different motors are sold under 
the same stock number. (The size of the required hole may 
differ from our template.) 

It is important for proper mouth action that the motor hole 
he perpendicular to the surfaces. The small /u, -in. hole 
intersecting with the motor and wire holes is needed to 
provide clearance for the motor's wires. The 3 /16 -in. hole must 
he drilled first. followed by the " /u, -in. hole and finally. the 1/4- 

in. hole angle -drilled from the bottom- centered between the 
flat sides of the wood and angled as shown to match the 
mounting holes in the base. 

The ' /u, -in. diameter hole and countersink is a pilot hole 
needed for a #6 x 1/2-in. blunted sheet metal screw that is 
used to retain the motor. Its location is not critical other than 
it should he centered between the flat wood sides. angled 
approximately as shown. The %1: -in. eye -mounting hole and 
the ' /u, -in. jaw -stop holes aren't dimensioned. 

Aller the holes are drilled. the head should he sanded and 
prepared for painting. If necessary, prepare individual tem- 
plates so you can mark the color boundaries. (A suggested 
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NATL. I , 12 FINISHED 
UHITE PINE 

Fig. 2 -This is a 50 °° reduction. A 2X enlargement (full 
size) can be obtained at your local photocopy shop. 

color scheme is shown. The flesh portion may he any color 
that you choose. Clear varnish Ibr the hase is recommended.) 
The head should he painted and allowed to dry before install- 
ing the jaw, mouth, and eyeballs. 

Base Assembly 
The following procedures are suggested as a logical way of 

completing the hase (Fig. 4) and head assembly. Those with 
woodworking experience may chose to proceed along other 
paths. 

Our assembly was done using a glue gun and hot -melt 
adhesive. That method is fast. but it requires that you work 
quickly to prevent the cooling, thickening glue from interfer- 
ing with the correct alignment of the parts. A more compliant 
adhesive (Liquid Nails. tizr one) can be substituted by those 
that tend toward panic when under pressure. The use of a 



PARTS LIST FOR FRED THE HEAD 
SEMICONDUCTORS 
D1- 1N4004 silicon rectifier diode 
SCR1 -200V, 6A silicon -controlled rectifier 
U1 -741 op -amp 
U2-7812 12 volt regulator 
CAPACITORS 

35 -WVDC, ceramic disc 
35 -WVDC ceramic disc 

C3, C4, C5- 100 -µF, 35 -WVDC, electrolytic 
C6- .047 -µF, 35 -WVDC, ceramic disc 
RESISTORS 
(1/4 -watt, 10% unless otherwise specified) 
R1- 100,000 -ohms 
R2 -1000 -ohms 
R3, R4, R5 -5600 -ohms 
R6 -5000 -ohm potentiometer with switch S1 

ADDITIONAL PARTS AND MATERIALS 
F1 -2A fuse 
J1 -Phono jack 
MOT1- 3 -6 -VDC motor, Radio Shack 273 -228 
S1 -SPST switch, part of R6 
SPKR1- Speaker, 8-ohms 
T1- Transformer, AC line, step -down, power; 12.6 -volt, 

300 -mA 
T2- Transformer, AC line, step down, power; 6.3 -volt, 

1 -A 
Misc: -Protoboard, predrilled, Radio Shack 276 -170, 
wire, insulating Vinyl Sleeving, ping -pong balls (2), hot 
melt glue, RTV silicon rubber and household cements, 
toothpick, 1/4-in. wide x 1/32 -in. TK brass 5 1/2-in. long, 
(Available at model and hobby shops), screws, wood, 
Masonite pegboard, rubber feet, etc. 
Kits Available 
A kit containing the wooden parts for Fred- the -Head is 
available for $15.95 plus $3 shipping and handling. A kit 
containing the wooden parts and detailed plans of the 
electronics, wood, and metal fabrications is available for 
$19.95 plus $4 shipping and handling. From Dirijo Corp., 
P.O. Box 212, Lowell, NC 28098 

corner clamp is recommended to ensure a professional ap- 
pearance. 

Referring to the illustration. assemble the front of the hase 
and one side. then slide the top piece into the upper grooves 
of the assembled parts: make sure that the head mounting 
holes are positioned correctly. If they are satisfactory. remove 
the top. coat the edges of the upper grooves with adhesive. 
and then slide the top into place -firmly positioned against 
the grooves. 

Check the lit of the other side piece. If it's good. coat the 
"active" surfaces with adhesive and assemble it to the top 
and front. Allow the glue to set. 

Caution! Take note that in the follow- 
ing steps the lower grooves of the front and 
sides aren't glued to the bottom of the 
base. They serve as slides, which allow 
the hase bottom and hack pieces to be 
removed. 

Slide the bottom into the lower side grooves. Make sure 
that the mounting holes for the circuit hoard and the speaker 
arc positioned correctly. Position the hack on the assembly to 
check for a proper fit: The top and bottom should lit into all 
grooves. 

Although Fred is a true woodenhead like Pinocchio. he can 
also talk, sing, whistle, hum. and yodel. Although you know 
for certain that Fred's mouth can only open and close. when 
moving in synchronization with an audio signal the 
effect is so good you'll bet that Fred is really talking. 

Remove only the hack. Coat only the lower slot of the hack 
with adhesive. Replace and and center the hack. The resulting 
bottom and back assembly serves as a removable tray for the 

electronic components. 

Head Assembly 
The motor should he a good fit to the hole. Before install- 

ing it in the head. solder the motor leads to the motor 
terminals using #22 stranded. insulated hookup wire or its 
equivalent. Allow at least 16 inches to extend from the head. 

From the left side of the head. insert the wires into the 1/4-in. 

angled hole, route them along to the motor via the 
hole. Insert the motor -shaft first-from the left side. Center 
it in the head. Secure the motor in place by inserting the #6 
x 1/2-in. sheet metal screw from under the chin. CAUTION!! 
Do not overtighten and crush the motor! 

Jaw Fabrication 
The jaw is fabricated from' Ye -in. brass. Before drilling the 

hole for the motor shaft, check the diameter of the shaft 
because they do vary in size. A different -sire hole may he 

required. Templates (Fig. 31 are provided for the mouth and 

lower lip: make "working" copies. Using a suitable ad- 

hesive, those should be mounted on a 3 -in. x 5 -in. white file 
card. The lip portions are then painted red. Nail polish works 
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Fig. 3 -Make 1.5X photocopies to use as a 
template when making Fred's mouth 

well. After drying. carefully cut them out. 
The lower lip /chin mounts on the front of the jaw and is 

bent around on each side: The dotted lines should be aligned 
with the jaw. Using a suitable household cement, align and 
glue the lip /chin to the jaw. 

Jaw and Mouth Installation 
Obtain two A -in. thick spacers. With the head laid flat. 

right side up. place the spacers in front of and behind the 

DID YOU SEE THE REAL FRED? 

Which is the real Fred -the -Head: The one on the cover or the 
one on this page? Actually its neither, because you can make 
Fred into whatever you want. The model we gave the pho- 
tographer who snapped the cover is the one on this page. The 
photographer, however, saw Fred differently. He gave Fred the 
look of "another world" by painting him gray. Then he added 
Groucho glasses': but thought that made Fred look comedic, 

so he removed the glasses and simply pasted Groucho's eye- 
brows on Fred. 

What do you think Fred should look like. Send us a sharp 
black- and -white photo of your working model. We'll print the 
"real winner" for everyone to enjoy. And remember, your Fred 
can be ugly, beautiful, comedic, tragic, ethereal, anything. Any 
kind of Fred -the -Head can be a "real winner." 

The electronic circuits that allow Fred to speak and sing 
are assembled on a piece of Protoboard, or any other 
kind of wiring board. Use whatever works best for you. 

motor. Position the jaw on the motor shaft and resting on the 
spacers. Using a heat sink on the motor shaft and a 60-watt 
(or greater) soldering iron. solder the jaw to the shaft. Re- 
move any flux residue and the spacers. 

Swing the jaw down. Use a silicone -rubber adhesive or 
household cement. Apply the adhesive to head, and position 
the mouth as shown. 

Eyeballs 
The eyeballs are ping -pong balls. Use an awl. or some 

other pointed object. to pierce an eyeball- mounting hole at 
the point where the ball trademark appears. Insert and center 
a pointed party toothpick through the head's eyeball mounting 
hole. Place a daub of suitable adhesive on each eyeball at the 
pierced hole and slide the eyeballs on the toothpick and into 
contact with the head. When dry. use a black magic -marker to 
form the pupils. 

Jaw -Stops 
The jaw -stops should now be positioned and installed. Use 

this procedure. The mouth -closed stop is the lower. the 
mouth -open stop is the upper (Fig. 5). 

Position the mouth "closed." The lower lip should fully 
cover the teeth when viewed from the mouth level. Secure a 
hollow rubber bumper of some kind -like a rubber 
"spacer" -below the jaw and in contact with it in the approx- 
imate location shown. Mark the position on the head where 
the %e -in. pilot hole will be drilled. 

Position the mouth open. The lower lip should be at the 

BASE, EXPLODED VIEW 

Fig. 4-8 you slot the frame of the base the top and 
bottom can be easily secured during final assembly. Each 
section of the frame is 8 -in. long by 3- 12-in. high. 
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22 d t r FactCard Using Voltage Regulators 

VIN 
IN 

BOOSTING VOLTAGE 

78xx/ 
79xx 

OUT 

C0M 

R2 

---0 \lout 
R1 

R1 = VN /.02 

R2 = Vg/.025 

WHERE: VN REGULATOR'S 
NOMINAL 
VOLTAGE 

Va BOOSTED 
VOLTAGE 
DESIRED 

V, 

BOOSTING CURRENT 

TIP2955, etc. 

Lej 
16:1 3.'sí2/ 

1 WATT 

IOOT> 4A 

VOUT 

117 

V 

TYPICAL POWER-SUPPLY CIRCUIT f (4) IN 4002 

IN © OUT +5V 

O.F2 

a dson Zener Diode 
1 1 1 

Power Power Power 
Dissipation Dissipation Dissipation 

Rating Rating Rating 

Type 
Number 

at 50 C 
(Amps) 

V 
(Volts) 

IZ(T) 
(mA) 

Type 
Number 

at 50 C 
(Amps) 

V 
(Vous) 

IZ(T) 
(mA) 

Type 
Number 

at 50 C 
(Amps) 

V 
(Volts) 

IZ(T) 
(mA) 

1N746 .4 3.3 20 1N963 .4 12 11.5 1N4735 1 6.2 41 

1N4736 1N747 .4 3.6 20 1N964 .4 13 10.5 1 6.8 37 

1N748 .4 3.9 20 1N965 .4 15 9.5 1N4737 1 7.5 34 

1N750 .4 4.7 20 1N966 .4 16 8.5 1N4738 1 8.2 31 

1N751 .4 5.1 20 1N967 .4 18 7.8 1N4739 1 9.1 28 

1N752 .4 5.6 20 1N968 .4 20 7 1N4740 1 10 25 

1N753 .4 6.2 20 1N969 .4 22 6.2 1N4741 1 11 23 

1N754 .4 6.8 18.5 1N970 .4 24 5.6 1N4742 1 12 21 

1N755 .4 7.5 16.5 1N971 .4 27 5.3 1N4743 1 13 19 

1N756 .4 8.2 15 1N972 .4 30 5.3 1N4744 1 15 17 

1N757 .4 9.1 14 1N973 .4 33 5.2 1N4745 1 16 15.5 

1N758 .4 10 14 1N4112 .4 18 7.8 1N4746 1 18 14 

1N759 .4 12 12 1N4728 1 3.3 76 1N4747 1 20 12.5 

1N957 .4 6.8 18.5 1N4729 1 3.6 69 1N4748 1 22 11.5 

1N958 .4 7.5 16.5 1N4730 1 3.9 64 1N4749 1 24 10.5 

1N959 .4 8.2 15 1N4732 1 4.7 53 1N4750 1 27 9.5 

1N960 .4 9.1 14 1N4733 1 5.1 49 1N4751 1 30 8.5 

1N961 .4 10 14 1N4734 1 5.6 45 1N4752 1 33 7.5 

1N962 .4 11 12.5 
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16V 
15 

DD A4 

B3 

A3 

B2 

A2 

B1 

Al 

4008 

84 

CO 

S4 

S3 

S2 

S1 

Cl 

2 

3 14 

4 13 

5 12 

6 11 

7 10 

Vssr 9 

MAXIMUM RATINGS (Absolute -Maximum Values) 
DC SUPPLY- VOLTAGE RANGE, Woo) 

(Voltages referenced to V Terminal) -- 0.5 to + 20V 
INPUT VOLTAGE RANGE, ALLL INPUTS - 0.5 to V00 +0.5V 
DC INPUT CURRENT, ANY ONE INPUT +10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = - 40 to + 60 "C (PACKAGE TYPE E) 500 mW 
For TA - + 60 to + 85 °C (PACKAGE TYPE E) Derate Linearly at 12 mWrC to 200 mW 
For TA - - 55 to + 100 "C (PACKAGE TYPES D,F) 500 mW 
For T = + 100 to + 125°C (PACKAGE TYPES D,F) Derate Linearly a112 mW/°C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA - FULL PACKAGE- TEMPERATURE RANGE (All Package Types) 100 mW 

OPERATING- TEMPERATURE RANGE (TA): 
PACKAGE TYPES D,F,H - 55 to +125`C 
PACKAGE TYPE E - 40 to + 85 °C 

STORAGE TEMPERATURE RANGE (T.,.) - 65 to + 150 °C 
LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 1 32 inch (1.59 0.79 mm) from case for 10s max +265 °C 

RECOMMENDED OPERATING CONDITIONS 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Supply -Voltage Range (For TA = Full 
Package Temperature Range) 

3 18 V 
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LM317T/LM35OT 
(POSITIVE REGULATOR) 

TO 220 PACKAGE 
INPUT 

OUTPUT 

- OUTPUT ADJUST 

78Lxx 
(POSITIVE REGULATOR) 

TO 92 PACKAGE 

COMMON (3) 

OUTPUT 
12) 

INPUT (1) 

LM317K /LM350K 
(POSITIVE REGULATOR) 

10.3 PACKAGE 
OUTPUT ADJUST 

tbD 
INPUT 

78xx 

(POSITIVE REGULATOR) 
TO -220 PACKAGE 

COMMON 

78805 
(POSITIVE REGULATOR) 

TO-3 PACKAGE 

COMMON V / INPUT 

OUTPUT 

79xx 

(NEGATIVE REGULATOR) 
T0 220 PACKAGE 

OUTPUT 

COMMON 

INPUT 

OUTPUT 

INPUT o \ COMMON L- COMMON 

23 dateFact Card 
Voltage Regulator date Selection Guide 

78L05 
78L62 
78L09 
78L12 
78L15 
7805 
7806 
7809 
7812 
7815 
7824 
7905 
7912 
7915 
LM317K 
LM317T 
LM350K 
LM35oT 
78H06 

Polarit 
positive 
positive 
positive 
positive 
positive 
positive 
positive 
positive 
positive 
positive 
positive 
negative 
negative 
negative 
positive 
positive 
positive 
positive 
positive 

Three Terminal Regulators 

Case VoUT min typ max 
'OUT 

(nom) Voltage 
TO-92 4 8 5 5.2 100mA 1.7 
TO-92 5.95 6.2 6.45 100mA 1.7 
TO-92 8 64 9 9.36 100mA 1.7 
TO-92 11.5 12 12.5 100mA 1.7 
TO-92 14.4 15 15.6 100mA 1.7 
TO-220 4.8 5 5.2 1A 2 
TO-220 5.75 6 6.25 1A 2 
TO-220 8.64 9 9.36 1A 2 
TO-220 11.5 12 12.5 1A 2 
TO-220 14.4 15 15.6 1A 2 
TO-220 23 24 25 1A 2 
TO-220 - 4.8 6 5.2 tA 1.1 
TO-220 11.5 - 12 12.5 1A 1.1 
TO-220 - 14.4 15 - 15.6 1A 1.1 
TO-3 adj. 1.2 to 37 1.5A(min) 
TO-220 adj. 1.2 to 37 1.5A(min) 
TO-3 adj 1.2 to 33 3A 
TO-220 adj. 1.2 to 33 3A 
TO-3 4.85 5 5.25 5A 2.5 
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STATIC ELECTRICAL CHARACTERISTICS 

CHARAC- 
TERISTIC 

CONDITIONS 
LIMIT at 25 "C 

(TYP) UNITS CHARAC- 
TERISTIC 

CONDITIONS 
LIMIT at 25'C 

(TYP) UNITS Q (JN qp (Q 

v 

(Jp Vgp 

V5/ 
Quiescent 

Device 
Current 
loo Max. 

- 0,5 5 0.04 

µ 

Output Voltage: 
Low Level, 
VGL Max. 

-1 0,5 0 

V 

- 0,10 10 0.04 - 0,10 10 0 - 0.15 15 0.04 - 0,15 15 0 - 0,20 20 0.08 
Output Voltage- 

High- Level, 
VOM Min. 

- 0,5 5 5 
Output Low 

(tput 

Current, 
'QL Min. 

0.4 0,5 5 1 

mA 

- 0.10 10 10 

0,15 15 15 
0.5 0,10 10 2.6 Input Low 

Voltage, 
V, Max. 

0.5,4.5 - 5 1.5 

V 

1.5 0,15 15 6.8 1,9 - 10 3 
Output High 

(Source) 
Current, 
ISM Min. 

4.6 0,5 5 1 1.5,13.5 - 15 4 
2.5 0.5 5 -3.2 Input High 

Voltage, 
V,H Min. 

0.5,4.5 - 5 3.7 
9.5 0,10 10 -2.6 1,9 -EP 10 7 
13.5 0.15 15 -6.8 1.5,13.5 - 15 11 

Input Current, 
I,N Max. 0,18 18 - 10-5 µA 
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LEFT SIDE VIEW 

/". 

SEE DETAIL 

COUNTERWEIGHT 

MOUTH OPEN STOP UPPER LIP AND TEETH 

SOLDER TO SHAFT 

RUBBER FEET 

Fig. 5 -The mouth mechanism should be counterweighted so 
that only a small torque from the motor is needed to move 
Fred's mouth. Two penny -size copper discs will work. 

All the electronic hardware, except for the motor that 
drives Fred's mouth is assembled on a piece of pegboard 
7 -in. 7 -in. The holes provide the ventilation. Keep in 
mind that the larger the speaker the better Fred will sound. 

lower edge of the black mouth area. Position and mark the 
location of the upper jaw stop. After drilling the holes, install 
the stops using #6 x I -in. large panhead screws. Note that 
the rubber tubes should be loose and free to rotate. 

Head to Base 
Thread the motor wires through the %x -in. hole in the base. 

Position the head correctly and mark the location where the 
two holes fall on the bottom of the neck. Remove the head and 
drill two 1/42 -in. x I -in. deep pilot holes in the neck at those 
points. Install the head with screws and washers. 

Testing and Troubleshooting 
Before final assembly or applying power lòr the first time. 

doublecheck all point -to -point wiring and check the hoard 
assembly carefully for shorted runs or unsoldered joints. Also 
check for proper polarity of C3. C4, C5. and DI. 

Connect the audio input to an appropriate source and 

MOTOR 

MOUTH CLOSED STOP 

LOWER LIP 
AND TEETH 

adjust the source for a normal listening level from Fred's 
speaker. Connect the linecord to I I7 -VAC and turn Fred on. 
Then advance the sensitivity control until the jaw action 
follows the speech or music being reproduced. 

5. Do not adjust the control so that Fred's mouth yawns or 
opens on a continuous basis. To do so for long periods could 
cause failure of the DC jaw motor. 

If the jaw fails to actuate, check for binding. Also check to 
make sure that the motor's polarity is correct: Incorrect 
polarity will only force the jaw more tightly closed. 

Check for the presence of I2 -VDC on pin 7 of UI. 
With no audio input. also check for the presence of 6.3- 

VAC at SCRI's anode. At the correct audio setting there 
should be a varying negative DC level present. 

Final Installation and Wiring 
Using appropriate hardware and adhesive as required. as- 

semble 12, the level control. the speaker, and the audio and 
power cords on the bottom of the hase and the hack assembly. 
Leave approximately IO inches of free wire. Do not attach the 

circuit board yet. Connect all jumpers and the motor wires. 
Use twisted pairs for AC wiring runs and dress them away 

from the audio input. 
Temporarily position the circuit hoard kw testing. After 

successful testing and /or debuging, remove the board from 
the bottoni of the base. cover the I17 -VAC points with RTV 
rubber, and install the circuit board to the hase. The hase hack 

assembly may now be slid into place and secured with two #6 
X 1 -in. cabinet screws. Install 'bur rubber feet on the bottoni 

of the cabinet sides: These are necessary to allow cooling air 
flow and adequate sound. To prevent possible electrical 
shock. do not eliminate any insulation features. and do not 
operate Fred around water or allow him to get wet. 

Operation and Level Adjustment 
"turn the level control and its power switch to off. Provide 

Fred with 117 -VAC and a suitable source of audio. Adjust the 

audio source to a comfortable listening level from Fred's 
speaker. Turn Fred's power on and adjust the level control for 
proper mouth action with voice present. When the level is 

properly set, the mouth's action will closely tüllow the spo- 

ken or sung words. Do not adjust the level so that the mouth 
stays open. Turn Fred off when you are done with him. 

Although our test and adjustment procedures have been in 

terms of Fred's "lip -sync'ing" to voice. keep in mind that by 

careful tweaking of level control (R11 Fred can he made to 
hum. sing. or whistle --at least it will appear that way, 
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PROXIMITY DETECTORS 
get close to your work 

Shouldn't your presence be enough to power -up gadgets? 
Then let proximity detectors push those pushbuttons! 

By Joseph J. Carr 

LITHE DIRECTOR OF PLANT OPERATIONS IN A BUILDING 
where I once worked was a veteran practical joker. He loved 
gadgets that could be used to set traps for co- workers and any 
other poor soul who got lost wandering within the bowels of 
the building. One such toy was a lamp that turned on and off 
simply by touching the shade, or the body, or the potted plant 
that formed its base. What it wouldn't do, however. was turn 
on and off by the switch. He challenged me to tell him how it 
worked. At first mystified, I soon found out that the gag lamp 
worked using a capacitive proximity detector. 

In addition to toys for gagsters. proximity- detector circuits 
are widely used in electronic security systems and other 
applications. For example. one automatic -door design uses a 

i 

SENSOR WIRE 
OR PLATE 

74-GROUND-NV ti /2/1 7/ 
Fig. 1- Anyone walking in the electric field across the 
capacitor in the proximity detector, will change the field, 
and thus the capacitance. That appears as a voltage drop 
within the detection circuitry, which is then triggered. 

capacitive proximity detector to sense the approach of a 
pedestrian who wants to pass through the door. 

Capacitance is an electrical property that exists between 
any two conductors. The classical "textbook" capacitor is a 
pair of parallel metallic plates separated by a dielectric con- 
sisting of a tiny air gap or other insulating material. The 
capacitance (specified in farads, or. more often, the smaller 
microfarads, nanofarads, or picofarads) is a function of the 
area of the plates, the spacing between them, and the nature 
of the dielectric material. The capacitance for several dif- 
ferent geometries of plates (including those most useful in 
proximity detectors) are as follows: Parallel plate: 

C = 0.2244A/d pF 

Where C is the capacitance in picofarads. A is the area 
between the plates, and d is the distance between the plates. 

Long parallel strips: 

C = 0.006949d/W pF /inch 

Where C is the capacitance per unit length of the strips in 

picofarads per inch. D is the separation bowel the strips in 
inches, and W is the width of the strips in inches. 

Single wire and ground: 

C = 7.354/log(4H/D) 

Where C is the capacitance per unit length of the wire in 
picofarads per inch, H is the height of the wire above ground 
in inches, and D is the diameter of the wire in inches. 

Because most of the proximity- detector sensors discussed 
will have single wires and a ground. take a look at the last 
expression. The two factors that seem most important (and 
flexible to the designer) are the diameter of the wire used, and 
its height above the ground. Also affecting the capacitance 
(but not accounted for in the simplified equation) is the 
humidity and temperature of the air (dielectric) between the 
wire and ground. 

How Do Proximity Detectors Work? 
All sensors rely on what the experts call a transducible 

property. In other words, some physical parameter that can 
be converted into a voltage or current. In capacitive proximity 
detectors we rely on the fact that the capacitance is dependent 
upon the dielectric of the capacitor. Dry air is said to have a 
dielectric constant of I, while the human body has a di- 
electric constant of about 80. Thus. when someone enters the 
field of a capacitor (see Fig. I). the capacitance will increase 
by up to 80 times the former value. The electrical flux 
between the sense wire and ground increases dramatically 
because of that. There are several methods for using the 
capacitance for detection: oscillator, electrometer, and bridge 
circuits. 

Oscillator Circuits 
An LC oscillator (see Fig. 2) produces an output that is 

determined by the inductance and capacitance of the resonant 
tank circuit. The inductance is LI, while the capacitance is 
the variable capacitor Cl and the sensor capacitance C2. 
There will also be stray capacitance and inductance in the 
circuit, but they are not shown as discrete components. The 
circuit shown here will oscillate at frequencies from about 20 
kHz to 10 MHz, depending upon the LC tank- circuit compo- 
nents, and the particular values of the feedback capacitors 
(C3 /C4) that are selected. 

Figure 3 shows a method by which two oscillators can be 
used in a proximity- detector circuit. Two sense wires are used 
in the circuit (Fig. 3A). The reason for that is that changes in 
temperature and/or humidity will easily change the oscilla- 



Fig. 2- Oscillator circuits make very sensitive proximity 
detectors. The frequency of the actual tank circuit is 
dependent upon the variable capacitance used as the sensor. 

C5 

R1 
C6 

OUTPUT 

tion frequency because they change the capacitance. Each 
sense wire is a length of #12 or #14 insulated wire mounted 
on insulated supports such as fence posts. 

Figure 3B shows a block diagram of a detector that uses the 
capacitances in a heterodyned beat -frequency circuit. There 
are two oscillators selected so that the third harmonic of 
oscillator I will be close to the fourth harmonic of oscillator 
2. For example, a common scheme sets oscillator I to a 

frequency of 100 kHz, while oscillator 2 is set to 74.875 kHz. 
The third harmonic of oscillator I is therefore 300 kHz. while 
that of oscillator 2 is 299.5 kHz. Therefore, the beat note at 

the output of the mixer stage will be the difference in frequen- 
cy, or 500 Hz. By using that seemingly complicated method, 
we obtain a very large percentage change of beat frequency 
for relatively small changes in operating frequency. For ex- 
ample, causing oscillator I to shift to 100.010 kHz causes the 
beat -note frequency to shift to 530 Hz. The difference be- 
tween the same frequency method and the harmonics method 
is that a I0 -Hz change represents a 0.01- percent change in 
operating frequency, and a 6- percent change in harmonic 
beat frequency. 

The filter circuit in Fig. 3B is a sharply tuned operational - 
ampl ifier passband filter centered on the normal beat frequen- 
cy (500 Hz in our example). As long as the output of the filter 
sees a signal the trigger circuit will not be alarmed. But if the 
operating frequencies of the oscillators changes. the beat 
frequency is not longer within the filter passband, so the 
trigger circuit sounds the alarm. 

SENSE WIRES 

INSULATED 
FENCE 
POST 

GROUND 

SENSE WIRE 1 

r 
)1 

o Cl 

SENSE WIRE 2 

C2 

1 

USCII 1 ATOR 
1 

MIXER 

Cl 

* C2 

A 

OSCILLATOR 1 

2 

o 
TO 
CIRCUIT 

o 

TO 

IJ TRIGGERIALARM 0 
CIRCUIT 

Fig. 3 -Long sense wires can be used to protect an entire 
perimeter such as the fence -post design in A. The wires are 
connected to oscillators that are precisely tuned. 

Electrometer Circuits 
An electrometer is an amplifier with an extremely high 

input impedance. Traditionally, electrometers have been used 

to measure the outputs of devices such as very high imped- 
ance transducers and charged capacitors. The high input 
impedance does not bleed the charge off a capacitor as it 

measures the charge voltage. 
Figure 4A shows the basic circuit for an electrometer 

proximity detector. The sense wire produces a capacitance 

(CI) at the input of the electrometer amplifier (Al). The 

capacitor is charged from a DC power supply through a high - 
value resistor. The value of the voltage across the charged 

capacitor is given by the expression Q/C. where Q is the 

charge in Coulombs and C is the capacitance in farads. When 

someone enters the field of the protected area, the capacitance 

increases tremendously. so the voltage across the capacitor 
will take a dip. That change of voltage is amplified by the 

electrometer and used to indicate intrusion. 

SENSE ELEMENT 

GROUND 
íy C1 

R1 

A 

Vci Q/C1 

DC 
VOLTMETER 

R1 R2 

o 

C 

o 

Fig. 4- Amplifying changes in voltage across a capacitor 
provides a good way to detect changes in capacitance. such 
as in Fig. 4A. CMOS integrated circuits, with diode 
protection, are ideal for this kind of circuit (Fig. 4B), as 
are op -amps like U1 (a CA3140), shown in Fig. 4C. 

Examples of electrometers are shown in Figs. 4B and 4C. 
The circuit shown in Fig. 4B uses a single MOSFET tran- 
sistor as the electrometer amplifier. For most cases, we can 

also use a CMOS inverter, or one of the transistors in a CMOS 
4017 complementary transistor -array device. The protection 
diode shown in Fig. 4B is inherent in B- series CMOS de- 
vices. but for other MOSFET's it must be provided. The 
purpose of the diode is to shunt harmful high voltage from 
electrostatic potentials harmlessly around the delicate gate 

structure. 
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The unit's sensitivity -a measure of the device's input 
impedance. which indicates the degree of load placed on the 
circuit- under -test by the meter itself -is a prime factor in 
selecting the instrument that hest serves your needs. The VIZ 
unit (shown in the photos) has a sensitivity of 20,0(X) ohms/ 
volt. Multihl\ in_ the full -scale voltage on any given range by 
the sensitivity 1 in this case 20.000 ohms /volt) gives the input 
impedance. For example, if the meter is placed on the 50 -volt 
scale. the input impedance is: 

ZIO = 50 x 20.0(X) = 1.000.(00 = I Megohm 

In most cases, the VOM is fine for vacuum -tube circuits. 
but when it comes to solid -state circuits. they often load the 
circuit too much for practical use. For example. when mea- 
suring the base voltage of an NPN common -emitter transistor 
amplifier (see Fig. 1), you would expect to find a base -to- 
emitter voltage of between 0.2 and 0.3 volt for germanium or 
0.6-0.7 volt for silicon transistors. 

However, when the analog meter is placed on the 1.5 -volt 
DC scale. it has an input impedance of 1.5 x 20.(X)0, or 
30,000 ohms. Unfortunately. that resistance is extremeR 
close to the value of the bias resistors used in transisiol 
circuits; therefore. the application of the meter probes 
changes the circuit's bias condition. rendering the measure- 
ment invalid. But the VOM is not w idiom virtues: It is truly a 

minimum -hassle instrument to keep. store, and use; and it is 
very portable- factors that make the VOM popular with 
people who work for long periods in remote areas without the 
possibility of easy resupply. 

Another plus is the VOM's usefulness when working 
around radio transmitters and other high -power RF ampli- 
fiers. That's because they are without any active devices to he 
misbiased by strong RF fields: thus. they'll work around 
transmitters where other (more expensive) instruments fail. 

4CPh:15 b 

t e 

VBE 

VBE =0.2 TO 0.3: GERMANIAM 
=0.6 TO 0.7: SILICON 

Fig. 1 -VOM's are fine for vacuum - 
tube circuits, but when 
checking solid -state devices -say. 
the base volt age of NPN 
common- emitter amplifiers -the 
VOM often loads the circuit 
too much for practical use. 

Electronic Multimeters 
Another class of meters. which are collectively called 

electronic voltmeters (EVM), derive their names from their 
active input -circuit device: vacuum tubes. transistors, or 
field- efleet transistors. The purpose of the input device is to 
increase the input impedance; thereby, reducing the loading 
effect of the meter on the circuit under test. Members of this 
class include everything from the early vacuum -tube volt- 
meters (VTVM) to transistor voltmeters (TVM) to field - 
effect- transistor multimeter -FETVM or FETMM -(see 
photos) to digital meters (DMM). 

The old VTVM (see photos) had a typical input- imped- 
ance specification of 10 megohms, with an additional I 

megohm in the probe, tier a total of 11 megohms. Addi- 
tionally. there was usually 50 -pF of capacitance shunting the 
input resistance. Modern FETVM and other EVM types 

often sport input impedances much higher than 11 megohms. 
(I can recall seeing 100 megohms advertised.) Like the 
VOM. the FETVM is a multi -range meter that uses front - 
panel switching to select hoth range and function (DC volts. 
AC volts, ohms. etc. ). But. unlike the VOM, the FETVM and 
all other electronic voltmeters require a DC supply to power 
the active devices. before any measurements can he made. 

In most cases DC power is supplied by a battery. although 
some 117 -volt AC- operated models are available. And unlike 
the VOM. electronic voltmeters are somewhat sensitive to RF 
fields; thus. they are not well suited for work around high - 
power transmitters and other RF generators (electro- surgery 
machines, diathermy. inductive heaters, etc. ). Although both 
the FETVM and VOM have an AC -volts scale. their very low 
AC ranges are no substitute for the dedicated AC voltmeter 
required for measurement or alignment of audio circuits. That 
because the AC scales of VOM's and EV M's, typically, have 
limited frequency response. While they are accurate when 
used on 50 to 4(K) Hz AC power. their accuracy drops off 
sharply as frequency increases. 

Digital Multimeters 
The more -modern \crs.un of the electronic multimeter is 

the digital type (several units are shown in the photos). Those 
instruments use internal analog -to- digital (AID) converters to 
transtbrm the input voltage toa binary code drat is displayed 
on a seven- segment readout. The digital type represents a 

large majority of multimeters sold today. Like EVM's and 

This VIZ multimeter which contains no acti.e components. 
is a modern -day version of what is probably .he cicest form 
of VOM. It requires no powe otter than a battery. which 
is used for resistance measurements. 
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VOM's, digital multimeters (DMM) measure DC volts, AC 
volts, milliamperes, and ohms. 

The DMM is often advertised as having 3 1/2-digit or 4%- 
digit readouts. The half digit refers to the most -'ign ficant- 
digit or MSD (the one to the far left of the display L which can 

only display a O or I. While the number of digits can be 

regarded as a rough measure of precision, it is no uarantee of 
greater accuracy: Nor is a DMM necessarily more accurate 
than a VOM, in certain applications. For instance. noisy 
signals tend to be integrated (low -pass filtered) by the inertia 
of an analog meter pointer. but can play tricks on some 

DMM's. 
While it's true that DMM's have the potential for more 

initial and long -term accuracy than VOM 's and other EVM's, 
the accuracy of all meters depends on the quality of internal 
circuits and other factors: thus, the size of the display cannot 
be taken to be an absolute indicator of quality. 

Which One to Buy? 
The type of meter needed and the number of features 

incorporated into it depends on what kind of work you intend 

to do and, to some extent, what you can afford. For instance. 
because I have a ham radio set with I- kilowatt linear ampli- 
fier, my meter may have to work in high RF env in ,nn ants . As 
a result, a classic VOM ( that's darn near as old as I am!) with 
a 25- kilowatt high - voltage probe is a part of my testbench 
setup. I also have a handheld Beckman DMM that measures 
the normal parameters as well as capacitance from 20(X) -pF 
(with 1 -pF resolution) to _(XX) -µF full- scale. That last feature 

turns out to be of immeasurable benefit to anyone who 
deveops circuits for amateur radio. SWL. and fxneral -elec- 
tronic hobbyists who are workbench oriented. 

Early FET multimeters -a great improvement over VOM's- 
were large, tench -top instruments, which requirec a DC 
supply to produce a reading on the unit's resistance scale, 
as well as to power the active devices. 

CIRCLE 52 ON FREE INFORMATICN CARD 

Digital multimeters are most often advertised as 
having 31- digits or 41/2- digits, which refers to 
the fact that the most -significant -digit (far left) can 
display a 1 or 0 only. 
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Other useful features to look for in a DMM are diode and/ 

or aural continuity test capabilities. The diode -test mode is 

used to check -out diodes and the PN- junction of both PNP 

and NPN bipolar transistors. The normal ohmmeter function 
of a DMM's uses a very-low voltage. too low to forward -bias 

PN junctions. The diode mode (usually indicated by a diode 
symbol on the meter's front panel) is actually a resistance 

mode with a voltage that's high enough to forward bias the PN 

junction. 
The aural continuity tester is basically a resistance scale 

that beeps when the probes see a low resistance. Why, you 

may be wondering, is that important? Try ringing out a multi - 
conductor cable. say for a computer printer or modem: or 
worse yet, an intercom cable while standing on a ladder. You 

.imply cannot watch both probe tips and the meterat the same 

tune -at least not easily. The beep of the meter tells you when 

the connection is made, and its absence indicates an open 

circuit. 

Proper Multimeter Use 
The wa'. in which the meter is connected to the circuit is 

critical: tàllure to use it correctly can (and will!) result in 

catastrophe. Current, voltage. and resistance are measured in 

different ways. Figure 2 illustrates the methods for con- 

necting a multimeter to read current (I) and voltage (V). 
Although the illustration indicates separate meters for voltage 

and current measurements, a multimeter should be connected 

the same way depending on which parameter you are reading. 
It's all too easy to misconnect a multimeter by switching 

the function without first repositioning the probes. There are 
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two rules for connecting ammeters and voltmeters (which 
also applies to the equivalent multimeter functions): Volt- 
meters are always connected in parallel with the load: and 
current meters are always connected in series-never in par- 
allel -with the load. 

The current rule is especially important. If an ammeter is 
connected in parallel with the load. its I& internal resistance 
will draw large amounts of current (mach greater than the 
meter's full -scale range) from the power supply of the circuit 

'NSERT AMMETER 
N SERIES WITH LOAD 

ONNECT 

'JOLT MET ER 

IN PARALLEL 

MTH LOAD 

Fig. 2 -When using multimeter to read current (I), 
always connect the instrument i;i series -never 
in paralle -with the load Fo- voltage (V). the meter 
should be connected n aara lel with the load. 

%NZ WD-747 
TECH DMM 

1.999 

The latest generation of digital multimeters, aside from 
reading the usual parameters. may be capable of testing 
transistor hrr_ (gain), checking dicdes. and some 
may even iiclude a capacitance mete-. And really 
sophisticated DMM's may include a bargraoh 
display to emulate analog ins'-urrents. 
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under test. In the case of an analog meter, the pointer will peg 
(bend). Those higher currents could also cause the meter's 
internal workings to open up. short out, or change in value. 
The problem is lessened with some DMM's (some manufac- 
turers place fuses in series with the meter probes). but the 
problem is still present. 

