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BUDGET ROBOTICS 
There are a few robots that you can take 
home, but you may have to assemble them! 

LOW -COST TEST GEAR 
Tips on setting up the beginner's basic 
test bench will get you more gear per dollars. 

WHAT IS E.M.P.? 
Electromagnetic pulse -It can stop 
your car, destroy your computer 
and bring a nation to a standstill. 

DIGITAL FUNDAMENTAL 
We kick -off with Binary Numbers in 
our initial basic theory course. 

PLUS PROJECTS - 
Hands -Free Telephone 

Computer RF Modulator 

Stereo Power Meter 

One -Octave Toy Organ 

Tri -Waveform Generator 

Articles on Ham Radio, 
computers, scanners, tools, 
shortwave, and much more! 
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TEKDUAL TRACE OSCILLOSCOPES 
THE ANSWER 
BY ANY MEASURE 

Now! Tek quality and expert advice 
are just a free phone call away! 

100 MHz dual 
time base scope. 
Easy -to -read CRT; 
bright, full -sized 
8x10 cm; 14 kv 
accelerating 
potential complete 
with BEAM FIND, 
separate A/B 
dual intensity 
controls. FOCUS 
and TRACE 
ROTATION. 

Wide range verti- 
cal sensitivity. 
Choose from 
2 mVidiv (lx 
probe) to 50 V /div 
(10x probe); 
color -keyed for lx 
and 10x probes; 
variable control 
increases scale 
factor by 2.5 to 1. 

Two 100 MHz, 
high sensitivity 
channels. 3 5 ns 
nsetime, dc to 
100 MHz band- 
width from 5 V /div 
to 5 mV /div, 
extended sen- 
sitivity of 2 mV!div 
at w 90 MHz. 

AiB sweep selec- 
tion. Calibrated 
A sweeps from 
50 ns!div to 
0.5 s /div; B sweeps 
from 50 ns /div 
to 50 ms /div; vari- 
able control for up 
to 2.5 to 1 reduc- 
tion and 10x 
magnification for 
sweeps to 
5 ns /div. 

Dual time base 
measurements. 
Select ether A or 
B sweeps, or both 
alternately with A 
intensified by B. 

B trigger slope 
and level. Use B 
trigger level to 
select B- triggered 
or run- after -delay 
modes; use B 
TRIGGER SLOPE 
to select transitions. 

Our direct order line gets 
you the industry's leading 
price performance portables... 
and fast answers from experts! 
The 60 MHz single time base delay 
2213A, the 60 MHz dual time base 
2215A and the 100 MHz dual time 
base 2235 offer unprecedented 
reliability and affordability, plus the 
industry's first 3 -year warranty' 
on labor and parts, CRT included. 

The cost: just 51200 for the 
2213A. 51450 for the 2215A, 
S1650 for the 2235. Even at 
these low prices, there's no 
scrimping on performance. You 

have the bandwidth for digital 
and analog circuits. The sensitivity 
for low signal measurements. The 
sweep speeds for fast logic fami- 
lies. And delayed sweep for fast, 
accurate timing measurements. 
All scopes are UL Listed and CSA 
approved. 

You can order. or obtain 
literature, through the Tek 
National Marketing Center. Tech- 
nical personnel, expert in scope 
applications, will answer your 
questions and expedite delivery. 
Direct orders include comprehen- 
sive 3 -year warranty *, operator's 

manual, two 10X probes, 15 -day 
return policy and worldwide ser- 
vice backup. 

Order toll free: 
1- 800 -426 -2200, 
Ask for Rick. 
In Oregon, call collect 
(503) 627 -9000. 
Or write Tektronix, Inc. 
P.O. Box 500, Delivery Station Y6 -088 
Beaverton. OR 97077 

Téktronix 
COMMIT TEO TO EXCELLENCE 

Copyright 6; 1984. Tektronix, Inc All rights reserved #TTA -439 -1 ¡Price F O B. Beaverton, OR '3 -year warranty includes CRT 
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FEATURES 

Budget Robotics -discover life -like gadgets you can own today 

Updating the Experimenter's Shop -today's budget test gear and hand tools will make 
your hobby fruitful 

E.M.P. -it will wipe out AC power, telephones, airplanes, radio! 

Good News from a Telephone Keypad 
Digital Fundamentals -The first in a series of short courses 

Gate Drivers -you can interface logic to power circuits 

PROJECTS YOU CAN BUILD 

Stereo Power Meter -a dot/bar display driver is its heart 

Picture Fixer -inverts video and keeps the sync -pulses right -side up 

Hands -Free Telephone -keep on working while you listen and talk 

Waveform Generator -squarewave, sinewave and triangle wave from one chip 

Jacob's Ladder -a climbing electric arc that's fun to watch 

Adding Direct Video to CoCo -take the fuzz out of 80- character displays 
Junkbox RF Modulator -it can drive your color monitor 

Phototach -count the pulse of an interrupted light source 

MINI -PROJECTS 

Extension Phone Ringer -It's inexpensive and easy to assemble 
Toy Organ -a full octave of fun 

British Hee -Haw Siren -add a Scotland Yard touch to your burglar -alarm system 

Low -power Polarity Inverter -get the other polarity from what you have now 

Push -on /Push -off Electronic Switch -more fun than a toggle 

SPECIAL COLUMNS 

Friedman on Computers -lightweight printers that burn and squirt 

Calling All Hams -String your own inverted long -wire antenna 

Jensen on DX'ing- reaching out to log the nations of Asia 

Saxon on Scanners -all about repeaters for mobile units 

DEPARTMENTS 

Editorial -Thank you for the letters 

New Products Showcase-gadgets and tools new on the market 

Bookshelf -titles for beginners and pros to consider 
Letters -We answer some of the questions you ask 
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Thank you for the letters! 
Hands -on Electronics is going through some changes. It doesn't take a keen eye to see how 

the editors of this magazine are striving to present to the readers the best possible issue that we 
can. This quest for excellence happens every issue. So far, the editors have had it relatively 
easier than other editors, because our readers have been sending us interesting letters 
specifying exactly what they would like to see in the magazine. Because of your expressed 
interest, stories appear in this issue on robotics, EMP, and test equipment. 

The robotics article was enjoyable to prepare for publication, because it covered those 
products our readers could buy today and use immediately. Some are toys, but we are all going 
through a learning process in a new, vast subject area that will be the pace- setter for the 
remainder of the '80's; and any gadget that'll help us learn is valuable. Heath's Heros are 
excellent learning devices and are by far the most sophisticated learning devices we can bring 
into our homes and classrooms. 

EMP, the buzz -word abbreviation for electromagnetic pulse, is now considered the most 
viable nuclear attack and countermeasure technique. In the article on that subject in this issue 
we tell our readers how an EMP is generated and the effect it will have on our lives. We are 
appalled at the possibility of nuclear blasts in the high atmosphere; neverthless we should 
understand what the situation is, and how the nation can protect itself. 

More readers talked about test equipment than any other subject in the last few months, so 
we decided to present an article on how the beginner can set up a workbench top complete with 
test gear that he would need for basic project building and troubleshooting. We tossed in a few 
tool ideas, too! The advantages of budget items are discussed, although we suspect that when a 
hobbyist replaces an existing digital multimeter he usually steps up to one in the next, or better, 
price range that provides additional features. 

Enjoy this issue, because we have enjoyed preparing it for you. And, if you have any 
comments, we would be more than happy to receive them. 
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ELETU11JE BOOK ELLIE 
The Best Source for Hobbyists and Professionals 

for Over 19 Years! 

Time- and Money- Saving Advice .. . 

Practical Troubleshooting & Repair Tips .. . 

State -of- the -art Technology ... Hundreds 
of Projects ... Plus, Exceptional Savings 

Take Any 4 Books 
for Only s2 95 
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SATELLITE TV 
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List $21 95 

Join Now, Get a Utility Apron FREE! 

VIDEOCASSETTE 
RECORDERS 

1218 1487 1211 
List 518.95 List 515.95 List $9.95 (paper) 

TELEPHONES 
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E] to 
1537 1791 

List 516.95 List $16.95 

INTEGRATED 
CIRCUIT 

THEORY I PROJECTS 

List $19.95 

DIGITAL 
ELECTRONICS 

PROJECTS 

1431 
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fDESIGN 
IRCUITS 

1543 
List 519.95 

VIDEO 
ELECTRONICS 
TECHNOLOGY 
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7 very good reasons to join 
the Electronics Book Club 
Big Savings. Save 20% to 75% on books sure to increase 

your electronics know -how 
No -Risk Guarantee. All books returnable within 10 days 

without obligation 
Club News Bulletins. All about current selections - 

mains, alternates. extras -plus bonus offers. Comes 13 times 
a year with hundreds of up -to- the -minute titles to pick from 

Automatic Order. Do nothing and the Main selection will 
be shipped automatically! But ... if you want an Alternate 
selection -or no books at all -we'll follow the instructions you 
give on the reply form provided with every News Bulletin 

Bonus Books. Immediately get a Dividend Certificate with 
every book purchased and qualify for big discounts of 60% to 
80% 

Extra Bonuses. Take advantage of added -value promo- 
tions. plus special discounts 

Exceptional Quality. All books are first -rate publisher's 
editions selected by our Editorial Board and filled with useful 
up -to- the -minute information 

PERSONAL 
COMPUTERS 

1539 
List 521.95 

Protecting 
Eiectronk 
Equipment from 
Eleclrostatk 
Discharge 

1820 
List 516.95 

READING 
SCHEMATICS 

1673 
List 513.95 

1498 
List 510.25 (paper) 

DIGITAL 1(3 
A IFDS 

1409 
List $15.95 

505 
List S11. 50 (paper) 

1108 
List $16.95 

1465 
List 516.95 

1577 
List 519.95 

29 Electronic 
Projects for 
Your Home. Car 
and Workshop 
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1183 

List 516.95 
1542 

List 521.95 

1536 
List $14.95 

1719 
List 518.95 

1 ELECTEMICS 1300K CHUE 
I P.O. Box 10 
I Blue Ridge Summit, PA 17214 

FREE Utility Apron 

IPlease accept my membership in the Electronics Book Club and send the 4 volumes 1 

1 
circled below. plus my FREE utility apron billing me $2.95 plus shipping and hand - 
ling charges. If not satisfied. I may return the books within ten days without obligation 

1 and have my membership canceled. I agree to purchase 4 or more books at reduced 1 
Club prices (plus shipping /handling) during the next 12 months, and may resign any 

1 time thereafter. 1 

1 800 1108 1183 1199 1211 1218 1277 1409 1431 1 

I 1465 1474 1487 1492 1498 1505 1529 1536 1537 1539 I 
I 1542 1543 1553 1577 1673 1699 1719 1791 1820 1 

1 

1 

I Name Phone 

I Address 

I City 

1 State Zip 
Valid for new members only. Foreign applicants will receive special ordering instructions. Canada I must remit in U.S. currency. This order sublect to acceptance by the Electronics Book Club. 

RESP -285 1- 1------------- -- -t- -IE 
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CIRCLE 905 ON FREE INFORMATION CARD 

MULTI -CHANNEL 
DUAL 

POLARITY 

MICROWAVE TV SYSTEMS 
Complete Systems From $69.95 

Full 800 MHz 
Range 
Antenna Tunes 
1.9 to 2.7 GHz 
Includes All 
ITFS Channels 
DEALERS WANTED 

CODs and Credit Card 
Orders Call TOLL FREE 

1- 800-247 -1151 

GALAxY 
Electronics 
5644 N. 53rd Avenue 
Glendale, AZ 85301 

1-602- 247 -1151 

VISA 

MN SIM 

CIRCLE 910 ON FREE INFORMATION CARD 

n 

All Circuit Evaluators 
A P PRODUCTS, originator of the 

modern solderless breadboard, has ex- 
panded its well -known line of All Circuit 
Evaluators to accommodate even larger 
testing and prototyping projects. New to 
the A P line are ACE 245 and ACE 254. 

The ACE 245 features a universl matrix 
of 4488 solderless, plug -in tie -points and 
is composed of 640 separate 5- tie -point 
terminals, 40 vertical distribution buses, 
each with 5 connected 5- tie -point termi- 
nals, plus 4 horizontal buses, each with 18 

connected 4- tie -point terminals. Busses 
can be used for power, ground, signal 
lines and more. 

.,.f24 qk VI 

I H I H H H H H 

I I I I I I I I I I H I I 

IIIIIIIIIII!I! 
III III III I!. 

A P PRODUCTS ACE 245 

A P PRODUCTS ACE 254 

CIRCLE 976 ON FREE INFORMATION CARD 

For even larger projects, the ACE 254 
combines the plug -in ease of a 0.1 in. x 
0.1 in. solderless matrix with the con- 
venience of 768 separate distribution 
buses of 5- tie -points each, plus 4 horizon- 
tal buses, each with 24 connected 4 -tie- 
point terminals. Buses may be linked in 
various combinations to provide voltage 
and ground distribution reset lines, clock 
lines, shift commands and more. The ma- 
trix of 5424 solderless plug -in tie -points 
accepts DIP's of all sizes and a wide vari- 
ety of discrete components with leads up 
to .032 -inch in diameter. DIP capacity is 
up to 54 14 -pin DIPS. 

The ACE 245 and ACE 254 have termi- 

Ü 

nais of copper alloy 770 and the insulator 
is acetal copolymer. Circuit elements are 
easily interconnected with ordinary #22 
AWG solid wire. The solderless bread- 
boarding elements are permanently 
mounted to a metal base plate which func- 
tions as a ground plane. Connections to 
power supplies, signal generators or other 
external equipment are made via 4 stan- 
dard 5 -way binding posts attached to the 
base plate. 

A P's full line of 10 All Circuit Eval- 
uators are ideal for designing, testing and 
modifying circuits of all sizes. For more 
information, or the name of the nearest 
distributor, call toll free: 800/321 -9668. 
In Ohio, call collect: 216/354 -2101. You 
can write to A P Products, Inc. at 9450 
Pineneedle Dr., Box 540, Mentor, OH 
44060. 

Contact Cleaner 
For fast, efficient cleaning of precision 

instruments and electrical /electronic 
components, consider LPS Electro Con- 
tact Cleaner. It is a premium -grade sol- 
vent specially formulated for cleaning 
electrical /electronic components, deli- 
cate mechanisms and precision instru- 
ments. It instantly removes dust, lint, 
airborne oils, carbon, and oxide particles, 
and other light contaminants, while leav- 
ing no harmful residue. LPS Electro Con- 
tact Cleaner is safe to use on rubber, paint, 
and plastic. It is non -conducting and 

CIRCLE 960 ON FREE INFORMATION CARD 

(Continued on page 8) 



do- Radie Ihaek Parti Plaee. 
Famous for Value! The Store for Builders Since 1921 

4000- Series 
CMOS ICS 

With Pin -Out and Specs 

Type Cat. No. Each 

4001 276 -2401 .99 
4011 276 -2411 .99 
4013 276 -2413 1.19 
4017 276 -2417 1.49 
4049 276 -2449 1.19 
4066 276-2466 1.19 

TTL Digital ICs 
With Pin -Out and Specs 

Type Cat. No. Each 

7400 
7404 
7408 
7447 
7490 

276 -1801 
276 -1802 
276 -1822 
276 -1805 
276 -1808 

.89 

.99 
1.29 
1.59 
1.09 

Ceramic Disc Capacitors 
Low 398 Pkg. 
As of 2 

Hi -Q. Moistureproof 
coating. 50 WVDC min- 
imum. 

pF Cat. No Pkg. of 2 

4.7 272 -120 .39 
47 272-121 .39 

100 272 -123 .39 
220 272 -124 .39 
470 272 -125 .39 

yF Cat. No. Pkg. of 2 

.001 272-126 .39 

.005 272-130 .39 

.01 272-131 .39 

.05 272-134 .49 

.1 272-135 .49 

Power Supply Diodes 
Micromini 1 -Amp Diodes. 30 A surge. 

Type PIV Cat. No. Pkg. of 2 

1N4001 50 276-1101 49 

1N4003 200 276-1102 59 

1N4004 400 276-1103 69 

1N4005 600 276-1104 79 

3 -Amp "Barrel" Diodes. 200 A surge. 

Type PIV Cat. No. Pkg. of 2 

1N5400 50 276-1141 79 

1N5402 200 276-1143 89 

1N5404 400 276-1144 99 

Operational Amplifiers 

Type Cat. No. Each 

741 (Single) 276 -007 .89 
MC1458 (Dual) 276 -038 .99 
LM324 (Quad) 276 -1711 1.29 
TL082 (Dual) 276 -1715 1.89 
TL084 (Quad) 276 -1714 2.99 

LM3900 (Quad) 276-1713 1.39 
LM339 (Quad) 276 -1712 1.49 
TLC271 (Single) 276 -1748 1.59 
TLC272 (Dual) 276 -1749 2.19 
TLC274 (Quad) 276 -1750 2.99 

1/4 -Watt, 5% Resistors 
Pkg. of 5 39C 

Ohms Cat. No. 

10 271 -1301 
100 271-1311 
150 271-1312 

220 271 -1313 
270 271 -1314 
330 271-1315 
470 271 -1317 
1k 271 -1321 

1.8k 271-1324 
2.2k 271-1325 
3.3k 271 -1328 
4.7k 271 -1330 
6.8k 271 -1333 

Ohms Cat. No. 

10k 271 -1335 
15k 271 -1337 
22k 271 -1339 

27k 271 -1340 
33k 271 -1341 
47k 271 -1342 
66k 271-1345 

100k 271 -1347 

220k 271-1350 
470k 271-1354 
1 meg 271 -1356 

10 meg 271 -1365 

Voltage Regulators UV 
Type Adjustable Cat. No. Each 

LM723 
LM317T 

0 to 40 VDC 
1.2 to 37 VDC 

276 -1740 
276-1778 

.99 
2.79 

Type Fixed Output Cat. No. Each 

7805 +5 VDC 276 -1770 1.59 
7812 + 12 VDC 276 -1771 1.59 
7815 + 15 VDC 276 -1772 1.59 
7905 -5 VDC 276 -1773 1.59 
7912 - 12 VDC 276 -1774 1.59 

Power Transformers 
120 VAC Primaries 

Type Volts Current Cat. No Each 

PC Mini 
Miniature 

12 0 CT 

6.3 
120 mA 

300 mA 
273 -1360 
273 -1384 

2.49 
2.59 

Miniature 12.6 300 mA 273 -1385 2 79 

Miniature 25.2 300 mA 273 -1386 3 49 

Miniature 12.6 CT 450 mA 273 -1365 3.59 

Miniature 25.2 CT 450 mA 273 -1366 3 99 

Standard 6.3 1.2 A 273-1351 3.99 
Standard 12.6 CT 1 2 A 273 -1352 4.99 

Standard 25.2 1 2 A 273 -1353 5.99 

Heavy -Duty 12.6 CT 3.0 A 273 -1511 5.99 
Heavy -Duty 25.2 CT 2.0 A 273 -1512 6 29 

Heavy -Duty 18.0 CT 2 0 A 273.1515 699 

CT =Center Tap 

Replacement 
Transistors 

type Cat No. Each 

2N1305 PNP 
MPS2222A NPN 
PN2484 NPN 
MPS3904 NPN 
TIP31 NPN 
TIP3055 NPN 
MPS2907 PNP 
MJE34 PNP 
2N3053 NPN 
MPS3638 PNP 
TIP120 NPN 
2N3055 NPN 
MJ2955 NPN 
2N4401 NPN 
MPSA06 NPN 
MPSA13 NPN 
MPSA42 NPN 
2SC945 NPN 

276 -2007 
276 -2009 
276 -2010 
276-2016 
276 -2017 
276 -2020 
276 -2023 
276 -2027 
276 -2030 
276 -2032 
276 -2068 
276 -2041 
276 -2043 
276-2058 
276 -2059 
276-2060 
276-2061 
276-2051 

1.19 
79 
89 
69 
99 

1.59 
79 

1.49 
99 
.79 

1.29 
1.99 
2.19 

.59 
59 
.59 
69 
79 

2N3819 N-FET 
MPF102 N-FET 
IRF511 V-FET 
IRFD123 V-FET 

276-2035 
276-2062 
276-2072 
276-2073 

99 
99 

259 
1.49 

2SC1308 NPN 276-2055 7.95 

Mini 5 VDC 
Relays 

Low As 
199 

SPDT DIP Relay. Fits 14 -pin DIP socket or mounts 
on PC boards. 31a x 9/16 x 3/8" Contacts: 2 amps at 
125 VAC. 5 VDC, 70-ohm coil. 275 -243 ... 2.49 
Micro-Mini SPDT. Just 11/32 X 3/6 X 1/4" Contacts 
raged lamp at 125VAC. 5VDC, 55-ohm coil. .100" 
pin spacing. 275 -240 1 99. 
DPDT DIP Relay. Fits 16 -pin DIP socket or PC 
boards. Contacts: 1 amp at 125 VAC. Coil: 5VDC, 
50 ohms. 7h6 X 25/32 X 3/8" 275 -215 3 99 

Getting Started 
In Electronics 

249 

By Forrest 
Mims III 

Teaches basic elec 
tronics with an empha- 
sis on ICs. Easy -to- 
read text and dia- 
grams. 128 pages. Al- 
ready a "classic." 
276 -5003. .... 2.49 

Fold -Up Autoranging 
Multimeter 

i 
TANDY 

7995 

Advanced 
Technology 

That "Thinks "! 

Automatic range -setting, polarity re- 
verse, power -off. Big 11/16" LCD dis- 
play. "Beep" continuity. Diode /semi 
junction test. Pushbutton ohms zero 
adjust. With leads, manual. Batteries 
extra. 22 -193 79.95 

Digital Logic Probe 

1995 

Simultaneous Tone Output 
Frees Eyes for Faster Testing 

The fast way to "peek inside" TTL, 
LS and CMOS digital circuits. Color - 
coded LEDs indicate high, low or 
pulsed logic states. Switchable tone 
output. Overload and polarity pro- 
tected. 22 -302 19.95 

Dynamic Regulated DC Supply 
Transistor 

Checker 

Only 

1495 

Tests In or Out of Circuit 

LED indicates relative current gain, 
"opens" and "shorts." Socket plus 
hook -clip leads for in- circuit tests. 
Output jack for external meter or 
scope. 23/4 x 43/e x 13/16" Requires 
"AA" battery. 22 -025 14.95 

Breaker 
Protected 3495 

Converts 120 VAC to 12 VDC 

Ideal test bench power source for 
autosound, CBs, ham rigs and more. 
Produces 13.8 VDC at 2.5 amps con- 
tinuous load. 5 A surge. Rugged 
metal cabinet, 21/2 x 41/2 x 63/4" U.L. 
listed. 22 -124 34.95 

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

CIRCLE 911 ON FREE INFORMATION CARD 

Raft) lhack 
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TOLL FREE ORDERS 1 -800- 826 -5432 
(IN CALIFORNIA: 1-800- 258 -6666) 
INFORMATION 12131380 -8000 

L.E.D.'S 
STANDARD JUMBO 

DIFFUSED 
RED 10 FOR $1 50 

GREEN 10 FOR $2.00 
YELLOW 10 FOR $2.00 

FLASHER LED 
5 VOLT OPERATION 

PI RED JUMBO SIZE 
Ill$1.00 EACH 

BI POLAR LED 
2 FOR 51 70 

SUB MINI LED 

079 098 

RED 10 FOR $1.00 
200 FOR 518 00 

GREEN 10 FOR $1.50 

EDGE 
CONNECTORS 

22/44 

$2.00 EACH 

28'56 

52 50 EACH 

50 /100 

FACH 

13 VDC RELAY 
CONTACT S P N C 
10 AMP (x 120 VAC 
ENERGIZE COIL TO 
OPEN CONTACT 

COIL 13 VDC 650 OHMS 
SPECIAL PRICE S1.00 EACH 

KEY ASSEMBLY 
, 5KEY 

_--, $1.00 
EACH 

CONTAINS 5 SINGLE -POLE 
NORMALLY OPEN SWITCHES 

MEASURES 3 3'4' LONG 
6 KEY 

EH 
EACH 

CONTAINS 6 SINGLE -POLE 
NORMALLY OPEN SW 'CHES 

MEASURES 4 E . . 

SUB -MINIATURE 
D TYPE 

CONNECTOR 

i 5 SOCKET 
- I5 HOOD 

25 PI UO 
>I, socKET 

$2 75 
S4.00 
$1.50 
$2.75 
$3 50 
$1 25 

MULTI -SWITCHES 
5 STATION 

D 2 T RLOCKINGN FULLY v's, I LRLOCKING ASSEMBLY 3', BETWEEN 
^IOUNTING CENTERS $2.50 EACH 

4 a 5 STATION NON -INTERLOCKING 
SAME AS ABOVE. EXCEPT EACH SWITCH 

IATES INDEPENDENTLY $2.50 EACH 

NE 
LARGER! 

COMPUTER 
GRADE 

CAPACITORS 
2,000 mfd. 200 VDC 
134 DIA 5 HIGH 

3.600 mfd. 
40VDC $1.00 

1 3.8 DIA 3 HIGH 
6.400 mfd. 
60 VDC $2.50 

1 3 8 DIA 4 1.4 HIGH 

22.000 mfd. 15 VDC 
2 DIA 2 1 2 HIGH $2.00 
22,000 mfd. 40 VDC 
2 DIA 6 HIGH $3.00 
24.000 mfd. 30 VDC 
I 3 4 DIA 4 HIGH $3.50 
31.000 mfd. 15 VDC 
1 3 4 DIA 4 HIGH $2.50 
72.000 mfd. 15 VDC 
2 DIA 4 HIGH $3.50 
180.000 mfd. at 6V 
2 1,2' DIA 4 1 2 HIGH $1.50 

$2.00 

CLAMPS TO FIT CAPACITORS SOS aa. 

SOLDERING 
IRON STAND 

SPRING S! EEL Y 

IRON HOLDER 

t'u 

ON WEIGHTED BASE 

$5.00 EACH 

WALL 
TRANSFORMER 

ALL ARE 115 VAC 
PLUG IN 

4 VDC at 70 MA 

9 VDC at 225 MA 
16.5 VAC at 10 VA 
17 VAC .1 500 MA 

52.50 

S3 00 

53.50 
S4.00 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS @ 125 VAC 

S.P.D.T. 
(on -on) 

PC STYLE 
NON -THRE ODE! 
BUSHING 
750 EACH 

0 FOR 5' "t 

S.P.D.T. 
(on- off -on) 
NON THREADED 
BUSHING 
PC STOLE 
75c EACH - 

I LIR ST W L t 

15111, gl(E 

S.P.D.T. 
(on-on) 

5100EA 

S.P.D.T. 
(on-on) 

' 111 5. f . 

THING 
$1 00 EACH 

1 FOR 5900 
IDO FOR 18000 

S.P.D.T. 
(on- off -on) 

SI 00 EACH 
10 FOR 59 00 
100 FOR 58000 

D.P.D.T. 
(on -on) 

p SOLDER LUG 
TERMINALS 
52.00 EACH 
0 FOR 51900 

L., 

100 FOR 518000 

TR4R¡4s 44R 
605S. VERMONT P.O. SOX 20406 LOS ANGELES. CA60006 

QUANTITIES LIMITED FOREIGN ORDERS 
MINIMUM ORDER 51000 INCLUDE SUFFICIENT 
USA 5250 SNIPPING SHIPPING 

NO C O D' CALIF RES ADO S t E 

CIRCLE 914 ON FREE INFORMATION CARD 

NEW PRODUCTS 
(Continued from page 6) 

won't attract dust or generate static elec- 
tricity, making it especially effective on 
circuit boards and electronic components. 
It is also ideal for thermal testing of cir- 
cuits, thermostats and PC boards. For 
more information, contact Holt Lloyd 
Corporation, 4647 Hugh Howell Road, 
Tucker, GA 30084, or telephone 
800/241 -8334. 

FILE A DISK SYSTEM 
A new state -of- the -art computer 5-1/4 - 

in. floppy disk storage system has been 
developed and called Plc -A -DIsK. The 
system is a major improvement in disk 
storage. The unique design and color -cod- 
ing features make instant disk location 
and identification a reality. PIC -A -DISK 
also serves as a filing system. an 
organizer, and a problem solver. It is now 
virtually impossible to misfile or lose a 

disk. PIC -A -DISK holds 50 disks in an 
attractive desk top storage tray. Its flip lid 
and positive catch features prevent 

CIRCLE 948 ON FREE INFORMATION CARD 

moisture and dust from penetrating the 
unit when sealed. It carries a retail price 
of $29.95. For further information, or to 
place an order, write to: M & R Distribut- 
ing Co., Inc., 2901 Long Beach Road, 
P.O. Box 190. Oceanside. NY 11572 

YOUR CAR CALLING 
Wok's personal paging system is a 

total security package. Car Call, Model 
4500 uses 4 -watts of transmitted RF 
power, broadcasting through an existing 
vehicle antenna. A personal- carried re- 
ceiver beeps and flashes a LED light upon 
unauthorized intrusion into the car. A fea- 
ture of the 4500 -it will activate an exist- 
ing audible alarm or the vehicle's horns 
when its easy- one -wire circuit is used. 
Through hi -tech solid -state circuits. Car 
Call has built -in turn off and reset timing. 

CIRCLE 975 ON FREE INFORMATION CARD 

Its current monitor makes the 4500 one of 
the fastest installing systems of its kind in 
the industry. The molded cases of both 
receiver and transmitter are made of high - 
impact plastic. Quality electronic compo- 
nents are used throughout assuring years 
of dependable service. That model of Car 
Call sells for $119.99. For more informa- 
tion, contact, Wolo Manufacturing Corp., 
One Saxwood Street, Deer Park, New 
York 11729. 

WORDSTAR AND FRIENDS 
the popular WordStar word- processing 

program and the WordStar Professional 
Options package are now available for use 
on the Tandy TRS -80 Model 2000 com- 
puter. 

WordStar (90- 0105; $495.00) is a full - 
feature word -processing program with ex- 
tensive self -help menus available on- 
screen. Its capabilities include format- 
ting, block insertions and deletions, head- 
ers and footers, global word search, and 
justification of right margin. Printing op- 
tions include boldface, underline, double 
strike, overprint, superscript and sub- 
script. 

The WordStar Professional Options 
package is a composite of utility programs 
to complement the WordStar word -pro- 
cessing program. WordStar Professional 
Options (90 -0111; $345.00) includes the 
MailMerge, CorrectStar. and Starindex 
programs. 

MailMerge (90 -0106; $250.00) is a 

powerful merging utility for creating form 
letters that appear to be written individu- 
ally, inserting standard paragraphs into 
individual letters or documents, and 
printing multiple files into one continuous 
document. MailMerge includes a sophis- 
ticated nested printing capability that will 
stop printing one document, print the 
nested file, then return to the original doc- 
ument. With MailMerge, a file can be 
nested inside another file which is itself 
nested, etc., up to seven levels. 

CorrectStar (90 -0108; $195.00), de- 
signed to be both fast and comprehensive, 
checks words in a WordStar file against 
three dictionaries -a fast dictionary in 
RAM containing 9,000 words, a big dic- 
tionary on disk with 65,000 words, and a 

personal dictionary of up to 1,500 words. 
(Continued on page 10) 
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SAFETY 

FLARE 
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650 -MHz AMP - 

PRESCALER 

PROBE 
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THE MAGAZINE FOR THE ELECTRONICS ACTIVISTI 

$29s CANADA 

48781 

FAL. 'Yn 

Build a 1920 -Style 
Wireless 
Receiver 

How your ears react to sounds! 
e Voltage regulator design tips! 

Analog Anemometer 
measures the wind! 

Subscribe Today! 
IF YOU'RE THE KIND OF READER 

that doesn't want to wait, you can order 
your next copy of Hands -on Elec- 
tronics now. Hands -on Electronics is 

crammed full of electronic projects that 
you won't be able to wait to build for 
yourself. You can expect top -notch digi- 
tal projects, fun -to -play- electronic 
games, valuable add -on computer proj- 
ects, BCB and shortwave receivers, 
photographic darkroom gadgets, de- 
vices to improve your car's performance, 
test equipment ideas, and more in every 
issue of Hands -on Electronics. 
r 

LOOK FOR OUR 
NEW NAME! 

HANDS -ON 
ELECTRONICS 
FORMERLY 
SPECIAL PROJECTS 

Get every issue! 

SUBSCRIBE 
TODAY! 

Use the order 
form below. 

TO HELP YOU TO BE SURE that you 
don't miss any future issues of Hands - 
on Electronics- SUBSCRIPTIONS 
ARE NOW AVAILABLE! 

YOU CAN HAVE THE NEXT FOUR 
ISSUES of Hands -on Electronics de- 
livered directly to your home for only 
$10.00. We pay the postage. If you want 
the next eight issues, you can even save 
a dollar off the newsstand price. Get 
eight issues for $19.00 

EVERY ISSUE OF Hands -on Elec- 

tronics will continue to contain a variety 
of construction articles to suit every 
taste. In addition, feature articles on 
electronics fundamentals, test equip- 
ment and tools will round out each issue. 
Of course, Hands -on Electronics will 
continue to provide new product and lit- 

erature listings to keep you up to date on 
the latest developments in electronic 
technology. 

GET IN ON THE ACTION! Order 
your next issue of Hands -on Elec- 
tronics today. Use the convenient order 
coupon below. Be sure to send check or 
money order -no cash! 

Hands -on 
Electronics 
SUBSCRIPTION 

Detach and mail today to: 
HANDS -ON ELECTRONICS 
SUBSCRIPTION DEPT. 
P.O. BOX 338 
MOUNT MORRIS, IL 61054 

I want to be sure I don't miss any issues. Send me the next tour issues of 
Hands -on Electronics for $10.00 starting with #2. Postage is free in U.S. For 
Canada add $2.00. Foreign add $7.00 

I want to be sure I don't miss any issues and want to save $1.00 too. Send 
me the next eight issues of Hands -on Electronics for $19.00. starting with 
#2. Postage is tree in U.S. For Canada add $4.00. Foreign add $14.00. 

Send me _ copies of Hands -on Electronics #2 at $2.50 plus $1.00 
postage and handling for U.S.. Canada and Mexico $1.00 per copy. U.S. 
funds only. 

L 

Allow 6-8 weeks for the first issue to arrive. 

Please pant 

t1OE U 3 

(Name) 

(Street Address) 

(City) (State) (Zip) 

J 



NEW PRODUCTS 
(Continued from page 8) 

CorrectStar identifies the doubtful words 
and, using phonetic analysis, suggests a 
correction. The user can elect to accept 
the correction, ask for another sugges- 
tion, add the word to a personal diction- 
ary, enter a correction from the keyboard. 
or continue without changing the spell- 
ing. 

Starindex (90 -0109; $195.00) lets the 
user create indexes, tables of contents, 
lists of figures. and lists of tables automat- 

ically. As the WordStar document is cre- 
ated, words or phrases to be used in 
constructing the table of contents, index- 
es. or lists are identified by the user with 
special codes. Because the data for the 
indexes is extracted directly from the doc- 
ument, both accuracy and consistency are 
assured. 

The WordStar auxiliary program (90- 
0107; $150.00) checks words in a Word- 
Star file against a 20,000 word dictionary. 
As SpellStar displays potentially mis- 
spelled words, the user can correct the 
spelling of the word, leave it as is, or add it 

A QUALITY TRIPLE -REGULATED 
POWER SUPPLY AT A LOW, 
LOW PRICE!! NOT A 

KIT! 

This DC triple regulated variable power supply 
has all the features you could ask for plus a full 1 

year guarantee. Fully adjustable from 1 y, VDC to 
35 VDC! Three completely independent supplies 
that offer many advantages! They can be either a 
pos. supply or a neg. supply...they can also be 
stacked in series so that a 5V and two 15V sup- 
plies can total a 35 VDC supply or any combina- 
tion of the three...lafter one of the terminals is 
grounded to give it a reference)... for thefirst time 
you can now purchase this American made fully 
adjustable power supply at a price that is one - 
half of what you'd expect to pay! 

SPECIFICATIONS 
3 outputs: 

Fixed 5 VDC t 0.2V 
2 variable $1'h V to 215 VDC 
Polarity - floating; can be used as pos. or neg. 

Ripple lesa than 1 OmV at full load, 
Regulation $1% no load to full load, 
Line Regulation <0.2% 108 VAC to 135 VAC. 

Current: 
Fixed supply 1.0 amp max. 
Variable supplies 0.5 amp max. 

MODEL PS101 
FULLY ASSEMBLED & TESTED! 

S 

1 
88 
FULL 1 

YEAR 
REPLACE- 

MENT 
WARRANTY 

- Made In The United States- 

Protection built in, current limiting, with 
thermal shutdown. 

Power. 108-135 VAC. 

Dimensions: 81/4' x 3'4" x 71" (WxHxD) 
Wood grain finished metal case. 
Weight: 4 lbs., 9 ozs. 
Lighted on /off power switch, easy -to -read 

Voltmeter and large binding posts. 
Warranty: one year full replacement 

warranty from date of purchase. 

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED 

IM 
E.W. ENGINEERING, INC. 

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED! 

6 Herman Drive, E. Granby, CT 06026 203/651 -0285 
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to a user -defined dictionary. 
The individual WordStar programs and 

the WordStar Professional Options pack- 
age are available through Radio Shack's 
Express Order Software program at Radio 
Shack Computer Centers. Radio Shack 
Stores. and participating Dealers. 

ELECTRONICS TOOL KIT 
Jensen's JTK -16 zipper -pouch kit is de- 

signed for the electronics technician or 
field engineer requiring a complete set of 
tools in a compact package. The basic 
price is $135.00, other models with added 
features are available at slightly higher 
prices. It contains more than 50 tools for 
use on computer and electronics equip- 
ment. Included are: 4 pair pliers, align- 
ment tools, nutdrivers, screwdrivers, hex 
and spline wrench sets, adjustable 

CIRCLE 968 ON FREE INFORMATION CARD 

wrench, knife, file. wire stripper, solder- 
ing equipment and more. 

The tools are furnished in an attractive 
padded zipper case. A Triplett model 310 
VOM Meter is an optional accessory. For 
more information and free catalog de- 
scribing more than 40 other electronics 
tool kits, write: Jensen Tools, Inc., 7815 
S. 46th Street, Phoenix, AZ 85040. Tele- 
phone: 602 /968 -6231. 

NIBBLER CUTTING TOOL 
Vaco's new Nibbler Cutting Tool No. 

70376 is a unique device in that it provides 
a fast and easy method of cutting sheet 
metal or plastic. It can cut any shape of 
any size from either an external or internal 
starting point. The latter is done by start- 
ing with a 7 /16 -in. drilled hole. 

That handy tool will quickly cut a hole, 
notch an edge, or trim a piece of material 
down to any desired size and shape with- 

CIRCLE 939 ON FREE INFORMATION CARD 



NEW PRODUCTS 

out distortion. It can follow sharp angles 
and tight curves, making it easy to use in 
tight quarters. The Nibbler will cut steel 
up to 18 gauge, copper, aluminum, and 
plastic up to 1/16 in., and tubing with a 1- 

in. inside diameter. 
That tool is ideal for model making, 

home improvements such as gutter and 
aluminum siding work, electronic and en- 
gineering fabrication, plus many other 
applications. The new Nibbler Cutting 
Tool will be distributed in the U.S., Cana- 
da, and worldwide. For more informa- 
tion, write or call: Vaco Products 
Company, 1510 Skokie Blvd., North- 
brook, IL 60062. Telephone.: 312/ 
564 -3300. 

JACK -OF- ALL -PLUGS 
Mouser Electronics announces an ex- 

panded line of high -quality in -line, RCA 
jacks and plugs. The ME161 -4200 series 
jacks and MEI7I -4200 series plugs are 
precision manufactured to provide firm, 
positive contact even when subjected to 

CIRCLE 974 ON FREE INFORMATION CARD 

continuous use. They feature gold -plated 
contacts and aluminum bodies with a 

gold, clear, or black anodized finish. The 
connectors are designed to accept RG -59 
cable and are ideal for video and RF ap- 
plications. Those quality RCA jacks and 
plugs are priced as low as $3.95. Write or 
call for free catalog and prices. Contact 
Mouser Electronics, 11435 Woodside Av- 
enue, Santee, CA 92071. Telephone 
619/449 -2222. 

Audio Signal Generator 
Leader Instruments Corporation has in- 

troduced a new low distortion audio signal 
generator, the LAG -I26S. The audio gen- 
erator features balanced and unbalanced 
600 -ohm outputs and an extremely low - 
distortion rate which make the LAG -I26S 

CIRCLE 945 ON FREE INFORMATION CARD 

an ideal signal source for designing, test- 
ing, and servicing studio and consumer 
audio equipment. 

The LAG I26S has 5 frequency ranges 
covering 5 Hz to 500 kHz with output 
voltage calibrated in dBm or dBv. The 
output attenuator range is -69.9 to + IO 

dB in 0.1 dB increments with fine adjust 
for precision control of level. A front pan- 
el on -off output voltage switch is conve- 
nient for making signal to noise 
measurements. For balanced outputs, the 
sinewave distortion is less than 0.005% 

through 20 kHz. Also, squarewave out- 
puts can be produced with a rise time of 
less than 200 ns, making the LLAG -126S 
a perfect low- frequency laboratory signal 
signal. 

For further information on the 
LAG -I26S and Leader's full line of test 
and measurement instruments including 
oscilloscopes, frequency counters, power 
supplies, meters and bridges, and video 
test equipment, contact Leader Instru- 
ments Corporation, 380 Oser Avenue, 

(Continued on page 12) 

VIEW 8 TRACES ON YOUR SINGLE 
OR DUAL TRACE SCOPE WITH THIS 

LOW COST DEVICE!! 

I 

MI MI 
N 

w F eWIMC nc 

POWER 

INPUT 

MIN(DMAX 
AMPLITUDE 

NIH MAX 
SPACING 

1-4 5 -8 I -8 

CHANNEL 
SELECT 

HI LO 

SA PEE RATE 

OUTPUT 

NOT 
A 

KIT 
SPECIFICATIONS 

Inputs: 8 signals plus ground via 9 
input leads terminated with alliga- 
tor clips 

Bandwidth: ± 1dB to 5 MHz 
Impedance: 10.9 K 
Input Voltage: ± 5V peak (diode 

clamped to ± 5 Volt supplies) 
Output: Staircase waveform summed 

with input signals, 0.800 mV 
full scale 

Step Amplitude: Variable 0 to 150 
mV/ step 

Signal Voltage: Variable 0 to 

Now you no longer have to spend 
thousands on an expensive multi - 
trace oscilloscope - our single trace 
Hitachi scope combined with this 
module will allow you to view up to 9 
simultaneously occurin9 analog or 
digital (or both) signals in their real 
time and amplitude relationship. The 
MPX 101 may be used on any oscil- 
loscope, whether single, dual or mUl- 
tiple traces. Its low cost makes it a 
particular favorite for designers, tes-- 
ers, hobbyists and repairmen who 
want to compare and analyze dis- 
played signals in a timing diagram 
format. The controls on the front 
panel of the metal case allow you to 
vary amplitude and spacing of the 
displayed signals. 

MODEL MPX101 
FULLY ASSEMBLED & TESTED! ww S 88 

FULL 1 

YEAR 
REPLACE 

MENT 
WARRANTY 

- Made In The United States - 
150 mV /step @ 5V Input 

Multiplex Rate: Switch selectable, 40 
KHz or 4 KHz 

Impedance: 50 Ohms 
Power: 105 -135 VAC @ 1 V a 
Dimensions: 6.25" x 3.25" x 

4.75" (WxHxD) 
Operating Temperature: 0-40 °C 
Weight: 1 lb. 10.5 oz. 
Warranty: one year full replacement 

warranty from date of purchase 
Lighted on /off power switch 
Wood grain finished metal case 

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED - i- 
E. W ENGINEERING, INC. 

