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Lab Test 
Elementary 
Electronics 

For 
Yourself 

Get switched on 

In case you're not all that familiar with 
us,wé re not a publication for electrical 
engineers and other wizards. No way. 
ELEMENTARY ELECTRONICS is ex- 
pressly for people who like to build their 
own projects and gadgets -and maybe 
get a little knee -deep in tape, solder and 
wire clippings in the process. 
In fact, we have a sneaking suspicion 
that our readers like us because they 
think we're just as bug -eyed and down- 
right crazy over great new project ideas 
as they are. And I guess they're right! 

E/E thinks of you who dig electronics as 
the last of a special breed. It's more than 
just the "do -it- yourself" angle -it's also 
the spirit of adventure. In this pre- 
packaged, deodorized world, building 
your own stereo system, shortwave 
receiver, darkroom timer or CB outfit is 
like constructing a fine -tuned little 
universe all your own. And when it all 
works perfectly -it really takes you to 
another world. 

ELEMENTARY ELECTRONICS 
knows the kinds of projects 
you like -and we bring 'em 
to you by the truckload! 

Ever hanker to build a sharp -looking 
digital clock radio? Or to hook up an 
electronic game to your TV? Or an 
easy -to -build photometer that makes 
perfect picture enlargements? Or a 
space -age Lite -Com so you and the 
family can talk to each other on a light 
beam? We've got it all to get you 
started. 

WHEN IT COMES TO REPAIRS 
E/E can save you time, trouble 
and a pile of money! 

Has your sound system gone blooey 
just when the party's going great? Do 
you shudder when your friendly neigh- 
borhood electrician hands you the bill? 
E/E can help. 

Of course, we can't make you a master 
electrician overnight. But we can show 
you the fundamentals of repair plus 
maintenance tips. 

IF YOU'RE NEW TO ELECTRONICS 
YOU GET A "BASIC COURSE "! 

\That's right! It's a regular feature. And 

it gives you the complete, ground -floor 
lowdown on a variety of important 
electronics subjects. For example - 
Understanding Transistors ... How 
Radio Receivers Pull in Signals... 
Cathode Ray Tubes Explained ... How 
Capacitors Work ... Using Magnetism 
in Electronics. And more! 

elementary 
Electronics 

i 

ENJOY GREAT ARTICLES 
LIKE THESE 

How to Build Your Own Transformer 
How to Select the Right Shortwave 
Receiver 
The Burgeoning World of Micro- 
computers 
Quickdraw Rickshaw -The Electric 
Car that Really Gets Around 
What's Really Wrong with FM 
Radio? 
How to Power -Up Your Antique 
Radio 
The Vanishing Vacuum Tube 
How to Customize Your CB Antenna 
Those Incredible TV Sets of the 
Future 
Listening in on the Forgotten 
Continent 
DXing Endangered Species 
Sandbagging -CB Fun Without a 
License 
The World's Worst Hi -Fi Com- 
ponents 

TRY A FEW ISSUES AND 
EVALUATE OUR ... 

HOW- TO -DO -IT HELP. Tips and 
pointers that add up to money saved. 
For example -tuning up your tape 
player ... all about radios ... whys and 
hows of turntables ... care and feeding 
of speakers. 

NO- NONSENSE TESTS. The scoop 
on Pioneer's TP -900 FM stereo car radio 
... How well does GE's NiCad charger 
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EXCITING DISCOVERIES. What- 
ever your particular interest in elec- 
tronics, you'll be entering a world of 
discovery in the pages of ELEMENTARY 
ELECTRONICS. 

ELEMENTARY ELECTRONICS 
is regularly $6.95 for 6 issues (one 
year). 

But with this special introductory offer 
you can enjoy a full year for only $3.98. 

ORDER 
TODAY Ok 
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We started a three alarm fire 
in Steve Hoffman's Pontiac' 

And Steve was real excited about it. Then there was that high speed police chase. But it got interrupted by a 

tornado alert. All in all, it was a great way to be stuck in a traffic jam. Because he was monitoring all the 

action of police, fire, emergency and weather calls on the totally new and different Regency Touch M100 

Computerized Scanner. It's the first digitally synthesized scanner that's perfect for mobile or at home use. 

And it has a wealth of features to make programming simple. Like a full function digital readout, memory, 
search and scan delay, priority, fingertip sensitive backlighted pressure pad and more. Plus, you get 10 

channel operation in a unit that enables you to select from over 15,000 public service frequencies. All for 
under $300.00. If this sounds good to you, just wait until you hear the Touch M100 in person. So stage a 

bank robbery in your driveway. See your Regency Scanner Authorized Dealer today. 

Or write Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226. 

Regency Electronics, Inc. 
7707 Records St. 

Indianapolis, IN 46226 

ELEMENTARY ELECTRONICS / January- February 1980 

*Mobile use subject to restriction in certain localities 
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CONSTRUCTION PROJECTS THAT KEEP YOUR HOME HUMMING ' 25 Stereo Bar Graph Meter -new IC makes keeping track of your hi -ti's power a cinch 
28 Simplex -A- Thing -hook up an extension bell for your telephone for pennies * 51 Crydit -this IC timer will make your kitchen into a chef's delight * 63 Active Audio Filter- whether you're a ham or an SWL, this narrow band CW filter will 

make sense out of those crowded Morse Code frequencies 
71 VOM Scope Calibrator- simple way to give your scope lab accuracy 

KEEPING IN CONTACT WITH THE WORLD OF COMMUNICATIONS 
43 Mini Power, Maxi Fun -ham radio flea power restores lost challenge 
59 Kathi's CB Carousel -check out the Midland 7001, a hot new SSB rig 
61 DXing Down Under -listen in on the other side of the world in your own living room 
67 King Spark -those were the days, when you could smell a good transmitter a mile 

away 
69 Wireless to the Rescue -the old spark zappers really saved some lives 

NEW COMPUTER DEVELOPMENTS 
35 Bargain Basement TTY Interface -a few bucks add a lot of versatility to your 

computer 
47 Computer Readout -with speech synthesis, your computer can sound like your 

mother -in -law 
76 Simply Basic -new program lets you design computer graphics 

REAPING REPAIRWORK REWARDS * 32 Dial Cord Repair -finding your way around the maze in your radio isn't so hard, if 
you have a good guide * 73 Antique Radio Corner -there's an art to restoring those old knobs, but the result's 
worth it 

* 36 * 42 * 58 * 60 * 70 * 75 
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. Speakerlab S -3 Hi -Fi speaker kit 
.. Wilson Mark IV Two Meter handi -talky 
.. Mizuho SX -59 Communications Preamp 
..Ithaca Audio TRS -80 16K Memory 
.. Magnum 85 FM preamp 
.. Daiwa CN -720 SWR -Power Meter 
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14 Hi -Fi Reports... all about signal processors & expanders 
17 DX Central ... find out what ANARC means to you 
22 Bookmark... by Bookworm 
23 Newscan ... new developments in science and electronics * 77 Basic Course ... e/e takes a look at the new breed of digital multimeters 
87 Literature Library... manufacturers' information from everywhere 
90 Ask Hank, He Knows... the great problem- solver is at it again 

Cover Stories. 
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The World's biggest NEW! Aircraft Bearcat 220 

SALE of 
Bearcat° 
scanners! 

Communications Electronics; the 
world's largest distributor of radio scan- 
ners, celebrates the Electra introduction 
of four new Bearcat brand monitors with 
the world's largest scanner sale. From 
now, until January 31, 1980, you can 
save hundreds of dollars during the world's 
largest scanner sale! 

Even the new Bearcat models 300, 220 and 
Eight Track scanners are on sale. If you've 
previously purchased a Bearcat scanner, then 
you already know you're getting all the real, live 
excitement that a television program or news- 
paper can't provide. If you don't have at least 
one Bearcat scanner, the time to buy is now! 

Since CE distributes more scanners world- 
wide than anyone else, we can give you rock 
bottom prices. Our warehouse facilities are 
equipped to process over 1,000 Bearcat scan- 
ner orders per week and our order lines are 
always staffed 24 hours. We also export Bearcat 
scanners to more than 300 countries and mili- 
tary installations. Almost all items are in stock 
for Immediate shipment, so save now and get 
a Bearcat scanner during the world's largest 
scanner sale! 

NEW! Bearcat® 300 
Available February - March, 1980 
List price $499.95/CE price $329.00 
7 -Band, 50 Channel Service Search No- 
crystal scanner AM Aircraft and Public 
Service bands. Priority Channel AC /DC 
Bands: 32-50,118-136 AM, 144-174,421-512 MHz. 
The new Bearcat 300 is the most advanced auto- 
matic scanning radio that has ever been offered to 
the public. Since the Bearcat 300 has over 2,100 
active frequencies in memory, you can touch one 
button and search any of many preprogrammed 
services such as police, fire, marine and govern- 
ment. Of course, you still can program your own 
frequencies and monitor up to 50 channels at once. 
Since the Bearcat 300 uses a bright green fluores- 
cent digital display, it's ideal for mobile applications. 
The Bearcat 300 now has these added features: 
Service Search, Display Intensity Control, Hold 
Search and Resume Search keys, Separate Band 
keys to permit lock -in /lock -out of any bandformore 
efficient service search. Reserve your Bearcat 300 
now for February -March, 1980 delivery. 

Bearcat® 250 
List price $399.95/CE price $259.00 
50 Channels Crystalless Searches 
Stores Recalls Self -Destruct Priority 
channel 50 Channel 6 -Band. 
Frequency range 32 -50, 146 -174, 420 -512 MHz. 
The Bearcat 250 performs any scanning function you 
could possibly want. With push button ease you can 
program up to 50 channels for automatic monitoring. 
Push another button and search for new frequencies. 
There are no crystals to limit what you want to hear. A 
special search feature of the Bearcat 250 actually 
stores 64 frequencies, and recalls them, one at a time, 
at your convenience. Automatic "count" remembers 
how often frequencies are activated by transmission - 
so you know where the action is. Decimal display shows 
the channel, frequency and other programmed fea- 
tures. The priority feature samples your programmed 
frequency every two seconds. Plus, a digital clock 
shows the time at the touch of a button. The Bearcat 
250. Scanning like you've never seen or heard before. 

Aircraft Bearcat® 220 
List price $399.95/CE price $259.00 
Aircraft and public service monitor. Frequency 
range 32 -50, 118 -136 AM, 144-174, 420-512 MHz 
The Bearcat 220 is one scanner which can monitor all 
public service bands plus the exciting AM aircraft band 
channels. Up to twenty frequencies may be scanned at 
the same time. 

Not only doesthis new scanner feature normal search 
operation, where frequency limits are set and the 
scanner searches between your programmed parame- 
ters, it also searches marine or aircraft frequencies by 
pressing a single button. These frequencies are already 
stored in memory so no reprogramming is required. The 
Bearcat 220 also features a Priority channel, Dual scan- 
ning speeds, Patented track tuning and Direct channel 
access and AC /DC operation. 

NEW! Bearcat® 211 
List price $339.95/CE price $229.00 
Frequency range: 32 -50, 146 -174, 420 -512 MHz 
The Bearcat 211. It's an evolutionary explosion of 
features and function. 18- channel monitoring. With no- 
crystal six -band coverage. Dual scan speeds. Color - 
coded keyboard. Even a digital clock. All at a modest 
price. More scanning excitement than you bargained for. 

Bea rcat® 210 
List price $299.95/CE price $199.00 
10 Channels 5 Bands Crystalless 
Frequency range: 30 -50, 146 -174, 420 -512 MHz. 
Use the simple keyboard to select the t O chan nets to be 
scanned. Automatic search finds new frequencies. The 
210 features patented selectable scan delay, push 
button lockout, single antenna, patented track tuning, 
AC /DC operation. With no crystals to buy. Ever! 

NEW! Bearcat° 8 Track 
List price $99.95/CE price $79.00 
4 Channels 2 Bands Plays off any AC or DC 
Powered B Track Tape Player. 
Frequency range: 36 -44, 152 -162 MHz. 
The Bearcat 8 Track Scanner. It converts any 8 track 
tape player into a live- action scanning radio. 

This incredibily compact 4- channel /2 -band crystal 
scanner plugs into the tape player where an 8 track 
cartridge normally goes. Police, fire, emergency calls- 
as-it-happens scanning excitement -from an existing 
home entertainment center, in- car /in -boat system or 
portable 8 track tape player. The Bearcat 8 Track 
Scanner plugs live- action into any 8 track player. Any- 
where. Crystal certificates # A -135cc are $4.00 each. 

Bearcat® Four -Six 
List price $169.95/CE price $109.00 
The first 4 Band, B Channel, Hand -Held Scanner. 
Frequency range: 33-47, 152 -164, 450 -512 MHz. 
The Bearcat Four -Six offers "hip pocket" access to 
police, fire, weather and special interest public service 
broadcasts. Lightweight. Extremely compact. The Bear- 
cat Four -Six -with its popular "rubber ducky" antenna 
and belt clip- provides "go anywhere /hands -off' scanning. 

NEW! Aircraft and UHF 
Bearcat° ThinScan TM 

List price $149.95/CE price $99.00 
World's smallest scanner! 
The Bearcat ThinScan:- High-performance scanning 
has never been this portable. There are now three 
models available. The BC 2 -4 1JH receives 33 -44 and 
152 -164 MHz. The BC 2-4 H/U receives 152-164 and 
450 -508 MHz. The new high -performance Aircraft 
ThinScan model BC 2 -4 AC receives 118-136 and 450- 
470 MHz. Go ahead, size it up. The Bearcat ThinScan" 
measures 2 %" across. Just 1" deep. And 5 %" high. 
Four crystal- controlled channels are scanned every 1/2 

second providing immediate access to police, fire, 
weather and other special -interest broadcasts. 

NEW! 50- Channel Bearcat 300 NEW! Bearcat 8 Track scanner 
CIRCLE 29 ON READER SERVICE COUPON 
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INCREASED PERFORMANCE ANTENNAS 
If you want the utmost in performance from your Bearcat 
scanner, it is essential that you use an external antenna. 
We have six base and mobile antennas specifically 
designed for receiving all bands. Order #A60 is a 
magnet mount mobile antenna. Order #A61 is a gutter 
clip mobile antenna. Order #A82 is a trunk -lip mobile 
antenna. Order #A83 is a'/. inch hole mount. Order 
#A84 is a % inch snap-in mount, and #A70 is an all band 
base station antenna. All antennas are $25.00 and 
$3.00 for UPS shipping in the continental United States. 

OTHER BEARCAT ACCESSORIES 
SP50 AC Adapter $12.00 
SP51 Battery Charprr $12.00 
SP55 Carrying Cas x Four -Six $15.00 
SP57 Carrying Case .or ThinScan $15.00 
SM210 Service manLal for Bearcat 210 $15.00 
SM220 Service manLal for Bearcat 220 $15.00 
SM250 Service manLal for Bearcat 250 $15.00 
8-31.2 V AA Ni -Cad's for Four -Six (Pack of 4) $15.00 
B-41.2 V AAA Ni -Cad's for ThinScan (Pack of 4) $15.00 
B-5 Replacement memory battery for Bearcat 210 .... $5.00 
A -135cc Crystal certificate $4.00 
Add $3.00 shipping for all accessories ordered at the same time. 

TESTA BEARCAT SCANNER FREE 
Test any Scarce( brand scanner purchased from Communi- 
cations Electronics" for 31 days before you decide to keep 
it. If for any reason you are not completely satisfied, return it 
in new condition with all parts in 31 days, fora courteous and 
prompt refund (less shipping and handling charges). 

MADE BY ELECTRA 
Since all Bearcat scanners are products of Electra Company, 
a Division of Masco Corporation of Indiana, you can be 
assured of the finest monitor radios available in the world. 
With your Bearcat scanner, you will receive a complete set of 
simple operating instructions and a one -year limited war- 
ranty from Electra. If service is ever required for any Bearcat 
scanner just send your receiver to an Electra national 
service Center. 

BUY WITH CONFIDENCE 
All Bearcat scanners are extraordinary scanning instru- 
ments. They provide virtually any scanning function that 
the most professional monitor could require. To getthe 
fastest delivery from CE of any Bearcat scanner, 
send or phone your order directly to our Scanner 
Distribution Center" Be sure to calculate your price 
using the CE prices in this ad. Michigan residents 
please add 4% sales tax. Written purchase orders are 
accepted from approved government agencies and 
most well rated firms at a 1096 surcharge for net 30 
billing. All sales are subject to availability. All sales on 
accessories are final. Prices and specifications are 
subject to change without notice. Out of stock items will 
be placed on backorder automatically unless CE is 
instructed differently. International orders are invited 
with a $10.00 surcharge for special handling in addition 
to shipping charges. All shipments are F.O.B. Ann Arbor, 
Michigan. No COD's please. Cashier's checks will be 
processed immediately and receive an order priority 
number. Personal checks require three weeks bank 
clearance. 

Mail orders to: Communications Electronics," Box 
1002, Ann Arbor, Michigan 48106 U.S.A. Add $5.00 per 
scanner for U.P.S. ground shipping, $9.00 for faster 
U.P.S. air shipping or $30.00 for overnight delivery to 
most major U.S.clties via Federal Express or Airborne 
Air Freight. If you have a Master Charge orVisacard, you 
may call anytime and place a credit card order. Order 
toll free 800- 521 -4414. If you are outside the U.S. or in 
Michigan, dial 313-994 -4444. You may also order via 
TWX810- 223.2400. Dealer inquiries Invited. All order 
lines at Communications Electronics" are staffed 24 
hours. 

Since this multi- million dollar scanner 
saleis the world's largest, please order today at 
no obligation to assure a prompt order confir- 
mation and delivery. 

When you follow the leader to real excitement, 
your journey ends at Communications Electronics. 
Autoprogramming" Scanner Distribution Center" and 
CE logos are trademarks of Communications Electronics" 
"Bearcat is a federally registered trademark of Electra 
Company, a Division of Masco Corporation of Indiana 
Copyright ®1979 Communications Electronics" 

V/SA 

TM 

/COMMUNICATIONS 
ELECTRONICS- 

VISA 

LECTRON ICS'M 
854 Phoenix 0 Box 1002 0 Ann Arbor, Michigan 48106 U.S.A. 
Cali TOLL-FR EE (600) 621 -4414 or outside U.S.A. (313)994 -4444 

We're first 
with the best:M 
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At CIE, you get 
electronics career 
training 
from 
specialists. 
If you're interested in learning how to fix air 
conditioners, service cars or install heating 
systems - talk to some other school. But if 
you're serious about electronics, come to 
CIE -The Electronics Specialists. 

Special Projects Director 
Cleveland Institute of Electronics 

4 ELEMENTARY ELECTRONICS / January- February 1980 
www.americanradiohistory.com

www.americanradiohistory.com


M y father always told me that 
there were certain advan- 

tages to putting all your eggs in one 
basket. "John, ' he said, "learn to 
do one important thing better than 
anyone else, and you'll always be 
in demand." 

I believe he was right. Today is 
the age of specialization. And I 
think that's a very good thing. 

Consider doctors. You wouldn't 
expect your family doctor to perform 
open heart surgery or your dentist to 
set a broken bone, either. Would you? 

For these things, you'd want a 
specialist. And you'd trust him. Be- 
cause you'd know if he weren't any 
good, he'd be out of business. 
Why trust your education 
and career future to 
anything less than a 
specialist? 

You shouldn't. And you certainly 
don't have to. 

FACT: CIE is the largest inde- 
pendent home study school in the 
world that specializes exclusively 
in electronics. 

We have to be good at it because 
we put all our eggs in one basket: 
electronics. If we hadn't done a good 
job, we'd have closed our doors 
long ago. 
Specialists aren't for 
everyone. 

7 I'll tell it to you straight. If you 
think electronics would make a nice 
hobby, check with other schools. 

But if you think you have the 
cool - and want the training it takes - to make sure that a sound blackout 
during a prime time TV show will be 
corrected in seconds -then answer 
this ad. You'll probably find CIE has 
a course that's just right for you! 

At CIE, we combine 
theory and practice. You 
learn the best of both. 

Learning electronics is a lot 
more than memorizing a laundry list 
of facts about circuits and transis- 
tors. Electronics is interesting be- 
cause it's based on some fairly recent 
scientific discoveries. It's built on 
ideas. So, look for a program that 
starts with ideas - and builds 
on them. 

That's what happens with CIE's 
Auto -Programmed® Lessons. Each 
lesson uses world- famous 
"programmed learning" methods to 
teach you important principles. You 
explore them, master them com- 
pletely ... before you start to 
apply them! 

But beyond theory, some of our 
courses come fully equipped with 
the electronics gear to actually let 
you perform hundreds of checking, 
testing and analyzing projects. 

In fact, depending on the course 
you take, you'll do most of the basic 
things professionals do every day - 
things like servicing a beauty of a 
Zenith color TV set... or studying a 
variety of screen display patterns 
with the help of a color bar generator. 

4 

Plus there's a professional quality 
oscilloscope you build and use to 
"see" and "read" the characteristic 
waveform patterns of electronic 
equipment. 
You work with experi- 
enced specialists. 

When you send us a completed 
lesson, you can be sure it will be 
reviewed and graded by a trained 
electronics instructor, backed by a 
team of technical specialists. If you 
need specialized help, you get it fast 
... in writing from the faculty spe- 
cialists best qualified to handle 
your question. 
People who have known 
us a long time, think of us 
as the "FCC License 
School." 

We don't mind. We have a fine 
record of preparing people to take .. . 

and pass ... the government - 
administered FCC License exams. 
In fact, in continuing surveys nearly 
4 out of 5 of our graduates who take 

the exams get their Licenses. You 
may already know that an FCC 
License is needed for some careers 
in electronics - and it can be a 
valuable credential anytime. 
Find out more: Mail this 
card for your FREE 
CATALOG today: 

If the card is gone, cut out and 
mail the coupon. 

I'll send you a copy of CIE's 
FREE school catalog, along with a 
complete package of independent 
home study information. 

For your convenience, I'll try to 
arrange for a CIE representative to 
contact you to answer any questions 
you may have. 

Remember, if you are serious 
about learning electronics ... or 
building upon your present skills, 
your best bet is to go with the elec- 
tronics specialists- CIE. Mail the 
card or coupon today or write CIE 
(and mention the name and date of 
this magazine ), 1776 East 17th 
Street, Cleveland, Ohio 44114. 

Patterns shown on TV and oscilloscope screens are simulated. 

CIE 
o[11 
Send 

... John, I want to learn from the specialists in electronics -CIE. 
Send me my FREE CIE school catalog - including details about troubleshooting 
courses - plus my FREE package of home study information. 

S>_18 

Print Naine 

Cleveland Institute of Electronics, Inc. 
1778 East 17th Street, Cleveland, Ohio 44114 

Accredited Member National Home Study Council 

1 
Address Apt. 

, 

City 

State Zip 

Age Phone (area code) 

Check box for G. I. Bill information: Veteran 

Mail today: 
Li Active Duty 
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Help 

look me over 
Showcase of New Products 

Discover 
today's 

high - resolution 
31/2-digit DMM 

B &K- PRECISION's 
LCD Model 2815 

Mode12815 $150 

0.01 ohm, 100nA, 1000V 
resolution 
0.1% DC accuracy 
Shielded and protected to stay 
accurate in rf fields 
Fully overload protected on all 
ranges 
Auto -zero and auto -polarity 
Alternating high -/low -power ohms 
ranges for solid -state circuitry 
measurements 

Compare the resolution offered by 
the new B &K- PRECISION Model 
2815 with any other DMM in its price 
class. Its high resolution stands 
alone. The 2815 also delivers 0.1% 
DC and 0.3 °á AC accuracy. For 
added convenience, a tilt stand is 
built -in. 

Available for immediate 
delivery at your local 
B &K- PRECISION distributor 

:4KPRECISION 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 312/889 -9087 

In Canada Atlas Electronics. Ontario 
Intl Sls Empire Esp . 270 Newtown Rd Plain new. L I., NY 

Magnetic Storage Rack 
A wall mounted magnetic tool and in- 
strument holder for hobbyist and resi- 
dential use has been introduced by 
Turotech. The Magnabar is a magnetized 
wall mounted rack that securely holds 
ferrous metal tools and instruments and 
keeps them within reach. Featuring a 
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1 -inch wide gripping track built into a 
natural hardwood base, the rack can be 
stained or painted to blend with any 
decor. Available in 12 -inch, 18 -inch, and 
24 -inch lengths, the Magnabar securely 
holds ferrous metal objects up to l lb. 
each. The Magnabar is priced at $8.75, 
$10.50 and $14.75, respectively. For 
more information contact Turotech, Inc., 
44 Strawberry Hill Ave., Stamford, CT 
06902. 

Color Pattern Generator 
A portable IC Color Pattern Generator, 
designed for easy and reliable operation 
at home, is available from B&K- Preci- 
sion. The Model 1210 generates 10 
stable patterns, including those re- 
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quired for static and dynamic conver- 
gence of any color TV set. Other pat- 
terns include crosshatch, gated and un- 
gated rainbow and purity. Video and 
sync signals (blanking and color) are 
derived from and synchronized to a 

crystal -controlled master oscillator for 

stable, jitter -free patterns. A color level 
control permits level adjustments from 
0 to 100% on all color patterns gener- 
ated. The battery- powered Model 1210 
generates any RF output level from 
10,000 uV to 35,000 uV (adjustable) into 
a 75 ohm load for strong clear signals 
on any TV set. Five different output 
channels can be selected. The IC Color 
Pattern Generator is available from local 
distributors at $97.50. For further infor- 
mation on the Model 1210, write to B &K- 
Precision, Dynascan Corp., 6460 W. Cort- 
land Street, Chicago, IL 60635. 

Power to the Apple 
With the trend toward firmware program- 
ming of microcomputers, Mountain Hard- 
ware has introduced its Romplus+ 
board for Apple Computers. The new 
board offers six individually addressable 
sockets for 2K ROM's or EPROM's plus 
scratchpad RAM. On -board firmware al- 
lows two or more 2K ROM's to be util- 
ized simultaneously for programs longer 
than 2K. The board also provides two 
TTL input connections. Included in the 
$169 price and installed in one socket 
of the Romplus+ board is a 2K ROM 
program, "Keyboard Filter." Keyboard 
Filter offers upper/ lower case for the 
Apple, multiple user -defined character 
sets, colored or inverse -colored letters, 
keyborad macros, improved cursor con- 
trol, and other improved graphics and 
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editing functions. Romplus+ and Key- 
board Filter are compatible with Integer 
BASIC, RAM, or ROM Applesoft and DOS. 
For further information on Romplus+ 
and software support, write to Mountain 
Hardware, Inc., 300 Harvey West Blvd., 
Santa Criz, CA 95060. 

Personal Computer 
The Ohio Scientific C4P MF Personal 
Computer is designed for the personal 
computer user as well as educational, 
scientific and other professional appli- 
cations. The C4P MF features include a 

32 x 64 character display with 16 colors 
and graphics resolution of 256 by 512 
points. The C4P MF design offers a large 
memory capacity mini -floppy based com- 
puter with 24K static RAM. It can be 
expanded to 48K and two mini -floppies. 
The computer has a full 64 character 
display width, a line printer interface, 
modem interface, a full keyboard with 
lower case and advanced disk based 
software including an Information Man- 
agement System, Word Processor and a 
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library of program development tools. 
The C4P MF features instant program 
loading, spectacular color graphics, high 
speed animation, sound output, a D/A 
converter for music and voice output, 

CIRCLE 69 ON READER SERVICE COUPON 

joystick interfaces, and a large library of 
games, educational programs and per- 
sonal finance aids. The C4P MF packs 
all this performance in a 14 lb. type- 
writer size package and has a suggested 
retail price of $1695. The computer is 
available through any of Ohio Scientific's 
authorized computer dealers. Informa- 
tion can be had by writing to Ohio Scien- 
tific, 1333 Chillicothe Rd., Aurora, OH 
44202. 

Home Computer 
Designated the TI -99/4, the new Texas 
Instrument home computer uses Solid 
State Software command modules as 
ready -made computer programs which 
provide a wide array of capabilities for 
any family member. TI's home com- 
puter system consists of a console with 
16K random -access memory (RAM), a 

wide range of sound effects, 16 colors 
for graphic display, a powerful extended 
BASIC programming language, and a 13- 
inch color video monitor. Priced at 
$1150.00, the heart of the TI -99/4 home 
computer system is a library of Texas 
Instruments -produced Solid State Soft- 
ware command modules ($19.95 to 
$69.95) that are unlike time -consuming, 
tape- recorded programs currently on the 
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market. These command modules, each 
containing up to five read -only- memory 
(ROM) chips of stored data, allow users 

ra instant program accessibility without 
having to wait for a tape to unload. 
Among peripheral accessories offered is 
a Solid State Speech synthesizer with a 

suggested retail price of $150. TI BASIC 
is a full floating -point, 13 -digit expanded 

(Continued on page 10) 

Full 60" radiator. Much greater radiating swface 
than conventional base loaded mobile antennas - 
over 33% increase in "mileage gain:' 

"Static Ball" tip for dissipation of 
wind static charge. Protects garage 
doors from nicking and grooving. 

17 -7PH stainless steel TAPERED whip. Less pattern 
distortion due to lower wind drag at highway speeds \ 
No tuning required, VSWR less than 1 to 1:5. \ 

Stainless steel shock spring absorbs 
blows from branches. garage doors. 

Heavy duty coil. Precision -wound of 12 gauge, 
enamel- coated copper wire for high efficiency 
and reserve power capability. 

Antenna Specialists' LEVERLOK' 
quick release. Firm, positive 
electrical and mechanical connec 77 
tion, instant disconnect. with 
the tw st of a lever. 

Tough, high- impact LEXAN 
base in clean, contemporary 
desigr for maximum protection of 
loading coil. Mounts easily on roof or trank lip. 

LEXAN is a registered trademark of General Electric Co. 

Full 17' of professional grade coaxial cable 
RG -58U with maximum braid coverage for 
best shielding, lowest signal loss. In- ine 
miniature connector simplifies installation. 

Five year limited warranty -our 
assurance of utmost quality of 
design, construction and reliability. 

the antenna 
Specialists co. 
a mem,er of The Allen Group Inc. 
12435 Euclid Ave., Cleveland. Ohio 44106 
Export 2200 Shames Drive. Westbury, L.I., New YDrk 11590 
Canada: A. C. Simmonds & Sons, Ltd. 

CIRCLE 9 ON READER SERIICE COUPON 

ELEMENTARY ELECTRONICS / January -February 1980 9 

www.americanradiohistory.com

www.americanradiohistory.com


HEY, LOOK ME OVER 
(Continued from page 9) 

version of BASIC that is fully compatible 
with ASCII and the BASIC specification of 
the American National Standards Insti- 
tute. TI BASIC includes a full comple- 
ment cf 24 BASIC statements, 14 com- 
mands, color graphics (16 colors), and 
sound and music over four full octaves. 
For a more complete description of the 
TI -99/4, write to Texas Instruments Inc., 
Consumer Relations, P.O. Box 53 (Attn, 
TI- 99/4), Lubbock, TX 79408. 

Speaker Kits 
Speakerlab Inc. has introduced an excit- 
ing new 48 -page four -color catalog. The 
catalog features a new active subwoofer 
system in addition to wave Aperture 
midrange and tweeter horns, and Mila 
Nestorovic's woofer system. Speakerlab 
is the exclusive producer of kit speakers 
using the patented Nestorovic Woofer 
System. In this system two woofers 
share a single enclosure and are selec- 
tively active or passive at different fre- 
quencies. A special network enables both 
woofers to work actively in upper bass 
frequencies and yet shift some signal 

When you're into electronics, 
Calectro is into whatever you 
need - whether it's ideas.. 
instructions, or a come 
supply of parts 

Calectro has projects designed for 
you: a "Project of the Month ", con- 
ceived by the Calectro engineering 
department, along with detailed in- 
structions and a list of all the Calectro 
parts you need to build it! 

Calectro has parts and accessories: 
printed circuit materials, tools, meters, 
testing devices, equipment boxes, 
sockets, switches, IC's, transistors, rec- 
tifiers, lugs, fuses, bulbs, wire, connec- 
tors, terminals, jacks, transformers, and 
lots more - everything you need to 
complete your project. And you'll find 
more of the parts you want at your 
Calectro store than anywhere else. 

Calectro has literature: the Calectro 
Handbook -a valuable guide and 
product reference for the experi- 
menter, hobbyist, audiophile, techni- 
cian, and student; plus handbooks on 
semiconductors, circuits, and more! 
Coming soon: a new Calectro Hand- 
book, a compendium of popular 
project ideas. 
Whatever you need in electronics, 
your Calectro distributor is your 
surest, finest source! 

1 

Ca lectro 
Products of GC Electronics, Rockford, IL 61101 
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input away from the lower ten -inch 
woofer at lower frequencies. The com- 
plete system is offered in the Speaker - 
lab 30 speaker kit ($330 in walnut). 
Speakerlab products are available 
through seven retail outlets in the United 
States and Canada as well as through 
its Mail Order Department located at 735 
No. Northlake Way, Seattle, WA 98103. 

10 NSEC Logic Probe 
The new PRB -1 digital logic probe offers 
all the features of much more expensive 
probes yet costs less. The OK Machine 
and Tool Corp. probe detects pulses as 
short as 10 nsec (+ and -) and is fully 
compatible with all RTL, DTL, HTL, TTL, 
MOS, CMOS and microprocessor logic 
families. It also features 120K ohm im- 
pedance, power lead reversal protection 
and over -voltage protection to +70 VDC. 
Constant brightness LED's over full sup- 
ply voltage range of 4 -15V. The PRB -1 
includes a 6 foot coiled power cord and 

CIRCLE 42 
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tip protector. Neatly packed in a reuse - 
able case with complete trouble shooting 
instruction booklet, it is available for 
$36.95 at local electronics distributors 
and retailers, or directly from OK Ma- 
chine and Tool Corporation, 3455 Con- 
ner Street, Bronx, NY 10475. 

Juiced -Up RF 
Siliconix, Inc. has introduced a new line 
of VMOS FET RF power transistors, fea- 
turing infinite VSWR protection, no ther- 
mal runaway, the ability to be used in 

(Continued on page 12) 
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FROG AS a 

TiCAL 
ME 

9 

1000 -210 p. -57 Practical 
Programs and Games In 

f a+al/ Basic (510.95) 

1064 -336 p. -How To De- 
sign. Build. & Test Complete 
Speaker Systems (512.95) 

1035 -034 p.- Instrumen- 
tation & Control Systems 
Engineering Handbook 
(519.95) 

An Extraordinary Offer to introduce you to the benefits of Membership in 

ELECTRONICS BOOK CLUB 
take 
any 

(up to 9 books) of these 24 
99 for 

unique electronics selections ALL 
(values to $10755) for only SIX 

with a Trial Membership in the Book Club that guarantees to 

save you 25% to 75% on a wide selection of electronics books 

1142 -140 p. -84 Practical IC r Projects You Can Build (58.95) 
aj` 

801 -400 p. -Master 
Handbook of Ham 
Radio Circuits (512.951 

1241 -238 p. -How To Build 
Your Own Self- Program- 
ming Robot (512.95) 

practic al 
solid-star c 

OC F ewer Sr.1111 am/ 
., 

L CAN 
574 p. -How to Repair Home Laun- YOU C ArN( 
COUNTS AS ONE BOOK -855 885- 

dry Appliances & How to Repair Home 
Kitchen Appliances (517.90) 

891-196 p.- Practical 
Solid -State DC Power 
Supplies (59.95) 

lawers1 

,CO Rtepatr INTERNATIONAL 
0W Wale" FET SELECTOR 

Rppliian 

. 1070 -406 p. -Digital 
Interlacing With An 
Analog World (512.95) 

..^: 
«'...,,,...°. , 

582-444 p.- Commercial FCC 
License Handbook (S10.95) 

1016 -140 p.(7'r101 -Tower s Inter) 
FET Selector (57 95) 

1063-252 p. -How To Install 
Your Own Home Or Mobile 
Electric Power Plant (58.95) 

ROW TO _II ON MO 
1tF 

- 

How to 
ea page 

OWN 

$olín 
5B'na S-s^d 

cw^ 

Engine croii, 
917 -392 p.- How To Repair 
Small Gasoline Engines- S 

2nd Edition (511.951 e 

U MÚOERÑNDS É 
fttQNpMEN 

xRYtCING 

LASERS, 

5 

GH 

Stt BUDGET 
gECORD M 

S1ee Ú DIC 

S RATC 

with 12 tested 
designs 

óver,lti^c 
O1p, r.o 1108.294 p -Lasers. The 

Light Fantastic (S9.95) 

COUNTS AS ONE BOOK- 777/877- 
546 p.- Understanding & Using 
Electronic Servicing Test Equip- 
ment & Understanding & Using 
Modern Signal Generators (517.90) 

UndersiM dderñ& 
,Using 

5ígnai ator 
. 

1166 -336 p. -How To Build A 
it Small Budget Recording 
- Studio From Scratch (512 95) 

BEGINNER'S GUIDE 

TO TV REPAIR -.tnd 

1013 -224 p -Beginner's 
Guide to TV Repair -2nd 
Edition (S9.95) 

99 
P 

óSG EQUIPeg,`Ió 

COUNTS AS ONE BOOK -732 1042- 
396 p (8i 2- x11 ") -Japanese Consumer 
Service Manual & Japanese Radio. 
Record & Tape Player Schematic( 
Service Manual (517 90) 

1 -_-----_ 
r . MASTER P ÌDI7"" 
Onklaf 

[ J O 1 9LNSAn BOOK 

Practical 
Electronic 

Circuits 
Iau 

801700 p.- Master Hand- 
book of 1001 More Practical 
Elecbonie Circuits (517.95) 

Facts About Club Membership 
The 6 introductory book selections of your choice carry pub - 

lisher s retail prices of up to $107.55. They are yours for only 

$1.99 for all 6 (plus postage /handling) with your Trial Member- 

ship. 

Yea will receive the Club News, describing the current Selec- 

tions. Alternates, and other books. every 4 weeks (13ea year) 

If you want the Selection, do nothing. it will be sent to you 

automatically. It you do not wish to receive the Selection. or if you 

want to order one of the many Alternates offered. you simply give 

instil chaos on the reply form (and in the envelope) provided 

and return it to us by the date specified. This date allows you at 

least 10 days in which to return the form. If, because of late mail 

delivery, you do not have 10 days to make a decision and so 

receive an unwanted Selection. you may return it at Club ex- 

penses 

To complete your Trial Membership. you need buy only four 

additional monthly Selections or Alternates during the next 12 

monta. You may cancel your Membership any time after you 

purchase 'hese four books. 

All books -including the Introductory Offer -are fully return- 

able after 10 days if you're not completely satisfied. 

AII books are offered at low Member prices, plus a small 

postage and handling charge 
Continuing Bonus. If you continue after this Trial Membership 

you will earn a Dividend Certificate for every book you purchase 

Three Certificates plus payment of the nominal sum of $1.99 will 

entitle you to a valuable Book Dividend of your choice which you 

may choose from a list provided Members 

ELEMENTARY ELECTRONICS / 

856 -476 p.- Master 
Op -Amp Applications 
Handbook (516.95) 

861 -252 p.- Display 
Electronics (58.95) 

ay we send you your choice if tì of these practi- 
cal time -and- money -saving hook selections 

part of an unusual offer of a Trial Membership in 

Electronics Book Club? 
Here are quality hardbound volumes, each spe- 

cially designed to help you increase your know -how. 
earning power. and enjoyment of electronics. 6Vha1- 

ever your interest in electronics, you'll find Elec- 
tronics Book Club offers practical, quality books that 

you can put to immediate use and benefit. 
This extraordinary offer is intended to prove to 

yuu through your own experience, that these ve 
read advantages can be yours...that it is possible to 

keep up with the literature published in your areas tit 
interest, and to save substantially while so doing. a 
part of your Trial Membership, you need purchase its 

few as four books during the coming 12 months. Yiiii 
would probably buy at least this many anyway, with- 
out the substantial savings offered through Club 
Membership. 

To start your Membership on these attractive 
ternis, simply fill out and mail the coupon today. You 

will receive the 6 selections (up to 9 books) of inu 
choice for 10 -day inspection. YOU NEEL) SENI) N) ) 

MONEY. If you're not delighted, return the book, 
within 10 days and your Trial Membership will he 
cancelled without cost or obligation. 

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 11214 
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DIRECT 
CURRENT 

OTOR 77, 
931 -252 p -Direct Current 
Motors (514.95) 

805 -364 p. -99 Test 
Equipment Protects 
You Can Build (512 951 

H0Ú ÿS ÓLHR yN 
EgRCtY CT 

1178 -168 p -How To 
Make Your Own Solar ,r 

Electricity (59.95) 

INN IN OM MN BM Bl B! EN IN B1 

ELECTRONICS BOOK CLUB 
Blue Ridge Summit, Pa. 17214 
Please open my Trial Membership in ELECTRONICS 

BOOK CLUB and send me the 6 selections circled 
below. I understand the cost of the books I have 

selected is only $1.99 for all 6, plus a small shipping 

charge. If not delighted, I may return the books within 
10 days and owe nothing, and have my Trial Member- 

ship cancelled. I agree to purchase at least four 
additional books during the next 12 months, after 
which I may cancel my membership at any time. 

582 732 1042 777/877 801 804 
805 855 885 856 861 891 917 

931 1000 1013 1016 1035 1063 
1064 1070 1108 1142 1166 1178 1241 

Name Phone 

Address 

City 

State Zip 

(Valid for new Members only. Foreign and Canada add 15 %.) EE -1 B 
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The mo raker " by Avanti 

OUTPEAFORMS 

THEM 
ALL.. 

Outperforms all top, 
center, or base 

loaded antennas 
tested including 

K -40, A/S, Firestik, 
Hustler and Hy -Gain. 

WE GUARANTEE IT! 

Get the tacts. See 
your Avanti dealer or 
send 50c for catalog. 

Avanti engineered to transmit further - give clearest reception!! Low 
S.W.R. across 40 channels! 

Tap ni cu 
Non -magnetic 

signered al "Flutterp 
ts chrome -plated 

brass 
safeguards 
antenna tuning, 

Hermetically 
sealed, high - 
strength. A.S.S. 
housing 
protects against 
moisture and 
temperature and 

assures onstant high 
performance, 

Solid copper 
coil windings - 
delivers all the 
power your 
radio can 
transmit, 

Silver plated 
connector 
mourn - 
strong - low 
resistance - 
consistent 
performance - 
corrosion tree, 

"O" ring seal 
pre ants 
moisture and 
water leakage' 

Heavy duty 1/2' 
mount - 

deeply grooved 
no strip 

threads - can't 
pull loose 

avant, antennas 
1 

Available with GIANT MOON 
MAGNET. Improves recep- 
tion - lowers SWR - in -line 

AVANTI RESEARCH and DEVELOPMENT. INC. connector. 
340 Stewart Avenue. Addison. IL 60101 13121 628-9350 
IN CANADA'. Lenbrook Industries. 1145 Bellamy Scarborough, Ontario MIH IM5 
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SUBSCRIBE TODAY TO 

ISAAC ASIMOV'S 
Science Fiction Magazine 

Now monthly! 

To: ISAAC ASIMOV'S SF MAGAZINE 
Box 1855 GPO, NYC, NY 10001 

Enclosed is $7.50 for 6 issues (outside U.S.A. & poss. 
$8.50). 

[II enclose $15.00 for 12 issues (1 yr.). 
I prefer to use my MASTER CHARGE or VISA credit card 
-however, only these longer terms are available: 

1 yr. (12 iss.) $15.00 
2 yrs. (24 iss.) $29.00 

Credit Card No 

Expiration date Signature 

Name 

Address 

City 

State Zip 
Please allow 6 to 8 weeks for delivery of first issue. H0A571 

HEY, LOOK ME OVER 
(Continued from page 10) 

class A, B, or C amplifiers, and enough broadbandedness to 
be used at frequencies starting in the HF bands, and on 
through UHF. The DV -1006 is rated at 20 -watts typical out- 

CIRCLE 56 
ON READER SERVICE 

COUPON 

put, the DV -1007 is rated at 40 -watts, and the DV -1008 is 
rated at 80 -watts in broadband operation, with 100 -watts 
peak output. For more information on this new line, con - 
tact: Siliconix, Inc., 2201 Laurelwood Rd., Santa Clara, CA 
95054. 

Mini -Disk Ad -On for TRS -80 
Percom Data has expanded its TFD line of add -on mini -disk 
systems for the Tandy Radio Shack TRS -80 computer to in- 
clude a dual drive unit featuring double- density storage. 
Designated the TFD -1000, the unit provides 800K bytes of 
on -line storage. Two systems (four drives) may be used with 
a TRS -80 to provide 1.6M bytes on line. A TFD -1000 is 
supplied complete with an interconnecting cable (which 
accommodates either one or two units), a Peripheral Adapter 
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Module (PAM) PC card, Percom's MICRODOS operating 
system, and support documentation. The PAM card replaces 
the RS -232 -C card in the TRS -80 Expansion Interface and 
includes RS -232 -C circuitry itself so that serial interfacing 
capability is retained. The TFD -1000 complete with cable, 
operating system, PAM card and documentation costs 
$2495.00. Two TFD -1000 units (four drives) costs $4950.00. 
Orders may be placed by dialing Percom's toll -free number, 
1-800-527-1592, and may be paid by check or money order, 
COD, or charged to Visa or Master Charge accounts. For all 
the details and specs, write to Percom Data Company, Inc., 
211 No. Kirby, Garland, TX 75042. 