The procedure for reading resistance is illustrated in Fig. 3. 
It is essential in making resistance measurements that power 
be removed from the circuit under test, and that at least one 
leg of the unit being checked is disconnected from the circuit. 
There are two reasons for that procedure: First, there may he 

V 

X 

R LOAD 

OHMMETER 

1+ 

Fig. 3 -lt is essential in making resistance measure- 
ments that power be removed from the circuit under test, 
and that at least one leg of the unit being checked is 
disconnected from the circuit. 

A 

B1 

10V 

R1 

100K 
V1A 

vi 

Jz 

Fig. 4 -The problem of loading comes about as a result 
of the meters internal resistance being too close in 
value to that of the component or branch across which 
voltage is being measured. 

current stored in capacitors in the circuit. which can zap 
certain meters. Power -supply filter capacitors are particularly 
notorious in that respect. It is a good habit to get into, even 
though disconnecting components can be a bit annoying. 
Second. there may be parallel alternate paths for current that 
can cause erroneously low readings. 

Voltmeter Errors 
Errors in reading voltage are often caused by misconnect- 

ing the test instrument. For instance. I can recall an electrical - 
engineering professor (actually a graduate teaching assistant) 
who could not tell a certain student why the voltages read in a 

lab experiment were considerably lower than those called for 
in the lab manual. As it turned out, the erroneous reading was 
caused by the loading affect of the voltmeter on the circuit. 

To understand the problem, you must first realize that the 
voltmeter has a certain input impedance. For a VOM, the 
input impedance can be determined by multiplying the sen- 
sitivity (ohms /volt rating) by the full -scale range setting. 
Most good meters have a sensitivity of 20.000 ohms /volt. and 
some especially line meters are rated at 1000X) ohms, volt. 
But there are a lot of very cheap imports rated at 10(X) ohms/ 
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Fig. 5- High -voltage capabilities can be added to an 
electronic voltmeter, through the use of an attenuator 
probe, which can be a simple series resistor (RS). 

In this illustration, the meter would only read 
1 10th of the actual 
input voltage. 

volt, which is extremely poor. The 20.000 ohm /volt uses a 

50 -µA meter movement, while the 10(X) ohm /volt uses a 1- 

mA meter movement! (The sensitivity reflects the natural 
full -scale range of the meter movement used in the VOM.) 

Figure 4 shows a sample circuit -consisting of a 10 -volt 
power source and two series- connected resistors. R1 and 

R2 -which can be used to illustrate the problem of loading. 
Now, let's assume that what we want to know is the voltage 
across resistor R2 (V,). The correct voltage can be calculated: 

V, = (Vid(R2) /(RI + R2) 
V, = (10)(100,000)/( 10,000 + 100,0001 

V, = .909 

That value. .909 volt, is proportional to the resistor value. 
Note that the resistors have a 10:1 ratio, which is reflected in 
the amount of voltage dropped across each resistor. Now, 
consider what happens when we connect the voltmeter across 
resistor R2. The total resistance in the R2 branch of the circuit 
becomes the parallel combination of R2 and the meter's input 
resistance. With a 1.5 -volt full -scale setting using a meter 
with a 20,000-ohtn /volt sensitivity, the resulting input imped- 
ance is 30,000 ohms; and for a 1000 ohms /volt model set to 

that same range, the input impedance is 1500 ohms. So, we 

can see that when a meter is connected in parallel with R2, 
the combination of R2 and the input impedance forces new 
values of R2 of 7500 ohms and 13000 ohms. Those heavily 
loaded resistances reduce the measured voltage from 0.909 to 
0.697 and 0.128 volts, respectively. for the 20.000 and 1000 

ohm /volt units. Those are substantial errors, which show the 

reason for using a voltmeter with a high internal impedance. 

High -Voltage Probes 
Most high -voltage meters are really ordinary voltmeters 

with a multiplier resistor or voltage- divider network added. 
Figure 5 shows a simple method of adding high -voltage 
capability to standard multimeters. By replacing the meter's 
normal probe with an attenuator probe, the meter can be 

made to read much higher voltages. Such probes, inciden- 
tally, are widely available from electronics supply stores that 

Scmew -at unJsual, this digital m- Jltimeter features bDth a 

digital readout and ai ana og sca e, which is particulary 
useful when you nasi to flack a corstantli varyinc value. 
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do lots of business with television technicians. TV service 
technicians often u;e them in conjunction with a rep,' ir 
voltmeter to measure the anode potential of color 'FV sets 

The meter in Fig. 5 has a specified input impedance of IO 

megohms, while the probe's resistance (R,) is 990 megohtm; 
thus. their combined series resistance is 100.000 ohms. 

(Continued on page 116) 

The Sir'pson 260 -type VOM is probably the most famous of ell, 
having se-ved as the archtypical lesign for many others, both 
mo'e ard less ex persive. It is the "refererce stanc and" VOM 
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Just about everything you could possibly want 
to know about Zener diodes except why they're round 

and smell funny when they get hot! 

By Bob Grossblatt 

HERE ARE LOTS OF PLACES TO MAKE A MISTAKE WHEN 
you're going from a good idea to a working circuit. One way 
to keep the mistakes to an absolute minimum is to have a 
practical understanding of all the components that you intend 
to use. Once you know what a part does when it works, you 
automatically know what to look for when it doesn't. 

One of the most commonly misunderstood components is 
the Zener diode. It's a pretty safe bet that, next to transistors, 
more Zener diodes have been destroyed through misunder- 
standing than any other active component. By the time you 
reach the end of this article, you'll not only know how to keep 
them from blowing up, you'll also see how they work and 
understand what they can do to solve problems in your 
designs. 

Before we look at Zener's in particular, we have to talk 
about diodes in general. There are a lot of interesting things to 
say about diodes on the theoretical level but, practically 
speaking, the most important characteristic is that they only 
allow current to flow in one direction. As a result, the two 
main applications for diodes are switching and rectifying, 
both of which depend on that ability to one extent or another. 

If you look at diode specifications in a data book, you'll be 
overwhelmed by the mass of data for each individual part. For 
most uses, only a few of the numbers are important. The 
others, such as the operating temperature and frequency, are 
less frequently given and have less of an affect on diode 
performance. If the characteristics described here aren't ex- 
actly the same as the ones in your data book, the blame lies 
with the industry. It's sad, but true, that there's no ANSI -type 
standard for diode ratings. Fortunately, however, most of the 
names chosen for the various diode characteristics are close 
enough so that you can figure out what the manufacturer is 
talking about. We'll briefly discuss how diodes are formed; 
cover some important Zener -diode specifications, and take a 
quick look at Zener applications. 

Diode Formation 
Diodes are formed by connecting some P -type material and 

N -type material. Without going into the nitty gritty, when the 
N -type material (cathode) is made more negative than the P- 

type material (anode), the diode is forward- biased and cur- 
rent begins to flow. If the P -half is made more negative, the 
diode is reverse -biased and no current will flow. 

With those basics in mind, it's obvious that there are limits 
involved. Diodes need a certain amount of voltage to con- 
duct -too little and they'll do nothing; too much and they're 
history. And that's what all the data -sheet numbers (operating 
parameters) are about. 

The minimum voltage needed to turn on a diode depends 
on its physical make -up: germanium or silicon -the former 
needs .25 volt and the latter needs .65 volt. Since germanium 
diodes can turn on with a much smaller voltage, they're most 
often used in the front ends of radios, small -signal switching, 
and similar low- voltage applications. 

Silicon diodes, besides having a higher turn -on voltage, 
are generally able to handle more power. That's why you'll 
find them in rectifier circuits -half -wave, full -wave, and full - 
wave bridge -and other circuits that have to handle large 
amounts of current. 

There are two important diode specifications that relate 
specifically to the turn -on voltage: maximum forward volt- 
age, (Vim) and maximum forward current (Iím). Both of those 
parameters are a measure of how much power a forward - 
biased diode can handle before it goes up in smoke. Some 
data books also list the maximum peak (Vfp and lip) figures, 
as well. 

The difference between the two specifications is that while 
you can continuously subject the diode to the maximum 
values, you can only hit the peak numbers in short bursts. In 
practice, if your circuit puts spikes across a diode that are 
anywhere near the rated peak figures, you're really asking for 



trouble. Its a good idea to go back to the data book and 
choose a better diode. 

Just as a diode has limits when forward -biased, there are 

maximum ratings for the reverse -biased condition. as well. 
Diodes are designed to prevent current flow if the voltage at 

its cathode is more positive than that at its anode. That's 
exactly what happens as long as you pay attention to the 
breakdown voltage, also referred to as Peak -Inverse - Voltage 
(PIV) or Peak -Reverse - Voltage (PRV). That's voltage at 
which the diode will throw in the towel and start conducting; 
it's an important number because a diode isn't a linear device. 

When a diode is reverse -biased, theoretically no current 
flows through it- although in practice, all diodes leak to 
some extent. That's the Reverse Current (le) rating given in 
the data sheet. For most diodes, the Ir rating is constant at all 
reverse -voltage levels until you reach the PIV. As soon as you 
pass that point, the diode breaks down and reverse current 
starts to flow. What's important here, and also interesting, is 
that the amount of breakdown current is orders of magnitude 
greater than the leakage current. The moral is that a diode 
driven into breakdown can take a lot of other components 
with it when it dies. 

The behavior of a diode when the PIV is exceeded is 

interesting because the voltage across the diode will stay the 
same, even when you increase the applied reverse voltage. A 
simple application of Ohm's Law indicates that more and 
more current has to pass through the diode. That translates 
into heat, smoke, and a trip to your local diode store for a 

replacement. 

Taking Advantage 
That characteristic of diodes, however, didn't go unnoticed 

by the manufacturers. Since diodes operating under break- 
down or avalanche conditions can swallow any increase in 
voltage, several semiconductor designers realized that they 
had the beginnings of a very- useful, special- purpose diode. 
And so the Zener diode was born. 

Zener diodes are regular diodes specially designed to 
operate under avalanche conditions. They have a specifically - 
defined breakdown voltage and can safely pass a predeter- 
mined amount of current. Now that you know that, you 
should realize that any diode can be used as a Zener diode. 

That's not such a "hot" idea, because pushing a standard 
diode into breakdown usually destroys it. The only way to 

find the diode's exact breakdown voltage is to use a variable 
power supply and a voltmeter. However difficult that may be, 
it's a lot easier than finding the maximum value of the reverse 
current; and exceeding that value will definitely destroy the 
diode, damage your circuit, and ruin your day. 

Since the unusual characteristic of a Zener diode is its 
ability to maintain constant voltages, most applications for 
them have to do with either voltage regulation or generating 
reference voltages. As with most other things, the best way to 
understand how a Zener behaves is to put one in a circuit and 
do some simple experimenting. 

The Heart of the Matter 
Figure 1 is the schematic of a Zener -diode circuit. Even 

though the circuit is somewhat bare, it's a typical layout for 
using a Zener diode. By placing the two meters in the circuit 
(as shown), we can watch the way the diode works. Once you 
have the circuit assembled, slowly increase the voltage from 
the variable power supply. The voltmeter reading on the 
output will continue to climb and the ammeter will stay at 

Zeners pass only leakage current until the applied voltage 
reaches its breakdown value. then Voi rises rapidly. 

zero. Once you reach the avalanche voltage of the Zener, 

(called the Zener voltage or Vi), the Zener goes into break- 
down and starts to do some work. Cranking the voltage past 

the V, point will demonstrate what the Zener is doing in the 

circuit. As the input voltage increases, the output voltage 

remains constant, while the ammeter indicates a rising cur- 
rent through the Zener. 

You can up the input voltage as much as you want, but the 

output voltage will remain within a few volts of V,. Of 
course, there are limits to that. The Zener doesn't have the 
same internal protection you'll find in the 7800 series of 
voltage regulators. If too much current flows through the 

Zener, it will blow up. Each Zener has two important ratings; 
the Zener voltage V,, and current l . It's a good idea to keep 
those numbers in mind if you're going to put a Zener diode in 
a circuit. V, specifies the output voltage and I, helps you to 
calculate the value of R,. 

Even though the Zener is a specially designed diode, it still 
has all the other standard diode characteristics. Among them 
is that there's no limit to the amount of current it will try to 
conduct. Just as with LED's, using a Zener successfully 
means putting a resistor in the circuit to limit the current flow. 

Calculating the value of the resistor is a straight application of 
Ohm's law. 

If you're into circuit analysis, you can go through the math 

yourself; but if you're practical minded, you can use the 

formula R, = (Vin - V,) /1.1 (Imaxload) to calculate the value 

VARIABLE 
DC VOLTAGE 

CATHODE 
(BANDED END) 

GND 

ZENER 
DIODE 

MILLI AMMETER 

VOLTMETER 

Fig. 1 -This circuit illustrates a typical application 
of Zener diodes. Because of the characteristics, Zeners 
are often used to generate reference voltages or as 
voltage regulators. 
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of the resistor in ohms and the formula Pr = (I, + Imaxload)2 
(R,) to calculate the resistor's wattage. 

It's so simple to put a Zener to work that it often becomes 
easy to forget that they don't have any internal protection. 
Using a Zener with too small a resistor is a sure way to blow it 
up so be sure to use the formulas before you power -up your 
circuit. 

We've already seen that any diode can work as a Zener. A 
regular diode won't behave as well as a Zener, but it can be 
used by thinking of the PIV as V, and Ir as I,. The value of the 
resistor will be more critical in that case, since Ir is usually in 
the microampere (ILA) range as compared with I,, which is 
usually in the milliampere (mA) range. 

If you have a drawer full of diodes, the circuit in Fig. 2 can 
be used to test their Zener action. Once you've got the 
polarity of the diode straight (the banded end is the cathode), 
put it in the circuit and start slowly increasing the voltage. 
When you reach V,, the ammeter will start to show current 
flow and the voltage will remain constant as you continue to 
increase the input voltage. Don't let more than 5 mA flow 
through the diode; too much current will blow it up. 

Finding V, is, as you've seen, pretty straightforward. 
Determining I,, however, is something else. There's no way 
to find I,, (and consequently the diode's power rating), with- 
out destroying the diode in the process. All you can do is to 
make an intelligent guess based on its size and construction. 
Physically larger diodes and those that come in metal cases 
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Fig. 2 -This circuit can be used to test Zener -diode 
action. By placing the two meters in a Zener diode cir- 
cuit (as shown) and slowly increasing the voltage using 
a variable power supply, you'll find that the voltage 
reading continues to climb and the current reading stays 
at zero until the avalanche voltage (V,) is reached. 
However, upon reaching V, the voltage stabilizes, as 
current rises through the Zener. 

are better than plain diodes. Just about the only way to make a 
reasonable estimate is to compare the size of the unknown 
diode to one with known specifications -and then divide by 
two. 

If you use unmarked diodes in a circuit, don't push them to 
the wall. Under -rate them and, if possible, put a heatsink on 
them. A much better idea is to go out and buy a new one with 
known specifications. A Zener diode is a cheap component 
but you would feel silly if you blew one up. 

EXTEND YOUR MONITOR CONTROLS -BUT NOT YOUR 

1 FOUND I HAD TROUBLE GETTING MY FINGERS TO OPERATE 
my computer monitor's recessed contrast and brightness con- 
trols. The access space for the adjustment controls on some 
monitors is irritatingly small for all but a small child (there's 
hardly enough room tofu your fingers, let alone move them). 
If you work (or play) with your computer in an environment 
with changing light conditions you know that the controls can 
save you from having to endure a headache. Anti -glare 
screens are a possibility, but if you or your company has beer 
pockets it does no good for you to have champagne taste; and 
besides, these screens are not available for all monitors. 

One day I came across the standard TV volume -control 
replacement knobs like the one shown in the photo. They are 
usually used if junior has gulped down the volume- or bright- 
ness- control knob off a radio or TV and, instead of slicing the 
tyke up, you go out and buy another. It looked as if it would fit 
over the mini -shafts on my computer, so I threw care to the 
wind, dug deep (about 50 cents each at a surplus supplier), 
and bought a few knobs. 

Sure enough, as shown in the photo the knob slips right on 
the shaft and locks tight, with the new shaft extending well in 
front of the monitor. And it takes just a moderate pull to get it 
off. 

If you fear your co- workers might like them too much, or if 
junior's appetite is out of control, use a little Super Glue to 
hold them in place. However, I would advise against gluing 
them if it would impede the repair of the unit. 

Replacement control knobs are easily found in surplus. TV 
repair and electronics stores. They are easily put in place 
requiring no extra parts. tools. nor skill. 

BUDGET By Herb Friedman 

The use of the replacement knobs will mean leaving the access 
door open (if your computer has one), but if you use the 
controls a lot it is probably open most of the time, anyway. 



By Colin Daws )rl 

YAYA!A!Á!Á 82 
SOLAR POWERED 
HOUSE NUMBER 

This solar -powered project acts like a lighthouse to nighttime 
visitors who may be unfamiliar with your area! 

:ARCHING FOR A PARTICULAR HOUSE ON A DARK, UN- 

familiar street can be a frustrating business to your guests. 
Besides the embarrassment of ringing or knocking at the 
wrong door, the home owner may panic at the sight of an 
unfamiliar face -the next thing you know the boys in blue 
could be breathing down your guest's neck. However, you can 
nip that little problem in the bud by installing a Solar - 
Powered House Number (see photos), which is nothing more 
than an illuminated house- number that switches itself on at 
dusk and switches off six hours later. 

Illuminated hcuse numbers are a great idea but they invar- 
iably have one drawback -you have to remember to switch 
them on at dusk and off again before you retire. They also 
tend to be expensive. By contrast, the operation of our circuit 
is completely automatic and its illumination is independent 
of the main supply. 

Two rechargeable batteries, which are topped off (charged 
up) during the day 1y a solar-cell array, provide power for up 
to 30 high -intensity LED's that backlight a number mask 
attached to a tinted plastic backing. The solar cells are wired 
in series and sandwiched between two sheets of acrylic 
plastic to protect them from the weather. The use of a solar - 
cell array dictated that the circuit be carefully designed to 
minimize power consumption. 

The project is controlled by a light- dependent resistor 
(LDR), which is used to monitor the ambient light level. As 
dusk falls, the L.DR's resistance increases to a certain critical 
level, at which the circuit triggers and illuminates the LED's. 
The LED's are driven in series pairs, a technique that enables 
two LED's to be driven with the same current as asingle unit. 
A multiplexer ensures that no more than three LED pairs (out 
of a possible total of 19) are turned on at any given time. 

Finally, we have the automatic dEmmer (controlled by a 

second LDR) to gradually reduce the drive current to the 
display as it gels darker, while a timer switches the display off 

after six hours to minimize battery drain. An optional retrig- 
ger switch can be included in the circuit to reset the timer 
circuit for six additional hours of operation if required. 

Most of the components acne mounted on two printed - 
circuit boards and housed in a plastic case that can be water- 
proofed. 

Batteries 
Initially.. we had proposed a simple solar -charged battery 

circuit consisting of three or four small nickel- cadmium (Ni- 
Cd) cells and a preassembled solar panel costing about $30. 
Unfortunately, both of those choices proved unsuitable. The 
solar panel simply lacked capacity and a Ni -Cd battery of 
suitable capacity turned out to be more expensive than we had 
anticipated. 

The alternative was a sealed lead -acid battery (manufac- 
tured by Gates Energy Products). Such batteries are available 
in several sizes, with the smallest (see photo) equivalent in 

size to the familiar ''D" cell. Strictly speaking, the battery is 

larger than necessary for this project -two such cells wired in 

series could run the circuit for at least a week without re- 

charging. While that in itself is desirable, it also means that 
the preassembled solar -cell package lacks sufficient capacity 
to take full advantage of the batteries. 

Another impressive specification of the Gates cells is their 
low internal resistance and consequent high discharge ca- 
pability. The application manual lists the D cell as providing a 
maximum power transfer of 130W at 130 amperes! While 
that's of no particular advantage to the Solar -Powered Street 
Number, there are other situations where it could be used to 

Ivantage. 

Solar -Cell Array 
Having settled on the batteries, the next task was to devise a 
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suitable solar -cell array. Preliminary tests had already shown 
that the preassembled array lacked sufficient capacity and, in 
any case, was not really waterproof. Eventually, we decided 
that a more suitable unit could be built from the ground up. 

What we wanted was an array that was completely sealed 
against the weather and capable of supplying at least 20 mA 
at 5 volts in indifferent sunlight. Most of the cells we tested 
had a useful output in bright sunlight toward the middle of the 
day. It's outside of those circumstances that the cell's perfor- 
mance is critical. 

We eventually chose cells rated 78 mA at 0.45 volts. 
Twelve such cells are required in all, to provide a nominal 
voltage of 5.4 volts when connected in series. That may seem 
excessive for a battery voltage of 4.2 volts, but remember 
that's only the strong sunlight rating. It will be somewhat less 
during the early morning and late afternoon. 

The actual charging rate will vary from about 20 mA up to 
a maximum of 50 mA in reasonably bright sunlight, with an 
average somewhere around the 30 -mA region. Assuming that 
the average rate is available for six hours, a daily charge of 
180 mAh (milli -ampere hours) would be accumulated. 

In calculating the necessary solar -panel capacity, we have 
assumed that the circuit will operate for six hours per night. 
although the time can easily be altered. The circuit draws only 
about 80 RA in the standby mode, increasing to a maximum 
of 60 mA just after sunset (LED's at maximum brightness), 
and then reducing to about 8 mA in total darkness due to the 
action of the dimmer circuit. 

The total amount of power consumed during the six hours 
of operation depends upon the length and brightness of the 
twilight period. Generally, 110 mAh will be the greatest 
demand. 

With charging losses generally accepted as 10% of the total 
charge, a typical daily demand on the solar cells would be 
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about 120 mAh. The difference between that figure and the 
actual capacity of the solar cells (180 mAh) is important for 
two reasons: First, it ensures that the batteries will eventually 
be restored to full charge when the sun does shine after 
several overcast days. Second, the number of days on which a 
full charge can be acquired is greatly increased because less 
than six hours of sunlight is needed for the charge. 

Circuit Operation 
Figure I is a schematic diagram of the Solar- Powered 

House Number. The circuit can be divided into five sections: 
a light detector /switch (LDRI and U2a); a timer (UI); a 
multiplexer (U3); a LED driver stage (Q2 to Q6); and a 
dimmer -control circuit (LDR2 and QI). Let's see how it all 
works. 

LDRI is the circuit -enable switch. Together with a fixed 
47,000 -ohm resistor it forms a voltage divider, the output of 
which varies according to the amount of light falling on 
LDRI. At sunset, LDRI's resistance (and hence the voltage 
drop across it) increases until the voltage at pin 12 of U2a 
causes the gate to toggle, switching its output from high -to- 
low. 

The output of U2a at pin 11 is connected to pin 12 (reset) of 
UI, a 4060 14 -stage binary counter. As soon as the high -to- 
low transition occurs, the reset of UI is released and it begins 
to count. 

Clock pulses are provided by UI's internal oscillator, the 
frequency of which is set by external components RI and Cl. 
With the values shown for R1 and Cl, the clock operates at 
only one cycle per 1.3's. Since the 4060 divides by 214, or 
16,384, it takes about six hours for its QI4 output to go high 
(the other outputs are not connected). By altering the value of 
either RI or Cl. the six -hour time period can be varied as 
required. 

o Fig. 1- Solar- Powered House Numbers, comprised of three IC's 
and a handful of support components, are illuminated by an 
array of LED's. The LED's are not numbered, because the number 
to be displayed determines which are to be lighted. 
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The optional retrigger switch (SI) allows the tinier to be 

manually reset tòr an additional six hours of operation at any 
point in the cycle. Diode DI stops the clock at the end of the 
six -hour period by pulling pin II of Ul high, preventing UI 
from commencing a second six -hour period at the end of the 
first. That's due to the fact that it will still be dark after the first 
six hours, which means that pin 12 (reset) of UI will still be 

low. 
The output of U2a also connects to the anode diode D3. 

Another diode (D2) is connected in series with pin 3 of UI, 
while the cathodes of D2 and D3 connect to a common 
control point. The polarities of D2 and D3 are such that 
whenever either of their inputs (anodes) is high, the control 
point is also high. At other times, the control point is held low 
by pull -down resistor R4. In order for the multiplexing and 
LED drive circuitry to be enabled, the control point must be 

low. It follows. therefore. that in the period between U2a 
being triggered (sunset) and UI completing its count (Q14 
high), the display is operating. 

U3 (a 4017 decade counter) is used to multiplex the display. 
Because our circuit only calls for a five -way multiplexer. the 
pin -1 output of U3 is connected to pin 15 (reset) via R7. When 
pin I goes high, U3 resets almost immediately. so one of its 
live output lines (0 to 4) is high at any given time. while the 
circuit is operating. 

U3 pin 15 (reset) is also connected to the anode of diode 
D4, which means that normal resetting can only occur when 
D4 is reverse- biased. At other times. the reset pin will be held 
low and U3 prevented from resetting. To appreciate the sig- 
nificance of that, it's necessary to consider the circumstances 
whereby D4 will be forward- biased. 

The cathode of D4 is connected to pin 10 of U2b. whose 
inputs are connected back to the D3 /D4 junction. Recall that 
when that control point is high. the multiplexing circuitry is 

disabled. Because U2b is connected as an inverter, a logic 
high at the control point is translated into a low on the cathode 
of D4. The diode is thus forward- biased, inhibiting the reset 
function of U3. 

Clock pulses for U3 are supplied by U2d, a simple Schmitt 
oscillator with a nominal output frequency of 110 Hz. The 
oscillator is enabled when pin 4 of U2c, which has one of its 
inputs connected to the D2 /D3 control point and the other to 
the pin -1 output of U3, goes high. Thus. the clock will be 

inhibited when both inputs to U2c are high. (i.e., when the 
D2 /D3 junction is high and the number -5 count has been 
reached). 

Normally. a number -5 count will reset the multiplexer. 
However, at the completion of the six hours, pin 3 of U 1 goes 
high and prevents U3 from resetting. At the same time, the 
multiplexer clock is stopped (due to the multiplex inhibit and 
number -5 count), and so the 4017 stops counting. The pin 1 

output of U3 remains high while all other outputs remain low, 
keeping all display drivers turned off. 

The display drivers (Q2 Q6) are driven by the 0-4 outputs 
of U3 via 4700 -ohm current -limiting resistors. Up to three 
LED chains -consisting of two LED's wired in series with a 

27 -ohm limiting resistor -can be driven by each transistor. 
The chains are connected between the collectors of their 
respective driver transistors and the collector of QI, which 
forms part of the dimmer circuit. 

Note that the LED's are purposely not numbered. That's 
because some will be omitted or included, depending on the 
number to be illuminated. Also, note that there is a jump in 
numbers from the display's limiting resistors to the biasing 
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The solar array uses two lead -acid rechargeable D -cell 
batteries, which have a capacity of 2.5 Ah. Then as day fades to 
night, the batteries are called on to provide power to the circuit. 

resistors for the display drivers -a portion of the circuit has 

been omitted to save space. 
The dimmer circuit consists of PNP transistor QI, LDR2, 

R5, R6, and Ql. Ql has its emitter connected to the positive 
supply rail and its collector to all of the LED anodes. The 
LDR simply provides base current for the transistor. During 
twilight, more base current is provided for the transistor so 
that the LED's operate at maximum brightness. As the level 
of ambient light falls, less base current is provided for QI and 
the LED's dim. R6 is adjusted after installation to provide a 

suitable minimum level of brightness, according to the in- 
stallation. 

Note that the drive current for Q1 is not derived from the 
negative supply rail, because that would result in a wasteful 
base current flowing during the day, when the LED's are not 
operating. Instead, the base current is derived from the pin -1 

output of U3. When U3's operation is inhibited, pin 1 remains 
high and thus no current flows to the base of Ql. (Remember, 
for a PNP transistor to turn on, its collector must be more 
negative than its base, and its base more negative than its 
emitter.) 

Construction 
Construction can be divided into four main areas: the solar 

panel; the display; control electronics, and the preparation of 
the enclosure. Because the solar panel must be sealed after 
assembly and then left to dry, it should be attended to first. 
You should have the following parts handy before beginning: 
two pieces of acrylic plastic (about 195 x 60mm); 12 solar 
cells; 300mm of enamelled copper wire; four machine screws 
and nuts; eight washers; four solder lugs, and a IN4001 diode 
(which is not included in the layout). 

Having trimmed the two pieces of acrylic to size, clamp 
them together and drill a hole in each corner to accept the 
machine screws. That done, drill two smaller holes at one end 
of one sheet to provide access for the output wires. 

The solar cells should now be connected in series using 
small lengths of the tinned copper wire. Two longer lengths 
(about 200mm and 40mm) are used for the output connec- 
tions. Note: The cells are extremely brittle and will crack if 
mishandled. They can also be damaged by excessive heat, so 
treat them gently. 

Once the cells are all interconnected, smear a dab of 
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silicone rubber compound on the back of each and lay them 
out on the lower piece of acrylic sheet, as shown in Fig. 2. 
Feed the output wires through their respective holes in the 
lower acrylic sheet and connect the positive lead to the anode 
of the 1N4001 diode. Next terminate the cathode and negative 
leads with solder lugs. 

Construction of the solar -panel array can now be com- 
pleted by running a fillet of silicone rubber compound around 
the edge of one of the acrylic sheets, inserting spacers -two 
small washers at each screw should do the trick -between the 
two sheets to avoid crushing the cells, and then fastening the 
two sheets together using machine screws and nuts. 

We also used solder lugs to terminate the external leads, 
which should be added during the final assembly. Don't 
forget to seal the holes for the output wires from the cells. 

The circuit itself is built on two printed- circuit boards: the 
control board measuring 73 x 44mm; and a display board, 
measuring 180 x 95mm, templates for which are shown Fig. 
3 and Fig 4, respectively. 

Begin by assembling the control board according to the 
layout diagram shown in Fig. 5. Note that the IC's are CMOS 
devices and therefore static and thermal sensitive, so be sure 
to solder their supply pins first to enable the internal static 
protection diodes. We used printed- circuit stakes (nine in all) 
to terminate the external wiring connections. 

The display board has been designed to accommodate 
various LED combinations to form any one or two digit 
number. If you require a three -digit number, then you will 
have to wire the display using matrix board or Veroboard. 

Because the number required will vary, the LED locations 
are represented by numbers on the parts layout diagram (see 
Fig. 6). To select a certain number, all you have to do is install 
LED's and wire links (jumper connections) at the locations 
indicated in Table 1. 

For example, to make up the number 5, install high - 
efficiency LED's at locations I, 2, 3, 4, 7, 9, 10, 14, 15, 16, 
and 18; dummy LED's at 2, 6, and 17; and links at L2 and L4 

All the electronics (except for the 
solar -cell array) are mounted in a 
plastic project box. The solar array 
should be mounted away from obstructions. 

Fig. 3 -This full -scale template of Solar- Powered 
House Number's control board (measuring 3 

18 inches) can be copied from the page and 
used to etch your own printed- circuit board. 

HOME BREW 
BATTERY 
HOLDERS 

(which is also the location of LED 19). The dummy LED's, 
by the way, are low- efficiency types. In use, they are simply 
blocked from view by the number mask on the display panel. 
Do not omit the dummy LED's. They are necessary because 
all LED's must be connected in series pairs to avoid variations 
in brightness. 

All that remains now is to mount the various parts into the 
plastic zippy case. First, cut a piece of acrylic plastic to 

Fig. 2 -The photocell array for 
the project is made from 12 photocell 
sections sandwiched between 
two pieces of clear acrylic plastic. 

LEAD-ACID 
BATTERIES 

CONTROL 
BOARD 

DISPLAY 
BOARD 

LDR'S 

replace the original aluminium lid and attach to it a cardboard 
number mask representing your street number. The display 
board can then be mounted behind the number mask using 
25mm screws as stand -offs. If you like, you can use a colored 
filter behind the mask to improve daytime visibility. 

The control board is mounted to the base at one end of the 
case (see photos), and secured using machine screws and 
nuts. The two LDR's are mounted on the end of the case, 

SOLAR CELLS SANDWICHED BETWEEN PERSPEX SHEETS 
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Fig. 4 -The 7 Y 3' /e inch template of Solar- Powered House Number's display board is easily copied to a printed- circuit blank using the 
photo- resist method of printed- circuit preparation. But feel free to use the method that is easiest for you. 
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Fig. 5 -The layout diagram of the project's control 
board leaves nothing to the imagination. 
Follow it and you should have no trouble. 
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ADDITIONAL PARTS AND 
MATERIALS 

C1- 2.2 -µF, bipolar electrolytic 
C2 -0.001 ceramic disc 
S1 -SPST normally -open pushbut- 

ton switch 
Printed -circuit materials, 12 solar 
cells (rated 0.45V /78 -mA), 2 D -cell 
lead -acid batteries, silicone rubber 
sealant, scrap aluminum, en- 
closure, tinted plastic or bezel ma- 
terial, clear acrylic plastic, rainbow 
ribbon cable, hook -up wire, solder, 
hardware, etc. 

PARTS LISTFOR SOLAR -POWERED HOUSE NUMBER 

SEMICONDUCTORS 
D1- D4- 1N4148 small signal silicon diode 
LED1- LED19- High- efficiency /low- efficiency light - 

emitting diode (see text) 
LDR1, LDR2 -ORP12 (resistance: dark, 10- megohm; 

light, 300 -ohm) light- dependent resistor 
Q1 -BC327 (or SK3200, ECG298) PNP silicon medi- 

um -power transistor 
Q2- Q6 -BC338 (SK3854 or ECG293) NPN silicon me- 

dium -power transistor 
U1 -4060 CMOS 14- stage, ripple -carry binary counter, 

integrated circuit 
U2 -4093 quad, two -input NAND Schmitt trigger 

U3 -4017 decade counter /divider, integrated circuit 

RESISTORS 
(All resistors 1/4-watt, 5% fixed units unless otherwise 

noted.) 
R1- 560,000 -ohm 
R2- 47,000 -ohm 
R3- 100,000 -ohm 
R4, R7- 1- megohm 
R5, R24 -R28 -4700 -ohm 
R6- 100,000 -ohm trimmer potentiometer 
R8- 10,000 -ohm 
R9- R23-27 -ohm 
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DISPLAY ILLUMINATION 
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TABLE 1 

DISPLAY ILLUMINATION GUIDE 

Numeral 

-High- 
Efficiency 
LED's 

Dummy 
LED's L1 U L3 L4 

3 6, 8, 11, 
1 14,16,19 13 

2, 4, 6, 1 1, 
2 13, 15, 17, 1, 10 

18, 19 

2, 4, 6, 8. 
3 10,14,15, 1,11,17 

16, 18 

2. 3, 5, 6, 

4 
7 8. 9, 11, 
12,13,14, 1,,2,15 
16, 19 

1, 2, 3, 4, 

5 
7 9, 10 
14, 15, 

'16, , 2', s, 17 

18 

2, 5, 7, 9, 
6 10, 12, 14, 1, 2 

15, 16, 18 

1, 2, 3, 6, 
7 8, 11, 14, 2, 4, 10 

16, 19 

2, 4, 6, 7, 

8 
8 10, 12, 
14,15,16, 

1, 2, 3, 
9,11 

18 

2, 3, 4, 6, 

9 
7 8, 10, 
11, 14, 16, 

1, 2, 9 

19 

2, 4, 7, 6, 
8 9, 11, 1, 2, 3, 0 14,15,16, 10 
18 

'Install at second digit position. 
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Fig. 6 -This layout shows the location of the display -board 
components. Consult Table 1 before installing LED at any 

position. Some of the LED locations may need to be outfitted 
with jumper connections, which in this layout are referred to as links (L). 

adjacent to the printed- circuit board, and secured with epoxy 
adhesive. We also mounted the optional retrigger switch 
adjacent to the LDR's. 

The battery holder can be manufactured from a piece of 
scrap aluminium. Make sure that it's of reasonably heavy 
gauge and that the batteries are firmly secured. Should the 
battery terminals happen to make contact with the holder, or 
some other mounting hardware, there will certainly be a 
spectacular display -at least for a few seconds. 

To test the Solar -Powered House Number, temporarily alter 
the values of RI and Cl so that a much shorter time period 
results. Substituting 56,000 -ohm resistor for RI and a .01 -µF 
capacitor for CI will give a period of about IO seconds. Once 
power is connected, cover the LDR's or turn off the room 
light. The circuit should now trigger for the duration of the 
time interval, provided that the darkness continues. Turning 
the lights on should cancel the cycle immediately. 

While the circuit is operating, try altering the level of light 
falling on LDR2. That should alter the brightness of the 
display. Calibration of the control, however, can only be 
carried out properly at the site where the unit is to be located. 

Allow the circuit to go through one cycle, then press the 
retrigger switch. That should cause another cycle to com- 
mence. Resetting should occur after LDRI is exposed to 
light, irrespective of whether the switch is fitted or not. 

Provided that the circuit appears to be working properly, 
restore RI and CI to their normal values. The solar panel can 
now be connected, but make certain that the diode on the 

(Continued on page ¡12) 
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What's Inside .. . 

The New GADGET, 
Editorial 2 

The Great Dictator: 
The Travel 
Master LX 8 

Lights That Listen: 
The "Audiolite" 9 

Beam Me Up: Sanyo's 
"Beam Index" 
Mini -TV 10 

Canon's PC 3 

Briefcase Copier 11 

VOLUME XI /NUMBER XI 

Etak Navigational System 

1986: The Year's Best, Worst & 

Silliest Gadgets 
Becoming jaded is something of an oc- 
cupational hazard at GADGET news- 
letter. In discussing 1985's "Gadgets of 
the Year" in last January's issue, we 
groused: "Sure, there were attempts to 
push technological change on a num- 
ber of consumer fronts -compact discs, 
8mm home video, the never - say -die 
video disc -but the transformations 
just didn't generate the excitement they 
might have in past years." 

Our problem was in getting ahead 
of ourselves. In 1986, both CDs and 
8mm video generated enormous con- 
sumer excitement. The video disc may 
not have set sales records, but Pioneer 
introduced an intriguing compact disc/ 
laservision player (CLD -900) which 
may turn out to be a harbinger of 
things to come. 

The basic lesson, of course, is that 
gadgetry doesn't conform to the calen- 
dar year. A product introduced one 
year may not take off or show its po- 
tential until months, even years later. 

In putting together our eighth an- 
nual "Gadgets of the Year" feature, 
we've tried to guard against the ten- 
dency not to see what's important or 

promising about a new product be- 
cause of prototype limitations or flaws 
-the electronic age version of not see- 
ing the forest because of the trees. 

Even aside from the '85 products 
which had their major impact in '86, 
the past year has been an exciting one 
in gadgetry. There was a torrent of 
development in television technology, 
with stereo audio making progress and 
digital TV arriving in a big way. 

The year also saw the appearance of 
at least two long -awaited new technol- 
ogies-an electronic navigation system 
for cars and (to be reviewed by GAD- 
GET later this year), the first practical 
"picture phone." Both of these sys- 
tems are dear to the spirit of gadgetry. 
Electronic highway navigation has 
been discussed for decades. The "pic- 
ture phone," first developed nearly a 
quarter -of -a- century ago by AT &T, is 
the prototypical "life in the future" 
gadget, a science fiction cliche which 
has finally arrived on the market. 

