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BUILD MIGHTY 
PROJECTS WITH 
MICRO PARTS 

Fast Draw Game 
Color Organ 
Guitar Twanger 
Tilt Alarm 
Darkroom Timer 
Torque Controller 
Touch Switch 
Zener Tester 
Xtal Band Marker 

PLUS 
e.,31 vjEcTs 

Modulation Monitor 
Battery Monitor 
100-Khz Marker 
RF Probe 
and much, 
much more! 
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The Telephone With A Micro- Cassette 
Recorder BUILT IN The Unit! 

T{ETRUT 
P INE 

i 

i 

Record ANY Conversation 
With The Touch Of A Button! 

Has anyone ever lied to you on the 
phone and denied it later? They 
wont be able to deny it ever again 
...with the TRUTH PHONE! 

Your new TRUTH PHONE Is a quality, 
high -tech desk phone which will fit any 
standard jack. It is loaded with the 
technology you would expect from space - 
age engineering: hand held operation AND 
hands -free amplified speakerphone, 
memory redial system, red LED recording 
indicator, access pause for Sprint, MCI. etc., 
12 push button key dialing and more But 
the TRUTH PHONE gives you the giant ad- 
vantage other phones can't - built into 
this sleek, compact design is your own 
micro-cassette tape deck available at the 
flick of your finger! 

Now you can prove deception, have ex- 
act transcripts of important calls for later 
dictation, verify that complicated order, 
that guaranteed delivery date - with the 
touch of a button! Unlike old- fashioned 
units, there is no bulky recorder in your 
drawer, nothing to hook up and no loose 
wires hanging. It is all in your new unit, 
built right into your phone so you miss 
nothing that is said You play it back 
through its crystal clear mini -speakers.. 
and even plays back recordings over the 
telephone. In the base of your unit, so well 
constructed that someone sitting across 
your desk from you would not guess there 
was anything out of the ordinary going on, 
you get. 

Micro- cassette tape deck 
*Built -In Microphone for recording 
Playback, fast rewind and stop 
buttons discreetly side- mounted 

-Free 30 minute micro -cassette tape 
(see coupon for additional tapes) 

Stock Quotations * Interviews 
* Conversations * 

Phone Surveys * Confirmations 
Save valuable note -taking 

and secretarial time! 
NO ONE CAN DISPUTE YOU 

WHEN YOU HAVE IT 
ALL ON TAPE! 

Built -In Speaker -Phone 
Yes, when you press the hands -free key 

your telephone becomes a FULLY AMPLI- 
FIED speakerphone with adjustable vol- 
ume /echo control (will not interfere with 
recording). Pick up your TRUTH PHONE and 
it automatically reverts from speaker- 
phone to hand held. 

You Need The TRUTH PHONE 
Every salesman knows the horror of a 

client who orders 30,000 and later swears 
he said 3,000 Accountants, brokers, 
salesmen, every businessman whose con- 
versations include important details, 
numbers and dates needs the ability to 
verify facts and figures on a moment's 
notice. The conventional telephone is too 
easy a method for error or for those 
wishing to practice deception. Wouldn't 
you like the tape running when you say: 
- Would you repeat those figures 

in the correct order... 
- The deal is guaranteed by you if 

meet these prices. 
- If I meet your requirements you 

will give me a 6 month exclusive. 
- Mu guarantee delivery by that 

date or you will pay my losses. 

Yes, it's Legal & FCC Approved 
It is perfectly legal to buy, sell and use 

your TRUTH MACHINE in the U.S.A. In New 
York State, for example, the law requires 
that one of the two parties involved in the 
conversation be aware that it is being 
taped. We advise, for safety sake, that 
buyers inquire about the law in their 
states as well No matter how you look at 
it, you come out way ahead when you 
have the facts - WORD FOR WORD! 

Dependable Quality 
The TRUTH PHONE from Techni is man- 

ufactured to the highest technological 
standards. Its shatterproof casing was de- 
signed to get years of quality use from 
your TRUTH PHONE which comes with our 
three month "repair or replace" warranty. 
Specifications: Size 8" tall, 21/2" x 4" base, 12' cord 
/ B/M ratio: 2.1 ibreakmakel / D.P. rate: 10p.p.s. 
(dial pulse) / I.D.P: 800 ms. Unterdigital pause) / re- 
corder powered by two AA batteries (not Included) 
Color: Two-tone black and white only. 

THE UNBELIEVABLE 

TRUTH PHONE 
is yours for just 
$99.00! 

Two or more for 589.50 per unit 
Plus 55 Shipping for each. 

30 Day No-Risk Trial Guarantee 
Techni Products, Inc. wants you to find 

out for yourself what a marvelous 
machine you are buying so, on top of our 
90 day "repair -or- replace" warrantee, we 
are adding this ironclad guarantee: you 
may use your TRUTH PHONE as often as 
you like at home or in the office for a full 
30 days. If the TRUTH PHONE does not 
meet every claim outlined to your total 
satisfaction, return it without a word of 
explanation for a full and speedy refund 

Call TON-Free 
And Charge It 24 Hours A Day 

1 -800- 453 -9009 
(In Utah): 1- 800-662 -2500 

For Convenient Visa or MasterCard Orders 
(Dealer and volume inquiries invited) 

Techni Products, Dept. PI-101 
404 Park Ave. So., New York, N.Y. 10016 

1 TRUTH PHONE (i 599.00 plus 
SS shipping (S104.00 total) 
TRUTH PHONES ((t $89.50 plus S5 
shipping (594.50 total each) 
6 Extra tape cassettes (1 hr. each) 
at $20.00 ppd. 
12 Extra tape cassettes (t $36.00 ppd. 
24 Extra tape cassettes @ S68.00 ppd. 

Total Enclosed 

Ch :'ge my ' 1 MC ! Visa Exp 

Account No 

Name 

Address 

city 
State Zip 
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New from NRI... 

Industrial Electronics 
with color computer. 

Get a head start in the 
emerging technologies with 
practical training in control 
systems, instrumentation, 
robotics, optoelectronics, 
and lasers. Exclusive 
computer -aided instruction! 

Here's the training that gets you into 

the heart of American industry's rebirth. 
Over $5 billion a year will be spent in 
automation alone... $2.3 billion in com- 
puterized control systems... $600 million 
in industrial robots and robotics is only just 

getting underway! lb help meet the soaring 
demand for people to operate, maintain, 
repair, and design these control systems, 

NRI has created the only complete training 
in Industrial Electronics for Instrumenta- 
tion and Control 71.chnicians. 

Learn on Your Own Computer 
NRI training is more than lessons 

...it's experiences. You learn by doing, using 
the TRS -80774 color computer to learn about 

Your training includes the TRS -80 color 
computer, the NRI Discovery Lab. interfac- 
ing breadboard. digital multimeter. fre- 
quency counter. computer -assisted training 
programs, audio instruction tape, and 46 
profusely illustrated lessons. 

TR,SKO is a vaaenlarA of JR KaAw iha:k dn unm ol orp 

control systems, programming, and trouble- 
shooting. It comes with special computer - 
aided instruction programs to speed learning, 
is expandable for business and personal 
computing, and is yours to keep. And that's 
just the beginning. 

NRI's exclusive Discovery Lab® is de- 

signed to interface with your computer and 
special breadboarding card so you build 
demonstration circuitry, "see" inside your 
computer, and follow its operation. You also 
get professional quality instruments, includ- 
ing your own digital multimeter and CMOS 

frequency counter. You'll use them during 
your hands -on training, keep them to use 
in your work. 

No Experience 
Needed 

Your NRI training 
is thorough and com- 
plete. Starts you with the 
fundamentals, builds 
step -by -step up to the 
most advanced concepts. 
You learn about au- 
tomatic control and 
feedback systems, con- 
trol motors, numerical 
control systems, lasers 
and optoelectronics, 
robotics, microproces- 
sors, instrumentation, 
computer peripherals, 
and much more. NRI 

keeps you up with technology to make the 
most of the big demand for control and 
instrumentation technicians. 

Send for Free Catalog 
Send the coupon for NRI's big elec- 

tronic careers catalog. There's no cost or 
obligation, and no salesman will call. In it, 

you'll find complete lesson plans, equip- 
ment descriptions, and career opportunities 
in this exciting field. You'll also get infor- 

mation on almost a dozen other electronic 
courses including Microcomputers, Elec- 

tronic Design, TV /Audio/Video Servicing, 
Digital Electronics, and more. Act today and 
get on with your future. If coupon has been 
used, write to NRI Schools, 3939 Wisconsin 
Ave. , Washington, D.C. 20016. 

NRI Schools 
McGraw -Hill Continuing 

Education Center 

x; y 3939 Wisconsin Avenue 

11 it Washington, D.C. 20016 

Well give you tomorrow. 
NO SALESMAN WILL CALL 
Please check for one free catalog only 

Industrial Electronics 

D Computer Electronics including 
Microcomputers 
Color 7V. Audio. and Video System Servicing 
Electronics Design lkhnology 
Digital Electronics 

All career courses ap- 

proved under GI hill 
Check for details 

7907 
D Communications Electronics FCC 

Licenses Mobile CB Aircraft Marine 

Basic Electronics 
Small Engine Servicing 

Appliance Servicing 
Automotive Servicing 

Auto Air Conditioning 
D Air Conditioning, Heating. Refrigeration, 

& Solar lkhnologr 
D Building Construction 

Name (Please Print) Age 

Street 

City/State /Zip 
Accredited by the Accrediting Commiaion of the National Home Study Council 
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FROM THE EDITOR... 
Was 1982 a good year for wines? We knew 1982 

was bad for GM and the oil companies. Chances are 
one out of ten of our readers was out of work. But, the 
worst of it, to our eyes, was that 101 Electronics 
Projects was not published. We lucked out in 1982! 

I lave faith, 1983 is here and so is 101 Electronics 
Projects. There are a few old faces on the staff, and a 
few new ones. What is most important to you and I is 
that 101 Electronics Projects is being published again 
by a new Publisher who will also publish 99 IC 
Projects, Electronics Hobbyist, Electronics Theory 
IIandlxxck, Hobby Computer Ilandbo k and Com- 
puter Readout. Yes, I'm sure you recognize most of the 
magazine titles, and you will enjoy reading them 
again. So watch your newsstand where you purchased 
this magazine for otherC&E hobby Handbooks in the 
near future. 

You will find a lot of new mini- circuits in this issue 
of 101 Electronics Projects. The circuits provided 
were selected for their popularity, utility, serviceabil- 
ity, and adaptation to other circuits to make larger 
prgjects. As a bcmus, we offer 31 Integrated Circuits 
to whet your appetite for our upcoming 99 IC Projects 
magazine. 

As the old saying goes, "we are in the market for a 
few" good electronics articles. We'd like authors, pros 
and amateurs alike, to submit articles on construction 
projects that have been built and are operating suc- 
cessfully. Your articles on electronics projects will 
enable us to produce "bigger and better" magazines in 
the future. 

So, cone on you budding authors, submit your 
articles to Hank Scott in care of this magazine. 

Yours for bigger projects, 

I Iank Scott 



Ask Hank, 
He Knows! 

Got a question or a problem with a project -ask 
Hank! Please remember that Hank's column Is 
limited to answering specific electronic project' 
questions that you send to him. Personal 'replies 
cannot be made. Sorry, he isn't offering a circuit 
design service. Write to: 

Hank Scott, Editor 
C & Z HOBBY HANDBOOKS INC. 

300 West 43rd Street 
New York, N.Y. 10036 

Low No Go 
My cassette pre- recorded tapes sound screechy in my 

car tape player. They sound good in the home player. 
Why? 

-AA., Brookfield, CT 

Five will get you ten that they are Dolby encoded. The 
encoding boosts the highs which sound terrible in 

playback units without Dolby. Turn your tone control 
down a bit and kill some of the high frequencies. 

Wind Power 
I set up a fan -generator combination on a small tower 

and now I get about 30 amps AC at 15 volts. I'm using a 
car's alternator as the generator. What can I do with this 
power after seeing it is not reliable because the wind 
varies in speed? 

-E.E., Ellenville, NY 

You're talking about 450 watts of power. Pass it 
through a resistor and use the heat to assist your regular 
heating and hot water system. Maybe the resistive load 
can be placed on your garage floor which will keep the 
car warm for fast starts on very cold mornings. The wind 
is fickel and you can't rely on a fixed frequency output or 
constant voltage output. But, a resistor doesn't care 
provided it can take the maximum power or current 
available. For maximum power transfer, the lead -in line 
must be '10 copper wire or better. 

Mom Knows Best 
I bought a 50 -ft. coil of RG -8U coax with wired -on 

connectors. It's 15 -ft. longer than I need, but my mother 
says it makes no difference since very little signal is lost 
in that 15-feet. Is she right? 

-D.K., Merchantville, NJ 

Your mom is right. The signal loss is 15 -ft. of RG -8U 
can't be detected except with very sensitive lab test gear. 
Also, you may foul up the connector connection and 
lose all or a good part of your incoming and outgoing 
signals. 

No One Ever Bothers 
To what do I connect the green screw on a three- 
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prong receptacle? 
-D.M., Wilmington, DE 

Just about everybody does not bother to connect it to 
anything at all. However, I prefer to connect the green 
screw to the metal box it is installed in. Also, I connect 
the ground lead from the power cable to the box at the 
same point. I make these connections by drilling a hole 
and installing a self -tapping screw. Do this and noisy 
electrical appliances will not interfere with radios and 
TV's in the home. Your local electrical supply store has 
snap -on clips that will eliminate the need for drilling 
holes and self -tapping screws. 

Poor Wiring? 
I connected an electrical ground to the brass screw on 

the outlet plate next to my shortwave receiver. The rig is 
very noisy. When I connect the ground lead to another 
outlet plate the noise disappears. Why? 

-C.M., Ft. Benning, GA 

I bet the ground connection to the plate and metal box 
behind it is poor or non -existent Use an electricians 
trouble lamp and touch one head to the hot line in the box 
(black wire) and the other lead to the metal box. The 
lamp should glow with normal brilliance. If not., 
something is wrong. Another test -connect an 
ohmmeter between the two brass plates you mentioned. 
The resistance should be zero. But play safe; first 
connect an AC voltmeter from plate to plate making sure 
there is no AC voltage potential between the two. 

A Four Alarmer 
I happened to be in a burning building and could not 

get my walkie- talkie CB rig to work. Can the plasma 
gases of the fire do this to radio communications? 

-F.H., Detroit, MI 

I was once in a burlesque house when it was raided 
and I couldn't hear the band. Everybody has problems. 
As for yours, I can't answer it, but I advise you to be 
more selective in the future about the site you transmit 
from. The first thingpeople in a burning building should 
do is get the H- out, and fast. By the way, do you play 
with matches? 

101 ELECTRONICS PROJECTS 1983 



Ask Hank, he knows! 
Hank Scott, Editor 

Ask Hank, he knows! 

Hank Scott, Editor 

The Answer Man 
by Hank Scott 

Hank Scott, our Workshop Editor, wants to share his 
project tips and experience with you. Got a question or a 
problem with a project you're building -ask Hank. 
Should you find a clever solution to a basic problem - 
tell Hank. Please remember that Hank's column is 
limited to answering specific electronics project 
questions that you send to him. No, Hank can't answer 
your letters, but he will use them to create his column. 
Let Hank hear from you. 

Switcheroo! 
I modernized my home's electrical system by 

inserting screw -in circuit breakers in place of the 
ordinary "one- blow" fuses. My neighbor said I am 
breaking the law. Is he right? 

-JJA., Paxton, MA 

No, because the circuit breakers you installed are 
perfectly acceptable provided they are of the correct 
rating for your home's wiring. However, you are wrong 
in saying that you modernized. You haven't increased 
the laod capacity of your home's wiring at all. I suggest 
that you consult your local power company. They will be 
happy to advise you -and it's free. 

Can't Pull It In 
I can't get my transistor radio to work in the attic. 

What gives, Hank? 
-D.L., Macon, GA 

I can't get my son to clean the basement; we both have 
problems. But yours is easy to explain. Many homes 
have aluminum foil laid under the roof tile, the foil 
acting as a large shield preventing radio signals from 
coming through. Also, interior insulation packaged in 
foil is often placed in the rafters effectively reducing, if 
not practically eliminating, radio waves. The lower 
levels of the house have gaps in the walls called 
windows and doors that permit passage of radio waves. 
The wall insulation does limit the radio signals 
requiring external radio and FM antennas for otherwise 
weak signals that are now totally lost. 

6SN7, 61{6, 6AL5, etc. 
I have some old radio tubes from about 1950. Can I 

sell them? 
-F.T., Bloomington, IN 

101 ELECTRONICS PROJECTS 1983 

Sure you can if you can find a buyer. The tubes of that 
period are not valuable, and many of the types you listed 
at the bottom of your letter are still available brand new! 
Visit a flea market -never can tell! 

Play A Tune 
What is the frequency of the piano keys around 

middle C? I want to align my piano with an audio 
generator. 

-DJ., Pennsville, NJ 

A-22, A*-233, B-247, C-262, C*277, D-294, D*- 
311, E-330, F-349, F*370, G-392, G*415, A'-440. 
Lots of luck! 

Cleared Up 
My television set's focus is poor at home, but in the 

repair shop it's perfect I see this with my own eyes. 
Why? 

-C.L.N., Richmond Hts, OH 

Your antenna system has line reflections due to 
mismatching of antenna to the lead -in line to the TV 
receiver. This is not so at the TV repair shop because 
the pros there realize the importance of a good clean TV 
signal. Check your TV antenna and lead -in wire. If so, 
install a sturdy unit and use coax cable with line 
matching transformers. 

Red Dust 
I have an 8 -track player that has been playing great for 

about a year now. Recently I have been having problems 
keeping the playback head clean. After about five 
minutes the head is covered with a dark red -brown 
coating. If I leave it alone the sound gets so dull it's hard 
to understand. What's wrong? 

-C.R., Newark, NJ 

Old tapes that tend to flake or new, cheap ones can be 
the cause of the problem. If the problem occurs on a new 
quality tape, the head may be worn beyond use or some 
sharp edge in the mechanism is scraping the oxide free 
and the head is collecting it. 

For information about 
bequests. call the 

AMERICAN CANCER SOCIETY 

"HIS SPACE C74041H411ED AS RUM. IC SERVICE 
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Emma The Only Electronic Parts 
ELECTRONICS Company You'll Ever Need 

NEW! TEIWid Auto -Temp. 
Soldering Station 

Provides high production 
soldering capacity with the 
overheat protection of 
closed -loop temperature 
control Temperature can 
be adjusted from 100° to 
500°C (210- 930°F) as you 
desire, with a tolerance of 
less than 5% Two LED 
Indicators for main and 
heater power Built -In 
cleaning sponge and $4895 temperature meter UL 
Approved 

#21 -145 ea. 

NEW! HI- Performance 
Soldering Iron 

Molded plastic handle with finger -ease grip 
Screw -In nickel -plated copper tip Long life 

#21 -160 
$780 

I 1 -41$ 7O 
NEW! TETM` 
Logic Probe 

Extremely compact and 
lightweight Instantly 
recognizes high. low or 
Intermediate levels. open 
circuit, pulsing nodes 
Multi-family compatibility - 
DTL /TTL /HTL /CMOS IC 
Detects pulses as short as 50 
nanoseconds Overvatage 
and reverse voltage $ 

995ea. 
protection 

#72 -190 

NEW! Video 
Vertical Stabilizer 
Defeats copy guard on pre -recorded tapes 

Stops jitter and roll by restoring vertical sync 
Stabilizes VCR picture lock control LED power 
indicator Playing or recording from Video 
Sources Classic deluxe appearance Solid 
wood frame Powered by 12V d.c. adapter Size: 
19s13x6cm 

#32 -220 $4995ea. 

Video Tape 

Top quality video tape Reproduces Ilke the 
name brands ata much better prICe 

#38 -090 (Formerly T -1201 

$880 

$795 (10 -49) 

$695 
15(1-up) 

LCD 31/2 DIgN Multimeter 
0.5" LCD display DC Input 

Impedance 1ÓM n DC 1000ÁV, 
100rnA. 0.1 ohm resolution DCA 
up to 10A Auto polarity Diode 
& hFE transistor tests Low battery 
indicator Overload protection 
SPECIFICATIONS 

Ranges: DCV - 200mV. 2.20. 
200. 1000V: ACV - 200, 1000V: 
DC Current - 200µ. 2m, 20m, 
200m. 10A: Resistance - 2K, 20K, 
200K, 2M ohm Accuracy: DCV - 0.5% (200mV). 0.8% (2V 
up) of full scale: ACV & DC 
Current - -1.2% of full scale 
Resistance: -1% Size: 7" x 31/4" x 
11/2" Weight: 16 oz. Backed by 
MCM 1 year warranty Power 
Requirements: 

supplied) 
a volt $ 995 battery (not supplied) 

#72 -050 (Formerly DVM -1i ea. 

Digital Capacitance Meter 
Measurement ranges 0.1pF to 

1999µF Accuracy 0.5% typical 
3r, digit. 0.5" LDC display 
Immediate direct reading Fuse 
protected against accidental 
high voltage connection 200 
hour battery life 

SPECIFICATIONS 
Ranges: 8 ranges with full scale 

values from 200pF to 2000µF 
Accuracy: -0.5% of full scale -1 
digit to 200µF range1% á 

range scale -1 digit on 2 
Resolution: 0.1pF Sampling 
Time: 0.5 sec. Out -of- Range 
Indication: Indication of "1' 
Time Base: Crystal O.S.0 Size: 
7 W' x 3t x 1+" Weight: 10 oz. 
Backed by MCM 1 year warranty 

volt battery 
Requirements: 

supplied) 
One nine $ 995 vat battery (not supplied) 

#72 -040 (Formerly DCM -1I ea. 

NEW! High Gain Deluxe 
VHF to UHF 40 Channel 
Cable Converter 

Amplifies low level CAN lines includes 
mid and superband channels 
FULLFEATURE$ 

Uses your UHF tuner to 
access cable TV 
channels Channel 
conversion chart 
included Front fine 
tuning adjustment -5 
to 8dB UHF gain Wide 
input range Flat 
frequency response 
Easy installation High 
reliability Compatible 
with built -in remote 
tuning systems 
Accessible master 
oscillator control for 
entire band adjustment 
for multiple SN 
applications 

+5 to +8db GAIN! 

$2395 

#32 -100 
(1 -9) 

$11995 
(10.p) 

As a serious hobblest, you want quality 
electronic parts. That's one reason MCM Is 
your best choice with over 4000 Items In 
stock. For 7 years, service technicians 
natonwlde have depended on MCM for 
quality parts, great selection, quick 
friendly service, and of course, low prices. 
Now you can depend on MCM also. 
Check out the Items In this ad, then give us 
a call on our toll free line. And when you 
place your 1st order (min. $10.00, please) 
we'll send you FREE our new 96 -pg. 
summer catalog #6. 

CALL TOLL FREE! 
1- 800 -543 -4330 
(In Ohio 1- 800 -762 -4315) 

G mom 858 E. Congress Park Dr. 
ELECTRONICS Centerville, Ohio 45459 

VISA 
Of 

MASTERCARD 

RIGHT PARTS, RIGHT PRICE, SHIPPED RIGHT AWAY 

/AMAZINGh 
SCIENTIFIC and ELECTRONIC 

`4\ DEVICES 
LASER DEVICES 

LC5 BURNING CUTTING CO2 LASER . $15.00 
RUB3 RUBY LASER RAY PISTOL .. 15.00 
LRG3 IR LASER RIFLE /PISTOL 10.00 
LGU3 VISIBLE RED LASER RIFLE . 10.00 
LHP/LLD LASER LIGHT XMTR /RCVR SYS 10. 
LHC2 BEGINNER simulated VISIBLE LASER 5 

SCIENTIFIC 
STATE COIL 35KV 6.00 

BTC3 250 THOUSAND VOLT TESLA COIL 9.00 
BTC5 1 5 MILLION VOLT TESLA COIL 15.00 
HVM3 125 THOUSAND VOLT DC SUPPLY8.00 
IOG3 ION RAY FORCE FIELD GUN 8.00 
HEG1 MILLION WATT 500 JOULE SOURCE 10. 

ULTRASONIC ACCOUSTICAL 
PPF1 PHASOR PAIN FIELD GENERATOR 15.00 
PSP3 PHASOR SHOCK WAVE PISTOL 

. 7 00 
IPG5 POCKET PAIN FIELD GENERATOR 7 00 
RAT2 RAT AND PEST ELIMINATOR 6.00 
HT9 HIGH FREO LISTENING DEVICE 8 00 

SECURITY & PROTECTION 
DEVI DEVASTATING DEVICES 10 00 
PPG1 PHASOR PROPERTY GUARD 15.00 
MFT1 MINI VOICE XMTR 2 -3 MILE 7.00 
INF1 INFINITY TRANSMITTER 15.00 
PSW3 PHASOR BURNING STUN WAND 8 00 
PG1 PARALYZING WAND .. 10 00 

WE STOCK ALL PARTS NECESSARY FOR 
CONSTRUCTION OF THE ABOVE PROJECTS. 

CATALOG CONTAINING HUNDREDS MORE OF 
ALL NEW AMAZING and FASCINATING PLANS, 
EASY TO BUILD KITS AND ASSEMBLED ITEMS 
$1 00 CATALOG INCLUDED FREE WITH ANY OF 

THE ABOVE PROJECT PLANS SEND CASH. 
CHECK. MO. VISA, MC TO 

INFORMATION UNLIMITED 
P.O. BOX 716, DEPT. CE AMHERST, NH 03031 

"Quitting 
is a 

snap!' 

O 

. . 

"I'm gonna help you break the 
cigarette habit with my 'Larry 
Hagman Special Stop Smokin' 
R'rist Snappin' Red Rubber 
Band: Get one free from your 
American Cancer Society' 

CANCER 
í7VWGS 1 

Thug space Contributed as a public service 
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1. Miladapter For DVM 
2. Signal Annunciator 
3. Simplest Modulation Monitor 
4. Simple XTAL AM Radio 
5. Sawtooth Signal Generator 
6. Twang -Tastic 
7. Budget Audio Wattmeter 
8. Field Strength Meter (FSM) 
9. RF Probe For VOM and DDM 
10. Telephone Holdup 
11. Basic OPTO- Osolator 
12. Cellar Tide Indicator 
13. Delay Timer 
14. Mike Mixer 
15. Voltage Doubler 
16. PhotoFlood Stretcher 
17. Sawtooth Oscillator 
18. Tone Tester 
19. Hi -Z 'Phone Booster 
20. Code Practice Oscillator 
21. Basic Burglar Alarm 
22. Variable Clock for TTL & 
CMOS 
23. 100 KHZ Marker 
24. RF -BCD Booster 
25. Mercury Tilt Alarm 
26. Passive BC Booster 
27. Radio OP's Speaker Squelch 
28. Telephone Turkey Caller 
29. Harmonic Bursting Generator 
30. Balance Tester For Audio 
31. Discrete Frequency Divider 
32. Magic TV Key 
33. Car Power Tap 
34. CB Mod Blinker 
35. Miser Pilot Light 

36. RS -232C TTL Converter 
37. TTL -To -RS -232C Converter 
38. Signal Diode Checker 
39. Power Failure Alarm 
40. BCB Receiver Alignment 
Oscillator 
41. Crystal Band Marker 
42. Basic Color Organ 
43. 78 -RPM Old Smoothie 
44. Audio Peak Clipper 
45. Light Switch Annunciator 
46. Duration Timer 
47. Old Sol Battery Charger 

48. Solar Powered Metronome 
49. Beam Buster Adaptor 
50. Logic Probe 
51. Uni- Junction Transistor Tester 
52. Discrete Gate 
53. Electrolytic Capacitor 
54. Battery Backup 
55. Duel Output Regulated Control 
56. The Obnoxillator 
57. Sneaky Combination Lock 
58. Stereo Speaker Protector 
59. Diode Puzzle 
60. Dry Cell /Battery Tester 
61. Differential Thermometer 
62. LED Telephone Ring Indicator 
63. Lo -Hum Power Supply 
64. Wild West Gun Fight Game 
65. Led Bar Graph Display 
66. Slide Show Stopper 
67. Low Pass Audio Filter 
68. Wire Tracer 
69. Add An Antenna Trimmer 

70. Short -Wave Low Band 
Converter 
71. Turn -On Delay 
72. Hang -Up Burglar Alarm 
73. Attache Alarm 
74. High Performance Transistor 
Radio 
75. 555 Switch Hitter 
76. Audio Utility Lamp 
77. Lamp Dimmer 
78. Outdoor Therometer 
79. Photo Electric Switcher 
80. Battery Monitor 
81. Zener Diode Tester 
82. Power Tool Torque Control 
83. Shaped Output Code 
Oscillator 
84. Portable Emergency Flasher 
85. Photo Flood Dimmer 
86. Vari -Rev Motor Control 
87. Side Tone Oscillator 
88. Photo Print Meter 
89. Add -A- Tweeter 
90. Speaker System Expander 
91. EVM Timing Adaptor 
92. Adjustable Crowbar 
93. Square -Wave Generator 
94. Speaker -Mic 
95. Low -Impedance Mike Mixer 
96. Transistor Checker 
97. Constant Current OHMs 
Adaptor 
98. Homemade NOP Capacitor 
99. Simple Touch Switch 
100. Light Indicator 
101. MOS -to -TTL Logic Interface 

1. Theremin Junior 
2. Vari -Reg Power Supply 
3. Kaboom Chip 
4. Jogging Pacesetter 
5. Slot Car Race Referee 
6. Meterless Voltmeter 
7. Thermal Latch 
8. DC Motor Controller 
9. Musical Modulator 
10. Micro -Mini PA 
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11. Alternator Monitor 
12. Controll System 
13. Milliohms Adaptor 
14. Telephone Voice Pickup 
15. Hands OFF 
16. Mini -Digital Roulette 
17. Feather Weight Foghorn 
18. Positive into Negative 
19. Computer Controlled Note 
Generator 
20. Video Pattern Generator 

21. Precision VOM Calibrator 
22. Audible Logic Probe 
23. Pulse Burst Generator 
24. Melodious Sequencer 
25. Guitar Tuner 
26. Touch 'N Flip 
27. Audio Bandstand Filter 
28. Sequential Timer 
29. Slide Trombone 
30. Pseudo -Random Generator 
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1. MILADAPTER FOR DVM 

Poke around your junkbox and you may discover 
most of the parts you need to convert your digital 
voltmeter (DVM) to an accurate DC milliammeter. 

To use the Miladaptor you simply multiply the DVM 
reading by X10, X100 or X1000 to obtain the DC 
current For example, if the DVM indicates 0.1 volt and 
S1 is set to X100, the current is 0.1 X100 or 10 
milliamperes. If the DVM indicates 0.25 volts and S1 is 

set to X1000, the current is 0.25 X1000 or 250 
milliamperes. 

The circuit under test connects to binding posts BP1 
and BP2; the DVM connects to binding posts BP3 and 
BP4. Switch S1 must be the make- before-break type. 
Start with S1 in the X1000 position and downrange 
until the DVM indicates a convenient reading. The 
procedure is a must when using a VTVM or multimeter 
with a meter indicator. 

PARTS LIST FOR 
MILADAPTER FOR DVM 

BP1, BP3 -Insulated binding post, red 
BP2, BP4- Insulated binding post, 
black 
R1 -100 ohm, 1 -watt, 5% resistor 
R2 -10 -ohm, 1 -watt, 5% resistor 
R3 -1 -ohm, 1 -watt, 5% resistor 
S1 -3 -pole, single -throw rotary switch, 
shorting type 

BPI BP3 

TO OMM 
(VTVM) 

BP4 

2. SIGNAL ANNUNCIATOR 

An action takes place! A switch is tripped, and the 
buzzer, light, siren, bell -any type of alarm or signal - 
goes oûl You know it is happening and this is important. 
The signal annunciator circuit does this job very well. 
In fact, it provides a LED light as a silent signal if you 
wish. The real versatility of the circuit is the possibility 
of controlling up to eight (8) separate points where the 
action can take place and have the alarm signal sound 
when the relay is activated. This is where the 
annunciator function of the circuit comes into action. 
Now, one of eight or less signals can alert an attendant 
by the action of a relay closing, and providing a LED 
indication of where the switch is activated. In a burglar 

8 

alarm system this is desirable. Restaurants can use the 
annunciator device to call waiters to the kitchen for food 
that has been prepared. The ideas are limited only by 
your imagination. 

Should you use only the switch circuit, all the parts 
you require are Si, R1, Ql, D9 and Kl. Should you 
require two or more circuits, diode D1 becomes 
important, for ifitwere not used, the closing of S2 would 
light LED2 and LED1. Diode Dl acts as a reverse 
current block in this situation. Ditto for D2 when 
switch S1 is closed. Expanding the circuit for additional 
signal switches requires use of additional diodes. 

The relay circuit is activated by the +6 VDC. The relay 
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contacts of Kl are completely isolated so that they may 
be used for any purpose. For example, 5 -VDC relays 
seldom handle large currents, so relay Kl can be used to 
activate another relay that has a 117 -VAC coil and 
whose contacts can handle 30 amperes. Now we have 
the possibility of a single transistor circuit being used 
to control the compressor of a 25,000 BTU air 
conditioner. 

Except for the relay contact circuits, the wires and 
cables used to interconnect the signal- annunciator 

circuit need be of the caliber used in bell and telephone 
circuits. A' /4 to 1 /2- ampere fuse is all that is required to 
protect the circuit. Actual value varies with the relay, 
NPN transistor and number of circuit signal legs used. 

What if you need a ten -signal circuit, or maybe more? 
Most probably the transistor Q1 could handle it all, but 
should Ql or Kl fail, all circuits would be down. It is a 
good idea to use another transistor and relay circuit 
after nine or more switch circuits are installed. 

PARTS LIST FOR 

SIGNAL ANNUNCIATOR 

D1- D9- 1N4001 silicon rectifier diode 
F1 -1/4 to 1/2-A fuse -select lowest 
permissable value 
K1- 5 -VDC, SPDT relay (Radio Shack 
275-215 or equiv.) 
LED1 -LED8 -Light emitting diode, 
selected color, any lens type 
Q1- 2N2222 NPN silicon transistor 
RI-R8 -2,200 -ohm, '/4 -watt 10% resistor 
R9 -1.200 -ohm, 'A -watt 10% resistor 
S1 -S8 -Any type of SPST switch, 
usually with spring return for automatic 
reset -exact type optional with applica- 
tion 

FI 
(SEE TEXT) 

+ 

6VDC 

O 

1 

SI 

02-O4 1N4001 , 

- o- r 
- -- 

, 
SE-58 F 

-R8 

2.2K 

ÍKI 

QI 
2162222 

ALARM 
SIGNAL 
CIRCUIT 

3. SIMPLIEST MODULATION MONITOR 

How simple is simple? Then take a peek at the 
schematic diagram of the Simplest Modulation 
Monitor This simple monitor for AM ham transmitters 
requires no connection to the transmitter. Just position 
the loop near the final tank or antenna matching coil 
until the signal is heard in the headphones. In fact, if 
you live or work near a broadcast transmitting station, 
you could use this monitor as an inexpensive 
"Walkman." To be a bit more selective, you could 
replace Ll with an antenna coil from a transistor radio 
and tuning capacitor. One advantage of the circuit is 
that the batteries never run down -what batteries? 

PARTS LIST FOR 

SIMPLEST MODULATION MONITOR 

C1- 100 -pF disc capacitor 
D1 -1N914 diode 

El- Magnetic headphone, 2000 ohms 
or better 
Ll -Coil, 3 turns on 1- 1/2-in. diameter 
form, use any thin gauge wire -add a 

few turns if necessary 

TWISTED 
WIRES 

DI 
IN914 

El 
2000 tt 
OR SETTER 
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4. SIMPLE XTAL AM RADIO 

No matter how young or old you are, ifyou did not ever 
assemble a self -powered crystal radio, there's 
something lacking in your electronics hobbyist 
experience. This simple project can be put together in 
an hour, and will keep a 5 to 10 year old out of mischief 
for over a week- maybe launch the child onto a life -long 
hobby. 

To begin, pick up some *22 or *24 enamelled wire 
from the local parts store. Chances are your junkbox 
doesn't have any. Then scrounge a 365 -pF capacitor 
from an old tube-type radio and a germanium diode from 
an old project. Forget about a silicon diode -it's 
inefficient in this circuit! 

Wind the two coils, L1 and L2, on 1- 7 /8 -in. diameter 
form. A wood dowel is OK, but you may have a pill bottle 
about that size. You 'll need about 2- ' /2 -in. of length to 
hold the two coils. Wind the coils carefully, neatly, and 
with no space between each winding of the same coil. 
Keep about a one -turn space between the two coils. 
Wind L1 first, then wind L2 second. After the first 25 
turns, tap the diode to L2 and finish the winding. It 
doesn't matter which terminal of the diode connects to 
the coil because diode D1 is the only polarized part in 
the project 

Be sure to use high- impedance headphones. The old 
2000 -ohm "cans" used by hams are the minimum 
impedance -type you can use. Crystal headphones are 
about the best Do not use transistor radio ear -plug 
headphones since they are usually under 10 ohms. 

Be sure to use a long -wire antenna. Run some wire 
across your roof or out to a tree. At least 25 to 100 feet 
are needed, not counting lead -in wire required for the 
antenna. 50,000 -watt stations within 1000 miles may 
be heard. Local 10,000 -watt local stations usually have 
a 50 to 100 -mile effective range. Of course, if electrical 
noise is high in your area, weak stations will be 
swamped. 

L2 
80- 

TURNS 

LI 

PARTS LIST FOR 

SIMPLE XTAL AM RADIO 

C1- 365-pF variable tuning capacitor 
D1 -1N34 germanium diode, or any 
other germanium signal diode 
L1 -25 -turns of #22 or #24 enamelled 
copper wire tight -wound on a 1 -7A-in. 

form. 
12-80 -turns of #22 or #24 enamelled 
copper wire with tap at 25th turn 
nearest coil L1 on same form as coil L1 

1- High- impedance headphone 

cl 
365 pf 

DI 

To GROUND 

HIGH IMPEDANCE 
PHONE 

(2K or more) 

TO LONG WIRE ANTENNA 

space width about one wire turn 
PLASTIC FORM I- '/g- in.diameter,2 -%: -in long 
(Plastic Pill Bo$+le) 

MIA 
25- 
TURNS 

TO TO TO TAP 
ANT GND PHONE TO DI CI 

TO 

Use 22 -24 
gauge enamelled 
wire 

5. SAWTOOTH SIGNAL GENERATOR 

The sawtooth signal generator is very useful as a 
general- purpose source of audio test signals and sweep 

circuits. Here we have a basic UJT (unijunction 
transistor) oscillator, but instead of using a resistor to 

charge the timing capacitor, a transistor constant - 
current source (Ql) is employed instead. This results 
in a sawtooth that rises linearly as a function of time, 
since the capacitor's charging rate is constant. When a 
simple resistor is used to charge a capacitor, the 
waveform produced is curved like a shark fin, since the 

10 

charging current falls off as the voltage on the capacitor 
increases. 