Twice as Much 
NCE /CompuMart is offering a computer and a terminal in 
one unit at a price lower than a terminal alone. The TC 
2001 is available with 8K RAM and combines the PET corn - 
puter and NCE's own design in a direct spinoff from the 
PET technology. It functions as a full duplex, dumb terminal 
which can be used in conjunction with remote time-sharing 
services, and also as an advanced personal computer. It 
incorporates today's most popular microprocessor, the 
MOS 6502 for fast and reliable operations. Available with 
8K, 16K of RAM memory, the ROM memory size is 14K. 
The TC 2001 uses BASIC language (level II), and it is fully 
expandable through IEEE, TTL parallel, second cassette 

(Continued on page 80) 
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WHY CUT? 
WHY STRIP? 
WHY SLIT? 

WHY NOT.... 

J it 

JU 
50 FT. ROLL OF WIRE ++ ONE 

COLOR PART NO. U.S. LIST PRICE 

BLUE JW -1 -B 514.95 
WHITE JW.1 -W 14.95 
YELLOW JW-1 -Y 14.95 
RED JW -1 -R 14.95 

REPLACEMENT ROLL OF 
J L WIRE 50 FT. 

BLUE R -JW -B 2.98 
WHITE R -JW -W 2.98 
YELLOW R -JW -Y 2.98 
RED R -JW -R 2.98 

WIRE-WRAPPING TOOL 

AWG 30 Wire 
.025" Square PDsts 
Daisy Chain or Point To Point 
No Stripping or Slitting Required 
....JUST WRAP -M.... 

Est In d Off 
Easy Loading of Wire 
Available Wire colors: *$ 95 14 Blue, White, Red & Yellow 

USA 
FOREIGN 

PATENTS 

PENDING 

DAISY CHAIN PJ'NT -O POINT 

MACHINE & TOOL CORPORATION 3455 CONNER ST.. BRONX N.Y. 10475 (212) 994- 6600/TELEX 125091 

MINIMUM BILLING $25001 AD SHIPPING CHARGE S2.00 / NEW YORK CITY 1 STA -E RESIDENTS AD) LPFLICABLE TAX. 
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Free: 
Edmund Scientific 
Catalog 

Explore Astronomy, Biofeedback, 
Optics, Lasers, Magnets, Weather, 
Magnifiers, Microscopes, Photo- 
graphy . Over 4,000 Fascinating 
Products in Our FREE 100 page color 
Catalog! Send for your FREE 
Edmund Scientific Catalog, Today! 
38 Years Of Service! 

Yes! Rush me your FREE catalog! 
Name 
Address 
City 
State Zip 
Clip and Mail Coupon Today to: 
Edmund Scientific Co., Dept. EK 02 
Edscorp Bldg., Barrington, N.J. 08007 
No 155 '1980 Edmund Scientific Co. 

PLEASE RUSH MY 
FREE 1980 CATALOG 

name 

address 
city state zip 
EVA ELECTRONICS, 0qí.1- E 1020 W. Wilshire, Ohlehsotiat .01I 73118 J IV 
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Signal Processors 
put distortion to 

work for you 

by Gordon Sell 

D 
ISTORTION -that's a nasty- sounding word 

to the audiophile, but not all distort - 
tion is bad. In fact, some hi -fi buffs are 
spending good money to add good distor- 
tion to the outputs of their speakers -the 
kind of distortion that is called signal 
processing. 

Signal Processing. This impressive 
sounding term can be applied to a great 
many devices that are designed to make 
your system put out some pretty impres- 
sive sound. It is a deliberate alteration of 
sound to make the sound more pleasing 
and realistic. These devices range from 
click and pop removers, and graphic equal- 
izers to dynamic range expanders and time 
delay processors. Here is a quick review 
of the types of signal processors. 

Equalizers. An equalizer is essentially a 

Heathkit's Active Audio Processor AD -1304 
has noise reduction and dynamic range ex- 
pansion circuitry. $199.95 (kit). Circle No. 1. 

fancy tone control, although no simple re- 
ceiver tone control can hope to match 
even a cheap equalizer. This gadget fine 
tunes the frequency response of your sys- 
tem. If your speakers fall off at low and 
high frequencies you can boost either both 
ends, or only one end of the spectrum. A 
room can also have a bad resonance tuned 
out by cutting back at that frequency. 

Choosing an equalizer is a matter of 
budget and need; you usually get more 
when you pay more. A very basic five - 
band graphic equalizer can be had for an 
economical price. It will have the capa- 
bility to boost or attenuate specific center 
frequencies that have a fixed bandwidth. 
The number of frequencies you can vary 
and the amount you can vary them is the 
quality to look for. A five -band graphic 
equalizer is good for adjusting overall fre- 
quency response while ten -band units are 
more selective. 

If you need to tune specific frequencies 
then you may need a parametric equalizer. 
This device is similar to a graphic equal- 
izer but it allows the user to vary the 
center frequencies and roll -off of each of 
the bands. For example the low band 
might be centered anywhere from 20 to 
1000 Hz and the boost or attenuation could 
be wideband or narrow band. To get the 
most out of any equalizer it takes a careful 
hand on the controls and an even more - 
careful reading of the instructions. 

Technics SH -9010 is a paragraphic equalizer 
-each of the 5 bands can be adjusted for 
frequency and bandwidth. $500. Circle 57. 

Click and Pop Eliminators. These super 
devices are for everyone who doesn't have 
a dust -free music room and who does 
scratch records. These machines detect the 
sudden transients that indicate noise and 
momentarily kill the audio for the dura- 
tion of the noise. They then stretch the 
preceding sound to cover the gap. If you 
are rough on discs you'll wonder how you 
ever lived without one. Go to a good audio 
store and ask for a demonstration of SAE's 
Model 5000, Garrard's Music Recovery 
Module and Burwen's THE 7000. Take 
enough money so you won't have to go 
home sad and empty handed. 

. r GA: 7",,r1. -. 

MIR` 

S 

Garrard's Music Recovery Module removes 
pops and clicks from damaged discs- inten- 
sity adjustable. $220. Circle number 54. 

Dynamic Range Expanders. The dy- 
namic range (range from the loudest 
sounds down to the softest sounds) of a 
live concert is roughly 100 decibels (dB). 
The best record albums have a dynamic 

The dbx II model 128 combines a dynamic 
range expander with dbx's noise reduction 
system. Costs about $450. Circle number 58. 

range of about 70 dB and tapes about 60 
dB so this is an area where a lot of 
musical realism is lost. Dynamic range 
expanders boost the peak sound levels and 
soften the quiet sections. The effect can be 
quite noticeable when you add an extra 
7 to 10 dB of range. Most of these units 
are combined with other circuitry such as 
noise reducers and high filters. 

(Continued on page 16) 
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EWLU 2e FWRENU 
FIND ELECT-FMCS MEWS 

PROGRESSIVE HOME 
RADIO -T.V. COURSE 

Now Includes * 12 RECEIVERS * 3 TRANSMITTERS 
* SQ. WAVE GENERATOR 
* SIGNAL TRACER 
* AMPLIFIER 
* SIGNAL INJECTOR 
* CODE OSCILLATOR 

* No Knowledge of Radio Necessary * No Additional Parts or Tools Needed * Solid State Circuits * Vacuum Tube Circuits 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE i 

The "Edu-Kit" otters you an outstanding PRACTICAL HOME RADIO COURSE at a rock -bottom price. Our Kit is designed to train Radio & Electronics Technicians, making 
use of the most modern methods of home training. You will learn radio theory. construe. 
tion practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular schematics; how to wire and solden 
In a professional manner; how to service radios. You will work with the standard type of 
Pu Iehed metal chassis as well as the latest development of Printed Circuit chassis. 

You will learn the basic principles of radio. You will construct, study and work with 
RF and AF amplifiers and oscillators. detectors. rectifiers. test equipment. You Will learn 
and practice Code. using the Progressive Code Oscillator. You will learn and practice 
trouble- shooting, using the Progressive Signal Tracer. Progressive Signal Injector. Pro - gressive Dynamic Radio & Electronics Tester. Square Wave Generator and the accompany. 
Inc instructional material. 

You will receive training for the Novice. Technician and General Classes of F.C.C. Radio 
Amateur Licenses. You will build Receiver, Transmitter, Square Wave Generator, Code 
Oscillator, 'Signal Tracer and Signal Injector Circuits, and learn how to operate them. You 
will receive an excellent background for television. Hi -Fi and Electronics. 

Absolutely no previous knowledge of radio or science is required. The "Edu-Kit" is 
the product of many years of teaching and engineering experience. The "Edu-Kit" will 
provide you with a basic education in Electronics and Radio, worth many times the low 
price you pay. The Signal Tracer alone is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

In radio or science. Whether you are inter- 
ested in Radio & Electronics because you 
want an interesting hobby. a well paying 
business or a job with a future. you will find 
the "Edu-Kit" a worth -while investment. 

Many thousands of individuals of all 

ages and backgrounds have successfully 
used the Edu -Kit" in more than 79 coun- 
tries of the world. The 'Edu -Kit.' has been 
careful,y designed, step by step, so that 
you cannot make a mistake. The 'Edu -Kit" 
allows you to teach yourself at your own 
rate. No instructor is necessary. 

PROGRESSIVE TEACHING METHOD 
e rogressive adio "E u -Kit" is the fo,emost educational radio kit in the world. 

and is universally accepted as the standard in the field of electronics training. The " Edu. Kit' uses the modern educational principle of "Learn by Doing. Therefore you construct. 
learn schematics. study theory. Practice trouble shooting -all in a Closely integrated pro- 
gram designed to provide an easily -,earned. thorough and interesting background in radio. 

You begin by examining the various radio parts of the "Edu-Kit." You then learn the 
function. theory and wiring of these parts. Then you build a simple radio. With this first 
set you will enjoy listening to regular broadcast stations. learn theory. practice testing 
and trouble- shooting. Then you build a more advanced radio, learn more advanced theory 
and techniques. Gradually, in a progressive manner. and at your own rate, you will 
find yourself constructing more advanced multi -tube radio circuits, and doing work like a 
professional Radio Technician. 

Included in the "Edu -Kit" course are Receiver, Transmitter, Code Oscillator, Signal 
Tracer, Square Wave Generator and Signal Injector Circuits. These are not unprofessional 
"breadboard" experiments. but genuine radio circuits, constructed by means of professional 
wiring and soldering on metal chassis, plus the new method of radio construction known 
as "Printed Circuitry." These circuits operate on your regular AC or DC house current. 

THE "EDU -KIT" IS COMPLETE 
You will receive all parts and instrurtiors necessary to build twenty, different radio and electronics cir 

tufts. each guaranteed to overate. Our Kits contain tubes. tube sockets. variable. electrolytic, mica. ceramic 
and paper dielectric condensers, resistors. tie strips. hardware. .tubing. punched metal chassis. Instruction 
Manuals, hookup wire. solder. selenium rectifiers. coils. volume controls. switches. solid state devices. etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit chassis. 
special tube sockets, hardware and instructions. You also receive a useful set of tools, a 
professional electric soldering iron, and a self -powered Dynamic Radio and Electronics 
Tester. The EduKit" also includes Code Instructions and the Progressive Code Oscillator. 
in addition to F.C.C. Radio Amateur License training. You will also receive lessons for 
servicing with the Progressive Sign:.f'Tracer and the Progressive Signal Injector, a High 
Fidelity Guide and a Quiz Book. You receive Membership in Radio -TV Club, Free Consulta- 
tion Service, Certificate of Merit and Discount Privileges. You receive all parts, tool% 
instructions, etc. Everything is yours to keep. 

PRINTED CIRCUITRY 11 
At no increase in price, the "Edu -Kit" 

now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector. a unique 
servicing instrument that can detect many 
Radio and TV troubles. This revolutionary 
new technique of radio construction is now 
becoming popular in commercial radio and 
TV sets. 

A Printed Circuit is a special insulated 
chassis on which has been deposited a con- 
ducting material which takes the place of 
wiring. The various parts are merely plugged 
in and soldered to terminals. 

Printed Circuitry is the basis of modern 
Automation Electronics. A knowledge of this 
subject is a necessity today for anyone in. 
terested in Electronics. 

Reg. U.S. 
Pat. Off. 

Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 

PLIERS -CUTTERS 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE -SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE FCC 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

l SERVICING LESSONS 
You will learn trouble -shooting and 

Servicing in a progressive manner. You 
Will practice repairs on the sets that 
you Construct. You Will learn symptoms 
and causes of trouble in home, portable 
and car radios. You will learn how to 
use the professional Signal Trader. the 
unique Signal Injector and the dynamic 
Radio & Electronics Tester. While you 
are learning in this practical way. you 
will be able to do many a repair job for 
your friends and neighbors. and charge 
fees which will far exceed the price of 
the "Edu-Kit." Our Consultation Service 
will help you with any technical prob- 
lems. you may have. 

FROM OUR MAIL BAG 
Ben Valerio. P. O. Box 21. Magna. 

Utah: "The Edu -Kits are wonderful. Here 
1 am sending you the questions and also 
the answers for them. I have been in 
Radio for the last seven years. but like 
to work with Radio Kits. and like to 
build Radio Testing Equipment. I en- 
joyed every minute I worked with the 
different kits: the Signal Tracer works 
fine. Also like to let you know that 
feel proud of becoming a member of your 
Radio -TV Club.' 

Robert L. Shull. 1534 Monroe Ave.. 
Huntington, W. Va.: "thought I would 
drop you a few lines to say that I re- 
ceived my Edu -K it. and was really amazed 
that such a bargain can be had at such 
a low price. I have already started re- 
pairing radios and phonographs. My 
friends were really surprised to see me 
get into the swing of it so quickly. The 
Trouble- shooting Tester that comes with 
the Nit is really swell. and finds the 
trouble. if there is any to be found." 

SOLID STATE 
Today an electronics techpician or hobbyist re- 

quires a knowledge of solid state. as well as vacuum 
tube circuitry. The "Edu -Kit" course teaches both. 
You will build vacuum tube. 100 °0 solid state and 
combinati.. ( "hybrid ") circuits. 

Progressive Edu- Kits" Inc., 1189 Broadway, Dept. 600 -DJ Hewlett, N.Y.°11557 
r 
I Please rush me free literature describing the Progressive 
I Radio -TV Course 

NAME 

I ADDRESS 

with Edu -Kits. No Salesman will call. I 

ZIP. I 

PROGRESSIVE "EDU -KITS" INC. 
Broadway, Dept. 600 -DJ Hewlett, N.Y. 11557 I 
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INTERNATIONAL CRYSTALS and KITS 

OF -1 OSCILLATOR 

$448 
The OF -1 oscillator is a 

resistor /capacitor circuit 
providing oscillation over a range of frequen- 
cies t y inserting the desired crystal, 2 to 22 
MHz, OF -1 LO, Cat. No. 035108. 18 to 60 
MHz, OF -1 HI, Cat. No. 035109. Specify 
when ordering. 
MXX -1 Transistor RF Mixer 
3 to 20 MHz. Cat No 035105 
20 to 170 MHz, Cat. No 035106. 
SAX -1 Transistor RF Amp 
3 to 20 MHz. Cat. No 035102 
20 to 170 MHz, Cat. No 035103.. 
BAX -1 Broadband Amp 
20 Hz to 150 MHz, Cat. No. 035107 

$5.80 ea. 

.02% Calibration Tolerance 
EXPERIMENTER 
CRY6TA 
(HC 6/U Holder) Holder) ZZ 

Cat. No. 
031300 

031310 

ea. 

S5.80 ea. 

$6.06 ea. 

Specifications 
3 to 20 MHz -For use in 
OF-1L OSC Specify when ordering. 
20 to 60 MHz - For use in OF-1H OSC 
Specify when ordering. 

Enclose payment with order (no C.O.D.). Shipping 
and postage (inside U.S . Canada and Mexico only) 
will be prepaid by International. 

Prices quoted for U.S.. Canada and Mexico 
orders only. Orders for shipment to other 
countries will be quoted on request. 

Price subject to change. Address orders to 
M.S. Dept.. P.O. Box 32497 

Oklahoma City. Oklahoma 73132 
WRITE FOR BROCHURE 

ULnu'i 
International Crystal Mtg. Co., Inc. 

10 North Lee.OklahomaCity. Oklahoma 73102 

CIRCLE 21 ON READER SERVICE COUPON 

NOWIFOR Mc G E E'S 
BIG SPEAKER CATALOG 

1001 BARGAINS IN 
SPEAKERS-PARTS-TUBES- HIGH FIDELITY 

COMPONENTS - RECORD CHANGERS 
Tape Recorders -Kits -Everything in Electronics 
1901 McGee Street, Kansas City, Missouri 64108 

Birth defects 
are forever. 

Unless you help. 
TO PROTECT THE UNBORN 

AND THE NEWBORN 

March of Dimes 
THIS SPACE CONTRIBUTED BY THE PUBLISHER 
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HI -FI REPORTS 
(Continued from page 14) 

Automatic Ambience. Audio time delay 
circuits and related ambience simulators 
can do wonders for your listening room. 
They work by recreating the acoustics of 
a concert hall. Using a pair of rear speak- 
ers these systems simulate the bouncing of 
sound off the rear wall of the concert hall 
by delivering the music to the rear speak- 
ers later than the front speakers. Since 
sound travels about one foot per millisec- 

Advent's Sound Space Control allows up to 
100 microseconds delay in stereo. Digial 
readout and reverb $595. Circle No. 61. 

ond, a 100 -millisecond delay will make 
you think the front and rear speakers are 
100 feet away and the concert hall is 200 
feet long. 

These units usually have reverberation 
controls to add width to the sound. The 
extra power amp need not be too large 
and the speakers don't have to perform 
well much over 8 kHz since the sounds 
from the rear are heard as subconcious 
reinforcement to the music from the front. 

Sonic Hologram. I was recently treated 
to a demonstration of one of the hi -fi in- 
dustry's more interesting signal processors, 
the Carver C4000 Sonic Hologram Gen- 
erator. This unit is a preamplifier that 
works on the phase relationships of the 

Garver 

B 
Carver's Sonic Hologram C -4000 creates a 
3D listening environment when you are 
centered on the speakers. $850. Circle 63. 

sounds as they were originally recorded 
and emphasizes these relationships in the 
output to the amp and speakers. The re- 
sult is a step beyond stereo. The sound no 
longer comes from the two speakers or a 
point in between; it appears to come from 
all over the room. A vocalist might be off 
to the left and forward of the left -most 

- - - 
rik 

.. 

Phase Linear's Model 1000 Series II can 
expand dynamic range up to 7.5 dB on un- 
encoded material. $349.95. Circle No. 60. 

speaker while the bass guitar may appear to 
be further back and a little to the right. 
If you close your eyes, music is arriving 

from three dimensions rather than the flat 
plane of the speaker fronts. You'll find 
yourself pointing out various instruments. 
The effect only works when you are dead 
center on the speaker. 

All this is accomplished without rear 
speakers. The unit also has a time delay 
feature with outputs for rear speakers, 
noise reduction circuitry, a dynamic range 
enhancer, infrasonic filter and selectable- 

MXR's ten octave -band graphic equalizer 
has ± 12 dB control over ten bands from 31 
Hz to 16,000 Hz. Sells for $200. Circle 55. 

crossover tone controls. It has a suggested 
retail price of $867. 

There is not enough space here to dis- 
cuss all the various models of signal proc- 
essors. I have included photos of some of 
these units. Most of the companies make 
more than one type so get in touch with 
them to get the full story. If you circle 
the appropriate reader service numbers 
and send in the card you will receive 
pamphlets from the manufacturers. 

COMMUNICA110NS 

WORLD 

$1.75 At Your Newsstand 

White's Radio Log 
Newly updated, complete, 

accurate listing of all US and 
Canadian AM, FM, and TV 

stations, along with worldwide 
Shortwave broadcasters. 

Info -Packed Introduction 
Receiver technology, 

practices, and even the bands 
and wave propagation are 
changing, so find out what 

the dynamic new world of BC 
and SW listening is all about. 

Build Radio Projects 
Construction projects that you 
can't find in stores -antique 

radios that work, hot new 
circuits using latest ICs, new 

versions of old standards, 
boosters for any receiver. 

ON SALE JAN. 10, 1980 
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DX central 
reporting 

A world of SWL info! 

BY DON JENSEN 

WHAT HAPPENS WHEN you get 200 DX 
listeners together in one place over a 

weekend? A great time, that's what hap- 
pens! 

And that's just what happened in Min - 
neapclis for three days last June when 
radio listening hobby enthusiasts got to- 
gether for the 14th annual convention of 
the Association of North American Radio 
Clubs (ANARC). 

ANARC is the umbrella organization 
linking all the major DXing clubs in the 
U.S. and Canada. Since ANARC affiliates 
itself with all types of DX clubs, those 
present at the gathering at Minneapolis' 
Radisson Hotel included SWLs, BCB 
medium wave listeners, utility shortwave 
and UHF /VHF "action band" monitors, 
FM and TV DX buffs and other special- 
ists. Many of those attending weré mem- 
bers of the various ANARC affiliated 
clubs, while some were not with any or- 
ganization, but all were equally welcome. 

Across the Globe. From California and 
Texas, New England and New York City, 
from the south, the midwest, and overseas 
they came to spend a weekend talking with 
fellow American and Canadian DXing 
fans. Especially exciting was the pres- 
ence of a number of representatives of 
foreign shortwave broadcasters. There were 
a number of voices familiar on the air, 
there in the flesh. 

From Swiss Radio International came 
Bob Zanotti. Roger Stubbe represented 
Quito, Ecuador's HCJB, and from Belgian 
Radio -TV was David Monson. Also on 
hand to discuss broadcasting with SWLs 
were Ekber Menemencioglu of the Eng- 
lish language service of the Voice of 
Turkey and John L. Zakari, assistant chief 
engineer, external operations for the Voice 
of Nigeria. Representing the Voice of 
America was Stewart T. Spencer and Ian 
McFarland from Radio Canada Interna- 
tional (RCI) , whose voice is known to 
listeners of RCI's "DX Digest" pro- 
gram. Larry Magne, the North American 
representative of the Voice of Israel, was 
on hand too. And Rudy Espinal, popular 
host of the former "This Is Santo Do- 
mingo" program on Radio Clarin, Domini- 
can Republic, was a special guest and 
featured speaker. 

tsy the way, yours truly was at the 
ANARC convention manning the ELE- 
MENTARY ELECTRONICS /COMMUNICATIONS 
WORLD booth, and it was a pleasure to be 
able to spend some time talking to some 
of you DX CENTRAL REPORTING readers! 

ANARC Awards. After an informal 
mixer Friday, the program got into full 
swing on Saturday with informative pro- 
grams and seminars during the day, and 
the convention banquet that night. A high- 
light of the banquet was the presentation 
of ANARC's annual awards. Robert Zil- 
mer, a member of ANARC's Frequency 
Recommendation Committee and an ac- 
tive and well known SWL from Mil- 
waukee, was selected to receive the 
ANARC Domestic DXer of the Year 
award. The Radio Broadcaster of the 
Year was Rudy Espinal, while the Inter- 
national DXer of the Year award went to 

Mike Hardester, now with the U.S. Navy 
at San Diego. California. For several years 
he provided SWLs with useful DXing in- 
formation while stationed on Okinawa. 

Sunday mórning brought the by -now- 
famous HAP auction. HAP, the Handi- 
capped Aid Program, is a DXer service to 
handicapped persons in the listening 
hobby. 

The auction of a wide variety of col - 
lectables, includöng station pennants, me- 
chanical pencils, bumper stickers, some 
radio gear and a mass of other station 
memorabilia and promotional material, 

(Continued on page 82) 

rechargeable 
nickel - 
cadmium 
battery 

réchaxteataM', 
NtCd flatter 
tor `â vbtt 
appttcatsrxu, 

The General 
... 

e 
Rechargeable Battery 
System... 
can power many battery - 
operated products for 
years, not lust days or 
weeks. Because when GE 
batteries run down, you 
simply recharge them 

.. up to 1000 times! 
Power that saves 
While an alkaline battery 
may last a long time, 
once it's dead, it's dead. 
You have to throw it 
away! GE rechargeables 
can save you money 
because you don't throw 
them away. Use them 
over and over again 
. : . for years. One GE 
battery could outlive 100 
leading alkaline batteries 
over a four -year period. 
And the GE battery only 
costs about 5¢ a month 
to recharge. 

Power that doesn't fade 
GE batteries provide 
more consistent power 
than throwaway batteries. 
too. Tape recorders don't 
slow down, flashlights 
don't dim. electronic 
flash units recycle faster 
... until the batteries 
need recharging. 
Power when you need it 
With GE rechargeables. 
you can say goodbye to 
running out for batteries. 
Just put the GE batteries 
into a module that snaps 

ontD the miniature 
charter. Then plug it into 
a common household 
outie -. In 14 hours, the 
batteries are fully 
charged. 
Keep an extra set on 
charce while you're using 
your GE rechargeables, 
anc you'll have battery 
power on tap any time 
you need it! 

For just about every- 
thing you own that's 
battery- powered 
GE rechargeable 
batteries come in the 
most popular sizes - 
AA, C, D, and 9 volt 
sizes. And one, handy 
miniature charger fits all 
four sizes. So stop 
throwing away batteries 
and start saving money. 
Buy GE rechargeables 

. the batteries that last 
for years. 

We bring good things to life. 

GENERAL ELECTRIC 
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New from 

hIAGONAL 

TV that tunes 
NRI! 

computer, y programs 
an entire evening s 

entertainment. 
Just part of NRI's training in 

servicing TV, stereo systems, video 
tape and disc players, car 

and portable radios. 
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Only NRI home training prepares 
you so thoroughly for the next great 
leap forward in TV and audio... digital 
systems. Already, top -of- the -line TV's 

feature digital tuning, computer pro- 
gramming is appearing, and new 
digital audio recording equipment 
is about to go on the market. 

NRI is the only home study school 

to give you the actual "hands -on" train- 
ing you need to handle servicing prob- 
lems on tomorrow's electronic equip- 

ment. Because only NRI includes this 
designed- for -learning, 25" diagonal 
color TV with electronic tuning, built -in 
digital clock, and computer program- 
mer as part of your training. With this 
advanced feature, you can pre -program 
an entire evening's entertainment... 
even key lock it in to control children's 
viewing. 

As you assemble it, you learn 
how digital tuning systems work, how 

to adjust and service them. You work 

with the same advanced features 
used in the new programmable 

TV's and video tape record- 
ers. It's exclusive NRI 

training that keeps you 

up with the leading 
edge of technology. 

Exclusive 
Designed -for- 
learning 
Concept 

The color 
TV you build 

as part of NRI's 
Master Course 
looks, operates, 
and performs like 

the very finest com- 
mercial sets. But 

behind that pretty 
picture is a unique 
designed -for- 

learning chassis... 

the only such unit in the world. 

Rather than retrofit lessons to a hobby 
kit or an already -built commercial 
set, NRI instructor /engineers have de- 

signed this television so each step of 

construction is a learning experience. 
As you build it, you perform 

meaningful experiments. You see what 
makes each circuit work, what it does, 

how it interacts with other circuits. You 

even introduce defects, troubleshoot and 
correct them as you would in actual 
practice. And you end up with a mag- 
nificent, big -picture TV with advanced 
features. One you can sell or use in 
your home. 

Also Build Stereo, 
Test Instruments 

That's just a start. You dem- 
onstrate basic principles and circuits 
on the unique NRI Discovery Lab® then 
apply them as you assemble a fine 
AM/FM stereo receiver, complete with 
speakers. You also get practical experi- 

ence as you build your own test instru- 
ments, including a 5" triggered sweep 

oscilloscope, CMOS digital frequency 
counter, color bar generator, and transis- 
torized volt -ohm meter. Use them for 

learning, use them later for professional 

servicing of TV, audio, and video 

equipment. 

Complete, Effective Training 
Includes Video Systems 
Using NRI's exclusive methods, 

you learn far more than TV servicing. 
You'll be prepared to work with stereo 

systems, car radios, record and tape 
players, transistor radios, short -wave re- 

ceivers, PA systems, musical instrument 
amplifiers, electronic TV games, even 

video tape recorders and tape or disc 

video players. Your training covers just 

about every kind of electronic enter- 

tainment equipment available now or 

in the near future. 
And because NRI has unmatched 

experience gained in over 60 years and a 
million students worth of training, your 

course is designed for ease of learning 
and practical utility. You need no pre- 

vious experience of any kind. Starting 
with the basics, exclusive "bite- size" les- 

sons cover subjects thoroughly, clearly, 

and concisely. "Hands -on" experiments 
reinforce theory for better comprehen- 
sion and retention. And your personal 
NRI instructor is always available for 

consultation, ready with explanations, 
answers, and advice. 

Send for Free 
Detailed Catalog... 

No Salesman Will Call 
Get all the facts on this exciting 

course and its potential for you by mail- 
ing the postage -paid card today. Our free 

100 -page catalog includes color photos 
of all kits and equipment, complete 
lesson plans, convenient time payment 
plans, and information on other elec- 

tronics courses. You'll also find out 
about NRI's new Computer l chnology 

Course that includes 
your personal 

microcomputer. Or Complete Com- 

munications with 2 -meter transceiver 
that gets you ready for opportunities in 
broadcasting, 2 -way radio, microwave, 
and other growing fields. If card has 

been removed, write to: 

NRI Schools 
McGraw -Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, D.C. 20016 
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Z80 
INSTRUCTION 

HANDBOOK 
Your complete reference lo the 

powerful ZOO inclrudwn sel 

% BOOKMARK 
BY BOOKWORM 

For Microbuffs. This handy, compact 
reference, the Z80 Instruction Handbook 
by Nat Wadsworth, provides a clear ex- 
planation of the powerful Z80 instruction 
set. It's an ever ready instant reference 
that can be carried in your pocket. It 
explains the instruction set in meticulous 

SCELBI Publications 

Pocket-sized 
reference manual 

Soft cover 
128 pages 
$4.95 

CIRCLE 35 
ON READER SERVICE 

COUPON 

detail. Industry standard mnemonics are 
used throughout. Machine codes are pre- 
sented in both octal and hexadecimal for- 
mat. A convenient index lists all instruc- 
tions alphabetically along with machine 
codes and timing information. Available 
at computer and electronics retail outlets 
or direct from the publisher (add 75 cents 
for postage /handling). Published by 
SCELBI Publications (a division of Scelbi 
Computer Consulting, Inc.), P.O. Box 133 
PP STN, Milford, CT 06460. 

Getting to Work. Here's a book that's a 
good introduction to what a microcom- 
puter is, how it works, and how it can be 
used to solve practical problems. Entitled 
Getting Down to Business With Your 
Microcomputer, by James A. Gupton, Jr., 
it is written so it can be understood with- 

Getting down to 

BUSINESS with your 

MICROCOMPUTER 

How to make 
computers work 
for you 

Soft cover 
245 pages 
$9.95 

CIRCLE 34 
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out á technical background. It presents the 
basic concepts needed to understand micro- 
computers. Many small businesses buy a 
microcomputer to perform tasks such as 
accounting and inventory management, so 
the book contains several chapters, on 

22 

business applications written with the aid 
of a CPA. Microcomputers arc suddenly 
appearing in many special applications. 
Typewriters combined with microcompu- 
ters offer the capability to store and 
manipulate words. Security systems offer 
more protection than before possible. 
Microcomputerized climate control systems 
make possible significant energy savings. 
To get a copy of this book by mail, add 
$1.35 for shipping and handling. Write to 
Sourcebooks, 18758 Bryant Street, North- 
ridge, CA 91324. 

More than 50 Years Old. Today we take 
such miraculous devices as computers, 
television sets, telephones, radios, and all 
our modern -day electronics devices pretty 
much for granted. It's hard to realize that 
radio, the forerunner of our great elec- 
tronic age, burst upon the scene only three 
generations ago! In 1922 the Radio Cor- 
poration of America published a 128 -page 
book that set the stage for its entry into 
the huge consumer market in a big way. 
Entitled Radio Enters the Home, it's sub- 
titled How to enjoy popular radio broad- 
casting, with complete instructions and 
description of apparatus. "For those who 
desire to be entertained with radio con- 
certs, lectures, dance music, and for the 
radio amateur and experimenter." Quaint 
scenes illustrate little tots listening to bed- 
time stories from the radio, a bearded farm- 

Radio Enters the Home 
Old time radio 

RodiU 
l.rJ4r 

revisited 

Soft cover 
128 pages 
$12.50 
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er listening to weather reports, a happy 
family listening to its new "Aeriola," Boy 
Scouts on "maneuvers" with their portable 
battery -pack equipment, and adults holding 
a dance (or perhaps a "radio party "). 
Jammed with pictures and drawings of 
apparatus made by RCA, General Electric, 
Westinghouse, and other great corporate 
names, it's a treasure trove of information 
for today's radio amateurs, radio collec- 
tors, and everyone interested in electronic 
matters. Copies of this 81/2 x 11 -inch book 
are available directly from The Vestal 
Press, P.O. Box 97, Vestal, NY 13850. Be 
sure to add 500 for shipping. 

Take a Bus. The key to system expansion 
in a microcomputer is the bus through 
which the microprocessor communicates 
with the system components. So, S -100 & 
Other Micro Buses by Elmer C. Poe and 
James C. Goodwin, opens the lock to 
microcomputer understanding. Chapter 1 

is a general discussion of bus . basics to 
acquaint the reader with facts about buses. 
Then, the eleven most widely used bus 
systems are examined. Their mechanical 
data pinout designations, and bus signal 

definitions are explained so that the reader 
can understand the bus system of his or 
her own system, can evaluate the bus of 
another system, and can plan the inter- 
face of one bus to another. Besides the 

!V [R(I) 
144 pages 

$5.95 

Examines most 
widely used 
bus systems 

Soft cover 
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popular S -100 bus, the Benton Harbor 
Bus, Intel's Multibus, and the TRS -80 
Bus are described in Chapters 3 through 
5. The bus philosophy used in the Digital 
Group microcomputer is examined in 
Chapter 6. Then, Chapters 7 and 8 ex- 
plain the workings of the SS -50 and the 
Exorcisor buses, while the KIM -1 /KIM -4 
systems are discussed in Chapter 9. Expan- 
sion boards for the Apple II (Chapter 10) 
and the PET (Chapter 11) microcom- 
puters are then examined. Finally, the 48- 
line system bus that was developed by 
Ohio Scientific is explained. The last three 
chapters examine in detail the various 
ways to convert different bus signals to 
S -100 signals. Published by Howard W. 
Sams & Co., Inc., 4300 West 62nd St., 
Indianapolis, IN 46268. 

VCR Repair. Here's a valuable text de- 
voted exclusively to new home videocas- 
sette systems. Videocassette Recorders: 
Theory and Servicing, by Gerald P. 
McGinty is written especially for the re- 
pair technician and for students studying 
television servicing. The text focuses on 

Videocassette 
ecol der s 

;172,151 MtnIty 

Soft cover 
256 pages 
$7.47 

Repair your own 
VCR system 
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troubleshooting, repair, and maintenance 
of the basic videocassette formats cur- 
rently on the market. The theory of video 
tape recording and the special features of 
modern home entertainment cassette re- 
cording systems are covered. in addition 
to the VCR electronic systems. For more 
information on Videocassette Recorders: 
Theory and Servicing, write to Gregg/ 
McGraw -Hill, 1221 Avenue of the Ameri- 
cas, New York, NY 10020. 
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newscan 
Electronics in the News! 

Quarks Triggered Big Bang 

Fundamental bits of matter called 
"quarks" may have triggered the so- called 
"big bang" evolution of the universe, ac- 
cording to a new theory published recent- 
ly by an IBM scientist, Dr. Gordon Lasher. 
Quarks, whose long- suspected existence 
has only recently been generally accepted, 
strongly interact with each other to form 
nucleons -the family name for the protons 
and neutrons that make up the nucleus of 
an atom. It takes three quarks to form a 
proton or neutron. 

Dr. Lasher, in a paper published in the 

An IBM scientist, Dr. Gordon Lasher, has 
published a new theory that fundamental 
bits of matter called "quarks" may have 
triggered the so- called "big bang" 
evolution of the universe. Quarks combine 
to produce the protons and neutrons 
(generically called nucleons) in atomic 
nuclei, releasing heat in the process. The 
drawi,gs depict the formation of "nucleon 
bubbles" in a free quark "fluid." According 
to Dr. Lasher's theory, after the bubbles 
are nucleated, they grow as spherical 
detonation waves, causing the binding of 
more quarks into nucleons. 

June 11, 1979 issue of Physical Review 
Letters, theorizes that the universe began 
as an incredibly dense fluid of free quarks 
at a temperature at or near absolute zero 
and that the manner in which the quarks 
combined to make atomic nuclei ultimately 
led to the formation of the universe as we 
know it, with galaxies, stars and planets. 

The big bang theory, Dr. Lasher says, 
"has no mechanism for generating the 
variations in density which lead to the for- 
mation of the galaxies, but rather assumes 
that these variations are present in the 
initial conditions. 

"In my model, l'm proposing that the 
variations in density were generated dur- 
ing a transition from a state of free quarks 
to the present condition in which all quarks 
are bound into neutrons and protons. 
When this binding took place, a large 
amount of energy was released as heat. 
This produced the high temperature of 
the early universe which was the source 
of the cosmic background radiation. 

Dr. Lasher suggests that the transition 
from a universe filled with free quarks to 
one filled with nucleons began with the 
formation of microscopic bubbles of nu- 
cleons as early as one ten -thousandth of a 
second after the start of the universe. The 
bubbles appeared at random points in the 
quark fluid, each bubble expanding to 
contain a mass equal to that of a million 
suns. 

The expansion occurred violently, the 
heat energy released by the binding of the 
quarks propelling a detonation, or shock, 
wave outward at nine -tenths the speed of 
light, causing the binding of more quarks 
into nucleons as each bubble grew. The 
bubbles expanded until they coalesced. 
Within a thousand seconds all the quarks 
had been formed into nucleons. 

The nature of the process is such that 
more nucleons were formed near the cen- 
ter of the bubble than at the edges; re- 
sulting in the density variations needed to 
begin the process of gravitational col- 
lapse. Scientists believe gravitational col- 
lapse was responsible for the formation 
of all galaxies, including the one in which 
our solar system resides (the Milky Way). 
Only a two percent density fluctuation is 
needed to start gravitational collapse. 

At the end of a thousand seconds, the 
temperature resulting from the quarks 
combining has reached the level calculated 
in the big bang theory, the conditions for 
gravitational collapse have been initiated, 
and the universe is expanding as we see 
it today. 

"My model replaces the first thousand 
seconds of the big bang theory. Its aim 
is to explain the variations of density in 
the early universe by a physical process 
instead of just postulating them as a 
given condition," says Dr. Lasher. 

Catch a Shining Sun 

"Let the sun shine in" is not just a song 
from Hair, but part of the thinking at 
Western Electric when it comes to solar 

(Continued on page 84) 
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AMAZING 
DEVICES 

,tl((( PHASERS )))11 
PPF -1 PHASER PAIN FIELD - This device recently deveb 

oped and patented in our labs is being evaluated by law enforce- 

ment agencies for riot and crowd control It is now available but 

soon will come under the jurisdiction o1 weapons and internal 

machine control making it unavailable to the public. The device 

is hand-held and looks like a BUCK ROGERS ray gun. It is hazar- 

dous it not used with discretion. 
PPF1 PLANS $15.00 
IPG1 INVISIBLE PAIN FIELD GENERATOR -$ This 

amazing, simple hand -held device is about the size of a pack of 

cigarettes and generates a directional field of moderate to inten- 

sive pain in the lower part of the head up to a range of 50' De 

vice is simple and economical to make 

IPG.1 PLANS $6.00 IP01K ALL PARTS $39 50 

IPG10 ASSEMBLEDBTESTED FOR ANIMAL CONTROL 549.50 

LASERS 
RUBY LASER RAY PISTOL - Produces highly intense red 

beam. capable of burning A hazardous device PLANS. PARTS 

SOURCES $15.00 

HIGH POWERED CARBON DIOXIDE BURNING AND CUTTING 

Complete plans and all pans sources $10.00 

SOLID STATE IR 2 WATTS with bjilt in power -. 

plans $6.00 Complete kit with collimator $54.50 

POCKET LASER pulsed. visible red . .plans. $6.00 
Complete kit $39.50 Also complete plans and parts 

sources for RUBY, VAG, NEODYNIUM, HeNe ARGON, DYE 

NITROGEN and many more lasers 

SECURITY 
SNP-2 SNOOPER PHONE - Dial home or office phone 
while on vacation activating sensitive mike without phone 

ringing Excellent property protection and intrusion device 

SNP2K ALL PARTS 

SNP20 ASSEMBLED AND TESTED $89.50 
$49.50 

LONG RANGE XMTR PLANS $6.00 

SEE-IN- THE-DARK P_ANS $8.00 

DIRECTIONAL SHOTGUN MIKE PLANS $7.00 

SUPER SENSITIVE PARABOLIC MIKE PLANS $7.00 

SOUND 8 TELEPHONE OPERATED TAPE RECORDER $5.00 

CATALOG ON PLANS KITS s FINISHED UNITS $1.00 

Send check or money order to 

SCIENTIFIC SYSTEMS, Dept A10 Boe 716 

AMHERST. N. H 03031 

CIRCLE 12 ON READER SERVICE COUPON 

ILFER 
"NORTH 

AMERICA'S 
SHORTWAVE 
MAIL ORDER 

PLACE" 

One -Stop 
Armchair Shopping 
For All SWL Needs 

* Receivers -Drake, Grundig, 
Panasonic, Sony, Yaesu -special 

mods for better performance *Digital 
Frequency Readouts *Receiving Antennas 

*Antenna Tuners *Frequency Calibrators 
*Clocks *Logs *FM orTVGuides *()SL Albums 

*AM Pattern Maps *ITU Publications *DSL Address 
Books *All SWL Accessories *AILSWL Books 

Just Released 
1979 Edition 
CONFIDENTIAL 
FREQUENCY 
LIST 
104 page book identifies 
5000 special HF stations 

to 26 MHz. $6.95rppd. 
4 

FREE SWL CATALOG 
GILFER SHORTWAVE 

Dept E-1 , Box 239, Park Ridge NJ 07656 

CIRCLE 4 ON READER SERVICE COUPON 
23 

www.americanradiohistory.com

www.americanradiohistory.com


Radio Shack-Your No. 1 Parts PIaceETM) 

Low Prices and New Items Every Day! 
Low -Power 
Schottky ICs 
Low 490 As 

100% Prime 
Guaranteed Specs 

Improved 5 -volt logic devices use 
Schottky diode technology for 
minimum propagation delay and 
high speed at minimum power. 

Type Cat. No. ONLY 
74LS00 276 -1900 .49 
74LS02 276 -1902 .59 
74LSO4 276 -1904 .59 
74LS08 276 -1908 .49 
74LS10 276 -1910 .59 
74LS13 276 -1911 .99 
74LS20 276 -1912 .59 
74LS27 276 -1913 .69 
74LS30 276 -1914 .59 
74LS32 276 -1915 .69 
74LS47 276 -1916 1.29 
74LS51 276 -1917 .59 
74LS73 276 -1918 .69 
74LS74 276 -1919 .69 
74LS75 276 -1920 .99 
741S76 276 -1921 .79 
74LS85 276 -1922 1.29 
74LS90 276 -1923 .99 
74LS92 276 -1924 .99 
74LS93 276 -1925 .99 
74LS123 276 -1926 1.19 
74LS132 276 -1927 .99 
74LS151 276 -1929 .99 
74LS157 276-1930 1.19 
74LS161 276 -1931 1.49 
74LS164 276 -1932 1.49 
74LS175 276 -1934 1.19 
74LS192 276 -1935 1.49 
74LS193 276 -1936 1.49 
74LS194 276 -1937 1.49 
74LS196 276 -1938 1.59 
74LS367 276 -1835 1.19 
74LS368 276 -1836 1.19 
74LS373 276 -1943 2.39 
74LS374 276 -1944 2.39 

4000 -Series CMOS ICs 
Type Cat. No EACH 
4001 276 -2401 .69 
4011 276 -2411 .69 
4012 276 -2412 .79 
4013 276 -2413 .99 
4017 276 -2417 1.69 
4020 276 -2420 1.69 
4021 276-2421 1.69 
4023 276-2423 .69 
4027 276 -2427 .99 
4028 276 -2428 1.29 
4046 276-2446 1.89 
4511 276-2447 1.69 
4049 276 -2449 .79 
4050 276 -2450 .79 
4051 276 -2451 1.49 
4066 276 -2466 1.39 
4070 276 -2470 .79 
4518 276 -2490 1.49 
4543 276 -2491 1.99 

All Prime from Major Semi- 
conductor Manufacturers. 
Specs and Pin Out Diagram 
Included with Each Device. 