The 1986 "Gadgets of the Year" 
compilation, as usual, is divided into 
"best," "worst" and "silliest" lists, 

(Continued on page 3) 
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GADGET: A 

Rebirth 
During GADGET's first decade of life, 
it has established itself as America's 
most unusual consumer newsletter. 
We've spotlighted the newest electronic 
wizardry, often far in advance of the 
mass media, while never hesitating to 
criticize, even ridicule, products that 
are badly conceived or poorly engi- 
neered. 

From volume one, number one in 
September of 1975 -when we featured 
the first solar digital watch, headlining 
it, "Sun Watch Fails Son Test" (my 
eight- month -old managed to perma- 
nently stop it) -we've written with 
humor and a finely developed sense of 
whimsy about a universe of consumer 
products. They've ranged from a Rolls 
Royce (we panned it), through hover- 
crafts and residential earth stations to 
bizarre items like the potato -powered 
clock and the battery -powered roller 
skates found in this issue's "1986 Gad- 
gets of the Year" compilation. We've 
also offered consumer -eye views of 
products which are reshaping the 
world we live and play in, from home 
video to home computers, cellular 
phones to compact discs. 

We've been described as "the bible 
of gizmo lovers" by the Miami Herald, 
praised as a "consumer watchdog" by 
the Chicago Tribune and lauded as a 
"mini- magazine of the newest and neat- 

est" in the San Francisco Chronicle. 
Frankly, however, our circulation has 
never matched our reputation. 

In the first decade of GADGET, 
we've faced complicated financial bur- 
dens. The basic problem has been the 
economics behind the concept of this 
newsletter. Since GADGET does not 
accept advertising -for the obvious rea- 
son that we would be beholden to the 
advertisers -we have been denied pe- 
riodical publishing's most important 
source of revenues. 

The subscription price for GADGET 
is extremely low. To increase its circula- 
tion through costly direct -mail or other 
sorts of promotional campaigns would 
be prohibitively expensive. Were it not 
for my pride and love of what GAD- 
GET represents, to me and hopefully 
to its readers, the newsletter might 
have died years ago. As it was, we 
seemed doomed to remain basically a 
mom -and -pop scale operation, a month- 
ly David monitoring the consumer prod- 
ucts of a myriad of corporate Goliaths. 

In an effort to sustain our commit- 
ment to our loyal readership and put 
GADGET on a financially even keel, 
we have entered into an unusual pub- 
lishing partnership. Beginning with this 
issue, we are joining forces with Hands - 
On Electronics, among the nation's 
most respected technical magazines for 
electronic enthusiasts, published by 
Gernsback Publications, Inc. 

Those who build and delve into elec- 
tronics and those who use electronics 
are sometimes one in the same. Per- 
haps as often, especially in today's ex- 
panding electronic marketplace, they 

are not. But enjoyment of and love 
for well -made, well- designed electronic 
products is a perspective both groups 
share. 

In joining forces with Gernsback 
Publications, we are infusing new life 
into GADGET. We think this unique 
arrangement will extend our visibility 
and editorial reach, as well as bring- 
ing both publications new readers. Al- 
though GADGET and Hands -On Elec- 
tronics will remain editorially inde- 
pendent of one another, the two publi- 
cations will be part of the same month- 
ly package. 

Hands -On Electronics readers will 
receive a wonderful bonus -an excit- 
ing, dynamic newsletter -style insert 
which reports on electronics with in- 
sight but in consumer terms. GAD - 
GET's current readership will receive 
a second publication for the price of 
their original subscription, one which 
furnishes an inside look at the how and 
why of contemporary electronics. 

We believe this experiment in joint 
publishing will allow GADGET to con- 
centrate on what it does best -offering 
reviews and news of the latest in gad- 
gets and gadget- related items, written 
with humor and enthusiasm. As an 
insert in Hands -On Electronics, it will 
make available to readers of that pub- 
lication a consumers' view of the tech- 
nical accomplishments (and failures) of 
the contemporary electronics industry. 

GADGET is not some massive, sealed 
monolith. We welcome the comments 
and criticisms of our readers, old and 
new. Your input and your needs influ- 
ence and help shape our editorial prod- 
uct, as they have from its very first 
issues. 

First a magnificent toddler and then a 
wonderfully energetic youngster, now as 
GADGET trundles towards adolescence 
in a new form, we anticipate exciting 
challenges in the future. GADGET is 
newly invigorated and readers in the 
months to come will receive a newsletter 
which is more current, better informed 
and more alive than ever before. To 
both our old readership and our new 
audience, welcome to the future -as re- 
flected in the pages of GADGET news - 
letter.-Al Goldstein 
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BEST, WORST, SILLIEST 
(Cont. from p. 1) 

with a top item in each category. Be- 
yond that, the items on each list are 
arranged alphabetically. The month 
at the end of each entry is the issue of 
GADGET in which the product was 
first reviewed or reported on. 

BEST GADGETS OF '86 

The Best of the Best: ETAK NAVIGA- 
TIONAL SYSTEM. Manufactured by: 
Etak, Inc., 1455 Adams Drive, Menlo 
Park, CA 94025. Price (exclusive of 
installation and software): $1,595. 
GADGET called this "the first major 
innovation in auto travel in at least the 
past two decades." A powerful car -in- 
stalled computer, a tape drive, an elec- 
tronic vector graphic display, sophis- 
ticated magnetic compass and wheel - 
mounted sensors enable the Etak Navi- 
gational System to guide drivers using 
an EtakMap cassette of the streets and 
highways to be traveled. As the car 
travels, an arrow in the lower center of 
the vector graphic display represents 
the vehicle, remaining stationary as the 
projected EtakMap moves and changes. 

The Etak company indicated that 
development of the product would 
take two directions. The firm planned 
to broaden the.coverage of the Etak- 
Map cassettes (when introduced, the 
system only covered California from 
San Francisco to San Diego) and, at 
the same time, further detail the gui- 
dance maps. Eventually offering a sys- 
tem taking advantage of the nearly in- 
finite expandability of computer soft- 
ware. (April) 
GENERAL ELECTRIC CONTROL 
CENTRAL. Manufactured by: Gener- 
al Electric, 800 Third Ave., New York, 
NY 10022. Price: $150. We liked the 
Control Central for what it does -re- 
placing multiple remote controls by 

Dimensla AudiolVideo System 

"learning" their signals and combining 
their functions within a single unit. 
The unit can combine up to four sepa- 
rate remote controls, whether for TV, 
video or stereo. No breakthrough tech- 
nology was necessary for this, just 
some smart design aimed at simplifying 
life in the age of electronic home enter- 
tainment. (June) 
OMNIBOT 2000 ROBOT. Manufac- 
tured by: Tomy Corp., 901 E. 233rd 
St., P.O. Box 6252, Carson, CA 90749. 
Price: $400 to $600. GADGET's re- 
view of Tomy's Omnibot 2000 was less 
than overwhelming in its enthusiasm. 
We called it "a potentially entertaining 
electronic tyke," but also labeled it 
"rudimentary," capable of only "lim- 
ited tasks," and "more than a toy, if 
less than the robot of the future." 

However, Omnibot 2000 clearly de- 
serves points for keeping the home 
robot flag flying. While industrial use 
of robots has continued to expand, the 
consumer version has been left to a few 
visionaries, including the folks at Tomy. 

The unit's on -board computer, 
which makes it programmable via a 

remote master control, is an impor- 
tant indication of robotic development. 
While Omnibot 2000 might be limited 
to a few parlor tricks and functions 
which currently can be performed 

more easily by non -robotic beings, it's 
a beginning. As our original review put 
it, "it may not be our electronic equal, 
but at least it's a start." (May) 
PIONEER COMPACT DISC /LASER- 
VISION PLAYER (CLD -900). Manu- 
factured by: Pioneer Video, Inc., 200 
W. Grand Ave., Montvale, NJ 07645. 
Price: $1,200. With Pioneer's CD/ 
Laservision Player, consumers got a 

glimpse of a possible video future, and 
also a product which in an intriguing 
way combines two of the applications 
of laser technology. A single "disc 
table" plays either audio or visual re- 
cordings at the flick of a switch. In 
contrast to some dual- application gad- 
gets, the CLD -900 doesn't require any 
compromise of either function in com- 
bining them. Instead, the audio and 
the video are merely different applica- 
tions of the same laser diode. 

Given its price tag, this splendid ap- 
plication of laser technology won't ap- 
peal to any but a limited market for 
some time to come. But it represents 
both smart design and a step -up for the 
laser disc, the neglected Cinderella of 
home video. (February) 
RCA DIMENSIA AUDIO /VIDEO 
SYSTEM. Manufactured by: RCA 
Consumer Electronics, 600 N. Sher - 

(Continued on page 4) 
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man Drive. Indianapolis, L4' 46201. 
Price: About $5,500. This ultimate in 
home entertainment systems (at least 
until a competitor comes up with a 

counter product group), according to 
GADGET signaled "the end of the age 
of the component system and the dawn 
of the age of the rack." 

We also called it an "audio -and- 
visual consumer extravaganza" and 
the Dimensia is certainly that. The 
total system includes a color TV (the 
FKC2600); video cassette recorder 
(VKT700); integrated amplifier (MS.4- 
200); AM /FM stereo tuner (MAT110); 
CD player (MCD 140); audio cassette 
deck (MTRI20); linear tracking turn- 
table (MTT130); graphic equalizer 
(MGE160) and the SPK375 speaker 
system. When it takes an entire para- 
graph to list the components of a sys- 
tem, you know it's a big one. 

The Dimensia system utilizes several 
electronic "arms" linked to a central 
"brain," enabling the user to switch 
between modes and functions without 
leaving his or her seat. If price, and 
space, were no object, the Dimensia is 
the kind of system many gadget fans 
would select, in our review's words, "a 
fully realized dream." (February) 
SMITH CORONA XD 7000 ELEC- 
TRONiC TYPEWRITER. Manufac- 
tured by: SCM Corp., 839 Route 13 S., 
Box 20202, Cortland, NY 13045. Price: 
$618.95. GADGET liked this electronic 
typewriter for its position "midway be- 
tween a typewriter and a computer 
word processor." But most of all, we 
liked it for its "Spell -Right II" option, 
a spelling checker with some 50,000 
words in its electronic memory and the 
capability of adding 300 further words 
of the user's own choice. 

We found the XD 7000's controls 
simple to master and easy to under- 
stand, and we were most impressed 
by Smith- Corona's sophisticated add - 
on, the PWP System 12 monitor, with 
built -in menu, micro -wafer cassette 
and a hand -held keypad that features 
command and cursor keys. With just 
the typewriter itself, an individual 
could become familiar with the ways 
and means of electronic word process- 
ing, while adding the PWP System 12 

(at a retail price of $499) would allow 
the user to cross the threshold into 
word processing. 

Not so impressive was the discovery 
that the first batch of XD 7000s had a 
design glitch which made it impossible 
for all of the Spell -Right ll's functions 
to transfer to the PWP monitor screen. 
Smith - Corona admitted the design 

Sony Digital Monitor /Receiver 

flaw and offered free service at SCM 
service centers to correct it. 

Still, we rate the Smith Corona XD 
7000 one of 1986's smartest, and most 
user -friendly, applications of computer 
technology to a familiar product. (Jan- 
uary) 
SONY TRINITRON DIGITAL MON- 
ITOR /RECEIVER(KV- 2SDXR). Manu- 
factured by: Sony Corp. of America, 
Sony Drive, Park Ridge, NJ 07656. 
Price: $1,399.95. Sony's first digital 
TV set includes a feature long pre- 
dicted by technological crystal gazers, 
a microcomputer memory with applica- 
tions beyond the TV set itself. Dubbed 
the "Home Management Helper," the 
built -in computer is preprogrammed to 
alert the owner to upcoming dates 
from an appointment list, a file of per- 
sonal dates and a bill payment sche- 
dule. Programmed via an "alpha- 
numeric" keyboard in the TV's remote 
control, when the television is turned 

on, an on- screen symbol alerts the 
watcher to the designated date. The 
computer functions also allow the tele- 
vision to be programmed to turn on for 
selected programs and to block the re- 
ception of broadcasts or cable trans- 
missions during certain times on se- 
lected channels. In short, the very 
model of a modern television set, one 
which GADGET thought moved Sony 
"once again to the head of the class." 
(February) 
SONY VIDEO 8 SYSTEM. Manufac- 
tured by: Sony Corporation of Amer- 
ica, Sony Drive, Park Ridge, NJ 07656. 
Price: $1,800. Putting aside all the 
commercial questions surrounding the 
introduction of another videotape for- 
mat, we found the Sony Video 8 sys- 
tem a pleasure to use, making "video 
recording as easy as taking snapshots." 

In all of its aspects, this miniaturized 
video camera and playback system de- 
livered more than its weight in value - 
exceptional picture quality (under all 
kinds of conditions), excellent audio 
recording and reproduction and well - 
thought -out design throughout. In- 
stead of going head -to -head with other 
video formats, the Sony 8mm was 
wisely designed to be an adjunct to 
them. In order to record from a televi- 
sion set, for example, the system's 
playback has to be connected to a 
standard video recorder. Transfer of 
8mm recordings to Beta or VHS re- 
quires the same link -up. Instead of 
cannibalizing the video market, the 
Sony Video 8 system, we judged would 
"significantly expand it, attracting new 
buyers with its strong home movie 
orientation." As other manufactur- 
ers have jumped into the 8mm fray, 
many initial misgivings about the for- 
mat's place in the market have disap- 
peared, although after only a year the 

8mm Video System 
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story is far from over. (April) 
SOUNDSHAVE. Manufactured by: 
Advanced Products & Technologies, 
15151 N.E. 92nd St., Redmond, WA 

98052. Price: $25. A nifty update of 
the electric shaver, this battery -oper- 
ated portable razor tells the user where 
to shave. The blades vibrate into cut- 
ting position when they make contact 
with a whisker so the user knows what 
area needs to be shaved, perfect for 
shaving on the go. (March) 
TOSHIBA DIGITAL COLOR TV/ 
MONITOR (CZ2094). Manufactured 
by: Toshiba America, Inc., 82 Toto- 
wa Rd., Wayne, NJ 07470. Price: 
$1,299.99. Beating Sony to the market 
with its digital set, Toshiba also offered 
"P.I.P." capacity- picture -in- picture. 
Possible only with a digital TV, the fea- 
ture allows a viewer to monitor a sec- 
ond source within the screen's main 
image. Perhaps a little disappointingly, 
the two images can't both come from a 
broadcast or cable source (two set re- 
ceivers would be necessary for that). 
Still, we called p.i.p. "a fascinating 
feature, nearly irresistible for the TV 
and video enthusiast." 

The CZ2094 can also be linked with 
a computer and is equipped to re- 
ceive stereo transmissions. The set is 
equipped with its own timer, allowing 
it to be programmed automatically to 
turn itself off at any time up to three 
hours later. A state -of- the -art televi- 
sion /monitor and one of the reasons 
that last year was a banner one for 
America's favorite electronic appli- 
ance. (February) 

WORST GADGETS OF '86 

The Worst of the Worst: BOOK - 
VISION COLOR LCD TV /VIDEO 
MONITOR. Manufactured by: Citizen 
Electronic Group, 1200 Wall St. W, 
Lyndhurst, NJ 07071. Price: $249.95. 
Even last year, miniature television was 
an idea which had been pretty nearly 
run into the ground. Although Citi- 
zen's continuing interest in the LCD 
system of picture delivery is probably 
praiseworthy (technologies, like chil- 
dren, need time to develop), it doesn't 
produce a mini -TV image worth having 
delivered. As we put it, "as with all the 
tiny tubes we've seen, the Citizen 
Bookvision's performance matches its 
diminutive size." Its place of dishonor 
on our roll call of losers is a reflection 
of our publisher's frustrations in using 
the set. What should have been a 
breakthrough turned out to be a bust. 
(April) 
ELECTRIC CORKSCREW. Manufac- 
tured by: Norelco. Consumer Products 

Soundshave 

Bookvision LCD TV 

Division, High Ridge Park, Stamford, 
CT 06904. Price: $39.95. GADGET 
called this "in one sense, the ultimate 
gadget: a frilly electrification of a pro- 
cess that proceeds very well enough by 
hand, but goes spectacularly when mo- 
torized." But we found its lack of re- 
verse capability (useful in dealing with 
delicate, broken or decayed corks, or 
when removing the cork from the de- 
vice) a minus, while the electric cord 
was cumbersome. "Although perfect 
for restaurants or caterers," we con- 
cluded that for the home it's "an ex- 
pensive piece of conspicuously affluent 
fluff." (February) 
F.R.E.D. TELEVISION STEREO DE- 
CODER. Manufactured by: Recoton 
Corp., 46 -23 Crane St., Long Island 
City, NY 11101. Price: $149.95. Our 
problem with this clever adapter for 
non -stereo television sets were in two 
areas; stereo broadcasting's current 
condition and our inability to hook 
F.R.E.D. up to our television without a 

(Continued on page 6) 
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costly visit from a repair technician. 
Admittedly, our test was conducted 
with one slightly older Sony set, but 
the problem was enough to make us 
dubious about FR.E.D.'s usefulness 
for many consumers. Recoton may 
have gotten the message. In the months 
after GADGET's review, the firm in- 
troduced an improved version of the 
device. (July) 
KOSS SOUND CELLS. Manufac- 
tured by: Koss Limited, 4129 N. Port 
Washington Ave., Milwaukee, WI 
53212. Price: $9.99. At such a low 
price, maybe we shouldn't complain, 
but these small speakers, designed to 
plug into a Walkman -style personal 
stereo, struck us as a good idea badly 
executed. The sound was tiny and 
tinny. (July) 
MAGNAVOX VIDEOWRITER. Manu- 
factured by: North American Philips 
Co., Home Interactive Systems, 1111 
Northshore Drive, Knoxville, TN 37919. 
Price: $800. This is an example of the 
direction in which word processing de- 
sign shouldn't go. Designed as a word 
processor for the non -professional, the 
Videowriter's built -in printer produced 
ugly, utilitarian computer -style type at 
an extremely low speed. We clocked 
the print -out of four double- spaced 
pages at a tedious eight- and -a -half 
minutes. In addition, the Videowriter 
retains some of the computer's most 
obnoxious word processing traits, like 
dumping text and occasionally separat- 
ing lines in the middle of the text. 

Still, the Videowriter does have 
some praiseworthy features, like its 
dual display screen which incorporates 
a "prompt screen" to guide the wary 
user. We also found its spelling correc- 
tion system less cumbersome to use 
than the Smith- Corona's Spell -Right II 
checker. Finally, however, the unit's 
limited memory capacity, a mere 53 
pages of standard letter -size text and 
its overly simplified approach to word 
processing made it one of our worst 
items of 1986. (May) 
SHOWMATE 2 VIDEO PRESENTA- 
TION SYSTEM (6427). Manufactured 
by: Bell & Howell, Visual Communi- 
cations Group, 700 McCormick Rd., 
Chicago, IL 60645. Price: $1,210. Al- 
though manufactured for business and 
commercial use, we hoped this all -in- 
one portable video system would be 
a "harbinger of future mass -market 
goodies." The Showmate is capable of 
playing VHS video cassettes, record- 
ings from its built -in color TV or other 
video sources and has audio and video 

Showmate 2 Video System 

dubbing and editing capabilities. It 
also displays stills and plays cassettes at 
either fast or slow search rates. In addi- 
tion, a video camera can be connected 
to the Showmate to originate footage. 

Unfortunately, the Showmaie turned 
out to be a botched execution of a 
good idea. From a difficult-to- under- 
stand instruction manual, oddly desig- 
nated unit controls (to view a cassette, 
a switch marked "TV /Monitor video 
monitor" has to be set at ...TV) right 
through to not including the two cables 
necessary to record from the Showmate 
TV (they're sold as separate options in- 
stead), Bell & Howell's design depart- 
ment seemed to be asleep at the switch. 
It was a judgment apparently shared 
by its intended market. Last summer 
we saw these units being offered at an 
extremely discounted price on a cable 
TV home -buying program. (March) 

SONY DISCMAN COMPACT DISC 
PLAYER (D -7S). Manufactured by: 
Sony Corp. of America, Sony Drive, 
Park Ridge, NJ 07656. Price: $299.95. 
An update of the Discman which cre- 
ated such a sensation among consum- 
ers in 1985, our beef with the D -7S was 
its rechargeable battery pack. Weighing 
nearly as much as the CD player itself, 
the Sony battery pack requires eight 
hours of charging for "approximately 
4.5 hours" of continuous play. Adding 
to its limitations, the rechargeable 
pack can be "recharged for approx. 
200 times," meaning that after those 
200 times, consumers would be shelling 
out $45 for the BP -200 rechargeable 
battery pack. Despite the CD player's 
sophisticated features and high audio 
standards, its rechargeable battery pack 
made us wonder what Sony was at- 
tempting to do. (July) 

Dlscman CD Player 
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SILLIEST GADGETS OF '86 

Just because something is silly, doesn't 
imply it's without merit. Something 
silly can also be a lot of fun. While 
"silly" may not be the ultimate acco- 
lade, it doesn't preclude enjoyment of 
the item on its own terms. 

The Silliest of the Silliest: BATTERY - 
POWERED ROLLER SKATES. Avail- 
able from: Hammacher Schlemmer, 147 
E. 57th St., New York, NY 10022. 
Price: $479.50. One of the wonderful 
aspects of contemporary gadgetry is 

watching venerable gags and visual 
jokes become reality, like these battery - 
powered skates. Supposedly capable of 
speeds up to 20 mph, these traditional 
black leather skates are powered by four 
rechargeable 6 -volt gel cell batteries. 
Speed is regulated by an electronic pulse 
control, worn on a belt along with the 
batteries. Range is "20 miles on a single 
7 -hour charge." From the classic ani- 
mated cartoons of yesteryear onto the 
consumer market, this is one of our fa- 
vorite items. (February) 
THE ELECTRONIC CAT DOOR. 
Available from: Hammacher Schlem- 
mer, 147 E. 57th St., New York, NY 
10022. Price: $99.95. Electronic man- 
agement of household pets has never 
struck us as an industry with much 
growth potential, but we've been wrong 
before. A special "key" worn around 
your cat or small dog's neck signals the 
door to open from either side, or both, 
depending on your choice. From our ex- 
perience with felines, we'd guess getting 
your cat to use this would be the major 
battle. (July) 
GOBALL. Available from: Sporting 
Edge, 22121 Crystal Creek Blvd., S.E., 
Bothell, WA 98021. Price: $79.95. 
Something about the philosophy behind 
a remote -control ball strikes us as a bit 
demented, like maybe this is the perfect 

Electronic Cat Door 

gift for the ultimate sloth? Of course, 
the advantages of a ball which you 
never have to chase, merely signal to re- 
turn, probably shouldn't be discounted. 
(March) 
LIGHTRON. Manufactured by: Intro - 
mark, Inc., 701 Smithfield St., Pitts- 
burgh, PA 15222). Price: $5.95. Here's 
a battery -powered, light emitting diode 
way to say, "Hey, bartender." A smoked 
plastic case, circled by five red LED's, 
the Lightron signals a bartender or 
waitress when an empty glass or bottle is 
placed on it. "It may be a joke to tee- 
totalers," GADGET suggested, but in 
retrospect it's probably pretty funny 
even to drinkers. (April) 
PLANETARY GEAR MASSAGER. 
Available from: Hammacher Schlem- 
mer, 147 E. 57th St., New York, NY 
10022. Price: $89.50. You would have to 
see this in action to understand how silly 
it is. A cam- action powers five phal- 
ange -style nodules in a semi -circular 
motion, in an attempt to "replicate the 
action of human fingers." Behind this 

Battery-Powered Roller Skates 

device obviously stands someone with 
an obsession. The result is a salami - 
sized massager, unwieldy, a bit hard to 
control and very silly looking. (July) 
SNORE STOPPER. Available from: 
S&K Co., Flowerfield, building No. 7, 

St. James, NY 11780. Price: $39.95. We 
know snoring is a serious problem for a 
percentage of the population, but the 
Snore Stopper's approach struck us as 
something right out of the funny pa- 
pers. A microphone sensor is connected 
to small electrodes which emit a tiny 
electric zap when snoring is heard. Even 
with the assurance that "the electrical 
stimulus is too insignificant to interrupt 
sleep, but is effective enough to stop 
snoring," we had to wonder about 
shocking yourself into a night of snore - 
less slumber. (March) 
WEBCOR FLOATING FONE. Avail- 
able from: Exeters, 3303 Harbor Blvd., 
Suite B -5, Costa Mesa, CA 92626. 

Wristalkle 

Price: $144.95. More electronic -age in- 
dolence, perfect for all those Holly- 
wood hotshots who can't be bothered 
to climb out of the swimming pool to 
take a phone call. Oddly enough, in our 
test, while the wireless handset is water 
resistant, its base isn't, "which may re- 
quire you to dry off before hanging 
up." So how soon before Floating Fone 
accessory towels come onto the market? 
(May) 
WRISTALKIE. Manufactured by: SFI 
Sawafuji America, 23440 Hawthorne 
Blvd., Suite 130, Torrance, CA 90505. 
Price: $40. There was a time when 
GADGET wouldn't have considered 
a wrist- mounted vocal transceiver silly, 
but that was years ago and in the brave 
new electronic world, something out of 
Dick Tracy seems a charming throw- 
back to a past technological age. And, 
as with earlier attempts at this kind of 
device, the unit doesn't appear to be all 
that wrist- sized. (January) 
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Eloquent LX 
TRAVEL MASTER LX PORTABLE 
DICTATION RECORDER. Manufac- 
tured by: Dictaphone Corp., 120 Old 
Post Rd., Rye, NY 10580. Price: $399. 

As anyone who's ever transcribed a re- 
cording using an ordinary tape record- 
er could tell you, all recorders (even 
good -quality ones) are not equal. What 
transcription demands is a feature 
which used to be attributed, by sales- 
men anyway, to automobiles: the abil- 
ity to stop on a dime. 

Since Dictaphone built its reputation 
on transcription equipment, it's not 
surprising that its Travel Master LX 
Portable Dictation Recorder is a prime 
example of what a dictation transcrib- 
ing recorder should be. The bonus 
comes in the unit's generally high level 
of design. 

In appearance, the Travel Master 
looks much like any contemporary 
portable recorder. It uses standard, al- 
though leaderless, cassette tapes. Side - 
mounted controls can be manipulated 
with a single thumb. Besides the usual 
record functions (record, play, stop, 
rewind, eject), the recorder includes 
some use -specific features. 

The "cue" control allows the user to 

insert an electronic beep onto the tape, 
indicating the beginning or end of ma- 
terial dictated for transcription and in- 
structions inserted for the transcription 
typist. In rewinding, these cue signals 
are audible, allowing fast location of 
materials on a cassette. 

A control designated "vox" voice - 
activates the unit. According to the in- 
structions, once this control is set and 
the "primary thumb control" is put on 
record, "recording begins when you 
start speaking. Tape movement will 
continue for approximately 5 seconds 
after voice stops and resume when dic- 
tating continues." A final adjustment 
sets the recorder's microphone for ei- 
ther dictation or conference use. 

The Travel Master's timing func- 
tions also set it apart from the ordinary 
portable recorder. A liquid crystal 
display on the front of the unit, to the 
left of the cassette compartment, in- 
cludes a digital clock function, an 
alarm, a tape counter and a feature 
labeled timer "up" and "down." With 
"up," the minutes and seconds being 
filled on the cassette are totaled up as 
the user records. "Timer down" al- 
lows the user to preset the amount of 
time to be filled. 

The LCD in this mode counts down 
the minutes and seconds being used, 
"preceded by a minus sign." Setting 
these time and timer functions is done 

via a trio of small buttons. "Mode" 
moves an LCD indicator into position 
under each of the five functions 
printed at the edge of the display win- 
dow. "Select" activates either minutes 
or seconds or hours and minutes (de- 
pending on selected mode) for setting, 
while "set" changes the LCD numer- 
als. 

The unit's alarm, besides alerting the 
user at a time selected, can be used to 
turn on the recorder at a preset time, a 
feature which will probably give this 
model the lion's share of the espionage 
market. The same control which acti- 
vates the alarm function is also a 
"lock," which, according to the in- 
structions, should be in place whenever 
the recorder isn't in use. 

Dictaphone's thoroughness in de- 
signing the Travel Master is indicated 
by some of its built -in protection fea- 
tures. When a cassette's protection tabs 
are removed, it's impossible to engage 
the record mode. "It is therefore im- 
possible to erase material accidentally," 
the instructions confidently declare, 
consigning one of the secretary's han- 
diest excuses for flubbed transcriptions 
to office history. Similarly, when 
there's no cassette in the recorder, the 
"primary thumb control" won't 
move. Via a warning tone, the Travel 
Master also indicates the end of a tape 
or a broken cassette. 

The Travel Master LX is sold with a 
soft case, an earpiece and a recharge- 
able Dictaphone battery with charger, 
which also functions as an AC adapter. 
Separately sold options include a foot 
control, "for stop /start control of 
transcription playback "; a telephone 
microphone, or "induction coil" for 
recording from a phone conversation 
(another espionage market plus) and a 
"compact high- sensitivity condenser 
microphone." 

The last option seems the tape re- 
corder equivalent of wearing a belt 
with a pair of suspenders. In GAD - 
GET's test, we used the Travel Master 
to interview exhibitors at a trade show. 
Although the hall was alive with other 
voices and their echoes, the unit's 
built -in microphone picked up voices 
clearly and distinctly. 

In transcribing the interviews, the re- 
corder's audio pick -up clarity, and pre- 
cise start /stop action, made getting the 
spoken word onto paper a smooth 
task. Despite its lofty price tag, the 
Travel Master LX Portable Dictation 
Recorder is perfect for those using a 
tape recorder as an everyday tool. To 
return to an automotive frame of refer- 
ence, this Dictaphone portable record- 
er is definitely the Cadillac of its mar- 
ket category. -G.A. 
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Nagaoka is Japan's "leading manufacturer of video and audio acces- 
sories and cartridges" and beginning last year, its products have been 
imported exclusively by Angstrom Associates, USA, Inc. (210 8th St., 
Lewiston, NY 14092). Among these is a right -on -time 8mm video clean- 
ing cassette (8W- 28CL). The product, which uses a company supplied 
cleaning fluid, "eliminates dust from record, playback and erase heads, 
capstan, pinch roller and tape guides." A small amount of fluid is 
placed in a reservoir in the cleaning cassette. The tape is then "played" 
through and the cleaning is complete. Cleaning fluid refills for this 8mm 
video cleaning cassette are available. Price: $20. 

Described as "the world's first sound -activated light switches" by 
Sporting Edge Catalog (22121 Crystal Creek Blvd., S.E., Bothell, WA 

98021), Audiolites have a built -in sensor which, when it detects a sound 
will switch on a lightbulb, radio or small appliance. The Audiosocket 
fits into any conventional socket and can be used with light bulbs up to 
I50 watts. Audioplug is designed for standard electrical outlets, while 
Audioswitch replaces standard switches. The user can control the volume 
of sound needed to trip the switch and for how long the light or appli- 
ance stays on -seven seconds to seven minutes. This gadget would ap- 
pear to have excellent home security applications. Price (for each of the 
three Audiolite components): $24.95. 

"A hotplate for the well- to -do" was how one GADGET staffer de- 
scribed Magna- Range, and the description is apt. Available from Bloom - 
ingdale's (115 Brand Road, Salem, VA 24156), the stove -top unit uses a 
slightly futuristic method of cooking: magnetic induction. When a metal 
pan or pot is placed on its ceramic top, a current is generated which 
heats the pot to the desired cooking temperature. The virtues are a more 
efficient use of energy, a cooler cooking surface and a faster and cleaner 
way of cooking. The limitations come in with the choice of cookware: 
Only cast iron or non -bonded metal pans will do. The small size of the 
unit, which is two inches high and about a foot square, is also a plus. 
Price: $250. 

The Tape -A- Message sounds like a telephone answering machine with- 
out the telephone. Called the Message Machine by Sporting Edge Cata- 
log (22121 Crystal Creek Blvd. S.E., Bothell, WA 99021), this is a 15- 

second, continuous loop tape recorder for leaving messages for other 
householders. Press a button to record and lift it up and the message 
plays automatically. Power is supplied by three AA batteries, included 
with the Tape -A- Message. Price: $22.95. 

The Supertype 240 is a top -of- the -line office electronic typewriter with 
upgradeable memory (maximum of 28,000 characters) and a 40 -char- 
acter display. Powered by a built -in micro -disc drive which uses 8.000 
character micro -diskettes to store text permanently, the unit also features 
a 25- character per second printer, proportional spacing, document assem- 
bly, automatic pagination, stored formats and much more. Manufac- 
tured by Olympia U.S.A., Inc. (Box 22, Somerville, NJ 08876 -0022), the 
typewriter also features search and delete and vertical line tabulation. 
From the material we've seen, the Supertype 240 seems fully capable of 
lightening any office workload. Price: $1,849. 

The Bionaire 104 is a fan's fan. A fan for anyone who's a fanatic 
about keeping cool in the summer and -because the Bionaire doubles as 

a space heater -warm in the winter. The fan function of the Bionaire is 

fulfilled by a steel- mesh -covered blade within a plastic housing, powered 
by a three -speed motor. There is also a rotating louvre in front, to direct 
or disperse the flow of air as you wish. Available from The Sharper Image 
(680 Davis Street, San Francisco, CA 94111), the Bionaire also doubles 
as a heater, with dual settings powering 750 or 1,500 watts worth of heat 
into a room. This is definitely a step above your ordinary air blower. 
Price: $149. 

Bits 8, Pieces 

8mm Video Cleaning Cassette 

Tape -A- Message 

Bionaire 104 
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30CTV' Color Te evision 

Carrera Elec-ronic Typewriter 

Video Clap Stick 

Sanyo's entry into the pocket -size TV market may have brought the 
long -awaited flat television set a step closer. The model 30CTV 1 has a 
three -inch screen and utilizes "beam index" technology, as do new full - 
size sets from Sanyo (1200 W. Artesia Blvd., Compton, CA 90220). In 
contrast to conventional color TV systems, "the beam index color tube 
features a single electronic beam whose intensity and position is coor- 
dinated through an index signal," which Sanyo says "will make it possi- 
ble to decrease the thickness of color television as thin as 50 mm." The 
mini 30CTVI features a 68- channel tuner, one -button color control and 
AC /DC operation. Price: $499.95. 

Here's an off -beat solution to an irritating problem, an endless loop 
tape, trademarked as C.I.A.- Cindy, which the manufacturer, The 
Video Kit Co. (P.O. Box 8571, Rowland Heights, CA 91748) says "stops 
obscene phone callers in their tracks." Without giving the tape's game 
away, Video Kit says the tape "turns the table on obscene phone callers" 
by using "human nature," and claims nearly "98 percent effectiveness" 
in its test of the tape before marketing. Made for use with telephone an- 
swering machines, if the buyer's machine doesn't use the endless loop 
system for outgoing calls, the C.I.A. Cindy tape's message must be 
transferred. From the descriptive literature, we'd guess this is predicated 
on the idea that obscene phone calls necessarily come from strangers. 
Unfortunately, this isn't always the case, as social research and police 
investigations have often indicated. Nonetheless, if you or someone you 
know is routinely bothered by these telephonic harassments, C.I.A. 
Cindy might be worth looking into. Price: $19.95. 

The Carrera is a portable daisywheel electronic typewriter with an im- 
proved standard American keyboard. A product of Olympia USA, Inc. 
(Box 22, Somerville, NJ 08876 -0022), the Carrera has an integrated car- 
rying case, 24- character automatic correction memory for fast error lift- 
off, a relocate key that speeds the printer back to the last typing position 
after corrections have been made, automatic margin settings and para- 
graph indent. The Carrera can also serve as a PC letter -quality printer 
with an optional parallel interface. Special print enhancements such as 
bold and expand print give a professional look to your typing, and inter- 
changeable daisywheels offer a variety of typefaces. Price: $349. 

The Little Black Book, the shirt -pocket traveling directory has been 
upgraded to Release 2.0 (we're not sure, frankly, what this means, but 
we assume computer fanciers out there will), and now features a genuine 
calfskin book cover and pre -perforated textured bond paper. The up- 
grade gives the user the ability to print any of The Little Black Book's 
30 separate index categories as a separate book. For instance, a category 
of contacts in New York City could now be a self -contained volume. 
Made by Cygnet Technologies, Inc. (1296 Lawrence Station Road, Sun- 
nyvale, CA 94089), the Little Black Book software features sophisticated 
auto and screen -dialing capabilities and makes a 400 -entry, pocket -sized 
directory. Each entry includes a name, telephone number, address and 
space for notes. Entries are organized automatically in alphabetical order 
and can be put into 30 index categories by the user. After using the per- 
forations or cutting and stapling the paper, the directory slips into the 
pocket -sized leather cover included in the package. Price: Release 2.0 
and leather cover, $20 to current users; same package for first -time 
users, $79.95. 

Here's a product that aspiring Cecil B. DeMille's among home video 
makers have probably been clamoring for -the Coastar CL -186 Video 
Clap Stick. It's an "authentic reproduction of the familiar movie indus- 
try 'scene starter,'" complete with chalk for marking scenes, takes, loca- 
tion, date, director and cameraman. From Coast Manufacturing (118 
Pearl St., Mt. Vernon, NY 10550), with this and a canvas folding chair 
any video camera owner can indulge fantasies of absolute directorial 
authority. Price: $19.95. 
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One of the new product categories spawned by the nation's switch 
from celluloid to video tape as the preferred medium for home 
"movies" is film -to -video transfer equipment. Ambico (50 Maple St., 
P.O. Box 427, Norwood, NJ 07648-0247) has introduced a new model of 
The Director transfer device. The V-0612 allows the user to project films 
onto the device's screen, which are then picked up and transferred to 
video tape cassettes in any video camera which has been properly focused 
onto the built -in "macro lens." According to Ambico, the V- 0612's 
"macro lens" is a big advance, making The Director "easy to use with 
all types of video cameras," while preventing "ambient light problems." 
It's also possible to add an audio track to any silent black- and -white or 
color film footage. The company promises "truly professional type 
transfers." Price: $79.95. 

Want to give your den or study the authentic look of a fast -paced 
newsroom? Feel the need to keep track of disparate friends and relatives 
no matter where they are in the country? Have telephone business deal- 
ings which take you across five time zones in five minutes? The U.S.A. 
Wall Clock from Sporty's Pilot Shop (Clermont County Airport, Bata- 
via, OH 45103) may be just the ticket. A handsomely designed map of 
the United States is sectioned off into the five major time zones, with a 
separate clock face mounted over each. The whole is encased in a blond 
wood case with a glass front. Price: $345. 