The charging current available from constant - current 
source transistor Ql is adjustable by means of 
potentiometer R3. The higher the current, the faster C1 
gets charged, and the higher the frequency of the 
resultant sawtooth voltage developed across the 
capacitor. Therefore, decreasing R3 increases the 
frequency. With the values shown, the generator's 
output frequency can be varied from roughly 100 to 
1000 Hz. 
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Since unijunction Q2 breaks down and discharges 
capacitor Cl very quickly, we get a near -perfect 
sawtooth shape: slow, linear ascent, and rapid, vertical 
decline. Emitter follower Q3 acts as abufferbetween Cl 
and whatever load you connect Maximum peak -to- 
peak amplitude is roughly 6 volts, which level -control 
potentiometer R6 allows to be cut down to any 
convenient voltage level needed. 

This circuit lends itself to gate -ramp circuits, and 
sweep circuits in oscilloscopes. Its applications grow 
as you get deeper into the hobby. 

PARTS LISTS FOR 

SAWTOOTH SIGNAL GENERATOR 

C1 -.1 -uF Mylar capacitor 
C2 -.47 uF Mylar capacitor 
Q1- 2N3906 PNP transistor 
Q2- 2N2646 unijunction transistor 
Q3- 2N3904 NPN transistor 
Rl, R5- 620 -ohm, '/z -watt, 10% resistor 
R2- 3000 -ohm, '/z -watt, 10% resistor 

R3- 20,000 -ohm trimmer potentiometer 
R4 -1800 -ohm, 1/2-watt, 10% resistor 
R6 -5K audio -taper potentiometer 

SAW TOOTH 
OUTPUT 

6. TWANG -TASTIC 

When was the last time you heard the sound of a 
classical guitar? It seems no one cares for the sound ofa 
plain, unadorned guitar. First they added fuzz, then big - 
boom bass, next it was reverberation and screaming 
highs. Now the in sound is twang, a guitar sound that 
more or less approximates a banjo or mandolin. Twang - 
Tastic produces these unusual sounds from an ordinary 
electric guitar by cutting the bass, severely distorting 
the midband and highs, and then amplifying the 
distortion. It might read "bad" to you, but it sure sounds 
good if you are under 30 years of age! 

You can assemble the Twang -Tastic in any type of 
cabinet Switch Si cuts the twang effect in and out while 
switch S2 turns the unit on and off. Output control R7 
should be set so the Twang -Tastic has the same volume 
level as the straight guitar feed -through. Various 
degrees of twang are obtained by varying the output so 
the guitar picks up with the level controls built into the 
guitar. 

PARTS LIST FOR 
TWANG -TASTIC 

B1-9 -volt battery 
C1- 0.001 -uF disc capacitor 25 -WVDC or better 
C2 -2 -uF electrolytic capacitor, 15- WVDC or better 
C3 -1 -uF electrolytic capacitor, 15- WVDC or better 

JI 
INPUT v 

C4- 0.005 -uF disc capacitor, 15 -WVDC 
or better 
Jl, J2 -Phone jack, open circuit 
Q1, Q2 -NPN transistor, 2N3394 
R1, R5 -1 Megohm, '/ -watt, 10% 

R2- 10,000 -ohm, 'h -watt, 10% resistor 
R3- 20,000 -ohm, 1/2-watt, 5% resistor 
R4 -18 -ohm, 'h -watt, 10% resistor 
R6- 4700 -ohm, 1/2-watt, 10% resistor 
R7- 50,000 -ohm potentiometer 
Sl, S2 -SPST switch, toggle or slidetype 

TWANG CUT 

TWANG IN 
o ,o 

SI 

Qt 
2N3394 

C4 005,/f 

SR 
IMEG R6 

4700 
50 K 

12 
OUTPUT 
V 
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7. BUDGET AUDIO WATTMETER 

Most experimenters never buy an audio wattmeter. 
Use is usually limited to audio amplifiers and audio 
experimenting is on the wane. However, for those few 
times each year you work on an audio project, an audio 
wattmeter is invaluable! At those times, many 
experimenters connect an 8 -ohm, high wattage resistor 
across the output terminals of the amplifier's output 
terminals, measure the output voltage, and then 
compute the wattage. Why go through all that trouble. 

Here's an easy way to measure an amplifier's output 
power without trying to convert voltage to power 
measurements. Resistor R1 provides the load for your 
amplifier and should be rated at least twice the 
maximum amplifier power output; for example, if your 
amplifier puts out 25 watts, R1 should be rated at least 
50 watts. 

The meter scale must be hand calibrated, and will take 
some time and effort, but once done it's done for good. 
Remove the scale cover from meter M1 and borrow an 
AC variable autotransformer, or connect a 1000 Hz 
signal generator to the amplifier output. Only a sine - 
wave frequency source maybe used. Connect the output 
of the autotransformer (or amplifier) to binding posts 

BP1 and BP2, and connect an AC voltmeter (VOM) 
across the binding posts. Set R2 to off-full counter- 
clockwise if correctly wired. This occurs when the 
wiper of R2 is at the bottom of R2 in the diagram. Adjust 
the autotransformer (or amplifier) output until the AC 
meter indicates 20 V rms -the voltage for 50 watts 
across 8 ohms. With R1 set correctly at the bottom 
terminal (at ground) meter M1 should not show any 
pointer movement 

Adjust potentiometer R2 for a full scale indication on 
meter M 1. Seal R2's shaft with a drop of Glyptol or nail 
polish. Reduce the voltage across the binding posts in 
accordance with the table shown and mark the meter 
scale accordingly. 

A hint do not allow resistor R1 to heat up! Make all 
measurements quickly. As R1 gets warm, its value will 
begin to drift- Should you use several resistors to make 
R1 (to effect a high wattage rating) select half with a 
negative temperature coeefcient; the other half with a 
positive coefficient Do not use a wire -wound resistor 
since it has an inductance and will upset your budget 
audio wattmeter reading. 

PARTS LIST FOR 
BUDGET AUDIO WATTMETER 

BP1, BP2- Insulated binding posts, 
one red, one black 
C1 -100 uF, 50 VDC non -polarized 
capacitor 
Dl, D2, D3, D4 -A -A, 400 -Ply diode 
M1 -0 -1 mA DC meter 
R1 -8 -ohm, 100 -watt resistor, see text 
R2 -5000 -ohm linear taper potentio- 
meter 

BPI O- 
INPUT 
VAC 

BP2 
O-- 

Di-04.100 PIV 
OR BETTER 

8. FIELD STRENGTH METER (FSM) 

A kilowatt transmitter will pin the needle of regular 
FSMs (field strength meters) if used in the shack, but 
you need high sensitivity to get readings from low - 
power oscillators, flea power transmitters and CB walkie- 
talkies. This simple, amplified FSM has a sensitivity of 
150 to 200 times that of ordinary models. It indicates 

12 

full scale when other meters can't budge off the bottom 
pin. 

Dependable frequency range is approximately 3 to 30 
MHz. A metal enclosure is recommended, with a stiff 
wire antenna about 6- inches long. For compactness, 
RFC1 should be a miniature 2.5 -mH choke. 
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To operate the unit, sensitivity control R1 is adjusted 
for 1/3 to 3/4 -scale reading. Avoid working too close to 
the top of the scale, since it can saturate transistor Q1, 
producing full -scale readings at all times. Back offon R1 
as you make transmitter adjustments to keep the needle 

at approximately half scale. Any high -gain NPN small- 
signal transistor can be substituted for the 2N3393 
used for Ql. Should the meter read backwards or not 
move, try reversing diode D1 -you may have connected 
it backwards! 

PARTS LIST FOR 

FIELD STRENGTH METER 

B1 -1.5 to 3.0 -VDC battery, use AA type 
C1- 0.001 -uF disc capacitor 
Dl -1N60 (just about any germanium 
diode will do the job) 
M1 -0 -1 mA DC meter 
Q1- 2N3393 NPN transistor or equiva- 
lent, see text 
R1- 50,000 -ohm potentiometer 
RFC1-2.5-mH choke -J.W. Miller 
6302 or equivalent 

6-INCH STIFF 
WIRE ANTENNA 

DI 1N60 
MI 0-IMA 

RFCI 
2.5K+h 

CI 
.001 

QI 
2N3393 

BI 
1.5-3.0 VDC 

9. RF PROBE FOR VOM AND DDM 

Make your first RF Probe now! Don't wait for a need 
because without it, a simple RF test or service task is a 
hit or miss proposition. Assemble the RF Probe in a 
metal can or tube, add a shielded cable and you'll make 
relative measurements of RF voltages to 200 MHz on a 
20,000 ohms -per volt volt -ohm meter (VOM) and 
digital multimeter (DMM ). RF voltage must not exceed 
approximately 100V, the breakdown rating of the 
1N4149 diode. 

PARTS LIST FOR 

RF PROBE FOR VOM AND DDM 

C1- 500 -pF, 400 -VDC capacitor 
C2- .001 -uF, disc capacitor 

Dl- 1N4149 diode 
R1- 15,000 -ohm, 1/2-watt, 10% resistor 

TO 

VOM, 
OR 

DMM 

SHIELDED r DI 

CABLE Z_ I N4149 ,-- I , 
CI 

SOO pf 

)I 

RI 
ISK 

HI PROBE 
TIP 

GND TO _o 

`II=--- 

I 

I C2 
C)-- TOOluf 

METAL "'el 
RF CHASSIS 

CASE OR L 
TUBE 

10. TELEPHONE HOLDUP 

The holdup part of this project is made by the makers 
of telephones. The price of adding a hold feature to your 
telephone is only the cost of one 1/2 -watt resistor and a 
SPST switch. If that's all there is to it, why didn't you 
add one to your phone a long time ago? Well, playing 
with phone circuits several years ago was like bugging 
the FBI - something you weren't to do. The telephone 
company liked it that way because they wanted to do it 
and get all the bucks. Today, you own the wiring in your 
home, not the telephone company; and you are probably 
thinking in terms of adding your own phones. Good 
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idea. Now, if you wish, you can add a hold feature to your 
phone by placing a series switch and 650 -ohm resistor 
across the line. Close the switch when you want to place 
the call on hold and open the switch when you want to 
talk again. With switch S1 closed you can hang the 
phone up on its receiver, but be sure to remove the 
phone before you open the switch or else you may 
accidentally hang up on the incoming call. 

Remember, when the phone is left on hold, no one can 
call in and you can't call out. Also, only two of the lines 
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that reach your telephone are really part of the phone 

line, and these are most often the red and green wires 

that are in the cable between your phone and the wall. 

Other wires in the cable may carry power for lighting 
your phone, or may carry nothing. Check carefully. Also 
understand that if you make a connection to the phone 
line that inhibits the phone company's ability to provide 
service, they have the right to disconnect you for as long 
as they like. This is a proven, simple circuit that should 
cause no difficulty. 

PARTS LIST FOR 
TELEPHONE HOLDUP 

R1- 650 -ohm, 1/2-watt, 5% resistor 
Sl -SPST toggle switch 

RED 

TELEPHONE 
LINES GREEN 

-011Vii 
OLD RI 

650 S2 

0 NORMAL 

11. BASIC OPTO- ISOLATOR 

Here's a very simple opto- isolator circuit that you can 
build this evening. Its unique circuit character is that 
you can build it, understand it, and modify it to any 
special requirement you wish. It can ring an alarm 
whenever the mail is dropped in a slot. It can separate a 
battery circuit from the AC line providing remote 
installation without special circuits -bell wire will be 
good enough. It can be made to do just about anything 
your imagination will let you think up. 

Whenever the phototransistor sees the LED's light, it 
pulls up the base of relay driver transistor Q2 and pulls 
in the relay. Stick something between LED1 and Ql and 
the relay releases. D1 shunts out the relay's inductive 
kickback preventing distnrction of transistor Q2. 

If you point LED1 and Ql. in the same direction, they 
will act together as a reflective sensor. Then if anything 
comes close enough to bounce the light from LED1 
back into Ql (assuming both are kept in the dark -any 
light will trigger Ql ), the relay will pull in. The circuit 
can also be used without R1 and LED1 as a light -or no 
light -operated alarm -but then we do not have an opto- 
isolator circuit. The LED1 circuit is powered by B1. 
The transistors are powered by B2, or they may be 
powered from the AC line via a DC voltage regulated 
circuit. 

It doesn't take a quick mind to realize that should 
electrical isolation not be necessary, the circuit could be 
hooked up to only one battery and switch Si would be a 
SPST switch. 

PARTS LIST FOR 
BASIC OPTO- ISOLATOR 

B1, B2 -12 -VDC battery 
Dl- Diode, 1N914 or equiv. 
Kl -SPDT relay, 12 -VDC 
LEDI -Light emitting diode 
Ql- Phototransistor, FPT100 or equiv. 
Q2 -NPN transistor, 2N2222 or equiv. 
R1 -250 ohm, I1 -watt, 10% resistor 
R2 -2700 ohm, 1/2-watt, 10% resistor 
Sl -DPST toggle switch 

02 
2142222 r 

t_o 
RELAY 
KI 

12. CELLAR TIDE INDICATOR 

Cellars are no longer storage areas for castoff 
furniture, clothes, pots and pans, and other unwanted 
used items. Cellars have become playrooms, dens, extra 
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living quarters, Ham shacks, workshops -useful and 
valuable space for just about every at -home activity. A 
lot of expensive building materials, furniture, electronic 
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equipment and other family items can be damaged if a 
water pipe breaks or a washing machine valve or hose 
breaks. Additionally, should your sump pump fail, you 
may not know about it until you have an indoor 
swimming pool. 

Jokingly we call it the Cellar Tide Indicator, when 
actually it is a water -level alarm. This alarm will warn 
you instantly of water flooding by sounding an alarm 
bell. When water mixes with a small pile of salt the 
resulting puddle shorts the probes, thereby applying a 
trigger to SCR 1's gate. The SCR fires, closing the alarm 
buzzer or bell circuit. Any sensitive -gate SCR such as 
the GE C6 series can be used. 

The salt can be placed in a small metal can about the 

size of a small ash tray. Drill a series ofholes around the 
can as close as possible to the bottom. Secure the 
probes so they are suspended right above the salt. Any 
water flowing into the can will mix with the salt and 
cause a conducting puddle that will rise to the probes. 
The probes can be about 1/4-in. of exposed solid 
insulated wire. The wires can be taped to the side of the 
can, just as long as the exposed tips don't contact the 
can. 

Why use a 6 -volt battery? Well, should you have a 
power failure or the fuse to the sump pump blows, you 
will be able to be alerted by a fail safe battery backup. 
While waiting for the alarm to go off, let's hope the tide 
stays permanently out! 

PARTS LIST FOR 

CELLAR TIDE INDICATOR 

B1 -6 -volt lantern or motorcycle 
battery 
R1- 2000 -ohms, 1/2-watt, 10% resistor 
S1 -SPST switch 
Q1- Silicon controlled rectifier, GE C6 

10 volts PIV or higher (GE -C6 or 
equivalent) 
Z1 -6-volt alarm bell or buzzer (select a 

loud one) 

1 1 
MOLES If \I 

QI 
GE -6C 

9 

- BI - 6VDC 

BULlER 
OR BELL 

13. DELAY TIMER 

Here is a useful delay timer circuit that little Tom 
Thumb would have approved of -it's small both in size 
and in cost. With S1 in contact with +9 -VDC, capacitor 
Cl gradually charges through resistors R1 and R2. 
When the potential across Cl reaches 5.5- volts, base 
drive flows into the Ql -Q2 Darlington pair through 
Zener diode D2. This causes the transistors to conduct 
collector current and activate buzzer BZ1, a miniature, 
solid state device that emits a pleasant, shrill tone to 
signal the end of the timed interval. To reset the timer, 
flip S1 so that it contacts R3, which functions to 
discharge timing capacitor Cl through diode Dl. 

Using trimmer R1, you can adjust the timed interval 
to any value between 30 and 120- seconds. We use this 
timer to control the development of Polaroid instant 
films, but you can probably find dozens of other uses, 
too. 

PARTS LIST FOR DELAY TIMER 

B1-9 -volt transistor battery 
BZ1-9 -VDC solid -state buzzer (Radio 
Shack 273 -052) 
C1- 470 -uF, 25 -W VDC electrolytic 
capacitor 

RI 

200K 

R2 
62K 

D1- 1N4002 diode 
D2- 1N748A, 3.9 -volt, 1/2 -watt Zener 
diode 
Ql, Q2- 2N3904 NPN transistor 
R1- 200,000 -ohm tripmer potentio- 
meter 
R2- 62,000 -ohm, 1/2-watt, 5% resistor 
R3- 330 -ohm, 1/2-watt, 5% resistor 
Sl -SPDT slide switch 

J T DI 
1614002 

QI 2N3904 

b 

D2 
IN748A 
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14. MIKE MIXER 

Very often you use one microphone too many for the 
amplifier system you own. And, if you are serious about 
sound recordings, take a look at our Mike Mixer. Our 
Hi -fi mike mixer does its mixing after amplification so 
the amplifiers compensate for the mixer loss first, 
thereby improving the signal -to -noise ratio as 
compared with simple mixers that mix first and amplify 
after the mixer. 

Using FET semiconductors with their high imput 
impedance, this basic mixer can be used with high 
impedance crystal and ceramic microphones. It does 
not attenuate low frequency résponse whatsoever 
through low impedance loading of the microphone.The 
mixer's response is 1- to- 20,000 Hertz. 

Two mixers can be built into the same cabinet for 
stereo use. Even with two independent ( stereo) mixers, 

current drain is on the order of a few milliamperes and 
two series -connected transistor 2U6 -type batteries can 
be used. 

PARTS LIST FOR MIKE MIXER 
C3, C6- 0.1 -uF, 50 -WVDC capacitor 
Ql, Q2- 2N3819 Field -effect transistor 
R1, R6- 2- megohm, 1/2-watt, 10% 
resistor 
R2, R7- 6800 -ohm, 1/2-watt, 10% 
resistor 
R3, R8- 560 -ohm, audio taper 
potentiometer 
R5, R10- 100,000 -ohm, '/z -watt, 10% 
resistor 
Cl, C4- 0.05 -uF, 50 -WVDC capacitor 
C2, C5- 22 -uF, 10 -WVDC electrolytic 
capacitor 

RIO 
í00K 

R9 
500K 

J 
J3 OUTPUT 

15. VOLTAGE DOUBLER 

Very often the experimenter will need DC voltages 
higher than can be had rectified from the AC line or 
existing power transformers. Hence, the need for a 
voltage doubler. A peek at the circuit reveals that a DC 
charging loop passes through D1 and Cl, and D2 and 
C2, during alternate half cycles of the alternating 
current However, the DC load is connected across both 
charging capacitors effectively doubling the available 
rectified voltage. Capacitors Cl and C2 should be a 
minimum of 100 -uF and rated at twice the DC output 
voltage. The larger the capacity, the greater will be the 
filtering. 

PARTS LIST FOR 
VOLTAGE DOUBLER 

Cl, C2- 100 -uF electrolytic capacitor 

or larger, WVDC should be twice DC 
output voltage 
Dl, D2- 500 -milliampere (or larger) 
rectifying diode rated P1V at least twice 
DC output voltage 

DI 

AC INPUT D2 
VOLTAGE 

D OUTPUT 
VOLTAGE 

cz 
IOOuf 
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16. PHOTOFLOOD STRETCHER 

Flash units are very popular with photographers 
because of their speed, which allows action to be 
captured, and their portability. However, it's extremely 
difficult to visualize a shot with flash because the light 
appears only at the instant of exposure. High -intensity 
photofloods, on the other hand, are on continuously; 
therefore, the photographer can readily compose a shot, 
paying attention to details such as eveness of 
illumination across the field and shadow placement. 

As the photofloods burn, however, they generate a 
great deal of heat, which can be discomforting both to 
the photographer and the subject. In addition, it's 
wasteful of the photoflood lamp's already limited 
lifetime (about 8 hours for an EBV No. 2) to have it on 
any longer than absolutely necessary. You can use this 
simple dimmer to cut down the lamp's intensity during 
composition, thereby reducing the heat generated and 
extending the lamp's useful life. With S1 in its middle 
position, power to the lamp is reduced about40 percent 
because of rectifier Dl. When you're ready to expose, 
flip Si to full power. NOTE: On half -power, the lamp's 
color balance is shifted toward the red, so be careful not 
to make exposures at half -power with color film. 

It is interesting to note that this same circuit can be 
used to extend the life of a ordinary tungsten bulb used 
in lamps and lighting fixtures. Diode D1 can be 
permanently installed holding the power level to about 

60% of its rated value saving lots ofwatts and extending 
the lamps life. However, the lamp will glow dimmer 
than it would should the diode be removed. One 
suggestion is to increase the lamps power (which kills 
the watts savings) for more light with the bulbs 
extended life remaining practically the same as before. 

PARTS LIST FOR 

PHOTOFLOOD STRETCHER 

D1- 1N5404 rectifier rated 400 PIV, 3- 
amps 
11 -EBV No. 2 500 -watt photoflood 
lamp 
Sl- single pole, 3- position switch with 
contacts rated 10 -Amps, 120 VAC 

II 

17. SAWTOOTH OSCILLATOR 

Here's a golden oldie of a circuit updated for today's 
electronics hobbiest This unusual oscillator employs 
the firing and quenching characteristics of a gas -filled 
neon lamp as an electronic switch to charge and 
discharge capacitor Cl. Originally the circuit was used 
for novel purposes. It provided a blinking light with no 
moving parts. Then, the switching rate was stepped up 
to the frequency of moving machinery to "stop" it by 
strobe action. Radio buffs use the sawtooth oscillator to 
generate RF harmonics that cover and go beyond the 
broadcast radio band. 

Basically, a neon bulb consists of two electrodes 
surrounded by neon gas plus, if the lamp is intended for 
use in total darkness, a small quantity of radioactive 
material is added to one of the electrodes inside the 
glass bulb. Radiation serves to partially ionize the neon 
gas. Bulbs designed to operate in room light will have 
their neon gas partially ionized by ambient electromag- 
netic radiation; therefore, no radioactive material need 
be added. 

So little of the neon gas is ionized initially that, for all 
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practical purposes, the neon lamp behaves electrically 
like a very high resistance. However, if the voltage 
between its electrodes is raised sufficiently high, the 
neon gas within the lamp will ionize completely. This 
causes the lamp to revert to a low- resistance state and 
glow with a bright orange color. To turn the lamp off, the 
voltage across its electrodes must drop several volts 
below the potential that originally triggered the lamp. 
The rise of the voltage across Cl does not happen 
suddenly - actually, the voltage rises up at a fixed rate 
determined by the time constant R x C where R is the 
total resistance of R1 and R2 in ohms and C is the 
capacitance in farads. The fall time is caused by I1 firing 
causing a short circuit across Cl causing the voltage to 
drop almost instantly. To cause the sawtooth period to 
be shortened, decrease the value of either C or R, or 
both. Contrarywise, increase the resistance or 
capacitance and the period of the sawtooth will 
increase, effectively lowering the repitition rate or 
frequency of the sawtooth oscillator. In the sawtooth 
oscillator circuit shown here, Cl charges through RI 
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and R2 to a potential of roughly 65 volts. At this point, 
the neon lamp fires and discharges Cl. As the voltage 
drops below a voltage level, the neon lamp reverts to a 
high impedance, which allows Cl to charge once again. 
The frequency of the sawtooth- shaped oscillation 
developed once again. The frequency of the saw tooth - 
shaped oscillation developed across Cl can be adjusted 
by means of R 1. As a final note, beware of the high 
voltages present in this circuit Also, never reduce the 
value of R1 below 180,000 ohms. It serves to current 
flowing through the NE2. 

PARTS LIST FOR 
SAWTOOTH OSCILLATOR 

C1 -.01 -u F, 250V Mylar capacitor 
C2- .1 -uF, 250V Mylar capacitor 

Il -NE2 neon lamp 
R1- 180,000 -ohm, 'h -watt, 10% resistor 
R2- 500,000 -ohm linear -taper pot 
R3- 390,000 -ohm, 1/4-watt, 10% resistor 

81 - 
90-125 - 

VDC - 

OUTPUT 

18. TONE TESTER 

The basic circuit of the Tone Tester is a Harley 
oscillator whose tone is determined by the setting of 
R2. Just about any wiring or layout will work, but audio 
output transformer Tl must be the type used in table 
radios. A miniature transistor transformer might not 
oscillate, or if it does, will produce only "clean" high 
tones, with no raucous or low frequency tones. 

For code practice oscillator( CPO) operation connect 
a hand key across points C and D. For a "make" intruder 
alarm, connect one or more normally open magnetic 
switches across points C and D. For a "break" intruder 
alarm connect a jumper across C and D and connect a 
series wire circuit across A and B, which disables the 
oscillator though power is applied. An intruder 
breaking the series circuit, or a normally closed 
magnetic switch, causes the alarm to sound off. 

For use as a signal generator, connect C and D and 
attach a shielded test signal lead directly across the 
speaker terminals. 

Service Note: If the Tone Tester fails to oscillate, 
generally due to transistor differences, change C2's 
value slightly. 

PARTS LIST FOR 
TONE TESTER 

B1 -9 -V battery 
Cl, C2- 0.022 -uF, 25 -VDC capacitor 
Q1- 2N3904 NPN transistor 
R1- 10,000 -ohm, Y2 watt resistor 
R2- 500,000 -ohm pot 
Spkr -3.2 -ohm speaker 
Tl- Output transformer: 5000 -ohm, 
center -tapped primary to 3.2 -ohm 
secondary 

RI i0K 

Bi 
9vDC 

19. HI -Z 'PHONE BOOSTER 

Quite often the audio output from small, home -brew 
projects is just barely sufficient to produce a 
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recognizable signal in standard experimenter magnetic 
earphones. Yet a handful of surplus components will 
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provide enough gain to turn that whisper sound into a 
roar. 

Specifically intended for use with magnetic 
earphones of from 1000 to 5000 ohms impedance, the 
HI -Z 'Phone Booster can do double -duty as an audio 
signal tracer. Transistor Ql can be any PNP of the 
2N2613 variety. Even the 10- for -a -buck kind will work. 
Volume control Rl should have an audio taper. 
Distortion control R3 can have any taper. Make certain 
C2's polarity is correct; the positive terminal connects 
to volume control R1 (wiper terminal). Adjust 
distortion control R3 for best sound quality. Ifyou use a 
jack and plug to connect your headphones to this amp, 
you can eliminate on -off switch S1 because power is 
removed whenever the headphones are disconnected. 

PARTS LIST FOR 

HI -Z 'PHONE BOOSTER 

B1- Battery, 12 volts (two RCA VS068 
in series or equivalent) 

o 
AUDIO 
INPUT 

C1- 0.1 -uF capacitor, 15 -WVDC or 
better 
C2 -1 -uF electrolytic capacitor, 15- 
WVDC or better 
Q1 -PNP transistor, 2N2613 or 
equivalent 
R1- 500,000 -ohm audio taper 
potentiometer 
R2- 100,000 -ohm, '/ -watt, 10% 
resistor 
R3 -1 , Megohm potentiometer, any 
taper will do 

GI 

RI 
500K 

R2 
100K 

2K 
MAGNETIC 

HEADPHQNES 

C2 luf 
GI - 2VDC 
2N2613 

0__T 
SI 

20. CODE PRACTICE OSCILLATOR 
What could be cheaper than assembling a Code 

Practice Oscillator (CPO) from parts laying about the 
workbench or junkbox. Using component values given, 
the tone frequency is approximately 800 Hz. It can be 
changed by substituting different values for Cl and C2, 
but maintain the same capacity ratio. That is, C2 should 
always be about 10 times larger than Cl. Battery 
current drain is only about 1 milliampere. Transitor Q1 
is an NPN germanium type and almost any replacement 
for it will work in the circuit. 

PARTS LIST FOR 

CODE PRACTICE OSCILLATOR 

B1 -4.5 -V battery 
C1- 0.02 -uF, 10 -WVDC capacitor 
C2- 0.22 -uF, 10 -WVDC capacitor 
E1- 2000 -ohm magnetic earphone 
Q1-2N1304 NPN transistor or equiva- 
lent 

R1- 2700 -ohm, '/ -watt, 10% resistor 
R3 -1500 -ohm, 'h -watt, 10% resistor 
R4- 50,000 -ohm potentiometer 

QI 
2N 1304 

b !_ 

R2 1.5K 

RI 2.7K 

c 

e 
CI 

.02uf 
c2.22 uf 

R3 
27K 

R4 
SO K 

BI I5VDC O 
KEY 

21. BASIC BURGLAR ALARM 

Almost without exception, professional burglar 
alarms are the so -called "supervised" type, meaning a 
closed circuit loop in which current, no matter how low 
a value, always flows so that cutting any of the wiring 
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causes the alarm to sound. Early closed circuit alarms 
were entirely relay operated, and a high resistance 
which developed anywhere in the circuit usually 
caused the alarm to false -trip, which always seem to 
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happen in the wee hours of the morning. Solid -state 
supervised circuits, such as this Basic Burglar Alarm, 
are relatively insensitive to the high resistance 
developed in contacts through normal aging. 

The switches shown as "N.C. (normally closed) 
Switch" can be any normally closed or continuous 
device, such as window foil. Battery B1 is a 6 -volt 
lantern battery which will give service for almost as long 
as its shelf -life because the continuous current drain is 
only about 100 A. Once the alarm is tripped, it can be 
turned off only by opening master power switch Si, or 
"bell stop" PB1, a normally- closed pushbutton switch. 
(Both switches should be concealed.) 

To adjust Open the protective circuit. While 
measuring the voltage across R1, advance R2 so the 
meter reading rises from zero towards 1 -volt At less 
than 1 -volt, the alarm bell should trip. If it doesn't, you 
have made an assembly error. Finally adjust R2 for a 1- 
volt reading, disconnect the meter and restore the 
protective circuit. 

PARTS LIST FOR 
BASIC BURGLAR ALARM 

A1-6 -VDC alarm bell or siren 
B1-6 -volt lantern battery 
C1- 50 -uF, 6 -WVDC electrolytic 
capacitor 

Q1- 2N2222A NPN transistor or 
equivalent 
R1 -1,000 -ohm, 'h -watt, 10% resistor 
R2- 250,000 -ohm linear taper potentio- 
meter 
R3- 47,000 -ohm, '/ -watt, 10% resistor 
SCR1- GEMR -5 silicon controlled recti- 
fier 
S1 -SPST switch 
S2 -SPST normally -closed pushbutton 
switch 

BREAK WIRE 
HERE TO INSTALL 
EXTRA -411. RI 
PROTECTION 

I K 
SWITCHES 

R2 
250 K 

R3 47K 

51 

BI 
--6VDC 

NC ANC 
SWITCH SWITCH 

22. VARIABLE CLOCK FOR TTL AND CMOS 
Here is a simple Variable Clock or pulse generator 

that can be useful in a variety of applications, from 
audio to logic. The heart of the circuit is the familiar 
UJT ( unijuction transistor) relaxation oscillator, Ql. 
Potentiometer R1 adjusts the repetition rate over a 
range of one decade, while range switch S1 allows 
selection of one of four decade ranges. The total range of 
adjustment goes from 0.5 ppSec (pulses per second) to 
5000 ppSec., which is more than enough for most 
purposes. Voltage spikes across resistor R4 are 
amplified and "squared up" by transistor Q2. The 

PARTS LIST FOR 
VARIABLE CLOCK FOR TTL AND 

CMOS 
C1- 15 -uF, 10 -WVDC tantalum capacitor 
C2- 1.5 -uF, 25 -WVDC non -polarized 
mylar capacitor 
C3- 0.15 -uF, 25 -WVDC mylar 
capacitor 
C1- 0.015 -uF, 25 -WVDC mylar 
capacitor 
Q1- 2N2646 unijunction transistor 
Q2- 2N3904 NPN transistor 
NOTE: All fixed resistors rated 1/2-watt, 
5% tolerance unless otherwise noted 

R1- 25,000 -ohm linear -taper 
potentiometer 
R2- 2,700 -ohms resistor 
R3- 470 -ohms resistor 
R4 -47 -ohms resistor 
R5- 100 -ohms resistor 
R6- 1,000 -ohms resistor 
Sl- single pole, 4- position rotary switch 

t SVDC REG 
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output consists of 5 -volt -high pulses that maybe used 
to drive TTI, CMOS or an audio circuit (in which case, 
you can couple the pulses through a 1.0 -uF capacitor). 

Range "A" setting of switch S1 is slow enough to be 

useful when breadboarding logic circuitry, since slow 
clocking allows you to observe circuit operation easily. 
If you attach a wire lead to the output and set S1 to range 
"D ", you can generate harmonics up to several MHz. 

23. 100 KHZ MARKER 

If you don't have 100 -kHz Marker built into your 
shortwave receiver, you're no different than 95% of the 
others in your SWL hobby. Few shortwave receivers 
below the deluxe class have really accurate dial 
calibration. But with a 100 -kHz frequency standard 
like our Marker, you'll know with great precision where 
the receiver is tuned. 

The 100 -kHz Marker is a common -base oscillator 
producing sufficient signal through the air if 
constructed in a plastic cabinet. with a metal cabinet, a 
short antenna approximately 12 -in. long should be 
connected to Ql's collector through a 50 -pF capacitor. 
In some instances the antenna will have to be 
connected to the receiver antenna terminal. 

Wiring is not critical and almost any layout will work. 
If the oscillator doesn't start, change R2's value by 
approximately 20% until you get consistent oscillator 
operation. If you want to zero beat the crystal against 
station WWV, install a 50 -pF trimmer in series or in 
apallel with the crystal. Use which ever connection 
works since the specific crystal type determines the 
series or parallel connection. Now that you know where 
you are, good DXing. 

PARTS LIST FOR 

100 -kHz MARKER 
B1 -Two 1.5 -V AM batteries 
C1- 0.01 -uF, 10 -WVDC capacitor 
C2- 220 -pF silver mica capacitor 
Ll -Coil, 2 -18 mH 
Q1- 2N1304 NPN transistor 
R1- 750,000 -ohm, 1/2-watt, 10% 
resistor 
RFCl -2.5 mH RF choke 
S1 -SPST switch 
XTAL- 100 -kHz crystal 

RFC I 2.5 MN 

XTAL 
100 KN3 

24. RF -BCD BOOSTER 

Pep up the transistor radio by adding a RF stage and 
couple the boosted BCB signal to the receivers built -in 
antenna loop. The RF -BCB is a low cost project that can 
pack a lot of extra sensitivity into an ordinary transistor 
pocket radio. You'll be able to do some extensive 
broadcast band DX'ing with that pocket portable the 
bank gave you when you opened an account. 

Assemble the unit in a small plastic cabinet with coil 
L cemented to the side or back of the cabinet; use an 
adhesive such as General Electric's RTC'. Connect from 
10 to 80 feet of antenna wire to the input, and position 

PARTS LIST FOR 
RF -BCB BOOSTER 

B1 -15 -volt penlight AA battery 
C1- 0.005 -uF disc capacitor, 25 VDC 

or better 
C2- 365 -pF miniature tuning 

C3- 0.05 -uF disc capacitor, 25 VDC or 
better 
Ll- Loopstick for Cl 
Q1- 2N1304 NPN transistor 
R1- 39,000 -ohm, 1/2 -watt resistor 
,Sl -Spst switch (on -off) 

LONG WIRE 
ANTENNA 

TRANSISTOR 
RADIO 
ANTENNA 
LOOP 
STICK 
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this pocket booster flat against the radio with L1 
directly behind the loopstick antenna built into the 
radio. Tune capacitor C2 to the approximate frequency 
you want to receive, then turn on the radio and listen to 

the signals boom in. Keep in mind that the receiver's 
normal AVC action will mask any boost applied to 
strong signals. Hetrodyning will increase as more and 
more signals become strong enough to hear. 

25. MERCURY TILT ALARM 

Build this simple circuit and you'll have a device 
which can serve as a luggage or test equipment theft 
alarm, or just a fun thing. To protectyourportable items 
from snatchers who'll tote it away when you turn your 
back, install the Mercury Tilt Alarm. Switch S3 can be 
artfully hidden so that you could disable the circuit 
when you move the packaged valuable about. 

In the schematic diagram, mercury switch S1 is 
normally open. However, should the equipment in 
which the alarm has been installed be picked up and 
tilted, S1 closes and thereby supplies gate current to the 
SCR. Ql then latches in a conducting state, causing 
current to flow through buzzer BZ1. The buzzer will 
sound until pushbutton S2 is pushed to reset the 
circuit. For best results, use an electromechanical, 
rather than piezoelectronic buzzer, since it will emit 
more noise. As for S2, be sure it is artfully hidden also. 

The Mercury Tilt Alarm can be made to fit inside a 
small plastic box so that it will fit inside a coat Hang 
your coat in a restaurant knowing full well should the 
alarm go off the thief would drop it and take off. 

The circuit will function on 6, 9 or 12 -volts DC. So 
use what is best for your purposes. Be sure BZ1 
matches the battery it uses. 

PARTS LIST FOR MERCURY TILT ALARM 

B1-9 -volt battery 
BZ1 -9 -volt buzzer 
D1- 1N4002 diode 
Q1- 2N5060 SCR 
R1, R2- 4,700 -ohm, '/2 -watt, 10% 
resistor 
51- Normally -open mercury switch 
S2- Normally -closed pushbutton 
switch 
S3 -SPST toggle switch 

RESET 

SI 

MERCURY 
SWITCH 

0 
2N5060 

26. PASSIVE BC BOOSTER 

Your pocket transistor radio antenna system is 
designed to pull in local broadcast -band stations that 
are either local or very high power -you need a signal 
with oomph! Now, you could make that "one lunger" 
more sensitive and try some DX with the Passive BC 
Booster. Also, for those people who work in, or live in, 
buildings that effectively kill BC signals, the Passive BC 
Booster can bring life to that transistor radio that could 
only detect the noise from flourescent lamps. 

All you have to do is simply bring in the end of an 
outdoor "longwire" antenna and wrap the end around 
the radio about 5 times. 

Even better reception is possible ifyou open the radio 
and wrap about 5 turns around the rod antenna 
immediately adjacent to the antenna coil mounted on 
the rod. Make certain the ends of the outdoor antenna 
are insulated with glass or ceramic insulators. In fact, 
very often an insulated wire about 10 -to 20 -feet long 
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that is left dangling out a high -story window is all that is 
needed for an antenna. 

25 TO 100 FT 
INSULATOR LONGWIRE ANTENNA INSULATOR 

POLE 
OR RADIO 

ANTENNA 
WINDING 

(ABOUT 5 TURNS) 

POLE 

FERRITE ROD 
ANTENNA IN 
RADIO 
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27. RADIO OP'S SPEAKER SQUELCH 

During the Big II- that's World War II- ship -board 
radio operators were required to man the radio shack 24 
hours a day forever listening to the frequencies used by 
ships at sea. Using receivers with squelch circuits as 
we have today, their ears and nerves were shattered after 
a few days of 4 hours on and 8 hours off. It didn't take 
long for all ships at sea to install the Radio Op's Speaker 
Squelch circuit in the loudspeaker circuit. 

Just a couple of *47 pilot lamps scrounged from old 
tube radios and two resistors are all that's needed to 

squelch your broadcast or shortwave receiver. And if 
you can't scrounge the lamps, they're available at just 
about every radio parts distributor and service shop. 
Switch S1 is needed onto bypass the squelch for very 
weak signals. 

In many instances, the Radio Op's Speaker Squelch 
circuit will provide a basic attenuation of the noise 
background, not complete squelch, considering the low 

cost and ease of construction. Just about any enclosure, 
plastic or metal, can be used. One tip is to use ordinary 
stand -off terminals and mount them on the loudspeaker 
mounting screws. The switch can be located on the 
speaker cabinet or on the side of the receiver. 