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED! 
6 Herman Drive, E. Granby, CT 06026 203/651 -0285 

CIRCLE 921 ON FREE INFORMATION CARD 
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r ELECTRONIC 
LCOMPONENTS 

MANUFACTURERS OF QUALITY 
ELECTRONIC COMPONENTS 

BATTERY CLIPS a HOLDERS 

CABLE SETS CONNECTORS CAPACITORS 

DISPLAYS LEDs RUSES JACKS A PLUGS 

KNOBS LAMPS POTENTIOMETERS 

RE COILS RELAYS RESISTORS 

SWITCHES SEMICONDUCTORS SPEAKERS 

TEST EOUIPMENT TRANSFORMERS TOOLS 

WIRE A CABLE 

OVER 15 000 DIFFERENT ITEMS IN STOCK! 
Sales ad Ord.. D.,1 PF.. and MI 
Op... bone 00o . (PSTI ordo. WLP 
TERMS C 0 D U.,, CoralR, M.da 

M.UrChar1 O&,d USA IO nl, A..,I.blI Snd S2 00 

MOUSER ELECTRONICS 
11433 W00DSIDE AVE SANTEE CA 92071 
PHONE ( 619) 449-2222 TWX 910 331 -1175 

CIRCLE 906 ON FREE INFORMATION CARD 

Earn up to 
$600 a week 
and more! 

Learn at home in spare time. 
No previous experience needed. 

\.5 u5.11s x.15,51 \I,...lnunuting III class. I he Original 
Home -Study course that prepares you for the FCC 
Radiotelephone license exam in your spare time! An 
FCC Government license is your "ticket" to thousands 
of exciting jobs in Communications. Radio & TV. 
Mobile two -way. Microwase. Computers. Radar. Aero- 
space and more. You don't need a college degree to 

qualify. hut you do need an FCC License. No need to 
quit your job or go to school! You learn how to pass 

the FCC license exam at home at your own pace with 
this easy -to- understand. prosen course. It's easy. last 
and low cost! GUARANTEED PASS You get your 
FCC License or money refunded. Write for tree details. 
Soon you could he on your way to being one of the 

highest workers in the electronics field. Send for FREE 
facts now. MAIL COUPON TODAY! 

commanD PRODUCTIOnS 
FCC LICENSE TRAINING. Dept. 90 
P.O. Bon 2223. San Francisco. CA 94126 
Rush FREE tacts on how I can get my FCC License 
in spare time. No obligation. No salesman will call. 

NAME . -- 

ADDRESS 
CITY STATE- -ZIP J 

NEW PRODUCTS 
(Continued from page 11) 

Hauppauge. NY 11788. Tel.: 
516/231 -6900 or 800/645 -5104 toll free. 

Audio Transformers 
Mouser Electronics has a line of audio 

transformers designed for demanding 
PCB applications. Those transformers are 
fully shielded to reduce magnetic and 
electrostatic fields. The transformer body 

CIRCLE 974 ON FREE INFORMATION CARD 

is entirely encapsulated in epoxy. That 
permits operation at high temperatures 
and keeps the PCB mounting pins se- 
curely attached to the transformer bobbin. 
Encapsulation also makes for stable 
mounting with plug -in ease. They are ide- 
al for pulse and audio applications. 

The transformers are only .65 -in. 
square and .6 -in. high. Lead spacing is 
.16 in. They are E1 -14 core type and output 
a maximum .075 watts. Resistance ranges 
from 35 to 550 ohms primary winding, 
to 500 ohms secondary winding. Stock 
impedances range from 500 -CT to 10K- 
CT primary winding. 8 -CT to 10K -CT 
secondary winding. Custom impedances 
are available. 

Write for catalog and quantity prices: 
Mouser Electronics, 11433 Woodside Av- 
enue, Santee, CA 923071. Tel.: 
619/449 -2222. 

Tandy 1200 HD PC 
The newest MS -DOS operating system 

based computer in the Radio Shack line. 
the Tandy 1200 HD Personal Computer, 
offers IBM /XT capabilities at a savings of 

TANDY 
c 

aREr. 

MIN 

tigg,r.-.. it 
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up to $1400 per system. The 1200 HD 
includes a I0 -MB hard disk, and is func- 
tionally identical to the PC /XT. using the 
same software and option cards. At 
$2,999, the Tandy 1200 HD computer 
represents a significant price /performance 
improvement. Where price and manufac- 
turer support are important factors. and 
IBM compatibility is required. the Tandy 
1200 HD computer is an alternative to the 
PC /XT. 

The Tandy 1200 HD computer (Cat. 
No. 25 -3000. 529991 comes standard 
with 256K RAM, expandable to a total of 
640K. A standard parallel interface -an 
extra- priced option on the IBM PC /XT- 
is included. And, the five expansion slots 
will accept option boards made for the 
IBM PC by a variety of leading vendors. 
In the standard configuration. one slot is 

used for the hard -disk controller and one 
slot is used for the floppy -disk controller. 

Standard features of the Tandy 1200 

HD computer parallel those of the IBM 
PC /XT computer by providing a single 
360K full- height. double- sided, double - 
density. 5- 1 /4 -in. floppy -disk drive and a 

I0 -MB hard -disk drive housed in the 
desktop unit. The 84 -key detachable key- 
board with tilt legs has the same layout as 

the PC /XT. with improved placement of 
the shift keys. 

The Tandy 1200 HD introductory user's 
guide takes you through setup and initial 
use. MS -DOS operating system version 
2.11 plus Microsoft BASIC. along with 
user's manuals for each. are available for 
589.95 (Cat. No. 25- 3130). 

Two -Outlet Surge Suppressor 
Perma Power Electronics' new Surge 

Suppressor models. each featuring plug- 

CIRCLE 959 ON FREE INFORMATION GARD 

in capabilities, protect two pieces of 
equipment. such as a personal computer 
and a printer. Perma Power Surge Sup- 
pressors guard sensitive electronic equip- 
ment from damage caused by electrical 
power -line voltage transients. Perma 

(Continued on page 14) 



This will be 
coming to you 
when you 
subscribe to 
Radio -Electronics 

HELPFUL 
CONSTRUCTION 
ARTICLES... 
Test Equipment 
Hi -Fi Accessories 
Telephone Accessories 
Music Synthesizers 
Computer Equipment 
Automotive Equipment 
Intruder Alarms - 

Home & Car 
Video Accessories 

NEWS ON NEW 
TECHNOLOGY 
Computers 
Microprocessors 
Satellite TV 
Teletext 
Automotive Electronics 
Speech Synthesizers 
IC Applications 

FASCINATING 
"HOW TO DO IT' 
ARTICLES... 
Build Your Own 

Projects 
Make Your Own PC 

Boards 
Wiring Techniques 
Soldering and 

Desoldering 
Design and Prototyping 

SATELLITE TV Radio- BUYERS GUIDE 

Elecirenicl 
COMPUTERS - VIDEO - STEREO - TECHNOLOGY - SERVICE 

BUILD THIS ELECTRONICS 
SATELLITE TV STEREO IN MEDICINE. 
DEMODULATOR. How images of the human 
R -E's add -on for ycur body are produced. 
satellite TV receiver tunes 
you into stereo audio. NO 

RECHARGEABLE 
BATTERIES. 
How to choose 
the one that best 
suits your needs. 

BUILD A 
COMPUTERIZED 
IC TESTER. 
With this automated 
tester you can quickly 
weed out your faulty 
digital IC's. 

SATELLITE TV 
COMPONENT 

BUYERS GUIDE. 
What's available if you want 

to piece together your 
satellite receiver system. 

PLUS: 
*Drawing Board * State -Of -Solid -State 
*Hobby Corner * New Idea 
*Service Clinic * Equipment Reports 

Radio -Electronics covers all 
aspects of the fast moving 
electronics field... featuring 

COMPUTERS VIDEO STEREO 
TECHNOLOGY SERVICE 

COMMUNICATIONS PROJECTS 

Get it all! 

HOW YOU AND THE COMP(ITBR 
CAN BE FRIENDS... 

Getting Started 
Programs. Circuit 

Design. Games 
A/D -D /A Interfacing 
Peripheral Equipment 

NEW AUDIO DIMENSIONS 
FOR YOUR PLEASURE... 

Noise- Reduction Devices 
How to Connect that 

Extra Add -On 
Hi -Fi Accessories 
New Technology 

TV WONDERS FOR YOUR 
FUTURE... 
Latest Receivers and 

Circuits 
The Home Entertainment 

Center 
Projection TV 
Satellite TV Receivers 
Jack Darr's Monthly 

Service Clinic 
Service Problems and 

Solutions 

REGULAR MONTHLY FEATURES 
DESIGNERS NOTEBOOK 

by Robert Grossblatt 
HOBBY CORNER 

by "Doc" Savage, K4SDS 
STATE-OF-SOLID-STATE 

by Bob Scott 
WHAT'S NEWS, new 

products. stereo news 
VIDEOGAMES. new 

products, game reviews 
and NEW IDEAS. STEREO 
PRODUCTS. NEW 
COMPUTER PRODUCTS 
FOR HOMEJOB and 
MUCH MORE! 

Subscribe today to Radio -Electronics! Don't miss a single 
issue and...see subscription card in back of this issue for big savings. 

When you select one of the subscription offers listed on the handy coupon -you'll be 
assured of having your copy reserved, even if it sells out on the newsstand. Make sure 
you get all the excitement in every issue of Radio -Electronics, every month, by filling in 
and mailing your subscripton card today. 
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LEARN 
`` COMPUTER 

REPAIR 
Train at home in spare time... 
No previous experience needed 

Sales of small computers are 
running over a billion dollars a 
year. That's why a whole new 
business is starting up- 
devoted entirely to small com- 
puter repair. And right now is 
the time to get in on the 
ground floor- either working 
for someone else or in your 
own computer repair 
business. 

Start making money in electronics 
No need to quit your lob. change your daily routine or take 
time from family responsibilities. And you don't waste 
time going to and from class because you train at home in 

spare time. The ICS Microcomputer 
Repair Course is designed for 
beginners -people with no previ- 
ous experience who want to get 
started fast. And you should be 
ready for an entry -level job 
repairing small computers even 
before you finish this course. 

Experts show you what to do... 
how to do it! We start you fast with 
the basics, and everything is 
explained in easy -to- understand 
language complete 

CET fin with plenty of dia- 
grams and &VA(( 
drawings COMPUTER 

SEND FOR FREE FACTS! REPAIR 

1C School of Computer Repair, Dept. WM0251 
'S c,'" i Scranton. Pennsylvania 18515 

Send free facts and color brochure telling how I can get 
I into computer repair at home in my spare time. No obliga- 

tion. No salesman will call. 

You receive 
microprocessor 
trainer, digital 
V.O.M. and much 
more included 
with course. 

IName Add 

IAddress 

City/Mats/Zip 

A Color Pattern Generator 
on Video Tape 

Do you want perfect picture quality on your 
TV? Are you a hobbiest? Do you repair 
your own TV? TuneVision is the answer. 
No need to purchase expensive electronic 
color pattern generator. Our product al- 
lows you to align or trouble shoot your TV, 
using your VCR. Pays for itself in just one 
use! Includes color bars, dots and cross- 
hatch patterns to align to manufacturer's 
specs. To order send $19.95 plus $2.25 
for postage and handling to: 

BR &D ENTERPRISES INC. 
P.O. Box 7575 

Dept. 209 
Newark, DE 19714 -7575 

CIRCLE 917 ON FREE INFORMATION CARD 

NEW PRODUCTS 
(Continued from page 12) 

Power protection covers both kinds of 
voltage surges: the normal mode surges 
most often caused by other equipment on 
the same power line being switched on 
and off: and the common mode surges 
most frequently caused by lightning. 

The Model PT209 ($33.00) offers sin- 
gle -stage suppression of power -line tran- 
sients, whether normal mode or common 
mode. It uses three metal oxide varistors, 
providing protection on all three conduc- 
tors in a typical 120 -VAC circuit. The sec- 
ond Extended Life unit, Model PS209 
(61.80) offers two -stage filtering, with a 
unique complementary circuit of both 
metal oxide varistors and silicon ava- 
lanche diodes. 

PC Repair Kit 
Printed- circuit changes with tack -sol- 

dered wire loops and dangling compo- 
nents are gone forever with Circuit -Fix 
repair kit that includes adhesive copper 
donuts, foil, knife, and a combination 
clamp and cutting guide. 

The clamp -guide makes cutting con- 
ductor traces as thin as 0.012 -in. a simple 
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chore. The tool is opened with one hand 
while adhesive copper foil is slipped in 
place. The width is adjusted by hand 
while checking with a machinist's scale. 
The clamp -guide securely holds the foil, 
gives a true straight edge and keeps the 
blade perfectly vertical during the cut. 
Those conditions ensure perfect narrow 
traces. Repairs are made by pressing the 
trace onto the PC board. cutting off the 
excess with a knife and adding donuts 
(terminal pads) where required. Soldering 
insures electrical continuity. 

The CF -I Circuit -Fix is available for 
$21.95 each. The CF -2 308 (assorted do- 
nuts) and the CF -3 (two sheets of copper 
foil) cost $4.00 each. For more informa- 
tion, write to Datak Corporation, 65 71st 
Street. Guttenberg, NJ 07093. 

D- Subminiature Wall Plates 
Mouser Electronics announces the 

availability of wall plates for D -sub- 
miniature connectors. The ME152 -2000 
series wall plates give a professional ap- 
pearance to installations. They provide a 

CIRCLE 974 ON FREE INFORMATION CARD 

permanent, wall- mounted outlet for male 
or female, 25 pin (RS -232 protocol) con- 
nectors. The plates are made of durable 
thermoplastic, available with single or 
double outlet. They are ivory in color with 
a fine -textured finish. 

A single -outlet wall plates costs as little 
as $1.14 in quantities of 100. 

For a free catalog write to Mouser Elec- 
tronics. 11433 Woodside Avenue, Santee. 
CA 92071. Tel.: 619/449 -2222. 

Digital Storage Oscilloscope 
Leader Instruments has introduced the 

LBO -5825. a 35 MHz. 2- Channel Digital 
Storage Oscilloscope -their first! The 
LBO -5825 is equipped with a 2K -word 
memory. has a 5 -MHz maximum sam- 
pling rate, and pre- trigger view capability. 
X -Y recorder output terminals are 
provided for use with a plotter, and simul- 
taneous display of real time and stored 

CIRCLE 945 ON FREE INFORMATION CARD 

waveforms are possible. Other features in- 
clude roll function, memory protect, ex- 
ternal clock provision, and automatic 
chop alternate mode select. The 
LBO -5825 also has the superior sen - 

(Continued on page 94) 



'HE BHUNE, L E 

Commander 

Providing Sine, triangle, 
square, pulse and ramp out- 
puts over the 0.2Hz to 2MHz 
frequency ranges. 
Dependability you can count on. Meets toughest demands! 

MOdei 
F 3030 

G enéá n o 

Featuring 

Accuracy of . 5% 
VCF input 
Variable DC offset 
TTL or CMOS pulse output 

$459.00 

PRUNELLE 

Lit 
INSTRUMENTS 

Measurement range frcm 
0 1HZ to 10MHZ 
High imput sensitivity of 
20mv RMS 
2 year warranty 
Digital display 

BRUNELLE ,NSTRUMENTS INC. 
P.O. Box 745 
Newport Vermont 05855 -0745 
Tel: 1 -802- 864 -5505 Telex: 05- 836226 

CIRCLE 907 ON FREE INFORMATION CARD 

MICROWAVE TV ANTENNA SYSTEMS 
Freq. 2.1 to 2.7 GHz 34 db Gain + 

COMPLETE SYSTEMS: 
(as Pictured) 

Commercial 40" 
Rod Style $99.95 

Parabolic 20" 
Dish Style $79.95 

COMPONENTS 
Dow' Converters 

(either style) $34.95 
Power Supplies $24.95 

(12V to 16V. DC +I 

PARTS & LABOR Data Info (Plans) $ 9.95 

CALL OR WRITE FOR 

KITS. PARTS. OR MORE 
INFORMATION 

Shipping & Handling Add $500 
We Repair Most Types Down 
Converters & Power Supplies 

LIFETIME LIMITED WARRANTY 

Philips -Tech 
Electronics 
P.O. Box 34772 
Phoenix, AZ 85067 
(602) 967-6972 

Special Quantity Pricing 
Dealers Wanted 

COD'S 

CIRCLE 924 ON FREE INFORMATION CARD 

D) 

D JE IL 
Confidential Frequency 
List 
By Oliver R Ferrell 

The 6th Edition of this 
popular book represents the 
latest information on 
communications stations 
operating on the shortwave 
bands. This is no mere 
reprint of data copied 
blindly from various official 
and semi -official lists, the 

e0T Ep'qN 

eseo. 
uency 

List 
BY OLIVER P FERRELL 
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text lists stations that are 
actually in operation and 
being heard by active 
monitors. 

The pages are packed 
with data on fixed, FAX. 
military, aeronautical, 
embassy, Interpol, press, 
VOLMET, Costal, and 
hundreds of RTTY stations. 
All are listed by frequency 
and call sign (if there is 
one), and location, together 
with power (when known), 
and pertinent remarks about 
hours and schedule. Also 
spelled out are the 
internationally agreed -upon 
spectrum portions devoted 
to mobile, fixed, 
broadcasting, and other 
services. 

Additional text has been 
included by authors Robert 
French, Tom Kneitel, and 
Webb Linzmayer, each of 
whom is a recognized 
expert in the SWL field. 

This book is the last 
publishing effort by the 
author. Perry, as he was 
known by his friends, 
passed away earlier this 
year due to injuries received 
in an automobile accident. 
He was an intense person, 
both in his activities and his 
friendships. The quality and 
accuracy of this final 
publication cannot be truly 
appreciated unless the 
reader had the opportunity 
to share his workday with 
him when he steadfastly 
pursued information and its 
corroboration. Perry shared 
his lunch hour with this 
editor hundreds of times, 
during which time we 
talked about family and 
shortwave. Both subjects 
were easy for him to 
discuss because he loved 
both dearly. I don't know 
where Perry is now; but, I 

do know he has a pair of 
cans on his head and his 
fingers on the tuning knob. 

Gilfer Associates, Inc., 
P.O. Box 239, 52 Park 
Ridge. NJ 07656. 
Paperback, 336 pages. 
$13.95. 

Understanding Unix: A 
Conceptual Guide 
By James R. Groff and 
Paul N. Weinberg 

Here's a fresh, 
comprehensive overview of 
the increasingly popular 
UNIX operating system. 

(Continued nn page /6) 
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Looking for a 
Special Part? 

For that "Special Project" 
try the Surplus Electronic 
Supermarket in the heart 

Silicon Valley... 
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Specialties 

14081732 1573 827 E. Evelyn Ave. 
141519691448 Sunnyvale, Cal. 
Visa, MC,Amex 94086 
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DON'T 
FORGET 

USE 

YOUR 

READER 

SERVICE 

CARD 

0-35dB VARIABLE GAIN 

RF AMPLIFIER 
USES TWO REVOLUTIONARY 

NEW HYBRID 
BROADBAND AMPLIFIER ICs 

Works on all RF Signals from 40-900M H z 

All 2 -VG Wired & Tested 
Originally Sold At $49.95 ea. 
Special Buy Now $1 5.50 ea. 

RF MODULATOR CRYSTAL CONTROL 

3401 SERIES 

Switchable 
CH 3 or 4 
9V B+ 45 MA 
$17.75 ea. 
3/$45.50 
Ing. for Quantity OUTPUT "F" JACK 

ccessory 
pecialties 

P.O. BOX 486 
HAWTHORNE, CA 90250 
PHONE: (213) 324 -1973 

WE ACCEPT MONEY ORDER, VISA, MASTER CARD 
PERSONAL CHECK ORDERS HELD 20 DAYS NO COD 

ADD $3 50 for Shipping and Handling CA Residents ADD 67,% TAX 
SHIPPED VIA UPS 

CIRCLE 908 ON FREE INFORMATION CARD 

BOOKSHELF 
(Continued from page 15) 

The authors explain UNIX 
features and benefits, and 
describe where UNIX fits 
in the worlds of computing. 
business, and education. 
Major topics covered in the 
text include the UNIX 
structure, the UNIX file 
system, the UNIX shell, 
multiuser operation, 
turnkey processing, text 
processing and office 
support, software 
development, and 
communications. One 
section of the book explains 
different versions of UNIX, 
including Berkeley. System 
V, and XENIX. 

The authors' purpose was 

not to provide a terminal 
aid for a new UNIX user. 
with step -by -step 
instructions on what to type 
next; instead, they 
presented an overall 
perspective of the UNIX 
system and the concepts 
that make it unique. The 
book seeks to answer the 
question, "What is UNIX 
and why is it suddenly 
attracting so much 
attention ?" 

Que Corporation, 7999 
Knue Road, Suite 202, 
Indianpolis, IN 46250. 
Paperback. 240 pages. 
$17.95. 

AERIAL PROJECTS 
By R. A. Penfold 

Whether you have built a 

very simple shortwave 
receiver or have purchased 
a most sophisticated piece 
of equipment, the 
performance you get will 
ultimately depend on the 

aerial (antenna) that is 
connected to your receiver. 
The subject of antennas is 
vast; but in this book. the 
author has considered 
practical antenna designs, 
including active, loop. and 
ferrite antennas. which give 
good performances and are 
relatively simple and 
inexpensive to build. The 
complex theory and 
mathematics of antenna 
design have been avoided. 

Also included are 

constructional details of a 

number of antenna 
accessories including a 

preselector, attenuator, 
filters and tuning unit. 

Ell', Inc., P.O. Box 240 - 
HOE, Massapequa Park, 
NY 1762. Soft cover. 84 
pages, $5.00. 

54 VisiCalc Models: 
Finance. Statistics. 
Mathematics 
By Robert H. Rast 

Whether you're a 

beginning or an 
experienced Visicalc 
program user, you'll get 
more out of your software 
by using this 
comprehensive collection of 

54 
VisiCalc 
M O D E L S 
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ready -to -use VisiCalc 
models. Presented in a 

standardized format. these 
models are for managing 
investments, loans and 
taxes, and for solving 
statistical and mathematical 
problems. They can be 
keyed directly into your 
computer. 

Some interesting 
applications are: Days 
between two dates, 
Students t- distribution, 
earned -interest table, Angle 

(Continued on page 96) 



Train for the Fastest Growing Job Skill in America 

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

As computers move into 
offices and homes by the millions, 
the demand for trained computer 
service technicians surges forward. 
The Department of Labor estimates 
that computer service jobs will actually 
double in the next ten years -a faster 
growth than any other occupation. 

Total System Training 
As an NRI student, you'll get total 

hands-on training as you actually build your 
own Sanyo MBC -550-2 computer from the 
keyboard up. Only a person who knows all 
the underlying fundamentals can cope with 
all the significant brands of computers. And 
as an NRI graduate, you'll possess the up- 
to-the -minute combination of theory and 
practical experience that will lead you to 
success on the job. 

You learn at your own convenience, in 
your own home, at your own comfortable 
pace. Without classroom pressures, without 
rigid night -school schedules, 
without wasted time. Your own 
personal NRI instructor and NRI's 
complete technical staff will 
answer your questions, give you 
guidance and special help 
whenever you may need it. 

The Exciting Sanyo 
MBC -550 -2 -Yours 
To Keep 

Critics hail the new Sanyo as 
the "most intriguing" of all the 
IBM -PC compatible computers. It uses the 
same 8088 microprocessor as the IBM -PC 
and the MS /DOS operating system. So, you'll 
be able to choose thousands of off- the -shelf 
software programs to run on your completed 
Sanyo. 

As you build the Sanyo from the 
keyboard up, you'll perform demonstrations 
and experiments that will give you a total 
mastery of computer operations and 
servicing techniques. You'll do programming 
in BASIC language. You'll prepare interfaces 
for peripherals such as printers and joysticks. 
Using utility programs, you'll check out 8088 
functioning. NRI's easy step -by -step 
directions will guide you all the way right 
into one of today's fastest growing fields as a 

computer service technician. And the entire 

system, including all 
the bundled software 
and extensive data 
manuals, is yours to 
keep as part of your 
training 

100 -Page Free 
Catalog Tells 
More 

NRI i; the only home 
study school that 
trains you as you 
assemble a top - 
brand micro - 
computer. After 
building your own 
logic probe, you'll 
assemble the 
"intelligent" 
keyboard 

then install 
the computer 
power supply, 
checking all the 
circuits and 
connections with 
NRrs Digital 
Munimeter. From 
there you'll move 
on ta install the 
disk drive and 
monitor. 

N'nd the postage -paid reply card today 
for NRI's big 100 -page color catalog, which 
gives you all the facts about NRI training in 
Microcomputers, Robotics, Data Com- 
munications, TV /Video /Audio Servicing, 
and other growing high -tech career fields. 
If the card is missing write to NRI at the 
address below. 

Your NRI Course Includes 
a Sanyo MBC -550 -2 Computer 
with 128K RAM, Monitor, Disk Drive, 
and "Intelligent" Keyboard: The NRI 
Discovery Lab', Teaching Circu t Design and 
Operations: a Digital Multimeter: Bundled 
Spread Sheet and Word Processing Software 
Worth $1500 at Retail -and More. 

Alli,CHOOLS 

McGraw -Hill Continuing Education- Center 
3939 Wisconsin Avenue, NW V 
Washington, DC 20016 glfl 
We'll Give You Tomorrow. 
IBM is a Registered Trademark of International 
Business Machine Corporation. 
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Radio- 
Electronics 
SPECIAL REPRINT 
BUILD A BACKYARD SATELLITE TV RECEIVER 

Don't miss out again! 
Send away today for your 36 -page 
booklet containing a complete reprint 
of all seven articles in the series on 
Backyard Satellite TV Receivers by 
Robert B. Cooper Jr. 

This all- inclusive report gives you all 
the data you need to build your own 
Backyard Satellite TV Receiver. 

TELLS ALL ABOUT domestic satel- 
lite communications, with full details 
on how you can pull those elusive TV 
signals from space. 

LEGAL REQUIREMENTS, techni- 
cal specifications, and how you, the 

home constructor, can meet them. 
Find out what mechanical and elec- 
tronics skills you need. 

RECEIVER CHARACTERISTICS, 
technical details and specifications, 
along with examples of actual re- 
ceivers built at comparatively low 
cost. 

ANTENNA DESIGN... and ex- 
actly how you can build a spherical 
antenna. while keeping total earth - 
station cost for the complete system 
under $1,000. 

THE FRONT END is critical when 
you build your own system. We help 
you explore several different ap- 

proaches to making one that will 
work for you. 

RECEIVER -SYSTEM hardware, and 
how it goes together to bring you di- 
rect- from -satellite TV reception in 
your own home. 

To order your copy 
Complete coupon and enclose it with 
your check or money order for $7.00. 
plus $1.00 for postage and handling. 
We will ship your reprint within 6 
weeks of receipt of your order. All 
others add S4.00 for postage. New 
York State residents must add 58c 
sales tax. 

Radio 
Electronics 

Satellite TV Reprints 
45 East 17th Street 
New York. N.Y. 10003 

I want reprints @ $7.00 each, plus $1. Han- 
dling & Postage. 
I have enclosed $ N Y State residents must 
add sales tax. 

Please print 

(Name) 

(Street address) 

(city) 

HOE A3 

(State) (zip) 



 

Oh Boy! 
Where did I go wrong? I can't make 

heads or tails out of your "Electronic 
Coin Toss' article in the Fall 1984 issue 
of Hands -on Electronics. Can you give 
me some more background? H.L., Wa- 
terbury, CT 

Sure can! First off, take a peek at the 
corrected schematic diagram below and 
you'll realize that we gave you bum dope. 
Sorry about that. Then, add the following 
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jumpers to Fig. 2 in the original article: 
Add jumper between points 126 and Y26, 

and jumper between 114 and 118. Sorry 
about the goof -we fell asleep at the 
switch. 

U2 
2N2222 

Man Made 
I'd like to add some excitement to my 

store window. The plumbing supplier 
down the block has water pouring from a 

faucet that hangs in mid -air, defying 
gravity. The liquor store always has 
some moving display. All I have is an old 
Singer sewing machine in the window 
(I'm a tailor you know). What can I put in 

my window that'll stop the street traffic? 
M.M., Bronx, NY 

Take a look at our article on how to 
build a Jacob's Ladder in this issue. 

Make one and put it in the window where 
no one can reach it from the inside and 
turn it on. Then, put a sign under it say- 
ing. "Recreate Your Clothing Here!" 

Not the Ruissians 
Who discovered electricity? C.R., 

Brooklyn, NY 
In the ruins of ancient Babylonia, 

archeologists found large earthenware 
jugs with carbon rods down their cen- 
ters. sealed at the tops with a material no 
longer available, called "asphaltum." 
Those could only have been vintage dry 
cells, probably used to gold -plate 
Cleopatras jewelry! 

Good Saxon 
I've got to write this letter because I 

think the column "Saxon on Scanners' is 

the finest on the subject that I have ever 
read. I tuned in the "utility bands' for the 
last 30 years long before the first scan- 
ner was on the marketplace. I used an 
old Gonset tunable receiver in those 
days. It was fun then, and it more fun 
now. Saxon's column probably has 
made more new scanner listeners that 
any other author's writings as far as I am 
concerned. Keep up the good work! 
L.S., Astoria, NY 

Thank you for your generous comments. 

Wake Up! 
I don't like to talk poorly of my wife. 

She's a fine woman and I am very proud 
of her. She does have one fault (we all 
do) and that fault is driving me crazy. She 
never hears the alarm clock in the morn- 
ing and, therefore, sleeps through the 
day. What do you have that can help me? 
W.J., Washington Crossing, PA 

I could drop in a mess of one -liners 
here that'll have most of us chuckling for 
the next five minutes, but your problem is 
a serious one shared by both sexes. 
When I need to catch a plane, or make a 

very important early date, I set two alarm 
clocks -one at bedside and the other 
just outside the bedroom. Thus, when 
they go off, I have to get out of bed to turn 
off the latter. Once up. I'm out of the 
house in ten minutes! 1 believe your case 
requires more drastic measures. So, 
why not trigger a British hee -haw siren 
(we describe one in this issue) and cou- 
ple it to your high - fidelity system. 

The Big Step 
I've tried everything. I'm an avid elec- 

tronics hobbyist, and my wife really 
resents my interest. She complains 
about the time I spend at the workbench, 
complains about the money I spend on 
parts, and complains about every as- 
pect of the hobby -even when I build 
things that are specifically for her or for 
the house. Any advice on how to handle 
the situation? 
F.S., Burley, ID 

Divorce. Some women are just plain 
unreasónable. 

Crystal Radio Variation 
My father once told me something 

about a "Fox- hole" radio. Have you any 
information on it? 
R.S., Saskatoon, Alberta 

The Fox -Hole Radio dates back to 
World War I1. Some stories take it back 
to the trenches of World War I. Soldiers. 
always anxious for information. began 
by stealing a pair of earphones from the 
nearest airplane or tank. One of the pair 
was kept intact: the other was taken ap- 
art. A coil form was made from a dis- 
carded toilet -paper core, around which 
the earphone coil wire was close - wound. 
Used as a detector was a quench -blued 
razor blade that served as a semicon- 
ductor, with a short piece of wire acting 
as a cats - whisker probe. The other ear- 
phone was connected as a listening de- 
vice, and whatever wire was left served 
as an antenna. 

1920's -Style Wireless Receiver Kit 

DIN THE LAST ISSI'F: OF ILANDS -ON ELECTRONICS RONIC'S (F, \I.I. 

1984) we ran a construction story entitled How to Build u 

í920's -Style Wireless Receiver that turned out to he the great- 

est thing since Cora Co/a! The original article ran in Elec- 

tronic'sAustruliu as a project -kit report. We liked that story so 

much that we arranged to obtain permission to present it to 

our readers. Mistaking believing that the kit of parts for the 

project would not he made available in North America. we 

presented the article as a construction project only. We blew 

it 
The people at Technicraft Electronics in Australia sent us a 

letter. and, after the battle among the office staff over who got 

the cancelled postage stamps was decided. we discovered that 

that company would supply a basic kit of parts. except for 

headphones and batteries, for $79.50 (kit part no. 2IOLS). A 

set of headphones with high impedance goes for $17.50 (part 

no. I940NZ). A type HL2K vacuum tube can be purchased 

for $10 should you want a spare. Packing and postage to the 

United States via surface mail is $12.50: surface -air. $21.(0. 
Payment should be made by International Money Order or 

hank draft in U.S. currency. Considering the distance in- 

volved (traveling both ways), you should allow firrconsidera- 
hle time for transit. Send orders to Technicraft Electronics. 

338 Katoomba Street. Katoomba. New South Wales 11780, 

Australia. 
When you have the basic kit of parts in your hands you 

should have no trouble assembling the receiver in an evening. 

Follow the instructions we gave in the last issue of Hands -on 

Electronics. 
A few readers who assembled the project from scratch 

informed us that a long -wire antenna produced super results. 

and one reader already received all the east coast states. 
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FREE liili gch lo 
Metal 
Detector ¡_ 

, 
More than just a catalog, a trustworthy 

guide to what's new in computers 
and electronics. Triple -Trace 

Oscilloscope /Time- 
Voltage Display 

Ham Radio 
Transceiver 

Computerized 
Weather Station 

Discover 
the pride. 
With Heathkit, 
you'll discover the 
pride of accomplish- 
ment that comes with 
creating handbuilt quality 
that is uniquely yours. 
And you'll develop skills and 
abilities in many technologies as 
you follow the step -by -step direc- 
tions through the building process. 

You work confidently, always backed 
by our simple promise, "We won't 
let you fail:' 

If you don't have the latest Heathkit 
Catalog, you're missing some- 
thing great, so mail the coupon now, 
while you're thinking about it. 

Microprocessor 
Trainer & Course 

Real Time 
Spectrum Analyzer 

Ever since radio grew into electronics, the 
illustrated Heathkit catalog has been a 

guide to new and exciting kit products for 
people like you to build. To enjoy and learn 

from, while saving money in the process. 
What sets the Heathkit catalog apart is 

its range of high quality products and 
accurate information on every product 

offered. And that's a lot of products - 
over 450 separate items, including: 
Computer hardware and software 
Robots Precision test instruments 

Computerized weather instru- 
ments Solar hot water systems 

Automotive and home energy 
products Security devices 

Color TVs and video accesso- 
ries Quality stereo components 

Amateur radio gear Educa- 
tional courses that lead from 

the basics of electronics all 
the way to high tech. 

Most 
Accurate 

Clock 

HERO ®1 

Robot 

Send NOW for your 
FREE Heathkit Catalog 

It's the beginning of something great 
for the whole family. 

Heathkit i 
Heath 

Company 
A subsidiary of Zenith Electronics Corporation 

Heath Company 
Dept. 107 -264 
Benton Harbor, Michigan 49022 
Please send me the latest 
Heathkit Catalog Free. 

9 
IBM -PC Compatible 
Computers 

40- Channel 
Scanner 

Name 

Address 

City State 

CL774C 
Zip 

L 

CIRCLE 912 ON FREE INFORMATION CARD 
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RO OTICS 
Robots, the lifelike vision from our 
imagination, is the workman of our 

industry today, assembling consumer 
products as small as pocket radios 

and as large as automobiles! 

By Robin J. Dunitz 

HOBBYISTS AND EXPERIMENTERS ARE KEY PLAYERS IN 

today's infant robotics field. Current robots are still only pale 
shadows of such fictional heroes as Star Wars' C3P0 or 
Robbie the Robot of Forbidden Planet. It only has been in the 
last few years that computer advances, especially the micro- 
processor, have made it possible to build a machine that is 
both programmable and mobile. While some very expensive, 
and mainly experimental, equipment does have advanced 
capabilities in fields such as vision and speech recognition, 
what is available to the hobbyist on a limited budget is not 
nearly so sophisticated. 

At the same time, today's robots can be extremely valuable 
as a means to delve into the new and exciting field of robotics. 
Commercially sold kits, and even already -assembled robots, 
can introduce the novice to programming, or show the ad- 
vanced programmer whole new applications. And problems 
like robot locomotion through the obstacle -filled home en- 
vironment offer a real challenge, one that occupies zommer- 
cial developers and garage tinkers alike. So, here, then, are 
some of the products available today for those anxious to be 
part of the future 

Industrial Robots 
It is in factory settings that robots are finding their first 

practical applications. Such industrial machines more resem- 
ble metallic arms than the androids of science -fiction lore. 
Their mobility is generally limited to movements of one or 
more joints, and so far they are proving most useful at single - 
task operations like parts manipulation, welding, handling 

Drawing courtesy of Nation Research CoJncii of Canada 

dangerous substances, and painting. Those robots can cost 
tens of thousands of dollars and up, and thus are not in the 
reach of hobbyists. 

It is predicted that use of industrial robots in the United 
States will increase dramatically in the next several years. 
According to one report (by Prudential -Bache Securities and 
Daiwa Securities America), use of robots in American facto- 
ries is expected to go from 8100 units in 1985 to 21,575 units 
(of all types) by 1990. 

There are only a few low -cost robotic arms of possible 
interest to the experimenter. Armatron, currently distributed 
by Radio Shack, costs just $31.95. It is battery- operated and 
controlled by two joysticks. The rubber- coated grippers can 
pick up, rotate, grip, move, and release. It is 14 -inches tall at 
maximum arm extension. According to one -seventh grade 
science student in New Mexico, it is possible to make an 
interface to connect Armatron to a home computer. He spent 
only an added $30. connecting six motors to control the 
robotic arm's six joints. Using wood as bearing blocks, he 

connected motor shafts to the robot's gears. He used tran- 
sistors as switches to power the motors with 6 -volt power 
supplies. A 4 -bit word from his Commodore Vic -20's port is 

decoded into 12 lines of data. Two lines are used to give the 
forward and reverse commands to each motor. 

For the less adventurous, it is also possible to obtain a 

commercially produced interface from Analog Micro Sys- 
tems in Colorado. 

Spectron Instrument of Denver, Colorado, sells two 
robotic arms. The first is called Robot I and is a two -axis 
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articulated arm. Under computer control, it can simulate 
general material handling operations as done by industrial 
models. Motion is accurate to t I inch. Reach is 7- inches 
square. The gripper can carry a one -ounce load. Robot I sells 
for $125 in kit form. $210 fully assembled and tested. 

Robot I is also available with vision module. called VIS. 
Included is a photo sensor with a close -up lens, and il- 
luminator LED's. VIS can view a .04 inch spot on a table, can 
resolve black -as well as 256 gray levels. Each arm position 
can generate a vision input of up to 64.000. although only a 
few points can be examined each second. Using an interface 
adaptor to a home computer. and the BASIC language, data 
is entered using PEEK commands. The combination Robot - 
VIS kit sells for $160. fully assembled $265 ($200/330 with 
computer adaptor). 

Robot IV is a tour -axis articulated arm. which can grip 
small objects and manipulate them in three dimensions. It has 
a two -fingered gripper, having 180 -degree rotation capability. 
The arm can cover an area about 6 inches by 6 inches. and can 
carry a one -ounce load. The servo -drive circuit requires at 
least four analog inputs for lateral motion, lift motion, radial 
motion, and gripper rotation, as well as a single digital input 
for gripper operation. 

To connect Robot IV to a home computer. two interface 
boards are necessary. POKE commands into five separate 
address locations determine arm motions. Robot IV costs 
$250 for the kit, $415 assembled. The combination package. 
including sensors and computer adaptors, sells for $400 as a 
kit. $660 tested and assembled. 

Spectron Instrument also sells a variety of vision and 

COMPARISON 

automation kits separately. plus servo motor actuators and 
drive circuits. For more information contact them at 1342 W. 
Cedar Ave.. Denver, CO 80223: (303) 744 -7088. 

Personal Robots -are they good for anything? 
During April, 1984, more than 1000 robotics experimen- 

ters, exhibitors and other enthusiasts met in Albuquerque, 
New Mexico at the First International Personal Robot Con- 
gress and Exposition. Most people who spoke there seemed 
to agree that personal robots can't help much yet with house- 
work, or cook dinner, or even get the newspaper -if there are 
any obstacles, like steps, in the way. Limited home security is 
one possible use for some of the more sophisticated types. 
Really, though, for the time being, one of the best applica- 
tions for personal robots is as a tool for learning. 

Robots are computers that move. Some of the biggest 
challenges facing the designers of home robots involve figur- 
ing out how such a machine can move effectively on different 
surfaces (for example. over carpet as well as linoleum), and 
how it might sense and react to such common obstacles as 
furniture, walls, doors, toys. and people. 

In order to move and detect external interference, a robot 
must have sensors of some kind. Most commonly used are 
sonar, light, tactile, and to a lesser extent. heat. A robot might 
use one, all, or a combination of such sensors. How it 
responds to an obstacle, upon detection, depends on how it 
has been programmed. 

Software is the key in robotics, just as it is for computers 
generally. Once certain minimal hardware requirements are 
met. how intelligent a robot actually behaves depends on its 

OF HERO I AND HERO JR. 

Feature Hero I Hero Jr. 

CPU 8 -bit 6808 8 -bit 6808 

Memory RAM = 4K 
ROM = 8K 

RAM = 8K 
ROM = 32K (built -in routines) 

Program Language Machine language Full pre -programmed (English) 
RS -232 port - BASIC cartridge 

Input Devices Hexadecimal keypad 
Remote control pendant RF 
Cassette recorder (not incl.) 

via serial port 

17 -key keypad for modifying personality 
Extra cartridges available 

Power Supply Rechargeable gel batteries. 
including external charger 

Batteries operate 4 -6 hrs (incl. 2) 
plug -in wall charger included 

Movement 3 wheels 
Front wheel has 12 in. turning radius 

3 wheels 
Single articulated rear -drive wheel 
12V DC motor plus stepper for steering 

Sonar Sensor 2 sensors: determines range and direction 
of object between 4 -in. and 8 -ft. 

Ultrasonic Polaroid transceiver 
works with motion detector 
judges distances between 4 -in and 25 -ft. 

Photo Sensor 1 sensor detects whole visible spectrum 1 256 -bit resolution sensor -adjustable range 
25 degree reception angle 

Sound Detector Sensor 1 sensor hears sounds from 300 -5000 Hz. 1 sensor with 256 -bit resolution 
adjustable range 200 -5000 Hz. 

Speech Optional synthesizer, 4 pitch levels 
Votrax, with 64 phonemes 

Standard, 4 pitch levels Votrax, with 64 phonemes 

Arm Optional: includes gripper 
5 stepper motors, 5 axis of motion opens 31/2 in.; 

can lift 1 pound when fully extended 

None 

Clock Includes calendar -real time CMOS processor (Motorola 146818) 
100 -year calendar 

Price kit: $799.95 
assembled: $2199.95 w arm and voice 

Not available 
About $1000 



Heath Zenith's newest robot, Hero -Jr is for home and personal 
use. Using pre -programmed computer memory. Hero -Jr is ready 
to run a wide variety of robot routines at the push of a button. 

programming. Artificial intelligence is an important field 
within computer science, and quite relevant to robotics. 
When sophisticated programs can increasingly enable robots 
to learn about their environment, as they experience it, these 
moving computers will become more capable. and so more 
useful. Meanwhile, the various robots on the market can 
demonstrate and teach about some of the current technology. 

Whether Big Trak by Milton Bradley is a robot is certainly 
debatable. Actually it's a programmable tank. Many schools. 
however, are finding it an excellent -and cheap -way to 
introduce robotlea, as it moves when programmed It has 
been on the market for several years. and may. in fact, be hard 
to find. It retails for about $75.00. Big Trak is plastic, and 
about 3- x 5- x 7- inches in size. It has a keyboard on top, 
which can be programmed for movement in any direction. 
using clock -minutes to signify a turn angle. Up to 16 instruc- 
tions can be entered at a time, and then repeated. 

Heroes Are Like Real People 
The name Heath /Zenith is not new to most electronics 

hobbyists. In 1983 the company. well known for its various 
electronic kits. introduced a sophisticated. yet affordable. 
personal robot. Hero I. It is currently the best -selling person- 
al, and educational robot on the market. Heath /Zenith has 
just introduced a new, more consumer- oriented version, 
Hero -Jr. 

Hero I was designed with the computer -wise experimenter 
in mind. to teach robotics and industrial electronics. Hem -Jr. 

on the other hand. is directed at the home -and -family au- 
dience. with entertainment at least as important as its educa- 
tional value (see chart comparing features of Hero I and Jr). 
Hero-Jr comes with several different possible personalities 
built -in. Programming primarily means adjusting the traits of 
those personalities. 