Even that most mundane of household devices, the thermostat, has 
felt the effects of the microchip revolution. Honeywell's residential con- 
trols division (1985 Douglas Drive N., Golden Valley, MN 55422) has 
introduced a microelectronic programmable thermostat, the T8200A2010. 
Controls can be programmed to reflect a household's peak and mini- 
mum demand periods for heat, via keys hidden under the thermostat's 
cover, which itself includes a temperature dial, an LCD digital clock and 
a "change" button which allows a user to "accommodate temporary 
schedule changes" in the household by "switching between energy- saving 
and comfort temperatures." There's also a thermometer and two small 
system lights. According to Honeywell, the T8200A2010 can mean sav- 
ings of "from 9 to 32 percent annually on energy costs." Usually sold 
through residential heating contractors, a brochure describing this 
Honeywell product is available from the company. Price: $120. 

Already dominant in the market, Canon (I Canon Plaza, Lake Suc- 
cess, NY 11042) has updated its line of personal copiers with three new 
models, including a super- compact PC 3. The unit, which weighs in at 
25.5 lbs., has a built -in carrying handle. Canon calls it "ideal for the 
home, small business, desk or college dorm." As with predecessor 
models, the PC 3 uses a replaceable mini -cartridge available in five toner 
colors -red, green, blue, black and brown -and good for 1,500 copies. 
This new model produces plain paper copies of anything from business 
cards to letter -size sheets. The company says it can also copy "three - 
dimensional objects." Price: $695. 

Time was when "programmable" was the very latest in calculator fea- 
tures. Now, Hewlett Packard (1000 N.E. Circle Blvd., Corvallis, OR 
97330) has introduced calculators which the company proudly boasts are 
"capable of solving user -defined equations without the need for pro- 
gramming." Called The Business Consultant, the products feature alge- 
braic data entry and built -in programs for finance, general business, sta- 
tistics, summing and number lists, mathematics and time /appointments. 
A feature dubbed "the formula solver," allows users to enter their own 
equations, in words using alphabetic keys. Then, using the numeric keys 
to type in the known values, users can solve for any unknown variable 
in the resultant equation. The Business Consultant features a four -line, 
23- character display, weighs 8 ounces and, when opened for use, 
measures less than 8" by 7 ". Also available from the company, a series 
of Consultant Series application books providing instructions and appli- 
cation ideas for sales, finance, marketing, real estate, banking, personal 
investment and other fields. Price: $175. 

Bits &Pñ 

Film-to-Video Transfer Device 

Programmable Thermostat 

PC 3 Personal Copier 

Business Consultant Calculator 
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Electric Letter Folder 

Modem /Power /Static Pac 

The idea of an electric letter folder may invoke visions of Rube Gold- 
berg contraptions, but if your office or company sends out a lot of cor- 
respondence, it's no laughing matter. Quik -Fold is AC powered, fits on 
a desk top and can fold 1 to 3 letter -size pages (stapled or unstapled) 
of up to 24 -Ib. bond in 11/2 seconds. A product of Teal Industries, Inc. 
(1741 Lomita Blvd., Lomita, CA 90717), Qwik -Fold makes neat, precise 
folds and eliminates paper cuts. Just drop in a letter and it comes out 
perfectly folded into a 3 panel letter ready to stuff and mail in a stand- 
ard business envelope. There's no on or off switch -the insertion of an 
81/2 x 11 sheet activates the mechanism. Qwik -Fold weighs 8 lbs. and 
blends into any office decor. Price: Under $200. 

The home video revolution has created a host of new products. A new 
accessory from Coast Manufacturing Co., Inc. (118 Pearl St., Mt. Ver- 
non, NY 10550) may not be a big- ticket item, but it is an important one. 
The Coastar VNK -2 Professional TV /Video Cleaning System has every- 
thing the home video consumer needs to keep image quality clear and 
clean. The kit, which comes in an easy -to -store case, includes VHS video 
cassette cleaner, VHS head cleaning fluid, a lint -free cleaning and polish- 
ing cloth and "resolution enhancer" screen and monitor spray cleaner. 
Price: $24.95. 

Perhaps the ultimate in small -size vacuum cleaners, the Mini -Vac from 
Sporty's Tool Shop (Clermont Airport, Batavia, OH 45103-9747) is pow- 
ered by a single nine -volt battery and is ideal for removing small parti- 
cles of dust and dirt from camera and stereo equipment, electric type- 
writers, computers and the like. It can also be used as a blower to clean 
impossible -to -reach spaces or areas. The Mini -Vac comes equipped with 
both straight and curved extension tubes, pony hair and human hair 
brushes and a dirt and dust collection bag. Battery not included. Price: 
$29.95. 

The literature we received from Electronic Specialists, Inc. (171 South 
Main Street, Natick, MA 01760) describes their products as "computer 
protection" equipment for traveling portable computers, but unfortu- 
nately, we're not specialists enough to figure out what kind of protection 
they're talking about, and they don't specify. Anyway, the Modem/ 
Power /Static Pac combines broadband AC power filtering, extended 
range spike suppression, modem RF filtering, modem spike suppression 
and a static discharge plate. Sounds pretty impressive to us. Power is 
available from a conventional 3 -prong outlet and a CEE -22 universal 
portable computer power connector. Modem connection is through 
standard modular RJ -1 l connectors. If you can figure all this out, per- 
haps you need one. Your move. Price: $184.95. 

Coming, in next month's GADG'' newsletter 
Video Update- GADGET tests the Canovision 8 Video System and JVC's 

"video movie all -in- one," the GR -C7U camera /recorder. 
Tele- picture -A quarter of a century after it was first developed, a "picture 

phone" has finally arrived. GADGET looks at, and through, the Luma "visual 
telephone" from Mitsubishi. 

Wireless Rabbit -A few laps with the Jac -Rabbit, radio -controlled, gasoline - 
powered off -road racer. 

Also in the next GADGET -the Skier's Speedometer, Sony's "Boodo Khan" personal stereo, 
Canon's electronic Image Editor, info source for 8mm, Sharp's "fashion color" 3LS36 personal 
TV, the Bathroom Heater Plus, a Table Tennis Robot and more.... 
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COMPRESSOR 
FOR COMPACT 

DISKS 

STEREO COMPRESSOR 

Ever tried to record a compact disc on 
a conventional cassette recorder? Unless 

your deck has dbx, you're not in the race. Even those machines 
with automatic level control cannot cope with the wide dynamic 

range of compact discs. That's where our CD Compressor comes in. 

By Colin 
WIDE DYNAMIC RANGE IS SUPPOSEDLY WHAT'S 
needed when you want to reproduce sound exactly 
as it was recorded. Untbrtunately, unless you're 

relaxing in a quiet listening environment. dynamic range 
often interferes with maximum listening enjoyment because 
its either lighting equipment limitations or the ambient noise 
level. What is high -fidelity dynamic range for your home is 
not necessarily hi -fi for autosound, your Walkman. or even 
disk -to -tape duplication. 

With the compact disk rapidly taking over the home mar- 
ket, much of the "on the run" listening will be from tapes 
duped from compact disks. While at first consideration it 
might appear that that is the way to get "ti" that is really 
"hi," in actual fact the end product might well be sound 
quality that is less 'than acceptable. 

For example. when you're barreling down the expressway 
you don't want wide dynamic range. anyway: you need a lot 
less because the average car is so noisy at highway speed that 
ambient noise would drown out the soft (pianissimo) parts of 
the music. And should you he into running for fitness, you're 
not going to he interested in pianissimo passages. 

'Original article appeared in Electronics Australia, May, 1986 edition, 
and reappears here by permission. 

Dawson 

So if you are going to record usefully. and listen to cassette 
tapes made from compact discs, you'll want to restrict the 
dynamic range deliberately, and for that you'll want a com- 
pressor; a device that makes the soft passages louder and the 
loud passages softer. That's the kind of performance you'll 
get from our CD Compressor. 

Ideally. a compressor should operate so that: I) the volume 
control for playback is set to the same level for a compressed 
tape as an uncompressed one. ie. the average volume should 
be about the same; 2) the quiet passages should he increased 
in level sufficient to overcome an automobile's ambient noise; 
3) the loudest passages should be reduced in level so that they 
do not cause distortion or discomfort to the listener in a car. 

Our CD Compressor uses a relatively simple. low- distor- 
tion circuit to meet those objectives. all the while keeping 
distortion to a low level. 

Naturally, there is some compromise that mainly applies to 
very low -level signals. Some classical music passages have 
sections so quiet that they are barely audible even in an ideal 
listening environment. Amplifying those sufficiently to over- 
come the noise of your turbo -charged horses under the hood 
isn't practical: therefore. our design haS a maximum gain of 
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+ 9.2dB for small signals (a voltage gain of about 3). 
For the loudest passages, the circuit has a maximum signal 

attenuation of -14.5dB (a voltage loss of about 5.3), which 
takes the sting out of the fortissimo (really) loud passages. 

Overall, the circuit reduces the dynamic range of the music 
by 9.2 + 14.5dB, or about 24dB. That is enough to allow just 
about all compact discs to be satisfactorily recorded on just 
about any cassette deck. 

How It Works. 
The heart and soul of the compressor is the Signetics 

NE572 compandor integrated circuit (U2), which can be used 
either as a compessor or expander, hence the contraction 
"compandor." In fact, the NE572 has two independent com- 
pandor sections because it's intended for stereo applications. 

The compandor is essentially a variable transconductance 
cell, which means that it is basically a resistance that varies in 
proportion to a control voltage. 

For a compressor circuit, the resistance is inserted into the 
negative feedback path of an op -amp so that it can control the 
gain of that op -amp. Refer now to the circuit diagram (Fig. I), 
which shows both channels. 

The control voltage is derived directly from the input op- 
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amp's output signal. The output signal is fed into a rectifier 
inside the compandor (pin 3 for the left channel -we shall 
refer only to the left channel for most of the circuit descrip- 
tion). The resultant voltage varies in proportion to the output 
signal amplitude. 

The rectified voltage does not directly control the gain cell. 
It is first passed through a buffer that permits control of the 
attack and release times. A capacitor connected to pin 4 of 
U2a sets the attack time (in conjuction with an internal 
resistor). Similarly, a capacitor connected to pin 2 of U2a sets 
the release time (again in conjuction with an internal re- 
sistor). 

An external series -connected resistor of 47 ohms was also 
found to be prudent in the release circuit because it improves 
the stability for high -amplitude transients. With the compo- 
nents selected, the attack time is about one millisecond and 
the release time about IO milliseconds. Those times represent 
a compromise between good signal control (to prevent signal 
transients from beating the system) and distortion, which 
particularly affects the bass frequency range. 

U2 has an output (pins 6 and 10) for each of its respective 
sections which is the "THD trim" facility. They are con- 
nected to the respective non -inverting inputs (pin 3) of op- 
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Fig. 1- Although the circuit appears to be large and complex, it is actually 
two identical (stereo) channels. Be extremely careful that you install U6 
and U7 with the correct polarity because U7 has a negative ouput voltage. 

PARTS LIST FOR 
CD COMPRESSOR 

SEMICONDUCTORS 
D1, D2- 1N4002, silicon diode rectifier 
U1, U3, U4, U5- TL071, FET -input op- 

amp 
U2- NE572, stereo compander inte- 

grated circuit 
U6 -7812, + 12 -volt regulator integrated 

circuit 
U7 -7912, -12 -volt regulator integrated 

circuit 

RESISTORS 
(All resistors are lea -watt, 5 %, fixed units) 
R1, R7- 68,000 -ohm 
R2, R8- 220,000 -ohm 
R3, R9- 10,000 -ohm 
R4, R10 -4700 -ohm 
R5, R11 -47 -ohm 
R6, R12- 2200 -ohm 

CAPACITORS 
C1, C4, C5, C9, C12, C13 -10 -µF 16- 

WVDC, electrolytic 
C2, 010- 56 -pF, ceramic disc 
C3, C11- 100 -pF, ceramic disc 
C6, C14 -1 -µF, 16 -WVDC. electrolytic 
C7, C8, 015, C16- 2,2 -µF 16 -WVDC, 

non -polarized, electrolytic 
C17, C18- 470 -µF, 25 -WVDC, elec- 

trolytic 
C19, C20 0.1 -1.F, Mylar 

ADDITIONAL PARTS AND 
MATERIALS 
J1, J2, J3, J4 -Phono jack 
S1 -DPDT toggle switch 
S2 -SPST toggle switch 
T1- Transformer: AC -line, step down. 

power; 12.3 -volt, 300 -mA secondary 
winding 

Cabinet, terminal block, printed- circuit 
materials, wire, hardware, solder. 



Fig. 2 -The doughnuts in the corners indicate the locations for the printed - 
circuit board's mounting screws. Simply use a drill bit that matches the screws. 

amps UI and U4. and can he adjusted to minimize the 
circuit's distortion. 

However, for the "THD trim" facility to work correctly, the 
NE572 needs to be used in conjunction with bipolar op- 
amps. (It depends on the fact that bi -polar op -amps draw 
relatively high input bias currents.) 

We preferred to use FET -input op -amps for this circuit 
because they give low -noise performance at low cost. We also 
did not want any user -adjustments in the circuit, so it would 
be simple to build and get going. 

We have still connected the trim outputs to the respective 
op -amps (UI for the left and U4 for the right) because that 
ensures that the op -amps are biased to nearly the same level as 

the gain cells. 
Distortion tends to rise di unatic:ill% hen the op -amps' 

output exceeds about 400mV. To avoid that situation, we have 
set up the compressor so that it has severe attenuation for 
large inputs. As the overall output level would be too low with 
that characteristic, a gain stage (U3) has been added after the 
compressor. 

U3 has a nominal gain of just over two, which provides the 
circuit with an acceptable overall gain characteristic. For a 

2V RMS input, the output will be 370mV. 
The resulting distortion of the circuit is around 0.15 %. 

which is well above compact -disc standards but well below 
the distortion levels of typical cassette decks. 

Power supply 
U2 is a little unusual in that it operates from a single -ended 

power supply while the op -amps require a bi -polar (balanced 

For maximum stability the input jacks 
must be isolated from direct contact with 
the chassis. Cut away sufficient metal so 
that the jacks don't short to the panel. 
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Fig. 3-When populating the printed- circuit board, make certain you get the 
polarity of the electrolytic capacitors correct. Some are non -polarized, while others 

have conventional polarization; it tends to get confusing when they get mixed. 

positive and negative) supply. Even so, the power supply is 

quite simple. It uses a small transformer that feeds I2 -VAC to 
positive and negative half-wave rectifiers DI and D2 and 
470 -µF electrolytic filter capacitors. That results in ± 17- 

VDC sources, which are fed to positive and negative 12 -volt 
three -terminal regulatiors. 

Because we envisage that the CD Compressor will be set 

up between a CD'player and a cassette recorder more or less 

permanently, it has been equipped with a bypass switch (SI). 
In the bypass position the circuit need not be switched on for 
normal operation of the associated equipment. 

Construction 
The circuit must he built into a metal box to provide good 

shielding and a safe electrical ground. We chose a standard 
folded metal box from Dick Smith Electronics, measuring 
7.3 x 2.75 x 6.3 inches (Cat. No H- 2744). We mounted the 

input and output sockets and the bypass switch on the front 
panel, and the power switch on the rear panel. 

All the circuit components except for the bypass switch are 

mounted on a printed -circuit board that measures approx- 
imately 4.5 x 3.5 inches. No shielded cable is required, and 

the phono jacks and the bypass switch are connected directly 
to the printed- circuit board with short lengths of hookup 
wire. 

Assembly of the printed- circuit hoard is non- critical and 

straighttbrward: The components can he mounted in any 

order, but don't forget to install the wire jumpers (there arc 

five of them). 
Drill the case after the printed- circuit board is assembled 

following the overall layout shown in the photographs. An 
oval- shaped hole is needed in the back panel for the cord 
clamp grommet: also, a hole for power -switch 52, holes for 
the terminal block used for the linecord connections, and a 

hole for the ground point. 
Other holes that must be drilled are: two for the trans- 

former mounting screws (in the base, toward the rear of the 

box); four torr the printed- circuit board's mounting screws 

(keep the board toward the front of the box); one on the front 
panel for bypass switch SI, and four more front -panel holes 
for the input and output phono jacks. 

The input and ouput connections should be insulated from 
the cabinet, so that they can use a single, common- ground 

(Continued on page 1/6) 
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06011800r RADIO 

Most miniature AM radios 
compromise on sound quality but you'll be surprised by the 
sound from this one. It's a "Walkman" style unit that comes as 
a kit of parts, ready for easy assembly. 

By Steve Payor and David Whitby 

DESPITE THE AVAILABILITY OF VERY -CHEAP COMMER- 
cially manufactured receivers, many people still prefer the 
satisfaction of building their own, even if the results may not 
be quite as good as a factory-built one. However, this new 
circuit, which we have dubbed the AM -3. has a performance 
for which no apologies are necessary. When fitted in the 
optional dark -brown case it has a solid look and a feeling of 
quality. The sound quality is also excellent -equal to any 
Walkman -style portable. 

Building this radio will also save you money on batteries. It 
requires only a single 1.5 -volt AA cell, and the current drain 
is so low (only a few milliamps) that the continuous battery 
life for this radio will be measured in months, instead of 
hours -as it often is for a 9 -volt transistor radio. 

The AM -3 is available as a complete kit of parts from 
Technicraft Electronics, which saves the effort normally 
spent on locating the specialized parts such as the ferrite rod 
and tuning capacitor, not to mention all the "fiddly bits" like 
screws, spacers. etc. High quality components are supplied 
throughout, including a tinned Fiberglas printed- circuit (PC) 
board. 

Construction is a breeze -all components. including the 
tuning and gain controls, ferrite rod aerial, battery, and head- 
phone socket, are mounted on the PC hoard. The case (which 
is optional) is supplied with attractive, silk- screened gold 
lettering and is pm- drilled; so no special tools are needed for a 

professional finish. Quality lightweight headphones are avail- 
able with or without the case. Alternatively, you can use any 
existing type of headphone if you already have a pair. 

The circuit is based on the Feranti ZN4I4 "radio -on -a- 
chip" integrated circuit. Experienced builders of small radios 

using that IC will have noticed some shortcomings in its 
performance: in particular its limited strong -signal handling 
capability, and the need for an audio transformer to drive low 
impedance hi -fi type headphones. The volume level is also 
inadequate for noisy environments. Those problems have all 
been rectified in this latest design. An RF gain control has 

been added to the basic circuit, which enables the ZN4I4 to 
be adjusted for optimum reception of signals of any strength. 
A one- transistor audio amplifier has also been added to 
eliminate any complaints about the volume level. 

Inside the Chip 
The ZN414 forms the heart of the circuit. When fed with 

the signal picked up by a small ferrite rod aerial, it performs 
all the necessary functions of radio -frequency amplification 
and demodulation. to produce an audio output sufficient to 
drive most headphones directly at a modest volume. 

Internally, its operation is fairly complicated. but that need 

not concern us. We can simply view it as a "black box" 
which produces an output current that is linearly proportional 
to the amplitude of the RF input. 

Physically, it looks like a standard 3 -pin transistor pack- 
age. Normally we would expect an IC to have at least four 
external connections: IN, OUT, GND and V. 

The ZN414 makes do with only three pins by combining 
the functions of power supply and output. 

How it achieves that is interesting. In essence, the IC varies 
its supply current a small amount in proportion to the ampli- 
tude of the incoming signal. Thus, by feeding the power to 
the output pin through a 1K resistor, there will be a small AC 
voltage developed across that load, which follows the ampli- 
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tude variations of the incoming signal. That is the demodu- 
lated audio we are looking for, although it is rather small. 
That's because the output -pin voltage cannot be allowed to 
fluctuate too much, since the rest of the circuit derives its 
power from that point. An audio amplifier is needed for 
nothing more than headphone -listening sound levels. 

Besides RF amplification and demodulation, all "serious" 
radio receivers also include some form of Automatic Gain 
Control (AGC). That is essential, because the amplitude of 
signals from various stations (some close by, others further 
away) can vary from 10- µvolts to 100- millivolts or more. 
Without AGC, nearby stations would overload the receiver, 
giving a harshly distorted output, while distant stations 
would be barely audible. The normal ZN4I4 circuit imple- 
ments a moderate amount of automatic gain control by feed- 
ing the average DC voltage at the output back to the input, 
where the gain is strongly affected by changes in DC bias. 
When a signal is received, the average voltage at the output 
drops slightly: and consequently the DC input voltage is 
reduced, which tends to turn off the radio -frequency ampli- 
fier, reducing the overall gain. 

2OmV p-p 

E 
"NORMAL" 

RF SIGNAL 
A SIGNAL +AGC 95V 6 

80mV p-p 

r 

RF 
SIGNAL 4 AGC 

"LARGE" 
SIGNAL 

.85V 0 

1OOmV p-p 

AUD- 
IO 

SIGNAL 1V 

15OmV p-p 

-t - 
AUDIO 
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Fig. 1 -When an RF signal of moderate amplitude is detected 
by the ZN414, as in Fig. 1A. it is demodulated and amplified 
as shown in 16. The automatic gain control for input signals 
that are very strong, as in Fig. 1C. keeps the circuit from 
over -amplifying the demodulated signal shown in Fig. 10. 

authors have developed an improved circuit that overcomes 
that problem and offers some additional bonuses. 

Improved circuit 
Figure 3 shows an RF gain control added to the basic 

circuit, which allows manual adjustment of the AGC voltage. 
(RF gain controls are normally only found on receivers used 
by amateur radio operators, who, by the nature of their 
hobby, like to get the utmost out of their receivers whether 
communicating half way round the world, or just across 
town). 

FERRITE i¡ 
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OUT 
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1K 

AUDIO 

TS RF BYPASS 

AUDIO OUTPUT 

Fig. 2 -The ZN414 needs to use only 3 pins, since its 
audio -out pin is also used for powering the chip; thus it 
controls the output by adjusting its drain on the circuit. 

When receiving strong signals with that circuit, one sim- 
ply backs off the RF gain control a little until the signal is 
clear and undistorted. The fidelity of the signal with the 

.9V correct gain setting is excellent, especially with a good pair 
of wide -range headphones. The audio quality has to be heard 
to be believed! Reducing the gain too much will drop the 
volume and cause some distortion, and ultimately silence, 
because the input passes from partial to complete cut -off. 
Increasing the gain too much will also result in distortion, and 
sometimes complete silence on very strong signals, because 
the ZN414 output stage will be completely saturated. 

Voltages for a typical circuit are shown in Fig. 1 and the 
circuit in question is in Fig.2. Notice that the AGC voltage is 
roughly equal to the output voltage, with any audio or radio - 
frequency signals removed by the low -pass filter formed by 
the IOOK resistor and 0.11F capacitor. Waveforms are shown 
for a normal signal level (one which just gives full output), 
and a large signal (at the point of output distortion). For a 

four -fold increase in signal input, the output only increases 
50 %. That amount of control is achieved with an AGC 
voltage variation of 0.1- volts. Unfortunately, that amount of 
gain control, although useful, is not really adequate. By 
comparison, a well- designed six or seven -transistor AM ra- 
dio receiver will cope with a 1000:1 range in signal voltage 
without overloading. 

In the past, builders of ZN414 radios have managed to live 
with that limited amount of AGC by either adjusting the 
nominal 1K load resistor to vary the control -voltage range, or 
by rotating the ferrite rod aerial to reduce the signal pickup 
from strong stations. Many designers even resorted to using 
the smallest possible ferrite rod, in order to keep the signals 
weak. All those methods work to some degree, but the 
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RF GAIN 
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Fig. 3 -By making the RF gain adjustable, the radio can 
reproduce either a near or a far station's audio with great 
clarity and little power drain. Since the battery is 
connected through the headphones, when they are unplugged the 
radio is turned off, eliminating the need for a switch. 



Fig. 4 -The circuit is relatively simple but be sure that the 
coil is wrapped properly or you'll get an earful of noise. 
Be sure not to get the transistors confused. Also note that 
the correct plug polarity is nescessary. 
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On weak signals. the control is advanced to the point 
where the input just starts to draw appreciable current. That 
gives the maximum possible gain !Ur receiving distant sta- 

tions. You can tell if the control has been advanced too far. 

3ecause the tuning will become quite broad. and stations will 
.verge together. That is because the input impedance of the 
ZN4I4 drops as the input starts to draw current. and the 

normally sharp response of the tuned circuit becomes pro- 
gressively dampened. The most sensitive point is just before 
that happens. 

All that may sound a little involved. but in practice the 
correct setting of the gain control is easily found, and this 
slight added complication is well worth the following bene- 
fits: 

Firstly. distortion is easily minimized, and the sound 
quality approaches that of the best wideband AM tuners. 

Secondly, the IK load resistor is no longer critical, and the 

circuit, as it stands. will accept any load between 20 ohms 

and I.5K. That means that almost any pair of headphones can 

be used directly, with no real need for the usual output 
transformer to match impedances. 

Even with low -impedance hi -fi headphones. the output is 

better than that obtained using a I K load resistor and an audio 
transformer, and the frequency response is limited only by the 
headphones. 

A further spin -off is the fact that simply un- plugging the 
phones turns off the circuit -no battery switch is needed. 

Finally, the circuit is quite tolerant of falling battery volt- 
ages. With low- impedance phones, the battery voltage can 

drop to as low as one volt before you cannot adjust the RF gain 
control. 

Circuit Description 
The resulting simple circuit is shown in Fig. 4. Here we 

have added a one- transistor audio amplifier to boost the 
output to a level sufficient to drive even the most insensitive 
of modern high -fidelity headphones. 

The auto -power -off facility has been retained by using an 

additional transistor, Q2, to disconnect the power to the 
ZN414 and the audio amplifier when the headphones are 

unplugged. 
In the RF section the load for the ZN4I4 has been set at 

470 -Ohms (R3) which is large enough to allow a fair amount 
of normal AGC action, but small enough to feed sufficient 
current to the ZN4I4 under low- battery conditions. With that 
load, the RF gain -control will need manual adjustment on 
only the strongest stations. 
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The exact value of the gain control potentiometer Rb is not 
critical -any value from 20K to 200K will do. From here the 

AGC voltage is filtered by R5 and C4 before being applied to 
the cold side of the aerial tuned circuit. 

At the ZN414 output. C3 bypasses any RF signals, while 
C2 couples the audio signal to the output stage. 

The audio amplifier consists of NPN transistor QI, which 
buffers the output from the ZN414. An emitter -follower con- 
figuration is used here. as we only need to amplify the current 
(not the voltage) of the audio signal. Class A operation is 

achieved by setting the batte voltage to approximately 0.8- 
volt, which results in a DC voltage across the load of about 0.1 
volt. which is slightly more than the peak AC signal ampli- 
tude. 

QI's base voltage is derived from the voltage divider 
formed by R4 and RI added to the voltage drop across the 
forward- biased silicon diode DI. That diode provides a volt- 
age which matches the temperature variations of the emitter- 

PARTS LIST FOR THE AM -3 RADIO 

SEMICONDUCTORS 

D1- 1N4148 small signal diode 
Q1- GE -17, 2N6015, or BC548 (Radio Shack 276 -2059 

or equivalent) NPN transistor 
Q2- GE -48, 2N5818, or BC558 (Radio Shack 

276 -2023 or equivalent) PNP transistor 
U1 -ZN414 Radio -on -a -chip integrated circuit 

CAPACITORS 
C1- 470 -11F, radial 
C2- 22 -.tF, tantalum 
C3- .033 -p.F, tantalum 
04- .1 -µF, tantalum 
C5- 370 -pF, variable 

RESISTORS 
R1 -1000 -ohm 
R2- 10,000 -ohm 
R3-470 -ohm 
R4- 2700 -ohm 
R5- 100.000 -ohm 
R6- 100,000 -ohm, linear potentiometer 

ADDITIONAL PARTS AND MATERIALS 
B1 -1.5 -volt AA -size battery 
J1- Subminiature jack 
L1-62 turns of AWG 26 wire around a 3'6" diameter 

ferrite rod 
AA battery holder, light- weight headphones, printed cir- 

cuit material_ solder. etc. 
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THE DIRECTIONAL AERIAL AND DIRECTION FINDING 
In the good old days of broadcasting, all the best 8- 

tube superhets used a loop aerial. That was simply a 
large, square tuning coil, up to a meter across, which 
picked up signals by virtue of the magnetic field of the 
electromagnetic radiation passing through the loop. 

Compared with a normal aerial and ground system 
(which responds to the electric field component of the 
radiation), those loop aerials had the advantage of being 
directional, and could be rotated to pick up the maximum 
signal from a wanted station, or to minimize the inter- 
ference from an unwanted one. Signal pickup was pro- 
portional to the area of the loop, and consequently they 
were quite large, but then so were the old tube radios. 

All that changed with the invention of transistors and 
ferrite. Both the radio and its aerial shrank to pocket 
size. A miniature tuning coil wound on a rod of ferrite will 
pick up almost as much signal as a loop aerial. Ferrite 
has a magnetic permeability many times that of air, and 
so magnetic fields in the vicinity of the rod are "con- 
ducted" through the center of the coil. Signal pickup is 
proportional to the length of the rod. 

The ferrite rod aerial is sharply directional, just like its 
ancestor, and the AM -3 uses that to advantage. If you 
live very close to a powerful station, and wish to receive a 
distant station which is on a nearby frequency, just rotate 
the radio (in a horizontal plane) until the interfering sig- 
nal is nulled. That will occur when the ferrite rod is at 
right angles to the unwanted incoming magnetic field (ie. 
when the rod is pointed directly at the source.) 

This property can be used for direction finding, and 
triangulation of your position. To do that you will need a 
compass, and a map with the locations of two or more 
broadcasting stations marked on it. Air andior marine 
navigation charts are best for that purpose. 

Attach a plastic ruler to the bottom of the AM -3 case 
with tape, and make sure that it is parallel to the internal 

ferrite rod. Align the map in a north -south direction using 
the compass. (Most maps have the direction of magnetic 
north clearly marked). 

Now place the AM -3 with the ruler on the map and 
rotate it for a complete null on a selected station. Use the 
ruler to draw a pencil line from the station location to your 
estimated position. Do that a few more times with dif- 
ferent stations and the intersection of the lines on the 
map will indicate your position. 

Note that longer -wavelength stations are more useful 
because the radiation is less affected by diffraction and 
reflection from mountains, city buildings etc. 
Other Frequency Bands 

In fact, a whole band of frequencies below the broad- 
cast band has been set aside specifically for this pur- 
pose. Most airports have NDBs (Non -Directional 
Beacons) which provide voice information about 
weather conditions etc. To tune that low- frequency 
band, you will need to wind the ferrite rod with 200 turns 
of 0.25mm enamelled copper wire. On the prototype, 
this gives a tuning range of 175kHz to 850kHz. 

The recommended winding to cover the broadcast 
band (531- 1602kHz) is 62 turns of 0.4mm wire. On the 
prototype this gave a tuning range from 525kHz to above 
2MHz. Fewer turns can be used if you are interested in 
reception on higher frequencies. 

The ZN414 is designed to work at frequencies up to 
3MHz, and individual devices may work at even higher 
frequencies, although the ferrite rod will start to become 
a bit "lossy" above that range. 

Nevertheless, the AM -3 is perfectly usable for listen- 
ing in on the lower frequency short -wave amateur 
bands. Readers can experiment by reducing the 
number of turns on the ferrite rod a little at a time until 
they have the desired frequency coverage. Sufficient 
wire is provided in the kit to wind several coils. MN 

base voltage of Ql. Without Dl, the voltage across the head- 
phones would increase excessively if the AM -3 were left out 
in the sun. 

For the power -up circuit when a load is plugged into the 
output, current flows through R2 turning on PNP transistor 
Q2. That applies bias voltage to the NPN audio output stage, 
and the supply voltage for the ZN4I4, to within about 50- 
millivolts of the full battery voltage. With no load, Q2 stays 
off -the only current flowing is a few nanoamps of leakage. 
Finally, a 470µF to 1000µF capacitor (CI) bypasses any 
internal resistance that the battery may develop as it nears the 
end of its life. 

Construction 
All components are mounted on a single Fiberglas PC 

hoard. The potentiometer and tuning capacitor are mounted 
on the component side of the board, and their lugs bent down 
to protrude through to the track side of the board. The battery 
holder and headphone socket also reside on the component 
side, while the ferrite rod is mounted on the track side. Leave 
that 'till last. 

When fitting the smaller components, be sure to check the 
wiring diagram to ensure correct orientation of transistors Ql 
and Q2, the diode DI , and the ZN4I4 (U I ). Make sure that the 
two electrolytic capacitors are the right way around. 

The aerial coil consists of 62 turns of 0.4mm 
(26 AWG) enamelled copper wire. That can be 
wound directly on the ferrite rod if you first 
remove any sharp edges with some fine abrasive 
paper. Alternatively, use a single layer of tape 
under the winding. 

Fig. 5-Here's the foil pattern for the receiver 
supplied by the author. It is a bit decorative, 
but it does add some interest to those viewers 
who will inspect your work. 



Wind neatly and carefully in the direction shown in the 
wiring diagram, and secure the ends of the coil with tape or 
two small dots of super glue. The ends of the winding may 
now be stripped of enamel and tinned, ready for soldering. 

With that done, the ferrite rod can be mounted on the solder 
side of the board with two plastic P clips (clips shaped like a P 
with a hole in the tail). Check the wiring diagram for the 
correct way to connect the coil. The reason for that is ex- 
plained later. 

Take note that -and this is a general hint for any circuit 
using the ZN4I4 IC -since the ferrite rod is such a good 
inductive pickup for radio signals, it also follows that any RF 
current flowing in the output circuit will also be picked up by 
the aerial circuit -that is unavoidable. There is a 50 -50 
chance that that will lead to instability and oscillation (de- 
pending on whether the feedback is positive or negative). 
Evidence of instability includes whistles and bursts of severe 
distortion when the RF gain control is advanced. There is no 
need to panic -the cure is simple. Simply reverse the con- 
nections to the aerial coil. If you stick to the circuit layout as 
described, and wind the coil in the direction shown, all 
should be well the first time around. 

Having soldered the coil leads to the two pads marked L, 
the AM -3 is now ready for the "smoke" test. 

Initial Testing 
Temporarily lit the knobs to the tuning and gain controls, 

turn the gain right up, and set the tuning capacitor to half 
mesh. Insert a battery, and plug in the headphones -you 
should hear something at that point. If not, try 
retuning, and if there is still no sound, discon- 
nect the battery and check the circuit carefully. It 
would he wise to check the current consumption 
at that point. 

The complete kit is available from Dick Smith 
Electronics, Inc., POB 8021, Redwood City, CA 
94063. Ask for The AM Radio Kit K -9005 and 
send $24.95 plus $3.75 shipping and handling. 
California residents add 61 °%° sales tax. Orders 
outside the U.S. must include U.S. funds and add 
20% of the total price to cover shipping. 

The size of the AM -3 is no indication of its sound quality. 
It delivers clean audio that rivals high -priced models. 

MOUNTING SCREWS (1 OF 7) 

Fig. 6-Be sure to bend the tabs on both the RF 
gain potentiometer R6 and the tuning capacitor 
C5. Note that C5 connects to the same solder 
pads as the inductor L1 so don't solder it in until 
the leads from L1 are in place. 

Fig. 7 -While winding the col. be sure to use 
AWG 26 wire and to wrap the turns close together. 
Using a different number of turns changes the 
frequency range of the receiver. 
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The coil should appear to be wound in a clockwise direction 
as you look down the ferrite rod from behind the P clamp 
nearest the coil. Be sure to solder the capacitor connections 
while soldering the inductor leads in place. 

Start with the headphones unplugged, and connect a multi - 
meter in series with a battery. A brief surge of current will 
flow as Cl charges up, followed by nothing. When the head- 
phones are plugged in, the current consumption should he 
between 3mA and 7mA (depending on the headphone resis- 
tance), and the maximum current with a shorted load should 
he about 10mA. 

Final Assembly 
Assuming that all is well, you may 

now tit the board into the case. That is 
delightfully easy. First, position the two 
tapped spacers on the bottom dial 
screws, and the single clearance spacer 
behind the top of the dial. Line up the 
extension shaft on the tuning capacitor 
with the dial bushing, and seat the 
board on the spacers. Two short screws 
anchor the board to the tapped spacers, 
while one long screw goes through the 
top clearance spacer into the back of the 
dial housing. 

Set the tuning dial to "O, "move the 
capacitor plates to full mesh, tighten the 
grub screw in the dial bushing, and 
that's it! 

When the case is assembled, the 
headphone socket should nestle snugly 
in the hole in the side of the case. Addi- 
tional support for the circuit board is 
provided by the internal ledges against 
which it firmly rests. The whole assem- 
bly is impressively rugged, and should 
literally last a lifetime. 

Performance 
In overall performance the AM -3 is 

one of the best beginner radios ever. On 
local stations the sound is loud, and 
completely free of audible distortion. In 
fact, the major limiting factor seems to 
be the audio quality of the program ma- 
terial transmitted by most broadcast sta- 
tions. 

Selectivity is not as sharp as a con- 
ventional superhet receiver (with its 
multitude of fixed -tuned circuits); but, 
on the plus side, it means that no loss of 
treble results from the tuning being too 
sharp. The selectivity is adequate even 
for some areas where some stations may 
be less than 50kHz apart, while the 
sensitivity is sufficient to pick up some 
remote stations. 

Parts -placement for the radio is straightforward, but be 
sure not to confuse the ZN414 chip with one of the 
transistors. Also make sure that you use the proper transistor 
in the proper place, with the leads placed properly. 

The AM -3 can be used with any of the 'fight- weicht headphones 
on the market or headphones available with the AM -3 kit. 



USING CMOS 
PHASE -LOCKED 
LOOPS 
Now that we tackled some of the theory behind the operation of the 
I'LL circuits, it time to look at some of the practical applications. 
By Fernando Garcia Viesca 

IN OUR LAST DISCUSSION IN THE LAST ISSUE, WE COVERED 

some of the theory of operation of PLL circuits. Though 
circuit theory may be interesting, the fun and satisfaction in 
electronics comes when you breadboard a circuit and watch it 
work! Well, we've reached that phase of our discussion. 

This time around, we'll look at several useful and interest- 
ing circuits, which will be displayed in casebook fashion, that 
you can use in your own designs. Don't hesitate to modify 
any values to suit your particular needs. Only the limits on the 
resistor's values, as described in the next section, should be 

Hollowed to avoid damage to the device. 

The Heart of the Circuit 
The voltage -controlled oscillator (VCO) is the heart of the 

PLL circuit. Whenever you think of IC oscillators. it certainly 
brings to mind the ever -popular 555. However, the 4046 PLL 
circuit (when used as an oscillator) has several distinct advan- 
tages: ultra -low power drain, which may be further reduced 
via the inhibit input; frequency setting with a single resistor 
and capacitor; a 50% duty cycle; very linear frequency modu- 
lation; frequency- offset capability, and a higher top frequency 
(I.3 MHz vs. 500 kHz typical). A block pinout diagram of the 
4046 is shown in Fig. 7. 

The 4046 is more expensive than the normal 555; but its 
price is certainly comparable to low -power versions of the 
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Fig. 7 -Block pinout diagram of the CD4046 CMOS PLL. 
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555. like the 7555 or the XR -L555. And you may see that 
there is no significant price difference. The formula for the 
output frequency is a little more complicated, but you should 
have no problem using your handheld calculator (see Fig. 8). 