PARTS LIST FOR 

RADIO OP'S SPEAKER SQUELCH 

11, 12 -#47 pilot lamp 
R1, R2 -4 to 6 -ohm, 1 -watt, 10% 

resistor 
Sl -Dpdt switch 

TO RECEIVER 
SPEAKER OUT PUT 

TO 4ORROHM 
SPEAKER 

28. TELEPHONE TURKEY CALLER 

After you have installed 14 telephones in your home, 
each with its own ringer, one incoming phone call can 
shatter the nerves of the strongest of individuals. Also, 
the net ringer equivalent exceeds the telephone 
company's limit by a magnitude or two. So, start 
disconnecting ringers which is easy to do -remove the 
yellow lead in the phone. Still, to reduce the total ringer 
equivalent down to your local's equivalent may severely 
limit signaling in all corners of the house including the 
garage and basement. That's where the Telephone 
Turkey Caller comes in! It's ringer equivalent is mighty 
low, it'll let you know the phone is ringing, and it'll not 
rattle your nerves. 

The approximately 20 -Hertz ringing current that 
comes down the phone line passes through Cl and Rl. 
The diode bridge, D1 -D4. rectifies this current and jolts 
solid -state buzzer, Z1, into action. Capacitor C2 
smoothes out the pulsating DC to take some of the 
sharpness out of the sound of Zl. 

Capacitor CX is added to Cl in parallel -in effect, 

algebraically summating the total effective capacitance. 
As Cl is made larger, the buzzer will be louder, but you 
will get "kickbacks" or loud clicks whenever anyone is 
dialing on a rotary phone. This is not a problem with 
touch -tone lines, but you can hear static bursts. 
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PARTS LIST FOR 

TELEPHONE TURKEY CALLER 

C1- .1 -uF, 500 -WVDC Mylar capacitor 
C2- 10 -uf, 25 -WVDC electrolytic capac- 
itor 
CX -See text 
Dl- D4- 1N4002 silicon rectifier diodes 
(substituted parts must be rated at 200 - 
PIV or better) 
R1- 1500 -ohm, 'h -watt, 10% resistor 
Zl -Solid -state buzzer (Radio Shack 
273 -060) 

--1É--, 
Ci 

PKKUP REC. ANO ' 

GRIEN TELEPHONE 
LEADS 
(NO POLARITY 
TO0 > 

DI - D N4 002 

BUZZER 
(SOLID-STATE) 
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Increase the value of C1 -CX slowly until you get the 
performance you want. Whatever you do, do not exceed 
a total of .47 uF. 

Capacitor C2 will produce a smoothe, non -pulsating 
DC if it is too large. If it is too small, you will hear low- 

level ticks instead of chirps. 
So, part values are critical. Stick to those 

recommended in the Parts List and only make slight 
value modifications should the sound not be to your 
liking. 

29. HARMONIC BUSTING GENERATOR 

No one wants to listen to noise, but at times it has 
useful purposes such as alerting people and animals to 
a dangerous situation. Yes, animals react to sound, and 
an obnoxious noise will drive a house pet from a room 
when a situation is dangerous, like prior to turning on a 
power saw or grass mower. And the last thing you'd 
want to do is lock anyone in a building for the weekend. 
The tone starts out at a relatively high pitch which, over 
a period of about one second, swoops downward in 
frequency. Then, the signal jumps abruptly to its initial 
pitch and commences its downward plunge once more. 
The effect is approximately as pleasant as running your 
nails over a blackboard, and as such it will get people's 
attention -if not their admiration. 

Transistor Q1 together with resistors R1, R2, R3 and 
capacitor Cl comprise a conventional UJT 
(unijunction transistor) relaxation oscillator with a 
period of approximately one second. The roughly 
sawtoothed voltage developed across Cl drives current 
source Q2, the output of which charges capacitor C2. 
Adjustment of potentiometer R4 affects the magnitude 
of the current and, hence, the rate at which capacitor C2 
charges. Unijunction transistor Q3 discharges C2 
when the voltage on the capacitor reaches 4.2 volts, or 
so. The rate at which the voltage on the capacitor 
reaches 4.2 volts, or so. The rate at which the voltage on 
C2 oscillates is in the audio range and is much faster 
than that of the waveform developed across Cl. 

After C2's discharge, the capacitor once again gets 
charged up by current from Q2. Since Q2's charging 
current is a function of the voltage across Cl, the rate at 
which C2 charges will vary (in fact, diminish) over the 
1- second interval it takes for Cl to charge. Once Ql 
discharges Cl, QQ's charging current returns to a high 
value, and the frequency of the sawtooth waveform 
across C2 jumps back to its initial high value. 

Emitter follower Q4 reads the signal developed on C2 
and provides a buffered audio output with a maximum 
peak -to -peak amplitude of about 1 -volt. Volume 
potentiometer R9 can be used to vary the magnitude of 
the output, which should drive an audio amplifier 
through its high -level input. Because of its rich output, 
do not overdrive the loudspeaker system else the 
tweeter section overheat! 

C1- 22 -uF, 25V electrolytic capacitor 
C2 -.22 uF Mylar capacitor 
C3- .47 -uF Mylar capacitor 
Qi, Q3- 2N2646 unijunction transistor 
Q2- 2N3906 PNP transistor 
Q4- 2N3904 NPN transistor 
R1- 680 -ohm, 'h -watt, 10% resistor 
R2- 30,000 -ohm, 'h -watt, 10% resistor 
R3- 18,000 -ohm, 'hwatt, 10% resistor 
R4- 10,000 trimmer potentiometer 
R5- 10,000 -ohm, 'h -watt, 10% resistor 
R6, R7- 1,500 -ohm, 'h -watt, 10% 
resistor 
R8 -2,200 -ohm, 'h -watt, 10% resistor 
R9 -2,000 audio -taper potentiometer 

' i7V 

OUTPUT 

30. BALANCE TESTER FOR AUDIO 

Trust your ears all the time and you maybe in trouble. 
Recently the author returned from a 30 minute car trip 
driven by him with the window open. Upon entering his 
home he turned on his stereo system only to discover 
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that the left channel was low. A quick balance control 
adjustment corrected that, or at least he thought it did. A 
half hour later he discovered that the right channel was 
low and made the adjustment realizing that he returned 
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PARTS LIST FOR 

BALANCE TESTER FOR AUDIO 

Dl, D2- Silicon diode rectifier rated at 
100 PIV at any low current 
M1- Zero -centered, DC milliampere 
meter -any inexpensive type 
R1 -1000 -ohm, 1 -watt, 10% resistor 
R2a- 680 -ohm, 1 -watt, 10% resistor 
R2b -1000 -ohm potentiometer 

LEFT 
CHANNEL 

RI 
IK 

DI 

R2 
680rr- 

R2. 
IK 

D2 

RIGHT 
CHANNEL 

the amplifier to its original setting. What was wrong? 
Were his ears deceiving him? Driving with the car 
window open in the auto somehow dulled the sensing 

To avoid his problem, and the problem experienced 
by others who have hearing loss, the audio balancing 
tester was created for just this purpose. Essentially, the 
tester's circuit senses and rectifies a small portion of 
the signal sent to the loudspeakers by the audio stereo 
amplifier. When the tester's meter, a zero- center type, is 
centered at zero, the output to the speakers is balanced. 
Normally, resistor R2a and R2b should be one 1000 - 
ohm resistor so that both halves of the circuit are 
identical and balance. However, not all speakers, even 
matched pairs produce equal outputs. The cause 
usually is a combination of losses due to reduced gain 
in one stage of the amplifier, one set of speaker leads are 
much longer, the speakers age differently, the speaker 
positioning in the room causes more attenuation for 
one speaker than another, and a few other reasons. So, 
R2 was split in two and made adjustable. The method 
for adjusting R2b is simple, provided you can get the 

MI I-O-1 MA 

ability to handle a simple audio balance adjustment 
Simply put, our author suffered from temporary hearing 
insensitivity. 
assistance of several friends. With their eyes closed, let 
them point to the source of the sound from the speakers 
when playing monophonic music while blindfolded. 
Mono music will seem to come from one source point 
When several people point to the same point in the 
midsection of the speaker placement, the meter is 
adjusted for zero indication. 

You may want to mark the point on the setting of R2b 
where R2a and R2b add up to 1000 -ohms so that you 
could use the unit as a portable test instrument for other 
stereo systems. 

Remember to test the balance of a system with a 
monophonic music source. Also, you can leave the unit 
in the circuit and let it monitor stereo output on a 
relative basis. You'll be surprised how stereo 
programming in some recordings is extremely 
separated and in others it is not. 

31. DISCRETE FREQUENCY DIVIDER 

When you want to reduce or divide the input 
frequency pulses by a predetermined amount, most 
hobbyists turn to their TTL or CMOS cookbooks 
seeking a chip that'll do the job. Well, here's a circuit 
that divides frequency using almost as few parts as a 
one chip circuit and doing it with discrete semiconductors. 
As such, it is a bit more flexible in application than a 
"chip" circuit 

Capacitors Cl and C2 together with diodes D1 and 
D2 constitute a simple charge pump, which feeds the 
emitter of a unijunction transistor, Ql. Normally, Cl is 
chosen to be smaller than C2, and in this circuit values 
of Cl between .02 and .1 microfarads should be 
satisfactory. With each positive -going transition of the 
digital input signal, Cl transfers a small amount of 
charge to C2, which acts as a reservoir. This 
accumulated electronic charge is prevented from 
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leaking away by D2. As successive input pulses transfer 
more and more charge to C2, the voltage across C2 
naturally rises. 

Eventually, the voltage on C2 will become high 
enough to cause Q1's emitter to break down and 
discharge C2 through R2. When this happens, QQ 

amplifies and inverts the voltage pulse appearing across 
R2. This amplified pulse may then be used to clock a 
subsequent circuit Transistor Ql's emitter reverts to 
ahigh- impedance state once again after C2 has been 
discharged. Thus, the whole process can repeat itself 

The ratio of C2 to Cl will determine the number of 
positive -going input pulses needed to accumulate the 
necessary threshold potential on C2. With C2 equal to 

Cl, the frequency will be divided by a factor of 1. The 
higher the C2:C1 ratio, the more input pulses needed 
and, as a result, the greater the frequency division 
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obtained. This circuit is sensitive to the magnitude of 
its input pulses, so keep the input amplitude at 9 volts, 
or thereabouts. Satisfactory performance with input 
signals as high as 10 kHz will be obtained with the parts 
listed. 

u 
RI IK (SEE TEXT) 

a9VDC 

DI Ni- IN914 

9V P -P INPUT 

PARTS LIST FOR 
DISCRETE FREQUENCY DIVIDER 

C1 -.02 to .1 -uF (see text) 
C2- .1 -uF, Mylar capacitor 
Dl, D2 -1N914 silicon signal diode 
D3- 1N751A, 5.1V, 'hW Zener diode 
Q1- 2N2646 unijunction transistor 
Q2- 2N3904 NPN transistor 
R1-1,000-ohm, 1/2-watt, 10% resistor 
R2, R3- 220 -ohm, 'h -watt, 10% resistor 
R4- 1,500 -ohm, 1/2-watt, 10% resistor 
R5- 22,000 -ohm, 'h -watt, 10% resistor 

OUTPUT 

32. MAGIC TV KEY 

There are times when the children should not be 
watching television. We all know that, but how can we 
secure the TV set in a secretive way? Well, with the 
Magic TV Key you could turn the receiver on and off 
secretly using a permanent magnet 

Bring your magnet close to S2, and the reed switch 
will close. This shunts all current away from transistor 
Q2's base and sends its collector potential high. As a 
result, base drive is available for Ql and Q3. Transistor 
Q3 obliges by conducting and thereby causing relay 
Kl's N.O. ( normally open) contacts to close. Ql 
conducts too, and this sends Ql's collector to ground 
potential. Therfore, when you remove your magnet from 
S2, Q2 remains latched in a non -conducting state, since 
Ql's collector is low. 

Now, suppose you approach S1 with your magnet 
Once the reed switch closes, it shunts base current from 
Ql , thus causing Ql's collector potential to go high. As 
a result, Q2 receives base current that causes it to 
conduct, which sends its collector to ground potential. 
This removes base drive from Q3, so relay Kl is no 
longer energized. When you remove your Magic Key 
magnet, the circuit remains latched in this OFF 
condition, since Q2's grounded collector cannot supply 
base current to transistor Ql. 

Diode D1, a 1N914 silicon diode shorts out the high - 
voltage inductive kick developed by relay Kl's coil when 
Q3 cuts off. In effect, D1 extends the life of Q3. 

PARTS LIST FOR MAGIC TV KEY 

Dl -1N914 silicon diode 
K1 -6 -volt, 500 -ohm relay 
Q1, Q2, Q3- 2N3904 NPN transistors 
Rl, R2 -3300 -ohm, 1/2-watt, 10% resistor 
R3, R4, R5- 33,000 -ohm, 1/2-watt, 10% 
resistor 
Si, S2- magnetic reed switches 
1 -bar magnet (available at toy stores) 

9VDC 

N.C. 

N.O. 

33. CAR POWER TAP 

One big problem with 9 -volt batteries is that they notes while driving from one business appointment to 
often go dead just when you need them most Ifyou are a another -then use the car's power to drive the recorder 
highway dictator -you record business letters and and save the batteries for those moments when no other 
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power source is available. Our Car Power Tap delivers 
up to 800 milliamperes of regulated 9 -volt power from 

your car's cigar lighter or any power jack you may 

install. Just plug in the Car Power Tap and a 2N222 
NPN transistor in conjunction with a 9.1 -volt Zener 
diode does all the work. Should you need abit more than 

800 milliamperes, then use a 2N3055 for Ql. Play it 
safe, be sure to attach either unit to a heat sink. It is 
always a good idea to include a protective fuse in the 
circuit Try one that is about .5 ampere. Stay away from 
slow -blow types or else you may pop some fuses in the 
car during an accidental short. 

PARTS LIST FOR 

CAR POWER TAP 

C1- 100 -uF electrolytic capacitor 
Dl -Zener diode, 9.1 -V at V4 -watt 

Pl -Cigar lighter plug 
Q1 -NPN transistor, 2N2222 or 2N3055 
(see text) 
Ri- 560 -ohm, 1/2-watt, 10% resistor 

PI CIGAR 
LIGHTER 

QI 
2N 2222 
2N 3055 

DI 
9.1-V ZENNER 

DIODE 

REGULATED 
9 VOLTS 

34. CB MOD BLINKER 

For less than a couple of bucks -even less if the 
junkbox is cooperative -you will know for sure that 
what you put into the mike is really getting to your sky 
hook. Working directly from a minute sample of the 
transceiver's RF output, the CB Mod Blinker will glow 
only if there is a carrier output and modulation. So if no 
one replies to your call and the lamp glows in step with 
your modulation, you can at least be certain it's not the 
transceiver that's at fault. 

If the unit is built into a small metal box, jacksJl and 
J2 should match the existing transmission line 
connectors. If you build the CB Mod Blinker directly 
into your transceiver, simply connect capacitor Cl to 
the RF output jack (and forget about J1 and J2). To 
adjust, simply talk into the mike in your normal voice 
and adjust trimmer potentiometer R2 until lamp I1 

flashes in step with the modulation. If I1 will not flash 
regardless of R2's adjustment., substitute a higher gain 
transistor for Ql ( try a 2N3392 ). You may want to 
replace I1 with a LED. If so, include a series resistor 
with it, and decrease its value slowly until the LED 
glows normally. 

The nice plus you get from the CB Mod Blinker is the 
reaction of your friends when they see the light. It's 
effect is greatest on YL's. 

PARTS LIST FOR 

CB MOD BLINKER 

C1 -5 -pF, 500 VDC ceramic disc 
capacitor 
C2- 100 -pF, 500 VDC ceramic disc 
capacitor 
Dl- Germanium diode, 1N60 

Il -6 or 8 -volt, 30 to 60 mA miniature 
lamp 
J1, J2- Coaxial jack 
Qi -NPN transistor, 2N3393 or equiva- 

lent (see text) 
R1- 12,000 -ohm, '/ -watt, 10% resistor 
R2- 10,000 -ohm trimmer potentiometer 

ri 

35. MISER PILOT LIGHT 

The ordinary light emitting diode ( LED) burns up 20 
milliamperes of power when ever it's lit Use a LED as a 
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power -on indicator in battery- operated projects and 
equipment and it will bleed the battery dry should you 

27 



forget to turn the unit off. In fact, its friendly glow is not 
noticed unless it is blinking at you. That's what the 
Miser Pilot Light does and it does it with very little 
current. Since the light is off more than it is on, the 
Miser Pilot Light uses under 1 milliampere for 15 -volt 
supplies. At 5 -VDC, the circuit uses about one -quarter 
milliampere average. 

The real extra feature of the circuit is that it can be 
powered by batteries rated from 5 -to 30 -volts DC. 

Transistors Ql and Q2 are part of a free -running 
multivibrator with LED 1 in the collector circuit of Q2. 
As Ql and Q2 are alternately switched to a conducting 
state, so is LED 1. Build the Miser Pilot Light into your 
next battery project, and save those expensive batteries. 

PARTS LIST FOR 
MISER PILOT LIGHT 

Cl, C2- .5 -uF, 50- WVDCdisc capacitor 
LED1- Light- emitting diode, any color 
Ql, Q2- 2N3904, 2N2222, ECG123, or 
most any NPN, general -purpose, low - 
power transistor 
R1- 180,000 -ohm, 'A -watt, 10% 
resistor 
R2- 22,000 -ohm, 'A -watt, 10% resistor 
R3- 3.3- Megohm, 'A -watt, 10% resistor 
R4- 470 -ohm, 'A -watt composition 
resistor 

36. RS-232C TTL CONVERTER 

There are two sides to the interfacing problem 
introduced by the previous project. Not only must TTL 
signals be converted to RS -232C levels, but RS -232C 
signals may have to be converted to TTL, too. 
Fortunately, the latter problem is even simpler to solve 
than the former. All that's needed is a simple saturating 
switch, transistor Ql , with its base protected by a diode. 
This prevents the negative excursion of the RS -232C 
signal from breaking down the emitter /base junction of 
Q1. As was the case in the previous project, you must 
build one converter for each signal line to be interfaced. 
To some experimenters, a Zener diode maybe all that is 
necessary. Forget it! Zeners are noisy devices. Also, 
noise pulses below their firing point would ride through 
a clipper circuit playing havoc with the RS -232C 
transmission. 

PARTS LIST FOR RS- 232C -to -TTL CONVERTER 
D1 -1N914 silicon diode 
Ql- 2N3904 NPN transistor 
R1- 33,000 -ohm, '/2 -watt, 10% resistor 
R2- 1000 -ohm, '/2 -watt, +5 

10% resistor 

RS 232C 
INPUT 

415 

RI 33K 

R2 
IK 

2N3904 
IN914 + 11 =0 

TTL OUTPUT 

37. TTL -TO-RS-232C CONVERTER 

If you happen to be a computer hobbyist, no doubt 
you are familiar with the EIA's RS -232C standard, 
which governs certain aspects of the communication 
between a computer and its peripherals. By peripherals, 
of course, we mean things like a CRT terminal, a printer, 
a modem or whatever else you could dream up. By 
convention, a high signal is defined by RS -232C as 
being greater than +3 volts, but no greater than +15 
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volts. Low signals, on the other hand, must be less than 
-3 volts, but no less than -15 volts. The region from -3 
volts to +3 volts is a limbo area, and signals within this 
range do not qualify as valid input/output (I /O). 

The problem that confronts many an experimenter is 
one of interfacing a project to his computer. In most 
instances, digital devices will be based on TTL 
circuitry, the maximum signal excursion of which is 
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from ground to +5 volts. However, a more typical TTL 

signal would swing from +.4 volt to +3.5 volts. How do 

you convert such a signal to levels acceptable to the RS- 

232C convention? 
It's easy, and requires just two transistors. Common - 

base stage of transistor Ql acts as a level -shifter that 
couples the TTL signal to Q2, a saturating switch. Q2's 
output swings between -12 volts and +12 volts, levels 

compatible with RS -232C. Note that this is an 

inverting circuit High inputs yield in low outputs, and 
vice -versa. Since computer -to- peripheral 
communication usually requires several I/O Lines, you 

will need to build one converter for each line in use. 

Also, see the companion RS- 232C -to -TTL converter in 

this issue. 

PARTS LIST FOR TTL- to- RS232C CONVERTER 

Ql, Q2- 2N3904 NPN transistors 
R1- 6800 -ohm, 1/2-watt, 10% resistor 

R2- 10,000 -ohm, '/2 -watt, 10% resistor 

R3- 4700 -ohm, 
'h -watt, 10% resistor 

INPUT TTL 

'SJ 

i2 V 

OUTPUT 
R5.232C 

38. SIGNAL DIODE CHECKER 

Low voltage signal diodes are easily tested with this 
"go /no -go" checker. The only restriction is that a diode 
under test be rated to handle at least 60 mA when using 
the *49 lamp version and at least 20 mA when using 
the light emitting diode (LED) version. 

If the diode is good, the lamp or LED will light in one 
direction, and remain dark when the diode is reversed. 
If the lamp or LED stays on when the diode is reversed, 
the diode is shorted. Ifthe lamp or LED stays dark when 

the diode is reversed, the diode is open. 

PARTS LIST FOR 

SIGNAL DIODE CHECKER 

Bl -6 -VDC battery, use type AA cells 
I1 -#49 lamp 
LED1 -Light emitting diode, any type 

lens 
R1 -68 -ohm, '/ -watt, 10% resistor 
R2- 270 -ohm, 1/2-watt, 10% resistor 

LEDI 
(20mA), 

R2 270fl 

= 6vDC = BI 

T p 

DIODE 
UNDER - 6VDC TEST - BI 

T d 

tDIODE 
UNDER t TEST 

39. POWER FAILURE ALARM 

If you have two -weeks supplyofchoice steaksfor2 in 

the freezer, you'd want to know when the AC line rower 
fails! So would your tropical fish, or electric burglar 

alarm system. How about the ordinary electric alarm 

clock? Never fear again the effects of an unknown power 
failure while you are asleep. The instant the juice fails, 

PARTS LIST FOR POWER FAILURE ALARM 

B1-6V battery, use rechangeable 
types if possible 
C1- 20 -uF, 150 -WVDC electrolytic 
capacitor 
Dl- Silicon diode rated at 400 -Ply, 1- 

a mpere 
K1- 3000 -5000 -ohm sensitive relay 

coil, see text 
Pl -AC line plug and line cord 

R1- 10,000 -ohm, '/z -watt, 10% resistor 

1 -6VDC commercial home buzzer 

BUZZER OR BELL 
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the Power Failure Alarm's raucous buzz let's you know 
about it, even in the wee hours of the morning. 

To keep current consumption (and operating costs) 
at rock bottom, a very sensitive relay is used for Kl. As 
long as AC power is supplied, Kl is activiated and the 
buzzer contacts are held open. When power fails, Kl's 
contact springs back, completing the battery 
connection to the buzzer. 

Relay Kl is a "model radio -control" type relay with a 
pull -in current of approximately 1.5 to 3mA. 

Resistor R1 should be increased until it just does not 
hold open relay Kl. Then, decrease its value 10 percent 
Now, you will get some warning of a "brown out" - 
voltage drop below 100 VAC. Brown -out voltages can 
kill your refrigerator motor. It would be best to unplug 
the refrigerator during the brown out and hope its of 
short duration. 

40. BCB RECEIVER ALIGNMENT OSCILLATOR 
It's a small test item with a big name, but this 455 - 

Khz crystal signal generatorprovides a signal for testing 
and aligning radio IF circuits. The unit is built on a 
perfboaid or some other rigid mounting to achieve good 
circuit stability. A metal cabinet reduces radiation so 
the signal fed to the receiver will be primarily 
determined by level control R2. 

To align the completed circuit, adjust Ll's slug for 
maximum S -meter reading in a receiver or connect R2 

to an oscilloscope and adjust Ll for maximum output 
Turn the power supply on and off several times to 

make certain the oscillator fails to start every time, 
adjust Ll's slug slightly until you obtain immediate 
and consistent starting each time the power is applied. 

The unit requires 6VDC to operate. However, more 
best benches have 5VDC regulated supplies, and this 
power can be used in this circuit Be careful of polarity 
when connecting. 

PARTS LIST FOR 
BCB RECEIVER ALIGNMENT 

OSCILLATOR 

C1- .05 -uF, 25 -50 -WVDC capacitor 
C2 -47 -pF silver mica capacitor 
C3 -15 -pF silver mica capacitor 
L1- 3.4. -5.8 mH RF coil J.W. Miller 
21A473RB1 or equivalent 
Ql -GE -5 NPN transistor 
R1- 330,000 -ohm, 1 -watt, 10% 
resistor 
R2 -5000 -ohm, potentiometer 
S01- Crystal socket to match X1 
X1- 455 -kHz crystal 

41. CRYSTAL BAND MARKER 

Can't find that rare, weak SW signal from Lower 
Slobbovia? You will ifyou use this Crystal Band Marker. 
Obtain crystals on or near your favorite SW stations, 
plug 'em into the spotter and you'll transmit 
powerhouse markers on the shortwave bands. If your 
receiver has a BFO it will sound a loud beep when you 
tune the spotter's signal. With no BFO, simply tune 
around the frequency until the receiver gets deathly 
quiet Either way, you'll calibrate your receiver with 
great accuracy. 

The Crystal Band Marker can be assembled on a small 
section of perfboard with flea clips for tie points. For 
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good performance, all components must be firmly 
mounted and well soldered. A common 2U6 9 -volt 
battery in the circuit will last for months, if not for its 
total shelf life. 

Crystals in this circuit are fundamental type, not 
overtone. Many low -cost surplus crystals are available, 
but even if you can't get the correct frequency, 50V 
might get you right next door. A few dollars for a new 
crystal will put you directly on frequency ifyou want the 
utmost accuracy. 

A connection between the Crystal Band Marker and 
receiver is not needed. Simply position the spotter near 
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the receiver antenna and start tuning until you find the 
marker signal. 

9VD C 

-o- RI 220 K 

QI 
N3B4 

e 1 
T 04 m{ 

C3 

501 

RFC I 

I ml, 

PARTS LIST FOR 

CRYSTAL BAND MARKER 

C1- 1200 -PF silver mica capacitor 
C2 -75 -pF silver mica capacitor 
C3- 250 -pF, 100 -WVDC disc capacitor 
C4- 0.01 -uF, 25 WVDC capacitor 

Q1 -2N384 PNP transitor 
R1- 220,000 -ohm, 1/2 -watt, 10% resistor 

R2 -1000- ohm, 1/2-watt, 10% resistor 

RFC1 -1 -mH radio- frequency choke 

S01-Crystal socket 
NOTE: For crystals, pick up surplus 
types whenever possible to keep costs 

down. 

42. BASIC COLOR ORGAN 

"Light action" tied to activities in the playroom or 

rock bands can be designed at home by you! Here is a 

Basic Color Organ circuit that is certain to keep your 
party from becoming a drag. Connected to your hi -fi 

amplifier's speaker output (across the speaker 
terminals) it will throb in time to the music. Paint the 

bulb red or deep blue and your party room will take on 

the atmosphere of a rock club. 
Transformer T1 can be any matching transistor type 

in the range of500 /500 to 2500/2500 ohms. Note that 
none of the connections from SCR1 or its components 
are connected to ground. For safety's sake, you must 
keep the 117 -volt line voltage from the amplifier 

connections - that's the reason for Ti. To adjust, set 
potentiometer Rl "off" and adjust the amplifier volume 
control for a normal listening level. Then adjust R1 until 
lamp I1 starts to throb in step with the beat 

You could effectively isolate the highs and lows, even 

mid -range frequencies by tieing the primary ofT1 to the 
tweeter, mid -range and woofer terminals. Or, you could 
design simple tone circuits which are placed in front of 
several duplicate Basic Color Organ circuits. Start 
thinking -you'll come up with some good ideas! 

PARTS LIST FOR 

BASIC COLOR ORGAN 

I1 -117V lamp, not to exceed 40 watts. 

Pl -AC line plug and line cord 
R1-Potentiometer, 5000 -ohms 
Q1- Silicon Controlled Rectifier, GE -X5 

or equivalent 
Tl- Transistor audio output transformer, 
subminiature type -see text 

AUDIO 
INPUT 
5001. 

43. 78 -RPM OLD SMOOTHIE 

Your old Bing Crosby records will sound much better 
on your stereo hi -fi sound system after a little work has 
been done to equalize their sound. Bing's first records 
were on the old 78's. The early days saw some new but 
not too good audio recording instruments and 
techniques. Yes, they were good for the old black 

shellack records but not for the modern LP's. Just wire 

up our 78 -RPM Old Smoothie -a device that you can 

101 ELECTRONICS PROJECTS 1983 

assemble in a few minutes. Mount the project in a 

shielded can or box to keep AC hum to a minimum. 
Connect the output of your old 78 player to the Old 

Smoothie, and its output to a tape recorder. Set 
potentiometer R2 to a maximum resistance to attenuate 
the high mid -frequencies common to most 78 -RPM 

recordings. Then adjust potentiometer R3 for the most 
pleasing sound you can get from the recording. If you 
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lose too much of the mid -range (Bing's voice) in the 
playback, then reduce its resistance by rotating the 
potentiometer. Do it a bit at a time and go back to toying 
with potentiometer. When the results are optimum, 
record the disk -A and B sides. In effect, the 78 -RPM 

Old Smoothie is an equalizer that bring the old 78 -RPM 
disks back to life. You'll find that a slight adjustment 
may be needed from artist to artist, label to label, and 
style to style. A little bit of patience and your78's will be 
on tape for your listening pleasure. 

PARTS LIST FOR 
78 -RPM OLD SMOOTHIE 

Cl, C3- 0.25 -uF mylar capacitor 
C2 -0.02 of mylar capacitor 
J1, J2 -phono jack, RCA type 
R1- 270,000- ohm,' /2 -watt, 10% resistor 
R2, R3- 50,000 -ohm potentiometer, 
linear taper 

Ji 1 32 
RI 270 K 

CI .2 

V\ANV 
C2 .2 C3 .2 

R2 
50K 5O K 

44. AUDIO PEAK CLIPPER 
One sure way to avoid sending the PA speaker cones 

across the mom is by inserting an Audio Peak Clipper 
in the circuit. Now, when the clowning comic drops the 
mike, the speakers will not blow -but, God help the 
mike. 

An effective speech and noise clipper for transmitters 
and PA systems can be made from only two diodes and a 
capacitor. 

Connect the diodes to the collectorofthe microphone 
preamplifier, the stage with at least a 1V peak -to -peak 
audio output voltage. The diodes clip at approximately 
.2V, allowing overall amplifier gain to be increased 
without speech peaks producting over- modulation or 
excess peak power output 

Capacitor C1's voltage rating must be at least equal to 
the DC supply voltage at the preamp collector. If the 
preamp uses a negative supply, reverse C1's polarity. 
The output level to the rest of the amplifier is 
determined by the R1. If the diodes cause distortion in 
the preamplifier, add resistor Rx, as shown. Use the 
necessary value between 1000 and 10,000 ohms. 

PARTS LIST FOR 
AUDIO PEAK CLIPPER 

C1- 100 -uF electrolytic capacitor (see 
text) 
C2 -0.1 uF capacitor 

D1, D2 -1N60 diode 
R1- 50,000 -ohm, audio taper potentio- 
meter 
Rx -see text 

VDC 

RX C2 .Imf 

b ee c 2 
MIKE 

IN60 
DI 

IND60 50K 
RI 

PREAMP 
TRANSISTOR 

AUDIO 
OUT 

+ CI 
TIOOrrif 

45. LIGHT SWITCH ANNUNCIATOR 

Momentarily interrupt the beam of light shining on 
Ql, and you get a one -second "beep" from light switch 
annunciator. Most likely you've encountered circuits of 
a similar nature in retail stores, where the buzzing 
sound signals your entrance and alerts salesmen to 
their prey. Obviously, a great many other applications 
are possible as well. 

With light shining on Ql's sensitive face, the 
phototransistor conducts heavily and shunts current 
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away from the base of Q2. But when the beam of light is 
interrupted, Ql ceases to conduct -thus allowing 
current to flow through R1 and R2 into Q2's base. The 
collector of Q2 then conducts current and rapdily 
discharges capacitor Cl. This allows Q3's gate lead (G) 
to swing high, thereby turning on Q4, Q5 and the buzzer. 

Assuming that the interruption of the beam was only 
temporary, Q2's collector will now have ceased to 
conduct current This allows Cl to charge until it 
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reaches a level sufficient to trigger Q3, a programmable 
unijunction transistor (PUT). When that happens (in 
about 1 second), Q3's gate potential drops, which turns 
off Q4, Q5 and the buzzer. Another interruption will 
repeat the whole process and yield one more "beep." 

PARTS LIST FOR 
LIGHT SWITCH ANNUNCIATOR 

BZ1- piezoelctronic buzzer, 6 -9 VDC 
C1 -22 uF, 16 WVDC electrolytic 
capacitor 
D1-1N914 silicon diode 
Ql -FPT -100 NPN phototransistor 

9V 

Q2, Q4, Q5- 2N3904 NPN transistor 
Q3- 2N6027 programmable unijunction R2, R5 -220K -ohm, 'h -watt 10% resistor 
transistor R3- 62,000 -ohm, 'h -watt 10% resistor 
R1- 22,000 -ohm, 'h -watt 10% resistor R4 --ohm, 'h -watt 10% resistor 

46. DURATION TIMER 

Need an inexpensive means of timing events from 10 
seconds to 2 minutes in duration? If so, then this 
circuit is for you. With switch S1 closed, capacitor Cl is 
completely discharged, and the gate potential of 
programmable unijunction transistor Ql is high. Thus, 
Q2 is turned on, Q3 is turned off, and LED1 is 
extinguished. 

Once S1 is opened, capacitor Cl begins to charge 
through R1 and R3. The larger the resistance of R2, the 
more slowly Cl charges. As the voltage on Cl climbs, it 
eventually exceeds the threshold potential of Ql's 
anoide: about 5.3 volts. When this happens, Ql's gate 
drops low -thereby turning Q2 off and Q3 on. LED1 
then lights up to indicate the end of the timed interval. 
(Sharp -eyed readers may note that Ql's configuration is 
similar to that ofa relaxation oscillator. Although this is 
true, Ql does not oscillate; it merely latches, since the 
resistance of R2 and R3 is so low as to preclude 
oscillation.) 

To reset the circuit, you must discharge Cl by closing 
S1. With the aid of a clock equipped with a second 
hand, it is possible to calibrate a dial scale for R2 using 
increments of 10 seconds, or so. 

PARTS LIST FOR DURATION TIMER 
C1 -470 uF, 25V electrolytic cap. 
LED1 -red light- emitting diode 
Q1- 2N6027 programmable unijunction transistor 
Q2, Q3- 2N3904 NPN transistor 
R1 -27 -ohm, 'h -watt 10% resistor 
R2- 250,000 linear -taper potentiometer 
R3- 22,000 -ohm, 'h -watt 10% resistor 
R4, R5- 2.2- megohm 'h -watt 10% resistor 
R6- 82,000 -ohm, 'h -watt 10% resistor 
R7- 680 -ohm, 'h -watt 10% resistor 
Sl -SPST toggle switch 

.vv 

47. OLD SOL BATTERY CHARGER 

Tired of charging your NiCd cells? Then let Old Sol do 
the work for you free -of- charge. In this circuit, 
photovoltaic cells supply the charging current, which is 
limited to a safe level by R1. Diode D1 prevents the 
battery from discharging through the solar cells during 
periods of darkness. 

NiCd cells of different sizes require different 
maximum charging currents for best results. Currents 
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in excess of the recommended values result in rapid 
evolution of oxygen gas within the cell. When this 
happens, oxygen -gas pressure is relieved through 
vents, and a significant portion of the cell's chemical 
contents may be lost in the process. The net effect is 
reduced cell life; therefore, resistor R1 should be 
selected to limit the charging current to a safe level. 

To do this, break the circuit and insert a DC 
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milliameter in series with B1. (Watch those polarities!) 
Expose the solar cells to the brightest sunshine they 
can expect to receive, and make note of the charging 
current. The recommended charging rates for various 
NiCd cells are: 50 mA for AA cells, and 100 mA for C or 
D cells. To obtain these currents, the suggested values 
of Rl are approximately 18 ohms (for AA cells) and 9.1 
ohms (for C or D cells). With your milliameter, measure 
the actual charging current produced by your circuit 
with the resistor appropriate to your chosen cell size. If 
the current exceeds the safe level, replace R1 with a 
larger resistance. As a final note, be sure to select solar 
cells capable of supplying the desired charging current 

PARTS LIST FOR 

OLD SOL BATTERY CHARGER 

B1 -1.25V rechargeable NiCd battery 
D1- 1N4001 rectifier diode 
PC1- PC6 -.5 -volt silicon photovoltaic 
cell (see text) 
R1- current -limiting resistor (see text) 

PCI 

PC2 

PC3 

PC9 

PC5 

PC6 

48. Solar -Powered Metronome 

You'll never miss a beat because of dead batteries 
with this metronome. As long as there is a little sunlight 
or lamplight to illuminate the silicon solar cells, the 
circuit will keep ticking away merrily. The six series - 
connected solar cells provide a supply potential of 3- 

volts for the PUT relaxation oscillator. Potentiometer 
R1 can be adjusted to yield the desired pulse rate. 
Should you wish to lower the output volume, a small 
resistor on the order of 10 -ohms may be installed in 
series with the speaker. 

PARTS LIST FOR 

SOLAR -POWERED METRONOME 

C1- 220 -uF, 25 -WVDC electrolytic 
capacitor 
C2- 0.39 -uF, 25 -WVDC mylar capacitor 
PV1, PV6- 0.5 -VDC silicon solar cells 
(Radio Shack #276 -120 or equiv.) 
Q1- 2N6027 programmable unijunction 
transistor 
R1- 2,000,000 -ohm linear -taper po- 
tentiometer 
R2- 470,000 -ohm, 'h -watt 5% resistor 
R3- 1,500,000 -ohm, 'h -watt 5% resistor 
R4- 2,400 -000 -ohm, '/z -watt 5% resistor 
SPKR -8 -ohm PM miniature speaker 

ÌS MEG 

R4 
2 4 MEG 

49. BEAM BUSTER ADAPTER 

If you own a frequency counter, you can use this nifty beam of light In the accompanying schematic, you can 

little circuit to measure the rate of rotation of motors, see that light from the bulb is chopped by the rotating 

fans and anything else that revolves and can break a fan blades. This chopped light beam then falls on the 
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light -sensitive face of phototransistor Ql. Transistor 
QJ amplifies the photo -current from Ql's emitter to 
yield a rectangular waveform approximately 9 -volt in 
amplitude at the output. Naturally, the frequency of the 
output is related to the fan's speed of rotation. 

Freq. (hZ) x 60 
RPM = * of beam interruptions per second 

Suppose we obtain a frequency reading of 100 Hz with 
the 3- bladed fan illustrated here. Obviously there are 3 
interruptions per revolution. The actual speed is 
therefore 2000 RPM. For best results, mount Ql in a 
small, hollow tube (an old pen barrel for example) with 
its light -sensitive face recessed with respect to one end. 
This will ensure that only the chopped beam strikes the 
phototransistor. 