Three methods of programming Hero I are possible. First, 
it has a hexadecimal keypad mounted on top. through which 
instructions can be entered. Hero -Jr, on the other hand. has 
replaced that keypad with a I7 -key personality- adjustment 
keyboard. Secondly. both Heroes have a hand -held remote - 
control pendant to program manually- controlled motor and 
arm movements. although Hero -Jr has no arm. Lastly. Hero 
has a serial cassette port. By connecting an ordinary cassette 
tape recorder here. programs can be saved and then reloaded 
into memory. 

While Hero I cannot be connected to an external computer, 
Hero -Jr can. Using a built -in RS -232 communication port, 
and a special version of BASIC. it is possible to program 
Hero -Jr's speech and movements, as well as other traits. 

Hero -Jr comes with a Votrax SC -01 speech synthesizer. 
enabling the robot to say almost anything. using tour pitch 
levels and 64 phonemes. 

Both Heroes come with sensors for detecting motion, 
sound and light. Hero -Jr uses 256 -bit resolution sound and 
light sensors with adjustable ranges. The light sensor also has 

a 25 -degree reception angle. The sonar sensor has a band- 
width of 200 to 5000 Hz. Ultrasonic sonar can measure 
distance from 4 inches to about 25 feet. Optional on Hero-Jr, 
but standard on Hero I. is the six -field infrared motion sensor. 

Only Hero I can be purchased either in kit form or fully 
assembled. An optional arm, speech synthesizer, and a plug- 

Hero 1 was designed as a trainer to teach robotics in school. 
home, and industry. In just one year after its introduction. 
Hero 1 became the largest -selling robot in the field. 
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The Pipe -Mouse (above) and Turn Becker (right) are two 
Movit Kits you can build and operate in one day! 

in demonstration ROM is available for Hero I. Speech ca- 
pability is built into Hero -Jr, as he can sing songs, speak and 
play games. Several independent developers have produced 
add -on products for Hero 1. It is expected that the same will 
soon be true for Hero -Jr. although more entertaining. 

Commercial Kits that Teach Robotics 
Movit kits are inexpensive. computeriLed (and logic -con- 

trolled). battery- operated robot kits. They are manufactured in 
Japan in two forms. They come either needing both the 

electronics and mechanical parts assembled, or else with the 

electronics already soldered and in place. Movit kits have 

been distributed in the U.S., since Fall 1983, and there are 

now l I kits available (see chart for descriptions). According 
to Bruce Sanchez, President of New Tech Promotions, their 
major independent West Coast distributor, Avoider and 
Memocon Crawler are the two most popular kits. His favorite 
is the newest kit, Circular. The Il kits (so far) teach the 

fundamental principles of robotic sensing and locomotion. 
One of the simplest. called Turn Backer, includes a small 

( turn to page 30) 

MOVIT KITS 

Name Movement Control 
Batteries Required 
(not included) 

Price - - 

(mech. assy /mech . 

+electronics) 

Turn Backer 3 legs on each side- 
crank maton 

sound sensor including 
condensor microphone 

4 -1.5 -V 'AA" $39.95 

Piper -Mouse 3 wheels driven by super sonic sound sensor 2 -1.5 -V AA" $44.95 411.1.1111 
2 DC motors including condensor mike 1 -9 -V 

Sound Skipper 2 alternatively moving legs 
driven by crank motion 

sound sensor including 
condensor mike 

2 -1.5 -V "N" $24.95 

Peppy 3 wheels Oven by 
2 DC motors 

2 -way sensor, responds to 
sound and solid objects 
in path 

2 -1.5 -V "AA" $24.95118.95 

Memocon Crawler 3 wheels driven by 2 DC Memory electronics circuit 2 -1.5 -V AA" $74.95$46.95 
motors through keypad 1 -9 -V -4 -bit 

static RAM 

Avoider Infrared sensor including 4 -1.5 -V "AA" $44.95 
3 legs on each side crank 

motion 
infrared diode/photo 
diode /IC 

1 -9 -V 

Line Tracer Il 3 wheels driven by 2 DC Infrared sensor incl. 2 -1.5 -V "AA" $39.95$28.95 
motors infrared diodephoto 

diode IC 
1 -9 -V 

Monkey 2 alternatively moving 
gripper arms driven by 
crank motion 

sound sensor including 
condensor mike 

2 -1.5 -V "N" $24.95 

Mr. Bootsman 6 legs -2 -speed 
movemer 

control box 2 -1.5 -V "AA" $30.95 

Circular 2 large wheels hand -held remote control 3 -1.5 -V AA" $67.95 
box 2 -9 -V 

Medusa 2 legs on each side crank 
shaft 

sound sensor including 
condensor mike 

2 -1.5 -V "N" $27.95 



WITH CIE, 
THE WORLD OF ELECTRONICS 
CAN BE YOUR WORLD, T00. 

Look at the world as it was 20 
years ago and as it is today. 
Now, try to name another 
field that's grown faster in 
those 20 years than electron- f 

ics. Everywhere you look, 
you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications 
-you name it. And as high 
technology grows, electronics will 
grow. Which means few other fields, 
if any, offer more career opportunities, 
more job security, more room for ad- 
vancement-if you have the right skills. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 
It stands to reason that you learn 
anything best from a specialist, and CIE 
is the largest independent home study 
school specializing exclusively in 
electronics, with a record that speaks for 
itself. According to a recent survey, 92% 
of CIE graduates are employed in 
electronics or a closely related field. 
When you're investing your time and 
money, you deserve results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 
We believe in independent study 
because it puts you in a classroom of 
one. So you can study where and when 
you want. At your pace, not somebody 
else's. And with over 50 years of 
experience, we've developed proven 
programs to give you the support such 
study demands. Programs that give you 
the theory you need backed with prac- 
tical experience using some of the most 
sophisticated electronics tools available 
anywhere, including our Microprocessor 
Training Laboratory with 4K of random 
access memory. Of course, if you ever 
have a question or problem, our 
instructors are only a phone call away. 

START WHERE YOU 
WANT, GO AS FAR AS 
YOU WANT. 
CIE's broad range of entry, 
intermediate, and advanced 
level courses in a variety of 
career areas gives you many 
options. Start with the Career 
Course that best suits your 

talents and interests and go as 
far as you want -all the way, 

if you wish, to your Associate in 
Applied Science Degree in Elec- 

tronics Engineering Technology. But 
wherever you start, the time to start is 

now. Simply use the coupon below to 
send for your FREE CIE catalog and 
complete package of career information. 
Or phone us at 1 -800. 321.2155 
(in Ohio, 1 -800- 362 -2105). Don't wait, 
ask for your free catalog now. After all, 
there's a whole world of electronics out 
there waiting for you. IE 
Cleveland Institute of 

Electronics, Inc. 
1776 East 17th Street 
Cleveland. Ohio 44114 

216 -781 -9400 
A half century teaching electronics. - M -N- 

Cleveland Institute of Electronics, Inc. 
RA -o5 

1776 East 17th Street, Cleveland, Ohio 44114 

YES...I want to learn from the specialists in electronics -CIE. Please send me my FREE 
CIE school catalog, including details about CIE's Associate Degree program, plus my 
FREE package of home study information. 

Print Name 

Address 

City State Zip 

Age Area Code /Phone Na / 

Check box for G.I. Bill bulletin on educational benefits: Veteran Active Duty 

MAIL TODAY! 
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Tomy Toys introduces tomorrow's technology at play with 
the loveable little Ding -bot (left). Omni -bot (center), a pre - 
progammable electronic robot with an on -board microcomputer 
and tape deck (center), and Ver -dot (right). a voice- activated 
robot that responds to eight separate verbal commands. 

(Continued from page 26) 
condensor microphone. Movement is by crank motion of the 
three legs on each side. Upon hearing a sound. the robot 
immediately turns to the left. 

Line Tracer II, guided by an infrared light sensor. automat- 
ically follows a black line drawn on white paper. 

Memocon Crawler is memory- controlled through an in- 
cluded 5- button keypad that can be programmed to move the 
robot forward, right, left, to pause, to sound a buzzer, and to 
light an LED (light- emitting diode). The robot uses a se- 
quence function static RAM (random access memory) of 256 
x 4 bit memory. It is also possible to connect a microcom- 
puter to the same port used by the keypad in order to do more 
sophisticated programming. Direct connection isn't possible 
because a computer's signal is too fast, and has to be slowed 
down, which is what the interface does. It is available through 
Graymark (Box 5020, Santa Ana, CA 92704, 800- 854 -7393) 
for $29.95 in parallel, or $39.95 in serial. 

The newest of the Movit kits. approved by the FCC and 
released last August. is Circular. Use of this kit's hand -held 
remote -control box allows for wireless programming. All 
movements of Circular's two large. independent outboard 
wheels are so controlled, and the system can be made to 
navigate very tight courses. 

Presently only three of the Movit kits are available as 

electronics and mechanical kits; Peppy. Line Tracer II, and 
Memocon Crawler. They can be obtained through Graymark. 
To order any of the 11 kits, requiring only mechanical assem- 

bly. contact New Tech Promotions (2265 Westwood Blvd., 
Suite 248, Los Angeles, CA 90024; or telephone 
213-470-8383). 

Another new robot, available for the first time in the U.S. 
Autumn, 1984, is called Omni -bot. It is being introduced by 
Tomy Corporation, also the first U.S. distributer of Arma- 
tron, now mainly distributed by Radio Shack (mentioned 
earlier). Omnibot stands two feet tall, and includes an on- 
board Japanese -made microprocessor, cassette deck, remote - 
control transmitter, digital alarm clock, microphone, two 
arms, and one manual grasping hand. The robot can be 
programmed, using the transmitter, to repeat up to seven 
different programs at designated times, and up to seven days 
in advance. Move -sequence instructions can be stored on 
audio cassette tape and played back to repeat movements. 
There are no on -board decision -making capabilities or sen- 
sors. Although not constructed with this in mind. it would 
perhaps be possible for an innovative experimenter to add 
some kind of programmable memory. The easiest way might 
be to disconnect the tape player, and then use the same 
memory locations. As Omnibot only costs $250, such a 

redesigned unit would be a definite bargain. 

Hobby Robots Offer Unlimited Possibilities 
In the past. before microprocessors and other IC chips, 

early roboticists had to use relays and other cumbersome 
techniques to build a functional robot. Today we not only 
have a variety of chips with speech. memory. and other 
processing capabilities, but we have small complete comput- 
ers that are inexpensive. and valuable. For instance. the 
Timex /Sinclair ZX --8l, at around $50, makes an excellent, 
compact combination robot brain, memory and input device. 

The desire to create life from the non -living, be it pro- 
toplasm or metal parts, is not a new pursuit of ours. Back in 
old Greece, myth has it that the sculptor, Pygmalion, made a 

beautiful woman, Galatea, out of clay, and then begged the 
goddess Athena to breath life into her. Then there is the often 
retold story of Dr. Victor Frankenstein. who regretted his life - 
giving cleverness not long after his monstrous creation got up 
from the operating table. Building robots. then, is part of a 

long and interesting tradition. 
For now. limited budgets, as well as limited sophistication, 

probably precludes our robotic creations questioning their 
treatment and turning on us. Be advised, though, that the 
future is rapidly approaching. 

Sound -sensitive Medusa by Movit looks like a walking plastic 
barbecue cooker coming to get you! Two legs on each side 
advance the robot that is sound -controlled by the operator. 
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¡TEREO POWER METER 
The LM3914 dot /bar display driver is the heart of this meter. The LED's 
offer a wide -scale visual readout that adds to your listening pleasure. 

By George Hadgis 
UEXPOSING YOUR HI-FI'S SPEAKERS TO A POWER THAT EX- 

ceeds their maximum rating could cause permanent damage 
to them as well as to the system itself. Needless to say. that 
expense usually amounts to more than pocket money! Now, 
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thanks to the LM39I4 Dot/Bar display- driver integrated - 
circuit (IC) chip, you can build an audio power meter to 
monitor the power going through each channel and relieve 
yourself of the fear of damaging your system. 

The parts needed to build the Stereo Power Meter is readily 
available from just about all electronics supply sources for 
around 35 dollars. The project takes about a week to build. 
When completed, the Stereo Power Meter is quite eye- catch- 
ing while providing an informative power -delivery display. 
The specifications for the Stereo Power Meter are given in 
Table 1. 

At the heart of the Stereo Power Meter are four LM39I4 
display- drivers (See Fig. 1). The LM3914 chips sense analog 
voltages and in turn drive ten LED's connected to each chip. 

TABLE 1 

SPECIFICATION FOR STEREO POWER METER 

Semiconductors: 

Controls: 
Power Source: 
Power Consumption: 
Display: 

Range: 

Dimensions: 
Weight: 

4- LM3914 and 1 -7805 integrated - 
circuit chips 
POWER switch, MODE switch 
117 -VAC, 60 -Hz at 73 mA 
8.5 watts 
Bar or dot -programming via pin 9 
on LM3914 
21 LED's per channel 
Each LED is a 5% change in RMS 
volts 
As determined by setting of R1 

through R6 
13- W x 2- H x 8- inches D 
3.4 pounds 

Those LED's provide an indication of the amount of voltage 
(and, hence, power) being delivered from an audio amplifier 
at that instant. By using two LM39I4 chips per channel. you 
will be able to monitor the power going to each speaker. 

allowing you to balance your speakers, as well as providing 
an indication as to whether you have audio -system volume 
too high. resulting in excessive power being delivered on 
signal peaks to the speakers. 

FIG. 1 -The LM3419 integrated- circuit chip is actually made 
of ten comparators, a precision resistive network, buffer 
circuit, reference voltage source, and mode -select feature. 
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FIG 2 -The schematic diagram of the Stereo Power Meter 
suggests that there will be symmetry in the parts layout. 

The LM3914 chip has a built -in feature that allows you to 
select a bar display or dot display. In this project the bar 
display was selected because it offered a better means of 
comapring two wisual outputs to each other. 

Most of the Stereo Power Meter's circuit is built into the 
chip. The chip has a wide range of operating voltages from 
less than three volts to a maximum of twenty-five volts with a 
direct -current power source. 

About the Circuit 
The Stereo Power Meter is made up of two identical (Fig. 

2) circuits and a power supply. Each circuit contains two 
LM3914 display chips (U1 -U4), which contain ten voltage 
comparators, a ten -step voltage divider, a reference- voltage 
source, and a mode- select circuit that selects a bar or dot 
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FIG. 3-An option that you may want to add is wiring the 
Stereo Power Meter is to read in two scales rather than one. 
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display via a logic input at pin 9. Pin 9 on U I -U4 is tied to the 
+ 5 -volt regulated DC bus so that the bar display comes on. 

The brightness of the LED's is controlled by the 1900 -ohm 
resistors (R7 -R10) and the reference voltage is controlled by 
the 3900 -ohm resistors (RI1 -R14). 

The ten -step voltage divider within the chips are connected 
between the reference voltage and ground. Since each step of 
the voltage divider is separated by a 1000 -ohm resistor, each 
comparator senses a voltage ten percent greater than the 
preceeding comparator. The signal is applied to pin 5, which 
is buffered through a resistor -diode network and then ampli- 
fied as it passes to each of the ten comparators. Each LED is 
grounded through the comparators (UI, U2, U3 U4- 
LM3914) as the input signal voltage matches the reference 
voltage. That results in one to ten LED's illuminating as the 
signal voltage increases. 

By using potentiometers RI through R6 (Fig. 2) between 
the signal input and the chip, the signal voltage applied to 
each chip can be controlled. That lets you use the unit as a 
monitor for any sound system except those which provide a 
low -power output. The chip is sensitive enough to respond to 
RMS voltage as low as 0.5 volts, thus giving your power 
meter a wide range of power to monitor. If you use a second 
set of potentiometers connected to a switch on the front panel 
(Fig. 3), the Stereo Power Meter will then be able to read in 
two scales, but that is up to you. 

Construction 
Because of the simplicity and the minimal amount of parts 
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of the circuit, you may construct the Stereo Power Meter 
circuit in any fashion. 1 chose to make printed -circuit boards 
(main- circuit board and power -supply board) since that 
would give the neatest results. See Fig. 4 for same -size 
patterns for the boards. Laying the boards out and putting 
them in the etchant takes about an hour, should you be set up 
to do this work. (The Editor believes that it would be easier to 

FIG. 4 -Foil patterns for the main 
circuit -board and power - 
supply board are provided here 
in full scale. As an inexpen- 
sive alternative. you may chose 
to use flea clips on a pert- 
board that has pre -punched holes 
spaced .01 -inch apart. 

use a pert -board with holes drilled on .01 -inch centers. The 
layout could be identical to the author's board and the mess of 
etching a PC board would be avoided. However, should you 
decide to make more than one Stereo Power Meter, the 
printed- circuit method is best!) 

Once the main -circuit board is made and the holes have 
been drilled, the resistors, capacitors, diodes, and potenti- 

Cover -off view of the Stereo Power Meter 
shows the main printed- circuit board up 

front close to where connections are 
made to the LED's. The power - 

supply board is in the rear. 
An accessory AC outlet was 

added on the extreme left 
of the rear apron -that 
is optional. The power 

transformer is 
located away 

from audio 
circuits. 
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FIG. 5 -An x -ray view of the main -circuit board is shown here 
with the parts placed in position on the non -foil side. 
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ometers are mounted. (See Fig. 5.) When mounting the 

electrolytic capacitors, be sure to observe the positive polar- 
ity markings. Also, observe the bands on the diodes -to be 

sure that they are not mounted backward. 
It is recommended you use IC sockets on the main -circuit 

board and do not solder the LM3914 chips in place. The chips 
are highly suseptible to static electricity and stray AC voltage. 
If you use sockets, mount them at this time, but leave the 

chips in their static -free packages until the project is finished. 
If you don't use sockets, leave the chips in their packages 
until all of the other construction details are completed. Once 
all the components have been mounted on the circuit board, 
check the assembly to be sure that there are no solder bridges, 
and then set it aside. 

Now mount the LED's on what you plan to use for the 

faceplate of the Stereo Power Meter. I had a friend, who 
works in a metal shop, cut my faceplate from a block of 
aluminum. Once the plate was cut, the holes were drilled for 
the LED's and switches. Then, with a fine grained sandpaper, 

it was sanded to simulate the brushed aluminum on my 

system. I then lettered it and sprayed it with a 

lacquer to avoid discoloration. Once all the 
LED's are mounted, you can solder a com- 
mon bus to the anode of each LED. Finally, 
you can mount the switches and set the plate 
aside for the time being. 

The power -supply board can now be assembled. The 
power -supply output is 5 -volt regulated DC. The power - 
supply board may be a perf -board, purchased printed- circuit 
board, or one of your own design (see Figs. 4 and 5). Mount 
transformer T1 on the chassis. Once the power -supply board 
is done, it may also be put aside. 

The chassis is made of 20 -gauge sheet metal with access 
panels so that you can reach the bottom of the boards without 
any difficulties. After the chassis has been cut out, you can 
mount the boards, faceplate, transformer, and jacks. Now 
you are ready to connect wires to each part to complete the 
circuit. First run a wire from each cathode of the LED's to its 
corresponding hole and solder them in place. Be sure that 
those wires go where they belong, otherwise the display will 
not operate properly. In order to complete the circuit, solder 
the power supply wires in place and connect the jacks to the 
boards. Now that the circuit is complete, make a final check 
to be sure that there are no solder bridges and that all the wires 
are in their proper holes. If everything checks out, then you 
should have no trouble during the calibration of the unit. 



Take Care 
lo make the unit operational, you must now insert the 

chips. In order to avoid static electricity discharging from 
our body, remove the integrated circuit from its package 
with both hands. While holding the chip in one hand, remove 
the conductive foam with the other and straighten any bent 
pins. Continue holding the chip in one hand, being careful 
not to touch to anything while you hold the board in the other. 
See Fig. 6. 

Align pin 1 of the chip with the notch on the socket, which 
in turn should be aligned with the dot indicating pin 1 on the 
printed- circuit board. Carefully push the chip into the socket 
being careful that the pins do not fold underneath the chip and 
that all the pins go into their proper holes. Once the chip is in 
place, it is protected to a degree from static electricity. That 
concludes the construction of the Stereo Power Meter. 

CALIBRATION 

Before you can calibrate the Stereo Power Meter, you need 
to know the maximum power rating of your loudspeaker. That 
is the continuous power rating (RMS) of each amplifer. Now, 
you can easily compute the value of the maximum voltage 
output of the loudspeaker signal for your system by the 
relationship: 

E =)-TR 
where E is the maximum permissible RMS voltage across the 
speaker, P is the maximum power of the speaker in watts, and 
R is the impedence of speaker in ohms. (Note that the meter is 
calibrated to indicate overloading of the speaker. That is done 
because, in most cases, the system's speakers can be over- 
powered by the amplifier's output, causing damage to the 
speakers. When very low -impedance speakers are used, it is 
possible that the amplifier would attempt to deliver more 
power than it is designed to do. Then, the calibration would 
be preset to protect the amplifier and not the speaker. 
However, always make sure that the limits selected will 
always protect both by being at the limit of one and below the 
other.) 

Once you have determined the power rating of your sys- 
tem, you are ready to calibrate the Stereo Power Meter. To 
calibrate it, you will need an audio oscillator that can produce 
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FIG. 6 -Ways of identifying pin 1 on the integrated- circuit 
chip are shown here. If you are not careful. the chip can be 
installed incorrectly and destroyed when power is applied. 

a signal around 100 Hz. That will be used to drive your audio 
amplifier for calibration purposes. You will also need a 
resistor to simulate your speakers. The value is not critical 
and can be anything in the range of 10 ohms to 50 ohms. It is 
important however, that you use a resistor that can handle the 
power at which you will be calibrating the unit. In order to 
measure the voltage going across the load, an AC voltmeter 
will also be needed. 

Apply power to the unit. At this time, LED1 and LED2 
should light. If they do not light, check your wiring to be sure 
that power is going through the circuit and to the LED's. If 
they light, turn Rl, R2, R4, and R5 fully to the left and R3 
and R6 fully to the right. Now apply the signal (Fig. 7) from 
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FIG. 7 -Test setup to calibrate the Stereo Power Meter is 
diagramed here. Once one audio channel has been calibrated, 
repeat the calibration process on the other audio channel. 

the oscillator to the amplifier. Connect the power meter, 
voltmeter, and load resistor (RE) as shown. Adjust the volume 
control on the amplifier until the voltmeter reads the same 
value as the value you calculated for the RMS voltage in the 
equation above or the value you were given in the specifica- 
tions of your stereo system. Adjust R1 and R4 so LEDI2 and 
LED32 just turn on. If RI and R4 have no effect at all on the 
LED's then adjust R2 and R5 to lower the voltage going into 
the unit to the range the chips were designed to respond and 

This view of the Stereo Power Meter 
shows best the connection of the 
main printed- circuit board to the 
front -panel LED's. Wire the lower 

set of LED's otherwise they will 
be difficult to hook -up later. The 

audio jacks and switches are kept 
on the left side of the chassis 

in this view, and the AC lines are 
far removed to the right side. 

35 



36 

PARTS LIST FOR STEREO POWER METER 

SEMICONDUCTORS 
D1, D2 -1N34A germaniam diode 
D3 -D6 -Full -wave bridge rectifier, 50-PIV, 1-A minimum, 

or four diodes of comparable specifications 
LED1- LED42- Light- emitting diode, 20 mA, red 

U1- U4- LM3914 bar dot display- driver integrated circuit 
U5 -7805 5 -volt voltage regulator, 1 -A integrated cir- 

cuit 

CAPACITORS 
C1- C3- 10 -p.F, 35 -WVDC, electrolytic 
04- 3300 -11F, 35 -WVDC, electrolytic 
C5-0.1 p.F, 50 -WVDC, ceramic disc 

RESISTORS 
R1- R6- 100,000 -ohm potentiometer. PC mount 
R7 -R10 -1900 -ohm, 1 4 -watt. 10% 

then readjust RI and R4. Once that is done, adjust R3 and R6 
so that LEDI9 and LED40 illuminate. By that adjustment the 

last two LED's of each channel (LED2I, LED22, LED41, 
and LED42) will not come on except when the loudspeakers 
are overdriven. 

Now adjust the audio amplifier until LED13 and LED33 
just turn off and adjust RI and R4 once more until LED12 and 
LED32 illuminate. That completes the calibration of your 
power meter. By adjusting the volume on your audio ampli- 
fier, LED2 to LED22 and LED23 to LED 42 should respond 
to the input signal. Should it be desired to change the range of 
the unit, all that needs be done is readjust R2 and R5. The 
final step is to put the access panels and cabinet in place. 

Use of the Meter 
Connect the Stereo Power Meter across your speakers (Fig. 

8) and turn the meter and your audio system on. By adjusting 
the system's volume, the LED's should light in response to 

the power going to your speakers. With your new audio power 
meter, you can adjust the balance of your speakers (when in 

TABLE 2 -LED POWER INDICATION 

Number of 
LED 

Illuminated 

Percent of 
Power 

Indicated 

Number of 
LED 

Illuminated 

Percent of 
Power 

Indicated 

1 0.0 11 25.0 
2 0.3 12 30.3 
3 1.0 13 36.0 
4 2.3 14 42.3 
5 4.0 15 49.0 
6 6.3 16 56.3 
7 9.0 17 64.0 
8 12.3 18 72.3 
9 16.0 19 81.0 

10 20.3 20 90.3 

The rear apron of the unit 
shows eight jacks, four 
of which are not connected. 
Light -colored square is a 

patch covering a hole 
made for a prior project. 

R11 -R14- 3900 -ohm, 1,4 -watt, 10% 
R15 -220 -ohm, 1:4 -watt, 10% 
R16 -1000 -ohm potentiometer, PC mount 

ADDITIONAL PARTS AND MATERIALS 
J1 -J4 -phono jacks, RCA -type 
S1 -SPDT, toggle or slide switch 
S2 -SPST, toggle or slide switch 
T1 -Power transformer, 117 -VAC pri. winding: 12.6-VAC 

1.2 -A sec. winding 
Printed -circuit materials or perfboard, 13- x 2- x 8 -in. 

aluminum chassis, decals, wire, solder, IC sockets, 
hardware, etc. 

PARTS FOR CIRCUIT OPTION 
R17, R18- 100,000 -ohm potentiometer, PC mount 

S3 -DPDT, toggle or slide switch 
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FIG. 8 -Your new Stereo Power Meter is connected in parallel 
to your present audio system' speaker terminals. No special 
wiring is needed -ordinary #22 stranded hook -up wire will do. 

the mono mode) and watch the levels to be sure that the 
system is not being overdriven. The chips respond linearly to 
voltage and not to power. For example, when 70 percent of 
the LED's illuminate, then 70 percent of the maximum RMS 
voltage is being delivered to the speakers -and that is equal 
to 49 percent of the power. 

If you need to know the value of each LED in watts, refer to 
Table 2. The values in the Table 2 are calculated by the 
equation: 

Pn = I(n- l) /212 x (PMAX _ 100) 

where P is the power for nth LED illuminated and PMAX is 

the maximum power meter was preset to indicate. 

In Case of Trouble 
If you have trouble getting the Stereo Power Meter to work, 

check all wires from jacks, boards, and power supply. Make 
sure that power is going to the board and the signal is reaching 
the main board. Take the access panels off and check to see if 

(Continued on page 104) 



The IBM -compatible NTS /Heath 
HS -151 PC is included in three 
training programs. 

--,111° 

IF YOU WANT TO GET 
INTO PC SERVICING 
YOU HAVE TO GET 

INTO A MICROCOMPUTER 
Learn PC Servicing By 
Building Your Own 
NTS /HEATH HS -151 
Desk -Top Computer 

NTS Intronic home training gets 
you right down into the heart of com- 
puter circuitry. Learn how micropro- 
cessors function, how they operate 
and are used to solve problems. 
Your program includes a wide va- 
riety of tests and projects you 
perform as you build your own PC, 
circuit board by circuit board unit 
by unit. 

The NTS /HEATH 16 -Bit 
HS -151 

This remarkable desk -top PC is 
the most powerful and versatile ever 
offered in any home study course. 
Advanced features include: 

128 KB RAM user memory, expan- 
dable to 640 KB. This power trans- 
lates into high speed operation, 

IBM is a Registered Trademark of International Business 
Machines Corp. MS is a Registered trademark of Microsoft 
Corn 

Two video outputs provide con- 
nections for either a color or mono- 
chrome video display monitor. 

16 -Bit 8088 microprocessor runs 
most IBM and MS -DOS software. 

4 open slots provide for expansion, 
will accept most peripheral boards 
designed for IBM PC. 

Your NTS training course will 
teach you how to program on this 
powerful PC using lessons, texts 
and diagrams showing you how to 
make full use of its remarkable 
capabilities. 

NTS Offers Many Additional 
Courses in Electronics, 
and other fields: 
Robotics: Build the NTS /Heath 
Hero 1 Robot as you learn robotic 
programming. 
Video Technology: Build the NTS/ 
Heath System 3 advanced Color TV 
as you learn circuit diagnostics. 

TV and Radio Servicing: A spe- 
cialized course featuring training in 

both analog and digital test equip- 
ment. Learn servicing of mono- 
chrome and color TV receivers. 

NTS also offers courses in Auto 
Mechanics, Air Conditioning /Solar 
Heating, Home Appliances. 

If card is missing, write direct fo the address below and 
specify the course in which you are interested. A FREE color 
catalog will be sent to you by return mail 

NATIONAL 
TECHNICAL 
SCHOOLS 

TECHNICAL TRADE TRAINING SINCE 1905 
Resident and Home.Study Schools 

4000 So. Figueroa St., Los Angeles, CA 90037 
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Updating the 
EXPERIMENTER'S SHOP 
Today's budget test equipment and tools make your hobby fruitful! 

By Herb Friedman 

40 

IF YOU'VE BEEN KEEPING YOUR SHOP UP TO DATE WITH 

modern technology, it's more than likely you've been out 
shopping for new hand tools and test equipment. Those 
purchases are necessary to bring your shop into the digital 
era, to what some are calling the age of computers. And if 
you're like most experimenters. you probably thought you 
were having a nightmare when you read the price tags. The 
cost of both hand tools and test equipment now represents a 
substantial investment rather than pocket change or a few 
hours of overtime or a part-time job. 

When this writer was starting out in hobby electronics, I 

purchased my test -bench tools and accessories as the urge 
struck. If I saw a particularly intriguing tool or gadget, I 

would generally buy it for pocket change, or a dollar or two - 
at most, three dollars. Same thing occurrred with test gear. If 
it struck my fancy, I could usually buy it then and there! And 
if the equipment I wanted couldn't be squeezed into the 
budget, I could generally buy it used at an electronics flea 
market for a fraction of its cost. 

Fortunately, upgrades to electronic circuits and hardware 
were few and far between, so the same test gear and tools 
could be used year after year. 

Unfortunately, that is no longer true, because the toler- 
ances of the modem sophisticated solid -state circuit is often 
several magnitudes greater than that of older test equipment: 
the coarse tolerances of the older test gear can often conceal a 
defect in modern equipment. 

Also, modem circuit components are smaller, more deli- 
cate, and highly sensitive to static- voltage damage. A large 
tool can easily crush several perfectly good components; an 
oversize test probe can overlap solder contacts and zap a 
handful of integrated circuits, before you even know that 
you've done something wrong -and walking across a carpet 
just before you touch certain components can instantly de- 
stroy them. 

As a general rule, modem circuits require both new tools 
and test equipment. While the cost of both are often astro- 
nomical- thereby foreclosing the casual or impulse pur- 

ANALOG MULTIMETERS 

Radio Shack Multimeter 22- 212 -510.94 

The famous Simpson 260- 5- S65.00 

Radio Shack Multimeter 22- 201 -$19.95 

CIRCLE 957 ON FREE INFORMATION CARD CIRCLE 955 ON FREE INFORMATION CARD CIRCLE 957 ON FREE INFORMATION CARD 
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DIGITAL MULTIMETERS 

VIZ DMM WD- 785 -$99.00 

CIRCLE 954 ON FREE INFORMATION CARD 

B &K- Precision DMM 2806 -$75.00 
Radio Shack 22-189-S49.95 

CIRCLE 953 ON FREE INFORMATION CARD 
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chase -it's still possible to equip the shop for modern 
technology without having to take out a second mortgage on 

the farm. 

Analog 
Even though the world is fast becoming all digital. there's 

still need for the old- fashioned analog VOM (the Volt -Ohm- 
Milliammeter) -the kind whose reading is displayed on a 

meter having several range scales. 
Why buy an analog meter when. dollar -for- dollar. a digital 

display meter provides greater accuracy and convenience? 
Because. its hard to track a varying voltage with a digital 
meter. The reading of a typical experimenter- quality digital 
meter is upgraded every 1.5 to 2.5 seconds. A transient 
circuit disturbance that self-clears almost the instant it occurs 
will rarely be displayed by a digital meter. However sophisti- 
cated the test -bench setup. you'll need an analog VOM when 
you have to track a varying value. 

While the legendary Simpson 260 VOM is still available. 
the various models are priced from $100 up. That is often not 
only beyond the budget of most experimenters -the VOM's 
performance is well beyond what's needed. If you have no 
need for the high -pertürmance features of a Simpson 260. or 
its equivalent. you're probably better off opting tür a digital 
meter and a very low -cost VOM für those times you'll need to 
track a varying value. 

Low -cost VOM's start out at $8. the price rising very 
slowly as features are added. All models will measure voltage 
with an acceptable degree of accuracy and convenience für 
brute - tree tests, such as checking the voltage of a car bat- 
tery. the powerline. or the output of a battery eliminator. 
Resistance measurements are what create problems for the 
lowest priced VOM's. They generally have only one resis- 

tance range. which jams low and high values into a teeny area 

at the ends of the scale. Accurate. or even useful readings. are 

possible over a somewhat limited range of resistance. About 
$15 or $20 will buy a VOM with several resistance ranges. 
providing a finer resolution of low and high resistance values. 

Also. there's the question of meter loading. Except for the 
current measurements. VOM's represent a resistance con- 
nected in parallel with the circuit being tested. The least 

expensive VOM's generally represent 1000 -ohms- per -volt 
sensitivity for the total range. If your meter is set for a full - 
scale range of 5 volts. the meter represents a resistance of 5 x 
1000 or 500( ohms. If the full -scale range is 15 volts. the 

meter represents a load of I5.(X0 ohms. 
Obviously. it you're trying to read the collector -to- ground 

voltage of a transistor with a 10.0(0-ohm collector -load re- 

The VIZ bench -top ca -ry digital multimeter WD -763 is 
an auto ranging device that sells for $249.00. 

VIZ WD-763 0 Q 

0 
12134 35114 
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SPECIALIZED BUDGET 
TEST EQUIPMENT 

Radio Shack Digital Logic Probe 22 -302 
with simultaneous tone -$19.95 

CIRCLE 957 ON FREE INFORMATION CARD 

Radio Shack 
Dynamic Transistor Checker 
Model 22- 025- S14.95 

11/ 

B8K- Precision Model 1042 analog 
telephone line analyzer -$19.95 

CIRCLE 957 ON FREE INFORMATION CARD CIRCLE 953 ON FREE INFORMATION CARD 

sistor, the 15.000 -ohm load of the VOM is going to affect the 
circuit's operation. because it will appear in parallel with the 
10,000 -ohm circuit resistance. 

About $20 to $30 will buy a meter rated anywhere from 
20,000- to 50,000- ohms -per -volt sensitivity. If your test gear 
will be limited initially to only a VOM, it's probably better to 
trade -off features for a higher ohms -per -volt rating. Even the 
most sophisticated meter isn't too valuable if it seriously 
disturbs the circuit being tested. 

Normally, when someone will be working with circuits 
that will be unusually sensitive to circuit loading, a special 
kind of analog meter called an FET solid -state VOM is 

recommended. The input to those meters is a field- effect 
transistor, which provides a load impedance of approximately 
10 Megohms -which won't have any effect on the average 
experimenter circuit or project. Unfortunately. those meters 

r 

Science Fair 10 -piece electronics tool set (64 -2801) is 
a starter's set that sells for $14.95. 

CIRCLE 957 ON FREE INFORMATION CARD 

are rather expensive. The least expensive falls into the range 
of $150 to more than $350. On the other hand, a DMM -a 
digital multi- meter -with the same input impedance sells for 
well under $100. Other DMM's are closer to $50. For many 
experimenters, and even service technicians. the DMM will 
be the better buy, even with its lack of ability to track continu- 
ously varying values. 

Most DMM's work extremely well, regardless of price. As 
a general rule: If you're on a tight budget. don't buy the best 
meter hoping to save up for the other items you'll need. That 
idea rarely works out well. Instead. purchase the least expen- 
sive DMM, because, more often than not, all you will sacri- 
fice is an accuracy that you probably won't need and possibly 
better overall construction. But if you give a DMM the same 
care you would an ordinary analog VOM, it will probably last 
one day short of forever. 

Logic Probes 
Next item on your list should he a logic probe. Digital 

circuits, from your home computer to the rare- roast -beef 
selector on the microwave oven, work by digital pulses rather 
than voltage levels. The pulse is over and gone before your 
meter -even a digital meter -gets a chance to respond. Log- 
ic probes stretch the displayed pulse so that an indicator - 
usually an LED -stays on long enough to be observed. 
Depending on the particular probe model, the LED might 
indicate single pulses or pulse trains, or lock on until man- 
ually released. Naturally, the more features, the higher the 

price -which starts at about $20 and goes up, depending on 
features and the frequency rating. That's an indication of how 
fast a pulse it can freeze. 

Batteries Low? 
To get away from high -tech for a moment, the lowly battery 

checker that sells for about $10 should have a prominent place 



on any experimenter's test bench. Much equipment -from 
home -brewed projects to a portable DMM -is powered by 
batteries, and many of such equipment don't have a low - 
battery indicator. Many are the hours spent troubleshooting a 
project or a perfectly good piece of equipment whose only 
problem is weak batteries. The first thing to check when 
anything goes wrong with battery- powered equipment are the 
batteries. Use one of the multi -volt. multi -load meters which 
allow you to switch -select a light, medium, or heavy current 
drain. Don't try to check batteries with your VOM or DMM 
because a battery will always indicate the proper voltage 
when it's unloaded (not supplying current). 

Pictures Tell The Story 
Every electronics teacher worth his paycheck always tells 

his class that if stuck on a desert island the one piece of test 
equipment he'd want is an oscilloscope. because it not only 
measures voltage but tells you what it looks like. If you're 
into audio. RF (low- band), even digital, a scope shows pre- 
cisely what the signal waveform looks like. 

Back in the the early days of electronics, any general - 

purpose scope was all the average hobbyist needed. Today. a 
general purpose scope is almost useless. For digital work the 
scope must be triggered; for just about anything it needs a 
frequency response to at least 20 MHz. And for serious work, 
the scope should have a delayed sweep, possibly dual trace, 
and a calibrated time base. The price of such a scope is about 
$500- $900 -not inexpensive by any means. The general rule 
here is if you can't afford at least that minimal performance 
and features don't buy anything! Wait until you can afford a 
decent scope. While you might get by with a what is called a 
TV service scope, for digital and RF work you'll need the 
features of the laboratory-type scope. It's best to wait until 
you can afford what's really needed. Of course. if your main 
interest is TV. get a TV scope. Their convenience of switch - 
selected H and V sweeps is a big advantage for TV work. 

1...2...3... 
A digital frequency counter should be on every experi- 

menter's wish list. Other than the megabuck laboratory signal 
generators, few are accurate enough for modern circuits, 
whether it be an audio null filter to squash hum when dubbing 
a friend's tape. or an RF -notch filter to keep the broadcast 
station down the block from swamping an FM receiver. But 
almost any signal source, no matter how inexpensive, can be 
accurately set to the desired frequency(s) by checking its 
output with a frequency counter. 

Most hobbyists can get by with a battery- powered portable 
counter that covers from slightly above DC to about 100 
MHz. Low -cost frequency- extender accessories are available 
for those who need coverage above 100 MHz. Several coun- 
ters are available for about $100 -$160 depending on the 
number of display digits (which determines the resolution) 
and the operating features. 

When it comes to frequency meters and counters, anything 
is better than nothing. If you can't afford the best, try to get 
something. 

But It Looks OK. 
You can't tell if a transistor is defective just by looking at 

it, but fortunately most either work or don't work. There is 
rarely such a thing as a weak transistor. While it's advan- 
tageous to know the transistor's actual leakage and beta 
values, in most instances all you really need to know is that 
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Iwatsu DC- 20411 -z SS- 5702- $53E.00 
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Leader LBO -2 20- MHz -$470.00 
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the transistor is working. That is, it is neither burned or open, 
and that can be determined by an under -$20 transistor check- 
er. The instrument won't measure beta, but it will tell you if 

(Continued on page 98) 
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By Steve Pence 

MOST HOME COMPUTERS HAVE AN RE OL'TPL"r THAT AL- 

lows them to be connected to a standard TV receiver via the 
antenna terminals. That allows you to use your TV set as a 

monitor, saving you extra cost. Unfortunately, after the novel- 
ty of the new computer wears off (about an hour at our house). 
the rest of the family wants the TV for something frivolous 
such as network programming. 

Along with an RF output. many computers also have a 

direct video output designed to drive a standard monitor. So 
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it's usually not long before you begin looking for just such a 

monitor. 
Most surplus computer monitors will use either a green or 

amber phosphor for the screen. That is great if your comput- 
er's video format provides for bright characters on a dark 
background. Many computers do not follow that format and 
you soon find out that no one knows how to correct the 
situation. The project we're about to describe, solves that 
problem. 
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PARTS LIST FOR PICTURE FIXER 

SEMICONDUCTORS 
D1 D4-- 1N4148 diode 
Q1- 2N2222 NPN transistor 
U1, U2 -LM311 comparator integrated cir- 

cuit 
U3 -7486 or 74LS86 EXCLUSIVE -OR 

integrated circuit 
U4 -7805 5 -volt regulator integrated circuit 

RESISTORS 
(Fixed resistors are 1/4 -watt, 5 %, units) 
R1, R8 -4300 -ohm 
R2, R5, R13- 1- Megohm 
R3, R11- 10,000 -ohm, linear- taper, trim- 

mer potentiometer 
R4, R12, R9- 10,000 -ohm 
R6, R14, R7- 1000 -ohm 
R10 -220 -ohm 

CAPACITORS 
C1, C2- .1 -µF, polyester, 10% 
C3 -10 -11F 25 -WVDC, tantalum 

Fig. 1- Schematic diagram for the Picture Fixer. The circuit 
converts the output from a color computer such as the TI -99 a 
into a form suitable for display on a monochrome monitor 



In the upside -down computer world this project flips your video right -side up! 

The simple circuit, shown in Fig. I. that makes up the 
Picture Fixer will accept the video signal from your computer. 
separate the sync pulses. invert just the video, add the new 
video to the old sync pulses, and then send them on to your 
newly acquired monitor. 

Circuit Description 
Refer to the schematic shown in Fig. I. and the waveform 

timing -diagram shown in Fig. 2. for the following discussion. 
The video signal is brought in through JI and applied to a 

clamping circuit consisting of CI. DI, D2, D3, RI. and R2. 
The clamp circuit forces all of the sync pulses to line them- 
selves up at the same DC voltage level. 

With the video voltage clamped. the trip points of the 
comparators that follow can be set with trimmer resistors R3 
and RI I. and will not have to be readjusted. One comparator. 
U1, is adjusted to change states with a change in either video 
or sync -pulse levels. The other comparator, U2. is adjusted to 
trip on changes of sync -pulse levels only. 

The output of UI now consists of a logic level (0 to +5 
volts) signal that contains both sync pulses and video. The 
composite signal is coupled to an EXCLUSIVE -OR gate. U3 -a. 
where it is either inverted or not inverted. 
depending upon the position of switch 
NORM /REV SI. The output. at pin 3 of 
U3 -a, is next sent to U3 -b. There the com- 
posite signal is combined with the sync- 
pulse only signal from U2. The EX- 

ADDITIONAL PARTS & MATERIALS 
S1- -SPST, miniature toggle 
J1.J2 -Phono jack 
Wall plug transformer ;Radio Shack 
273 -1455 or equivalent), printed- circuit 
board. enclosure (Unibox #120 or equiv- 
alent). etc. 