The output frequency is given by: 

f 
K[(VCOIN - 1.65)/R1 + (VDD - 1.35)/R2] 

(C1 + 32) (VDD + 1.6) 

where f is the output frequency in MHz; 5.0 <_ VDD 5- 15.0 
VDC; 1.65 < VCOIN VDD- 1.35; RI > 0.005 Megohm, 
R2 < 10 Megohm; CI > 50 pF; K = 0.95 VDD = 5- volts; K 
= 0.95 VDD = 10 volts; K = 1.08 VDI) = 15 volts. Note that 
you can vary VCOIN from zero to VDI) without damage. (The 
limits shown are for linear frequency modulation.) Damage 
may occur to the IC. however, if either R1 or R2 is smaller 
than 5000 ohms. 

If a CMOS databook (published by any of the major 
semiconductor manufacturers) is available, you can use the 
graphs instead to calculate the frequency. There are several 
things that should be kept in mind when using the 4046 
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R4 
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R5 
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C2 

1. 
T ANT. 

oscillator: The lörmula and graphs are intended as a guide 
onl : some breadboard trimming may be required to achieve a 

precise frequency. And because frequency is affected by 
supply- voltage variations. regulation is strongly recom- 
mended. 

The oscillator may be set in the fixed -frequency mode with 
pin 9 connected to V1,1) (as indicated by the dashed line in 
Fig. 8), while using RI and Cl exclusively to set the frequen- 
cy. If modulation is desired, a signal with a peak swing 
between V1)1, and ground should be used. That could 
provide, via a potentiometer or by way of an op -amp (again 
shown as dashed -line connections in Fig. 8). for frequency 
modulation. In the latter case, the signal from the op -amp is 
the modulation signal. and should be centered at Ví)1,/2 for 
no- signal input. 

Last, is the capability of the oscillator to be set at a 

minimum frequency other than zero for zero volts at the 

INPUT 

Cl y 
0.072 

V00 
o 

16 

3 

U1 

C D4046 

53 
120K 

R2 

15K 

+V00 

) SIGNAL 
IN 

LOCK 

Fig. 9 -This upconverter circuit 
may be used to increase the 
output frequency of the VCO, by 
dividing the signal frequency 
presented to the CD4046's 
comparator input at pin 3, which 
forces the VCO to oscillate 
at a higher frequency. 

control input. That's useful. among other things. to set the 
frequency deviation of the FM modulator. The minimum 
frequency is set by R2. Since the VCO is the heart of all the 
applications. let's review a sure way to adjust it properly. 
Either by using the formula or the manufacturer's graphs. find 
the approximate values for RI, Cl, and R2 (if used) fbr the 
chosen frequency. While monitoring the output frequency, 
ground the VCO's input (pin 9), and adjust R2 !Or the mini- 
mum frequency. If R2 is not used. the frequency will be zero. 
Still monitoring the output frequency, connect the VCO's 
input to V1)1,, and adjust RI for the maximum frequency. Do 
not disturb R2. 

The oscillator is now adjusted. All the Ibllowing circuit 
applications will use those steps when adjusting the os- 
cillator. 

Frequency Meter Upconverter 
Frequency meters are very useful test instruments. but are 

intended mostly for RF work. If you've ever tried to measure 
low -end audio signals accurately, you've probably found the 
resolution unsatisfactory or the gate times excessively long. 
As shown in Fig. 9, it's very easy to multiply the frequency by 
IO or 1(X). The heart of the circuit is a PLL -whose VCO 
covers the frequency span from I to I I kHz, and is useful for 
input frequencies from IO to 110 Hz in the X100 range. and 
frequencies from 100 to 1100 Hz in the X10 range. 

The operation of the circuits is as follows: Assume that a 

50 -Hz signal is present at the signal input. pin 14. The PLL 
adjusts its control voltage until a signal of the same frequency 
is present at the comparator input, pin 3. But that frequency 
has been divided down by 100. (with the switch in the 
position shown) by a pair of cascaded divide-by-I0 counters, 

FULL 
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ADJUST 

R1 CA3130 
470K 

3 

R2 
100K 

C2 T 0.1 

MAX FREQUENCY 
R4 ADJUST 
100K 

C3 
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R5 
5K 

R6 
8.2K 

RANGE 0 - 1 kHz 

V0D 

M1 

1 mA 

R7 

6.8K 

RB 

500E2 

ZERO 
ADJUST 

Fig. 10 --This circuit, though it does not have the 
precision of more complex circuit. may be used in 
frequency -to- voltage conversion applications. 
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so the VCO must be running at 5 kHz. Since that frequency is 
within the I -I I kHz VCO range (as set by RI, R2, and CI), 
the PLL will be in lock. If the switch position is changed to 
X10, then the VCO would have to run at 500 Hz, clearly out 
of range. 

To alert the user to the out -of -range condition, an LED 
driven by an emitter follower from the phase -pulse (pin I) 
output is used. Whenever the PLL is in a suitable range and 
therefore locked, the LED will glow brightly. When un- 
locked, the LED will dim notably and even flicker. 

Since we're dealing with low frequencies, the signal input 
should be driven with CMOS level and fast risetime square- 
waves. An input Schmitt trigger is recommended for sine - 
wave use. 

Frequency -To- Voltage Converter 
Since the VCO frequency bears a direct relationship to the 

control voltage, and VCO frequency is also equal to the input 
frequency in a locked PLL, the control voltage will track the 
input frequency. That frequency -to- voltage conversion. 
though not having the precision of more complex circuits, 
may be realized with a minimum of parts and expense. as 

shown in Fig. 10. 

Adjust timing resistor RI for the maximum frequency of 
interest, as described earlier. With zero signal input, adjust 
for a zero reading on the meter. Lastly, apply an external 
source (of the same maximum frequency) to the signal input. 
and adjust for full -scale deflection. 

You may recall from the theory that it was stated that no 
loading should be imposed to the filter. That's why a CA3130 
op -amp with its ultra -high input impedance is used to buffer 
the filter voltage. A plus is that its common -mode range 
includes ground, and the output swings completely from 
Vo0 to Vs s. 
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o 

Fig. 11 -The CD4046, when 
coupled with this cascaded 
programmable divide -by 
"N" counter circuit, can be 
used to provide various 
signal frequencies. 

Frequency Synthesis 
Figure I I shows a 2- decade counter, using the CD4522 

counter, that may be preset to divide by any number between 
I and 99 through the thumbwheel switches. That range, of 
course, may to be extended to 256 by replacing the CD4522 
with a CD4526. The CD4522 and CD4526 are programma- 
ble CMOS counters that allow easy implementation of fre- 
quency scaling, by dividing down a reference by a BCD or 
binary code appearing on their control inputs DI, D2, D3, 
D4. Thus with a high -precision master -reference frequency, 
any number of divided -down frequencies with the same 

accuracy may be generated. 
That circuit is used to produce lower frequencies than the 

master frequency. By the same token, when a higher frequen- 
cy is required, a multiplier may be built easily with a PLL as 

shown in Fig. 12. The counter circuit is inserted in the 

feedback loop; thus, the frequency appearing at pin 3 is lower 
than that of the VCO's output (pin 4) by "N" amount of 
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1kHz REFERENCE o 
FRED IN 6 

16 

14 

DIVIDE 
BY "N" 
COUNTER 
(SEE FIG. 11) 

Fig. 12 -The divide -by "N" circuit of Fig. 11 can be combined 
with the CD4046 PLL to synthesize the desired frequency. 
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Fig. 13 -The double -sync oscillator allows two reference = EP signals to be synchronized without losing a single cycle. 

times. A locked condition may be achieved only if the VCO 
output is running "N" times higher than the input frequency. 

Any frequency within the lock range may be synthesized. 
But beware: The frequency cannot be multiplied too far; the 
ripple present at the VCO's control input increases as "N" 
increases. With large values of "N," the output frequency 
may warble, degrading short-term accuracy. For proper cir- 
cuit operation, all capacitors should be low temperature- 
coefficient, low- leakage types. Calibration of the circuit in- 
volves adjusting only the maximum and minimum frequen- 
cies. 

Double Sync Oscillator 
There are circuits, like real -time clocks, where you may be 

synchronized to a certain frequency -say, the 60 Hz AC 
line -and should be able to switch to another alternate fre- 
quency when the former is lost. With a PLL, it's very easy to 
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IN4148 

R1 

100K 

C2 
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synchronize both frequencies without losing a single cycle in 
the transference. 

Figure 13 shows how that is done. The main frequency 
turns QI on, causing CI to discharge. When the input voltage 
zero- crosses during each half cycle, the transistor cuts off and 
CI begins to charge through R2. But since the time -constant 
of R2 /CI is slightly longer than a half period, the next zero 
crossing arrives before CI has charged enough to allow 
Schmitt trigger UI -a to change states. Therefore, the Schmitt 
trigger output is a logic "I" whenever the main frequency is 
on. 

The output is complemented, and fed to a NOR network, 
which is also fed with the main and alternate frequencies. You 
can easily understand that whenever a logic "I" is present at 
UI -a's output, the main frequency passes through and a logic 
"0" enables the alternate frequency. That may be generated 
(as shown) with a crystal -driven timebase. The MM5369A 
circuit divides the 3.58 -MHz crystal frequency to 60 Hz. 

The gated and selected frequency is applied to the PLL's 
input. For best response, the PLL should be adjusted so that 
its upper and lower frequencies are very close to the reference 
frequency (64 and 56 Hz, respectively). 

When the AC -line frequen- 
cy is powered, the PLL will be 
locked to it. When power is 
lost, the PLL will run free for 
the short time that it takes the 
alternate frequency to appear. 
Thus, not a single cycle is lost 

in the process and only a small wiggle is present in the output 
frequency. As stated before, use high -quality components for 
optimum performance. 

1 4 CD4001 

U2 . DETECTED TONE 

(Continued on page 122) 

Fig. 14 -This fast tone detector uses both of the CD4046's 
internal phase comparators. The component values shown set 
the circuit to detect a 10 -kHz signal. 



Electronic 
Fundamentals 

Louis E. Frenzel. Jr. 

Inductors and transformers 
make modern technology possible 

UIMAGING FOR A MoMI:N'r THAT AI:rERNArING C1.1RKI:NT 

does not exist; that the world is powered by direct current -as 
it was in the early days of electric power. It is more than likely 
that. among other things, radio as we know it, stereo, TV. and 

computers would not exist. Nor would there be great hydro- 
electric generating stations to supply cheap power to users 

hundreds of miles from the nearest water. And most likely. 
our cities would be blighted by DC- generating plants every 
few miles. and the smoke from their stacks would probably 
cast a gray pall over the landscape. 

Most modern technology. as well as our lifestyle, owes its 
existence to alternating current. and the key to AC is induc- 
tance. In this month's lesson on Electronic Fundamentals. 
we're going to look at inductance and tranafirtners so we 

understand why they are so important in a high -tech world. 
Keep in mind that the lesson is organized in what is called 

programmed instruction format. The information is pre- 
sented to you in small step -by -step "chunks" called frames. 
You will read the information in each frame and then imme- 
diately answer a question based on the material by filling in 

the blanks with appropriate words or terms. The answer to 
each question. is given in parentheses at the beginning of the 

next frame in the sequence. As you are going through the 

lesson, use a piece of paper to keep the frame immediately 
below the one you're reading covered so you won't acciden- 
tally sec the answer. The easiest way to do that is to slide the 

paper down until it just separates the line that separates the 
frames. 

The immediate testing in each frame helps you to under- 
stand the material by giving you a chance to apply what you 
have just learned, and it also aids your retention. Begin now 
with Frame I. 

Inductance 
I. Inductance is the opposition to a change of current 

offered by a component called an inductor. An inductor is 

basically a coil of wire. as shown in Figure I. While the wire 
itself has a small value of resistance, its effect on current flow 
is small. It is the special effect produced by the alternating 
current (AC) in the coil that causes an opposition to current 
flow called reactance. 
Inductance causes an opposition to a in 
current in a circuit. 

2. (changel When current flows through a wire, the moving 
electrons set up a magnetic field around that wire. If the wire 
is coiled, the magnetic lines of fierce around each turn of wire 
combine to firm a strong magnetic field. If DC floes in the 

coil, then the coil simply becomes an electromagnet. If AC 
flows in the coil, the magnetic field increases and decreases as 

the current rises and falls. 
Current flowing in an inductor produces a 

around it. 

NOTE This article was derived from the soon to be published book 
Howard W. Sams 8 Co 

NON-CONDUCTIVE FORM TO HOLD COIL 

Es 

AC VOLTAGE SOURCE n 
Fig. 1 -An inductor is a coil of wire that 
offers opposition to a change in current. 

3. (magnetic field) Figure ' shows a sinewave of AC that 

flows in an inductor. As the current increases. the magnetic 
field expands outward. As the current decreases. the magnet- 
ic field collapses: then the direction of current flow reverses. 

Again. the magnetic field expands as the current increases in 

the opposite direction. The magnetic field then collapses as 

Crash Course in Electronic Technology' by Louis E Frenzel. Jr It is used by courtesy of the publisher. 
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MAGNETIC FIELD 
EXPANDS 

MAGNETIC FIELD 
COLLAPSES 

MAGNETIC FIELD 
EXPANDS MAGNETIC FIELD 

COLLAPSES 
Fig. 2 -The magnetic field increases during the increase 
in the rate -of- change of the current in the coil. 

the current decreases. As the current changes, the magnetic 
field around the inductor and 

4. (expands, collapses) As the magnetic field expands and 
collapses, it cuts across the turns of wire in the coil. In doing 
so. it induces a voltage in the coil. That effect is called 
induction. The coil with its varying magnetic field becomes a 
small AC- voltage generator. Induction is the process of a 
varying magnetic field causing a to be 
induced into a coil. 

5. (voltage) A key fact here is that it is the change in current 
that produces the induced voltage. The induced voltage is 
highest when the rate of change of current is maximum. That 
occurs when the current is zero as it changes from positive to 
negative or negative to positive. The induced voltage is 
lowest or zero when the current change is minimum or zero. 
That occurs at the positive and negative peaks. (See Figure 
3.) This shows the complete relationship between the coil 
current and the induced voltage. When the current is :ero, the 
induced voltage is 

VOLTAGE APPLIED 
TO COIL 

i'\ 

COIL 
CUH RI NI 

\ 

Fig. 3- Unlike the in -phase current voltage relationship 
in a resistor, there is a phase difference between the 
voltage applied to a coil and the coil current. The maximum 
induced voltage corresponds to the maximum rate of change 
of the coil current, which occurs at the zero axis. 

6. (maximum) The induced voltage has the opposite polar- 
ity of the applied voltage but is lower in amplitude. The total 
effective voltage in causing current to flow is less than the 
applied voltage because the induced voltage cancels a portion 
of the applied voltage. As a result, the current is less. Again 
refer to Figure 3. The opposition to a change in current 

offered by the inductor produces an induced voltage that, in 
effect, lowers the current. The inductor or coil, therefore, is 
an opposition to current flow. The polarity of the induced 
voltage is that o /'the applied voltage. 

7. (opposite) The wavelirms in Fig. 3 show the complete 
relationship between current and voltage in an inductive 
circuit. As you can sec, the maximum, minimum and zero 
points do not all occur at the sanie time. Because of that, a 
phase shift exists between the various signals. A phase shift is 
the time difference between various signals of the same 
frequency. If one signal in a circuit occurs at a different (line 
tlian another. a is said to exist. 

8. (phase shift) Phase shift is usually measured in degrees. 
Each cycle in a sinewave has 360 degrees, 180 degrees for the 
positive half cycle and 180 degrees for the negative half 
cycle. as shown in Fig. 4A. At Fig. 4B. the two sinewaves are 
in phase with one another. The phase shift is zero. When my 
sineta'es are shifted 180 degrees from one another. the :ero- 
crossing points are the same but the positive peak c f one 
occurs at the saine time as the negative peak of the other. The 
voltage polarities are opposite. See Fig. 4C. The polarities of 
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I I 

il° 90° 180° 
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380° 

i 

COIL 
CURRENT 

-90°- 

/ 
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NEGATIVE HALF 
CYCLE 

A AND B ARE IN 
PHASE. 0° PHASE 
SHIFT. 

A AND B ARE 
SHIFTED FROM 
ONE ANOTHER 
BY 180 °. 

i 

CURRENT LAGS 
VOLTAGE BY 90 

4 -The phase of the applied voltage is shown in A. 
In B and C phase relationships to the applied voltage are 
illustrated. As shown in D, the current in a coil lags 
the applied voltage by 90 . 



two sineuYve.t are opposite when they are 
degrees out of phase. 

9. (180) In Fig. 4D, the current and voltage are shifted from 
one another by 90 degrees. That is what you saw in Fig. 3. 

Since the current peaks occur later in time than the applied 
voltage, we say that the current lags the voltage. That is a 

common characteristic of all inductive circuits. Or we could 
say that the applied voltage leads the current: that is, it occurs 
earlier in time. 

In an inductive circuit. the current the 

applied voltage by degrees. 

10. (lags. 90) Go to frame II. 

Factors Influencing Inductance 
11. The amplitude of the induced voltage in a coil and the 

amount of opposition to a change in current is determined by 

the inductance. In turn, the inductance depends upon how 
concentrated the magnetic field is and how many turns of 
wire are cut by the changing magnetic field. The inductance 
is determined by the number of turns of wire used, the 
diameter of the coil, its length. and the kind of core it is 

wound on. 
For example. the greater the number of turns, the higher 

the inductance because the magnetic lines of fierce cut more 
turns, inducing a higher voltage. A coil with 50 turns has 

inductance than one with 100 turns. 

12. (less) The diameter of the coil also determines its 
inductance. The larger the diameter, the greater the induc- 
tance. The length of the coil also affects inductance. Induc- 
tance is inversely proportional to length. The longer the coil 
fòr a given number of turns, the lower the inductance. Mak- 
ing a coil longer stretches out the turns, thus. fewer turns are 
cut and the magnetic field is less concentrated. making the 
induced voltage lower. For a fixed number o /'turns. increas- 
ing the diameter of a coil causes its inductance w 

. Decreasing the length causes the induc- 
tance to 

13. (increase, increase) A major factor affecting the induc- 
tance is the type of core material used. The turns of the coil 
wound with copper wire may he totally self- supporting. 
Thereti)re, the core is just air. But many coils are wound on 
insulating forms made of ceramic. Bakelite. or cardboard. 
Such core materials have no effect on the coil. They. too. are 

called air -core inductors. The schematic symbol for such 
inductors is shown in Fig. 5A. 

Fig. 5 -These three symbols 
are the ones most commonly 
used for inductors, although 
there are variations 
depending on who draws the 
schematic symbol and where 
it is drawn. 

A O6D' 
AIR CORE 

IRON CORE 

VARIABLE IRON CORE 

But if a magnetic core is used, the inductance increases 
dramatically. If an iron, steel, or ferrite core is used, the 
magnetic field becomes stronger and more concentrated: the 

induced voltage, and thus the inductance is higher. The 
symbol for a magnetic core inductor is shown in Fig. 5B. 
Removing a ferrite core front an air core coil causes. its 
inductance to 

14. (decrease) Some coils are made so that a ferrite core 
can be slid or screwed in and out of the coil, thereby providing 
a variable inductance. A variable -inductance symbol is 

shown in Fig. 5C. 
Go to frame 15. 

Units of Inductance 
15. The unit of inductance is the henry (H). That is. coils 

are measured in terms of henries. One henry is the inductance 
that permits a current change of one ampere per second, and 
induces a voltage of one volt. inductance is measured in 

16. (henries) One henry is a fairly large amount of induc- 
tance. Lower values are more common in electronic circuits. 
Smaller units of inductance are: millihenry (mH) = I /I(XX) of 
a henry: microhenry (RH) = Ií1,000,000 of a henry. A 
millihenry is (smaller or larger) than a 

microhenry. 

17. (larger) One mH is a bigger unit than one µH. Figure 6 

shows how to convert from one unit to another. An inductance 
2.5mH is equivalent to henries. 

Fig. 6 -If you have 
difficulty converting 
between large and 
small units. tape this 
table to your 
workbench. 

TO CONVERT 
H 

TO 
mH 

THEN 
Multiply by 1000 

H µH Multiply by 
1,000,000 

mH H Divide by 1000 

mH µH Multiply by 1000 

µH H Divide by 
1,000.000 

µH mH Divide by 1000 

18. ( .0025) A value of .8H is the same as 

nil I 

19. (800) A coil of 10,000 µH is the same as 

rH. 

20. (10) Go to frame 21. 

Inductive Reactance 
21. While inductance is the opposition to a change in 

current. the opposition to current flow in an AC circuit 
offered by an inductor is called the inductive reactance. 
Inductive reactance is designated by XI and. like resistance. 
is measured in ohms. XI is just as effective in controlling or 
setting the value of current in an AC circuit as a resistor. 
Inductive reactance is the to current flour 
measured in 

22. (opposition. ohms) The inductive reactance of a coil 
depends upon two factors. the inductance value 1 L) and the 
frequency of operation (I). The formula below is used to 
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compute the inductive reactance: 

Xt = 6.28fL 

where L is in henries and f is in Hz (cycles per second). For 
example, the reactance of a .5H coil at 60Hz is: 

Xt. = 6.28 x 60 x .5 Xt. = 188.4 ohms 
The two factors influencing Xt are and 

23. (inductance, frequency) The reactance is directly pro- 
portional to the coil inductance and the operating frequency. 
Figure 7 shows that relationship. Decreasing the inductance 
or the frequency causes the reactance to 

Fig. 7 -The 
variation of XL for 
frequency using a 
fixed value of L is 
shown in A. In B the 
variation of XL with 
L for a constant 
frequency is 
illustrated. 

xL 

(OHMS) 

xL 

(OHMS) 

FREQUENCY (t) 

A 

INDUCTANCE IL) 

B 

24. (decrease) If a ferrite core is inserted into a coil, its 
reactance at a given frequency is 

25. (increased) Inserting the core increases the inductance 
and its reactance. The reactance of a 15mH coil at 455 kHz is 

ohms. 

26. (42,861) The computation is as follows: 

XL. = 6.28 x 15mH x 455 kHz = 42,861 ohms 

Just remember to convert the inductance and frequency 
values to basic units, H and Hz, before using the Xt, formula. 

Go to frame 27. 

27. Ohm's law for inductive circuits is the same for re- 
sistive circuits, with Xt_ replacing R. The current is directly 
proportional to the voltage and inversely proportional to the 
reactance. Expressed mathematically, it is: 

I =E/Xt. 
where I is the current in amperes, E is the applied voltage in 
volts, and Xt. is the reactance in ohms. Refer to Fig. 8. The 
current in a circuit with S volts and a reactance of 2.5K ohms 
is mA. 

28. (2) That calculation is: 

I = E/X1 = 5/2500 = .002A (2 mA) 

Increasing the number qf turns q. wire in a coil will cause the 
circuit current to for a given applied volt- 
age. 

5 VOLTS 

Fig. 8 -In a series circuit 
the inductor controls or 
sets the value of the 
current flowing in the 
circuit. I 

XL 

xL 

2.5K 

29. (decrease) Increasing the number of turns increases the 
inductance and, therefore, the reactance. As a result. opposi- 
tion increases and the current drops. Go to Frame 30. 

30. All inductive circuits like those in Fig. 9 consist of two 
types of opposition to current flow: reactance and resistance. 
The reactance comes from the inductive effects produced by 
the coil when AC is applied. The resistance comes from a 

resistor deliberately connected to the inductor, or from the 
resistance of wire used to wind the inductor, or both. The 
inductor resistance may be as low as a fraction of an ohm to 
several hundred ohms depending upon the type of inductor. 

Es 

AC VOLTAGE 
SOURCE 

Fig. 9-R represents the resistance of the wire used to 
make the coil. Opposition to current flow is produced both 
by the coil's reactance and the resistance of the wire. 

Opposition to AC in an inductive circuit comes from the 
circuit and 

31. (reactance, resistance) That combined opposition is 
called impedance (Z). impedance is simply the total opposi- 
tion to current flow offered by all the reactances and resis- 
tances in a circuit. Impedance is also expressed or measured 
in ohms. The total opposition to current flow in an inductive 
circuit is called 

32. (impedance) In a series circuit using only resistors, the 
total resistance (R,) or total impedance (Z,) is simply the sum 
of the individual resistor values or: 

Z, = R, = RI + R2 + R3 + 

However, in an inductive series circuit, you simply cannot 
add the resistance and reactance to get the impedance. For 
example, the equation: 

Z = R + Xt. 

is incorrect. 
The reason for that is that, because the inductor produces a 

phase shift between current and voltage, the individual op- 
positions do not add directly. The proper way of adding the 
resistance and reactance is given by the formula: 

Z = V'R2 +Xt.2 



The impedance cannot be obtained by directly adding the 
reactance uncí resistance because of the 

introduced by the inductor. 

33. (phase shill) Assume the resistance is 3(0 ohms and 
the reactance is 4(X) ohms. The impedance is computed as 

fol lows: 

Z = V3002 + 4002 
Z = V90,(00 + 160.(X)0 
Z = V250,00) 
Z = 5(X) ohms 

Those calculations are easy if you use a calculator with a 

square-root function. Now try it yourself Find the imped- 
ance o ° circuit with R = 50 ohms and X = 70 ohms. Z = 

ohms. 

34. (86.02) Such calculations are often illustrated in the 
form of a right triangle as shown in Figure 10. The length of 
the vertical side represents the reactance value, the length of 
the horizontal side represents the resistance. The length of the 
hypotenuse represents the impedance. 

Fig. 10 -Theta (1 i) is the phase angle 
between the applied voltage and the 
current in an inductor. It is 
determined by the values sa 
of XL and R. 

<4; 

R 

Actually, the impedance formula is nothing more than the 
well -known Pythagorean theorem used in geometry for com- 
puting sides in right triangles. Of course, that fòrmula may be 
rearranged to compute fir either the resistance or reactance as 

shown below: 

R = VZ2 -Xr 
Xr = VZ2 -R2 

The angle 0 (Theta) between the horizontal side and the 
hypotenuse turns out to be the phase angle or phase shift 
between the current and applied voltage as produced by the 
combination of resistance and reactance in the circuit. The 
values of reactance and resistance in an inductive circuit 
determine the and 

of the circuit. 

35. (impedance, phase shift) An inductive circuit consists 
of a fixed value of resistance and a coil. If the frequency of the 
applied AC is increased, what happens to the impedance and 
phase angle? The impedance and the 
phase angle 

36. (increases, increases) Increasing the frequency causes 
the inductive reactance to increase. That also increases the 
impedance. A higher value of reactance with the same resis- 
tance also produces a larger phase angle. 

The quality or figure of merit of a coil is called the Q. Q is a 

measure of the ability of a coil to produce an induced voltage. 
That depends upon the reactance. But the resistance of the 
coil reduces current flow which affects induced voltage. A 
coil's Q. therefore, is a function of X1 and R. The ability of a 
coil to produce an induced voltage is called the 

37. (Q) The Q is computed with the simple formula: 

Q = Xr /R 

Q is directly proportional to the reactance and inversely 
proportional to the resistance. The Q o%a coil o/' /0mH at 50 
kH: with a resistance o(3 /.4 ohms is 

38. (100) First you computed the Xt.: 

Xr = 6.28 tL (10mH = .OIH) 
Xr = 6.28 x 50,000 x .01 

Xr = 3140 ohms 

Next, Q is computed: 

Q = 3140/31.4 = 100 

Typical Q values range from IO to 1000 depending upon the 
frequency of operation and the type of coil. Generally, the 
higher the Q. the better the coil. The need for a high Q 
depends upon the application. Most Q values fiel/ in the 

to range. 

39. (10, 1000) Coils used in tuned circuits and filters 
normally need a high Q. 

Go to Frame 40. 

Inductors in DC Circuits 
111. Basically. an inductor has no effect on a DC circuit. 

Inductance is present only when the current in the circuit is 

changing. In a DC circuit where the current is some constant 
value. only the resistance of the coil will affect the circuit. 
Inductance is not e/ /estive in a DC circuit because the current 
is not 

41. (changing) The only time that current in a DC circuit 
changes is when power is applied and removed. Consider the 
circuit in Fig. I I. With the switch open, no current flows. If 
the switch is closed, electrons begin to flow. That change in 
current. from zero to some value I = E,/R. is niet by 
opposition from the inductor. When the power is removed, 
current drops from I = E, /R to zero. Again, the inductor 
opposes this change. The inductor in a DC circuit c f/iTs 
opposition to a change in current when power is 

and 

42. (applied. removed) The instant that the switch is 
closed. a magnetic field rapidly expands outward cutting the 
turns of the coil. That induces a voltage in the coil equal to the 
DC source voltage Es. Since the induced voltage has the 
opposite polarity of the battery, it exactly cancels the battery 
voltage, making the total effective circuit voltage zero. 
Therefore, initially no current flows. As you can see, the 
inductor opposes the change in current brought about by the 
power being applied. The polarity of the voltage induced in 
the coil when power is applied is the 
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TIME It) 

Fig. 11 -In an inductive DC circuit, the current rises 
sharply to maximum when the switch (S) is closed. and 
falls to zero when the switch is opened. 

%ource yolta,t,'e. 

43. (opposite) The current gradually begins to rise as the 
induced voltage drops toward zero, as shown in Figure 12. 

The magnetic field instantly expands outward when power is 
applied. But since no further change takes place, the induced 
voltage decreases, allowing the current to rise. It takes the 
current a time (t) equal to the inductance (L) divided by the 

Eg 

o 

TIME 

t 

INDUCED 
VOLTAGE 

Fig. 12- Because an inductor opposes a change in current, 
the current in the coil is minimum when voltage is first 
applied: it builds to maximum over a period of time. 

circuit resistance (R) to rise to 63.2% of the final current 
vale o%E, /R. That is called the time constant: 

= LIR 

The time it takes./ r 1 to rise to 63.2% of its final value is 
called the 

44. (time constant) If L is I henry and R is IO ohms, then 
tic time constant in seconds is: 

t = L/R 
t = I /IO = .1 second 

The final current (I) is determined by the source voltage: 

E, = 12 volts divided by the resistance IO ohms. 

Refer back to Figure II. 

1 = 12/IO = 1.2 amperes 

63.2 percent of I is: 

1.2 x .632 = .7584 amperes 
Therefore. it takes .1 second for the current to rise to .7584 
amperes. See Figure 13. The current rises to .7584 amperes 
in second. 

45. (.1) It takes approximately live time constants lir the 
current to reach its full value of 1.2 ampere. Sec Figure 13. In 
tete problem above. that is second. 

15.- 
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Fig. 13 -It is possible to calculate the time it will take 
for current to build to a predetermined value. Generally. 
the "time constant" is the time required for the current 
to build to 63.2% of the maximum possible value. 

46. ( . S) Once the final current value is reached. it remains 
steady. With no further current change. the inductor no longer 
affects the circuit. 

However, if power is removed by opening the switch. 
current ceases. The magnetic field around the coil collapses. 
thereby inducing a voltage in the coil. The polarity of that 
voltage is such that it would tend to keep the current flowing 
in the same direction if the circuit where not open. As you can 
see. the sudden drop in current is met by opposition from the 
inductor which tries to maintain the status quo. Removing 
power induces a voltage caused by the 

47. (collapsing magnetic field) With the switch open. the 
circuit resistance is very high, near infinite. With such a high 
resistance, the time constant is low. TherefiTre, the current 

Egt 

TIME 

VERY HIGH, 
SHORT DURATION 
VOLTAGE PULSE 
INDUCED INTO 
COIL 

! \SWITCH 
OPENED HERE 

Fig. 14 -An inductor in a DC circuit will have an 
extremely high voltage -pulse induced at the instant the DC 
current flow is interrupted. The peak pulse value can be 
thousands of volts even at low supply (Es) voltages. 



drops very quickly. But the main effect is the very high value 
of induced voltage. See Fig. 14. Depending upon the value of 
the inductance, that voltage can be several hundred or many 
thousands of volts. In any case. it exceeds the applied voltage 
by a considerable amount. but its duration is very short. This 
high induced voltage causes arcing at the switch contacts 
which can damage them. If the switch is a low voltage 
semiconductor device like a transistor or an SCR, the high 
voltage "spike" caused by the collapsing magnetic field can 
damage the device. The high induced voltage can 

the switch. 

48. (damage) Usually, some other component is connected 
into the circuit to help minimize the voltage spike. One 
method uses resistor R2 connected as shown in Figure 15. The 
resistor has no effect on the circuit when the switch is initially 
closed to apply power. It does draw some current from the 
source, however. 

Its real impact is when the switch is opened. The circuit 
resistance has some finite value because of R2. The induced 
voltage causes current to flow in R2 when power is removed. 
The lower that resistor value, the lower the induced voltage. 
Note the polarity of the induced coil voltage in Figure 15. The 
purpose u/'R2 in Fig. 15 is to the induced 
taltage. 

R1 

ton 

Fig. 15 -A damping resistor (R2) connected across the DC 
supply voltage will reduce the peak value of the voltage 
pulse developed when switch S is opened. 

49. (reduce or minimize) Using our previous example with 
E, = 12 volts, L = I henry. and RI = IO ohms, assume R2 is 

200 ohms. The current in the inductor is 12 /IO = 1.2A. When 
the switch is opened, the induced voltage will initially try to 
maintain that current in R2. With Ohm's Law we can com- 
pute the voltage peak across R2: 

E = I x R2 = 1.2 x 200 = 240 volts 

If R2 was 500 ohms, the voltage spike would be 
íY,115. 

50. (6(X)) E = I x R2 = 1.2 x 500 = 600. The voltage is 

still high but it could be several thousand volts if R2 were not 
used. 

The current decays from its peak value to zero. It takes one 
time constant It = L /R) for the current to drop to 36.8 percent 
of its maximum value. The total resistance of the circuit is RI 
+ R2 when the switch is opened. That value is substituted Iòr 
R in computing the time constant.: 

t = L/R = 1 /10+ 2(X) = 1/210 = .00476 seconds (4.76 mS ) 

The current decreases from 1.2A to 36.8 percent of that, or 
.368 x 1.2 = .44 amperes in 4.76 ms. See Fig. 16. It takes 
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Fig. 16 -The current in an inductor takes time to decay 
after the source voltage is turned off. The "time constante 
is the time it takes for the current to decay to 38.8 °° of 
the maximum value when the source voltage is disconnected. 

about jive time constants or ins fur the 
current to decay tu _e ro. 

51. (23.8) 5 x 4.76 = 23.8. 
The principle of a high induced voltage when a switch is 

opened in an inductive DC circuit is often used in electronics 
to produce high voltage (HV). The flyback transformer (an 
inductor) used in TV sets and computer video monitors uses 

that method to generate 10,000 to 30.000 volts to operate the 
cathode ray tube (CRT). 

The same principle is used in automotive ignition systems 
to generate the high voltage to operate the spark plugs. 

Go to Frame 52. 

Transformers 
52. A transformer is a component that consists of two or 

more independent inductances wound on the sanie core. They 
are not used because of their reactive properties to control 
current flow. Instead. the transfixmer is used to isolate one 
circuit from another and to translate AC voltages and currents 
to different levels. A tra,,s/ rmer is made up (#. two or more 

53. ( independent inductances) The schematic symbol for a 

transformer is given in Fig. 17. It has two coils wound on a 

common iron core. An AC voltage is applied to the left -hand 
or input winding called the primary. A load is connected to 
the right -hand. output winding called the secondary. Even 
though there is no direct electrical connection between the 
primary and secondary circuits. current will flow in the load. 
In a transformer, the AC input is applied to the 

and the load is connected to the 

PRIMARY 
WINDING 

INPUT 

SECONDARY 
WINDING 

1 

OUTPUT LOAD 

CORE 

Fig. 17 -An iron -core transformer is indicated by two 
vertical lines between the primary and secondary windings. 
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54. (primary, secondary) Power is transferred from primary 
to secondary by induction. The AC source causes current to 
flow in the primary winding. That produces a varying mag- 
netic field. That field not only induces a voltage hack into the 
primary winding that produces it. but also induces a voltage 
into the secondary winding by induction. If one coil can 
induce a voltage into another, the coils are said to have mutual 
inductance. Coils have mutual inductance if one can 

a voltage into another. 

55. (induce) The amount of voltage induced into the sec- 
ondary depends upon the degree of coupling between the two 
windings. the number of turns of wire in the two windings. 
and the voltage applied to the primary. If all the turns of the 
secondary are cut by the magnetic flux produced by the 
primary, as they would be in an iron -core transformer, then 
the number of turns in the two windings will determine the 
secondary voltage as the expression below shows: 

E, = E 
P 
(N /NP) 

Where E, is the secondary voltage. Ep is the primary voltage, 
N, is the number of turns on the secondary, and Np is the 
number of turns on the primary. N,/N, is called the turns 
ratio. The turns ratio is related to the vol age ratio as follows: 

N /Np = E /Ep 

The voltage induced in the secondary is determined by the 
and the 

56. (primary voltage, turns ratio) Assume that N, = 200 
and N = 200. Er = 120 volts. E, then is: 

E, = 120(200/200) = 120 volts 

When the number of primary and secondary turns is equal. 
the turns ratio is one and the secondary voltage equals the 
primary voltage. If the number of turns in the two windings is 
not equal. then obviously the secondary voltage will he 
higher or lower than the primary voltage. UN,. = 200. NI, 
50 and Ec, = 120 V, then E, = volts.. 

57. (480) In that example, the turns ratio is 200/50 = 4/I 
or 4 to I. That multiplies the primary voltage by 4. Therefore, 
the induced secondary voltage is 480 volts. With a turns ratio 
greater than one, the transformer steps up the voltage. In 
other words, the output voltage is higher than the input 
voltage by a factor equal to the turns ratio. /¡Nr = 300, N, = 
/00, and Er, = 120. then E, = volts. 

58. (40) The turns ratio in that example is 100/300 = .333 
or I to 3. In that case, the secondary voltage is simply one - 
third of the primary voltage or 120/3 = 40 volts. Here, the 
transformer is used to step down the voltage. One of the most 
common applications of a transformer is to increase or de- 
crease the voltage level of an AC signal. When a step -up 
transformer is used, the secondary voltage is 

than the primary voltage. 

59. (higher) Transformers may have two or more second- 
ary windings as shown in Fig. 18. Each secondary winding 
has its own turns ratio with the primary. Both step -ups and 
step -downs can he obtained on the same transformer. In 
Figure 18, the output voltage from the secondary winding #3 

100 TURNS 

o 

=2 
2000 
TURNS 

, 
3 5(10 TU RNS 

Fig. 18 -A transformer can provide more than one output 
voltage by using multiple secondary windings. Each winding 
can be wound for a specific voltage output. 

60. (10) The number of turns on winding #3 is equal to the 
number of primary turns. Therel re, the turns ratio is one and 
the secondary voltage equals the primary volts. 