MC14553 3 -Digit 29 
BCD Counter IC 
CMOS chip replaces over 8 separate Cs in 
a digital display circuit. Input pulse shaping. 
Master reset pin. 16 -pin DIP. 
276 -2498 2.99 

RAM Memory ICs 249 
Low As 

2102 1024 x 1 Array. Low -cost static memory chip. 
16 -pin DIP. Buy 8 and save! 
276-2501 2.49 Ea. or 8/14.95 
2114L 1024 x 4 Array. NMOS static RAM. 18 -pin 
DIP. 276 -2504 10.99 

NEW! Silicon Solar Cells 

i Low As 

599 

Convert light to electrical power. All deliver 
0.45V at rated current. Use several in series/ 
parallel for higher voltages or current. 
276-122. 1h 3" cell, Rated 500 mA ... 5.99 
276 -123. Full 3" cell. Rated 1 amp ... 8.99 

NEW! Switches 

Low As 

169 

l Submini Push Switches. One red, 
one black. SPST momentary contacts 
rated 0.5A, 125VAC. Normally open. 
275 -1571 Pkg. 2/1.69 

Compact Lever Switches. 6A at 
125VAC. SPST. 275-257 2.49 
DPDT. 275-259 2.99 

NEW! BNC Connectors 

149 
219 

Type 1094 Female BNC. Mounts in sin- 
gle tie" hole. 278 -105 1.49 
O Type UG -88 Male BNC. No soldering! 
Screws onto standard coax cable. Plated 
finish. 
For RG -58/U Cable. 278 -103 2.19 
For RO.59/U Cable. 278 -104 2.19 

Hall -Effect Sensors 

198 Pkg. 
of 3 

Open -Collector Output 
Detects magnetic fields electronically. 750 
gauss "on' threshold. Constant amplitude 
independent of frequency. Similar to type 
ULN 3006. Ideal for tachs, position sensing, 
pulse counting. 5 to 16V supply. T0 -92 
case. With data. 
276-1646 Pkg. of 3/1.98 

BIFET Op Amps 

Low 189 
As 

Feature very high input impedance, low 
noise. Fast 13V15 slew rate is ideal for low 
TIM distortion audio amplifiers. Internally 
compensated. Up to ±16V supply. 

LF 353N. Dual BIFET Op amp. 8 -pin DIP. 
276.1715 1.89 s TL 0846. Quad BIFET Op amp. 14 -pin 
DIP. 276 -1714 2.99 

SN -76477 "Music 
Synthesizer" IC 

Creates almost any type of sound! High 
level op amp output. Includes 2 VCOs, 
low frequency osc., noise generator, fil 
ter, 2 mixers, timing logic. 28 -pin DIP. 
With data. 278 -1765 2.99 

Unique LEDs 

Tri-Color. Displays red. green. yellow 
Uniform light output of 0.6 mcd. Forward 
voltage: 2.2VDC. Max. current: 25mA. T1 -3/4 
case style. 
276 -035 1.39 
Cs7 Red Flasher. Operates directly from 
5VDC power source. Pulse rate: 3 Hz. Max. 
current: 20 mA at 5VDC. 
276-036 .................. 1.29 

LED Bar /Dot Display 
Driver 

349 
LM3914N. Features 10 adjustable analog 
steps, bar or dot display mode. Current - 
regulated LED ouputs. 8 to 25VDC supply. 
18 -pin DIP. 276 -1707 3.49 
LM3915N. As above but with 3 dB log steps. 
276-1708 3.49 

AC and DC 
Relays 

111 Low 199 
As 

O SPST Solid Slate AC Relay. Handles 24 
to 280VAC at up to 1.5A. TTL compatible 
5VDC control input. 1500VRMS isolation. 
275-236 1.99 

I] 12VDC SPOT. Silver- plated contacts: 1A 
at125VAC.275.231 2.49 

Manufacturer's Data Books 
iJ 

Low As 

295 

lej 

Need Info? -Find it 
at Radio Shack! 

A7 Motorola RF Data Manual. Power and small -signal RF trans's- 
tors. hybrid amplifier modules, more. 62 -1380 4 95 
O Motorola Low -Power Schottky TTL. Data and diagrams plus 
selection guide for choosing best device. 62 -1381 3 95 
© Linear Applications, Vol. 2. Latest data, diagrams, applica- 
tions briefs and articles. Indexed. 62-1374 2 95 0 CMOS Integrated Circuits. Covers 74C, CD4000- series with 
complete data. diagrams. Cross referenced. 62 -1375 3.95 
O Memory Data Book. Complete info on MOS and bipolar mem- 
ory components, support circuits. 62 -1376 3.95 

4" Cooling Fan 

1295 
Super 
Quiet 
Operation 

Ideal for cooling power supplies, microcomputers, hi -f 
and Ham gear. Delivers up to 70 CFM. Diecast ven- 
turi. U.L. recognized motor. For 120VAC, 60 Hz. 
273 -241 12.95 

12/24 -Hr. LCD 
Clock Module 

1995 

24 -Hour Alarm 
Shows Time /Day /Date Actual Size 
Complete clock module - just add switches and battery! 0.25" 
LCD display has built -in backlight, alarm set, PM and snooze 
indicators. Operates up to a year on single 1.5V battery. Accu- 
racy: ± 13 seconds per month. 277 -1005 19.95 

WHY WAIT FOR MAIL ORDER DELIVERY? 
IN STOCK NOW AT OUR STORE NEAR YOU! 

Prices may vary at individual stores and dealers 
Radie I'haeK 

A DIVISION OF TANDY CORPORATION FORT WORTH, TEXAS 76102 
OVER 7000 LOCATIONS IN 40 COUNTRIES 
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STEREO 
BAR 

GRAPH 

elementary j a Ler 

METER 
Electronics 

Keep your watts RMS in balance with this simple project 

IS YOUR STEREO SYSTEM delivering its 
full rated power into your speakers? 
Are you driving the amplifiers be- 

yond their power rating, resulting in 
excessive distortion and possible dam- 
age to the amplifier or speakers? Is 
your balance control set for proper out- 
put from each side of your stereo sys- 

V+ 

1 

3 -.- 

7 REFERENCE 
VOLTAGE 
SOURCE 

1 

5 

SIGNAL 
INPUT 

-\ -- 
1 

BUFFER 

COMPARATORS 

This is essentially a flow diagram of the 
LM 3914, with the LED output indicators in 
position (for reference). See the text for 
a more detailed explanation of the work - 
ings of the chip and the circuit as a whole. 

by Anthony Caristi 

tern? There is na need to guess at the 
answers to these questions if you build 
and use this stereo power meter. 

Bar Graph Chip. National Semicon- 
ductor Corporation has developed a 
new integrated circuit which will drive 
up to ten LEDs in response to an ana- 
log voltage, and such a chip can be 
used to provide a visual indication of 
the instantaneous power being develop- 
ed by an audio amplifier. By using two 
of these chips, you will be able to con- 
tinuously monitor the audio output 
power of both sides of your stereo sys- 
tem. This will permit you to properly 
set the balance control for equalized 
outputs, and will alert you if there is 

a degradation of audio power due to a 

malfunction of the amplifier. It will also 
provide indication if you have set your 
volume control too high, resulting in 
excessive power being delivered to the 
speakers on audio peaks. The use of 
this instrument will provide positive 
indication of the status of your stereo 
amplifier, and is far superior to the 
human ear for power measurement. 

Most of the circuitry for this dual 
power meter is contained in the inte- 
grated circuits, resulting in an easy -to- 
build circuit with a minimum of ex- 
ternal parts. It is not necessary to build 
the entire dual circuit if you are strictly 
interested in an audio power meter. By 
deleting about half the components you 
can have a simple, easy to use audio 
power meter which can be battery oper- 
ated for complete portability and ease 
of use. Power measurement is attained 
by direct connection to the speaker 
terminals of the amplifier. 

About the Crcuit. The Stereo Power 
and Balance Meter consis_s of two 
identical circuits, each containing an 
LM3914 Dot; Bar display driver chip. 
Each interatee circuit consists of a pre- 
cision tep step voltage divider, a voltage 
reference, and a set of ten voltage com- 
parators with current limited outputs 
which are used to drive separate LEDs. 

The ten step voltage divider network 
is connected between the built -in refer- 
ence voltage source and ground. Each 
step of the divider provides a different 
sensing voltage for the positive input 
terminal of the comparators The nega- 
tive input of all comparators is driven 
by the signal input voltage applied to 
pin 5 of the chip, after being buffered 
by a resistor -diode network and ampli- 
fier. The output of each Comparator 
feeds one LED of the display. It can 
he seen that this arrangement will re- 
sult in any number of LED.. from zero 
to ten, being illuminated depending 
upon the level of voltage fed to the 
input, pin 5. 

Since it is desired to drive the LM- 
3914 with only DC voltages at pin 5, a 
rectifying diode and storage capacitor 
has been provided to convert the audio 
voltage to DC. A potentiometer has 
peen included so that the circuit can 
be calibrated to the proper power level 
for any audio system. The LM3914 will 
respond to audio voltages as low as 2.5 
volts RMS, and is sensitive enough for 
the smallest of stereo systems. There is 
no limit to the maximum power range 
of the irstrument. since the voltage.di- 
viier action of the calibrating poten- 
tiometers will reduce the input driving 
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*I@ STEREO METER 

voltage to the necessary value for the 
desired full scale range of the unit. A 
calibrating procedure is provided at the 
end of this article. 

Power to drive the instrument is pro- 
vided by a set of three NiCad cells con- 
nected in series which will deliver about 
4 volts. The use of such cells allows 
the instrument to be completely port- 
able. In addition, the excellent voltage 
regulation- characteristic of NiCad cells 
preserves the calibrated accuracy of the 

+4 I = VDC 
81 3 NICAD 

C CELLS 
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STEREO POWER AND BALANCE METER 

PARTS LIST 

Bt- Three, size C NiCad cells connected in 
series 

Cl, C2, C3, C4 -10 AF, 35 -volt tantalum capa- 
citor 

D1, 132- 1N34/1N90 germanium diode 
LED1 through LED20 -10 milliampere light 

emitting diode 
R1, R6 -10K potentiometer 
R2, R4- 1200 -ohm, 1/4 watt 10% resistor 
R3, R5- 3900 -ohm, 1/4 watt 10% resistor 
S1 -SPST switch 
Ut, U2- LM3914 (Radio Shack 276-1707) 
Misc. -wire for jumpers and connections, 

printed circuit board, solder, mounting box, 
solder and hardware. 
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VARIAC ISOLATION 

AUDIO 
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AC 
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AC 
VOLTMETER 

R 

GND 
L 
GND 

P. C 
BOARD 

R 

GND 

L 
GND 

BOARD 

-- NICAD 
CELLS 

T 

- NICAD 

T 
CELLS 

There hare two ac- 
ceptable methods 
for calibrating the 
meter. The top di- 
agram shows house 
current as a source, 
with an AC volt- 
meter in parallel 
with our meter for 
reference. At bot- 
tom, an AF genera- 
tor is used as the 
AC current source. 

instrument. Any stable, 5 VDC power 
supply could be used with this unit. 
Just substitute it for the battery. 

Construction. The entire circuit, with 
the exception of the power supply, is 
con'ained on a single sided printed 
circuit board measuring 2% by 31/2 
inches. The set of 20 LEDs can be 
soldered directly to the board, taking 
advantage of the full lead length of 
each LED. This will permit the indica- 
tors to sit about 1/2 inch above the 
board so that the entire assembly can 
be mounted just behind the front panel 
of whatever enclosure you are going to 
use. You can cut two narrow openings 
in the enclosure, measuring about 13/4 
by 3/16 inches, to accommodate the 
LEDs. Drill mounting holes in each 
corner of the printed circuit board and 
use 1/2 -inch spacers to position the 
board away from the front panel. This 
type of construction avoids the problem 
of mounting twenty LEDs to the front 
panel, and makes the entire circuit 
easily removeable for service. 

The LM3914 chips are supplied in 
18 -pin DIP plastic cases. It is strongly 
recommended that you use IC sockets 
instead of soldering the chips directly 
to the printed circuit board. It is almost 
impossible to remove a multipin IC that 
has been soldered to a printed circuit 
board without destroying the IC or 
printed circuit. Note that the orientation 
of the two integrated circuits are op- 
posite to each other. Be sure to follow 
the proper layout as shown in the dia- 
grams. Pin 1 of the IC is indicated by 
a small dot at one corner of the chip. 

When mounting the LED's, capaci- 
tors, and diodes be sure to position 
these parts as shown. The circuit will 
not work if any of these polarized corn - 
ponents are inadvertently placed in 
the board in the wrong direction. 
Double check before soldering them. 

After you have mounted all com- 
ponents, you will note 16 unused holes 
in the board. To complete the circuit 
solder 8 jumper wires between U2 and 
one set of LEDs. Follow the schematic 

diagram and parts' location diagram for 
the correct location of the jumper wires. 

External connections to the printed 
circuit board are accomplished by 
means of six wires. It is best to use 
different colors to avoid misconnections. 
Note that separate ground wires are 
used for each speaker connection, as 
well as the power supply negative lead. 
This is done to ávoid ground loop prob- 
lems which could cause unstable opera- 
tion of the circuit. Follow the hookup 
as shown in the schematic diagram and 
you will have no trouble. 

Checkout and Calibration. In order 
to calibrate the circuit you will need a 
source of AC power which can deliver 
up to 30 Volts RMS into a low im- 
pedance 'load. For this purpose you can 
use your stereo amplifier driven by an 
audio oscillator, or you can use the AC 
power line and an isolation transformer. 
When using the power line for calibra- 
tion you will also need a Variac to set 
the voltage to the proper level with an 
accurate voltmeter. It is not recom- 
mended to connect the circuit to the 
power line without the use of an isola- 
tion transformer. To do so would ex- 
pose you to a shock hazard. 

Before calibration determine the 
maximum power rating of your stereo 
amplifier, if you do not already know it. 
This will be the continuous power rating 
(RMS) of each amplifier. Then refer to 
the chart relating power to voltage in 
an 8 ohm system. If your power rating 
is not shown, or you have a system 
other than 8 ohms, you can easily com- 
pute the voltage for your system by the 
relationship 
E =VPXR 
Where: 

E = RMS voltage across the load in 
volts 

P = Power in 'watts 
R = Speaker impedance in ohms 
The diagrams here illustrate the 

proper connections to calibrate the unit 
using either the power line or audio am- 
plifier as the source of power. Note that 
you will need a load resistor to simu- 
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late the speakers of your system, and 
an AC voltmeter to measure the volt- 
age. The value of the resistor is not 
critical; you can use any value from 8 

to about 50 ohms. What is important is 

to use a load resistor that has a suffi- 
cient power rating to handle the full 
power at which you will be calibrating 
the instrument. When using the audio 
amplifier as the source of power, the 
operating frequency can be anything in 
the Icw range. 100 Hz is recommended. 

Adjust the Variac or audio amplifier 
so that the AC voltmeter reads the 
correct RMS voltage as indicated in the 
calibration chart (or your own calcula- 
tion). Apply power to the printed cir- 
cuit, using either the NiCad cells or AC 
power source. Note that as you vary R1 
and R6 you will be able to illuminate 
some or all of the LEDs. The proper 
adjustment of both potentiometers will 
be the point at which the tenth LED of 
each set just becomes illuminated. You 
can check operation of the circuit by 
varying the level of the audio voltage 
fed to the printed circuit board. With 
zero volts drive, all LEDs will be ex- 
tinguished. As you raise the voltage a 

pair of LEDs will light until you reach 
the full output power level at which 
time all 20 LED's will be illuminated. 
This completes calibration of the in- 
strument. 

Using the Meter. Connect the meter 
to your stereo system at the speaker 
terminals on the rear of the amplifier 
chassis. Be sure to use 4 wires for the 
connections and observe correct polar- 
ity of the leads as shown in the sche- 
matic diagram. Turn on your system 
and adjust the volume control for any 
desired volume level. If only 1 or 2 
LEDs are illuminated it means that 
your power output at this listening level 
is very low. Increase the volume to il- 
luminate more LEDs. Now you will be 

able to adjust the balance control of 
your system so that both sides of the 
system are delivering about the same 
output power. To test the maximum 
capability of your system, increase the 
volume level until the tenth LED of 
each set becomes illuminated on sound 
peaks. If the audio quality emanating 
from the speakers is still good, then 
your stereo amplifier is delivering the 
full power that was designed into it. 

If it is desired to calibrate the power 
level of each LED, bear in mind that 
the c rcuit has a linear response to 
voltage, not to power. Thus, if only 
nine LEDs of each set are illuminated 
then the amplifier is delivering 90% of 
its rated voltage. This is equivalent to 
81c', of its rated power. The same 
square -law relationship holds for any 
number of illuminated LEDs. 

This closeup of 
the meter shows 
the position of 
the jumpers and 
the LEDs. Small 
size allows you 
to build it into 
the cabinets of 
existing amps. 

This is the full 
scale etching 
guide for the 
printed circuit 
board, seen foil 
side up. Check 
your finished 
board carefully 
for foil bridges 
and other errors. 

The component 
placement guide 
for the meter 
also shows all 
off -board con- 
nections and the 
wiring of the 
jumpers. Pay 
careful atten- 
tion to all of the 
jumper wiring. 

JUMPERS SI AND B+ 

BLK RED BLK RED B- 
LEFT RIGHT 
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SIMPLEX-A-THING 
Stop missing those 

important phone calls 

by Erik Hyypia 

i 

You WON'T MISS any more phone calls 
when out of hearing range of your 

telephone, if you add this simple re- 
mote signalling unit which alerts you to 
incoming calls by means of either a 
buzzer or blinker light. The unit is self 
powered for easy placement in any 
room in your home, or even outdoors 
where there are no AC outlets. 

Now that you are permitted to own 
your own phone, you don't have to 
worry about the legality of add -on con- 
venience devices, so long as you don't 

upset the phone company's circuits. 
This unit won't bother Ma Bell one bit 
because it is not electrically hard -wired 
to the telephone lines, and therefore 
cannot possibly cause voltage drops 
that could be detected at the phone 
company switching station. This gadget 
simply senses the normal ringing of the 
telephone with a magnetic reed switch 
placed near the telephone ringer arma- 
ture. When the phone rings, the arma- 
ture generates a strong electro -mag- 
netic field, which trips the reed switch. 

L 

KI 

{ 

TELEPHONE RINGER 
ARMATURE 

TELEPHONE 

JI 

CUT TO 
DESIRED 
LENGTH 

PI 

cr== 

BI B2 
I.5V I.5V 

+ 

3V 
BUZZER 

LI 

SI 

J L_ J 
SIGNALLING UNIT 

PARTS LIST FOR SIMPLEX -A -THING 

B1, B2 -1.5 -volt "D" -cell battery 
11- subminiature phone jack, 

2- conductor 
K1-miniature reed switch, SPST 

L1 -1.5 -volt flashlight lamp 
P1- subminiature phone plug, 

2- conductor 
S1 -SPDT toggle switch 
MISC: suitable mounting cabinet, 

3 -volt buzzer or screamer 
module,' length of 2- conductor 
wire for extension. 
hookup wire, solder, tape, etc. 

The switch is triggered even if you turn 
the regular telephone bell off to pro- 
vide completely silent signalling by 
means of a blinker light. 

Construction. Solder a 14- inch -long 
insulated wire to each end of the reed 
switch and terminate these leads with a 
phone jack. Insulate the switch body - 
before installation in the telephone, by 
means of a plastic sleeve or with elec- 
trical tape. 

Open the telephone and remove the 
béll- clapper arm back to where it joins 
the armature -coil assembly. 

Have someone call you on another 
dialer mechanism by gently lifting it off 
its mount. Find the ringer armature 
located just behind the dialer. You can 
recognize the armatur by following the 
telephone so that the regular bell rings. 
With the reed switch plugged into the 
signalling unit, and the selector switch 
thrown to the buzzer position, gradually 
move the reed switch close to the ringer 
armature. When the buzzer beeps in 
time with the telephone bell, the reed 
switch is correctly placed. If the buzzer a 
sounds continuously, even when the 
phone stops ringing, back the reed 
switch off a little. In the telephone 
shown here, mounting was achieved 
easily by simply (aping the reed switch 
to a large capacitor. 
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The sharpest picture ever achieved 
in big- screen projection TV 
The new Heathkit Screen Star sets a new 
standard in picture quality for big- screen 
projection TV. The finest F1.0 lenses you 
can buy produce one of the clearest, 
brightest pictures ever. 
Imagine watching all your favorite TV 
movies and sports events on a big 6 -foot 
diagonal screen. Heathkit's three -tube 
projection gives you brighter, more vivid 
color. And its a lot easier to build than 
conventional TV's. 

A complete computer system in one 
compact unit 
The Heathkit All -In -One Computer takes 
the guesswork out of selecting a bal- 
anced computer system. It includes 
built -in floppy storage, smart terminal, 
heavy -duty keyboard, 12 -key numeric 
pad, Z80 CPU, and 16K RAM expandable 
to 48K -all in one compact unit. 
Two Z80 microprocessors mean ter- 
minal and computer never share 
power. So both can operate faster 
on more complex programs. And 
there's no better way to learn 
about computers than to build 
one yourself. 

The only computerized home 
weather station for instant, up-to- 

the-minute weather reports 
Just push a button for reliable weather 
information anytime you need it with 
the unique Heathkit Weather Station. 

It gives you digital readouts of 

F or C temperatures, wind speed in 
miles or kilometers per hour or in 
knots, wind direction, barometric 

pressure, date and time of day, even 
the wind chill factor. 

This microprocessor -based weather 
computer has memory to store data 

and precision infra -red sensing 
devices built into the outdoor trans- 

mitter. And it's very easy to build. 

The finest stereo receiver ever 
introduced by one of the 

leaders in audio technology 
It's loaded with luxury features that 

let you adjust your music to your 
preference. 

Special features include a Precision 
Tuning System (PTS) that automati- 

cally corrects mistuning. 5- section FM 

tuning capacitor gives you maximum 
rejection of unwanted signals for lower 
noise, cleaner sound. Digital frequency 

readout, center tune meter, and flywheel 
loaded tuning are just a few of the lux- 

ury touches. Complete 
specifications are in the 
latest Heathkit Catalog. 

Heathkit 
If coupon is missing, write Heath Co., 

Dept. 139 -612, 
Benton Harbor, MI 49022 

Heathkit Products are also sold and serviced at Heathkit Electronic 
Centers (units of Veritechnology Electronics Corporation) in major 
cities throughout the U.S. See your white pages. 

FREE CATALOG 
See all the newest innovations in build -it- 
yourself kits in the latest free Heathkit Catalog. 
It contains nearly 400 exciting kits for your home, 
work or pleasure. Send today. 

Send to: Heath Company, Dept. 139.612, 
Benton Harbor, MI 49022 

Yes, please send me a Heathkit Catalog. 
I am not currently receiving your catalogs. 

Name 

Address 

City State 

CL -725A Zip 

CIRCLE 1 ON READER SERVICE COUPON 
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DIAL CORD IIEI'AIIISr 

STEP -UP 
PULLEY 
(THREE OR FOUR 
TURNS ON EACH 
PULLEY) 

GUIDE PULLEYS 

VARIABLE 
CAPACITOR 

GUIDE PULLEY 

TUNING SHAFT 

GUIDE PULLEY DIAL DRUM 

The old pro shows how to get those radio dials back in line 

by Homer Davidson 

WHO EVER SAID THAT REPLACING 
a dial cord was quick and easy? 
Probably someone who has never 

had to do it. That simple little repair 
can quickly turn into a disaster, and if 
you want to avoid dial -cord disasters 
then read on. The photos and text 
should untangle just about any problem. 

When you tune in a radio station the 
dial pointer should end up exactly at 
the right spot on the dial. To do this 
the dial pointer is linked to the variable 
luning capacitor by a dial cord. When 
one moves 500 kHz so does the other. 
It's a simple, straightforward system 
but once in a while things go wrong. 

Slip- Slide, Slipping Dial. Most dial 
cord slippage occurs at the tuning con- 
trol knob and shaft (Fig. 1). If the dial 
cord sticks at one end and won't move 
or slides erratically across the dial as- 

Fig. 1. The base of the tuning shaft is the 
best place to start looking for a source of 
slippage in the tuning dial cord assembly. 

32 

sembly, suspect slippage at the tuning 
control shaft area. Either the dial cord 
has slipped off the tuning pulley, be- 
come stretched or is almost broken. 

After removing the receiver chassis 
from the cabinet inspect the dial cord 
latch -up. Check the dial cord for 
broken or worn areas. Thumb the small 
dial spring for tightness and see if the 
cord is taut. Now turn the tuning shaft 
and notice where the cord is slipping 
or has stopped moving. 

If the slippage occurs at the tuning 
shaft and the cord is only stretched, 
you may take up the slack by cutting 
off a turn or two on the dial spring. 
Replace the spring if necessary and 
rotate the tuning knob. This will snug 
up the dial cord. In case the dial cord is 
still slipping, check for at least three 
complete turns of cord around . the 
tuning shaft. It's possible someone tried 
to rewind the dial cord and didn't put 
enough turns around the shaft. You 
can stop stubborn shaft slippage with 
liquid rosin (Fig. 2). In real difficult 
cases, apply a coat of phono dressing 
on the tuning shaft and let it dry. 
The cord may not slip again at this area 
but be real careful that you don't turn 
the dial assembly beyond either end or 
it's possible to snap the dial cord in two. 

Repairing the Broken Dial Cord. 
Locating your favorite station with a 
broken dial cord is like trying to find a 
needle in a haystack. Sometimes the 
tuning capacitor will turn and then 

snag, but the dial pointer remains in 
one place. It's best to remove the radio 
from the cabinet and inspect it. 

The dial cord can break almost any- 
where (Fig. 3), but most dial cords 
wear out at the tuning shaft. The dial 
cord may also break or pull out at the 
plastic pulley. Sometimes the metal 

TUNING SHAFT APPLY LIQUID ROSIN 

Fig. 2. An application of liquid rosin, us- 
ualy found in most TV repair supply shops 
will help to eradicate the dial cord slippage. 

clips on the dial pointer will cut the 
cord when excessive pressure is ap -_ 

plied. But, no matter where the dial 
cord breaks -replace it; don't waste 
your time trying to tie a knot. 

If a dial stringing guide is not handy, 
try to draw a schematic around and 
over the pulleys -just the way the dial 
cord is laying. Take a peek, you may 
have a dial stringing guide in your ser- 
vice literature. On large, deluxe dials, 

ELEMENTARY ELECTRONICS i January -February 1980 

e 

www.americanradiohistory.com

www.americanradiohistory.com


J 

TUNING KNOB SHAFT DIAL POINTER MAY SLIP OFF HERE 

STEP -UP 
PULLEYS 

DIAL DRUM ON 
VARIABLE CAPACITOR 

Fig. 3. No matter 
where the dial cord 
happens to part, 
don't waste time 
trying to tie a knot 
in the cord. Re- 
place cord entirely 
with a new one. 

it's best to obtain a stringing guide be- 
fore attempting the job. 

Remember, when the tuning shaft is 
rotated the dial pointer must move in 
the same direction. If you start out 
wrong you may have to rewind the dial 
drum or reverse the dial procedure at 
the tuning shaft. Here (Fig. 4) is 

typical a dial stringing guide. Notice 
how the arro,ws and numbers indicate 
the method of restringing in the correct 
direction. Dial cord stringing is easy 
with these simple directions. 

From Start to Finish. After a string- 
ing dial guide or a drawing is made, 
select the correct size of dial cord. Most 
of the radio dial cords are either a 
medium or fine grade. They come in 
handy hanks or on spools. You may 
buy them at a radio supply store or 
local TV shop. Remove the broken dial 
cord pieces and lay them along side 
the new dial cord. Cut the dial cord 
about six inches longer than the two 
broken pieces. This will give you plenty 
of cord to complete the dial cord string- 
ing procedure. 

Start by tying a loop knot in the end 
of the cord and tying to a plastic hole 
or metal clip in the dial drum. Some 
technicians prefer to first tie the dial 
cord to the spring and keep it taut 
while stringing the whole dial assembly 
(Fig. 5). But I find it best to tie it 

DIAL 
POINTER 

LOW 
FREQUENCY 

to a solid point on the dial drum and 
then string the dial cord around the 
pulley guides. 

On large dial drums, the dial cord 
may go half way around the drum be- 
fore taking off to a guide pulley or tun- 
ing shaft. With a dial stringing guide, 
follow the numbers and proceed around 
the guide pulley, tuning shaft and dial 
drum assembly. If no direction arrows 
or numbers are shown on the dial 
schematic, start at the opposite end 
where the spring connects to the dial 
drum. Rotate the tuning capacitor to 
the end of rotation. 

Make sure you have at least three 
turns around the tuning shaft area. If 
not, the dial cord may slip. Now finish 
going around the guide pulleys and at 
least half -way around the dial drum. If 
you have wound it correctly you should 
have about five inches of cord left. If 
not, double check the schematic. 

Now, before tying the cord to the 
dial spring, hold it tight on the drum 
and slowly turn the drum and notice 
the direction of the cord movement. A 
small piece of masking tape placed 
upon the dial cord at the dial pointer 
area may help to show the correct di- 
rection. Remember the dial pointer will 
rotate in the same direction as the tun- 
ing shaft. Also, notice the dial pointer 
will go towards the higher dial number 

H IGH 
FREQUENCY 

CORD 
FROM 
TENSION 
SPRING 
CCW 

CCW TO 
HIGH 

'FREQUENCY 

TUNING KNOB SHAFT 
CW TO HIGH 

FREQUENCY WIND ON 
4 TURNS 

Fig. 4. This is a 

typical stringing 
guide. Of course, 

since almost every 
maker has its own 

layouts, this can 
only serve as a 

general guide. 

TIE CORD TO TENSION SPRING 

TIE OTHER END 
TO METAL TAB 

DIAL CORD TENSION SPRING 

Fig. 5. Start the re- stringing by securing the 
cord to a tab or hole on the drum. End 

by securing the cord to the tension spring. 

as the plates of the capacitor are un- 
meshed. When a station is found at 
540 kHz the tuning capacitor plates are 
fully meshed. 

With the dial cord moving in the 
right direction, all we have to do is 
stretch the dial spring and tie a knot or 
two. If the dial cord is not moving in 
the right direction, check the dial string- 
ing guide to see if you started correctly 
at the dial drum and went around the 
tuning shaft in the right direction. Some- 
times by reversing the direction at the 
tuning shaft you are back in business. 

Now insert the end of the dial cord 
through the dial spring and pull it 
tight. Wrap about three turns inside the 
spring loop to prevent the spring from 
loosening up and tie a knot. Keep the 
cord and spring taut at all times. Check 
to see if the dial cord moves freely 
across the entire band. If so, tie another 
knot in the dial cord, at the spring loop, 
and place a dab of glue at both tied 
ends of the dial cord. Now install the 
dial pointer assembly. 

Dial Pointer Assembly. Dial pointers 

CLIPS OR 
STOPS DIAL 

CORD 

THIS AREA USUALLY 
SLIDES ON THE 
EDGE OF THE DIAL 

POINTER 

Fig. 6. A drop of plastic cement placed on 
the stops of the dial pointer will usually 
prevent the pointer from slipping around. 
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V@ DIAL CORDS 

come in all sizes and shapes. Some 
plastic jobs just slip over the end of 
the dial shaft, while others connect to 
the dial cord and slide up and down the 
dial scale area. You may find the latter 
are either metal) or plastic pointers. 
Generally, the dial cord is fastened at 
the back of the dial pointer with clips. 

Clean the old grease and dirt from 
the top track of the dial pointer as- 
sembly with alcohol. Install the dial 
pointer after the dial cord stringing 
operation is completed. Pull or feed the 
dial cord around the metal or plastic 
stops. Then dab on a drop of cement to 
hold it in place (Fig. 6). 

If the plastic dial pointer is broken 
you can repair it with epoxy cement. On 
long plastic pointers connect the two 
broken pieces with a stiff wire such as a 
single strand of guy cable. A small 
needle will also do the job by placing 
the wire or needle at the back of the 
plastic pointer and pressing it into the 
plastic pointer area with the tip of a 
soldering iron. Be careful not to apply 
a lot of heat or it's possible to damage 
the plastic pointer. 

With long broken metal dial pointers, 
you can repair them with a stiff piece of 
number 14 copper wire. To straigthen 
the copper wire, roll it over the work 
bench under a short piece of 2 -by -4. 
Now scrape off the metal pointer area, 
apply rosin grease and solder the new 
pointer to the dial assembly. Smooth 
down the soldered area with a rat -tail 

Fig. 7. If the dial drum must be moved dur- 
ing service, lock the cord onto the drum 
with tape to avoid unwinding the cord. 
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Fig. 8. You can repair 
a cracked drum with- 
out removing the cord 
by applying epoxy to 
the drum side facing 
you, and holding it as 

it becomes firmly set. 
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file and touch up the pointer with red 
enamel spray paint. You may also use 
a piece of red spaghetti over the new 
dial pointer. 

In case the one or more clips or plas- 
tic stops on the back of the dial pointer 
assembly are broken off, apply a coat 
of epoxy cement over the dial cord and 
let set up overnight. Before fastening 
the dial pointer into position, tune in a 
local station and clip the dial pointer 
in place. For instance, if you have a 
local station at 1400 kHz and another 
at 540 kHz tune in either station and 
fasten the dial pointer at the spot. Now, 
tune to the other station and see if it's 
right on , the nose. You may have to 
jockey the pointer back and forth a 
little before cementing into position. 

Keeping the Cord on Track. Keep 
the dial cord on track with masking 
tape when working upon the dial drum 
or servicing a component underneath it 
(Fig. 7). Here in a GE model C4332C 
radio, the AM oscillator transistor was 
replaced and the dial drum had to be 
disconnected to get to the soldered con- 
nections. Always apply the tape over the 
mouth or entrance where the cord en- 
ters at the dial drum. The dial cord 
will remain taut and will not unwind or 

fly off the guide pulleys. 
Take note of the large dial spring. 

Here a large flat and curved spring 
keeps the dial cord taut in the dial as- 
sembly. Generally, you will find round - 
coiled springs in most dial cord drums. 

(Continued on page 85) 

DRILL ANOTHER 
HCLE ABOVE 

SOMETIMES DIAL CORD 
BREAKS OUT THE PLASTIC 

Fig. 9. If the original hole in the drum is 
broken, simply drill annother hole as close 
as possible to the location of the original. 

VARIABLE TUNING CAPACITOR CHECK LOOSE SET SCREW 

Fig. 10. If the dial 
pointer seems to 

hang up at random 
spots on the dial, 

suspect a loose set 
screw on the tuning 

drum. If the screw 
continues to work 

loose, apply a drop 
of LoctitelN to hold 

it securely on. 
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INEXPENSIVE TELETYPE INTERFACE. 
Ad 1 TTY capability to your 

RS232 I/O port and 
print for peanuts 

by Herb Friedman 

O 
UT IN THE REAL WORLD, away from 

the marketing pundits, are not to 
be found thousands of personal corn - 
puter hobbyists waving thousand -dollar 
bills and screaming for line printers and 
DECwriters to interface with the RS232 
output of their computers. The fact is, 

after paying for the basic computer, 
there aren't too many hobbyists who 
could afford to even think of purchasing 
a printer, in the near future, for some- 
thing Like $1000. 

But the real world has thousands and 
thousands of model 33 teletypewriters 
and printers lying idle in schools, sur- 
plus dealer basements, and even in 
some computer hobbyists' homes. They 
make superb printers, whose copy is 

generally more readable than what you 
can get from most matrix (dot) print- 
ers. Out in the real world, you can pick 
up a surplus model 33 RO printer 
only, no keyboard) for $150 to $300, 
or even less, assuming you can find 
some 5eing scrapped by a school that 
converted from TTYs to DECwriters. 

The problem is, how does one easily 
connect an RS232C computer output 
to a TTY, which requires a 20 mA 
loop for computer feed? The answer is 

an RS232C to TTY converter, which 

can be assembled for 
under $10, depending on whether you 
have a filament transformer lying 
around, or how fancy you want the 
cabinet. 

The converter takes the DC voltage 
output of an RS232C I/O port, and 
converts the computer signals to a 20 
mA current loop. It is strictly a printing 
converter, hence its simplicity. (It does 
not need to handle the negative to 
positive 232C excursion, rather, it need 
only sense the negative "marking" volt- 
age interruptions to convert to the TTY 
20 mA current loop.) 

Your only problem is to have the 
RS232 output at the 110 baud rate re- 
quired by the TTY. If your computer's 
RS232 output is "locked" at 300 baud 

less than $1 to 

SI 

FI 

120 
VAC 

TI 

11 

6.3 
VAC 

R2 
8.2K 

SIGNAL INPUT > - --A . 

SIGNAL GROUND 

R4 
330A 

RI R3 
470n 22K 

r TO TTY 
PRINTER 

PARTS LIST FOR TTY INTERFACE 

C1 -- 1,000 -uF electrolytic capacitor, '25-VDC 

01- silicon diode rated 25 PIV @ 1 -amp 

Ft -i/4 -amp slow -blow fuse 
LEDI -small LED rated 1.75 -VDC @ 20 -ma 

41, Q2 --NPN switching transistor, MPS -3704 

a- equiv. 
R1 --470 -ohm, 1/4 or 1/2 -watt resistor 
R2- -8,200 -ohm, 1/4 or 1/2-watt resistor 
R3- 22,000 -ohm, 1/4 or 1/2 -watt resistor 

C 

R4- 330 -ohm, 1/4 or' -watt resistor 
S1 -SPST toggle switch 
T1- transformer with primary rated 120 -VAC 

@ 1A /secondary 6.3 -VAC @ 300 -ma 

Z1-full wave rectifier bridge rated 50 PIV @ 

1 -amp 

MISC.- cabinet, Molex connectors, perfboard, 

fuse holder, solder, hookup wire, etc. 
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and higher, this converter won't work 
with a TTY. Most RS232 I /Os how- 
ever, can be hardware or software pro- 
grammed for 110 baud, as is true of 
the Heathkit and Radio Shack R232 
I /Os, among others. You will also have 
to program the RS232 output for two 
stop -bits, though TTYs can work with 
one stop -bit if the printing speed isn't at 
maximum. 

Using the Converter. Referring to 
the schematic, the output from the 
RS232 I/O connects to the converter 
input. Make certain that the I/O signal 
ground (or common) and the protec- 
tive ground (if present) connect to the 
input ground. The TTY printer con- 
nects in series with Q2's collector - 
neither lead is grounded. Make certain 
that the positive (+) TTY printer con- 
nection connects to R3. The TTY's 
negative ( -) connection does not mean 
ground, it isn't grounded to anything in 
the TTY; the ( -) connection goes to 
Q2's collector. Set your computer's 
RS232 I/O for 110 baud, two stop -bits, 
and turn the TTY on to the LINE set- 
ting (not LOCAL). That's it. You'll 
get a TTY printout. 

How It Works. Transistor Q2 is nor- 
mally conducting (on), which is caused 
by bias applied through R2 to Q2's 
base. This allows current to flow 
through the TTY printer, holding it in 
the "marking" state. (If the TTY "runs 
wild," there is no current through Q2; 
either you have made a wiring error, 
failed to apply the power, or the RS232 
I/O is not yet initialized- turned on.) 
Since the marking output from the 
RS232 I/O is negative, Q1 is held 
"open," and acts as a cut -off. When the 
RS232 I/O transmits characters, the 
"spacing" is sent as positive voltage 
bits, representing the characters. Each 

(Continued on page 83) 

FI HOLDER DI TI 

CI ZI 

Breadboard offers the easiest method of 
construction for the TTY Interface. 
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Dc -il- yourself speaker saves 
money and sounds like a million bucks e/e assembles the... 

When the Speakerlab 
kit first arrives take a 
careful inventory of 
the parts. The kit in- 
cludes everything from 
woofers to wet -and- 
dry sandpaper. In- 
cluded are instructions 
for ordering any parts 
that may be missing. 

Paint the front panel, grill frame and back Glue the midrange enclosure to the back 
panel with the black latex paint -two coats. of the front panel. Be sure it's air -tight. 

Next, glue the cross- 
over network in place 
so that the control 
switches fit into the 
opening in the back 
panel. Untangle and 
separate the wires but 
don't pull any loose 
from the board. 
Be sure there are no 
air leaks around it. 

CIRCLE 43 
ON READER SERVICE 

COUPON 

BACK IN THE EARLY DAYS of Hi -Fi 
enthusiasts used to build just about 

everything themselves, and the do -it- 
yourself audiophile was a respected 
member of the electronics hobbyist fra- 
ternity. They were skilled craftsmen 
who could not only work miracles with 
a few vacuum tubes and transformers, 
but also turn chunks of wood and metal 
into beautiful system cabinets. The 
speakers were often fantastic to look 
at even though, by today's standards, 
they were often acoustically primitive. 

Nowadays the do- it- yourself audio- 
phile has all but disappeared. Fantastic 
integrated circuit components and corn- 
puter-designed speakers are next to im- 
possible for the amateur to even think 
about matching. While electronics hob- 
byists have gained in terms of sound 
quality they have lost in terms of pride 
of craftsmanship. 

Kit Building. Fortunately there is 
still a way to get great sound and the 
pride of being able to say "I built 
that ..." and that is by building a kit. 
In addition, there is another good rea- 
son for building a kit -money. Kits usu- 
ally cgst about 25 to 50 percent less 
than a factory- finished product. A great 
example of what you can get in the 
way of kits is the Speakerlab 3 acous- 
tic suspension speaker. 

Speakerlab 3. As kits go this is one 
of the best. At $199 -per- speaker, the 
kit comes with just about everything 
you'll need to put it together including 
paint, sandpaper, hook -up wire and oil 
for treating the wood cabinet. The only 
extras needed are clean rags for the 
oiling of the wood, a staple gun or a 
hammer if you use the grill cloth tacks, 
and a caulking gun which should cost 
no more than two -and -a- quarter at a 
discount hardware store -that's all!! 

Even more impressive is what you do 
get. The Speakerlab 3 is a three -way 
acoustic suspension speaker; that means 

Glue around edge of cabinet, don't leave 
any gaps. Wire up the midrange enclosure. 

36 

Slip the front pagel into place and allow the 
glue to dry. Ad:d sound deadening material. 

Wire up the woofer, midrange and tweeter 
and glue them into place. Let the glue set. 
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SPEAKERLAB 3 
it has three speakers mounted in an air- 
tight cabinet. The low frequency woofer 
is 12 inches in diameter, there is a 8- 
inch midrange and a 1 -inch dome 
tweeter. In terms of size (271/4x15V2x 
117 /a inches) and appearance the speak- 
er is impressive. Like all Speakerlab 
speakers it is available with a beautiful, 
thick walnut veneer finish that fooled 
our builder into thinking it was solid 
until he read the brochure. Speakerlab 
even vises the veneer on the inside of 
the cabinet, where you'll never even 
see it once it's built. As previously men- 
tioned, the kit includes walnut finishing 
oil which works just like the old -time 
linseed oil and turpentine finishes. You 
apply a coat every now and then, and 
after a while it will develop a hard 
rich finish that will make it the pride 
of your listening room. If you want 
to save a bit of money you can order 
the Speakerlab 3 with vinyl, imitation 
walnut veneer for $30 less per speaker. 

Quality and Quantity. The people at 
Speakerlab don't use nails or screws 
on their enclosures- everything is glued 
with space -age sealers so that there can 
be no sound destroying air leaks. The 
part of. the kit that the buyer assembles 
also requires glue and the recommend- 
ed glue is included. 

Quantity is another thing that isn't 
lacking from these kits -There is more 
than enough glue, paint and what 
seems like -a two -year supply of oil. 
Our assembler only used one speaker's 
supply of glue and just over one speak- 
er's supply of paint to put together a 
pair of speakers. 

Put`ing It All Together. Assembly is 

easy with the step -by -step instruction 
booklet. You begin by painting the 
grill frame, front board and cabinet 
back with black latex paint. This is so 
that these parts won't show through 
the grill cloth. Use the paint generously 
and don't try to do it all with one coat. 

These parts are made of particle board 
and they tend to wear out the supplied, 
foam rubber, paint brush pretty fast, so 
do the smooth surfaces first and you 
won't have to go out and blow a whole 
39 cents on a new brush. 

The rest is easy -a little glueing and 
cutting. The crossover network, a very 
impressive looking piece of circuitry, is 
pre -wired so that all you have to do is 

connect the right wires to the right 
speaker's terminal lugs. The wires are 
pre -fitted with lug connectors, so you 
don't even have to solder anything. If 
the connector feels a little loose squeeze 
the flat side with a pair of pliers to 
make them grip better. This section 
was the only disappointment for our 
electronic hobbyist builder, who would 
have liked to solder a few resistors and 
chokes so he could better appreciate 
the excellent crossover electronics. 

Mounting the grill cloth is the hard- 
est part of the job. We followed the 
instruction book technique on one 
speaker and achieved good results al- 
though the thread lines were a little 
off. A member of our listening panel, 
who has had experience with building 
custom speakers, tried a different tech- 
nique on the second grill with better 
results. Here is his technique: 

First lay the grill frame face down, 
over the cloth and pull the bottom 
edge of cloth over to the backside of 
the frame. Stretch the cloth along the 
thread line and tack or staple the cloth 

(Continued on page 85) 

Pour the walnut oil on the wood and sand 
it until smooth. Wipe off the excess quickly. 