The following are available from Elephant 
Electronics Inc. P.O. Box 41770 -P, Phoenix, 
AZ 85080: PF -1B- Printed -circuit board, 
$6.55 each; PF -1 -complete kit of all parts 
listed above, $19.95; PF -1A- assembled 
and tested unit, $29.95. Arizona residents 
add 6 ° %o sales tax. Please add $2.50 per kit 
for first class postage and handling in the 
U.S.. Canada, and Mexico. Other foreign 
orders add $6.00 for shipping and handling, 
and remit payment via a cashier's check or 
international money order drawn on a U.S. 
bank. All orders allow 4 to 6 weeks for deliv- 
ery. 

U1, U2 
PIN 3 

U1-7 

U2-] 

U3-3 

U3-8 

CLUSIVE -OR action of U3 -b cancels out the sync pulses leav- 
ing only video at its output. 

Since the sync pulses are inverted as they pass through U2, 
they must be inverted once more before being combined with 
the video signal. That final inversion is performed by U3 -c, 
and that device's output is combined with that of U3 -b via 
D4. R7, R8. and R9. The newly combined signal is buffered 
by emitter -follower QI and sent to the outside world via J2. 

The circuit can be powered by a 9- to 12 -volt wall -mount 
power supply. The supply voltage is regulated down to five 
volts by U4. 

Construction 
Although a printed -circuit board makes assembly much 

more convenient it is not a necessity. The project can be built 
on perfboard using wire wrap since layout and wiring are not 
critical. If you wish to use a printed- circuit board, an appro- 
priate foil pattern is shown in Fig. 3: the corresponding parts - 
placement diagram is shown in Fig. 4. 

Regardless of the construction technique you use, here is a 
pointer to keep in mind: Trimmer resistors R3 and RI I should 

Si INVERSE 

U3-6 

VIDEO 
OUT 

Fig. 2- Timing diagram for the Picture Fixer. When Si 
is set to INVERSE, the diagrams shown in A apply; when 
it is set to NORMAL, the diagrams shown in apply. 
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7J 
Fig. 3- Although any construction technique can be used, 
mounting the components on a printed- circuit board is 
recommended. An appropriate full -size foil pattern for such 
a printed- circuit board is provided here. 

Fig. 4- Parts -placement diagram for the printed- circuit board 
that is shown in Fig. 3. Note that the board is flopped 
and shown in an x -ray view with external connections indicated. 

INVERSE NORMAL 

be the horizontal- mounting type to make adjustment from 
above easy to do. 

If the power supply module you use provides more than 
nine volts, you will need to add a heat sink to U4. A few 
square inches of aluminum or brass sheet will be sufficient. 
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Checkout 
The easiest method of checkout is simply to connect the 

unit to your monitor and computer. Begin with both potenti- 
ometers R3 and RI I set completely counterclockwise. Type a 

few lines of text into your computer's keyboard and observe 
the video image. 

Now adjust RII slowly clockwise while watching your 
monitor. At some point the screen will jump or change 
brightness slightly. Stop and slowly adjust R3 clockwise until 
the text you typed appears on the screen. Fine- adjust both R3 

and RII to suit your own taste. 

112 U3 

Final Comments 
The Picture Fixer will work with any computer 

that can provide a signal level of a half a volt 
peak -to -peak, or more. If you own a T/ -99. this 
project is a perfect match. 

If your computer is not equipped with a direct 
video output jacks, you can usually tap off a 

usable video signal at the input to the computer's 
RF modulator. 

Keep in mind that this is a digital circuit de- 
signed to be used with computer -generated vid- 
eo. If you attempt to use it with video from a 

camera or VCR the results will not be satisfacto- 

ry. 
The reason is that the Picture Fixer unit re- 

sponds only to logic levels (black- and -white, on- 
and -off, etc.) and not the voltage levels needed to 
represent shades of gray. In addition it will not 
pass color signals. If you run the output of your 
color computer through it the signal will be con- 
verted to black and white. 

The completed project is shown here mounted in the enclosure 
mentioned in the Parts List. Note that U4, the 5 -volt regulator, 
is heat sinked as described in the text. 
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By Robert A. and Adaline J. Macy 

HANDS- 
FREE 

TELEPHONE 
Now you can write, type, or input -data when talking on the telephone! 

DHOW MANY TIMES HAVE YOU BEEN USING THE TELEPHONE 
and tried to write notes, or enter data into your computer, 
while holding a clumsy telephone handset tucked under your 
chin? How many times have you been put on hold and wished 
you had your hands free to do some pressing bit of paper 
work? 

After that happened to you, you probably wished you had a 

light -weight telephone headset so you could have a hands - 
free telephone. If you are like many people, you were very 
surprised at the exorbitant price you found you would have to 
pay -anywhere from $70, $100, up to $170 -for such a 

simple gadget as a headset. You asked yourself, why should a 

telephone headset cost that much when a cassette player with 
stereo headphones costs $29.95 and a cassette recorder with 
all its complexity and mechanisms costs only $22.95? Why 
hasn't someone put the two together, throwing away more 
than half of each, and still produce a high -quality headset? 
No one has, but you can! 

This article will show you how to build a telephone ac- 
cessory that will give you hands -free operation for under 
$29.00. That sounds incredible, but it's true. You may be able 
to save even more, because everything in the telephone - 
adapter's design and construction relies on parts that you may 
already have, or on old projects that are readily available. 

Using the telephone adapter 
The name of the device is Hands -free Telephone Adapter, 

but we will call it the telephone adaptor, or adaptor, in the 
text. The adaptor replaces the telephone handset of your 
telephone. Set the adaptor down on the work surface in front 

of you, or beside the phone. Disconnect the curly cord from 
the handset of your telephone and connect it to the adapter. 
Plug the stereo earphones in to the adaptor and only use the 
disconnected handset to operate the telephone -hook switch. 
If you have a several extensions coming into the telephone, 
you could use the pushbutton to hang -up or pick -up. 

As you use the telephone adapter, you will note several 
striking differences between its performance the the perfor- 
mance of your normal telephone. The adapter's microphone 
is very sensitive and will pick up your voice even if you're 
across the room. Your voice will sound very clear to the 

person at the other end of the line, since your speech will not 
have the severe harmonic distortion generated by a tele- 
phone's carbon microphone. Besides, a very real advantage 
of having sound in both of your ears from an earphone set is 

that the earphones give you very clear sound. You will be able 
to understand long- distance telephone calls even when the 

trunk -line connection is poor and noisy. 
After actually using the telephone adapter and the light- 

weight headphones, and after becoming accustomed to the 
advantages of hands -free telephone operation, you will find it 
irksome to return to the burden of the poor -quality, old - 
fashioned handset. 

Earphone and microphone 
If the telephone adapter is to replace the handset properly. 

the impedances and signal levels of the handset must be 

maintained. The telephone's earphone has a permanent mag- 
net and voice coil which, produce sound very efficiently. Less 
than 30 millivolts peak -to -peak across its terminals will gen- 
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erate adequate sound. The earphone's ability to efficiently 
generate sound also makes the task of accurately characteriz- 
ing its electrical impedance with a simple network of passive 
components practically impossible. However, over the audio 
spectrum its impedance is partially inductive and partially 
resistive with a magnitude of about 100 ohms. 

Since the earphone is supplied with so little energy from 
the telephone base, it is reasonable to assume that the tele- 
phone's operation would not be adversely affected if the 
replacing circuit's impedance does not exactly match the 
earphone's impedance. Just an amplifier with sufficient gain 
and an input impedance around 100 ohms is needed to replace 
the earphone. 

Another characteristic of the earphone is that it may be 
used as an active microphone. When the earphone is spoken 
into, the resulting movement of the voice coil in the perma- 
nent magnet will generate a signal of about twenty millivolts 
peak -to -peak. 

The telephone's microphone is a passive microphone and 
supplies no energy. It is a two -terminal, variable resistor 
which has a quiescent impedance anywhere from 100 to 300 
ohms; speech modulates that impedance about twenty to 

thirty percent. 
The microphone's resistive element is comprised of loose 

carbon granules sealed between two contacts. A diaphragm 
transfers the air -pressure variations of the sound waves to 

pressure variations on the granules. As the pressure varies on 
the granules, the resistance across the terminals of the micro- 
phone varies. 

Unfortunately, those pressure variations do not produce 
linear changes in resistance. As the microphone is used, its 

resistance increases from granules losing contact with each 
other more than its resistance decreases from granules being 
compressed -significantly distorting the signal. Fortunately, 
that speech distortion is barely noticeable. After years of 
telephone useage, speech distortion is considered the norm. 

In order for the variations of the carbon microphone's 
resistance to generate any usable signals, the telephone line 

Fig. 1- Simplified block diagram of the 
Hands -free Telephone Adaptor illustrates 
the basic circuit operation and the 
detailed interconnection of the device 
to your home's telephone line. 

(through the telephone base) has to supply the microphone 
power, in the form of current, for it to modulate the DC 
current. When a telephone is connected to an active phone 
line and goes off -hook, the terminals to which the micro- 
phone is connected act as if the microphone had been con- 
nected to a 7 -volt battery with about 120 ohms in series with 
it. The microphone will have a voltage drop of about four to 
five volts across it and will have about 20 to 30 milliamperes 
of current to modulate. Speaking into the microphone will 
then generate a voltage variation of about 1 volt peak -to -peak 
across the microphone. It is that signal that is sent down the 
phone lines. 

Theory of operation 
To understand how the circuits in the telephone adaptor 

work, keep in mind that the telephone adapter replaces the 
telephone handset. It has to pick up sound and put it into the 
phone line, and it has to get signals from the phone line and 
generate sound for you. It must do all that without too much 
of the one interfering with the other. Luckily the two func- 
tions, send and receive, are already separated by the tele- 
phone base. The two electrical signals do, however, have a 

common connection inside the telephone base but travel 
separately to the handset over the two pairs of wires in the 
curly cord. The circuits in the telephone adapter take advan- 
tage of both the common reference connection and the sepa- 
ration of signals. The signal that would have normally gone to 
the earpiece goes to a transistor amplifier to drive a set of 
stereo headphones. The signal that would have come from a 

carbon mike now comes from a transistor amplifier and an 
electret microphone. Both amplifiers are powered from the 
phone line via the curly cord and do not require any external 
power. 

When the telephone is connected properly to the phone 
line, the common connection between the earphone and the 
microphone is the plus lead of the power going to the carbon 
microphone. That relationship can be seen in Fig. 1, along 
with the equivalent circuit for the telephone and the block 
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Fig. 2 -The schematic diagram of the Hands -free Telephone 
Adapter is drawn so that the two distinct headset and 
microphone amplifier sections can be seen quickly. For 
connecting the device to the telephone system refer to the 
cable hookup in Fig. 1. Jack J2, a stereo mini -jack is wired 
to operate the stereo earphones as a monophonic device. 
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diagram of the two amplifier circuits in the telephone adapter. 
Figure I shows how the headset amplifier's input signal is 
referenced to its plus power lead and its output signal is 
referenced to its minus power lead. The power terminals of 
the headset amplifier must be an AC short, so that no signal 
that is generated by the microphone amplifier will appear 
across them. 

The electret microphone is a powered microphone with a 

built -in FET integrated- circuit (IC) amplifier to provide a 

lower output impedance than the electret would have 
provided by itself. The output signal from the FET IC ampli- 
fier is referenced to the electret's most negative terminal- 

which, in that case, is also the microphone amplifier's minus 
power terminal. The microphone amplifier's output signal is a 

modulation of the current supplied to it by the telephone 
base. That modulation of current duplicates the function of 
the carbon microphone it replaced. 

In the schematic diagram for the Hands -free Telephone 
Adapter shown in Fig. 2, transistor QI of the headset ampli- 
fier circuit amplifies the 30- millivolt signal (that would have 
gone to the earphone) to .5 volts, which sufficiently drives 
the stereo earphones. Since QI has about 25 milliamperes of 
bias current, it has an input impedance of about 1(X) ohms. As 
stated earlier, an impedance of 100 ohms closely approxi- 
mates the impedance of the telephone earphone it replaced. 

Capacitor CI blocks any DC current from shorting back 
into the telephone base. Capacitor C2 provides the very 
important AC signal short around the amplifier. Capacitor C3 
provides high- frequency rolloff characteristics and prevents 
the amplifier from oscillating. Capacitor C4 is a DC block to 
the 35 -ohms impedance of the stereo earphones, and resistor 
R4 bleeds off any charge build up to prevent a popping sound 
when the stereo earphones are plugged into the mini -ear- 
phone jack J2. The headset amplifier has only about 2 -volts 
DC across it. 

Microphone amplifier 
The microphone amplifier circuit has about 3 -volts DC 

across it. It amplifies the 20- millivolt signal from the electret 

PARTS LIST FOR HANDS -FREE TELEPHONE ADAPTER 

SEMICONDUCTORS 
Q1, 03- 2N3906 PNP transistor 
Q2- 2N3904 NPN transistor 
RESISTORS 
(All resistors are fixed units, 1/4 -watt, 5% to erance) 
R1- 2700 -ohm 
R2, R7 -4700 -ohm 
R3-47 -ohm 
R4 -1000 -ohm 
R5-330 -ohm 
R6 -2200 -ohm 
R8 -3300 -ohm 

CAPACITORS 
C1, C6- 10 -1.1F, 20 -WVDC, electrolytic 
C2, C4, C5- 100 -11F, 20 -WVDC, electrolytic 
C3- .001 -µF, ceramic disc or mica 
C7- .02 -.&F, ceramic disc 
ADDITIONAL PARTS AND MATERIALS 
J1 -Base jack for handset cord (Centel #06 -4438, or 

Radio Shack equivalent) 
J2- Mini- stereo jack, PC mount 
M1- Microphone, electret condenser (Primo, Co., 2468 

Delta Lane, Elk Grove, IL) 
1- Stereo earphones with cable and mini -stereo plug to 

match J2 
Deluxe metal utility cabinet (Radio Shack 270 -251), .5- 

in. rubber grommet, hardware, printed- circuit board 
materials, wire, solder, etc. 

As a courtesy to readers, a complete kit of parts is 
obtainable from the authors. The kit contains stereo 
earphones, an unmodified metal box, a vector board. 
both connectors, electronics parts, and miscellaneous 
mounting hardware. The kit can be ordered for $29.95 
plus 6Y2% sales tax in California and $4.00 for shipping 
and handling. The microphone, by itself, is available for 
$3.50. Make check payable to AJM and mail to: AJM, 
619 North First Street, San Jose, CA 95112. Sorry. no 
COD's. 
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microphone to about 2 volts peak -to -peak. The total DC 
voltage across both amplifier circuits is 5 volts. The 2 volts 

peak -to -peak appears at 5 -volts DC, since the headset ampli- 
fier is an AC short. That 2 -volt peak -to -peak signal at 5 -volt 
DC duplicates the signal levels of the carbon microphone, 
which the circuits replaced. 

The microphone amplifier circuit is composed of tran- 
sistors Q2 and Q3 in an inverted Darlington configuration. 
Another, and perhaps easier, way to understand the operation 
of that circuit is to consider Q3 as an emitter -follower stage. 

The electret microphone has a built -in FET IC amplifier 
that needs at least 3 volts at 0.4 milliamperes of clean supply 
power in order to provide an output impedance of 200 to 800 
ohms. Resistors R6 and C5 provide that clean DC power to 
the FET IC and also provide the bias to Q2 without any AC 
feedback, which would have reduced Q2's gain. Capacitor 
C6 blocks the output DC bias from the FET IC. 

A momentary pushbutton switch can be added to provide 
muting capability to the adapter. That is similar to putting a 

call on hold. The switch should be placed between C6 and the 

junction of R7 and R8. A 50,000 -ohm resistor should be 

placed in parallel with the switch terminals to maintain the 

charge on C6, so there is no popping as the momentary 
switch is pressed and released. 

Construction 
It should not take longer than four hours to build and check 

out the telephone adapter once you have assembled all the 

parts and necessary tools. 

Here's the Hands -free Telephone 
Adapter ready to go. Note that the 
curly cable is not connected to the 
handset on the phone. The handset 
is used solely as a weight to hook - 
down the telephone when not in 
user. Should you have trouble with 
the telephone. remove the curly 
cord from the adapter and reconnect 
it to the telephone. If the problem is 
still there, return the 'phone to the 
local telephone office for repair. 

Fig. 3 -The front template is important to 
the builder because it permits the printed - 
circuit board to align properly with the 
front panel. The rear template is scaled to 
match the telephone connector (J1) 
specified in the parts list. Should you use 
a different one, do not cut the rear panel 
until you have measured the new connector. 

0.80 

First start by modifying the box. Only the bottom half of 
the box is modified. After removing the four rubber feet, drill 
out their mounting holes with an 1/8 -inch bit. In the center of 
the back wall of the box, cut a slot for the curly cord 
connector 0.71- inches high and .42 inches wide. The mate- 
rial is thin aluminum, so a nibbler tool will work well. 

On the front wall of the box, drill a .5 -inch hole for the 

electret microphone grommet .80 -inch up from the flat bot- 
tom surface of the box and 2.20 -inch over from the right edge 
of the front of the box. Also, drill a 1/4 inch hole for the stereo 

earphone jack 0.80 -inch up and 1.10 -inch from the right. To 
make that task easier, use the templates shown in Fig. 3. 

Now mount the rubber feet by using the one -inch long 6 -32 
screws. Use the washers that were already with the feet and 
tighten them down with the hex nuts. The final order of the 

parts that are placed along those screws will be: washer, 

rubber foot, metal box, nut space, printed- circuit board, and 

nut. If you do not use spacers, the order will be: washer, 

rubber foot, metal box, nut, nut, printed -circuit board, and 
nut. 

Slide the curly -cord connector into the slot to check for 
possible interference. It may be necessary to remove a small 
amount of plastic from the connector in order for it to slide all 
the way down into the slot. The connector should not be left in 
the slot at this time. Insert the .5 -inch rubber grommet for the 
microphone into the hole in the front wall. Do not mount the 

jack for the stereo earphones at this time. The jack is printed - 
circuit -board mounted and will slide in with the whole as- 

sembly later. 
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Fig. 4- Same -size foil pattern that can be used to make a 
printed- circuit board for your home -brew project. Should you 
use a Vector board with a hole -grid pattern spaced .1 -inch 
apart. lay this diagram on it and insert the flea clips in 
position from the bottom of the pre -drilled board. 

Fig. 5 -The parts for the project are shown here positioned 
on a drawing of an x -ray view of the printed- circuit board. 

The circuit board 
The circuit board for the telephone adapter can be made 

one of two ways. It can be a printed- circuit board made as a 
single -sided copper -foil board using the pattern in Fig. 4. Or, 
because the adapter has so few components with a simple 
layout, the components can be mounted onto a piece of vector 
board. Use a piece of predrilled vector board which has .1 

inch centered holes, cut it to the dimensions in Fig. 4, and 
drill it in four places for the mounting screws. 

Assemble the board, soldering in all the components ex- 
cept the microphone and the phone- connector. See Fig. 5. 
The microphone will be soldered in as the whole adapter is 
assembled and the phone connector will be soldered in during 
an electrical check -out. If vector board is used, assemble the 4 

components by bending their leads on the reverse side of the 
board to make most of the connections. Refer to the sche- 
matic diagram (Fig. 2) and the pattern of Fig. 5 to make the 
connections. Only a few connections will require extra pieces 
of connector wire. Again, do not solder in the microphone 
and the phone connector at this time. 

Modular phones in the United States should be wired and 
connected the same. To verify the connections of your tele- 
phone, use the adapter's phone connector and a VOM. Dis- 
connect your telephone from the phone line, disconnect the 
handset from the curly cord, and plug the curly cord into the 
telephone adapter's phone connector. With the handset off - 
hook you should read about seven ohms impedance between 
the black lead and the white lead that is directly adjacent to it 
(line l and 2 in Hg. 6.) Those two leads have a common 
connection inside the telephone. Twist those two leads to- 

CASE 
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gether, because they will be soldered together in the adapter. 
The impedance between the black lead and the other white 
lead should read about 100 ohms. 

Place the disconnected handset on -hook, reconnect the 
telephone base to the telephone line, and lift the handset off - 
hook again. There should now be a voltage of about 7.5 -volt 
DC between the black lead and the red lead. The red lead 
should be negative with respect to the black lead. That is very 

(Continued on page 96) 

i 

WHT 2 

Fig. 6 -Curly -cord connector J1 is 
diagrammed here from the rear 
showing the wires connected to the 
Hands -free Telephone Adapter. The 
position and numbers are important 
because two of the wires are white. 
Should you obtain a non -standard 
unit, then number the wires as diagram- 
med here and ignore the colors. 
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L OTRO 
Imagine a very bright flash in the sky! 
No one is hurt. But, your transistor radio 
stops playing, your car won't start, the 
telephone doesn't ring, lights stay off, 
and we find ourselves in the stone age! 

LITHE DEVELOPMENT OF MODERN HIGH -TECH SEMICONDUC- 

tor devices have paralleled unsettled relations between the 
nations of the world with resulting technological advances 
affecting the lives of every citizen of North America. Corn - 
munications have been made faster, automobiles more fuel - 
efficient and maintenance -free, TV sets, videotape record- 
ers, and virtually every other piece of electronics equipment 
have been improved by the advent of the semiconductor and 
its high -tech advancements. The relationship between nu- 
clear weapons and the recent electronics advances may seem 
unclear, but a nuclear attack on the North American continent 
could make that relationship glaringly apparent. 

All nuclear explosions produce electromagnetic pulses 
(EMP's) and the ensuing induced voltages and currents pro- 
duced in conductors (wires and cables) are comparable in 

strength to the strongest lightning bolts. EMP's may reach 3 

million volts and 10,000 amperes for a total of 30- billion 
watts of energy. The largest commercial radio stations in the 
U.S. and Canada radiate 50,000 watts, or approximately 
one -millionth that much power! The major difference be- 
tween EMP's and lightning is that EMP's are induced simul- 
taneously over an entire wide area, while lightning occurs at a 
single location. 

Significance of the Problem 
Three ten -megaton thermonuclear weapons detonated 250 

miles (400 kilometers) above the United States or Canada 
would produce EMP's strong enough to knock out the entire 
electrical power grid of North America including the entire 
civilian- telephone network, and just about every broadcast 
station. Virtually every piece of unprotected electronic equip- 
ment in the country- radios, TV sets, computers, electronic 
controls in homes, office buildings, factories, cars, air- 
planes, and instruments in hospitals -would be damaged, if 
not destroyed. The pulses would also damage or destroy large 
portions of the military command's control and communica- 
tion (C3) system. 

A chain reaction could be set in motion at nuclear power 
plants, due to electromagnetic pulses. Although it is a point 
that is frequently disputed, the possibility exists that reactor 
core meltdowns might occur as a result of EMP's. The 
meltdowns would be a by- product of electronic control sys- 
tem failure. The control systems are used to monitor and 
control the processes at the plants. The EMP's could cause 
the system to fail and result in partial or complete loss of 
control over vital functions, causing subsequent meltdowns. 
We know that those nuclear plants are designed to fail safe, 
but has anyone considered the possibility of every circuit 
breaker in a plant failing at the same instant? 



MAGNETIC PULSES 
Characteristics of EMP's 

At an altitude of 250 miles, the gamma rays produced in 
the first few nanoseconds (billionths -of -a- second) of a nu- 
clear explosion can travel hundreds of kilometers before 
colliding with electrons in atmospheric molecules. That kind 
of collision may take place in a region 2,000 miles in diame- 
ter and 6 -miles thick. Electrons are accelerated by those 
collisions, a phenomenon referred to as the Compton effect; 
and upon reaching the earth's magnetic field, they set up 
electromagnetic pulses that radiate downward toward earth 
(Fig. 1). Due to the extremely large area of collision, vast 
amounts of ground area are exposed to electromagnetic fields 
with strengths up to 50,000 -volts per meter. The ground area 
exposed to electromagnetic pulses could cover the entire 
continental United States and most of Canada by one nuclear 
blast; if not, certainly large regions such as New England 
would be electrically and electronically devastated. 

NUCLEAR 
EXPLOSION 

Fig. 1- Electrons set into motion by gamma rays from a nuclear 
explosion in space will produce enormous electromotive pulses 
(EMP's) when the negative charges enter the Earth's magnetic 
field. It is estimated that the ideal height for such an 
explosion should be 250 miles above the Earth's surface. 

Vulnerability 
The effects that electromagnetic pulses would have on a 

mass of circuitry are difficult to predict because the interac- 
tions are complex. But, the more complex the components, 
the easier they are to damage. Power lines are one avenue for 
EMP damage, and a company making a shielded tubing to go 
over power and signal carrying conductors (Fig. 2) obviously 
had EMP in mind when they invented their Zippertubing. 
That covering acts as a partial shield to EMP's. 

For each component, damage would come from the inter- 
nal pickup of the circuit itself, as well as surges fed to it by all 
other attached conductors (power lines, other circuits, and 
metal parts). 

Another concern is that generators and motors with their 
numerous internal windings of copper wire could be rendered 
useless in an EMP attack; and with subsequent inoperative 
water pumping stations, desert population- centers could per- 
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GLOSSARY OF TERMS 

Electromagnetic pulse (EMP) -An electromagnetic field of 
high intensity and short duration that may be caused by a 
nuclear explosion. 

Electromagnetic field -a magnetic field produced by elec- 
tricity (the flow of current in a wire or electrons through a 
medium such as air or a vacuum. It is usually expressed in 
volts per meter 

Electromagnetic compatibility (EMC) -the ability of an elec- 
tronic device to deal with electromagnetic interference and 
function properly. 

Electromagnetic Interference (EMI) -any adverse effect on 
electronic equipment due to an electromagnetic field. 

Shielding or Hardening -a method used to protect electronic 
devices from EMP interruption or damage. 

ish. In the dead of winter, motors in heating units would be 
destroyed and the chilling freeze in the northern portions of 
the North American continent would bring those areas to a 
standstill. Food and fuel shipments would halt because fusi- 
ble links and electronic ignitions would be destroyed in cars 
and trucks. It's difficult to conceive a family anywhere on the 
continent not suffering extreme hardships. 

The more complex the electronics components, the more 
vulnerable they are to electromagnetic pulses. Hardness de- 
scribes the vulnerability of an electrical device and it is best 
for old -style vacuum tubes, less for semiconductors, and even 
less for microcircuitry. It would take 100 times more EMP 
energy to damage vacuum tubes than transistors and 10,000 
times more energy to damage the tubes than integrated cir- 
cuits. Computers may be upset through memory erasure with 
100 times less energy than required to damage integrated 

Fig. 2 -One technique for shielding wires and cables from 
the effect of an EMP is to shield it with a product known as 
Zippertubing. The product's outer material is conductive. 



MOTORS AND 
TRANSFORMERS 

VACUUM TUBES 

LOW-POWER 
TRANSISTORS 

INTEGRATED 
CIRCUITS 

1 I 

10 -18 111D-61(!)-410-211 0 -610 -410-2 11 102 104 186 11118 

RANGE OF THRESHOLD ENERGY, JOULES 

circuits; refer to Fig. 3. Aircraft in the air and parked on open 
surfaces would be disabled, because electronics controls the 
crafts' flight instruments and control surfaces. 

Hardening Communications Equipment 
Hardening of electronics communications equipment is 

vital to the military, and, to a lesser extent, the civilian 
populace. The Department of Defense has established an 

Electromagnetic Compatibility Program (EMCP) to ensure 
that all military Communication -Electronic (CE) equipment 
subsystems, and systems are protected from electromagnetic 
interference of all kinds. That program was implemented to 

ensure that electromagnetic compatibility is maintained 
through design, acquisition, and operational phases. Numer- 
ous semiconductor manufacturers now produce what are 
called radiation- hardened integrated circuits, just for that 
reason. 

There are three major design criteria which must be con- 
sidered when hardening against EMP's. They are cost, the 
equipment's ability to survive EMP, and failure rates of the 
shielding components. 

Cost includes both installation and maintenance. Some 
protection practices, such as shielding the entire communica- 
tion site, may be attractive from a technical point of view, but 
are impractically expensive. 

The electronic equipment's ability to survive an EMP 
attack must be measured in order to determine how much 
EMP protection is needed. A testing device for measuring the 
radiated electromagnetic susceptibility of an electronic de- 
vice is a Transverse Electromagnetic Mode (TEM) cell. A 

TEM cell consists of a group of electronic instruments and a 

special specimen holder that simulates an environment of 
free space. The TEM cell is used for performing electromag- 
netic interference /electromagnetic compatibility (EMI/ 
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Fig. 3 -The chart displays a comparison of several electronic 
devices verses their vulnerability to electromagnetic pulses. 
It is obvious that integrated circuits and semiconductors would 
require the most amount of shielding from damaging EMP's. 

EMC) measurements and evaluating protection devices. Re- 

fer to Fig. 4. 

Shielding Methods 
In order to predict the effect of an electromagnetic pulse on 

electronic equipment, it is necessary to assess the environ- 
ment. The structures housing the electronic equipment are 

made in various shapes and sizes, and are connected to the 

outside world by conductors such as utility lines and pipes, 
communication lines, and access and ventilation structures. 
Refer to Fig. 5. That combination of criteria makes the exact 
determination of the interaction of an EMP with such a 

variety of structures extremely difficult. However, for corn - 
plex systems, it is convenient to have several layers of shield- 
ing. Refer to Fig. 6. 

Shield 1 

A structure composed of a great deal of metal is well 

shielded against electromagnetic pulses, while a building 
made primarily of wood is virtually unshielded against 
EMP's. Continuous, closed sheet -metal shields are, by far, 

the most effective electromagnetic shields. It is imperative 
that the internal environment of zone 1 be connected to the 
outside world. That fact makes a closed sheet -metal shield 
impossible. Apertures in shield 1 create a special problem in 

protecting communication sites from EMP penetration. 
The electromagnetic field penetration depends on the aper- 

ture size. If a given area of wall opening is subdivided into ten 

small openings having the same total area, the penetrating 
EMP fields at an interior point will be 1/VT) as large as for a 

single large opening of the same total area. Refer to Fig. 7. 

Therefore, it is better for a structure to have more small 
openings than just a few larger openings. 

A common treatment for such openings is to cover them 
with a conducting screen or mesh so that the large opening is 

converted to a multitude of small openings (Fig. 8), or use a 

glass impregnated with metal (Fig 9). That glass, despite 
having metal in it, offers approximately the same degree of 
visual attenuation or lack of clarity as looking through a 

screen door from within the house. 

Shields 2 and 3 

The second -level shield separates the internal environment 
from the sensitive small- signal circuits within the electronic 
equipment found within Zone 2. Shielding here may be 
accomplished by electrically grounding the metal cabinets 
and equipment. 

Shield 3 involves the shielding of the interconnection of 
the equipment. That could involve elaborate design of inter- 

connecting signal transmission lines. Fiberoptic signal trans- 
mission shows great promise here because it is not effected by 

any type of electromagnetic interference. 

Hardening Aircraft and Missiles 
Generally, the EMP interaction with electrical systems 

Fig. 4 -The round piece of metal -flake. impregnated - 
plastic gasket in front of the Transverse Electromagnetic Mode 

(TEM) Cell specimen holder will be placed within the holder 
to measure its shielding effectiveness. 



Fig. 5 -A sealed metal box is an ideal structure for eliminat- 
ing EMP penetration. However. power lines and signal cables 
require entry ports thus compromising the integrity of a 

shielded building. Obviously. it is apparent that doors and 
windows would have a greater leakage effect. 

Fig. 6 -More than one shield can be used to secure the 
environment of the machinery and electronic material contained 
within a building. The building can provide the initial shield. 
Shielded rooms or metal cabinets may provide a second shield. 
A third shield (not diagrammed above) would protect entry 
cables from violating the shielded area of zone 3. 
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inside structures such as aircraft and missiles depends upon a 
multitude of factors. Aircraft and missiles usually have a 
nearly complete metallic exterior covering that serves as a 
shield from electromagnetic fields. However, that shield 
alone is not enough protection against electromagnetic 
pulses. Missiles and aircraft are equipped with computers 
that cannot be upset even for an instant. They must be 
particularly well hardened. 

At the present time, there is no agreement on the most 
effective ways to harden aircraft and missiles. Heavy shield- 
ing, like the type used at communication sites, is obviously 
impractical because of the added weight that the aircraft has 
to carry. Instead, EMP resistance is designed into the air- 
craft's equipment. One example of that would be in the area 
of circuit design. Small loops make better antennas for 
EMP's than short straight lines; therefore, circuits are de- 
signed in tree or branching layouts rather than in more con- 
ventional circuit loops. 

Fig. 7 -The electromagnetic field penetration into a ported 
shield is minimized by reducing the size of the openings. In 
the diagram the open area of the port of the example at left 
is equal to the sum of the areas in the example on the right. 
The diagram clearly shows that the penetration of an EMP is 
less when equal areas are summed from several small ports. 
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Is Shielding Help on the Way? 
In the last decade, electronic devices have proliferated in 

all areas of our lives. That influx of products has caused a 
problem: noise pollution, or EMI /RFI (electromagnetic/ra- 
dio frequency interference). Over 80,000 cases of noise pol- 
lution were reported to the FCC (Federal Communications 
Commission) in 1982. 

Strange as it may sound, the plastics industry is coming to 
the rescue with plastic electronic -equipment enclosures spe- 
cifically designed for both EMI containment and shielding. 
Obviously, with EMP's as an external disturbance, the con- 
tainment of a field is academic, but the shielding from an 
outside field is crucial. The parameter describing that is 
Shielding Effectiveness (SE) and the equation for shielding 
effectiveness is 

SE = A + R, 

or shielding effectiveness equals Absorbed plus Reflected 
energy. 

Highly conductive materials such as pure metal shields 
reflect approximately 99 percent of the energy and absorb 1 

percent. But plastics with metallic composite fillers, metallic 
paints and sprays, or even impregnated wire meshes still 
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Fig. 8- Corductive screen of -netalic mesh provides a multitude 
of micro -cpeni igs for a vented port so that the effect of an 
EMP is greatly reduced Open mesh screens of this type are 
required f Pr the low of fresh air. 

Fig. 9- Windows made from a glass with a metalic mes1 nass 
light and permit octside viewing without providing that se '- 
destructive port that will admit the EMP. Edge of window 
provides e ectrical contact for proper grounding to ccntairer 
or building shield. 

D 
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Fig. 10- Various methods and products can be used to protect electronic egJipment Ii (A) the robot 3111 is 
wrapped in a pliable plastic shield that contains metallic composit fillers; (E) adhesive- backed case liners 

adhere to cabinet coor seams and the like to reduce inward electromagnetic leakage: :C) metallic impregiated 
gas <et is used to join two metal fitting eliminating expensive machin rig of matching pats: anc (D) cor.ccctive 

particle paint seals seams and breaks in metal shield surfaces quickly and economically. 



Fig. 11 -A 12 -foot roll of graphite- imbedded plastic is shown 
here being measured prior to cutting. This material can be 
used in interior walls as a secondary shield, or actually 
wrapped around equipment requiring protection. 

reflect 80 percent of the energy and absorb 20 percent. Refer 
to Fig. 10. If EMP's and the disturbing effects of electromag- 
netic fields still seem like an abstraction or a physicist's 
dream, consider that event. 

A manufacturer of buses designed for city use had just 
delivered a fleet when, during a test drive, a problem was 
discovered. After going over the top of a hill, the driver tried 
to brake, only to discover he had no brakes until he got to the 
bottom of the hill. Upon logical investigation of that prob- 
lem, field -strength meters demonstrated that a local televi- 
sion station had a lobe -shaped radiation pattern that 
intersected the hill's apex. The microprocessor -controlled 
anti -skid braking system on the bus had sensitive circuitry 
that became inoperative because of the TV signal. The bus, 
though, was made safe by properly shielding the enclosure 
housing the electronics. Refer to Fig. 11 and note how graph- 
ite, a moderately good conductor, is fabricated within large 
plastic sheets for applications such as that. 

If a signal as small as that can effect circuitry that dras- 
tically, you can imagine what an EMP could do and likewise 
you can see how crucial EMI shielding is. But will EMI 
shielding be universally implemented into new equipment? 

The Military's Involvement 
The military is very concerned with EMP's. The Army has 

established its Aurora Tree test facility in Adelphi, Maryland. 
The Navy has the Casino and Gamble -2 x -ray emitting facili- 
ties, but the Air Force probably has the most interesting 
project of all. It is called the Trestle, after the railroad 
structure it resembles. 

That 12 -story (118 -feet) high, 58 -meter (200 -foot) square 
deck is flanked by a 50 -foot wide adjoining ramp upon which 
aircraft to be tested are rolled up. Refer to Fig. 12. The Trestle 
can support aircraft weighing 550,000 pounds and is built 
with one -foot by one -foot wooden columns using no nails or 
metal of any kind. That largest glue -laminated structure in 
the world uses 250,000 wooden bolts to hold its six -million 
board feet of lumber together -enough for 4,000 frame 
houses. The structure at Kirtland Air Force Base, New Mex- 
ico cost approximately 58- million dollars. 

The Trestle has two 5- million volt pullers that discharge 
energy into wire transmission lines surrounding the aircraft 
under test. Sensors capture aircraft response signals and 
fiber -optic channels transmit that sensor data tc zomputers 
for processing. The proce ;sing equipment, thoug-r, naturally 
resides inside a very wel shielded structure. Tv B -52G's 
OAS (Offensive Avionics System) is onz of nu--nerous on- 
going studies directed primarily at testing the electronic 
hardening of military systems. 

The Future 
The effects of EMP on our lives is becoming known to 

many on the North American continent as it is being dis- 
covered by all the citizens of the free world. Its political 
implications are not the topic here, but rather the facts in this 
article reveal to you what EMP is and what it can do to the 
technological devices we rely on every minute of the day. The 
next time a solar flare disrupts radio communications around 
the world for a few hours, or maybe a few days, recall that 
man with one nuclear device can outshine the damage old Sol 
creates by many fold. 

FIG. 12 --he Trestle EMP facilay can electronically stim_ late the 
electromagnetic effects of a nuclear explosion on an aircraft aid 
its electrical components during a simulated test. This aerial view 
shows a B -52 Stratofortress aircraft sitting atop the 200 foot square 
pla-'orm at the Kirkland AFB. New Mexico. (U.S.A.F. Phcto) 
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Build this simple 

Waveform Generator 
A one -1C, multi- output device with a 1000:1 tuning range for your testbench! 

By Robert F. Scott 

YEARS AGO, THE BASIC AUDIO /RADIO TEST INSTRUMENT 
was an ordinary high -frequency buzzer. Its audio -frequency 
output was rich in harmonics that were usable through radio 
frequencies up to around 3 MHz. Today, radios and audio 
equipment are more advanced and more sophisticated, so 
specialized test instruments are generally required. The basic 
waveform generator with its sine, square, and triangle wave- 
forms is the instrument that now replaces the buzzer. 

Here we introduce the Waveform Generator -it's simple, 
inexpensive, and very accurate when calibrated. Give it a try! 

How It Works 
Figure 1 shows the circuit of a simple waveform generator 

designed around the Intersil 8038CC integrated circuit. Its 
frequency range is approximately 20 Hz to 20 kHz -a tuning 
range of 1000:1 with a single control. The output frequency 
depends on the value of C2 and on the setting of potentiome- 
ter R1. You can use other values of C2 to change the frequen- 
cy range. Just remember that you increase the value of C2 to 
lower the frequency. The lowest possible frequency is around 
.001 Hz and the highest is around 300 kHz. 

Figure 2 shows the parts layout we used for the waveform 
generator. Potentiometer Rl, the FREQUENCY control can be 
mounted on a panel and fitted with a dial that can be 
calibrated. The DUTY CYCLE control, potentiometer 
R5, can also be removed from the breadboard and 
replaced on a panel by a standard potentiometer of the 
same value. That will permit you to vary the duty cycle 

Fig. 1 -The schematic diagram for this simple 
Waveform Generator. is based on the Intersil 8038 
integrated circuit. The 8038 has an output - 
frequency range of 20 Hz to 20 kHz. Three 
standard waveforms (squarewave. sinewave, and 
triangular wave) are delivered simultaneously. 

R1 

10K 
FREQUENCY 

:R2 
'22K 

R3 

8.2MEG : 

of the squarewave easily from about 2% to 98 %. At the same 
time, the symmetrical triangular waveform can be varied to 
produce a sawtooth with fast -rise /slow -fall or slow -rise/ fast - 
fall. The function and adjustment of potentiometers R5, R7, 
and R8 are discussed very soon. 

Figure 3A shows the three output waveforms and phase 
relationships with a 50% duty cycle; while Fig. 3B shows the 
same waveforms with a squarewave duty cycle of 80 %. The 
waveform amplitudes are related to the supply voltage. Sine - 
wave amplitude is 0.2 times the supply voltage; triangular 
waveform amplitude is 0.33 times the supply voltage, while 
squarewave amplitude is 0.9 times the supply voltage. Those 
signal levels are developed across 100,000 -ohm resistive 
loads. 

The power source can be a single supply of 9 to 30 volts or a 
dual supply of ± 4.5 to ± 15 volts DC. With a single supply, 
the three waveforms are above ground. When a split or dual 
supply is used, all outputs are symmetrical about ground. 

Construction 
Putting together the Waveform Generator is simple and 

straightforward. You can do as we did and assemble the 
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generator on a simple prototyping board. You can then mount 
the generator, along with batteries or power supply, in a 
suitable case or enclosure. 

When you first apply power to the generator, use a scope 
and check the squarewave output. Adjust the duty cycle for 
50 %, producing a symmetrical squarewave. With the scope 
on the sinewave output terminal, adjust the two SINEWAVE 
DISTORTION trimmers, potentiometers R7 and R8, for the 
best wave shape. 

To calibrate the frequency dial, you can use an analog 
frequency meter, a digital frequency counter, or a scope. If 
the scope has a calibrated sweep, use that as a standard 
against which you compare the sinewave. If the scope sweep 
is not precisely calibrated, feed a 60 -Hz line signal into the 
scope's horizontal amplifier and the generator's sinewave 
output into the vertical amplifier. The resulting Lissajous 
figures can be used to identify the sinewave frequencies as 
they relate to 60 Hz. Frequency ratios ranging from as low as 
10:9 to as high as 10:1 are easy to identify. 

When used alone, any one of the output signals can be used 
for signal tracing. When viewed on a scope, a squarewave 
pattern can be used to test an amplifier's signal amplitude, 
frequency response, and phase shift. The wider the amplifier 
bandwidth, the more accurate will be the displayed wave- 
form. The squarewave that can be displayed without distor- 
tion will be ten times the low- frequency response at the -3 dB 
(cutoff) point of the amplifier under test. 

If you'd like more information on the 8038 integrated 
circuit and its applications, see the Intersil Data Book and the 
booklet Everything You Always Wanted to Know about the 
8038. The book is available from Intersil, 10710 Tantau Ave.. 
Cupertino, CA 95014. 

50% DUTY CYCLE 

A 

Fig. 2 -If you use a solderless, prototyping board to mount 
the components of the Waveform Generator, here's a wiring 
diagram that you can use. Photo below is the author's layout 
variation of his unit's hard -soldered printed- circuit board. 

PARTS LIST FOR 
WAVEFORM GENERATOR 

SEMICONDUCTORS 
D1- 1N914, 1N457, or similar 
U1- 8038CC Intersil waveform generator (Radio Shack 

Cat. No. 276 -2334) 
RESISTORS 
(All fixed resistors are 1 4 watt, 5 °%o units) 
R1- 10,000 -ohm, linear -taper potentiometer 
R2- 22,000 -ohm 
R3- 8.2- Megohm 
R4, R6 -4700 -ohm 
R5 -1000 -ohm, vertical PC- mount, trimmer potentiom- 

eter 
R7, R8- 100,000 -ohm, vertical PC- mount, trimmer po- 

tentiometer 
R9- 15.000 -ohm 
CAPACITORS 
C1- 0.1 -µF, ceramic disc or polystyrene: foil 
C2- .0047 -µF, polystyrene foil 

ADDITIONAL PARTS AND MATERIALS 
Solderless prototyping board, wire. hardware, case, etc. 