Iron -core transformers like those described here are used 
primarily at frequencies below 1(X) kHz. Most iron -core 
transformers are used in power supplies at 60 Hz and audio 
amplifiers in the 20 Hz to 20 kHz range. 

There are also air -core transformers used in radio frequen- 
cy (RF) applications. When no iron core is used. the turns 
ratio relationship described above no longer holds true. since 
without the core to concentrate the magnetic lines of force. 
there is a lot of flux leakage. All the lines of force do not cut 
all the turns. Yet the transformer is still useful. Air -core 
transformers are used i,, 

circuits. 

61. (radio frequency) 

Now that you understand what inductance is all about. you 
also can understand why most modern technology would not 
be possible without it. Just for fun. try to figure out which of 
life's modern conveniences -from stereo broadcasting. to 
computers. to the microwave oven -would not be possible 
without inductance. And here's a hint: The telephone would 
be possible because it can be entirely DC -power (except for 
the ringing circuit). 



ELECTRONIC 
WIND CHIME 
J1L9IR ]vLLÍSIC a VIE PUR... 

With this wind chime you can kick 
back and enjoy the gentle tinkling of 

the breeze; with the satisfaction 
of knowing you made it yourself. 

You build the instrument, and 
Mother Nature plays the tunes! 

HIFRF'S A MUSICAI. DEvIC'G THAT YOU CAN BUILD, AND 

after a day of hard work or play. you can settle back and let 
Mother Nature's gentle breezes write and play the music for 
you. Our Electric Wind Chime music maker is a construction 
project that requires neither a special expensive IC, or any 
hard -to -find component: it can he built, with some junkhox 
searching, for only a few bucks. The Electronic Wind Chime 
is designed to hang indoors or outdoors where a mild breeze 
can make contact with the chime's paddle. Twelve different 
tones and their sequence, depend entirely on the whim of the 
flowing breeze. 

How It Makes Music 
AA look at the circuit diagram in Fig. I will help to make the 

musical mystery clear. UI, a 555 timer, is connected in tone - 
generator fashion with RI, R2, and CI through C6. setting 
the oscillator's tone frequency. Each of the six small reed 
switches are connected to a capacitor and diode pair. which 
set the oscillator's frequencyynd. at the sane time. turn the 
power to the chimes circuitry on. 

As shown in the photo. the wind paddle hangs down 
through the plastic pipe that S I through S6 are mounted on. A 
doughnut magnet is attached to the upper end of the wind 
paddle and is spaced on the dowel to match up with the center 
of each of the vertically mounted reed switches. As long as 

the wind paddle remains motionless. all reed switches are 

normally open: but if a breeze moves the paddle far enough to 
activate one of the reed switches. power will he turned on and 
a tone will sound. Singularly activated reed switches account 
for six of the twelve different tones that the chime can 
produce: but if the magnet swings out far enough between 
two of the reed switches, both will close and a new lower tone 
will sound. That double closure produces the six additional 
tone outputs for a total of twelve. 

A mini -toggle switch (S7) is included so that the chime's 
power can he turned off for storage or to stop the music. TI. a 

mini -transistor output transformer, is used to match the os- 
cillator's output impedance to the speaker's low -impedance 
voice coil. 

By Charles D. Rakes 

Chime Up Your Own 
The circuitry of the chime is housed in a 7 x 51/4 x 2'1- 

inch plastic or Bakelite cabinet. but any similar enclosure of 
wood or metal will do. The majority of the circuit parts are 

mounted on a 21/2 x 41/2-inch section of perfboard. The six 
reed switches are mounted on a piece of 41/2-inch plastic pipe 
cut to a length of I%- inches (see Fig. 2). 

Start construction by cutting a 12" section of 1/4-inch square 
brass tubing into two equal parts. That type of brass tubing 
can he found in most hobby shops. Form two small 90° angle 
brackets from a piece of brass stock. and solder one to each of 
the brass tubes. Punch or drill a hole large enough to clear a 

4 -40 screw in the other side of the angle bracket. At the 
opposite end of each of the brass tubes solder a 1/4-inch 4 -40 
flat -head screw, it will he used to secure the plastic pipe 
section in place. 
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Fig. 1 -The circuit uses little power and can be run off a 
9 -volt battery pack for a long time. As you can see. the 
circuit assembly is straightforward and inexpensive. 

Cut off a I' -inch piece of plastic pipe that will he used to 
mount the six reed switches. The reed switches are vertically 
mounted to the inside of the plastic pipe. equally spaced. 
Mark the piece of plastic pipe at six equally spaced locations 
around its circumference. Carefully bend both leads of a reed 
switch at a 90° angle so they point in the same direction. Bend 
all reed switches in like fashion, and position them parallel to 
the pipe's axis with equal distance between the top and 
bottoms of the pipe at the places marked. Drill two small 
holes to allow each lead of the switch to pass through to the 
outside of the plastic pipe. Push the leads through the inside 
of the pipe and bend them over to hold the reed switches in 
place. Add a drop or two of Super Glue to guarantee a 

permanent mount for each of the switches. 
Mount the plastic pipe on the two brass tubes with the 4 -40 

hardware. Set the plastic pipe on a flat surface and position 
each of the brass tubes so that they are parallel to its axis and 
tighten them in place. The two brass tubes attached to the 
plastic pipe are mounted to the bottom of the plastic cabinet. 
so center them on the cabinet and mark the cabinet so that two 
mounting holes can be drilled. Also. while in that position, 
mark around each of the square tubes and drill a ` /h' hole in 
the center of the marked areas to match up with the openings 
of each of the brass tubes. These holes will be used to snake 
wire through later. 

The perfboard. speaker. battery pack. and off /on switch 
can be positioned and mounted as shown in the photos, or any 
other workable arrangement. Actually the project is so un- 
complicated that. if the reed switch and magnet arrangement 
are understood. almost any construction method. component 
layout, or cabinet choice can be used. Just suit yourself when 
building your Electric Wind Chime. 

After completing the point -to -point component wiring of 
the circuit, attach the reed switch assembly to the cabinet 
with the 4 -40 hardware. Connect all of the bottom leads of the 

six reed switches together and run a wire up through one of 
the brass tubes and into the cabinet through one of the `16- 

inch holes. Connect it to the circuit common (battery nega- 
tive). Attach a wire to the top terminal of each reed switch. 
and run three leads through one brass tube and the remaining 
three through the other. snaking them through the holes as 

belbre. Connect the six wires to the capacitor -diode pairs to 
match the schematic diagram. 

The wind paddle is made by taking a 61/2-inch length of 
wire cut from a coat hanger, a five -inch length of 7/16 -inch 
diameter dowel, a doughnut magnet, and a small piece of 
circuit -board material all connected together as shown. Start 
by bending a nice "O" shaped hook in the top of the coat 
hanger wire. with an inner diameter of about '/x -inch. Drill a 

hole about I -inch deep in one end of the dowel a size smaller 
than the diameter of the hanger wire. Carefully work the 
hanger wire down into the hole and add a drop of Super Glue 
to the dowel where the wire meets the wood as added as- 
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Fig. 2 -The complete assembly of our model is shown here, 
but your wind chime need not be an exact copy. The cabinet 
type, size of hardware, and even the capacitor values can be 
up to you. Please note that the nuts and bolts used were all 
4 -40 size and that all dimensions shown are in inches. 



PARTS LIST FOR THE ELECTRONIC WIND CHIME 

SEMICONDUCTORS 
D1- D6 -1N914 silicon signal diode 
U1 -555 timer integrated circuit, 8 -pin Mini -Dip 
Q1- 2N3638 PNP silicon transistor 

CAPACITORS 
(Select voltage rating for lowest cost) 
C1- .015 -µF, mylar 
C2- .022 -1.LF, mylar 
C3- .039 µF, mylar 
C4- .047 -11F, mylar 
C5- .056 µF, mylar 
C6- .068 µF, mylar 
C7 -47 -µF electrolytic 

RESISTORS 
(All resistors are 1/4-watt, 10% units 
R1- 1000 -ohm 
R2- 10,000 -ohm 
R3- 220,000 -ohm 
R4- 27,000 -ohm 

SWITCHES 
S1 -S6 -Reed switch, small 
S7 -SPST mini -toggle switch 

ADDITIONAL PARTS AND MATERIALS 
T1 -1000- to 8 -ohm transistor- matching audio output 

transformer 
SPKR1 -8 -ohm 2x 4" speaker 
B1 -9 -volt battery pack (six Penlite cells) 
Misc.-Cabinet 7 51/4 x 21/4-inch plastic cabinet, 1- 

doughnut magnet, 1/4-inch brass square tubing 12" long, 
7/16 -inch diameter dowel, coat hanger, 4 -40 hardware, 
piece of 4'/2 -inch plastic pipe, section of 1/16 -inch thick 
circuit board, wire, solder, etc. 

Be sure to bend and solder the leads for the reed switches 
before gluing them in place just in case one of them breaks. 
They should be evenly spaced around the plastic tubing and 
should not interfere with the mounting screws. 

hy 

M 

The assembly can be fitted neatly into almost any cabin 
you chose if you're inventive with the placement of the 
speaker and pert- board. The left -over portion of the coat - 
hanger can be used as a hook for the wind chime. 

surance that the dowel and wire will stay put. Saw a'1 -inch 
length slot in the opposite end of the dowel to hold the paddle 
in place. After inserting the paddle (circuit board) use a drop 
of super glue to hold it in the dowel. 

In the center of the bottom of the cabinet (between the two 
brass tubes) drill a '' /u, -inch hole. Place a small cotter pin 
through the hole with the round hook part sticking through 
the bottom of the cabinet. Hook the paddle assembly onto the 
cotter pin. which should swing freely in all directions. and 
mark the dowel at the centers of the reed switches. This 
should be done with the dowe moved toward the plastic pipe. 
This is to insure that the magnet will placed high enough to 
activate a reed switch when it swings close to one. 

The doughnut magnet should be positioned on the dowel 
over the center of the mark. If the hole in the center of the 
magnet is too small to pass over the dowel. then trim the 
dowel to a size where the magnet will just snugly tit in place. 
and once again use a drop of glue to hold it in place. Re -hook 
the wind paddle in place. 

Most any method can be used to hang the completed 
chime. our choice was to use the remaining part of the coat 
hanger by attaching it to each side of the cabinet with the 
hook positioned over the center of the top of the cabinet. No 
matter how the chime is hung. it should be positioned in a 

balanced level condition so that the paddle and magnet are 

hanging straight down through the center on the 41/2-inch 
section of pipe. 

Widi the chime hanging in a breezy location turn the power 
on with S7. and you should begin to hear the fruits of your 
work playing a wind song just for you. If the tone frequencies 
are not in the range you would like to hear, just change the 
values of CI through C6. Increase the values for lower tones 
and decrease the values for higher tones. Have fun! 
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By Victor Meeldijk 

Incredible bargains can result 
from careful selection of "as-is" or 
"close -out " merchandise. 
Many items only need minor repair. 

This calculator had a contact in the wrong place. A good 
example of an assembly error, the problem was easy to 
diagnose and repair for just pennies. 
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BARGAIN 
TABLE 
ITEMS 

E,, RYONI HAS SEEN THOSE -AS-IS/CLOSE-OUT- SEC - 
tions where customer returns. damaged. and store - 
demonstration merchandise is sold at low prices. Many 

times, prices will he cut even further if a customer shows 
interest in the item. If, however, selection is not made wisely 
and repairs are costly, or impossible, the purchase is no 
longer a bargain. You can make various visual checks and 
tests can be performed to increase the probability of a suc- 
cessful purchase. The opportunity to sharpen your trou- 
bleshooting skills and experience is an added bonus. 

Item Selection 
The variety of merchandise on a bargain table can include 

multimeters, clock radios. calculators. electronic equip- 
ment. and even television sets. The first thing to do when 
making a purchase is to inspect the item carefully. Note any 
cosmetic defects. missing knobs, covers, and especially 
hardware. Missing hardware indicates that someone may 
have already tried, unsuccessfully. to repair the unit. Try to 
examine the inside of the unit. either by removing the back or 
looking through a ventilation slot. Any components that are 
solder -tacked in place. or are missing. will confirm past 
troubleshooting attempts. Unless you are a gambler. or can 
negotiate a low price for the item. it should not he purchased. 

During the visual examination. be aware that any missing 
cabinet parts such as knobs or covers may he difficult to 
replace. All knobs will have to he replaced if one of a 

matched set is missing and covers may have to be fabricated 
to match the cabinet of the device. Further details on that will 
he covered in the section on Cosmetic Repairs. 

Next look at the brand name and model number. If it is a 

new or recent model, by a well -known manufacturer. sche- 
matics. test data and repair parts will he easily obtainable. 
Many consumer items are brand -named for the particular 
store in which they are sold. Often the same item can be found 
under a few different labels, and information about the prod- 
uct may be obtained from a source other than the one on the 
nameplate. An example of that is some of the calculators sold 
under the "Radio Shack" label which are actually manufac- 
tured by Texas Instruments. Radio Shack does provide excel- 



lent repair inlixmation and parts for the items they sell. 
Similar items may also have almost identical schematic di- 
agrams. A schematic you already have may be useful in 
repairing a bargain purchase. An example of that will be 

discussed in the paragraph on Television purchases. 
After visual checks, make an operational check observing 

all malfunction symptoms. The store will usually allow that 
evaluation, which also aids price negotiations -particularly 
if the unit doesn't function at all. Knowing the malfunction 
symptoms. again examine the unit looking for blown fuses, 
loose wires, or poor solder connections. The latter, along 
with manufacturing errors (see photo I ), are the basic causes 

for customer -returned merchandise. 
Malfunctioning items such as calculators, electronic 

clocks and watches often have one main component. an LSI 
(large scale integrated) microcircuit. Those microcircuits are 

often impossible to replace or sell for a price close to the cost 
of a new clock or calculator. Specific selection and repair 
techniques for those and other items are covered in the follow- 
ing paragraphs. 

Calculators 
One of the most common items found on the bargain table 

is the pocket calculator. Many styles and models ranging 
from the basic four- function, to solar- powered, to scientific 
calculators are often available. 

As already recommended, the first thing to do is to visually 
examine any potential purchase for signs of abuse or previous 
repair work. Any LCD (liquid crystal display) unit that has a 

cracked or blackened display should not be considered, be- 
cause replacements are very costly or unavailable (see photo 
2). If a few units are available that are all non -functioning it 
can be assumed that a manufacturing defect or assembly error 
may be the problem. 

Poor connections or cold solder joints may be verified by 
observing the calculator operation. If the entire display does 
not work or sections don't operate, gently apply pressure to 
the calculator case especially around the display. Be ex- 
tremely careful with liquid- crystal displays because they are 

made of glass and break easily. If the display changes, or the 
calculator suddenly operates normally, poor internal connec- 
tions are the problem and repairs are relatively easy and at low 
cost. 

Photos 3 and 4 show scientific and solar- powered cal- 
culators which required only internal connection reworking. 
For the scientific calculator, solder joints were re- heated 
around the integrated circuit. (Note that to do that type of 
repair a grounded soldering iron should be used to prevent the 
integrated circuit from being damaged by static electricity.) 
The solar powered unit required a more complex repair. 

As seen in the photograph. part of the electrical circuit is 

made by carbon traces deposited on a thin plastic film. That 
film was then bonded to the printed- circuit card and the 
display. A multimeter confirmed that some traces were open - 
circuited while a visual examination showed that other con- 
nections had separated from either the printed -circuit card 
(PC) card or the display. Using a pencil, the open-carbon 
traces were momentarily repaired by depositing a layer of 
graphite where the connections were broken. A better "fix" 
is made later. 

Reattaching the plastic film conductor could have been 
done with an electrically- conductive adhesive. However. as 
that was not immediately available, a different method was 

A cracked liquid -crystal display will appear black and unless 
a replacement for it is found the item cannot be restored. Be 
advised that calculators and watches sometimes have very 
complex displays that may be hard to replace. 
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Breaks in the traces on Mylar or other plastic films 
can be the cause of calculator malfunction. That sounds 
severe but can be remedied with foil tape used around 
windows for burglar alarms or even a pencil. 
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Repairing of poor solder connections is as easy as 
discovering and resoldering them. However, care must be 
taken in order not to burn out components. 
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one repairs can .e as situp e as t e one is c oc ra. io 
needed. All that had to be done was to resolder the 
volume control. Analysis is as easy as audio tracing. 

Bad solder connections. although not always easy to spot. are 
easily repaired. A good example are the solder connections of 
this potentiometer. if you look at the top of the photo. 
notice that the terminals are not soldered to the terminal itself. 

This solder connection looks sound but it isn't. That is a 

perfect example of why a conductivity meter is a must for 
repairing items that work intermittently. 
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tried. The film conductor was aligned with both the PC card 
and the display. Thin strips of adhesive -backed rubber were 
then placed on the back of the conductor where there were 
connection problems. The back cover of the calculator case 
would then press on the rubber strips forcing the conductive 
film to make electrical contact with both the PC card and the 
display. 

Radios and Clock Radios 
This is another group of items commonly tbund on the 

bargain table. In the case of clock radios, determine whether 
the clock or the radio is malfunctioning. 

In radio repairs the basic troubleshooting techniques of 
signal tracing and injection should be used. Be alert for failed 
electrolytic capacitors, especially in older units, and suspect 
plastic - or epoxy -encapsulated transistors when there are 
audio- output problems. Problems observed by the author 
include a radio with a microphonic output (a ringing that 
occurs when some tubes are tapped) and a radio with a very 
low volume. 

The first problem was traced to the ceramic disc capacitor 
which coupled the audio amplifier to the volume -control 
potentiometer. 

The low volume output was at first thought to be caused by 
cold solder joints around the volume -control potentiometer 
(see photo 5). Reheating those joints restored normal opera- 
tion (see photo 6). However, once the radio was reassembled 
it again stopped working. Wiggling the suspect potentiome- 
ter, trying to determine the exact problem, resulted in the 
discovery that the terminals of the potentiometer were staked, 
not soldered, to the carbon traces. Squeezing those connec- 
tions with a pair of pliers tightened the connections and 
repaired the radio. The initial resoldering of the printed -card 
connections to the potentiometer resulted in a temporary 
repair of the different temperature coefficients of expansion 
of the potentiometer terminals, and the carbon trace sub- 
strate. During the radio reassembly, the solder joints cooled 

Sometimes replacing parts requires jumpering above the 
circuit board. That is allowable as long as all component leads 
are insulated, and soldered to provide for physical strength. 



down and the terminal /potentiometer trace connections again 
loosened. 

Solder -connection problems are also quite common. A 
portable AM radio, purchased for $2, was completely dead 
until the circuit card was tapped, or flexed near the station - 
adjustment knob. While the poor connection which caused 
that may not look any different than a good one, examination 
under magnification showed a gap around the component 
lead and the solder pad (see photo 7). 

Clocks may be either mechanical or electronic. The me- 
chanical versions are easily replaced at low cost as long as the 
proper spacing between control shafts is observed when 
purchasing a replacement. Prior to replacement however. 
determine whether the problem may be caused by a stuck 
clock motor. If the motor does not rotate when energized, but 
an ohm -meter check of the armature shows continuity, the 
motor may only need to be lubricated. 

Remove the motor and heat it with a heat gun or soldering 
iron. Drop some light lubricating oil around the motor shaft 
and allow the motor to cool. Add more oil as the cooling 
process takes place. Heating and cooling the assembly results 
in a vacuum which sucks the oil into the motor. Gently rotate 
the shaft with a pair of long nose pliers, taking care not to 
damage any gears attached to the shaft. The motor should 
now operate properly and can be installed into the clock 
movement. 

Electronic clocks -like calculators -often contain a sin- 
gle integrated circuit as the main circuitry. Unless a replace- 
ment IC can be obtained, which may prove difficult, assem- 
blies with malfunctioning electronic clocks should be 
avoided, unless the cost is low and you wish to experiment. 

One such experiment was performed on a clock which was 

stuck in the calendar mode. Obtaining a data sheet from the 
manufacturer of the clock IC, it was discovered that an 

internal pull -down resistor connected to pin 24 enabled the 
clock mode unless 20 volts (V) was applied to the pin. 
Measuring pin 24 indicated it was at 20 volts. Installing a 

The delicate coil in a meter movement must not change length 
over the course of a repair job. To shorten the spring would 
mean having to increase the amount of current needed to move 
the pointer. That makes the faceplate markings incorrect. 

Modifying tie soldering t:p as shown will make the repair of 
smEI del czta parts easier and more accurate. Be careful not 
to ove-heat mall parts as that can be done easily. 

Nile repositioning the neter movement, be careful not to bend 
The pcinter or damage ary of the coil windings on the 
rD.ranent. -re windinge are hair thin and break easily. 

The lack of waar on some components can be an indication of 
a tici.ble sao:. Tie malfunctioning of a switch. such as the 
above. is eas ly dìagnosad due to the unscratched surfaces. 
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142 -kohm resistor (see photo 8) between this pin and ground 
(pin 29) pulled the voltage down to 14.5 volts. and restored 
proper clock /calendar operation. That is obviously a special 
case but it did allow for experimentation and the use of an 

unusual repair technique. 

Meters and Multimeters 
Analog panel meters and multimeters are often reduced 

because of broken meter faces or inoperability. The meter 
movement can be repaired if the following method is used. 

Verify that the movement is the problem by connecting a 

series circuit consisting of a variable resistor (set to I0- 
kohms) and a 1.5 -volt battery to the meter. Slowly reduce the 
resistance. watching for any meter deflection. If the meter 
pins to the left, reverse the battery connections. 

If the meter oscillates, examine the control springs (see 
photo 9). One spring is probably touching the meter chassis 
as the moving coil is rotating. Insulate the chassis either with 
some tape or Glyptol. 

If no movement is observed. carefully examine the meter 
with a magnifying glass. Look at the control springs and 
verity that they are still making electrical contact between the 
meter leads and the moving coil assembly. The control spring 
may have broken away from the moving coil, or the fine wire 
from the moving coil may have been broken. 

To make any solder repairs in those areas requires a very 
fine -pointed pencil soldering iron. In lieu of that, a wire 
added to a regular soldering -iron tip. as in photo 10, will 
work. No disassembly of the meter movement should be 

attempted because it has been delicately adjusted to provide a 

specific full -scale deflection for a measured current input. 
Carefully maneuver the tip of the soldering iron to the area of 
the repair and use tweezers, or other instruments, to hold the 
control spring or moving coil wire in place. The meter shown 
was repaired in that manner. 

A much simpler type of repair involves only the reposition- 
ing of the meter pivot. The battery- tester meter movement 
shown in photo II. was repaired by removing the pivot screw, 
centering the pivot point through the screw hole, and replac- 
ing the screw. A piece of tape was used to secure the meter 
pointer to the instrument face, preventing the pivot from 
moving as the screw was being replaced. 

Wire breaks in the strain reliefs of adapters is the most 
common of adapter failure problems, especially if the adapter 
has been used before. Continuity checks can be performed on 
the line cord (while unplugged) by sticking two straight pins 
into it and hooking the pins to a continuity tester. 
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If meter- movement repair is unsuccessful, new movements 
are usually available from the instrument manufacturer. 
Adding the price of the replacement movement to the 
marked -down instrument price often yields a final cost that is 
still less than that of a new unit. 

Digital -multimeter problems may also prove simple to 
diagnose and repair. While the store where a $15 "as -is" 
meter indicated that the aid converter was bad, it was noted 
that the reading would change as the range dial was rocked. 
Disassembly of the function switch showed little or no con- 
tact marks in some contact areas (see photo 12). Some me- 
chanical adjustments to the switch contacts were all that were 
necessary to make the unit fully operational. 

Television Sets 
The decision to purchase that item is usually based upon 

price if the picture tube is intact and no major assemblies are 
missing. 

Different sets may be similar especially when comparing 
brand names with department store models. Horizontal -out- 
put /high -voltage sections from Zenith and XAM (sold by 
Korvettes) receivers are similar enough to allow the use of the 
Zenith schematic to signal trace and find a defective horizon- 
tal output transistor in the XAM set. Therefore, until the 
schematic for the set being repaired is obtained, one from a 

similar receiver may be used. 

Miscellaneous Merchandise 
Tape recorders. AC adapters. and small amplifiers are also 

often available. The same general evaluation and trou- 
bleshooting techniques apply to those items as well as those 
already discussed. 

In the case of AC adapters, wire breaks at the strain reliefs 
of the DC output wires are generally the case of failure (see 
photo 13). Molded wire strain relief connections can be 
repaired by drilling out the broken wire from the strain relief 
and then rewiring it. 

Cosmetic Repairs 
Invisible cosmetic repairs can be made using a few easily 

obtainable items. Cracks, chipped corners, or burn holes can 
be repaired by first smoothing down the surface with sand- 
paper (or a file). if necessary. Fill in deep holes and cracks 
with wood putty, using a flat surface coated with water to 
smooth the putty as it is applied. After the putty has dried, it 
can be stained to match the equipment cabinet. To further 
disguise the repair, apply a coat of clear paint to the whole 
cabinet. 

Badly damaged surfaces can be hidden by covering them 
with a piece of Formica. Wood -grained cabinets with a 

damaged top can be easily repaired in this manner. After the 
Formica is cut to size, and all holes for controls have been 
made, paint the cut edges to match adjacent cabinet surfaces. 

Replacements for missing or damaged parts, when parts 
are not available from the manufacturer. can be fabricated 
from scrap pieces of wood, metal or plastic. Replacement 
clock hands can be cut from thin -gauge metal. and face plates 
can be made from acrylic plastic with glued -on tabs to secure 
them to the instrument cabinet. 

Silver trim can be restored by using an artists brush and a 

small bottle of silver model paint. 
The extent of cosmetic repairs possible is limited only by 

your imagination. 



A burglar alarm tells you there 
was a break -in. Our photo - 
trigger tells you who did it! 

ALARM -TRIGGERED PHOTOS 
By Dave Sweeney 

['SUPPOSE YOUR SECURITY SYSTEM SOUNDS AN ALARM, 
and upon investigating, neither you nor the police find any 
evidence of an intruder. A burglar could have triggered the 

alarm, or the system may have sounded a false alarm. How 
will you know? With photographic evidence, you can in- 
stantly document the presence or absence of an intruder, and, 
a photograph will aid prosecution in the event that someone 
later nabs a burglar. In addition, the sudden light from the 
flash bulb could scare away the intruder and thus help protect 
your property. 

You can easily add alarm -triggered photographs to your 
security system by upgrading an inexpensive Polaroid camera 
to operate by remote control. With the remote control, the 
camera can take a picture when an event occurs, and thus 
provide instant evidence of the event. For example, when an 
intruder opens a window or when the neighbor's dog sneaks 
through your gate, a magnetic switch at the gate or window, 
connected to the camera via a trigger control circuit which 
you build, starts the picture- taking sequence as if you had 
been there and pushed the camera's button. 

R1 
1 KSZ 

Q1 

2N2270 

b 

+9V 

C2 
100 

J1 

CI 

T10 
01 R3 

R2 1N914 12052 

2.2K S2 
K1 

Fig. 1- Because relay K1 is actually activated by the 
charging of capacitor C2, it will not remain closed even if 
input jack J1 is continuously shorted. The relay only pulses. 

The security -system camera takes a picture by closing an 

external switch that is connected in parallel with the camera's 
shutter -which is also a switch. The remote- switch closure 
starts a sequence of events within and under control of the 
camera. Because the camera ejects the picture almost imme- 
diately, holding the remote- switch closed would trigger a 

continuous stream of instant photos. To avoid that problem, 
we must use the trigger control shown in Fig. I. In that 
circuit, transistor QI pulses relay KI, and the resulting mo- 
mentary closed- circuit limits the instant camera to one pic- 
ture each time a remote switch on a gate or window closes. In 
this way, the trigger control circuit adapts the Polaroid instant 
camera to the security job. 

Easily Modified 
Instant cameras such as the Polaroid One Step adapt well to 

a security job because they are unusually easy to modify. 
Rather than a mechanical shutter, the instant camera is driven 
by an electric motor. Controlling the camera remotely re- 
quires simply a switch to start the motor -driven sequence. 
Another reason for using the One Step is its size: While 120 

and 220 roll -film cameras, 35 -mm cameras, and disc cameras 
use every micro-inch of space in their housing to reduce 
overall size, the instant camera contains plenty of room for 
installing a jack that will permit you to easily connect a 

remote -control switch in parallel with the factory switch. 

Picture Yourself 
With a jack installed on the camera for the trigger -control 

circuit, you can leave the remote trigger hardware in place, 
yet still disconnect the camera so it can be used for con- 
ventional photos when it's not "minding the store." 

Also, because the remote -control jack is a permanent part 
of the camera, it can be used "to put yourself in the picture." 
You can pose for your own picture, or, if you're taking a group 
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Fig. 2 -In the usual way group pictures are taken, the 
person taking the picture is left out. 

photo, you need not be the "missing person:" You can join 
the group and operate the camera with a switch concealed in 
your hand, as shown in Figs. 2 and 3. (Your pictures will be 
more complete, and you will probably save a little film money 
by including everyone in the first shot.) 

Any kind of single -pole, single -throw switch will trigger 
the camera. When you want remote control, you insert the 
plug which connects your hand -held switch in parallel with 
the factory switch: Either pressing the usual button to close 
the manufacturer's switch or pressing the button at the end of 
your remote control cable takes the picture. 

Modifying the Camera 
To open the Polaroid One Step camera, on one side of the 

case insert a small screwdriver between the white outer cover 
and the case itself, and gently pry the case away from the 
cover. As the case separates from the cover the cover will 
suddenly come free on that side. Do the same on the other 
side of the camera and the front cover will slide off the case. 

Any kind of small jack can be used, although a miniature 

To remove the cover of the One Step camera, gently 
pry the sides of the case with a small screwdriver to 
release the plastic tab on each side. The front cover 
will slide forward when both tabs are released. 

PARTS LIST FOR TRIGGER CONTROL UNIT 

C1- 10 -p.F, 25 -WVDC electrolytic capacitor 
C2- 100 -RF, 25 -WVDC electrolytic capacitor 
D1-1N914 diode 
J1, J2- Subminiature phone jack 
K1- Relay, 5 -VDC coil (Radio Shack 275 -232) 
Q1- 2N2270 NPN transistor 
R1- 1000 -ohms, 1 -watt, 10% resistor 
R2- 2200 -ohms, 1/2-watt, 10% resistor 
R3-120 -ohms, 1/2-watt, 10% resistor 

ADDITIONAL PARTS AND MATERIALS 
Cabinet, perforated wiring board, wire, solder, etc. 

frittit 
TABLE OR CHAIR 

Fig. 3 -When you use the remote trigger control, you 
can put yourself in the picture and trigger the camera 
through a remote control cable. 

phone jack will most likely prove to be the most convenient. 
Drill its mounting hole using a sharp drill bit and light 
pressure: The plastic will drill very nicely as long as you don't 
try to rush it. 

You don't have to be an expert in camera electronics to 
install the proper electrical connections to the jack because 
you will work only on the two terminals to which the cam- 
era's red push- button shutter -release connects when the cam- 
era is used normally. To wire the jack, set the camera chassis 
on the bench with the four leaf switches facing you. The red 
button on the front of the camera presses one of these switch- 
es and completes a circuit when you take a picture. That 
closure begins a sequence of events which causes the flash to 
be energized, the film to be exposed, the picture to eject, and 
the film- counter to advance. The leaf switches control these 
events, but the only switch you care about is the one which 
the red button closes. That switch is located at the far right of 
the switch array. 

Connect one wire from the jack to the switch on the right. 
(Continued on page 112) 



ALARM 
FLASHER FOR 
YOUR DASHBOARD 

This is a phony car burglar alarm- an alarm 
you connect when you can't be 

bothered with sirens, detection 
circuits, and the like. 

['SALES OF CAR BURGLAR ALARMS HAVE H(X)MED IN RI 
cent years. With the poor level of security offered by most 
cars, and the willingness of many repair shops to buy spare 
parts with a doubtful background. "car thieving" has become 
a growth industry. 

Paradoxically, the person most likely to be inconvenienced 
by a car burglar alarm is the driver. From the moment it is 
fitted, the hapless motorist is haunted by every alarm in the 
neighborhood. In addition. there is the inconvenience of 
having to enter and exit the car within a specified time. 

Much of the inconvenience of an alarm can be avoided 
with a fake alarm. One of the most effective deterrents of any 
alarm circuit -even the most sophisticated -is the flashing 
light on the dashboard. 

In fact. many car owners have been quick to realize that, 
and have simply fitted an authentic -I(r)king flashing light in 
the place of a real alarm. Those are generally purchased from 
car- accessory shops lòr around $20. 

That type of fake alarm has a few advantages. First, it never 
false -alarms during the middle of the night. Second. the 
driver doesn't have to worry about making a frantic dash for 
the kill switch upon entering the car. And third. it is far 
cheaper and easier to install than a real alarm. 

By contrast with the commercial units, this unit can be 
built for around $10 (depending on the lamp used). Once 
installed, you need never worry about the flasher again. It 
automatically starts when you switch the ignition off. 

The project would be most effective when used with a 

proper red or yellow square 12 -volt light bulb assembly found 
in the commercial devices. Those can he purchased from car 
accessory shops. 

Alternatively, most kit suppliers carry round, 12 -volt lamp 
assemblies which still look fairly convincing. particularly if 
you put a couple of warning stickers on the car as well. Don't 
buy a combined switch and lamp- they're too expensive. 

By Colin Dawson 

Circuit Description 
The circuit is based on a 555 timer IC. Its configuration in 

this instance is typical (see Fig. I); the device is being wired 
as an astable oscillator. That means that it oscillates. with its 
output (pin 3) going alternately high and low whenever the IC 
is enabled. 

The rate of flashing is controlled by three components: R2. 
R3. and. C2. With the component values shown, the rate will 
be about one flash per second. The simplest way to adjust the 

rate is to alter the value of R2. 
The enabling portion of the circuit is somewhat unconven- 

tional. During normal operation, pin 2 of the 555 will oscil- 
late between %A and % of the supply voltage. Clamping irto 
any fixed voltage inhibits astable operation. 

That function is controlled by transistor QI and the ignition 
switch. When the ignition is switched on. transistor QI is 

biased on and clamps pin 2 to ground. That disables the 555 
timer and turns the lamp off. 

When the ignition is switched off, Ql turns off and releases 
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Fig. 1 -The circuit is unusual in that it is turned off when 
12 volts appears at R5. That shuts the circuit off when the 
car is started. You may wish to add a manual switch to shut 
the system off if your car will not be turned over for a long 
time. That will prevent the circuit from draining the battery 
while you're on vacation, or the car's being repaired. 

releases its clamp on pin 2. The 555 immediately begins 
oscillating, its output (pin 3) switching high and low. That 
drives transistor Q2 which, in turn, drives the lamp. 

Power for the circuit is derived directly from the car battery. 
RI and CI provide supply decoupling while DI clips any 
voltage spikes exceeding 15 volts. 

Construction 
The parts are mounted on a small PC board measuring 29 

x 46 -mm (see Fig. 2). No special order need be followed 
when assembling the board, but take care to ensure correct 
orientation of the polarized components. Those include UI, 
QI, Q2, DI, and C2 (see Fig. 3). 

Fig. 2 -A copy of this full -scale foil pattern can be used 
to make a circuit board for your fake alarm, but you could 
also wire -wrap the project without worry. 

+12V IGNITION 
FROM SWITCH 
BATTERY 

1 

11 

I 

GND 

yC l 

11 

C2 

2 

Fig. 3 -The order of parts placement is not critical; 
however be sure that good conections are made, because the 
vibration of the car may rattle your project apart. Also 
check for proper polarization of parts. 

PARTS LIST FOR THE FLASHER ALARM 

SEMICONDUCTORS 

U1 -555 oscillator /timer, integrated circuit 
01 -NPN GE -268, SK3124, BC547 
02 -PNP SK3200, GE -65, BC547 
D1 -15 -volt, 1 -watt Zener diode ECG145A, SK3063 

CAPACITORS 

C1- 0.1 -µF 
C2 -1 -µF, 16 -WVDC, Electrolytic 

RESISTORS 
(All resistors are 14 -watt. 5 °° units.) 
R1 -10 -ohm 
R2- 820,000 -ohm 
R3- 270,000 -ohm 
R4 -4700 -ohm 
R5- 10,000 -ohm 

ADDITIONAL PARTS AND MATERIALS 

Circuit board, 12 -volt lamp assembly, wire, solder, IC 
socket if used, etc. 

Once the hoard has been assembled, it can be tested by 
connecting the power leads to a car battery. The lamp should 
immediately begin flashing at I Hz. The lamp should stop 
flashing when the input to R5 is connected to I2V. 

Incidentally. the lamp used was a round I4 -mm bezel. 
Alternatively, a larger square lamp bezel (20 x 20 -mm) is 
available from most electronic parts dealers. 

Installation is straightforward. there's no need to fit the 
circuit into a case. The best approach is to wrap the board in 
insulating foam and then tape or glue it to some convenient 
location behind the dashboard. 

The external wiring connections should be run using medi- 
um -duty hook -up wire. Connections must be made to the 
power supply (car battery), the lamp, and the ignition switch. 

Note that the latter connection need not be made directly to 
the switch -it could just as easily be taken from an accessory 
switch or some accessible point on the ignition wiring. 
Similarly, the + I2 -volt supply rail can also be derived from 
under the dashboard (for example, from a glovebox light 
switch terminal or from the headlight switch). 

Finally, although the circuit is designed to operate auto- 
matically, some constructors may prefer to switch it on and 
off manually. No problem just install a switch in the power - 
supply lead and connect the input to R5 to the chassis. 

In fact, R5, and QI could be left out of the circuit al- 
together. It goes without saying that any power -supply switch 
should be well hidden. 

If the circuit fails to operate in the prescribed manner. 
disconnect the power and check the orientation of the semi- 
conductors. Also check that you have not accidentally 
switched the two transistors. If the PNP (Q2) unit is placed in 
the position of Ql, the lamp will continually flash, and will 
stop only when disconnected from the power source. (Re- 
member. for an PNP transistor to turn on, its base must be 
more negative than its emitter and less negative that its 
collector.) It's also a good idea to check all solder connec- 
tions to ensure that good contact has been made. and keep an 
eye out for solder bridges. 

"The Alarm Flasher was originally published in the February, 1986 
issue of Electronics Australia and appears here by permission. 



THE ASTABLE 

MULTIVIBRATOR 
Let LED's tell you what's 

happening in the circuit. 

By Don Kennedy 
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Fig. 1 -LED's 2 and 5 actually contain two LED substrates 
in each plastic case. Since the substrates are in parallel 
and in opposite directions, the LED package will emit light 
when current flows in either Cirection. One substrate emits 
green light and the other red; thus the LED indicates the 
direction of current flow by the color it emits. 
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The PC -mount potentiometers control circuit timing, and the 
values for the capacitors are large in order to accommodate a 
wide timing range to provide good flexibility. 