PARTS LIST FOR BEAM-BUSTER ADAPTER 
BI-9-volt transistor battery 
Ql -FPT -100 phototransistor (or equiv.) 
Q2- 2N3904 NPN transistor 
R1- 10,000 -ohm, 'h -watt 5% resistor 
Sl)SPST toggle switch 

LIGHT 
SOURCE 

Q- --A- *NC 

TO FREQUENCY 
COUNTER 

50. LOGIC PROBE 

As most digital experiments are aware, a logic probe 
is nothing more than a convenient tool to indicate 
whether the voltage at a circuit node is high or low. The 
simple probe presented here will do just that using two 
LEDs for output. If the input voltage exceeds 
approximately 1.5 volts, the Ql -Q2 Darlington pair is 
biased into conduction, and LED1 is illuminated. 

On the other hand, if the input voltage is below Ql - 
Q2's switching threshold, Ql and Q2 stop conducting. 
As a consequence, LED1 extinguishes, Q3 gets turned 
on, and LED2 lights. If you find that both LED1 and 
LED2 light during a test, it means that the input signal 
is oscillating between high and low levels. The 1.5 -volt 
switching threshold of Q1 -Q2 is a good match for III 
circuits. 

PARTS LIST FOR LOGIC PROBE 
LEDI -green light- emitting diode 
LED2 -red light- emitting diode 
Q1, Q2, Q3- 2N3904 NPN transistor 
R1- 47,000 -ohm, 'h -watt 10% resistor 
R2, R5- 470 -ohm, 'h -watt 10% resistor 
R3- 4,700 -ohm, 'h -watt 10% resistor 
R4- 39,000 -ohm, '/2 -watt 

10% resistor 

51. UNI JUNCTION TRANSISTOR TESTER 

Having read this far in the book, you must certainly 
have noticed that a number of our projects feature 
unijunction transistors. The unijunction, or UJT to you 
abbreviators, cannot be used in linear circuits (such as 
amplifiers) in the same way that a conventional bipolar 
transistor can. Instead, you will find the UJT in timing 
and oscillating circuits for the most part. In order to test 
a UJT, therefore, it appears logical that a representative 
timing circuit should be used to do the job. 

To operate the UJT tester presented here, begin by 
plugging your unijunction into SO1. This circuit is 
similar to the classical UJT relaxation oscillator, except 
that an LED and current- limiting resistor (R3) have 
been inserted in series with the emitter lead. Initially, 
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capacitor C1 will charge up through R1, and the voltage 
on Cl will gradually rise. 

Once the potential on Cl becomes large enough to 
force the UJT's emitter to break down, Cl gets 
discharged through LED1, R3 and the UJTs emitter. 
After discharge, the emitter terminal returns to a high - 
impedance state, and the capacitor charges once more. 

Each time the capacitor discharges through the LED, 
a flash of light is produced. This serves as a simple 
Go /no Go indication of the UJT's ability to oscillate. 
Resistor R2 is used to swamp the LED's high 
impedance in the OFF state, thus enabling the UJT to 
break down more readily. 
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PARTS LIST FOR 

UNIJUNCTION TRANSISTOR TESTER 

C1 -47 uF, 16 -WVDC electrolytic 
capacitor 
LED1 -red light- emitting diode 
R1- 10,000 -ohm, '/ -watt 10% resistor 
R2- 2200 -ohm, '/z -watt 10% resistor 
R3 -100 -ohm,' -watt 10% resistor 
R4- 470 -ohm, 1/2-watt 10% resistor 
SO1- transistor socket 

RI 
10K 

Cl 

9V 

52. DISCRETE GATE 

If you want to build an AND gate without resorting to 
IC's, here is the way to do it. As can be seen from the 
schematic diagram, all that's necessary is a handful of 
resistors and transistors. Although we would not 
recommend that you forsake IC's entirely, it's nice to 
know how to make do when integrated logic is 
unavailable. 

The accompaning Truth Table concisely describes 
the AND gate's operation. The is denote a high voltage 
level, while the Os denote a low level (i.e., ground 
potential). Note that the only way to obtain a high 
output from an AND gate is to send both inputs high 
simultaneously. 

PARTS LIST FOR 

DISCRETE AND GATE 

Ql, Q2, Q3- 2N3904 NPN transistor 
R1, R2, R5, R6- 39,000 -ohm, '/s -watt 
10% resistor 
R3, R4- 2,200 -ohm, '/ -watt 10% 
resistor 
R7- 1,000 -ohm, 1/2-watt 10% resistor 

RI 

TRUTH TABLE 
A B C 

1 1 0 
1 0 0 
0 0 0 
1 1 1 

+5V 

53. ELECTROLYTIC CAPACITOR TESTER 

In conjunction with a watch or clock capable of 
resolving seconds, this simple circuit can be used to 
measure the value of any electrolytic capacitor. With the 
capacitor in question connected to the binding posts 
(watch polarities), press and release S2; then, time how 
long it takes for LED1 to come on. 

Multiply the time by the appropriate scale factor, and 
you have the capacitance. For example, suppose S1 is in 
position B, and that 19 seconds have elapsed before the 
lighting of LED1. The capacitance is then equal to: 

19 sec x 10uF /sec = 190 uF. 
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Circuit theory is quite simple. As the capacitor 
charges (through R1, R2 or R3), the voltage on the 
capacitor rises. Darlington pair Ql -Q2 buffers the 
capacitor voltage and feeds it to the anode terminal of 
Q3. When the capacitor voltage reaches a certain 
threshold level, determined by the setting of R8, the 
anode of programmable unijunction transistor Q3 
breaks down and allows current to flow through R6, 
which lights LED1. The amount of time necessary for 

the voltage on a capacitor to rise to a specified level 
through a given reasistance is directly proportional to 
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the size of the capacitor. So, by measuring the charging 
interval, we also measure the capacitance. To reset the 
circuit and discharge the capacitor, just press and 
release S2. 

To calibrate the circuit, you will need a 22 -uF 
tantalum electrolytic capacitor. Set S1 to position A 
(luF /sec ), and set R8 to its midpoint Connect the 

capacitor to the binding posts, then press and release 
S2. Time how long i t takes before LED 1 lights. If it takes 
longer than 22 seconds, move R8's wiper downward 
slightly. If less than 22 seconds elapse, move R8's wiper 
upward slightly. Repeat the process until it takes exactly 
22 seconds for LED1 to light. Calibration is now 
complete. 

PARTS LIST FOR 
ELECTROLYTIC CAPACITOR TESTER 
BPl, BP2- binding posts 
LEDI- Tight- emitting diode 
Ql, Q2- 2N3904 NPN transistor 
Q3- 2N6 -27 programmable unijunction 
transistor 
R1 -1 Megohm, 'h -watt, 5% resistor 
R2 -100K -ohm, 1/2-watt 5% resistor 
R3- 10,000 -ohm, '/z -watt 5% resistor 
R4 -47 -ohm, 'h -watt 10% resistor 
R5- 4700 -ohm, '/z -watt 10% resistor 
R6 -820 -ohm, '/z -watt 10% resistor 
R7- 15,000 -ohm, 1/2-watt 10% resistor 
R8- 10,000 -ohm trim potentiometer 
R9- 12,000 -ohm, 1/2-watt 10% resistor 
S1 -SP3T rotary switch 
S2 -N.O. pushbutton switch 

RI 
IM 

12V 

R2 
1008 

s 

@ BPI 

* CAPACITOR 

- uTESTR 

_nBp2 

O 
S2 

R3 
10K 

1 

TEDI / RS 
4700 A LNF/SEC. 

R7 

B IO LyAF/SEC. 15K 

C 100 1.0F/ SEC. 

e 

nl 

2N3904 E b 

Q2 R6 
283904 820 

R4 
4711 Q3 Ea 

2N6027 

Re 
0 IOK 

R9 
I2K 

54. BATTERY BACKUP 

Sometimes, it is advantageous to supplement a 
conventional AC power supply with battery back -up. In 
case of a power failure, the battery cuts in so that the 
circuit in question can function without interruption. 
Burglar alarms, computer memory boards, and timing 
or control systems are a few of the circuits that can 
benefit from battery back -up. 

The accompanying schematic shows how easy it is to 
add battery back -up to an existing AC supply. Under 
normal conditions with AC power intact, voltage Vs on 
the supply's filter capacitor exceeds the voltage of 
battery B1. As a result, diode D1 is reversebiased,and it 
prevents supply current from flowing into battery B1. 

When the line voltage fails, Vs starts to drop. Once it 
reaches a level about 1 -volt less than the battery voltage, 
it stops dropping. At this point, battery B1 is powering 
the circuit through Dl. 

Let's suppose Vs equals 11 volts. We could choose a 
battery voltage somewhat less than this -for example, 9 
volts. Once the power fails, our circuit will be running 
on about 8volts (9Vminus 1V for the diode drop). Many 
circuits can tolerate a diminished supply potential with 
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no ill effect Make sure your choice ofbattery can supply 
all the current demand. 

PARTS LIST FOR 
BATTERY BACK-UP 

Bl -Battery of appropriate size (see 
text) 
Dl- 1N4001 silicon rectifier diode 

DI 

L_ 

37 



55. DUEL OUTPUT REGULATED CONTROL 

Those of you who experiment with op amps know that 
them little critters demand a split power supply in most 
instances. If you've been making do with batteries, you 
might like to step up in class with the simple, dual - 
output, regulated power supply diagrammed here. Not 
only will you be able to experiment with op amps, but 
you can also use either the positive or negative half of 
the supply by itself when dual outputs are not needed. 

Center -trapped transformer T1 feeds four rectifier 
diodes arranged in the familiar full -wave -bridge 
configuration. Opposing taps on the bridge furnish 
positive and negative rectified current to filter 

capacitors Cl and C2. Conventional shunt -type zener- 
diode voltage regulators (D5 and D6), fed by current - 
limiting resistors R1 and R2, provide output voltages of 
+9V and -9V. You can draw between zero and 40 mA 
from either half of this supply with no ill effect. 

PARTS LIST FOR 

DUAL -OUTPUT REGULATED 
CONTROL 

Cl, C2- 1000uF, 25 -WVDC electrolytic 
capacitor 
C3, C4 -100 uF, 16 -WVDC electrolytic 
capacitor 

D1, D4- 1N4002 rectifier diode 
D5, D6 -9 -volt, 1 -watt zener diode 
Fl -Ye A, slow -blow fuse 
Rl, R2- 100 -ohm, '/ -watt 10% resistor 
S1 -SPST switch 
T1 -24 VCT, 300 mA transformer 

56. THE OBNOXILLATOR 

This little audio oscillator emits a sound that's 
obnoxious to both man and beast, which is why we call 
it an obnoxillator. The tone starts out at a relatively high 
pitch which, over a period of about one second, swoops 

downward in frequency. Then, the signal jumps 
abruptly to its initial pitch and commences its 
downward plunge once more. The effect is approximately 
as pleasant as running your nails over a blackboard, and 

PARTS LIST FOR 
THE OBNOXILLATOR 

C1- 22 -uF, 25 WVDC electrolytic 
capacitor 
C2- .22 -uF mylar capacitor 
C3- .47 -uF mylar capacitor 
Ql, Q3- 2N2646 unijunction transistor 
Q2- 2N3906 PNP transistor 
Q4- 2N3904 NPN transistor 
R1 -680 -ohm, '/ -watt 10% resistor 
R2- 30,000 -ohm, '/ -watt 10% resistor 
R3- 18,000 -ohm, l/ -watt 10% resistor 
R4- 10,000 trimmer potentiometer 
R5- 10,000 -ohm, 1/2-watt 10% resistor 
R6, R7- 1,500 -ohm, 1/2-watt 10% 
resistor 

R8 -2,200 -ohm, 'h -watt 10% resistor 
R9- 2,000ohm audio -taper potentio- 
meter "2V 

C3 

OUTPUT 
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as such it will get people's attention -if not their 
admiration. 

Ql together with R1, R2, R3 and Cl comprise a 
conventional UJT relaxation oscillator with a period of 
approximately one second. The roughly sawtoothed 
voltage developed across Cl drives current source Q2, 
the output of which charges capacitor C2. Adjustment 
of R4 affects the magnitude of the current and, hence, 
the rate at which capacitor C2 charges. Unijunction 
transistor Q3 discharges C2 when the voltage on the 
capacitor reaches 4.2 volts, or so. The rate at which the 
voltage on C2 oscillates is in the audio range and is 
much faster than that of the waveform developed across 
Cl. 

After C2's discharge, the capacitor once again gets 
charged up by current from Q2. Since Q2's charging 
current is a function of the voltage across Cl, the rate at 
which C2 charges will vary (in fact, diminish) over the 
1- second interval it takes for Cl to charge. Once Q2 
discharges Cl, Q2's charging current returns to a high 
value, and the frequency of the sawtooth waveform 
across C2 jumps back to its initial high value. 

Emitter follower Q4 reads the signal developed on C2 
and provides a buffered audio output with a maximum 
peak -to -peak amplitude of about 1 -volt. Volume control 
R9 can be used to vary the magnitude of the output, 
which should drive an audio amplifier through its high - 
level input. 

57. SNEAKY COMBINATION LOCK 

Now you can lock up your valuable electronic 
equipment and prevent tampering with this handy 
electronic combination lock. Press S4, S5 and S6 in 
sequential order (the switches can be mounted in any 
physical order), and you latch Kl in the ON state, thus 
turning on your load in the process. Hitting S7 
momentarily will reset the circuit. 

When S4 is pressed, gate current is supplied to Ql, 
which causes this SCR to latch in a conducting state. 
This pulls current through R3 and turns on current 
source Q2. Consequently, when S5 is later pressed, Q2 
is able to supply a pulse of gate current to Q3, thereby 

latching this SCR. At the same time, current source Q4 
is activated by the latching of SCR Q3. Thus, when S6 is 
pressed, Q4 supplies a pulse of gate current that latches 
Q5 in a conducting state. As a result, relay Kl pulls in. 

Whenever one of the dummy switches -Sl, S2, S3 -is 
pressed, Ql and Q3 are rest to their non -conducting 
states. Therefore, whenever a potential intruder hits one 
of these dummies, he defeats his own attempt at picking 
your lock. Pressing S7 removes power from the circuit 
and unlatches all the SCRs -Q5 included. Relay Kl 
therefore gets de- energized, and your circuit is locked 
up tight 

PARTS LIST FOR 

SNEAKY COMBINATION LOCK 
D1 -1N914 silicon diode 
K1 -6 -volt, 500 -ohm relay 
Ql, Q3, Q5- 2N5060 sensitive -gate 
SCR 
Q2, Q4- 2N3906 PNP transistor 
R1, R2, R4, R5, R7, R8- 4700 -ohm, /- 
watt 10 %, resistor 
R9 -100 -ohm, '/a -watt 10% resistor 
Si, S6- normally open pushbutton 
switch 
S7- normally closed pushbutton switch 

vv 

58. STEREO SPEAKER PROTECTOR 

The advent of the superamplifler, capable of supplying 
100 to 200 watts per channel on a continuous basis, 
has been both a blessing and a curse to the audiophile. 
The blessing is that a recording's dynamic range can 
now be more faithfully reproduced, even with inefficient 
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loudspeakers. Unfortunately, these amps are so 
powerful that loudspeakers can often be overdriven, and 
eventually destroyed, if sufficient care is not exercised. 
If your amp lacks provisions for speaker protection, you 
may want to build the speaker protector diagrammed. 
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The contacts of relay Kl are hooked in series with 
your right - and left -hand speakers in such a way that, 
when Kl is unenergized, its contacts close and 
complete the circuit to each loudspeaker. 

Inputs to the protection circuit come from your amp's 
outputs (the same outputs that drive the speakers). If 
the signal feeding the `right' input is sufficiently large to 
charge Cl to a potential greater than the breakdown 
voltage of Ql's emitter, a voltage pulse will appear 
across R7. Similarly, excessive inputs to the `left' 

channel will also produce a pulse across R7, this time 
due to the discharge of C2 by Q2. The pulse across R7 
triggers SCR Q3, which latches in a conducting state 
and energizes K1. This interrupts both speaker circuits, 

and the resulting silence should alert you to a problem. 
Cut back on your amp's volume; then, press and release 
S1 to reset the circuit and restore normal operation. 

The circuit can be adjusted to trip at lower levels from 
15 to 150 watts rms. To calibrate, feed a deliberately 
excessive signal to the `right' input, and raise R3's wiper 
up from ground until Kl pulls in. Disconnect the signal 
from the `right' input, and apply it to the `left' input 
Press Si to reset the circuit, and raise R4's wiper up 
from ground until K1 pulls in again. The circuit is now 
calibrated. Your calibration signal should preferably be 
a continuous tone, but a musical passage of fairly 
constant loudness will probably suffice. Kl's contacts 
should be rated to carry a 3 to 5 -amp load. 

PARTS LIST FOR 

STEREO SPEAKER PROTECTOR 

Cl, C2- .22 -uF, 15 WVDC capacitor 
Dl, D2, D3 -1N914 silicon diode 
Kl.-6-volt relay, DPDT contacts (see 
text) 
Ql, Q2- 2N2646 unijunction transistor 
Q3- 2N5060 sensitive -gate SCR 

Rl, R2 -100 -ohm, 'h -watt 10% resistor 
R3, R4-100 -ohm linear -taper potentio- 
meter 
R5, R6 -220K -ohm, '/z -watt 10% resistor 
R7, R10 -100 -ohm, 'h -watt 10% resistor 
R8, R9- 1,000 -ohm,' -watt 10% resistor 
S1 -N.O. pushbutton switch 

RI 

TO s ERS 

LEFT 

R3 
100 

RIGHT NPUT 

LEFT INPUT 04 
100 

loo 

59. DIODE PUZZLE 

This innocuous -looking little circuit will provide a 
good indication of how well you really understand the 
rectifier diode and the light- emitting diode. Your task is 
to determine which of the five LEDs will light up when 
6.3 volts AC is applied to the circuit We won't give you 
the answer; to find that out, just breadboard the circuit 
However, we will supply you with a couple of hints. 
First, the forward voltage drop of a rectifier diode is 
approximately .8 volt, while that of an LED is about 2 
volts. Naturally, rectifiers conduct current in one 
direction only. LEDs will light up only when their 
anodes (arrows) are 2 -volts more postive than their 
cathodes (bars). Finally, you can expect to find 3 LEDs 
lit and 2 LEDs dark. Pencils sharpened? OK, begin. 

PARTS LIST FOR DIODE PUZZLE 
D1, D2, D3- 1N4001 rectifier diode 
LEDs, LED5 -red light- emitting diode 
R1 -180 -ohm, '/z -watt 10% resistor 

LED2 LEDS 
DI 

IN4001 ti 
RI 

'BOA 

60. DRY CELL /BATTERY TESTER 

Perhaps you have seen the advertisements forbattery inflated prices being demanded. If you had the 
testers and had a good chuckle at the ridiculously opportunity to disassemble one of these electronic 
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marvels, all you would find would be a very cheap meter 
and a couple of resistors. In just a few minutes' time, 
you can lash together a battery tester yourself. 

Resistors R1 through R4 provide suitable loads for 
the various batteries to be tested, while a VOM or an 
electronic multimeter is used to read the cell voltage. If 
the indicated voltage is much below the nominal battery 

potential, give your battery the heaveho, and buy 
another. Resistors R1, R2 and R3 have been selected as 
loads for ordinary 1.5 -volt, zinc -carbon AA, C and D 
cells, respectively, while R4 is appropriate for the 
standard 9 -volt, zinc -carbon, transistor -radio battery. 
When a 1.5 -volt cell registers 1.2 volts, it is relatively 
weak. By the time it reaches 1.0 -volt, it's done for. 

PARTS LIST FOR 
DRY CELL/BATTERY TESTER 

R1 -62 -ohm, '/ -watt 10% resistor 
R2 -22 -ohm, 'h -watt 10% resistor 
R3 -10 -ohm, '/ -watt 10% resistor 
R4 -1,000 -ohm, 'h -watt 10% resistor 
S1 -SP 4- position rotary switch 

BATTERY 
UNDER 
TEST 

RI R2 R3 R4 
ó2 22 ID IK 

n n n. 

TO VOLTMETER 

61. DIFFERENTIAL THERMOMETER 

In some instances, we are more interested in the 
temperature difference between two points than in the 
absolute value of the temperature at either point. 
Making such relative temperature measurements calls 
for a differential thermometer like the one diagrammed 
here. 

To zero this instrument, place the two thermistors in 
close proximity, and allow a minute or two for them to 
reach thermal equilibrium. With R2 set for minimum 
resistance, adjust R3 to obtain a zero (center- scale) 
indication on Meter Ml. Now, leave the reference 
thermistor, RT2, right where it is, but move RT1 to a 
point at a different temperature. 

If RT1's new environment is warmer than the 
environment of RT2, RT1's resistance will decrease, 
and M1 will deflect upscale. Conversely, if RT1 is now 
colder than RT2, M1 will deflect downscale from zero. 
R2 may be used to vary the meter's sensitivity. 

A note about components: Just about any negative- 

temperature-coefficent thermistor having a restance of 
10K ohms at 25 ° C, will do. Note that meter MI. should 
have its zero position at center scale, thus allowing for 
temperatures greater or less than the reference. Always 
re-zero the instrument when changing the reference 
temperature. 

A possible application for this thermometer lies in 
estimating the effectiveness offorced -air cooling within 
a piece of equipment. Since the flow of cooling air 
within a computer or other piece of equipment is 
drastically altered once the cover is removed, an 
electronic differential thermometer of the sort described 
here is really the only practical way of identifying hot 
spots with the cover in place. 

DI 
3.3V 
114746 

PARTS LIST FOR 

DIFFERENTIAL THERMOMETER 

B1 -9 -volt transistor battery 
D1- 1N746, 3.3V, '/ -watt Zener diode 
M1- 50 -0 -50 uA DC microameter 
R1- 10,000 -ohm, 1/2-watt 10% resistor 
R2, R3- 10,000 linear -taper potentio- 
meter 
R4- 4,700 -ohm, 1/2-watt 10% resistor 
R5- 820 -ohm, 1/2-watt 10% resistor 
RT1, RT2- negative- temperature -coef- 
ficient thermistor, 100,000 -ohms @ 25 
° C. (Fenwal UUT -41J1 or equivalent) 
S1 -SPST switch 

62. LED TELEPHONE RING INDICATOR 
Know what makes your phone ring? A 20 Hertz AC 
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signal at anywhere from 60 to 120 Volts, depending on 
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your phone company. That same bell -ringing signal can 
be used to light an LED with the circuit shown here, 
without significantly loading the telephone line. Cl 
provides DC isolation to help foolproof this project The 
.1 value shown works, but you may want to increase it to 
.5 microfarads. Use a mylar capacitor (like the Sprague 
"Orange Drop" series) rated at 250 -450 working volts 
or more. 

Why so high? The telephone company keeps its line 

clear of ice and trouble by daily sweeping a pulse ofhigh 
voltage throughout the system. Too low a working 
voltage could mean trouble for them, and that is 
absolutely the last thing you want to cause. We might 
even suggest connecting to the telephone lines only 
temporarily to verify circuit operation. This will help 
avoid accidents and trouble. D1 through D4 act as a full 
wave bridge to deliver the AC ringing voltage as DC to 
LED1. R1 limits this current through the circuit. 

PARTS LIST FOR 

LED TELEPHONE RING INDICATOR 

C1 -.1 -uF 100 -WVDC capacitor 
D1, D2, D3, F4- Diode, 1N914 or 
equivalent 
LED1 -Light emitting diode, red -color 
lens 
R1- 82,000 -ohm 1/2-watt, 10% resistor 

92K IN9,4 

63. LO -HUM POWER SUPPLY 

Just a handful of components are needed for a line - 
powered low- voltage low -current supply for powering 
audio preamplifiers. 

The values for different voltage and current outputs 
are given in the Parts List Pick the set you need and 

wire up. D1 and D2 are silicon rectifiers rated at a 
minimum of 200 PIV at any current 

PARTS LIST FOR 

LO -HUM POWER SUPPLY 
117 VAG 

D1, D2- Silicon rectifiers rated 200 PIV 
minimum 

RI 

02 

TCI 

o 
IR2 DC OUTPUT 

O 

64. WILD WEST GUN FIGHT GAME 
Okay, podner, the first one to push the button lights 

the light on his side, and blocks the other light from 
turning on. 

You can yell "draw" by closing Si. But instead of a 
switch, you can find a trickier way of closing the 
contacts. 

Try rolling a steel ball bearing down a channel with 
the contacts on the bottom. When the ball completes the 
circuit, go for your trigger buttons. Or you can just leave 
S1 closed. Once both "triggers" (S2 and S3) are 
released, this game is automatically set to be played 
again. 

PARTS LIST FOR 
WILD WEST GUN FIGHT GAME 

B1 -6.15 VDC battery 
LEDs, LED2 -Light emitting diodes 
Ql, Q2 -NPN transistors (2N2222 or 

similar) 
Rl, R4- 150 -390 -ohms, 1/2-watt, 10% 

resistor 
R2, R3- 22,000- 56,000 -ohm, 1/2-watt, 

10% resistor 

Sl -SPST switch (see text) 
S2, S3- Normally open momentary or 
micro, switches le 02 e 

2N2222 2142222 

S2 S3I 
11 

I 

4 

LED2 
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65. LED BAR GRAPH DISPLAY 

This circuit takes advantage of the forward voltage 
drop exhibited by silicon diodes. Each leg of the circuit 
shows a light emitting diode in series with a.cunrent 
limiting resistor and a different number ofdio3e voltage 
drops, from 0 to 5. You may use any kind of diode you 
wish, including germanium, silicon, even expensive hot 
carrier types (although they won't exhibit quite as 
much drop, they're very expensive, and too large a 
current could burn them out). 

Depending on the diodes you choose, each will 
exhibit a forward voltage drop between 0.3 and 0.7 volts! 
For consistency, stay with diodes of the same type, or at 
least the same family. Those twenty- for -a- dollar 
"computer" diodes will do just fine. To expand the range 
of this LED "meter," use two resistors as a volt -age 

PARTS LIST FOR 
LED BAR GRAPH DISPLAY 

D1 -15- Silicon diodes (such as 1N914) 
R1, R2, R3, R4, R5, R6- 120 -270 -ohm 
resistors, '/z -watt 
LED1, LED2, LED3, LED4, LED5, 
LED6 -Light emitting diodes 

divider at the input Connect one across the + and - 
terminals, the other from the + terminal to the voltage 
being measured. The LEDs will then be monitoring a 
range determined by the ratio of those resistors, as 
determined by this formula: 

The voltage across the input, divided by the sum of 
the resistances and multipled by the voltage being 
measured. Or: 

66. SLIDE SHOW STOPPER 

Soundless slide shows are dull, dull, dull! But a stereo 
recorder can automate the whole show so slides change 
automatically in step with the commentary. 

Record your commentary on the left track. At the 
instant you want slides to change, record a one- second 
noise or tone burst on the right track. Connect the 
programmer between the recorder's right speaker 
output and the projector's remote control cable. Make a 
test run to determine the right -track volume setting to 
make noise or tone bursts activate relay Kl. No fancy 
tone generators needed here. Just give a hearty Bronx 
cheer into the mike of the left channel only! 

Then start the tape from the beginning. The audience 
will hear your commentary or spectacular music - 
and sound reproduction through a speaker connected to 
the recorder's left channel, while the signal on the right 
channel automatically changes the slides. 

PARTS LIST FOR 
SLIDE SHOW STOPPER 

C1- 25 -uF, 50 -WVDC electrolytic capac- 
itor 

TO 
RECORDER 
SPEAKER 
OUTPUT 

e 

Dl, D2- 1- A/400 -PIV silicon rectifier, 
Motorola 1N4004 
K1- 2500 -ohm coil plate -type relay 
T1 -5000 -ohm, CT, audio -output trans- 
former 

Ki 

-0 TO 
PROJECTOR 

`- CONTROL 
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67. LOW -PASS AUDIO FILTER 

If you own an old inexpensive receiver, chances are it 
could use a little extra selectivity. In that case, you 
should consider adding a filter. You could add an IF 
filter, but it's probably easier, and certainly less 
expensive, to tack on the simple low -pass audio filter 
diagrammed here. With the constants shown, it has a 
corner frequency of 1000 Hz- perfect for CW (code) 
reception. For voice, reduce the values of R5, R6, R9 and 
R10 to 1200 -ohms. The filter's voltage gain is unity (1) 
so it won't upset things no matter where you insert it. In 

put impedance is about 30K- ohms -high enough to 
cause negligible loading. 

To install the filter, break into the receiver's audio 
chain at some convenient point- preferably at a point 
where the audio voltage is small, say, 1 -volt peak -to- 
peak or less. You may wish to include a bypass switch, 
too. This will allow you to shunt the signal around the 
filter and restore the original performance of the 
receiver. 

1 

PARTS LIST FOR 

LOW -PASS AUDIO FILTER 

B1-6 to 12 -volt battery 
Cl, C3, C6- 0.1 -uF, 25 WVDC mylar 
capacitor 
C2, C5, C8- 22 -uF, 20 -WVDC tantalum 
capacitor 
C4, C7- 0.02 -uF, 25 -WVDC mylar 

>--II capacitor 
C9- 1.0 -uF, 25 -WVDC non -polarized 
mylar capacitor 
Ql, Q2, Q3- 2N3391 NPN transistor 
Note: All resistors rated 'k -watt, 5% 
tolerance unless otherwise noted. 
R1- 56,000 -ohms 
R2- 100,000 -ohms 
R3, R7, R11 -100 -ohms 
R4, R8, R12 -1,800 -ohms 

CZ 

221. 

R5, R6, Ro, R10- 3,000 -ohms 
Sl -SPST toggle switch 

s 

Rl 
MOIL 

68. WIRE TRACER 

Problem! You've just snaked a multi -wire computer 
and /or intercom cable through two floors, five bends, 
and two "pull" boxes, and you have the creepy feeling 
that one of the wires broke in the process. Then, you 
discover upon trimming away the outer jacket, that all of 
the wires are the same color. What to do? Simple, just 
check 'em all with this simple wire tracer. Clip one end 
of the LED1 /LED2 circuit to the same ground source, 
and touch the other end to each wire. When you find the 
wire being tested, one of the two LEDs will light 

It doesn't matter which LED lights. We use two only 

to prevent confusion in the event a polarity gets 
reversed. This way, one LED is certain to light The 
LEDs can be any "general purpose" type available. 
Battery B1 is a 9 -volt transistor radio -type. 

PARTS LIST FOR 
WIRE TRACER 

B1 -9 -volt transistor radio battery 
LED1, LED2- general purpose LED, 
0.02 mA 

BI 
vvoc = 

R1 -560 -ohm, 'A -watt resistor 
Misc. -3 alligator clips, 1 test probe 

RI 

560I1 

CLIP 
PROBE 

MULTI - CONDUCTOR WIRE 

LEDI 

II 

0 
CLIPS 

To COMMON 
GROUND 
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69. ADD AN ANTENNA TRIMMER 

One part? That's all, but it can make a big difference in 
your shortwave listening. The American Radio Relay 
League's ARRL Handbook the ham operator's 
"bible," can help you understand the complex nature of 
radio waves and how this circuit (is one part a circuit ?) 
helps your antenna match your receiver at any given 
frequency. 

But for right now, all you need to know is that when 
you add this trimmer (or connect it to these leads 
through coax, but only a very short length), you can 
adjust it to make your receiver really hot wherever it's 
tuned. It works by helping your receiver take advantage 
of all the signal your antenna can pick up. Try it and see. 

PARTS LIST FOR 

ADD AN ANTENNA TRIMMER 

C1 -60 -pf trimmer 

70. SHORTWAVE LOW -BAND CONVERTER 

Ever listen in on the long waves, from 25 -500 kHz? 
It's easy with this simple converter. It'll put those long 
waves between 3.5 and 4.0 MHz on your SWL receiver. 

Ql acts as a 3.5 MHz crystal oscillator, mixing the 
crystal frequency with the long wave input from the 
antenna and forwarding the mix to your receiver. 

Ll is a standard broadcast loopstick antenna coil. 
The crystal is available from many companies by mail 
order, or is likely to be at a ham radio store nearyou. You 
could also use a 3.58 MHz TV color crystal. 

Adjust the slug of L1 for your best signal after tuning 
to a strong station. 

PARTS LIST FOR 

SHORTWAVE LOW -BAND 
CONVERTER 

B1 -9VDC battery 
Cl, C4- 470 -pF capacitor 
C2 -.1uF capacitor 
C3- .001 -uF capacitor 
C5 -50 -pf capacitor 
L1- Loopstick coil, BCB type 
Ql -PNP transistor, 2N3906 or equiv. 
R1- 470,000 -ohm resistor, '/2 -watt 
R1- 330 -ohm resistor, 1/2-watt 

RFC1 -2.5 mH choke 
Sl -SPST switch 
XTAL -3.5 MHz crystal 

ANT 

LI 

C1 

R2 470 pf 
330 

si 

C3 
.x.001 

e 

= 81 = 9VDC C2 
.i 

al 
2N3906 

XTAL 

cs ( OUTPUT TO 
/1 "RECEIVER 
SOF USE COAX 

C4 
470 pF 

71. TURN -ON DELAY 

Turn the switch on and the circuit you're controlling 
(LOAD) won't turn on until 10 seconds later with this 
UJT delay. The SCR is the "switch" that eventually 
permits current to flow through the load. But the SCR 
won't turn on until the UJT timer circuit delivers a 
pulse to its gate. This happens after a time delay 
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determined by the product 
Choose a value for SCR1 that can easily handle the 

maximum current the load will draw, plus a margin for 
safety, and the voltage of the power supply, plus a margin 
for safety. For a 9 -12 Volt circuit drawing up to '/a amp or 
so, a 20 Volt 1 Amp SCR should do nicely. Since Sl, 
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when turned off, interrupts the flow of current through the SCR, turn-off for the load happens immediately. 

PARTS LIST FOR 

TURN -ON DELAY 
C1- 220 -uF, 250WVDC electrolytic 
capacitor 
Q1 -UJT (Unijunction Transistor), 
2N2646 or equiv. 
R1- 47,000 -ohm, 1/2-watt, 10% resistor 
R2 -22 -ohm resistor, 'h -watt 
SCR1 -See text 
S1-SPST 

V+ 

72. HANG-UP BURGLAR ALARM 

Open a fancy commercial burglar alarm and all you'll 
find inside is this ordinary relay latching hang -up 
circuit 

The input terminals are connected to parallel -wired 
normally open (N.O.) magnetic switches, or wire -type 
security switches stretched across a window that 
close a bell contact circuit when the wire is pushed or 
pulled. 

When a security switch closes the series battery 
circuit, relay Kl pulls in. One set of contacts closes the 
alarm bell circuit, while the second set "latches" the 
battery circuit Even if the security switches are opened, 
the alarm remains on. To disable the alarm, or for reset, 
install a concealed switch in series with one battery 
lead. 

PARTS LIST FOR HANG -UP BURLAR ALARM 
B1-6 -V lantern battery K1-6 -VDC dpst relay 
BELL -6 -VDC alarm bell Sl -SPST n.o. switch 

TO 
ADDITIONAL Si 
SWITCHES 

_ BI 
-6VDC BELL 

73. ATTACHE ALARM 

Who knows what evils lurk, ready to pilfer the 
Twinkles out of your attache case when you're not 
looking? This squealer does. Because when you arm the 
alarm by turning on S1, the lightest touch will set it off. 
More accurately, the touch of light Light striking Ql 
turns on transistor switch Q2, which energizes 
oscillator Q3 -Q4. And that blows the whistle. 

PARTS LIST FOR ATTACHE ALARM 
B1-9 VDC battery 
C1- .01 -uF capacitor 
Q1- Photoelectric transistor, FPT -100 or equiv. 

Q2 -NPN transistor, 2N2222 or equiv. 
Q3 -NPN transistor, 2N3904 or equiv. 
Q4 -PNP transistor, 2N3906 or equiv. 

ARM 

=BI 

R1- 2200 -ohm, 'h -watt, 10% resistor 
R2- 100,000 -ohm, 'h -watt, 10% resistor 
Sl -SPST switch 
SPKR -8 -ohm speaker 

04 
2113906 

c3 
2N222t 

SPKR 
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74. HIGH PERFORMANCE TRANSISTOR RADIO 

Here's a neat way to update your crystal set, assuming 
you can still find it. Or use these few inexpensive parts 
to build from scratch. Instead of using a cat's whisker or 
a diode, this radio uses the very sensitive junction of a 
junction FET as its detector. This makes it a very "hot," 
very sensitive high impedance detector. Then the JFET 
does double duty by converting the high input 
impedance to a lower output impedance -low enough 
and with enough drive to power a set of high impedance 
headphones or a high impedance earphone (about 1K 

or so ). 
The antenna coil is one of those simple loopsticks 

you've seen at the parts stores. (Or you might want to 
wind your own on an oatmeal box.) The broadcast 
variable capacitor is one of the tuning capacitors taken 
from and old, defunct radio. You can use any long wire 
for the antenna, but if you string it outdoors, be sure to 
use a lightning arrestor. You can also clip an alligator 
clip to your bedspring, a windowscreen, or the metal 
part of a telephone. 

PARTS LIST FOR 

HIGH PERFORMANCE TRANSISTOR RADIO 

B1 -6 -15 VDC battery Q1- N- channel JFET (Junction Field 

C1- Approx. 356 -pF broadcast -type Effect Transistor) (2N5458, MPF102 or 
eqiv.) 
R1- 18,000- 47,000 -ohm resistor, '/2- 

watt 
R2- 20,000- 100,000 -ohm potentio- 
meter 
R3- 4700 -10,000 -ohm resistor, '/2-watt 

variable capacitor 
C2- 300 -600 -pF capacitor 
C3- .05 -.5 -uF capacitor 
C4- .22- 1.0 -uF capacitor 
11/L2- Ferrite loopstick, or ferritebar 
BCB antenna coil 

ANT 

QI 
LI L2 2N 5458 

R3 4O 
SPST SNITa 

C3 
EARPHONES 

05Pí tIK) 

VOLUME 
I80K R2 

RI 

200K 

75. 555 SWITCH HITTER 

The 555 integrated circuit is a very versatile timer 
when you need a time delay or any kind of regular timed 
event. But if you try to draw more than 100 or 200 

milliamps through it, you'll soon be drawing a blank and 
a new 555 from your parts drawer. With these simple 
additions, you can draw as many amps as your relay's 

PARTS LIST FOR 

"555" SWITCH HITTER 

Dl- Diode, 1N914 or equivalent 
Q1 -NPN transistor, 2N2222 orequiva- 
lent 
R1 -1000 -ohm, '/2 -watt, 10% resistor 
Kl- Relay, (rated at least equal to 
system voltage) 

v-0 
----o 
A__0 

KI 
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contacts will carry. Ql acts as a relay driver, triggered by 
the output of the 555 (pin 3) through a 1000 Ohm 
resistor (R1). Relay Kl can be driven from the 555's 
power supply (choose an appropriate coil voltage for 
K1) or from a separate positive power supply if the 

555's supply can't handle the extra load. Q2 can handle 
up to 800 milliamps itself, so any relay coil that draws 
less than that (100 Ohms or so more than satisfies this) 
will work fine. Similarly, other loads can be substitutded 
for Kl -Dl. 

76. AUDIO UTILITY AMP 

This circuit may look familiar if you're in the habit of to a speaker. Transistor Ql acts as a driver for 
glancing at the schematics of your portable radios and complentary pair Q2 and Q3. Q2 and Q3 take turns 
recorders. This is a very popular way of getting a signal conducting as they follow the input signal, so they can 

PARTS LIST FOR AUDIO UTILITY AMP 
B1-9 VDC battery Note: All fixed resistors are 1/2-watt, 10% 
C1 -15 -uF electrolytic capacitor, 15 R1-1- Megohm potentiometer 
VDC (or greater than needed) 
C2- 100 -uF electrolytic capacitor, 15 
VDC (or greater than needed) 
Ql, Q2 -NPN transistor, 2N3904 or 
equiv. 
Q3 -PNP transistor, 2N3906 or equiv. 