80% DUTY CYCLE EIM/M 
MEi111111112i 

,_\.,_I.r 

ululi 
Fig. 3- Output waveforms -The waveforms 
and phase relationships that are shown in A 
result from a 50- percent duty cycle; with 
an 80- percent duty cycle. the resulting 
waveforms and phases are shown in B. 
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JACOB'S 
LADDER 

By James, Nicole, and Dwight Patrick Jr. 

Build 

JACOB'S 
LADDER 

A climbing electric arc has held the 
imagination of science -fiction fans as 
the symbol for an eerie laboratory! 

DIN MANY SCI -FI AND HORROR FLICKS, ESPECIALLY THE 

stock Frankenstein variety, along with weird sound effects 
and the like, movie producers always feature the fantastic 
visual effects produced by Tesla coils, van de Graaff gener- 
ators, and Jacob's Ladders. Now, of these three devices, 
using electricity to produce visual effects, the Jacob's Ladder 
is the easiest to build. 

Putting together a Jacob's Ladder poses problems that 
normally do not occur with other types of projects. There's no 
need for a detailed parts list nor is there a need for a schematic 
diagram. We tell you how to build one as we reveal the theory 
of operation. 

Getting Started 
As we can see in the photos, a Jacob's Ladder provides a 

fantastic visual effect. A beautiful electric flame (arc) hisses, 
pops, and slivers its way up two diverging wires, providing a 

fascinating, haunting, and downright scary effect. However, 
with a low- current neon -sign transformer, converted flyback 
transformer, converted auto spark coil, et al, you can whip 
together your own Jacob's Ladder with less than an hour of 
construction time. (The Editor made his Jacob's Ladder using 
the high- voltage transformer from his oil- burning furnace --a 
good idea during the non -heating season only!) 

In the simple -as- possible Jacob's Ladder, there is actually 
very little to the construction and very few parts required. 
First, you need a high -voltage source delivering around 10 

kilovolts -such as a neon -sign transformer or high- voltage 
power supply transformer at 30 milliamperes or more. The 
lower the current output, the less chance there is for building 
a fatal shock hazard. The higher the voltage, the larger 

The author's assembled several Jacob's -ladder devices with the above being a typical unit. The high -voltage transformer is housed in a 

metallic case with the high -voltage electrical stand -off porcelain insulators mounted on top. The transformer inside the case is mounted 

so that the electrical contact between the transformer's secondary terminals and the bottom of the stand -off insulators are kept very 

short and void of sharp bends. You may want to locate the on -off switch a bit farther away from the electrodes. The electrodes can be 

lengths of #12 solid copper wire, available from any electrical hardware store. When removing the insulation be sure not to nick the wire. 



separation you'll be able to make at the top of the Jacob's 
Ladder rc'e electrodes. and the greater the distance the spark 
will jump across. The spark starts at the smallest distance 
between the ree electrodes (which is at the bottom). and the 
visible arc walks up to the widest gap at the top of the ree 
electrodes. 

Why does the arc walk up the ree electrodes? As the first 
spark flies across the narrowest separation of the we elec- 
trode, you would expect it to stay there where the electrical 
resistance between the electrodes is lowest. What happens is 
that the arc heats the the air it passes through. causing the 
heated air (which is lighter than the air at room temperature) 
to rise. Because this heated air is ionized by the high voltage 
arc. it provides a very low electrical resistance path, and the 
current path rises with it. The cool air, that replaces the rising 
hot air, offers a higher resistance to the potential arc -over at 
the bottom of the ree electrodes compared to the rising arc 
path. 

Eventually the arc reaches the top of the ladder (ree elec- 
trodes) and bows upward creating an electrical path that gets 
longer and longer. At a point where the resistance to arc -over 
at the bottom of the ree electrodes is less that of the arc -path 
resistance at the top of the ladder, the upper arc is dis- 
tinguished and a new arc -over occurs at the bottom of the 
ladder. Thus, what is seen is a continuous climbing arc that 
disappears at the top of the ladder and reappears at the bottom 
at the same instance. It's all a lot of fun to watch, providing 
that you don't poke your finger between the electrodes or get 
your nose to close. 

The author's found some surplus plastic containers that could be 
used as a people shield so that inquisitive persons would not 
accidentally touch the electrodes or come in contact with the 
arc. You could make such a shield from sheet Plexiglas material. 
Be sure to include a vent hole at the top and bottom of the 
shield so that gasses produced by the arc are allowed to escape. 

Here's a view of the Jacob's Ladder with the top lid removed 
to show the ultra -neat wiring. RTV cement was used around the 
high -voltage connection points to reduce coronas. The line cord 
includes a third lead, used to ground the case. That will 
provide a necessary protection against accidental shock. 
Always ground the metallic case of AC- powered projects as a 

safety precaution. Remember: You can receive a nasty jolt of 
high -voltage power from the unit's arc or electrodes. 

The high -voltage source should he placed in a case or 
cabinet which is a good insulator; or, if the case is metal, it 
should be adequately grounded. Both methods are shown in 
the photos. In one case, a 7- kilovolt transformer was placed in 
a I/4 -inch Plexiglas case with the primary winding connected 
via fuse and switch to the 117 -volt AC input. The output of the 
transformer was then connected across two pieces of #12 
copper wire; forming the actual ree electrodes through two 
porcelain feed- through insulators via some high -voltage TV 
anode hook -up wire. 

Finally. exposed high -voltage points were given a coat of 
RTV silicon rubber to prevent any arc -over inside the en- 
closure. That method will work well with enclosed military- 
type transformers that are available on the surplus market: 
however, some transformers must breathe or they will over- 
heat. In those cases, the enclosure must be large enough to 
provide for expansion and must he vented. Further, some 
underrated transformers may require an extraordinary cooling 
measure such as adding a fan for cooling: Those transformers 
should be avoided. 

A 10- kilovolt neon -sign transformer in a grounded metal 
enclosure is used with a small autotranstormer (a Variac type) 
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Another version of the Jacob's Ladder is shown here. The sur- 
plus transformer used in this model permitted the use of a 

baking -pan chassis with a low profile. This unit fitted inside 
a plastic cylinder available from a local Plexiglas supplier. 

controlling the primary winding voltage input. Here, the 

output voltage has been made adjustable. Also, a different 
type of porcelain insulator is employed, with the high voltage 
brought to the top of a stand -off type insulator. 

Adjustment and Operation 
The last step in getting your Jacob's Ladder to work is the 

adjustment of the two diverging wires forming the vee elec- 
trodes. There should be no attempt to make adjustments 
when the unit is turned on. The unit should be turned off and 

preferably disconnected or both when adjustments are made, 
to prevent accidental electrical shocks. 

The two diverging wires forming the vee electrodes must 
be brought close enough at the bottom to establish the spark 
or arc -over, with the wires gently angling away from one 

another to form the "V" as they move upward. The initial 
distance at the base to start the spark will vary with the 
voltage applied, humidity, altitude, etc. So, it's pretty much a 

trial- and -error type of setup. 
Start with the wires at the base an inch or so apart, when 

using IO kilovolts or more, and move them closer in small 
increments on each succeeding try until an arc is established. 
But remember to kill the power before each adjustment, as 

mentioned above, if you want to be around to make the next 
adjustment. 

When the distance is just right, the arc should just start. On 

the other hand, if an arc is established at the initial setting, 
move the wires apart until an arc is just sustained. Placing the 

wires too close together will smoke the transformer over time 
and the unit will ultimately either fail or not work properly. 

When you have established the arc, if it does not move up 
between the two diverging wires, they must be adjusted in or 
out to get the snap, crackle, and pop desired. But, remember 
that it's better to be cautious than dead. Turn the unit off 

before any adjustments and keep 
high -voltage transformer current 
as low as possible to prevent fatal 
shocks. 

Be Safe Than 
Once your Jacob's Ladder is up 

and running, an extra layer of 
.afety can be used to prevent acci- 

dental shocks. Add a clear Plexiglas or Acrylic cylinder 
around the entire unit to prevent the unthinkable from becom- 
ing thinkable. The clear plastic housing should have vent 
holes at both top and bottom to allow heated gasses to escape, 
but not so large that the smallest child in the family can get 
his or her mitts or anything else inside. Generally, those types 
of cylinders can be purchased from most plastic -hobby 
houses rather cheaply and are well worth the added protec- 
tion, especially if there are any little crumb crunchers 
around. 

Now that you have a Jacob's Ladder, use it. Comes next 
Holloween, place it in your win- 
dow and turn it on every time the 
doorbell rings. Answer the door 
with a non -electronic rubber 
monster -mask and the chances 
are that the wee visitors may 
scoot down the front walk and 
never be seen again. Cruel? Not 
on Holloween! 

Here are two time -exposed photographs showing the development 
of an arc at the bottom of the ladder electrodes (left), and 
its climb to the top (right). You should display the Jacob's 
Ladder in a darkened room for maximum viewing effect. 



Extension 
Phone Ringer 
Need an extension ringer for your telephone? 

Here's a nice one you can put together 
inexpensively in just a very short time. 

By Robert F. Scott 

DO YOU FIND THAT YOU CAN'T HEAR YOUR TELEPHONE 
when you are working in your workshop or garage? The 
obvious solution to that problem is our Extension Telephone 
Ringer. But there's no reason to turn to the telephone com- 
pany for one. Instead, you can build a modern electronic 
ringer, and all it will cost you is a few dollars and a couple of 
hours of time at your electronics workbench. 

The Circuit 
The Extension Telephone Ringer circuit described in this 

article is very simple; it is a tone -ringer circuit and uses only 
ten components -and that includes the prototype board that 
it's built on! The circuit is based on Motorola's new MC34012 
telephone tone -ringer IC. When connected to an appropriate 
transducer, that IC generates a pleasant attention -getting 
warble tone. 

The schematic diagram of the extension tone -ringer circuit 
is shown in Fig. 1. The AC ringing- voltage, typically 40 to 90 
volts at 26 Hz, is rectified by Ul, the tone -ringer IC, and is 
used to drive that IC's internal tone -generator circuitry. The 
tone -generator IC includes a relaxation oscillator with a base 
frequency of 500, 1000, or 2000 Hz; and frequency dividers 
that produce the high -and low -frequency tones as well as the 
tone -warble frequency. An on -board amplifier feeds a 20 -volt 
peak -to -peak signal to the transducer. 

There are three versions of the MC34012 Tone Ringer. The 
MC34O12 -1 produces an 800 /1000 -Hz warble tone, the 
MC34O12 -2 develops a 1600 /2000 -Hz tone, and the 
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FIG. 1 -THE HEART of the easy -to -build Extension Telephone 
Ringer is Motorola's new MC34012 IC (versions A, B, and C- 
see text) that is finding its way into hobbyists' hands. 

MC34O12 -3 device has a tone warbling between 400 and 500 
Hz. The warble rate for all three devices is 12.5 Hz. The 
frequencies of the warble tone are switched between f0/4 and 
1'0,5, where f0 is the frequency of the relaxation oscillator. 

Resistor R1 and capacitor C2 control the frequency of the 
(Continued on page 98) 
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Fig. 2- Perhaps the easiest way to build 
the project is to mount the components on 
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Good News from a 
Telephone Keypad 
['DEAF OR HEARING -IMPAIRED PEOPLE SOON WILL BE ABLE 
to use a telephone anywhere they go- thanks to a new, 
portable electronic device known as the Echo 2000. The 
device is easily attached to a handicapped person's telephone. 
Equipped with a liquid -crystal screen, it displays written 
messages tapped out by callers on the keys of their push- 
button (touch -tone) phones. At the deaf person's end of the 
line, the varying tones generated by the caller's push buttons 
are translated by special decorder circuits into letters that 
flow across the device's display window in ticker -tape fashion 
to spell out a message. 

A patent covering the technology was awarded to the 
General Electric Company earlier this year in the name of 
inventor Edwin Underkoffler, a computer specialist at the GE 
Research and Development Center. He developed a device 
similar to the Echo 2000 to help a Center colleague commu- 
nicate with his deaf son. Underkoffler has been involved with 
a number of local projects with the deaf in recent years. 

The innovative device complements the teletype keyboard 
printers currently used by the deaf or hearing- impaired to 
communicate via telephone. The Echo 2000 is truly portable; 
it can be hooked up to a phone anywhere. Since it is self - 
powered. it will work even in a telephone booth. In addition. 
only the deaf or hearing -impaired person needs a device. 
Teletype keyboard printers must be located at both ends of the 
telephone line. 

The key to the device is an integrated- circuit chip capable 
of decoding the various frequencies produced by push- button 
telephones. "I realized that the signals generated by this 
microchip could be employed to activate the appropriate 
letters of an electronic display. All that was needed was a code 
and the circuitry to make it work," Underkoffler pointed out. 

While Underkoffler was busy developing the device, an 
electrical engineer named Stephen Fowler of Duncan, SC, 
was also hard at work trying to develop a communications 
tool that would enable him to be understood on the telephone 
by his hearing- impaired mother. 

"When my father was alive, I had no problem commu- 
nicating with my mother on the telephone, because my father 
would simply answer the phone and relay whatever I wanted 
to say to my mother, who is an excellent lip -reader," Fowler 
explained. "But after my father died, I was faced with a 
tremendous communications problem. I could communicate 
with my mother only in person -not on the phone." 

Fowler developed a device very similar to Underkoffler's 

This battery- powered device enables deaf people to use a 

telephone anywhere-even in a public booth. At the deaf 
person's erc of the line. the varying tones generated by the 
caller's push tuttons are translated by special decoder 
circuits into letters tl-at flow across the device's liquid - 
crystal d sp ay windcw it ticker -tape fashion. 

and then discovered that Underkoffler already held the pat- 
ent. When Fowler called GE to ascertain its plans, he learned 
that the company was hoping to license the technology. For a 
nominal fee, Fowler then purchased the commercial rights to 
the innovation, which the firm he found (Palmetto Tech- 
nologies) is now marketing. 

The Echo 2000 is compact (7 in. x 4 in. x I in. ), portable 
(it weighs only IO ounces), and powered by four rechargera- 
ble batteries that allow at least six hours of continuous opera- 
tion between recharges. 

To talk to a deaf or hearing -impaired person, the caller 
must depress two telephone buttons for each letter -the first 
being the key on which the letter is located, the second being 
the number key (either I, 2, or 3) to indicate the position of 
the letter on the key initially depressed. For example, to 
transmit the letter A, the user taps the midde key in the top 
row (which contains the letters A. B, and C). followed by the 
I key to indicate that it's the first letter in the series. To 
transmit the letter B. the user would first hit the same middle 
key and then the 2 key, and so on. 

To transmit a number. a caller simply strikes the desired 
number keys and then the pound ( #) key. In addition, there 
are abbreviated, two -button, codes for some of the most 
frequently used words. For example, 00 denotes hello and *0 
indiates goodbye. What is developing is a code similar to the 
ham's Q- signals. 

Additional information about the Echo 2000. which sells 
for $250, can be obtained from 
Palmetto Technologies, Inc., 
P.O. Box 498. Duncan. S.C. 
29334. 

Stephen Fowler communicates with 
his deaf mother, Mrs. Sue Fowler 
(right), by tapping the keys of a 

push- button telephone. 
A device attached to his mother's 
phone provides a ticker -tape read- 
out on an LCD. Edwin Underkoffler 
standing left), a GE computer 
specialist, is the inventor. 
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ON COMPUTERS 

Lightweight printers that burn and squirt! 
NOI EVERYONE NEEDS -OR CAN AF- 
ford-a letter -quality Daisy printer, a cor- 
respondence- quality matrix printer, or a 

high -speed line printer. While it's conve- 
nient to have any one or more of those 
professional -quality devices, they are 
both expensive and space -intensive. They 
often cost more than the computer. and 
theirfoorprint- meaning how much table 
space is required -is often greater than 
that used for the computer. 

Then again, a lot of personal comput- 
erists are often on the go, their personal 
computer often traveling along in the lug- 
gage. Dragging along a relatively large 
and heavy printer is at best inconve- 
nient- usually more trouble than it's 
worth. 

To meet the needs of those who can get 
by with a low -cost, lightweight, and mini- 
ature printer suitable for travel, printer 
manufacturers have resurrected an idea 
long considered obsolete, and they have 
adapted high -tech ink -jet printing into a 

mini -printer that will run on rechargeable 
batteries. 

Burn! Burn! Burn! 
The resurrected design is thermal print- 

ing, generally done on special thermal 
(heat- sensitive) paper. Back in the early 
days of personal computing, even a poor - 
quality, inked -ribbon printer cost big 
bucks. The pioneers of personal comput- 
ing used the thermal printers, a device that 
burned characters into a specially pre- 
pared conductive paper called, logically 
enough, thermal paper. Instead of the 
printhead wires striking an inked ribbon, 
they simply moved against the thermal 
paper, which burned when a minute elec- 
tric current was caused to flow from the 
wires, through the paper, to a conductive 
surface behind the printer. The results 
weren't all that bad; the problem was that 
the paper was unstable; after several 
months, it tended to turn brown until the 
characters blended right into the back- 
ground. 

A few thermal printers actually heated 
the wires so that they could burn the 
characters into ordinary standard bond pa- 
per -but the printed results were gener- 

ally less than acceptable. Also. the carbon 
char produced by the burn often clogged 
the wires after just a few lines. One could 
usually tell if a thermal printer had printed 
a document by the missing pieces in the 
characters. 

The introduction of low -cost, inked - 
ribbon matrix printers theoretically con- 
signed thermal printing to oblivion. But 
thermal printers have one major advan- 
tage: they are relatively inexpensive to 
manufacture. For starters, most don't 
have ribbon mechanisms. And although 
they were almost entirely replaced for just 
about all serious purposes, models using 
narrow rolls of paper have always been 
available for very low -cost, home -and- 
family computers, though IBM was to sell 
a standard -width model for their PCjr. 

How could IBM sell a thermal printer 
for serious use? Because, as with every- 
thing else, there have been great strides in 
thermal technology. Thermal paper no 
longer fades, turns brown, or disinte- 
grates in a matter of months. In fact, de- 
cent, acceptable results can often be 
attained using ordinary bond paper. Also. 
with people generally more conditioned 
to computers, the not -so- perfect bond and 

thermal paper printout is acceptable when 
nothing else is available. 

Because thermal printers can be made 
compact, light, and cheap, several models 
have been recently introduced specifically 
for use with portable computers. Most are 
powered by rechargeable batteries and 
have standard Centronics or RS -232 serial 
I /O. Some will accept standard 81/2-in. X 

ll -in. single sheets or roll paper 81/2-in. 
wide, and all are relatively small and 
light. 

The Roundup 
Heading the list. of course, is the serial 

IBM Compact Printer, which accepts 
many of the control codes of standard 
matrix printers. It will underline, and it 
will print double -width, compressed, and 
scientific and Greek characters; and, most 
important. it has a bit -image graphics 
mode. Though its characters and symbols 
are meant to compliment the IBM person- 
al computers, its functions can be attained 
with any computer. The Compact Printer 
uses sheet conductive thermal paper. The 
problem with the printer for general use is 

that it requires a special adapter cable, and 

(Continued on page 101) 

A new slim and lightweight 80- column printer developed for use with 
the new Epson Geneva PX -8 portable computer provides thermal printing 

at 45 characters -per- second. Retailing at $275. the 9 -pin dot -matrix 
printer can accommodate bond or thermal paper. 



If a color computer is retrofitted with a video adapter. 
as described in this how -to article, the viewing monitor 
may be either the conventional TV set (B &W or color) or a 

standard composite color or monochrome video monitor. 

DIE YOL''RI \ LYRICAL. USER OF A RADIO SHACK COLOR 

Computer you are probably very satisfied except for the video 
Wonitor. a TV set that generally has herringbone interference 
which makes a long computer session tire the eyes more than 
necessary. And it is the same TV set with its limited frequen- 
cy response that firk:es and smears the 63 and 80 character - 
per -line displays of the high -performance word processors 
such as Telewriter -64 and VIP Writer. While the TV set can 

just about resolve a 50- character display. the TV set makes 
the small characters used for 63 columns fuzzy. while 80 

characters get blended into a mass of white splotches. 
But there's really no reason to put up with a second -rate 

display from what is otherwise a first -rate personal computer. 
Since both screen interference and low resolution are limita- 
tions of the TV set, all it takes to eliminate the screen 

interference and to improve overall resolution is to provide the 

CoCo with a direct composite video that drives a con- 
ventional computer monitor. 

The video adapter is supplied as a completely assembled unit. 
The interface between the adapter and the computer is through 
a prewired DIP socket that gets installed sandwich -like 
between one of the CoCo's integrated circuits and its socket. 
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ADDING 
DIRECT VIDEO 

to the 

coco 
By Herb Friedman 

While you can always muck your way through a home - 
brew composite video -output modification to the CoCo's 
circuit hoard. an easier way to add a composite video output 
is to install a retrofit video adapter. such as the Video Plus 
Monitor Driver (Computerware. Box 668. Encinatas, CA 
92024). The retrofit often involves nothing more than a plug - 
in installation: at worst. three connections to the CoCo's main 
circuit board. 

Unlike computer retrofits that substitute one function for 
another. the Video Plus Monitor Driver doesn't alter the 
computer's normal output on TV channel 3 or 4. After 
installation of the video adapter. the CoCo has both its 
original TV RF output and a composite video output. neither 
of which gets in the other's way. In fact. you can used both 
outputs simultaneously. The Video Plus Monitor Driver 
adapter is available in two versions. One is for the older 
Model I CoCo-the one with the gray cabinet. It provides 
both a color and monochrome composite output and simply 

The audio input to the video adapter is through a mini -clip 
that is attached to the audio -input lead of the computers 
video modulator. Find it and examine its plastic collar. 
sliding it back and forth to understand how it operates. 



The actual location of the MC1372P integrated ciruit 
varies slightly frcrr Racio Shack Color CorrpJter model 
to mode , so do blc check very carefully :hat you -e 

working on the correct integrated circu t. 

plugs into the computer. The retrofit for the newer Model 2 

CoCo requires three minor soldering connections. and finlike 
the Model I retrofit. the output fir the Model 2 is mono- 
chrome -only (black -and -a- white). 

Installation of the composite video adapter takes about 15 

to 31) minxes (depending on your skill) and requires no 
special tools other than a groundstrap. The instructions sup- 
plied with the adapter only mention that the installer should 
take reasonable precautions, because the computer compo- 
nents are sensitive to static electricity. But if you want to save 

the computer from possible expensive -to- correct damage. 
use a grriundstrup when working on the computer. 

A xrownlstrap is a wire that connects you to the electric 
ground (earth) at all times. You can make one easily enough 
by splicing a I - megohm resistor of any power rating into a 

length of insulated flexible (stranded) wire. soldering a small 
alligator clip to one ene, and connecting the other end to the 
nearest electrical ground. That is usually the small screw that 

Hook the mini -cip on the v deo modulator's audio input. 
which is the second wire from the front. Pull back the hook's 
plastic collar. snag the .posed metal hock and release the 
collar The clip will :!ose, fully insulating the correction. 

Carefully remove the MC1372P. and then ever mere carefully. 
install the ¿ideo adapter's pre -wired DIP socket Make 
certain that none of the video- adaptor so:ket's terminals 
fold under. Then reinstall the IC in the DIP socket. 

secures a metal cover plate to an electric outlet. Securing the 
clip to your metal watchband grounds any static charge that 
might accumulate in your body from wearing a wool sweater. 
walking on a carpet. or stroking the family cat. If your 
watchband is leather or plastic. secure the clip to the small 
metal buckle. If you don't wear a wrist watch wear one now. 
because you want to he grounded when working on the 
computer. 

Small, but effective 
The video adapter doesn't look like much when it's first 

unpacked. It consists of a very small printed- circuit board 
with a few components, a DIP socket that's connected by 
short wires to the printed -circuit hoard, a miniature insulated 
hook -clip also prewired to the printed -circuit hoard, and two 
output cables -one cable with a phono plug fir composite 
video output. the other cable with a phono jack for the sound 
output. (turn page) 

Remove the protective strip from the douole-siced adhesive 
on the bottom of the video adapter and a-fix the adapter 
to the top of the video modulator's shield The stickum 
grabs tight. giving you only one chance to co it right! 
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Installation 
The first step is to remove the top of the computer's cabinet 

so you can get at the main circuit board. Make certain that the 
power plug is disconnected; place the computer face down on 
the table, remove the seven screws that hold the cabinet 
together, and make a written note which holes had the short 
screws. What's that, you can only locate six screws and the 
case won't separate? No problem! The seventh screw is 
located under the Radio Shack sticker, the one that serves as 
the warranty seal. Take warning that breaking the seal voids 
the warranty if it is still in effect. If the computer is still under 
warranty it might be better to delay installation of the video 
adapter until the warranty has expired. 

When all seven screws are removed, carefully turn the 
computer over to its normal position and even more carefully 
remove the top half of the case. There is nothing connected to 
the top half, so simply lift it up and off. 

Locate the video modulator, which is the silver -color 
shielded module at the rear of the main printed- circuit board. 
Then locate the MCI372P integrated circuit which is imme- 
diately adjacent to the video modulator. Depending on the 
particular version of the CoCo that you have, the MCI372P 
can be just to the left of the RF modulator, or directly in front 
of the left edge of the video modulator. If in doubt, don't 
guess. Make certain you see MC1372P imprinted on top of 
the IC. 

Note the position (location) of the notch on one end of the 
IC and then remove the IC using an IC puller tool. Don't 
attempt to remove the chip with your fingers; that will proba- 
bly damage the IC's terminals, which will make it difficult, if 
not impossible, to re- install. If you don't have a puller, slip a 
small screwdriver under each end and gently pry upward 
evenly on both sides until the IC pops out of its socket. Take 
extra care that the screwdrivers are between the IC and its 
socket, not between the socket and the printed -circuit board. 
(Make certain that you are wearing your ground strap at all 
times from the moment you open the cabinet.) 

Carefully align the notch in the DIP socket of the video 

A wire loop on the video adapter determines the color - 

monochrome mode for both the video and RF outputs. When 
the loop is intact, both outputs are monochromatic. 
Cut the loop if you want color from both outputs. 

Both the audio and video wires exit out the rear though a 

small slot that is cut in the cover. The slot can be made by 
forcing the side of a rotating ' 4 -inch drill bit into the 
plastic until the slot is large enough to clear the wires. 

adapter \ ith the end of the MC1372P's socket that also has a 
notch, and insert the DIP socket into the MCI372P's socket, 
taking extreme care that none of the fine wires attached to the 
DIP socket get snagged or damaged. Then reinstall the 
MCI372P in the adapter's DIP socket, again taking care that 
the notch is in the correct location. Next, secure the video 
adapter's printed -circuit assembly to the computer. A good 
location is right on top of the video modulator, as shown in 
the photographs. The printed-circuit board has double -sided 
tape on the bottom. Clean an area on the video modulator 
with alcohol, strip the protective film from the double -sided 
tape, and push the printed- circuit assembly down on the 
video modulator. Align the assembly right the first time 
because it's almost impossible to remove once it sticks to the 
video modulator's shield. Finally, as shown in the pho- 
tographs, attach the audio take -off, which is the small insu- 
lated hook clip, to the audio input to the Video Modulator. 
Facing the computer so that the four input leads to the video 
modulator are on the right, the audio input is the second lead 
from the front, Simply pull back on the hook's plastic collar, 
snag the exposed metal hook around the audio lead, and 
release the collar. The clip will close, fully insulating the 
connection. Dress the hook downward toward the computer's 
printed- circuit board. 

That's it. You are almost home. All you have to do is get the 
video and audio cables out of the cabinet. The best place to do 
that is to the left of the reset switch (as you face the rear of the 
computer). As shown in the photographs, about 1/2 inch to 
the left of the reset switch cut a small notch just wide enough 
pass the two output cables . Cut the notch with a hot -knife, or 
press the side of a running I/4 -inch electric -drill bit into the 
cabinet until the notch is deep enough to pass the wires. But 
don't install the top of the cabinet until the assembly is 
checked out. 

Monochrome or color 
A small wire loop on the adapter determines the color/ 

monochrome mode for both the video and RF outputs. When 
(Continued on page 96) 
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TOY ORGAN 
By Warren Baker 

WHILE YOU OR OTHER MEMBERS OF YOUR FAMILY MAY BE 

quite musically inclined and own a piano, organ, or other 
musical instrument, that instrument is quite likely to be off 
limits to the youngest members of your family. After all, jelly - 
covered hands rarely do an expensive musical instrument any 
good. If you would like to introduce a young child to the 
world of music, while safeguarding your own piano or organ, 
why not consider building a simple little organ just for him or 
her? 

The Toy Organ described here is very simple to build and 
uses readily available parts. Most of the parts required can 
probably be obtained in Radio -Shack stores, if in fact, you 
must buy new items (many could very well be found in your 
junkbox). The type of enclosure used for the project is left up 
to you. You could buy a small hobbyist's enclosure if you 
wish, or build your own. It is even possible to have the unit 
installed into an upside -down cake tin. Your imagination can 
run wild here. 

How It Works 
A schematic diagram of the Toy Organ is shown in Fig. I. 

The musical device can span one complete octave from C to 
C- sharp. The tones are generated by the ever popular and 
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Fig. 1 -The Toy Organ is a one -chip job that plays only one 
note at a time -chords are not possible. You can experiment 
with the values of resistors R1. R2, and capacitor Cl to get 
the sound you like best. To duplicate the scale you may have 
to compare tones to that of a tuned piano or guitar. 

inexpensive LM555 timer IC, which is available everywhere. 
The circuit is fairly conventional, taken right out of the 
application notes with one little exception. The return (to 
ground) of the timing capacitor, CI, is routed to a bus -bar 
connected to eight momentary contact pushbutton switches 
S2 -S9). Those switches become the keys for our organ and 
may be mounted in a side -by -side keyboard configuration. 

The other terminal of each switch is connected to one end 
of a 50,000 -ohm trimpot potentiometer that is used to trim or 
tune the organ to each individual note of the scale to be 

covered. When a key is pressed, the circuit is completed and a 

tone, determined by R1, R2, the trimpot setting, and CI, is 

generated. Tuning each individual trimpot will allow you to 
bring the organ into tune with a piano or other instrument. 

Note that the values of RI, R2, and Cl shown are not the 

only ones that will give satisfactory results. They are shown 
only as an example; if you wish, you can experiment with the 

values -in order to come up with a sound that you like the 

best. By the same token, there is little reason to use precision 
components because the trimpots will make up for any off - 
values of the timing circuit. 

The unit is battery- powered, and requires a nominal 6 volts 
for operation. Use of C cells is recommended for longer 
battery life. 

Note that no volume control is provided. Although no 
amplifier is used, it was found that the volume was sufficient 
for most rooms and it should be loud enough to satisfy most 

(Continued on page 97) 
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Fig. 2 -Any construction technique can be used 
to build the Toy Organ. The prototype was built 
on solderless- circuit (prototyping) board and 

a suggested parts layout is detailed here. 
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BRITISH HEE-HAW SIREN 
By Robert F. Scott Add this Scotland Yard touch to your burglar -alarm system! 

A PAIR OF TIMER IC'S ARE THE HEART OF A CIRCUIT THAT 
simulates the warbling hee -haw of a British police siren. The 
schematic diagram of the circuit is shown in Fig. I. One of the 
555 timers (U2) is wired as an astable multivibrator operating 
at about 900 Hz. The other UI, operates at approximately 1 

Hz. Its output at pin 3 is a squarewave with a 50% duty cycle 
(on and off cycles of about 0.5 second each). The output of U l 
is applied to pin 5, the CONTROL VOLTAGE terminal of U2. 

The frequency of a 555 timer IC is relatively independent 
of supply voltage but can be varied over a fairly wide range by 
applying a variable voltage between pin 5 and ground. When 

PARTS LIST FOR BRITISH HEE -HAW SIREN 

SEMICONDUCTORS 
D1-1N914 diode 
U1. U2 -555 timer IC 
CAPACITORS 
C1- 10 -µF, 25 -WVDC, electrolytic 
C2- .1 -µF, disc ceramic 
C3- .01 -µF, disc ceramic 
C4- 200 µF, 25 -WVDC, electrolytic 
RESISTORS 
(All resistors 1/4 watt or larger, 5 %) 
R1, R2- 68,000 -ohm 
R3, R4- 8200 -ohm 
R5 -6800 -ohm 
R6-See text 
ADDITIONAL PARTS AND MATERIALS 
S1 -SPST normally -open pushbutton switch 
SPKR1 -8 -ohm speaker 
Experimenter's prototype board (see text), 4.5- to 

15 -volt DC supply, wire, etc. 
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Fig. 1 -The heart of the circuit is a pair of 
555 timer IC's. The value of R6 is determined 
by the impedance of the speaker used. With 
an 8 -ohm speaker. the value of that resistor 
is 68 ohms. as shown. For more information, see text. 

4.5V -15V 

Ul's output goes low, U2 operates at about I kHz. When U1's 
output goes high, U2 operates at about 800 kHz. That switch- 
ing between two frequencies produces the warbling hee -haw 
signal. 

You can have quite a bit of fun by experimenting with 
various component values. For instance, you can vary the 
timing of the warbling by changing the value of Cl or by 
replacing R2 with a 200,000 -ohm potentiometer. The range 
of frequencies covered by the warbling signal can be changed 
by selecting other values for C3. 

When operating from a 15 -volt DC supply, the 555 can 
deliver nearly I watt into a 75 -ohm load, which is the ideal 

(Continued on page 95) 

Fig. 2 -To get the most of the hee -haw' siren, you may want to build the circuit on some 
type of prototype board. That will let you experiment with various component values. 

Shown above is one suggested layout for the project. 
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The first in a series of short courses to aid the '1 
electronics hobbyist and avid experimenter in . '1 
understanding the digital theory used today in , 
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LESSON 1: BINARY DATA ell 
, 

By L.E. Frenzel , 
I 1 

l stem l 
IN 

DIGITAL TECHNIQUES ARE THOSE SPECIAL LLLCTRONIC 
methods that use on -off, pulse -type signals and logic circuits 
to process and communicate information. Digital methods 
are found in virtually all types of electronic equipment today. 
They are now so common, in fact, that they have become part 
of basic electronics fundamentals. This series of self- instruc- 
tional lessons introduces the subject of digital techniques. It 
will show you how digital circuits operate. 

What you can expect to learn in this article is: The dif- 
ference between analog and digital methods; why digital 
methods are used; binary data representation; converting 
between binary and decimal numbers; understanding hex- 
adecimal, BCD, and ASCII data; representing binary infor- 
mation with electronic signals and components; and exactly 
what is serial and parallel data. No, that is not too much 
information for one article. You have been exposed pre- 
viously to much of that information, and, in some instances, 
you will recall prior information that will make this article tie 
many facts together consolidating your current knowledge. 

Electronic Applications 
The three basic applications for electronics are communi- 

cations, computation, and control. 
In communications, we transmit information from one 

place to another by wires or radio techniques. 
In computation, we process data. Numerical, text, and 

other types of information are manipulated with mathe- 
matical or logic techniques to create new information. Com- 
puters, of course, are our data processors. 

Control refers to automating industrial and other pro- 
cesses. That means using electronics methods to operate 
equipment remotely and /or automatically. 

All three areas of electronics are well known and you can 
probably name numerous examples of each. 

Analog and Digital 
There are two basic methods used in implementing elec- 

tronic communications, computation, and control processes. 
And there are two basic methods of representing information. 
Those two methods are analog and digital. The terms analog 
and digital refer to the types of signals and circuits used in the 
electronics processes. 

An analog signal is one that varies smoothly and continu- 
ously. Figure 1 shows several kinds of analog signals. A 
constant positive DC voltage level of 6 volts is illustrated in 
Fig. IA. An alternating current (AC) signal known as a 
sinewave is shown in Fig. IB. It has a peak value of ±3 volts 
and a peak -to -peak value of 6 volts. A randomly varying 
analog signal is shown in Fig. IC. Although the latter may 
appear to be random, it could be a track of temperature during 
a 24 -hour period, a section of a voice signal, or the rise and 
fall of a local tide. 
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or used for control purposes is usually numerical in nature. 
For that reason, the main language of digital techniques is 
numbers that can also be used to represent letters of the 
alphabet and even special control functions. 

You are familiar with the decimal number system where 
we use the digits 0 through 9 in various combinations to 
represent any quantity. The decimal number system is based 
upon a method of giving numerical weights to each position 
or digit in the number. Recall that we usually refer to those 
positional weights as units, tens, hundreds, thousands, etc. 
Each position is a successively larger power of ten -10 to the 
0 power = 10" = I; 10 to the 1st power = 10' = 10; 10 to the 
2nd power = 102 = 100; 10 to the 3rd power = 10; = 1000; 
etc. The simple illustration below shows how any decimal 
number is structured and evaluated. 

Thousand 
Fig. 1 -Three sample analog voltages: A. constant DC voltage 1 

typical of that produced by a voltage regulator circuit: B. 1 1000 
sinewave signal typical of an unmodulated AM broadcast station 
of signal generator: and. C. random analog signal that may 
be the plot of a missile path. light intensity during a cloudy 
day. or just about any type of non -periodic event. 

The other type of electronics signal is a digital one. Instead 
of a smooth. continuous variation, a digital signal is made up 
of clearly defined discrete voltage or current levels with 
abrupt changes between them. The most common type of 
digital signal is the two -level or binary-pulse type signals 
shown in Fig. 2. In Fig. 2A, the signal switches between the 0 
and +5 volt levels. In Fig. 2B, the two switched states are 
-12 and + 12 volts. 

While digital signals can have more than two discrete 
levels, typically they do not. The term digital is virtually 
> nonymous with the term binary which implies two (2) 
lock. 

Representing Information 
Digital and analog signals typically represent nformation 

to be communicated or processed. For example, the analog 
voice signal generated by a microphone might be modu- 
lated and transmitted by radio. Or the binary input from a 

keyboard may be processed by a digital computer to enter 
your savings deposit. Those signals. representing nforma- 
tion (data), are then processed to accomplish some useful 
end result. Analog signals are processed by analog (linear) 
circuits. Binary data is processed by digital logic circuits. 

At one time, virtually all electronics signals and processes 
were analog. However. with the development of the digital 
computer, digital methods became more popular and widely 
used. Then, semiconductor technology gave us digital inte- 
grated circuits and the microprocessor, both of which have 

revolutionized electronics methods. Today, digital methods 
are preferred because of their ease of implementation, low - 
cost, reliability, and overall 
effectiveness. While digital 
techniques will never replace 
analog techniques completely, 
the use of digital techniques 
has grown continuously over the years and today virtually 
dominates in most electronics applications. 

Decimal verses Binary Numbers 
The information or data to be communicated, processed, 

Weight 32 16 
Number 1 1 

1x32 =32 1x16 =16 
32 + 16 + 

1,000 

1000 

Hundreds 
9 

9 x 100 = 900 

900 + 

Tens 
8 

8 x 10 = 80 

Units 
5 

5 x 1 = 5 

80 + 5 = 1985 

In digital circuits. we use binary numbers rather than 
decimal numbers. In the binary number system only two 
digits. 0 and 1, are used. For example, the binary number 
101001 I represents the decimal number 83. The digits 0 and I 

are called binary digits or bits. Like the decimal number 
system, the binary number system uses a positional or 
weighted method. Instead of weights of some power of 10, the 
position weights in the binary number as some power of 2. 
Thus we have: 2 to the 0 power = 2" = I; 2 to the 1st power = 
2' = 2; 2 to the 2nd power = 22 = 4; 2 to the 3rd power = 2' 
= 8; etc. Note that each successively higher weight is twice 
that of the preceding weight. 

The structure of a typical binary number is shown below. 

Weight 64 32 16 8 4 2 1 

Number 1 0 1 0 0 1 1 

MSB LSB 

64 + 0 +18 + 0 + 0 + 2 1 = 83 

Notice that the binary number is usually made up of a 

number of bits; in that case, eight. Each bit may be binary 0 or 
binary I. The weight of each position is indicated. Note 
particularly the least significant bit (LSB) with the lowest 
position weight and the most significant bit (MSB) with the 
highest position weight. The question is: How do you deter- 
mine what decimal quantity is represented by a given binary 
number? 

Converting A Binary Number To Its Decimal Value 
Evaluating a binary number means determining its deci- 

mal value. The process is similar to that used in evaluating 
any other decimal number. The illustration below shows what 
we mean. 

8 4 2 1 

1 0 1 0 
1 x 8 = 8 0 x 4 = 0 1 x 2 = 2 O x 1= 0 

8 + 0 + 2 + 0 = 58 

To determine the decimal value of a given binary number, 
all you do is multiply each bit by its position weight, then sum 
all of those values. Looking closely at the process above, you 
can see that those bit positions with a zero in them actually 
have no effect on the outcome. For that reason, they can be 
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Fig. 2 -Two commonly used digital signals in electronic 
circuits. The left one (A) is from a single -ended output such 
as from a 4000 chip series: and B. the output from a balanced 
op -amp that uses 12 -volts DC supplies. 

ignored. You can quickly evaluate the binary number simply 
adding up the weights of those positions that contain a binary 
1 hit. The secret is in remembering the weight in each posi- 
tion. and that's easy. 

Converting A Decimal Number Into Its Binary 
Equivalent 
Another procedure that you will find handy is that for 

converting a decimal number into its binary equivalent. The 
process is essentially that of dividing the original number by 
two, then dividing the resulting quotient by two continuously 
until a quotient of zero is obtained. The remainders resulting 
from each of those divisions form the binary number. An 
example given below shows how to convert the decimal 
number 84 into a binary number. 

Division 
84 -2 =42 
42 =2 =21 
21 _2 10 
10 - 2 5 

5 =2 2 

2 =2 1 

1 = 2 0 

Remainder 
OLSB 
O 

1 

0 
1 

0 

1 MSB 

Therefore, 84 1010100 

Maximum Decimal Value 
A binary number, or binary word as it is sometimes called, 

usually consists of a fixed number of bits when used within 
one confined system. With that number of bits you can 
represent a certain maximum value. The same is true of 
decimal numbers. With a given number of digits, some 
maximum value can be represented. For example. with four 
digits. the maximum decimal value is 9999. With a 4 -bit 
binary number, the maximum value is 1111. The question is: 
What's the maximum decimal value for a given number of 
binary bits? That value can be computed using the simple 
formula shown below. 

M=2"-I 
Where M is the maximum decimal value and n is the number 
of bits. To illustrate the use of that formula, let's determine 
the maximum decimal value you can represent with 4 bits. 
That is done as shown below. 

M = 24 -I = (2 x 2 x 2 x 2) -1 = 16 -1 = 15 

Fig. 3 shows all possible combinations of a 4 -bit word with 
their decimal equivalents. There are sixteen values, 0 through 
the maximum 15. Remember that 0 (zero) is a number and it 
is one of 16 values in a 4 -bit binary number. 

Decimal Binary Decimal Binary 
0 0000 8 1000 

1 0001 9 1001 
2 0010 10 1010 
3 0011 11 1011 

4 0100 12 1100 
5 0101 13 1101 
6 0110 14 1110 
7 0111 15 1111 

Fig. 3 -The decimal binary equivalents are listed here for 
the first 16 numbers. Keep in mind that 0 (zero) is a number. 

Eight bits is a very common binary word size. With 8 bits. 
you can represent decimal values up to 2m - I = 255. 8 -bit 
words or numbers are so widely used that they have been 
given a special name. An 8 -bit binary number or word is 
called a byte. You will also hear the terni nibble to refer to O- 
bit words 

Hexadecimal Notation 
To represent larger and larger decimal values. binary num- 

bers with more bits must be used. And, as the binary numbers 
get larger, they become increasingly difficult to work with. 
For example, it takes 20 bits to represent numbers up to one 
million, 1,048,576 to be exact. It's tough enough to re- 
member a long decimal number. but just imagine the problem 
of remembering a very long binary number 

That task is made easier by the use of a special shorthand 
known as hexadecimal notation that consists of hex- 
adecimal numbers. Hex means six and, of course, decimal 
means ten; therefore, hexadecimal means sixteen. Hex- 
adecimal refers to a special notation as well as a number 
system using a total of 16 digits. Those digits are the decimal 
numbers 0 through 9, and the letters A through F. Each digit 
corresponds to its equivalent 4 -bit binary code as shown in 
Fig. 4. The idea is to use the hex digit corresponding to each 
4 -bit segment of a long binary number. The result is a shorter 
hexadecimal number that is far easier to remember and to 
apply. 