Staple or tack the grill cloth to the grill 
frame carefully. Good scissors needed here. 
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Familliarüze yourself with the controls, and 
test the speaker out per the instructions. 

- çsW.+rnleai..rtar. Seel, waItia> 

Trim off all the extra glue that squeezed 
out around the edges, and you're done. 
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Train with NTS for the 
Microcomputers, digital 

the first name 

.:. .O. :::-:,a. 
.,. era ñMny . w 

10 ,.,41.184 M,. WM* 

The world of electronics is daily becoming more 
challenging. Technology is growing more, specialized, 
and the importance of digital systems increases 
every day. Test instruments home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid -state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS /Heath digital color TV (25 diagonal 
with optional programming capability), NTS /Heath 
microcomputer, digital test equipment, digital stereo 
receiver (70 watts per channel), NTS compu- trainer, 
plus much more state -of- the -art equipment to make 
your training exciting and relevant. 

The equipment you receive with NTS training 
programs is selected to provide you with a solid 

background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit -building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. This is the Project- Method, and it works. 
Step -by -step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 

Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 
several areas of electronics. An all -new full -color 
NTS catalog shows you what each course covers, 
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electronics of the future. 
systems and more...from 
in home study. 

and every piece of equipment included. 

Send for it today, and see for yourself what's really 
happening in electronics training technology at NTS. 
Find out how much has changed, and what new 
directions the field is taking. You'll probably want to 

be a part of it. 

It's free. Just mail the card or coupon. Today. 

NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 

NATIONAL SCHOOLS 
TECHNICAL -TRADE TRAINING SINCE 1905 

Resident and Home -Study Schools 
4000 South Figueroa St., Los Angeles, Calif. 90037 

r_________.-1 NATIONAL TECHNICAL SCHOOLS Dept. 222 -010 

I 

I 

I 
I 
I 
I 

I 

4000 South Figueroa Street, Los Angeles. California 90037 

Please send FREE Color Catalog and Sample Lesson. 

Color TV Servicing 
B & W TV and Radio Servicing 
FCC License Course 
Electronic Communications 
Electronics Technology 
Audio Electronics Servicing 
Digital Electronics 
MicroComputers /MicroProcessors 

Name 

Address 

Apartment Number Age 

City 

State Zip 
Check if interested in G.I. Bill information. 

Check if interested ONLY in classroom training in Los Angeles. - - -- - - - - -J 

I 
I 
I 
I 
I 
I 

I 
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e/e checks out the... 

WILSON MARK IV 
HANDY TALKY 

Superb VHF performance in a pocket -sized package 

CIRCLE 80 ON READER SERVICE COUPON 

HOW DO YOU SPELL "VHF FM ?" Some 
folks spell it "M- O- T- O- R- O -L -A" 

and spend very large dollars. It can also 
be spelled "W- I- L- S -O -N." It sounds 
and looks like the high priced spread 
but doesn't cost like it. Let's take a 
look at one, find out what it does and 
whether it's what you want to use on 
2 -meter FM. 

Pick up a Wilson Mark IV and 
you've got 5 -watts of output power in 
a pound of "hand- held" or "clip -on- 
the -hip radio" that covers the entire 
4 MHz of the 2 -meter FM band. It is 
a six -channel, crystal -controlled rig with 
one channel supplied. You select the 
other five, putting in the crystals your- 
self, or having it done at the factory. 

Rabbit Ears. The receiver is a dual - 
conversion superhet with two stages of 
filtering and is both sensitive and selec- 
tive. Operating in the jungle of Man- 
hattan, where there has to be more 
VHF radio activity than anywhere else 
on Earth, and where you expect all 
sorts of unwanted signals to sneak into 
innocent little radios, proved that this 
is not the case with the Wilson. We own 
three other 2 -meter FM radios and 
this one keeps out unwanted signals 
the best. For the record, the numbers 
read like this: Sensitivity -0.25 uV for 
20 dB quieting; Harmonic rejection - 
50 dB; Image rejection -60 dB; Selec- 
tivity- -80 dB at ±12 kHz. 

Big Talk. How Wilson gets that much 
receiver and 5 -watts into that small 
case, and still leaves room for a touch 
tone pad and, in my case, two PL decks 
(sub audible encoders) is a small mir- 
acle. The 5- watts, by the way, is switch - 
able to 21 -watts (there's a small switch 
on the bottom of the unit). It's nice to 
know you've got that much power when 
you need it, but use it sparingly since 

the transmitter draws 800 mA in the 
5 -watt transmit mode, which socks the 
single, fast -charge NiCad battery pack 
pretty hard. Using the Wilson in the 
21 -watt position just about doubles the 
transmit time and draws about 500 mA. 
Transmit audio is crisp, and punches 
through on the other end. In receive, 
the Wilson eats like a bird, drawing 
about 15 mA in squelched standby, and 
about 100mA at its full -rated audio 
output, which is rarely needed. And, 
when it is needed, you'll hear it. Wilson 
is noted for excellent receive audio, so 
if you plan to spend time listening to 
your local repeater in the neighborhood 
disco, you won't miss any of the action. 
Be sure to show off the Mark IV while 
you boogie -it looks like a clone of the 
Motorola HT -220, so the spectators 
will think you're a cop, or even worse, 
a secret service agent; a great attention 
getting device better and cheaper than 
a Corvette. 

Crystalling Up. The Wilson is easy 
to get into. Ten Phillips -head screws 
hold it together. Remove them, and 
everything is accessible as the case 
comes apart. As mentioned earlier, 
there is a lot of room in the case at the 
bottom for things like PL decks, and the 
documentation with the radio is ex- 
cellent. You can get in there and play 
around if you've a mind to. There is a 
small circuit board that holds the re- 
ceive crystals for 3 of the receive chan- 
nels (D, E, & F). You have to remove 
the board to put the crystals in, and we 
would recommend that you have the 
factory do it, to save yourself the 
bother if you're not nimble- fingered. 

Powering Up. A word about the bat- 
tery pack (the BP -4). It is a sealed 
unit NiCad with a capacity of 500 mA/ 
hr. It will accept a rapid charge of 
110 mA /hr, and will top off in about 
5- hours. As a rule, we like to use a slow 
charge rate on NiCads, because they 
live longer if not force -fed. The rec- 
ommended charge rate for any NiCad 

is 10% of the battery's capacity, so 
the best rate for the Wilson battery 
would be 50 mA /hr. The Wilson WC- 
14 charger has a charge rate of 75 
mA /hr, and this is the one we use most 
often. When a quick belt is needed, the 
BC -2 desk charger is used. If you use 
the BC -2, which has a charge rate of a 
110 mA /hr, make sure that you don't 
overcharge, or you'll cook the battery 
to an early retirement. 

When you first get the Wilson, slow - 
charge the battery, and then use the 
Wilson until the audio sounds distorted. 
This means that the battery is deeply 
discharged. Then give it aonther slow 
charge and discharge cycle. After 5 or 
so of these cycles, the battery will have 
developed a "memory" and will be 
broken in. This initial charge /discharge 
procedure should be followed with all 

(Continued on page 85) 

More compact than most units in its price 
and performance class, the Wilson can put 
you in "touch" with just about anyplace 
in the world with a few well -placed taps 
on the touchpad encoder for auto -patch. 
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MINIPOWER 
MAXI FU 

Discover a whole new way 
to enjoy Amateur Radio 

by Karl Thurber 
W8FX 

DO 
YOU STILL GET THAT "Old thrill" 

ou: of hamming? Is the challenge 
gone, replaced with humdrum, "push- 
button" contacts made with 500 -watt 
transceivers and multielement beams? 
There is nothing like trading down to 
low -power operation to restore that lost 
thrill, as many Amateurs both old and 
new have discovered. 

Operation with low power, especially 
power levels under five -watts, presents 
a real challenge, both in eliciting the 
most from your equipment and from 
your operating skills, and the personal 
satisfaction and rewards are great. 
We're going to demonstrate that operat- 
ing with very low power levels is in- 
deed realistic and exciting, even under 
today's crowded band conditions, and 
we'll point out some of the equipment 
choices to make for best results. 

Included are some tried -and -proven 
QRP operating tips that you can use 
for deriving the most enjoyable results 
from your gear. We'll also discuss some 
of the operating awards you can apply 
for, mention some of the contests you 
can enter, and tell you where you can 
get more information about a most in- 
teresting aspect of ham radio. 

If you look up the Q- signal "QRP," 
you w .11 see that it means "Shall I 
decrease power ?" or "Decrease power" 

N 

as a reply. But the term has also come 
to designate communications with lower 
power in general. Nobody has really 
defined low power, but for our pur- 
poses, consider "QRP" as being any- 
thing under 100 -watts input; QRPp as 
10 -watts in, or 5 out; and "milliwatt 
power" as 2 -watts in, 1 -watt out. For 
simplicity, we will talk about QRP as 
collectively covering all three. 

QRP? Why Should I? How important 
is transmitter power in the ham station? 
On the one hand, Amateurs are allowed 
to run power levels ùp to 1,000 -watts 
input -yet many have good luck with 
extremely low- power, milliwatt -level sta- 
tions. No doubt, the higher -powered 
station has a distinct advantage in "get- 
ting out" and making contacts. But one 
shouldn't overestimate the importance 
of high power -when propagation con- 
ditions are favorable, and good operat- 
ing techniques are used, the advantage 
narrows and even the lowest -powered 
station has a chance. 

A look at the mechanics of the deci- 
bel and its relationship to the familiar 
"S- unit" will help to place relative 
power levels into perspective. First of 
all, raising the strength of a received 
signal by one S -unit (6 dB) requires 
that transmitter power be upped by a 
factor of four. Expressed in decibels 

K4KJP is what you 
might term a "fair 
weather" QRPer. 
He uses photocells 
to convert sunlight 
into electrical pow- 
er for his QRP rig. 
Since QRP power 
requirements are 
low, this isn't as 

hard to do as you 
might suspect. 

SOLAR POWERED QRP 

K4KJP 
CARRABELLE, FLA. 

BOX 334 -32322 

TERRY YOUNG 
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(dBs), a 4 -to-i increase in power is 
equivalent to a 6 dB increase, a 2 -to -1 

increase to 3 dB, and a 25% increase 
to but 1 dB. Relating S -units to trans- 
mitter power levels and received signal 
strength, assume that a 1 KW (1000 - 
watt) transmitter is laying down a solid 
S -9 signal into your receiver. What 
happens-all other conditions being 
equal -when power is reduced? With 
power quartered to 250- watts, the S- 
meter would register around S -8; at 
62- watts, S -7; at 16- watts, S -6; and at 
four -watts, S -5. Reducing power even 
further into the "QRPp" area, one - 
watt would yield an S -4 signal; 1/4-watt, 
or 250 -milliwatts, S-'3; 62- milliwatts, 
S -2; and 16- milliwatts, S -1. From these 
figures, it's apparent that the effect on 
received signal strength isn't all that 
great even with large changes in trans- 
mitter power. In other words, it takes a 
very large power increase to cause a 
dramatically stronger signal to be re- 
ceived on the other end. On the other 
hand, if you can get through with 
medium or high power, your signal is 
likely to make it even with very low 
power; you'll just be weaker, and you 
won't cause so much QRM to other 
operators. Yes, QRP works! 

QRP Equipment and Accessories. 
Getting your QRP station on the air 

CIRCLE 65 ON READER SERVICE COUPON 

Kantronics' popular 
Rock Hound crystal 
controlled trans- 
mitter will fit in 
your pocket or 
purse in case you 
ever feel the need 
to call CQ from 
your favorite res- 
taurant. It goes 
without saying that 
this is an excellent 
emergency rig. 
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l a MINI -POWER 

isn't difficult. Building the transmitter 
can be a particularly "fun" project, 
since QRP transmitters are usually sim- 
ple, straightforward affairs and use a 
minimum of components. Construction 
plans for QRP transmitters (and some 
transceivers) abound in the pages of 
all the popular ham magazines, and are 
also found in the ARRL Radio Ama- 
teur's Handbook and the ARRL book- 
let, Understanding Amateur Radio. 

If you lean toward "store- bought" 
equipment, several QRP transmitters 
and transceivers are available. The 
Ten -Tec Argonaut 509 is probably the 
most popular SSB and CW transceiver, 
while the Heath HW -8 is a good bet if 
you'd like to construct a kit. MFJ's 
ready -made MFJ -40T transmitter is a 

If you wish to 
keep your QRP 
operation sepa- 
rated from your 
main setup, a CB 
vertical, such as 
this 0.64 wave- 
length Radio 
Shack model, 
might be just what 
you need for 10 
meter DX work. 

CIRCLE 32 
ON READER SERVICE 

COUPON 

} 

good selection for 40 -meter single -band 
operation (especially when used in tan- 
dem with the accessory VFO, the MFJ - 
40V). A popular two -band transmitter 
is the new Kantronics RockHound (for 
80 and 40) along with the matching 
"Freedom" VFO. If your taste runs to 
older equipment, the Heath HW -7 and 
Ten -Tec PM series are usually available. 
at reasonable prices at hamfests and 
swap meets. All of these rigs are very 
portable -they can be powered by lan- 
tern or storage batteries and taken 
along on field days or used on vacation 
trips without recourse to AC lines -and 
most can be used mobile in a car, plane, 
boat, or RV. Also, if you shop for used 
QRP gear, seek out solid -state equip- 
ment; it will be lighter and more port- 
able than older vacuum -tube gear and 
will draw much less current, a real con- 
sideration in portable operation from 
batteries. Also, transistor output cir- 
cuitry is usually low- impedance and 
broadbanded, meaning that there is 
little time -wasting tuneup required when 
shifting frequency. 

An important point: A VFO is a 
near -must for satisfactory QRP work; 
crystal control is just too limiting to 
be useful. Much more so than when 
operating at higher power levels. you 
need the flexibility of being able to 
move your frequency at will in order 
to duck QRM and to reply to stations 
on, or very near their own frequency. 
Start with a crystal -controlled rig if 
you like, but consider adding a VFO 
at the earliest opportunity. 

For the CW buff, correctly- shaped 
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Newtronics' Hustler series of 
mobile whips provides the ham 
with another venue for QRP (or 
regular power) work. The execl- 
lent radiation patterns from 
these high -quality antennas 
make them highly suitable for 
QRP DX applications. 

keying is especially important in effec- 
tive QRP work. A weak but clean, crisp, 
and click -free QRP signal can often 
slice through interference better than 
far stronger signals with poor keying 
characteristics. A good keyer is a help, 
too, in sending easy -to -copy code and 
in reducing operator sending fatigue. 

If you're really serious about QRP, 
you'll soon tire of the single -band 
transmitter, since if band conditions are 
poor on that band, you're stranded. It's 
better to purchase or construct a rig 
that works on two or more bands. In 
fact, depending on the gear you pres- 
ently own, you may find it unnecessary 
to acquire separate QRP equipment. 
Many transmitters and transceivers can 
be scaled down to QRP power levels 
simply by adjusting the CW level, 
microphone gain, or final amplifier 
bias controls; the rigs will loaf nicely 
at such low power levels. 

The other half of the QRP equation 
is the receiver. A stable, sensitive and 
selective receiver is especially impor- 
tant, since many of the stations you 
work will also be running QRP and 
they will be putting in relatively weak 
signals. And, when you make a QRP 
contact, you don't want to lose it 
because of some receiver fault. If your 
receiver lacks sensitivity, install a high - 
gain preamplifier or preselector (Palo- 
mar Engineers and Ameco both sell 
excellent units). If selectivity is a prob 
lem, consider the addition of an active 
audio filter; the Autek Research QF -1, 
and any of the half -dozen MFJ audio 
filters are worthwhile accessories and 
are relatively inexpensive. Not to be 
overlooked is the accuracy of receiver 
calibration, important since you will 
likely be using your receiver to cross- 
check your transmitter's frequency. If 
your receiver doesn't already contain 
one, a frequency calibrator that places 
known marker signals every 100, 50 
and 25 kHz is a welcome addition for 
determining band and sub -band edges. 

A costly, elaborate antenna system 
isn't necessary for satisfctory results. 
While directional beams and quads will 
have the same beneficial effect at QRP 
power levels, the effect is no more 
dramatic than the raw power differences 
discussed earlier. A full -size half -wave 
dipole at least 30 -feet high, or a quarter - 
wave vertical will do a fine job. The 
keyword is antenná system efficiency, 
not elaborateness. For best results -to 
make every milliwatt count -the an- 
tenna should be resonant at the operat- 
ing frequency and the feedline should 
be properly matched to the antenna 
and kept to a minimum length. A small 
antenna tuner, preferably one with a 
built -in RF wattmeter /SWR bridge, can 
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iN Out. TANCE CAPACf7ANCE 

. . 
. 

MFJ ANTENNA TUNER 
Model MJ -16010 

QRP operation connotes compactness and simplicity of equip - 
men:. A keyer and antenna tuner from MFJ fit this concept. 

be used to "fine tune" your antenna 
system and match it to your transmitter 
or transceiver. The coupler also helps to 
reduce harmonic radiation from your 
rig, a common problem particularly 
with ;wimple QRP gear. 

Paying close attention to these small, 
but very important equipment and an- 
tenna details can make all the difference 
in the world to your overall QRP op- 
eratir.g results. 

QRP Operating Technique. The dif- 
ference between success and failure in 
QRP work is largely dependent upon 
operating skill, technique and perse- 
verance. The QRP operator must rely 
heavi.y on his skill, rather than on the 
brute force of high power. Besides such 
basics as having a clean signal and us- 
ing a good antenna system, there are 
a number of things you can do to in- 
crease your operating effectiveness: 

Determine when band conditions are 
best for low -power operation. Follow 
propagation reports closely, realizing 
that while poor band conditions may 
make the high -power station weaker 
on the other end, QRP signals may just 
not "make the trip" at all. For example, 
on 4G meters, probably the most popu- 
lar QRP band, conditions for low - 
power operation are usually best during 
the daylight and early evening hours; 
later Du, skip lengthens out and signal 
levels decrease somewhat. Watch the 
strength of received signals for a clue 
as to propagation conditions and go 
after DX when S -meter readings are up. 
Bear in mind, too, that operating ac- 
tivity and interference are greatest in 
the later evening hours and on week- 
ends; your results may improve if you 
operate outside these periods. Having 
a bandswitching QRP rig helps too - 
you can pick and choose your band at 
will m order to take advantage of 
changing band conditions. 

Choose your band carefully. Forty, 
fifteen and ten meters are the most 

It 

MF d O'VO KEYER 
el MFJ-402 

Don't be misled by size -it's just as easy to finá quality in a 

compact unit as in a larger one. You just have to squint a little. 

popular bands with QRP'ers. Eighty's 
QRN (static) level is high, especially in 
the summertime, and this often over- 
whelms weak QRP signals. Twenty is 

kilowatt alley, and your chances of 
simply being overwhelmed by higher - 
powered stations are great. My personal 
favorite is ten, where even the lowest - 
powered stations can work the world 
with ease. Excellent conditions now 
existing on the band at the 11 -year 
sunspot peak make for good low -power 
DX, both for Novices (in the 28.1- 
28.2 MHz CW band segment) and for 
QRP SSB'ers using converted Citizens 
Band sets on the phone segment. A 

rule I try to observe is to use the 
highest frequency band that is open 
for DX, and right now it's usually ten, 
at least during the daylight hours. How- 
ever, many QRP'ers prefer 40 meters, 
especially for ragchewing; conditions 
are usually fairly predictable and re- 
liable, with 400 to 600 -mile contacts 
during the day the rule, and worldwide 
DX possible at night. 

Know the right frequencies. Stay flexi- 
ble, and know where to operate in the 
band. Many QRP'ers hang out on the 
"unofficial" QRP frequencies. Some 
popular CW spots are 1,810, 3,540, 
3,560, 7,040, 7,060, 14,060, 21,040, 
21,060, 28,040, and 50,360 kHz; 
Novice frequencies are 10 kHz inside 
each sub -band. On SSB, 1,810, 3,985, 
7,285, 14,285, 14,340, 21,385, 28,885, 
and 50,385 kHz are popular calling and 
working frequencies. Although most 
QRP'ers frown on CQs as a way of 
making contacts, a "CQ QRP" on any 
of these frequencies will often bring a 

snappy reply from another flea -power 
station. Choose a part of the band that 
is not overly crowded; a good QRP 
'signal can sometimes punch through 
QRM, but it is generally better to stay 
clear of interfering signals. If you op- 
erate on 40 meters, be especially care- 
ful to avoid the high -power foreign 
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broadcast stations' frequencies; you 
can't compete with them! 

Call the other fellow on his frequency. 
You will enhance your chances of work- 
ing those whom you call if you can 
respond on or close to the other sta- 
tion's operating frequency. A crystal - 
controlled QRP transmitter is at a 

distinct disadvantage; a VFO (variable 
frequency oscillator) will greatly im- 
prove your rig's flexibility. In fact, a 

VFO is almost a necessity today, espe- 
cially since even Novices are no longer 
limited to crystal control, and the habit 
of "tuning the band" for replies to 
one's CQs is fading rapidly. If you 
don't care to use a VFO, at least pur- 
chase a handful of "rocks" (crystals) to 
allow you to spot yourself across the 
band. 

Listen before calling. Before calling 
a station, be sure no one else is; never 
strike out in the blind for a DX station 
that you can't hear, simply because you 
hear others calling. In fact, most ex- 
perienced QRP operators do not waste 
their time calling CQ. They know that 
most hams won't reply to a weaker 
station if a scan of the band indicates 
that stronger ones are available to work. 
It's usually best to listen carefully for 
another station that is either finishing 
up a QSO (contact) or calling CQ. 
Zero -beat him with your VFO, or if 
you are using crystal control, call as 
close as possible to his frequency using 
your crystals. Two exceptions: When 
working on the QRP calling and work- 
ing frequencies mentioned earlier, a 
CQ is often productive. Also, during 
contests, an occasional CQ is in order. 

Watch your sending. Call and sign 
your own callsign a little longer than 
when running higher power and speak 
clearly and distinctly, using standard 
phonetics. On CW, take care to send at 
a comfortable speed, possibly a little 
slower than usual, to yield cleanly - 
spaced characters and words. Bear in 
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mind that the fellow on the other end 
may be straining just to pull you in, so 
help him out with precision sending. A 
speed of 10 -15 words -per- minute is 
probably best for QRP work. 

Let them know you're running QRP. 
You may want to sign your call and 
add the fact that you are operating 
QRP. Many "big gun" operators will 
make a special effort to contact you if 
they know that you are running very 
low power. Also, identifying yourself as 
a QRP'er will let other low power sta- 
tions know that another enthusiast is 
on the air; you will likely get a call 
from them as well. 

Shoot for DX. There is probably no 
greater thrill in Amateur Radio than 
working halfway across the world using 
just a few watts; surely, the "DX bug" 
bites the QRP operator at least as hard 
as others. Successfully and consistently 
working DX is difficult and a real chal- 
lenge. Nevertheless, many QRP'ers have 
qualified for DXCC (the DX Century 
Club) , the WAS (Worked All States) , 
and the WAC (Worked All Continents) 
awards using under five- wátts; a few 
have claimed these trophies running 
all of one -watt! The odds are that you 
may not work the DX station you call 
on your first, second or even third call; 
persistence counts. Have patience in 
working DX, and don't be discouraged 
if it takes many calls to get a reply; 
too many new QRP'ers quit prema- 
turely and eventually give up trying 
to work DX. When you finally do raise 
that DX station, the resulting satisfac- 
tion will make it all worthwhile. 

Now that we have the basic tech- 
niques mastered, let's talk about how 
to go about testing your skills in QRP 
contests and in going after some oper- 
ating awards. 

Contests, Awards and the QRP Gang. 
A great way to build up your states - 
worked score, add countries to your 
DXCC list, or work stations you need to 
complete a particular operating award, 

is to participate in a contest. Contests 
tend to concentrate or "telescope" op- 
erating opportunities; enough stations 
are usually on the air to allow you to 
make continuous contacts. Some con- 
tests with a low -power multiplier have 
even been won by QRP'ers since the 
multiplier made up for the lower raw 
score caused by the low power used. 

A few contest "tips" should help. 
First, avoid the first few "panic" hours 
of major contests; recognize that the 
"big guns" will be there and will likely 
swamp your signal. Second, make your 
calls short and snappy; start sending 

_immediately when the other station 
finishes transmitting. Third, make fre- 
quent band changes; this will help you 
catch band openings to different areas, 
and will also help you to balance out 
between DX multipliers and QSOs per 
operating hour. Fourth, go where the 
activity is, but take care not to waste 
time calling in the midst of pileups 

What are the popular QRP operat- 
ing activities? They include several 
ARRL and QRP -ARC -I (QRP Amateur 
Club International) sponsored events, 
such as the Spring and Fall QRP QSO 
Parties; the QRPp Section of the CQ 
Magazine World -Wide WPX Contests; 
and the DL (Germany) QRP Activity 
CW Contest. The most popular and 
coveted QRP operating awards include 
the QRP -25 (working 25 club mem- 
bers) ; WAC -QRP; WAS -QRP; DXCC- 
QRP; and the KM /W (1,000 mile -per- 
watt) awards. There are also several 
special QRPp (5 -watt) and milliwatt 
class awards you can compete for. 

The various QRP QSO Parties spon- 
sored by the QRP -ARC -I are especially 

-exciting and rewarding operating events 
for QRP'ers, and they are open to both 
members and nonmembers alike. The 
scoring multipliers used in the formal 
QSO Parties become much more favor- 
able as you compete with lower power 
levels. For example, running over 100 - 
watts nets but a "1" for a scoring mul- 
tiplier, while power levels between 1 

and 5 -watts carry a "3" multiplier; mil- 
liwatt stations yield a full "5" for a 
multiplier. Thus, the incentive is there 

Wondering what 
to do with that 
old CB now that 
you've up- 
graded? Convert 
it to 10 meters 
and you have 
instant QRP. 
The high receiv- 
er sensitivity of 
most CBs makes 
them acceptable 
for ham usage. 
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for QRPp and milliwatt entrants to try 
their best, since they have a sporting 
chance at bringing home an award. In 
fact, a special certificate is presented 
to the . station showing three "skip" 
contacts using the lowest power level 
of any entrant. 

Besides these activities, QRP'ers en- 
joy many of the popular operating 
events and manage to be quite competi- 
tive, especially in those which have spe- 
cial QRP scoring multipliers or which 
otherwise encourage QRP entrants. The 
ARRL Field Day is ready -made for 
QRP operation, with its emphasis on 
portable and emergency power opera- 
tions. The ARRL Sweepstakes, various 
10 -10 Club net QSO parties, the YL- 
OM Contest, the Forty Meter Contest, 
and the ARRL QSO Parties are all 
popular with flea -power participants. In 
addition, "QRP Net" members ex- 
change information on 7,060 kHz at 1 

PM EST each Saturday, and on 3,560 
kHz at 9 PM (2100) each Wednesday. 

QRP operators have banded together 
to form their own association of like - 
minded "under 100 -watts" enthusiasts. 
The QRP Amateur Radio Club Inter- 
national (QRP- ARC -I), formed in 
1961, is made up of several thousand 
QRP'ers throughout the world. The 
club sponsors various operating awards 
and activities, and it publishes a quar- 
terly newsletter which is included in its 
$2 annual dues. You can obtain mem- 
bership information from the club 
secretary/treasurer, Joseph Szempias, 
W8JKB, 2359 Woodford St., Toledo, 
Ohio 43605. Joining up with the group 
is an excellent way to acquire an up- 
to -date working knowledge of QRP 
activities. 

CQ Magazine carries a popular 
monthly QRP column that presents 
timely flea -power operating reports and 
news, awards, club activities, DXpedi- 
tions, contests, parts sources, and indi- 
vidual accomplishments. News for the 
column can be sent to the CQ QRPp 
Editor, Adrian Weiss, K8EEG, 83 Sub- 
urban Estates, Vermillion, SD 57069. 

Note: When writing to any of the 
(Continued on page 83) 
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Heath's HW -8, 
successor to the 
venerable HW- 
7, is a 4 -band 
QRP transceiver 
which will dine 
lightly on your 
car battery, mak- 
ing it a good 
choice for field 
day or portable 
operations. 
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TFIERE IS SOMETHING extremely en- 
ticing about bestowing the power of 

human speech on a machine. Images 
from the obedient, but no- nonsense 
computer aboard the Enterprise, to 
HAL -9000 of 2001, to menacing Cylons 
of Battlestar Galactica evoke an im- 
pulse to deal with these computers as 
intelligent entities. For the novice, it is 

easy to get the impression that the 
computer is a lot brighter than it really 
is if it seems to be speaking English. 

The fact is that many computers to- 
day, even small personal computers, 
can indeed produce sounds similar to 
human speech, and can be programmed 
to arrange those sounds into meaning- 
ful wards and sentences. To a limited 
extent computers can also be taught to 
recognize and react to human speech 
input. The latter is a great deal more 
difficult to accomplish, and for this 
discussion, we will distinguish between 
speecI .synthesis and speech recognition. 

Machine Methods. There are a num- 
ber of methods for accomplishing 
speech synthesis, and they range from 
"brute force" methods to extremely 
complex techniques of signal process- 
ing. Before examining them, however, 
it would be a good idea to have a look 

by Tom Williams 

Making computers listen (and talk back, too!) 

at the problem. Speech synthesis is 

similar to music synthesis in that digital 
information must be transformed into 
an analog waveform. Music synthesis is 
somewhat simpler than speech synthe- 
sis, because a musical tone consists of 
a fundamental frequency and a set of 
harmonics, each with its particular am- 
plitude. Once an algorithm for a given 
musical tone has been developed, com- 
mands can be given to the computer to 
tell it how long and how loud to sus- 
tain that tone, and if that tone is to be 
produced along with other tones to 
form chords, etc. 

Mother Nature's Way. While this is 

not meant to downplay the complexity 
of good music synthesis, even more is 

involved in human speech. Speech is 

produced by the body through the in- 

Radio Shack's Speech Synthesizer uses pho- 
neme concatenation to form "real" speech. 

DATA BOY TM 

DATA TO 
COMPUTER 

ANALOG 
INPUT 

OUTPUT 

DATA FROM 
COMPUTER 

+ 5 VDC 

300n 

LED 

INPUT 
PORI 

OUTPUT 
PORT ^4- 

CPU 

INPUT a 
OUTPUT 
PROGRAMS 

This flow diagram il- 
lustrates the function 
of the Data Boy with 
the computer's central 
processor and mem- 
ory storage. In effect, 
the Data Boy acts as 
an analog - to - digital 
and digital -to- analog 
converter. While this 
method is not perfect, 
it is the most econom- 
ically feasible means 
of allowing for speech 
reproduction on the 
hobby computer level. 

terplay of two mechanisms: the larynx, 
or vocal cords, and the mouth which 
shapes the sounds produced by the 
larynx through different positionings of 
the tongue, teeth, and lips. These parts 
subtly change position during formation 
of sounds, so that for any given particle 
of speech, a complex, nonrepetitive 
waveform is produced. This is quite dif- 
ferent from the waveform of a G -sharp 
trumpet tone, for example, because the 
musical note need only be repeated as 

long as the note is held. 
When the vocal cords produce a 

sound, air is forced from the lungs 
through the larynx causing the vocal 
cords to vibrate; the frequency of the 
vibration depends on how tightly they 
are constricted by the muscles of the 
larynx. The more tightly the vocal cords 
are constricted, the higher the fre- 
quency of the emitted sound. 

The sound produced by the larynx 
is then shaped, (given a certain reson- 
ance or tone) and sometimes given ad- 
ditional qualities such as the vibration 
of the tongue between the teeth, pro- 
ducing the "th" in the word "the." In 
addition, not all the sounds of speech 
are produced with the larynx; there are 
"voiced" and "unvoiced" sounds. The 
"th" in "the" is produced with the 
vocal cords while the "th" in "thought" 
is not. Try it- you'll see the difference. 

One of the biggest problems in speech 
synthesis is the fact that some sounds 
are gradual combinations of others. The 
word "I" is not a single sound, but is 
the sound "ah" blending into the sound 
"ee" in a distinct interval of time. Be- 
cause of these constraints, speech syn- 
thesis in computers has diverged in two 
directions: direct digital recording of 
spoken words which are then recalled 
and output in combinations selected by 
the program, and phoneme concatena- 
tion, or the combining of the basic 
sounds of speech to form words. The 
latter method is the more refined, but 
it has its own problems which we will 
discuss presently. 

The "brute force" method of pro - 
ducing speech with a computer consists 
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of using a microphone to input the 
sounds of a human voice to a computer 
port. An analog -to- digital converter is 
used to sample the waveform as a 
binary number, and then store it in a 
byte of memory. The faster the sampl- 
ing rate, the truer the quality of re- 
corded speech. 

The big problem with digital record- 
ing is that it eats up memory at a 
ferocious rate. Four minutes of con- 
tinuous speech, for example, would fill 
up the available storage space on a 
standard 8 -inch floppy disk. On the 
other hand, digitized recording is the 
most economical way for a hobbyist to 
experiment with computer speech. 

The Data- Boy,T'r produced by Mimic 
Electronics (P.O. Box 921, Acton, MA 
01720) is a speech input /output unit 
which uses signal processing and 
analog -to- digital conversion to record 
spoken words in computer memory. 
The sounds can then be played through 
a speaker using an output program. This 
method of recording and playing back 
speech can be used in a number of ap- 
plications, but cannot be properly called 
"speech synthesis" because it does not 
produce speech from formulas or algo- 
rithms, but simply parrots back what 
has been spoken into it. 

Gamesmanship. Nonetheless, a num- 
ber of interesting programs are possi- 
ble with this method. I have seen a 
Tic -Tac -Toe game run on an Apple - 
II that uses only verbal interchange 
between user and computer. It works 
like this: Before playing the game, 
a part of the program records in mem- 
ory the words spoken' by the player 
that correspond to the positions on the 
Tic -Tac -Toe board. Thus, the player 
will speak the words "one" through 
"nine" via a microphone into the 
Apple's memory. In addition, he will 
also speak words for various com- 
mands, "yes," "no," "I win," "you win," 
"cat," etc. These will be stored in spe- 
cific locations in memory. 

The game is played by each player 
(human and computer) naming the 
square he (it) will occupy. Thus, as a 
first move, the human says "three." 
The computer responds, "Three, cor- 
rect?" If the human says "no," the com- 
puter goes back in its program and says, 
"your turn," and waits for human in- 
put. If the human says "yes," the com- 
puter places an X in the square named 
saying for example, "Seven. Your turn." 

Within the context of the Tic -Tac- 
Toe game, the human and computer 

The muscles of the 
larynx control pitch, 
and some other fac- 
tors involved in hu- 
man speech. The rest 
of the voicing is ac- 
complished within the 
mouth by the tongue, 
teeth and lips. 

I.AIR FROM LUNGS 
R SING IN 
TRACHEA. 
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2.FOLDS OF LARYNX 3.FOLDS COME TO- 
PUSHED APART GETHER,PRESSURE 
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TIME 

This is the analog waveform of a vowel. 
It must be converted to a digital signal. 

appear to be interacting intelligently. 
But it is only an appearance. What is 
really happening is that the computer 
is matching up a word spoken by the 
human with bit patterns of previously 
spoken words stored in its memory. The 
stored words correspond to commands 
for moves in the game. If the human 
word "eight" is matched up with a bit 
pattern of the stored word "eight," the 
program goes to a routine which places 
an X in square 8. 

The human could just as easily have 
spoken "Gleep, glorp, goo ... etc." into 
the computer and it would have acted 
accordingly on finding matches during 
the game. Such a program is a simple 
example of speech input and output 
and of speech recognition. It is not, 
however, ari example of "natural lan- 
guage processing," which attempts to 
understand and act on verbs and nouns 
as they are used in natural language. 

Speech recognition is one of the 
thornier problems in artificial intelli- 
gence research. The bit pattern pro- 
duced by a given sound may not al- 
ways be exactly the same; the sound 
may be louder or softer, muffled, of a 
higher pitch, or with a different accent. 
What the computer has to 'do in that 
case is figure out, on a statistical basis, 
which portions of the bit pattern are 
most significant and characteristic of the 
spoken word. That, as one can well 
imagine, involves some pretty exotic 
mathematical maneuvers. 

Se Habla Phonemes Aqui. There is, 
however, a speech synthesis method 
presently available to users of person- 
al computers which is much more ef- 
ficient in its use of memory than the 
direct storage -method. This method 
is known as phoneme concatenation. 
Instead of storing individual words, 
phoneme concatenation systems contain 

program routines which will produce 
the basic elements of human speech, 
which are known as "phonemes." 

Phonemes do not correspond to 
words or letters of the alphabet, but are 
sounds which linguists have isolated as 
being the basic blocks of language -the 
'sounds that combine to form words 
and meaning. 

It would be too much to ask of the 
average user to expect him to know 
how to use phonetics regularly. Several 
units now on the market made by com- 
panies such as Computalker Consult- 
ants (1730 -A 21st St., Santa Monica, 
CA 90404), and Votrax (4340 Campus 
Dr., #212, Newport Beach, CA 
92660), use a vocabulary building 
method. The unit comes with a mini- 
mum predefined vocabulary, and with 
some models, the user can define more 
words by putting together combinations 
of phonemes and assigning their value 
to a combination of letters. For ex- 
ample, the word "cough" could be as- 
signed to a set of phonemes which 
would generate the sound of the spoken 
word. Then, when the word was typed 
on the screen, the voice unit would 
produce the spoken word. 

One of the limitations of phoneme 
concatenation is that often the transi- 
tion from one natural sound to another 
can sound unnatural. This is due to the 
fact that linguists have generalized, and 
true language is a flowing, inexact thing; 
it can't be rigidly defined as a limited 
set of sounds. 

Texas Instruments has recently intro- 
duced its new home computer, the TI 
99/4. This computer has a Solid State 
Speech module available which has a 
vocabulary of over 200 predefined 
words. 

Use of the TI system has been made 
as easy as using a PRINT statement in 
BASIC. To have the computer speak a 
word, the program need only include a 
SAY statement, like SAY "DOG," and 
a very natural sounding "dog" will be 
produced. Given the advances in syn- 
thesized speech which are available to 
the consumer today; the hollow sound 
of Battlestar Galactica's poor Cylons 
seems primitive indeed. 
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CRYDIT by Thomas R. Fox 

In the kitchen or the 
lab, our quartz -locked 
timer is right at home 

CF_YDIT, AN ACRONYM FOR CR Ystal- 
controlled Digital Timer, is a neat 
little battery- operated timer loaded 

with an abundance of unique features. 
CRYDIT measures time periods of from 
1 to 99- minutes with an accuracy that 
is unobtainable in mechanical -type tim- 
ers, and it lets the user know when the 
time is up with a pleasant, seven -second 
buzzer. A feature of special interest to 
the frugal at heart, is that this pinpoint 
precision isn't achieved with an exotic, 
expensive crystal, for CRYDIT uses 
the common 3.58 MHz color TV burst 
crystal. This crystal isn't only cheap, 
but is also easy to get your hands on. 
In fact, it is possible to get this crystal 
for next to nothing by salvaging it from 
old, junked color TV sets. Check with 
TV sales and service shops, local dumps 
and neighbors. Mail order electronic 
dealers, such as Poly Paks also sell this 
crystal at a very reasonable price. 

Features. One of CRYDIT's most 
unique features is the method used in 
setting it to the time -period desired. As 
you probably are aware, the most com- 
mon method of setting digital clocks, 
watches, timers etc., is that of sequen- 
tial counting, e.g. 1....2....3....As an aid 
to the user, most digital clocks have 
both a fast and slow set switch. While 
this method may be OK for clocks and 
watches, which you seldom have to set, 
it tends to become nerve -racking in 
timers, such as CRYDIT, which are 
frequently set several times a day. The 
metl-od of sequential counting is espe- 
cially hard on the nerves if you happen 
to rriss the exact minute the first time 
around in the cycle and have to start all 
over CRYDIT, on the other hand, can 
be set much quicker, and unlike the 
sequential counting method, it is almost 
fun -o do. For instance, if you wish to 
time something for approximately 45 
minutes, all you have to do is turn the 
knot so its pointer points to midway 
between 40 and 50 on the dial and then 
switch the SET /START switch to 
START. 

Scme of CRYDIT's other features 
include a long battery life (owing to 
its ell -CMOS design), a bright LED 
display which aids in setting as well as 

informing the user the number of min- 
utes left, and a simple memory which 
reminds the user how long he had the 
timer originally set for. 

In addition to being an ideal space - 
age handmade gift for that beautiful 
(or handsome) cook in your life, CRY - 
LIT has a mutlitude of other uses. 
CRYDIT can be used as a darkroom 
timer, a timer for telephone calls, a 
timer for exercise (or nap) periods, and 
as a reminder to watch a special TV 
program, (e.g. NOVA) etc. 

Another feature of CRYDIT, which 
should be especially interesting, is that 
CRYDIT isn't built around one huge 
LSI clock /timer chip. While these huge 
LSI chips are ideal for commercial 
timers, they are basically large black 
boxes, and the builder often gains little 
more than experience in soldering. In 
addition, it is difficult to do anything 
totally unique with these chips since 
their designers have built just about 
everything needed into them (except 
crystals, capacitors and switches). Since 
CRYDIT is designed around the more 
basic building blocks, such as gates, 
counters, decoders, etc., its theory of 
operation can be understood relatively 
easily. Understanding exactly how 
CRYDIT works isn't only rewarding 

because it is fun and educational, but 
also because it is practical. For, like 
any gadget, if you know how it works 
you can probably fix it if it happens to 
go haywire. 

The Circuit. Referring to the simpli- 
fied block diagram in Figure 1, block 
A is a 3.579545 MHz (also sometimes 
referred to as 3.58 MHz for short) 
crystal oscillator whose output goes to 
block B, a 17 -stage binary divider. B 

divides down the 3,579,545 Hertz input 
to a 60 Hertz output. Note that both 
blocks, A and B, are contained in a 

single integrated circuit, U1, which is 

an MM5369 IC. This 60 Hertz next 
goes to C, a divide -by -3600 counter 
composed of a 14 -stage binary ripple 
counter, U2, and a 4 -input AND gate, 
U3. Referring to the schematic, note 
that the AND gate's output is high only 
when all its inputs are high. One of this 
AND gate's inputs is connected to pin 
1 of U12, which has a value of 2048, 
another to pin 15, whose value is 1024, 
the third to pin 14, with a value of 512 
and the last input to pin 5, with a value 
of 16. Thus when the 3600th pulse 
(248 +1024+512+16) reaches U2, the 
AND gate's output goes high. This high 
output is transmitted through the OR 
gate U4c and through the integrating 
network, R5 and C4 (who purposes are 
to lengthen the divide- by- 3600's output 
pulse so that the relatively slow coun- 
ters, U9 and U10, can respond to 
them) and then to pin 11 of U2, which 
resets it back to 0. Thus it is obvious 
that there is one narrow pulse out of 
block C for every 3600 pulses in. Since 
there are 60 pulses coming into block 
C per second, there is 1/60 (60/3600 
= 1/60) of a pulse out per second, 
which means one whole pulse per min- 
ute comes out of block C. The length 
of this pulse is extremely narrow (it's 
actually measured in microseconds) 
and thus is not significant. Note that 
the OR gate's (U4c) other input is con- 
nected, through the simple differentia- 
ting network C3 and R3, to the output 
of the AND gate, USc. The purpose 
of this circuitry is to insure that U2 
starts from zero (i.e. is reset) the in- 
stant S1 is switched to the START 
position. The one short pulse- per -min- 
ute output of block C next goes to AND 
gate G, which is U3b. G's other input 
is connected to S1. As can be seen by 
referring to the block diagram, this 
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3,579,545 HZ 

-UI 
(5369) / ~ 

60HZ 

@/I@ CRYDIT 

other input is low when S1 is in the 
SET position and high when it is in 
the START position. Thus it is obvious 
that the one pulse -per- minute can only 
get through the AND gate G when SI 
is in the START position. Assuming 
that SI is in the START position, this 
one pulse -per -minute goes to the input 
of the OR gate, I, which is U4b. The 
one pulse -per- minute output at I then 
goes to the clock input of the up /down 
counters (K) (actually to pins 15 of 
U9 and U10). Since K's up /down in- 

put is low, (it is connected through in- 
verter J to SI, which is now assumed 
to be in the START (high) position) 
the counters will count down one with 
every input pulse at the clock input. 
4510 ICs count up when their up /down 
input is high, and down when their 
up /down input is low. The BCD (bi- 
-iary -coded decimal) output of K goes 
to block L, which consists of the de- 
coders, drivers and display. In effect, L 
lets those in the outside world "sz.e" 
the state of the counters. Note that the 
display is normally blank. It only lights, 
for about 1.5- seconds at a time, when 
the display button, 52, is depressed. 
Depressing S2 triggers the one -shot 
multivibrator. (The NOR gates, U7c 

and U7d, are the heart of the one - 
shot.) This one -shot generates a high 
output pulse that has a width of ap- 
proximately 1.5- seconds. This 1.5- 
second pulse goes to L's blanking input, 
which causes the LED displays to light. 
K's output is also connected to the 
zero detector (N), composed of U8 
and USa. 