R2- 270,000 -ohm resistor 
R3 -1200 -ohm resistor 
R4 -100 -ohm resistor 
Sl -SPST switch 
T1 -500:8 -ohm matching transformer 
SPKR -8 -ohm speaker 

± 
BI = 9VDC 

i 
deliver a healthy signal through C2 to Tl. T1 is 
suggested to reduce the loading that a low speaker 
impedance would cause if connected directly ' r 

C2 and ground; a higher impedance speaker or 
headphone could connect directly. 

You can also use this circuit as a signal tracer to 
listen in on what's happening inside some of the other 
circuits on these pages. Just clip a lead between the 
minus leads of both projects and use one lead of a .01 
microfarad capacitor in series with the input as a probe. 

77. LAMP DIMMER 

Using almost all "junk box" parts, or those easily 
found at local parts distributors, this budget -priced 
lamp dimmer can be assembled directly inside a lamp 
socket, lamp base, or electrical outlet box (replacing a 
wall switch). 

Triac Ql can handle up to 75 -watts without a heat 
sink. Over 75 watts, sink Ql to the metal enclosure, or a 
small heat sink insulated from the socket (if you build 
the dimmer into a socket). If you mount Ql on the 
enclosure, make certain none of the Triac's leads 
"short" to the enclose. Use silicon heat sink grease 
between Ql and the sink. 
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Il is an ordinary NE -2 neon lamp. If it will somehow 
be exposed to light, paint the lamp black, or some other 
opaque color. (I1's "trigger" voltage threshold is affected 
by light ) 

Because the neon lamp has a firing threshold above 
zero volts, the lamp cannot be turned fully off with the 
control. Rather, switch S1 snaps the lamp on to a very 
subdued brilliance which can be faded up to almost 
maximum lamp brilliance. Make certain R1 is wired so 
it is a maximum resistance just before S1 switches from 
on to off. 
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PARTS LIST FOR 

LAMP DIMMER 

Cl, C3- 0.02 -uF, 50 WVDC ceramic 
disc capacitor 
C2, C4- 0.05 -uF, 50 WVDC ceramic 
disc capacitor 
I1 -NE -2 neon lamp 
12 -75 -watt or smaller standard 
lighting fixture 
Ql- HEP -R1723 Triac 
R1- 50,000 -ohm, linear taper potentio- 
meter 
R2- 15,000 -ohm, '/ -watt, 10% resistor 
S1 -SPST switch (part of R1) 

Cl .02 

I2 

I I NE-2 

T 
-C2 C3 

PAINT 
CO BLACK 

T.05 .02 T T 05 

01 ` O 
R1723 ` %SI 

o 120 VAG 

78. OUTDOOR THERMOMETER 

With this electronic thermometer you can be sitting 
by a nice, cozy fire and reading the temperature 
outdoors, however frigid it may be, without ever 
catching a chill yourself. The circuit is a simple one 
based on a readily available Fenwal thermistor 
( Burstein- Applebee, among others, sells them ). For the 
sake of accuracy, only thermistor R1 should be exposed 
to temperature extremes; the rest of the components 
should be kept indoors in an environment where the 
temperature is reasonably constant. 

To calibrate, you'll need a thermometer of known 
accuracy and access to temperatures near O° and 100° 
F, the lower and upper limits respectively of this 
thermometer's range. Set R4 and R6 to their midpoints. 

PARTS LIST FOR 

OUTDOOR THERMOMETER 
B1-9 -volt transistor battery 
C1- 50 -uF, 16 WVDC electrolytic 
capacitor 
D1- 1N746A, 3.3 -volt, 1/2-watt Zener 

diode 

Subject R1 to the hot temperature and adjust R4 until 
M1 reads the correct temperature. Now subject R1 to 
the cold temperature and adjust R6 to get the right 
reading on Ml. Because the two adjustments interact, 
repeat the entire procedure two more times. 

M1 -0 to 100 microamp DC ammeter 
Note: All resistors rated 1/ -watt, 5% 
tolerance unless otherwise noted. 
R1- thermistor rated 1,000 -ohms @ 

25° C (Fenwal part #JB31J1) 
R2, R3- 1,800 -ohms 
R4- 10,000 -ohm trimmer potentiometer 
R5- 12,000 -ohms 
R6 -5,000 -ohm trimmer potentiometer 
R7 -3,900 -ohms 
R8- 820 -ohms 
Sl -SPST toggle switch 

820 a 

R2 
IRK 

. VOC 

79. PHOTOELECTRIC SNITCHER 

How would you like to know whether or not the postal 
person brought you any post? Or how about a circuit to 
start something going whenever you put a card in a slot? 
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That's what this little photorelay is all about Whenever 
the phototransistor sees the LED, it pulls up the base of 
relay driver QQ and pulls in the relay. Stick something 
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between the LED and Ql and the relay releases. D1 
shunts out the relay's inductive kickback. 

If you point the LED and Ql in the same direction, 
they will act together as a reflective sensor. Then if 
anything comes close enough to bounce the light from 
the LED back into Ql (assuming both are kept in the 
dark -any light will trigger Ql), the relay will pull in. 
The circuit can also be used without R1 and LED1 as a 
light -or no- light -operated alarm 

PARTS LIST FOR 
PHOTOELECTRIC SNITCHER 

B1 -12 -VDC battery 
Dl- Diode, 1N914 or equivalent 
Kl -SPDT relay, 12 -VDC 
LEDI -Light emitting diode 
Ql- Phototransistor, FPT100 or equivalent 
Q2 -NPN transistor, 2N2222 orequiva- 
lent 
R1- 150 -ohm 1/2-watt, 10% resistor 

R2- 2700 -ohm '/z -watt, 10% resistor 
S1 -SPST switch 

80. BATTERY MONITOR 

Tired of playing guessing games with your batteries? 
With this battery- voltage monitor you'll know at a 
glance whether or not batteries need replacement. The 
circuit's compact size, which comes about because it's 
a meterless voltage monitor, makes it easy to build into 
an existing piece of equipment. To use the device, press 
Sl and, if LED1 lights up, your batteries are still good. If 
not, throw them away. 

Transistor Ql's gain makes the monitor very 
sensitive to changes in voltage. Consequently, LED1 is 
either ON or OFF with little ambiguity most of the time. 
The voltage level being sensed is determined by Zener 

diode Dl's rating and the base -emitter voltage drop of 
Ql. Specifically, the switching point is equal to the 
Zener voltage plus 0.75 -volts. For example, a 5.6 -volt 
Zener diode will wet the trip level at approximately 
6.35 -volts. The voltage level you choose should be less 
than the battery's nominal voltage when fresh. A 9 -volt 
battery, for example, might be useless when its voltage 
drops to 7.5- volts; however, the exact point at which a 
battery becomes useless depends both on the battery 
and on the application. Finally, it's best to test the 
battery with a normal load current being drawn from it 
by the project or gear. 

PARTS LIST FOR 
BATTERY MONITOR 

Dl -Zener diode (see text) 
LED1 -light emitting diode rated 20- 
mA @ 1.7 -VDC 
Q1- 2N3904 NPN transistor 
R1- 1,500 -ohm, '/z -watt, 5% resistor 
R2- 680 -ohm, '/ -watt, 5% resistor 
Sl- Normally -open, SPST pushbutton 
switch 

+5 TO 
iB V 

R2 
eeon 

LEO 

Q 
2N3904 

81. ZENER DIODE TESTER 

If you're at all familiar with the surplus market, you 
know that zener diodes presently abound in surplus -at 
tremendous discounts, too. The problem with buying 

50 

surplus, however, is that many diodes are unmarked or 
incorrectly marked. Consequently, these must be tested 
to verify their working voltages. Another problem crops 
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up when you buy so- called "grab bags" of components. 
The zeners you find may be legibly marked, but unless 
you happen to have a data sheet for those particular 
diodes, they will require testing to identify the zener 
voltages. You can do your testing quickly and easily 
with the circuit presented here. 

T1, D1 and Cl comprise a simple half -wave rectifer 
system. Pressing Si sends a DC current through 

current limiter Q1 and the diode under test Ql 
regulates the current to a value of about 10 rnA 
regardless of the zener voltage. You can use your VOM 
or voltmeter to monitor the voltage drop across the 
zener; values as high as 25 -volts can be reliably tested in 
this circuit If you get a very low reading, say 0.8- volts, 
you have the diode in reverse. Interchange the zener's 
connections. 

PARTS LIST FOR 

ZENER DIODE TESTER 

BPI, BP2 -Multi -way binding posts 
C1- 500 -uF, 50 WVDC electrolytic 
capacitor 
D1- 1N4002 diode 
Q1- 2N5363 n- channel JFET (junction 
field -effect transistor) 
Sl- Normally -open SPST pushbutton 
switch 
T1- 120 -VAC to 24 -FAC @ 300 -mA 
power transformer 

J 
117 VAC 

a 
SI 

D 

IN4002 QI 
2N5365 

24VAC CI 

1500 

BPI 

UNDER i 

UNDER TA TO VOLT METER 
TEST 

(0)BP2 fl 

82. POWER TOOL TORQUE CONTROL 

As the speed of an electric drill is decreased by 
loading, its torque also drops. A compensating speed 
control like this one puts the oomph back into the 
motor. 

When the drill slows down, a back voltage developed 
across the motor -in series with the SCR cathode and 
gate -decreases. The SCR gate voltage therefore 
increases relatively as the back voltage is reduced. The 
"extra" gate voltage causes the SCR to conduct over a 

larger angle and more current is driven into the drill, 
even as speed falls under load. 

The only construction precaution is an extra -heavy 
heat sink for the SCR. The SCR should be mounted in a 
1/4-in. thick block of aluminum or copper at least 1 -in. 
square; 2 -in. if you drill for extended periods. 

Should your drill use a three -wire powercord,be sure 
to connect the green wire to avoid introducing a shock 
hazzard. 

PARTS LIST FOR 

POWER TOOL TORQUE CONTROL 

Dl, D2 -1A, 400 PIV silicon rectifier 
F1-3 -A "Slo -blo" fuse 
R1- 2500 -ohm, 5 -watt, 10% resistor 
R2- 250 -ohm, 4 -watt potentiometer 
R3 -33 -ohm, '/2 -watt, 10% resistor 
SCR1 -8 -A, 400 -Ply silicon controlled 
rectifier 

5CR -I 

83. SHAPED OUTPUT CODE OSCILLATOR 

Most code -practice oscillators are keyed by switching has the advantage of being simple, and it provides 

the oscillator transistor's supply voltage on and offorby tolerable results if a speaker is to be driven. However, 

driving the transistor into and out of saturation. This the sound of a CPO is like Chinese water torture to the 
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uninitiated, so public opinion usually dictates that you 
practice with headphones. What you hear then is the 
"kerchunk" that occurs each time the key is opened or 
closed. If you want a nice, pure tone signal devoid of 
"kerchunks," you have to shape the rise and decay ofthe 
tone. Here's a circuit that does just that.. 

The basic tone is generated by a multivibrator (Q1 & 
Q2) at a pitch determined by Sl; low pitch with S1 open, 
high with S1 closed. This tone is fed through C4 to a 
clipper (D1, D2) and FET Q3, which functions as a 
signal attenuator. How much of a signal passes through 
the FET is determined by its gate potential, controlled I 

PARTS LIST FOR 
CODE OSCILLATOR 

B1-9 -volt transistor battery 
C1- 220 -uF, 25 -VDC electrolytic 
C2, C3- 0.22 -uF, 25 -VDC mylar capacitor 
C4- 2.2 -uF, 25 -VDC mylar capacitor 
C5- 0.22 -uF, 25 -VDC mylar capacitor 1 
Dl, D2, D3, D4 -1N914 diode 
J1- RCA -type phono jack 
J2- standard 2- conductor phone jack 
Q1, Q2, Q4- 2N3904 NPN transistor 
Q3- 2N3994 or 2N5461 p- channel 
JFET (junction field -effect transistor) 
Note: All resistors rated 1/4 -watt, 5% 
tolerance unless otherwise noted. 
R1, R6- 1,000 -ohms 
R1 -R5, R8, R10- 56,000 -ohms 
R7- 4.700 -ohms 
R9- 22,000 -ohms 
R11- 33,000 -ohms 
R12- 82,000 -ohms 
R13- 51,000 -ohms 
R14 -22 -ohms 
R15- 1,000 -ohm audio -taper potentio- 
meter 

by current source Q4 together with capacitor C5, the 
associated resistors, and your key. With the key down, 
the signal from QJ3's drain is available for recording (J1) 
and for headphone listening (J2). R15 controls the 
volume. 

Smaller values of C5 will yield a more abrupt attack 
and decay, while larger values can be used to produce 
mellower results. If you cannot find a 2N3994 FET for 
Q3, substitute a 2N5461. The great majority of these 
will work fine, but if you still heara tone with the key up, 
try a different 2N5461. 

S1 -DPST slide switch 
S2 -SPST toggle switch 
T1 -1,000 -ohm to 8 -ohm audio trans- 
former 

12 

PORTABLE EMERGENCY FLASHER 
For camping or highway emergencies, here is a solid - and the associated resistors and capacitors comprise a 

state light flasher that's compact and reliable. Ql, Q2 conventional 2- transistor multivibrator. Qt's emitter 

i 

PARTS LIST FOR 

PORTABLE EMERGENCY FLASHER 
B1 -6 -volt lantern (heavy duty) battery 
Cl, C2- 1.0 -uF, 25 -VDC non -polrized 
mylar capacitor 
Dl- 1N4001 diode 
I1 -N82 lamp rated 6.5 -VDC @ 1 -amp 
Ql, Q2, Q3- 2N3904 NPN transistor 
Q4- 2N3724A NPN transistor 
R1, R4- 10,000 -ohm, 1/4-watt, 5% resistor 

R2, R3- 390,000 -ohm, 1/2-watt, 5% 
resistor 
Sl -SPST toggle switch 
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signal drives the Q3 -Q4 Darlington pair, which turns 
on high -current lamp I1. The light flashes on for about 
0.4- second, then darkens for about the same period of 
time before turning on again. Power for the circuit 
comes from a standard 6 -volt lantern battery. You could 

probably build the entire flasher circuit inside the 
housing of your lantern, and actuate it only when 
necessary. If longer battery life is desired, and decreased 
illumination is acceptable, you could substitute a less 
power -hungry 6 -volt lamp for U. 

85. PHOTOFLOOD DIMMER 

Professional quality photographic lighting requires 
complete control of the studio lights, and that's just 
what you'll get with the pro -type, full -range 500 -watt 
dimmer. Each one can handle one 500 -watt *2, or two 
100 -watt *1 photoflood lamps, and the lighting range 
can be adjusted from full off to full on. 

Triac Ql must be mounted to a large heat sink, 
preferably the metal cabinet used to house this dimmer. 
Make certain you insulate Ql from the cabinet 

Fuse Fl must be used, otherwise, the surge current 
that occurs when 500 -watt photofloods burn out will 
instantly destroy Ql. F1 must be a fast -acting fuse such 
as the type 8AG. The slower fuses such as the 3AG and 
the slo -blo offer no protection. Switch S1 is part of 
intensity adjustment R1, and R1 should be wired so it 
represents maximum resistance just before S1 
switches off. (While S1 cannot normally handle a 500 
watt load, in this circuit, it switches when the lamp is off 
and has no trouble handling any size photoflood.) 

PARTS LIST FOR 

PHOTOFLOOD DIMMER 

Cl, C2- 0.01 -uF, 50 -VDC cermaic disc 
capacitor 
Fl -8AG 5 -Amp fast -acting fuse 

D1 -Diac, 30 -V breakover, Radio Shack 
276 -1050 
Ql- Triac, 6 -A type, Radio Shack 276- 
1020 
R1- 100,000 -ohm, linear taper potentio- 
meter w /SPST switch 
R2 -1,000 -ohm, 1 -watt, 10% resistor 
R3- 15,000 -ohm, 1 -watt, 10% resistor 
Sl -SPST switch, part of R1 

R I IOOK 

FI 
5 AM P 

FAS ACTING FUSE 

II 
*1 OR *2 
PHOTOFLOOD 

W . . 
CI DI 

%` 

0.01 C2 R2002 
0.01 

120 VAC 

86. VARI -REV MOTOR CONTROL 

Old universal appliance motors and shaded -pole 
induction motors salvaged from inexpensive turntables 
can be easily converted to slow -speed hobby drills, 
chemical stirrers, vari -speed turntables, moveable 

RI 

117 VAC 

display drives, etc. It's done with a full -wave Triac speed 
controller. 

Unlike other speed controllers, which require an 
external trigger device, Ql combines both the Triac and 
Diac trigger diodes in the same case. 

The motor used for the load must be limited to 6 
amperes maximum (or 740 watts). Triac Ql must be 

PARTS LIST FOR 

VARI -REV MOTOR CONTROL 

Cl, C2- 0.1 -uF, 200 -VDC capacitor R1- 100,000 -ohm linear taper potentio- 

Ql-RCA 40431 Triac Diac meter 
R2- 10,000 -ohm, 1 -watt resistor 
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provided with a heat sink, which can be the metal 
cabinet Build up a marblesize mound of epoxy on the 
cabinet and insert Ql's case into the epoxy. When the 
epoxy hardens the Triac's heat is dissipated to the 

cabinet. Make certain Ql's case is not shorted to the 
cabinet and is insulated by the epoxy. 

With the component values shown on the parts list, 
the Triac controls motor speed from full off to full on. 

87. SIDETONE OSCILLATOR 

CW (continuous wave, the form of modulation 
involving a simple turning on and off of the RF carrier) 
is the simplest way for a beginning ham to transmit to 
his fellow hams. And the famous Morse Code is how he 
gets his message across. But Morse is a lot easier to 
send if you can hear what you're sending. This circuit 
lets you do just that 

A short length of wire near the transmitter picks up 
RF as it's transmitted and acts as the antenna for our 
circuit This RF is detected by D1, smoothed by C2, and 
used to turn on and off, following the Ql transmitter 
signal exactly. Ql switches the positive supply through 
R2 to beep oscillator Q2 through the center tap of Tl. 
The values shown produce a pleasant, easily 
distinguishable tone. 

PARTS LIST FOR 
SIDETONE OSCILLATOR 

Bl -9VDC battery 
C1 -50 -pf capacitor 
C2- 470 -pf capacitor 
C3, C4- .01 -uF capacitor 
Dl- Diode, 1N914 

ANT 

a 
SOpf 

Q1, Q2 -NPN transistor, 2N2222 or 
equiv. 
R1- 470,000 -ohm resistor, 1/2-watt 
R2 -5000 -ohm potentiometer 
R3- 4700 -ohm resistor, 'h -watt 
R4- 100,000 -ohm resistor, 1/2-watt 
R5 -100 -ohm resistor, 1/2-watt 
RFC1- 2.5 -mH choke 
T1 -1000; 8 -ohm transformer, center- 
tapped 
SPKR -8 -ohm speaker 

TI 

i 
88. PHOTO PRINT METER 

Every print a good print! That's what you get with the 
photo print meter. 

Meter M1 can be just about anything up to 0 -1 DC 

RI SK 

MI 

mA. But if you prefer low light levels and long 
exposures, install a sensitive meter of 500 uA or less. 

When light from the enlarger falls on the solar cell 
(PC1), a voltage is generated that is in proportion to the 
amount of light Sensitivity control R1 allows the user to 
set the meter indication to a convenient value. 

PARTS LIST FOR 
PHOTO PRINT METER 

M1- 100,250, or 500 -uA DC meter R1- 5000 -ohm potentiometer linear 
PCl -Solar cell taper 
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To use the meter, first make a good normal print in 
your normal manner from a No. 2 or No. 3 negative. 
Then, do not disturb the enlarger setting, but integrate 
the light by placing a diffusing disc or opal glass under 
the lens. Place the solar cell on the easel and adjust R1 
for a convenient meter reading, say, full scale. The meter 
is now calibrated. 

When using it, focus the enlarger, use the diffuser, 
and adjust the lens diaphragm until you get the 
reference meter reading. Then use the exposure time 
previously found for the calibration print Suggested 
reading: Ilford Manual of Photography, obtainable from 
any photo store. Also, check Kodak publications 
available at the same place. 

89. ADD -A- TWEETER 

Any single -voice coil speaker is hard pressed to 
handle both low and high frequencies simultaneously - 
and it's the highs that suffer most. A much cleaner 
sound can usually be obtained from speakers 6 inches 
or larger if the highs are pumped through a tweeter. It 
can be any small speaker rated 4 to 6 ohms of 
approximately 2 to 3 inches in diameter. 

The back -to -back capacitors, Cl and C2, permit only 
the highs from about 1500 Hz up to pass into the 
tweeter. By keeping the lows out of the tweeter, the 
highs come out cleaner, and there's no chance of the 
greater low frequency power "blowing" the tweeter. 
Potentiometer R1 is used to match the tweeter's output 
level to that of the woofer -because small speakers are 
generally much more efficient than large speakers. If 
you eliminate R1, the highs will literally scream in your 
ears. 

PARTS LIST FOR ADD -A- TWEETER 
Cl, C2- 22 -uF, 50 -WVDC electrolytic 
capacitor 
R1 -50 -ohm wirebound potentiometer, 
1 or 2 watts. 
Misc. -Cone type tweeters are suitable 
for use w'th this circuit. 

To 
AMP 

C2 
2SuF 

EXISTING 
WOOFER 

NEW 
TWEETER 

90. SPEAKER SYSTEM EXPANDER 

This neat arrangement lets you connect multiple 
speakers to your system's speaker terminals without 
upsetting the impedance match. This series- parallel 
arrangement of speakers exhibits the same impedance 
aE a single speaker, assuming all speakers are of equal 
impedance and individually match the rating of the 
system. And inasmuch as the bass response of arrayed 
speakers is somewhat additive, you will find more 
bottom to your sound than any one of the speakers 
could have delivered alone. Of course, it takes more 
power to drive an army than a single speaker, but most 
modern music systems have plenty to spare. 

91. EVM TIMING ADAPTER 

[f, like many other experimenters, you own an 
electronic voltmeter -VIVM, FETVM or whatever - 
you might like to try this timely circuit. Connected to a 
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high -impedance volt -meter set to read 10 -volts DC full - 
scale, the adapter permits the measurement of time 
intervals up to 100 -seconds long. Either analog or 
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digital readouts are acceptable, although digital meters 
do have an edge as far as resolution is concerned. To 
convert voltage to time in seconds, just multiply by ten. 

Referring to the schematic, it is apparent that when 
TIME button Si is pressed, constant -current source 
Ql will begin to charge timing capacitor Cl. Since 

charging is being done by a constant current, the voltage 
across Cl rises linearly with time. Once S1 is released, 
the voltage on Cl remains "frozen" long enough for you 
to take a reading. Press S2 to discharge Cl before taking 
another measurement. Trimmer R2 can be adjusted so 
that 10 -volts is reached in 100 seconds. 

PARTS LIST FOR 
EVM TIMING ADAPTER 

B1, B2 -9 -volt transistor battery 
C1- 10 -uF, 20 -WVDC tantalum capacitor 
D1- 1N748A 3.9 -volt, 1/2-watt Zener 
diode 
D2- 1N749A 12 -volt, 1/2-watt Zener 
diode 
Q1- 2N3906 PNP transistor 
R1- 2,700 -ohm, 1/2-watt, 5% resistor 
R2- 10,000 -ohm, 'h -watt, 5% resistor 
R3- 27,000 -ohm, 'h -watt, 5% resistor 
R4- 100 -ohm,' -watt, 5% resistor 
Sl, S2- normally open SPST pushbutton 
switch 
S3 -SPST toggle switch 

5 

R2 

R3 

01 9vDC 82 

~IIII~IIII 1 

SI TIME 

R4 

52 
RESET 

CI 

TO ELECTRONIC VOLTMETER 
10-VOLT SCALE 

92. ADJUSTABLE CROWBAR 

This crowbar circuit takes advantage of the 
electrically well -defined switching point of UJT 
(unijunction transistor) Ql. Ql's actual trip point 
voltage is set by trimmer R4. The Ql circuit is isolated 
from the load by Dl. When Ql conducts, it triggers 
SCR1, shorting the supply and blowing the fuse. 
Choose SCR1 to handle more than the rated fuse 

current at the maximum supply voltage. 
To test for your trip point (when setting it, for 

example ), disconnect the LOAD. Substitute a lamp of 
the proper voltage (the supply voltage or a little more) 
for the fuse. Set the voltage at the supply voltage 
terminals for the trip point you desire, then adjust R4 
until the test lamp just lights. 

PARTS LIST FOR 
ADJUSTABLE CROWBAR 

C1- .02 -uF capacitor 
C2- 2.2 -uF capacitor 
Dl- Diode, 1N914 or equiv. 
R1 -47 -ohm, 1/2-watt, 10% resistor 
R2- 330 -ohm, 1/2 -watt, 10% resistor 
R3 -3300 -ohm, '/z -watt, 10% resistor 
R4- 10,000 -ohm trimmer potentiometer 
Q1 -UJT ( Unijunction Transistcr; 
2N2646 or equiv. 
SCR1 -See text 

,0- 
SuvaLV o- 

SCRI 

R2' 

3304 

IN 914 

QI 

R3 
3.3K 

54 
40J 
ION 

C2 
RI -CI 2 2 

02 T 4TS2 

TO LOAD -o 

93. SQUARE -WAVE GENERATOR 

Here is a versatile square wave generator capable of switching pulses, act as a signal source, and more. And 
surprising performance. It can deliver clock or because the outputs take turns switching, it can be used 
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as a simple sequence generator or as a multiple -phase 
clock. 

The component values indicated will support a range 
of output frequencies from a few pulses per second up 
into the high audio range. And this square wave output 
is rich in harmonics. If you use a 5 -volt power supply, 
this circuit can trigger TTL IC's. 

PARTS LIST FOR 

SQUARE -WAVE GENERATOR 
B1 -6.15 VDC battery 
Cl, C2, C3 -.5 uF capacitor 
Ql, Q2, Q3 -NPN general purpose 
transitor (2N2222, 2N3904 or equiv.) 
Rl, R2, R3- 500 -2700 -ohm, 'h -watt 
resistor 
R4, R5, R6- 10,000 -47,000 -ohm, 1/2- 

watt resistor 
Sl -SPST switch 

OUTPUT A T 
OUTPUT 9 

OUTPUT C 

t, =tast3 WHIM RI c R2R3 
C, C2 C3 AND R4 =R5 = R6 

94. SPEAKER -MIKE 

A "junk box" speaker and a general purpose 
transistor, plus a few other "general purpose" 
components are all that are required for a high -output 
microphone substitute. While not hi -fi quality by any 
stretch of the imagination, the Speaker -Mic handles 
voice frequency signals very well. 

Transistor Ql can be just about any general- purpose 
NPN with a beta of about 50 to 150. The speaker can be 
anything you have lying around of virtually any 
impedance rating in the range of 3.2 to 42 -ohms. If the 
entire circuit, including battery, is assembled in a small 
metal enclosure, you'll end up with a hand -sized 
"amplified microphone." 

The volume level is adjusted with potentiometer R3, 
which can be any audio taper unit from 50,000 -ohms to 

1.- megohm. You can substitute a linear taper 
potentiometer if you have one lying around, but you'll 
find the adjustment range is scrunched together on one 
end of the shaft's rotation. 

PARTS LISTLFOR 
SPEAKER -MIC 

B1 -9 -volt transistor radio battery 
C1- 4.7 -uF, 10 -WVDC electrolytic 
capacitor 

SPKR 

C2- 0.22 -uF, 10 -WVDC mylar capacitor 
Ql-general purpose NPN transistor, 
see text 
R1- 270,000 -ohm, 1 -watt 107. resistor 
R2- 27,000 -ohm, 'h -watt 107. resistor 
R3 -audio taper potentiometer, see 
text 
Sl -SPST switch 

02.22 

_ BI 
=9VOC RI 
+ 270 

R2 R3 
27K 50K 4-0 

TO 
IMEG 

-0S 
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95. LOW- IMPEDANCE MIKE MIXER 

There's no reason to limit yourself to using one mike 
at a time when you have this circuit to help you with 
your recording -or any other purpose. You can set up a 
small microphone mixing console. For pizzazz, you 
could use slide -style controls for R14; for miniaturization, 
you could use tiny trimmer resistors. 

Each control adjusts the level of its associated 
microphone as they are mixed together. This gives you 
the versatility of making one mike louder or softer 
without upsetting the level of any of the others. 
Transistor Q1 provides a bit of amplification to 
compensate for losses in mixing, and to assure good 
level at the input. 

PARTS LIST FOR 
LOW- IMPEDANCE MIKE MIXER 

B1 -9 VDC battery 
Cl, C2, C3, C4 -.1 -uF capacitor 
C5- 10 -uF, 15 -WVDC capacitor 
Q1 -PNP transistor, 2N3904 or equiv. 
R1, R2, R3, R4- 1- Megohm potentio- 
meter, audio taper 
R5, R6, R7, R8- 100,000- ohm,' /2 -watt, 
10% resistor 
R9- 15,000 -ohm, 1 -watt, 10% resistor 
Sl -SPST switch 

96. TRANSISTOR CHECKER 

It's poushbutton -easy to check transistors with this 
tiny marvel. Just plug the transistor in and push S2. If 
it's good and you wet the PNP -NPN switch S1 properly, 
the appropriate LED will light. 

Don't know the type? That's okay. Plug it in and try 

both S1 switch positions while you watch for the 
appropriate LED to light. You can even test diodes 
using the collector -emitter leads on the socket. The 
collector -emitter leads can also be used to check 
continuity. 

PARTS LIST FOR 
TRANSISTOR CHECKER 

B1 -9 VDC battery 
LED1, LED2 -Light emitting diode 
R1 -1000 -ohm resistor, 'h -watt 
R2- 470 -ohm resistor, 1/2-watt 

S1 -DPDT switch 
S2- Momentary push button switch 
S01- Transistor socket 

N P N 

51 

/ 
LE02 

NPN PNP 

97. CONSTANT -CURRENT OHMS ADAPTER 

Ever notice how confusing it is to read the OHMS 
scales on your multimeter? The numbers are so 
crowded together at the high end that meaningful 
readings are almost impossible to make. Top- of -the- 
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line meters get around the problem by employing a 
constant -current source, and so can you with this 
adapter. You'll be able to read resistances accurately and 
unambiguously on the linear voltage scales of your 
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meter. 
[n the schematic diagram, note that the resistor under 

test is tied between BP1 and BP2. Whenever S2 is 
pressed, a regulated current flows out of Ql's collector 
and through the resistor. By Ohm's Law, this current 
generates a voltage across the resistor that's directly 
proportional to its resistance. Any one of five test 
currents -from 10 -mA to 0.001 -mA -can be selected 
vis. Sl. 

To calibrate the test currents, hitch a multimeter to 
the adapter's output terminals; make sure the meter is 
set to measure current. Press S2 and adjust the 
trimmers one at a time to obtain the five required 
cu:-rents. No resistor should be connected to BP1 and 
BF'2 during calibration. 

When measuing resistance, use the following 
conversion formula: 

Resistance (kilOhms) _ 
Voltage 

Current (mA) 

For example, a resistor that produces a 7.56 -volt 
reading when fed a current of 0.01 -mA must have a 
resistance of 756 -kilohms (756K). Use smaller 
currents with larger resistances, and don't exceed a 
level of 10 -volts during testing. If you do, switch S1 to 
the next smaller current. Finally, for best accuracy, 
make sure that the imput resistance of your meter is 
much greater than that of the resistor under test. With a 
10- Megohm meter, the resistor under test should be no 
larger than 1- Megohm to keep errors under 10%. 

RANGE 

A 

B 
C 
D 

E 

CURRENT 

10 mA 
1 mA 
0.1 mA 
0.01 mA 
0.001 mA 

PARTS LIST FOR 
CURRENT OHMS ADAPTER 

Bi, B2 -9 -volt transistor battery 
BP1, BP2- binding posts 
C1- 10 -uF, 20 -VDC tantalum capacitor 
D1- 1N748A, 3.9 -volt, 1/2-watt zener 
diode 
Ql- 2N3676 PNP transistor 
Note: All resistors rated 1/4-watt, 5% 
tolerance unless otherwise noted. 
R1 -2,200 -ohms 
R2 -100 -ohm trimmer potentiometer 
R3 -1,000 -ohm trimmer potentiometer 
R4- 10,000 -ohm trimmer potentiometer 
R5- 100,000 -ohm trimmer potentio 
meter 
R6- 1,000,000 -ohm trimmer potentio- 
meter 
R7- 270 -ohms 
R8- 2,700 -ohms 
R9- 27,000 -ohms 
R10- 270,000 -ohms 
R11- 2,700,000 -ohms 
S1- single pole, 5- position rotary 
switch 
S2- normally open SPST pushbutton 
switch 
S3 -SPST toggle switch 

R2 R3 M 
00 IK 10K 

R7 RR R9 RIO 
270 27K 27K 270K 

Re 
!MEG 

RI' 

N 9VOC B2 WDC 

55 --lll1 
27MEG 

R1 

22K 
52 

SPI 

? RE5157OR 
UNDER 
TEST 

TO VOLTMETER 
10 VOC MAO 

VE 

98. HOME MADE NPO CAPACITOR 

From time to time, all of us encounter circuits that 
require, large, non -polarized capacitors. Unfortunately, 
these are scarcer than the proverbial hen's teeth. 
Looking through some catalogs, you'll soon discover 
that capacitors larger than 10 -uF are usually 
electrolytics, which are polarized devices. Electrolytic 
capacitors cannot be used in AC circuits, where the 
voltage undergoes periodic reversals in polarity. Such 
reversals destroy the insulating layer between the plates 
of an electrolytic capacitor, and the device soon fails. 
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So what can be done when you need a non -polarized 
capacitor for a hi -fi crossover or a motor -starting 
circuit, and all that you can find are electrolytics? One 
alternative is to get some aluminum foil and roll your 
own, but there's an easier way. Just hook two 
electrolytics back -to -back as we've diagrammed here, 
then add two current -steering diodes. These diodes 
ensure that each capacitor sees only voltage of the 
correct polarity. Cl and C2 should be identical, and 
each one should have a capacitance equal to the value 
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needed for proper circuit operation. Make sure that the 
capacitors have working voltages equal to about three 
times the RMS value of the AC voltage in the circuit. 
Also, choose diodes having a PN rating greater than or 
equal to the capacitor's rating. 

0 
CI C2 

)I+ 0 

PARTS LIST FOR 
HOME MADE NPO CAPACITOR 

Cl, C2- identical elecrolytic capacitors 
Dl, D2- idential silicon rectifiers 
Note: Be sure to match voltage ratings 
of rectifiers and capacitors. 

99. SIMPLE TOUCH SWITCH 
Looking for a way to add a touch of class to your 

digital projects? Try this touch switch. Not only does it 
add a note ofdistinction to a project,but it's bounce -free 
as well. Whenever a finger touches the contact plate, 
stray 60 Hz powerline interference is coupled into the circuit due to the antenna effect ofyour body. The 60 Hz 
pickup is rectified and filtered to provide a negative bias 
on Ql's gate, thus causing Ql to turn off and QQ to turn 
on. As a result, Q$'s collector drops to ground potential. 
When the touch plate is released, the potential at Q2's 

collector terminal once again jumps high. You can use 
the output to drive either CMOS or TTL with ease. 

Note that if you do your experimenting in a place 
devoid of60 Hz powerline radiation -in the middle ofa 
field of wheat, for example -the circuit will not work. 
The average home is full of60 Hz radiation, however, so 
the switch should function well. If you have some 
difficulty, connect your system's electrical ground to an 
earth ground (the screw on your AC outlet's cover 
plate). This will boost the signal pickup. 

PARTS LIST FOR 
SIMPLE TOUCH SWITCH 

C1- 0.1 -uF, 50 -WVDC ceramic capacitor 
Dl, D2 -1N914 diode 
Ql- 2N5953 n- channel JFET (junction 
field effect transistor) 
Q2- 2N3904 NPN transistor 
Note: All resistors rated '/ -watt, 5% 
tolerance unless otherwise noted. 
R1- 1,000,000 -ohms 
R2- 22,000,000 -ohms 
R3- 27,000 -ohms 
R4 -1,000 -ohms 
TP- copper or aluminum touch plate 

MO3 
INPUT 

QI 

t 5 VDC 

RI 

2.2K 

2N3971 r-i r-r +5V 

O 

I TTL 
I i 

100. BRAKE LIGHT INDICATOR 

How many times can you recall that a car driver pulls 
his load up along side of your sparkling chariot and 
reads you the riot act because your brake lights are not 
working? That is not as bad as some local yokel in blue 
saying, "Pull over there, boy." What you need is a brake 
light indicator on the dash that positively tells you your 
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brake lights are working or are not working. No, you just 
can add a pilot light to the brake light line because all 
that indicator will tell you is that the brake light switch 
on the master cylinder or somewhere in the brake 
hydrolic lines is functioning correctly, and maybe your 
brake lights are working. Nor do you want to place opto- 
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electronic devices in the rear of the car to sense the 
actua. light and activate a circuit that let's you know all 
is well - because the method is too exotic, the work too 
difficult, and the price is too high! 

Here is a simple circuit that is "fail -safe" and gives 
you tie protection you and your family require. Simply 
wind approximately 40 to 60 turns of No. 18 wire 
around a metal dowel that is approximately the diameter 
of a magnetic reed switch. Leave about two inches of 
excess wire for leads. Slip out the metal dowel (or nail) 
and insert the magnetic reed switch. Connect this 
package in series with the brake signal line in your car 
as shown in the diagram. When you step on the brake, 
the large direct current to the rear brake lamps will 

-t create a strong magnetic field that will close the reed 
switch. You may have to add a few turns, but before you 

do so, rotate the reed switch inside the coil ofwire-th is 
may do the trick. Once you have the correct position 
and/or correct number of turns, coat the coil assembly 
with epoxy and cement the reed switch in place. Then, 
insulate the coil assembly by wrapping securely with 
electrical plastic tape. 

By selecting the correct number of turns for the coil, 
should one lamp burn out and the other(s) remain lit, 
the reduction in total current will be such that the reed 
switch would not close. No parts list is given with this 
project and you'll design and specify your needs from 
the diagram for your particular car. 

Should the reed switch fail or dashboard indicating 
lamp burn out, the brake light system will continue to 
function normally. You'll get a false indication, but the 
driver behind you will see your red! 