To convert a binary number into hexadecimal number. all 
you do is divide the long binary number into 4 -bit segments 
starting with the LSB on the far right. Then, replace each of 
those 4 -bit segments with the corresponding hex digit from 
Figure 4. The result is illustrated below. 

1011 0001 0111 0010 1101 

B 1 7 2 D 

Changing a hexadecimal number back into its binary 
equivalent is also easy. You simply reverse the above process. 

Hexadecimal Binary Hexadecimal Binary 
o 0000 8 1000 
1 0001 9 1001 
2 0010 A 1010 
3 0011 B 1011 
4 0100 C 1100 
5 0101 D 1101 
6 0110 E 1110 
7 0111 F 1111 

Fig. 4 -The hexadecimal binary equivalents are listed here 
for the first 16 numbers. Compare this illustration to that of 
Fig. 3. When you use the hexadecimal number system for a short 
while. you will begin to appreciate the convenience of the system. 
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Simply replace each hexadecimal digit with its binary equiv- 
alent and string all of the resulting bits together as shown 
below. 

6 F 9 0 5 

0110 1111 1001 0000 0101 

BCD 
Besides the standard binary notation for representing a 

decimal number, some special variations are also widely 
used. The most common is binary coded decimal (BCD). 
The BCD system is essentially a hybrid of both the binary and 

decimal systems. It uses binary digits, but a separate four -bit 
group is used to represent each decimal digit individually. 
The BCD code is the same as the first ten digits (0 to 9) of the 

hexadecimal code in Fig. 4. 
To represent a given binary coded decimal value, you 

simply use the 4 -bit group representing each digit. An exam- 
ple is given below using the decimal number 4891. 

4 8 9 1 

0100 1000 1001 0001 

A space is left between each 4 -bit group to denote separate 

digits. 
BCD is a widely used method as it greatly simplifies the 

conversion process between binary and decimal. It is also an 

aid in improving communications between man and ma- 
chine. Where a human operator must interface with a piece of 
digital equipment, BCD is normally employed. Keyboards 
generally produce BCD outputs. BCD information from a 

piece of electronic equipment is normally used in 7- segment 
decimal displays that are so popular. 

ASCII 

A special form of BCD is widely used in computers. 
Known as the American Standard Code of Information 
Interchange (ASCII, pronounced ass -key), it normally uses 

7 -bits to represent not only the decimal digits 0 through 9, but 
also letters of the alphabet (both upper and lower case), 

punctuation marks, and special symbols. Some examples of 
ASCII designations are shown below. 

8 = 011 1000 (Last 4 -bits same as BCD) 
L = 100 1100 
J = 110 1010 
0 = 011 1111 

Bell = 000 0111 (This code rings a bell or sounds a tone.) 

The ASCII code is widely used in computers. It is the main 
code used in communicating information between computers 
and peripheral devices. For example, virtually all printers 
produce hard copy output from ASCII input supplied by the 
computer. ASCII coded data is also what is normally trans- 
mitted and received by a modem in digital communications. 

Representing Binary Numbers with Hardware 
The reason for using the binary number system in digital 

equipment is that it is easier to implement binary electronic 
circuits than it is decimal circuits. Decimal circuits would 
have to represent at least ten states. With binary, only two 
states are required. As a result, any electronic component that 
can assume two states can be used for binary representation. 
The result is smaller, simpler, cheaper and faster circuits. 

The most obvious component to represent a bit is a switch. 
A switch can be off or on; and, therefore, can represent 0 and 

® 
0 

MSB 

o 

DOWN DO 101 

1 

LSB 

MSB 

o +5V 

1 (+5v) 

. 0 (ov) 

-0. 0 (ov) 

1 (+5V) 

LSB 
I 1 (+5V) 

Fig. 5-A simple manual switching circuit can be constructed 
and used to demonstrate (or actually be used to input a com- 
puter device) binary data for decimal numbers 0 to 31. 

I. Fig. 5 shows how a group of slide switches is used to 
produce binary data. The number being displayed on those 
switches is 10011, whose decimal equivalent is 19. The il- 
lustration also shows what the schematic diagram may look 
like. When the switch slide is down, it is closed. The voltage 
at the output, therefore, is 0 volt or at ground potential. That 
typically represents a binary 0 (in some discussions it is 

referred to as a logic low). When the switch is up, it is open. 
As a result, the output is + 5 volts as seen through the resistor. 
That represents a binary 1 (or a logic high). 

Another obvious choice of a component to represent bin- 
ary data is a simple light. Both incandescent lamps and light - 
emitting diodes (LED's) are used to display binary informa- 
tion. An off (unlit) display represents a binary 0, while an on 
(lit) display represents a binary 1. The set of lights in Fig. 6 
show how a typical binary lamp display might look. 

-ON =1 

O OFF-0 

Fig. 6-A six -unit, light- emitting diode (LED) display aligned 
in a row can be used to display binary data for decimal numbers 
from 0 to 63. Most significant bit is at the display left side. 

,O, 
0 

0 . O 0 . O 
1 0 1 0 =42 

In electronic circuits binary digits are represented by elec- 
tronic components and circuits. Of course, the key compo- 
nent in any electronic circuit is the transistor, discrete or 
integrated. A transistor as used in digital circuits is a switch. 
A transistor can be on (conducting). Alternately, it can be off 
(non- conducting). Those are natural conditions representing 
binary 0 and binary I states. Both bipolar and MOS FET's are 

used in digital circuits. See Fig. 7. 

NPN BIPOLAR N- CHANNEL MOS FET 

Fig. 7 -Two of several transistor types used in binary circuits. 
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Fig. 8-4 -bits of parallel data transmitted from a circuit 
like that in Fig. 5 are transmitted over four lines at the 
same time to a destination which could be another chip on the 
same circuit board, a remote printer, or some other device. 

Parallel and Serial Data 
Binary data in digital circuits is generated, processed, 

displayed, or communicated. There are two ways in which 
those things are done: Parallel and serial. Parallel binary 
data is where all bits of a word are generated, processed. 
transmitted or displayed simultaneously. The data generated 
by the switches in Fig. 5 and that displayed in Fig. 6 are both 
examples of parallel binary data. All bits of the word occur at 
the same time and can be transmitted from one place to 
another as shown in Fig. 8. 

The other form of binary data is serial. Serial binary data 
is transmitted or processed one bit at a time. The bits occur 
sequentially and, therefore, each is handled separately in 
order. A serial data word is shown in Fig. 9. The binary 0's 
and l's are represented by voltage levels. Note that each bit 
occurs for a fixed length of time. If each bit lasts one millise- 
cond, then it will take a total of 8 milliseconds to transmit or 
process one byte. 

As you can see, the main disadvantage of serial data is the 
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Fig. 9-An 8 -bit serial binary word displayed against time. 

long time required to transmit or process it. On the other 
hand, serial data is far less expensive to deal with. Only one 
set of processing circuits are required, and only a single line, 
rather than multiple lines is required to transmit it from one 
place to another. Despite its low -speed disadvantage, serial 
data is widely used. It is perfectly suitable for many digital 
applications. 

Check Yourself Out 
You are urged to complete the Short Quiz we have 

provided. It will assist you in reviewing the key facts that were 
presented here. Answering the questions will allow you to 
apply what you have learned so as to reinforce your knowl- 
edge. The answers are given in smaller type, and upside down 
under the quiz. 

There will be more articles like that on continuing in stages 
to progress the development of your knowledge. Should you 
like what you see here, please let us know. Your comments 
are valuable, or should we say, "Your inputs are valuable.- 

SHORT QUIZ ON DIGITAL FUNDAMENTALS 

1. The three primary electronics applications are 
, and 

2. a. Smooth, continuous signals are called 

b. Digital signals usually have (how 
many ?) levels. 

MSB 

O 6- 0 
LSB 

o o,o 
3. Refer to the LED binary display above. What 

decimal number is represented? 
4. a. If binary 0 = 0 volt and binary 1 = + 6 volt, 

write the binary output voltage levels equivalent to the 
decimal number 207. MSB 

LSB. 
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96017 = l- 96017 

= 1-- zi? :96017 "8 
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b. The above decimal number expressed as a 
hexadecimal number is 

5. An eight -bit binary number is called a 

6. Write the BCD equivalent of the number 2805. 

7. The special code used to transmit letters as well 
as numbers is called 

8. The maximum decimal value you can represent 
with 12 bits is 

9. Binary numbers are represented in electronic 
circuits by and 

10. Which method of processing and transmission of 
binary data is slower? 

parallel serial. 
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DONE OF THE FIRST THINGS Discovt:RED WHEN :\ HOME. OR 

family computer is replaced by an office computer is that the 
TV set that was used as the computer monitor won't work 
with the new machine. The new computer has a video -output 
jack rather than a TV signal on Channel 3 or 4. While no one 
in his or her right mind would suggest using a TV set as an 
office monitor, sometimes the budget won't yet stretch for a 

standard color monitor. Also, you just don't want to take the 
color monitor along if you take the computer out of the 
house -say to give a demonstration at your school or club. 
While you have splurged for an office computer. you still 
might have need to use your TV monitor from time to time 

But to use a TV set for a monitor you'll need an RF 
modulator, a device that transmits the computer's output on 
TV channel 3 or 4. While several commercial RF modulators 
specifically intended lì)r that purpose are available, they are 
not known for creating quality screen displays. In fact. except 
for the RF modulator from the TI441A home computer which 
produces a razor- sharp. interference -free TV display, none of 

The RF modulator from the T144 A home computer is a separate 
modular unit that also contains the antenna computer switching. 
It is easily adapted to computers having a conventional video 
output. The device is referred to as the TI modulator in text. 
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JUNKBOX 
By Herb Friedman 

the home computer TV displays are anything to write home 
about. 

But if you have a TI44 /A stored in the closest gathering 
dust. or know of one lying around in someone's junkbox you 
can salvage the TI (Texas Instruments) modulator and make it 
into a very good universal RF modulator that's suitable for 
use with any computer. even an IBM PC. 

The TI modulator shown in the photographs is a complete 
integrated package consisting of the TV transmitter, a har- 
monic filter (which is what filters the interference before it 
gets into the TV set). and a switching unit that simultaneously 
switches the TV set between the antenna and the RF modu- 
lator, and controls the modulator's power. The power to the TI 
modulator is automatically switched off when the selector 
switch connects the TV set to the antenna. 

All that's needed to use the TI modulator with any other 
computer is a suitable power supply which you probably can 
build using most junkbox parts. and some way to convert the 
DIN plug input of the TI modulator to a phone jack. which is 
now, more or less, the standard composite video connector 
for personal computers. 

Both the power supply and the phono -to -DIN conversion 
can be built in a small plastic cabinet, such as the model 
shown in the photographs. While the TI modulator will work 
off an unregulated power source of approximately I I -12 -volts 
DC, it's easier to build a well -filtered power supply of the 
proper rating. using a three -terminal voltage regulator. 

Construction 
The power supply is built in a4%- x 11/4- x 27 /s -in. plastic 

Unibox cabinet. The layout isn't critical. The circuit can be 
assembled on a small piece of perforated wiring hoard cut to 
fit inside the box. The components aren't secured to terminals 

This is how the TI modulator looks with the top cover removed. 
The power and video connections enter the compartment at the 
upper left. The compartment at the lower right contains a low - 
pass filter for the RF oscillator (TV transmitter). 
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RF MODULATOR 
An inexpensive home -built device that can run a home TV as a color monitor! 
or tie points: instead. their leads and wires are passed through 
the holes in the board, twisted (if necessary) under the board, 
and soldered. However, since some components might end up 
with a slight amount of looseness of fit, take extra care that 
they cannot short- circuit if the box is moved violently. Not 
only must every connection be soldered: the component itself 
must be secured to the perfboard. 

The TI modulator requires nominally 11.5 volts at a little 
less than 50 -mA, so just about any 12 -volt transformer can be 
used for TI. See Fig. I. The transformer used is a small 12- 
volt. 300 -mA, untapped filament transformer. If transformer 
TI has a center -tap, tape it up. Any bridge rectifier rated 25V 
PIV or higher may be used for BRI. Both the electrolytic and 
Mylar capacitors can be rated at 16 -WVDC. 

The power -on indicator is a red light- emitting diode 
(LEDI) which came from a 20- for -$I.00 kit. It is mounted 
using its original stiff leads so it will poke through a hole in 
the front of the cabinet. A diffused -lens LED is recom- 
mended because it's more easily observed through a rela- 
tively wide viewing angle. 

Do not eliminate the LED POWER indicator even though 
there is an LED indicator in the TI modulator. The TI modu- 
lator's LED indicates an overload condition, not power: under 
normal conditions it will always be off. 

Fig. 1- Schematic diagram for the 
power supply used with the 

Junkbox RF Modulator. Wiring for 
DIN jack J2 is viewed from 

cable side of connector. Watch 
LED1 and other polarized parts. 

The pointer is resting on the top lead of resistor R32. the 
one to cut when the TI modulator needs more drive. That 
resistor is located directly under the center conductor of 
the shielded video wire. Note the PC board "R32" marking. 

Ti 

Completely assemble the power supply, including the Iine- 
cord, and secure it to the base of the cabinet. Install the DIN 
(J2) and phono (J1) connectors on the cover, and using the 
shortest possible lengths of ordinary insulated wire-not 
shielded cable -connect the video and video ground wires 
from JI to J2. Make certain that those wires cannot short to 
adjacent DIN terminals. Then determine the minimum length 
of the wires needed to reach from the power supply to the DIN 
connector and install them between the power supply's output 
and the DIN connector. 

Take particular note that there are separate power and video 
ground wires in the TI modulator's connecting cable. To 
avoid ground loop signals that might interfere with the normal 
operation of the Junkbox RF Modulator, don't mix the 
grounds in the power supply -keep them separate. They will 
be automatically connected together within the TI modulator. 

Jt VIDEO 

U1 PIN NO.3 
AUDIO INPUT 
TO MODULATOR 

GROUND 

The power supply can be assembled on a small scrap of pert- 
board. Component mounting terminals (flea clips) aren't needed. 
Instead, the component's leads can be passed through the perf- 
board and twisted together before soldering. 
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The DIN socket (J2) and the phono jack (J1) for the video are 
mounted in the cabinets cover. Wire the phono to DIN video 
connections before installing the wires from the power supply. 

As far as you are concerned, the power and video connections 
at the power supply's DIN jack are completely independent. 

If all of the DIN socket terminals have a connection, there 
is a wiring error. 

Checkout 
Test the power supply and the DIN /phono connections 

before you connect the Junkbox RF Modulator -you might 
not get a second chance if you have made a wiring error. 
Make certain that the power supply is 12 -volts DC. If your 
meter reads anything else, such as 16 -19 volts there is some- 
thing wrong with the connections to voltage regulator UI, or 
the device is defective. 

Then, with your voltmeter's ground lead connected to the 
DIN socket's power -supply ground terminal, make sure that 
there is no voltage reading at the terminals used for the video 
and video ground. You can make the checks at the phono 
jack's terminals. 

Using the RF Modulator 
Connect the Junkbox RF Modulator to the 300 -ohm VHF 

antenna terminals on the back of your TV set and set the TV 
set's channel -selector to either channel 3 or channel 4 -the 
one not used in your locality. Similarly, set the small channel 
selector switch on the cable end of the Junkbox RF Modu- 
lator to the same channel as the TV set. Finally, set the 
antenna selector to MODULATOR and make certain that it is 

firmly seated, because the selector also operates an internal 
power switch that clicks in at the extreme end of the antenna 
selector's motion. Similarly, when moving the selector the 
opposite way so the TV set is connected to the TV antenna, 

Finally, connect the power 
supply's wires to DIN 

connector J2. Leave a little 
extra slack so that the wires 

aren't stressed when the 
plastic cabinet is closed up. 

A miniature, power. toggle switch. Si. can be installed in the 
bottom of The plastic cab net. If you need extra room, cut a 

small l:tcr from the petit -ated w ring board. Plan ahead! 

make certain that the selector is seated at the opposite end so 
that the project's internal power switch is turned off. 

Next, connect the TI modulator's power cable to the power 
supply. Using a low -capacity shielded or coaxial cable, con- 
nect the computer's composite -video output jack to the video 
phono jack on the power supply. Then turn the power supply 
on and keep an eye on the television screen. 

(Continued on page 97) 

PARTS LIST FOR JUNKBOX FM MODULATOR 

SEMICONDUCTORS 
BR1 -Bridge rectifier. -ated at 25 -PIV, or higher 
LEC1- Light- emitting diode. 20 -mA, red, diffused lens 

L1 -78'2 12 -voll regulator 

CAPACITORS 
(All capacitors are rated 16 -WVDC or higher) 
C -220C µF electrolitic 
C2. C4-0 1 -11F Myia- 
C3-25-pF. electrolytic 

",DDI -IOVAL PARIS AND MATERIALS 
J1 -RCA Phono jack 
J2- 5- terminal, DIN chassis -mount jack 
R1- 680 -ohm, v< -wt.tt. 10 % resistor 
S1 -SPST miniature. toggle switch 
T1- 12.6 -volt filament transformer, see text 
Perboard, plastic cabinet. mclded AC plug on power - 

cord. hardware. wi- , solder etc. 
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Why spend $300 or more on a 
phototachometer when you can 

build this unit for less than $70? 
It is easy to build, easy to adjust, 

and even easier to use! 

Build PhotoTach 
By W.N. 

ALTHOUGH IT HAS MANY MORE APPLICATIONS, PHOTO - 
tach evolved from an urgent need to accurately measure the 
maximum propeller rpm (revolutions per minute) of an ex- 
perimental aircraft. That rpm was the sole indicator of engine 
output, but the tachometer used to measure it was suffering 
from vibration- induced fatigue and its readings were more 
than a little suspect. Another important use for Phototach has 
been the calibration of commercial mechanical tachometers 
used on certificated aircraft. That calibration is particularly 
critical for aerobatic aircraft that commonly have a narrow 
range of propeller speeds that must not be used because of 
propeller /engine resonances. 

You may still be asking what a phototachometer is. Well, 
it's not a device to measure how fast you can take pho- 
tographs! A phototachometer (and the Phototach) can be 
used for the precise measurement of the frequency of any 
periodically varying light source -that light can be either 
reflected or emitted. Phototach is easily adapted to measuring 
a varying voltage originating from sources other than a light 
source, as will be discussed later. 

While commercial digital phototachometers will set you 
back about three hundred dollars, Phototach can be built for 
about seventy dollars from readily available components. It 
features two measuring ranges, a maximum count of 19999, 
crystal -based precision, and a large 0.75 -inch liquid -crystal 
display for fine readability in the brightest sunlight. It is 
usable over a wide range of light intensities, and its power 
requirements are extremely modest. Phototach draws about 
9.5 milliamperes from a 9 -volt transistor -radio -type battery. 
That means that even a standard battery will give about 50 
hours of use. Calibration is easily accomplished with the help 
of a fluorescent light. 

Professor, Kent State University 

In the darkness of a hanger, the author uses Phototach 
to count the number of times the propeller blade inter- 
rupts the light coming through the open hanger door. 

Hubin 

Light Pulses to Counts 
Because it is inherently a digital measurement, Phototach 

will provide just as much accuracy as one wishes to wait for, 
unaffected by the electrical and mechanical gremlins that 
plague normal tachometers. The common two -bladed pro- 
peller interrupts the light from a source between you and it 
exactly two times for every complete revolution. To obtain the 
average number of revolutions per minute ( ± 

1 rpm) we 
would count those interruptions for a period of one -half 
minute, or 30 seconds. However, if we are willing to settle for 

10 -rpm precision, we need count light interruptions for 
only 3 seconds; for ± 100 -rpm precision we need count for 
only 0.3 second. 

Phototach is based on an LSI integrated circuit that com- 
bines a 41/2rdigit counter with all the drivers needed for a full 
liquid- crystal display of the count. The supporting IC's con- 
dition the signal from the phototransistor used as a sensor, 
provide a precisely -timed gating signal for the counter, trans- 
fer the count to the display at the proper time, and then reset 
the counter for the next timed interval. 
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Fig. 1- Schematic diagram for the phototachometer. For simplicty, the 29 connections between 
U2, the 7224 counter driver, and the display have been omitted. Those can be found in Table 1. 

Inside the Circuit 
Looking more closely at the circuit, the LIGHT- ADJUST 

potentiometer, Rl, in Fig. 1, permits the non -inverting input 
of comparator U 1 to alternately go above and below the 

reference voltage of about 1.3 volts at the inverting input as 

the light source alternates in brightness. Capacitor Cl and 

resistor R7 provide the necessary hysteresis to ensure that the 

output of the comparator is a clean digital squarewave to the 

high -speed counters of U2. 
Frequency divider U8 uses a standard TV crystal to pro- 

duce a 100 -Hz squarewave as well as a buffered 3.58 -MHz 
output. (Note that U8 is a 5369EST rather than the more 

common 5369N. If a 5369N, which generates a 60 -Hz out- 
put, is used, then U9 and U10 must be replaced with a divide - 
by-6 counter, a divide -by -3 counter, and a divide-by-I0 coun- 

ter.) The 100 -Hz signal is further divided down to I %3 Hz and 

%3 Hz by U9 and U10; the 0.3 second and 3.0 second dura- 

tions of those signals is used to gate the counters off and on 

for low and high resolution respectively. Shortly after the 

counters are gated off, the count is transferred to the display, 

the counters are reset, and the counters are re- enabled by a 

0.22 -MHz signal derived from the 3.58 -MHz signal by U7. 

That last step is needed because U2 requires signals that are at 

least 3 microseconds in duration. 
A serial -to- parallel register, U5, generates the timing 

pulses for U2 from a low logic -level that appears on its input 
as a result of the output of U3 -b changing state; as that logic 
low is shifted down the register, it successively returns its 

input to a high logic -level through U4 -b, sends a negative 
store pulse to U2 through U4 -c and U4 -d, sends a negative 
reset pulse directly to U2, and re- enables the counters 
through U4 -a and U3 -a. The timing diagram for that is shown 
in Fig. 2. 

Switch SI, a normally- closed pushbutton switch, can pre- 

vent a store pulse from reaching U2 and therefore it is used to 

hold a frequency reading in the display while the pho- 
totachometer is moved away from the alternating light source. 

Liquid- crystal displays must be fed a symmetrical AC 
voltage (equal on and off times) if they are to enjoy a long and 

happy life! Counter U2 is designed to do that for the individu- 
al segments of the display and EXCLUSIVE-OR gates U6 -a, -b, 

-c, and -d do it for the left colon (as a power -on indicator), for 
the left arrow (as an indicator of sufficient light), for the 

second decimal point from the right (for the high resolution 

switch position), and for the first decimal point (for low 



Table 1- 
Wiring List IC2 To DISP1 

Segment V2 -7224 
Pin Number 

DISP1 -M5745 
Pin Number 

Al 37 22 
B1 38 21 
Cl 39 20 
D1 40 19 
E1 2 18 
F1 4 23 
G1 3 24 
A2 6 26 
B2 7 25 
C2 8 16 
D2 9 15 
E2 10 14 
F2 12 27 
G2 11 28 
A3 13 31 
B3 14 30 
C3 15 11 

D3 16 10 
E3 17 9 
F3 19 32 
G3 18 33 
A4 20 35 
B4 21 34 
C4 22 7 
D4 23 6 
E4 24 5 
F4 26 36 
G4 25 37 

v2 digit 27 3 

Backplane 5 1,2,4,8, 
12,29,40 

resolution), respectively. 
Turning to the battery-based power supply (see Fig. 3), U12 

is a standard 7805 (3401 -5) three -terminal, voltage regulator 
that provides the supply voltages for all but U8 and U7. 
Because CMOS technology does not generate the large 
switching currents that TTL does, capacitors C4 and C5 
provide adequate charge reserve. Capacitor C4 is placed 
physically close to the regulator, and C5 should be located 
where power is routed into the main board. 

Construction and Checkout 
The prototype was built on a perforated board using wire- 

wrap, which is particularly appropriate for this project be- 
cause of the small number of discrete components. The leads 
of the resistors, capacitors, and the crystal were pushed 
through the perfboard, wire- wrapped, and then soldered. A 
DIP jumper to a wire-wrap socket was used to bring power, 
the RESOL and HOLD switch connections, and the phototran- 
sistor signal to the perfboard. That construction technique 
permitted the pertboard to be completely detachable from the 
case. The liquid -crystal display, which comes with standard 
0.1 -inch pin spacing, is mounted by cutting a 40 -pin wire- 
wrap socket down the middle (to get the greater width re- 
quired by the display) and then spacing the socket halves 
about 1/4-inch away from the perfboard with a firm foam (to 
provide clearance from the box for the IC's). 

The phototransistor, Ql, should be mounted at the front of 
the case but at the rear of a black tube so that only a narrow 
beam of light directly ahead of the phototachometer is 
sampled. We chose a %z -inch length of 5 /u-inch diameter 
black spaghetti tubing, drilled a hole of that diameter in the 

0.22 MHz CLK INPUT TO U5 

STORE COMMAND FROM 
U5, PIN 4. 

RESET COMMAND 
FROM U5, PIN 10. 

COUNTER ENABLE 
COMMAND FROM 

U5, PIN 12. 

U 

U 
Fig. 2 -This timing diagram shows the sequence of events 
that occur as a logic low is shifted down the U5 register. 
First the STORE pulse is sent to U2 via U4-c and 
U4 -d, then the RESET pulse is sent directly to U2, 
and finally, the counters are re- enabled via U4-a and U3-a. 

case, and mounted the front of the tube flush with the outside 
of the case with epoxy. 

Refer to Table I for the wiring connections between 1.12 and 
the display. Also, as a check, verify that all the pins on the 
IC's have a wire connection to them except for pins I, 2, and 
14 of U1; pins 28, 29, and 30 of U2; pin 13 of U3; pins 2, 3, I I, 
and 13 of U5; pins 3, 4, 5, II, 12, 13, and 14 of U7; pins 3 and 
4 of U8; pins 3, 4, 5, 11, 12, and 13 of U10, and pins 6, 10, 12, 
13, 15, and 16 of UII. 

After verifying the proper operation of the power supply, 
troubleshooting of the completed circuit is conveniently done 
with a logic probe. If the comparator and the phototransistor 
are correctly wired, it should be possible to make comparator 
UI switch states while pointing at a light fixture by varying 
the LIGHT -ADJUST potentiometer, RI. The operation of the 
timing circuit can be checked by looking for the "1/2- and the 
'A -Hz outputs from U10, as well as the 0.22 -MHz input to the 
U5 clock, pins I and 9. The logic probe should show a 
predominantly high logic -level on the COUNTER INHIBIT input 
(pin 31), the RESET input (pin 33), and the STORE input (pin 
34) of U2, but a very short low -logic pulse should also be 
detected at those inputs every 0.3 second or 3.0 seconds, 
depending on the position of the resolution ( RESOL) switch. 

Calibration and Use 
Phototach is conveniently calibrated by placing it on a 

bench so that the phototransistor is pointing upward at an 
overhead fluorescent light. The fluorescent light receives a 
maximum voltage from the AC power supply just twice in 
every cycle of the 60 -Hz power, so in 3.0 seconds the counter 
should count to 360 with near perfect reproducibility. Capaci- 

Fig. 3 -The battery -based power supply for Phototach. 
Should the battery be installed outside the cabinet, no 
power switch (S3) is required. Otherwise. install one! 
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DIP SOCKET 
FOR CONNECTIONS 
TO SWITCH AND 
POWER SUPPLY 

U1 

DIS 1 ONE HALF OF 40 -PIN DIP SOCKET 

1:1d1tL11711111111111 

U8 XTAL1 

U3 U4 115 ti6 

tor C3 is adjusted until that is the case. 

Set the light sensitivity by varying R1 in the direction of 
increasing resistance until the arrow just comes on in the 

display and then, continue for another few degrees. (If you 
have an oscilloscope; you can look at the output of the 

comparator to see how much additional rotation gives a 

symmetrical output). If the brightness of the light source is 

constant and if the phototachometer isn't moved, there will 
be a broad range of sensitivity settings within which it will 

U7 

L10 

All of the IC's and the 
liquid -crystal display (DIS1) 
are mounted on a perfboard. 
Alignment of the display is 
critical since it must be 
positioned under a window cut 
in the chassis cover. 

U8 

indicate a count perfectly. 
When using Phototach for other light sources, you merely 

have to ensure that the phototransistor receives a consistent 
change in brightness. With an aircraft propeller, for example, 
you can stand behind the propeller and see that the arrow goes 

off as the propeller is slowly rotated in front of Phototach 
before making the actual measurements. (Appropriate cau- 
tions should be observed when using Phototach behind an 

aircraft propeller. Obtain a firm stance with the pho- 

PARTS LIST FOR PHOTOTACHOMET 

Q1 -FPT -100 phototransistor (Radio -Shack 
276 -130) 

U1 -LM339 quad voltage comparator integrated 
circuit 

U2-1CM7224 counter/divider integrated circuit 
(Intersil) 

U3 -4013 dual D flip -flop integrated circuit 
U4 -4001 quad 2 -input NOR gate integrated circuit 
U5 -4015 dual 4 -stage serial -in /parallel -out shift 

register integrated circuit 
U6 -4070 quad EXCLUSIVE -OR gate integrated cir- 

cuit 
U7 -4520 dual synchronous divide -by -16 counter 

integrated circuit 
U8- 5369EST oscillator/divider, 100 Hz output in- 

tegrated circuit (Jameco) 
U9 -4027 dual J -K flip -flop integrated circuit 
U10 -4518 dual synchronous divide -by -10 coun- 

ter integrated circuit 
U11 -4050 hex noninverting buffer integrated cir- 

cuit 
U12 -7805 (340T -5) 5 -volt regulator 

RESISTORS 
(All fixed resistors are 1/4-watt, 5% units unless 

otherwise specified) 

R1- 100,000 -ohm, linear taper potentiometer 
(Radio -Shack 271 -092 or equivalent) 

R2 -100 -ohm 
R3- 10,000 -ohm 
R4- 36,000 -ohm 
R5, R8, R11, R12- 22,000 -ohm 
R6 -3000 -ohm 
R7, R9, R10- 10- Megohms 

CAPACITORS 
C1- 0.01 -1F, 50 -WVDC , ceramic disk 
02 -39pF, 50 -WVDC, ceramic disk 
03- 5 -60 -pF trimmer capacitor (Radio -Shack 

272 -1340 or equivalent) 
04, C5- 0.1 -pF, 50 -WVDC. ceramic disk 

ADDITIONAL PARTS AND MATERIALS 
B1 -9 -volt battery, transistor -radio type 
DIS1 -41/2 digit, 3/4 -inch, LCD readout (Crystalloid 

Electronics M5745 or equivalent) 
S1 -SPST pushbutton switch, normally closed 
S2 -DPDT slide switch 
S3 -SPST slide switch (Power supply ON oFF) 
XTAL1- 3.579545 -MHz crystal (Radio -Shack 

272 -1310 or equivalent) 
Perfboard, IC sockets, battery holder, battery clip, 

case, wire, hardware etc. 

41.4 
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In the center of the chassis box 
(photo at right) is the cutout for the 
liquid -crystal display. The electrical 

rats nest of wiring located at the top of 
the photo connects the conrols. battery 

power supply, and phototransistor. Note 
the four screw posts with spacers in the 
photos and how the perf board assembly 

in the photo (below) rests on them thus 
aligning the display with the cutout. 

totachometer within I8- inches or so of 
the propeller after making sure that no 
debris ahead of the aircraft can be 
drawn into the propeller.) Be sure that 
the bright sky, and not a dark hangar, is 
in front of the propeller so that the pro- 
peller blade will make a significant 
change in the amount of light reaching 
the phototransistor. On a clear day the 
phototachometer has sufficient sen- 
sitivity to be used somewhat past of- 
ficial sunset. Use the HOLD button 
when you want to show the actual rpm 
to the pilot. 

Circuit Variations 
Any periodic physical phenomena 

that can be converted into a fluctuating 
voltage relative to a 1- to 4 -volt refer- 
ence voltage (as adjusted by varying R4 
and R5) can be used to trigger com- 
parator Ul at its pin II input. That 
means pressure, temperature, and mo- 
tion transducers, for example, can be 
used with this circuit. 

The sampling period is easily ad- 
justed by changing or adding to coun- 
ters U9 and U10. For instance, the 
counter would record the number of 
fluctuations occurring over a whole 
hour at a time if the sampling period 
was changed to 3600 seconds by using 
two divide -by -six counters and two di- 
vide -by -ten counters after U8 to gener- 
ate a %cxxi -Hz gating signal. 

Finally, if power considerations are 
not important or if night visibility is 
required, an Intersil 7225 counter IC 
can be substituted for the 7224; the 
7225 provides the same functions but 
contains LED drivers rather than LC 
drivers. 

The completed Phototach is shown here. It 
has only four controls. one indicator display 
and a light -input port (not shown) on the 
rear apron of the aluminum chassis box. 
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By Ed Noll. W3F0J 

String your own inverted long -wire antenna! 
LITHE INVERTED LONG -WIRE IS AN EASY - 

to -erect long -wire antenna. At the usual 
antenna mounting heights. such a long - 
wire antenna displays some gain from its 
two ends at low- radiation angles that are 
favorable for DXing (Fig. I). The inverted 
long -wire is center -fed. Antenna leg 
lengths are such that a low impedance is 
seen by the transmission line. That con- 
dition is met by making each antenna leg 
an odd multiple of a 1/4-wavelength. An 
example was given in the previous column 
for a 15- to 40 -meter antenna that had' /4- 
wavelength legs on 15 meters. The inver- 
ted long -wire antenna described here op- 
erates as a dipole on 80 meters. 3/2- 
wavelengths on 20 meters. 5/2 -wave- 
length on 15 meters, and 7 /2- wavelength 
on IO meters. 

The basic cut (leg lengths) was made 
for operation as a 3 /2- wavelength antenna 
on 20 meters. Short add -ons were then 
used to tune the antenna for other bands. 
In our example. the antenna mast was 26- 
feet high and was constructed of three 
telescoping sections of PVC piping. as 
shown in Fig. 1. Inner diameters of the 
piping from top to bottom were I inch. 11/2 

NYLON 
OR 
PLASTIC 
ROPE 

6 FT. 

26 -FT HIGH 

110 -150° 

THREE 
TELESCOPED 
PVC PIPES 

2 -IN 
ID 

F'g. 1- Three- section PVC mast and 

CAP 

Fig. 2- Antenna wire terri nais and coax 
feed -through at top of P4C mast. 

inch, and 2 inch. Construction on the 
PVC piping mast was detailed in previous 
columns. Three or four nylon or plastic 
rope guys can be used and attached to the 
two eye -ring through -bolts that join the 
two telescoping top sections of the mast. 

The construction of the very top of the 
top -mast section is shown in Fig. 2. The 
two antenna wire terminals are the coax 
feed -through hole: that is used to provide 
a protected inner connection to the termi- 
nals for the inner conductor and braid of 
the coaxial line. A small cap fits over the 
top to provide weather protection. 

Length of antenna wire was 50 feet. I 

inch to obtain resonance as a 3/2-wave- 

1.1/2 -IN. 
ID 

THROUGH 
BOLTS 

ANTENNA 
WIRE 

METAL 
CLIP 

NYLON 
OR 
PLASTIC 
ROPE 

PLASTIC 
CLOTHESPIN 

FENCE 
POST 

Fig. 3- Attachment of antenna add -ons. 

length long -wire. Actual length is related 
to the height above ground of the apex and 
the apex angle set off as the antenna wires 
are stretched out to the ground -support 
posts. 

Small. attached add -on lengths of wire 
can be used to resonate the basic long - 
wire antenna construction to 15 meters or 
10 meters. The 10 -meter add -on also reso- 
nates as a 75 -meter dipole. The arrange- 
ment for attaching the add -on sections is 
shown in Fig. 3. A metal clip is used to 
attach the add -on to the very end of the 20- 
meter antenna wire. The other end of the 
add -on is attached to a plastic clothespin 
which in turn can be clipped on to the rope 
segment that stretches out the antenna 
legs to the fence post. The supported add - 
on to one antenna leg as well as the insu- 
lated clip are shown in Figs. 4 and 5. 

inverted long -wire antenna for 20 meters. 

i -r 

Fig. 4 -10 -meter add -on in place. 

(Continued on page 99 



By Ed Noll 

DATEIPOWER 

DRIVERS 

Here are four packaged combos that will interface logic to action circuits! 

A COMBINATION GATE AND DRIVER IN A SINGLE CHIT' IS A 

handy item for applications such as driving incandescent 
lamps, relays, solenoids. and other interface devices. The 
Sprague Electric gate /power drivers discussed in this article 
have inputs compatible with DTL/TTL, PMOS, and CMOS 
devices. Power supplied to the devices can be as high as 80- 
volts DC, and the device has a 500 -milliampere output heat - 
sink- current capability per gate. The M suffix after each gate/ 
power driver indicates a low -cost plastic case, ideal for ex- 
perimenter's applications, and each device can be operated in 
the - 20 °C to + 85 °C range. The devices have no suppres- 
sion diodes for transient protection, so those must be in- 
cluded in the circuit when the load to be switched is 
inductive. Sprague Electric makes available four gate /power 
driver chips that will be discussed in this article. They are: 

UDN -361IM Dual AND Driver 
UDN -36I2M Dual NAND Driver 
UDN -36I3M Dual OR Driver 
UDN -36I4M Dual NOR Driver 

The Dual AND Driver 
Pin -out and basic circuit of the dual AND driver version are 

given in hg. I. Each of the dual sections consists of a NAND 
gate and a follow -up bipolar transistor output. Check out the 
logic of the AND driver with the appropriate logic chart in 
Table I and Fig. I. There is no direct pin -out for the output of 
the NAND gate. The Y output of the NAND gate (Fig. I) is 
connected internally to the base of the bipolar transistor. The 
following bipolar transistor results in a logic inversion. 
Therefore, the output has a logic corresponding to that which 
would be obtained from an overall AND gate. Treating the 
UDN -361IM chip as a black box with one output, it appears 
to be an AND logic device. The AND operation is the result of 

the inversion of the logic that appears in the l' output of the 
NAND gate. 

Pin -outs are identical for the AND, NAND, OR and NOR 

drivers. However, internal gate for the NAND driver has AND 
logic; internal gate for the OR driver, NOR logic; and, internal 
gate for the NOR driver, OR logic. Those relations are shown in 
the remaining truth listings in Tables 2, Table 3, and Table 4. 

Gate /power drivers of that type are useful in driving pe- 
ripheral loads such as incandescent lamps. displays, heaters, 

A 

B 

OUT 

GND 

I10N 3611 

NANO 
Y 

UDN3611 

vcc 

B 

OUT 

I 

OUTPUT 

1 
LOAD 

Fig. 1 -The UDN -3611M dual gate power driver is shown 
schematically (A) within the physical outline of its DIP 
configuration. A simplified diagram (B) of one driver section 
is shown. Point Y is not electrically connected to one of the 
output pins. It is identified for circuit discussion in text. 

TABLE 1 TABLE 2 TABLE 3 TABLE 4 
AND Gate power Driver NAND Gate power Driver OR Gate power Driver NOR Gate power Driver 

Truth Table Truth Table Truth Table Truth Table 

A B Y OUT 

0 0 1 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

A B Y OUT 1 Y OUT 

0 0 0 1 0 0 0 

0 0 1 0 0 

0 o 1 0 0 

0 0 

A B Y OUT 

0 0 0 1 

0 1 1 0 

1 0 1 0 

1 1 1 0 
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AND GATE/ - 
POWER DRIVER 
UON -3511 M 

+5V 

1K 

6 

SI 
01 

0 

01 
S2 

f%r 3305? 

*1--M6-0 +5V 

LED 

Fig. 2 -Basic gate and output hookup for the UDN -3611M 
dual gate power driver chip. The ouput transistor can work on 
DC up to 80 volts and .5 ampere. Connecting the dual section 
in parallel doubles the current capacity to 1 ampere. 

relays, memories, solenoids, and stepping motors. Some 
form of diode transient suppression is recommended for 
inductive loads. A single section in the dual chip is capable of 
sinking 300 mA. By connecting the two sections in parallel, a 
600 -ampere sink is possible. 

Check -out Circuit 
A very simple check -out circuit for the AND gate /driver 

shown in Fig. 2 can be built on a solderless circuit board. The 
UDN -3611M AND chip is used. AND logic is applied to pins 6 
and 7. Output is derived at pin 5. A LED and 330 -ohm 
current- limiting resistor are used to provide a power sink and 
visual indication. The output LED comes on when any gate 
input is at logic 0. If both inputs are at logic 1, there will be no 
sink current and the LED will go off. 

Since the internal gate for the AND driver has an internal 
NAND logic element, don't let it throw you! The actual output 
of the AND driver is such that the LED will light for three of 
the four possible input logics and will be off when both A and 
B inputs are at logic 1. Wire the circuit and checkout opera- 
tion using logic switches SI and S2. A switch closed will 
result is the application of logic 0; switch open, logic 1. 

Complete Driver Demonstrator 
A complete AND driver demonstrator is given in Fig. 3. 

The simple switching arrangement of Fig. 2 is used for logic 
inputs to one dual section, while the output of a slow clock 
output from a 555 chip is applied to other input for the second 
dual section. Clock gating is handled by switch S3. If you 
wish, wire the AND driver demonstrator circuit shown in Fig. 
3 on a solderless circuit board. 

Place the circuit (Fig. 3) in operation by applying power- 
+ 5-volts DC. The CLOCK LED will come on each time the 
clock output at pin 1 of the UDN -3611M is at logic 0 and 

switch S3 is set at logic 1. 

The CLOCK LED comes 
on and off at the clock rate. 
When S3 is at logic 0, the 
CLOCK LED will not 
come on. 

Metal mask for the UDN -3614M chip. 
Note large- geometry power transist- 
ors. Logic sections are smaller. 

47K 

33052 

NM 

2N2222 

2 

3 

+5V o- á 

IIP 1 
10 

555 
CLOCK 

S3 0 

1K 

+5V 

ANO GATE/ - 
POWER DRIVER 
UM-3611M 

1M 

6 

0.01 

+5V 
o 

2.2M 

ñ 2.2 

r%" 33062 

SW TCH 
LED 

CLOCK 
LED 

f% 33052 

+5V 

Fig. 3- Driver demonstrator circuit uses a 555 timer 
to provide a slow clock input to the UDN -3611M dual AND gate - 

power driver. Clock input to pin 1 of the driver is constantly 
switching from 0 to 1. Switches S1, S2. and S3 provide other 
logic inputs used to verify operation as described in text. 

Note that the SWITCH LED will come on when either or 
both logic switches are at 0. Check that operation using 
switches SI and S2 and comparing results with Table I. 

The Dual NAND Driver 
You will probably find the dual NAND driver useful because 

of its special attributes for turn-on activities. Remove the AND 
gate chip (UDN- 3611M) you set up on the solderless circuit 
board and replace it with a NAND type (UDN- 3612M). For the 
following discussion refer to Table 2. Place the circuit in 

operation. Open switches SI, S2 and S3. By so doing you 
apply a logic I to the gates. Both LED's will light -the 
CLOCK LED will clock on and off and the SWITCH LED 
remains on continuously. Set switch S3 to a logic O. That 
action will inhibit the clock from switching the driver output 
although gate input from the clock will continue to switch 
from logic I to logic 0, and back again. 



AND GATE /. 
POWER DRIVER 
UDN3611M 

A' 

2 B' 

3 OUT 

4 

GND 

A 7 

+5V 

B 6 

OUT 5 

Fig. 4 -The test setup in Fig. 3 

can be modified to operate a small 
relay as detailed here. LED's serve 
as the load in this circuit, however 
they can be replaced with inductive 
loads of higher current without 
damaging the gate power driver. 
One of four different dual gate 
power drivers can be used in this 
circuit and the circuit of Fig. 3. .5V 

1N4004 

.5V 

33012 

Close switch SI or switch S2 or both to a logic 0 and the 
SWITCH LED will turn off. 

OR and NOR Drivers 
Remove the NAND gate and replace with an OR gate. Open 

switches SI, S2 and S3, Apply power. Both output LED's 
remain off. Clock is being generated but is inhibited. 