Have you ever tried explaining to a friend how astable 
multivibrators work? This demonstration circuit will make it 
easier for you. The circuit is constructed on a pertboard with 
all components and connections clearly visible from the top. 
The frequency of oscillation is adjustable from approximately 
3 seconds to I minute. Red LED's show when the transistors 
are on. and the tri -color (red and green) LED's. 2 and 5. are 

used to indicate whether the capacitors are charging or dis- 
charging. 

Figure I shows a schematic diagram of the circuit. Assume 
that it is operating and that QI has just turned on. At this point 
in time: 1. LED4 is lit by the current passing through QI and 
R4. 2. C2 begins discharging through Q1, R6. and R5. That 
current lights LED5 in green and holds LED6 and Q2 off. 3. 
CI begins charging via the emitter -base junction of QI and 
R3. As CI charges LEDI, LED2 (now red), and LED3 light 
and then dim. With a longer cycling time. LEDI and LED2 
will go out but LED3 is held on by the current passing 
through the emitter -base junction of QI, R2 and RI. 

PARTS LIST FOR THE ASTABLE MULTIVIBRATOR 

SEMICONDUCTORS 
LED1. LED3, LED4, LED6 -Jumbo red Light- emitting 

diode 
LED2, LED5 -Tri -color Light -emitting diode (Radio 

Shack #276 -035 or equivalent) 
01, 02- MPSA20, NPN silicon transistors 

CAPACITOR 
Cl, C2- 1000 -µF, 25 WVDC. electrolytic 

RESISTORS 
(All fixed resistors are 1/4 watt, 5 °o units) 
R1, R5 -4700 ohm 
R3, R4 -1000 ohm 
R2, R6- 50,000 ohm PC mount potentiometers 

ADDITIONAL PARTS AND MATERIAL 
SW1 -SPST switch, perfboard, 9 -volt transistor radio 

battery, double sided foam, wire. solder, etc. 

At slower rates. you will notice that when C2 discharges 
LED I will light while LED 5 is still green. C2 has not only 
lost all its original charge but has been charging in the 
opposite direction. The voltage level at the junction of C2. 
R6, and LED6 has reached the point where current can begin 
to flow through the emitter -base junction of Q2. That turns Q2 
on then: 1. LED I is lit by the current passing through the Q2 
and R3. 2. CI begins discharging through Q2. R2. and RI. 
That current lights LED 2 green and holds LED 3 and QI off. 
3. C2 begins charging via the emitter -base junction of Q2 and 
R4. As C2 charges LED 4 and LED 5 (red) light and then 
dim. LED 6 and Q2 are held on by the current passing 
through R5 and R6 until CI discharges and reverse charges to 
the point where QI can turn on. The cycle repeats as long as 

power is applied to the circuit. 

Construction Tips 
A prcv.ound coil (3 to 4 turns) of light -gauge wire was 

placed over the leads on the bottom of the perfboard. When 
soldered. that provided a solid mount for the components. Be 
sure to use hcatsinks on the transistors and diodes because 
that technique requires more heat than necessary when sol- 
dering a lead to a PC board. 

The battery can he held in place by double -sided Loam 

tape. 
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By Joseph J. Carr. K4IPV 

THE HAM SHACK 
Our new column for radio amateurs cuts loaded antennas to size. 

THIS MONTH WE KICK OFF A NEW COL - 
umn -The Ham Shack- intended for 
readers who are already amateur radio 
operators, and those of you who think you 
might want to get into amateur radio. I'm 
Joe Cam and my amateur radio call sign is 
K4IPV (which was first KN4IPV in 1959 
when I was a novice). Over the years, my 
articles have appeared in Radio -Elec- 
tronics, Hands -on Electronics, and 
many other magazines. 

The column is intended for the activist 
who doesn't have a lot of technical know- 
ledge at present, but wants to learn more. 
Some of you will eventually go on to learn 
a great deal of technical smoke about radio 
communications, while others will con- 
tinue near the level that you are at right 
now -an intelligent hobbyist who wants 
to know how to make something work 
without learning differential calculus. 

Varied Topics 
We expect to cover a wide range of 

interests as they affect amateur radio: How 
things works; how to fix them; how to 
build something useful; and other topics 
that strike my-or your- fancy. 

We'll also present equipment reviews, 
especially where the equipment is par- 
ticularly uncommon, very useful for a 

large number of readers, or simply inter- 
esting in some way. But we won't do 
equipment reviews that are merely re- 
writes of manufacturer's press releases - 
you deserve better. When we do an equip- 
ment review, you can be certain that either 
some technically -qualified person has had 
his or her hands on the device and actually 
tried it out. 

Although this column is not specifical- 
ly a news and views affair, a certain 
amount of that material will be presented 
if it appears that it will be of interest to a 

large number of readers. If you know of a 

newsworthy event or topic that you believe 
would be of general interest, please write 
to me at the address given at the close of 
this article (the CALLBOOK address is 
no good. at least not until the next edition 
is published). 

Heard at the Ham Shop 
It's a lot of fun to stand around a ham - 

radio store on Saturday morning and just 

listen to the conversations. Recently, 
was in the Electronic Equipment Bank 
(EEB) in Vienna, VA, and heard a con- 
versation between two hams on the topic 
of antennas. Because I am always inter- 
ested in antennas, and because I am build- 
ing a file for future use in this column, I 

listened carefully. and then interjected a 

minor correction. 
The two guys were talking about the 

problem of cross polarization. That is. 
receiving a vertically -polarized signal on 
a horizontally -polarized antenna, or vice 
versa. One of the fellows claimed that he 
would never use a vertical because most 
amateurs use horizontally -polarized an- 
tennas "...and there's 40 -dB of loss due to 
cross polarization." 

The first bit of meadow pies in that 
claim is the number: 40 decibels repre- 
sents a power loss of 10.000: I! If a hori- 
zontally- polarized signal arrived at a 

vertically -polarized antenna, it would be 
down in the noise about the same as a 

moonbounce signal from the dark side. 
There is a cross polarization loss, but the 
40dB claim stands precariously at the 
edge of a logical chasm, too broad for the 
healthy mind to leap. 

The second problem is that those guys 
were talking about HF (high frequency) 
operation. Cross -polarization loss is a 

problem mostly on direct line of sight 
circuits, which means it is limited to VHF 
and UHF for the most part. At over -the- 
horizon distances. there are too many re- 
flection sources to keep the polarization 
the same for a long haul. For skywave 
applications, it's not a factor at all. 

In skywave cases. the ionospheric re- 

flection that makes skywave "skip" pos- 
sible rotates the polarization randomly. It 
is sometimes merely reversed (V to H, H 
to V), but most of the time the signal is 
polarized either elliptically or cir- 
cularly...so it doesn't matter what kind of 
antenna is used for receiving. Even if an 
antenna is right for a given signal at a 

given time, it will be wrong for the next 
signal tuned in (sigh). 

A second conversation I overheard (ac- 
tually participated in) raised an old 
bugaboo from my CB repair and installa- 
tion days. The guy claimed that cutting 
the transmission line was a way to reduce 
VSWR on an antenna. The only way to 
actually reduce VSWR is to match the 
antenna to the transmission line either by 
design: by cutting to proper resonance; by 
using a matching network or transformer: 
or all three. The reason why that myth 
continues to be resurrected is that it ap- 
pears to be true when using low -cost volt- 
age or current sensing SWR meters. 

In a future column we will discuss 
SWR in depth, so for now take it on faith 
that changing the transmission line length 
won't do you any good. 

There are sometimes good reasons to 
cut a transmission line to specific length 
(usually an integer multiple of a half - 
wavelength), but none of them have any- 
thing at all to do with reducing SWR. 

A Shortened HF Dipole 
A novice called me on the phone re- 

cently and asked what he could do for a 
40 -meter antenna in his townhouse. Of 
course. he faced the same restrictive cove - 

(Continued on page 117) 
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Fig. 1 -The values for L1 and L2 depend on the measure- 
ments for A, B, and C, which interlock. Table 1 and 
Table 2 provide values for different antenna sizes. 



 

BY Mark Ellis 

ON ANTIQUE RADIO 

Knowing where to look is the most important 
part of building your antique -radio collection. 

Here are a few hints to get you going in the right direction! 
IN THL I_AN ISSt I . Hk FINISIII I) UP A 

once- over -lightly orientation to radio col- 
lections for the newcomer to the hobby. If 
you've been following the column and 
wondering how to get in on the action. 
read on. We'll be talking about how to 
define your goals as a collector, and how 
to find the collectibles that you want. 

Your Collection and Your L festyles 
The kind of collection that you build, 

and how you go about building it, will 
depend heavily on your personal taste. 
lifestyle. and the physical limitations of 
your living space. If your taste runs to 
massive console models. that's fine -as 
long as you have lots of extra room in your 
home. not to mention an extremely under- 
standing spouse. But. even if you live in a 

two -bedroom, high -rise condo, you can 
still build a rather interesting collection. 

First, you should give a little considera- 
tion to the why of your collection. Are you 
turned on by the thought of restoring 
time -worn cabinets to their original beau- 
ty, or coaxing archaic circuitry back to 
life'' If so. then you might prefer to keep 
an eye out for diamonds in the rough. as 

opposed to pristine and highly- expensive 
units. On the other hand, if you're at- 
tracted to the romance of early radio and 
are not interested in restoration, you'll be 
considering only pieces that are already in 
good shape. 

Of course, very few of us fall wholly 
into one category or the other. The person 

i 

A collection of small table radios makes 
an interesting bookshelf disp ay, for 
condo or apartment dwellers. 

who never intended to get into wood re- 
finishing or cabinet repair might still fall 
in love with a wonderful old set that just 
needs a little work to put it in showroom 
condition. The table -model collector who 
lives in a one -room efficiency unit might 
suddenly he tempted to somehow find 
room for a floor -model Stromberg -Car- 
Ison. which is the size of a small juke box. 
That's what makes us human! 

The Importance of an Open Mind! 
When you start out in collecting, don't 

be too quick to set your goals. Obviously, 
you must consider the physical con- 

'-- I 

This vintage Silvertone, although missing 
most of its veneer, the speaker, and a 
few tubes, still has a nice dial (corn - 
plete with tuning eye) and all of its 
original knobs. Would you consider this 
set worth fixing up? How you answer that 
question might help you define your goals. 

straints of your living space and the needs 
of other family members. But don't spe- 
cialize too soon. Keep an open mind and 
pick up the things you like regardless of 
what category they fall into. Your tastes 
may take some time to develop. If you 
decide to make your collection more spe- 
cialized at some future time, you can al- 
ways use your early finds as trading 
pieces. 

When I started my own collection 
(some time back), I decided to collect 
only early battery- powered sets. If a set 
was new enough to plug in. I didn't want 
it. But as time passed. I changed my 
mind. I hadn't made any interesting finds 
in a long time, and my collection had 
become overloaded with 5 -tube battery- 
powered units in long, hinged -cover cab- 
inets (sec photos). 

Which period interests you most; 1920's, 
1930's or 1940's? You might have to col- 
lect for a while before you find out. 

Then I began to be drawn to table -mod- 
els of the thirties and forties because of 
their greater diversity of style and more 
sophisticated circuitry. So I sold the sur- 
plus battery sets and reoriented my collec- 
tion. But I'm still sorry about some of the 
nice sets I passed up while I was being 
closed -minded. 

Finding new items for your antique - 
radio collection can be one of the most 
satisfying aspects of the hobby. How you 
go about it, depends heavily on how much 
time you have to spend searching, where 
you live, and how intensely you want to 
look. 

The Way the Dealers Do! 
The ideal way to purchase old radios. or 

any other type of collectible. is the way 
antique dealers do-get in touch with 
people who (for whatever reason) are 
breaking up long -established households. 
To them the selling price most often isn't 
as important as expeditious disposal. 

An old radio that has sat ibr years in a 

garage or on an attic shelf might he a prize 
fir your collection, though to the seller, it 
be a piece of junk that he or she would just 
as soon trash as sell. In cases like that. just 
do your best to suppress a broad grin as 

you shell out a couple of bucks and walk 
away with your find. Collectors some- 
times call acquisitions like this primary 
finds. as opposed to purchases made from 
other collectors. antique dealers. or other 
knowledgeable people. 

How can you go about making some 

107 



co o 
z o ¢ 
o 
w J 
w 
z 
O 
v o z 
_ 

108 

primary finds? If you live in a rural or 
semi -rural area. watch for farm auctions, 
auction barn operations. or yard and 
garage sales. If you're a suburbanite, you 
might have to drive quite a ways to find a 

farm auction. But keep your eyes open for 
house sales (try the classified section of 
your local newspaper). particularly if the 
house seems to have been occupied by the 
same family for a long period of time. 

In many suburban communities, yard 
and garage sales are a spring and summer 
tradition, and are often advertised in the 
local newspapers. A weekend tour of such 
events can net you a large selection. If 
you're of an organized turn of mind, you 
can plan your itinerary in advance using a 

good street map as a guide. 
City dwellers are going to have to drive 

farther to make primary finds. Watch the 
suburban newspapers for house and 
garage sale announcements. And don't 
forget the church rummage sales held in 
many locations (generally in spring). 
They can be a treasure -trove of collecti- 
bles-oh yes. be sure to get there early! 
The good ones attract determined buyers 
from miles around. 

Flea Markets and Swap Meets 
Whether you are a city dweller, a subur- 

banite, or live in a rural area, one of your 
best opportunities for making primary 
finds might well be the flea market /swap 
meet circuit. Many areas support very 
large ones held several times during the 
year. Most are outdoors: held in public 
parks. drive -in theater parking lots, and 
other large open areas. Some are held 
under cover in permanent buildings. 

Keep an eye peeled as you stroll through 
flea markets or swap meets. You may spot 
an exciting addition to your collection. 

The sellers range from individuals with 
surplus possessions to dispose of, to small 
entrepreneurs who buy and sell rummage 
to specialized dealers (in antiques, tools, 
electronics, etc.). Many of the dealers re- 
turn to the same flea market every time it 
is held -always occupying the same spot. 
A well -run flea market with a good repre- 
sentation of sellers is worth a hundred - 
mile trip on a weekend morning. Walk 
slowly and keep your eyes peeled as you 
make the rounds: An exciting discovery 
could he just around the corner! 

This dealer is usually in evidence everytime I attend my favorite flea market. I can't 
always afford his wares, but I still enjoy looking at them! 

You'd also be wise to keep an eye on 
current amateur -radio publications for an- 
nouncements of hamfests in your area. In 
addition to their other activities, the ham 
get -togethers almost always feature an ex- 
tensive electronics flea market. The prices 
are usually reasonable, and you'll have 
the opportunity to find not only sets, liter- 
ature, and other collectibles, but also test 
equipment. parts. tubes, and other items 
for restoring and maintaining your collec- 
tion. 

Up to now, we've been talking about 
how to find sets that have not yet fallen 
into the hands of dealers or other collec- 
tors. But there certain times when it pays 
to deal with such sources. 

Buying From Antique Dealers 
Off hand. you wouldn't expect to do 

very well at an antique store. The antique 
dealer is obviously out to make the big- 
gest buck he can -and if he thinks he has 
a nice piece, he'll hang onto it until he 
gets his price. Still, I've made some nice 
finds in antique stores (I never hesitate to 
stroll through one whenever I have the 
opportunity). 

It sometimes happens that a dealer, spe- 
cializing in the more conventional an- 
tiques, picks up a nice radio as part of a lot 
purchase. Many such dealers might over- 
price the set, making it impossible for you 
to buy. Others may not consider old radios 
to be a true antiques and, therefore. be 
willing to dispose of them for pocket 
change. 

I once picked up a very fine gothic 
cathedral set from the latter type of deal- 
er. My wife and I happened to be shop- 
ping for furniture in a fairly upscale 
antique shop when she pointed out the set 
sitting in a corner. It didn't work. the 
proprietor said. but he'd have to charge 
me $20.00 because. as he said, "I know 
there's some interest in the cabinet style." 

At the other end of the scale is the 
dealer who likes technological antiques, 
always has some in his shop. and charges a 

fair price for them. Shops like this are fun 
to visit because there are lots of things to 
look at. And you might find a treasure that 

you'd be willing to shell out a little extra 
for. 

So make it a point to get to know the 
antique dealers in your own and neighbor- 
ing communities. You'll soon find out 
which ones are worth return visits. Then, 
as opportunity affords, drop in from time 
to time. Be persistent. and its almost a 
sure het that it will worth your while. 

The Collector's Market 
It also pays to keep in touch with other 

radio collectors. One of the best ways to 
do this is by subscribing to a newspaper or 
newsletter devoted to the hobby. Study the 
classified ads to discover opportunities to 
acquire sets and locate sources of parts 
and servicing information. Chances are. 
you won't be able to purchase sets at bar- 
gain prices from other collectors -but 
you might very well be able to make a very 
advantageous trade! And watching the 
prices in the "for sale" ads will give you a 
feeling for current values of the various 
types of collectibles. 

One publication that I've subscribed to 
for several years and can recommend 
highly is The Horn Speaker. That little 
newspaper is published every month, ex- 
cept July and August. It contains interest- 
ing reprints from vintage radio maga- 
zines, collecting and restoration tips. 
large display ads from dealers in parts and 
supplies, individual "Wanted" and "For 
Sale" ads. and many other features of 
interest to collectors. Subscriptions to 
that publication cost $10.00 for one year; 
$17.00 for two. (For more information, 
contact Jim Cranshaw, 9820 Silver Mead- 
ow Drive, Dallas, TX 75217.) 

That about wraps it up for now, fellow 
collectors! In the meantime, let me hear 
from you. Would you like to share some of 
your ideas for finding collecti- 
bles') brag about your latest find') lo- 
cate a special part or set? ....make some 
suggestions about future topics for the 
column'? Send your correspondence to 
Marc Ellis, C/O Hands -On Electronics. 
Gernsback Publications, Inc., 500 -B Bi- 
County Boulevard, Farmingdale, NY 
11735. 



By Marc Saxon 

% ON SCANNERS 

The bear is bullish in the marketplace 

UNII)IiN BEARCA'1 HASN'T BEEN 1.I I- 
ting the grass grow beneath their feet. 
what with a nice assortment Of new scan- 
ners being issued on a rather regular 
basis. The recent unveiling of their Model 
BC -170 16- channel base station really 
caught our eye. 

The unit is capable of receiving 11 fre- 
quency- bands. including all public -ser- 
vice bands. four Ham bands, federal 
government. VHF aircraft. and land - 
mobile hands. Its LCD display shows the 
frequency being programmed and being 
monitored. as well as operation modes. 
Its other features include automatic search 
and squelch. patented scan delay and 
track tuning. lockouts, priority check. 
memory backup, and direct channel ac- 
cess. The suggested retail price of the 
BC -170 is $229.95. 

The BC -170's lower priced brother goes 
by the name BC -I40. The 140 is a 10- 

channel hase unit covering I0- frequency 
bands, including all public -service bands. 
four Ham hands. federal government, 
military. and land -mobile bands. Other 
key features this unit include direct -chan- 
nel access, frequency review. channel 
lockouts, built -in delay to prevent missing 
replies to transmissions. a telescoping an- 
tenna, and two -digit LED display. The 
BC -140 can be on your desk for only 
$139.95 (suggested retail price). 

Further information on those and other 
Uniden Bearcat scanners can be obtained 
by contacting the Uniden Corporation of 
America, 6345 Castleway Court. Indi- 
anapolis. IN 46250. 

Here Come the Judge 
Recently, a couple of teenagers dug 

themselves into a rather deep hole via 
radio. A $2.0)0 handheld police -band 
VHF transceiver was stolen from the 
home of a police officer in Warren, Michi- 
gan. The handheld somehow ended up in 
the possession of three I7 -year old chaps 
who came to the conclusion that the set 
was a CB rig. Actually, it operated on a 

police VHF frequency. 
Two days after the theft, a new would - 

be CB'er-with the handle Bulldog -was 
on the air, and assumed that he was on a 

regular CB channel. The Warren deputy 
police chief, Gerald Norkiewicz, said of 

the transmission, "He was just talking 
garbage. Just talking on it." 

Then the fix went in: A female police 
employee was used to reply to Bulldog 
and make a date with him. That led police 
investigators to a motel where the three 
suspects were observed standing on a bal- 
cony with the handheld transceiver trying 
to make additional CB contacts. They 
were promptly arrested for receiving and 
concealing stolen property. Furthermore. 
breaking- and -entering charges relating to 
the actual theft were also being consid- 
ered. 

As the man said, things aren't always 

. hat they seem to be-on police CB! 

Cordless Ouizzer 
Jeffrey Arnold of Revere, Mass., re- 

ports that he's been unsuccessful in figur- 
ing out the frequency of his GE cordless 
telephone. The question is: Can Hands - 
on Electronics give him the right 
number? 

Well. Jeff your particular cordless tele- 
phone might well be operating on any one 
of several pairs of frequencies that have 
been set aside for those communications 
devices. Generally speaking. though. the 

(Continued on page 1121 

The Uniden Bearcat BC -170 is capable of receiving 11 frequency bands, and its 
LCD display shows the frequency being programmed or monitored, as well as 
operation modes -all at a suggested retail price of $229.95. 

The BC -140 ($139.95, suggested retail price) features direct -channel access, 
a built -in delay, LED display, channel lockouts, and frequency review. 
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THINK TANK 
(Continued from page 30) 
triggered, the resulting light that falls on 
photo- transistor Ql activates the circuit, 
which in turn fires the slave or secondary 
flash unit. It's interesting to note that the 
photo- transistor has a built -in lens that not 
only increases the light- gathering abilities 
of the unit, but also enables you to provide 
a directional effect. 

Automatic Light 
C.K., of Secaucus, NJ asks about an 

automatic switch to turn on his outside 
yard lights when dusk falls. No problem at 
all, C.K. See Fig. 8. You'll find stable 
threshold characteristics due to the depen- 
dence on the photo- transistor current to 
generate a base -to- emitter voltage drop 
across the sensitivity resistor (R5). The 
double phase -shift network supplying 
power to D5 (an ST4 triac driver or diac) 

LAMP WATTAGE 
SUGGESTED MAXIMUM 

TRIAC 120V 220V 
SC1410 400W 800W 
SC146D 550W 1100W 
SC151D 750W 1500W 

SC2600 1200W 2500W 

SC265D 2000W 4000W 

ensures triac activation at line -voltage 
phase angles small enough to minimize 
RFI (Radio- Frequency /nterference) 
problems with a lamp load. Just choose 
the right triac from the table according to 
the power consumption of your lamp. 

Outage Light 
We received a letter with an interesting 

request from H.R., of Oswego, NY. The 
local diner where he has dinner each 
night, has a device over the counter that's 
topped -off with a couple of floodlights. 
He asked the diner owner about the 
gadget, but the only information the 
owner could supply is that the floodlights 
would come on to provide emergency il- 
lumination when the power failed. H.R. 
wants to know if we can fill him in. 

Sure thing, H.R.; just take a look at 
Fig. 9. The light generated by line - 
monitor lamp NEI (plus ambient light) 
striking photo- transistor QI turns it on, 
pulling the base of Q2 low. That keeps the 
6 -volt lamp, II, turned off. (11 represents 
the floodlights.) But when the power fails, 
the neon lamp extinguishes, raising the 
Q2 base -voltage enough to trigger the cir- 
cuit; at which time the 6 -volt lamp comes 
on to provide necessary lighting. 

Infrared Transmitter 
One of our readers bought a small in- 

frared burglar alarm system, and now 
wants to add a second transmitter but does 
not want to buy a whole 'nother system. 
F. B. , of Fresno, CA asks if we can provide 
an easy -to -build infrared transmitter. Sure 
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can, F.B.! Look at Fig. 10. This one is 
built around an ordinary flashlight, too. 
All you have to do is add an infrared filter 
over the lens, such as a Kodak 87C or 
88A, which you can get at almost any 
large photographic suppliers. 

In our circuit, UI, an NE555V timer, is 
connected in the astable mode and oscil- 
lates at about 455Hz. The actual frequen- 
cy of modulation isn't critical. The output 
of the 555 drives the flashlight bulb. It's 
best to remove the bulb, lens and reflector 
assembly from the flashlight and build 
your own housing for these components. 

Miniature Power Amp 
A.B. , of Oswego, NY asks about a 

small power amplifier, and we think this 
one (Fig. 11) might just turn the trick. It 
uses a single DIP IC, a ULN2283B. Po- 
tentiometer RI biases the input to the IC 
and also serves as a volume control. CI 
offers DC blocking at the input, and C3 
serves as output blocking capacitor. C2 
decouples the supply to the preamp, and 

R1 

1K 

R2 

10K 

C4 is the power supply decoupler. 
Voltage gain is about 140 times, and a 

smidge under 20 mV rms. Maximum out- 
put power is about 100 mW with an 80- 
ohm speaker and can rise to 600 mW with 
an 8 -ohm speaker. 

Fuzz Sound 
Maybe I'm getting old, but 1 can't un- 

derstand why anybody would want to 
deliberately distort a musical instrument 
amplifier! However, M.K., of Mercer - 
ville, OH, wants a fuzz unit for his electric 



R1 

100K; 

guitar. Check Fig. 12, M.K. QI, a 2NI09, 
is a common emitter /preamp that in- 
creases the input to drive the Schmitt trig- 
ger. C3 rolls off the highs and prevents 
instability. 

The Schmitt trigger is based on an op- 
amp IC, an LF35I. R6 and R7 bias the 
inverting input of UI to almost half the 
<upply voltage, and R4 is set to bias the 
input to the same level. The output of QI is 
coupled to the wiper of R4 through C4 
and the signal from QI modulates this 
voltage at the input frequency. R8 intro- 
duces positive feedback between the out- 
put and input of UI, giving a triggering 
action so the output switches cleanly from 
one state to the other without instability 
under quiet conditions. 

When you build this unit, make switch 
SI a foot pedal switch. 

Transistor Amplifier 
H.R., of Spokane, WA, asks about a 

small amplifier that can convert a tran- 
sistor radio from earphone to loudspeaker 
operation. The schematic diagram in Fig. 
13 describes an amplifier with more than 
sufficient drive. The amplifier boasts 0.6 
volts input sensitivity, and the output tran- 
sistors should be matched and have a high 
current gain. Harmonic distortion is in the 
neighborhood of 0.3% for I kilohertz, and 
that's a pretty-nice neighborhood. After 
you build this unit, connect the inputs to a 
suitable plug so it can connect easily to 
your transistor radio, and control the vol- 
ume with the radio's volume control. 
think you'll like this one! 

Guitar Preamp 
"If you've got magnetic pickups on 

your guitar, how can you connect to the 
high -impedance input of an amplifier ?" 
That's the question from J.C. of Topeka, 
KS, who goes on to explain that "We've 
just organized our group and since we 
haven't made a lot of money yet, we're 
using a simple hi -fi amplifier. 

1.C., lots of big names had to start 
small. The schematic diagram (Fig. 14) 
we provide should be easy to put together. 
Here's how it works: The signal voltage is 
fed through the volume voltage divider 
and is applied to the non -inverting input 
of U I . A frequency -dependent r/c network 
permits feedback from the output to the 
inverted input of the IC. The potentiome- 
ter lets you control the "flavor." 

Switch SI helps eliminate noise. And if 
you put another switch in the power line, 
it can be used by your family to reduce 
noise even further! 

I guess we've simply run out of space 
once again. So until we get a paper 
stretcher or next month's issue (whichever 
comes first) do stay in touch. Send your 
schematic diagram requests to Wels, 
Hands -On Electronics, 500 -B Bi -Coun- 
ty Blvd., Farmingdale, NY 11735. 
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SOLAR POWERED HOUSE NUMBER 
(Continued from page 56) 

panel is installed with the correct polarity. if the lead -acid 
cells are heavily discharged, it may be advantageous to leave 
them charging for a few days before connecting them to the 
rest of the circuit. Otherwise, the circuit is ready for perma- 
nent installation. 

Installation 

The solar -cell array should be mounted on the roof of your 
house and tilted towards true north to ensure maximum solar 
illumination. Make sure that you choose a spot that will not 
be shaded by trees or other objects at any time during the day. 
If the solar cells are shaded, their output will be drastically 
reduced and the panel may not recharge the batteries. 

Note that the optimum angle of inclination of the cells 
varies according to the latitude of your town or city. That 
needn't be exact, as a few degrees either way won't make all 

TABLE 2- OPTIMUM INCLINATION 
FOR SOLAR -CELL ARRAY 

San Francisco, CA ... 42° 
Los Angeles, CA 38° 
Dallas, TX 37° 
Chicago, IL 47° 
New York, NY 45° 
Washington DC 43° 
Miami, FL 30° 
New Orleans, LA 34° 
Tacoma, WA 51° 
Montreal, Canada 50° 
Quebec, Canada 51° 
Vancouver, Canada 53° 

that much difference. Table 2 lists the optimum angle of 
inclination for various U.S and Canadian cities. 

Perhaps the best way of mounting the solar -cell panel is to 
attach it to the top of the TV antenna mast. The leads can then 
be run down the mast, adjacent to the antenna lead -in, and 
routed to the control unit. 

ALARM -TRIGGERED PHOTOS 
(Continued from page 102) 

Connect the other wire from the jack to the solder point that is 
common to all of the switches. To make sure you have the 
correct points, insert a film pack (the film contains the bat- 
teries), and momentarily short the wires that you installed. If 
you have located the correct points the motor will run and the 
camera will take a picture. 

After installing, wiring and testing the jack, replace the 
white plastic cover by pressing it into place. 

Figure I is the circuit used for triggering the camera from a 

remote location. The circuit can be assembled on perfboard 
and mounted in a small aluminum box along with its 9 -volt 
battery. which will last a long time because transistor Ql 
remains off until the magnetic switch connected to J I closes. 
When that happens. the 9 volts is connected through RI to 
Q1's base. QI turns on, thereby charging C2 through relay 
K1, which causes KI's contacts to close. Since the contacts 
connect via J2 to the remote control jack which you installed 
in the camera -which in turn connects to the camera's shutter 
release -the closure of KI's contacts will cause the camera's 
shutter to trigger. 

After C2 charges, KI opens because current through it's 

coil ceases: The camera won't take another picture. If QI 
turns off because the magnetic switch on the window or gate 
opens, C2 discharges and the circuit is ready for another 
cycle. But as long as QI remains on. C2 stays charged and 
prevents KI from triggering more photos. 

Capacitor CI by- passes spurious magnetic switch noises 
from physical phenomena such as a rattling window or a gate 
shaking in the wind, and reduces the likelihood of an un- 
wanted picture. Resistor R2 biases Ql and dampens KI /C2 
oscillations which might cause contact bounce. Diode Dl 
prevents C2 from discharging through K I: the relay coil isn't 
polarity conscious and C2 discharging through it would trig- 
ger an unwanted picture. 

You can make a hand -held remote control by gluing a 

pushbutton switch into a short length of 3/8 -inch diameter 
plastic pipe. Run the two -conductor wire through the pipe so 
that the pipe acts as a handle for the switch. Connect a 

miniature plug to the wire. When you insert the plug into the 
camera the remote control switch will close the circuit that 
initiates the picture. 

To use the remote control, set the camera on a table or other 
convenient surface, sight through the view finder, then join 
the group. 

SAXON ON SCANNERS 
(Continued from page /09) 

handset portion of the two -part unit oper- 
ates on a 49 -MHz frequency, and the base 
(pedestal) portion operates on a 46 -MHz 
channel. That holds true for GE and all 
other brands. In most instances, you can 
hear both sides of conversations only if 
you monitor the 46 -MHz channel used by 
the base unit. 

While most cordless telephones are ad- 
vertised as having a 1200 -ft. range. in 
actual fact, a scanner with a well -placed 
outdoor antenna can often pick up 46- 
MHz cordless, telephone calls from a 

mile (or more) away. Most users of cord- 
less telephones seem blissfully unaware 
that their conversations are an open book 
(actually, more of an open line), and can 

be easily overheard by anybody in the 
neighborhood with a scanner! 

Lots of folks program all ten 46 -MHz 
channels into their scanner, put up a 6- 
meter band, (50 MHz) ham antenna. and 
have a grand o!' time listening to the most 
intimate and personal details of the lives 
of their neighbors. 

Of course, that is a rather tacky form of 
entertainment and we would certainly be 
shocked to think that any of our readers 
would be so downright sneaky and nosy. 
However, Jeff, if you just want to see 
which frequency pair your own unit uses. 
there's no harm at passing along the fre- 
quencies that you can check out. They are: 
46.61/49.67; 46.63/49.845; 46.67/49.86: 
46.71/49.77; 46.73/49.875; 46.77/49.83: 
46.83/49.89; 46.87 /49.93; 46.93/49.99; 
46.97/49.97 MHz. 

No fair being a snoop. Jeff. Just listen to 
your own station's frequency! Right? 

High -Flying Scanner. 
Reader William Farnsworth (of New 

Haven, CT) asks how to scan the frequen- 
cies used for two -way communications 
during simulated combat by military air- 
craft. In your area, Bill, the NORAD 
ground station uses the tactical identifica- 
tion of Huntress. The aircraft have been 
monitored on 228.7, 233.6. 238.7, 
273.4, 278.4. 292.8, 318.4, 338.1 and 
364.2 MHz. Those frequencies may well 
be in use nationwide; however, you'll have 
to have a scanner that covers the 225- to 
400 -MHz UHF. military acro -band to 
monitor the frequencies. 

(Continued on page 121) 



CoPIASTER THE NEW ELECTRONICS WITH McGRAW- HILL'S 

Bectimnics Series 
The fast, easy and low cost way to 

meet the challenges of today's 
electronic inno. ations. A unique 

learning series that's as innovative as 
the circuitry it explains, as 

fascinating as the experiments you 
build and explore. 

From digital logic to the latest 
32 -bit microprocessor, the McGraw - 
Hill Contemporary Electronics Series 
puts you into the electronic picture 
one easy step at a time. Fifteen 
unique Concept Modules, sent to you 
one every 4 -6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It's a 
fast, efficient, and lively learning 
experience... a non -traditional 
approach to the most modern of 
subject matter. 

Unique Interactive Instruction 
With each module, you receive 

a McGraw -Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 

With your first 
module, you 
get this 
solderless 
breadboarding 
system. You'll 
use it through- 
out the series to 
build elec- 
tronic circuits 
and bring 
concepts 
to life. 

Or- 

experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 

Perform 
Experiments 

in Contemporary Electronics 
Throughout your series, lab- 

oratory experiments reinforce every 
significant point. This 
essential experience 
...dynamic, hands -on 

demonstrations of 
theory in practice.. . 

will help you master 
principles that apply all n, CIF 

the way up to tomorrow's '! Q 
latest VLSI (Very Large 
Scale Integrated) circuitry. 

In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 

For Anyone Interested in Electronics 
The Contemporary Electronics 

Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest...if you're a teacher who 

wants 
an update in con- 

temporary circuits...a 
manager or supervisor in an electronics 
plant...a doctor, an engineer, a chemist 
who fmds electronics playing an 
increasingly important role in your 
work. It's even for electronics engineers 
or technicians who feel their training 
needs freshening up. It's the quickest, 

most convenient, . probably least 
expensive way to 

214,1! do it. And the 
only one that gives 
you hands -on 
experience. 

15 -Day No -Risk Trial 
To order your first module with- 

out risk, send the postage -paid card 
today. Examine it for 15 days under 
the terms of the order form and see 
how the Contemporary Electronics 
Series gets you into today's electronics. 
If card has been used, write us for 
ordering information. 

F, 
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Education Center 
3939 Wisconsin Ave. 

II 1 I Washington, D.C. 20016 
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SELECTING AND USING MULTIMETERS 
(Continued from page 47) 

PROBE TIP 

(Look familiar? What you see here is one application of the 
theory outlined for Fig. 4.) Since the R, resistance is nine 
times that of RM, the meter reads only I/10 of the actual 
applied voltage. Thus, a 30,000 -volt potential will be dis- 
played as 300 volts on the meter. 

Meters in RF Circuits 
Very few multimeters are designed to operate in RF cir- 

cuits. So what do we do when it's necessary to measure DC 
voltages in the presence of large RF voltages, or we want a 
relative indication of the value of RF voltage present? The 
obvious answer is to build probes that serve both functions. 
The RF blocking probe shown in Fig. 6 is designed to 
measure DC voltages in circuits where RF is likely to be 
found; radio transmitters, for example. 

The Fig. 6 circuit is little more than a low -pass filter, 
consisting of a 2.5 -mH RF choke (LI) and a 0.01 -p.F capaci- 
tor, capable of (in most cases) blocking enough RF to permit 
a reliable reading. If there is still some problem, try two or 
three sections of the RF-choke/capacitor circuit to provide 
additional attenuation. On the other hand, that circuit also 
presents a few problems: the RF- choke /capacitor combina- 
tion can interact with any LC elements in the circuit; and may, 
therefore, distort the readings. 

It is also possible to damage certain circuits by detuning 
them-try detuning a plate tank circuit while the circuit is 
live, for example. Another problem is that RF chokes have a 
resonant frequency, which is a result of the inductance and 
inter -winding capacitance of the choke. When using the 
probe at the natural resonant frequency, the probe will act like 
a resonant circuit and could possibly self destruct. 

RF voltmeter probes (which are also called demodulator 
probes because of their demodulating affect on AM signals) 
are shown in Fig. 7. If the low- impedance probe of a signal 
tracer (which is little more than an audio amplifier) is re- 
placed with one of the circuits of Fig. 7, we will be able to 
troubleshoot AM- receiver RF and IF circuits. 

With the diodes (either IN60 or ECG -109) shown in Fig. 
7A and Fig. 7B, we can measure RF potentials up to about 
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Fig. 6 -Few multimeters are designed to operate in RF 
circuits. But, with the aid of a low -pass filter, like 
this one, a reliable reading can be made. 
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Fig. 7 -RF voltmeter probes (or demodulator probes), 
such those illustrated in A and B. can be coupled with 
a signal tracer to allow for troubleshooting consumers 
AM- receiver RF IF circuits. 

50- or 60 -volts peak. For greater potentials use two or more 
diodes in series. Although largely displaced by silicon units, 
there are still many IN60 diodes used in TV video- detector 
circuits, so that unit or a replacement part, like the ECG -I09, 
can still be found. 

CD COMPRESSOR 
(Continued from page 72) 

point; we used a pair of duplex phono sockets because they 
are supplied pre- mounted on a strip of insulation. 

When the assembly is complete, check all your work 
thoroughly against the wiring diagram. With your multimeter 
switched to a low -ohms range, make sure that the ground pin 
of the power plug is connected to the chassis, and that both 
the active and neutral wires of the power cord are isolated 
from the rest of the circuit and the chassis. 

If everything checks out, connect your CD player to the 
inputs of the compressor and your cassette deck to the com- 
pressor's output. If bypass switch SI is set for bypass (out), 
the player -to- cassette recorder setup should work irrespective 
of whether the compressor is turned on or not. 

Next, apply power to the compressor and set S1 to in. If the 
compressor is working satisfactorally, the loud passages 
should be reduced in volume compared to how they sound 
when the bypass function is selected. 

There's plenty of room inside the cabinet we recommend so 
there's no need to crowd the printed- circuit board. However. 
keep T1 towards the rear apron. away from the board. The 
terminal block on the rear of the chassis is the linecord tie points. 