BRAKE BREAK 
HYORUUC SWITCH HERE 

TO 
BATTERY 

TO 
BATTERY 

FUSE 

COIL 

LEFT 
BRAKE LIGHT 

/o0i t9xtzt ammunD vomooJA7 
40-60 TURNS OF NO. 19 

ENAMELLED WIRE 

RIGHT 
BRAKE LIGHT 

REED 
SWITCH 

INDICATOR LIGHT 
ON DASHBOARD 

101. MOS -TO -TTL LOGIC INTERFACE 
Here is a problem encountered from time to time by the 

advanced computer hobbyist: How do you mate the signals 
from MOS logic (the foundation of many microprocessor and 
peripheral ICs) to TTL logic ( the most convenient and readily 
available logic form from which to construct add -on 
circuitry)? The problem stems from the fact that MOS signals 
swing between ground and some negative voltage ( -V in the 
diagram), while signals form, should swing from ground to 
something greater than +2.8 -VDC ( +3.5 -VDC usually). One 
of the: easiest solutions requires just one resistor and one n- 
chan 1el field effect transistor. Note that Q1's source (S) lead 

goes to the negative supply potential of the MOS circuitry, 
and its gate (G) gets driven by the MOS input signal. TTL 
loads can be driven directly by the output signal available at 
Ql's drain (D). Finally, not that R1 is tied to the +5 -VDC TTL 
supply and that the level -shifted output signals have been 
inverted: negative -going input pulses swing positive at the 
output, and vice sersa. The circuit works well at data 
transmission rates less than 1 or 2 MHz. To interface faster 
clock signals or very abrupt pulses, use one of the 
commerically available level -shifter ICs. 

PARTS LIST FOR MOS-TO-TTL 
LOGIC INTERFACE 

Q1- 2N3971 N- channel JFET (junc- 
tion field effect transistor) 
R1- 2,200 -ohm, 'h -watt, 5% resistor 

TOUCH 
PLATE 

RI D2 IN914 

al 
2N5953 OUTPUT 

.5 

R4 
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DI 
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2N3904 
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INTEGRATED 
CIRCUIT PROJECTS 

1. THEREMIN JUNIOR 

Let's return now to prehistoric times, at least as far as 
electronic music is concerned. Way back then, nearly 
forty years ago, an odd -looking and equally odd - 
sounding instrument known as the Theremin was born. 
Playing the Theremin entailed waving one's arms 
spastically between two sets of antennas. The purpose 
ofall this was to modulate the RFfields in the vicinity of 
these antennas, thereby producing accompanying 
changes in the frequency and volume of the sound 
emitted by the instrument 

Controlling the sound was both difficult and inexact 
As a result, the Theremin never gained widespread 
popularity, but was instead relegated to the domain of 
avant -garde composers and science -fiction -movie 
soundtracks. 

Despite the shortcomings, the Theremin is great fun to 

play, so we decided to create a simple solid -state 
circuit, Theremin Junior, for those of you too young to 
have experienced the real thing. In this instance, 
photocells replace the Theremin's antennas. To play, 
you move your hands to cast shadows on two 
photocells, one of which controlls pitch -the other, 
volume. PC1, the pitch- control photocell, varies in 
resistance as the intensity of the light shining on its 
surface varies. This causes a change in the frequency of 
square-wave oscillator IC1. 

Similarly, modulating PC2's resistance with light 
changes the voltage at pin 5 of IC2, which controls the 
gain of the circuit High light intensity results in high 
frequency and high volume. Frequencies between 150 
and 4800 Hz, approximately, can be produced at a 
maximum amplitude of about 0.5 volt peak -to -peak. 

PARTS LIST FOR 
THEREMIN JUNIOR 

Cl, C2 -100 uF, 16 -WVDC electrolytic 
capacitor 
C3, C5, C6, C7 -.1 uF ceramic disc 
capacitor 
C4 -.03 uF mylar capacitor 
C8 -.01 uF mylar capacitor 
C9 -.33 uF mylar capacitor 
IC1 -555 timer 
IC2 -RCA 3080 transconductance op- 
a mp 
PC1, PC2- cadmium sulfide photocell 
(Radio Shack 276 -116 or equiv.) 
R1- 4,700 -ohm, 'h -watt 10% resistor 
R2- 150,000 -ohm, 'h -watt 10% resistor 
R3- 15,000 -ohm, 'h -watt 10% resistor 
R4, R5 -150 -ohm, 'h -watt 10% resistor 

R6- 10,000 -ohm, 'h -watt 10% resistor 
R7- 27,000 -ohm, 'h -watt 10% resistor 
R8- 1,000 -ohm, '/ -watt 10% resistor 

2. VARI -REG POWER SUPPLY 

There are lots of good power supplies on the market, 
but why not build your own and save a bundle? This 
circuit can provide voltages between 5 and 15 -volts DC 
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at currents up to one ampere. Be sure to heat -sink the 
uA78GKC regulator by bolting it to either a commercial 
aluminum heat sink or to your supply's cabinet (if it's 
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made of aluminum). Mount C2 and C3 as close as 
possible to pins 2 and 4 of IC1. If you cannot locate a 28 
VCT transformer, go to something slightly higher, say 
32 VO'. The same goes for the transformer's current 
rating; ihr example, you could use a 2 -amp device. 

117 V 

FLAT 

ICI 

BPI 

O 

M2 
0 -Is 
VDC 

BP2 

µA78GKC 

CASE IN CONTACT 
WITH PIN 4 

PARTS LIST FOR 
VARI -REG POWER SUPPLY 

BPI, BP2- binding post 
C1- 2200 -uF electrolytic capacitor, 40- 
WVDC 
C2- 0.1 -uF ceramic disc capacitor, 35- 
WVDC 
C3- 100 -uF electrolytic capacitor, 25- 
WVDC 
D1, D2- 1N4003 (1A, 200 PIV) rectifier 
diode 
F1 -0.5- Ampere slow -blow fuse 
ICI- uA78GKC adjustable voltage 
regulator 
M1- 0 -to -1 Amp DC meter 
M2- 0 -to -15 Volt DC meter 
R1 -10K -ohm linear -taper potentiometer 
R2 -4700 -ohm, 1/2-watt 5% resistor 
S1 -SPST toggle switch 
T1- 28VCT, 1.2 -Amp power transformer 
(see text) 

3. KABOOM CHIP 

No, IC1 does not disintegrate in a fiery blast when S1 
is pressed, but it does feed a mighty impressive burst of 
explosion -like noise to your amplifier. The more 
powerful your amplifier is, the more realistic the effect 
becomes. Just be sure that your speaker can handle the 

power safely. Maximum output from this circuit is 
about one volt peak -to -peak, which you can feed to the 
high -level input of any amp. One final note of caution: 
Don't overdo it, or you may find your home surrounded 
by the local SWAT team. 

PARTS LIST FOR 
KABOOM CHIP 

C1- 100 -uF, 25 -WVDC electrolytic 
capacitor 
C2-. luF ceramic disc capacitor 
C3- .68 -uF mylar capacitor 
C4 -.O1 uF mylar capacitor 
C5- 330 -pF. polystyrene capacitor 
C6 -.33 uF mylar capacitor 
ICI- SN76477 sound -effect generator 
R1 -1.5 Megohm -ohm, 1/2-watt 10% 
resistor 
R2- 3,300 -ohm, '/2 -watt 10% resistor 
R3- 150,000 -ohm,' /2 -watt 10% resistor 
R4, R6- 300,000 -ohm, '/z -watt 10% 
resistor 
R5- 47,000 -ohm, 'h -watt 10% resistor 
R7- 39,000 -ohm, 1/2-watt 10% resistor 

R8- 5,000 -ohm audio -taper potentio- 
meter 
S1 -SPST normally open pushbutton 
switch 

9V 

4., JOGGING PACESETTER 

One of the problems faced by the beginning jogger, 
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especially on city streets, is that of maintaining a 
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constant pace. Tractor -trailer trucks, careening cars, 
and ill- mannered dogs can all interrupt your 
concentration. While there is little that can be done 
about these nuisances, this little pacesetter may make 
them less severe. A miniature earphone in your ear 
driven by a 555 timer produces regularly spaced "ticks" 
just like a metronome. The pace can be adjusted via R3 
from a leisurely one stride per second to a sole - 
blistering six paces per second. The whole circuit 
complete with a 9 -volt transistor radio battery weighs 
only a few ounces. 

RI 

cI 

R2 
22OK 

a ICI T 

555 
3 6 

4 5 

C2 

PARTS LIST FOR 
JOGGING PACESETTER 

C1- 100 -uF electrolytic capacitor, 16 
VDC 
C2- 0.1 -uF ceramic disc capacitor, 35 
VDC 
C3- 1.0-uF tantalum electrolytic capaci- 
tor, 20 VDC 
IC1 -555 timer 
PH1 -8 -ohm miniature earphone 
R1-10K, 'h -watt 5% resistor 
R2 -220K, 1/2-watt 5% resistor 
R3- 1- Megohm trimmer potentiometer 
Tl- Miniature audio output transformer 
-1,000 -ohm primary/8-ohm secondary 

5. SLOT CAR RACE REFEREE 
Build this optoelectronic judge and end forever those 

quarrels over who really won the race. Install photo - 
transistors Ql and Q3 at the finish line, but in separate 
lanes of your slot -car track so that the light- sensitive 
face of each device is facing upwards. The best method 
would be to cut a small hole into the track for each 

phototransistor, and mount each unit flush with the 
track's surface. Arrange for light to fall on both Ql and 
Q;3; a small desklamp will work well, but ambient mom 
light will usually suffice. Press Si and both LEDs will go 
off. The first car to cross the finish line interrupts the 
light beam and causes the appropriate LED to light up. 

PARTS LIST FOR 
SLOT CAR RACE REFEREE 

C1- 0.1 -uF ceramic disc capacitor, 35- 
WVDC 
IC1 -7474 dual D -type flip -flop 
LEDs, LED2- light- emitting diode 
Ql, Q3 -FPT -100 NPN phototransistor 
Q2, Q4- 2N3904 NPN transistor 
Rl, R2 -18K -ohm, 'h -watt 10% resistor 
R3 -3900 -ohm, 1/2-watt 10% resistor 
R4, R5- 330 -ohm, 1/2-watt 10% resistor 
Sl- normally open SPST pushbutton 
switch 
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6. METERLESS VOLTMETER 
Here is a DC voltmeter that is light, rugged and, best 

of all, cheap. Instead of a meter, it uses the National 
Semiconductor LM3914 display driver and ten light - 
emi tong diodes to measure voltage in five ranges. As the 
voltage present at the instrument's input rises above 
ground level, first LED1 lights, followed by LED2 and so 
on until, finally, LED10 comes on. 

We have chosen the dot -display mode, so only one 
LEI) is on at a time. This is more energy -efficient than a 
bargraph display (which this chip is also capable of 
producing). Capacitor Cl filters out any extraneous AC 

components of the input signal, thus elminating display 
jitter. 

Should you be inclined to absent -mindedness, take 
heart because you will have a tough time clobbering this 
meter regardless of how careless you are. Inputs as high 
as 100 portionately higher overloads can be tolerated 
on the highervoltage ranges. Full -scale sensitivites of2, 
5, 10, 20 or 50 volts DC may be selected with Si. Each 
LED represents a voltage increment one -tenth of full 
scale. Three AA cells in series can supply power for this 
circuit. 

PARTS LIST FOR 
METERLESS VOLTMETER 

C1 --.22 uF mylar capacitor 
C2 --.1 uF ceramic disc capacitor 
C3- -100 uF, 10V electrolytic capacitor 
ICI-LM3914 dot /bar display driver 
(National Semiconductor) 
LEDM thru LED10 -light- emitting diodes 
R1 -- 300,000 -ohm, 'h -watt 5% resistor 
R2 -- 100,000) -ohm, 'h -watt 5% resistor 
R3-- 51,000 -ohm, 'h -watt 5% resistor 
R4-- 30,000 -ohm, 'h -watt 5% resistor 
R5 -- 20,000 -ohm, 'h -watt 5% resistor 
R6 -- 47,000 -ohm, 'h -watt 5% resistor 
R7- -1,000 -ohm, 'h -watt 5% resistor 
R8 -- 620 -ohm, 'h -watt 10% resistor 
S1- SP5pos. rotary switch 
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7. THERMAL LATCH 

This is a tricky control circuit based on temperature. 
Touch thermistor RT1, and a moment or two later both 
LED1 and K1 will be energized. They will stay in that 
condition after you release RT1. Later, if you decide to 
turn things off, just touch RT2 until LED1 
extinguishes. After you release RT2, the circuit will 
remain. in the off condition. 

One preliminary adjustment mustbe made before you 
can use the circuit. Connect a voltmeter (20,000 
ohms /volt or greater) between points A and B. If the 
meter deflects backwards, reverse its leads. Adjust R2 
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for exactly zero voltage on your voltmeter's most 
sensitive scale. That's it. 

For those who care about such things, what we have 
here is a thermistor voltage divider driving a Schmitt 
trigger built around an LM311 comparator. As a 
thermistor heats, its resistance decreases. Hence, the 
voltage at the junction of RT1 and RT2 is a function of 
the heat suppled by your finger or hand. This circuit is 
intended for use at normal room temperatures, that is, 
70 °-80° F. If the ambient temperature is in the vicinity 
of human body temperature, clearly you will not have 
much effect on the circuit by touching it. 
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PARTS LIST FOR 

THERMAL LATCH 

Cl -.1uF ceramic disc capacitor 
D1 -1N914 silicon diode 
IC1 -311 comparator 
K1-6 -volt, 500 -ohm relay or 5 -volt 
TTL -logic relay 
LED1- Light- emitting diode, any color 
Rl, R3- 470 --ohm, 'h -watt 5% resistor 
R2 -1,000 -ohm trimpot 
R4- 56,000 -ohm, '/z -watt 10% resistor 
R5 -1.5 Meg-ohm, 1/2-watt 10% resistor 
R6- 330 -ohm, '/2 -watt 10% resistor 
RT1, RT2- Negative- temperature -coef- 
ficient thermistors, 10K ohms or 
greater at 25 °C. For example, Fenwal 
#GB41P12 or equiv. 

8. DC- MOTOR CONTROLLER 

The obvious way to control the speed of a small DC 
motor is with a series rheostat. Although this has the 
advantage of simplicity, it is far from a satisfactory 
solution. Motors "choke out" at low speeds because 
they lose torque as well as rotational velocity. 

A much better way to control the speed of a small, 
permanent-magnet DC motor is with the pulse -width- 
modulator circuit in the accompanying schematic. 
Oscillator IC1 operates at a constant rate of 100 Hz and 
periodically triggers monostable IC2. Once triggered, 
IC2 sends its output (pin 3) HIGH for a time interval 

determined by R5. With the components specified, 
IC2's pulse duration can be set anywhere from 1 to 10 
milliseconds. Transistors Ql and Q2 couple IC2's 
pulse output to the motor. 

Since IC2 is being driven by a 100 -Hz signal (with a 
period of 10 milliseconds), this means that the signal at 
IC2's output will spend between 10% and 100% of its 
time HIGH. The lower this percentage is, the smaller. 
the average current applied to the motor becomes. 
Naturally, this results in less velocity, but adequate 
torque is still maintained to prevent stalling. Be sure to 
mount Q2 on a small heat sink. 

PARTS LIST FOR 

DC -MOTOR CONTROLLER 

Cl, C3, C5, C6 -.1 uF ceramic disc 
capacitor 
C2 -200 uF, 25V electrolytic capacitor 
C4, C7 -. -5 uF mylar capacitor 
Dl, D2- 1N4002 rectifier diode 
Fl -1 -amp fuse 
IC2, IC2 -555 timer 
MOTl -DC permanent- magnet motor, 
6 to 12 volts 
Ql- 2N3904 NPN transistor 
Q2- 2N3055 NPN power transistor 
R1 -22 -ohm, 1/2-watt 10% resistor 
R2- 10,000 -ohm, '/z -watt 10% resistor 
R3- 150,000- ohm,' /2 -watt 10% resistor 

R4- 100,000 -ohm, 1/2-watt 10% resistor 
R5- 200,000 linear -taper potentiometer 

R6- 18,000 -ohm, 'h -watt 10% resistor 
R7- 620 -ohm, 'h -watt 10% resistor 
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9. MUSICAL MODULATOR 

Feed this circuit sample audio tone, and it gives you 
back a muscial note with selectable attack, sustain and 
decay. Input impedance is 10,000 -ohms, output 
impedance is 1000 -ohms, and the gain is unity. Best 
resul s will be obtained with signal imputs having 
amplitudes of 1 -volt peak -to -peak or less. When S1 is 
pressed, the output volume rises at a rate determined by 
attack control R11. As long as S1 is pressed, the sound 
will be sustained. Releasing S1 causes the note to decay 
at a rate determined by decay control R10. Try sine, 
square or triangular wave inputs for muscial notes. 
With a noise input you can imitate such things as 
gunshots and explosions. Trimmer R7 can be adjusted 
to cancel out any audible "thumping" (noticeable with 
very rapid attack or decay). 

PARTS LIST FOR 
MUSICAL MODULATOR 

C1- 0.33 -uF capacitor, 35 -WVDC 
C2, C3- 0.1 -uF mylar capacitor, 35- 
WVDC 
C4- 0.005 -uF mylar capacitor, 35- 
WVDC 

C5- 2.2 -uF electrolytic capacitor, 16- 
WVDC 
D1, D2 -1N914 diode 
ICl -RCA CA3080 transconductance 
amp 
J1, J2 -phone jack 
Ql- 2N3904 NPN transistor 
R1 -9100 -ohm, 1 -watt 10% resistor 
R2, R3, R4 -1000 -ohm, 'h -watt 10% 
resistor 

R5 -2.2 Megohm -ohm, 'h -watt 10% 
resistor 
R6- 15,000 -ohm, 'h -watt 10% resistor 
R7 -1 Megohm trimmer potentiometer 
R8, R9 -5600 -ohm, 'h -watt 10% resistor 
R10, R11- 250,000 linear -taper potent- 
iometer 
S1- normally open SPST pushbutton 
switch 

5V -5V 

-5v 

10. MICRO -MINI PA 
Designed for very private listening, this little resistor from about 1 to 100. Only a single power 

amplifier sports a tiny loudspeaker of 11/2 to 2 inches supply, which may be a nine volt transistor radio 
diameter. The gain may be varied through a feedback battery, is required. 

PARTS LIST FOR 
MICRO -MINI PA 

C1- 100 -uF electrolytic capacitor, 100- 
'NVDC 
12- 100 -uF electrolytic capacitor, 6- 
'NVDC 
C3- 100 -uF electrolytic capacitor, 10- 
WVDC 
IC1 -741 op amp 
R1, R2- 5,600 -ohm, 'h -watt 10% 
resistor 
R3- 1,000 -ohm, 'h -watt 10% resistor 
124- 50,000 -ohm, 'h -watt 10% resistor 

R5- 100,000 -ohm, 'h -watt 10% resistor 
R6- 100,000 -ohm audio taper potentiometer 
SPKR -8 ohm, 2 -in PM type 

+9V R3 R5 

C3 

INPUT 

C2 
SPKR 
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11. ALTERNATOR MONITOR 

This circuit will monitor the output of the alternator 
of any car with a 12 volt electrical system and indicate if 
the charging system is either underchanging or 
overcharging. This is accomplished by using 2 sections 
of a quad voltage comparator IC and connecting the 
outputs in an "OR" configuration so that the LED will 
become lit if section A or section B of the comparator 
detects an improper voltage level. The circuit is 
connected into any circuit which is active when the car 
is in operation, such as the ignition or radio circuit 

This prevents drain on the battery when the car is not in 
use. To calibrate the circuit, connect an adjustable DC 
power supply to the + and - inputs of the circuit Set the 
power supply to 13.4 volts and adjust R3 so that the 
voltage at pin 5 of IC1A is maximum. Then adjust R4 so 
that the LED just goes out Set the power supply to 15.1 
volts and adjust R3 so that the LED just goes out The 
LED will now become lit if the voltage is outside the 
permissible range of 13.5 to 15.0 volts when the engine 
is running. 

PARTS LIST FOR 

ALTERNATOR MONITOR 

C1 -10 -uF electrolytic capacitor, 15- 

WVDC 
C2- 0.1 -uF ceramic capacitor, 15- 

WVDC 
Dl -9 VDC Zener diode 
D2 -large LED 

IC1 -339 quad comparator 
Ql- 2N4403 
Rl, R2, R5- 10,000 -ohm, '/ -watt 

10% resistor 
R3, R4- 50,000 -ohm linear -taper 

potentiometer 
R6- 470 -ohm, 'h -watt 10% resistor 

R7- 220 -ohm, 'h -watt 10% resistor 

+12V 

12. CONTROL SYSTEM 

Let's say that you need a programmable control 
system that can perform a timed sequence of 
operations. This sounds like a job for a high -priced 
computer, doesn't it? In many instances, however, just a 
cheap cassette recorder can do a respectable job - 
provided, of course, that you build this 2- channel 
controller. 

High- frequency signals (above 5000 Hz) at the 
controller's input are amplified by high -pass filter Ula, 
then detected and used to clock one half of a dual flip - 
flop (U2). Each tone burst toggles the flip -flop, causing 
relay Kl to alternately open and close. These high - 
frequency audio signals have no effect on low -pass filter 
Ulb, but frequencies below 500 Hz will produce the 
same effect in the lower channel as high frequencies in 
the upper channel, with the result that K2 alternately 
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opens and closes on successive bursts oflow frequency 
audio. 

Feed the signal from your recorder's speaker output 
jack to the controller's input Record a short sequence of 
tones -about 300 Hz for the low channel, and 7500 Hz 
for the high channel. Play back the tape -recorded 
sequence, and adjust R1 somewhat past the point 

where toggling of the relays starts. The LED go on and 
off with the relays and serve as convenient indicators of 
channel activity. Pushbuttons S1 and S2 can be used to 

change the status of a channel independently of the 
audio input Whistles, turning forks and electronic 
oscillators can all be used as tone sources. Whichever 
you use, strive to keep the level of the recorded signal 
constant 
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PARTS 
CONTRO 

Cl, C2- .002 -uF polystyrene capacitor 
C3- .039 -uF polystyrene capacitor 
C4- .02 -uF polystyrene capacitor 
C5, C6- 0.47 -uF mylar capacitor 
C7, C8- 0.1 -uF ceramic disc capacitor 
Dl- D7 -1N914 diode 
IC1 -LM324 quad op amp integrated 
circuit 
IC2 -4013 CMOS dual flip -flop integrated 
circuit 
K1, K2- 6 -VDC, 500 -ohm relay 
LEDs, LED2- light- emitting diode 
Ql- Q4- 2N3904 NPN transistor 
R1- 100 -ohm trimpot (all resistors 
10% unless otherwise noted). 
R2- 36000 -ohm, '/ -watt 5% resistor 
R3- 6,800 -ohm, '/ -watt 5% resistor 
R4- 56,000 -ohm, 1/2-watt 5% resistor 
R5 -8,200 -ohm, 'h -watt 5% resistor 
R6- 5,100 -ohm, '/ -watt 5% resistor 

LIST FOR 
L SYSTEM 

R7- 24,000 -ohm, '/ -watt 5% resistor 
R8- 33,000 -ohm, '/ -watt 5% resistor 
R9- 240,000 -ohm, 'k -watt 5% resistor 
R10, R17- 1,000 -ohm, '/ -watt 10% 
resistor 
R11 -R18- 220,000 -ohm, 'h -watt 10% 
resistor 
R12 -R15- 30,000 -ohm, 'h -watt 10% 
resistor 
R13, R16- 39,000 -ohm, 1/2-watt 10% 
resistor 
R14- 3,900 -ohm, 'h -watt 10% resistor 
R19, R21- 100,000 -ohm, 'h -watt 10% 
resistor 
R20, R22- 47,000 -ohm, '/z -watt 10% 
resistor 
R23, R24- 22,000 -ohm, '/2 -watt 10% 
resistor 
S1,S2- pushbutton switch, normally 
open 

13. MILLIOHMS ADAPTER 
Few experimenters have the equipment to measure resistances of less than one ohm, and even fewer of them could care to do so. But the ability to measure resistance in the milliohm range can be very handy. For instance, motor manufacturers routinely check their coils with milliohmmeter. Since the next resistance is proportional to the length of wire on the coil form, measuring the resistance provides a simple, non- destructive method for checking the number ofturns on a coil. With a milliohmmeter you can even check the relative quality of switch contacts and solder joints. 

Current source Ql drives a constant 10- milliamp 
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current through whatever resistance lies between 
probes P1 and P2. U1 amplifies the voltage generated across the resistance by the current flowing through it. You read the voltage at IC1's output on your VOM and multiply by the appropriate scale factor- 10V/ohm with 
S1 up, 1V /ohm with S1 down -to get the resistance. 
Before reading, short the probes together, and adjust R4 for zero output Use needle -type probes, since they easily pierce surface oxide films (which can introduce significant resistance of their own). Keep the output voltage below one volt; in other words, the maximum resistance you can measure is one ohm, so set the VOM to the 1 -volt scale. 
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PARTS LIST FOR 

MILLIOHMS ADAPTER 

C1- 1.0 -uF mylar capacitor 
C2, C3- 0.1 -uF ceramic disc capacitor 

D1- 5.6 -VDC1/2-watt zener diode 

D2- D6 -1N914 silicon diode 
IC1 -741 op amp 
Pl, P2 -test probes 
Q1- 2N3906 PNP transistor 
R1- 1,800 -ohm, 'A -watt resistor (all 

fixed resistors 5 %, unless otherwise 

a9v 

-9V 

PI 

DI 470(1 

2143906 

RS 

loo 

R6 

1000 

noted.) 
R2- 470 -ohm, 1/4-watt resistor 
R3- 50,000 -ohm linear taper potentio- 

meter 
R4- 62,000 -ohm, '/4 -watt resistor 

R5- 100 -ohm, 'A4 -watt resistor 

R6 -1,000 -ohm, '44 -watt resistor 

R7- 100,000 -ohm, '/4 -watt resistor 

Sl -SPDT toggle switch 

R4 

62K 

lov/n 

v/fl 

D2-6 

--04÷S-00-04-01-1 

SI 

R7 

TOOK 

9V 

C3 

ICI 
791 

QVOM 

A- 

14. TELEPHONE VOICE PICKUP 

You can pick up and amplify the voice signals from 

your telephone by using this simple IC circuit and a 

small pickup coil. The circuit has sufficient output to 

drive a loudspeaker. One section of a quad op amp is 

used as a high -gain voltage amplifier. This increases the 

relatively low output of the pickup coil (a few milli- 

volts) to a sufficient level to drive the loudspeaker. The 
circuit draws about 60 milliamperes from a 12 volt 
power source. You can purchase a ready made pickup 
coil or construct one yourself using about 200 turns of 
fine enamel wire wound around an iron core. Place the 
pickup near the telephone receiver for best results. 

PARTS LIST FOR 

TELEPHONE VOICE PICKUP 

C1- 10 -uF, 25 -WVDC electrolytic capacitor 

C2- .01 -uF, 15 -WVDC ceramic disc 

capacitor 
C3, C4- 15 -uF, 15 -WVDC electrolytic 

capacitor 
C5- .001 -uF, 15 -WVDC ceramic disc 

capacitor 
IC1 -3900 quad amplifer 
Ll- inductance pickup coil (see text) 

Q1- 2N4401 
R1 -1,000 -ohm, 1/2-watt 10% resistor 

R2, R4- 1,000,000 -ohm, 1/2-watt 10% 

resistor 
R3- 470,000 -ohm,' -watt 10% resistor 

R5, R6, R7, R8, R9- 10,000,00- ohm,'h- 

watt 10% resistor 
R10 -100 -ohm, 1/2-watt 10% resistor 

SPKR -8 -ohm PM type speaker 
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15. HANDS OFF 
This circuit finds the 555 timer as a watchdog ready 

to cry out if an inquisitive finger comes too close. The 
trigger input is terminated with a one megohm resistor, 
attached to a coin or some other small metallic object. 
Hand capacity is sufficient to initiate the timer for about 
five seconds. The output is fed not only to a warning 
LED, but to a unijunction type oscillator, whose tiny 
two -inch speaker can make itself heard throughout the 
room. 

PARTS LIST FOR 
HANDS OFF 

C1- 0.1 -uF ceramic capacitor, 15- 
WVDC 
C2- 0.01 -uF ceramic capacitor, 15- 
WVDC 
C3- 0.1 -uF ceramic capacitor, 15- 
WVDC 
C4 -1 -uF electrolytic capacitor, 15- 
WVDC 
Dl- Light- emitting diode, any color 
D2- 1N4148 diode 
IC1 -555 timer integrated circuit 
QI- 2N2646 field -effect transitor 
R1- 470 -ohm, 'h -watt 10% resistor 
R2- 1,000,000 -ohm, 1/2-watt 10% resistor 
R3- 220,000 -ohm, '/2 -watt 10% resistor 
R4- 15,000- ohm,1/2-watt 10% resistor 
SPKR -8 -ohm PM type speaker 
T1 -audio output transformer 500 - 
ohm primary/8 -ohm secondary 

C 

O 46V TO 9V 

+(PIN 4) 

R3 
220K 

v 
I 9D- 

± C4 

SPKR 

16. MINI -DIGITAL ROULETTE 
A more adult form of entertainment can be obtained described. The clock input terminal is connected via a from the 4026 counter and display previously pushbutton switch to the "Basic Pulse Maker" and two 

PARTS LIST FOR 
MINI -DIGITAL ROULETTE 

C1 -0.47 to 2.2 -uF electrolytic capacitor, 
15 -VDC 
C2- 100 -uF electrolytic capacitor, 15- 
VDC 
D1, D2- 1N4148 or 1N914 diode 
IC1 -4011 quad NAND gate 
IC2 -4026 decade counter 
LEDI -DL -750 7- segment display 
Ql- Q7- 2N4401 transistor 
R1- 500,000 -ohm linear -taper potentio- 
meter 
R2- 100,000 -ohm linear -taper potentio- 
meter 
R3- 10,000 -ohm, 1/2-watt 10% resistor 
R4 -R11 -1,000 -ohm, 1/2-watt 10% resistor 
Si, S2 -SPST momentary- contact switch 

NOTE yS! ON! IV 
IRI-,) í0R 

DR ER 

LED ELEMENT 

2/ F E I2 

G (J NOTE GROUNO PINS 
Ni OF 

LEO 

CID 

R1 = 
5O0K 

e 

4 

0 

FREQUENCY 

4 ICIc io f14 

iC,u 
ß 

I0K 

R2 
R2 

TIME 

C2 

100 

c 

RESET E PLAY 

a 
Q RESET 

1N4149 

02 
IN414E 

IC2 
4026 

10] 6 

'l 
2 ]- 

9 C 

B uJ-6.D 
6 ] E 

,J c 

R4 
K 

al-1 2N4401 
RS-li IK 

TO DISPLAY 
SEGMENTS 
A -G 
OF LED 

101 ELECTRONICS PROJECTS 1983 
71 



to nine players select a number. Then, press the button. 
The input frequency should be 10 -Hz or higher and the 
Reset may zero the display first, although there is 

statistically little or no effect upon subsequent 
outcomes. When the switch is released, the counter 

holds on one number, which is displayed until reset or 

new counts arrive. If a Zero appears on the display, it 

may be assumed that the Bank takes all wagers, thus 
keeping the system in fresh batteries. 

17. FEATHERWEIGHT FOGHORN 

Despite its small size, this circuit generates an 
authentic- sounding foghorn blast. Couple the output 
signal to a good amp and loudspeaker, press switch Si, 
and you'll unleash a blast that will untie the shoelaces of 
anyone within hearing distance. The output signal has a 

1 -volt peak -to -peak maximum amplitude, which is just 
right for driving the AUX or TUNER inputs of most hi-fi 
or PA amplifiers. You can change the pitch to suit your 
own taste by substituting a different value of resistance 
for R2; larger resistances lower the pitch while smaller 
ones raise it Be sure to use a socket with the IC. 

PARTS LIST FOR 

FEATHERWEIGHT FOGHORN 

Cl, C3- 0.47 -uF mylar capacitor, 35- 

WVDC 
C2- 0.01 -uF mylar capacitor, 35- 
WVDC 
C4- 1.0 -uF mylar capacitor, 35 -WVDC 

RI CI 

MEG 

I I 

e9 27 16 25 24 23 22 [I 

3 4 5 6 7 

I I I I I 

C5- 0.1 -uF ceramic disc capacitor, 35- 
WVDC 
C6- 100 -uF electrolytic capacitor, 16- 

WVDC 
IC1- SN76477 sound generator 
J1 -phono jack 
R1 -1 Megohm -ohm, 1/2-watt 10% 

resistor 
R2 -470K -ohm, '/ -watt 10% resistor 

R3 -15K -ohm, 1 -watt 10% resistor 
R4 -10K -ohm, 1/2-watt 10% resistor 

R5- 1.5- Megohm -ohm, 1 -watt 10% 

resistor 
R6 -180K -ohm, 2 -watt 10% resistor 

R7 -150K -ohm, 1 -watt 10% resistor 
R8 -47K -ohm, '/ -watt 10% resistor 
R9 -5K audio -taper potentiometer 
S1 -SPST normally open pushbutton 
switch 

20 
u 

16411 

470K 

1! 

R3 

15K 

2 C2 

.01 

8 9 10 

19 

u 

1C3 
R5 -47 
i.SMEG 

T 

R6 
ISO 
K 

17 16 

12 i3 

15 

14 

R4 
JNVN 

10K 

1 

R8 ` 

C5 

9V 

I C6 T 100 

VOLUME 1 
TI 

1C4 

OUTPUT 1 
R7 Rq 
150K 5K 

18. POSITIVE INTO NEGATIVE 

Certain IC chips and other circuit elements often 

require small negative potentials of small current drain, 
necessitating the construction of bulky transformer - 

operated supplies. Operating a 1 KHz or higher 
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frequency, the pulse generator shown below drives a 

voltage -doubler circuit furnishing a negative potential 
approaching that of the positive input supply. With a 

l0volt input, and output of about -9VDC was 
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measured into a 20,000 ohm load. A voltage tripler or 
quadrupler circuit may also be emplyed for higher 
potentials (positive or negative) as well. For loads 
requiring up to 50 ma, the type 555 timer in astable 
mode is an ideal choice. 

PARTS LIST FOR 

POSITIVE INTO NEGATIVE 
C1 -0.01 to 0.1 -uF ceramic capacitor, 
15 -WVDC 
C2, C5 -10 -uF electrolytic capacitor, 
25 -WVDC 
C3 -10 to 100 -uF electrolytic capacitor, 
25 -WVDC 
C4- 0.001 -uF ceramic capacitor, 15- 
WVDC 

C6 -25 -uF electrolytic capacitor, 25- 
WVDC 
C7- 0.01 -uF electrolytic capacitor, 25- 
WVDC 
1N4001 diode 
IC1 -4011 quad NAND gate 
IC2 -555 timer 
R1 -500 -ohm, 1/2-watt 10% resistor 
R2- 50,000 -ohm linear -taper potentio- 
meter 
R3- 33,000 -ohm, 1/2-watt 10% resistor 
R4- 4,700 -ohm, (h -watt 10% resistor 

OUTPUT 
(-) 9V 

19. COMPUTER -CONTROLLED 
NOTE GENERATOR 

Computer music can be created in many different 
ways. One method is to specify all of a note's parameters- frequency, harmonic structure, amplitude, 
and attack/sustain /decay times -as well as special effects by means of software. Naturally, this gobbles up a lot of memory, thus making such an approach 

PARTS LIST FOR COMPUTER- CONTROLLED 
NOTE GENERATOR 

C1 -30 -pF polystyrene capacitor 
IC1 -4047 CMOS multivibrator, inter - 
grated circuit 
IC2 -4024 CMOS binary divider integra- 
ted circuit 
IC3 -4051 CMOS 8:1 multiplexer 
integrated circuit 
IC4 -50240 Mostek top -octave generator 
integrated circuit 
IC5- 74C150 16:1 CMOS multiplexer 
integrated circuit (National) 
Ql- Q7- 2N3904 NPN transistor 
R1- 10,000 -ohm trim potentiometer 
(all resistors 10% unless otherwise 
noted.) 
R2- 10,000 -ohm, (/ -watt resistor 
R3 -R9- 100,000 -ohm, 1/2-watt resistor 
R10 -R16- 33,000 -ohm, '/ -watt resistor 

Vt 

101 ELECTRONICS PROJECTS 1983 
73 



impossible for the owner of a very small computer. All is 
not lost, however. By augmenting your system with 
some inexpensive hardware, the software burden is 
diminished. 

This computer -controlled note generator produces 5 
octaves of the equally tempered chromatic scale under 
the control of one of your computer's 8 -bit parallel ports 
(only 7 bits of which are used ). Lines D6 through D4 
select the octave, while lines D3 through DO select one 
of the twelve notes within that octave. 

The lowest octave is selected by a binary 0 on lines 
136 through D4. A binary 1 selects the next higher 
octave, and so on until you reach the highest octave, 
coded by a binary 4 (100 ). (Note: D6 is the most 
significant bit; D4 is the least significant) Codes higher 
than 4 yield no output 

The note -selection lines behave similarly, except that 
12 codes are used. (Here D3 is the most significant bit, 
and DO is the least significant) Binary() gives you a C'. 
D is produced by a binary 1, and binary 2 yields D #. This 
continues on up the scale until you reach binary 11, 
which gives the twelfth note, C. Codes above binary 11 
give no output 

Turning can be accomplished by adjusting R1 to 
produce a 1,000, 120 Hz signal at pin 13 of IC1, or you 
can tune by ear against some pitch reference. The 
output at pin 12 of IC5 is a square wave that can be 
filtered and/or shaped (see the computer -controlled 
keyer circuit). The software we'll leave to you. In 
general, your programming burden has been reduced to 
the generation of a rhythmic sequence of 7 -bit binary 
codes. 

20. VIDEO PATTERN GENERATOR 

Those of you with oscilloscopes might enjoy bread 
boarding this pattern generator. Feed the signal at J1 to 
your scope's vertical input, and connect the horizontal 
input to J2. Attach the clips to the selected pairs of test 
points, then adjust potentiometers R14 and R15 to 
create complex images. Output signals are about 1 -volt, 
peak -to -peak. 

PARTS LIST FOR 

VIDEO PATTERN GENERATOR 
Cl, C2- 250 -uF electrolytic capacitor, 
25 VDC 

C3- 0.1 -uF ceramic disc capacitor, 35 

VDC 
C4, C5- 100 -pF polystyrene capacitor, 
35 VDC 
C6, C7- 1.0 -uF mylar capactitor (non - 

polarized), 35 VDC 

C8, C9- 0.5 -uF mylar capactitor 35 

VDC 
C10- 0.022 -uF mylar capacitor, 35 

VDC 
C11- 0.001 -uF mylar capacitor, 35 

VDC 
CLl, CU- alligator clip 
D1 thru D8 -1N914 diode 
IC1- 4024BE CMOS ripple divider 
J1, J2 -phono jack 
Ql, Q2- 2N3904 NPN transistor 
Rl, R4, R5, R10 -100K -ohm '/z -watt 
10% resistor 
R2, R3- 1.5- Megohm '/z watt 10% 
resistor 
R6, R9 -68K -ohm, '/z -watt 10% resistor 
R7, R8-33K-ohm, 1/2-watt 10% resistor 
R11, R12 -47K -ohm, 1/2-watt 10% 
resistor 
R13- 3300 -ohm, '/ -watt 10% resistor 
R14, R15 -250K linear -taper potentio- 
meter 

cu 
ool 

T 
72 HORIZONTAL 
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21. PRECISION VOM CALIBRATOR 

Until now, most ofthe calibrator circuits appearing in 
hobby magazines could not be considered as primary 
reference standards. Instead, they were transfer 
standards, since the builder would be instructed to align his calibrator using a voltage reference of known 
accuracy. The obvious reaction of most readers was: "If 
I had access to an accurate voltage reference to begin 
with, why would I want to build this calibrator?" 