Close switch S3. A logic 0 applied to pin 2 will open the 
gate and associated LED will turn on and off at the clock rate. 

Close switches SI and S2. This is the only logic combina- 
tion that will turn on the associated output LED. 

Again in many applications the NOR driver may be more 
useful than the OR driver. Make an appropriate substitution. 
For this driver, output will be activated (sink current present) 
when either or both inputs are at logic 1. Clock output 
requires that switch S3 be closed to apply a logic 0 to pin 2. 

In the demonstration circuits that follow, two relays and a 

solenoid will be driven directly by the outputs of the gate/ 
power driver. The driving of power circuits can be more 
readily understood by using a NAND gate /power driver in the 

1 
S1 

o.1 o o 

CLOCK o p 
S3 

o 

o: 20 o'S4 

A' 

2 B 

3 OUT' 

GNO 

A 

B 

8 

7 

NAND GATE - 

POWERDRIVER 
UDN 3612M 

o+5V 
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1N4004 
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Fig. 5- Another circuit variation that can be performed 
on the basic circuit presented in Fig. 3. Here, the dual 
sections are connected in parallel and the choice of logic 
control is provided by switch S4. The driver transistors can 
be connected to a power supply up to 80 -volts DC. 

basic circuit of Fig. 4. 
No other change need be made with the exception that the 

two relays are connected to the outputs at pin 3 and pin 5 as 
shown in Fig. 4. The relays selected are Radio Shack 275 -246 
types. Their coil voltage is 5 -volts DC and output contacts are 
capable of handling 3 amperes at 125 -volts AC. 

In the demonstration circuit LED's are used instead of AC 
devices. You well understand that 3 -ampere devices can be 
operated by the relay contacts. Relay current required is 72 
mA which can be supplied easily from a single -gate driver. 

Add the relays to your circuit. Check out the operation. 
When switch S3 is at logic I (see Fig. 3) the associated output 
LED will turn on and off at the clock rate. When the clock 
input to the gate /power driver is a logic 1, the relay is de- 
energized. You can check that out using switches SI and S2. 
Both must be set to apply logic I if the associated relay is to be 
de- energized. 

Solenoid operation can be demonstrated using a Radio 
Shack 273 -251 type that uses a 12 -volts AC solenoid. In this 
demonstration a 12 -volt source is required. Recall that the 

(Concluded on page 101) 
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The author setup the circuit in Fig. 
5 on a solderless circuit -board. The 
two large dark squares are PC -mount 
relays. The smaller black squares are 
the 555 (clock) and UDN -3612M chips. 
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ON DX'ING 

Reaching out to log the nations of Asia 

FOR SHORTWAVE LISTENERS, ONE OF 

the most interesting continents in which 
to hunt for DX signals is Asia. 

In the imagination, certainly, and often 
in reality, Asia is exotic and exciting. For 
the SWL interested in DX as a window to 
the world of current events, Asia is a 
prime news focus, although the emphasis 
in recent years has shifted from the Far to 
the Middle East. 

There is no one Asia. Asia is diversity. 
It runs from the Arctic to the palm -fringed 
shore of the Indian Ocean; from the Gobi 
to the Himalaya peaks, and from its 
border with Europe, thousands of miles 
eastward to the Pacific. 

Asia has one -third of the earth's land 
mass. Its people are yellow and brown and 
white, and they speak countless lan- 
guages and dialects. 

Nowhere is that multiplicity of lan- 
guage more apparent than on the short- 
wave bands. 

We continue the continent- by -con- 

tinent oven, icss of what you can hear on 
shortwave -both easy catches and some 
difficult loggings -with a look at Asia. 

CHINA, Asia's largest country, has 
come a long way in its external broadcast- 
ing. Some years back, R. Peking -as it 

was then known -was rather dismal! Not 
only were the programs loaded with anti - 
American, anti -West propaganda, they 
suffered from the fatal flaw of being dead- 
ly dull! 

Things have improved somewhat. To- 
day's R. Beijing even has a program for 
SWL's. 

Here are some times and frequencies to 
try for English programming from R. 
Beijing: 

0000 GMT /UTC -10,865, 11,650, 
15,385 kHz 

0200 GMT /UTC -10,865, 11,650, 
17,795 kHz 

1100 GMT /UTC -15,520 kHz 
1200 GMT /UMT- 11,650, 15,520 

kHz 

This well equipped DX'ing set -up belongs to Swedish DX'er Ole Alm. 
While Ole DX's for stations throughout the world, he specializes 

in home service transmissions from the Soviet Union. 

TAIWAN -The Voice of Free China 
operates from Taipei, Taiwan. Try around 
0100 GMT /UTC on 11,825 or 15,345 
kHz. 

If you find that station in Chinese or 
English during the North American eve- 
ning hours, with powerful signals on 
5,985 or 11,740 kHz, the transmission is 

not being broadcast directly from Taiwan. 
It being relayed by WYFR, a U.S. short- 
wave station in Florida. 

WYFR relays the Voice of Free China 
during certain hours in exchange for the 
rebroadcasting of its own religious pro- 
grams from Taiwan transmitters. 

JAPAN -In DX'er interest, another 
popular target is Tokyo's R. Japan, a sta- 
tion which for years has gone out of its 
way to accommodate shortwave listening 
fans, particularly with its many gorgeous, 
full -colored QSL or verification cards, 
sent out in response to correct reception 
reports. 

You can try for R. Japan on a number of 
frequencies, 9,675, 11,755 kHz at 0100 
GMT /UTC; 9,675, 15,300, 17,810 at 
0500 GMT /UTC. 

Or: At 1100 GMT /UTC on 9,505, 
9,580, 15,195 kHz; at 1300 GMT /UTC on 
9,505, 11,815, 11,840 kHz. 

A lesser known and less frequently 
heard Japanese SW'er is the Nipon Short- 
wave Broadcasting Co. R. Tanpa, head- 
quartered at Tokyo. West Coast listeners 
in particular can look for that one around 
0830 GMT /UTC on 6,055 kHz. 

INDIA -Another of the major Asian 
countries is India. Here all broadcasting is 

controlled by the government's All India 
Radio. Its English- language foreign ser- 
vice is known as the General Overseas 
Service and it has been heard often in 

North America during the 2045 to 2230 
GMT /UTC time slot on 9,595, 9,912 or 
11,755 kHz. 

PAKISTAN- Sharing the great Asian 
subcontinent with India is Pakistan. One 
of the best times to hear Pakistan in En- 
glish is at 0230 GMT /UTC, with slow - 
speed news on 17,839 kHz. 

Or you can find R. Pakistan in the Hindi 
(Continued on page 99) 



 

ON SCANNERS 

All about repeaters that extend the range of VHF and UFH mobile units! 

MANY VHF AND UHF COMMUNICATIONS 
systems rely upon the use of repeaters. 
Such devices offer a number of benefits to 
those using two -way communications. 
The primary benefit that they allow is a 
substantial increase in transmissions 
range for the portable and mobile stations 
within a communications system. 

Understanding some of the basics of 
repeaters, as they are used in land mobile 
radio, offers scanner users insight and 
opens the door to getting more from their 
monitoring enjoyment. 

What It Is 

A repeater is, essentially, a two -chan- 
nel device. One channel is used to 
transmit to portable /mobile units. The 
other channel is used to receive signals 
from the portable /mobile units. That is 
sometimes called the talk -back or talk -in 
channel. The most commonly encoun- 
tered terms used to refer to those channels 
are the repeater -downlink frequency for 
the repeater's transmit channel, and the 
repeater - uplink frequency for the receive 
channel. Systems in the 450- to 470 -MHz 
band normally have the uplink frequency 
exactly 5 -MHz higher than the downlink 
frequency. For instance, a repeater that 
transmits on 460.25 MHz would receive 
on 465.25 Mhz. For systems in the 470- to 
5I2 -MHz band, the separation is only 3 
MHz. Thus, you would expect that a re- 
peater on 482.0125 MHz would receive 
on 485.0125 MHz. Repeaters operating in 
the 152- to I74 -MHz band do not have a 

uniform separation of uplink and down- 
link frequencies, although the uplink fre- 
quency is usually higher in frequency 
than the downlink frequency. 

Scanner owners would normally wish 
to monitor only the repeater downlink fre- 
quency since it carries (or repeats) all of 
the transmissions taking place on the up- 
link frequency. The repeater is usually 
located atop a mountain or tall building in 
order for the site to give it maximum 
transmitting and receiving range. The re- 
peater will then be able to pickup from 
distant low- powered hand -helds and 
mobile transmitters. You, at home, would 
never hope to hear those direct transmis- 

i 
This USAF C- 130 -type aircraft crash -landed at Amarillo Airport. Such accidents 

have special frequencies to be activated for use by fire and crash personnel. 

sions (that is. if you were listening on the 
repeater's uplink access frequency). 

Some of the things that have confused 
scanner owners about repeater usage are 
actually rather straightforward once the 
mystery is removed. One constantly asked 
question relates to mobile or portable 
units sometimes announcing that they are 
switching to an alternate frequency 
(sometimes called "F -2 "), only to 
seemingly vanish from the airwaves. 

That is a clever trick which permits 
mobile units to have short-range direct 
communications without tying up the re- 
peater. It also offers some degree of com- 
munications privacy. What the mobile 
units have done is to switch over to trans- 
mit and also receive on the downlink fre- 
quency. Their signals will no longer pass 
through the repeater and be heard over a 

wide area, although they will still be able 
to monitor the repeater for any messages 
that might be directed to them. Scanner 
owners monitoring the repeater's down- 
link frequency would hear such transmis- 
sions only if they were being made within 
a relatively short distance from the scan- 
ner's antenna. 

From Hq to Repeater 
Scanner users also ask about how the 

signals from the office or headquarters are 
fed to a remotely located repeater atop a 

mountain, and how the mobile units' sig- 
nals are sent from the location to the dis- 
tant office or headquarters dispatching 
point. In some cases that is done by tele- 
phone ( "landline' ). That may also be ac- 
complished by special radio links. Those 
links could be on other VHF or UHF 
channels, or maybe by microwave de- 
vices. Another way of accomplishing that 
is by simply establishing the base sta- 
tion(s) in a system on the same uplink - 
transmit /downlink- receive frequencies as 
any of the portables and mobiles in the 
system. 

The chances are that most of the dis- 
patching you're hearing above 450 MHz 
is by means of repeaters. Virtually all of 
the transmissions you're hearing from 
mobile units operating on UHF are mere- 
ly being retransmitted through a repeater 
rather than being heard direct. Also, any 
mobile or ship -to -shore telephone calls 
you've monitored are going through re- 

(Continued on page 103) 
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LOW -POWER POLARITY INVERTER 
By Warren Baker 

FROM TIME -TO -TIME IT IS NECESSARY TO INVERT THL PO- 

larity of a supply voltage that is already available. Although 
there are several accepted ways in which to accomplish the 

feat, the one covered by this article is simple, inexpensive, 
and fun to build. In addition, the project itself may also 

appeal to those hobbyists who are attempting to learn more 

about the fascinating subject of electronics. In the latter case, 

not only will the beginner obtain some useful experience 
building simple circuitry, but he will also get a first -hand 

opportunity to use the astonishing and multi -purpose 555 

timer integrated circuit. 

How It Works 
As mentioned already. the heart of the Low -power Polarity 

Inverter circuit is one 555 timer integrated circuit. easily 

purchased for under a dollar nearly everywhere. With the 

addition of a few inexpensive small parts, a low -power polar- 
ity inverter can be assembled. 

The circuit shown in Fig. I will operate on a wide range of 
DC voltage inputs. In fact, a useable output can be obtained 
with as little as 3 volts applied to terminals 4 and 8 of the 555. 

With little or no load, there will be about one -volt loss in the 

inverting process. That actual amount of loss will vary with 
the actual input voltage and, of course, the load current. 

The circuit operates as follows: The 555 sets up an oscilla- 
tion that causes pin 3 to be alternately high and /ow. When pin 
3 goes high, say to +5- volts, diode DI is forward- biased, 

diode D2 is reverse -biased, and capacitor C3 charges up to 5 

volts. 
But when pin 3 goes low, capacitor C3 discharges through 

DI and charges up capacitor C4. Diode D2 prevents C4 from 
discharging so that what you wind up with is a negative 
voltage at the anode of diode D2. 

Since the external load is taken from across the output 
capacitor (C4), it follows that the actual current that may be 

available is limited by the amount of charge that can be stored 

by C4. Thus, it also is obvious that the larger the capacitance 

4V ( +6 -18v) 

7 

L 

C2 

I" 
C3 02 
33 1N914 

NC 

Fig. 1- Although the use of only one resistor in a 555 timer 
circuit may seem unusual, the circuit shown here worked well 
for the application described in the article. 

01 C4 
1N914 20 

OUTPUT 
(- 5 -15V) 

01 C4. the more current that will be available for the external 
load. There are. however, some practical limits to that. In 
addition, the quality of the capacitor will have a direct bear- 
ing upon the exact amount of voltage and current available. 

Building the Circuit 
Any reasonable construction technique may be used to 

build the circuit. As you can see in Fig. 2, the author's 
prototype was built on a solderless breadboard. If you wish to 
experiment with the circuit. that technique gives you the 
maximum flexibility. For other applications, a more perma- 
nent technique (printed- circuit board, point -to -point wiring, 
etc.) should be used. For instance, once the author's final 
version was arrived at. the circuit was transferred to a Global 
Specialties' EXP- 300 -PC pre- etched printed circuit board. 
That board directly matches the layout of the Global sol- 
derless breadboard used in designing the circuit. Soldering 
the components in place was all that was then required to 
complete construction. 

Just about any part in this project can be substituted to 
match whatever values are available in your junkbox. The 
frequency of oscillation is determined by the values of RI and 
CI. That frequency is not critical and therefore you may 
substitute for those components as you see fit. The values of 

(Continued on page 97) 

PARTS LIST FOR 
LOW -POWER POLARITY INVERTER 

SEMICONDUCTORS 
D1, 02 -1N914 diode, or available similar types 
U1 -555 timer integrated circuit 

ADDITIONAL PARTS AND MATERIALS 
C1- 0.1 -RF, ceramic -disc capacitor 
C2- 50 -µF, 25 -WVDC, electrolytic capacitor 
C3-- 33 -µF, 10 -WVDC, electrolytic capacitor 
C4- 20 -µF, 25 -WVDC, electrolytic capacitor 
R1-470 -ohm, 1/4 -watt, 5 %, resistor 
Solderless breadboard, wire, etc. 

Fig. 2 -Use of a solderless breadboard allows you the most 
flexibility when experimenting with this supply circuit. GNO 
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PushOn /PushOff 
Electronic Switch 

By Robert F. Scott 

MECHANICAL PUSH -TO -MAKE, PUSH -TO -BREAK SEQUEN- 

tial switches are available, but when you need one, you'll 
probably have trouble getting it in the style or electrical 
ratings you need. An electronic equivalent can be made by 
using an Eccles- Jordan flip -flop circuit to drive a relay that 
has switching contacts to handle the load you want to control. 
We call our circuit the Push -on /Push -Off Electronic Switch, 
and we believe that it will be cheaper to build than buy. Why? 
Because you will be able to select an available and inexpen- 
sive relay, or possibly have one in your junkbox right now. 

The circuit for the Push -on /Push -off Electronic Switch is 
shown in Fig. 1. Transistors QI and Q2 make up the flip -flop 
while Q3 drives a reed relay. When power is first applied to 
the circuit, QI and Q3 are conducting and Q2 is cut off. 
Momentarily closing SI causes the flip -flop to switch 

PARTS LIST FOR 
PUSH -ON PUSH -OFF ELECTRONIC SWITCH 

SEMICONDUCTORS 
01. 02, 03- 2N2222 PNP silicon transistor. or equal 
D1- 1N4001 silicon dude or equal 

RESISTORS 
(All fixed resistors are 1 4 -watt, 5% units) 
R1- 270 -ohm 
R2- 1- Megohm 
R3, R6- 4700 -ohm 
R4. R5. R7- 10,000 -ohm 

CAPACITORS 
mylar or metal film 

C2- .01 -µF, ceramic disc 

ADDITIONAL PARTS AND MATERIALS 
K1 -Reed relay. 5 -VDC. 180- to 220 -ohm coil: 1 -A at 

125 -VAC contacts (Radio Shack 275 -232) 
S1 -SPST. normally open 
Breadboard -- solderless type. enclosure, wire. etc. 

+6 -19V 

R6 
4.7K 

R4 R5 

10K 10K 

R1 

33052 T, 
0 0 

SI 

Fig. 1 -Need a simple push -on push -off 
sequential switch? The simple project 

diagrammed here should do nicely. 

states -QI cuts off and Q2 conducts. When Q2 is con- 
ducting, its collector drops to around 0.6 volt. That prevents 
base current from flowing into Q3 so it is cut off, de- energiz- 
ing relay K1. The flip -flop changes state every time SI is 
pressed. 

Capacitors CI and C2 ensure that Q1 is always the tran- 
sistor that turns on when power is first applied to the circuit. 
When power is first applied to the basic flip -flop, the initial 
state is random -QI and Q2 both try to conduct:and, usually, 
the transistor with the higher gain will take control. reaching 
full conduction and cutting off the other one. However, 
differences in the values of the collector and coupling re- 
sistors will also influence the initial state at power -on. With 
C2 in the circuit, it and R4 form an R -C network that slightly 
delays the rise in Q2's base voltage. That gives QI sufficient 
time to reach saturation and thus take control. 

The reed relay, K1, used in this project is a Radio Shack 
type (see Parts List) with contacts rated at one ampere at 125 - 

(Continued on page 95) 

Fig. 2 -The author's prototype was 
built on a solderless breadboard. 
The layout used is shown here. 
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NEW PRODUCTS 
(Continued from paie /4) 

sitivity and triggering capabilities that 
conventional oscilloscopes are already 
noted for. 

Like all other Leader products, the 
LBO -5825 35 -MHz, 2- channel digital - 

storage oscilloscope is covered by a two - 
year warranty for all parts and labor in- 
cluding the CRT. It is priced at $3,850. 
For more information contact Leader In- 
struments Corporation, 380 Oser Avenue. 
Hauppauge, NY 11788. Tel.: 
516/231 -6900 or 800/645 -5104. 

Apple -II Prototyping Board 
A prototyping board for Apple -II mi- 

crocomputer. from Vector Electronic 
Company, supports interface develop- 
ment with space for a variety of input/ 
output connectors. A companion extender 
card provides test points for each check- 
out and troubleshooting. 

The prototyping board, Model 4609 -I, 
is fully form- and plug- compatible with 
Apple -II cards and has a dedicated I/O 
area with drilled holes and pads to mount 
either a D- subminiature or a flat -cable 
connector. The board accommodates 
DB25 to DB37 connectors for RS -232 I/ 

COMPUTER PAPERBACK BOOKS 
Great Books For The Computer Hobbyist 
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O, or up to 40 -pin flat -cable connectors. 
The 13.2- square -in. device- mounting 

areas has .042 -in. diameter holes drilled 
on 0.1 -in. centers so that IC's and compo- 
nents may be located conveniently for 
wrapped wiring. Heavy -duty + 5-V and 
ground busses surround the device 
mounting area. 

The Model 3690 -24 extender card in- 
cludes a 50 -pin card edge for Apple II 
bus, connector, and adjacent test points, 
which may be mounted on either side of 
the card. The points are configured as 

CIRCLE 942 ON FREE INFORMATION CARD 

loops to allow connecting multiple probes 
or test leads to the circuit board traces. 
Solder masking on the bus lines protect 
against inadvertent short circuits. 

The Model 4609 -1 is fabricated of blue 
epoxy -glass composite. The board mea- 
sures 2.75 -in. high by 7.70 -in. long. The 
Model 3690 -24 is fabricated of 0.062 -in 
thick, FR4 green epoxy -glass material. 
The card extender measures 2.86 -in. high 
by 3.12 -in. long. 

In single quantities, the Model 4609 -1 

is priced at $20.66 each and the Model 
3690 -24 is priced at $32.63 each. For 
information write to Vector Electronic 
Company, 12460 Gladstone Avenue, Syl- 
mar. CA 91342. Tel.: 818/365 -9661. 

Three Compact Speakers 
Revox has introduced a line of compact, 

low- priced speakers: The Piccolo. the 
Studio 3, and the Studio 4. They are built 
by Revox to the same renowned high 
quality and performance standards of its 
other speakers and audio equipment. Re- 
vox expects the new speakers to be par- 
ticularly popular for such new audio 
applications as stereo television. 

The smallest speaker, the Piccolo, is a 

two -way design only 51/2-in. wide by 
81 1/46-in. high by 53/4 -in. deep. It is 
finished in flat black, with a perforated 
metal grille. The suggested list price is 

$99 each. 
The larger Studio 3 and 4 speakers 

share similar construction and finish. The 
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Studio 3, a two -way design, carries a sug- 
gested list of $175 each; the 3 -way Studio 
4, a suggested list of $249 each. 

Enclosures for the compact speakers 
have the same massive low- resonance de- 
sign used in larger Revox speakers. Driver 
voice coils are manufactured in Revox's 

own factories, to assure the precise, tight 
wind that is essential for magnetic field 
strength and high efficiency. Tweeter di- 
aphragms use reinforced, sandwich -type 
construction and have an acoustic lens in 
front. 

For additional information, write to: 
Revox Division, Studer Revox American, 
Inc., 1425 Elem Hill Pike, Nashville, TN 
37210. 

Direct -Line Receiver 
Scientific Audio Electronics (SAE) has 

introduced the R -102, a 50 watt- per -chan- 
nel receiver. A Rockwell computer chip 
programmed by SAE engineers allows the 
circuitry to be isolated from the front pan- 
el. Since front -panel controls no longer 
come in direct contact with internal cir- 
cuitry and the audio signal, there is no 
need for audio switches. All audio circuit- 
ry is located at the rear of the unit, allow- 

ing the signal path to be reduced 
dramatically (more than 50 percent). That 
audio -path reduction reduces the pos- 
sibility of hum, crosstalk, and other audio 

CIRCLE 941 ON FREE INFORMATION CARD 

interference found in conventional re- 
ceivers. 

The SAE phono power AMP -a sepa- 
rate power amplifier for the phono cir- 
cuit- provides extra power necessary to 
drive both the phono -equalization net- 
work and associated stages accurately. A 
main power amplifier capable of deliver- 
ing high current is needed to handle low 
impedance loads. The R102 is all touch - 

(Continued on page 104) 

BRITISH HEE -HAW SIREN 
(Continued from page 72) 

output load impedance for that device. Lower impedances 
may draw excessive load currents (higher than 200 mA) and 
thus increase internal power dissipation to beyond the de- 
vice's rating. When lower -impedance speakers are used, se- 
lect R6 so pin 3 sees a total of 75 ohms. 

When you must use a series resistor, the power divides in 
proportion to the impedance values. Thus, when R6 is greater 
than the speaker impedance, it will dissipate most of the 
available power and the volume will be low. When using a 9- 
volt supply and an 8 -ohm speaker, you can get by with using a 

.. ....r.. . 

27 -ohm series resistor. It will adequately protect the 555, 
assuming that the circuit is used intermittently. 

Building it 

To get the most out of the project, you may want to 
consider building it on a plug -in type, solderless circuit board 
such as Experimenter 300 from Global Specialties, the 
276 -170 from Radio Shack, or a terminal strip such as AP 
Products' 217 -L. Doing that will let you experiment with the 
component values. 

Nothing is critical about construction. Fig. 2 shows how to 
duplicate the author's placement of components (see photo) if 
you use one of the prototype boards mentioned above. 

The Hee -Haw siren is hard -wired to a Radio Shack 276 -170 printed- circuit board that 
duplicates the layout shown in Fig. 2. Economy- minded hobbyists can squeeze the parts to the 

left and cut off the unused portion of the board, saving the excess for another project. 

ELECTRONIC SWITCH 
(Continued from page 93) 

VAC. Should your external circuit that is being switched 
exceed this rating, use the reed switch to control another relay 
whose contacts have the desired rating. 

While testing the prototype of the Push -on/Push -off Elec- 
tronic Switch, we thought of a number of possible applica- 
tions. One was as a replacement for the on -off switch on a 

radial -arm power saw. We rejected that on second thought 
because the circuit was not fail -safe. A component or circuit 
failure might unexpectedly turn the saw on, creating a possi- 
ble hazard. One possible use without foreseen dangers could 
be as a low- voltage remote control for security around the 
perimeter of the home. Another would be as a "panic button 
controlling a siren or other alarm that you might use to scare 
off a possible intruder. Of course, as a light switch it's 
perfect. 
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DIRECT VIDEO TO THE COCO 
(Continued from page 70) 

the loop is intact, both outputs are monochromatic. When the 

loop is cut, both outputs are color. A small slide switch 
connected in place of the wire loop will allow you to select 

between color and monochromatic output. 

Checkout 
Connect the video- output cable (the one with a phono 

connector) to a standard computer monitor, or to a closed - 
circuit TV monitor (which won't be as sharp as a computer 
monitor). Then turn on both the monitor and the computer. If 
you don't see the usual sign -on display, make certain that the 

computer is worktag by connecting the computer's normal 
RF output to a TV set. If you have a display on the TV but 
none on the monitor, check the installation of the video 

adapter. If there is no display on the TV, check the installation 
of the MC1372P IC; make certain that it didn't get reversed 
end - for -end when it was re- installed. 

If the adapter is working, set the monitor's brightness and 
contrast controls for the best possible display and then op- 
timize the display by adjusting the small trimmer potentiom- 
eter on the video adapter. You have gone too far if the monitor 
display breaks up or starts to roll. To correct, simply back off 
on the trimmer potentiometer's adjustment. When you're 
satisfied with the display, carefully route the adapter's output 
cables around the reset switch and replace the computer's 
cover, taking care that the output wires pass through the notch 
cut in the cabinet. If the video monitor you're using doesn't 
have a built -in sound amplifier (few do), you can connect the 
adapter's sound output to any kind of amplifier, though a 

small battery- powered miniature amplifier -such as those 
sold by Radio Shack are the most convenient to use. 

HANDS -FREE TELEPHONE 
(Continued from page 53) 

important for the adapter to work properly. Be sure to place 
the disconnected handset back on -hook. 

Disconnect the curly cord from the phone connector and 
solder the phone connector terminals to their appropriate 
place on the printed- circuit board. Plug the stereo earphones 
into the jack, reconnect the curly cord to the phone connector, 
lift the disconnected handset off -hook, and verify that you can 
hear the dial tone through the earphones. Break dial tone by 
punching a digit on the phone. You should heard the DTMF 
beeping sound. Verify the amplifier's operation by touching a 

large insulated metal object (like a screwdriver) to the center 
connection point for the microphone. You should hear power 
hum. Disconnect everything and place the handset on -hook. 

Now assemble the whole telephone adapter. Push the mi- 
crophone through the grommet from back to front to avoid 
destroying the microphone's plastic foam front dust cover. 
Make sure that the microphone is oriented properly, because 
if it is not connected properly and reverse power is applied to 
it, it will be destroyed. In order to mount the printed- circuit 
board, one screw near the mounting hole for the earphone 
jack will need to be loosened, and partially removed, in order 
to slip the PC mounted earphone jack through the hole in the 
front panel. After tightening the earphone jack to the front 
wall of the telephone adapter, tighten the printed- circuit 
board down and solder the microphone connections. Slide 
the phone connector into the slot and put the box lid on. The 
telephone adapter is ready to use. 

Summary 
As you use your telephone adapter, you will note several 

strikingly enhanced differences between its performance and 
the performance of your normal telephone. The telephone 
adapter's microphone is very sensitive and will pick up your 
voice even if you're across the room. Your voice will sound 
very clear to the person at the other end of the line, since your 
speech will not have the severe harmonic distortion generated 
by a telephone's carbon microphone. Besides a very real 
advantage of having sound in both of your ears, the earphones 
will produce very clear sound. You will be able to understand 
long -distance telephone calls even when the trunk line con- 
nection is poor and noisy. 

After using your telephone adapter with the lightweight 

headphones and becoming used to the advantages of hands - 
free telephone operation, you will find it irksome to return to 
the burden of the poor -quality old fashioned handset. 

The Hands -free Telephone Adapter is an informational 
project. The individual accepts full liability for his or her own 
actions and is responsible to comply with all local codes 
concerning direct connection to the telephone system. Be 

sure to check with your telephone company. 
Hands -Free Telephone Adapter patent -application is in 

process. The authors are sharing the telephone adaptor's 
design with you for your own use and enjoyment, but it is not 
to be used for resale or profit. 

As you use your Hands -free telephone Adapter and experi- 
ence the real advantages of having a hands -free telephone, 
you will wonder, as the authors did, why wasn't that gadget 
available before? 

BOOKSHELF 
(Continued from page 16) 

and coordinate conversion, 
Anglo /Metric conversions, 
and others. 

Osborne / M cgraww -Hill , 
2600 Tenth Street, 
Berkeley, CA 94710. 
Paperback, 277 pages. 
$15.95. 

New Ways to Use Test 
Meters 
By Robert G. Middleton 

This work -saving book 
brings you scores of 
practical new ways to solve 
puzzling electronics 
troubleshooting problems in 
both analog and digital 
circuitry. Using crystal - 
clear instructions and sharp 
diagrams, it gives you 
specific guidelines and step - 
by -step procedures that 
enable you to get much 
more from your meters and 
other test equipment. 
What's more, easy -to -read 

charts help pinpoint 
appropriate applications for 
VOM, TVM, and DVM 
you can use them to best 
advantage. 

Know -how that enables 
you to cope with more 
sophisticated 
troubleshooting challenges, 
such as adjusting for both 
feedback waveform and the 
internal resistance of high 
voltage /low current circuits. 

Also included are many 
never -before- published 
electronics troubleshooting 
techniques, tricks- of -the- 
trade, and shortcuts. With 
those advanced methods at 
your fingertips, you can 
quickly pinpoint the defect, 
measure the parameters, 
and zero-in on the right 
conclusions no matter how 
difficult the problem. 

Prentice -Hall, Inc., 
Englewood Cliffs, NJ 
07632. Hard cover, 256 
pages, $21.95. 
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JUNKBOX RF MODULATOR 
(Continued from page 80) 

If the TV set's screen was fully illuminated, depending on 
the setting of the brightness and contrast controls, turning the 
Junkbox RF Modulator on will make the screen dark or bring 
it to the black level. 

Turning the computer on will produce a screen display on 
the TV set. If your computer is outputting color signals, 
adjust the TV set's color and tint control for the desired color 
effect(s). 

More Drive 
If the TV color appears to be washed out, the Junkbox RF 

Modulator probably needs additional drive, which can be 
obtained by opening resistor R32, the project's video input 
terminating resistor. Resistor R32 is directly accessible when 
the TI modulator's cover is removed. 

The TI modulator's cover is held in place by friction: but if 

you try to pop the cover off you will most likely bend it 
beyond repair. so remove the cover in small steps. Carefully 
slide a small knife blade between the modulator's cover and 
the main case at any corner and pry the cover up just enough 
to slip a small screwdriver between the two. Do the same at 
the nearest adjacent corner. Then slip the screwdriver into the 
space and pry one end up very slightly, and then the other 
end. When you have enough room slip the screwdriver farther 
down the case and pry again. After a few pries on each side 
the cover will lift off. 

Reach in with a small cutter and cut the lead at the top of 
the resistor marked R32. (An R32 label is printed on the TI 
modulator's printed -circuit board and is clearly visible.) 

Cut the wire about %x -in. from the body of the resistor 
because you might have to re- install the connection. If elim- 
inating R32 causes the picture to tear, or the LED on the TI 
modulator to light, there's too much drive and you'll have to 
tack -solder R32's lead. As a general rule you won't have to 
cut resistor R32. 

TOY ORGAN 
(Continued from page 7/) 

youngsters. If you find it to be too loud, a small -valued 
resistor may be added in series with the speaker, or the value 
of C3 can be decreased. 

Building the Organ 
Almost any construction technique can be used. Parts can 

be mounted on a small printed -circuit board or on a solderless 
circuit board; even point -to -point wiring may be used if you 
wish. The prototype was done on a solderless breadboard 
system and the layout used is shown in Fig. 2. 

As a point of interest, the manufacturer of the breadboard 
that the author used (Global) also makes a couple of products 
that make it easy to preserve your design. One, Global's 
EXP -300 experimentor paper, duplicates the holes as found 
on the breadboard and makes it easy to record your design for 
future use. The other is printed- circuit board stock (EXP -300- 
PC) that also duplicates the hole pattern of the prototyping 
board. That makes it quite easy to obtain a permanent version 
of the design developed on the prototyping board -simply 
transfer the circuit to the PC board and solder. That elimi- 
nates the need to develop a foil pattern for your design. 

Since the buttons (keys) will take up a few inches of space 
on some sort of a panel -the bottom of the cake -tin, for 
instance -they should be mounted on a separate board. The 
small speaker can be mounted in one side or end of the 
enclosure. 

When selecting an enclosure and /or mounting the compo- 
nents in it, it is wise to consider the amount of punishment - 
falls, drops, etc. -that smaller children are prone to subject 
their toys to and plan accordingly. On the same note, it is a 
good idea to install some form of protective screening over 
any opening provided for the speaker. Children love to poke 

PARTS LIST FOR TOY ORGAN 
SEMICONDUCTOR 
U1 -555 timer integrated circuit 

RESISTORS 
(All resistors are 1 4 -watt, 5%. unless otherwise spec- 

ified) 
R1, R2- 100,000 -ohm 
R3 R10- 50,000 -ohm, trimmer potentiometer 

CAPACITORS 
C1- .025 -µF, ceramic disc 
C2- .01 -11F ceramic disc 
C3, C4- 50 -11F, 16 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
S1 -SPST toggle or slide switch 
S2 -S9 -SPST switch, normally -open, momentary - 

pushbutton switch 
B1 -6 -volts DC (4 C -cells connected in series) 
Breadboard, enclosure, 8 -ohm speaker, IC socket, 

hardware, wire, solder, etc. 

things into holes and thus are likely to damage the speaker. 
As to the cost of the unit, even if all new components were 

used, it is hard to imagine spending more than $10 for the 
parts. Of course, the use of any available junkbox compo- 
nents will bring that cost down considerably. 

With all that this project has going for it, why not make one 
for your youngster today? If there's no one in your family that 
would benefit from this project. then surprise a neighbor's 
little one. After all, it's fun to build. 

LOW -POWER POLARITY INVERTER 
(Continued from page 92) 

capacitors C3 and C4 as shown also are not magical -they 
just happened to have been handy when we did the prototyp- 
ing. 

The diodes are somewhat critical -to the extent that they 

must be of the fast -switching types rather than regular silicon 
power -supply diodes. The ones shown have been tested and 
work well. They are not. however. the only ones that can be 
used. 

Here's a test that you can use if you are not sure the diodes 
you have on hand are suitable: If you can charge C4 to about 7 
or 8 volts when powered by a 9 -volt supply. then your diodes 
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(Continued from previous page) 
are fine. On the flip -side however, if you can only develop 
about I or 2 volts, if anything, try other diodes. 

The use of but one resistor is unusual for 555 circuits, but it 

was found that the circuit worked every bit as well with the 
configuration shown in Fig. I as it did when using a more 
conventional circuit. If one is a purist, it is possible the pulses 
may not be perfect for other uses, but the diodes and capaci- 
tors don't seem to mind it. By the way, capacitor C2 is used 
only to keep pulses from the common power -supply lines. It 

may not be required in your case and, if used, there is a very 

wide latitude of values that may be suitable: almost any value 
over 5- or 10 -µF should be fine. 

While debugging the circuitry for the prototype, it was 

found to be quite convenient to connect a light- emitting diode 
(LED) to the output capacitor. C4, to indicate when voltage 
was being developed. The brightness of the LED can also be 

used as a relative indication of the amount of voltage de- 
veloped. We used a 1000 -ohm, 1/4 -watt resistor in series to 
limit the LED's current and protect it. You may want to try a 

similar scheme. It beats keeping your eye on a meter scale all 

the time. 

EXTENSION TELEPHONE RINGER 
(Continued. from page 65) 

How simple is simple? The photo of the finished product 
could not be simpler! Only two wires from the telephone 
circuit connect to the solderless circuit board, and you 
hear a tone warble when the phone company buzzes your line. 

relaxation oscillator. The resistor can range in value from 
150,000 to 300,000 ohms while the value of C2 can vary 
between 400 and 2000 pF. Typically, C2 is 1000 pF for the 
MC34012 -1, 500 pF for the MC34012 -2 and 2000 pF for the 
MC34012 -3. Resistor R3 determines threshold of the tele- 
phone -line ring -signal voltage needed to produce an output 
from the transducer. Its value is between 800 and 2000 ohms; 
depending on voltage level of the ring- signal used by your 
telephone company. With the value for R3 specified in the 
schematic diagram, the tone ringer IC is triggered when the 
ring- signal voltage exceeds 35 volts. Increasing R3's value 
lowers the triggering threshold. 

Construction 
Figure 2 shoti's how we mounted the part. on a .mall 

PARTS LIST FOR 
EXTENSION TELEPHONE RINGER 

SEMICONDUCTORS 
U1- MC34012 telephone tone -ringer (Motorola) 

RESISTORS 
(All resistors are 1 2 -watt, 5 %) 
R1- 4700 -ohm 
R2- 180,000 -ohm 
R3-1800-ohm 
CAPACITORS 
C1- 1.0 -µF metallized film 
C2- .001 µF, Mylar 
C3 -2 -µF, 10 -WVDC, electrolytic 

25 -WVDC, electrolytic 
ADDITIONAL PARTS AND MATERIALS 
PZ1- Piezoelectric transducer (Mallory PT -80: a Radio - 

Shack 273 -064 appears to be a suitable substitute for 
the transducer specified but we haven't tried it) 

Circuit board (A P Products 217 -L terminal strip or equiv- 
alent, see text), wire, etc. 

breadboarding strip. For this project we used 217 -L terminal 
strip from A P Products. We cemented that small (15 /ße x 2'/4 
inch) circuit board to a 3- x 4 -inch piece of blank PC board 
to make handling easier. There is, of course, nothing very 
critical about the layout, and you can use any other con- 
struction technique, such as designing your own PC board 
and soldering the components in place, if you wish. 

EXPERIMENTER'S SHOP 
(Continued from page 43) 

the transistor (or diode) has unusually high leakage. and if it 

is capable of functioning: or. more often than not, it will be 
sufficient information to either service or check electronic 
devices. 

Tools 
Modern circuits and devices often require unusual tools. 

The need for miniature needlenose pliers and cutters is self - 
apparent, but have you also considered special installation 
tools for miniature components? For example, try to pull a 

DIP integrated circuit from a socket and you're certain to 
bend or break a few pins. What's needed is a simple and 
cheap IC puller, a U- shaped device made of spring steel that 
has hooks at the ends of the U which slip under each end of 
the IC. Squeeze the U- shaped puller closed and pull straight 

up-the IC will be lifted out of the socket without damaging 
or bending any pins. 

Then there's a special installation tool that straightens the 
pins of DIP IC's. holds the IC in position, and inserts it 

cleanly into the socket with very little possibility that one or 
more pins will get turned under and squashed. The tool even 
has a small ground post to which a ground wire can be clipped 
when installing CMOS devices. If you're going to handle 
CMOS devices -which are extremely sensitive to static elec- 
tricity- either ground yourself with a commercial grounding 
bracelet. or make one yourself. You can make one from an old 
watchband and a length of insulated wire that is connected to 
an electrical ground. 

In fact, for extra safety, consider installing a rubberized 
ground pad such as used for personal computers on your 
workbench. They go a long way towards protecting against 
static electricity. 



Make certain that your soldering iron is grounded through 
a 3 -wire cord and receptacle. The AC currents flowing in the 
metal surface of an ungrounded soldering iron can easily zap 
an IC. Also, consider getting one of the new professional 
soldering tools, the kind that takes replaceable tips. When 
working on a high -density printed- circuit board, a fine -nee- 
dle soldering tip will keep solder off adjacent connections, 
while a larger tip will give you the extra heat needed to solder 
to a ground foil. If you can't afford one of the commercial 
soldering stations, substitute a pencil -thin soldering iron, 
which is the next best thing. While it might not have sufficient 
heat for large ground foils, it's the right size for most circuits, 
and you can always use your old soldering iron when you 
need extra heat. A 12- to 25 -watt iron is the right size for 
circuit boards: about 40 -60 watts for large ground foils and 

point -to -point wiring. 
No shop is ever complete! There's always a new tool, 

gadget, or instrument that can be added. Keep in mind that 
technology is changing so rapidly that today's instruments are 
almost outmoded by the time you open the packing box. 
When you're ready to upgrade the shop with high- perfor- 
mance test gear, try to get something with universal applica- 
tion. In this day and age, test gear that's designed for a 

specific kind of equipment often turns out to be obsolete 
within a year or two. For example: Even if used with an 
accessory counter, a variable signal generator is inadequate 
for testing frequency -programmable AM and FM tuners and 
radios. So when you're ready to spend big bucks for sophisti- 
cated tools or equipment, make certain that they will work 
with tomorrow's technology. 

CALLING ALL HAMS 
(Continued from page 86) 

Fig. 5- Plastic clothespin is used to 
clamp wire add -on to nylon -guy. 

Dimensions for the two add -on pairs 
are given in Fig. 6. A 5 -foot, 11 -inch add - 
on in each leg tunes the basic antenna to 15 

meters. Frequency of minimum SWR was 
measured at 21.33 MHz. The second pair 
of add -ons are 9 -foot long and provide 
operation on two bands, 10 and 75 meters. 
All of the dimensions given can be varied 
up and down in such a way that you can 
establish a minimum SWR on any band - 
frequency you desire. In the test antenna 
that was constructed, the minimum SWR 
frequencies were 28.6 MHz and 3.82 
MHz. As mentioned previously, the exact 
antenna length for a specific frequency 
also depends on apex angle and height of 
the antenna ends above ground. 

(Continued on page 104) 

15M 
21.33MHz 

5'11" 

9' 

10M 
28 .6 M H t 

75M 
3.82 M H r 

Fig. 6- Add -on dimensions. 
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BOOKSHELF 
(Continued tinued from page 96) 

Programming Your 
Commodore 64 in BASIC 
By Mario J. Eisenbacher 

Now that you own the 
dynamic Commodore 
64TM computer, this book 
is the next investment you 
should make! It is written 
in an informal, easy -to- 
absorb style and requires no 
previous programming 
experience to understand its 

CIRCLE 990 

ON FREE INFORMATION CARD 

contents. 
Here, you learn by doing 

as you work out each 
program. As you advance 
through seven levels of 
computer proficiency, you'll 
he exposed to customized 
teaching techniques. 
Included in the text are: A 
new vocabulary, with 
definitions and explanations 
of syntax; a step -by -step 
sample program using the 
new vocabulary; an interest 
stimulator (a short, fancy 
program for you to run); 
practice program; questions 
and answers; examples of 
errors and how to handle 
them -and much more! 

Whether you want to 
learn how to write your own 
programs for profit or just 
want to make more 
intelligent decisions when 
buying canned programs. 
this hands -on approach will 
arm you with the skills and 
working knowledge you 
need. 

Mario Eisenbacher is a 

project engineer at 

Westinghouse Electric's 
Combustion Turbine 

Division in Philadelphia 
and is also a personal 
computer consultant and 
director of AstraSoft. 

Prentice -Hall, Inc.. 
Englewood Cliffs. NJ 
07632. Paperback, 244 
pages. $17.95. 

Music Synthesizers: A 
Manual of Design & 
Construction 
By Delton T. Horn 

Looking for an exciting 
new electronics project? 
Wishing you could afford a 

music synthesizer? Tired of 
trying to find a synthesizer 
that suits your individual 
needs? You can have the 
exact modules you need, 
position and mark the 
controls to suit yourself, 
and expand your 
synthesizer to as many 
modules as you can build or 
afford. Let this unique do- 
it- yourself manual show 
you how easy and 
inexpensive it can be to 
build your own made -to- 
order synthesizer! 

If you understand basic 
electronics and can read a 

MUSK: 
SYNTHESIZERS 
A :MANIIAI Of IESKJV 
x (ONS1Rtx 1K) 
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schematic diagram, you can 
have fun building your own 
instrument. Find out about 
the various types of power - 
supply circuits, signal 
sources, voltage- controlled 
oscillators, amplifiers, 
filters, and more. Plus. 
there are dozens of 
electronic circuits -most 
which come with complete 
parts lists -that you can 
easily build. 