THE HAM SHACK 
(Continued from page 1')6) 

nants as most other hams afflicted with a 

local homeowner's association -he 
couldn't install any outdoor antennas. un- 
less it was a partially submerged satellite 
dish disguised as a picnic table (as was the 
case near Washington, DC last year). How 
could he put a 66 -foot 40 -meter dipole in a 

33 -foot townhouse attic'' 
Well. there are a couple of solutions to 

that problem. First. he could cut the an- 
tenna for 66 feet. and bend the arms to 
conform with the roof line. The pattern 
and feedpoint impedance will he all mes- 
sed up. but he would be on the air. He 
would probably have to diddle with the 
length to make the antenna resonant. but 
that's easy enough. Contrary to popular 
belief, non -resonance is not fatal to all 
antennas. 

The second option is to use a shortened 
dipole. as shown in Fig. 1. The shortened 
dipole is a regular dipole with an inductor 
in each element (LI and L21. A dipole 
that's shorter than its operating frequency 
exhibits a certain capacitance to the trans- 
mission line. The inductors (in Fig. I) are 
used to cancel the capacitance, and there- 
by make the transmission line think that 
the antenna is resonant. 

The inductance of the coil required for a 

particular case is calculated from the reac- 
tances shown in Tables I and 2. Table I 

assumes that the coils are connected at the 
feedpoint, making dimension -'B" in Fig. 
I equal to zero. The Table II assumes that 
the coils are halfway between the feed - 
point and the end of the element: For this 
case, each element is one -half the overall 
length. 

Dimension "A" will he a certain per- 

TABLE 1 

COIL REACTANCE 
FOR CENTER LOADING 

B = 0 Percent 

A(%) XL 

10 2800 

20 1400 

30 900 

40 700 

50 500 

60 375 

70 260 

80 160 

90 78 

95 37 

These are the reactance values for an 
antenna with the loading coils located 
in the center of each individual element. 

centage of full size. Table 1 shows the 
equivalent reactance values (X1) for spe- 
cific percentages of full size ( IO through 
95 percent). For example, my friend want- 
ed to make his 40 -meter antenna 50'% of 
full size. According to the usual for - 
mula-L(ft.) = 468 /F(MHz) -the 
length at 7.15 MHz is 65.45 feet. so half 
size ("A" = 50% of full size) would be 
65.45/2, or 32.73 feet (32' 9"). For a 50- 
percent antenna. we need a coil with a 

reactance at 7.15 MHz of 950 ohms (see 
Table I1) if the coils are placed at the half- 
way point in each element. 

Next, we calculate the inductance of a 

950 -ohm coil at 7.15 MHz. The formula is 
L = X1./(6.28 * F), where X1 is in ohms, 
F is in hertz and L is in henrys. Keep in 
mind that some unit conversion is needed: 

TABLE 2 

COIL REACTANCE 
FOR FEEDPOINT LOADING 

B = 50 Percent 

A( %) XL 

10 4800 

20 2700 

30 1750 

40 1300 

50 950 

60 700 

70 500 

80 320 

90 155 

95 80 

The loading coil reactance depends on 
the overall length of the antenna corn- 
pared to that of a full -size dipole. 
This chart is for an antenna with the 
loading coils located at the antenna's 
feedpoint (which is at the center). 

when working the problem convert 7.15 
MHz to 7,150,000 Hz: when finished con- 
vert 0.00(8)21 henrys to 21 microhenrys. 

From there you can either construct or 
buy a coil. For the example case, my 
friend built a half -size antenna that was 
32.73 feet long. in which "C" was 16.37 
feet long. and the coils were placed 8.2 
feet from the feedpoint. if you don't want 
to go to a lot of bother, then check with 
any ham radio shop. On the same display 
where they sell dipole kits and parts. they 
usually carry a shortened dipole kit that 
includes pre-cut coils. Also, Barker & 
Williamson sells coil kits for 80/75 and 
40 -meter applications. 

42 PROJECTS 
COMPLETE PARTS LISTS 
ONE -EVENING PROJECTS 

EASY TO BUILD 

NEW IDEAS is packed with 42 practical cir- 
cuits for the Electronics Experimenter and Proj- 
ect Builder. In addition to the headlight alarm, 
the voltage freezer, and the remote telephone 
ringer, you get complete plans for a simple Tesla 
coil project that can generate 25,000 -volts AC 
and draw one -inch sparks. Other interesting 
projects are: a sound -effects generator, a crys- 
tal tester, a stereo remote control, and much, 
much more! Each project was selected for its 
low cost of parts! 

WANT TO EXPAND your knowledge of elec- 
tronics? Build gadgets that only you can have on 
your block? Acquire a library of projects? NEW 
IDEAS is the gold mine of circuits you should 
own and read. You could start the first night 
building a project that will have others praising 
what it can do and admiring you for building it. 

THERE ARE PROJECTS for everyone -au- 
tomotive, household, test equipment, audio and 
hi -fi, and projects just for fun. 

NEW IDEAS -Circuits for Experimenters and Project 
Builders! 
Li Please send one copy of NEW IDEAS at $3.50. First Class postage and handling $1.00 (U.S. and 
Canada only). All other countries: $2.00 for sea mail, $3.00 for air mail. 

Please send copies of New Ideas. Total cost is sum of copy price and First Class postage 
and handling cost multiplied by number of issues ordered. 

Please print Allow 6 -8 weeks for the material to arnve. 
Detach and mail today: 
HANDS -ON ELECTRONICS 
Reprint Department 
500 -B BI- County Boulevard 
Farmingdale, NY 11735 

All Payment must be in U.S. 
Funds! 

(Name) 

(Street Address) 

(City) (State) (Zip) H187, 
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Electronics Paperback Books 

D PI73- COMPUTER 
MUSIC PROJECTS ... . 

$6 95. Snows how to use 
your fame Computer to 
produce electronic music 
Many circuits Mostly tar 
cY n nee 

[GREAT PAPERBACKS AT SPECIAL PRICES 

BP170 -AN INTRO- 
DUCTION TO 
COMPUTER PERI- 
PHERALS ..... $5.95. 
Describes and explain. 
how lo use a varrely of 
dderent computer equip 
ment in as nontechnical 
a way as possrnle 

1249T -103 P ROJ- 
ECTS FOR 
ELECTRONICS EX- 
PERIMENTERS from 
TAB books ..... $11.50. 
by Forrest M Mims More 
tiran 100 propos you r II 

to bued 

Linar IC 
Enulval.nts 
and Pin 
C.nn.cU.ns 

1114 
BP141- LINEAR IC 

EQUIVALENTS AND 
PIN CONNECTIONS ..... 
$12.50 247 pages 7 

O in shows whirrs 6 pen 
connections for popular 
user oriented ICs 

B P140- DIGITAL IC 
EQUIVALENTS AND 
PIN CONNECTIONS ..... 
512.50 312 pages 7 

10 in shows °gurus Il pro 
Conoectrons for popular 
user oreenied Cs 

SPIV-REFER- 
ENCE GUIDE TO 
AMSTRAD WORD PRO- 
CESSING .._. $14.95. 
Everything you need to 
know about using these 

nines 

BP146 -THE PRE - 
BASIC BOOK ..... $6.95. 
A nook on the BASIC 
programming for hase 
who have not yet bought 
a computer as well as 
those who nave trouble 
Naming now to program 

BP106- INTERNA- 
TIONAL DIODE 
EQUIVALENTS GUIDE 

... $5.75. Full niter 
changeaaaly data and 
characteristics for dades 

ludirg Mahers LEDs 
Pracs. Tows and more 

COMMODORE a. Tnemerain 

DA MA xi. 

a6s..ati 
1111" 1011111 I I. 

BP135- SECRETS BP143 -INTRO TO BP146 -COMPUTER 
OF THE COMMODORE PROGRAMMING THE TECHNOLOGY EX- 
64..... $100. Masses of ATARI 600600 XL ..... PLAINED..... $5.00. 
useful one and program 55.00. Pedecl compte- Explanations for comput 
meg Irps not bound en ment to the Atan users er terms Olten 
any users manual manual Even shows 170w encountered A dictionary 

to use animated graphics for computer lingo 

BP131 -MICRO IN- 
TERFACING 
CIRCUITS -BOOK 2 . 

$5.75. Intertacrrg sound 
and speech generalors 
temperature and Optoal 
sensors. motor Conant 
lers and more 

New" *le 
ee.l..ta 

BPI30 -MI :RO IN- 
TERFACING 
CIRCUITS -BOOK 1 ..... 
$5.75. Practical add -mns 

nsbrm pur computer 
en p o control 

I equipment 

BP29 -50 FET BP127 -HOW TO DE- 
PROJECTS ..... $5.50. SIGN ELECTRONIC 
Protects included ampli PROJECTS ..... $5.75. 
tiers 6 conveners. test How to use standard err 
equipment receiver arts curt elements to make 
tuners recervers and ustom electronic pral- 
more DOS 

BP104 -ELEC- BP92- CRYSTAL 
IRONIC SCIENCE SET CONSTRUCTION 
PROJECTS ..... $5.75. ... $5.00. A varety of 
Semple to complex a crystal rado receivers for 
group of ptonects wren a toe experimenter and 
strongly screntarc flay, hobhyrst 

an .ancien. 
Repera...m 
a lee zeal 

BP12$-20 PRO- 
GRAMS FOR THE 2$ 
SPECTRUM A 16K ZX61 

... $5.75. All programs 
run on both machines 
Include Illy chaos and 
into do how to modify to 
run on other computers 

B P51- ELECTRONIC 
MUSIC AND CREATIVE 
TAPE RECORDING ..... 
$5.50. Shows how you 
can make electronic mu 
su at home with semple 
and inexpensive @Ouro 

s..M ama N 
COMNIC 
Pel..4s 

BP106- MODERN 
OP -AMP PROJECTS ..... 
$100. Includes a Slide 
Timer AF Signal Gen 
Mike Pre amp Sera. 
Filter and much more 

Mop .iwr.sv.r. ws 

BP152 -INTRO TO 
2-60 MACHINE COOK 
....$5.95. Speed up your 
programs They may be 
harder to write but its 
wedn learning law 
Some demo programs 
are enciuded 

BP105- ANTENNA 
PROJECTS ..... $5.00. 
Pnactrcal redro antenna 
desgns that deliver good 
performance and are rel- 
atrvery simple and 
enexpeusrve 10 buia 

WHITES -WHITE'S 
RADIO LOG .... $4.95 
An up Io date directory of 
AM FM and TV stations 
including a section on 
worldwide shortwave sla 
tans 

Quality Paperbacks 
Slew ea 
lerlIpi sod Nola 
Vow llxwPQ sa 

Meeonix 

Doreen. 

BP110 -HOW TO 
GET YOUR ELEC- 
TRONIC PROJECTS 
WORKING ... $5 00. 
lbw to end the raults en 

your prpecrs repair them 
and get them working 

aMCUO.aa 
wroen.a - 

CG.i U.x . Mvre 

BPI 2I-DESIGN A 
MAKE YOUR OWN PC 
BOARDS ..... $5.75. Ev 
erylhrrg you need to 
know belle you make 
pnntedcucurl boards lot 
your pgects 

TrM.Mr A as 

e?. r rr 

I a su.yl. 
AeWv awed 

CONFID-CON- BP91- INTRODUC- 
FIDENTIAL TION TO RADIO DXING 
FREQUENCY LIST. 9111 $100. How to op 
s0ebn ..... $15.95. temrze the reception of 
Latest info on unusual distant short wave brown 
and exotic shortwave ast and amateur 
broadcast stations stations 

B11134-EASY ADD - 
BP12S -2S SIMPLE ON PROJECTS FOR 

AMATEUR BAND AN COMMODORE 64. 
TENNAS ..... $5.00. All VIC -20. BBC MICRO 6 
kends of antennas toa all ACORN ELECTRON . 

kinds of amateur redo $6.91 Picture digitizer 
n cepton kph, pen model control 

Ar and more 

s 

B P56 -ELEC- 
TRONIC SECURITY 
DEVICES..... $5.00. 
Three base sections 
Swech activated alarms 
neared 6 ultrasonic sys- 

tems smoke gas. water 
detectan 

BP6S- INTERNA- 
TIONAL TRANSISTOR 
EQUIVALENTS ..... 
$7.50. Locates posseae 
substitutes tot a poplar 
user rented selection of 

n transistors 
nese European and 
American types 

Affordable Prices 
Elapirme Timer 

Man 

BP59- SECOND 
BOOK FOR CMOS IC 
PROJECTS ..... $5.00. 
Mullwebrators amplifiers 
triggers Si gates species 
deuces including mar a 

empl eon timer se 
electronic organ and 

BP185 -ELEC- none 
TRONIC SYNTHESISER 
CONSTRUCTION ..... 
$5.95. Shows how to 
hued a nanophOno sp- 
Newer section Dy 
section Replaces BP6t 

13P182-MIDI PROJ- 
ECTS ..... 56.95. Details 
d how to enlerlate many 
popular home computers 
rntn MIDI music systems 

ttw.r.IC 
hol.ra. 

BP65- SINGLE .0 
PROJECTS $4.95. 
A ;,r acts in this book 
are based On one IC and 
are simile to construct 
Great way to get started 
with If s 

b ... M.rm« 

BP49 -- POPULAR 
ELECTRONIC PROJ- 
ECTS $550.A 

IleCton 01a wide range 
of electronic proprets and 
circuits for ine expen- 
mentet 

CHECK OFF 

THE BOOKS YOU WANT 

BP117- PRACTICAL 
ELECTRONIC BUILD- 
ING BLOCKS. Book I 
.... $5.75. Burl] the 
docks and then combine 
them to form almost any 
custom planed ot your 
Choice 

BP77- MICRO- 
PROCESSING 
SYSTEMS AND CIR- 
CUITS ..... $5.95. Guide 
to the elements of micro 
process systems 

all all the funds 
mantels 
ewer 
(Mkt.. Wet. 
C.awra k ee.M.y 
gamut 

BP116 PRACTICA 
ELECTRONIC BUILD- 
ING BLOCKS. Book 2 
....$5.75. Amplifiers for 

all kends to add to the 
orcmts torn Book 1 01 

Mrs series 
BPI69 -HOW TO 

GET YOUR COMPUTER 
PROGRAMS RUNNING 
.... $5.95. Have you ever 

wrten your own pro 
gams only to find that 
they do not work, This 
book shows you now to 
End errors 

r 
B P97 -IC PROD- BPOO- POPULAR 

ECTS FOR BEGINNERS ELECTRONIC CIR- 
CUITS. Book 1 .....$5.00 

peceally for the less More circuits for hot. 
experienced expec- byrsts Audio rada lest 
manier Complete parts household and 
layouts and wiring di- more 
agrams 

BP96- POPULAR 
B P161 -INTO THE ELECTRONIC CIR- 

OL ARCHIVE ..... $5.95. CUITS. Book 2 
Presents the pawedui $5.75. More useful co 
database for the Sinclair curls None 01 these 
OL Step- byslep at' pr Is duploate those 
poach includes practoal re BOOS 1 0l Inns series 
examples 

IL 

ELECTRONIC TECHNOLOGY TODAY INC. SHIPPING CHARGES IN 
USA F. CANADA 

$0.01 to $5.00... $1.00 
$5.01 to $10.00.. $1 75 

Name $10.01 to 20.00... $2.75 

Address $20.01 to 30.00... $3.75 
$30.01 to 40.00.. $4.75 

City _State Zip $40.01 to 50 00 $5 75 

$50 01 and above $7 00 

P0. Box 240, Massapequa Park, NY 11762 -0240 

H187 

OUTSIDE USA & CANADA Number of books ordered 
Multiply Shipping by 2 for sea mall 
Multiply Shipping by 4 for air mail 

Total price of merchandise S 

Sales Tax (New York State Residents only) $ 

Shipping (see chart) $ 

All payments must 
be in U.S. funds 

Total Enclosed $ 



IIL 

THE MAGAZINE FOH THE ELECTRONICS ACTV 
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Speakers 
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FUNCTION GEN 
from our complete plans! 

Mut' Now Products, Projects, Tb 
Hobby Mows, and much, m 

AO' 

IF YOU'RE THE KIND OF READER that 
doesn't want to wait, you can order your next 
copy of Hands -on Electronics now. Hands -on 
Electronics is crammed full of electronic proj- 
ects that you won't be able to wait to build for 
yourself. You can expect top -notch digital proj- 
ects, fun -to -play electronic games, valuable 
add -on computer projects, BCB and shortwave 
receivers, photographicidarkroom gadgets, de- 
vices to improve your car's performance, test 
equipment ideas. and more in every issue of 
Hands -on Electronics. 

Now 

*Pa 
SAIV-Cst Month! EVerY 

YOU CAN HAVE THE NEXT TWELVE IS- 

SUES of Hands -on Electronics delivered to 

your home for only $28.00. You even SAVE 
$2.00 off the single copy price. INCREASE 
YOUR SAVINGS by ordering twenty -four issues 
for only $56.00 -a $4.00 SAVINGS off the sin- 
gle copy price. 

EVERY ISSUE OF Hands -on Electronics 
will continue to contain a variety of construction 
articles to suit every taste. In addition, feature 
articles on electronics fundamentals, test equip- 
ment and tools will round out each issue. Of 
course, Hands -on Electronics will continue to 
provide new product and literature listings to 
keep you up to date on the latest developments 
in electronic technology. 

GET IN ON THE ACTION! Order your next 
issue of Hands -on Electronics today. Use the 
convenient order coupon below. Be sure to send 
check or money order -no cash! 

Hands -on Electronics SUBSCRIPTION 
I want to be sure I don't miss any issues. Send me the next twelve issues of Hands -on Electronics 

for $28.00 -a $2.00 SAVINGS off the single copy price. 

I 1 I want to SAVE EVEN MORE and be sure not to miss any issues. Send me the next twenty -four 
issues of Hands -on Electronics for $56.00 -a $4.00 SAVNGS off the single copy price. 

L 1 Payment Enclosed Please charge my 
] Visa f ] Mastercard Signature 

Acct. #_ _ _ Exp. Date I- 1 Bill Me Later 

Allow 6 -8 weeks for the first issue to arrive. Offer valid in U.S. Funds Only. 

Canada -Add $5.00 per year. All other countries -Add $7.50 per year. 

Please print' 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today 
to: 
HANDS -ON 
ELECTRONICS 
SUBSCRIPTION DEPT. 
P.O. BOX 338 
MOUNT MORRIS, IL 
61054 

AHOA7 
Ill 
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HANDS -ON MARKETPLACE 
SATELLITE TV 

EXPERIMENTER'S TVRO $19.95. Send SASE for 
information to TVRO. 15460 Union Avenue. San 
Jose, CA 95124. 

FOR SALE 
WORLD'S best channel 3 notch filter. $19.95, (deal- 
er inquiries invited). CROSLEY (F), Box 840. 
Champlain, NY 12919. 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Hands -on- Electronics Classified Ads, 500 -B Bi- County Boulevard, Farmingdale, N.Y. 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings, there is a surcharge of $10.00. 
( ) Plans; Kits ( ) Business Opportunities ( ) For Sale 
( ) Education /Instruction ( ) Wanted ( ) Satellite Television 
( ) 

Special Category: $10.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 ($18.75) 

16 ($20.00) 17 ($21.25) 18 ($22.50) 19 ($23.75) 20 ($25.00) 

21 ($26.25) 22 ($27.50) 23 ($28.75) 24 ($30.00) 25 ($31.25) 

26 ($32.50) 27 ($33.75) 28 ($35.00) 29 ($36.25) 30 ($37.50) 

31 ($38.75) 32 ($44.00) 33 ($41.25) 34 ($42.50) 35 ($43.75) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

PRINT NAME SIGNATURE 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
$1.40 per word prepaid (no charge for ZIP code)...MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues within one year; 10% discount for 12 issues within one year if prepaid. NON -COMMERCIAL RATE: 
(for individuals who want to buy or sell a personal item) $1.15 per word. prepaid.... no minimum. ONLY FIRST 
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 25c 
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT 
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD 
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: $1.85 per word 
prepaid. All other items same as for STANDARD COMMERCIAL RATE TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED 
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" 2' -- 
$160.00: 2" 2' . +- -$320.00: 3' 2' .+ "- $480.00. General Information: Frequency rates and prepayment 
discounts are available ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS 
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER 
WITH PERMANENT ADDRESS AND PHONE NUMBER. Hands -on Electronics is published monthly. 
therefore copy to be in our hands for Jan. 87, 10 15: Feb. 87; 11/15. 

CABLE -TV converters and equipment. Plans and 
parts. Build or buy. Free information. C & D ELEC- 
TRONICS, P.O. Box 1402, Dept. HO, Hope, AR 
71801. 

35 -70 %savings -Bargain catalog for 39 cent 
stamp. APEX ELECTRONICS MOD. 8909 San Fer- 
nando, Sun Valley, CA 91352. 

PICTURE flyer lists quality surplus electronics at 
low prices. Since 1970. Send for last 3 issues. 
STAR -TRONICS, Box 683, McMinnville, OR 97128. 

LASERS: Surplus parts, and units, "the source for 
laser surplus!" Flee catalog. MEREDITH INSTRU- 
MENTS. P.O. Box 1724, Glendale. AZ 85311. 

PLANS /KITS 
BUILD this five -digit panel meter and square wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. BAG - 
NALL ELECTRONICS, 179 May, Fairfiel, CT 
06430. 

ELECTRONIC target, for BB guns. sounds buzzer 
when struck, plans 6 dollars. BROWN'S, 119 Sky- 
line Dr., R.H., Granbury, TX 76048. 

REMOVE vocals from records! Detailed theory and 
schematics, $7.95. RODALE ELECTRONICS, 
1035A Jefferson, Indianapolis, IN 46201. 

CRYSTAL radio sets, plans, parts, kits. Catalog 
$1.00. MIDCO, 660 North Dixie Highway, Hol- 
lywood, FL 33020. 

JERROLD gated pulse theory. Tweleve information 
packed pages covering DI & DIC converter opera- 
tion. Includes introduction to trimode system. $6.95 
plus $1.50 postage and handling. ELEPHANT 
ELECTRONICS INC., Box 41865 -H, Phoenix, AZ 
85080. (602) 581 -1973. 

STRANGE stuff. Plans, kits, items. Build satellite 
dish $69. Descramblers, bugs, adult toys. Informa- 
tional photo package $3.00, refundable. DIRIJO 
CORPORATION, Box 212 -H, Lowell, NC 28098. 

DESCRAMBLE the latest video cassette copy pro- 
tection scheme. Our simple Line Zapper circuit 
takes the jitter out of your picture. Complete plans 
and theory only $9.95 plus $1.50 postage and han- 
dling. ELEPHANT ELECTRONICS INC. , Box 
41865 -H, Phoenix, AZ 85080. (602) 581 -1973. 

PROJECTION TV...Convert your TV to project 7 
foot picture...Results comparable to $2,500 proj- 
ectors...Total cost les than $30.00... Plans and 8" 
lens $21 95... Illustrated information free. MAC - 
ROCOMA-HE, Washington Crossing, PA 18977. 
Creditcard orders 24 hours, (215) 736 -3979. 

DO-IT-YOURSELF TV REPAIR 

NEW...Repair any TV...easy Retired serviceman 
reveals secrets. Write, RESEARCH, Rt. 3, Box 
601BH, Colville, WA 99114. 

CABLE EQUIPMENT 

CABLE -TV Secrets -The outlaw publication the 
cable companies tried to ban. HBO. Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
pliers list included. $8.95. CABLE FACTS, Box 711 - 
H Pataskala, OH 43062. 

JERROLD equipment including new Jerrold Tri- 
Mode and DRZIN systems, Hamlin, SB -3, N -12 
Mini -Code, Zenith, Z -TAC and more. All products 
enable you to pick up most stations. Best prices 
around! For information, send $1.00. plus S.A.S.E. 
or call (312) 434 -6788. SWENSENS ELEC- 
TRONICS 6839 So. Maplewood. Chicago. IL 
60629. No Illinois orders accepted! 

EPROM PROGRAMMING 
FREE catalog. Your software /data installed in 
(E)Prom of your choice. Fast low cost service. Write/ 
call: ROMULUS MICROCONTROL, Dept. B, Box 
8669. Rockville. MD 20856. (301) 540 -8863. 



American Heart 
VAssociation 
WE'RE FIGHTING FOR YOUR LIFE 

SAXON ON SCANNERS 
(Continued from page 112) 

A Real Sport 
A reader in Atlanta who wishes to re- 

main anonymous asks for the best 
frequencies to monitor at sport arenas in 
order to hear crowd control, security, 
parking, as well as the teams and race car 
drivers. Again, lots of different frequen- 
cies might well be in use, but we have 
found the following to be the best bets for 
communications: 151.625, 154.57, 
154.60, 457.525, 457.55, 457.575 and 
457.60 MHz. 

The Corps of the Problem 
B.J. Howard of Arkansas requests infor- 

mation on the frequency used by the 
Army Corps of Engineers. That's a big 
order, B.J., since those guys operate on a 

rather -wide range of frequencies. A few 
popular frequencies that you might wish 
to try on for size include: 163.4125, 
163.4375 and 163.5625 MHz. 

It looks like we've run out of space! 
We're always on the lookout for reader 
mail, photos, questions, info on what 
you're hearing. Write to: Saxon On Scan- 
ners, Hands -on Electronics, 500 -B Bi- 
County Blvd., Farmingdale, NY 11735. 

ADVERTISING INDEX 
HANDS -ON ELECTRONICS magazine 
does not assume any responsibility for 
errors that may appear in the index below. 

Free Information No. 

"2001" 
6 All Electronics 

5 AMC Sales 

BRC Electronics 

7 C.I.E. 
21 Cooks 

Dick Smith 

8 Digi -Key 

Electronic Boole Club 23 

Electronic Technology Today ... 3I 

17 EMCO 24 

16 Fluke CV2 

15 Heath I5 

Grantham 29 

HO Reprint Bookstore I 2 

19 Information Unlimited _ 

18 J &W Electronics, Inc. 

11 Jensen 13 

McGraw Hill WED) 115 

12 Mouser I7 

NRI 9 -I I 

Pacific Cable 15 

10 Regency S 

22 Scooter 16 

20 Silicon Valley Surplus I7 

9 Trio- Kenwood CV4 

Page 

CV3 

7 

13 

27 

19 -21 

26 

26 

32 

BUY BONDS 

Hands on 
EleCtronKS 

REPRINT 
BOOKSTORE 

Cl SP4 Special Projects #4 (Summer 1982) 55 50 
SP5 Special Projects #5 (Winter 1983) . $5.50 

L' SP6 Special Projects #6 (Spring 1983) . $5.50 
C SP7 Special Projects #7 (Summer 1983) $5.50 
C I SP8 Special Projects #8 (Fall 1983) $5.50 
C' SP9 Special Projects #9 (Winter 1984) . $5.50 
I SP10 Special Projects #10 (Spring 1984) $5.50 
C 1 111 Hands -On Electronics #1 $4.50 
C 1 

112 Hands -On Electronics #2 $4.50 
[l 113 Hands -On Electronics #3 $4.50 
CI 114 Hands -On Electronics #4 $4.50 
C 1 115 Hands -On Electronics #5 $4.50 
C . 115A Hands -On Electronics #6 $3.50 
C i 116A Hands -On Electronics (Jan -Feb '86) $3.50 
[2 1168 Hands -On Electronics (Mar /Apr '86) $3.50 
C' 116C Hands -On Electronics (May /Jun '86) $3.50 
L 1116D Hands -On Electronics (Jul /Aug '86) $3.50 
CI 116E Hands -On Electronics (Sep /Oct '86) $3.50 
E 1116K Hands -On Electronics (Nov '86) $3.50 
Li 116L Hands -On Electronics (Dec '86) $3.50 
CI 152 8 -Ball Satellite TV Antenna $5.00 
[ 106 Radio -Electronics back issues (1986) $3.00 

Write in issues desired 
105 Radio -Electronics back issues (1985) .. $3.50 

(Jan. 85 not available) 
Write in issues desired 

104 Radio -Electronics back issues (1984) .. $4.50 
(December 1984 issue is not available) 
Write in issues desired 

103 Radio- Electronics back issues (1983)....$5.00 
(Jan., Feb., May are not available) 
Write in issues desired 

102 Radio -Electronics back issues (1982) . $5.50 
(January 1982 is not available) 
Write in issues desired 

r1 101 Radio -Electronics back issues (1981) ..$6 00 

(Issues available: July, Aug. Sept. Nov ( 

Write in issues desired 

Li 153 Etch your own PC boards $3.00 
ri 154 How to Repair VCR's 53.50 

155 IBM Typewriter to Computer 53.00 
125 Radio -Electronics Annual 1985 $3.50 
126 Radio -Electronics Annual 1986 $2.50 
156 How to Make PC Boards $2.00 
157 All About Kits $2.00 
158 Electro Importing Co. Catalog (1918) $5.95 
159 Low Frequency Receiving Techniques 

Building and using VLF Antennas $6.00 
160 New Ideas - 42 Circuits $3.50 
161 Descrambling (Feb.. 1984) $2.00 
162 Build Your Own Satellite TV Receiver $7.00 
163 Receiving Satellite TV $7.00 

El 164 Modern Electrics (April, 1908) $3.00 
185 How to Repair CD Disc Players $5.00 
166 Collected Works of Mohammed Ullyses Fips 

(62 pages, April Fools Collection) .... $10.00 

To order any of the items indicated above, check off the 

ones you want. Complete the order form below, Include 
your payment, check or money order (DO NOT SEND 

CASH), and mail to Hands -on- Electronics, Reprint De- 
partment, P.O. Box 4079. Farmingdale, NY 11735. 
Please allow 4 -6 weeks for delivery. 

If you need a copy of an article that is in an issue we 

indicate is unavailable you can order it directly from us. 

We charge 50C per page. indicate the issue (month 8 
year), pages and article desired. Include payment in 

full, plus shipping and handling charge. Make checks 
payable to Gernsback Publications, Inc. 

ARTICLE 

PAGES MONTH YEAR 

TOTAL PAGES (a 50C each TOTAL PRICE 
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PART II: PLL CIRCUITS AND APPLICATIONS 
(Continued from page 82) 

Adjustable Tone Detector 
With the aid of a CMOS PLL, a tone detector may be easily 

built whose characteristics may be readily tailored. You may 

wonder about that. If there are IC's that already perform that 

function. why should we want to build a tone detector with a 

PLL'? The answer is that, for the price, you can't beat the 

performance. The NE567, with almost the same cost. has a 

maximum frequency of 0.5 MHz vs 1.3 MHz typical for the 

CD4046. Very low power consumption and CMOS level 

swings are other pluses. 
Refer to Fig. 14. Whenever the PLL is in lock (tone 

detected). the pin I output is at a logic "I" (except for very 

narrow negative -going pulses resulting from small dif- 
ferences between the input frequency and the VCO output). 
The phase- comparator I output at pin 2 is at logic "0." except 
for narrow positive -going pulses that result for the same 

reason. Therefore, a logic "0" will be present at the first 
gate's output. and a logic "I" at the next one. The combina- 
tion of R4 /C3 provide the time constant, thus determining 
how long the PLL is in lock before its output changes states. 

The detected tones can be of any frequency within the 

PLL's lock range. Since that is dictated by the VCO's range, it 
can be made as wide or narrow as you wish by merely 
adjusting the frequency -determining components. R3 and 

R5. That's also a decided advantage over other types of tone 

detectors, with bandwidths that are not easily expanded with- 
out sacrificing other parameters. 

FM Demodulator 
So far, we've restricted our applications to circuits using 

phase- comparator I1, because of its several advantages over 
phase -comparator I. But there is a circuit, the FM demod- 
ulator. where the latter does the trick much better. That's 
mainly because of the higher noise immunity and the fact that 
tòr no- signal input, the VCO's frequency will adjust to a 
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Fig. 15-The input signal to this FM demodulator may be 
capacitively coupled to the circuit if the input is out- 
side of TTL logic levels. 

center frequency not zero. That last characteristic implies that 
the VCO control voltage will settle at V1313/2. 

With a frequency -modulated signal present, the control 
voltage swings above and below Vl)l,/2, following the devia- 
tions around the carrier frequency. If those voltage swings are 

amplified. we've successfully detected the modulation. 
Figure 15 shows a demodulator built around the CMOS 

PLL. The input signal may be capacitively coupled if its 
amplitude is not within the CMOS logic levels. Of course. if 
your signal is CMOS -level compatible. then couple it di- 
rectly, so that you have greater noise immunity and lower 
power drain. We're not as free to choose the loop -filter 
component values, since the capture range for phase -com- 
parator I is preset. 

Assuming a center frequency t;, = 10 kHz. with no offset 
resistor and a + / - 400 Hz deviation then: 

fi = (furax 

The lock range equals the full VCO range. And since our 
example uses no offset resistor, f,,, , = 0 Hz, and f111.1 = 20 
kHz; therefore fl = 10 kHz. (You'll find that whenever the 
offset resistor is not used fl will be equal to f ). Calculate the 
capture range. fc, set by the low -pass filter elements RI and 
C3 using the formula: 

±1 /2nfl ±400Hz 
f° 2n V R3C2 

The values of 100,(X1) -ohms for RI and O. l -µF for C3 satisfy 
the equation. Finally. having calculated the filter compo- 
nents, adjust R3 so that when pin 9 is shorted to V1,1). the 
VCO's output frequency is 20 kHz, twice the center (or 
carrier) frequency. 

The VCO control voltage is the FM demodulated signal. 
No loading is tolerated on the filter, so we must take the signal 
off the demodulator output terminal (pin I0), biased through a 

100,000 -ohm resistor to ground. With the values in this 
example. the demodulation gain is about 250 mV /Hz. 

Higher gains may be achieved by narrowing the VCO 
range using offset resistor R3, so that for a given frequency 
deviation, the control voltage has a larger swing. 

By now, you perhaps have realized another benefit when 
using the PLL as a demodulator: Once the FM signal has been 
captured, the carrier frequency may change substantially the 
full VCO range, and the PLL will still be locked, meaning 
that the it's still demodulating properly. In our example. the 
carrier frequency may shift upwards to 19.5 kHz before the 
demodulator ceases to operate. You are certainly familiar 
with that phenomena in an FM radio equipped with AFC - 
once a station is tuned in, the selector has to be detuned 
substantially before the station fades away. 
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S COMING IN MAY 

An Electronics ro.cluton is n the maki -g, but you don't have 
o wJ1 unit 200' n fnd ot.t now it wil change your life in 

e 21st century. +Radio -Electronics wi I forecast the coming 
changes and how they wiJ affect you h the May 1987 issue! 

Created by a specie. :editorial task force --two years in prepa- 
raticn -this unime issue, 2001, takes you into the research 

labcratories of Westirghouse, Texas In*runents, Ford and 
Bell Labs where the future is being invented today! 

Youll get an advance loot. of what's coming in artificial 
intelligence... new cars art highways (cleaner, quieter and 
mo-e effic ent)... futuristic energy sources ike magneto- hydro- 
dynamic and pa-tioe -tea i generator... personal commu- 
nications systems t'ct MI give you ir:ton- access to anyone 

ny-nnere... super cempu -ers and tecching breakthroughs 
tat von multiply yaw caa'Liry to learr! 

Ji Cla-ke introduces 21X01. Isaac Psirrov explores the 

av'i,, r not ÍPn^? ,n er it Is 

emerging technology with a solid foundation in curren- re- 

search and development. 

And its impact will be enormous. It will change the way you 

work... the way you think... the way you live! 

2001 is the kind of special publishing event that can only 

happen once in any magazine's lifetime, and it will happen 

to Radio -Electronics in May, 1987. 

With extra features and extra pages, 2Ç01 will bear a pre- 

mium cover cost, but you can reserve your copy now at less 

Man the regular cover cost by mailing any one of the sub- 

scription orders in this issue. 

2001 is coming in May. Make sure now that you don't miss it! 
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R -5000 
High performance receiver 
THE high performance receiver is 
here from the leader in communica- 
tions technology -the Kenwood 
R -5000. This all -band, all mode 
receiver has superior interference 
reduction circuits. and has been 
designed with the highest perform- 
ance standards in mind. Listen 
to foreign music. news, and com- 
mentary. Tune in local police, fire, 
aircraft, weather, and other public 
service channels with the VC -20 
VHF converter. All this excitement 
and more is yours with a Kenwood 
R -5000 receiver! 

Covers 100 kHz -30 MHz in 30 
bands, with additional coverage 
from 108 -174 MHz (with VC -20 
converter installed). 
Superior dynamic range. Exclusive 
Kenwood DynaMix'" system ensures 
an honest 102 dB dynamic range. 
(14 MHz, 500 Hz bandwidth, 50 kHz 
spacing.) 

100 memory channels. Store mode, 
frequency, antenna selection. 
Voice synthesizer option. 
Computer control option. 
Extremely stable, dual digital 
VFOs. Accurate to ±10 ppm over a 
wide temperature range. 
Kenwood's superb interference 
reduction. Optional filters further 
enhance selectivity. Dual noise 
blankers built -in. 
Direct keyboard frequency entry. 

R -2000 150 kHz -30 MHz In 30 bands 
Ail modes Digital VFOs tune in 50 Hz, 

500 Hz. or 5 kHz steps 10 memory channels 
Programmable scanning Dual 24 -hour digital 

clocks. with timer 3 built -in IF filters (CW filter 
optional) All mode squelch. noise blanker, RF 
attenuator. AGC switch. S meter 100/120/ 
220/240 VAC operation Record. phone Jacks 

Muting terminals VC-10 optional VH F 

'er (118 -174 MHz) 

.spec`:ceuons and prices are subject to change without notice .... 

Versatile programmable scanning, 
with center -stop tuning. 
Choice of either high or low 
impedance antenna connections. 
Kenwood non -volatile operating 
system. Lithium battery backs up 
memories; all functions remain intact 
even after lithium cell expires. 
Power supply built -in. Optional 
DCK -2 allows DC operation. 
Selectable AGC, RF attenuator, 
record and headphone jacks, dual 
24 -hour clocks with timer, muting 
terminals, 120/220/240 VAC 
operation. 

Optional Accessories: 
VC-20 VHF converter for 108 -174 MHz 

operation YK -88A -1 6 kHz AM filter 
YK -88S 2.4 kHz SSB filter YK -88SN 1.8 

kHz narrow SSB filter YK -88C 500 Hz CW 
filter YK -88CN 270 Hz narrow filter 

DCK -2 DC power cable HS -5, HS -6, 
HS -7 headphones MB -430 mobile bracket 

SP -430 external speaker VS -1 voice 
synthesizer IF- 232C/IC -10 computer 
interface. 

More information on the R -5000 and 
R -2000 is available from Authorized 
Kenwood Dealers. 

KENWOOD 
TRIO -KENWOOD COMMUNICATIONS 
1111 West Walnut Street 
Compton. California 99,220 
CIRCLE 9 ON FREE INFORMATION CARD 