Our sentiments exactly. Now National Semiconductor 
comes to the rescue with a voltage reference IC, the 
LM185, having an output of 1.235 bolts 1%. What's 
more, this voltage remains stable in the face ofchanging 
ambient temperature and supply current 

The circuit diagrammed here produces six useful 

reference voltages from .100 V to 10.0 V. As noted 
above, the 1.235 -volt output is accurate to within 1%. 
All of the other outputs are accurate to within 2% except 
for the 3 -volt output, which has a tolerance of 4%. 
Reduced accuracy on all derived outputs is the result of 
errors introduced by the 1% resistor tolerances. Bear in 
mind, however, that worst -case accuracies are quoted 
here. 

Be certain that the input resistance of the instrument 
being calibrated greatly exceeds the resistance at the 
circuit node being read. Most of you who worry about 
calibration have high -impedance (10- megohm) FET 
voltmeters, the loading effects of which are negligible 
here. 

PARTS LIST FOR 
PRECISION VOM CALIBRATOR 

B1 -ten AA cells in series to yield 15 
volts 
C1 -100 uF, 25 V electrolytic capacitor 
C2 -.1 uF ceramic disc capacitor 
C3 -.O1 uF polystyrene or mylar 
capacitor 
ICI-LM185 1.235 -volt reference IC 
(National Semiconductor) 
IC2 -3140A FET -input op amp (RCA) 
All Resistors 'few, 1% precision unless 
noted otherwise 

S 

- BI - I5V 

R1- 12,000 -ohm, 1/4-watt 10% resistor 
R2- 1,180 -ohm, 1/4-watt resistor 
R3- 3,480 -ohm, 1/4-watt resistor 
R4- 1,000 -ohm, 'fa -watt resistor 
R5- 499 -ohm, '/ -watt resistor 
R6- 162,000 -ohm, 1/4-watt resistor 
R7- 115,000 -ohm, '/ -watt resistor 
R8- 2,150 -ohm, '/ -watt resistor 
R9- 4,990 -ohm, 1/4-watt resistor 
Sl -SPST normally open pushbutton 
switch 

+1,235V 

RI 

12K 

+ CI C2 p0 .-..1 
ICI 

LM1t5 2 
R2 

ueoSl 
I 00V 

R3 
3480,1 

030V 
o 

7 

Ic2 

R7 

R4 R6 
1000n 

0.O10V 

RS 
499n 

1151< 

C3 
.01 

R9 

o 
IO. 0V 

4990n 

3.00V 

RB 
215052 

.0 V 00 

22. SOUND -LEVEL METER 

With this sound -level meter you can easily measure 
the relative loudness of sounds in the range from 20 to 
20,000 IIz. Although your readings will not be 
calibrated in terms of -or even be linearly proportional 

101 ELECTRONICS PROJECTS 1983 

to -true sound power, this circuit should very adequately 
fill the bill. 

Amplifier IC1 multiples the signals from microphone 
MIC1 by a factor of 100. This amplied signal is then 
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applied to IC2, which functions here as a precision 
rectifier. Meter MI is tucked into one of IC2's feedback 
loops, where it measures a rectified and filtered direct 
current proportional to the sound level. Potentiometer 
R6 allows you to adjust the intrument's sensitivty to 
match the application- anything from audience - 
applause measurement to sound -system installation. 

PARTS LIST FOR SOUND -LEVEL METER 

Cl, C7, C9 -.1 uF ceramic disc 
capacitor 
C2, C3 -82 pF polystyrene capacitor 
C4 -.47 uF mylar capacitor 
C5 -1.0 uF mylar capacitor 
C6, C8 -100 uF 25V electrolytic 
capacitor 

D1, D2 -1N914 silicon diode 
ICl -RCA 3140 FET -input op amp 
IC2 -741 op lamp 
M1 -0 -50 microamp DC meter 
MIC1- crystal microphone cartridge 
Rl, R2, R3- 100,000 -ohm, '/2 -watt 10% 
resistor 
R4, R7- 10,000 -ohm, '/2 -watt 10% 
resistor 
R5 -100- ohm, 1/2-watt 10% resistor 
R6 -2,000 -ohm linear taper potentio- 
meter 
R8, R9 -1,000 -ohm, 1/2-watt 10% resistor 

23. AUDIBLE LOGIC PROBE 

Here is the old familiar logic probe but with a new does the job aurally. The logic -1 state, 2 -volts or greater, 

twist Instead of displaying logic status with LEDs, it is signalled by a high tone. On the other hand, a low tone 

PARTS LIST FOR R6- 8200 -ohm, '/ -watt 5% resistor SPKR -8 -ohm miniature speaker 

AUDIBLE LOGIC PROBE R7, R8, R10 -56K -ohm, 1/2-watt 10% Tl- miniature audio output transformer 

resistor -1,000 -ohm primary/8 -ohm secondary 

C1- 0.1 -uF ceramic disc capacitor, 35- R9 -120K -ohm, 'h -watt 10% resistor TI 

C2- 0.005 -uF mylar capacitor, 35- meter 
WVDC R11 -1000 -ohm audio -taper potentio- 

WVDC 

5PKR 

.s 

C3- 0.1 -uF mylar capacitor, 35 -WVDC 

C4- 1.0 -uF tantalum capacitor, 10- 

WVDC 
CL1- Alligator clip 
Dl, D2- 1N4001 diode 
D3, D4 -1N914 diode 
IC1-LM339 quad comparator integrated 

circuit 
Pl -Metal probe tip 
R1-10K -ohm, 1/2-watt 10% resistor 
R2, R3 -220K -ohm, 1/2-watt 10% resistor 

R4-30K -ohm, 1/2-watt 5% resistor 

R5 -12K -ohm, 1/2-watt 5% resistor 

S6K 
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sounds to indicate the logic -O state, 0.8 -volt or less. 
Inputs between 0.8 and 2 -volts produce no output_ 
(Note that this probe is designed especially for TIT and 
cannot be used for any other logic family.) The circuit 
requires a regulated 5 -volt supply, which means that it 

can be powered by the same supply used by the TTL 
circuitry under test. Output can be taken from a 
miniature speaker, as shown in the schematic, or you 
may use a miniature earphone. Potentiometer R11 sets 
the output volume level. 

24. PULSE -BURST GENERATOR 
This is a fiendishly clever circuit for the digital 

experimenter. Just press Si, and this pulse -burst 
generator delivers the exact number of glitch -free 
pulses you need (as determined by the setting of S2 ). 
You can select anywhere from one to ten pulses, which 
the circuit furnishes ata rate of 1 kHz. If necessary, the 
pulse rate can be slowed down by using a larger value of 
capacitance for Cl. With a 10 rnfelectrolytic unit as the 
timing capacitor, pulses arrive at a one -per -second rate, 
which is slow enough for visual observation (on an 
LED display, for instance). Any potential (V +) between 
+5 and +15 volts can be used, depending on the 
requirements of the circuitry you intend to drive. 

R2 
68K 

V 

6114 

2 ICI 
555 

6 

) 

) 

Cl 1 

C21 

T 

-0 

. OUTPUT 

PARTS LIST FOR 
PULSE -BURST GENERATOR 

C1 -.01uF -mylar capacitor 
C2, C3, C4, C5- 0.1 -uF ceramic disc 
capacitor 
IC1 -555 timer integrated circuit 
IC2 -4017 CMOS decade counter 
integrated circuit 
IC3 -4013 flip -flop integrated circuit 
Q1- 2N3904 NPN transistor 
R1- 6,800 -ohm, 1 -watt 10% resistor 
R2- 68,000 -ohm, '/ -watt 10% resistor 
R3, R5- 100,000 -ohm, 1/2-watt 10% 
resistor 
R4- 22,000 -ohm, 'fa -watt 10% resistor 
R6- 4,700,000 -ohm,'/ -watt 10% resistor 

v. 

1_. 
C41 

T 

14 

8 3 

IC2 4017 

4 7 10 

IS 

S 6 9 u 

Rl 

K10 K 

223904 

RS 4-/yyV-- 
IOOK 

R4 
22K 

f 
14 S 

3 IC3 
4013 

2 

4 

67 91011 

R4 
47M 

47 
IK 

25. MELODIOUS SEQUENCER 

Press pushbutton Sl, and this circuit will play you a 
short melody up to nine notes long. The immediate 
effect of pressing the button is to reset counter IC2 and 
set pin 3 of the counter HIGH. A voltage, determined by 
the setting of the pot attached to pin 3 of IC2, gets fed to 
the input of voltage- controlled oscillator IC3. 
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ICS's output consists of either a squarewave or a 
triangular wave, one of which can be selected byS2. The 
frequency of both these waveforms is identical and is 
determined by the voltage fed to the VCO. Potentiometer, 
R21 is the circuit's volume control. 

Meanwhile, back at counter IC2, a pulse has just 
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arrived from oscillator IC1. This increments the 
counter by one, causing pin 2 of the counter to go 
HIGH, and pin 3 to return to a LOW state. Successive 
pulses from IC1 cause the HIGH signal to advance 
along IC2's output (3, 2, 4...9 ). The ninth pulse send pin 
11 high, thereby turning Q,1 on and halting the 
oscillation of IC1. Pressing S1 sends pin 11 LOW and 
allows normal sequencing to resume. 

Potentiometer R3 controls the tempo, which can be 
varied from 5 notes per second to one note every two 
seconds. Trimmers R6 through R14 are used to set the 
pitch of individual notes over the range from 200 to 
2000Hz. If you desire a shorter sequence of notes, omit 
pots and diodes from the end of the sequence starting 
with pin 9 of IC2 and working backwards. 

PARTS LIST FOR MELODIOUS SEQUENCER 

C1 -100 uF, 25 -WVDC electrolytic 
capacitor 
C2, C4, C5 -.1 uF, ceramic disc 
capacitor 
C3 -3.3 uF, 25 -WVDC electrolytic 
capacitor 
C6 -.001 uF, polystyrene capacitor 

C7 -.02 uF, mylar capacitor 
C8 -.47 uF, mylar capacitor 
Dl- D9 -1N914 silicon diode 

LlC1 -535 timer 

RI 
6BK 

R2 
47K 

R3 

S00K 

FL L. 

IC2 -40178 CMOS decade counter 
IC3 -LM566 voltage -controlled oscilla- 
tor 
Q1- 2N3904 NPN transistor 
R1- 6,800 -ohm, 1/2-watt 10% resistor 
R2- 47,000 -ohm, I/ -watt 10% resistor 
R3- 500,000 trimpot resistor 
R4 -3,900 -ohm, 1/2-watt 10% resistor 
R5- 33,000 -ohm, 1 -watt 10% resistor 
R14- 20,000 trimpot resistor 
R15 -4.7 Megohm, Ii: -watt 10% resistor 
R16 -1,000 -ohm, 1 -watt 10% resistor 
R17- 68,000 -ohm, 1/2-watt 10% resistor 
R18- 10,000 -ohm, 1 -watt 10% resistor 
R19- 18,000 -ohm, 1 -watt 10% resistor 
R20- 4,700 -ohm, 1 -watt 10% resistor 
R21- 5,000 -ohm, audio -taper potentio- 
meter 
Sl -SPST normally open pushbutton 
switch 
S2 -SPDT switch 

R14 

412V 

lte 
8 6 

3 5 
IBK 
R20 

ROI 
K 

SK 

o 

ICi 
4 04566 

.001 

4.7 

41 Ra-R14 90K 
DI- D9 

7 

2 e 
T" T33 

I 

ICI 
555 4ó t! 10 

°904 
RIS 

2V 47M Si 

SS 

26. GUITAR TUNER 

By taking advantage of the frequency stability of the 
555 timer IC operating in an astable mode, an oscillator 
can be constructed which can be used as a tuning aid for 
the guitar. The first string of the guitar, E, produces a 
note with a frequency of 82.4 Hertz. The frequency of 
the oscillator is set to twice this value, 164.8 Hertz, and 
then followed by a divide -by -two stage to produce the 
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desired frequency. The purpose of the divide -by -two 
stage is to guarantee that the waveform produced has a 
duty cycle of exactly 50%. This produces a note with no 
second harmonic distortion. The frequency of 
oscillation of the circuit is set by adjustment of R1, R2, 
and C2 also determine the frequency of oscillation but 
these components are fixed values and need no 
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adjustment The output of IC2 is fed to an emitter is powered by a 5 -volt supply, and this voltage must follower to provide current gain to drive a loudspeaker. fall within the range of 4.75 to 5.25 volts for IC2 to C3 acts as a low -pass natural sounding note. The circuit operate properly. 

PARTS LIST FOR GUITAR TUNER 
Cl, C4- 0.1 -uF ceramic capacitor, 15- Q1- 2N4401 
WVDC R1- 50,000 -ohm linear -taper potentio- 
C2-15-uF electrolytic capacitor, 15- meter 
WVDC R2, R4 -4,700 -ohm, 'h -watt 10% resistor C3- 100 -uF electrolytic capacitor, 15- R3- 33,000 -ohm, 'h -watt 10% resistor 
WVDC R5 -33 -ohm, 'h -watt 10% resistor 
IC1 -555 timer SPKR -8 -ohm PM type speaker 
IC2 -7490 decade counter 

çs 

RI 
50K 

R4 
47 K 

R2 
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14 

12 8 
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555 2 6 

R3 
U 33K 

C4 

T 

u 

5 

10 

rk 

27. TOUCH 'N FLIP 
Ever wonder how a touch plate, like the kind you see 

on some elevator buttons, works? This circuit will give 
you a good feel for how the touch plate works in a circuit 
and lets you experiment further. The plate can be just a small piece of metal or aluminum foil. Start by sliding S2 

to "set" then back to R3. Now press Sl. LED's D1 and 
D2 will flip. Now touch the plate to flip them back. The 
sensitivity of the touch plate will depend on humidity in 
the room and on R3 and Cl. You can experiment with 
those in various ways. 

PARTS LIST FOR 
TOUCH 'N FLIP 

C1- 4.7 -uF 15 -WVDC 
Dl, D2 -large LED 
IC1 -4011 quad NAND gate 
RI, R2, R3- 2,000 -ohm, 'h -watt 10% 
resistor 
Sl -SPST momentary contact pushbut- 
ton switch 
S2 -SPDT slide switch 
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C I i4 

C2 13] 

{3 a] 
IC 

C4 I] 

C S to] 
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C7 B] 

. if 
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SETOI 
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---iE-- 
CI 4.l 

ITOVCNI 
I PIATE 

RI 2K DI 

R2 2K 
ANY 

I 

D2 
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28. AUDIO BANDPASS FILTER 

There are two different approaches to bandpass -filter 
design. The first involves use of a high -Q resonant 
network. You'll find this type of device sold as a CW 
filter, an application in which it excels. However, the 
selectivity of a resonant bandpass filter is such as to 
favor a very few frequencies to the exclusion of all 
others, and this makes it useless in voice reception. To 
filter the garbage out ofan SSB transmission, you need a 
filter that freely passes the band of frequencies between 
about 300 and 2500 Hz but drastically attenuates 
frequencies outside the passband. An audio filter of this 
type is constructed by cascading (i.e., hooking in 

series) very sharp high- and low -pass fillers. 
That's what we've done here Ula and Ulb comprise a 

sharp, 4 -pole Butterworth high -pass filter with a 300 - 
Hz cut -off. The two remaining stages function as a low - 
pass 4 -pole Butterworth filter having a 2500 -Hz cut -off 
frequency. Overall circuit gain is 16. Insert the filter into 
your receiver's audio chain at a point where the input 
signal level will be less than 100mVpeak -to -peak. If the 
filter's extra gain causes problems, chop its output 
down with a resistive divider. A dual supply furnishing 
anywhere between 2.5 V and 15V can be used to 
power the circuit. 

PARTS LIST FOR 

AUDIO BANDPASS FILTER 

ClC4- 0.03-uF polystyrene capacitor 
C5, C6, C8, C9- .0039 -uF polystyrene 
capacitor 
C7, C10- 0.1 -uF ceramic disc capacitor 
ICI-LM324 quad op amp integrated 
circuit 
R1- 18,000 -ohm, 'h -watt 5% resistor 
R2, R9- 22,000 -ohm, 'h -watt 5% resistor 
R3, R4- 47,000 -ohm, 'h -watt 5% resistor 
R5- 27,000 -ohm, 'h -watt 5% resistor 

R6- 16,000 -ohm, 'h -watt 5% resistor 
R7, R8, R14- 30,000 -ohm, 'h -watt 5% 

resistor 
R10- 13,000 -ohm, 'h -watt 5% resistor 
R11, R12- 68,000 -ohm, 'h -watt 5% 

resistor 
R13- 10,000 -ohm, 'h -watt 5% resistor 
R15, R16- 82,000 -ohm, 'h -watt 5% 

resistor 

29. SEQUENTIAL TIMER 

Press Si, and relay Kl pulls in for a time interval 
determined by the setting of R3. When IC1 times out 
and K1 opens once again, IC2 gets triggered. This 
causes K2 to pull in for an interval determined by R7's 
setting. Finally IC2 will time out and trigger IC3, 
thereby causing K3 now to pull in. Once IC3 times out 
and K3's contacts open, action ceases if S2 is flipped to 

the right However, if S2 had been flipped to the left, IC1 

would have once again been triggered as IC3 timed out, 
thus starting the whole cycle over again. 

With the values shown, each timer can be adjusted for 
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times from .1 to 1 second. If your application demands 
longer timing intervals, simply increase the size of the 
timing capacitors (C3, C5 and C7) and/or the timing 
resistors (R1 -R3, R6 -R7, and R9 -R10 ). One 
application of the circuit that comes to mind is in flash 
photography. Let each relay fire a separate, cheap flash 
unit. With the timers adjusted for rapid fire, you'll be 
able to take stroboscope -like pictures that you couldn't 
take with a single conventional flash unit because re- 

cycle times ( .3 -.5 second ) are too long. With three units, 
each flash has ample time to re-cycle while the others 
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are firing. You might also try using color film and putting a separate colored filter over each flash tube. 

PARTS LIST FOR SEQUENTIAL TIMER 
Cl, C4, C6- .001 -uF mylar capacitor R2, R6, R9- 10,000 -ohm, 1/2-watt 10% 
C2- 0.1 -uF ceramic disc capacitor resistor 

R3, R7, R10- 100,000 -ohm, linear - 
taper potentiometer 
R4- 3,300,000 -ohm, 1 -watt 10% resistor 
S1- pushbutton switch, normally open 
S2 -SPDT switch 

C3, C5, C7- 10 -uF, 25 -WVDC electrolytic 
capacitor 
Dl- D6 -1N914 diode 
IC1, IC2, IC3 -555 timer 
circuit 
Kl, K2, K3- 6 -VDC, 500 -ohm relay 
R1, R5, R8- 100,000 -ohm, 1/2-watt 

10% resistor 

integrated 

RECYCLE 

sciP 
55 
DD 

RB 

1N9 9 5I1K 

1C2 3 
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C6 
001 
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íN914 

C1 
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0 

06= 
íN914 

3 

30. SLIDE TROMBONE 

This is a novel little instrument that can be played R3. The range of adjustment spans two octaves from 
through your stereo system. IC1 and IC2 comprise a 150 to 600 Hz. The ramp signal is fed to modulator IC3, 
ramp generator, the frequency of which is adjusted by which imparts a natural- sounding attack and decay to 

PARTS LIST FOR SLIDE TROMBONE 
C1- 0.15 -uF mylar capacitor 
C2, C3- 0.1 -uF ceramic disc capacitor 
C4- 3.3 -uF, 25 -WVDC electrolytic 
capacitor 
C5- 0.47 -uF mylar capacitor 
Dl, D2 -1N914 diode 
IC1, IC2 -741 op amp integrated 
circuit 
IC3 -3080 transconductance amp 
integrated circuit (RCA) 
Ql- 2N3904 NPN transistor 
R1- 5,600 -ohm, 1/2-watt 10% resistor 
R2- 33,000 --ohm, 1/2-watt 10% resistor 
R3, R12- 100,000 -ohm, 1/2-watt 10% 
resistor 
R4, R5, R13, R14- 10,000 -ohm,' /2 -watt 
10% resistor 
R6- 62,000 -ohm, 1/2-watt 10% resistor 

R7- 3,900 -ohm, 'h -watt 10% resistor 
R8, Ro -100 -ohm, 'h -watt 10% resistor 

RI 
X 

Di 
1NVU 

R10 -5,000 -ohm audio-taper potentio- 
meter 
R11- 220,000 -ohm, 1/2-watt 10% resistor 
Sl- Pushbutton switch, normally open 

-9V 
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the note the sounds when S1 is pressed. R12 allows 
adjustment of the note's decay interval, and R10 
controls the volume. Maximum signal amplitude at the 
output is 500 mV peak to peak (sufficient to drive an 
amp's high level input). To play, just R3 for a 

particular note; press Sl; slide R3; then release Sl. You 
can make things easy by calibrating R3 in terms of 
muscial notes. Either a slide or rotating pot can be used 
for R3, depending on your playing preferences. 

31. PSEUDO -RANDOM GENERATOR 

A pseudo - random sequence generator is like a 
scrambled counter. Instead of counting 1,2,3,4,..., the 
PRSG might yield an output of 2,9,7,1...The PRSG 
shown here supplies a sequence of 255 scambled 
numbers, available in binary form at the eight outputs 
(Q1) through Q8). Some applications: 

First, you might hook up an LED and a 330 -ohm 
resistor to each output as illustrated. Use a 5 -uF 

electrolytic capacitor for C3, and you'll have a dandy 
idiot box, which will blink impressively on your desk, 
but do nothing. 

Or, you could hook up the resistor network 
diagrammed, and use a 330 pF polysyrene capacitor for 
C3. You'll get a 1 -volt peak -to -peak noise voltage at J1 
which can be used to generate interesting percussive 
sounds in conjunction with the Musical Modulator 
presented elsewhere in this issue. 

PARTS LIST FOR 

PSEUDO -RANDOM GENERATOR 

C1- 0.1 -uF ceramic disc capacitor, 35- 
WVDC 
C2, C5- 100 -uF electrolytic capacitor, 
10 -WVDC 
C3 -5 -uF 10 -WVDC electrolytic or 330 - 
pF polystyrene capacitor (see text) 
C4- 1.0 -uF mylar capacitor (non - 

polarized), 35 -WVDC 
IC1 -555 timer integrated circuit 
IC2 -74164 shift register integrated 
circuit 
1C3-7486 quad EX -OR gate integrated 
circuit 
J1 -phono jack 

LED1 thru LED8- Light- emitting diode 
R1, R2- 6800 -ohms -ohm, '4-watt 10% 
resistor 
R3 -100K linear -taper potentiometer 
R4 -R6 -1000 -ohm, /4 -watt 10% resistor 
Rya thru R5h -- ohm,1/2-watt 10% resistor 
R7- 2200 -ohm, '/2 -watt 10% resistor 
R8- 3900 -ohm, 'h -watt 10% resistor 
R9- 8200 -ohm, 'h -watt 10% resistor 
R10 -15K -ohm, 'h -watt 10% resistor 
R11 -33K -ohm, '/2 -watt 10% resistor 
R12 -62K -ohm, '/ -watt 10% resistor 
R13 -120K -ohm, '/2 -watt 10% resistor 
R14- 120 -ohm, 1/2-watt 10% resistor 
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BACKPACK 
i4/VIP 
Take your electronic 
instrument anywhere 

with this low cost 
portable amplifier 

USICIANS Wiiö PLAY acoustic instru- 
ments, such as trumpet, saxophone, 

or violin, for that matter, have never 
experienced the problem of the elec- 
tronic musician on an outing where he 
or she is separated from an electrical 
source for an amplifier (assuming that 
one had even managed the task of 
bringing one along). It's admittedly 
pretty hard to entertain your friends 
with an electric piano which lacks elec- 
tricity. What then, is the answer to 
this dilemna? 

It's quite simple, actually -build a 
Backpack Amp. Designed to operate 
from "C" or "D" cells, or two or three 
small lantern batteries, the all -in- one -IC 
Backpack Amp will directly drive a 
speaker from the output of virtually any 
electronic instrument without need for 
additional amplification. Install the 
Backpack Amp in a small cabinet along 
with a 6 or 8 -inch speaker and you can 
take your electric guitar, or whatever, 
with you on holidays. 

The Circuit. The Backpack Amp is 
assembled on a printed circuit board 
measuring 23/4 by 35/8- inches. All ac- 
tive components which make up the 
preamplifier and power amplifier are 
contained in a single LM383T inte- 

grated circuit, which is available from 
Radio Shack. The resistor and capacitor 
values are considerably different than 
those given in the IC's data sheet 
(which is usually supplied with the IC). 
If you want the lowest distortion level 
from your electronic instruments use 
our values. 

With a 12 to 18 -volt power supply. 
the Backpack Amp will deliver from 
1 to 3 -watts into a 4 -ohm load. Most 
replacement -type speakers are 4 -ohms, 
and a 6 or 8 -inch speaker is suggested. 
If all you have around, or can get. are 
8 -ohm speakers, we suggest you use two. 
parallel -wired 6 -inch, 8 -ohm speakers. 

(The amp will work with one 8 -ohm 
speaker, but 1 -watt is about the maxi- 
mum low -distortion output even with 
an 18 -volt power supply.) 

The value used for capacitor Cl is 
0.001 -AF only if the amp will he used 
with an electric guitar. It compensates 
for the relatively higher low frequency 
output of an electric guitar pickup and 
prevents low frequency overload of the 
loudspeaker. If the Backpack Amp will 
be used with a synthesizer. you will 
probably be happier with the sound 
quality if Cl is 0.01 -pF. If you use a 
0.01 -AF unit and find the low frequen- 
cies are overloading the speaker. sim- 

PARTS LIST FOR BACKPACK AMP 

B1, B2, (optional B3) -6 -volt lantern battery (see text) 
Note: Capacitor voltage rating must be equal to power supply 

voltage rating. 
C1- 0.001 -uF mylar capacitor (see text) 
C2- 470 -uF electrolytic capacitor 
C3, C4- 0.22 -uF mylar capacitor 
C5- 220-uF or 470 -uF electrolytic capacitor 
R1- 100,000 -ohm audio taper potentiometer with SPST switch 

attached (S1) 
R2 -1O -ohm, I/2 -watt 5% resistor 
R3- 2200 -ohm, I/2 -watt 5% resistor 
S1 -SPST switch (part of RI) 
SPKR -see text 
U1- LM383T audio amplifier integrated circuit 
Misc.- Cabinet, screws, grille cloth, wire, solder, printed cir- 

cuit etching materials, suitable input jack and matching 
plug, etc. 

R2 o (SEE TEXT) 
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ply replace Cl with a 0.001 -AF unit. 
The correct value for R2 is usually 

10 -ohms. If you find your instrument's 
output is on the low side, and you have 
all gain controls wide open and still 
can't overdrive the amp. then tack - 
solder another 10 -ohm resistor (shown 
as R2a in the schematic) across R2. If 
you need even more gain. R2 can be 

lowered to 2.2 -ohms, but keen in mind 

that a 2.2 -ohm resistor isn't the easiest 
of things to locate in this day and age. 

Construction. Using any method you 
prefer. make the PC board using the 
supplied template. Note carefully the 
large copper foil area: it is part of Ul's 
heat -sink and must not be eliminated. 
Don't substitute a thin foil strip as a 

ground connection. The foil rectangle 
in the middle of the PC board pro- 
vides the anti -hum grounding for po- 
tentiometer (volume control) RI's shaft 
and frame. Again, don't substitute a 

thin foil strip because it might not con- 
tact RI's case when the potentiometer 
is installed. Depending on the particular 
style of potentiometer used, drill the 
proper size mounting hole where indi- 
cated by the dot in the foil rectangle. 

Double -check the polarity of C2 and 
C5 before soldering. In particular, make 
certain C2's positive terminal goes to IC 
pin # 2. (It might not look correct but 
it really is.) 

The IC must be mounted with a 

heat sink. From scrap aluminum, cut 
a section about 7/a by 11/4-inch. Using 
the long dimension, bend a %-inch tab. 

Drill a hole in the tab for a #4 bolt 
as close as possible to the "L" section 
(so as much metal as possible will be 

under the IC when the IC is positioned 
over the hole; but double -check that the 
tab does not touch any of the IC leads.) 

Using long -nose pliers, bend Ul's 
leads to correspond with the holes in 
the PC board. To avoid shorts, the 
leads are offset: Nos. 1, 3 and 5 are 
close to the IC body; Nos. 2 and 4 are 

bent about 1/2 -inch away from the body. 
Place a drop of silicon heat sink 

grease on the underside of IC's mount- 

ing tab, position the IC on the sink, and 
then secure the IC and sink to the PC 
board with a #4 bolt, lockwasher, 
and nut. Place the lockwasher between 
the nut and the heat -sink foil on the PC 
board, and tighten securely. 

Installation. The Backpack Amp can 
be installed in any cabinet you prefer. 
(Note that it has a three -hole mount- 
ing.) If you can possibly locate a po- 
tentiometer bushing extender, which 
appears and then disappears in the 

marketplace from time to time, you 
can mount the amp with a single nut 
around the volume control's shaft. 

While the power supply can be made 
up out of flashlight batteries, two or 
three series -connected small 6 -volt lan- 
tern batteries make the most conven- 
ient and reliable portable power source. 

When it's all done, you and your 
ARP can head for the hills and com- 
mune with Mother Nature to your 
heart's content. 

The completed PC board, showing U1 

mounted with it's homebrew heatsinks. 

INPUT 

TAB 

U 

13 2 1 

C3 

4 C{ 4 

J'c 
5 

R3 
T 

1 

OUTPUT 

The component placement guide above shows the SPST 

switch mounted on the back of volume control R1 (dotted 
line box). External switch can be substituted for R1 /S1. 

The full -scale printed circuit template has two areas of solid foil 

which must be duplicated on your board. The large area at top 

helps heatsink U1, the other grounds R1 to minimize humming. 



HIGHAMP METERS 
Keep up with current events by expanding your meter's amp -ability 

WITH THE RISING COST Of test equip- 
ment it is advantageous to be able 

to perform several operations with one 
meter. For instance a DC milliammeter 
can be converted to read higher values 
of current by adding a shunt to bypass 
the bulk of the current around the deli- 
cate meter. By following a few simple 
steps a milliammeter can be converted 
to read 10 to 20 amps or more. The 
first step is to determine the internal re- 
sistance of the meter. From this you 
can calculate the shunt resistance need- 
ed and the type of material to be used. 

To find the internal resistance of the 
meter, construct the test circuit illus- 
trated here. The 4700 ohm- resistor is 
used to limit current and serves no oth- 
er purpose. Start with the power sup- 
ply set to zero volts, leaving S2 open 
and SI closed. Slowly increase the cur- 
rent flow by varying R3 until the meter 
needle moves to full -scale deflection. 
Without touching the setting of R3, 
close S2 and adjust R2 until the meter 
reads half of full scale. According to 
Ohm's Law the resistance of the meter 
and of R2 are now equal. Open switch 
S2 and measure the resistance across 
R2. This value will be equal to the 
internal resistance of the meter. 

Shunt. Precise shunt resistance is im- 
portant for accurate current readings 
and must be chosen carefully. With the 
shunt connected across the meter, most 
of the current is diverted past the me- 
ter. This is the theory behind a small 
meter being able to read high currents. 
The shunt can he a wire, steel or cop- 
per bar, or almost any material that 
will offer the proper resistance. To de- 
termine the needed shunt resistance we 
will consider an example. If we want a 
0 to 10 milliammeter to be able to 
read full -scale for a current of 10 amps. 
Therefore 10 mA will flow through the 
meter when 9.990 Amps are diverted 
through the shunt. If the meter resist- 
ance was 100 ohms, using Ohm's Law 
the voltage across this parallel circuit 
is found by using the following equa- 
tion: 
E _ (Current) X (Resistance) 

= (0.01 amps) X (100 ohms) 
= 1 volt 
Using the calculated voltage and 

Meter Resistance Determination 

To determine the internal resistance of a meter construct a circuit like the one illustrated above. If you don't have the parts in your junk box then check an electronics surplus outlet. 
A shunt resistor bypasses the bulk of the current around the meter while allowing a regulated amount to pass through the meter's coil and give an accurate reading. A shunt can be a resistor or a measured length of wire. Make sure it will handle the current. 

Shunt Hookup 

METER COIL 
RESISTANCE 

IO AMPS 

o 
SOURCE 

0 

R meter =100 OHMS 
.01 AMPS 

1/\A. 
R shunt =0.10 OHMS 
9.99 AMPS 

EXTERNAL SHUNT 

LOAD 

solving Ohm's Law for resistance the 
proper shunt can be found. This deri- 
vation is shown below: 

Resistance - Voltage 
Current 

1 Volt 
9.990 Amps 

=.1001 Ohms 

In this case the milliammeter would 
be capable of giving a readout directly 
in amperes. 

By following these few simple steps 
you will greatly expand the versatility 
of your test equipment. It will increase 
your ability to handle a greater variety 
of test and trouble shooting situations. 



MIGHTY 
MIDGET 
This compact TV antenna 
boosts metropolitan reception 

TLLEV(MON RLCLPTION in some ur- 
ban and suburban areas is only fair. 

Rabbit cars do not provide sufficient 
gain or directional pattern. A somewhat 
better antenna is necessary. 

The "Mighty Midget" was designed 
for just such applications. Its one -ele- 
ment construction is inherently broad- 
band making it useful on a variety of 
channels. It is also less directional than 
a multiclement antenna, resulting in ac- 
ceptable performance from more than 
One direction. 

The prototype antenna was com- 
prised of two telescoping whips. They 
were adjusted while viewing several 
channels, recording the optimum ele- 
ment lengths for each. The table shows 
the results of this approach. 

This TV dipole is actually a modifi- 
cation of the Windom antenna applied 
at VHF. The Windom was a popular 

EXPERIMENTAL LENGTHS OF ELEMENTS 

TV Channel Optimum dipole elements 

2 

4 
5 

6 
7 

10 
12 

48" 48" 
36" -- 12" 
48" - 31" 
22" - 16" 
46" 5" 
48" + 36" 
48" + 36" 

The Mighty Midget has hefty construction 
and will take any sort of battering. With 
three heavy bolts, it's hard to damage. 

amateur radio antenna in the early 
days of shortwave radio communica- 
tions. A center -fed dipole has a char- 
acteristic impedance at its fcedpoint of 
72 ohms. Lorn Windom fed his an- 
tenna I 4' oil- center ( 36% from one 
end I. His antenna showed a higher 
impedance on even- multiple harmonic 
frequencies. and could he fed with 300 
ohm transmission line with very little 
mismatch. Thus. we use standard. low 
cost 300 ohm line to transmit the TV 
signal from Mighty Midget to our TV 
set. The antenna location is chosen for 
a perfect TV picture. 

Our Mighty Midget has one advan- 
tage over Windom's design: Because 
of the high frequencies involved. our 
antenna has very thick elements com- 
pared with their lengths. This results 
in widchand performance. 

ALUMINUM TV 
ELEMENT 

MOUNTING 
INSUL ATOR 

TWIN LEAD MAST I FORMER 
BOOM OF TV 
ANTENNA) 

A connector on each side of the mast is 

used for holding the 300 -ohm TV cable. 

Construction: The parts for this an- 
tenna are rcadil available: A broken 
or discarded TN antenna. All that will 
he needed are two elements: one 48" 
and one 36" long. The mounting in- 
sulator also will he needed to support 
the elements. The original boom may 
be used as a short mast; it is already 
contoured to fit the insulators holding 
the aluminum elements. The other ele- 
ments are broken oil and discarded. 
The remaining insulators may he left 
on or removed at your discretion. If 
a long rear element is still salvageable, 
much of your work k already done 
for you. The 48" x 36" lengths may be 

achieved by squeezing down on each 
element at the appropriate point with 
a pair of cutters. The end of the ele- 
ment is then bent up and down until 

(Continued on page 95) 

Sturdy wing nuts are utilized to hold and 
allow for easy removal of the TV wire. 



BUILD A 
4, SIMPLE 

VOLTMETER " AND 
SCOPE 

Make your test instruments precision measuring 
devices without breaking the bank CALIBRATOR 

PRECISION VOLTAGE MEASUREMENTS 
require a calibrated source against 

which to compare the readings of the 
voltmeter or oscilloscope. In really 
high -class measurements, where abso- 
lute accuracy is needed, laboratories 
will use something like a Weston cell 
and a precision potentiometer. But to 
the hobbyist, such instruments are both 
too costly and, in most cases, more 
accurate than is necessary. In the past, 
the hobbyist had to be content with 
zener diode calibrators. Unfortunately, 
these diodes are not the best and tend 
to drift. But today, a new breed of 
regulator is available. Several manufac- 
turers are now offering regulator /refer- 
ence source ICs using band gap zener 
diodes, and internal amplifiers. These 
ICs give the hobbyist a low -cost method 
for building a reference voltage source. 

Calculate Your Needs. The circuit in 
Fig. 1 is sufficient to operate as a hob- 
byist -grade voltage calibrator. Only a 
power supply (in this case a battery) . 

a resistor, the regulator IC, and a 

means for turning it on and off are 
required. 

The value of the series resistor de- 
pends upon the reference current select- 
ed and the power supply voltage. The 
reference current may be set at any 
point in the range of 2 to 120 milli- 
amperes, provided that the overall pow- 
er dissipation is kept to less than 300 
milliwatts. In practice, however, one is 
advised to select a value in the 2 to 

5 mA range. In the example of Fig. 1 

we have selected 8.75 mA for a very 
special, high level, technical reason - 
we had a 4.2 -volt battery and a 200 - 
ohm resistor in the junkbox at the 
time. 

The series resistor's value is compu- 
ted as: 

RI= 
Eb - Eo 

Ir 

Here is an internal schematic of the band 
gap zener diode, which serves as the heart 
of the calibrator. Use the tab on the case 
as the reference point for making circuit 
connections. No heatsink is required here. 

Where: 
Eb is the battery voltage 
Eo is the output voltage (1.26 or 2.45 - 

volts ) 
Ir is the reference current 
RI is the resistance in series with the IC 

Example: 
In the circuit of Fig. 1, we used a 

4.2 -volt mercury battery, and selected 
a reference current of 8.75 mA. Find 
the value of the resistor needed for Rl. 
A ZN458 (2.45 volts) is used. 

RI - (4.2-2.45) volts 
(0.00875) Amp 

(1.75) 
RI 

(0.00875) - 200 -ohms 

The resistor used should be a low 
temperature coefficient type. We used a 
wirewound precision resistor for Rl, 
and selected it because it was in the 
junkbox. Contrary to the example 
above, we actually selected the refer- 
ence current based on the resistors on 
hand. An ordinary carbon composi- 
tion resistor could . be used, but the 
results are not guaranteed. 

Construction. The construction of 
the calibrator is shown in Fig. 3. The 
largest part in the project is the battery, 
so a small LMB aluminum box was se- 
lected to house the calibrator. The elec- 
tronic circuitry was built using the 
banana jacks as tie points; no wire 



SCOPE CALIBRATOR 

board is needed. The battery holder is 
ordinarily used with size "C" batteries, 
but the Mallory TR233 (4.2 -volt mer- 
cury cell) fits nicely. The battery holder 
was fastened to bottom of the box us- 
ing a small 4-40 machine screw. Small 
rubber feet can then be glued to the 
box to offset the "bump" created by 
the screw head. If you want to avoid 
this, however, it should be easy to su- 
perglue the battery holder flush to the 
aluminum. 