The operation of N is simple. Re- 
ferring to the schematic, notice that 
when the BCD outputs of both 4510 
counters are low (i.e. they both repre- 
sent zeroes), the outputs of both 4- 
input NOR gates are high, and thus the 
output of the 2 -input AND gate is also 
high. Also notice that if any input to 
either NOR gate is low, the output of 
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This block diagram depicts the flow of signals within CRYDIT. We have included the waveforms and time bases as well here to help 
relate the functions to the technical explanation which you will find in the text. This diagram can also serve as a troubleshooting 
guide (if you have an oscilloscope), allowing you to intercept the signals at various points and to compare with the specs. 
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IM 
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C9 
068pF 2 

B1 -9 -volt transistor alkaline battery 

C1 -5 -pF mica capacitor ** 
C2 -39 -pF mica capacitor 
C3, Cl 0-0.1-uF ceramic capacitor 
C4 -0.003 -0.005 ceramic capacitor 
C5- 0.001 -uF ceramic capacitor 
C6- 0.015 -uF ceramic capacitor 
C7- 0.1 -uF mylar capacitor 
C8- 0.22 -uF ceramic capacitor 
C9- 0.68 -uF tantalum capacitor 
C11- 220 -uF electrolytic capacitor 
D1 -1N914 diode 
LED), LED2 -MAN 4640 common -cathode dis- 

play (see text for equivalent displays) 

Q1- 2N5129 general purpose NPN transistor 
R1, R13, R14, R19, R22- 10- megohm, 1/4 -watt 

resistor * ** 
R2 -1,000 -ohm, 1/4 -watt resistor 

14 

12 

13 U7d 

BL 

II 

R30 
TO 

33Ón 

8 
4 
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_ +9V 

R19 
IOMEG 
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4 LED 2 
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Ó22pF 9 

U7c 
10 

QIc 

;II b 
R20 13 

PARTS LIST FOR CRYDII 

470n 

R3, R4, R15- 10,000 -ohm, 1/4 -watt resistor 

R5- 27,000 -ohm, 1/4 -watt resistor 
R6- 15,000 -ohm, 1/4 -watt resistor 
R7- 10,000 -ohm, PC -type trimmer potentiom- 

eter 
R8- 330,000 -ohm, 1/4 -watt resistor 
R9- 22,000 -ohm, 1/4-watt resistor 
R10, R11- 100,000 -ohm, 1/4 -watt resistor 
R12- 1,500 -ohm, 1/4 -watt resistor 
R16- 50,000 -ohm, linear -taper potentiometer 

R17- 500,000 -ohm, linear -taper potentiometer 
R18- 1- megohm, 1/4 -watt resistor 
R20- 470 -ohm, 1/4 -watt resistor 
R21- 100 -ohm, 1/4 -watt resistor 
R23 to R36- 330 -ohm, 1/4 -watt resistor 

S1 -SPST miniature slide switch 

S2 - SPST momentary- contact pushbutton 

switch 

R21 
IOOn 

BUZZER 

D S3 ON-OFF 

+ 
+ CII 

B 
9V 

1220pF 
T 

S3 -SPST switch (part of R17) TV -type control 

U1-MM5369 17-stage divider 
U2- CD4020 binary ripple counter 
U3- CD4082 dual AND gate 

U4- CD4071 quad OR gate 

U5- CD4081 quad AND gate 
U6, U7- CD4001 quad NOR gate 

U8- CD4002 dual NOR gate 

119, U10- CD4510 E'CD counter 
U11, U12- CD4511 -7- segment latch and driver 
XTAL- 3.579545 MHz color TV crystal 
MISC.- cabinet, knobs, dry lettering kit, bat- 

tery clip, hardware, 6 -to -9 -volt solid state 

buzzer, etc. 
* *Note: All capacitors have a working voltage 

of 25 -VDC or better. 
** *Note: All resistors, except potentiometers, 

are 5% tolerance- rated. 

Both printed circuit boards for this project, already drilled and etched, are available from 
Niccum Electronics, Box 271B, Stroud, OK 74079. The main board costs $5.50; >.he 

display board costs $4.50, postpaid. Please allow 3 to 4 weeks for delivery. 
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the respective NOR gates is also low, 
which means the AND gate is also 
low. N's output goes to a simple logic 
network and drive circuitry contained 
in block P (composed of U5d, U4d, 
Q1 and associated resistors and ca- 
pacitors) which causes the buzzer to 
sound off for approximately 7- seconds 
after the output of N goes high. 

Hopefully, you should now have some 
idea of how CRYDIT knows when a 
time period is over. However, what hap- 
pens when Si is switched to SET? When 
S1 is switched to SET, block E starts 
into operation. E, which is composed 
of NOR gates U7a and U7b, is the 
circuit's SET pulse oscillator, which 
produces relatively short pulses, whose 
widths are determined by the MAIN 
SET and FINE SET controls (R16 and 
R17). The length of E's positive pulse 
varies from about 0.6- milliseconds, 
when both SET pots are at a minimum 
resistance position, to about 66- milli- 
seconds, when both are at a maximum 
resistance position. The time between 
positive pulses is about 0.9 seconds. 
E's output goes to the Schmitt trigger 
(F), actually composed of R9, R10 
and U4a, which shapes E's pulses to 
fine -looking, textbook -specimen square 
waves. 

F's output first goes to a differentia- 
ting network consisting of C5 and R4, 
which resets the counters the instant 
F's output goes high. F's output also 
goes to one input of the AND gate (H) 
U5b. H's other input is the SET square 
wave oscillator, D, which consists of the 
two NOR gates (U6c and U6d). D has 
a nominal frequency output of 1500 - 
Hertz. H's output then goes through 

OR gate I to the clock input of K. Note 
that the 1500 -Hertz from D can only 
get through gate H when F's output is 
high. However, F's output is always 
low whenever Si is switched to START, 
thus D's 1500 -Hertz output can only 
get through H when Si is switched to 
SET. This circuitry, consisting of 
blocks E, F, D and H, provides the 
means of loading the counters with the 
desired time period. 

To illustrate this, assume that both 
SET controls are at their minimum re- 
sistance positions. F's output pulse 
length is then approximately 0.0006 - 
seconds (0.6- milliseconds) long. Thus, 
only 1500 X 0.0006 = 0.9 of a pulse 
can get through H, which means the 
display will show 00 (or possibly 01, 
depending upon the exact timing and 
variation of components). When both 
SET controls are at their maximum 
resistance positions, F's pulse length is 
then approximately 0.066 seconds (66 
milliseconds) long and 1500 X 0.066 = 
99 pulses will get through H and the 
display will show 99. When the SET 
controls are between minimum and 
maximum, the display will show a num- 
ber between 00 and 99. It can easily be 
shown that every number between 0 
and 99 can be loaded into the counters 
by simply adjusting the SET controls. 

This completes the basic description 
on how CRYDIT works. There is one 
detail that still should be mentioned. 
Referring to the schematic and the 
simplified block diagram, notice that E 
is composed of two NOR gates -U7a 
and U7b and that one input of the first 
NOR gate U7a is connected to the out- 
put of the AND gate -U5c. The oscil- 
lator (E) stops running when this in- 
put is high and when E stops, its output 
is low. Referring again to the schematic, 
notice that the AND gate's U5c output 
only goes high when SI is on START 
and E's output is low. (E's output is 
first shaped by U4a and then inverted 
by U6a.) In other words, E keeps 
running, even when SI is switched to 
START, until its output finishes com- 
pleting its output pulse. This logic net- 
work keeps CRYDIT from being 
switched from its SET mode to its 
START mode in the middle of a count- 
ing period, even though SI is switched 
from SET to START, and thus avoids 
the possibility (although slight) of a 
random number appearing on the dis- 
play after Si is switched from SET to 
START. 

Construction. Except for the four 
front panel controls and the buzzer, all 
parts, including displays, are mounted 
on two circuit boards. While the author 

If OW This is the full -scale template for 
etching the printed circuit used on 
the display board. Cut the board it- 
self to allow a 1/2 -inch margin 
around the edges. This is done in 
order to accommodate different 
chassis mounting schemes, some- 
thing which you can decide your- 
self in later phases of construction. 

The main circuit board is one of the 
most complex you're likely to run up 
against, and we suggest that if you 
don't have all that much experience 
in etching PC boards, you avail your- 
self of the pre- etched boards being 
offered by Niccum Electronics. Order- 
ing information will be found at the 
bottom of the parts list. 

54 ELEMENTARY ELECTRONICS - January- February 1980 

www.americanradiohistory.com

www.americanradiohistory.com


used a resist marking pen (a fine- tipped, 
permanent freezer -type marking pen 
can also be used) and Bishop Graphic's 
precis on slit tape (available from CC 
Electronics) to make the printed cir- 
cuit boards for his prototype, the photo - 
graph_c method of printed- circuit board 
fabrication is recommended for the 
reader to use, due to the many fine, 
close- together foil runs. (GC Electronics 
Positive Method Printed Circuit Kit, 
#22-210, is a good kit to use.) No 
matter which method you use, be sure 
to check out the completed circuit 
boards with an ohmmeter for shorts 
and possible breaks in the foil, before 
you mount and solder any components. 

While it is usually good practice to 
use IC sockets, do not use sockets for 
U 11, U12 or the two LED displays, 
since there may not be enough room 
between them and the front panel. 

The main circuit board requires quite 
a few jumpers. Referring to the com- 
ponent mounting guide, note that the 
dashed lines marked "J," refer to bare 
wire jumpers. Be sure to connect these 
jumpers as shown. If there is any 
chance of a short, place sleeving on the 
bare wire before soldering. In addition 
to 12 bare wire jumpers, the main cir- 
cuit board also requires 11 insulated 
wire jumpers. Referring again to the 
mounting guide, connect and solder one 
end of an insulated wire to the point 
marked "1" located in the upper right 

hand corner of the circuit board. Con- 
nect and solder the wire's other end to 
the other point marked "1" that is lo- 
cated approximately 11/2-inches to the 
first point's left. Similarly, connect a 
wire between the two points marked 
"2." Do the same for the points marked 
t63,59 445 67, 448, 4410 

and "11. Eleven insulated jumper wires 
are required all together. The display 
circuit board only requires one bare 
wire jumper and no insulated wire 
jumpers. 

For the two common -cathode LED 

displays, (LED1 and LED2) the au- 
thor used the MAN 4640. This 0.4- 
inch -high orange display produces a 
bright, clear readout. However. any 
other common -cathode display with 
identical pin arrangements can be sub- 
stituted. In fact, most 0.3 -inch or 0.4- 
inch common -cathode LED displays can 
be used. Some alternate displays that 
will work are: MAN74, MAN84, Data - 
Lit 704, and the XAN 3054 series. 

After you have mounted and soldered 
all components and jumpers to the two 
circuit boards, use #22 or #24 solid 

The photo above shows the assembled main board swung away from the chassis. Almost 
all of the wiring used to interconnect the two boards leaves from the right hand side, 

which allows plenty of flexibility and accessibility in assembly and checkout, if needed. 

The component placement diagram above indicates the location of all parts on the main board. We suggest that you install the IC 

sockets last, because several components must be installed close enough to the sockets that there might be problems in fitting 

them in. After the components are installed, see the jumper location diagram two pages ahead to complete the board assembly. 
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hook -up wires to connect the two cir- 
cuit boards. Refer to the component 
mounting guides. Wires should be con- 
nected as follows: connect a wire from 
the point marked "BL" on the main 
board to point "BL" on the display 
board. Connect another wire between 
one point marked "GND" on the main 
board and the point marked "GND" 
on the display board. Connect another 
wire between the point marked "Al" 
on the main board and the point marked 
"Al" on the Display board. Do the 
same for the points marked "BI," "Cl," 
"Dl," "A2," "B2," "C2" and "D2." 
Notice that for clarity, wires between 
points Al through D2 are not shown 
connected in the pictorial. Altogether, 

This is the finished 
display board, show- 
ing the two 7- segment 
LEDs in position. You 
may wish to utilize 
IC sockets (14 -pin) for 
them as well, in order 
to provide additional 
clearance from the PC 
board to the front. 

there should be 10 wires connecting 
the two circuit boards. These 10 wires 
do not merely serve as electrical con- 
nections between the two boards; they 
'also mechanically connect the two 
boards, eliminating the necessity of 
spacers and screws. The space between 
the two boards serves as a convenient 
battery holder for the 9 -volt battery. 

Next, mount Si, S2, R16 and R17 
(which includes S3) on the front panel. 
Refer to the pictorial wiring guide 
winch shows the rear of the front 
panel. Note that for CRYDIT's case, 
the author used Radio Shack's #270- 
233 Experimenter's box, although a 
slightly larger cabinet can also be used. 

For the wiring between the panel's 
components and the two circuit boards, 
again refer to the pictorial. First, solder 
the 9 -volt battery clip's black lead to 
the main circuit board's unused "GND" 
point. Solder the clip's red lead to one 

The component placement diagram for the display board also shows the attachment 
points for the wiring coming from the main board at top. Note the lone jumper used on 
this board, located between C10 and U12. Put it in first because it's very easy to forget. 
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connection of S3, the on -off switch. 
(The pictorial wiring guide assumes 
that the builder is using an SPST pot - 
mounted switch for S3. However, other 
types of SPST switches can also be 
used.) Connect wires from S3's un- 
used terminal to the points marked 
" +9" on both the main and display 
circuit boards. Take two other wires 
and connect one end ,of each wire to 
this same S3 terminal. Solder the free 
end of one of these wires to one termi- 
nal of S2 and connect, but do not 
solder, the free end of the other Wire 
to a terminal on Si. Connect the buz- 
zer's red (positive) lead to the same 
terminal on SI, which has a wire com- 
ing from S3 connected to it. Now 
solder all unsoldered connections. Fin- 
ally, solder a wire from the center 
terminal of R16 to the center terminal 
of R17. Be sure to refer to the pictorial 
wiring guide when making the above 
connections. 

Now finish the wiring between the 
circuit boards and the front panel. 
Solder the buzzer's black (negative) 
lead to the point marked "W" on the 
main circuit board. Solder one end of 
a wire to S2's unused terminal. Solder 
the wire's other end to the point marked 
"T" on the main circuit board. Solder 
the end of another wire to Sl's un- 
used terminal and solder the wire's 
other end to point "Z" on the main 
circuit board. Finally, solder one end 
of a wire to the right terminal of R16 
(looking at R16 from the rear) and 
connect its other end to the point 
marked "X" on the main circuit board. 
Similarly, connect another wire from 
R17's right terminal to the point marked 
"Y" on the main circuit board. 

For that professional touch, use 
epoxy cernent to glue a piece of red - 
tint acrylic plastic to the back of the 
hole you have cut out of the front 
panel for the display to be seen. In 
addition to acting as a filter for the two 
LED displays, this plastic also acts as 
a spacer for the Display Circuit board. 
Refer to the display circuit board's 
component mounting guide for loca- 
tions of the two holes for the mounting 
screws. Use two, 2 -56 or 4 -40, screws 
to attach the display circuit board to 
the front panel. 

Ideally, BI should be a 9 -volt alka- 
line type battery, although other types 
of 9 -volt batteries will also work. A 
high -quality 9 -volt alkaline battery 
should last about a year with normal 
use. 

Checkout and Operation. Switch the 
SET /START switch (SI ) to the SET 
position and then turn on CRYDIT 
(i.e. switch S3 to the ON position). 
Adjust both SET controls (R16 and 
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R17), as well as R7, to their approxi- 
mate midpoint. Next, press the DIS- 
PLAY switch (S2). The display should 
light for approximately a second and 
a halt and show some number between 
40 and 70. Notice that there is an 

updated reading about every 0.9 -sec- 

onds. Immediately after the update, the 
display can change. For instance, the 
display might switch from 50. to 51 

after one update and then back to 50 
after another one. This is normal. If 
you want a constant reading, simply 
adjust the FINE SET control slightly. 

To check out CRYDIT's timing 
(countdown) circuitry, adjust the SET 
controls so the display shows 03. Ex- 
actly one minute after you switch SI 
to START, the display should change 
from 03 to 02 (press the DISPLAY 
butto- to check this) and after exactly 
3 minutes, the buzzer should sound 
off for about 7- seconds. If you want, 
check the display. It should now show 
00. 

If everything so far appears normal, 

it is time to adjust the SET circuitry. 
Switch S1 to SET and turn both the 
FINE SET (R16) and MAIN SET 
(R17) controls to their maximum 

clockwise positions. Now assuming you 
wish to have your CRYDIT measure 
time periods of from 1 to 99 minutes, 
as the author's prototype does, (For 
a 1 -60 minutes model, see the final 
section in the article.) adjust R7, the 
10K printed -circuit trimmer, so that 
99 consistently shows on the display. 
This completes CRYDIT's adjustment. 

In order to set CRYDIT to the de- 
sired time period, first switch SI to 
SET and then turn the knob on the 
points to "0" on the dial. The next 
FINE SET control so that its pointer 
step depends upon whether you want 
to use CRYDIT for precise timing (e.g. 
in photography work) or for applica- 
tions requiring only the approximate 
time (±2- minutes). If you can put up 
with a ± 2- minute error, simply turn 
the knob on the MAIN SET control 
to the point on the dial which corre- 

sponds to the desired time period, in 
minutes, and then switch SI to START. 
That's it! You don't even have to press 

the DISPLAY button to look at the 
display. 

If your timing requirements are ex- 
acting, all you have to do is add a 

simple second step to the above pro- 
cedure. To measure exact time periods, 
set the MAIN and FINE SET con- 
trols exactly as before (i.e. set the 
FINE SET knob to "0" and the MAIN 
SET knob to the time desired), but 
now check the display before you 
switch SI to START to check on the 
actual number stored in the counters. 
If the display doesn't agree exactly with 
the time period desired, adjust the 

FINE SET control until it does. When 
using the FINE SET control, use the 
divisions marked on the dial as a guide. 
For example, turn the FINE SET knob 
one division clockwise to increase the 
number on the display by one, and one 
division counterclockwise to decrease 

(Continued on page 84) 

The jumper location diagram above also includes the wiring connections for the remainder of the off -board components, as well 

as the interconnections between it and the display circuit board. Point D at S3 is a junction for several connections (hot side of 

buzzer, hot side of S1 and 52). Simply attach all incoming leads to the terminal on the switch back (switch S3) after mounting. 
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MIZTJHa TUNING 

CIRCLE 47 ON READER SERVICE COUPON 

Upgrade the performance of your 

FOR MANY YEARS, a preselector was 
considered an important addition to 

any shack's receiver. In recent years, 
with the advent of improved receiver 
technology, it is no longer such a neces- 
sity. However, for those of you who still 
use your older receivers for SWLing, 
or as a standby for a newer rig, the 
preselector can add some valuable se- 
lectivity. In fact, with a CW or SSB 
filter added on also, you may find that 
your old HQ -110 can give the new rig 
a good run for the money. 

In that light, you may also consider 
buying an older rig for much less 
money, as a starter unit, and then 
adding a preselector to it. Remember 
that the better -quality receivers of a 
decade or two ago weren't necessarily 
lacking in sensitivity, but rather in selec- 
tivity. 

One of the better preselectors we 
have run across recently is the Mizuho 
SX -59, marketed by Gilfer Associates. 
But before we get into the review of 
this unit, let's begin by reviewing in 
detail what a preselector can do. 

How It Works. A preselector will in- 
crease the strength of incoming signals 
on the frequency to which it is tuned. 
It will decrease the strengths of signals 
to which it is not tuned. In the attenua- 
tion mode, it will decrease signals on 
the frequency to which it is tuned, 
preventing overload from overly- strong 
stations. 

A preselector will not improve adja- 
cent signal selectivity. It will not pro- 
vide a better impedance match for the 
antenna (only a transmatch will do 
that). It is of no use to a atransmitter. 

It is important that a preselector be 
properly adjusted, or it can aggravate 
existing problems. If not set correctly, 
it will reduce signal strengths consid- 
erably, and enhance image interference. 
If left on in the presence of a strong 
signal, overload of the receiver will 
occur, resulting in distortion and cross 
modulation. 

e/e checks out the... 
MIZUHO 

SX-59 

PRESELECTOR 
inexpensive receiver dramatically 

Most modern, high -quality communi- 
- cations receivers will not benefit by the 

use of a preselector. Inexpensive re- 
ceivers will. Since few of us can afford 
the luxury of commercial or military - 
grade receiving equipment, a preselec- 
tor is probably a good investment. 

The Circuit. The circuitry of the SX- 
59 is very straightforward. Three field 
effect transistors are used in a cascade 
amplifier /source -follower configuration. 
Input and output impedances are nomi- 
nally 50 -75 ohms. Used with a trans- 
ceiver, the relay contacts will withstand 
100 watts of RF power. 

As shown in the accompanying illus- 
tration, the preselector is compact (6" 
by 21/2" by 6 ") and neatly laid out. It is 
entirely enclosed by a metal cabinet, 
and finished in smooth gray. 

Specifications. Mid -band gain of the 
SX -59 is on the order of 20 dB. Tuning 
range is 3 to 30 mHz in three bands. 
Noise figure is nominally 3 dB at 7 
mHz. Bandwidth is ±200 kHz ( -20 
dB) and ±500 kHz ( -50 dB). 

The SX -59 is designed to operate 
from its own internal 120 VAC power 
supply. A front panel control allows a 
choice of variable gain up to 20 dB, or 
variable attenuation to -20 dB. 

The SX -59 is useful for: (1) Boost- 

You may not have ever 
heard of Mizuho's 
products before now 
(we hadn't), but we 
expect you will in the 
future. The SX -59 is 
a quality piece of 
equipment that will 
complement almost 
any shack. Note shield- 
ed bandswitch and the 
convenient dual an- 
tenna jacks; one for 
coaxial line, one for 
shielded RCA - type 
con nectors.Circle47on 
reader service coupon. 

TUNING 
CAPACITOR 

FUSE 

ANTENNA 
BY -PASS 
RELAY 

PARALLEL 
ANTENNA 
INPUT 
JACKS 

ing the strength of weak signals; (2) 
Improving poor receiver sensitivity 
( -often by overriding internal noise); 
(3) Suppressing images caused by 
strong off -frequency signals; (4) At- 
tenuating front -end overload from 
overly- strong signals. 

The Mizuho SX -59 is a well -designed 
preselector. It is extremely easy to use 
with very little "get acquainted" time. 
required. Hook -up directions are ade- 
quate, and a diagram identifies the 
controls. 

Features. Originally designed for use 
with ham transceivers operating in the 
80 -to -10 -Meter range, an antenna by- 
pass feature makes the unit suitable for 
receie -only applications as well. 

An internal relay automatically 
switches the preselector in and out of 
the circuit. External switching or un- 
coupling the antenna cables is not 
necessary. 

A pair of SO -238 coaxial antenna 
connectors on the rear apron accommo- 
dates the majority of coaxial cable 
transmission lines. Additionally, a pair 
of RCA phono jacks is included in 
parallel with the other connectors for 
convenience. A pair of binding -post 
terminals allows remote switching of 

(Continued on page 85) 
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4- 

Kathß 
CB Carousel 

by Kathi Martin, KGK 3916 

IGET LETTERS about it, I read about it 
-and now the FCC is asking for opin- 

ions about what all you CBers will find 
yourselves involved in during the next 
five years. 

900 MHz CB. As far as I'm con - 
cerned, the FCC's trial balloons con- 
cerning introductions of a new tech- 
nology through CB comes down to this: 
The FCC would like to kick local com- 
munications upstairs to the 900 MHz 
range. This includes mobile phone, pos- 
sibly much of what's now on the VHF 
hi -band, and anything else that comes 
along. There's a good reason for mov- 
ing everything up, namely, we've just 
about run out of low frequencies. 

Trouble is, there's presently no viable 
technology for 900 MHz in terms of 
reasonable cost; nor is there a thunder- 
ing herd pounding through the research 
labs developing 900 MHz gear. It's just 
too expensive for present technology in 
view of the limited number of users. 

The way I analyze it, if the FCC 
opens up 900 MHz to CB they think 
they can show the manufacturers there 
is a potential market in excess of 20 
million users. 

No Choice. Should the average CBer 
move to 900 MHz and go through the 
expense of new equipment? The 900 
MHz band is not kid stuff; it is a bil- 
lion dollar potential. Just as the FCC 
closed out 23 channel CB transceivers, 
turning a thriving industry into a 

The special mounting gimbal and bracket al- 
low for quick and easy installation and re- 
moval of the unit. Circle number 52 on the 
reader service coupon for more information. 

900 mhz CB -Can the FCC win? 

The 1980s will be the era of high technology in CB as well as other forms of radio com- 
munication. The Midland 7001 has an advanced SWR indicator, bright green fluorescent LED 

readout, and combines AM and SSB operation in the same space as an old 23- channel AM rig. 

disaster so too can the FCC close 
down 27 MHz CB. I give it five years 
maximum before the FCC opens up 
900 MHz CB, and 10 years maximum 
before it closes down 27 MHz unless 
we do something about it. When the 
FCC opens the 900 MHz pot of gold, 
I doubt whether any present CB manu- 
facturer, with perhaps one or two ex- 
ceptions, will survive; just as I doubt 
the FCC will permit chit -chat on 900 
MHz. Time will tell. Hope we're all 
around in ten years to see how it works. 

Current News. Back here in the real 
world, where CB still is the most re- 
liable emergency highway communica- 
tion, there's big news. All the old CB 
hardware that was in the manufactur- 
ing pipelines has been used up, and 
new technology is being used in the 
CB transceivers available from brands 
still in existence. We're no longer see- 
ing fancy new cabinets with 1975 cir- 
cuits. The new gear is 1980 through 
and through, from cabinet, to digital 
readout, to design, to assembly itself. 
It's better looking, delivers better per- 
formance, and is even more reliable (if 
that can be imagined). 

Midland 7001 AM /SSB. A Lase in 
point is Midland's model 7001 AM/ 
SSB mobile transceiver. It starts out 
with a cabinet in "data processing" BIG 
SKY blue, and a green LED channel 
indicator that can be seen under any 

light conditions -no more dull red that 
gets lost in bright sunlight. Another 
plus is a quick- release mounting brack- 
et. On each side of the cabinet is an 
extruded track. The gimbal bracket, 
which is secured to the dash, has tilt - 
clips that slide into the tracks, and a 
locking knob. To remove the rig you 
simply loosen the knobs and slide the 
transceiver out. To install the rig, just 
push the rig into the clips and tighten 
the knobs. The rig can be moved back 
and forth (the tracks are about six 
inches long) and /or tilted for best 
operating angle. 

The front panel has an S /RF- output 
meter; controls for AF gain, squelch, 
RF gain, clarifier, AM /SSB modes, 
and MIC gain; switches for ANL and 
noise blanker, tone (high frequency at- 
tenuation), LED channel indicator 
dimmer, CB /PA, and RF ATT. 

The RF ATT is an attenuator in the 
receiver input, before the amplifier, 
that's used to knock down a power- 
house local signal before it gets a 
chance to cause overload, which in 
turn will produce distortion. 

Includes AWI. A really big feature, 
being seen on more and more new - 
design transceivers, is AWI- Antenna 
Warning Indicator. Basically, it's a 
built in SWR indicator that drives a 
front panel LED labled AWI. When 

(Continued on page 86) 
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e/e checks out ... 
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for serious programming and /or a 
disk system, the Radio Shack TRS -80 

needs both Level -II BASIC and 16K of 
memory. Sure, you can do a lot of 
heavy programming with Level -II 
BASIC and only 4K of memory, but 
it's sort of like having a $3000 hi -fi sys- 
tem with a $9.95 phono pickup: you 
can't get anywhere near optimum capa- 
bility and performance. Even if you're 
convinced as to the necessity of up- 
grading already, the problem is that the 
16K upgrade from Radio Shack is 
presently listed in their catalog for al- 
most $300. 

However, you can upgrade a TRS -80 
yourself for about half of the usual 
cost, actually $140, and it takes no 
more than about 15 minutes time and 
a small screwdriver to do the job. 

The secret behind 16K of RAM at 
a rock -bottom price, is a TRS -80 up- 
grading kit from an outfit known as 
Ithaca Audio. Where the "audio" comes 
in we don't know, but we do know that 

' Ithaca Audio supplies some of the best 
documentation (instructions) we've 
seen for personal computing hardware. 

Components. The Ithaca TRS -80 
16K upgrading kit comes blister -packed 
on a large card. The back of the card 
contains the complete set of instruc- 
tions and pictorials. The component 
kit itself consists of eight 16K RAMS 
which will replace the existing plug -in 
4K RAMS, and a set of six pre- formed 
DIP shunts, two of which will replace 
the existing plug -in DIP shunts in the 
computer. 

There's a reason why you're given 
six shunts when only two are needed. 
Firstly, different addressing shunts are 
needed by the Level -I and Level -II 
BASICs. Secondly, there are at least 
two versions of the TRS -80: One uses 
14 -pin shunts, the other 16 pin shunts. 

60 

Ithaca Audio's 16K 

Memory for the 

TRS -80 
CIRCLE 62 ON 

READER SERVICE 

COUPON 

Increase your memory capacity in minutes 

The "el- cheapo" kits usually give you a 
couple of 16 -pin shunts with instruc- 
tions on which connections to cut. This 
usually means hacking away at the 
shunts with a knife or screwdriver. 
Then, if your computer has a 14 -pin 
DIP socket, you usually must figure out 
how to overhang the 16 -pin shunt in the 
socket without creating shorts. 

This annoyance is avoided with the 
Ithaca Audio TRS -80 kit. All the re- 
quired shunts are pre -cut and cor- 
rectly sized. A pictorial shows the six 
shunts and is mapped for both BASICs 
and both types of socket. You simply 
run your finger down the appropriate 
BASIC column, stop at the jumper size 
(14 or 16 pin), and there's a pictorial 
of the exact shunt needed. Simply pluck 
the shunt off the conductive foam, on 
which all the ICs and shunts are pack- 
aged, and install the jumper in the 
appropriate socket. How's that for 
trouble -free? But we're getting ahead of 
ourselves. Let's go back to the begin- 
ning and show how easy it is for the 
user to make the budget 16K RAM 
upgrading. 

Installation. First off, do not remove 

The callouts show the 
position of the new 
RAMs on the TRS -80's 
motherboard. With the 
new shunts already 
pre -wired by Ithaca 
Audio for you, the 
whole modification is 
really a plug -in opera- 
tion. This is the most 
complete upgrading 
kit we have seen so far 
from an after -market 
manufacturer. Please 
circle number 62 on 
reader service coupon. 

any of the ICs from the conductive 
foam in which they are packed until 
you are ready to make the installation 
and not until you are grounded. An 
easy way to ground yourself is to solder 
a small alligator clip to a 1- megohm 
resistor, then solder the resistor's free 
end to a moderately long wire, and then 
secure the free end of the wire to an 
electrical ground. As a general rule of 
thumb, whatever the telephone company 
has used as the ground in your home is 
a reliable ground for working with 
semiconductors. 

The reason you must be grounded is 
because CMOS devices, such as the 
RAMs, are extremely sensitive to the 
high static voltage a person can de- 
velop just by moving around in ordi- 
nary clothing. Simply touching a CMOS 
device when you're charged is all that's 
needed to instantly "blow" the device. 

Attach the grounding alligator clip to 
your metal watchband, or the band's 
buckle, and then open the TRS -80 
"keyboard" unit after first turning the 

(Continued on page 83) 
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NoONLY IS AUSTRALIA Skylab's final 
resting place, and the world's 
f.mallest continent, but it also offers 

a wice variety of DX challenges. It is 
. the home of the most distant SWBC 

station from eastern North America, 
there are major international broadcast 
sites, and even Medium Wave targets. 
No matter what kind of shortwave re- 
ceiver you're working with, you can get 
in on the action. 

First of all that most distant station 
from eastern NA is the Australian 
Broadcasting Commission's facility at 
Perth -the very same general area in 
which Skylab came down. The Perth 
SWBC station is a relay of ABC's 
home service for the remote areas of 
Western Australia but is probably the 
most easily heard Australian trans - 
mitte- in North America. Try any 
morning around 1000 EST on 9610 
kHz. Signals are not overpowering 
however the channel is usually clear 
at that hour. 

Another Space Angle. About 150 
miles north of Perth we find the Radio 
Austtalia (as ABC's international serv- 
ice is known) relay at Carnavon. ABC 
converted this former major U.S. satel- 
lite and missile tracking facility for 

international broadcast purposes after 
their relay at Darwin in Northern Aus- 
tralia was destroyed by a giant cyclone 
on Christmas day 1974. Originally a 
replacement site just outside Perth 
was considered but then the Australian 
government decided it would be faster 
to convert the recently vacated space 
station where power lines, buildings etc. 
were already available. 

Pustralian Information Service photo 

An international electronics firm 
hastily diverted two SWBC transmitters 
-of 250 KW and 100 KW each -pre- 
viously ordered by other customers. 
The first test broadcasts from Carnavon 
were aired in December 1975, only a 
few months after the Vietnam war had 
come to an end. Carnavon has since 
provided good coverage of Southeast 
Asia, particularly southern China 
(which appears now to be its primary 
target), but doesn't equal Darwin's 
coverage of northern China. Incident- 
ally, Darwin was once the 'southern 
hemisphere's most powerful station. 
Because of Carnavon's failure to cover 
the north, there have been repeated 
rumors that the Darwin station will be 
rebuilt in the next few years. 

Carnavon is not anywhere near as 
easily received in North America as 
Perth. But anytime you can hear Radio 
Australia's North American service on 
17795 kHz at 2000 -2400 EST, you 
should tune up to 17870 kHz and look 
for English to Asia from Carnavon. 
The latter channel doesn't sign on until 
2030 but continues all night (our time) 
till 0500 EST. You might also try for 
non -English broadcasts from Carnavon 
on 15410 at 0300 -0530 EST. 

DOWN UNDER DX 
Tune in Australia -the biggest English- language broadcaster in the southern hemisphere 

by C.M. Stanbury II 
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VI@ DOWN UNDER DX 

More International Broadcasts. Radio 
Australia's main transmitter site is at 
Shepparton in Victoria state. It is used 
interchangeably with the original and 
much lower powered site at Lyndhurst, 
near Melbourne, also in Victoria. How- 
ever for long haul paths, such as the 
North American beam, you can be 
pretty certain those signals are coming 
from Shepparton. In addition to 17795, 
other NA Service frequencies are 21740 
(in the now suddently active 13 Meter 

band) at 2000 -2400, and 9580 kHz at 
0600 -0800 EST. 

Shortly after Darwin's destruction, 
some international transmissions were 
made from the northeastern city of 
Brisbane in Queensland. These broad- 
casts are presently suspended but Bris- 

INDIAN 
OCEAN 

WESTERN 
AUSTRALIA 

Car narvon 

Perth 

Darwin 

NORTHERN 
TERRITORY 

QUEENSLAND 

SOUTH 
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PACIFIC 
OCEAN 

Mackay 

Bris 
Toowoomba 

NEW SOUTH WALES 

ai 

VIC- 
TORIA Melba 

Canberra 

'a 

TASMANIA 

one 

Hobart 

As you can see, all 
of the Australian MW 
stations are located on 
frequencies in be- 
tween those of Ameri- 
can and Canadian sta- 
tions. With luck, you 
might hear some of 
them at certain times. 

This map of Australia 
indicates the states 
and principal cities in 
which most of the sta- 
tions you're likely to 
hear are located. If 
you have a directional 
or rotatable antenna, 
locate these sites on a 

world map and "aim" 
for them at the proper 
times. You may re- 
member Carnarvon as 

the site of one of the 
radar tracking stations 
for Project Mercury. 

AUSTRALIAN MEDIUM WAVE TARGETS 

kHz Call Location 

621 3AR Melbourne, Victoria 
729 5CL Adelaide, South Australia 
747 4QS Toowoomba, Queensland 

774 3L0 Melbourne, Victoria 
828 3G1 Sale, Victoria 
837 4RK Rockingham, Queensland 

1026 4MK Mackay, Queensland 

AUSTRALIAN SHORTWAVE TARGETS 

kHz Location Time (EST) and Notes 

6090 Sydney, New South Wales Early AM 
9580 Shepparton, Victoria 0600 - 0800 English to Americas 
9610 Perth, West Australia Until 1100 Sign -off 

9660 Brisbane, Queensland Early AM 

9680 Melbourne, Victoria Early AM 

15205 Carnarvon, West Australia 1730 - 2030 

15410 Carnarvon, West Australia 0300 - 0530 
17795 Shepparton, Victoria 2000 - 2400 English to Americas 
17870 Carnarvon, West Australia 2030 - 0500 

21740 Shepparton, Victoria 2000 - 2400 English to Americas 

The shortwave broadcasters will undoubtedly be much easier for you to track down. Again, 
if you are using a directional antenna, try to aim right at your target's location. 
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Pools 3 -feet deep and 
50 -feet wide flank the 
entrance to the $14,- 
000,000 Victorian Arts 
Centre in St. Kilda 
Road, Melbourne. The 
Arts Centre was 
opened in Aug. 1968. 

bane home service relays can still be 
logged on 9660 kHz during the early 
AM hours. Another former interna- 
tional site is at Sydney in New South 
Wales from which Radio Australia was 
relayed during World War II (another 
time when Australian transmitters were 
also strategically situated). And, like 
Brisbane, Sydney home service relays 
can still be heard -on 6090 kHz. 

Medium Wave. Yet a third site in 
Victoria, at Melbourne, relays the home 
service on 9680 kHz. Part of the time 
that BCB station relayed is 3L0, now 
widely heard by DXers in Western NA 
on 774 kHz. Throughout the 1950s and 
even into the early 1960s Australian 
BCB stations (including 3L0 -then on 
770 kHz) were often picked up on 
communications- quality receivers as far 
east as the Atlantic coast. But there 
were two important differences; most 
U.S. and Canadian stations were silent 
either Sunday or Monday AM between 
roughly 0100 and 0500 local time, 
and our stations did not modulate 
nearly so broadly as they do now. The 
interference grew progressively worse 
and by 1970 Australian BCB reception 
became almost impossible east of the 
Rockies, and even difficult on the 
Pacific coast itself. 

But come the fall of 1978 a new era 
in "down under" reception began. Al- 
most all Pacific stations (Hawaii is the 
major exception) switched to a new 
9 kHz BCB channel plan which put 
many of them on what DXers call split 
frequencies. 3L0, for example, moved 
from 770 to 774 kHz -at least 4 kHz 
away from most of the interference 
in this hemisphere. MW DXers in west- 
ern NA have been regularly logging 
Australians ever since (a few are 
listed in Figure IV). As this is being 
written, no one east of the Mississippi 
has yet reported reception. This could 
be due to the current, very high sunspot 
count which will slowly decline during 
the next few years. 

All of the stations listed in Figure 
IV, except 4MK, are operated by the 
Australian Broadcasting Commission. 
When 9680 is not parallel 3L0 (and 
3GI at Sale), it is relaying 3AR on 
621 kHz. 4QS and 4RK will be parallel 

(Continued on page 84) 
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ACTIVE AUDIO 
FILTER 

Increase any receiver's selectivity 
with no internal modifications 
by Walter Sikonowiz 

7rlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll III 

PROBABLY THE BIGGEST HEADACHE for 
ar y ham -novice or oldtimer -is the 

extreme congestion of today's Amateur 
bands. Push and shove is the name of 
the game, with signals crammed side - 
band -to- sideband in the 3500 kiloHertz 
allotted to Amateur HF communication. 
For this reason, a receiver's selectivity - 
its ability to discriminate between sig- 
nals close in frequency -is often more 
important than its sensitivity. 

On way to get better selectivity in- 
volva the use of a crystal or mechani- 
cal IF filter, which is what you'll find in 
the better ham -band receivers and trans- 
ceivers. With bandwidths of 2500 Hz 
for SSB (single sideband) and 400 Hz 
for CW (code), these IF filters cer- 
tainly do improve selectivity. Often, 
however, the improvement is just not 
enough. In those tough situations, what 
you need is a highly selective audio fil- 
ter like the one presented here. 

Not only will this active filter help 
you to separate closely spaced signals, 
but it will eliminate most of the annoy- 

ing background noise as well. It's a real 
pleasure to copy a clean CW signal 
without hissing or cracking, especially 
when headphones are being used. If 
you're a newcomer getting by with an 
old, inexpensive receiver, wait until you 
try this filter. But even with the fanciest 
rig around, you'll notice a dramatic im- 
provement in selectivity. 

Before examining details of the cir- 
cuit, let's talk about the determining 

.measure of a bandpass filter's sharpness 
or selectivity. Fig. 1 shows a graph of 
filter output voltage versus frequency. 
Here it is assumed that the input signal 
is a sine wave of varying frequency but 
constant amplitude. As you can see, the 
output voltage reaches a maximum at fo, 
called the center frequency, and drops 
off as frequency is increased or de- 
creased relative to fo. At frequencies ft 
and f2, the output has dropped 3 dB 
(decibels) below its maximum value, 
that is, to about 70% of the peak volt- 
age at fo. The filter is said to have a -3 
dB bandwidth equal to f2 minus f,, as 

OUTFJT 
VOLTAGE 

3dB 

f, fo fo 

FREQUENCY -0- 

Fig. 1. Above is a sample graph depicting the bandpass curve for a 

theoretical filter derived from the formula at the left of the graph. 
This " ormula demonstrates the manner in which "Q" derives. 
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indicated on the graph. The narrower 
the bandwidth, the more selective the 
filter will be in operation. 

All About "Q." Another more con- 
venient measure of selectivity is Q. To 
specify our bandpass filter's Q, just di- 
vide its center frequency by its -3 dB 
bandwidth. For example, if the center 
frequency is 1000 Hz and the -3 dB 
bandwidth is 200 Hz, the filter has a Q 
of 5. Note that Q is a dimensionless 
number. Higher Qs will obviously result 
in more selective filtering, as can be 
seen from the graph of Fig. 2. While 
high -Q filters are desirable from the 
standpoint of selectivity, "ringing" will 
limit the amount of Q that can be used. 

Electrical- circuit ringing is similar to 
the familiar mechanical ringing of a 
bell: Each time that a bell is struck, its 
sound lingers for a noticeable period of 
time after the blow that initiated it. In 
like manner, a high -Q filter continues 
to emit a tone (with frequency equal to 
fo) whenever the input signal abruptly 
drops to zero. Since Morse code is a 

OUTPUT 
VOLTAGE 

Q=s 

Q=10 

fo 

FREQUENCY --. 
Fig. 2. The higher the "Q" value of the filter, the narrower the 
bandpass frequency width will be. Obviously, a filter with a "Q" 
value of 20 will exhibit a narrower width than one with a "Q" of 5. 
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sequence of sound bursts interspersed 
with silence, the ringing of a very -high- 
Q filter will be apparent after every dit 
and dah. This has the effect of slurring 
characters together, making them diffi- 
cult to interpret. Therefore, we need to 
compromise and use only enough Q to 
improve selectivity without introducing 
noticeable ringing. 

The bandpass filter presented here 
can be adjusted to Q values between 1.4 
and 15. In addition, its center frequency 
may be adjusted independently of Q 
between 375 and 1500 Hz. Using sig- 
nals from your receiver's headphone 
jack as input, the filter is capable of 
driving low- impedance (4- to 16 -ohm ) 

headphones directly. The maximum in- 
put signal should not exceed 2 -volts 
peak -to -peak, a level sufficient to pro- 
duce deafening headphone volume. 

The Circuit. The type of bandpass cir- 
cuit shown in the schematic 
goes by a variety of names: universal, 
bi- quadratic or state -variable. While 
there are simpler ways of constructing 
a band -pass filter, the state -variable ap- 
proach works better than most. Note 
that this is an active bandpass filter. In- 
stead of a resonant network of induc- 
tors and capacitors, this filter is corn- 
posed of op amps together with resistors 
and capacitors. No inductors are neces- 
sary with this type of circuit. 

Signals from the receiver's headphone 
jack are coupled into the filter through 
Cl and R1. Potentiometer R3 controls 
the Q: minimum resistance produces 
maximum Q, and vice versa. R3 is an 
audio -taper device whose terminals (1, 
2 and 3) must be wired exactly as spe- 
cified in the schematic. This is necessary 
to produce a smooth, linear variation in 
Q as the potentiometer is rotated. 

Wired as shown, the potentiometer 
will produce maximum Q when fully 
counterclockwise, and minimum Q 
when clockwise. This is contrary to the 
norm of having the maximum of any 
variable in the clockwise position, but 
you can easily live with it. Actually, a 
potentiometer with a reverse- logarith- 
mic taper rather than the standard audio 
taper would produce maximum Q in 
the clockwise position, but such devices 
are very hard to find. (Note: If by some 
unexpected windfall you should locate 
reverse -log -taper pots, interchange the 
wiring of terminals 1 and 3 from what 
is shown in the schematic.) ' 

The three op amps are interconnected 
by several feedback loops to produce 
the desired bandpass response. First. 