TAB Books, Inc., Blue 
Ridge Summit, PA 17214. 

Paperback. 343 pages. 
$12.50. 

This publication is 
available in microform. 

University 
Microfilms 

International 

University Microfilms International 
reproduces this publication in microform: micro- 
fiche and 16mm or 35mm film. For information 
about this publication or any of the more than 
13,000 titles we offer, complete and mail the 
coupon to: University Microfilms International, 
300 N. Zeeb Road, Ann Arbor, MI 48106. Call 
us toll -free for an immediate response: 
800 -521 -3044. Or call collect in Michigan, 
Alaska and Hawaii: 313 -761 -4700. 

Please send information about these titles: 

Name 

Company/Institution 

Address 

City 

State Zip 

Phone ( 

DON'T 
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READER 
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FRIEDMAN ON COMPUTERS 
I ( nnlürur, /punt /)a,i,çe 67) 

Thinkjet, lifte personal printer from Hewlett- Packard. is available in three 
different interfaces: -IP -IB. HP -IL and Centronix. This 150 -cps, ink -jet printer 

is small and quiet --ideal for home and office text and graphics printing. 

when you're all finished adding up the 
costs you would probably do better with a 
standard matrix printer. But if you need a 

lightweight serial thermal, that is the top - 
of- the -heap - 

A more recent addition to the market- 
place is Epson's high -performance porta- 

The printhead for the H -P Thinkjet 
Dersonal pri iter is conveniently 

disposable an easy tc reload. That 
design techiique eliminates the 

necessity for clearing clogged jets. 

ble printer for their Geneva /PX -8 
notebook computer, which takes single 
sheets or pinfeed paper. (No! Epson has 
not yet assigned a model number to the 
printer.) The printer has Centronics and 
serial inputs, and is powered by a re- 
chargeable- battery or an AC adapter. It 
provides six type- styles, from 40- to 160 - 
characters per line, along with a bit image 
mode. Though an 80- column printer. it's 
small enough and light enough to be taken 
along with a portable computer. 

Squirt! 
A departure from most battery- powered 

printer designs is Hewlett Packard's 
Thinkjet printer, which uses a combina- 
tion disposable ink -bladder /ink -jet 
printhead. The printer accommodates 
standard 81/2rin. -wide sheets or pinfeed 
paper. is available with Centronics, serial 
or H -P input, and can reproduce the most 
common Epson or H -P functions and 
graphics through two software- selected 
operating modes. 

The printhead has 12 microscopic 
nozzles, which create matrix -like dot -pat- 
tern printing. The pictorial shows how the 
Thinkjet works. As the printhead is driven 
across the paper, the printer's internal mi- 
croprocessor creates an electric current 

NOZZLES 

INK 
DROPLET 

NOZZLE 

Ci 

BLADDER 
(INK SUPPLY) 

VAPORIZED 
INK BUBBLE 

INK 

PAPER 
FROM 
BLADDER 

Pt- toowie! A drop of ink is squirted 
at the paper by the action of a sudden 

pulse of electricity that creates a 

steam bubble behind one of twelve 
ports in the printhead of the H -P 

Thinkjet personal printer. 

for the nozzles. Whereas that current 
would normally be used to heat the wires 
of a thermal printer, in the Thinkjet printer 
it instantaneously creates a bubble by va- 
porizing a tiny volume of ink, which gives 
momentum to the ink in front of the bub- 
ble. The only way for the ink to travel is 
out the nozzle, so a tiny droplet is proj- 
ected onto the paper. Capillary action re- 
fills the nozzle from the bladder. 

The bladder contains approximately 3 

cc. of ink, which H -P claims is enough to 
print 500 pages of text. When the ink runs 
out the user simply pops a complete new 
printhead (about $7) into the printer. 

Both the thermal and ink -jet printing 
leaves something to be desired if you're 
looking for high -quality printing; but if 
you need something that's small, light- 
weight, and convenient to use and carry 
it's amazing how quickly the printing 
starts to look pretty good. 

-Herb Friedman 

GATE, POWER DRIVERS 
(Continued from page MI ) 

output voltage source can be as high as 80 volts. Circuit 
arrangement is shown in Fig. 5. The solenoid current is 430 
milliamperes. That can be handled readily by connecting the 
two gate /power drivers in parallel. Recall that the maximum 

current capability of the paralleled drivers is 1 ampere. Oper- 
ation can be manual, or, if required, at a clocked rate. Switch 
S4 is provided for that purpose. 

The gate /power driver can be a simple way of doing digital 
switching at a power level that can operate many peripheral 
devices directly. Don't forget their capabilities in planning 
your electronic projects. 
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SAXON ON SCANNERS 
(Continued from page 91) 

pesters, plus many of the 150 -MHz band 
police transmissions. Repeaters are so 
heavily used these days, its well to have a 
basic knowledge of their operation in 
order to fully appreciate how they fit into 
your monitoring efforts. 

Mailbag 
Our Mailbag for this issue shows a let- 

ter from Archie Covington of Indiana. 
Archie asks if there are any specific fre- 
quencies normally used for fire and crash - 
truck use at various military and civilian 
airports. Civilian airports often have their 
fire departments operating on the same 
frequency (or frequencies) used by all 
area fire departments; however. the trucks 
may also operate on 122.775 and 122.85 
MHz for communications with aircraft 
while the vehicles are operating on airport 
ramp areas. Many Naval Air Stations op- 
erate crash- trucks on 140.10 MHz, while 
the U.S. Air Force often uses 173.585 
MHz for that purpose. 

Gene Please- don't -print -my -last -name 
of Opa Locka, Fl asks another aero- 
nautical communications question. He 
wants to know where on his scanner to 
listen for the Civil Air Patrol, the Auxili- 
ary of the U.S. Air Force. CAP communi- 
cations take place on 148.15 and 149.925 
MHz. During SARCAP's (Search /Rescue 
missions) the CAP stations can also be 
heard on 123.1 MHz. 

Louis Arnault says he has heard weak 
transmissions on 163.815 MHz which 
seem to be law- enforcement related. al- 
though local Newark. NJ police operate 
on other channels nowhere near that fre- 
quency. He wants to know if we can put on 
our thinking cap and give him some idea 
of what that is. Here's our guess: The 
specific frequency being monitored is 
most likely 163.8125 MHz, which is an 
uplink frequency used nationally by U.S. 
marshals to access their repeaters operat- 
ing on 163.20 MHz. Try tuning your scan- 
ner to 163.20 MHz and you'll probably 
hear the same transmissions but with con- 
siderably better quality. That frequency is 
probably active in most areas of the 
United States, at least wherever the U.S. 
marshals are functioning. 

"There are sometimes transmissions 
being monitored on 35.005 MHz," re- 
ports Lon Harris of Chila Vista, CA. 
"Only problem," says Lon, "is that that 
frequency doesn't appear to be assigned 
to any specific radio service." Essen- 
tially, Lon wants to know what type of 
station might use such a strange frequen- 
cy. That frequency and several others have 
been set aside by the FCC for by commun- 
ications stations performing special de- 
velopmental work. That could include 
stations devising new or unique applica- 
tions for communications services or 

American Military communications sometimes skip into the U.S. when radio - 
frequency propagation conditions are just right. (U.S. Army Photo) 

equipment. From time to time those sta- 
tions offer some curious and out of the 
ordinary listening fare, although the fre- 
quencies are not in heavy use. Listen on 
the following frequencies for those sta- 
tions: 30.565, 31.995. 33.005. 33.995, 
35.005, 35.995, 37.005, 37.995, 
39.005, 39.995, 42.005 Mhz. 

Alice Brannigan of Boston, MA re- 
ports that during a recent trip to Wilkes 
Barre. PA she noted weather broadcasts 
on the rather unusual frequency of 
167.905 MHz. She says that a check with 
the NOAA office revealed that that fre- 
quency is a radio link from the NOAA 
office to the remote 162.55 -MHz weather- 
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broadcast transmitter. Nice catch, Alice! 
Let's hear from you again. 

Carleton R. of Watertown, NY advises 
that the Canadian immigration patrols can 
be monitored on 42.54 MHz and asks if 
we know the frequencies used by the 
American immigration patrols. Carl. 
take -a- listen on the following frequen- 
cies. as they seem to be popularly used 
along the borders: 162.925. 163.625. 
163.675. 165.975, 168.825. and 170.675 
MHz. 

Albert Markowitz of Reno, NV writes 
to say that sometimes skip conditions are 
just right, and that he's able to pick up 
stations overseas on his scanner. He par- 
ticularly notes that on 33.35 MHz he has 
heard infanta communications from 

American troops who appear to be en- 
gaged in maneuvers. We heard that a few 
times, too, Al. and it seems to be a re- 
peater set to pick up low -power communi- 
cations on some other frequency and 
retransmit them via higher power. Appar- 
ently that is connected with American 
military maneuvers which sometimes 
take place in Central America. Other fre- 
quencies which have produced American 
Military Communications from overseas 
during skip periods include: 30.00. 
30.05. 30.10. 30..45. 30.55, 30.90. 
31.45 and 33.10 MHz. There are plenty 
more too, plus a bunch of radio paging 
stations in South America to be monitored 
between 30 and 35 MHz when RF propa- 
gation conditions are just right. 

Since. we have just about run out of 
space for this issue's column, so we'll 
close with this question from Sam Barton 
of Penbrook, PA. Sam wants to know if 
we can come up with the Pennsylvania 
State Liquor and Drug Control Agency 
frequencies. You betcha. hic! The fre- 
quency used by the Liquor Control Board 
folks is 45.30 MHz. while the drug -con- 
trol operations take place on 154.905. 
154.95, 155.455. and 155.49 MHz. 

Why not pass along any tips or ques- 
tions, photos, or other comments relating 
to scanners and scanning. Write to me, 
Mark Saxon. Hands -On Electronics. 
200 Park Avenue South, New York, NY 
10003. Looking forward to hearing from 
you! -Marc Saxon 

STEREO POWER METER 
(Continued from page 36) 

the copper foil is in good condition and that there are no 
solder bridges that you may have overlooked. If you still can't 
locate the problem, check the electrolytic capacitors to be 
sure that the positive lead of each in the correct hole and 
check the diodes to be sure that are not mounted backward. 
Look for cold solder joints. 

You may also check for resistors being discolored, or 
cracked, or that show signs of bulging. Those symptoms 
usually mean faulty wiring rather than a defective resistor and 
you should find the cause for overheating before replacing the 
resistor. Check to be sure that none of the leads from the 

CALLING ALL HAMS 
(Continued from page 99) 

Table 1 shows a list of practical equa- 
tions based on the theoretical formula for 
leg lengths that resonate on multiples of a 
1- wavelength for long -wire antennas. All 
you need to do is to divide the K value 
given by the desired frequency in mega - 
Hertz to obtain the recommended length 
in feet. Values given are only a starting 
point. You may need to cut and try the 
antenna leg lengths until your particular 
antenna installation resonates at the desir- 
ed frequency. Don't forget that you need 
to cut two such lengths to complete your 
antenna. 

Antenna Tuner 
As the antenna wire is increased in elec- 

trical wavelength there is a gradual rise in 
the antenna resistance. Consequently, the 
antenna will not provided a precise match 

TABLE 1 

Antenna 
Leg K 

1/4 X 234 
3/4 X 725 
5/4 a 1220 
7'4 X 1710 

Leg Length (Ft) - K 
f - (MHz) 

components are shorting out against some other part of the 
unit. If, after going through that whole procedure, you are 
still unable to find the problem, it may be in the chips 
themselves. It is possible that the chips are not seated prop- 
erly or that a pin is folded under the chip. Also look to be sure 
that the chip's pins are in their proper holes. If the chips are 
positioned properly, you may have damaged them in some 
way without being aware of it -in which case they must be 
replaced. 

If the brightness of a few LED's is the only problem, it's 
possible that those diodes are defective and are not passing 
the signal properly. If so, replace them. Finally, if the unit is 
operational but the response of the LED's is slow, you may 
want to try replacing C2 and C3 with other capacitors. 

NEW PRODUCTS 
(Continued from page 95) 

button operation. and includes a tuner 
with automatic search tuning and 8 pre- 
sets per band. 

The R -102 has a suggested retail price 
of $499.00. Available at better audio 
shops nationwide. 

to the transmission line. However, mini- 
mum SWR values are seldom above 2.5- 
to-I. For most transmitters a 1.5 -to -I ratio 
is not objectionable. My own transmitter, 
with its vacuum -tube output stage, can 
match from 50 up to 200 ohms and deliver 
rated ouput. Those transmitters with sol- 
id -state outputs are usually more critical 
of match, outputs dropping off signifi- 
cantly with mismatch. 

A mismatch situation is avoided with 
the use of an antenna tuner. Remember 
that a tuner never improves the antenna 
performance: however, it does make cer- 
tain that the transmitter sees a proper 
load. A combination of a correctly tuned 
antenna and a tuner to match your trans- 
mitter is the preferred way to go when 
your transmitter is critical of the output 
impedance it sees. Wise tuner -use will be 
covered in a future column. 

Keep tuned in. 
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91111679 11 59 

9974161. 11 69 

91//1699 11 69 

91741669 II 69 

91741679 II 1% 
9974/729 11 I 59 

91//1779 24 1 % 
91141139 11 95 

917417.1 II 59 

99741759 11 59 

91741799 11 79 

697417711 14 79 

91741191 11 149 

91747691 14 69 

697414711 94 1% 
9741920 11 105 

69741600 II 219 
99741859 11 779 
9/1/1929 11 69 

9041919 N 69 

911119711 N 69 

6904199 I/ 69 

9174199 11 69 

9741969 N 49 

69741969 11 75 

69041971 ll 75 

69747969 21 119 

974799 24 t 79 

69142214 16 I 19 

9142516 16 79 

910739 N 1 % 
69712744 N 749 
9742194 II 79 

69042839 II 139 

914294 11 2% 
911289 I/ ]% 
69713694 1I 55 

9743669 11 55 

6974361. IS 55 

69743669 lt 55 

6990. 143 11 1 49 

9743939 11 , 49 

74524 
745245 
145251 
745253 
745157 
745759 
145250 
745266 
745273 
745279 
745264 
745799 
745322 
745323 
745347 
745353 
745761 
745365 
745366 
745162 
745168 
745373 
74537, 
745775 
7457% 
745393 
745399 
7454% 
745533 
745131 
745540 
745517 
245610 
74591 
745644 
745615 
745670 
745668 
811595 
8115% 
811597 
8115% 

N 128 
s 49 

11 59 

11 59 
16 59 

N 59 
11 59 
11 49 
N 719 
1/ 19 
11 1% 
a 2% 
a 3% 
a 3% 
11 79 

11 109 
s 1% 
11 49 

11 49 
11 49 
16 49 

N 719 
a 19 

44 

14 

11 

11 

69 
39 

119 
19 
1% 
1% 
1% 
9 

19 
219 
719 

19 
119 
9 

7% 
19 
19 
9 

19 

4500 11 35 
1501 11 35 

450.1 35 

153 11 45 

4505 " 45 

4520 15 

4509 I; 39 

4,0 35 

471 4 35 

415 l; 35 

420 35 
421 14 35 
480 35 

053 11 45 

4537 11 99 

438 11 89 
451 11 35 

4:64 11 39 

1565 II 39 

414 11 55 

4585 Ii , 99 
4596 11 55 

41,7 14 55 

4113 II 55 

74S /PROMS' 
745114 14 55 

745124 11 2 75 

745132 11 119 

145137 11 45 

14135 11 89 

76139 11 139 

145178 11 39 

145139 11 89 
74140 11 69 

145151 11 99 

745151 16 % 
745151 11 99 
115159 16 99 

745180 16 2 29 

745169 15 129 
745114 11 109 
745175 16 180 
76149' IS 1 75 

745191 11 149 

16195 11 119 

761% 11 ; 9 
16710 a % 

745247 

745242 

74529 
74524 
.5257 
745251 

745757 

745258 

745260 

7%271 

745780 

745787' 
745296 

745299 
745371 
74374 
74387. 
71971' 
71977' 
745173' 
74570. 
76571' 
76572' 
76513' 

14 

N 
11 

n 
II 
n 

m 

11 

11 

N 
211 

N 
0 

a 
71 

1 

II 
11 

11 

1% 
219 
219 
719 

99 

99 

ro 
39 

19 
179 

79 

5% 
219 
] 49 

1% 
1% 
4% 
1% 
295 
1% 
4% 
4% 

2ÚO79 
003391 
930469 

56065E 
U1080( 

11 

11 

11 

' 

02 

t75 
99 

2% 
2% 
4 
99 

=MUM= 
GÁ17114 16 1 15 

560021 11 1 15 

5608344 II I IS 

000866 14 % 
GÁ31194 11 795 
2430969 II 1 75 

301391 4 29 

201007 14 29 

03006 14 49 

034001 74 29 

791008 16 89 
CM009 75 59 

20010 11 19 

00011 14 29 

204t2 11 29 

004011 11 39 

354014 N 89 
C01015 14 39 

201016 14 19 

0011 16 79 

201019 11 79 

C04019 16 49 

C01070 11 75 

CD1011 11 75 

20077 IS 75 

C.04023 14 29 

C9374 11 69 
554025 11 29 

04026 14 159 
001027 11 45 

034379 18 69 

01029 16 79 

504030 14 39 

354034 84 1 79 

CA1035 11 79 

20040 11 75 

C664 a.e 446 

OD-CMOS 
204011 

60012 

551011 

04016 
001047 
20448 
204049 
031050 

034051 
004052 
004053 

004059 
001060 

01066 
004061 
214069 

001070 
204071 
204077 

Won 
204077 
204079 
204041 

0211033 

20409 
074090 
04099 

1 69 

1 69 

6 79 

1 79 

1 89 
4 89 

I 59 

1 39 

I 39 

1 79 

t 09 

6 79 

I 2% 
1 3% 
1 89 
1 15 

1 39 

4 35 

4 29 

4 19 

4 29 
4 29 

4 35 
1 49 

4 79 

49 

1 7% 
1 1% 
1 149 

043I0 1 I19 
97149 I 49 
0016011 179 
00160E 1 149 
CA7161E 11 1 79 
1.4.7162f N 6% 
93116 N 779 
24901171 44 59 

04507 16 

20159 11 1 s 
0190I 11 119 
20119 N 795 
001570 16 85 

01517 1/ % 
001517 II ,5 

20 4514 24 I 9 
204515 N I49 
204576 11 09 

04578 16 89 

201519 11 59 

C01570 II 69 

GÁ1526 11 1 19 

321526 11 119 

021529 1 69 

021531 11 89 

201536 11 19 
Gp1541 11 ,19 
021511 11 119 

21)4562 14 6% 
201566 11 7% 
04547 II 249 
001584 11 59 

004773 11 , 19 

0074 11 I 19 

1671410 15 895 
11CI4I, N 17 % 
W14412 N /% 
41C14431 N l'% 
031472 14 9 

MNSOXOOCESSOR c i 
19Ik Ir 19094 69. 

42 96 

6780% Ow 
MrttnGwwr lí9%5 

7165501 Sm4nrmou9 O.a 00dace ,544. 11 % 

180. 180A. 1800. 18000 SERIES - 
280 CPU 01088014..7802. 7 5497 795 
180-27[ N Can. R6. Own 349 
280 OW 4 0u0bmcnrvw.Rr 1.4 5% 
I800M Ored4lhnory /cuss 2.c01 119 
lBOPrO P87.9 ¡094.69eCmua. 39 
280 5109 SmO. 0.h0.4 4.28 81.611 11 

180 5101 11 
280-5107 Seni, G 8.0 SvKB. 1149 
2805709 5e210 I119 
283 431 74938909 4. 409 39 
1801[7[ a Corm LTV Cncu7 49 
19010461 Ou.4y'.9raon Rea l.. 995 
1801010A Ored Mn9ry Access Urnot 1295 
2809,10 P1r944 79 Santa Cmoa. 3 % 
18045700 S4.,y 10 ,628.9 6C6 BmdM. 1I % 
280X51o'7 9. 10 9449 0149. 17 % 
28045102 Seu101180SVNC131 11% 
18005709 Sn..,O 17% 
18013 9U IM43889E7 WU 695 
2e00{IC N C544. Rie, Cncd 11 95 
1990041 74M 47/7604n4 Nh Sans 1995 
1808 P10 P...10 menace C.9k. 10 % 
280018 Cal Sry4n.lII9e4, 7995 
180028 CAI Mm ne2 59 % 

11500/0000/08000 SEALS 
6507 AW.'1772.1,IW, 4% 
05024 4W47nC,a44Narr, 1% 
65020 6R nln Cloo 79eU. 9% 
6570 16999 9.4.. 3% 
6572 /64.04 h. 4449 5 
655' It 94w1 Comm 90,ICe 4.N. 10 % 
6800 IMU l% 
6007GP 4w.97Gok.9,14M 7% 
6805 11 9U - 9-9 .047-C99 04V1061 1% 
68091 CPU - 9-B7. d..rw Oocwpl 9% 
699091 CRI - 8& d.l C4k4r971MU 11 % 
69BIC N 128.9.4RAIR17M41 5% 
692, R.0109 ink. 40101 946870I 2 % 
547' 6nP.r. 0914 444p. 72M4, 5% 
6815 4 97 C599913,1C1 1495 
64445 11 91 Caeca. 1002. 71.974 19% 

EBEO ÌÌ áó oM i% ,49yM0o 
69030.8 49 46911684 e1,90, 19% 
49188D Gh.7. P0po1e 47 4M. 9% 

9037 
8035 
8039 

801916 49 

8060 
8079 
41104 
COSA 
809547 
9U167 
8087 
8088 4 
8155 
8156 
8705 11 

8272 84 

8171 16 

8278 a 
823á 49 

8238 a 
8243 N 
82529 
9757 66 

82514 N 
8253 84 

8755. 5 

8759 s 
1271 
8274 
1219 

82 N 
6194 11 

8186 
9287 
8218 
1303 
83111 

6140 
741 

674 
0719 
8155 149FR%4wm7.0 39% 
491496 N9n 440'aI' 16 M 1W 9995 
80149 419144p4 1684101684Q4Bus, 89% 

dSR cONTIIOLLERs 
161771I 5.949 0989 7695 
901791 54pelluFNnwyIah. 24 % 
90103 4 5.440004 Dens9 
401795 Oenh7/ 5e.t 

.401 
1MI 2895 

601791 49 0u. 190595n 5e10 144, 7995 

SPECIAL NNCTk7N 
06002601 1 D. 4051704 Q. 7944, 1 95 

7 95 5152657 
1a0.N1. Ì yqpyBud M9 Syskm 495 
M16179 11 1V Gn96a SH6c G..a 995 
4954209 84 Asyrcm044.4. 6.%.n9kcw4. 5 % 
146/16/04 24 M4rop495oRUll.nDadi 8% 
1951174. II 1.4ro Can.. 7478 C.o, 695 
e415369N4 / 09 057771184 720117 79 
193369E51 1 744 0100e04. 41004, I% 

ROOD' 00000 SERIES 

Cana 778ned CR 99446 W 14 % 

0711 -59 29988 712840 4846 595 
CPU .256 W. RAM 995 
CRI - 8.94 4905 74 % 
91 *1110 4k77 0460919 2995 
CRI 1% 
CN 8% 
CRI - 8-87 #-05499 15019 1 95 
CPU 16 7 S 2495 
keno/ Raceme 18995 
CPU 916 B4 9% 
405 Red ID Re Ime. 6% 
114446 19 M.9. Tmn 895 
7 6 5 7 41 9 8 0 44 , 91 395 
7704 in. 005. 7454127 295 
Cock Gere...1'. 

24: 5554., Cm19m 74. 47164281 

Sy11..CC04.a O455Ì!1.59!7. li% 
,O6.p..6Senn 4% 
As. 20*171 Sena. 1095 Proof 007594671 1% 
Rog Ds. Me..716041, /% 
P40 1.11.1 7094 
609495.40084, 495 
Rog 753...410%, 5400 795 

.99 1919,48 Como 595 
5940. Den. 7409 094 Coe 995 
MW-P7 Sn. C. 412111 29 % 
Po; 

9w 
9113499.692 

6995 
C4e6 Generar Q50 6% 
Oda 044 8.449. 7 % 
00. But 4.14. 14449, 7 % 
94 Comm. 1995 
8 Be 4.540 6 Check. Vas 39 
8 84 6 040647.41 R4. 349 
M. 1417440..91.. Omer 395 
89106 Pen.. 0.79. 2895 
NAPS (19361 MR/ 3995 
MR 853468äM Sewn 094 3995 

PIP 
la MEN IM WINO 

Mar le Ns 1 
8 P,1P 16 14 13 

1444LP 17 IS 14 

16 LP 79 9 16 
1914 LP 26 24 23 
20 o4LP 30 27 25 

229017 37 29 26 
1470 LP 33 30 28 
28pnLP 40 37 35 
40 on LP 49 46 43 

116 Ila 

1103 
417 
1 112 

ai6694i 
41641050 
176411 
1Y5261 

W6270 
YAM 
9A6249 3 
11256150 
412%700 
4126 

OMORRNC OAMi ti Fs.a 
Ill lÏ 4 
11 76361.1 

1 
504 

16 16 384.1 121095 
11 76 384.7 17504 
11 65536.1 II504 
11 65516.1 121108 
11 10210 13208 

a 1 4096.1 1251. 
N 0960 120+9 

i6 6 p 76 7.509 
11 76714.11264 
11 31072419264 

PII. 
99 I 

39 -87095 
I 9-689' 
19-609'. 

519 - 61095 
4%-634% 

35-61% 
s -al 

144096 
7% 2107 

59 
3% 
31% 
74% 

STATE IMO 
7101 12 256.4 450418107 793 
I107 11 10210 150n51 19 
7102 ri 11 7024., ]SOmr I P 19110]) 19 
t 1 I 1 11 756. 450419111 219 
2712 II 256.4 15047 405 2 49 

jW-1 16 16H.i iSppllP 1959 
8rdj%% 

271491 11 1021.4 2641 139-610% 
27149.21 11 1021. 209147 LP 7 69 - 613 49 
214719 11 1096.1 7041 49 
1798111 
16015 11 1010.4 15079 3% 

79600.45 s 1024.1 4504 % 
5101 a 756.4 4504 0405 7 95 
19a5257 11 4096.1 1505 4044 I 95 
46116117 N 2018.9 12074 CMOS 7% 
467161P.2 N 248.6 720141PCM05 8% 
46116P 3 II 2019.8 15071 CMOS 495 

IM J 163 11 6 06L2/05 N 70970910 2C04 90S 175 
7.6116N N 248.8 2004 L P CMpS 59 
1/1676017 N 1792.8 1294 0905 3395 
1447611/111 a 8191.9 12911PCllpS 39% 
MJ6260I5 N 0197.8 75079 0435 395 
.1626111115 N 01920 5041O7MI5 37% 
2A500 11 756.7 80151 395 
1419 11 16.4 5071, OI 115 
10921 11 756.4 25079 21105 595 
74970 11 1024.1 2504 0/05165181 595 
745789 11 16.4 35957 9105 195 
74209 N 16.4 991 3101 2% 
82510 11 1024.1 509602 1931751 395 
82525 11 16.4 5p41pi 17/57891 715 

PIONS/ 
12014 21 156.4 r 395 
2708 N 7024.9 i45pn4 1% 
7697516 N 248.e 4504 2716 4% 
I039E7577 ! e1019%i.Be i95pts 

llAf,7 
1695 

1762716 21 248.8 ,450,9 34609 !% 

77[i6 Ñ 01048.8 li% 
7161 N 20184 1504 59 
71605 84 2484 ,55095 376 
737 21 4096. 4504 195 
732421 21 40964 720075 216 1119 
737425 N 4095.8 7250511V 719 
7371445 21 4096. 4505 21V 649 
7237 94 4096.1 29139 19% 
7231430 24 048 91095 71V,91251 7196 
76920 N 81914 ¡2105 7111 74 % 
764-25 a 8191.8 ¡2534 21V 719 

5 .9 CYD5 71VV 
6 49 

7264 a 8192 I295 

Ì eb 89 71 75 6381. 719ns1a1F0m29 2l% 
725675 N 3774.e 15951254EpPvv,n7114 99% 
6149 N 3.8 iR0M027618011 1/5 
15207 16 75641 MCl/ TS 763011, 1 79 
49788 11 324 PROM IS 46371. 5 179 

W17 ! 156.8 PlIp.ÓS76919I 4% 
45172 N 511.4 PROM 15 430-11 1% 
45111 N 5174 PRDM OC 43481 4% 
45174 N 572.8 RCM TS 49.75296441 1 95 

715115 N 511. PROM OC 763101 4% 
745176 11 7071.1 P110415 695 
745478 U 7024 ROM 15 595 
745570 N 571.4 

.8 
PROM OC 767161 155 

115511 16 511.1 RCM 75 763061 2% 
74512 11 702444 1104 OC 63521 4% 
145513 16 024. ROMIS4025171, /% 
87573 11 ]2.8 PRIM OC 4275787 295 
925115 

7 
15 127515i 

N 38 IM I ]76191 295 
915126 11 256. rICMOC 75207 2% 
925129 11 759.4 ROM IS 3275211 295 
925110 11 512.1 PROM OC 321571. 1 95 
825185 11 298.4 

R%OSMIS,708194 
995 

825197 14 

Ñ 702491 ROM,IS 4251811 l9% 
9%15199 11 704. RCN 0C 7825197 9% 
00375189 11 73844 PROM 15 ,6251857 995 
941519tN 21 

OATAAC0016RIM1 
19h % 14 

OCIO We. 4655[2494..59. e 295 
8e4AO Came. 11.41 14 % 
9 94 A9699e.1- I /71 9.81 1% 
OM 4D 2.999.11581 39 
9 Ela ADO. .805M..4MOp 9% 
884AD Owe ,8C7.0097 49 
884A0 Cam *716O,.v.ku4p 14% 
8 M AD Lowe.. 16 Ca 3841 9 9 

II 8 14 DACm..,078440I 7% 
II 6610A Co... ¡MC110611 49 
11 8 M Cameo 04 Ca114068, i20 
a 8 6110 0'A [an . 05.e In I 595 
a 853 

l 
6 0.1Ca9,109101 19 

21 13 M DA Um Moro Ca,9 400941 7% 
7{ 

I0M06Conv400Y.1102P41 Ì% 
11 99 0ACO4702041n 7 5% 
11 124410A(àn4026,147 695 
N 9614410 Cm.,054141 7495 
a 12 841. DA De9 I I0..107 I395 iIerM1IIal 34 

M4 RM WM 69. 16 ti WM h94 

/4480 N Owl 79M 1140 Ga 69 144500 N pua 7-Dp,t 94C G9 +. 
7 4 4 0 2 11 0.12 ap0 NOR Gale 15 114502 11 9 . 41 7 l 09 2 0. 90R /4401 11 Me Yr.. 49 

/41501 11 5e. 47.. 59 11111 11 QW3590A93Ger )5 
74110 II 149 3-140 WC G+4e 75 741506 N Qua 2 494 4,93 Ger 59 
7413 11 Ouaa 1 Yp9 OR GaN 79 141510 11 kp. 3.9p4 WC fMer 59 
74174 14 Ou.01b1bp e5 7415% 11 8M,p10.IOGak 59 
]4480 11 O. E.ca,..9 G4k I IS 74153 14 900 7 4pe MG. 65 
144109 IS Ou.etRam* Ease 11.o1gp 9+ 71y511 N QuOlbivo 79 741134 11 E.p89pN 38 C.a. 160 
14151 11 0u41 2 990 141.0e.e' 7 69 7445109 11 441 9 Ra Edge 11419/ 79 

141158 16 Q4a 71Y1IrMp 141.9ro..e1 un. 1 69 7415118 11 F.a.4.w 38 Decode. 125 
141191 16 48411.09*n9.uyyCan. 529 7145710 s Ir. 540 Oda 1n0,969n.n.9. 775 
74120 N T..$taNOdyl4.O..194nns, 3!5 144514 N F.S11NOCt.lnO,. 27S 
74124 s 1. SIN Om in 0.. 319 /445745 N 11N B16 98ä429.r 16m 9v 

7 159 141761 11 eS40O9N19M4ue9.., 79 )YLS7]] N 9.StlO4WLAM 259 141P3 49 9.9aN Oda Lath 189 
144111 s 9.SIye00.DIbP4p 159 /4L57/4 4..,.'.v D1.f.. 759 

MICROPROCESSOR COMPONENTS 

DT105O - Applications: Teaching Ids, 
appliances, clocks, automotive, tslecommunica. 
lions, language translations, etc. 
ne DT 7050 79 a vended DIG, TAL7E 9 4.1 encoded *1117 137 .palale 

and u *orda. 2 tones. and 5 0,714791 .len duraIOn3 The 
*ord..ne 

7. te 
tones han Dean assigned 07107.1 addresses. 946709 41 

190519619 10 output single words or *gds Concal.nled mio phr1a$ 
or even fenlentes The 'r output of 1h. 051050 is highly in 
Ie 7.9.57. mala volta Fumala and chadren s 14,04 Can D $y711M61 
ed The vocabulary 9 ChOSen so IMI .1 Is 1101,68618 lo many Pro- 
ducts and markets 
The 0T1650 conies el Speech Processor Chip. MM511041'0pin1 
and .0 121 Speech ROM MM521M55Rt and MMS21845597474pin1 
along 9119 Mister Word NM and recommended scheme's 
diagram on IM app! *tllen 19.1. 

0T1050 Digfalker'N 534.95 ea. 

MM54104 Processor Chip 514.95 ea. 

011057-Expands the DT1050 vocabulary from 131 to over 260 
wads. Includes 2 ROMs and specs. 
Pan No 071057 524.95 ea. 

Mar ti Id 
7045% N C4p5 R/a9. T4r9. 
7019E90 a 5NOrg9n co. Ol 16400, 53, 

7t06CR 3', 7'99 AD 10 Q.RI 
1E01020 1D94120O4pvy. MI5 I/116 
6F02030 l', Q%lCg QsR.. 1105 6 7176 

7106EV+4 C. Gc7M Bo4.a 745w 4EMm0n 531 

7 07C 3', 0.7140 4E0 D3. 
770IE9 4 C. Canal 99.d 044M EM70. 40 
1716099 3',0,9440120097t0 
720116 L49 6047 49 41410 
1705PG N 945 LED 543pa686147 
7205fV11 24 5494.445 04. 4TL 64k940 4, 
779534 11 We Qne.iy 
77061114 N .'r (..a. G. Ill .E..u4n kl, 
7201%0 14 05oa49r f a. 
72074950 14 Pou Conner 94 471 dva11'e 4, 
717916 N 41 CIOS 99.0. C4 
711990 N 4 500e41, CM Ch. 1F4k..49 53. 

774641 s 8 Opt Lim Cor4.CA 
7278041 s C C 

7 

; D.4 1. Tau. . 
7124 a 090 LEO 1.00*9 Cann CA 
721701 s 4 201 LED 1.00m Can. C C 

722. 404c0's4M 0r0R 
7226AEV4 wl..-Gan. , 9 xIL .E..w 

Pro 

11% 
19% 
109 
14% 
14 % 
4695 
10% 
4695 
N% 
225 

11 95 
76% 
4% 
7% 
5% 
89 
16% 
19 
31 49 

2149 
10% 
9% 

70 

9 95 

1983 INTER ata Book 356.. $9.95 

74HC High Speed CMOS 
9000 44 

111CO2 44 59 
11CO3 11 19 
.413 II 59 
MOP/ 14 69 
4C18 44 59 
*CM 14 59 
01C11 14 69 
1C11 II 9 
49220 14 59 
9C2! 14 59 
41230 II 69 
41C32 14 79 
4C42 11 109 
91251 II 89 
.C59 II 89 
9073 14 79 

4K71 14 79 
1C75 N % 
.4176 11 79 

41445 I1 169 
.C86 44 75 

0707 Id 79 
.4119 N 79 
4C112 N 79 
042113 N 119 
4141725 11 175 
.C13 14 729 

471C738 N 1 9 

19C119 II 105 
6C147 N 79 

4K15, II 99 
4%153 II 109 
41C751 N 265 
11C15] N 99 
90158 N 99 
W1 15 

C168 N 1319 

9C162 15 139 
91C163 N 139 
41C164 14 1 

1 169 275 
K166 N 29 
141173 129 
4C111 169 
IK175 15 109 
4C1% N 159 
4C191 N 159 

01093 N IÑ 
6C191 4 119 
4K195 129 
41C221 N 2% 
IIC231 N 119 
4%240 s 229 
4IC211 s 729 
9[241 11 715 
4IC243 14 215 
4%24 s 229 

90245 a 
IIC251 16 

m2753 11 

1%157 N 
910759 N 
4%169 11 

4C771 s 
.IC260 11 

90259 s 
493.766 N 
4140..367 N 

11C31) s 
9C171 a 

41%390 N 
111C393 11 

410533 a 
6571 s 
4K5% N 
4KñB4 s 
40024 N 
47411D10 N 
4R',1060 N 
4%4075 14 

4C4076 1/ 
14A511 N 
*410514 N 
415574 II 
4%159 N 

69 

09 

219 
159 
5 59 

259 
269 
269 
269 

9 1 5 
269 

69 
3,9 
w 

5 

19 

19 
59 

59 
1% 

119 
259 
3IS 

4CW a 090.01 
42.1 are 6690799 

1450 4 29 
14002 11 35 
I4CO1 14 35 
149 14 35 
7210 14 35 
14:11 14 59 
11021 II 35 
14030 14 35 
103 14 39 
7492 N 7 19 
144 N 1 79 

74)l 11 69 
7474 II 59 
7445 11 139 
1496 14 79 
74d9 16 5% 
7490 N 109 
71293 14 109 
1495 44 I 19 

1010 s 9+ 04 s 1% 
719107 14 79 0373 s 229 
11091 It 219 4374 s 279 
14154 N 125 4001 14 59 
142151 N 1 75 4913 II 9 
14160 N 179 0903 14 59 
74161 N 719 4904 44 59 
70162 N 719 10901 Y 89 
74163 N 7 19 4911 8% 
14164 It 179 4911 1% 
14165 N 129 4915 N I19 
/4113 N 09 4917 a e% 
14174 N 119 4921 N 149 
14175 N 119 0923 N 4% 
14192 N 739 4975 N 59S 
14193 N 139 4926 11 595 
14195 N 129 8006 N 69 
74211 11 115 804-97 N 69 

Ohp SKIM 

I6e111 394481 394481 
10Nq I 6j 
MY 11 14 1414 

MY It 11 141 B,r04W 65 49 45 

ep95G 39 15 29 10on2W 69 65 59 
16 on 5G 9 15 39 1 1 on 2w IS 69 65 
16 on 56 55 49 45 16 Pn 2W 79 72 65 
lepn5G 65 59 51 I8 on22 % 85 75 

20 er5G 75 65 59 20 1.W2119 169 95 
7!%756 79 69 65 228904119 719 105 
Npn56 79 69 65 248427913S 159 169 
28 1.' 5G 95 /5 75 719.06.11 69 159 139 
369556 115 115 59 16%720109 1 79 169 
40.% 139 125 115 Itlpnwwl20 I% 179 

VI% 
ender /Np Mill 

I61k 11 11 IN 
pet 477 65 59 55 

16pn7P 69 65 59 
71941XP 1 5 % 89 

116111s C111 
14 49 K IS 13 12 

160nK 79 17 15 

24 314C 29 25 21 
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107132 79 

10721A 109 
10149 1 I % 
19100 59 
101riA I 19 

108401 1 1 % 
M101. 5% 
M%19 39 
147079 79 
141301. % 
1,00500 59 
4%791 1 9 
1130901 I 69 
4%91 175 
637004 95 
4317211 1 159 
03t74 2 79 

IOt71 7 79 
931711 39 
67109 5 159 
93191 11 19 
*7195 135 
939412 735 
972915 135 
102924 t 35 

63065 % 
413201- 12 85 
1120I9 % 
813201 74 % 
0379 II 19 
462% 4% 
M349 14 59 
9112907 65 
03314 1 395 

11312 119 
113752 179 
167.162 19 
611.% 115 
033n 189 
01348 695 
M3769 14 69 
2395 135 
9346911 135 
1130415 135 
141340924 I% 
M74F5 15 

164117 75 

101019 75 
10401 24 75 

F3469 14 19 
9319 11 89 
0359 129 
443516 1 59 
1359 I 19 

LINEAR 
N1569 109 
03519 I9 
193569 59 

1847591 1 179 

00709 1 495 
165170. 1 4% 
16011. 1 1 % 
103809 I 0 
110191 1 09 
103419 1 179 

%707N 1 19 
006111 1 1% 
140s N3 09 
14138711 139 

18019. 1 119 

123910.80 1 119 

163070 59 

1039x1 15 
113941 395 

123991 5 % 
1141211 1% 
41919 N 779 
111969 1 159 
465379 1 179 
405149 II 195 

1E5501 14 I % 
M555V 1 35 
40L555 1 69 
116569 11 79 

559. 11 159 

46569 N 1% 
145659 II % 
125669 1 I 9 
44597V 4 99 
46519 11 2% 
4657,N Is 219 
465925 14 t 19 

147004 1 19 
14119 11 69 
14711. II 79 

1487204 14 9 
1273341 14 as 
1473% II 1 % 
147419 I 39 

IYIIIN 11 69 
147169 I 59 

01)69% 9% 
1414569 5 195 

1414519 1 59 

19149 14 69 

191119 11 69 

141199 14 99 

1416059 9% 
1.111899 N 29 
1915119 l/ 1% 
L210244 11 325 
141/7799 44 % 
141919 II % 
1411941 14 159 

1990071 1% 
4013003 49 19 
W206 4 3% 
103207 14 79 
W7111 M 1 79 

W117 14 2% 
11,087 7P 1 % 
15121170 1% 
18290114 14 79 

1429021 14 09 

1039319 II 19 
1039179 5 1 % 
1147909 14 59 

10390591 I I 09 

1939094 5 89 

113919 N 239 
1939169 II 239 
L439111 11 239 
441369 II 125 
ICI751116 1 795 

4011%1. 595 
19975131 1 7 49 

71615005 II 2% 
105533 1 169 

46564 1 739 

79Y0504 179 
P n8039 14 395 

1913019 I 119 

136069 N 119 
16177 a 3% !2 
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Take home 
a world 

champion. 
85* 

gets you a technical knockout. 

The Fluke 70 Series. 
Winners of the digital vs. analog bat 
Since their debut, they've become 

the worldwide champions of the industry. 

Never before have such tough, American - 

made meters offered so many professional 

features at such unbeatable prices. 

Each comes with a 3 -year warranty, 2,000 - 

hour battery life, and instant autoranging. 

You also get the extra resolution of a 3200 - 

count LCD display, plus a responsive analog 

bar graph for quick visual checks of continuit; 
peaking, nulling and trends. 

Choose from the Fluke 73, the ultimate in 

simplicity. The feature- packed Fluke 75. Or the 

deluxe Fluke 77, with its own protective holste 

and unique "Touch Hold" function ** that 

captures and holds readings, then beeps to 

alert you. 

So don't settle for just a contender. Take 

home a world champion. 
For your nearest distributor or a free 

brochure, call toll -free anytime 

1- 800 - 227 -3800, Ext. 229. From outside th 

U.S., Call 1- 402 -496 -1350, Ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 FLUKE E 75 FLUKE 77 
$85 899 0129' 

Analog/digital display Analog/digital display Analog/digital displa- 

Volts. ohms. 104. diode Volts ohms. 10A. rnA. Volts. ohms, 10A, rrJ 

test diode test diode test 

Autorange Audible continuity Audible continuity 

0 7% basic dc accuracy Autoarge /range hold Touch Hold' funclic 

2000+ hour battery lite 0 5% basic dc accuracy Autorange/range hot 

3 -year warranty 2000 - hour battery [Ile 0 3% basic dc occur. 

3 -year warranty 2000+ hour battery 

3 -year warranty 

Multipurpose holster 

Suggested U S list price, effective July 1. 1984 

Patent pending 

FLUKE 
® 