The ZN458 has a 100 parts per mil- 
lion (PPM) drift specification, the 
ZN458A is a 50 ppm device, while the 
ZN458B is a 30 PPM device. The 
voltage output is nominally 2.45 -volts 
DC. (measured at 2 mA reference cur- 
rent), but may have an absolute value 
between 2.42 to 2.49 -volts. With no 
additional circuitry, then, these devices 
will produce an accuracy of ±40 milli- 
volts, or better. This voltage cannot 
easily be adjusted without external cir- 
cuitry, but you can use any of the 
standard IC operational amplifier volt- 
age regulator circuits to set the output 
voltage to a standard level. Fig. 2 

shows a circuit that is usable for this 
purpose. The ZN458 is used to set the 
voltage at the noninverting input of the 
op amp. The output voltage can then 
be trimmed to the desired value by 
potentiometer R3. This circuit is an or- 
dinary op amp noninverting follower, 
so the desired output voltage can be 
derived in the following equation: 

(R3±R2+1) Eo = nb 

The table shows values for R2 /R3 
needed for output voltages of 5 and 
10- volts. Note that the resistors used 
in this circuit must be low temperature 
coefficient precision (1% ) resistors, or 
drift will result. It is even more impor- 
tant in this circuit. than in the circuit of 
Fig. I. The trimmer potentiometer 
should be a ten -turn, precision type, so 
that very tight control over the adjust- 
ment of the output voltage is possible. 

There is, however, a hitch in this 
variable output circuit. It is not in- 
herently "calibrated" as is the case of 
Fig. I. Although this circuit is capable 
of better accuracy, initially, it must be 
adjusted. You will have to find a very 
accurate voltmeter, or precision refer- 
ence potentiometer to make the initial 
adjustment. After this adjustment, how- 
ever, it should remain in calibration for 
a long time. 

SI 

Fig. 1. This is a basic schematic used to 
demonstrate the calculations necessary to 
determine the value of the associated 
components used in the regulator circuit. 
Refer to the text for a full explanation. 

RI 
I 000 R2 R3 

V+ 

R4 Eb 

+v V- 

IVe 

FROM 
BATTERY 

OR POWER 
SUPPLY 1 

Eoo 

Fig. 2. This schematic depicts a variable 
regulated power supply, with the source 
being either a battery or a line- powered 
DC source. Refer to the table below and 
text, to determine your own parts needs. 

TABLE 1 -ZENER SELECTION TABLE 2 -R2 /R3 SELECTION 

Type Voltage Drift Output 

ZN423 1.26 - Voltage R2 R3 

ZN458 2.45 .00 ppm 5 1000 -ohms 100 -ohms 
ZN458A 2.45 50 ppm 10 2600 -ohms 500 -ohms 
ZN458B 2.45 30 ppm 

The four most popular low -voltage band gap zener diodes are listed above, with their 
respective drift figures. Obviously, the smaller the drift figure (in terms of parts per 
million) the more accurate the calibrator circuit will be. Use the highest tolerance 
parts available, in order to enhance the accuracy of the circuit. Refer to the text for 
an explanation of the significance of the values given for R2 and R3 in Table 2 above. 

Fig. 3. The compact construction of the calibrator is seen here. We wired all components 
to the terminals of the banana jacks first, and then bolted in the battery holder to 
the bottom of the chassis to allow working room for assembly. You may choose to utilize 
either perfboard or even a printed circuit board for your model. This will allow you to 
mount it directly inside the cabinet of whatever test instrument you wish to calibrate. 
With this method you can always have a reliable source of instrument calibration with 
you, no matter where you might happen to be doing your repair or field operations. 



LO CAP 
PROBE 
Simple probe helps your 
oscilloscope perform 
at high frequencies 

« HAT YOU SEE is what you get" 
might be A -okay for a television 

comic, but it's not necessarily true 
when you use an oscilloscope. 

It is unfortunate, but true, that a 
scope's performance is specified from 
the input terminals to the scope itself, 
but does not include the test probe or 
connecting wires. For this reason a serv- 
ice -grade scope rated out to 4 MHz, or 
7 MHz, or even a laboratory scope 
rated out to 20, 50, or 100 MHz, might 
poop out on something as mundane as 
a 60 Hz square wave, delivering a CRT 
display with rounded leading edge while 
the real waveform is truly square. Worse 
than that, connecting your scope into 
an RF circuit may completely change 
the loading, or tuning of the circuit 
which is under test. 

Here's Why. Forget for a moment 

The Keystone 1810 shielded test probe kit 
before assembly. These are hard to get parts. 

that the scope has a frequency- compen- 
sated input. That has no bearing on 
your measurements, which is affected 
by the cable between the circuit being 
tested and the scope input. An ordinary 
shielded test lead approximately 3 feet 
long has a capacity of about 100 -300 
pF, depending on the type of shielding. 
If a "bare" test lead is connected into a 
circuit it is effectively loading the cir- 
cuit with 100 -300 pF: just imagine what 
this will do to an RF circuit, or any 
high frequency circuit from about 10k 
Hz up. "What you see isn't what you 
get in this case." 

Also, consider the average scope's 
1- megohm "high impedance" input. 
"High impedance" is a relative term: 
one equipment's "high impedance" is 
another's "low impedance." For ex- 
ample, imagine a transistor or inte- 
grated- circuit amplifier with a 500k or 
1- megohm bias or feedback resistor. 
Connecting a scope's input across either 
value will completely change the oper- 

Trimmer capacitor 
wired onto strip of 
pert hoard. Be careful 
of parts shorting out in 
close spaces in which 
you'll be working. 

As the text discusses, 
tack solder the test 
probe shield to the 
solder lug you've in- 
stalled on the perf 
board. Do not fold the 
lug over the shield. 

acing parameters of the circuit. Or ima- 
gine what a 1- megohm "load" across a 
tuned RF input circuit will do: the "Q" 
might drop like a rock, not to forget the 
detuning effect of the test lead capaci- 
tance of the lead itself. 

Follow the Labs. Commercial labs 
get around both the capacity loading 
and 1- megohm impedance by using a 
"l0X low -capacity" test probe for the 
scope input. This device does two 
things: It makes the input capacity to 
the scope's test lead appear to be about 
5 -10 pF; and it raises the input impe- 
dance into the test cable -the impedance 
seen by the circuit being tested -to 
nominally 10 megohms (a value that 
won't affect any circuit the hobbyist 
will use or test). 

Easy to Build. A 10X Low Capacity 
Test Probe circuit is shown in Fig. 1. 
Basically, it consists of two compo- 
nents: trimmer capacitor Cl and re- 
sistor R1. Cl is generally any small 
trimmer wtih a maximum capacity in 
the range of 25 -50 pF. R1 should be 9 
megohms for a precise 10:1 voltage 
division: ie: the scope will indicate 1 

volt P -P if the input to the cable is 
10 volts P -P. However, 9 megohms, or 
anything close, is usually unattainable 
by the hobbyist. If you substitute a 10 
megohm 5% resistor for R1 the accu- 
racy will be sufficient for almost all 
applications (nominal voltage readout 
error will be about 10%). 

In A Shielded Probe. The 10X probe 
must be assembled in a shielded test 
probe; if not shielded, hand capacity 
will induce "hum" into the signal, and 
add capacity loading to the circuit. 

A shielded probe kit, the Keystone 
1810, was used for the 10X probe as- 
sembly. The Keystone probe kit con- 
tains an insulated probe shell, a shield- 
ing sleeve, perforated wiring board 
(sized to fit inside the shield), probe 



LO CAP PROBE 
tip, and "flea" clips (soldering termi- 
nals). That's all you need. 

Temporarily mount Cl to the pea- 
board and see if you can slide the shield 
over the assembly without having the 
shield short the trimmer capacitor. If it 

touches a metal part of Cl, file the 
edges of the perf -board so it will sit 
lower in the sleeve and not short C 1. 

When the shield can slide over the 
assembly secure CI to the board with 
flea clips, as shown in the photographs. 
Install RI across the Cl flea clips on 
the opposite side of the board (there 
isn't room for C 1 and RI on the same 
side) of the board. 

Solder about 3- inches of solid No. 20 
or No. 22 wire to the front flea clip. the 
one on the opposite end from the solder 
lug which is factory installed on the 
perf board. This wire will eventually 
connect to the test probe tip. 

Cut a piece of shielded wire to about 
3 -feet. You can use an ordinary audio 
patch cable with the phono plugs cut 
off the ends. Solder the center conduc- 
tor to the rear flea clip; solder the shield 
to the solder lug and bend the solder 
lug at right angle to the perf- board. 
Make certain when you solder wires 
to the flea clips that Cl and R1 are 
also soldered to the clips. 

Slide the probe shield over the perf- 
board from the front until it touches 
the solder lug. Carefully mark the 
sleeve directly over the trimmer capac- 
itor's adjusting screw. Remove the 
sleeve and drill a 1/4-inch hole at the 
mark (careful, the sleeve is very thin). 
Solder an insulated stranded wire ap- 
proximately 8- inches long to the solder 
lug's grommet -where it's secured to the 

r- r- r- r- r- 

__ 

Too much capacity shows up in a rounded 
leading edge, as shown here in Figure M. 

perf- board. (This wire will pass out the 

hole in the rear of the probe cover and 
will connect to an alligator ground 
clip) that you use. 

Now slide the shield over the perf- 
board, press it against the solder lug, 
and tack solder the shield to the solder 
lug. Do not fold the lug over the shield 
as it might prevent the cover from be- 
ing slipped into place. Screw the probe 
tip into the probe's front cap, and then 
thread the solid wire from the perf- 
board through the probe, pulling on the 
wire so the pert -board is tight against 
the cap. Secure the wire to the probe 
tip. Measure the distance from the cap 
to the hole in the shield and transfer 
this measurement to the probe cover. 
Drill a 1/4-inch hole in the cover at the 
mark. This will be the access hole for 
the capacitor C 1. 

Next, assemble the probe and install 
the required connector (to match your 
scope's input) at the free end of the 
shielded cable coming out the back. 

>LIG ATO R 

CLIP 

CI 
25 -50pF MAX 

RI 
10 MEG r3.1 

TO SCOPE 

PARTS 

Cl -Trimmer capacitors 25 or 5 OpF max., see 

text 
R1- 10,000,000 ohm, 1/4 or 1/2 watt resistor, 

5 %, see text 

The Keystone 1810 test probe kit is avail- 

able from Custom Components, Box 153, Mal - 

verne, N.Y. 11565. Price is $4 plus $2 postage 

SHIELDED 
CABLE 

GND 

LIST 

Misc. 
Alligator grounding clip 
Scope input connector 
Keystone 1810 test probe 

and handling per total order: Canada add $1 

additional. No foreign orders. N.Y. State resi- 
dents must add sales tax. 

,_. . 

Here, Cl has been adjusted correctly. Lead- 
ing edge is perfectly square, here in Fig. 2B. 

L. 1_ 1.._ 

r(-7Î r-r- 

Fig. 2C. Peaked leading edge, shown, results 
from too little capacity in Cl adjustment. 

Alignment. You must align the low 
capacity probe using some form of 
square waveform in the range of 60- 
1000 Hz. This can come either from 
the calibration voltage built into your 
scope or the square wave output of a 

sine -square signal generator. You can 
even use a broad pulse from a pulse 
generator if you have such an instru- 
ment in your workshop. 

Touch the low capacity probe to the 
square waveform output, adjust your 
scope for a convenient CRT display, 
and then using an insulated alignment 
screwdriver, adjust Cl for a perfectly 
square leading edge, as shown in Fig. 
2B. If you have too much capacity the 
leading edge will be rounded, as in 
Fig. 2A. If you have too little capacity 
the leading edge will peak, as shown 
in Fig. 2C. Perfect adjustment is a 
perfectly square leading edge. Once Cl 
is adjusted it need never be changed as 
long as the same scope is used. 

Using the probe. Remember to mul- 
tiply the CRT voltage indication by 10 

to obtain the correct voltage at the test 
probe. For example, if the scope is set 
for I volt per division, and the peak -to- 
peak waveform is 1.5 divisions, the 
actual voltage at the test probe is 1.5 

volts p -p x 10, or 15 volts p -p. 



Make your home an 
aviary with this new 
telephone ringer. 
BY HERB FRIEDMAN 

AN EXTRA RINGER in the bedroom or 
living room is always a good idea 

but the thought of waking up to a 
klaxon or having guests jolted out of 
their seats by a clanging bell is a bit too 
much for anyone. 

However, if you would like a peace- 
ful way to announce that your phone 
is ringing, use Telechirp. This device 
produces a low level chirp (or warble) 
instead of a clang or bong. 

Easy To Build. The Telechirp is a 
simple device requiring few compon- 
ents and is easy to piece together. It is 
powered by the ringing signal of your 
telephone. 

Electronic buzzer BUI will produce a 
high frequency whistle (approximately 5 
kHz) when 2 -12 volts DC is applied to 
its wires. Normally, the output of the 
buzzer is a continuous tone because 
the applied voltage is continuous (DC). 
As used in the Telechirp, however, the 
buzzer chirps in step with the 20 Hz 
ringing current. 

The 20 Hz ringing current passes 
through capacitor Cl to the diode 
bridge consisting of D1 -D4. Partial fil- 
tering of the bridge's output is pro- 
vided by C2. The resultant pulsating 
DC is applied to the buzzer, producing 
a high frequency chirp each time the 
phone rings. 

All components are critical. Any 
change in values produces improper 
operation. Make only those changes or 
substitutions we specify. A silicon recti- 
fier or full -wave bridge rated 200 PIV 
or higher can be substituted for Dl -D4. 

While the PIV can he lower, 200 
PIV provides a good safety margin. 
For most applications CI should he a 

.1 uF Mylar capacitor rated 500 VDC. 
(Again, a lower rated capacitor of 100 
VDC could be used but 500 VDC pro- 
vides greater protection.) 

If CI is made larger, say 0.47 uF, 
the output of the buzzer will he louder 
but you will al,o get kickback, meaning 
the buzzer will pulse in step with the 
telephone dial's pulses. If your phone 
has Touch -Tone® dialing, kickback is 
not a problem, but line static might 
cause the buzzer to tick. 

Capacitor C2 is also critical. If made 
larger than 10 µF, it will produce a 

smooth, non -pulsating, DC and the 
output of the buzzer will be a con- 
tinuous high frequency tone, which is 
not an attention -getter. If C2 is smaller 
than 10 mF there will he too much AC 
and the buzzer will tick instead of 
chirp: a nice sound but not loud enough 
for general use. 

The Telechirp can be connected to 
your telephone circuit with ordinary 
zip -cord or speaker wire. 

Telephone circuits do vary. Keep in 
mind that Telechirp is intended for a 
quiet location, but if the chirp pro- 

duced by your telephone's ringing sig- 
nal is too low, connect capacitor Cx, 
0.05 uF disc, across Cl. 

The Telechirp can be used as a quiet 
warning that someone is dialing out on 
the phone circuit. If capacitor Cx is 
raised to 0.1 or 0.2 mF, the device will 
produce chirps in step with the dial 
pulsations each time someone dials out. 
(It works with rotary dial telephones.) 
The total value of capacitors CI and 
Cx should never exceed 0.47 mF, nor 
should the value of R1 be changed by 
more than 10 %. 

To make Telechirp, it 
doesn't take a lot of 
parts or a PC board. 
Just hook up the few 
parts with a terminal 
strip and Telechirp will 
sing away. Be very 
careful when you put 
together the diode 
bride. Make sure the 
diodes are properly 
polarized. 

TO TELEPHONE 
CIRCUIT 

NO POLARITY f 

Cx 

I 

D2 

RI 
15OOS2 

PARTS LIST FOR TELECHIRP 

BU1 -solid state buzzer, Radio Shack 273 -060 Fier rated 200 PIV 
Cl 0.1 -uF, 500 VDC mylar capacitor 
C2 -10-uF, 25 -VDC electrolytic capacitor 
Cx see text 
01-04-silicon diodes on small silicon recti- 

BU I 

R1- 1500 -ohm, 1/2-watt, 10% resistor 

Misc.- cabinet, terminal strip, wire, solder, 
hardware, etc. 



ERE IS A SPEAKER SYSTEM that is 

n small in size, light in weight, and 
delivers true high fidelity sound when 
connected to your audio power source, 
car radio or tape player. 

This unique speaker system consists 
essentially of two speaker units, a light 
weight enclosure, a prepunched perf- 
board, that is modified to become a 

speaker mounting baffle and grille, 
hook -up wire and glue. Sounds simple? 
This do it yourself project consists of 
an assembly of parts, more than a 

complex construction job. 
The speaker enclosure looks like a 

small cold chest made of styrofoam 
Breadboard. Styrofoam is responsible 

for the minimal weight. This material 
is acoustically dead. Hence, it can be 

used to house speaker components, if 

the enclosure is small enough to mini- 
mize acoustic resonance. 

Styrofoam will pass low frequency 
sound like a sieve. This problem is 

solved by coating all styrofoam sur- 
faces with white glue. Elmer's "Glue - 
All" or other white glue that is made 
for bonding styrofoam to itself or to 

other materials, must be used. 
The cold chest box enclosure, listed 

in the parts list, can be found in stores, 
labeled as a Bait Box. It is white, 
speckled with spots of green. A rope 
handle is provided for ease of handling. 
The rope is driven through the cover 
and secured to the box. The outside 
dimensions are 67/8 by 93/4- inches. The 
same width and length of the perf- 
board speaker baffle. The overall depth 
is 61- inches including the cover. 

The Assembly. Using a small paint 
brush, spread a light coating of glue 
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ICE -BOX 
HI-FI 

This lightweight speaker system 

is as close as your local 
hardware store 

BY FRED JOHNSON 

over the inside of the box to seal the 
panel surfaces. White glue dries clear 
and fast, and adds strength to the styro- 
foam. Give it a second coat of glue to 
insure sound tightness. Do not coat the 
cover, until an opening is cut to clear 
the speaker components. 

Figure 1 shows the perf -board 
modifications to convert it to a speaker 
baffle and grille. Check the length and 
width of the perf -board when you buy 
it, they vary somewhat in size. Cut the 
23/4 -inch diameter tweeter opening with 
a circle cutter and redrill the holes in- 

side a 31/4-inch diameter pencil scribed 
circle, forming a grille for the 4 -inch 
speaker mounting. 

The cut -out in the styrofoam cover 
which clears the speaker units is shown 
in Fig. 2. Do not glue the cover to the 
perf -board and mask assembly. 

Figure 3 is a section view at the 
front of the box opening. Note that 
two wood cleats are glued inside the 
box for securing the baffle and cover to 
the box with six, 2 -inch long machine 
screws that are screwed into the cleats. 
These screws clamp the baffle /mask as- 

sembly to the enclosure and provide 
access should it ever be required. The 
speaker components are bolted to the 
perf-board /mask assembly and are 
tightened with nuts and lockwashers. 

The Speaker Components. It is un- 
usual to see two speaker units installed 
in such a small enclosure as this. True 
"Hi -Fi" sound cannot be attained with- 
out the use of a good tweeter. Radio 
Shack has added a one -inch dome 
tweeter to their speaker line, that pro- 
vides wide dispersion of high frequen- 
cies. This unit is almost as good as the 

F.RFBOARD HOLES 

ENLARGE HOLE OF 
CIRCLE TO 11/64" DIAMETER 
FOR SPEAKER GRILL 

Fig. 1. Perfboard drilling for Ice -Box Hi -Fi. There are a lot of 

holes to drill, so be careful, because the perfboard can splinter. 

6 7/8" 

7/B MMIN. 

7/64" DIAMETER TO MATCH 
WITH CARDBOARD AND 
PERFBOARD HOLES. 

9 3/4" i 

0 r KNIFE CUT LINE 

o 

CUT-OUT TO CLEAR 
4" SPEAKER AND I" DOME 
TWEETER. 

8" 

5" MAX. 

o I" MIN 

STYROFOAM 
TOP LIP 

ROPE 
OPENINGS 

Fig. 2. Cutting and drilling outline for the styrofoam top panel. 

When coating the styrofoam with glue to make it accoustically 

opaque, let the glue dry before installing it on the main frame. 

You do not want to glue the two styrofoam parts together at all. 



Ice Box Hi -Fi /Build this simple, go- anywhere speaker 

Inside look at the drivers mounted in our 
little speaker system. If you use care, 
everything will fit nicely, and snugly. 

Philips Dome Tweeter from Holland 
that is used in some of the most ex- 
pensive speaker systems. 

A 3.3 -uF capacitor is furnished with 
the tweeter for cross over at 4000 
Hz and above. High frequency attenua- 
tion is provided by use of an "L" pad. 
This "L" pad is hooked -up to the out- 
side winding of the pad. 

Smooth performance is assured by 
employing a filter network shown in 
the wiring diagram. The 20 -ohm resis- 
tor in the network cancels the effect 
of the tuned circuit set up by the 2.5 
MH inductance and the 4 -MF capaci- 
tor in the filter. 

For wire connection into the en- 
closure cut a slot in the back for a 
terminal strip and secure the terminal 
with 6 -32 by 3/4-inch long machine 
screws or use 1 -inch long brass screws 
with nuts and washers. 

Upon final assembly, cut a section of 
4 -inch thick building grade fiberglass 
to fit inside the enclosure. Try not to 
compress the fiberglass around the 
edges. Cut a recess to clear the induc- 
tance coil, mour.ted in the back. 

When you have completed the as- 
sembly, hook it' up to one channel of 
your home stere3 system. You will be 
amazed by the sound quality from such 
a small box. You may be tempted to 
assemble two of this design for stereo 
use, or perhaps use it as an extension 
speaker for high quality sound. 

PERFBOARD SPEAKER 
BAFFLE 

CARDBOARD MASK 

6 7/8" 

CENTER LINE LOCATIONS 
FOR 6 -32, 2" LONG 
ROUND HEAD 
MACHINE SCREWS 

COVER 

3/4 "x 3/4" x 8 1/4" WOOD CLEAT 

KNIFE CUT OPENING 
IN COVER 

L_ INSIDE FACE OF STYROFORM BOX 

1 

1/2' r 1.1 

Fig. 3. Cross section of the styrofoam cover of Ice -Box Hi -Fi. The two 81/a -inch 
long wooden cleats are very important, since they serve to seal up the speaker. 

I/2" 

3.3 MF 
FURNISHED 
WITH TWEETE \. 

SHAFT, 3/8" DIA. HOLE 
FOR MOUNTING 

L PAD 

2.5 MH. 

I NPUT 

o 

4 MF 

PARTS LIST FOR SPEAKER 

C1- 3.3 -uF capacitor (see Driver No. 2) 
Driver No. 1 -4 -inch cone type speaker 

(Radio Shack 40 -1197 or equiv.) 
Driver No. 2 -1 -inch dome type tweeter (in- 

cludes Cl) (Radio Shack 40 -1276 or equiv.) 
Filter -audio type filter network (Radio Shack 

40-808 or equiv.) 
Pad -audio type "L" pad (Radio Shack 40 -980, 

or equiv.) 
Misc.- Ice -less cold chest, without inside com- 

partment. Mfg. by Standard Cellulose & 
Novelty Co., Inc., 90 -02 Atlantic Ave., Ozone 
Park, New York 11416. 

SPKR 2 

_ - 
SPKR I 

8 -6/32 round head machine screws, 1 -inch 
long 

6 -as above, 2 -inch long 
1 -as above, 21/2 -inch long 
2 wood cleats, ?á a 3/4 x 81/4-inch long 

Nuts for above cardboard mask 6 ?/a x 93/4- 
inch, see Fig. 2. Pre -punched pert -board 
67/a x 93/4-inch, see Fig. 1. Building grade, 
4 -inch fiberglass 53/4 x 83/4 -inch. Eimers 
Glue -All or equal, terminal strip or brass 
machine screws (see text), hook -up wire, 
solder, etc. 



MICROPROSSOR SURVEY 

LSI's CMOS dividers: Counting circuits for 50 or 60 Hertz applications 

LSI COMPUTER SYSTEMS, INC. man- 
ufactures five large scale integra- 

tion CMOS dividers. They can be 

driven by clock pulses, or directly by 

AC sine waves. Part designation. func 
tion and output when the clock source 
is either a 50 -Hz or a 60 -Hz line fre- 

quency are shown in the chart below. 

The basic equation is: 

DIVIDE BY 
PERIOD = FREQUENCY 

Note that, for the RED 3000'3600, 
the output is 1 square -wave cycle per 
minute. Dividing 3600 by 60 equals 
a period of 60 seconds. or 1 minute. 
In a region using 50 -Hz electricity, 
3000 divided by 50 also produces 60 
seconds or an output of 1 pulse per 
minute. Divide ratio chosen depends 
upon power frequency in obtaining the 
output periods given in the chart. 

The division selected depends upon 
whether pin 7, Fig. 1. is operated at 

logic 0 (low) or logic 1 (high). For 
the five devices, a logic 0 pin 7 pro- 
duces a division of 6, 60, 120. 360 or 
3600. A logic 1 at this pin results in 

divisions of 5, 50. 100, 300 or 3000. 
The Basic Circuit. To use the small 

8 -pin RED 3000 3600 LSI to convert 
60 -Hertz line frequency to 1 pulse 
per minute output, you need only a 

low- voltage 60 -Hz source that can he 

derived from a small transformer as 

shown in Fig. 1. The maximum clock 
input voltage at pin 5 should not have 
a peak -to -peak voltage change that 
exceeds the difference of potential con- 
nected between pin 8 (V 

DD 
) and pin 

3 

(The)circuit will, however. operate 
at considerably lower clock voltages. 

If input signals swing below VDD, or 

higher than VSS , connect a series re- 

sistor RI in the clock signal path to 

pin 5. Input current should be limited 

to a maximum of 2 mA. A square - 

wave output voltage can be removed 

at pin 1. It will have a period of ex- 

actly one minute. 

LED 

330 
+12V 

10 MFD 

I MIN. 
OUTPUT 

B 

VDD 

DIVISION 
SELECT 

6 
ENABLE 

5 
CLOCK 
INPUT 

6 -6.3 VOLT 
TRANSFORMER 

I HOUR 
OUTPUT `r 3 

16 -0í12V 

14 3 

4017 

16 

15 

14 

13 

12 

I 

10 

9 

110V 
60 HZ 
SINE 

O N2V 

I MIN. 
INPUT 
FROM 
PIN I 

OF 
DIVISER 

O 
10 MIN 

OUT 

Using the small, eight -pin RED 3000/3600 LSI, shown in Fig. 1 at the top, to 

convert 60 -Hz line frequency to 1 pulse per second requires only a low- voltage 

60 -Hz source, such as the one derived from the transformer shown in the circuit 

diagram. The circuit will function at voltages considerably lower than the 6- 

6.3 volts specified, but Input current should be limited to a maximum of 2 mA. 

Two 4017s can be clocked by the output of the divider to obtain 10- minute and 

1 -hour outputs, as shown In Fig. 2 at bottom. Multiply Fig. 1 circuit by ten. 
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APPEAL TO THE 
SPORT IN YOU !! 

....BANFF GORETEX helps you enjoy it 
more... 

When you need all weather protection, 
windproof, waterproof, breathable 
GORETEX is your answer! A stylish 
versatile BANFF GORETEX suit for the 
sailor, runner, golfer or cyclist in you. 
You can now enjoy, through bad 
weather, thanks to BANFF WEAR'S 
new lightweight GORETEX suits. 

GORETEX is a three -part laminated 
material with a 1.1 ounce nylon outer - 

layer treated with Du Pont's Zepel rain 
and stain repeller, and an inside layer 
of soft nylon tricot with the GORETEX 
membrane sandwiched in between. 
GORETEX lets water vapour escape, 
yet keeps rain. sleet or snow.out. 

Pretec, irself with the best!! 

GORETEX Extralight Jacket 
XS S M L XL 

CHEST 30-32 34-36 38-40 42-44 46-48 
COLOUR: Gold Grey /Royal Grey/ Red 

'GORETEX Extralight Windpant 
XS S M L XL 

WAIST 26 -28 28 -30 30 -32 32 -34 34 -36 
INSEAM 27'12 30'12 311/2 32'4 33'/2 

COLOUR: Gold Grey /Royal Grey/ Red 
N.B. - Please tmd a colour and size $199.00 

'w1Ì To: BANrF WEAR. GPO Box 1316. New York, N.Y. 
1011 ;. 1- (212)391 -2309 
(Whdeeals Inquirieswekome) 

NAME 

.!.í)RtSS. .__._.. __ 
G"'r ._.__STATE. __. .. 
Pt-ONE: ( 

Photograph by Jeremy Jones 

Qs) 



COMING NEXT 
MONTH 

C & E HOBBY HANDBOOKS - 
CLASSIFIED AD REQUIREMENTS 

Minimum ad 15 words - Lease remember to be sure to 
count your name and address - Count each Abbreviation 
(BJ. Jones = 3 words), Initial (W. Main Street = 3 words), 
Single Figure (P.O. Box 3333 = 3 words) or Groups of 
Figures (10 x 12, 35mm, F.O.B., etc = 1 word). 
Your city and state are one word each, there is no charge for 
your ZIP. Code numbers for keying count as one word. 
There will be regular headings and when no heading is 
requested, our judgement will decide. If you desire a special 
heading, there will be a $10.00 service charge. 

WATCH FOR IT 

ON YOUR FAVORITE 
N EWSSTAN D 

Ads are set in uniform style with the first word in CAPS - 
Extra CAPS are 4O per word. 
Proofs are not submitted on classified ads - correct insertion 
is guaranteed. There is no deduction for Key Number error 
due to illegibly written copy. 
We reserve the right to refuse objectionable copy and revise 
copy to confrom to our standards. 
We also reverse the right to request literature and 
merchandise from the advertiser before accepting the ad. 
Advertisers using a P.O. Box must furnish complete name 
and address for our records. 

NO CHARGE FOR ZIP CODE...NO CHARGE FOR CAPITALIZING FIRST 
WORD...ADDITIONAL WORDS IN CAPS - 400 

7 

4 

12 

13 14 15 

19 20 21 
23 24 

29 30 
25 26 27 28 

31 32 33 34 35 36 

MAIL TO: C & E HOBBY HANDBOOK - CLASSIFIED, 
300 W 43 Street, NY. N.Y. 10036 

Your Name 
Firm Address 
Street Address 
City State ZIP 

Advertisers using a Post Office Box number must furnish a 

complete and and street address for our records. 

Date Of Order 
Please enter the word ad, which includes 

capatilized words under th 

heading: 

No. of words rate per word 
remittance. 
Remittance of $ 

equals 

is Enclosed. 

NO CASH DISCOUNT ALLOWED. NO 

CONTRACT RATE. 

C&E HOBBY HANDBOOKS 
300 WEST 43rd STREET NEW YORK, N.Y. 10036 (212) 397 -5200 (201) 231-1518 



Imported Instantload 
CAMERAS 

Limited Overstock Offer 
ONLY $6 APIECE 

400,000 Now Available For Interested 
Buyers On A First- Come -First -Served Basis 

400,000 famed Instant- 
load cameras must be 
sold. The importer is 
drastically overstocked 
and must sacrifice price 
for volume. You have 
seen this "type" camera 
(we cannot mention 
brand names) selling for 
many times more in 
stores nationally. To 
move them fast we will 
offer these quality cam- 
eras at just $6 apiece. Once sold, we do 
not know if further stock will be available 
at this price. 

The full -size Instantload uses 
the 126 Instamatic film cartridge. 

The reliable Instantload is ideal for any 
photographer: full size -contour molded 
and impact resistant (like the brand name 
model sold and advertised in stores). The 
Instantload comes with a carrying strap, 
lens cover and handsome wood -grain 
finish at no extra charge. 

The perfect camera and an excellent gift 
since it is durable, easy to operate and 
uses the standard 126 INSTAMATIC film 
cartridge (no mess or fuss loading your 
film). Full -size photos in color or black & 
white, prints or slides. Complete instruc- 
tions accompany this lightweight, fixed 
focus camera built to provide years of 
perfect pictures. 

1 

Applicants ordering by 
May 31, 1983 may order 
up to five (5) cameras 
and are guaranteed 
speedy delivery. Orders 
arriving after May 31 
are limited to one (1) 
camera per family and 
will be governed by 
availability of stock. If 
you order now you can- 
not be disappointed. 

Techni Products Corporation guarantees 
each Instantload camera for one full year 
and will automatically refund your money 
if you aren't absolutely thrilled and decide 
to return your Instantload. 

To apply for this very special camera offer 
print your name, address and zip code on 
a piece of paper and send $6 plus only $2 
for speedy shipping & handling (total: $8 
per camera ordered) along with this sale 
notice to: 

Techni Products Corporation 
Dept. PI-10r) 
404 Park Avenue South 
New York, New York 10016 

*Premium and wholesale orders avail- 
able. 
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REM ELECTRONICS CIRCUITS 

PROGRESSIVE HOME 
RADIO -T.V. COURSE 

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

* No Knowledge of Radio Necessary 

* No Additional Parts or Tools Needed 

* Solid State Circuits 

* Vacuum Tube Circuits 

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

The "Edu -Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a 

rock -bottom price. Our Kit Is designed to train Radio S. Electronics Technicians, making 
use of the most modern methods of home training. You will learn radio theory. construc- 
tion practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. 

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

You will learn the basic principles of radio. You will construct. study and work with 
RF and AF amplifiers and oscillators. detectors. rectifiers. test equipment. You will learn 
and practice code. using the Progressive Code Oscillator. You will learn and practice 
troubleshootIng. using the Progressive Signal Tracer. Progressive Signal Injector. Pro- 
gressive Dynamic Radio i Electronics Tester, Square Wave Generator and the accompany - 
In* Instructional material. 

You will receive training for the Novice, Technician and General CI f F.C.C. Radio 

Amateur Li You will build Receiver, Transmitter, Square Wave Generator. Cod 
Oscillator, signal Tracer and Signal Injector circuits, and learn how to operate them. You 

will recisiv an excellent background for television, HI-FI and Electronics. 
Absolutely no previous knowledy of radio or science is required. The "Edu -Kit" ; 

The product of many year of teaching and engineering experience. The "Edu -Kit" will 

prPrice yoyou pay.l The Signal Tracer alone is worth more than the price of thet 
skits the low 

THE KIT FOR EVERYONE 
You do not need the slightest 

In radio or science. Whether you are inter- 
ested In Radio 6 Electronics because you 
want an interesting hobby. a well paying 
business or a job wltb a future. you will find 
the 

Many uthousandsw of h individuals 
Investment. 

of all 

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

PROGRESSIVE TEACHING METHOD 
The Progressive Radio "Edu-Kit'' Is the foremost educational radio kit in the world. 

and Is uni Ily accepted as the standard in the field of electronics training. The Edu- 

kit" uses the modern educational principle of "Learn by Doing." Therefore you construct. 
learn schematics. study theory. practice trouble shooting -all in a Closely Integrated pro- 
gram designed to provide an easiiy-iearned. thorough and interesting background in radio. 

You begin by examining the various radio parts of the "Eau- Kit." You then learn the 

function, theory and wiring of these parts. Then you build a simple radio. With this first 
set you will enjoyy listening to regular broadcast stations. learn theory. practice testing 

and troubleshooting. Then you build a more advanced radio, learn more advanced theory 

and techniques. Gradually. in a progressive manner, and at your own rate. you will 
find yourself constructing more advanced multi -tube radio circuits. and doing work like a 

DrOfefsionat Radio Technician. 
Included in the 'Edu -Kt" Course are Receiver, Transmitter, Code Oscillator, Signal 

T , Square Wave Generator and Signal Injector Circuits. These are not unprofessional 
"breadboard" experiments. but genuine radio circuits, constructed by means of professional 

nown winj and r 
r Printed eC reu t9 on 

Thaws circuits operateeon 
new 

your regular AC 
radio 

or 
construction 
DChouse cur ent 

P THE "EDU -KIT" IS COMPLETE 
You will receive all parts and instruttiors to build twenty different radio and electronics sir 

..i is. each guaranteed to Our Kits contain tubes tube sockets. variable. electrolytic. mica. ceramic 

M 
and 

ls.rhook!upr wirs.n solder, selenium 
strips. 

toil., volume 
tubing. 
cont 

punched 
switchesmetal olide state devices. ctetc 

In addition, you receive Printed Coco's materials. including Printed Circuit chassis. 
special tube sockets, hardware and instructions. You also receive a useful set of tools. a 

p-nfessional electric soldering iron, and a self powered Dynamic Radio and Electronics 
Tester. This "EduKit" also includes Code Instri,_tions and the Progressive Code Oscillator. 
in addition to F.C.C. Radio Amateur License training You will also receive lessons for 
servicing with th Progressive Sign..I Tracer isnd the Progressive Signal Injector. a High 
Fia.lity Guide and Quiz Book. You reserve Membership in Radio TV Club, Free Consulta- 
tic n Service, Certificate of Merit and Discount Privileges. You receive all parts. Weis. 
insti uctions. etc. Everything i yours to keel". 

Prnncessive "Edu- Kits" Inc., 1189 Broadway. Dept 

I Ple,ise rush me free literature describing the Progressive 
I Radio -TV Course with EduKits. No Salesman will call. 

I I 

Hewlett. N.Y. 11557 

I NAME 

I ADDRESS 

I CITY & STATE ZIP 

PROGRESSIVE "EDU- KITS" INC. I 

1189 Broadway, Dept. 514 -FC Hewlett, N.Y. 11557 1 

CIRCLE 11 ON READER SERVICE COUPON 

Rap. U.S. 
Pat. Off. 

Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

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

l SERVICING LESSONS I 

You will learn` 
s e 

trouble- shooting and 

will prao ces epairs on e sets that 
you construct. You will learn symptoms 
and causes of troubla in home. portable 
and car radios. You will learn how to 
use the professional Signal Tracer. the 
unique Signal Injector and the dynamIC 
Radio 6 Electronics Tester. While you 
are learning in this practical way. you 
will be able to do many a repair lob for 
your friends and neighbors. and charge 
fees which will far emceed the price Of 
the "Edu- Kit." Our Consultation Service 
will help you with any technical prob- 
lems you may have. 

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

U tah: "The Edu-Kits are wonderful. Hera 
I am sending You the questions and also 
the answers for them. I have been in 
Radio for the last seven years. but like 
to work with Radio Kits. and like to 
build Radio Testing Equipment. I en- 
Kneed every minute I worked with the 
different kits: the Signal Tracer works 
fine. Also like to let you know that I 
feel proud 01 becoming a member of your 
Radio -TV Club." 

Robert L. Shun. 1534 Monroe Ave.. 
Huntington. W. Va.: "thought I would 
drop You a few lines to say that I re- 
ceived my Edu -Kit. and was really amazed 
that such a bargain can be had at such 
a low price. 1 have already started re- 
pairing radios and phonographs. My 
friends were really surprised to see me 
` et into the swing of it so quickly. The 
Trouble -shooting Tester that comes with 
the rouble 

is 
there Is any to befafound..c 

SOLID STATE 
Today an electronics N<M elan or hobbyist re- 

Quires a knowledge of solid state. as well as vseuum 
tubs circuitry The "ErluKit" couru teaches both 
You will build vacuum tub.. 100. solid state and 
combination ( "hybrid ") circuits. 

PRINTED CIRCUITRY I 

At no increase in price. the "Edu Kit" 
now includes Printed Circuitry. You build 
a Printed Circuit Signal Injector. a unique 
servicing instrument that can detect many 

Radio and TV troubles. This revolutionary 
new technique of radio construction is now 

becoming popular in commercial radio and 

TV sets. 
A Printed Circuit is a special insulated 

chassis on which has been deposited a con 
ducting material which takes the place of 

wiring. The various parts are merely plugged 
in and soldered to terminals. 

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