Here is the component layout diagram for the filter printed circuit board. Note the marked, 
off -board connections for R7a &b, R3, J1, J2 and V+. Make certain to match up the R7 
connections exactly as shown on the schematic, or your filter will work only in reverse. 

This is the exact scale template for etching the filter board. 
Leave at least 1/4 -inch around all four sides to allow for the drilling 
of mounting holes with which to secure the circuit board to the 
chassis. Use a number 67 drill bit for making the holes. 
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The component layout for the power supply board was deliberately 
made spacious to allow for the differences in component sizes of 
different manufacturers. Observe polarity of diodes and capacitors. 

The etching diagram 
for the power supply 
PC board is shown at 
left. As with the filter 
board, allow room 
along the edges for 
drilling holes for the 
chassis mounting 
screws. There should 
be room for drilling 
holes (if needed) to se- 
cure the power trans- 
former to the board. 

there are three simple negative- feedback 
loops: R5 around U1, C2 around U2, 
and C3 around U3. Then two more 
negative- feedback loops connect U2 
with U 1 (through R4) and U3 with U 1 

(through R11). Needless to say, the 
intreaction among these op amps is 
very complex, and we won't dwell any 
further on it. 

The center frequency of this filter 
can be adjusted by R7, a dual audio - 
taper potentiometer that, like Q con- 
trol R3, must be wired exactly as speci- 
fied in the schematic. Since maximum 
frequency occurs when both sections of 
the potentiometer have minimum resis- 
tance, fully clockwise rotation will pro- 
duce a minimum center frequency, and 
fully CCW rotation will produce the 
maximum. Again, this is the reverse of 
the norm, but you'll get used to it.. 

The bandpass- filtered output, avail- 
able at pin 6 of U2, is fed to buffer 
amplifier Q1. Low -impedance head- 
phones plugged into J2 are driven by 
Ql through DC- blocking capacitor C4. 

During the design stage, it was de- 
cided that an AC power supply would 
be most economical in the long run, 
since the filter is likely to see a lot of 
use. In fact, once you get accustomed 
to using this audio filter, you'll prob- 
ably never operate without it. Trans- 
former T1 steps down the 117 VAC line 
voltage to 20- volts, and diodes D1 and 
D4 then rectify the AC. Electrolytic 
capacitor C5 filters the rectified AC to 
DC. Then, zener diodes D5 and D6, 
together with current -limiting resisto 
R14, split and regulate the DC, yielding 
-}5V and -3V outputs. Finally, bypass 
capacitors C6 through Cl1 help to keep 
the supply's output impedance low. 

Construction. Construction should be 
easy, but be careful nevertheless. An 
aluminum cabinet like the 4 by 4 by 2- 
inch LMB minibox used for the proto- 
type is recommended for the sake of 
shielding. The chassis should be con- 
nected to circuit ground, and this is 

easily accomplished at the input or 
output jack. Because of the cabinet's 
small size, the circuit was laid out on 
two separate PC boards -one for the 
power supply and one for the filter. 
This allowed the cabinet's interior space 
to be used more efficiently. If you do 
not like working in tight quarters, how- 
ever, feel free to use a larger cabinet. 
For those unable to fabricate their own 
printed circuits, suitable PC boards are 
available commercially (see parts list). 

Note that a PC- mounting 20 -VAC 
transformer was used for Tl. This unit 
has the advantage of small size, and it 
may be ordered directly from the manu- 
facturer. The transformer's pins are in- 
serted into the printed circuit and sold- 
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ered just as a resistor or capacitor's 
leads would be. Resistor R14 has a 2- 
watt rating; do not use a half -watt re- 
sistor because it will overheat. If you 
cannot locate a 470 -ohm 2 -watt unit, 
three 1500 -ohm I/z -watt resistors in 
parallel will yield an equivalent resis- 
tance of 500 -ohms with a power rating 
of 1.5- watts. This is an acceptable sub- 
stitute. Note the IA -inch -diameter vent 
holes that were drilled into the back and 
bottom sides of the prototype's cabinet. 
These allow for the circulation of air 
so that the filter's components do not 
heat up. (A change in temperature 
could cause the filter's center frequency 
to drift, and that is undesirable.) 

Note that ceramic capacitors C8 
through C11 do not mount with the 
rest of the power supply components. 
Instead, they mount on the filter board . 

close to the ICs. 
Be sure to use 5% resistors and 

polystyrene (5% ) capacitors where 
called for. Also, be certain to get the 
proper orientation when installing the 
diodes, the electrolytic capacitors, Q 1 

and the ICs. Remember that the termi- 
nals of each potentiometer must be 
wired in accordance with the schematic. 

From the PC layout, you'll note That 
R11 requires long leads because its 
mounting pads are quite far apart. It's 
probably a good idea to cover this re- 
sistor's leads with insulation. This will 
prevent a short circuit between the re- 
sistor and a nearby component. 

Save installation of the ICs until all 
other soldering is finished. To be safe, 
it's probably best to use IC sockets. 
That's because these type 3140 op amps 
have MOSFET input transistors, which 
can be damaged by static discharge 
from your fingertips or leakage current 
from your soldering iron. 

IC Tips. If you are an experienced 
and careful worker, however, it is pos- 
sible to solder the ICs. First, ground 
yourself, and insert an IC into its holes 
on the board. Then, wrap about five 
turns of very thin, bare wire around 
the IC's leads so as to short them all 
together. You can now solder using a 

low- leakage, grounded iron. Do not un- 
wrap the shorting wires until every last 
connection has been soldered. But don't 
forget to unwrap the wires, or your cir- 
cuit will not work. If all this sounds 
complicated to you, stick with sockets. 
As a final note, be sure to use only 
resin -core solder and a small iron -not 
a soldering gun -to make all of your 
soldered connections. 

Checkout. That wraps up construc- 
tion. Double -check your wiring, and 
then apply power. With a VOM, mea- 
sure the two supply voltages. If these 
are in the ballpark, proceed to apply a 
sine -wave signal of, say, 1000 Hz to 
the filter's input. Make sure that the peak - 
to -peak amplitude is less than 2- volts. 

Plug your headphones into J2. Set R3 
for minimum Q, and adjust R7 to maxi- 
mize the volume of the 1000 -Hz tone 
in your headphones. If necessary, re- 
duce the amplitude of the input to pro- 
duce comfortable headphone volume. 
Vary the frequency of your signal gen- 
erator above and below 100 Hz, and 
note the gradual decrease in volume 

that occurs as the input deviates from 
1000 Hz. Return your signal generator 
to 1000 Hz, then increase your filter's 
Q with R3. Once again, rock the signal 
generator's frequency control around 
1000 Hz. With high Q you'll notice a 
much more rapid drop in volume as 
the input frequency is shifted. (Note: 
Those who don't own an audio signal 
generator can skip the above test. How- 
ever, if the filter fails to improve re- 
ceiver selectivity, as detailed below, you 
may need to troubleshoot the circuit. 
In that case, the above information will 
be helpful.) 

Tuneup. If everything checks out OK, 
(Continued on page 86) 
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PARTS LIST FOR CW FILTER 

C1 -0.02 of ceramic capacitor, 15 VDC 

C2, C3 -1000 pf polystyrene capacitor. 15 VDC 

C4 -100 uF electrolytic capacitor, 10 VDC 

C5 -1000 uf, electrolytic capacitor, 10 VDC 

C6, C7 -220 uF electrolytic capacitor, 10 VDC 

C8, CB, C10, C11 -0.1 uf ceramic capacitor, 
15 VDC 

Dl, D2, 03, 114- 1N4003 1A, 200 Ply rectifier diode 

D5- 1N751A 5.1 -volt, 1/2-watt zener diode 
136- 1N746A 3.3 -volt, 1/2-watt zener diode 
F1 -Lis -amp slow -blow fuse 
J1 -phono jack (RCA type) 
12 -phone jack (1/4-inch size) 
Q1- 2N3904 NPN transistor 
All Resistors 1/2 -Watt, 5% Unless Noted Otherwise 
R1, R4, R11- 100,000 -ohms 
R2 -1800 -ohms 
R3 -25K audio -taper potentiometer 

NOTE: Etched and drilled printed-circuit boards 
LECTROGRAPHIX, P.O. BOX 537, Auburn, NY, 13 
filter board ,C1ACF -9 is $5.50 postpaid in the conti 
$1.50 for postage and handling. Money orders or 
Foreign orders must be in the form of a money o 

State, please include 7% sales tax. 

R5- 10,000 -ohms 
R6, R9- 33,000 -ohms 
R7 -dual 100 K audio -taper potentiometer 

(Radio Shack #271 -224) 
R8. R10- 68,000 -ohms 
R12 -82 -ohms 
R13- 120 -ohms 
R14- 470 -ohm, 2 -watt, 10% 
Sl -SPST slide switch 
Tl -20 -volt, 300 mA, PC -mount transformer 

(Signal #ST -3.20 available from Signal 
Transformer Co., 500 Bayview Ave., Inwood, 
NY, 11696, for $5.30 plus postage). 

Ut, U2, 113 -RCA CA3140 op amp (available 
from Circuit Specialists, Box 3047, Scotts- 
dale, AZ, for $1.15 each plus postage) 

Misc.- aluminum cabinet, line cord, IC sock- 
ets, knobs, etc. 

complete with instructions are available from 
021. Power supply board #FPS -9 costs $4.00; 
nental USA and Canada. All others please add 
personal checks accepted on domestic orders. 
rder for US funds only. Residents of New York 
Allow 2 to 3 weeks for delivery. 
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T-IE CRASHING SOUND of an open 
spark gap! The dancing shadows 
Dn the wall! The smell of ozone 

and the gentle breeze that came from 
the pig rotary! Those were the days 
of king spark. The days when men 
communicated with electricity instead 
of electronics and the word was wire- 
less in a world not yet used to wires. 

How did those transmitters of the 
opening of our age work? What prin- 
ciples did they follow as they beat their 
messages on drums of thunder and 
lightning? 

Radio Waves. Let's start near the be- 
ginn ng. The first man to generate ra- 
dio waves and have a clear idea of 
what he was doing -an important dis- 
tinction -was Heinrich Hertz. Hertz's 
transmitter consisted of an induction 
coil, spark gap and antenna. (Fig. 1) 
When the battery was attached to the 
induction coil current flowed through 
the primary winding and through the 
closed interrupter contacts back to the 
battery. When the current reached a 
certain level, the magnetic flux in the 
core was great enough to pull the 
movable arm of the interrupter away 
from the fixed contact, suddenly break- 
ing the circuit. This induced a much 
higher voltage in the secondary, caus- 
ing a discharge across the spark gap 
and the generation of high frequency 
radii waves -the wavelength being de- 
termined solely by the antenna. 

by 
Larry 
Lisle 
K9K ZT 

The contacts of the interrupter woulk' 
then close as the magnetism of the 
core subsided and the cycle would re- 
peat, usually 10 to 50 times per second. 

The purpose of capacitor C was to 
prevent arcing as the interrupter con- 
tacts opened, which would slow the 
effective speed of the "break." 

Hertz's oscillator wasn't especially ef- 
ficient or powerful -it didn't need to be. 
It was good enough to do the job he 
intended it to do -send electromagnetic 
radiation of a known wavelength across 
his laboratory so he could prove the 
existence of the waves and that their 
speed was the same as that of light, 

13ATTERY 

CAPACITOR 

PRI MARY 

Î ANTENNA 

SECONDARY L-------J 

° SPARK 

I 
GAP 

Fig. 1. This is the schematic of Hertz's original spark gap trans- 
mitter. There was no key, as it was set to oscillate continuously. 
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confirming Maxwell's theories. But, it 
was Marconi who put power in wireless. 

First Transmitter. At first Marconi's 
transmitter, though more powerful, was 
quite similar to Hertz's. His great con- 
tribution at this stage was grounding 
one terminal of the spark gap and ele- 
vating the other. (Fig. 2) 

Marconi's next great contribution 
was embodied in his famous "four sev- 
ens patent," British patent no. 7777 of 
1900. In this invention Marconi added 
a tuned circuit between the induction 
coil and antenna in the transmitter and 
between the antenna and detector in 
the receiver. There were thus four 

- BATTERY 

T 

CAPACITOR 

PRIMARY 

CODE 
KEY 

SPARK 
GAP 

SECONDARY 

Fig. 2. Marconi's first transmitter, although remarkably similar to 
Hertz's, had the addition of a grounded spark gap and high antenna. 
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tuned circuits (counting the antennas) 
in the system- his "four circuit tuning 
system." A typical transmitter is shown 
in Fig. 3. 

Though there were many improve- 
ments in the components, and circuits 
were often more complicated, this was 
the fundamental transmitter for the 
rest of the spark era. 

How It Works. High voltage from the 
secondary of the induction coil charges 
capacitor C1. When the voltage be- 
comes great enough to overcome the 
resistance of the spark gap the gap fires 
and the capacitor discharges through 
the spark gap and coil L1. The dis- 
charge of a capacitor is oscillatory if 
the resistance in the circuit is low 
enough, and the frequency is determined 
by the values of C1 and L1. The spark 
gap thus acts merely as a switch, period- 
ically allowing the energy accumulated 
by the capacitor to discharge through 
the coil, creating radio frequency alter- 
nating current. 

The energy that may be stored in a 
capacitor is given by the formula, 
W = CV2 /2, where W is the energy in 
Joules, C the capacity in Farads, and V 
is in volts. 

Therefore it was desirable to make 
the capacity of C1 and the voltage 
across it as large as possible. This ex- 
plains why spark transmitters typically 
used very large, high -voltage capacitors; 
a value of .002 to .01 AF not being un- 
usual in the vicinity of the broadcast 
band. It also explains, together with 
other factors, why spark transmitters 

Fig. 3. Marconi's "four 
sevens" patent incor- 
porated the design of 
a tuned circuit as 

shown in the schematic 
at right. As you can 
see, it now begins to 
resemble a radio as 

we are familiar with. 

- BATTERY 

L-02 
CODE 

KEY 

CAPACITOR 

PRIMARY 

CI 

SECONDARY 

L- - - - - - -J 

SPARK' 
GAP 

Fig. 4. The rotary spark gap mechanism was 
the first method used to increase the spark 
frequency in the later spark gap units. 

were usually used at low frequencies. 
The voltage across the capacitor was 

determined by the length of the spark 
gap, which was in turn limited by the 
voltage that could be generated by the 
induction coil with the capacitor across 
it. The break -down voltage of the ca- 
pacitor also had to be considered. 

A voltage of 10,000 to 15,000 was 
often used in shipboard installations 
and small land transmitters. Capacitors 
were usually made of glass and tinfoil, 
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This is a working rep- 
lica of Marconi's one - 
sixth -inch transmitter. 
It was assembled by 
James Wilson and 
Frank Caswell, and is 
on permanant display 
at the National Park 
Service headquarters 
near the original site. 

either in the form of Leyden jars or in 
sandwiches of plate and foil. Mica and 
oil were sometimes used as dielectrics. 

Since power is equal to Joules per 
second, the power available in a spark 
transmitter in Watts is given by the 
formula, P = NCV2 /2, where N is the 
number of sparks per second. 

Boosting Power. One way to increase 
power would have been to increase the 
frequency of the interrupter, but me- 
chanical problems, made this difficult. 
In any case, induction coils were soon 
supplanted by transformers using 110 
volt A.C. house current -at least for 
those whose house had house current 
and could afford a transformer. 

With 60 -cycle (as it was then called) 
A.C., the spark frequency in a properly 
adjusted, plain spark gap was 120 per 
second -one spark on each voltage peak. 

To increase the spark frequency a 
rotary gap was used. The rotary gap 
consisted of a motor which turned a 
disc with six or more studs on it. The 
studs were all connected together and 
fixed electrodes were placed near the 
disc. When two of the rotating studs 
were opposite the fixed electrodes a 
spark would jump from one of the fixed 
electrodes to a stud on the disc, through 
the disc to the other stud to the fixed 
electrode. (Fig. 4) 

A fraction of a second later the rotat- 
ing disc would carry the studs out of 
position and the spark would cease, 
only to appear again as the next pair 
of studs were in the correct position. 

The rotary gap gave plenty of sparks 
per second and solved the power prob- 
lem. An added benefit was that the sys- 
tem prevented a continuous low fre- 
quency arc that sometimes plagued the 
plain gap. 

When used with 60 cycle A.C. the 
rotary gap was usually not synchronized 
with the alternating current cycle and 
sparks appeared at random. This gave 
the note a rough character, which was 
sometimes deliberately increased by re- 
moving one or two studs to make the 

(Continued on page 83) 
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NEW YORK, SUNDAY, JANUARY 24, 1909 

STEAMSHIPS COLLIDE IN 

ATLANTIC OFF 

MASSACHUSSETTS 
Fog Blamed in Collision, 

Rescue Efforts Pr ding 

BY HARRY MILLER 

Jan. 24- Perhaps Binns began to tap out the 

no 
NEW YORK, 

CQU 
other oevent 

relessih telegra- in the desperate hope that the 

history 
phy at sea has more g P ra hi- Siasconsett station was moni- 

cally demonstrated its worth taring the air, and that even 

morning 
tae 

between the 
yesterday 

battery-operated set. he 
of the 
would 

morning scene first, but able to 
and Florida, off the 

across 
to get the message 

knots 
able 

to 
Massach 

Republic, 
coast. her captain doubted 

he Repubtie, under the 
of inótanSitscon ett 

minutes 
the fog, 

only 

that he would be able to arrive 

in time. Even 
very 

that, 

there was a strong 

possibility that the Baltic 

might pass within a few 

hundred 
still miss her 

Repub- 

lic 
fog. 

However, this is the age of 

and 
range 

both 
of 

ships they 
their wireless sets, they 

were able to gauge 
ugethe radio 

by the strength 

It was decided to guide 

lric in by detonating 

The liner REPUBLIC entering port last summer 

synchronize their chronometers 
via the wireless, so that 

the time required for the 

sound of the explosion 
the 

travel from one ship 
with 

other could be judged 

greater accuracy. 

With the Baltic judged to 

be within ten miles, the ,ìrst 

series bombs off, 

the Republic. 
Finally, with all but one 

bomb exhausted, radioman 

Binns was called up on deck 

to put his trained ears to use. 

Luckily, this strategm paid off. 

as Binns thought 
he detected a 

muffled thud. 
Based on this, he radioed 

ürections to the Baltic, and 

t 

departed Newl York Slat 
Friday afternoon bound for 

clear- 

ing 
Sand Shortly 

heeTbecame 
ing Sandy 
enveloped in the thick fog 

which had blanketed the North - 

easter seaboard for most of 

the day. Radio operator Jack 

Binns sent a routine message 

to the Siasconsett 
wireless 

station on Nantucket Island, 

reporting position and fog 

conditions. 
At the same time, the lin- 

er Florida, inbound to New 

York carrying refugees from 
in 

the massive earthquake 
Mes >ina, Italy, approach- 

ing Sandy Hook from the 

Southeast, preparing to enter 

the lower harbor. The 
Florida crewmen. was not carrying 

He ordered that all of the 
equipment. 

Only moments after the passengers he transferred to 

Florida's fog horn was heard the Florida which, despite 

on the bridge of the Repub- its damaged bow, was not 

lic, the Florida's bow plow- in immediate danger, and 

ed into the Republic's side, was 
more to éelr of the 

remain 

jus: forward of the bridge, in- 
Meanwhile, the powewo. 

stantly killing three passengers 

and two crewmen. Siasconsett CQ to tall 
station 

ships within radio 
Awakened by the crash, 

Radioman Binns went to the range, hoping to find at least 

radio compartment in an at- one that would be able to 

tenet to transmit a distress reach the two damaged liners 

message to Siasconsett. Un- in time. 

fcrtunately, the Republic's Both the Baltic and the La 

electrical generator was dam- Tourraine were within the 

aged in the collision, and approximate area, and they 

Binns had to rely upon his immediately set course for the 

emergency batteries to trans- last reported position of the 

mit. Although wireless trans - ¡Republic, 

mission is possible using stor- 

age batteries, the range of The Baltic, at a distance of 

such transmissions is only 50 approximately 64 -miles stood 

to 60- miles. 
the best chance of reaching the 

o y ' 
answered Binns' call. Even 

though the batteries were 

weakening, Binns managed to 

get the message completed, 

informing Siasconsett that both 

ships were damaged and 

in immediate danger of 

sinking. 
Siasconsett told Binns to 

stay by his radio as long as 

he possibly could, and that 

the nearest ship equipped 

with radio would be con- 

tacted, and sent to their as- 

sistance. 
At this time, the Republic 

was sinking at the rate 
explosive charges and 

of distance and direction within fifteen minutes, the .sew 
one foot per hour, and small exp 

of the Republic began trans- 

to 

ht 
arrive 

feared that 
from 

oging 
of the to the Baltic, their lives 

might a too and 
losions.e 

sound of the ex- 

saved by the use of wireless. 
to save his passengers and plosions. 

two 
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ships were able to 

NEW WIRELESS SAVES LIVES 

Radioman's Distress Cali to 

Shore Brings Speedy Rescue 

NEW YORK, Jan. 24 -Back at the turn of the century, when wire- 

less was no more than a scientific curiousity, only the most 

visionary of people could then only begin to imagine the poten- 

tial of Marconi's invention. Now, only a few years 'later, it 

has proven itself possibly the most important of all shipboard 

equipment. As of today, the 

wireless can no longer be 

considered `ay wishing 
steamship passenger 
to send a message to shore. 

It is now a necessary P iree 

of emergency equipment cap- 

able of saving countless lives 

in maritime disasters. 
Wireless operator Jack Bitms 
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e/e checks out the... 
MAGNUM 85 FM 
ANTENNA 
AMPLIFIER 

Add 35 dB of gain to any FM antenna system! 

UT EVERYONE CAN ENJOY the benefits 
of strong -signal metropolitan FM 

listening. Most of us install our FM re- 
ceivers, hoping that reception will be 
adequate with an inside antenna. For 
those apartment dwellers and fringe lis- 
teners whose FM reception is marginal 
at best, the Magnum 85 FM Antenna 
Amplifier, from a Canadian firm called 
Magnum Electronics may be the an- 
swer. 

Warmly styled in a walnut -grain cabi- 
net the model 85 measures 8- inches wide, 
by 41- inches high, by 71/2 -inches deep. 
The front panel is satin black, accented 
with white lettering. The frequency dial 
is clear, permitting back -illumination 
from an amber LED to highlight the 
frequency to which the amplifier is 
tuned. The LED rotates with the gear 
mechanism, thus tracking the appropri- 
ate frequency setting. Frequency read- 
out is accurate. 

Circuitry. Internally, the Magnum 85 
contains 3 RF amplifier stages, tuned by 
a ganged variable capacitor. A standard 
AM /FM variable is used, but the high - 
capacitance AM sections are not con- 
nected. The phenolic PC board is hand - 
soldered. Discrete transistors are used 
in all stages. One junction FET and 
three bi -polar silicon devices comple- 
ment the RF circuitry. 

The antenna input and output cir- 
cuits are balun- matched for a choice of 

The Magnum 85 gives you something that 
many other antenna amps don't -internal 
antenna coupling, which eliminates need 
for additional antenna coupler in the line. 

70 

300 -ohm twinlead, or 75 -ohm coax. 
RF gain of the amplifier is rated at 35 
dB ( ±5 dB maximum deviation). This 
is a considerable amount of gain. Such 
gain has both advantages and disadvan- 
tages which will be discussed shortly. 
The noise figure is 7 dB maximum. 
Spurious signals are rejected at least 90 
dB, and images are down at least 85 
dB. Since the model 85 is an amplifier, 
and not a converter or receiver, we as- 
sume that the reference to image sup- 
pression is with receiver pre -selection in 
mind, and that most receivers will have 
an IF of 10.7 MHz. Such selectivity is 
desirable and shduld prove useful in 
reducing intermodulation interference 
from strong signal overload. 

The unit has no on /off switch, so it 
would be best to plug the unit into the 
switched receptacle on the rear apron 
of most stereo receivers. During opera- 
tion, the unit has a power drain of 
about 5- watts. The power supply is 
transformer -operated, followed by half - 
wave rectification. Husky filtering re- 
moves ripple from, the DC, and regula- 
tion is unnecessary. Power supply re- 
quirements are not rigid for FM pre- 
amplifiers. Operating currents are mini- 
mal, and received signals are frequency 
modulated rather than amplitude modu- 
lated, so signal levels do not fluctuate 
with modulation. 

Even though the Magnum 85 FM is 
capable of extraordinary amplification 
of weak signals, it is still recommended 
that the user install the best antenna he 
can provide. It is easier to improve 
upon a reasonable signal level than on 
one buried in background noise. 

Our Tests. After becoming acquaint- 
ed with the manual, we decided to test 
the Magnum 85 for ourselves. The re- 
ceiving location was more than fifty - 
miles from the nearest large city, and 
FM signals were very weak with the 
inside antenna which was in use. In 
most cases, stereo signal levels were not 
high enough to activate the stereo sub- 

CIRCLE 79 ON READER SERVICE COUPON 

carrier circuitry of the receiver, a Radio 
Shack STA -7 System Seven. 

The test antenna was a half -wave 
folded dipole made from a four -foot 
length of TV twin lead. It was con- 
nected directly to the 300 -ohm antenna 
terminals of the Magnum 85. The 
manufacturer provides an 18 -inch 
length of twin lead with spade lugs to 
interconnect the receiver and amplifier. 

With the simple dipole lying across 
the amplifier, we had trouble. Appar- 
ently the high gain of the amplifier, 
coupled with the close proximity of the 
antenna, resulted in regenerative feed- 
back, and the system went into oscilla- 
tion. The 85 became a VFO, blocking 
any frequency to which it was tuned. 

This particular problem was not dis- 
cussed in the brief set of instructions, 
and we had to do some experimenting 
to eliminate it. We tried to reduce sys- 

(Continued on page 86) 

This interior view shows the massive triple - 
ganged tuning capacitor. Amplifier cir- 
cuitry is at lower left, power supply at 
right. Circle 79 on reader service coupon. 
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Joseph J. Carr 
K411 PV 

Make your test instruments 
precision measuring devices 

BUILD A 
SIMPLE 

VOLTMETER 

AND 
SCOPE 

CALIBRATOR 

3ECISION VOLTAGE MEASUREMENTS 
require a calibrated source against 

whi :h to compare the readings of the 
voltmeter or oscilloscope. In really 
high -class measurements, where abso- 
lute accuracy is needed, laboratories 
will use something like a Weston cell 
and a precision potentiometer. But to 
the hobbyist, such instruments are both 
too ,costly and, in most cases, more 
accurate than is necessary. In the past, 
the hobbyist had to be content with 
zener diode calibrators. Unfortunately, 
these diodes are not the best and tend 
to lrift. But today, a new breed of 
regulator is available. Several manufac- 
turers are now offering regulator /refer- 
ence source ICs using band gap zener 
diodes, and internal amplifiers. These 
ICs give the hobbyist a low -cost method 
for building a reference voltage source. 

Calculate Your Needs. The circuit in 
Fig 1 is sufficient to operate as a hob - 
byist -grade voltage calibrator. Only a 
power supply (in this case a battery), 
a resistor, the regulator IC, and a 
means for turning it on and off are 
required. 

The value of the series resistor de- 
pends upon the reference current select- 
ed and the power supply voltage. The 
reference current may be set at any 
point in the range of 2 to 120 milli- 
amperes, provided that the overall pow- 
er dissipation is kept to less than 300 
mil iwatts. In practice, however, one is 
advised to select a value in the 2 to 

5 mA range. In the example of Fig. 1 

we have selected 8.75 mA for a very 
special, high level, technical reason - 
we had a 4.2 -volt battery and a 200 - 
ohm resistor in the junkbox at the 
time. 

The series resistor's value is compu- 
ted as: 

Eb - Eo 
RI= Ir 

Here is an internal schematic of the band 
gap zener diode, which serves as the heart 
of the calibrator. Use the tab on the case 
as the reference point for making circuit 
connections. No heatsink is required here. 

Where: 
Eb is the battery voltage 
Eo is the output voltage (1.26 or 2.45 - 

volts ) 
Ir is the reference current 
Rl is the resistance in series with the IC 

Example: 
In the circuit of Fig. 1, we used a 

4.2 -volt mercury battery, and selected 
a reference current of 8.75 mA. Find 
the value of the resistor needed for Rl. 
A ZN458 (2.45 volts) is used. 

Rl = 

Rl = 

(4.2 -2.45) volts 
(0.00875) Amp 

(1.75) 
(0.00875) 

= 200 -ohms 

The resistor used should be a low 
temperature coefficient type. We used a 
wirewound precision resistor for Rl, 
and selected it because it was in the 
junkbox. Contrary to the example 
above, we actually selected the refer- 
ence current based on the resistors on 
hand. An ordinary carbon composi- 
tion resistor could be used, but the 
results are not guaranteed. 

Construction. The construction of 
the calibrator is shown in Fig. 3. The 
largest part in the project is the battery, 
so a small LMB aluminum box was se- 
lected to house the calibrator. The elec- 
tronic circuitry was built using the 
banana jacks as tie points; no wire 
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SCOPE CALIBRATOR 

board is needed. The battery holder is 
ordinarily used with size "C" batteries, 
but the Mallory TR233 (4.2 -volt mer- 
cury cell) fits nicely. The battery holder 
was fastened to bottom of the box us- 
ing a small 4-40 machine screw. Small 
rubber feet can then be glued to the 
box to offset the "bump" created by 
the screw head. If you want to avoid 
this, however, it should be easy to su- 
perglue the battery holder flush to the 
aluminum. 

The ZN458 has a 100 parts per mil- 
lion (PPM) drift specification, the 
ZN458A is a 50 ppm device, while the 
ZN458B is a 30 PPM device. The 
voltage output is nominally 2.45 -volts 
DC. (measured at 2 mA reference cur- 
rent), but may have an absolute value 
between 2.42 to 2.49 -volts. With no 
additional circuitry, then, these devices 
will produce an accuracy of ±40 milli- 
volts, or' better. This voltage cannot 
easily be adjusted without external cir- 
cuitry, but you can use any of the 
standard IC operational amplifier volt- 
age regulator circuits to set the output 
voltage to a standard level. Fig. 2 
shows a circuit that is usable for this 
purpose. The ZN458 is used to set the e 

voltage at the noninverting input of the 
op amp. The output voltage can then 
be trimmed to the desired value by 
potentiometer R3. This circuit is an or- 
dinary op amp noninverting follower, 
so the desired output voltage can be 
derived in the following equation: 

(R3+R2 
/ Eo nb + Rl 

The table shows values for R2 /R3 
needed for output voltages of 5 and 
10- volts. Note that the resistors used 
in this circuit must be low temperature 
coefficient precision (1% ) resistors, or 
drift will result. It is even more impor- 
tant in this circuit, than in the circuit of 
Fig. 1. The trimmer potentiometer 
should be a ten -turn, precision type, so 
that very tight control over the adjust- 
ment of the output voltage is possible. 

There is, however, a hitch in this 
variable output circuit. It is not in- 
herently "calibrated" as is the case of 
Fig. 1. Although this circuit is capable 
of better accuracy, initially, it must be 
adjusted. You will have to find a very 
accurate voltmeter, or precision refer- 
ence potentiometer to make the initial 
adjustment. After this adjustment, how- 
ever, it should remain in calibration for 
a long time. 

SI 

l+ I 

Eb 

B I 

Ri - -R2 
270R 1+Ve 

I 1i 

zr45J 
LED 

o 
Ea 

Fig. 1. This is a basic schematic used to 
demonstrate the calculations necessary to 
determine the value of the associated 
components used in the regulator circuit. 
Refer to the text for a full explanation. 

I000S2 R2 R3 _-vvv- 

V+ 

R4 Eb 

+Ve 

zN458 

1 Ve 

OP AMU 

FROM 
BATTERY 

OR POWER 
SUPPLY 

Eo 

Fig. 2. This schematic depicts a variable 
regulated power supply, with the source 
being either a battery or a line- powered 
DC source. Refer to the table below and 
text, to determine your own parts needs. 

TABLE 1 -ZENER SELECTION TABLE 2 -R2 /R3 SELECTION 

Type Voltage Drift Output 

ZN423 1.26 -- Voltage R2 R3 

ZN458 2.45 100 ppm 5 1000 -ohms 100 -ohms 
ZN458A 2.45 50 ppm 10 2600 -ohms 500 -ohms 
ZN458B 2.45 30 ppm 

The four most popular low- voltage band gap zener diodes are listed above, with their 
respective drift figures. Obviously, the smaller the drift figure (in terms of parts per 
million) the more accurate the calibrator circuit will be. Use the highest tolerance 
parts available, in order to enhance the accuracy of the circuit. Refer to the text for 
an explanation of the significance of the values given for R2 and R3 in Table 2 above. 

Fig. 3. The compact construction of the calibrator is seen here. We wired all components 
to the terminals of the banana jacks first, and then bolted in the battery holder to 
the bottom of the chassis to allow working room for assembly. You may choose to utilize 
either perfboard or even a printed circuit board for your model. This will allow you to 
mount it directly inside the cabinet of whatever test instrument you wish to calibrate. 
With this method you can always have a reliable source of instrument calibration with 
you, no matter where you might happen to be doing your repair or field operations. 
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by James A. Fred 

Replacing antique knobs -the restorer's finishing touch 

Several readers have written to me 
asking for information on restoring 

and replacing knobs on their old radios. 
The knobs, being small and not firmly 
fastened in place, seem to be missing 
on many sets. Radios built in the early 
1920's had several large knobs for tun- 
ing and several small knobs for volume 
con -rol or filament voltage adjustments. 
If }ou don't have the proper knobs it 
is immediately noticed by any old time 
radio collector. If the large knobs are 
all there, but are dingy with the white 
material missing from the engraved 
lines and numbers it is a simple matter 
to restore them. This is the method I 
use, although you may find a way you 
like better. 

Loosen the setscrew or other fasten- 
ing means and remove the knob. Care- 
fully wash the knob with dishwashing 
detergent and dry it. If you like you 

This is a photo of a 

Federal radio sent to 
us from the collection 
of George Hausske of 
Wieaton, Illinois. The 
three large knobs on 
this front control vari- 
able capacitors, while 
the two small ones 
control a pair of 
rheostats. 

may remove all the old white filling 
material with a sharp tool. Go to your 
building supply center and buy a white 
lacquer stick made to fill holes left 
when nailing paneling on to walls. Rub 
this stick briskly into the engraving 
until the white material completely fills 
the depressions. Now using a soft cloth 
or paper towel wrapped around a fin- 
ger rub off the excess white material. 
As a final touch use a good paste wax 
on the complete knob and buff it with 
a soft cloth. In most cases the knobs 
will look as good as new. 

Knob Variations. There are some 
knobs with silver colored skirts with 
black printed' numbers on them. If the 
numbers and marks have disappeared 
completely clean the skirt of the knob 
and if necessary buff it or repaint it. 
Buy some press -on letters of the proper 
size at a drafting supply house and pro- 

This interior view of 
the Federal shows the 
clean, rugged con- 
struction. The 3 small 
terminals at the lower 
right of the chassis are 
antenna and ground 
connection points. 

ceed to apply them as near the original 
as possible. This may look like a diffi- 
cult job but if you have patience you 
can do it well. When it is done to your 
satisfaction spray a light coat of pre- 
servative over the dial and letters. 

Dial Repairs. Another place to use 
press -on letters is on plastic dials like 
many of the 1930 to 1940 radios had. 
I remember Philco, RCA Majestic, and 
so on had back -lighted translucent dials, 
but some I've seen lately have had the 
letters, numbers, and markings rubbed 
off. If there are no markings you may 
have to use a signal generator to accu- 
rately locate the frequencies once again. 
Mark the major frequencies with long 
marks and intermediate points with 
short lines. Use as many frequencies as 
you have room for. You will be sur- 
prised at what an improvement a newly 
marked dial will make in your radio. 

What happens when you find a radio 
that has several small knobs missing? 
It is virtually impossible to make 
wooden knobs to match those left. Most 
collectors are now replacing them with 
knobs molded from colored epoxy. If 
you have one good knob and want dup- 
plicates made write to K. Parry, 17557 
Horace, Granada Hills, CA 91344 for 
information. If you would like to mold 
your own knobs, I am reprinting the 
directions given me by Alan Douglas, 
Pocasset, MA on how he molded his 
own knobs. 

Molding Your Own Knobs. Do you 
own a radio that needs one or two 
knobs replaced to complete a perfect 
restoration? If you have at least one of 
the same type on hand, you can make 
replicas of it that can't be told from 
the original. You will need silicone rub- 
ber for the mold, casting epoxy for the 
knob, and lots of patience. 

Start by cleaning the original knob 
thoroughly and polishing with auto wax 
(I use Vista). Remember that every 
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defect will be faithfully reproduced, 
and the surface finish of the replica 
can be no better than the original's sur- 
face. Plug any setscrew holes with 
paraffin or beeswax. Place the knob 
face up in a paper cup or other dispos- 
able container just a little larger than 
the knob. Mix a batch of rubber (about 
four drops of catalyst per half cupful 
of rubber) and pour it in slowly, to 
avoid trapping air bubbles under the 
knob. Don't heat it to speed the curing 
until it has begun to harden (heating 
creates air bubblés). When the rubber 
has cured (overnight) remove the knob: 
if it is tapered with no undercuts it will 
come out easily and leave the mold in- 
tact. A knob with undercuts can only 
be removed by partially tearing the 
mold in two, on each side, leaving the 
face intact. It is not hard to fit the mold 
back together by matching the torn sur- 
faces, and a loop of wire or tape will 
hold it together so that the tear leaves 
no mark visible on the replica. 

Mix the epoxy and pour into the 
mold. Use a tooth pick or blunt wire to 
stir the epoxy in the mold and knock 
off any air bubbles that may be at- 
tached to the mold surface. I've tried 
evacuating the mold under a bell jar to 
remove the bubbles, and I have also 
tried heating the epoxy; neither seems 
to help. Overfill the mold somewhat, 
since the epoxy shrinks as it cures. 

When the epoxy is hard, sand the 
back of the knob flush with the flat bot- 
tom of the mold; it will then match the 
back of the original knob. Remove it 
from the mold and drill any shaft or set 
screw holes. A mold will make a dozen 
or more knobs before the surface looses 
its shine and the replica begins to stick 
to the mold. Silicone rubber (also called 
RTV) and epoxy molding compounds 
are available from Emerson & Cuming, 
869 Washington St., Canton, MA 

I recently acquired this Ken -Rad crystal 
set in a trade for a telephone microphone. 
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This is the cabinet I unearthed in Wiscon- 
sin for the A/K model 40 and "E" speaker. 

02021. I would recommend that you 
write for their current information. 

Radio Reprint. One of the most in- 
teresting books I have seen in a long 
time is a reprint of "Radio Enters the 
Home." This book was originally pub- 
lished in 1922 by the Radio Corporation 
of America. The price in 1922 was 35 
cents. The reprint is about 81/2 by 11 

inches, has 128 pages, and is printed on 
enameled paper. 

The introduction starts with the be- 
ginning of broadcasting on November 
2, 1920 at Pittsburgh, PA. It goes on to 
explain in non- technical terms what 
everyone should know about radio 
broadcasting and reception in 1922. The 
illustrations are very good with the 
radios being shown in use. 

The catalog section starts with the 
Aeriola Jr., produced by Westinghouse, 
and proceeds to the ER -753 which was 
made by GE. I have never seen this 
model. Next is model AR -1375 made 
by the Wireless Specialty Co. These 
three were crystal radio receivers using 
mineral detectors. The Aeriola Sr. was 
next using a WD -11 tube as a detector. 
It was followed by a shortwave tuner, 
model RA, made by Westinghouse. This 
tuner could be used with the crystal de- 
tector model DB or with a vacuum tube 
detector and 2 -stage amplifier model 
DA. This unit used a UV200 as a de- 
tector and two UV201's as amplifiers. 
There was also a combination of the 
RA and DA in one cabinet which was 
known as the RC. More sets described 
are the AR -1300 and AA -1400 by GE, 
and the Aeriola Grand, which was a 4 
tube receiver with 4 ballast tubes and a 

built -in speaker by Westinghouse. The 
Aeriola Grand was a table model with 
a matching base that made it look just 
like a phonograph. 

Part Two of the book features re- 
ceiving circuits and accessories. Other 
receivers shown and described in this 
section are the IP -500 and IP -501, the 
Triode A and Triode B detector ampli- 
fier and amplifier. Part Three is con- 
cerned with radio telephone transmis- 
sion. Part Four is full of general infor- 
mation of interest to the listener. 

I highly recommend this book to 
every collector of old radios. The only 
way you could obtain all this informa- 
tion is if you owned the original book. 
Write to the Vestal Press Ltd., P.O. Box 
97, 320 N. Jensen Road, Vestal, NY 
13850 for purchasing information. 

We all know about the energy short- 
age and the high price of gasoline. It 
has already had an impact on the an- 
tique business and the collecting hobby. 
This summer I attended the ARCA 
meeting in Elgin, Illinois and there 

, didn't appear to be as much merchan- 
dise in the parking lot flea market as 
usual. There were collectors who came 
in airplanes, there were collectors who 
came from Texas by train, while many 
others had traded in their large cars for 
small fuel efficient models. Naturally the 
collectors in the above categories con- 
tributed practically nothing to the flea 
market. The collectors who did bring 
things for the flea market drove vans, 
station wagons or pick -up trucks. This 
also cut down on the amount of parts 
that were bought, sold, or traded. Small 
items such as tubes, books, and parts 
were most active. Console radios, horn 
speakers, etc. found few takers. I am 
afraid that this situation isn't going to 
improve. The United States Postal Ser- 
vice and the UPS have size and weight 
limits that will severely restrict the ship- 
ment of large radio items. This leaves 
the truck lines as the only means of 
moving console radios, jukeboxes, and 
so on. I've found in the past that pack - 

(Continued on page 84) 

A replica can be fun to build. This is Ross 

Smith's model of the Wallace Valve Detector. 
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e/e checks out the... 

DAIWA CN-720 
SWRIWATTMETER 

oCAY, VIRTUALLY ALL Amateurs mea- 
sure the antenna system standing 

wave ratio in terms of VSWR- Voltage 
Standing Wave Ratio- because it's the 
easiest way to do the job at rock bot- 
tom cost. The problem with this is, a 
VSWR reading tells you very little about 
what's going on, because the FOR- 
WARD power indication is arbitrarily 
set to full -scale calibration by the user. 
The REVERSE reading is the VSWR 
(often simply called the SWR) value, 
and again, it's a numerical value mean- 
ing little to the operator in terms of 
what's going out. 

Great -Grandad didn't have a power 
measurement problem, and neither do 
commercial operators, because they use 
(or used) a dual- movement combina- 
tion SWR and POWER meter such as 
the DAIWA CN -720, which at one 
glance tells them the actual forward 
power fed into the transmission line, 
the actual reflected power caused by 
the line /antenna mismatch, and the 
SWR value. 

What it Means. For example, assume 
an antenna system with a 2:1 SWR, 
whica simply means that the ratio of 
transmission line -to- antenna impedance 
is 2:1. In practical terms, it means that 
10% of whatever is fed into the line 
by the transmitter will be rejected by 
the antenna and returned back down 
the 1 ne where it is dissipated as heat in 
the line and in the final output . circuit 

The intersecting needles provide linear 
measurement of SWR at any power level. 

A new 
old way to 
measure SWR 

N-L :ac 
CIRCLE 77 ON READER SERVICE COUPON 

of the transmitter. If you pump 100 - 
watts into the line, only 90 flows into 
the antenna. But there is an even more 
insidious effect. The VSWR changes 
the apparent input impedance looking 
into the transmission line. The trans- 
mitter does not "see" its rated imped- 
ance, and actually delivers less than the 
rated power into the line. It might be 
50- watts, or even 25 -watts depending 
on the VSWR, so the actual power de- 
livered to the antenna is really lower 
than it appears. What it actually is, is 
generally unknown because the user has 
"calibrated" for full -scale FORWARD 
power meter reading in order to mea- 
sure the VSWR. 

What it Does. A look at the photo- 
graphs illustrating the CN -720 shows 
how it works. The unit has a single 
meter device, a range switch calibrated 
for 20- watts, 200 -watts, and 1 kW full - 
scale FORWARD output power. Three 
LED indicators, driven by a fraction 
of the RF fed into the line, serve as 
visual FORWARD power range indi- 
cators. The rear apron has three UHF - 
type coax connectors and a switch. One 
connector is the transmitter connection, 
one the antenna connection, and the 
remaining connector is for a dummy 
load. The switch routes the RF to the 
antenna or the dummy load. 

What appears to be an ordinary, 
oversize (3 by 31/2 -inch) meter, is actu- 
ally two separate meters, mounted at 
each bottom corner, sharing a common 
scale. One is driven from a forward 
power detector, the other from a re- 
verse power detector. Both pointers in- 
dicate simultaneously. 

One pointer indicates the FOR- 
WARD power on the 20, 200 and 
1000 -watt scale calibrations. The sec- 
ond pointer indicates REVERSE power 
on 4, 40, and 200 -watt scales. Natu- 
rally, the scales are keyed; 4 -watts RE- 
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VERSE goes 
WARD, etc. 

Now, in the center of the scale, be- 
tween the FORWARD and REVERSE 
power calibrations, is a set of lines 
calibrated in terms of SWR from 1.1:1 
to co . The SWR value is the line that 
falls directly under the point where the 
meter pointers cross. 

The lines that represent SWR flow 
from the top to bottom so that regard- 
less where the crossover takes place - 
which is determined by the output 
power -the correct SWR is indicated. 
Actually, the meter can track the SWR 
value as the transmitter's power output 
is changed. Similarly, the operator can 
keep track of FORWARD, REFLECT- 
ED, and SWR values all at the same 
time. 

How it Works. A typical indication is 
shown at left. The CN -720 is set up 
for 200 -watts FORWARD power. The 
FORWARD power meter, the left hand 
calibrations, indicates almost 100 -watts 
fed into the line. The REVERSE power 
meter, the right hand calibrations, in- 
dicates about 14 or 15 -watts reflected 
power. The pointers cross directly over 

(Continued on page 85) 

with 20 -watts FOR- 

The rear panel switch allows selection 
of a dummy load for tuneup purposes. 
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c couas 
IN BLECTaICITY 
&ELECTRONICS 

The Digital Multimeter is the single most versatile service tool available to the elec- 
tronics technician and hobbyist. In this, the second of a series on test equipment, we'll 

discuss the origins, theory, and uses of the Digital Multimeter 

ELEMENTARY ELECTRONICS, in an effort to introduce its 
raaders to new developments in instrumentation, 
will now discuss advances in the measurement of 

voltage, current. and resistance. In the past, measure- 
ment of these parameters has utilized analog devices; 
however, with the advent of large scale integration 
sem conductor chips, a new generation of digital sam- 
pling techniques has been developed that allows ac- 
curacy to laboratory standards with moderately priced 
equipment. Full appreciation of the flexibility and ad- 
vantages of the newer digital devices is apparent when 
comparison is made with analog equipment. 

The relationship between current and voltage for 
steady state linear direct current applications is called 
Ohm's Law. This "Law," the most basic concept of 
electronics, is written 

E =IR 
The basic unit of voltage (E) or electromotive force is 
the volt. The basic unit of current (I) or time rate of 
charge of charge is the ampere. Resistance (R) is 

measured in ohms. 

IMPEDANCE 

Things become more complex when steady state 
AC circuits are investigated. The units of voltage and 
curent do not change; however, there is now a dy- 
namic relationship between voltage and current which 
must take into consideration the phase angle between 
these two parameters. Simple DC resistance becomes 
a complex impedance. Impedance by definition is volt- 
age divided by current and is the sum of the resistive 

COMPONENTS AFFECTING IMPEDANCE 

RESISTANCE INDUCTANCE 

o vv, vv-r. 
K \ 

R L C 

IMEDANCE 
Z -T 

o- 

plt.s reactive components of the circuit. Coils and ca- 
paitors determine the magnitude of the reactance of a 

given circuit. it is beyond the scope of this article to 
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deal in depth with the problem of complex impedance, 
but some knowledge is necessary for an understand- 
ing of voltage measurements. 

The DC resistance of an ideal capacitor is infinity. 
Actual capacitors have leakage dependent upon their 
composition, e.g. electrolytics will have much more 
leakage than ceramic or mica capacitors. An ideal in- 
ductor has zero resistance. Actual inductors have a 

series resistance which is a function of diameter, tem- 
perature, length, and composition of the wire used in 

their windings. 
Under transient and AC ccnditions, the current flow 

in an inductor always lags the voltage flow, whereas 
the current in a capacitor always leads the voltage. 

CAPACITOR CURRENT /VOL7AGE PHASING 

INDUCTOR CURRENT /Va_TAGE PHASING 

Any measurement of voltage under these conditions 
must take into consideration She changing nature of 
voltage and current flows and the impedance of the 
measuring device. 
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DESIGN CRITERIA 

Certain criteria can be formulated concerning the 
equipment used to measure direct or alternating cur- 
rents or voltages. First, the device should be accurate 
and capable of measuring both AC and DC currents 
or voltages. Second, linearity should be present over 
a wide range of readings. Third, the impedance of the 
device should be sufficiently high so as not to "load 
down" the circuit being measured. Fourth, measure- 
ments of resistance should be taken at low voltages 
so as not to alter the resistance of complex circuits 
that consist of active and passive elements. Last, the 
readings should be reproducible and not a function of 
the temperature, humidity, or the supply voltages nec- 
essary to power the measuring device. 

THE STONE AGE 

In the past, several methods were used to accom- 
plish these goals. For AC, high frequency, and tran- 
sient measurements, the oscilloscope provided the 
"gold standard" for a reproducible, high quality, high 

OSCILLOSCOPE MEASUREMENTS 

R 

° VERTICAL TIME 
AMPLIFIER BASE 

OSCI LLOSCOPE 

impeda,ice device that had reasonable linearity. If the 
device was well calibrated, and had gain stability, 
measurements to two significant figures could be made 
over a wide range of voltages and frequencies. By use 
of suitable coupling devices, measurements of current 
could also be made. With appropriate attenuators, an 
oscilloscope could be made to have an input impe- 
dance of 10- megohms which was sufficient for most 
circuits. The phase relationship between voltage and 
current was easily demonstrated using dual sweep or 
chopped -beam oscilloscopes. Difficulties were com- 
monly encountered with DC and very high frequency 
AC measurements, and with obtaining an accurate 
time base for the horizontal sweep circuit. Finally, the 
oscilloscope was not portable and proved to be a 
fragile device that was tied to a service bench. 

Most measurements of voltage, current, and resist- 
ance not done on an oscilloscope were obtained with 
portable devices using D'Arsonval galvanometers 
called "meters." These devices, like the oscilloscope, 

GALVANOMETER CONSTRUCTION 

POINTER 

QUASI- LINEAR 
MAGNETIC FIELD 

GALVANOMETER 
FIELD 
COIL 

N 

DE TENT SPRING 

s 

FIELD 
COIL 

l 
PERMANENT MAGNET 

RANGE 
SWITCH 

UNKNOWN 
VOLTAGE 

suffered from several major faults. First, because of 
distortion in the magnetic field, true linearity was never 
achieved over the entire range of readings. Second, 
accuracies of only two or perhaps three significant 
places were available. Third, as with the oscilloscope, 
under certain conditions parallax (difference in read- 
ing that is dependent on the position of the observer) 
was a major problem. Fourth, the basic resistance of 
the galvanometer was low, on the order of 20,000- 
40,000- ohms -per -volt for expensive equipment, and 
5,000- 10,000- ohms -per -volt for less costly gear. Im- 
pedances, when AC voltages were measured, were 
commensurately lower -on the order of 1,000 -5,000 
ohms. Lastly, the devices were basically fragile and 
easy to burn out. In spite of these shortcomings, the 
analog volt- ohmmeter was and is a popular, inexpen- 
sive device that sells for prices ranging from approxi- 
mately $10 to $150, depending upon the accuracy, 
ranges, functions, and input resistance. 

True laboratory standard accuracy -voltage readings 
to three and four significant places -could be obtained 
using D'Arsonval -type devices that operated over very 
narrow ranges and were used in bridge circuits that 
compared the unknown voltage to a known standard 
voltage. Unfortunately, this equipment was expensive, 
difficult to use, and not portable. 

In another class of devices, the low basic input 
resistance of the galvanometer was improved by using 
vacuum tubes (VTVM) or semiconductor devices (eg, 
FET). Unfortunately, this was done at the expense of 
doubling the price of the equipment and adding the 
problem of gain stability and input offset voltages. 

DIGITAL DESIGNS 

With the advent of large scale integrated circuits, an 
alternate means of measuring voltage, current, and 
resistance became available. This class of devices con- 
verted the analog signal, e.g. the current, voltage, or 
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resistance, and displayed it in digital form. Higher 
accuracies were obtained by expanding the scale of 
measurement and eliminating meter reading errors - 
parallax and nonlinearity. Therefore an order of magni- 
tude advantage was obtained. For example, if a high 
quality volt- ohmmeter had an accuracy to 1 percent of 
a given reading, similar quality digital devices could 
be made to read to 0.1 percent accuracy. Such an 
advantage is obvious when analyzing complex cir- 
cuitry using semiconductor components. Furthermore, 
the ohmmeter function of these new generation digital 
devices uses very low currents when compared to the 
standard volt- ohmmeter. Lastly, the input impedance 
of these devices is in the 10- megohm range, shunted 
by a small capacitor of approximately 50 pF. 

Digital volt- ohmmeters are only as good as their 
amplifier stability and linearity, internal voltage and 
time references, and method of eliminating offset volt- 
ages. Various schemes have been devised to provide 
automatic zeroing, programmable or long term stabil- 
ity, and minimal offset voltages. Input signals are con- 
verted into a scaled DC voltage, which is then trans- 
formed into a digital readout by integration, logic, and 
display circuits. DC voltages to be measured are ap- 
plies across a voltage divider. A decade fraction of 
this voltage is selected by the range switch. The signal 

TYPICAL FUNCTION DIAGRAM 

vep 
FUNCTION SWITCHING .0 

OVERLOAD PROTECTION 

RANGE SWITCHING 

AND 
PR OVERLOAD mscnoN 

SWITI 
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Illll G NLTI M OISMT 
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LIRLUIT 

A/0 CONVERTER 
CURRFNI ... MO AND 
SHUNTS DISPLAY DRIVERS 

Ac To 0 

CIRCUIT 

is then passed into a DC voltmeter which consists of 
an automatic offset correction (auto zero) circuit, a 
dual slope integrator, and a digital processing and 
multiplexing device. The reference voltage is derived 
fron a highly stable Zener diode. 

AC MEASUREMENTS 

AC voltages are measured in a similar manner, ex- 
cept a full wave bridge is used to yield a DC voltage 
equivalent to the RMS of the unknown AC signal. A 
high impedance buffer is used to isolate the bridge 
circuit. Resistance measurements are made by gen- 
era:ing a precision known constant current which 
develops a DC voltage across the unknown resistor. 
The signal is then applied to the buffer amplifier and 
processed in a manner similar to the voltage measure- 
ments. Current measurements are made by passing 
the unknown current through a precision shunt -resistor 
which develops an AC or DC voltage proportional to 
the current in the shunt resistor. This voltage is again 
applied through the bridge (for AC currents), buffer, 
anc integrator circuits. Various degrees of auto rang- 
ing are available depending upon the design and price 
of the instrument. This auto ranging refinement allows 

ELEMENTARY ELECTRONICS / January- February 1980 

wide ranges of voltage to be measured with one set- 
ting of the range selector without internal overload. 
Some manufacturers offer a high, low ohm feature that 
permits in- circuit resistance measurements at voltage 
levels below the conduction threshold of semicon- 
ductor. The high ohm feature allows semiconductor 

CIRCLE 1 ON READER SERVICE COUPON 

Heath's 1M -2212 digital multimeter offers auto -ranging, which 
selects the proper voltage, current, or resistance range for more 
convenient measurements. It weighs 8 lbs., less optional NiCads. 

junction tests by measurements of forward and reverse 
resistance ratios. 

ACCURACY 

As mentioned earlier, the specifications of digital 
multimeters are normally in the range of 0.5 percent 
of the reading, plus 0.1 percent of the range ± one 
count for DC voltages. A display reading of 1.00 -volt 
DC from a low impedance source will have an uncer- 
tainty of ± 0.0035 volts; a truly amazing feat. Because 
of the sampling nature of the device and the auto 
ranging features, response time is usually less than 
3 seconds to within stated accuracy. Settling time for 
the semi- ranging devices (100 percent overvoltage) is 
typically 1, 2 of a second. 

Optimal performance can be obtained by observing 

CIRCLE 40 ON READER SERVICE COUPON 

B &K Precision's model 2830 digital multimeter offers 4 -place red 
LED readout, high /low resistance range selection, direct DC /AC 
current readout, a convertible carrying handle and desk prop. 
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a number of precautions when test measurements are 
made. Ground loops must be avoided since differences 
of ground potentials may set up loop currents and 
distort the measured value. Problems of this type can 
be almost completely eliminated by using battery oper- 
ated equipment. Ground loops may be lessened by 

An example of a handheld digital multimeter is B &K Precision's 
model 2815. The new 151 IC has built -in shielding against strong 
RF fields, making it a hot item with hams, CBers and radio techs. 

connecting the test source ground to true earth ground 
if possible. In floating DC or AC measurements, it is 
possible to introduce a common mode voltage by re- 
active coupling when the line cord is connected. 
Again, problems of this type can be almost entirely 
eliminated by using a battery operated meter. If only 
AC operation is available, this type of measurement 
should be made on the highest range possible con- 
sistent with usable measurement resolution. Most de- 
vices will handle up to a 100 percent full range over - 
voltage with meaningful readings. 

The basic design features of the digital multimeter 
make it the ideal replacement for the existing analog 
multimeters and FET VOMs or VTVMs. In addition to 
providing equivalent functions and range, the inherent 
accuracy and features of this type of instrument pro- 
vide a significant margin of improved performance 
over comparably priced analog meters. Digital multi- 
meters are priced from $60 to several hundred dollars 
and come in kit or assembled form. Outstanding ex- 
amples of this type of instrument are the Heath model 
IM 2212 auto ranging digital multimeter kit, the B &K 
Precision 2830 31/2 digit multimeter, and the new in- 
expensive Radio Shack model 22 -197 hand -held liquid 
quartz 31/2 digit display unit. 

CONCLUSION 

In summation, the proven stability of dual -slope in- 
tegration combined with precision, ratio -trimmed re- 
sistor networks and advanced LSI technology has gen- 
erated a series of digital multimeters that provide ex- 
treme versatility and accuracy at an affordable price. 
They have virtually made the hand -held galvanometer - 
based analog volt- ohmmeter obsolete. Their major 
drawback is in their time to settle on a given reading 
and the necessity of using sampling techniques. They 
are an exciting, accurate, and dependable way of 
making basic measurements of voltage, current, and 
resistance in modern electronic circuitry. 

Hey, Look Me Over 
(Continued from page 12) 

CIRCLE 46 
ON READER SERVICE 

COUPON 

and memory ports. Versions are available with either a full 
industry standard or calculator types keyboard which in- 
cludes a cassette drive in the TC 2001's $795.00 price. NCE 
offers printers, plotters, disk drives, tape drives, memory 
expansions, and other peripherals for the TC 2001. It comes 
with a 10 -day free trial and a 90 -day factory warranty. For 
more information, write to NCE /CompuMart, P.O. Box 8610, 
Ann Arbor, MI 56107. 

80 

Programmable Calculator with Constant Memory 
A Texas Instrument programmable calculator, the Program- 
mable 58C, features a Constant Memory which allows the 
calculator to retain program steps and data when turned off. 
The TI Programmable 58C adds the Constant Memory fea- 
ture to the already powerful capabilities of the original TI 58. 

CIRCLE 51 
ON READER SERVICE 

COUPON 

The retail price of the TI Programmable 58C is $125.00. 
Get all the facts direct from Texas Instruments, Inc., 
Consumer Relations, (Attn. TI -58C), P.O. Box 53, Lubbock, 
TX 79408. 
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YOU'RE UNDER SURVEILLANCE!! 
A HOST OF PEOPLE, AGENCIES, AND COMPUTERS 
ARE BUSY SPYING ON YOU AND YOUR BUSINESS 
EVERY DAY, OFTEN ILLEGALLY.. , . 

HOW TO STOP IT OR DO IT BACK! 

L . 

753 ,pl Cy- 

R&N 
A Large :omit (81/' x 11 ") Quality Paperback, 240 Pages 

BUGGING 
WIRETAPPING 
TAILING 
OPTICAL AND 
ELECTRONIC SURVEILLANCE 
SURREPTITIOUS ENTRY 
DETECTIVE TECHNIQUES 
WEAPOIIS 
COUNTERMEASURES 

"A VIRTUAL ENCYCLOPEDIA ON SURVEILLANCE 
. EVERYTHING YOU'VE ALWAYS WANTED TO 

KNOW ABOUT SPYING." - 
PLAYBOY MAGAZINE 

With Each Order You Receive Free Other Material And Literature 
For investigative Procedure " 

QUIMTRONIX 
Postpaid -P.O. Box 548 -EE 
Seattle Washington 98111 

CIFCLE 26 ON READER SERVICE COUPON 

El.12)1( 
Limit Two Per Item Per Customer Order 

These items are of limited quantities 
and represent the values in our catalog. 

Weller SP23 MARKSMAN 
25W. SOLDERING IRON 

750 °F Temp. Ideal For 
Hobbies, Kits, Radios 
8 '4" Long, 1% Oz. 
120V- Y. " Tip, UL 
Listed 

Mfg. Sug. Resale $7.08 N-174 399 
4ACO WS -150 WIRE STRIPPER 

AND CUTTER 
Guts and Strips 12 -24 Ga. Wire 
Spring Loaded For Quick 
Response 
Cushion Grip Handles 129 

Reg. 2.61 N -62 

WORKMAN "CHECK -IT" 
CIRCUIT CONTINUITY TESTER 

Ideal For Testing Fuses, 
Cords, Bulbs, Switches, 

Speaker, Etc. 
Powered By Two "AA" Batteries (Not Included) 

F -701 149 Mfg. Sug. Resale $5.33 
Send For Free Catalog 

Cider $3.00. Add $1.25 For Postage And Handling. 
II. Residents Add 6% Sales Tax. 

Get On Our Mailing List 
For Free Electronics Bargain Catalog 

With 1000's Of Items. 
MAILING LIST COUPON 

Name 

Address 

City State Zip 

ELECTRONIC DISTRIBUTORS INC. 
DEPT. EE 9 4900 ELSTON AVE. 

CHICAGO, ILL. 60630 
Tel: 312.283.4800 
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If1TEGRRTE Ii ELETDRE5 
540 Weddell Dr., #4, Sunnyvale, CA 94086 (4081734-8470 

IE150K RAINBOW CLOCK KIT " $17.99 
Colorful six -digit LED clock. Comes in red, green, or yellow LED 
displays or any combination of these. Alarm and snooze outputs. 

IE151K ELECTRONIC PENDULUM KIT* $14.50 
Fascinating attention-getter. Simulates the pendulum with sequential 
flashing of colorful LEDs (red, green, yellow). Ideal companion for 
1E150. 

IE160K FUNCTION GENERATOR KIT" $15.95 
A must for any serious experimenter. Produces high quality func- 
tions including sine, square, triangular, ramp and pulse wave forms. 

IEM172 LCD CLOCK MODULE $20.95 
A fantastic clock at any price. Highly visible .5" 
digits, requires 1.5v.DC. A single alkaline battery .1 8.8 
may keep it going for several years. It measures PM 1 84 
only 2.36" x 1.18" x .33 ". 

MM5865 PROGRAMMABLE STOPWATCH $7.50 
7- function Universal Timer and Stopwatch. Start /stop with elapse 
time, start /stop accumulative event time, split, sequential total elapse 
time, rally total elapse time, program up & down count. It uses 
32.8KHz crystal or external clock. 
Spec sheet & 10 -page application notes $1.50 

32.8KHz CRYSTAL $4.00 
* Kits include all components, PC boards, & instructions. 

Minimum order 55.00 CUS currency. Cheek or money order only. Add 5% ro coyer Nipping end 
rrndl,np d.arpe. Coil. ,.,.,dente aid 6% Wes tax. Sena Om County ree.denn aid 6.5% 'max eex. 

FREE íiaTr 
CATALOG 
Audio-Computers 

Instruments 
Kits & Assembled 
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CATAL GUFfT 

Southwest Technical Products Corporation 
219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 
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SEE AD ON CV3 

CAMPING JOURNAL 
P.O. Box 2620 
Greenwich, CT 06835 

I accept your offer. Send me: 
7 issues of Camping Journal for just 
$4.97. Outside USA -$6.15. 
14 issues for $9.94. Outside USA - 
$12.30. 

Payment enclosed. Bill me. 

Name 

Address 
(please print) 

City State zip 
New subscribers allow 6 to 8 weeks for 
your first copy H0A563 

SEE AD ON CV2 

r ELEMENTARY 
ELECTRONICS 
P.O. Box 2630 

Greenwich, CT 06835 
Yes. Enter my subscription - 
6 issues for ONLY $3.98. 

Payment enclosed. LI Bill me. 

(Outside U.S.A. and possessions $5.00) 

Name 

Address 

City 

State_ _ ___Zip 

Please allow 6 to 8 weeks for delivery of 
your first copy. H0A555 _, 

L. 

ELEMENTARY 

DX Central 
(Continued from page 17) 

was handled admirably by RCI's Ian 
McFarland, who also serves as an official 
of the Canadian chapter of HAP, called 
CHAP. As astounding as it may seem, the 
spirited bidding raised a total of about 
$2,000 for the worthy cause. 

By the way, disabled or handicapped 
persons are invited to contact either the 
U.S. or Canadian branches of HAP to in- 
quire about HAP benefits and services 
available. HAP -US can be reached by 
writing to 27 Cleveland Avenue, Trenton, 
NJ 08609. CHAP's address is 6 Cool - 
breeze. Avenue, Pt. Claire, Quebec H9S 
5G4, Canada. 

If you missed ANARC '79 in Min- 
. 

neapolis, you missed a great time. 
At this writing, a decision on the loca- 

tion for the forthcoming convention has 
not been made by the ANARC delegates. 
Two local groups, the Southern California 
DXers and the Canadian SWL Interna- 
tional club have submitted bids for the 
convention. Thus, DXers will gather July 
18 -20, 1980, for the ANARC convention, 
either at Irvine, California, or Thunder 
Bay, Ontario, Canada. 

Down The Dial. Times in GMT, frequen- 
cies in kHz. 944 -HRYW, Radio Pan - 
americana in Tegucigalpa, Honduras, is 
being heard with "nice signals" in Florida 
during the evening hours, around 0130 
GMT. 3,220 -The SWL's favorite Latin 
American station, HCJB in Quito, Ecua- 
dor, has a new shortwave transmitter of 
10 kw power operating on this frequency 
in the Indian language, Quechua around 
0830 or 0930 GMT. 3,390- Another Ecua- 
dorian station noted frequently with 
Spanish programming during the State- 
side evening hours is Radio Zaracay in the 
city of Santo Domingo de los Colorados. 
Look for it. 5020 -A bit of exotica for 
those who dream of a Pacific paradise is 
the Solomon Islands Broadcasting Service. 
You're apt to find this station with coun- 
try and western music, Radio Australia 
news relays and announcements in Pidgin 
English. Try the middle -of- the -night time 
slot between about 0800 and 1130 GMT. 
6,080 -More country music here from 
CKFX, Vancouver, British Columbia, 
Canada, a puny 10 watt outlet that has 
been putting out truly amazing signals 
lately. This has been heard by listeners 
as far away as Florida and Massachusetts, 
plus, across the Pacific in Australia. 
11,835 -Haiti has only one shortwave sta- 
tion operating on a regular basis these 
days. The station is the missionary broad- 
caster 4VEH. Listen for English program- 
ming between about 1200 and 1300 GMT. 

(Credits: Terry Krueger, FL; Jack 
Jones, MS; Brian Alexander, PA; Douglas 
Johnson, WA; Richard Gregory, PA; Na- 
tional Radio Club, P.O. Box 32125, Louis- 
ville KY 40232; North American SW As- 
sociation, P.O. Box 13, Liberty, IN 47353; 
American SWL Club, 16182 Ballad Lane, 
Huntington Beach, CA 92649.) 
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Teletype Interface 
(Continued from page 35) 

1 

positive bit causes Q1 to conduct. When 
Q1 conducts, its collector goes low, 
effectively "grounding" Q2's base, there- 
by turning Q2 off and interrupting the 
current through the TTY printer. The 
TTY current interruptions represent 
characters and control modes, causing 
the TTY to print the RS232 I /O' trans- 
mission. 

Construction. Just about anything 
goes. There are no special shielding or 
layout problems, and just about any 
general purpose replacement can be 
used for Q1, Q2, D1, and Z1. LED 1 is 
simply a "power on" indicator. Resis- 
tors zan be 1/4 or 1/2-watt rating. Do 

not use 1/10-watt resistors. 
The unit shown is built on a section 

of micro -perforated wiring board, using 
flea clips for some tie points. Other 
wiring is by direct connection on the 
underside of the board. The cabinet is a 
plastic "experimenter's box" approxi- 
mately 2.5 by 3 by 5.25 -inches. The in- 
put and output connectors are the Molex 
type, sold at Radio Shack and other 
parts stores. 

Z1 is a 50 PIV silicon rectifier 
bridge; you can substitute a bridge 
made up of four individual diodes if 
desired. Diode D1 can be any silicon 
type rated 25 PIV or higher. 

The perf -board assembly can be se- 
cured inside the cabinet with a few dabs 
of RTV silicon rubber adhesive, or even 
silicon rubber bathtub calk. Allow 24 
hours for the adhesive to dry. 

King Spark 
(Continued from page 68) 

signal more recognizable through the 
interference and static. 

The ultimate power supply in the 
days of spark was the motor driven 
500 cycle alternator. This set -up gave 
1000 voltage peaks per second and 
consequently 1000 sparks per second, 
which was considered ideal. When a 
rotary gap was used with the alternator 
it was usually synchronized with it by 
mounting the rotor on the end of the 
alternator shaft. More often though a 
quenched gap was used. 

Quenched Gap. To understand the 
reason for the quenched gap we have 
to back up a little. Referring to Fig. 3 

we aee that power from the "closed" 
resonant circuit L1 C1 is transferred to 
the "open" resonant circuit, the antenna, 
by the coupling between L1 and L2. 
The closer the coupling, the greater the 
power transferred. 

Unfortunately, increasing the coupling 
caused the generation of two frequen- 
cies, one above and one below the fre- 
quency of the two circuits when 
separated. Furthermore, these two fre- 
quencies would hetrodyne with each 
other and cause the generation of a 
broad band of frequencies. Reducing 
the coupling would solve this problem 
but transfer little power. 

The ingenious solution was the 
quenched gap. The quenched gap gon- 

g listed of a series of very narrow spark 
gaps, each surrounded by a great deal 
of metal. When the power supply pro - 
duced a voltage peak the gaps would 
fire, but the spark would quickly ex- 
tinguish itself as the ions touched the 
nearby cool metal surface. In a proper- 

ly adjusted transmitter the power might 
circulate in the "closed" circuit for only 
a half -cycle. However this was sufficient 
to excite powerful oscillations in the 
antenna circuit which was very closely 
coupled. 

For amateurs the end of the spark 
era was the transatlantic tests of 1921. 
Though the first amateur signals to get 
across were spark, the superiority of 
c.w. was shown so clearly that within 
a year or so there were few spark sta- 
tions on the air. 

Spark hung on in shipboard installa- 
tions for a longer time and it wouldn't 
surprise this writer to find a still usable 
spark transmitter in a radio room some- 
where as a back -up transmitter. 

Don't try to build a spark gap trans- 
mitter for use or you will become very 
familiar with the FCC's power to con- 
trol the air waves. A. spark gap trans- 
mitter generates more harmonics than 
the Chicago Symphony and you'd be 
interfering with every radio in your 
area. Uncle Sam's radio people can and 
will prosecute anyone who tries to put 
such "dirty" radio waves out into the 
atmosphere. 

Ithaca Audio 
(Continued from page 60) 

unit over so the keys are down. Remove 
the six screws that secure the base and 
gently lift the base off. Don't force 
anything. 

Position the keyboard, if necessary, 
so that it conforms exactly to the pic- 
torial supplied by Ithaca Audio. The 
reset switch should be at your upper 
right, as shown in the instructions. 
Check out the whole board. You will 
find eight of the ICs are in a single 
row and are mounted in sockets. These 
are the memory RAMS. You'll find two 
other sockets; they contain the DIP 
jumpers, which resemble ICs on first 
glance. 

Double check that you're grounded. 
Then, holding a small screwdriver by 
the blade (or a non -metallic insulated 
screwdriver) lift each end of each IC 
slightly out of the socket and then re- 
move the IC, setting it pins -down on a 
sheet of aluminum foil (if you want to 
save the 4K RAMs) . Next, one at a 
time, remove the Ithaca Audio 16K 
RAMs from the conductive foam, check 
that all pins are straight, and install the 
RAMS in the sockets. 

Checkout. Ithaca's instruction card 
gives the checkout for Level -I BASIC. 
Simply type PM (ENTER), and the 
computer will indicate 15871 if all ism 

okay. If you have Level -II BASIC, 
check it out our way: Get the TRS -80 
into BASIC with READY on the CRT, 
then type PRINT MEMORY (EN- 
TER). A 15572 indicates all is okay. 
(Note: Ithaca Audio will include the 
Level -II checkout for 16K, 32K, and 
64K of memory inside all packaging. 

The Ithaca Audio TRS -80 16K up- 
grade kit is available from computer 
dealers and direct from Ithaca Audio. 

For additional information, write to 
them direct at P.O. Box 91, Ithaca, 
NY, 14850, or circle number 62 on the 
reader service coupon. 

Mini -Power 
(Continued from page 46) 

organizations and individuals listed, en- 
closing a SASE (selt- addressed, stamped 
envelope) is a courtesy, and will help 
speed reply. 

Conclusion. Operating QRP can be 
a very satisfying experience, but with- 
out a lot of RF power backing you up, 
a great deal depends on your equip- 
ment, your operating techniques, your 
attitude, and an extra measure of pa- 

tience. Above all, remember that suc- 
cessful QRP operation requires careful 
attention to details that might not be so 
necessary in high -power hamming; 
work carefully and deliberately at im- 
proving both your flea -power installa- 
tion and operating skills. As you de- 
velop your modus operandi, you will 
derive increasing satisfaction from low. 
power work and will indeed be sur- 
prised and excited by the results. You 
will find, as I did, that mini -power 
operation yields maxi -fun. Good luck, 
and think small! 
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Crydit 
(Continued from page 57) 

the number on the display by one. 
Finally, you switch Si to START 

and CRYDIT starts its counting down 
sequence. After you have switched SI 
to START, you can, at any time, check 
how many minutes are left in the time 
period by simply pressing the DIS- 
PLAY button. The instant CRYDIT's 
counters reach 00, the buzzer will sound 
off for about 7- seconds. Note that 
CRYDIT is designed to keep counting 
down even after it reaches 00. This 
feature allows an absent minded 
CRYDIT user to figure out exactly 
how long it has been since the buzzer 
went off; all he has to do is subtract 
the number left on the display from 
100. For example, say you had to 
leave CRYDIT alone for a length of 
time and came back after CRYDIT's 
buzzer went off. Upon return, you im- 
mediately check the display and find 
it shows 85. You then know the buzzer 
had gone off (100 -85) 15- minutes ago. 

Some Simple Modifications. If you 
would prefer a 1 -60 minute CRYDIT, 
simply increase R6 to 27K and adjust 
the 10K printed circuit trimmer pot 

R7, so that the display shows 60 when 
both MAIN and FINE SET controls 
are fully clockwise.. 

If you would prefer a single SET 
control, replace R16 with a 47K fixed 
resistor, and use a good quality potenti- 
ometer for R17. R17 will then serve 
as the SET control. As an aid to the 
user, include divisions every 5 minutes 
on the SET dial, instead of the 10- 
minute divisions in the dual SET con- 
trol model. Note that a single SET con- 
trol works out especially well if you 
are willing to settle for the 1 -60 min- 
ute CRYDIT. 

Some other possible modifications: 
For a louder buzzer, reduce R21 to 
47 -ohms; for a longer /shorter buzzer, 
increase /decrease C9; for a longer/ 
shorter display "ON" time, increase/ 
decrease C8; and finally, for a brighter 
display, reduce R23- through -R36 from 
330 -ohms to 270 -ohms. 

,B°°'( 
$1.75 At Your Newsstand 

In The Next Issue - 
Testing the New CBs 
They're different, more 

complex, better. Check out 
overa hundred of the 

newest models -AM, SSB, 
mobile and base. 

The Accessory Picture 
A new antenna, SWR meter, 

speech compressor or 
output filter can mean real 
signal punch. You'll see 
ail the newest add -ons. 

CB Construction Projects 
Find out what's going on 
with the FCC, where the 

new bands may be, all the 
current rules and regs, 

and what new 
technology is in store. 

ON SALE DEC. 6th, 1979 
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Antique Radio 
(Continued from page 74) 

ing and shipping by truck is very in- 
convenient and expensive. If any collec- 
tor has a solution to this problem I 
wish he would write me about it. 

Want to Lend A Hand? This brings 
to mind a project I've had on my mind 
for several years. I have always been 
interested in the lesser known companies 
in the old time radio field. 

I am interested in finding collectors 
who have time to visit their local librar- 
ies and newspaper offices. They would 
make copies of all the information they 
could find on radio set and radio ac- 
cessory manufacturers who operated in 
that town ¿r county. In return for this 
information I will pay copy costs and 
postage and list the researcher's name 
in any publication in which I can make 
use of his information. 

We all know about Atwater Kent and 
his radios, but how many collectors 
know that up to about 1928 he did not 
supply console cabinets for his radios? 

eaders of this column have heard 
about the Pooley Cabinet Company that 
supplied many radio and speaker cabi- 
nets for Atwater Kent radios. In the 
spring of 1979 I was in Wisconsin and 
at a flea market I found a cabinet made 
to hold á "Breadbox Radio" i.e., Models 
38 to 48 and a type "E" speaker. A 
small round metal label was inscribed 
"Red Lion Cabinet Company, Red Lion, 
PA." I looked in my Atlas and sure 
enough there is a Red Lion, PA. 

So long for now. We hope to meet 
you all again with news about antique 
radios in the next issue of ELEMENTARY 
ELECTRONICS magazine. 

Newscan 
(Continued from page 23) 

power. Western has just completed a solar 
collector system at its Corporate Educa- 
tion Center (CEC) in,Hopewell, NJ after 
a year of planning. The system will pro- 
vide about 47 percent of the center's 
present annual hot -water requirements. 

Here comes the sun and these solar 
collectors are ready at Western Electric's 
Corporate Education Center in Hopewell, 
NJ. Engineer Donna Bold and plant 
engineer Bill Hall look over the 2,000 
square feet of solar collectors. The solar 
power system will provide 47 percent of 
the hot water used by Western Electric 
professional employees at the installation. 

Down Under DX 
(Continued from page 62) 

9660 kHz. There are no SWBC trans- 
mitters in the state of South Australia 
so 5CL is probably the best Medium 
Wave catch on our list. However if a 
DXer is lucky while logging 4MK he 
will have interference from VQO in the 
Solomon Islands -a station which relays 
newscasts from Radio Australia. 

March, April, September and Octo- 
ber are the best months for MW down 
under reception. Early Sunday and 
Monday AMs are still the best times be- 
cause many U.S. stations still have an 
occasional silent period those mornings. 
0400 -0500 is the optimum time east of 
the Mississippi while further west 0300- 
0600 PST is the time to listen (inter- 
ference from eastern NA will fade out 
during that period). 
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Dial Cords 
(Continued from page 34) 

Also, two large guide pulleys help keep 
the dial cord on track. 

New Drums. Sometimes it's very dif- 
ficult to obtain a dial drum replacement 
for certain models. You may be able to 
repai- these plastic drums if they are 
not broken or damaged too badly. In 
this particular AM- FM -MPX model 
(Fig: 8) the plastic drum was broken 
around the hub area and would let the 
drum fall down towards the variable 
capacitor. You could only tune part of 
the radio band as the drum would jam 
against the printed circuit board wiring. 

The plastic drum was repaired to its 
original position and held off the P.C. 
board by a couple of pencils while it 
dried. Now, level the plastic drum. 
Tighten down the screw and top washer. 
Mix up a dab of epoxy cement and 
apply over the drum shaft area. Let it 
set overnight. 

When the dial cord will not move 
and the dial cord end is pulled clear out 
of the plastic hole, simply make another 
hole a little higher upon the drum (Fig. 
9). Sometimes the cord will pull out a 
chunk of plastic from the drum area. 
You may repair it with epoxy cement. 

Erratic Dialing. When the dial will 
only move in certain areas or stop at a 
different spot each time, suspect a loose 

set screw (Fig. 10). Sometimes these 
small screws will not bite into the tun- 
ing capacitor shaft. 

Erratic dialing may be caused by 
slippage at the tuning shaft. First, 
tighten the dial spring and apply a coat 
of liquid rosin at the tuning shaft area. 

You may encounter a dry or bent dial 
pointer assembly causing erratic dial 
operation. 'Notice if the pilot light wires 
are snagging on the PC wiring when 
the dial pointer assembly contains an 
enclosed dial bulb. 

So, the next time you have a dial 
break or start slipping, sit down and do 
the work yourself. One thing for sure, 
you will soon find out if you have ten 
fingers -or ten thumbs. 

Speakerlab 3 
(Continued from page 37) 

along this edge so that the thread line 
is perfectly straight and parallel to the 
edge of the frame. Now stretch the 
cloth to the center of the opposite edge 
of the frame, being sure to keep the 
thread line perpendicular to the already - 
stapled edge, and tack it in the center. 
Now stretch the cloth along this edge 
and tack it so that the thread line is 

Mizuho SX -59 
(Continued from page 58). 

the antenna bypass relay. 
Conclusion. The ability of the SX- 

59 to tune continuously from 3 -30 
mHz makes it a desirable accessory 
both for novices with inexpensive ham 
rigs, and for SWL's with economy 
priced shortwave receivers. For apart- 
men: dwellers who are limited to short 
ante.inas for receiving purposes, the 
preselector will improve signal strength. 

The large number of low -cost gen- 
eral coverage receivers now being re- 
leased to the consumer market provides 
a ready application for the SX -59. It 
has been tested with the Yaesu FRG -7, 
Rad.o Shack DX -300 and DX -150/ 
160 series, Panasonic RF- 2800/2900, 
and others. In many cases, improve- 
ment was considerable. Images are re- 
duced from strong interference to in- 
audibility. 

We judge it to be an especially 
worthwhile accessory where low signal 
strengths or images present a problem 
witl' existing equipment. 

For complete information on the 
Mizuho SX -59, contact: Gilfer Asso- 
ciates, 52 Park Avenue, Park Ridge, 
NJ, 07656, or circle number 47 on the 
reader service coupon. 

parallel to the edge of the grill frame. 
Next, stretch the cloth across the center 
of the two long sides, being careful not 
to distort the vertical thread line of the 
grill. Finish tacking the two sides while 
constantly checking to see that all the 
thread lines are straight. 

Sound Quality. Besides being nice to 
look at and be proud of, the Speaker - 
lab 3 sounds great. It is a rich, musical 
speaker with good stereo imaging. For 
a speaker this size it has an extrordi- 
narily deep bass. There is a barely 
noticeable lack of upper bass but this is 
easily adjusted for with tone controls. 

The speaker is very responsive to ad- 
justment of its crossover network. With 
both the tweeter and midrange switches 
at the zero dB (no attenuation) posi- 
tion the speaker is hard and bright. This 
is great for disco music but a little crisp 
for easy listening or classical sounds. 
However, by using full attenuation on 
the tweeter (4 dB down) and half at- 
tenuation on the midrange (2 dB 
down) the speaker assumed a more 
musical character. We were frankly sur- 
prised that a kit speaker could sound 
this good. It was noticeably superior to 
some factory-built and higher -priced 
loudspeakers. 

The crossover frequencies are set at 
600 Hz and 4 kHz. The speaker is 
rated to handle up to 200 watts RMS 
peak power and 100 watts continuous. 
The minimum recommended power is 
15 watts. All these figures are for B- 

ohm amplifier output impedance. 
So if you're ready for a new set of 

speakers and you want to be proud of 
more than just their sound, a pair of 
Speakerlab 3's may be just the thing. 
If your speaker needs are smaller or 
larger the company has a full range of 
kits from $65 to $990 per speaker. 
For more information write to: Speak - 
erlab, 735 N. Northlake Way, Seattle, 
WA 98103, or circle number 43 on the 
Reader Service Coupon. 
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Daiwa CN -720 
(Continued from page 75) 

the SWR calibration representing 2.5:1. 
(You can check the SWR using the 
formula: 
SWR = ( Pf + VPr \/Pf- /Pr.) 

Regardless of how the power input 
might be varied, causing the pointers 
to track up or down, they will always 
cross over at the 2:5:1 SWR calibration 
line. 

The frequency range of the CN -720 
is 1.8 to 150 MHz. Input /output im- 
pedance is 50 -ohms. SWR measure- 
ments can be made from 1.1:1 to op . 

The overall dimensions are: 7- inches 
wide, by 4.7- inches high, by 5.1- inches 
deep. 

The CN -720 carries a suggested re- 
tail price of $166.95 and is available 
at most Amateur radio equipment sup- 
pliers. For more information, circle 
number 77 on the reader service cou- 
pon, or contact: J. W. Miller Division 
of Bell Industries, 19070 Reyes Ave., 
Compton, CA 90224. 

Wilson MK IV 
(Continued from page 42) 

NiCads that you use, and both they 
and you will be satisfied. 

Conclusion. We think the Wilson 
Mark IV is within the elite group of 2- 
meter hand -held units. The basic unit . 

is competitively priced at $259.95, with 
the factory- installed touchtone pad an 
additional $61.95. The WC -14 charger 
is $15.95 ($40.90 with the NiCads). 

For complete information on the 
Wilson Mark IV, and the rest of the 
Wilson VHF line, circle number 80 on 
the reader service coupon, or contact: 
Wilson Electronics Corp., P.O. Box 
19000, Las Vegas, Nevada 89119. 
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Active Filter 
(Continued from page 66) 

the filter is now ready for use with 
your receiver. To tune things up, you 
will need a source of unmodulated RF. 
The best signal is a steady one such 
as that from an RF generator. Couple 
it very loosely to the receiver's antenna 
jack. The marker signal from a crystal 
calibrator is another excellent choice. If 
your receiver can tune outside the ham 
bands, you might even use the un- 
modulated carrier signal from WWV 
(at 2.5, 5, 10 or 15 MHz). 

Apply power to both the receiver and 
the RF signal source. Set the receiver 
for CW reception, and tune it to the 
source's frequency (any convenient 
value). Do not let the source overload 
the receiver; weak signals are prefer- 
able. Adjust the receiver's fine -tuning to 
maximize S -meter response 

Now, turn on your filter. Feed the 
signal from your receiver's headphone 
jack to the filter's input (J1), and plug 
a low -impedance headset into J2. With 
R3 set for maximum Q, adjust R7 for 
peak headphone volume. 

Disconnect the RF source from your 
receiver, and set R3 for minimum Q. 
Now hunt for CW signals on the ham 
bands. When you encounter a signal 
plagued by QRM (interference), tune 
it in as best you can with receiver's 
fine -tuning control. Then boost the Q 
with R3 to cut out the interference. 

A Final Note. Although this filter was 
originally intended for CW operation, it 
was found to enhance SSB reception, 
too. As a general rule, less Q should 
be used for voice reception. Experiment 
with different values of both Q and 
center frequency to obtain the best re- 
sults on SSB. Voices may assume an 
unnatural quality when sharply filtered, 
but they will be more intelligible. 

FILTER PC BOARD R7aab 

TI POWER SUPPLY 
PC BOARD 

The photo at left il- 
lustrates the physi- 
cal layout of the fil- 
ter's chassis. It is 

important that you be 
sure to drill ventila- 
tion holes where in- 
dicated, in order to 
avoid excess heat ac- 
cumulation by the 
semiconductors. 

Magnum 85 FM 
(Continued from page 70) 

tem gain by swamping the input and 
output terminals with low -value resis- 
tors. That didn't work. We tried using 
coaxial cable between the amplifier and 
the receiver. That didn't work either. 
We then separated the antenna from 
the amplifier by several feet of coaxial 
cable. Success! 

With the system finally operational, 
we resumed our test of the Magnum 85 
FM antenna amplifier., Its performance 
was sensational. Signals that were be- 
low the noise threshold were copied 
clearly when peaked by the 85. Ex- 
tremely weak signals were brought up 
to full quieting. 

Conclusion. Clearly, the Magnum 85 
FM antenna amplifier is useful for in- 
creasing signal strength, reducing 
images, and reducing intermodulation 
from strong signals. It is especially suit- 
able for FM fringe reception. It's almost 
frightening to think what the Magnum 
85 would do if connected to a high -gain 
beam. (FM DX anyone ?) 

The Magnum 85 retails for $150.00, 
and is available directly from: Audio 
Marketing by Von, 11 Royal Crest 
Drive, North Andover, MA 01845. For 
more information on the Magnum 85, 
circle 79 on the reader service coupon. 

Simply Basic 
(Continued from page 76) 

equation, such as plotting voltage lever 
for a given current rating. It can also 

he used for business to indicate things 
such as unit price for an item (see 
sample run). Since data can be changed 
after the graph has been printed, the 
program can be used to make long - 
range predictions. 

ENTER NAME FOR VERTICAL UNITS (7 CHAR MAX) 
ENTER NUMBER OF VERTICAL UNITS ? 4 
ENTER MAXIMUM VERTICAL VALUE ? 80 
ENTER NAME FOR HORIZONTAL UNITS ? YEAR 
ENTER NUMBER OF HORIZONTAL UNITS ? 8 

ENTER NAMES OF HORIZONTAL UNITS (3 CHAR. 

? DOLLARS 

MAX.) AND VALUES 
? '70.65 
? '71.75 
? '72.80 
7 '73.55 
? '74.50 SAMPLE PUN OF "GRAPH" 
? '75.30 
? '76.25 
T ' 77.45 
ENTER NAME OF 
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Kathi's Carousel 
(Continued from page 59) 

the LED turns on, the rig is telling you 
the SWR is too high and possible 
damage might result. 

Electrical performance is also typical 
of many new designs, generally better 
than what you got for the same price 
back in '75. Receiver sensitivity checked 
out on my instruments at 0.5 uV for 
10 dB S +N /N. Selectivity was a 
whopping 65 dB (for AM, yet), with 
the clarifier providing ±1 kHz fine tun- 
ing so you can center a station in the 
selectivity passband. The AGC action 
was a tight 4 dB, which you instantly 
notice when you have the AF gain 
cranked wide open to hear a weak sta- 
tion, and you find a strong station com- 
ing on the channel doesn't pop your 
eardrums. SSB adjacent sideband re- 
jection measured 50+ dB, about aver- 
age for better -quality transceivers. 
Finally, the received signal audio qual- 
ity was notably crisp and clean. 

Overall, the Midland 7001 is a very 
impressive rig. For more info circle 52 
on the reader service card. 
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394. KEF Electronics Ltd. is offering two speaker 

systems in kit form at a significant cost- savings. 
The Model 104aB and the Cantata can be easily 

assembled and may be auditioned before pur- 

chasing. 
389. You can't buy a bargain unless you know 

about it! Fair Radio Sales' latest electronics sur- 
plus catalog is packed with government and com- 

mercial buys. 

388. SWLs need Gillet's Shortwave' Mail Order Cata- 

log for economy one -stop armchai shopping. From 

top -notch rigs to reporting pads, Gilfer supplies 
all your hobby needs. 

327. Avanti's new brochure compares the quality 
differenze between an Avanti Racer 27 base loaded 
mobile antenna and a typical imported base loaded 

antenna. 

362. A new catalog crunched full of military, com- 
mercial and industrial surplus electronics for every 
hobbyist is offered by 8 &F Industries. 44 pages of 

bargains you've got to see! 

384. B &K- Precision's latest general line catalog lists 
instruments locally stocked at distributors through- 
out North America. Standard and new products are 

featured. 

310. NCE (Newman Computer Exchange) has just 
issued their Spring /Summer 1979 "Mini- Micro" 
catalog, and its full of hard -to -find equipment. 
Money -saving offers are listed on such items as all 

Data General and LSI -11 equipment. 

322. Radio Shack's latest full color catalog, "The 
Expanding World of TRS -80," is out now, packed 
with up to the date information on this microcom- 

puter. Specifications for the new Model II as well 
as the Model I are included. 

386. If }ou're lookng for books on computers, calcu- 

lators, and games, then get BITS, Inc catalog. It 

includes. novel items. 

335. The latest edition of the TAB BOOKS catalog 
describas over 450 books on CB, electronics, broad- 
casting, do- it- yourself, hobby, radio, TV, hi -fi, and 

CB and TV servicing. 

338. "Break Break," a booklet which came into 

existence at the request of hundreds of CBers, con- 
tains real life stories of incidents taking placo on 

America's highways and byways. Compiled by the 

Shakespeare Company, it is available on a first 
come, 'first serve basis. 

345. For CBers from Hy -Gain Electronics Corp. there 

is a 50 -page, 4 -color catalog (base, mobile and 

marine transceivers, antennas, and accessories). 

393. A brand new 60 -page catalog listing Simpson 
Electric. Company's complete line of stock analog 
and digital panel meters, meter relays, controllers 
and test instruments has just come out. 

385. Anateur Radio buffs and beginners will want 
the latest Ham Radio Communications Bookstore 
catalog. It's packed with items for the Ham. 

373. 4E -page "Electronic Things and Ideas Book" 
from E'CO has the gadgets and goodies not found 
in stores and elsewhere. 

382. Buys by the dozens in Long's Electronics super 
"Ham Radio Buyer's Guide." Good reading if 
you're n the market for a complete station or spare 
fuses. 

383. If you're a radio communicator, either ham, 
SWL, scanner buff or CBer, you'll want a copy of 
Harrison Radio's "Communications Catalog 1979." 
Just what the shack book shelf needs. 

380. If your projects call for transistors and FETS, 
linear and digital ICs, or special solid -state parts, 
then Icok into Adva Electronics' mini -catalog for 
rock bottom prices. 

301. Get into the swing of microcomputer and 

microprocessor technology with CREI's new Pro- 
gram 680. New 56 page catalog describes all pro- 
grams of electronics advancement. 

302. Giant savings are what Burstein Applebee has 

in store in their latest mail order catalog. Every- 
thing from CB test equipment to name brand audio 
wares are advertised. 

305. A new 4 -page directional beam CB antenna 
brochure is available from Shakespeare. Gives 
complete specs and polarization radiation patterns 
for their new fiberglass directional antennas. 

371. Your computer system needn't cost a fortune. 
Southwest Technical Products offers their 6800 

computer complete at $395 with features that cost 
you extra with many other systems. 

306. Antenna Specialists has a new 32 -page CB and 

monitor antenna catalog. a new amateur antenna 
catalog. and a complete accessory catalog. 

307. Atlas calls their 210X and 215X the perfect am- 

ateur mobile rigs. Their 6 -page, full -color detailed 
spec sheet tells all. Yours for the asking. 

330. There are nearly 400 electronics kits in Heath's 
new catalog. Virtually every do -it- yourself interest 
is included -TV, radios, stereo and 4- channel, hi -fi, 
hobby computers, etc. 

392. The opening of the new Software of the Month 

Club has been announced by Creative Discount Soft- 
ware, which is giving out membership enrollment 
applications now. The Club plans to have separate 
branches for users of the Apple II, TRS -80, Ohio 
Scientific, Exity, Pet and CP /M based systems. 

312. E.D.I. (Electronic Distributors, Inc.) carries 
everything from semi- conductors to transformer/ 
relays to video cameras. In prices ranging from 190 

to $500, products appear from over 125 electronic 
parts manufacturers. 
390. Whitehouse & Co., your "hard to find parts 
specialist," offers over a dozen parts and kits in 

their latest catalogue, featuring an entire section 
on gunnplexers for Amaeur Radio buffs. 

318. GC Electronics offers an "Electronic Chemical 
Handbook" for engineers and technicians. It is a 

"problem solver" with detailed descriptions, uses 

and applications of 160 chemicals compiled for 
electronic production and packaging. 
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313. Get all the facts on Progressive Edu -Kits Home 
Radio Course. Build 20 radios and electronic cir- 
cuits; parts, tools, and instructions included. 

320. Edmund Scientific's catalog contains over 4500 
products that embrace many sciences and fields. 

321. Cornell Electronics' "Imperial Thrift Tag Sale" 
Catalog features TV and radio tubes. You can also 
find almost anything in electronics. 

328. If you are into audio, ham radio, project build - 
ing, telephones, CB or any electronics hobby you'll 
want McGee's latest catalog of parts and gadgets. 

333. Get the new free catalog from Howard W. 

Sams. It describes 100's of books for hobbyists 
and technicians -books on projects, basic elec- 
tronics and related subjects. 

354. A government FCC License can help you 
qualify for a career in electronics. Send for Infor- 
mation from Cleveland Institute of Electronics. 

355. New for CBers from Anixter -Mark is a colorful 
4 -page brochure detailing their line of base station 
and mobile antennas, including 6 models of the 
famous Mark Heliwhip. 

391. A new software products catalog for the Apple 
Il Computer has just been issued by Charles Mann 
& Associates. The booklet contains business ac- 
counting, accounts receivable, inventory, BASIC 
teaching and other special purpose business appli- 
cations. 

359. Electronics Book Club has literature on how to 

get up to 3 electronics books (retailing at $58.70) 
for only 99 cents each ... plus a sample Club News 

package. 

375. Compucolor Corp. has a personal computer 
system with an 8 -color integral display, a type- 
writer -like keyboard, and a mass storage device. 
Programs are ideal for checkbook and income tax 
figuring. 

377. We can't enumerate all the products in John 
Meshna, Jr.'s catalog of surplus electronic parts: 
power supplies, computer keyboards, kits for 
alarms, clocks, speakers, and more. 

311. Midland Communications' line of base, mobile 
and hand -held CB equipment, marine transceivers, 
scanning monitors, plus a sampling of accessories 
are covered in a colorful 18 -page brochure. 
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Classified 

IR MARKET 
ELEMENTARY ELECTRONICS -is published Bi- monthly. The rate per word for CLASSIFIED ADVERTISEMENTS is $1.50 

payable in advance- minimum ad $22.50. Capitalized words 40¢ per word additional. 

ADDITIONAL INCOME 

MECHANICALLY INCLINED INDIVIDUALS. As- 
semble electronic devices in your home. Knowledge 
or experience not necessary. Get started in spare 
time. Above average profits. $300 -$600 /wk. possible. 
Sales handled by others. No investment -Write for 
free details. ELECTRONIC DEVELOPMENT LAB, 
Box 1560EE, Pinellas Park, FL 33565. 

BECOME COMMISSION MAILER. How? Write: 
Grahams, DPBX 99371, Tacoma, WA 98499. 

"GUARANTEED" $178.00 Weekly income, experi- 
ence unnecessary. Free Brochure. Parson, Box 744, 
Sun Valley, CA 91352. 

$45,000 Easily, Inexpensively, Fast. Guaranteed. 
SASE: Reid, 3684DV Broadway, New York, NY 10031. 

EARN extra money. Mailing program. FREE de- 
tails. B &E Enterprises IOl1, 312 Franklin, North 
Vernon, IN 47265. 

AUTOMOBILES & MIDGET CARS 

NEW Car Free Yearly! Details! Supercar, Box 
28101, St. Louis, MO 63119. 

AVIATION 

BUSINESS OPPORTUNITIES- Conf'd 'BUY IT WHOLESALE 

GET Scrap Gold $10.00 ounce-Sell $281.75!! Free 400,000 BARGAINS Below Wholesale! Many Free! Information: Britt, 123 -D Scott, Florence, SC 29501. Liquidations . Closeouts , Job Lots 
Bargain- MAILORDER opportunity! 

Single Samples. Free Details Worldwide Bargain- pportunity! Start profitable home hunters, Box 730 -IO, Holland, MI 49423. business without experience or capital. Write for 
free book and details. No obligation. Gil Turk, Dept. 93, Montvale, NJ 07645. 

OTHERS MAKE BIG MONEY in Jewelry ... why 
not you? Full or spare time. Free details. Nasco, 
310 -DL Lincoln Avenue, Fox River Grove. Illinois 
60021. 

MAKE $1.00 Each Addressing Envelopes. We pay 
postage. No Limit. Beginners Kit $2.00. Colossi, Box 
318 -D, Brooklyn NY 11204. 

AMAZING Mailorder Profits Using Proven Meth- 
ods. Free Details. Rasmussen DP10, 1747N. 450E., 
Ogden, Utah 84404. 

CB RADIO 

BOOST POWER! ADD CHANNELS! 100 watt solid - 
state booster, high gain beam antenna, 200% modu- 
lation booster. Plans $4.00 each $10 /all. FREE 
CATALOG -kits, plans, do -it- yourself repairs /modifi- 
cations. PANARIS, Box 130 -GE1, Paradise, CA 
95969. 

DO IT YOURSELF 

REPAIR TV'S, ANYONE CAN. Easy. Guaranteed. 
Free Details. Publication, Box 517X, Brea, CA 92621 

SAVE $$$! MAKE OWN GAS 15e /Gallon; Home, OWN Your Own Business! Correspondence Club. Car. SEND $1.00 (REFUNDABLE) FUEL LABS, P.O. Magazine, Information, Details 25e. Destiny. Box Box 226, Drexel Hill, PA 19026. 5637 -BC, Reno, Nevada 89513. 
SAVE! Fix your own T.V. Send $2.00 to T.V., P.O. FREE brochures "reveal" $100.00 daily marketing Box 3824, Bronwnsville, TX 78520. plan! Allrightco, Box 91309 -N11, Cleveland, OH 

44101. 

STAY HOME! EARN BIG MONEY addressing en- ANTIGRAVITY PROPULSION DEVICE! Free Bro- velopes. Genuine offer 10e. Lindco, 3636 -DA. Peter - chure. RDA, Box 873, Concord, NC 28025. son, Chicago 60659. 

BIG MAIL 

RECEIVE MONEYMAKING OPPORTUNITIES. 
Your name placed with 2,000' importers, whole- 
salers, manufacturers, etc. Year listing -$1.00 (SAVE 
$160.00 Postage!) Advertising Agency, Box 123 -YNA, 
Wenonah, NJ 08090. 

SAVE Postage! Your Mailbox Flooded - with Sam- 
ples, Offers. $2, SASE. VAL- U -CORP, Box 234, 
Mercer, WI 54547. 

BLUEPRINTS. PATTERNS & PLANS 

LEGAL ALCOHOL FUEL 45e /GALLON! Solar /con- 
ventlonal still plans and formulae, only $10.00! RDA, 
Box 873, Concord, NC 28025. 

NEW CRAFT PRINT CATALOG- Choose from over 
100 great easy -to -build plans. Send $1.50 (completely 
refunded with your first order). BOAT BUILDER, 
(CP Div.) -380 Lexington Ave., New York, NY 10017. 

BOOKS & PERIODICALS 

INFORMATIVE IIANDBOOK -For people with an 
interest in electronics and desire to know more. 
Covers basic electricity, resistors, capacitors, micro- 
waves. facts on frequency, about fuses, circuit break - 
era, crystals and much more. Send $1.50 for your 
copy (includes postage) to: Electronics Theory Hand- 
book, 380 Lexington Ave., N.Y., NY 10017. 

BUSINESS OPPORTUNITIES 

BORROW ANY AMOUNT. Enjoy A -1 credit. Keep 
money in bank, get 80% more. Send Stamp. Vernon. 
Box 75010 -HR, Oklahoma City 73147. 

MILLIONS in Mall! Free Secrets. Transworld -3, 
Box 6226, Toledo, OH 43614. 

NEW LUXURY CAR WITHOUT COST! Free Re- 
port. Codex -CC, Box 6073, Toledo, OH 43614. (419) 
865 -5657. 

1000% PROFIT Bronzing Baby Shoes. Free Lit- 
erature. NBC Box 1904 -D0, Sebring, FL 33870. 

BUMPER STICKER PRINTING DEVICE. Cheap, 
Simple, Portable. Free Details. Bumper, FOB 22791 
(JT), Tampa, FL 33622 

ASSEMBLE products at home. Many opportunities 
paying high weekly profits presently available With- 
out Investment. Businesses, 92 -132 Brighton Ilth, 
Brooklyn, NY 11235. 

CABLE FM BROADCAST STATION. Investment/ 
experience unnecessary. Home operation possible. 
Excellent income reported! Free details. CAFM, Box 
130 -GE1, Paradise, CA 95969. 

$58.90 DAILY PAY. $353.88 WEEKLY. HOME- 
WORK. IMMEDIATE INCOME. EARNINGS GUAR- 
ANTEE CERTIFICATE. FREE REPORT /APPLICA- 
TION. AAHIP, UNIT 29309 -H, MEDCENSTA, TX 
78229. 

STEREO REPRESENTATIVES NEEDED!!! Lowest 
Possible Prices!!! Over 100 Brands!!! Krasco-Rep, 
998 Orange Ave., West Haven, CT 06516. 

$600. Weekly. Home mailing program. Goodworld, 
Box 26233 -JIC Tamarac, FL 33320. 

GET RICH! Be your own boss! Book reveals over 
300 businesses anyone can start with little or NO 
MONEY. Only $3.00! Satisfaction guaranteed! Ronlyn 
Publications, 104 King, Box 81 -X, Dundas On- 
tarlo, Canada L9H 5E7. 

$534.00 WEEKLY working three hours daily at 
home. $356.00 weekly working two hours daily. 
$178.00 weekly working one hour. Start immediately. 
Paid daily (advance) -$106.80, $71.20 or $35.80. 
WRITTEN EARNINGS GUARANTEE. FREE Bulle- 
tin /Application. FAS, Postal Unit 13703 -G, San 
Antonio, TX 78213. 

LEARN sewing machine repairing. A profitable 
trade. Easy to learn. Free details. Sewing Center 
187, Dept. D, Rochelle, GA 31079. 

$2000.00 Monthly mailing commission circulars. Ex- 
perience unnecessary. Free details, American, 1108 
Colonial, Inkster, MI 48141. 

CASH ADVANCE $500 /Thousand envelopes stuffed 
available. No Limit! Information: Reason 36 -02, Box 
1060, Orangepark, FL 32073. 

$480 WEEKLY MAILING OUR CIRCULARS!! 
CENTURY, Box 41023DP Tucson AZ 85717. 

OWN Coln Operated Amusement Games and Pin- 
ball Business. Information Free. Bird Amusements 
Inc., Dept. C -9, 8318 South West 40th St., Miami, 
FL 33155. 

LEARN THE COMMANDMENTS /of being success- 
ful. Start the way many Entrepreneurs do 
$2.00 "Secrets 2 ", 646 South 30th Street, Richmond, 
CA 94804. 

$650 weekly CASH. Beat inflation! Advance avail- 
able. Guaranteed earnings. Dept. H, Box 1489, 
Spring, TX 77373. 

$480.00 WEEKLY! "Guaranteed Home Mailing Pro- 
gram." Freedom, Box 30224 -DP, Denver, CO 80230. 

HOW TO START YOUR OWN WHOLESALE BUSI- 
NESS. Details Free! The Mail Sack, 600 Welch 
Blvd., Dept. W180 Flint, MI 48503. 

EDUCATION & INSTRUCTION 

USED Courses! Books! Lists 25d SMITH'S, 124 
Marlborough, Salem, MA 01970. 

BECOME ENGINEER, DJ. Start your own radio 
station, receive FCC license, equipment. records. 
Free details. "Broadcasting," Box 130 -GE1, Para- 
dise, CA 95969. 

MODULAR Electronics Home Study Courses. Solid 
State Basics $29.95, Digital $29.95. Free Informa- 
tion. Technology Training Institute, P.O. Box 3245e2, 
Culver City, CA 90230. 

ELECTRONICS GLOSSARY. Over 400 easily- under- 
stood definitions of modern electronic terms, 
acronyms, computer terms. $1.50. Lavin, Box 159, 
Chesire, CT 06410. 

ELECTRICAL EQUIPMENT & SUPPLIES 

STRANGE sound effects generators; robots; remote 
controls; counters. Free catalogue. Project Electronics, 
1511 Nuuanu Ave. #33, Honolulu, Hawaii 96817. 

REPAIR electric motors! Generators! Alternators! 
Build testers! Illustrated instructions! Details! Mod - 
elec, Box 7266, Kansas City, MO 64113. 

EMPLOYMENT INFORMATION 

JOURNEYMAN LEGITIMATE CREDENTIALS 
GRANTED! Write: National Craftsman Union, 210 
Fifth Avenue, Suite 1102, New York, NY 10010. 

FOR THE HOME 

PORTA- VAULT. The Portable Safe that's "Impos- 
sible to Steal!" Protects valuables at Home, Office, 
and while traveling. No installation required. 
GUARANTEED. Order Now. Send $45 to Magic City 
Distributors, Box 1692, Florence, SC 29503. Dealer 
inquiries invited. 

GIFTS THAT PLEASE 

FREE!!! Exciting gift catalog. Spectron, Dept. D, 
420 East 111th St., Suite 2908, New York, NY 10029. 

GOVERMENT SURPLUS 

JEEPS -$59.30 -CARS- $33.50! 200,000 ITEMS - 
GOVERNMENT SURPLUS -MOST COMPREHENSIVE 
DIRECTORY AVAILABLE tells how, where to buy - 
YOUR AREA - $2.00 - MONEYBACK GUARANTEE. 
Government Information Services. Department El, 
Box 99249, San Francisco, CA 94109 (433 California). 

JEEPS!! $33.30!! 525,000 Items! Buy In Your Area! 
How! Where! "Guaranteed 1980 Government Surplus 
Directory " -Including: "Buy Government LANDS 
Guide," "Government Oil -Gas LOTTERY Guide" - 
$2.00. Gsurplus, Box 2009 -J. Syracuse, New York 
13220. 

For Greater Classified 
Savings ... Results ... and Profits... 

Place your ad in one of our SPECIAL COMBINATIONS: Combo #1, or Combo #2, or Combo #3. Each com- 
bination is designed to give your ad the largest audience available. For further information write to 
R. S. Wayner, Classified Advertising Manager, Davis Publications, Inc., 380 Lexington Ave., New York, N.Y. 10017. 
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PLACE 
Classified i 

MIN 
To be included in the next issue, please send order and remittance to R. S. Wayner 

ELEMENTARY ELECTRONICS, 380 Lexington Ave., New York, N.Y. 10017 

HOBBIES & COLLECTIONS MONEYMAKING OPPORTUNITIES 

INTERESTED in joining a fascinating Hobby Club? EASY, HOMEWORK PLAN. Stuff circulars. Big 
Send $1.00 for information. Postmark, Box 348, i$$. Write: A &I, 5343 -A Diamond lits.. San Fran - 
Auburn, ND 46706. cisco, CA 94131, 

HYPNOTISM 

FREE Fascinating Hypnosis Information! Startling! 
DLMH Box 487, Anaheim. California 92805. 

INVENTIONS WANTED 

INVENTORS: Free information on offering your 
inventan for sale. Kessler Sales Corporation, C -2911 
Fremort, OH 43420. 

INVENTIONS, patents, wanted cash, royalty. Auto, 
electro- mechanical, mechanical devices, Housewares, 
etc. We develop, finance, manufacture and market 
from am idea to perfected product. Free evaluation 
and brochure. Request Kit DP, Pixonic Corporation, 
22 Wafter Street, Pearl River, NY 10965. 

IDEAS, inventions, new products needed by Inno- 
vative manufacturers. Marketing assistance available 
to Ind) ̂ iduals, tinkerers, universities, companies with 
feasible concepts. Write for Kit -EE, IMI 701 Smith- 
field, FA 15222. 

LOANS BY MAIL 

BORROW $25,000 interest -free! Repay anytime. 
Everyone eligible! Free report: Executive -N1, Box 
996, Dundee. Florida 33838. 

CASH Loans and Outright Grants to individuals 
refused elsewhere. 98% Accepted. Confidential. Write: 
Associates, Box 98 -D, Brooklyn, NY 11235. 

BORROW $25,000 "OVERNIGHT." Any purpose. 
Keep indefinitely! Free Report! Success Research, 
Box 29263 -SM, Indianapolis, IN 46229. 

LOANS! $2,000 -$5,000,000. Advise amount- purpose. 
Write: :6AA, 507 -DG Fifth Ave., New York 10017. 

MAGNETS 

MAGNETS. All types. Specials -20 disc, or 10 bar, 
or 2 stick, or 8 assorted magnets, $1.00. Magnets, 
Box 192 -E, Randallstown, MD 21133. 

MAILING LISTS 

QUALIFIED MAIL RESPONDERS. Military fami- 
lies at current stateside address. $10 per hundred on 
adhesive labels. Fast delivery. Agents Services, Box 
2620, CI- erry Hill, NJ 03034. 

MEMORY IMPROVEMENT 

INSTANT MEMORY . NEW WAY TO REMEM- 
BER. ho memorization. Release your PHOTO- 
GRAPHIC memory. Stop forgetting! FREE infor- 
mation. Institute of Advanced Thinking, 845DP Via - 
Lapez, Pacific Palisades, CA 90272. 

MISCELLANEOUS 

LOTTERY OF LOTTERIES! Tax Free. Application 
$2.00: Cupitol Enterprises, P.O. Box 774, "D," Ap- 
pleton, WI 54912, 

"PRINTED CIRCUIT boards from sketch or art- 
work. RI; projects. Free details. DANOCINTHS INC., 
Box 261 Westland, MI 48185." 

SAVE TO 90% WEEKLY on groceries!! Guaran- 
teed!! Information: Rush self addressed stamped 
envelope plus 250! Martens Ent., 1046 Greenwood Ct., 
Rm7DPG Oshkosh, WI 54901. 

FREE Information about CANADA'S FABULOUS 
LOTTERIES. Joe Davis, BI -2590 Granville, Van- 
couver, Canada V6H 3H1. 

PERFECTLY Legal slow down your electric meter. 
Information $3.00. G. Martel, C.P. 771, Cap -Rouge 
GOA 1KO Quebec, Canada. 

Misa1' :incere, beautiful people -like YOU. Very low 
fees. Cal DATELINE toll -free: 800- 451 -3245. 

COLLEGE Students! Improve your grades. Send 
$1.00 for your 356 -page termpaper catalog. 10,250 
available. Research Assistance, Box 25918EE, Los 
Angeles, L'A 90025. (213) 477 -8226. 

STUFF -MAIL ENVELOPES!! $250.00 Profit per 
thousand possible! Offer -details Rush stamped ad- 
dressed envelope: Worldwide -A 460, X15940. Fort 
Lauderdale, FL 33318. 

HOW _To Write Dä, 
Classified Adw; 

That Pulls 
Who to Say and -.. 

How to Say it 

Worth Its 

Weight In Gold 

MAKE YOUR CLASSIFIED AD PAY 
Get "How to Write A Classified Ad That Pulls." 

Includes Certificate worth $2.00 towards a classified ad 
in this publication. Send $1.50 (plus 250 posteage) to 
R. S. Wayner, Davis Publications, Inc., Dept. CL, 380 
Lexington Ave., New York, NY 10017. 

PLEASE Be sure to include your zip code when 
ordering merchandise from classified advertisements. 
You'll receive faster delivery. 

FANTASTIC HOME MAILORDER PROGRAMS! 
TOP PROFITS ASSURED. Write: Grahamco, DPBX 
99371, Tacoma, WA 98499. 

BOOMERANGS -Sell for $5 by mail order and 
still make 100 %. We give all marketing help. Write 
POB 33, Coramba 2466 Australia. 

STUFF -mail envelopes! $500.00 profit per thou- 
sand, guarantee. Free brochures. Lewis Enterprises, 
P.O. Box 1175 -E, Pinellas Park, FL 33565. 

HOW to Win in Roulette. You can make Big 
Money by following this Remarkable Accurate Sys- 
tem. Send $10 for Details. Kahn, Box 693, Lyn- 
wood, CA 90262. 

WIN fabulous prizes entering the greatest million 
dollar sweepstakes ever! Free details: Contests, Box 
7469 -DVB, Philadelphia, PA 19101. 

$356.00 WEEKLY GUARANI aaD. Work 2 hours 
daily at horse ($178.00 for one hour). FREE BRO- 
CHURE. DMW, 3607 CALLE DEL SOL NE, ALBU- 
QUERQUE. NM 87110. 

MAILORDER Opportunity, Part or Full Time. Own 
Business at Home. No Experience. No Capital. Free 
Brochure. Lewis Enterprises, Drawer 1175 -E, Pinellas 
Park, FL 33565. 

OLD GOLD WANTED 

BUYING Gold, Silver, Platinum, any form! In- 
formation write: American Metals, Box 30009, 
Charleston, SC 29407. 

PERSONAL 

THE CLUB FOR SCANNER OWNERS! Share ex- 
periences, knowledge with 20,000+ members in world's 
largest, fastest growing scanner club. Beginners, 
experts belong in The Scanner Association of North 
America! Get & swap frequencies, technical advice; 
win contests, public service awards; membership cer- 
tificate; big buyer's co -op! Illustrated quarterly 
magazine loaded with "how -to" features, operation 
advice, exciting member stories; free classifieds! 
Send $7.50 annual dues to SCAN, suite 1212H, 111E 
Wacker, Chicago, IL 60601. 

NEW LUXURY CAR WITHOUT COST! Free Re- 
FREE Chiropractor's Secret to End Pain. Zeldcos, port. Codex -CC, Box 6073, Toledo, OH 43614. (4l9! 

Box 11155, Santa Ana, CA 92711. 865 -5657. 

PERSONAL -Cont'd 
BECOME ORDAINED MINISTER legally. Free 

Lifetime credentials. Use title "Reverend." Write: 
Church of the God Within, Box 015313A, Miami, 
FL 33101. 

PRINTING, MIMEOGRAPHING & 
MULTIGRAPHING 

ENVELOPES, custom printed number ten white. 
$4.50 hundred postpa'd. Visa. Mastercharge, Checks 
O.K. Beacon, Box 7150, Seattle, WA 98111. 

PROFITABLE OCCUPATIONS 

PLASTERCRAFT!!! Profitable home business. 
Molds available. Details: Lynette, 6215N Mentor 
Park, Mentor, OH 44060. 

AMAZING! $265,000 yearly with classified ads. Free 
proof, Base, Moneycraft, 2316 Dale St., Ceres, CA 
95307. 

RADIO & TELEVISION 

TV TUBES 350 each. Send for Free 48 page color 
catalog. Cornell, 4217 -W University, San Diego, Cali- 
fornia 92105. 

TUBES Oldies. latest. Supplies. components, ache - 
malics. Catalog free. (Stamp appreciated). Steinmetz, 
7519 -EE Maplewood. Hammond, IN 46324. 

SAVE 50% build your own speaker system. Write 
McGee Radio Electronics. 1901 McGee Street. Kansas 
City, MO 64108. 

POLICE Scanners, Crystals, Antennas, Radar De- 
tectors, CB's. HPR, Box 19224, Denver, CO 80219. 

DIAGRAM Manuals, Radio -Television, useful 14 
volumes, regular $50.50, special $19.95. Supreme Pub- 
lications, Box 46, Highland Park, IL 60035. 

SAVE! Terrific nationwide Swap Sheets) 7 issues 
$3.50. Sample $1. "Electronics Trader" (EE), Folly 
Beach, SC 29439. 

"DISTANCE One Tuber" Handbook -50e. 15 Dis- 
tance one tube plans 25e. Kit catalog -50e. Labora- 
to :ies, 1477 -G, Garden Grove, CA 92642. 

"TOP SECRET" Registry of U.S. Government 
Frequencies 25 to 470 MHz, Second Ediiton! 3,500+ 
Listings: FBI, FCC CIA, Treasury, Border, Customs, 
Secret Service, military, etc. $4.95 ppd. CRB Re- 
search, Box 58 -EE, Commack, NY 11725. 

FREE CB CATALOG! Amplifiers, plans, kits, modi- 
fications, SSB accessories. CB CITY, Box 1030EE 
Woodland Bills, CA 91365. 

ANTIQUE Radio Field Coils and Electro- Dynamic 
Speakers. All in original boxes. Hamilton Electron- 
ics, Route 1, Box 66 -3, Friendly, WV 26146. 

RECORDS, RECORDERS & SOUND EQUIPMENT 

FREE Promotional albums, concert tickets. stereos. 
etc. Information: Barry Publications, 477 82nd 
Street, Brooklyn. New York 11209. 

SCIENCE & CHEMISTRY 

FIREWORKS! Spectacular novelties. Simplified 
manufacturers textbook. $5.00. Tropic, Box 95M, 
Palm Bay, FL 32905. 

CHEMICALS, apparatus, project books, wide se- 
lection. Catalog $1.00 send to: Pioneer Company, 
14a Hughey Street, Nashua, NH 03060. 

STAMP COLLECTING 

PROFIT in stamps. Sample newsletter Sase. MBF, 
3635 West 225th Street, Torrance, CA 90505. 

START YOUR OWN BUSINESS 

START Your Own Business Now! Fantastic Mail 
Order Offer. Nova, Box 595 (I.O. -3), Station Q, 
Toronto, Canada M4T 2N4. 

START YOUR OWN TAX EXEMPT UNIVERSAL 
LIFE CHURCH. U.L.C., BOX 41, BLOOMINGTON, 
IL 61701. 

WATCHES, WATCHMAKING & REPAIRING 

WATCH and clock repairing books, tools. materials. 
Free Catalog. North American, Box 77, EE61, Fox 
River Grove, IL 60021. 

YOU'LL MAKE 
MONEY 

SAVE MONEY TOO - 
BY READING and ANSWERING 

THESE CLASSIFIED ADS 
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Ask Hank, 
He Knows! 

Got a question or a problem with a project -ask 
Hank! Please remember that Hank's column is 
limited to answering specific electronic project' 
questions that you send to him. Personal replies 
cannot be made. Sorry, he isn't offering a circuit 
design service. Write to: 

Hank Scott, Workshop Editor 
ELEMENTARY ELECTRONICS 

380 Lexington Avenue 
New York, NY 10017 

PC Board Copy Cat 
My PC boards are becoming popular in 

school. Friends ask me for them so that 
they can build my projects. Making one 
board at a time takes a lot of time, and 
going to PC board suppliers is very ex- 
pensive. Any solutions, Hank? 

-S.M., Long Beach, CA 

Vector Electronics Co., 12460 Glad- 
stone Ave., Sylmar, CA 91342, sells their 
32XA -1 kit that makes seven boards for 
$28.00. Write to them and get all the facts 
and prices. Tell them you saw it in 
ELEMENTARY ELECTRONICS. 

Save a Buck 
Hank, the price of ICs is dropping to 

pennies, whereas resistors are going out 
of sight. You can't win as a project build - 
el in this inflation economy! 

-D.Y., Canon, GA 

Delta Electronics offers three packs of 
160 fixed resistors each for eight dollars, 
or less than 2 cents each resistor. Digi- 
Key offers 5 each of the standard 72 
standard 5% 1/4-watt carbor film resistor 
for only $9.90, or 2.75 cents each! Other 
mail order outfits have similar offers. 
When you purchase ICs and other parts 
from these suppliers, order resistors at 
the same time and build up a supply. 
For some large projects, the peg -board 
blister packs source of resistors may cost 
more than a bulk purchase. 

What an Outlet 
My friend's father invested in a new 

electric car that he says "Detroit" is try- 
ing to suppress. It's a small car that can 
range up to 150 miles from home and 
return, and recharge in five minutes due 
to its very unique battery system. Isn't it 
a crime how new energy saving systems 
are being shot down? 

-L.A., Westland, WI 

If all that you say about the car is 
true, then think of this: assume the car's 
motor is rated at 40 horse power -re- 
member, you said a small car. Assume 
it is run at 50 mph for the full range of 
the car (300 miles.) In six hours of driv- 
ing, the car uses up 11,040 watt hours of 
energy. To replace their energy in five 
minutes would require an AC oulet at 
your home that can deliver about 92 
ampere hours or approximately 1100 am- 
peres for 5 minutes. Just imagine the size 
of your house wiring. Remember, when 
charging a battery, you must replace 

every kilowatt hour of energy that was 
used. Also, I did not get into the matter 
of efficiency and heat in the battery sys- 
tem. A very high current charge produces 
excessive heat -the battery may even 
glow! That's not too good for the battery. 
Look again into the facts, you may have 
your information jumbled. 

Socket Sock It 
Let's settle this once and for all! Is it 

better to solder ICs directly into a project 
or use IC sockets? 

-A.E., Amherst, NH 

The way I do it, is to rig the project 
on a solderless breadboard and get it 
working the way it should. Then hand 
wire the project on a pert board, home- 
made printed circuit board, or store - 
bought "mother" board. I don't use sock- 
ets because the circuit works and the IC 
is known to be good! Sockets cause grief 
because an IC pin may be bent out of 
position or broken when inserted. If the 
circuit is still under design condition, even 
after hand wiring, then use sockets. Some- 
one has to support the socket manufac- 
turers. 

Pinpoint Sound 
Where can I get a parabolic micro- 

phone like they use in football games? 
1 want to record speakers at large meet- 
ings, and also pickup questions from the 
audience. 

-D.O., Garland, TX 

The device used by the broadcast pros 
is very expensive. A cheaper unit is avail- 
able from ITC Electronic Supermarket, 
2772 W. Olympic Blvd., Los Angeles, CA 
90006. It's a surplus Bell & Howell unit 
that ITC sells for $5.95 plus handling. 
Either write to them or call at 213/388- 
0621. Be sure to tell them you saw it in 
ELEMENTARY ELECTRONICS. 

Tips on Saving Your Cool 
Hank, this summer was hot! I've looked 

into fans to cool the attic and find them 
expensive. Running 3 amps continuously 
is not a luxury I can afford especially in 
my area where summer electric rates go up. 
Should I look to solar cells to supply the 
energy? 

-S.W., Staten Island, NY 

I installed fans to save on the air con- 
ditioning electric cost, now I find that 
I'm not running them and saving money. 
During the summer, my attic fan louvre 

is held open by a wood chock I fashioned. 
I installed a 1/4-inch screen in front of 
the fan to keep out large flying insects, 
birds and squirrels. Next I installed four 
aluminum air vents, 2 each on either side 
of my peaked roof to allow rising hot air 
to escape. Next, I cleaned all the eaves 
openings which always get blocked and 
added several others to increase air flow. 
Of course, these are covered with mesh 
screen. I find that my attic fan does not 
come on at all on cloudy days, even 
when the outside temperature exceeds 90 
degrees. You see my fan comes on auto- 
matically when the temperature hits 105 
degrees. Also, it cycles on and off (mostly 
off) on sunny days. The fans use less 
electricity, the house is cooler, and when 
I must use air conditioning, it costs less. 
In the winter, I'll turn the fan power off, 
close the louvres, block up the extra air 
ports on the roof and eaves, and I plan 
to add another 31/2 to 4 inches of insula- 
tion to save fuel bills. 

Bill too Big 
My wife and children are alone until 

I return home about 2 A.M. each work- 
day morning. My wife is scared silly be- 
ing alone, so she leaves the lights on in 
every room. You should see my electric 
bills! What can I do to save money and 
keep my wife feeling secure? 

1.N., Walnut Creek, CA. 

Your wife has the right idea -lights 
help to keep away night intruders. So 
does a barking dog, but I guess you want 
a solution to your dollar problems. Radio 
Shack sells a 24 -hour timer that'll turn 
lights on or off for intervals as short as 
15 minutes. A few of these placed about 
normally uninhabited rooms in the eve- 
ning will turn lights on and off indicating 
activity in the household. That'll keep a 
lot of trouble away. Use 3 -way lamps 
with the lowest setting on where a light 
must be left on all night. Another tip! 
Look into the BSR X -10 Control System 
(ELEMENTARY ELECTRONICS Sept. /Oct. 
1979 issue) that can turn lights on and off 
in any room from any location in the 
house. Remote controlled modules (get 
as many as you need) will turn on all the 
lights at the same time, or independently. 
The system can even dim lights to save 
money. When you get home, you can turn 
all these lights off with one button. There 
are other systems and ideas you can use 
to increase your security while lowering 
your electric bills. Let me know if you 
have better ideas to pass on to our read- 
ers. 

Music Kit 
I'm getting into electronic music, Hank. 

Can you give me the names of some kit 
manufacturers of home disco and syn- 
thesizer products? 

-R.T., Gaithersburg, MD 

Sure can! Write to PAIA, Dept. 9E, 
1020 W. Wilshire, Oklahoma City, OK 
73116, and Heath Co., Benton Harbor, MI 
49022, and ask for their catalogs. 
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3 ways to get more from 
your camping budget with 

Camping Journal... 

bil 4 6. 

e: 

S 

[ 

2 GET VALUABLE HELP 
ON BUYING RIGS, GEAR 

... such as sleeping bags, camping trail- 
ers, canoes, packs and frames, motor- 
homes, day packs, fishing reels, camp 
stoves, travel trailers, RV accessories. 

..« 

F 

...4 ...4 
- , ..... asbÑuillWll 

DISCOVER GREAT 
PLACES TO GO 

... such as California's Point Lobos, 
Florida's Apalachicola National Forest, 
New Jersey's Pine Barrens, Indiana's 
man -made lakes. 

IlliNIIIR 

1 
LEARN TIME-TROUBLE- 
MONEY-SAVING HOW -TO'S 

... such as how to keep your water clean, 
outsmart the park thief, pre -package 
camping food mixes, keep camping kids 
happy, cope with natural disasters. 

..plus a 4th way: mail this 
money- saving coupon 
Whatever your way of camping -with a backpack, a car 
and tent, a camping trailer or van, or a full -fledged 
motor home- here's a great way to get a lot more out 
of it ... and to do so for an investment of just $5.97. 

That's all it will cost you, with the coupon at right, 
for a 7 -issue subscription to Camping Journal, the 
magazine of family outdoor recreation. And just look 
at what you get for your money... 

Up to four or five articles per issue on places to 
go, things to do. 

Buy. rs' guides and other reports on rigs and 
gear you'll need -not only what's available but 
what you should be looking for. 
Great tips and how -to's on things from camp 
cooking to carrying canoes on top of your car. 
Features on books, CB, RVs, Questions, What's 
New, more! 

All in all, Camping Journal gives you a goldmine of 
smart ideas and down -to -earth guidance to help you 
get more fun from your camping budget. And with 
this offer, you get it all at a bargain price: just $5.97 
instead of the regular $6.96 subscription price. So 
don't miss it. Mail the coupon today. 

¡ CAMPING 
I JOURNAL- 

To: Camping Journal, Box 2620, 
Greenwich, CT 06835 

I accept your offer. Send me: 
I 17 issues of Camping Journal for just $4.97 Outside 

USA -$6.15. 
14 issues for $9.94. Outside USA- $12.30. 
Payment enclosed. 

I 1 
Bill me. 
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A NOTE TO CREDIT CARD OWNERS 
You can use your Master Charge or Visa Card. However. 
only the 14 -issue offer is available. 

Credit Card # 
Expiration date 

Signature 

Name 

llllllfl 

(Please Print) I Address 

I City 

I State lip 
New subscribers: allow 6 -8 weeks for your first copy. HOA563 I 

SEE PAGE 82 FOR EXTRA COUPON 
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Fr.om PEßCOM 

One -Drive System: 

$399. (40- track) & $675. (77- track) 

Two -Drive System: 

$795. (40 -track drives) & $1350. (77 -track drives) 

Three -Drive System: 

$1195. (40 -track drives) & $2025. (77 -track drives) 

Requires Expansion Interface, Level II BASIC & 16K RAM. 

y'. 
_--.------'Y' _ `..4 

Low Cost Add -On Storage for Your TRS -80 
In the Size You Want. 

When you're ready for add -on disk storage, we're ready for you. 
Ready with six mini -disk storage systems - 102K bytes to 591K bytes of 

additional on -line storage for your TRS -80 . 

Choose either 40 -track TFD -100TH drives 
or 77 -track TFD -2007M drives. 

One -. two- and three -drive systems im- 
mediately available. 

Systems include Percom PATCH PAK 
#1TM, on disk, at no extra charge. PATCH 
PAK #1'de- glitches and upgrades 
TRSDOS* for 40- and 77 -track operation. 

TFD -100TH drives accommodate "flippy 
disks." Store 205K bytes per mini -disk. 

Low prices. A single -drive TFD -100 "M 

costs just $399. Price includes PATCH 
PAK #1TM disk. 

Enclosures are finished in system - 
compatible "Tandy- silver" enamel. 

Whether you need a single, 40- 
track TFD -100TH add -on or a three -drive 
add -on with 77 -track TFD- 200TMs, you 
get more data storage for less money 
from Percom. 

Our TFD -100TH drive, for example, 
lets you store 102.4K bytes of data on 
one side of a disk - compared to 80K 
bytes on a TRS -80* mini -disk drive - 
and 102.4K bytes on the other side, too. 
Something you can't do with a TRS -80* 
drive. That's almost 205K bytes per 
mini -disk. 

And the TFD -200TH drives provide 
197K bytes of on -line storage per drive 

-197K, 394K and 591 K bytes for one -, 
two and three -drive systems. 

PATCH PAK #1 TM, our upgrade 
program for your TRSDOS*, not only 
extends TRSDOS* to accommodate 40- 
and 77 -track drives, it enhances 
TRSDOS* in other ways as well. PATCH 
PAK #1 TM is supplied with each drive 
system at no additional charge. 

The reason you get more for less 
from Percom is simple. Peripherals are 
not a sideline at Percom. Selling disk 
systems and other peripherals is our 
main business - the reason you get 
more engineering, more reliability and 
more back up support for less money. 

In the Product Development Queue ... a printer interface for using your TRS -80" with any 
serial printer, and ... the Electric Crayon rM to map your computer memory onto your color TV 

screen - for games, animates shows, business displays, graphs, etc. Coming PDO! 

TFD -100. TFD-200. PATCH PAK and Electric Crayon are trademarks of PEFICOM DATA COMPANY. 

-*PE -en and TRSDDS are traoemarks of Tandy Corporation and Radio Shack which ha,é no relatio ̂ ship tc PERCOM DATA COMPANY 

P[ILIUM 
PERCOM DATA COMPANY, INC. 
211 N. KIRBY GARLAND, TX. 75042 

To order add -on mini -disk storage for your TRS -80 ", 

or request additional literatura, call Percom'soll -free 
number: I- 800 -527 -1592. For detailed Technical infor- 
mation call (214) 272 -3421. 

Orders may be paid by check or money order, or 
charged to Visa or Master Charge credit accounts. Texas 
residents must add 5% sales tax. 

Percom `peripherals for personal computing' 

CIRCLE 18 ON READER SERVICE COUPON 
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